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Crushing and Grinding
Fagaumiinunriiadvumeynin (Particle size) Alvgiunimagd 1 lugaamnssy 3

sufudesgnirlduates (Crushing & Grinding) foumuaseaiiofldlumruadennisenn i 3
- ’ ¥ 4
1. Primary Crusher Wuafagauifivina 3 Waduld wdewuis 2-3 i wdaiiu 2 oflang

1.1 Jaw Crusher ualagaremsvurivasaunusaaiuiuined (Horizontal

squeezing or chewing motion) Asgu 1

g‘ﬂ 1 The PCC Pennsylvania Jaw crushes by compression without rubbing. Hinged overhead and on
the centerline of the crushing zone, the swinging jaw meets the material firmly and squarely. There is

no rubbing action to reduce capacity, to generate fines or to cause excessive wear of jaw plates.

1.2 Gyratory crusher uaInsoffuusungs eccentric rotation motion Avgii 2

Exp. 1 Crushing, grinding & dry sieve anaiysis
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51 2 Gyratory crusher is similar in principle to a jaw crusher, but a stationary inverted

bowl and eccentrically gyrating, inner cone are used to apply the “chewing” pressure to
the rock '

o

. v v,
2. Secondary Crusher lfuasynmatiauia 2-3 H1liinds 0.1 1 wTesuaeidaifimtanz fudiuldun
Dry-pan crusher #a31% 3 Taveifanianynveuuad (Muller) naviuuu rotation pan dau
secondary crusher dmiufagAufindeldud Hammer mill usz Impact mill

343 A dry-pan crusher

3. Grainder Wunwisauaildlumsuaoynadniszane 0.1 flivennzBoafinonzalun 14y
drudnguoandadual Saldludrumaeioudngfuvealssnugandmnssy i ¥ lumsuanmiay

dmiusmidu e spray dryer Hrotruniewasiiaiiildfennde tumbling mill $sifnaudy
sinssnszueni e nren nwluussygnuadniwin Heavy steel uio dense ceramic vwihiuiiu

] 1 i ¥
Ly . . F = o o o=
#un dle tumbiing mill wiyu gnuaszshmdhnuasynia MasiBoatiu

Evp. 1 Crughing, grinding Y dry sleve analysls
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Tumbling mill wjesndiu 2 ¥iaawitnswssgruadld dgnuailFidnuaznsnaudon
o 1 v
tumbling mill fut1ball mill $rgruafigynsadunsinszuenisonit Rod mill 319 4 uems

Tumbling mill ¥unlngilFlugaamnssy

: 1 4 Large Baﬂ;Mill
(Courtesy Machine & Equipment Company, Inc)

SIEVE METHOD

vinavessymavesiagaumnillafidiud e lunmsaiuguauandAveindss usinowns uae
. 9
YTy a0 oo LA o o =y Voo =
auautAvowiasuaindun Aniumsaruauunaeynnsesiagduiwihduduasarugumsadald

'l Tremzaan inmdenssenaenisnaniioy

MImvnuIesyMATIRuINnsEauin Tiavnave seynin

a3 1 uameiinis Savuineynindaeitnnsann Fuzdenldlimuzauturinneyna
FEmsiavnoynaildsulugammnssueiiio 1Bus
1. wJesfioasielm wu Light scattering method oty umunnsdudh Uiy THIUBYN A
annselFldFueynnfsivute 2000-0.1 luaseu duisfazainitdranda mit lWuonduy
$uaueynmiiiviingisq (number base) Wernnsevendudagiu Taodmiin (Weight
base) 1&
2. ndveqanssad (Microscopic method) W¥ineynafifiuia 100-1 Tuaseu anmaunyoly

3
amsfatfusgfusdaseouazyiavsindos

]
o

14 ] 1
3. m3daftudiin (Specific surface area method) 1¥¥nuwiavesoyniafifivumidnuing Fiey
¥
Tushsnsanssd seni11 0.2-0.001 luaseu d1081938msiildun Methylene blue adsorption

] 2 ¥ ¥
method tumsnaassi 4 midald laed i Tvzuenduiuiimd e Wildvuiaveoynm

Exp. 1 Crushing, grinding & dry sieve analysis
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4. msaneznou (Sedimentation or hydrometer fnethod) ﬁﬁmsﬁ”l%’ﬁumﬂmaﬁﬁ%m Tuny
Snvwmoynmiivwe 100-0.2 luaveou Fuduviadnsunsssouiawsanszi g 3341
wanmsmsanaznauyeadn1dun Andersen pipet uaz hydrometer method

5. szunssiavin (Sieve method) @uiinnfavaaniqa amuliinn muzdmiviauue
aumﬂﬁﬁwmgam{ 45 Nasouiull Famusauioenldidu 2 53de

a. seunvuwta (Dry sieve) muzdmiuinoynaifivinlngazen Iilaanionlueg
osifiumwan non-plastic raw materials mufuilugh waznie
b. seuunuilun (Wet sieve) mungdmivoymaiivinadnunn saulngjiu plastic

raw materials 1¥u Auv13 dumien

inFnailefd die luis sieve method win sceen

azunsi {Screen)

= o 1 g » 3
mummmmzmsauamﬂu mesh number matﬂummu%uﬁﬂimzaz— I dupensinga aauy

sunsaffinaduingr mesh number 921 a15130 2 ugmsswimvesteudiavenzunyanil mesh
' ¥ = ' ¢ s & A .
number a13 Seynwiamisaiiuszunsuves 8 1AiFanayiaiuil~8 mesh nis minus 8 mesh
n3e through 8 mesh Seymakuazunsuves 8 WRualimusodmasunsunes 10 515end1 —8+10
mesh u3s 8 through on 10 mesh #3s 8/10 mesh azunsivzmursedssyninidnimazBeninign
38 lunsou Ygynweamsnageuuuuazunisds d115aedwTumuinduld nfodeiialdutsdine
¥ r 1 N r ) -

A7901993ARNGUBIAZINT 1A AetlumTIazunTITBuRd Jadndl mechanical shaking (3uU# 5)meum

<

A (=) . =) [ éi 1 Y 1 ) i =5 -
NIPIR R EAT] frequency air vse suction I“W'ﬂ“]ﬂﬂﬁlﬁBHfﬂﬂiﬂuﬂluﬂgLLﬂiﬂqﬂﬁzﬂ‘lﬂﬂﬂu

U7 5 azunsadou nazinTeawedn (Courtesy Pharmaceutical International)

S oW o

8 i
feynaiiatidnpuzidugden’ snvgiifosnasenTasitifidofanaaldunndn synmhlidnyn

ee

Shunsanau

Exp. 1 Grushing, grinding & dry sieve analysis
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i

] Table I

. _
-+ Tow wSBET . mnawesash - win ndewei surmbevaen
o {m sTalamoeu ) ) sy nialamsou)
G 100.0 1
(a1 _ w0 (3= 75.0 1y
(2%': . 3.0 . (2%') 63.0
z"r . s0.0 @™ 50.0
(1‘%:1 © L as.a .
aly s . ab) 37.5
(L}') LS ™,
(1) 5.0 . 28.0
: 20.0
(_::J 15.0
& e
’ 14,0
G 12.3
. 10.0
(-é-:: . 9.5
& o e
3 )
.0
et 4 4.75
5 o0
. wat 5 3 353
U o Sa3 - i
7 2.89 wat 6 2.812
' v 2,412
8 2.36
10 2,00 8 2.057
12 1.70 10 © 1.6%
14 © .40 1 1. 405
14 1.204
16 1.1
18 l.oo 16 1.003
20 850 luasau 18 853 luasau
15 710 22 £93
30 600 25 sas
15 500 30 560
40 435 36 - a2z
43 355 44 353
e 50 300 s2 295
&0 259 50 251
70 212 72 211
80 180 85 178
* 100 15¢ 100 152
120 125 i 120 124
140 106 150 204
170 50 170 g9
200 75 i 200 7
230 63 240 &6
270 S3 300 53
lz2s 4
00 38

Fen | Croshing. arinding & dru sigve analusis



426203 Ceramic Raw Materlals Labaratery 7

misWﬂamﬂamﬁmmﬂmmwmﬂé’aﬂﬂzuﬂﬁ aunsalae 1 2 wuude
1. mass v5e number fraction/size

7. cumulative massvie number % / size

ns Mass w39 number fraction/size Sunsumaaimiamiosnou aumﬂfﬁiﬁmmﬂ"imum
ﬂfﬁaﬁmmm‘fu ﬁ'WT’meingaJﬁ 6 n3l Cumulative % mass vs number/size Funsuanoimiomde
'1']‘I‘Ll’mﬂ‘uﬁ1ﬂ1"=1'ﬁﬂ]‘L!'IﬂLaﬂﬂ’jTﬂ?ﬂiﬂiy:ﬂ‘51ﬂlu1ﬂ1ﬂﬂluTﬁHﬁdﬁﬂmu‘}ﬂEu FedaetnalugUd 7 uag 8 Funmdn
uauneuszieautuunu log Sdounsiuuinaspudnguisudamnaviaazunsa lvgagniedm

ynile (g 7) wanmsguensnwaaina ngjognedudoda (31 8)

0.6 T T T T T T T T Y

Fractional Distributlon
o
e

o
N.‘

. Particie Size (um)
Fractional number and mass size distribntions for a milled zircon powder

71§ 6 Practional number and mass size distributions for a milled zircon powder

Exp. 1 Crushing, grinding & dry sieve analysls
B s e ——————




476203 Ceramic Raw Matertals Laberatary

199 T ] ' T T T
‘_’
™ p-
a0 |
‘:; Gravity Satting \7,
E: B y
H /
o B8Op 7 .
E o Laser Ditfraction
. " ABUMINA -
-
E 4o ]
L
4
= —
z L
H
& wf
‘\.— -
ol E W | S RN B J
04 08 1 2 4 8 10 20 40 .80 100

Egquivaient Spherical Glameter {fim}

| 71U 7 Comparative size data for a calcined alumina obtained by gravity settling and laser

light diffraction (After H. Frock and P. Plantz, Processing Consequences of Raw
Materials Variables, Alfred University, Alfred, NY., 1985)
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wiT Sangd Fit l Clay

Classhicatian Coarse [T-dium l fins Cootia J W adium j Fine _j Conrm } Medivm l Frae ]
o U5, Slendord Sieve Number - © Hydrmetsr
0o 34 8 80 16 20 30 40 0 M IOQ 140 200
l;l“"*\-ilem [N TN S A O I O T N TENN
%0 H e L ] [ 1.
v, TR ] AR -
po bk bl I N i N |
] IR RN (T | I
z vl 14 } I ] ] ! |
g | N | i
£ w0 N r’ AN
. T AN
E :,oI 5\\ | : :
s "l 5 N '
N e T 1
K ‘ I !
EOL- T ¥ r =] !L f
o—d MTUATYIDU o — {
"M o TolnaGings " J
ol ¢ - .
o i o 201 Q.00 joirle el

P v I+ Dlomater In mm. !

11 8 nswluamansnszatevoudiiu ngume BH-9-2 #10d199 UD-1 anwdn 0.200.10 1.

-1 » r
ayuaaubminsed aneynendvum@nnivua lasnaniladend) Cumulative mass
(number) Persent finer u3oi3untein CMPF n3e CNPF daunsiituaasimsions Sodwauoynmiil
wm"&mgmwumimmwm GHun Cumulative mass (number) Percent larger Sungo9 11

CMPL w38 CNPL fedusmstamstufindeyauaznismnial CMPF w$s CMPLuansluaisedi 3

Fxn. 1 Crushina. arinding & dry sigve analysis
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Tapte T .

Presantation of Particle Size Data

Tablé 7.2 Particle Size Distribution of Ball Milied Petalite LiAISL.Q
4= ' Chil P

'

Mass on Sieve :

Sieve Size {pm) {g) (%) CMPF(%) "'CMPL(%)
1000 0 ¢.0 100.0 0.0
500 018 0.9 9.1 0.9
355 Q.30 2.5 96.6 3.4
250, 1.45 7.3 89.3 10.7
180 300 15.0 74.3 25.7
123 . 394 19.8 54.5 43.5
| -} 16.3 38.2 A1.8
63 318 i3.9 22.3 YN
a4t 194 = 9.7 12.6 87.4
0 ‘ 2.52 (2.6 0.0 100.¢
Totai 20.09 1€0.Q

i iinfne S ouiTTnsmeaunsaulsaamiagiumarnisfiduteulvg Wlvuradnas

TaslinToauntnoriiasien uazasnnuunauazmsaszawsuIAveingauiua ia lne 1435 ms saunu

o o =2 o aly w 1 4
ﬂmlﬂ‘i\1VIJJ‘Uu'l?lzlﬁﬂ'ﬂ‘lMﬂ“lﬂ‘LlﬂLmSlﬂiEI‘JJL?'IFJ‘LHI‘IJ’IWII"Lﬂﬁ]’lﬂﬂ’liummﬂmﬂim

gilrIsimInaans
1. napwuAleosau 1 nass
2. omlaaess 1 am
3. muupssseunmweiienmifaeusmunidmivisazngy
4. wlswmadmMIui N NuEZeIRASUNTIHYTY
5. wlsmussudmivdmnuasoiaazingiazden
6. MTUZANAU
7 mmuuﬁag\iqmﬂqﬁﬁ. 100°C 91u9u 2 @1
8. InipirazBonnnuiianain it 0.05 afy $1wan 2 ndos
9. AourndmiuimizazunsaToudu

of
10. fuiaile

11, upuwargdnuazininnia

aulnsaln I lumstinsnaans

Exp. 1 Crushing, grinding & dry sleve analysis
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1. wissuatasvuiavey (Jaw crusher)
2. @inwatesyueazigen (Disc crusher)
" . 7 o A
3. wazunsd (Sieve) YT IUNBTA AU
ASTM sieve no. Opening (mm.)
12 1.405
16 1.003
30 0.500
50 0.300
100 | 0.150
200 : 0.075
Pan '
Angey
Na-feldspar, Quartz, Lime stone, Milled sand
Ain1snenad
a3 14 non-plastic raw materials
I. Muaiagiuaiwaisisiuuy sample ax 500 nfy Arunsoiualudeinaaes
2. oy sample fiuauda 100°C dunar 15 wil
1 ¥ 1
3. Fabmin sample Huauds
4. dwmrwazeimesuns (azunsavenu g siada azunsaziBea il
5. sou sample Tude 3 awmzunsswumiismsdfaoudmuald
oy e o 1 a o &
6. dufmiln sample Aifnauuazunss earzasuupsuwataAnudirludy
7. fufindoyamudlstislunisieh 3
8. fam CMPF udadizunsmaudiedrngdi 8
HAMINATDY
Tudindoyaniunisan 3 uardns CMPF wiondsunswaiudregnnsmiugli 8
Yoo
1©m181384

1. o0 gitarng, gllemivaasudu lenasysznauin 410322 soil mechanics

laboratory un anemyma Tuladqsuis

2. J.T.Jones, M.F. Berard, Ceramic Industrial Processing and Testing
3. James S. Reed, Introduction to the principles of ceramic processing

Exp. | Srughing, grinding &~dry sieve analysis
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7803, 950AT aoyszys

usaumsTTUTANRInnslsaonw (Weathering) snan#isudail (Igneous rock) @y
Feldspathic rock uazunsila 725 Feldspar, quartz Loz mica Safnwuduegsassfududifs iuys
AN ﬁu‘umm'agﬂ%ﬁﬂww“Iﬂ"lﬂnmﬂﬁum'uﬁn ﬂ's:um{wﬁﬁaﬂé’ﬁﬁﬂﬁﬁuﬁamwu‘?qw%ﬂm?{u fifanzibun
ﬁumdﬁyﬂ_z"lﬂmwznaa (Sedimentation) Aoz uduasunsdluiilnasenty Sumaifenafiiite
azBunneiimsuntdinidlosialshify A indannnsruiumsiiuiadou smdudh
(Hydrothermal action) Fuitimnfigade Kaolinite [ALSi,0s(0H)] Hzusinfiuoaslugus 1 du
ame1g9in Transmission electron microscope usuum q Sythiuy Hexagonal fifianumunszana
0.1 um

7U% 1 nwdiwueandn Kaolinite 91 Transmission electron microscope [1]

Taoda T niduanneni S fvemng fussiinnumie (Plasticity) Fadu msa
ﬁmﬁu;ﬂ"lﬁﬂﬂ%’mqﬂﬂ Baniein uaxLﬁaﬁa"l*’;'ﬁﬁma%'ﬂmgﬂs'w"l%”lrf’f Kaolinite #iflvunaoynmidniuing
frmmilonnn Sund Ball clay Sainozirlunaududuifanumio shnmte Waunsedhugidly
wAndmaffideanisld

'
]

MnENIEMTAauazmImasuisumddudinan 1 ldAun Il lugamuns s il nuda

NIMEN TR NAIAE tana1edU N5 1Y I aufiuanaiafudas

Exp. 2 Clay preparation and wet sieve analysis
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asusalszanendusums 19au Tas Norton 1)

A. White-burning clays (used in whiteware)
a. Kaolin:
i. Residual
il. Sedimentary
b. Ball clays
B. Refractory clays (having a fusion point above 1600°C but not necessarliy white
burning)
a. Kaolin (sedimentary)
b. Fire clays:
i. Flint
ii. Plastic
c. High alumina clays:
i. Gibbsite
ii. Diaspore
C. Heavy clay-products clays (of low plasticity but containing fluxes)
a. Paving brick clays and shales
b. Sewer-pipe clays and shales
c. Brick and hollow tile clays and shales
D. Stoneware clays (plastic, containing fluxes)
E. Brick clays (Plastic, containing iron oxide)
a. Terra-cotta clays
b. Face and common brick
F. Slip clays (containing more iron oxide)

=

3 4 A 18 e ) . ad oA 1 ! = X
Aubwuiulaomn lsfedsdusudunlyledy IasdspRnezdinnunguuinniuisay 33

Idfluderhinsduiuiazniewiaeynausifiediniu

ma‘l‘nuﬂﬁﬂyimmimmﬂmumﬂ’mq% Tﬂemsamwmwﬂmaﬂuaam1ﬂusauqme"lmu'aﬂuﬁ
arwmiuaue dmsuasnausAnanuamuesniidesd unsdnnedanuns Suavesiiu T wet

sieve analysis Teudumuazing ifilivumgfaawsmun

MIdAMReRTNEHTRAR 1Y

Ihinfauudaznguidessduiimion 13 Uszanungues 2-5 Alantu Tudsdulans

¥

3
nsgowiisdulnh ilinsm v maﬁgmﬂ"lmgﬂﬂﬁsﬂau Luﬂﬂumﬂ33nﬂvmﬂaumﬂwmmﬂmmu

b U 1 ¥ iy
Aoy lusi wnihavesnnnduiannzney TaomsmihAuduazunsaves 200 wy vnhduldanaznow

]
=

] ¥ t ] 3 1
Tavldmand Sudmfdhnileesn mdnidualudunsezduiidujulammaofaidisesdud ndunils
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fxn. 2 Clay preparation and web sieve analysls
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d =
gunsaluaraInil
1. wTesmudu (Blunger)
2. Deflocculating agent 1y sodium polyphosphates w3s Sodium silicate
3. Flocculating agent sy Al,(SO4); uaz AICk
4. mwuzaonmitouaz1d clay suspension
- 3 =
5. fdv
6. nruzulmimaeidmivnsezau
7. 1ATeeR .
8. FTUNTWIATTIULETAN Awfiawrdiinua
ASTM sieve no. : : Opening {mm.)
50 : ' 0.297
100 0.105
200 - 0.074
325 , 0.045
Pan
ma
FEnanaans
1. drednau 500 niu eud 80-100°C wunaat 3~4 47 1u (§raudisvutvuds Tt 400
niu)
1Y
2. 1d Deflocculating agent 1w sodium silicate 0.2% weuiminduuds
3 N ¥ ¥ 1 1 5/
Tain 1 Ay poulhifudiodoadu duhduit 18 W nesunsaf Sradiudug Soesinven ldw
azBunnndaoudmuald
L 33 ] a
4. aogqddsmiminfemi Iy mad usuzitmiAusauuunzins s
o a du | ,ml ' a a4 4 e v ¥ '
irduidayuazunswnaziuad Wneyluiunaiadn frufimasfanzunsa W s ineee
¥ 1
wlssesnvialdihda laduesnu inua ud W el luswfvfufiazesnin
o
. thAusaziAusnde 5 lanszenuifinudnivideuwnteniin
4 3 e oa ] 4
Fuimiinauifnuuazunswdavwed deouuiuda
Tuiindoyaaimdangialuasieh 3 Tunisvanesi 1 sazdiis CMPF wiaufounsa
aeotieluglh 8 nynaneed 1
BAF1581984
1. Jones, J.T. and Berard, M.F., Ceramics: Industrial Processing and Testing,
The lowa State University Press, lowa, 1978, p. 15
2. Singer, F. and Singer S.S., Industrial Ceramics, Chapman & Hall Ltd.,

Exp. 2 Clay preparafion and wet slsve analysis

London, 1971, p. 26
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g! E * I Eg; §. N l . ; 3 Qg.l
RS, 55N Aiunudn
[ q.y 1 2 - = . o o
utinTnaasdioeniiuaoidiude 1) m3a19Au (clay preparation) uaz 2} AI1TUATIRYVUIA
aymawuuidion (wet sieve analysis)

1) a13aredy Clay Preparation

3 r 1
fuilindnmez dinfansdsduillegnwsssurdWearemuesinzeuioziunldaumass
o ¥ | Yar o 1 - 1 = ar @ o 9 o W 1 = 1)
fin umnenguer IWSudedwdunguas 1 flandy Ihindnwdrudududisduveduuasmadanzunsy
i@ niungmioufurieau duduidaeioudr hiinfryuiy B34 unsneassdude lu

2) Mz nnuLition Wet Sieve Analysis

= ﬁ?u‘f‘;}iﬂﬁﬂy1ﬂz"lﬁﬁﬂﬁnmﬁmﬁwﬁmwmwmmmm‘ﬂﬂn Trasmia lvzifiudeyn wet sieve
analysis wui’i‘yaﬁu%‘jyuuamﬂﬁaunﬂ batch Auanauie W ledmsuanmudylausas g Tuns
mﬂamﬁyﬁﬂﬁﬂywﬂﬁﬁuﬂdm: 100 nfu I Tdvhms s i nuineyninvasdu Tnanuuden Tasmidiv
Yneaniudaiy s ousmasins i Svnaiianviu 2 we udrdalmiinmaduazunsfouuwiaida
uastfiudaeg ﬁ'mﬂﬂﬁ!ﬁuﬂ1%9:4?11;111ﬁ'ﬂmaamnﬁ’wﬁzzmsmﬂma‘ﬂﬂﬁmam cumulative percent finer
than (CMPF%) uaz cumulative percent larger than (CMPL%) ud11i1itlifleuns i CMPF% uaz
CMPL% slusunuswioududietiavsanndnnzuns ey

dae813m3fiuan CMPLY uay CMPF% dunait CMPF% = 100 - CMPL%

sieve ‘
size mass on sieve CMPL% | CMPF%
Q %
1000 0.00 0.0 0.0 100.0
500 0.18 0.9 0.9 98.1
355 0.50 2.5 3.4 96.6
250 1.45 7.3 10.7 89.3
180 3.00 15.0 25.7 74.3
125 3.96 19.8 455 54.5
90 3.26 16.3 61.8 38.2
B3 3.18 15.9 77.7 22.3
44 1.94 9.7 87.4 12.6
0 2.52 12.6 100.0 0.1
total | 19.99 | 100.0 | |

Exp. 2 Clay preperatien “and wet sigve analysis
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CMPL% and CMPE% of Milled ALO,

o . - s 100.0
b T [ } .
P ﬁa\o\ bl ; L
L P L 20.0
3 P i A o
. H ; p [ ! !
i rg L \L ] - 30.0
: . ! b
; AL Ll 0.0
i o \ {( 1 R | 3
P | A o f :
Pi 1 g = i ol ‘ 80.0
i i \ . i =2
: ‘ ‘ \\/ ! : é 1 I 500 g
: L]
f{\ 5
IS
40.0
/ 300
%\ 200
‘ o= CMPF
. % - c * =t 10.0
,J e ] i . ~O-CMPL%
4 a— | L t a0
1000 190 Diameter {micron) 10 1

. _ . . .
F10619n5 M CMPL% 118 CMPF% funadunuuowd uuny log uaunudadiuunusssuan

Exp. 7 Clay preparation and wet sleve analusls
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o ,
UNHNINT inaned

Clay particle

.- >

fudada#1

Hea e Plastic

denfauraay

¥
wni)szum X

= - i 1
10 8a5 unzidy

? ° 9 e
f N]
<H Deflocculant Na-Silicate LR

0.2% oMy Clay Preparation

Residual

hsiedie s 2
Yind e Plastic

200 mesh ganfonneay

&
(RN Y  S——

MR 200 mesh = Hyvaitla 200 vYeeszez [ HY

Decantation of water

o

Swihlathauuia Wet plastic clay

Igdry

e 43

my  leflunssus Hod3e Plastic

. .
plaster YA AU Plaster dandougiaam

Thgath
ATTUE Plaster + H1Y

Exp. 2 Clay preparatien and wet sicve analusis
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winema oty Na-silicate luguueama! !l ualiidu Na-silicate Tugdunsarsazas tsavateildi
‘ _ :
910 Na-silicate 20 gm + 11500 cc

Clay particle
Dry clay 100 g » >
° 1 g o [T ]
HuAI0819 #1
. , o ‘
R TRV tiade Plastic
; 1 Bz wnzdu gandouneau
Gl § Deflacculant Na-Silicate
0.2% UBAIHITNAY T
NUEINh 2

myinTzdeynauuuillon
Wet sieve analysis

FIHUUNATHIN

CMPKF% CMPLY

HudToe1e #2, #3, #4, 45

T I
Hoe 18 Plastic SRWIaY
TN

Exp. 2 Clay preparation and wet sieve analusis
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#amd1s msAnuaesiiuamnd wazuns (percent retained), ilodidusinndrenzunsiazay
(cumulative % retained) uosnlosSuniiinn (percent finer)

1) percent retained = dminAusumsanssusazed « dmdnAuionwe

2} cumulative % retained vesnzunsswodla = percent retained vasazuns i + percent

retained vesnzunsewediannimniwes
cumulative % retained = cumulative % larger than = CMPL%

3) percent finer = 100- cumulative % retained
percent finer = cumulative % finer than = CMPF%

Fotramsiududoyan

f Sieve Analysis Sample Data

Anglyst Name; Date: Tast No.:
- Proj tiow: ie Description:
.| Project Name; Sourge: Condition:
Project Location: ‘ Vis. Class, & USCS Symbal:
Boging No: Sample No, Depth: Color: Geain Shape;
Notes: i G.5D.: Mineral Comp.
Cven dry waight of sample: __ 500 g
st Sieva Npi v | Sieve Opefiing G}~ 2L -2 We. Retained (2) " Pamept Retaiped, . | Ciunlative % Retamed,
4 475 0 0 [
10 20 402 £ B
» 50 Bdh 1582 M98 304
49 425 %0. 13.04 4300 00
60 250 1064 N3 428 337
140 106 108.3 217 2604 1356
200 07s 5.4 11.38 97.91 208
pan — 87 i

T=_4083 _ =Wl Soil Loss_ .34
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Sleve Analysis Data Sheet

Apalyst Name; Dare: Test No.:
Project mfrmaron: saipla Description”
Project Name: Squrre; Condition:
Progect Locagon: ' Vis. Class, & USCS Symbal:
BoripgNe:_____ SampieNo. Depth: Celor: Cirain Shape:
Notes: G.8D: Mineral Comp,
Oven dry weight of sam;ﬁe:

I

-
'y

Soil Loss:
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il
N = . . 2 3} Y L] 1 = =

ANUVUUUUVBIHAFIAN (Particle density) D ininvswanieeynaaeailinas Falu

o, & 1 ~ o 2 ,& o 1 1

NuMRLE TNz I Nt uiue AU T JagAudun MITARVIUHUUMINTB DY MAN
%9549 (True density) Humsiaaamuvuunivvesnsmiefagavsndaffiuanumunnivveils

a4 9 oa & Hr! ¥ = E A o a1

GREITVDRR geli Idramlfnasve s puuudevTeunudalulisvsdiogautumamany

v T ¥
wuufits1ng Bulk density) tazihus il FlumsdrBomaf@daduazmniive wwsdagAviiug

At y .
IEMIHIM True density
1 T =l = o Zney ar { 3‘ :: 1
Tumsmaanumnduiude T annsavih 14 2 338 msdalasnisunuini Senh
Pycnometer LlazM3TatTinasus wedrotredaeomanseuf afiiFond1 Air pycnometer 1415

3 o o5 P o @ = -~ =3 = :‘
nanesindnme 1S sudfedunsfanmununminiiuiel wewe uda Tasmsumuiidrnh

e o
350 1 msinlae Pycnometer method
Qd‘;‘ﬁ o . ' o ¥ A 5 W 9 1
Fdunstaanumuuninvesveswdunzve uval la uaziluiihazainuazdiila lnsde
WA g11M 3 IR 19U British Standard BS 4550, ASTM D 854-00 Standard Test for Specific
Gravity of Soil Solids by Water Pycnometer. tHu3%m3iatlSinasTasmaunuiniInslduie on. @
i ufSnesiintiueu vina lifiu 50 ml. dmsunsiinnaazdeasaz ifasvialvguuia 1000
) @ o ay = 1 ) t& :’ 4 =
ml: I IagAurianenund 2 mm. 1n 0.0, dsznoudegnhilpdadie lhimisveunasiuiu

v o
dueenu1 I Azl

Bap. 3 Denetty Measurement
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) Un 1 v pycnometer

o g It a w_ T 4 . 1 ’ uly
ﬂ-liflﬂﬂ']vlﬂiﬂﬂﬂjiﬁ’lﬂ5“1@5"“8\3?‘1\1ﬂ?ﬂﬂqﬁiﬂﬂﬂqﬂi‘ﬂuﬂuq AUV HTUUUYDIAIHNT 161211
oy a/ a1 = & = . 5 [ 1 2 :, e
HTWUﬂMﬂQNQHﬂQﬂ@ﬂ51”@5‘”@‘3?1\1 Glfﬁﬂ?l”@]f‘ﬂﬂqNQ“W'&’H']]lﬂ%'lﬂﬂﬁﬁ‘NmBQﬂiﬂﬁiﬂ5%3‘5”’”‘“91ﬂJ
= Yda w ' 2o P w ' e
‘U?mm‘;ﬁﬂii.l‘mi“tlﬂﬁ‘L!TV!LﬂifaQ"llrluNdﬂ’nﬂﬂNﬁluuuﬁmmﬂ sh—lﬂifuwﬁFliﬁ'JﬂfJ'l\?ﬂ"wJ’]iﬂaxa'lﬂu?

& g oy o ;v L4 = 3/ s & oy
ﬁﬁﬂﬂ?ﬂﬁﬂiﬂ?ﬂﬂuﬂﬂ mswmeﬂﬂlsﬁmiaxa‘lwuﬂauxmum

s v ,
351 2 myTalag Alr pycnometer

1

<H ar ! ) t 5 ) = T
Wumsdannununiuyesvoadaniiy Tesnwe ¥ lunuiidesmsmanumunniuyes
o & 1 o Ay a4 8w i A 1 4 & A
AunFoanuniuwwvediu Tasmsunuhdlrseimeneuds deduinaniiduaioiiioves
Beckman model 930 air comparison pycnometer 5oin509 air pycnometer #ldudnnisvea Langer 1]
& [ 1
Air Pycnometer Usznoudonszuengu wieuisgngy 2 ga degifh 2 ganiadugngu
a ' ' Vo= & A& o W t w v 4 ' ' & 1
$rdauavdaseliianldr Sayaniledifidmivlddensdrettadt ]y delddzesnaaly dredee
I o = ) P i { w =
Wunuiudanieemefiussyey luaszuengy swsonnlTnandaignunud Taomsdfusseen

M > o
deuvesgagstareniy 1mwmses s veinadiode 1d Tasass

Exp. 3 Density Measuremsnt
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Aqnued e
- - e - neA —7
pm— ] f Ivwe— ‘*
}
angu ,
wda] MG e - .
(] [E1°Y.]
+{ COUm MG VLY i ! '
‘ — anguld ) FUNNTg
i
. ] 1
. et  § —
fauld
} . b
i 1= Hat
: -
1 |
_. .
' |
; . 4 d . j
T T anguadaud - :
- : : F PERTE o . 1
a4 b fedFuldeany ' : .
: — . ' \@TRAUNAT
| | — !-’ : S —
[ ' ' 1 ) : r"'-':'-l-
! - ot e
—
unmeidm i

;‘ﬂ 2 Air Pycnometer

=1

A Y o 2 & a M . ! = = 1 ar ol
!Wﬂulﬁuﬂﬁﬂial'lwlﬂﬁﬂug Llﬂz'ﬁ'lu'l‘iﬂﬂ’lﬂ'lﬂ')'mﬂu’]uuu‘l]ﬂﬂNQL‘]i'i'iiJﬂ“D'uﬂﬂN"]LlﬁI‘ﬂ ¥ iRaNP)

Pycnometer

Toquazegalnsal

s ]

AUAIBIG
Y19 0.0, w%’amgﬂ (pycnometer)

Hoet plate %50 Ultrasonic bath

Exp. 3 Denetty Measurement
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4 4 =
RTDITIAIDUR
v .

VRELLY

Jimsnaasa
L nFonduiayIn pycnometer

¢ s oo ] o ’ o
HWIAUAIDYN (31IMINRITNARDIN 1) 3.]']1]?]qﬁ)ﬁmgﬂﬂﬁhuﬁmiﬂiuuai 150 mesh
w o

¥ o v oy o ad < d w .
Ll'ﬁ?u-lllﬂaﬂlﬁ’i\i WITUNIOUUIA DN, TUNE 2 VIANU IV UNAIN DUADIUT Desiccators

’ i ' ¥ 3 3
2. $4u7m pycnometer FrtiaToedsaziBeon 4 fumis 2 s hwimamie dusimilnyon

warw,
a .. = o o 2 7 w A ]
3. urrpmeAuma luviadssna 13 vesdSnasvaa@lszana 10 nf) duiindmidafie |4

kY ]
2 afuhunmaunie fu w,

« WA pychometer
" 50mi

Liquid pyknometes *

i

|

i

H

!
5 | :

T = | gEs Suindusaly

: . ! WHENAURA
: ldeadinagng 143 &

o

WATarinntin

iAinRmANudR

i lavaaene e
R ATVET )

31 3 MM IANUHUMUUAE pyenometer

Exep. 3 Density Msasurement
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ar ]

4 mmihndum uwanfidnaiied ﬂuizﬁu%aéﬁﬂ?mm 45 yasdTuasyan ikl la
woeomalasnssh ldulu water bath it ldlunT o ulrasonic bath duna szu 30
wil Eadunhndu s Tavaadsegn Swrszduiluunldumed TaohiiiuAussdy
sonumgidafian avanlius S S edmitn 2 afadonisunde 18 W,

5. 111 pycnometer 1a/d1e1#wzon i hlou Wutadadiniwiueudy dosqTadaugn
o Tihhdueenin fawiszduh WiRuvawed vhlduimin 2 afondundeldiiu w,

b o -
Wﬂ’e)uﬂ'l'mﬂamuﬁmmgﬂﬂ 3

ASATHIRL
AVIUNU MUY P = dmfnusneAnnty Usmmsveanaiuii
" W, - W,
W, - W) -, =)

Yo,

TENHHNR

ol ' r
$IHITURANTIAA VLN ULUUIINMIVINMINARDY 2 ﬂi{lugﬁ‘ﬂ'lﬂ’lmgﬂ {3 Data sheet) ﬁ

UUDINATUH A

1. Svarovsky, L. Powder Testing Guide: Methods of Measuring the Physical Properties of Bulk
Powders, Elsevier Applied Science, London and New York.

2. Air pycnometer according to Langer, Eijkelkamp agrisearch equipment, 2003

3. Ryan, W. and Radford, C., Whitewares Production, Testing and Quality Control, Pergamon
Press, 1987, pp. 232. |

4 = =) [ 1 o oad a = =
4, AT OTTNIBIIAINT THLL TR, ﬂﬁ@ﬂﬂﬂﬂﬂﬁ?ﬂﬂﬂﬂl‘ﬁfﬁuﬂ W.f. 2542

Ivp. 3 denaity Measurement
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AR URU WU HYBINIFIBEN (Density determination)
Tuifufnsaninaaes
Juinaane:
neandlag:

1

& =
waqHIYN:

£ Y
YBEIRTIBEN:

Pl
=2h.
o]

MINARLA AT 1 fl

E4
? of

Wntinunuar (W)

ol

W

WIHLNYIR + HIAIBEI (W)

Qo

ar

i
o ] s A
UIHUAUIR + HIAIDY1E + UHANYIR

(W)

3

2

Y T
Wi + dinduAvee (W,)

ATIUNHUHHVDING

FEMIAIHIN

Exp. 3 Density Measurement
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Wi Sauduns 1oy we.AT g5 TN AInaNdn

ol

’a”mqﬁﬂmm’?nﬁi%mﬁmﬁmﬁaﬁuﬁu Tﬂﬂﬁ’q"lﬂ%;ﬁmmmﬁﬂ Fenneusseymadveziing
@ieﬂmanﬁﬁﬁim @y arwmiles mvadaazandwsudentweutiaiu msnszasaoeda
o lunsnsuguuinaeymavesivezsagliannsonauneumsnin uaz Andaswaii
qanmasiuane I8 TasdsnReymavesauniivinalugnd 100 luaseu ansamlddiemsda
vwaRAsIns e iam S ey madifana 100-0.2 Junseutis srnsnm 8daematiadu iy
Hydrometer method, Andreasen pipette uazﬁm%’mumﬂﬁﬁmmmﬁnm 4 Tuenennnesd Ae 0.2-
0.001 lunsau ﬁ’ﬂﬂ‘ffﬁmﬂlﬂﬁﬁijﬁmm‘ﬁu nitrogen adsorption %30 Water vapor adsorption A6
LﬁmmﬂwmﬁmaaﬁuTﬂﬂﬁ’a"h_luﬁanazmaiwfwzﬁﬁuﬁ&ﬁumg;gaaﬂ Tmunsogatudseunin
81418 19 MIgATY methylene blue T cationic dye 13 1TIEINTDINIUIABY MAYBIAY i
pazauannialunisuanalasudesuvedin 148 emaiia mehtylene blue adsorption Faviuu

4 1
dgtiamsiindneoy A sudfeaiumatia Methylene blue adsorption

Methylene Blue Adsorption
HaANMS

= wes

4 = M o : < o
1. tifeaymavesau Taeia inszaisdiluh srligumniddueyyaaudsinsoagady

q

=) < 1

BUALIINUDY methylene blue (C, H,N,SCL3H,0) 18 fufilioymauuianesnatainnisy aumile
(ball clay) v THuA~IS 1ME (Specific surface area) g4 $A1IMTNFATY metylene blue nATEUA
Hoymavunasaneadiiasnh

2. F.A. Farugi, et.al [4], M.M. Kanonova [5] 1ag C. Steelink [6] WU Organic impurity ‘ﬁﬁﬁl‘u

o A :’ a t .
au Taomwizwandifivinnin Tumnage uazilszasudaeny carboxyl, phenolic hydroxyl #1315 AN

Exp. 4 Methylene Blue Abserplien
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Heemndiueyyauan tazau 18R Weefluanzfidumadoted alkaline cation pgun e
TN 1Az 2
fipH68  R-COOH+NaOH ——>RCOO +Na' +H0 (1)
§i pH 011 ROOH +NaOH —> R- ONa+ +H,0 @)
o g -

3 ¥ L3 3
syyauanasauuaie: lthimefimihusseymadu siTlfifadiu Protective colloid Aueuvas

ayMARUAwAAIIUIUN 1

@Turmuiiuere o twamwiunsa

4

5119 1 symavssduiuanmifludis @) RCOO, R- O zinardiu Protective layer ImMzfAUDg

aymaan ualuanwidunsa () 1z'luifa

- . L P ' o W
AU UWUFUTIUAUNY Organic impurity uazummaﬂumqmwmsmﬂavmsg;mm
¥
Methylene blue 9% 1481 Methylene blue index (MBI) genaiaamniiusTann daiulunis

= L4 md:? o I . f = t '
'J!ﬂﬁ13ﬁﬁ?ﬂ?ﬁuﬂ$ﬁ64ﬂ?ﬂﬂlﬂﬁ pH mmmiﬂ:mﬂmﬂuagiuma 3-4
“galsraennsnaaey

LﬁﬂiﬁﬁﬂﬁﬂMHﬁﬂﬂi UBEHINIFAIAYT MBI U0 specific surface area 19831 Methylene
blue adsomtion
IR AR

38M3 methylene blue adsorption %114 Inan13 Immsatidunui pH Teguyae 3-4 Ay

A = o & W ' o 1 o :}
methylene blue (HfofugATL Methylene blue dudegadudnu hiannsogaduldznas 1 dusnind

Audl lnmsaiveanunIzATHNTET Methylene blue Nindeuay i ldgngaduoniianmsumsnszne

Exp. 4 Nethylenc Blue Abserpiien
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- = - ﬂ = ' 2 -
aqunszaznseudiufihendies Tdavuniuissevqya Sundt Halo Fufhn/5uaves methylene
o A w = 9t & 1 . .
blue Tl pAguBudIUUAIMmIwe Y MARUF AT I “Optimum flocculation”

P.T. Hang 118% G.W. Brindley {1] Mansoduimiuimisumze sdu 1 nfuldoin

Specific surface area (mzig) =MxAXx6.02x0.01

(it M #i9 Methylene blue index (MBI) #A 1 AL milliequivalent of methylene blue AARadULTiaga
, ! da : ‘ R
Optimum flocculation 1188 A A AUNHIUB methylene blue cation FHA WY 129.2 square

angstroms'

E
LY

SFugnnenuamiug) MBI Ao milliequivalent Y4 methylene blue i 1@ @S 100 5y
Yt , s ] Ve o w e ) W
Tums mmsal#iisga optimum tiocculation AMVBN N IAgAUTUMINI agaduafituyaldmndoa
= | o = e Al ' [ 1
fedla FanusnszuendiumanuazBoavesingAuuazauiaouq i s MBI uaasdh
v A oo a ad da = = ' & . q 9
FagAuiuianuazBenina naziiRunfann danumanss lJumsianfGeueyya ldinn Gairld

wad - P e A & 1
145']Uﬂmﬂuﬂﬁﬂu“]‘ﬂﬂﬂ!uﬂﬂuﬂulu@ﬁ'lu'l'emi!ﬂuuuq‘lﬂ!ﬂuﬁﬂuwﬁu

aUnsgin1INAEes
1. A5NLAAL

2. 1weu Wdufte Taduazanaiu uay
3ALUATITOUUUIR 120 1%
4. foudnms
5iaTeedeiiianuazBen 4 A
6. Magnetic Stirrer H?’ﬂ!ﬂ?ﬂ\!ﬂuwﬁ i
7. Beaker 4U1a 600 ml
8. szueniathuuunaadniiv g iulfEaeduasdufiones
9, pi meter nianszATE A pi 19 3AMelSue pH yonihAu
10. 1TAYATOS B1IA Harden (Baroid (10§ 987 ¥5S0rneumI)

¥ 1
11. Pipette 1139 Dropper #iauviaufany dmiugumsazarnhaufifda tirate unfnga

1
= o

[EA L0

Exp. 4 Methylene Blue Bbsorphien
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12. Buret 25 mi

¥

naniiides)s
1. hndumda deionized water 1SURANAUALIUMS titrate
2. M130ransA H,80, A1ududu 0.1 normal w3 sy Tasnisazais H,S0, 8ty deionized wate
pufiaasdudi 0.1 nomal
3. Methylene biue solution ATUITYY 0.01 normal @3By TRaN1sAZAIE Methylene blue cholride

(C H,N,8CL3H,0) 1.87 gm aalu deicnized water 500 cc

A13A1HIMINTALAWATA 1 normal
. o &4 - o A !
arududuresasaza1s 1 Nomal vineds msazaedSummsnindasesiidliomsazaivey 1

4
afuauyad wivasazmenlfinas 1 fadaas szlilenseg 1 fiadnfuauyad (milligram-equivalence)

Suamnfu-anyad = dninTuanave sms (nfu)

$aunaud

P ﬂ daa o ' ) =% @ m ! ) 'y
HaamnanialuuaAuniInugns ﬂﬂﬁﬂuqq 5]\311ﬂuﬂﬂ!ﬂﬂﬁnﬂﬂ'ﬁazﬁ'lﬁﬂiﬂlﬂﬂﬂ]uiﬁﬂﬂ’nﬂ

g 9

wudunain Tneldgas

- 100xMWxN
YoxExSp.gr.
do v =15nes dladansveamsndudin) AdesnisszfenshifiuTinasasy 1 fas
MW = %fmﬁﬂimafgﬁmmniﬂ
N = ottt Normal fidesnisiadon
% = nlefifusarududuvesnsafiiundens
E = $ 1410 UBYB05A
Sp.gr. = AN WHUNILYDINTA
f1913: 1 ANHIABIMLINMISAS LTI TATMI8R3A HCL ANMEEY 1 normal YSinal 160 Haddns 910

¥
3R HCL 19U 36% anwaduny 1.19 hmin Tianavesnsa HCL = 36.47 (e 86 ianans)

Exp. 4 Methulere Bhue Abserption
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mﬁf‘hmmﬂmﬁl’%‘wmiazmﬂ Methylene Blue Y 0.01 normal 91:2% 1000 cc
methylene blue ﬁqu‘ﬂu (C,HN,SCL3H,0) molecular weight = 373.905 g Aﬁ@&lﬂﬂﬁ?%

¥ . - ¥
@il 3 mole Emﬂ"lﬂ .. methylene blue 0.01 normal v 1 methylene blue 31 0.01 mole udaudmnh 1

il 2000 ce
", 1389 methylene blue 0.01 normal Tae 1% MB = 373.905 x 0.01 g @i I¥iTu 1000 co

JUARUN1INANEY

=y i EYR i [ =]
1. fuftinmagaunisozuiaaiin Eumseudszing 70-80°C) uazshumsualiisynain
2. AN AUTIIENATOUINTOUMUASUATIUDT 120
P om A =y & t o & A s Aa = [ VA
3, uiladun 1dnn 2 i Tagidanaanilountwunin mefisy Idauiivinamasiudiesd
o U 9/
fuosngu1d
4. Feaun 18910 4 AranTeeFilianuianainlifu 0.001 g Taadendufioziimsnansedu

417, A48, montmorritlonite 88190 2 AN

b2
F=)

5. HANAUINUDD 4 AU deionized water 300 cc TagATedluNaNMNIT T URA N

/AU 5 U

AUl 10 W

3/@M montmorillonite 15 I

3’ Iy Qy a A Ao = y oy of = :. = . .
mii1Aauas Ty Beaker 600 cc WAUNMAeAATe U IR N TzvenBA LS Ty deionize water
Rangu v
¥ : ' : o
6. U5y pH 1iduen do 5 Tz nie 2.5-3.8 fremsavaivnsaiinssuliezdesnesniunay

¥
O £ T 1 A ’
Wauedasiinalizing 10-15 WA

A

7. 11303018 Methylene blue AwTounlaludusn smanadisefuasazais aniusin 13

kg

o

8. weamsazaemiiauys anududu 0.01 N vnTlafiwionidasaz 5 m aauldduded
sdtioy 12 wiHl Aeuveamsayate aswe 11
F ’ s o g/ ug: A a
8. 1Mmauf ez asazamonneansuunszamnsasiaian i 1 vioa nn q afiAumsazae
& 1 o ¥ . L 3
widuya asll 5 m $aausn q vagdalitiana end point FwATuYa wxdelidudh lunszarunses

R o [~ t 1 P L] =y ) =y § =t £
Wedunamufinfduyadaufud lignAugaduszfusenindadienszmunseuiiudthoudes 34
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1 -, 3 T A T y
ABYUANAIIAZAW Methylene biue ATIRY | ml HAnudalowlszam 2 Wil ApuAissnanaUrtaLY
= A S A e ¥ -
AsTATENTBIBNAT Ml AnvueRReagaie e lidnymzu halo
é @ 1 . bl :" = ' :' =
9. e liiuledifegn End point 939 Idnaummnhdudelian 2 wint udmeaihAuasy
= 5’: g/ dy ten Qu g9} | 1 = = .
ATYAEATBIRARTe A1R31ail hilidnume halo W titrate An lBnoudaga end point

3571981328401 Methylene blue index (MBI)

MBI = -E—)-Cfuxl 00
W

2
1118 MBI = Methylene blue index FIHIUAUUUGUAT meq/100 ATUYBIAU
E = Miliequivalents ¥&3 Methyiene blue #g 1 liafiaas
v = USu1au Methylene biue H1¥Iumsinmsa @iaddny)

W = i ifnuesduusie (nsu)

L

siel¥auna 2 nfu nazlnmsadae Methylene blue anandudiy 0.01 N 1dad

0.01xV

MBI = x100 = 0.5V

AR ILIUEL TN
TuaaIn1sALInA1 MBI g specific surface area UBSAUANINIINANDL

g
R YI81989

1) Hang, P.T. and Brindley, G.W., “Methyiene Blue Adsorption by Clay Minerals. Determination of
Surface Areas and Cation Exchange Capacities {Clay-Organic Studies XVII),” Clay and Clay
Min. V. 18 pp 203-12 (1970).

2) Phelps, G.W. and Harris, D.L., “Specific Surface and Dry Strength by Methylene Blue
Adsorption,” Am. Cerarni. Soc.lBuH., V.47, pp 1146-30 (1967).

3) Navins, M.J. and Weintritt, D.J., * Determination of Cation Exchange Capacity by Methylene
Blue Adsorption,” Am. Ceram. Soc.Bull,, V. 47, pp 210-217(1967).

4) Faruqi, F.A., Okuda, S. and Williamson, W.0Q., * Chemisorption of Methylene Blue by
Kaolinite,” Clay Min., V.7, pp 19-31 {1967).
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of Monomolecular Films Adsorbed at the Mercury-Water Interface,” Coll. Czech. Chem.
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11) C 837-99 (2003) Standard Test Method for Metiaylene Blue Index of Clay
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o ovmaadls o
- FELDSPARTEST

sR.A9. 350 noilizys

o - L)

Feldspar Wufngfuiitarudfasnnlugaamassuasiin Wlumsnenuthudedu
fiu (Body) sinduaznaluiundoy #1 Feldspar ﬁwﬁﬁﬁ;ﬂuﬁaawqquﬁwwéﬁuﬁu (a1
i Flux) e‘i?q;ﬂuﬁaﬁdﬂ‘iﬁlﬁﬂuﬁﬁuﬁluﬁa nAnfasam I dFaomiuuneinm s us
mmmmsﬂ’iumiaﬂqwaﬂﬁfuagiﬁ’wﬁmmxﬂ?mmwa Cations fifioglu feldspar e Feldspar
saifuimasves Alkalies nay Alumina Tumfounazufa

Feldspar foasilsznouwan Aluminosilicates 484 Sodium, Potassium 1ag Calcium
wonnntifatsznaudlesiguitandun ﬂzﬂuagi“luﬂ?mm%m’faﬂ iayiaifumsdszaoy Alkalies 7'
azaein Tnseadeezmonves Feldspar flulasss1en19wues Oxygen-silicon tetrahedron fidfoude
aueddn ALY sraumidi Si** undaunedl K, Na* wie Ca v ldedluseaiinu sofu Tnssat
SutBvundadldTuediu cations FidlogluTassadae s orthoclase 1fiw monoclinic d1lu
feldspar 1 orthoclase 1as albite ehufu 1218 1assarnuy monoclinic nfe triclinic Fuagiy
e K inz Na #ifiey unzuenant Insaadrsves Feldspar mmsmﬂﬁrjuﬂﬁxﬁaqmwgﬁqqﬁu
Tﬂaﬁ’ﬂﬂqmmm Feldspar fie MZ,Os tiia M 1flu Na*, K™ n§e Ca®* (ififerndly NH **, Ba®*
uay Fe?* duogdn Seerunsnifiougas 15 K(A1Si;Og), Na(AlSizOg) tny Ca(Al;Si;Os) fifife
Sweh Orthoclase, Albite uag Anorthite awdwu) TusssusAtnifasnduly ternary system e
s K(AISi;0g) ofiuiu Na(AlSi;Og) Fundr Alkali feldspar 81 Na(AlSizOg) ogsauiy
Ca(Al,Si;05) Benit Plagioclase feldspar fifedoifunnmarmunnmevessaiidauTuaves Na/Ca
vimnlivfoedsd Albite, Aligonite, Andesite, Labradorite, Bytownite uaz Anorthite 43
feldspar fit5um cations srefuSetmifiilu flux sy 1S Alkalies mnizvasudisuazin
UgRSnsumstun Tudoruth Iéossnda K-feldspar wsenfiqungfigenin 1150°C iz Na-

1 4 ¥ ] ¥ ]
feldspar vasufguugfisniiu UFue K,0/Na,0O Tiawwin (3 Na-feldspar wn) Avaou lahgungiiai

ay

Exp.0 Feldspar test
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ritrification . fupion . (KMl @ K1QilNayl
. . thrinkage mflening flowing .
Kderdner, Ausirig W/A K\A 13,7 L5
Horay 1,5 57
Oolnd Bory, oravia |, - .’/7/ 7 mf 17 3t
Pabdiavice, Boremial NN ] 65 4§
Raidmsky, Bohem. (pal. 18,6 L
Cothmere, indea N %, & 5.0
&rot I o Yugaslavia ‘////‘ &\‘\\ b, b L5
T Alarus, Finland 15.8 1,8
Chaly, France //A_g\\\ j a5
Roumonia 72N 19,7 0,7
aigwiy, gomtm.(71.) NN $3,4 56
Meptral syemity (arveds Vd N . C 12,3 a,%
Hergro, Yugogiaria h Wﬂ N . 4.9 ¢,02
< 13 1% 1w 1602
T T T T T

Changes of the original reﬂ:ngular sithouette of a cylindcical peliet (2 mm X
2 mm) of alkali feldspar visible in the hezting nticroscope with mae.umt iemperiture
(after Olst, 1964}, wodified).

11U 1 ugmadandsznauniamiuazwganssuves Feldspar unasnie

@

Tunis1¥91u K-feldpar naeuudrosfiammilagandy Na-feldspar Seilenld K-feldspar Tu
ATIUATIUS N Trowausindudeauiiy uazld Na-feldspar Fiurdeuvonsidin uas 14
gAmIMATIUUAY Sudinnrmdeulify Feldspar sswxﬁ'ammLﬁuﬂfnmﬂ?;ﬂuuﬂawaqﬂﬂsaﬁ;ﬁﬂ‘ﬁu 219
msdnuTael¥ndewanssmiviiafiiiaidonld e doulusast 10°K /min vngangi 20
£11700°C li']ﬂ’liﬂﬁi]ﬁx‘!Lﬂﬂsﬁuﬂ’lilﬂ%ﬂuuﬂﬁ\iﬁ‘m‘]Lﬁﬂ‘\‘}%’u wu shrinkags, vitrification, softening,
fusion unzn1snaves Feldspar Ananadeimsfmundnuasdiufumninumaa 3% a
L'ﬂﬁuuuﬂaaglﬂi'mwia:ﬂi"’umawm Feldspar e l§5unnudeunnndrsfuiieaein feldspar 5 Na,K uay
Ca uandinafiu isvaansai/SounouSam Flux Tu Feldspar Tnefanndnyasindonlud dandy

3 1 1 EY Voo o as = =1
ﬂs::mﬁ"lmuuwmmm Feldspar ‘dmmmﬂmm FINIA AN GNYSETU HRZTIFYS
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Defornation paints ' Characteristics features

Shrinknge peint rafiowmanasbRuves feidomer sewwrl sy

D nffimeeum ¢

Vhrification point
Sunnwdhy liquid phase  unslivimAnnaediesed 3

E:] unFadipUanilewudu

Saftening point )
$ liquid phess Fadrannyw T3Uiwimimznwuen
D alfoul 1prwted Enoidafs

Fusion point )
fnunzesumasuaznae g ey inm Bewnihuau

D " Gfrume “ Drop (e shape™

Advanced [ucion point

-

frnuginans chudrunivesn

Flowing point

D

' -] . 4
gradasvondiupuniaasney

71 2 davwzplsiweamsalaeasvasvasy |

e ltinRowirnnroaeganmnisuasuves Feldspar sazalfvufonySun Flux fudnwug
ATNaBY

lnseluazaisiadl
1. Feldspar
nszuonnIg aua 100 ml.

2
CEROIL
AZUNTITOU

A e a
IATDIFIALIDOA
PVA 14iilu binder

o 3

11ndu

faned yura 200 ml.

I I R L

in3eada (Hydraulic press)
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1 ¥
10, yuud¥dwmsudatudiona
11. wiau
F
12, Saqnu Idmiysesdusied

13, wmuen

ATUANTH

1 5
11 Feldspar fivauds fousmmsunsaved 150 mesh waufummaiaiuaisiediedied

freg | Feldspar | K;CO; | NapCO5; | CaCO3 Firing temperture (°C)
I 100 - - - 1250
2 98 2 - -
3 95 5 - -
4 90 10 - -
1 100 : X ; 1250
2 98 - 2 -
3 95 - 3 .
4 50 - 10 -
1 100 - - - 1250
2 98 - - 2
3 95 - - S
4 90 - - 10
1 100 - - - 1250
2 98 - 1 1
3 95 - 2.5 2.5
4 90 - 5.0 5.0 .
1 100 - - - 1250
2 98 I 1 -
3 95 2.5 2.5 -
4 90 5.0 5.0 -
1 100 - - - 1250
2 98 1 - 1
3 95 2.5 - 2.5
4 90 5.0 - 3.0
midavudIegn

L4
Timamedadu agrind Idduudamaclucuuda dudngudnandssina 1.3 wu. Saldidubudasds

1] ¥ 4 1
Higrunauediaaz 10 a5 lalunszanuiinway binder (arwmivdu 10% Tamiwiin) ey

jUnsansyuengs 1.3 wu.

MR UR 083

Yy & v o o . = adw v - S 4 2
anuTowiualedas1 10°C /min wudsguvgindesms udrfam WiFudreensonunaimeudom ugua

Ed EY
suFudandr it udaderauuudusesmd I udes Fusgadudsyua 3 a. duduaumnld
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msm'mﬂamm'aﬁaaihaﬁa"agm

FIRYCSIEATRIE L EE PLTRY v'l]'ﬂ'uswamﬁ'ﬂym"ﬁﬂimg'jmﬂuﬁmumw‘lﬂ FINUHANITRATDA
;,J"uumﬂuawﬁwmmmmm Fluxing agent a3lu Fel dSpar ﬁmfmwmuﬂmmmuqmn i mun
Imswaﬂmﬂﬂwsw’m hAw fiuy3ine Fluxing agent e h fennugavesdugaedn uas w fnidusin

guinaavoanmaiInns _

1ener138198Y
1. J. Konta, “Properties of Ceramic Raw Materials”, in Ceramic Monographs-
Handbook of Ceramics, Verlag Schmid Gmbh Freiburg 1., Brg. 1981
2. W.0.Willamson, “Feldsparhic or Feldsparthoidal Fluxs and Their Beneficiation”,
in Ceramic Monographs-Handbook of Ceramics, , Verlag Schmld Gmbh Freiburg
L, Brg. 1980

3. 3@ Audyadn, wsdnd, muﬂwmw awwmmmmnﬂmaﬂ 2535
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Feldspar Test (133iA)
patszasd wWie Iidhlenuduiutuesnisnasuuazdunaumiuniive feldspar
(i3 Peldspar NvaYile 1y
Albite Na,0.AL0,.6Si0,
Orthoclase K,0.AL0,.6510,
Anothite Ca0.AL0,.650,
{11 Framework silicate 0:Si = 2:1 il AL’ fon unuft $i™ ion udraugauszg Tavnsgalessuuan

Nal*, KH, ca” 1dh 1o/

gasin (Chemical formula) WouBnuuUNil143
K,0.AL,0,.68i0, = 2K(AISi,0,)
ARFRTREM l*fﬁ" {Application) |
Amthidu fluxing agent 14 whiteware body 11ag glaze
dlodummdeuliy feldspar azidamsiffoudataien i3 nad (shrinkage), qnd2

k1
(vitrification), 8BUA3 (softening), HaBRAD (fusion), TMad1 (flowing) Aud19udInmas 11

Shrinkage point

Vitrification point

Softening point

Fusion point

Advanced fusion point

Flowing point

A15NAANY
= 1 d’ o g = =
1) Way Feldspar + @151A%A1) 19U Na,0, K,0, Ca0 4a4 Mi1iuununail feldspar natq wiin
2)  SOUHIUAZUNSS

8
3) SATUAIDE1A Y Hydraulic press
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M OUMAUT DU
¥
IMFUAIDEN
o kd 3 o 1 Ly P 4
JARIWYS : high (H) BIERIINATN : widsh (W) HATTBUNT I W AoyfSuamsiadfdy e

WIauAELEMINADUAIAD % flux 19U Na,0 HTD K,0 HT0 Cal -
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1 = ey
Wiy Flow chart gandismisnaasy

Fmivuarsazniw 2% PVA
1) fiws PVA 1220 gm
2) ﬁufwﬂé{'um 100 ¢cc
3) Awbndud 80°C athldqenial

msweshld PVA isugunin

W
4) sy lama PVA adhilahieu
0 ar
2% P.VA wiouq fiunsseaul PVA azas
solution i o o
1 co Weodmuusnaraeudaduday
: a1y aulyms PVA wun
. 3 1
50 mesh 5) fslumsazaeduaitly e daud
whnldluviaf Yarh ldadin
1418
granule

Uszanm 2-3 oy sxuuaey

hydranlic press 1
useda 1150 kg/em®

i
o aprongap

El I
g 8 S ssuuuru s o

o a LI ¥ w da |3
’J‘ﬁﬂ'l‘iﬂ']u’mmi\?ﬂﬂ’ﬂﬁf]ﬂ‘HLL‘NElﬂﬂﬂTﬁﬂilJ

guyAa uduoudl @ 1.3 cm uazdaldusida
P = 1150kg/cm’

v DT (22] 1.3}2
Dwawhda= 7l —| === | —
‘ 2 7N 2

2) Pressure (ky 2}:%
cm area(cm®)

Force(kg) =1 150("‘% mzjx -
= 1527 kg

L4
Wlsama ALO; w3010 Al,O; paste AouIeFUIM

aste #1970
PVA

1) 4 spatula An paste Y1 lfidaaumun
auurwewEuITgny ornmitaye
F r
2) »aguauiida Idvsfunaznnuey

dsgim 3 cm.

+
Al O
powder

unuggnu T

wnFudeted 1250 °C Teudivgaugdl 10 °CAnd fuld 15 wid

IvasTud et e wIsuAUT I8

nguaz 1 g
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HELAS.QUINEY 19UATENA

3 [
asouuiaiutuasudghaniunsndanugagmassuwsilin - isannlums
I3 o L4 o
yurunseaadeunmdesiud wu luduasunisus: luduasumswaniagfvsiaaiee L
o é’ = ¥ os: v e ‘-3‘ 3 == 3 - o 1 =t
fudwiefufuuaztunsude luffomstugy mseuudadaduiuneulumaesouiagnouh
L 1 T ) T Qs’ o by é
sedguurumsdell 1y misoeauluuy  wazmseuFuUuiwnmsyuaiey Feiy
1] ] ¥ :
Y i o 1 o a 'y a 1 ' i
Juppuideansyiinoumaen  uazfuiludussuganiovesvuiumIniauedugy asuAs
o 1]
wsanyuazmsedanadndn dudu  szmuldhmseuiidiusnluvyiumsniadauady
= ar a o o P a o ow g a 4y LA | 5 @ :; ey 1
mswIsuingAusunsz s wiaduawninidosns  mseuudsfamsidmihiilegiu
HaAS U TnenT TN (Evaporization) 800 T newuii1 Tt
Taorialnsevudaaiunsonila 2 7579 Mechanical method ABA1T MHATDIOANTBA
4 1 ,y e . . : i = s d
(Filter press) 1ie la1100n 1azdniTAe Thermal vaporization TaolfiaTesnu (Dryer) Fuiluish
lllsw Y o A dg 5 -ﬂ‘ oy 3 A =t " : 3
ffuawiioumn  lumsdeaauduiuilewinnmihmieveararduqnilegluyuamtu
’ ¥ 9 9
921l condition veamreuuRIRUARA1afY Hellfuagiuagadion arwieuduwy A wiou
¥ k4 . 1
wlweennawdule anudule waniminluanauesqmatviaduq  uanalafidanin
g . 14 ]
MsoULR i uIzAd WA U Fuamundandiumseuit s ianuudus winnin ey
r ¥ ] ] 1
n¥s01nAiduzdInaln Fondt Leather hard U19R50n91 Green body FaNinadednIINITOUIRAY
F ’ y o 4
Rud gannll  ANuTuveIoINA HazANG IR IMARBYToUATUIIU TR IndaTHA N
v o dgw 14 y o
FouUn IHUeFUIIUV B DU 3628
9 = 9t = @ LY = ] &
aalomssuuiamuisaeiuiwldn mshoynimududisuiuluvnzilen Weiugy
8 a} 1 3 ] t
wifuveninugmuegifiveseynin edaldeynauieglndiu  diel¥auiouiield
& a o4 0 Y a @ A ¥ da o @ v
anugunsoiieanld v ldifansvaduilesmihifiogsamely fildsuiuanuuinas
1 L [ 3 ¥
MsAUSHARYeITHIEMS oAU s s szmoveathunnws nan 1w luFuanuuis
= aa t o o = g a:y T 2 e o [
Uinunianumunningiiimsrad ey Tnateest ity Sasiinai iyl
n:? = = r-f v a A W ¥ g o o
yasFusnudantsiade) 1Raes tazifinseounn (crack) o mdasmsouudausuinld &1

Y -4 ¥, 1 s
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r b @ 8 3 ¥ T
i liamvesunuutaiadunimeludunuy aa1ziiSoni1 Hardening Fudaduilafi

=

dunenvaad Tuyazhisdiuludies llnldouudas  maud lade wenew luldiassziveves

]
o s

:, & my - 9s 9/ 5/ u:y o ot ot T
BwnAsvessuauGuiuty A1ld Taoms anudouundunuluusnaundnsSaun v
g . 1 a a iy iy ' Y d .y
AU (Humidity) Asudnsge arshlanuduysseimsseuqfuiudaudagatazi lises

k3 * i
AIILMEIINAIVBITUTIMAIAS Tunseuaumsouts dridguuginesqgadin uagld
V 3 ¥
anuFulueimsdovanasies lnsszmouasdanasunsategganmiu Mldguaudiots

+ + @ 8 ¥
fnsuiseduaduauoniFuny  dudursuganisusanisauuRsfeaziiniseuNgungiige
1 ) e N a -:? i e aowe o T
711100 °C wazdiauduannng dozldgunui diinuaninee lunadfiaeeiidiweeg
5 .? d'a n’.} é'l A' ‘ﬂy :? 1 ¥ d'.-a = eg
Tasmsiodgnlwmguirivesduanuieiuanuduseviunuuas ldl¥maszmeniudedu
s uinly |
£ a0 o '8 = gr 1:{ = &y di‘
 lumseuudandadasisinluggiwnedounasy  lasguvigiuazanusulueims
o N 1 i T ]
a3 2au U Dryer TiRouuyas aunsouda1ddiy 3 duaoudie
1 3 a i ) 1 y'.v Ig @
1. 397 1 $w51n155emuasil (Constant rate period) WeHSATIMIsZMEag luTufiy
moisture content
2. ¥9¥l 2 SasmisszmeanasluyaaIn (First falling-rate period) DATINITOULURIDL
115970 moisture content 1 udAnanFuduy
3. 9239 3 DR INITILMUADOAAY 1A IUTIN 2 (Second  falling-rate period) 1dYU curve

AT FURUT T3HI199AT1NITO LR LAY moisture content 9T 1du A

£
05— . g
o st folting 1
: “E mte period
< 04— I
T
£ i
- u.."‘:.‘. 1
W,.;_," - ' .
' o 0.3 Enﬂ failing I
L rote perind
i I
- 02+ i |
a
3 o} d_zmrd} : o
LI "gsm1 [ moisture
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Fig.1 Drying curve for ceramics (courtesy Institute of Ceramics)
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Fig.3 Tunnel dryer (courtesy Swindell-Dressler Co. Ltd.)
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Exp. 7 Physical properties of fired clay products
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Exp. 7 Physical properties of fired clav products
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Table 1.1 Classification of Fine Ceramics

Class and type Absorption Products
%

“Earthenware: ]

NATUEL e +15 Tableware, artware, tiles
FINB.cvevoeeensreeceseeeanencereenserens 10-15 Tableware, artware, kitchenware, tiles

TAIC e eriere e eeinr e e e eer it eee e 10-20 Artware, tiles, ovenware

SEMIVITTEOUS ove v e 4-9 Tableware, artware

Stoneware.

NatUrAl s 0-5 Drain pipe, kitchenware, artware, tiles

FINBu et 0-5 Cookware, artware, tableware

Technical vitreous............... c-0.2 Chemical ware

JASPET e, 0-1 Artware

Basalt.....ccoooiiiirice 0-1 Artware

China:

Hotel. oo, 0.1-0.3 Tableware, heavy
Household.........cceceveivnne. 0.0-0.2 Tablewars

BONE.uvicicoiiiiii e, 0.3-2.0 Tableware, artware

Frt e, 0.0-0.5 Tableware, artware

High strength.....ccccoieeinne, 0.0-1.0 Tableware

Low expansion............... 1.0-5.0 Ovenware, stoveware

Porcelain:

Hard. ..o 0-0.5 Tableware, artware

Technical vitreous............... 0-0.2 Chemicalware, ball mill balls and linings
Triaxial electrical................. 0-0.2 Low-freguency insulators

High-strength electrical....... 0-0.2 Low-frequency insulators

AMING. ..o 0-0.1 Spark plug cores, valve seats, cutting tools,

substrates, abrasion-resisting ware
Steatite. ..o, 0-0.5 High-frequency insulators, low-loss dielectric
S 0-0.05 High K-dielectrics constant
Ferromagetics............... s 0-0.05 Permanent magnets, transformer cores,
memory units, antennas

Vitreous plumbing fixtures 0.1-0.3 L.avatories, closet bowls, flush tanks, urinals
Dental....ccocvcvieiiiiiis 0-0.1 Dentures

Parian........c.occooveiiceis 0-0.5 Sculpture

Refractony.....c..coocvereiicvnnan. 0-10 pyrometer tubes, combustion boais, furnace

———

parts, nuclear fuel elements

EYI"\ e 2 o | PR, Y IR | SIS L - U R (R (RN T
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Exp. 7 Physical properties of fired clay products
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d o
tATRI9A Bending Strength

1, General
The Bending Strength Testers, series 401, are used for the determination of the bending

strength and the static medulus of elasticity at ambient temperature of mainiy ceramic raw
materials and ceramics. Using different standard supplements measurements on test bodies of
different shapes, dimensions and materials can be carried out (compare fig. 1). The
determination follows DIN 51030 and EN 100. Depending on applicaticn three basic models are

available with four load ranges each (compare table 1)

Table 1 L.oad Ranges of the Bending Strength tester

Type Load range / N

40111 20 40 - 80 240
401/2 20 120 ' 240 480
401/3 | 75 150 300 600

Bending Strength Tester
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Bending Strength Tester

Fig. 2 Supports for Bending Strength Test
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2. Construction and mode of operation (see in fig.3)
2.1 Principle of Load Transmitting
Load is affected by the electro-motive displacement of the sliding weight (1)
along the swing boom (2). The arising by' unbalancing the sliding weight is transmitted by the
ioad pin (3) to the load frame {4) (principle of the one-armed lever). This force acts onto the
centre of the test bedy which is deposited on two supports (5) (three-point method).

2.2 Variation of Load Range and Load Rate

The four av_ailable load ranges of the bending strength tester (compars table 1)
can be set by icosening the index pin (8) and dispiacing ‘the sled (6). The ranges can be read
off on the markings on the sled. Each of the four load ranges Is represented by an own division
on the scale of the swing boom. In case of changing the measuring range the compensation
weight (9) is displaced simultaneousiy by a cable line in guch way, that the equilibrium position
of the swing boom (2) is maintained.

A synchronous metor with a change gearing maves by means of a toothed belt the
sliding weight (1) inside the swing boom (2) in accordance with increasing load. Four different
speeds can be selected (compare table 2).

Whenever the selector switch {10} is on position “C", the motor is disconnected and the
sliding weight (1) can be moved manually. On the right edge of the swing boom (2) there is a
threaded pin. By means of this pin the stop of the sliding weight (1) for load "0" (start of the
measurement) can be exactly calibrated. If the sliding weight is on position “0” the taring
pointers (11) must be in accordance. Deviations are corrected with the taring weight (12), The

driving mactor is switched on and off by the power switch.,

Bending Strength Tester
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Load Range ' Load Increase N/s
Type N 1" gear 2" gear 3" gear 4" gear
1
401/1 20 0.0833 0.25 0.5 1
" 40 0.1670 0.50 1 2
80 0.3330 1 2 4
240 1 3 8 12
401/2 €0 0.125 0.25: 0.5 1
: 120 0.250 .50 1 2
240 0.50 1 4
480 1 2 4 8
401/3 75 0.125 0.25 0.50 1
150 0.25 0.50 1 2
300 0.50 1 2 4
g

600 1 2 4

Table 2 load and load increase ranges of the bending strength tester

2.3 Automatic determination of tensile stress
The switch case in the rear of the bending strength tester contains a micro-

switch, which sensor touches the knurled head nut (13). The thread boit with the knuried head
nut (14) move together with the swing boom (2). The micro-switch disconnects the motor at a
defined deflection of the swing boom, normally when the test body breaks. The switch point is
adjusted by turning the knurled head nut (13). The deflection of the swing boom (2} is limited by
a stop. Which can be displaced after loosening the cap nut (14)? When switching off the driving
motor the sliding weight (1) stops immediately on the last ioad value, which can be easily read
off on the scale of the swing boom. If the final load does not lead to breakage of the test body

on the adjusted load range, the motor is switched off automatically.

Bending Strength Tester
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3. Commissioning

Prior to first putting intc operation the entrained rope {for the automatic weight

compensation when changing the measuring range) has to be put over the corresponding rolls!

1.

o o k= w N

Set gear switch (10) to “0”

Push the sliding weight {1) to “0"

Check whether the sliding weight (1) stops at 0"

Bring therpointers (11) in accordance by use of the taring weight (12)

Switch the gear switch {10) to any gear

Switch on the power switch. As soon as the sliding weight (1) has moved a little to
the left, the swing boom (2) lowers up to stop. The stop must be adjusted by means
of the cap nut (14) in such way, that é test body will surely break, but the -
compensation weigth does nowhere strike,

The knuried head nut (13) must be aaiusted in such way, that it is guaranteed that
the micro-switch disconnects the drive in case of breakage of the test body, but not

already in case of bending.

4. Determination of the tensile stress-

4.1 Measurement

1.
2.

Push the sliding weight (1) to “0”
Adjust the sledge (6) to the required load range. In case of doubt select the lowest

load range.

. Adjust the desired load increase on the gear switch (10) suing table 2.

Put the specimen supports (5) to the desired width between the supports,
symmetrically to the load frame (4).

Put on the test body.

In case of test bodies which are plaﬁe on top loosen the knurled head nut situated
on the upper edge of the load pin (3), in case of concave test bodies the knurled

head nut must be tightened.

Bending Strength Tester
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7. Adjust the load frame (4) to the height of the test body using the elevation
adjustment (7), that if the pointers are in accordance the knife of the load frame (4)

just touched the test body.

Remark: If a higher bending is to be expected, the lift taring pointer is adjusted a bit higher
(maximum up to the stop).
8. Switch on the power switch. Wait for the breakage of the test body and thus
. stoppage if the sliding weight (1). Read off the break load.
9. Repeat the measurement in a higher load range if no breakage occurred. Put back

the sliding weight (1) carefully to “0” (gear switch (10) must be on “0”).

4,2 Evaluation
The tensile bending stress can be calculated from the read-off breaking load F, the
width between the supports L and the moment of resistance W of the test body:
O =Ep. L
4W
For specimen with a rectangular cross section of height h and width b the moment of
resistance is calculated as follows:
W=b. b’
6
and thus the tensile bending stress is
O =F,.3L
b

§

According to DIN 51030 there follows with the dimension h =15 mm, b =21 mm:

G=F, L

3150 mm’

Bending Strength Tester
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With the standard width between the supports L, = 200 mm the following relation for the
determination of the tensile bending stress results:

G = F,. 0.06349 mm ™

Table 3 Moment of resistance of some essential cross section forms

shape of cross sect | moment of resistance

F'
|

32

T (dfi‘" d;}

W= "2"q

Bending Strength Tester
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5, Instruction to renew the entrainer rope for the automatic weight compensation when

changing the measuring range

17 B

L {

Fig. 4 Exchange of the entrainer rope for the automatic weight compensation

1. Select a measuring range as low as possible. For this move the sledge (6) until the
locating mark on the sledge matches the loading mark of the index device. Tighten
the index pin (8) in this position.

2. Adjust the c;ampensation weight (9) on its guide bar in such way, that both taring

pointers (11) of the bending strength tester agree.

Attention! Do not change the position of the compensation weight anymore when

mounting the entrainer rope.

Bending Strength Tester
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3. Loosen the clamping screw (15) on the compensation weight by some turns,
afterwards wrap the rope (16) with one turn around the shaft of the clamping screw.
Retighten the clamping screw. No the rope is firmly connected with the
compensation weight (9). The clamping point should be in about in the centre of
the rope.

4. Now put the rope over the both rope pulleys (17), then the two ends of the rope
have to be thread on the left and the right through the cross hole of the bearing pin
(3) and must be knotted first over the surface area of the pin. To avoid that this
knot will be pulled through the bore the free ends of the rope have to be knotted
once more several times over the surface area of the bearing pin (3).

5. The free ends of the rope above the 1gnot now can be cuf off. Fix the knots by use |

of a suitable adhesive.
Attention! Do not operate the sledge adjustment before the fixing adhesive has hardened.
Check: If the mounted has been done corrected, the taring pointers of the instrument remain

always in agreement- independent on the selection of the measuring range. No supplementary

adjustment by the use of the installed counter-weights is necessary.

Bending Strength Tester
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1. Specific surface area m1ae3% Methylene blue
Specific surface area Aotz vesdumin 1 ndu
MBI = millimole equivalent vesfiuudansin 100 nfu
Favhu fuunda 1 ndu 928 MBI/100 millimole eauivalent -

w30 auure 1 nfuasll _MBI _mole equivalent
100x1000
1mole=6.02x10% BYMA
MBI _mole=_6.02 x 10% x MBI aymn
100,000 100,000

1 ayma methylene blue St 129.2 x 102 m?
faf 6.02 x 10° x MBI x 10‘5 YR At
=6.02x 10” x MBI x 107 x 129.2 x 10 m’
= 6.02x MBI x 0.01 x 129.2 m’

Fuhy Specific surface area wosdu 1 nix = 6.02 x MBI x 0.01 x 129.2 m’/g
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Benzusescf (he changing nature of
materials reguirments for ceramics,
such as the synthetic materials used
it advance i ceramics, the ACerS
Ceramiz N .nerals Resources Com-
miltee, chuired by Hendrik Heystek,
requests additional input to the An-
nual Ceriinic Mineral Resources
Review. The committee will consider
teports on the availability, tech-
nalogy, &nd economic status of all
malerials used in ceramics today.
Authors wishing o contribute to the
May 1985 Ceramic Mineral Resources
Review should contact Hendrik
Haystek, U.S, Department of the Id-
tferior, Bureay of Mines Tuscaloasa
Research Cenier, Box L, Universily,
AL 3E488.

o

‘Member, the American Ceramic Society.

A

Recant information on Andslusite, Arsenic,
Barium Carbonate, Lanthanides and Ytitium,
Limesione and Dolomile, Silicon Nitride, and
Titanum Produtls, which are not covereoreTe,
can be found in last year's Anaual C2ramic
Mineral Rasources Review (cl. pages 63691,
May 1884 Ceramic Bullatin).

Alumina

G, Mecdura™, R, J. Kramo®, and
C. T. MeCiexs™

Aluminura Ca. of America
Pitisburgn, PA 15215

“Aluminag” is a2 soacific chamical tarm
defining the oxide of aluminum, AlO,.
It occurs abundantly in nawre, sigs
ofter &s impure hydroxides which are
the Assental constituerts of bzuxites
and laterites. Numerous high purity
grades of zlurnina are manufaciured
from thesgz cres as major chemical

products; including hydrated. sctivated, |

czlcined, low soda, {abular, and fused.
Most raw bauxite is refined by the Bay-

T er process ‘o remove impurities (e.g.,

Si0,, Fe,0,, and TiO,) and produces a
nominal £9.3% Al O, product with Na,0
as the dominant impurity. Virtually all
commerc.g! production is obtained by

the Bayer process with Weastern World

zlumina preduction averaging 25 miltion
metric tons during the decace ending
1983, About S0% of alumina is used in
the predoction of aluminum metal, Ce-
ramic and refractory zopiications can.
sume sligntly more than 30% of the
aonaluminum production. Mzjor non-
aluminum caleined aluminz_markets 0

1982 are estimated: refractories =30%; !

abrasives = 25%; whilewaras and spark
plugs =25%; ceramics (80 4% AlLQ.)=
t10%; glass and enamels=35%,; ang
miscellanecus =5%. )

- The future availability of special Bay-
er aluminas for the ceramics and rg
fractories Indusiry depends upon fke

availability of metal grage bauxita and |

the rafining capacity {o convert tauxite
into high purity alumina. Western Worla
reserves of metal grage bauxile afe
generally loceied arcund the equas - i
belt and tota! z2.4 bdllion matis {ones
At avarage. operating ratas for «kie

num metal peoduction during 1he .t

decade, these reserves are adeg Jz..2 10 |

supply the Western Warld jor over 200
ye&rs,

Aithough 2 near supply-demand bai-
ance oceurred in 1978 with regard to
refining capacity end aluminum metal
and nonmetal requirements, there ag-
pears 1o be pleaty of availablé alumina
fer future nonmetal requirements. Cur-
rent refining capacity exceeds 30 millicn
metric wong and is foracasted 10 excead

'Annual Ceramic Mineral’
Resources Review

40 milion metric tons of alumina by 1980,
Although a wid 2 variety of high purity
alurninas is usec in ceran-éc;lrefracto-
ries, specialty calcined alimina pow-
Jders, tabular alumina refractory aggre-
¢3te and calcium aluminate cement
{CAC)are tha most important. Speciaity
caicined aluminas are prepared in a very
wide -ange of grades to suit a similarly
wide -ange of applications. Both chem-
ival and physical properties may be ad-
jusied during preparation. The normal
0.5%: Na,0 Bayer zlumina can be re-
duced to make specialty low soda grades
during refining and/or calcination, Phys-
ical preperties may be adjusted during
ratarny Kiin calcination 2nd by subse-
quent grinding. Precision control of
crysTal size, degree of calcination and
lev~  of impurities are required in the
manufaciure of commercial aluminas
duriry heating to obtain alpha alurnina,
the stable form of anhydrous aluming
known zlso as the naturally occurring
substance corundum.
e availability of speciaity grades of
¢dicined aluminz in the unground farm
~ L asically a function of rotary kiln ca-
pacity with the sppropriate auxiiiary
eauipment necessary to provide the
Correct chemicai and tamperairs ¢con-
rels. Excess kiln capacity exists at many
ajuming refingrs because of the adop-
won of fluid calciners in the manufacture
* *metal grade aluminz. Thus, there will
te &n adequate supply of calcined al-
minas for ceramics{reiractories through
1980 when projecting 2 10% compound
.nnual growth pattern which is over-
sptimistic basaed on historical patterns.
rha availability of ground calcined alu-
.rinas is simply a matter of instailing the
nacessary grinding facilities to accom-
mogate the growth. ‘ o
Tabular aluming is produced from cal-
cined alumina in large-scale production
centars having a capacity of 50 000 to
125 000 metric tong annually, This sin-
tered product is & high purity aluminum
oxide that has been recrystallized to the
massive corundum state by heating 1.9
cm (2.75-in.) pellets 2t 1925°C (3500°F),

just below the fusicn temperature to |

convert the fine alpha alumina crystal-
lites into large hexagonal elongated {a-
big-shape c¢rystais ranging from 40 to
200um median.

Tabular alumina is crushed and grad-
ed to offer 2 wide variety of particie siz-
es from 3 mesh aggregate to —32%

= a2 W
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mesh powder. Metalfic iron picked up in
the crishing and screéening process is
removed by electromagnetic separa-
tiea,

Recent expansions have boosted U.S.
capacity by an estimated 60 000 metric
tons. A new tabular plant became op-
erational in ezrly 1985 in Ludwigsharen,
Germany, adding 50 000 metric tons of
capacity in Europe. Retrofitting clder
operations with the latest production
technology wiil push total capacity to
above 250 060 metric tons, Assuming
an optimistic growth of 10% annually,
these expansions provide an adequate
supply of tabular untit 1990-95.

High purity CAC is characterized by
its fow iron and silica. and its high alu-
mina content. Low cement castable
{echnology may Amit CAC growth, but
expanding monolithic applications tend
to counter this trend. The increzsing need
for more sophisticated high quality
monglithic refractories should continue
to expand the growth and the demand
for these progucts which are made by

;acting high purity alurnina with iime-
stone in production.cantars ranging from
15 000-60 000 metric tons. Availability
is. therefore, tied to the capacity of cal-
cium aluminate cement production cen-
ters. Recent expansions in the U.S. by
Aleoa and Lane Star Lafarge combinad
with a new high purity CAC plant in Rot-
terdam, increases totai capacity to about
125 00Q metric tons. This should be ad-
equate for anticipated growth and ce-
mand through 1590,

Market prices were relatively stable
for Bayer slumina products until 1974
when prices rose 1o reflect the rapid in-
crease in costs of fuel and bauxite, Prices
from 1974 to 1980 ware cost-driven, for
the most part reflecting inflationary fac-
tors and were generally accepted in the
marketplace, Prices from 1980 to 1984
began to again stabilize as a result of
low inflaticnary pressures and market
“ompetitiveness, The 1984 year-end
Jicerangein the U.S. for carfead quan-
tities of Bayer process aluminas fob
lows: aloha alumina trinydrate —$0.24
to §1.35/kg {$0.11 to $0.61/lb); normai
calcined aluminas—3$0.40 to $0.62/kg
{0.18 to $S0.28/Ib); low soda calcined
aluminas—350.49 to $1.74/kg (50.22 to
30.7¢fib); tabular alumina—3%0.57 1o
$1.73/kg (50.23 to $0.33/1b); and CAC
(60%-80% AR3,}—350.33 to 50.53/kg
{50.15 1o 50.24/16).

Although there are numerous meth-
‘ods for producing slumina of increasing
purity, commercial production is rela-
tively small compared to the Bayer pro-
cess alumina producticn and may be
priced as much as 10 times higher than
the most equivalent Bayer product.

The Western World markat for spe-
cial aluminas is supplied primarily by At
coe, Kaiser, and Alcan in North Amer-
ica: PUK, Martinswerk (Alusuisse), AL
coa Chemig, Versinigte Aluminium-

[

Werke (VAW), and British Aluminium
Company {BACO) in Eurcpe; and Nip-
pon Lightmetal, Showa Denko, Sumi-
torno Chem-icals, and Mitsui Alumina
and Moralco in Japan.

Although the depressed 1982-1984
economy reduced the overall demand
for all ceramicirefractory aluminas, the
general trend by industry to adopt ad-
vancing technologies ensures their fu-
ture growth, This is depicted by the pre-
vicdsly cited example about the stesl|
industry turning to more expensive, yet
more cost-effective, refractories in the
production of higher quality steels using
the latest available technoiogies in or-
der to me2! competition and to survive.

a

Ball Clay

David F. Schneider” .
Kentueky-Tennessee Ciay Co.
Alliance, OH 44801

Ball clay is & fing-grained, highty plastic,
and essentially white-burning segimen-
tary clay that is usad as a bonding agent
for whilewares and refractory produc-
tior. These clays are composed miner-
alogically of kaociinite, quartz, feldspar
and/or mica, and-organic (carbcna-
cecus) matter. There can be trace to
minor amounts of other clay minerals
such as illite and/or montediilonite pres-
ent in certain commercial grades.

The main functidn of ball clay in ce-
ramic compositions is to contribute

piasticity or workability, provide green.

strength, and fire to a reasonable de-
gree of whiteness. They must also pos-
sess certain rheolegical properties that
enable themn 1o be deflacculated easily
for siip cast applications.

The major ball clay sources are in the
U.S., most of the ball clays are rmined
in Kentucky and Tennessee with lesser
quantities extracted from Mississippi,
Texas, and Maryland. The major pro-
ducers are Kentycky-Tennesses Clay
Co., Mayfleld, KY; H. C. Spinks Clay
Co., Paris, TN; Cypris Industrial Min-
erals, Gleason, TN; and Old Hickory Clay
Co., Mayfield, KY. K-T operates gpen
pit mines in the three states. The other
producers restrict their operations to ore
or two states.

.5, and world production of bail clay
minerals increased, for the sgcond con-
secutive year and continues to reverse
the downward trand in production that
persisted from 1978 1o 1982 (according
to preliminary figures from BuMines), In
1984, mafor domestic uses for ball clays
were estimated as 32% dinnerware and
pottery, 13% floor and wall tile, and
18% sanitary ware.

Nearly all U.S. imports of bafl clay ara
from England and probably represer
less than 1% of all ball clay consumeq
in the U.S. Most of the world supplieg
are provided from sources in the cantrg
U.S. {Kentucky and Tennesses) apg
England. There are other bali-clay-ike
materials preduced in central and egs:.
ern Eurape,

The use of U.3. bail clay increaseq
every year between 1975 and 1979 ang
was sparked essentially by the demand
for housing in that time period. That
growth declined significantly since 187¢
10 a low of 582 000 rmetric tons (642 000
short tons) in 1882, In 1983 and 1984
increases in home and commercial
building, and autemobiie production in-
creasad the demand for ball clays again.
For the first nine months of 1984 pro-
guction is-reported at 758 000 metric
tons (835 000 tons) with a value of
$31 894 000.

Prices for U.S. baill clays have in-
crezsed moderately over the last five
years. The price range is a high of $53
for air-floated bagged clay to a low of
521 for shredded, bulk materal. Gen-

“erally, foreign sources are more expen-

sive at FOB point of orgin. Ait U.S. prices
are expected to increase slowly, reflect-
ing higher quakty requirements and in-
creasing costs associaled with fand ac-
quisition, land rehabilitation, and envi-
ronmental and energy factors.

There have been no significant new
developments in processing ball clays.
The processing still consists of shred-
ding, blending, drying, and grinding.
Biending is extremely important 1o the
producer and consumer in making avaii-
able biends of specific techniczl prog-
erties, as well as making possibie better
control of properties. (This also extends
the reserve of important grades.)

Other forms commercially avallable
include: shredded and semidried, air-
floated, and sturry {in the U.8. 2nd Eng-
land). Air-floated production accounts
for over 65% of U.S. production.

There has been a trend in recent years
10 use more dried clay and less shred-
ded-clay by the consumers tc offsaet
higrer transportation costs. This means’
more air-floated and semidried produc-
tion and less shradded is being pro-
duced. In processing the clay, many of
the praducers are roving to larger, more
energy efficient milfs. In preducing semi-
dried or partially dried bail ciays, fluid-
bed-type driers have been more poouiar
than rotary drers from an efficiency
standpoint and alse in cieanliness of
operation.

There has been a trend in the U.S.
znd mora recently in Engiand for centain
industries to convert from conventional
handling methods of dried clays to &
liquid of siurry clay delivery, This means
the ball clay industry now has mixing.
screening, and storage eguipment for

! liquid ciay.
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Table I. Chemical Analysis of Typical U.S. Bail Clays
A B [ - D g

Si0, 61.7% 54.7% 57.5% 54.0% 61.0%
ALD, 24.9 31.0 259 30.7 24.5
Fe, 0, - 1.0 1.0 1.2 1.6 1.0
TiO, 1.7 1.1 1.3 1.1 i3
Ca0 0.3 0.3 - 0.5 0.4 0.1
MgO 0.2 0.2 0.7 0.5 0.1
K0 2.1 12 1.6 0.2 1.7
Nz, 0 05 0.2 6.4 0.1 0.4
LO! 7.7 10.4 10.8 11.5 9.7
Total 100.1 100.1 53,9 100.1 298

Ball clays and ball clay mixes are
available in a widc. variety of chemis-
tries, particle size distributions, organic
content, and soluble salt Jevels. Clays
and clay blends are formulated to de.
velop desired properties depending on
the application and attempts are made
to controi the properties within agreed.
upan realistic imits. Table | shows some
chemical analysis for typicat U.S. ball
clays.

Because of the complex factors that
have 10 be considered, the user needs
to consider more than the chernical
analysis in determining his specific
needs. Cansulting with a supphier can
be beneficial in determining all impor-
tant properies for the application. Some
important physical and chemical prop-
erties inciude: physiczl properties {MOR,

Bauxite

4 Cunningham™
Harbison-Waiker Refractories
Pittsburgn, A 15222

This overview will be imited 1o calcined,
refractory-grade bauxites consumed
from imports into the U.S. Statistics are
unavailable for domestically produced
Bauxites due to the limited number of
producers as reported by BuMines.
The 1984 imports of refractory-grade
bauxite (85% o 90% alumina range,
calcined basis) totalled 188 000 metric
tons. About 38% of these imports were
produced in Guyana; another 40% came
from the Peaples Republic of China. Soth
sourdes are large-scale mining opera-
tions with the object being premium
grade calcined materals. Production and
imports fr&m Surinam have been cur-

tailed. Five-year historical bauxite im- Commercial Bayxite Grades
Source

: Chemistry (calcined) Guyana Chvng
Table I. U.3. Bauxite Imoorts Alumina 88.30 87.8
Yeat Mewe tons lSiﬁca » ??g 159

ron oxide . .5

1980 285000 | Tiapa 320 375
JFEy 23 883 Alkzhes 0.03 015 |
1983 147000 | Buik density {g/cc) 3.10+ 3.10-3.30
1984 189 00Q | Primary mineral toem Gibbsite Diaspore

plasticity), casting properties {rheoclo-
gy), saluble salt content (SO,), type and.
amount of crganic matter (colloidal vs
massive}, and chemical analysis.

Moast grades are in excelient supply.
Many producers have excess capacity
and are nct expected to have shortages
even during a full economy. More truck
shipping is used presently than in the
past due to the deregujation of the
trucking industry in the U.S.

There is little change ik ball clay tech-
noicgy. In general, better equipment and
greater recovery are achigved by using
newer, more efficient equipment. More
quality control is possible today due to
befter knowledge of the ciays in the
graund, better blending after mining, and
better rotation of stock.

The major U.S. markets for ball clay

ports for refractory production are giv-
enin Table [. .

Calcined bauxites continue to find
‘application in a wide variety of high alu-
mina rafractory brick and rnonclithics.
Usage trends are steady.

Typical techrical idatures of major
imported bauxite are shown in Table I,

Suppliers representing each major
bauxite type are continually attempting
1o upgrade and build on the strengths
of their respective material positions
while optimizing production efficiencies.
Availability appears to be no problem
provided defivery lead times are planned
in advance. Ample production capad-
ties for refractory grade bauxites are
described by the major suppliers.

Prices for calcined Guyanese mate-
rial are $165 per metric ton FOB rail

Table i,

minerals are ceramics, pottery, and re-
lated products, The ball clay for these
products is used as a plasticizing and
bonding agent and must be essentially
white-firing. For refractory products,
the principal function of ball clays is as
a bonding agent. There are some nan-
ceramic and specialty uses for ball elay
minerals, but most of this information
is withheld by the ¢lay producers as
proprietary information, There' are mi-
nor amounts of ball clays used in ad-
hesives, feeds, and Hriling muds ac-
cording to BuMines.

Ball clay prcducers have severai
problemn areas that effect their produc-
tion efforts. Some of these probiems in-
clude: .

1. Higher overburdeniclay rations.

- 2. Longer hauling distances from new
producing mines to older producing
plants.

3. Higher gnergv rosts (diesel, nat-
urat gas, gasoline, and electrical costs).

4. More governmental reguiations
invoiving pallution control, permits, ete..
required 10 open mines, work rules, ete.

5. Reclamation.

6. Greater emphasis and awareness
by the general putlic of the effects of
mining industry on the quality of life,

Alt of the above add up to higher costs

to the producer and ummatesy o the J

COnsuUmaer.

{Ballimore). or barge {(Guif Coast) ac-
cording 1o /ndusirial Minerals. Chinesa
maierial runs about $120 to $145 per
ton, CIFFQ Burnside, depending on
production method, grade, and size.
[

Beryliia

Kenneth A. Waish
Brush Wellman, Inc.
Eimore, OH 43416

Beryitium oxide (BeQ), or beryiliz, is an
outstanding conductor of heat as well
zs an excellent electrical insulaior. Be-

CERAMIC BULLETIN, VOL. 84, NO. 5 (1383)




. cause of its unigque combination of thar-
mal, electrical, and. machanical prop-
erties, its use as a ceramic material has
greatly expanded. The largest use of
beryllium oxide is as the raw material
for the manufacture of beryilium-copper
allays. followed closely as the raw ma-
terial for conversion to the metal.

BeO has been used as a ceramic ma-
terial since the 1930s. lts initial metai-
lurgical usage was for crucibles and
thermocouple protection tubes be-
cause of BeQ's inertness against re-
active molten metals. BeO was also used
in the phosphor formulation of early flu-
orescent tubes. With the advent of the
nuclear age in the 1840s, the extremely
smail neutron-absorption cross section
of beryllium was expicited for neutron
moderation and to limit contamination
in metal processing associated with nu-
clear technology. -

During the early 1960s, beryllia's ex-
vellence as z heat sink ceramic material
for electronics was recognized. 1S spe-
cific heat of 1088 Jfkg-K at rcom tem-
perature Is the highest of any oxide ca-
ramic and is greater than that of all
metals except beryllium. The thermai
conductivity of baryllia is aiso the high-
est of any oxide ceramic; at room tem-
parature the thermal conductivity of 250
W/ni. K{(145 Btu. ft/h. f2. F)is 2bout two-
thirds that of copper and six to seven
times that of alumina. Although its ther-
mal conductivity decredses rapidly as
temperature rises, the conductivity of
beryftia at 100°C {a common operating
temperature or electronic compo-
nents), is still half that of copper and 10
times that of alumina. Even at
10Q0°~1500°C, thermal conductivity of
BeQ is three to gight times higher than
that of alumina. Power transistors for
most communications equipment and
high-powered communication tubes use
peryllia heat sinks to avoid overheating.
Likewise, heat generated in resistor
cores and substrates is rapidly dissi-
pated, thereby minimizing hot spots and
reducing temperatures of critical com-
ponents. Such products are manufac.
tured by Kydcerza, Metaramics, National
Berytiia Div, of General Ceramics, Inc.,
Brush Wellman, Inc., and NGK.

Coldworessed-and-sintered BeQ ce-
ramics are manufaciured by Brush
Weliman, ifz., Consolidated Beryllium
LTD, and the National Beryliia Div. of
General Ceramics, Inc. High purity be-
ryilium oxide powder is mixed with flux-
ing agents and grain.growth inhibitors
before compacting at relatively hign
pressure. The moderating chemicals are
commoenty oxides of magnesium, aly-
minum, Siiicon, or a combination of two
or three of these. The indus!ry standard
has become 949.5% BeO in the ceramic.
One of the most comman applications
of BeQ ceramics is in the electronic ig-
nition modules ‘of .2 large number of
standard automebiles and trucks. in this

modute, the metallized BeO plate is a
heat sink under the Darlington inte-
grated circuit chip. Similar metallized

" BeO ceramic products for use in other

electronic and electrical applications are
manufactured by -Ceradyne, Kyocerz,
Brush Weliman, Inc., National Beryllia
Div.,, Varian, Metaramics, NGK, Coors,
and others,

Because of complex configurations

or special dimensions, many beryliia

parts must be machined to close tol-
erances. Beryllia has a hardness of about
65 R,y Or 9 Mehs; grinding is usually

done with diamond-impregnatedwhesls. -

Lapping or palishing is usually done with
giamand or silicon carbide powder. Fre-
cision BeO- substrates which are poi-
ished, laser scribed, or both, are avail-
abie fromn lLaser Services, Lasermation,
Accumet, Laserage Technology Cormp.,
and P/M Industries, Inc, Grinding shops

which shape precision parts from al-.

raady-fired BeQ ceramic stwock are op-
erated by Ceradyne, Agcuratug Ce-
ramics, $an Jose Delta, Brush Weilman,
Naticnal Beryilia, 2nd Speedring. -

In 1248, a chronic lung disorder found
among many fluorescent tube workers
in Massachusetts was described in the
literature by Ors. Hardy and Tabershaw.
This disease was later identified with

berylium exposure and is now refamred

1o as berylliosis. Berylliosis is now ac-
capted by medical cpinion to be a dis-
ezse of delayed immunoiogical re-
sponse. In other words, an individual
must be “allergic” to beryifium o cor-
tract the disease. The experience in the
berylium and fluorescent lamp indus-
tries, where large numbers of employ-
ess were massively exposed before the

toxicity of beryllium was recognized, in- '}
dicates that only about 1% of those ex- -

posed contracted beryllicsis:

There is no record of any il effects

resulting from ingestion of beryllia.
Howaver, the same care should be tak-
en to avoid-swallowing beryllium com-
pounds as ane would take with any oth-
er chemical compound. Beryllia ceramics
utitized in their sofid form for electronic
applications are completely safa. The
onty known potential problern with. be-
ryllia is inhalation of excessive arnounts
of respirable beryllia.(particulates iess
than 10 um in size) by individuals who
are hypersensitive reactors to berylk
lium. Respirable berylia might be cre-
ated as dust during drilling, machining,
filing, crushing or other mechanical op-
erations, as fumes and mists when me-
tallizing, chemical etching, or wet grind-
ing beryilia, or when chips, burrs, and
slivers are pulverized into finer parti-
cles, In 1949, the U.S. Atomic Energy
Commission (AEC) established thres
tevels of maximum respirable airborme
beryllium concentrations 1o safeguard
against potential health hazards. Two
covering in-plant conditions are 2 mi-
crograms of berrylium per m3 maximum

‘and beryl processing capabilities in-

atmospheric concentrations over an g.
h day and.25 micrograms of beryliym
per cutic m? of air for pericds less than
30 min, These two imits were adopteg
as a consansus standard by OSHA. The |
third AEC recommendation of an oyt-
plant standard fimiting the level to 0.0
micrograms of berylium per m? of ajr
averaged monthly was established by
the EPA for the immediate area sur.
rounding a beryllium plant.

The standards adopted for airbome
beryllium concantrations and the prob-.
terns associated with air sampiing and
beryllium analysis have led t© a de-
crease in the number of companies will-
ing to manufacture Lerytlium oxide
powders. The anly source of 8e0 pow-
der in the westemn world is Brush Waii-
man. Beryllia powder and ceramics are
believed to be manufactured in the com.
munist bicck countries of Poland, Rus-
sig, and China.

The ytilization of BeO ceramics in the
communications and electronic micre-
circuits continues to grow at a rapid pace
in spite of the high cost of BeQ over
that of aiumina. Raw stage BeQ.pow-
der sells for $120/kg (353/b), FOB Ei-
more, OH, in quantities greater than 9100
kg (20 000 Ib). The reserves of raw-ma-
terials for BeO ceramic materials are
quite encouraging. Since 1589, Brush
Wellman has suppiied its beryllium ox-
ide requirements for alfoy, metal, ang
ceramics from deomestic deposits of
bertrandite ore preccessed in its Delta, |
UT, milf, Aithough domestic mirerat pro-
duction would be capable of meeting ail
domestic requirements well beyond {he
year 2000, there is a need to rejuvenate
the search for and recovery of beryl ore.
Toward this goal, Brush Weilrman re-
sumed processing of beryl ore inits Del-
ta mill in 1978. With both bertrandite

stalled, any increase in world demand
for beryllium products can be met with

pegmatic or domestic resources. C

Boron

Paul F. Guttmann®
U.S. Borax & Chernical Corp.
Los Angeles, CA 90010

Domestic praduction of boron minerals
and chemicals increased 7% in 1984 to
an estimated §17 000 metric tons B,0,
(680 000 tons). Imports of colemanite,
ulexite and boric acid {mostly from Tur-
key) were estimated at 36 250 metric
tons B,0, (40 000 tons) while exports
of boric acid and refined borates were
estimated at 235 000 product metrictons
(260 000 tons). Reported domestic

—
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consumption increased 1.2% in 1984 to
313 000 metric tons (345 000 tons). All
L.8. production is based in Caiifomnia.

The ceramic industry represents al-
most 60% of the domestic borate mar-
ket on a B,O, basis. insulation fiber glass
is the largest market segment consum-
ing about 30% of totat domestic B.O,
in the form of borax pentahydrate and
ulexite. Textile fiber glass, the fastest
growing ‘ceramic segment, consumes
about 15% of the total B,0.. About 10%
of total B,0, goes into other borosili-
cate gtass manuiacture; this market has
declined recently because of pressure
from imported glass. Other ceramic uses
inciude vitreous enamels, frit, boron
carbide, boron nitride and refractories.
Overall market grcwth is expected to
average 3%—4% through 1920,

The largest domestic producer, United
States Barax & Chemical Corp., oper-
ates an open-pit mine at Boron, Cali-
fomia. The adjzcent refinery complex
produces borax in decahydrate, pen-

“hydrate, and anhydrous forms. Boric
-cid is produced in a unique direct ore
processing plant., Specialty borate
chemicals are produced at the firm's
Wiimingtcn, CA, plant.

Kerr-McGee Comp. recovers boron
from the brines of Searles Lake. Borax
decahydrate, borax pentahydrate, and
anhydrous borax are produced at West
End, CA; boric acid and anhydrous bor-
ax, are produced at Trona, CA,

The third U.S. producer, American
Borate Co., a subsidiary of Owens-
Coming Fiberglas Corp., is mining cole-
manite (calciurmn borate) and ulexitef
prabertite (sodium-caiciurn borate) from
an underground mine in Death Valley.
Colemanite is used domestically in tex-
tiie fiber glass production and ulexite is
used as a raw materal in making in-
suigtion fiber glass,

Etibank, the state trading company
of Turksy, i3 the largest producer of bo-

n minerals and chemicals outside of
the United Siates. Edbank was 1o begin
producing refined sodium borates at
Kirka. This plant did not come on stream
in 1984 and start-up operations are
continuing. When cmpleted, Etibank
will be a fulkline supplier with coleman-
ite, ulexite, refined sodium borates and
boric acid.

Other world producers of borates are
the USSR, Chird, Argentina; Pent, and
Chile. Several other countries produce
baric acid from imported boroc-contain-
ing materizls, -

With adequate capacities and infla-
tion rermaining under control, prices of
major boren minecals and chemicals re-
mained stable during the past year. A

 price increase for major products
was annquneed by U.S. Borax for April
1, 1985 and included the first increase
for boric acid prices in over three years.
Anncunced prices in dollars per metric
tor: for bulk raiicars, FOB Cafifomnia are:

borax decahydrate $206; borax pen-
tahydrate $236; boric acid $627; and
anhydrous borax $664.

The U.S. ceramic industry is in & fa-
vorable position for long term supply of
all boron-containing materials. Current
capacities are adequate and economic
reserves, while not definitely known,
are typically published as being at least
100 years. tn any case, the life of U.S.
reserves will be affected by the timing
and rate of development of the sodium
barate deposits in Turkay. =]

Chromite

Harry M. Mikami®
Consultant ]
Pleasanton, CA 94586

Chramite has three principal uses, met-
allurgical, refractory, and chemical. Many
years ago, 25 or more, sach use had
its own type of chromite with the types
being designated according to its usage.
As the refractory application is the only
oneg strictly within the ceramic industry,
this review previously could have been
confined to refractory chromite. But at
present, there is considerable inter-
changeahbility of the different chromite
fypes among the uses. Therefore, in

discussing the supply-demand situa- |

tion, it is desirable to cover all of the
wide range of chromites and the con-
sumption patitems affecting them. The
U.5. has no domestic production and
is totally dependent on imports.
Table 1 shows the U.S. consumption
of chromite by Industry for the 1380-84

- period.

All three categories declined, reach-
ing a low point in 1983. In that year the

long dominant metallurgical usage was
number three. This was caused by
enormous increase in use of imported
ferrochrome by the steel industry over
domestic ferrochrome produced from
chromite. The increase of chromite for
metallurgical use in 1984 to 108 0G0
metric tons {207 000 tons) was caused
mainly by the conversion of government
stockpile chromite to ferrochrome by way
of a contract let out by the federal gov-
emment. Since lhe ferrochrome will ba
returned to the strategic stockpile, the
chromite consumption pattemn is not
normal. The second line for 1984 in Ta-
bie | presents the normal distribution,
excluding the special production from
stockpile chromite. This fine shows 1983
to 1984 increases of 67%, 32%, and
2% for metallurgical, refractory, and
chemical industries, respectively. The
chemical industry has emerged as the
numper one censumer of chromite and
will likely remain sa for the foresesable
futura.

ltshould be emphasized, however, that
the metzaliurgical industry always has
been and will centinue to be the largest
consumer of chromium, most of which
is' provided by imported ferrocchrome
produced in countries that mine chroms-
ite.

The increasa in refractory chromite
consumption in 1984 was influenced
substantialty by the 10% increzsein steel
production from the previous year. A
disproportionate share of the chromite
increase, however, was caused by the
40% increase in open hearth steel pro-
duction, as that process consumes about
10 times more chromite per ton of steel
as does total steel by afl processes. Open
hearth steei rose 0 9.1% of total stesl
in 1984 ag compared to 7.1% in 1983.
This is probably a temporary interrup-
tion in the lona decline of the open hearth.

In 1984 chromite was imported from
five countries. Table |l shows sources

Table . U.S. Chremite Consumption by industry
Metallurgical Refractory Chemical

Year AmL® % Amt.* % Amt,* K Total
1980 520 59.2 141 16.0 218 24.8 879
1581 456 £6.6 134 16.6 216 26.8 806
1582 245 49.5 73 14.7 177 35.8° 485
1983 58 18.7 65 22.1 171 58.2 2%4
| 1984t 2074 44.1 88 183 176 378 489
] 1984 g7s 27.0 86 24.0 176 49.0 35%

“Thousands of metric 1ons. *Preliminary estimates for all 1984 figures. includes G.S.A. chromite eon-
verted into ferrochrome for stralegic stdckpile. 1Excludes coaverted stockpiie chromiie,

Table 1.  Chromite imports into the U.8.*

Country Gross weight! Y% CrQ, content %o Na. ol grades  Avg. wi % Cry0,
South Africa 201822 784 92914 814 3 48.0
Philippines 36989 144 125861 114 2 35.0
Finland 10 186 3.9 4482 3.9 1 440
New Caledonia 3150 12 1764 1.5 1 58.0
Canada? 5408 21 2 047 1.8 3 379
Total 257 555 114 168

“First 11 months, 1984, ™Metric tons. ‘Transshipment from a mroducing country,
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and amounts of imports.

"It is seen from the table that South
Africa is by far the largest source af
chramite, 78%, with the Philippines as
second. The two countries supply 93%
of the total imports. The chrornite im-
ports of Table #l actually represent a mi-
nor portion of the total imports of chro-
mium. In the same 11-month period
shown in Table I, there was 2.6 times
more chromium imported in ferro-
chrome. In this period 202 484 metric
tons of chromium contained in ferro-
chrome and 78 119 metric tons of chre-
mium contained in chromite were im-
ported. This trarslates to 72% of the
chromium from ferrochrome and 28%
from chromite. Ferrochromium is ime-
ported from 15 countries. But only five
countries supplied 83% of the total
These are: South Africa, 62%; Zime-
babwe, 12%; Turkey, 9.2%; Yugostaviz,
6.3%; Brazil, 2.7°.. Soth Africz sup-
plied 67.4% of total chromium #rom
chromite and ferrochrome.’

Prices for chromite remained flat for
most of 1984. EMJ market quotation
for Transvaal 44% Cr,0,, no ratio,
chromite was $58 to $S81/metric ton (S51
to §53/ton) for January-February and
$33 to §57/metric ton (348 to §52/ton)
for the remainder '¢f the year and Jan-
wary, 1985, Turkisn 48% Cr,0,, 311 Crife
ratio, was quoted at 5121/metric ton
(S110/ton} for the same period. Actuat

prices for chromite imported during the -

first 11 months of 1984 ranged from
$40.53 10 $113.34 per metric ton FOB
port of shipment. The weighted average
prce of totat chromite imports in the
same period was $55.91 per metric ton.
The wide range in prices attests 1o the
need for special grades commanding
premium prices. For example, Philip-
pine high zlumina grade with only 33%
Cr0,, sold for $106.73/metric ton, wiile
high iron South African with 44% Cr,O,
brought the lowest price of $40.53/met-
ric ton. Another Philippine grade with
low iren and 52.5% Cr,O, had the high-
est price of $120.56/metric ton, but this

. chromite comprised only 1.1% of the

total. Physical properties, such as grain
size and hardness, as well as chernistry,
affects the price. Prices of chromium in
ferrochrome rémained constant during
1984. These materials have been caught
in the great metals-minerals commodi-
tes recession that has been going on
for about three years, much longer for
chremite,

Chromite usage in refractories de-
clined very steeply from the 1970s and
from as recently zs 1981, The decline
from 1881 to 1983 was 51%. n that
period, raw slesl production, a major
user of refractory chromite, declined only
31%. Open hearth stegl production,
which uses the most chromite per ton
of steel, declined 58% in that pericd.

It appears that the downtrend in re-
fractory chromite consumption has flat-

tened out and will probably continue in
the present range for a number cf years.
COne rgason for this is that the greatest
erosion of use in the steel industry has
occurred, although it is not completely
over in the U.S. Another reason is that
chromite usage in nonsteel industries
now accounts for a larger percentage
of the total than formerly. These uses
have remained more or less. the same
as a percent of the output of these in-
dustties.

Supptlies remain very large in South
Africa and Zimbabwe. Reserves in the
other countries from which the U.S. ob-
tains chremite, while small in compari-
son to southem Africa, are adequate for
a number of years. a

Dolomite

Dravid A. Hopking
J. E. Baker Co.
York, PA 17405

Dolomite is a double carbonate of cal-
cium and magnesium {CaMg(CCa}s)
which theoretically contains 54.3%
CaC,(30.4% Cal) and 45.7% MgCQ,
(21.8% MgQ), or a rock that is com-
posed mainly of the mineral dolomite
aiong with a certain percentage of im-
purities. These Impurities are typicaily
sifica, iron, alumina, sulfur, and phos-
phorous. Dolomite that is used for ce-
ramic purposes is usually of high purity.
A high purity dolomite is generaily con-
sidered t¢ be one that contains at least
98% total carbonates (over 43% MgCiQO4)
and less than 2% impurities.

The reserves of dolomite in the U.S.
and Canade are extremely lerge, al-
though high purity deposits are restrict-
ed to certain geographicai areas, and
many deposits have been and continue
to be lost due to restrictive zoning reg-
ulations, urban deveiocpment, and the
continuing public opposition 1o mining
in general. The largest resarves of high
purity dolomite are contained in the Ni-
agara Group in the states of the Great
Lakes region, notably Chio, lediana, II-
linois, and in the Canadian province of
Ontario. Other less extensive deposits
occur scattered throughout many other
states. Reserves of delomite for con-
struction material and reserves of high
purity dolomite for most applications
should be more than adequate for many
years to come, althéugh some depaosits
more remote from market areas may
have to be considered.

The exact tonnage of dolomite pro-
duced in the U.S. is difficuit to detec.
mine, but BuMines is again attempting
to differentiate between imestone and
dolomite in its annual statistics. Ac-
cording to BuMines, in 1383 (which 1s

the fast year for which complete statis-
tics are available), dolomite was pro-
duced exclusively in 84 quarties. Thess
quarries produced an estimated 22 mil.
lion metric tans (24.2 million tons). An
additional 46 quarries produced both
iimestone and dolomite without indicat-
ing the volume of each. A tatai of 61
companies in 23 states was involved in
the production of dolomite. Leading
states in dolomite production include
New York, Pennsylvania, Michigan,
Tennesses, and Virginia.

In 1983, 28 plants in 13 states pro-
duced dolomitic quicklime or dead-
bumed dolemite. The total lime produz-
tion in 1984 is estimated o be approx-

imately 14.4 million metric tons (15.8 -

million tons): of this amount, about 20%
or around 2.8 million metric tons (3.2

milficn tons) was dolomitic including ap-
proximately 517 000 metric ions .

{570 000 tons) of dead-bumned doio. |
mite. This represents nearly a % in- |
crease in total lime production, and over |

2 20% increase in refractory dolomite
production over the 1983 figures.
Aporoximately 1% of the total lime
production and over 1.2 million metric
tons {1.3 million tens} of crushed lime-
stone and dolomite were used tc man-
ufacture giass. The amount of dolomite

. used for other ceramic applications; al-

though important, make up a relatively
minor tonnage., These uses inciude the
preduction of refractory dolomite brick,
a bonding agent in silica brick, and oth-
er specialized refractories in the pro-
cess to preduce periclase from sea water
or brine, and as a filler or flux in the
production of some whiteware and pot-
tery. Qther major nonceramic applica-
tions of dolomite include agriculturai

- stone, flux stone, filler material, andg for

environmental applications.

Prices of dolomite are highly variable
depending on the proposed application
ard the degreea of processing of the ma-
terial reguired. Prices may vary from 2
few dollars per ton for crushed dolaomite
used for construction purposes, to
hundreds of doltars a ten for special va-
rieties of dead-burned dolormite.

Aithough some rationalization of the
industry is still cccurring, 1984 was a
relatively stable year after the rash of
plant sales and shutdowns that oc-
curred in 1983, Efforts are still contin-
uing in order_to reduce the cost of pro-
cessing dolomite, especially in regard to
optimizing kiin efficiencies, and re-
search continues in order to improve the
quality of varipus ceramic products
manufactured from dolomite. This is in
response 10 a more competitive mar-
ketplace,- and more strict cusiomer
specifications. It is anticipated that 1985
shouid e on par with 1584, with some
slight improvement possibie. No supply
problern can be seen for dolomite, as
the U.S. is, and should continue to be,
setf-sufficient in this commaodity. O
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Feldspar

Witiam Z. Rogers®
Feldspar Corp.
Spruce Pine, NC 28777

Feldspar is the name given to a group
of minerais which are the most abun-
dant constituents of the igneous rocks.
Feldspar is found in pegmatites and
granites throughout the U.S. The prin-
cipal types of feldspar are orthoclase
and microcline (the K-Spars), albite (NA-
Spar), and anarthite (CA-Spar). All of
these types are found in varying ratios
in the granjtes and pegmatites exploit-
ed for commercial production of feld-
spar in the U.S. Potash spar refers to
feldspar which is predominantly ortho-
clase or microcling (with a K,0 content
of 8% or higher). Soda spar describes
feldspar which is predominantly abite
{usually containing about 7% Na,O).

Of the more than 40 countries around
the worid which produce feldspar, the
U.3. is the largest. Production in the
U.S. of feidspar and feldspar-silica (fig-
vras for feldspar-silica mixtures reflect
feldspar content only) rmixtures in 1384
was estimated at 644 000 metric tons
{710 000 tons) with a production value
of $23 million, accarding to preliminary
statistics from BuMines. 1984 resuits
were comparable to those of 1983, with
644 000 metric tuns (710 000 tons) val
ued at 22.5 million. Potash feldspar (]G0
content 8% or higher) preduction for
1984 was estimated at 65 000 metric
tons (72 000 tons) vaiued at $3.7 mil-
lion, and was an improvernent over 1983,
59 200 metric tons (65 200 tons) vaived
at $4.2 million. Exports accounted ior
an estimated 9072 metric tons (10 000
tons}in 1984 vs 8430 metric tons (9360
tons} in 1983.

The improved economic conditions
during 1984 maintained the demand for
feldspar and. related materials experi-
enced in 1983. Strong demand for
housing and commercial construction

[ further increased the requirement for

pottery plumbing fixtures, tile, and
structural ¢lay products in which feld-
sparis used. Fiber glass production was
up with ihe continued improvement in
construction, but further decling in glass
container production resulted in re-
duced demand for feldspar in 1984,
whith offset gains in the cther areas.
Feldspar for glassmaking Is ground
to nominal 20-mesh and 40-mesh, de-
pending on the application. Feldspar
provides aiumina and soda ash for the
olass bateh, which Improves the melting

-and forming characteristics of the glass.

Among the end uses are glass con-
tainers, fibrous glass, TV picture tubes,
specialty glass, and art glass.

Feldspar is the most widely used flux.
ing agent for ceramics, and can be found
in formulations for both bodies and
glazes, as well as for enamels and frits.
End uses include pottery plumbing fix-
tures, wall-and floor tile, dinnerware,
electrical porcelain, and artware. Feld-
spar has also been found to be very
sultable as an inert extender/filler in la-
tex foam, paints, caulks, and plastics,
and as an abrasive agent in cleanser
compounds. End use distributionin 1884
of feldspar was estimated at 58% for
glass, 38% for ceramics, and 4% for
other applications, including enamels and
fillers.

The major producing states were (in
order of volume): North Carclina, Con-
necticut, Georgia, California, Okia-
homa, and South Dakota, with the top
three providing 90% of the output. Pri-
mary producers of feidspar and feld-
spar-silica mixtures are shown in Table
L.

Tabie {. Producer of Feidspar and Silica-Feldspar Mixtures in the U.S.

Producer

Lecation

Fadiities

Feldspar Co?'p.

Indusmin, Lid. -
imeoare Div., international
Minerzals & Chemical

Spruce Pineg, NC
Middletown, CT
Monticeilo, GA

Spruce Ping, NC
Spruce Pine, NC

Mine and plant
Mine and piant
Mine and plant
Mina and plant
Mine and piant

Corp.
Feidspar Div., Pacer Corp. Custer, SD Mine and plant
Calspar Cormp. Samta Fe Springs, CA * Ming and plant

.

Table Il. By-Product and Co-Product Producers of Feldspar and Feldspar-Silica

Mixtures in the U.S.

Producer

Location

Facilities

Arcola Sand & Gravel
Div. oi%ashland Oi Co.

Facte Mineral Co.

Kings Mountain Mica Cc.

Muskogee Co., OK

Kings Mountain, NC
Kings Mountain, NC

Dredge and plant

Mine and piant
Mine and piant

Ottawa Siiica Co. Crystal City, CA Mine and plant
Cwens.-illingis Glass Ca. Mission Viejo, CA Mine and plant
Spartan Minerals Div. Bessemner City, NC Mine
Lithium Corp, of America Pacolet, SC Plant

By-product’ and co-product progduc.
ers of feldspar andfor feldspar/silica
mixtures are shown in Table I,

The outloock for 1985 1s for production
volume scmewhat better than in 1984
on the strength of continued stability in
housing and' construction related mar-
kets. Overali decline in demand for glass
grade feldspar is expected to be offset
by increased demand for feldspar for

.ceramic and filler applications. The U.S.

government estimate {or preduction in
1985 is 653 Q00 rnetric tons (720 00C
short tons). B |

Fluorspar

John McClurg
Seaforth Mineral & Qre Co., inc.
ieveland, OH 44122

Consumers and preducers expearienced
a good year for fluorspar in 1984; 1985
locks to be just as good.

Censumers have been treated to ad-
equate supplies of flucrspar as well as
stable if not lower prices for the entire

aar

Producers have seenincreased sales
not only reduce some very large stock-
piles that accumulated over the last
several years of recession but also in-
crease their operating rates from 40%-—
45% to the 95%—88% range. There are
a few small remaining producer stock-
piles, but these will shortly be worked
off.

Supplies may tighten by the end of
1985 but we do not see any shortages
on the horizon. Although fluorspar con-
sumption has grown with the economic

1 recovery in the pasi year and a haif, it

has not yet reached its prerecession
level, partly due to the decline of raw
steel production, some EPA consider-
atiens, and the general deindustrial-
zation of the U.S,

There remains only one domestic
ming/mill 1o supply an acid grade fluor-
spar for the ceramic industry; however,
that facility exists primarily as a supplier
of acid grade fluorspar to its parent
company {or the production of hydro-
fluoric acid and dewnstream com-
pounds. Only 15%—20% of its produc-_
tion is sold to the general commercial
market. The other large domestic mine
has been closed for two years on a
standby basis; it has now stopped the
maintenance of the underground work-
ings. .
"The high valued dollar has been a
major factor in the closing of this mine
and other industrial mineral mines in this
country. The following change in ratlio
of (fluorspar-producing) fereign curen-
cies are shown in Table 1,
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Tabie |. Rates of Exchange* Affecting
U.8. Fluerspar Production

. Year
Cutrency 1980 1985
Rand 1t 075 11022
Peso 110125 1 to 225
Peseta 1to 80 1to 175

*Ratio of dollar to .. ..

Ceramic fluorspar which is a 90%-
95% CaF, product is generally not avail-
able, as it has been replaced by acid
grade fluorspar. Bue to the U.S. Tariff
Code, less than 7% Caf, has an ad-
volorum duty of 13.5% vs 2 $2.10 gross
| ton duty for over 97% (acid) acid (or a

difference of ‘from $10 to $12 2 ton).
Almost afl dried fluerspar shipped to ce-
ramic users is now over 7% CaF,. Small
amounts of ceramic or subacid grade
are imported from Mexico, where poar
metallurgy or complzi: cros pravent
raising the grade to the U.S. Tariff grade
of plus 37% CaF,,

. Total U.S. production of fluorspar in
1985 should be in the range of 39 000
68 000 metric tons (63 00075 000 tons)
of acid grade whereas apparent con-
sumption wiil be from 680 000-817 000
metric tons (750 000800 Q00 tons) of
all grades. imports from South Africa
should De in the range of 154 000-
172 000 metric tons (170 000-190 000
tons); acid plus some subacid grades
from Mexico should be 2G0 000245 000
matric tons (220 00G-270 0G0 tons),
from Spain 18 000—27 D00 metric tons
{20 DQ0-30 000 tons) and perhaps as
much as 14 000 metric tons (15 0090
tons) from Italy. Most of this acid and
subzcid tonnage will be consumed by
hydrofiucric plants and the balance will
go into ceramics, steel, welding rods,
abrasives, and metaliurgical fluxes.

Wet concentrate priges, world-wide
FOB vessel, for 1984 were in the range
ot 585 1o S100 per metric ton. Ocean
rates for 30 000 or 40 000 ton vesse!
lots have been very competitive and in
some cases fluorspar bulk shipments
have gotten ‘ballast” rates for ‘ships
coming to U.S, ports for grain cargos.
The excess vessel capacity in the worid
should continue at least through this year
maintaining the low vessel rates to U.8,
ports. Most present nonoperating do-

mestic fiuorspar producers would need |

price increases in the range of $44/met-
fic ton {$40fton} t6 mativate them to
resiar their mines and milis.

Mexico's efiort®o form a carte! totally
collapsed in 198283 when buyers re.
sumed contral of the market; as a result
Mexico lost market share that they have
nct, and probably won't, recover, South
Alrica took over a large part of that mar-
ket with Spain and lialy following, based
on good price, good grade, and on-time
deliveries.

China keeps threatening 1o be 3 force
in the marke! but they haven't seemed

to be able to prove consistency of de-
livery even though their grade and price
have been good. Until China can im-
prove its domestic infrastructure and
relizbility it will only be an occasional
part of the flucrspar picture in the U.S.

Fiuorspar has suffered from the en-
vironmental reaction to fluerine; the
worst example was the fluorocarbon/
czcne theory several years ago that de-
stroved a propelient market that was
growing at the rate of 7% per year, Flu-
orine reduction projects in the glass and
ceramic industry are working for 25%
1o 50% or more reductions in flucrine.
For those industries continuing to use
fiuorspar, their specification for arsenic,
phosphorus, mercury, and other pos-
sible hazardous residuals have tight-
ened considerably, so that producers

are constantly improving their tech-

niques faor purity to maintain their mar.
Ket share.

World reserves of fluorspar have re-
mained fairly constant, as reduced con-
sumption has practically efiminated the
need for further exploration. Total op-
erating mines have been réduced world-
wide and there have not been any new
large mines brought into producticn for
aver ten years, . .

Based on present and low projected
future consumption, the present foreign
sources of fluorspar are eguipped to
provide ine U.S. industries with suffi-
cient quantities of flugrspar for some
years tQ come. ]

Graphite

Wilfred M. Kenan®
Asbury Grapnite Miils, Inc,
Asbury, NJ 08802

Natural graphite, a strategic industrial
mineral, sometimes referred to as
“plumbagos” or “black ieads,” is a soft,
black, naturai-occurring form of carton
which varies in hardness from 110 2 on
the Mohs scale and has a specific grav-
ity between 2.1 and 2.3 g/ce. It is re-
sistant o attack by ordinary chemical
agents and is chemically inert and sta-
ble at orfdinary temperatures. Naturat
graphite is an excellent conductor of heat
and electricity and will sublime at ap-
proximately 3500°C. It is furthermore
characterized by an extrermely low coef-
ficient of friction and thermal expan-
sign. This is prmarily due te the atomic
arrangement of the base structure of
the graphite crystals. The crystais being
heid together both by van der Waal
forces and covatent bonding.

The classifications of natural graphite
falt into three general groups. They are

————

flake, veined (high crystalline), apg
amerphous graphite. The basis for varj.
ant medes of formation are contributed
to both the base raw material ang g
the method in which the graphite wag
formed. The differences being both i
physical properties and appearance ag
well as chemical composition.

Flake graphite consists of fiat plats.
like particles that occur in a dissemi.
nated form through layers of regiona
metamorphosed silica-rich sedimentary
rocks such as quartz and mica schists,
felspathic or micaceous quartzites,
gneisses, and marbles. The particla size
can vary greafly depending on the na-
ture of the formation. Commercia! im-
portance of each deposit will vary con-
siderably, depending on the carban
content and the size of the flake.

Vein graphite (high crystaliine) depos-
its are found in fissures, fractures, or
other cavities, transverse, ignecus, or
metamorphic rock. This tormis typically
massivae and the size of the particle can
vary from fine grain to large lumps. Min-
erals that may be present as impurities
include feldspar, quartz, mica, zircon,
rutile, apatite, and ron suifides. The vein
deposits exhibit wide variation in width
from a few millimeters to over two me-
ters, There has been some debate over
the formation of these deposits which
display a high degree of density and
toughness as welf as high crystakinity
in respect to the d spacing.

Amorphous graphite is formed by
metamaorphism of coal seams or car-
bon-rich deposits which have bean ex.-
posed to extremely high pressure and
moderate temperatures, This particular
type of graphile has a soft black earthy

. 8ppearance in contrast to the crysta-

lized graphites which have the striking
metallic luster. In fact, the term *amor-
phous’ is not strictly correct in this case
at all, due to the fact that this graphite
has small crystalites when examined
under & microscope. The more appro-
priaie term would be ‘microcrystalline
graphite.®

In common the vein, flake, a2nd amor-
phous deposits vary considerably in size
and purity. The purity Is dependent upon
the type of material it was before meta-
morphosis and determines to what ap-
plication the graphite is eventually put.
Fer example, the low grade Korean
graphite is often used in industrial fuel
because it is high in nongraphitic car-

. bon,

The importation of naturai flake
graphite has shown a steady increase
in all areas except the battery industry.
The total imported natural flake graph-
ite to the U.S. excesded 18 000 metric
tons in the year 1983 and is expected
to grow at approximately 3% for the
next several years, but the fong term
growth rate is expacted (o decrease to
somewhere in the 3% o 4% range.

Afthough in 1373 a major change oc-
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Table | Major LS, Imports of Natural and Artificial Graphite Powders (Metric Tons)

Year
Country of Crigin 1979 . 1980 1381 1982 1983 . 1584"
Brazil® 2097 4 B63 3585 4720 3233 3750
Canada' 2839 250 4 825 5500
Chinat 2 449 3342 3926 7 640 5368 S 800
Germany! 1965 958 836 1006 1368 1560
Indiat . 60 55 458 392 425 415
Madagascart 3165 2571 4015 4168 3367 3070
Russia 4 BEB 1954 620
Sr Lanka® 2022 1223 919 1198 743 760
China$ 2 695 2220 5042 5470 4 307 12 800
roreaf 11574 ' )
Mexicot 46 382 36736 35 879 28 441 26 335 22 560
Switzerland! 1316 1699 1796 1959 2535 . 2765

Estimate. 'Flake, pice ringe

curred in the importation of natural
graphite, due 1o the decrease usage in
the battery industry, the overall require-
ments have constantly increased due to
recent developments in the refractory
industry, both in the magnesite refrac-
tory and in the high alumina develop.
ments. it would be good to mention at
this time that two new deposits have
been reported in the fast two years, ong
of them in Canada and the other one in
China. Neither one of these deposits is
presently being mined, but as the de-
mand increases, these will start oper-
ation,

The importation of vein graphite (high
crystailine graphite) in the U.S. has de-
clined during the last saveral y=ars. In
1982 1195 metric tons were imporiad,
but in 1983 it declined to 743 metric
tons. The decline has been primarily due
o the low quality, erratic shipments and
increaseé in price. It is due to the above
factors that the majority of the U.S.
censumers spent moenies on resgarch
to develop new products without vein
graphite.

In many research programs it was
discovered that a superior procuct couid
be made with fiake graphite at consid-
erable savings.

It appears that the general decling will
continue in the usage of vein graphite
over the f¥xt several years or untii the
prices are put into proper perspective.
Since vein graphite has a single source,

able graphite for the development of new
products. There will be mare than an
acequate supply until the year 2000 and
the Sri Lankz mining company contin-
Les to search for new deposits and tries
to upgrade gis process.

Amorphous natuyral graphite has
maintzined its long historical standing
2s being the major volumne material of
the U.S. and the worldwide naturat
@graphite corsurnption. The major uses
for armarphous graphite are in the hot
metal indusiries.

The general decling in the usage which
has occurred in the last year has been
primarily due to the lack of production
in the hot metal industries. This setback

price range: $80-S120 per metric ton (FOB); meola: $829. 'Synthetic, price range: S165

Sri Lanka, it is not considered a desir-

is only expected 1o be a termporary sit-
uation, and new developments in re-
fractordes will add to the increase in the
consumption during the nexi several
years. The one factor that makes amor-
phous graphite very acceptable in the
hot metal ang refractory industry is the
fact that it is one of the cheapest gra-
phitic materials on the market. it would
be weil to point.out that there are var-
ious grades of amorphous graphite ac-
cording to particte sizeand carbon ¢on-
tent.

In Table 1, four majaor categories have
been listed on natural graphite and syn-
thetic graphite powders which were im-
ported into the U.S. Also inciuded in this
iable is the general price range for each
of these types. One must consider the
fzct that carbon content, type of graph-
ite, and size of graphite are ail factors
which can affect the cost. It can easily
be seen from Table t that there has been
a general decline in the total usage of
graphite since 1981, but 1985 projec-
tions will almost equal 1981 consump-
tion. 1t can be also easily seen from Ta-
ble | that as one source seems to dis-
appear anather one apoears, Note that
we no longer import graphite fom Rus-
sia, prmarily due to trade relations; but
the new operaticn in Canada more than
offsets what was lost from Russia, it
can also be seen that the market area
is constantly growing for the synthetic
high purity graphite powders, The ma-
jor consumers for the synthetic.high pu-
fity powders are the battery industries.

in summary, there are three major
uses of natural graphite: refracjeries,
hat metals, and pendil industries. Other
applications consist of batteries, pow-
dered metals, piastics, magnetic tapes
and disks, carbon brushes, seals, gas-
kets, conductive coatings, paints, and
friction products. The general growth in
all uses of natural graphite is expected
to be in the range of 3% to 5% over the
next five 1o ten years.

With respect to the world supply there
appears to be an abundance of all types
with the exception of vein (high crys-
talline araphite—Sr Lanka) graphite.
This does not mean shortages will hot

: $200-53500 per metric ton (FOBY; media: $829, 1Price rauge: $500-$1500 per matric ton (FOB): media: $1025, tAmarphous,
per metric ton (FOB); media: $2475.

occcur It certain types, due to devel-

opment in new products. The supply line

on the sources is very long, and many

times new products can be on the mar-

ket before mining operations can in-

crease their production. As graphite ig

essential to a number of industrial pro-

cesses, the demand is dependent upon .
the woridwide industrial activity.

The mzjor industries which import and
refine natural graphite in the U.S. are:
Asbury Graphite Miils, Inc., the largest
processar and its subsiciaries through-
out the U.S., Canada, and Mexico; Su-
perior Graphite Co. has processing
ptants in Chicago and Kentucky and
mines graphite through its affiliates in
Mexico; Southwestern and Dixon also
have plants in the .S, and import and
process natural graphites in Texas and
New Jersey. - o

Kyanite

Jessa J. Brown, Jo°
Virginia Polytechic institute
Blacksburg, VA 24061

Kyanite, Al,Si0s, is @ mineral widely used
in the refractories, giass, and ceramic
industries. Most kyanite is used to make
mullite refractories which cost more but
have a much longer life than fireciay re-
fractories under similar conditions. The
U.S. has huge reserves of kyanite ore
with proven workzble kyanite-quartzite
deposits containing 10% to 30% re-
coveralie kyanite exceeding 91 millien
metri¢ tons {100 millicn tons), The U5
preduces and consumes morg Kyanite
ihan any other country.

Kyanite and the refated aluminum si-
icate minerats, sillimanite and andaiu-
site, became impartant during World War -
! with the criticai need for porcelain spark
plug insulators for airplane engines. Ak
most simuitaneously, their value as raw
materials for the production of mullite
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and mullite refractories was recognized.

- By 1825, four domestic mines were in

operation, but slow development of the
mullite refragtories industry and com-
petition from imported Indian kyanite
eventually forced most of these mines
to close. Since 1955 only twa mines have
produced kyanite in the U.8.; Kyanite
Mining Corp., in Virginia, and C-E Min-
erals, in Georgia. Through competition
between these two companies, the price
of domestically produced kyanite has
enabled the U.S. to change from a ma-
jor importer to a major exporter over
the past 20 years. Kyanite was re-
moved from the list of strategic mate-
rials for stockpiling by the U.S. govemn;
ment in March 1970. .

Kyanite is an important refractory raw
material because: 1) it provides an ALO,
content of 53% to 60%, 2) it expands
ireversibly upon heating, 3) # decom-
poses to mullite &t high temperatures,
and 4} it does not melt until about

1800°C. In order to be commercially |

useful, kyanite ore must be crushed and
exignsively beneficiated to obtain a
preduct that contains over 53% ALO,
and beiow 1% Fe,0,. Kyanite is' mar-
keted in size ranges of 35, 48, 100, 200,

ang 325 mesh (Tylar). Calcined kyanite

{muilite} is also produced in similar size

; 12ngesg,

Approximately 75% of the kyanite
consumed in the U.S. is used to make
refractories for the metals industfy; an
additional 13% is used in the glass in-
dustry, with the rernainder being used
in whitewares, such as spark plug in-
sulators, catalyst substrates, dinner-
ware, sanitary ware, etc, Statistics on
ihe production and consumption of
Kyanita in the U.S. ars not made public
because of the competitive postures of
the two producing companies, but es-
timates suggest that 91 00Q metric tons
{10C 000 tons}) of kyanite are consumed
and about 136 000 metric tons {150 000
tons) are proguced annually in the U.S.
at this time. ®oviousty significant quan-
tities of kyanite are exparted every year.
The U.S. is the major suppfier of kyanite
to the world markat,

India has produced and. exported
kyanite for many years, bui a recent
decision by the (ndizn government states
that it does not intend to permit future
exzon of refractory-grade minerals such
as kyanite, Brazil has begun to market
kyzanite aha will probably increase pro-
duciion somewhat in the near future. it
has also been reported that a kyanite
deposit in Bulgariz is in the process of
being developed with significant pro-
duction expacted in several years,

The major prodwger of commersial .

kyanite in the U.S. (and the world} is
Kyanite Mining Corp. operating the East
Ridge and Willis Mountain Mines in cen-
tral Virginia. Their production capacity
is not public knowledge, but they have
recently compieted a new plant that in-

creases their capacity greatly, The oth-
er producer of kyanite is C-E Minerals,
which operates the Graves Mountain
mine in northeast Georgia. .

It is interesting to note that kyanite
consumption in the U.S. has decreased
siightly in recent years. Apart fram the
recession, this is primarily a result of the
process change to continuous casting
in the steeimaking industry, a change
that reguires fewer refractorics. New
. applications using kyanite, such as vol-
ume stable moneolithic mixes, invest-
ment casting malds, brake finings,
weiding rod fluxes, ceramic fiber blan-
kets, fiex insulating blankets, etc., gen-
erally use small voiumes and do not off-
set the decline in steel usage.

The main competition or substitute
for kyanite is andalusite, primarily pro-
duced in South Africa. At this time, pro-
duction ang shipping costs prevent an-
dalusite from being cost-competitive
with kyanitgir: the U.S.; however, it does
appear to be cost-competitive in Eu-
rope, Asia, and the Far East. There are

| ead |
Products

John S. Nordyke*
Rarmmond Lead Produats, Inc.
Pittsburgh, Pa 15220

Lead may well be the first metal to be
smelted and used by ancient man. Ar-
titacts made of lead are dated as early
as 6500 B.C. The use of lead oxides in
glass and glazes dates at least to the
period from 2000 B.C. to 1800 B.C.,
whiile its use in enamels for application
to glass and metals may date from the
first century B.C.

The largest single use for lead is in
the manufacture of storage batteries of
all types. This industry uses, in an av-
erage year, about 80% of all lead pro-
duced. While this lead is used, It is not
consumed. Most of the lead used in
siorage batteries is recovered as sec-

" omdary lead and is used again. This is
one’reason why any fear that we may
run cut of lead in the foreseeable future
is unfounded. There are other reasons
as well.

The U.S. is the world's leading pro-
ducer of primary lead: Australia, Can-
ada, Peru, Mexico, and Yugoslavia foi-
low in that order. The latest year for
which U.S. production figures for pure
refined lead are available is 1983 (see
Tabie ).

Production of antimonial lead and
other alloys make the grand totals of

1 018 QOC metric tons {1 123 00G shont

tons} in 1983, Recavery of secondary

significant differences in andalusite ang
kyanite that may overshadow their prics
differences. Andalusite, for example, js
available in coarse grades up to 1.27
em (0:5 in), whereas kyanite is noy
available coarser than 35 mesh. An.
dzlusite does not expand irreversibly
vpon heating as kyanite does. Thera
appears to be & trend toward mixing
kyanite and andalusite where possibla
for many refractory applications, es-
pecially in the area of unfired monolithic
mixes.

Extensive research in mining, bere.
ficiation and preduct development of
kyanite and Kyznite-containing prod-
ucts has been conducted over the years,
primarily by BuMines, National Bureay
of Standards, and U.S. Geclogical Sur-
vey. In recent years all these programs
have become essentially inactive. There
continues to be the need for research,
especially in developing improved metr.-
ods of beneficiation, quality control, and
development of techniques to make voi-
ume stable mullite grog. 0.

lead in the U.S. reached a high of
801 368 rmetric tons in 1979, but feil to
675 578 metric tons in 1980. Figures for
1881 and 1982 will show further de-
clines because of the recession, U.S.
production of lead is about 20% of the
word total. Table | shows the effect of |
the recession on both the demand for
and the supply of lead.

Both production and price of lead
metal and lead products have been highly
variable in the past few years (Table 1),
With reduced demand, prices have fall- |
en frem an all-time high of $1.39/Kg
{0.637b} in October 1979 to $0.40/Kg
(80.18/10) for a brief period in January
1985, with frequent ups and downs be-
tween those extremes. Many factors ai-
fect the price of lead, chief of which are
supply and demand. World politics which
result in wars, or such inconveniences
as the closing of the Suez Canal a few

Table | Lead Preduction (Pure
Refined) U.8."

Year Metric 1ons: Short tons- |-
1972 648 160 714 463
1973 691 537 782 277
1974 646 278 712 388
1875 581 869 641 350
1976 597 276 658 374
1977 555 233 612 030
1978 517 831 629 191
1979 581 617 461 113
1980 350 087 606 358
1981 501 897 533238
1982 512817 565 288
1983 515203 567 913

“Source; Minerals Yearbook: BuMinas, 1983,

—
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Table I Lead Supplies in the U.5.7 (1983)

In ores and concentrates
Consumption, U.S.

. Metric tons Shert tons
Mine production, metal content of ores 415 038 494 979
Refined primary lead 515203 567 813
Secondary lead 503 501 55 104
lmports: .
Refined lead 176 000" 184 008
20 000 22 046

1148487 1 265 989

years ago, have their effect. Strikes or
smelter closures forpe prices up by in-
terfering with supply. Business reces-
sion drives prices down by cutting de-
mand. Long range prediction of price
trends, with any hope of accuracy, is
difficult, if not virtually impossible.

Lead moroxide (litharge), or its
equivalent in the form of lead silicates
or frits, is the principal lead product used
in ceramic industries (Table Hl).

Glass pioduc.s icpasent the great-
est usage. Glass for television, lighting,
various electronic products, radiation
absorbing glasses, optlical and
ophthalmic glasses, and tableware are
all substantial consumers of lead com-
pounds. While from year to year the
quantity is variable, # can exceed 91 000
metric tons (100 000 tons) of world cen-
sumption in a sigie year, Lead oxides
tor glazes for dinnerware and for fioor
and wail tile are substantial consumers
of lead products. Some of this is pro-
vided in the form of lead silicates of very

. low selubility and some is supplied by
the manufacturers of frits and coiors.
Some of these frits have very low sol-
ubiiity and thus present little hazard to
the warkers.

Dry process enameis, used largely on
sanitary ware such as bathtubs, also
account for 3 substantial usage of lead
products, This use is directly related to
the rate of housing construction and re-
habilitation and therefore is quite vari-
able,

Lead d&mpounds and compositions
that are soiuble in body acids such as
gastric juice are toxic ¥ ingested or in-
haled in quantity The average person,
not industrially exposed, is not at risk
from the rermial envirenment. Much work
has been done to assure safe foodwars
of all types. Concern for the industrial
worker has resulted in development of
safe lead compounds and frits which

Table I, Litharge Used in the U.S."
Ceramic Industry

Year Metric 1ons Short tons
1879 37620 41 469
1980 36 560 40 300
1981 34732 38 285
1982 30 980 34 150
1883 37 143 40243

‘Alidala are provided by BuMines Minerals Year
book: 1983,
[

*includes 42 00U metric tons of U.S. brands retumed from the Loadon Metal Exchange.

’

are not absorbed significantly and pass
through the bedy if ingested or inhaled.
Enginearing cantrols in the plants also
are designed to minimize or remove the
chance of exposure in the plani. The
results of this effort to provide safe work
conditions in the plants are shown by
the near-absence of lead poisoning
syrmptoms in the ceramic industries since
World War [l In Britain, the potteries
industry reported as many as 450 {ead
poisoning cases per year in the early
part of this century; there have been
none reported since World War Il O

Lithium

J. H. Alexander*
Foote Mineral Co,
Exton, PA 19341

Continued improvement was noted in
the world consumption of lithium chem-
icals and metal during 1964 (See Table
). Itis estimated that in 1884, 27 milfion
kg (60 miliion 1B} of lithium carbonate
equivalents were consumed vs approx-
imately 24.4 million kg {£3.7 million Ib)
in 1983 Demanrd by the traditional con-
suming industries strengthened during
the year.

During 1984, lithium chemicals con-
tinued to be produced in the (LS. by
Foote Mineral Ce. {a suosidiary of New-
mont Mining Comp.) and Lithium Corp.
of America (a subsidiary of Gulf Re-
sources & Chemical Corp.). Chemetall
(a wholly-owned subsidiary of Metall-

geselischaft AG) of West Germany and

Honje Chemical of Japan, as well as the
USSR and the FPeoples Republic of
China, also continued lithium chemical
production. Lithium ore production con-
tirrsed in the U.S., Brazil, Australia, and
Zimbabwe, :
Lithium Corp. of America has an open-
pit mining operation near Bessemer City,
NC, where it produces spodumene ore
as feed for its chemical plant in Bes-
sermer City. A complete line of lithium
chemicals and 'metal are manufactured.
The announced capacity at this faciiity
is 16 mjilion kg (36 million Ib) of lithium
carbonate equivalents annually. Lithium

Corp. of Eurcpe, 2 wholly-owned sub-
sidiary of Lithium Corp. of America, lo-
cated near Liverpool in the U.K., pro-
duces butyflithium and fithium metal.
Foote Mineral Co. has two sources
of lithium in the U.S.—an operation at
Kings Mountain, NC, where lithium car-
bonate is preduced from spodumene,
and at Silver Peak, NV, whera lithium
carbonate is produced from brine, Oth-
er downstream lithium chemicals are
proguced at Sunbright, VR, New John-
sonville, TN, and Frazer, PA. Foole Min-
eral’s U.S. gperaticns have a total ca-
pacity of 13 million kg (34 milion Ib) a
year of fthium carbonate equivalents.

Sociedad Chilena de Litio Ltda. (SCL) :

began commercial production of lithjum
carbonate in July 1984, The feed ma-
terial is supplied from a brine deposit
located in the Salar de Atacama in
northern Chnite. This material is trans-
ported to a chemicat facility located near
the port city of Antofagasta. The initial
capacity of this plant is rated at 6.4 mil-
lion kg (14 miition b} of fithium carbon-
ate annually. SCL is a joint venture,
owned 55% by Foote Mineral Co. and'
45% by the Chilean government devel-
opment corporation, Corporacion de
Fornento de la Produccion (CORFO).

Chernetall of West Germany -pro-
duces a variety of lithium chemicais st
its Langelsheim operation and is the
largest producer of secondary lthium
chemicals in Eurepe. The principal pro-
ducer of downstream lithium products
in Japan is Honjo Chemical Corp.

Kigher internal consumption of lith-
ium vaiues is befieved to be the principal
reason for the lower ieve! of exports from
the USSR during 1884. The Peoples
Republic of China had z lower level of
activity with exports of lithium carbon-
ate and fithium hydroxide in 1584 vs the
previous year.

Lithium chemiral prices rose by ap-
proximately 5% at midyear. The price
trend over the past few years has roughly
parzlieled ihe rate of U.S. inflation.

Lithium carbonate and lithivm ores
continued to be used in biack-and-white
television tubes and in the production
of glass/ceramics.

Research efforts continue on pro-
grams utilizing fithium o produce glass
that will decrease or contain fuet and

Table {. Estimated 1984 Western
World Consumption Lithiim Metal
and Chemicals®

Market Kilograms  Pounds

Nerth America 11300 25000
Wesiern Europe 6400 14000
Far East 4500 10000
South America 2 560 5500
All other countries 2 500 5500
Total 27 200r 60 000

*Thousands of kg and & of L,CC, equivaients,
15116 metric 1ons Li.
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manufacturing costs. Chemical boost-
ing of glasses with lithium can resutt in
increased capacity by as much as 10%
with only minar adjustments to the batch
composition. Other advantages are de-
creases in tefmperature and refractory
erosion.

The overall- consumption of lithium
vaiues in the western world in 1284 in-
creased by approximately 11% vs 1983,
In 1988, consurmntion is projected to
imprave by an estimated 10%. The ad-
ditional 6.4 milion kg (14 milliont Ib) of
annual capacity that came on stream in
midyear in Chile assures the consurning
industries of long-terrn availabiiity of
lithium. o

.

Magnesia/
Magnesite

A. N. Capp
Cambustion Enginesnng Cam.
Bettsville, CH 44813

Magnesium oxide (MgQ) is the most im-
portant preduct of the magnesium com-
pounds industry. It ccours naturally as
the mineral pariclase, but those occur-
rerces are rare and of no commercial
valug. The principie sources of mag-
nesium oxide for commerce are mag-
nesite {MgCQ,), dolomite (CaC0;-
MgC0,), seawater, and magnesiurm-rich
brines.

Major deposits of magnesite occur
in Austria, Brazil, Canada, Ching,
Czechos'ovakia, Greecs, India, North
Korea, U.S., USSR, and Yugostavia. The
cres contain varying amounts of silica,
iroa, alumina, and lime and are usualiy
mined selectively and often beneficiat-
ed. Beneficiation methods vary accord-
ing to location bt ¢an include crushing
and size separation, hand sorting, oo~
tical sorting, magnetic separation, heavy
media separation, and froth fiotation.
Crude magnesite ha§ very limited ap-
plication and the butk of it is used for
the production of magresium oxide.

The most important sommercial pro-
cess for the prBuction of magnesium
oxide from seawsater and brines iakss
advantage of the faci that magnesium
hydroxide MgO(OH); can be precipitat-
ed from solutions of rnagnesium salts
by the additicn of & strong base. The
magnasiom hydroxide is washed, thick-
ened, filtered and then calcined to pro-
duce magnesium oxide. Calcined lime-
stone (Ca0) or ealcined dolomite (Ca0-

-MgO] are usually used as the source of

alkaii. if calcined dolomite is used, halt
oi the magnesium »wdroxide in the pre-

cipitate comes from the dolomite. In an-
other commercial process, concentrat-
ed magnesium chioride brine is sprayed
into a thermal reactor where hot gases
convert it to magnesium oxide and hy-
drochioric acid. The magnesium oxide
is slurred and forms magnesium hy-
droxide, which is washed, filtered and
calcined to produce magnesium oxide.

In the U.S., the main source of mag-
nesium oxide Is seawater and brines.
Cther countries' which are major pro-
ducers of magnesia from ssawater andf
or brine are Ireland, Israel, ltaly, Japan,
Mexico, UK, and the USSRH,

The physical properties of magne-
siten oxide {magnesia) are goverried by
the precursor, time and temperaturg of
caleination; and impurities. With in-
creasing calcining time and tempeéra-
ture, the magnesium oxide crystailites
increase in size and this is accompanied
by decreases in parosity and reactivity.

Caustic-calcined rmagnesia is pro-
duced "at temperatures below about
900°C and characterized by its mod-
erate-to-high chemical réactivity. Typi-
cal end uses are in the manufacture of
chemicals, rayon, petroleumn additives,
fertilizers, oxychloride cements for con-
struction, and mineral supplements for
animal feeds. Dead-burned magnesiais
produced at temperatures above about
1400°C and characterized by low
chemical reactivity and resistance to
basic slags. Dead-burned magnesia is
consumed almost exclusively in refrac-
tory applications.

BuMines estimates that in 1984 over
B0% of the magriesia consumed in the
.S, was dead-burned magnesia for re-
fraciones; principally those used in the
iron and steel industry. The remainder
was used for caustic-calcined and
specified magnesias and other mag-
nesium compounds. In mast ather
countries, the proportion of magnesia
consumed in refractory apolications is
even greater,

Domestic production of magnesiz for
1984 was estimated by BuMines to be
550 000 metric tons (650 000 tons), up
slightly from 1983’s 567 000 metric tons
{625 000 tons), but down significantly
from 1880's 726 000 metric tons
(800 000 tons). Over the same period
{1980-1984) imports increased from
47 000 10 58 000 metric tons (52 C0C
1o 65 000 tors) while exports de-

creased from 47 000 to 18 000 metric

tons (65 000 to 20 000 tons). import
sources over the pericd 1980~1983 were
ireland—41%, Greece—21%, Cana-
da—10%, Japan—39% and other—19%.
Canada became a major source in 1883,
BuMines estimates for 1985 are 612 000
metric tons (675 000 tons) domestic
production and 848 000 metric tons
(715 0CO tons) domestic consumption.

World magnesium oxide capacity is
estimated to be approximately 8.1 mil-
lion metic tons (8.8 tons); approxi-

———

mately 70% derived from naturat mag.
nesite and 30% from seawater/brines,
Dead-burmed magnesia accounts for
approximately 85% of that total.

in recent years the world’s magnesia
industry has been plagued by overca-
pacity. There are a number of reascns
for this, principal among them are 1) the
decline in world steel production, which
resulted in reduced refractory con-
sumption, 2) a reduction in the specific
consumption (Ibfton of stesl) of refrac.
tories brought about by (a} improve.
eents in steelmaking process technol-
ogy and operating practices and {b) im-
provements in refractory technology and
product appiications, 3) overly optimis.
tic estimates of future growth in world
steel production during the 1960s and
1$70s that led to major expansions in
magnesia production capacity, 4) major
increases in the price of energy during
the early 1970s that reduced the com.
petitiveness of synthetic magnesia and
led to capacity expansions in natural
magnesite operations and 5} the entry

‘of North Korea and China, both with

vast reserves af high grade natura
magnesite, into the world market.
Magnesia resources are virtually un-,
limited and magnesia production ca-
pacity is mere than adequate to mest
probable demand for many years. World
prices are depressed and range from
less than $110/metric ton ($100/ton) fo
mare than $441/metric ton ($400/ten)
depending on grade. Domestic prices
recently reported by the Chemical Mar-
keting Reporter far synthetic magnesia,
buik in carload lots FOB plant, were:
$364/metric ton (83307ton) for chemical
grade (causticcalcined) and $432/met-
fic ton ($392/cn) for refractory grade
{dead-burned). u]

Nepheline
Syenite

L J. Carter*
International Minerais & Chemical Cocp. -

Mundelein, i 80060

Nepheline syenite 18 & holocrystalline,
granular, igneous rock made up of
nepheling (K;0-3Na,0- 4A1,0,-9Si0,),
potash feldspar {microcline), soda feld-
spar {aibite}, and such minor accessory
minerals as mica, hornblende, and mag-
netite. It is found in Canada, india, Nor-
way, and the USSR, It resembles gran-
ite in texiure but contains no free quartz.
An analysis of the commercial ceramic
nepheline syenite from Biue Mountain,
ON, 152
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S0y inea e 60.4%
ALy oo, 23.6
Feala i 0.08
Cal. . i me i 0.7
Mgl . 0.1
NayO oo e 9.8
O O 4.6
LOl o 0.7

Total 99.98%

This analysis represents the commer-
cial material after removal of iron. lroa
content of the original rock is about 2%.

For this composition, nepheline sy-
enite has a molecular weight of 447,
specific gravity of 2.61 in the crystalline
form, and 2.28 in the glossy state; hard-
ness of about 6 in Mohs scale. It starts
to sinter at cone 08 and has a PCE of
about cone 7. There is an eutectic bs-
tween soda feldspar and nepheline which
is a factor in the wide sintering range
of nepheline syenite. :

In sanitary ware bodies, the substi-
tution of nepheline syenite for potash
feldspar makes possible a much lower
firing temperature. A longer firing range
with decreased warpage is noted when
fiing the ware In commercial tunne! kilns.
Hecent research in the development of
low fired vitracus ware has demonstrat-
ed the fact that a cone 4 sanitary ware
body can be made which will provide a
very large reduction in the cost of fuel
and refracteres plus the added advan-
tage of a fast firing cycle.

In floor and wall tile bodies, the lower
fusibility and increased fluxing action of
nepheline syenite permit the formula-
tion of bodies maturing at lower tem-
peratures, Direct substitution of nepne-
line syenite for potash feldspar in wall
tile bodies lowers the absorption and
moisture expansicn and increases the
shrinkage and mechanical strength.
Fioor tile bodies show less variation in
thermat expansion with differences in
thermal treatment than the correspond-
ing feldspar bodies. Thermal expansion
of talc wall tle bodies is lowered by the
direct substitution of nepheline syenite
for feldspar. although bodies fluxed with
nephefine syenite alone have a higher
thermal expansion than those fluxed with
potash feldspar only. X

In elgtfrical poreelain the same gen-
eral results as noted above may be ex-
pected;, substitution of nepheline sy-
enite fdr.potash feldspar increases firing
range, increasés strength, decréases

| absarption, and increases shrinkage at

the lower firing temperature.

In semivitreous bedies, nepheline sy-
enite produces increased vitrification,
There is-a long range which results in
less warpage. in bodies fluxsgs with
nepbeline syenite, the thermal 2xpan-
sion is greater than in correspanding
feldspef¥bodies. This tends to further a
state of compression in the glaze and
reduces crazing tendencies.

Low temperature vitregus bodies ma-

Table . Proposed Batch* for Glass Table . Glass Grade Nephefine
Using Nepheline Syenite Syenite

Sand 1000 Ib Silica 70.30%
Nepheline syenite 153 Ib Iron and alurnina - 236
Burned deilomite fime 169 b Calcium oxide 6.32
Barium sulfate 121b Magnesium oxide 4.54
Fused borax (pyrobor) 27 bt | Banum oxide S0
Soda ash 339 b Sodium oxide 14.28
Arsenic 2 Potassium oxide 48
Decolerizer Sufficient quantity Boric oxide i.20
Cullet 35% of weight of batch Total 99.96%

“Not considering weight of cullet, the facegoing
batch will prédduce approximately 1548 b of glass,
'Prefar using fused borax or pyrobor, but if ordinary
borax, which ¢oniaing waters of crystallization, is
;:s,e]g it will be necessary to use 54 Ib instead of

turing at coné 3 fo 5 can be formulated
from clays and nepheline syenita with-
out recourse to an auxiliary flux. Such
bodies have a fong firing range and good
strength. Thesae badies are highly trans-
lucant when prepared by wet miling, and
by combining fow temperature with a
fast firlng cycle a large savings is made
in fugl, refractories, and ware lost from
warpage; furthermere, a wider color
range in both body and glaze is made
possible.

The higher the nepheline syenite con-
ent of the bodies, the higher the ther-
mal expansion and the smaller the var-
iation in expansion with differences in
thermmal history, The addition of 5% to
10% flint raises the thammal expansion
of the bodies so that typical semivit-
recus dinnerware glazes are placed un-
der adequate compression and can be
used for one fired ware. Alse, special
high compression glazes have been de-
veiloped for this use. For two fired ware
excellent glazes are available which have
good service characteristics and which
mature at cone 01, .

A typical low temperature body far-
mula fs shown below:

Nepheline syenite . . ...... 54%
L 1 6
Kacfin ................. 24
BallClay . .............. 18-

Due to Hs high alumina content,

- nepheline syenite is a good material for

introducing alumina into a glass batch.
1t contains considerable alkali, a desir-
abie constituent of the batch, and melis
at a ralativety low temperature. These
advantages, together with the fact that
it is taken into the melt very readlly make
it 2 desirable addition to tank glasses.
Sulistitution of nephefine syerite for po-
tash feldspar on a chemical analysis ba-
sis in a typical opal giass batch is said
to permif melting at a lower tempera-
ture, thereby affording the possibility of
fuel economy and longer life of refrac-
tories. The resultant glass will have the
same thermal expansion as the com-
parabie feldspar glass, but softens at
abaut 50°C lower temperature. The iron-
alumina ratio of this material makes it
useful in glasses where low iron oxide
content is of primary importance.

A typical container batch is shown in

Tabte { which is rather high in aluminum

. oxide and lime, but it has been found

that this glass has great durability and.
strangth, and the rate of production is
increased due to the higher aluminum
oxide content.

Glass-grade nepheline syenite is now
refined by means of magnetic separa-
tion, making possibie a granular cog-
centrate with a constant low iran oxide
content (Table 10). .

In porcelain enamels, the obvious ad-
vantage again is the decreased fusion
temperature possible. However, when
substituting directly for feidspar, in-
creased viscosity due to increased alu-
mina makes it necessary to fire at near-
ly normal temperature to get proper
raturity. 1t is alse possible, thraugh the
use of nepheline syenite, to incorporate
considerably more atumina in an enam-
el without increasing the hardness of
the enamel. This is desirable because
increasing alumina generally reduces the
solubiiity of the enamel.

Recent tonnage figures indicate
413 000 metric tons (455 000 tons} of
nepheling syenite shipped by the two
North American producers on an an-
nual basig, Of this totai, 54 000 meiric
tens (60 0QC tens) were fine grind,
309 000 metric tons {340 000 tons) were
glass grade and 50 000 metric tons
(55 00Q tens) were expect offshore.

Pricing for nepheling syenite has besn
depressed in recent years due to ex-
cess production capacity. In addition,
glass contziners, the -major consumer
of tonnage, has been affected Dy severe
compeftition from both P.E.T. bottles and
cans. u|

Pyrophyliite

Konrad C. Rieger”
R. T. Vanderbiit Co., Inc.
Norwalk, CT 08833 e

The mineral pyrophyliite is in appear-
ance similar to talc and is grouped with
talc in many statistical presentations. In
its pure form, it is characterizad chiefly
by its micaceous habit, cleavage, and

—
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greasy feel. It is a comparatively rare
mineral found in metamorphic rocks,
frequently with kyanite, It occurs incon-
siderable amounts in Guilford and Qr-
ange counties, North Carolina.

Pyrophyliite is zhydrous aluminum
silicate with the formula ALD,, 4S5i0,
H,0O, and like tale, rarely occurs in its
pure form. For example, pyrophyilite
mined in Rabbhins and Giendon, North
Caralinz, has a disinct mingralogy which
makes it suitable for whitewares and
refractories.

According to BuMines' Mineral Facts
and Problems, 1385 Ed., using a table
diffcrentiating 2nd uses for ground talc
and pyrophyllite in 1583, we can extract
the following daia for the United States:
23 000 metric tons {27 000 tons) of py-
rophyliite used in ceramics and 21 COO
metric tons {23 GO0 tons) in refractories
with & total of 84 000 tons. These fig-
ures account for 32.1% and 27.4% for
ceramics and refractories respectively.
In 1978 the use of pyraphyllite for all
uses amounted fo 103 000 metric tons
{113 000 tons) with 15 000 metric tons
{17 000 tons) {15%) used in ceramics
and 35 00C metric tons (38 000 tons)
{34.5%) in refractories. This indicates
that the total tonnage for ali usas de-
creased by 25% over the last 5 years.
The use of pyrochyliite in refraciories
decreased by 41% since 1978 while the
use for ceramics mcreasad 58%.

Tha pyrophyliite reserves in North
Carolina zlone are said to total at least
12 million metric tons. Estimates of
quantities are not available for Califor-
nia and Pennsylvania. Those staies also
have cormmaercicl deposits of lesser im-
portance.

The whiteware grades contain, in ad-
gition 1o major pyrophyllite, major ser-
icite and guartz with minor kaolin. High
sericite pyraphyliite shows the foilowing
properties:

s Lowers firing temperature.

* Produces low rmoisture expansion
bodies resulting in good craze resis-
tancs.

« Produces bodies with little or ne
shrinkage and reduced warpage.

+ Increases thermal shock resistance
due to its high thermai conductivity and
low coefficient of therral expansion

« Greatly increases finng strength in
vitreous bedies.

These properties result in the prin-
cipal use of pyrophyllite ceramic wall tile
bedies, with little or no shrinkage, greater
uniformity in tile size, 4nd less warpage.
The high sericite content also contrib-
utes to the formation of mullite at com-
paratively low temperatures. Muilite, with
its interiocking grain structure, results
in greatly increased fired strength in vit-
reocus bodies, where it substitutes for
all the flint or all of the fiint and some
of the feldspar. The shrinkage and ab-
sorption properties are not affected by
this substitution, while thermal shock

resistance is increased.

Another type of industrial pyrophyl-
lite, mined at Glendon, is of particular
interest for refractory applications, due
to the foliowing properties:

* Perrmanent expansion.

« Excellent reheat stability.

* Low reversible thermal expansion.

» Low bulk density. i

= Low thermal conductivity.

+ Highly resistant to corrosion by
molten metals and basis slugs.

The minerals present are major pyro-
phylite, major-to-moderate quartz, mi-
nor kaolin, and trace quantities of ser-
icite. The properties of this type

Refractory
Clays

Paul Eusner*
Combustion Engineering, lnc.
Andersonville, GA 31711

BuMines estimates 1984 clay usage for
refractories in the U.S. was 1700 000
metric tons (1 900 000 ‘tons} categor-
ized zs fire clay, kaolin, bentonite, and
bzl clay.

Usage trends are dominated by pro-
duction and technclogy requirerments of
the iron and steel industry, which con-
sumes approximately 50% of U.S. re-
fractories. Higher refractory clay con-
sumption requirements caused by a 10%
increase in raw steel production in 1384
was cffset by the continued shifi to-
ward the use of higher alumina, basic,
and nonoxide refraciories. Increased
usage of rmonolithic refractories has
emphasized the importance of calcined
aggregates and further decentralized
specialty refractory production to re-
gional locations.

The highest quality refractory clays—
kaolin, and bauxitic kaclin~—are mined
and processed primarily in the Ander-
sonville, GA, and Eufaula, AL areas.
Other kaolin producing areas’ are in
central and northem Georgia, South
Carolina. 2nd lone, CA. Most of the super
duty flint clay is mined and procassed
in Missouri. There has been a further
reduction cf the lower quaiity refractory
clays in Pennsylvania, Ohio, Kentucky,
West Virginia, and Alabama,

The poor economic condition af the
steel indusiry continues to hold prices
down. Production focus is on cost re-
ductjqn without adversely aftecting
quality. The most important process in-
novatipn 1¢ reduce costs has been the
conversion of rotary Kiins to coal firing.
Production czpacity exceeds demand
with ample clay and calcined aggregate

pyrophyliite make it particularly suitabte
for insulating fire brick class 2306, 2500,
and 2600.

Other applications include metal
pouring refractories, castables, stiff
plastic refractory compositions, gun-
ning mixes, and kiln car refractories. In
mold dressing, this type of pyrophyilite
supprasses or totally imhibits the for-
mation and structure of a skin on iron
castings.

Another type of pyrophyllite is the an-
daiusite-pyrophyllite deposit at Hills-
borough. Here, quartz is floated away
frorn pyrophyliite and andalusite, in-

creasing the Al,O, content and PCE.o

available to the refractory industry,
However, the larger operations must
have sufficient volume to maintain prof-
itable operations without price increas-
es. Smaller companies with less capital
and overhead can operate at lower ca- -
pacity levels but cannot meet the de-
mand requirements of the refractory in-
dustry. This will result in further restruc-
turing it volurme continues to décline.

" Maintaining quality control stancards
is being increasingly stressed by re-
fractory consumers. This situation has
in turn refiected renewed attenticn on
poth the quality and leng term consis-
tency of all raw materials used to pro-
duce refractory products. High quaiity
ciays and calcined aggregates are rap-
idly replacing lesser quality materials—
especially in monoiithics-as more at.
tention is given to hot load and corre-
sion resistance properties. C

Silica

L. G. Burwinkai®
Pennsylvania Glass Sand Corp.
Pittsburgh, P 15237 '

The mineral industrial silica is- distin-
quished from sand and gravel by its
chemical purity---high Si0, content and
| a low percentage of impurities such as
Fe, 0., AlLD; and refractory minerals.
For certain applications, industrial silica
sand with an SiQO, content exceeding
20% is adequate. For most uses, how-
ever, the purer grades of industrial silica’
containing SiQ, in the 98% to 99+%
range are specified. Unlike sand and
gravel, industrial silica is washed,
sometimes teneficiated 1o remove Im-
purities, dried, and carefully screened to
specific mesh ranges determined by its
intended usa. Industrial silica is also
ground into grades such as 98% pass-

ing a 120 mesh, 98% passing a 325’
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mesh, etc. Finer micron-sized grades are
offered by a few producers, with one
supplier offering grades with average
particle sizes as fine as 1.1 pm.

Production and consumption of in-
dustrial sand, as reparted by the
BuMines, declined steadily from a high
of 30 047 00Q metric tons (33 120 000
tons) in 1979 to only 24 147 000 metric
tons {28 617 GO0 tons) in 1983. Sales
volurme in 1983 fell 3.9% from 1882 ton-
nage and 17.1% &om 1979 results, per
the Bureau's statistics. Preliminary es-
timates from the Bureau indicate that
26 000 000 metric tons (29 000 GCO
tons) were produced in 1984, an in-
crease of 8.9% aver 1983,

Anather source of industrial sand
production data is the National Indus-
trial Sand Assn., which reportedly repre-
sents producears accounting for approx-
imately 85% of the industrial sand {ex-
cluding gravel) soid in the U.S. This as-
sociation reports its members produced
22 702 000 metric tons (25 025 Q00
tons) in 1979, but only 15 823 628 met-
ric tons {17 442 271 tons) in 1983, No
tonnzage estimates are availabie as yet
for 1984, .

According 1o BuMines latest annual
report, the average price of industrial
sand in 1883 varied by region (as it has

- Silicon
Carbide

Richard C. Perkins and Neil N. Auit”
Nortan Co.
Waorcaster, MA 015086

The first silicon’ carbide crystals were
made accidentaily by Ecdward Acheson
while experimanting with a mixture of
clay and carbon in an electric furnace.
Silicon carbige does not ocgur natural-
ly; i is a sySthetic material made by
combining silica and carpon. The Ache-
son resistance furnace remains as the
basic manufatturing process, though it
has been fodifiec and updated in re-
cent years .to improve. productivity and
meel environmenial standards. :
High-guality silica send (99.5% SiQ,),
low-suifur petroleum coke, and electric-
ity (3.3 KWh/b) are the rmajor ingredi-
ents, The reaction takes place in a
irough-like furnace with removeabie re-
fractory sides, or some similar config-
uration, and permanent refractory ends
heiding carbon electrodes. When the
furnace is started, these electrodes are
joined by a graphite core laid the length
of the furnace near the center of the
mixiure which fills the furnace. The volt-

historically). The 1983 reparted prices
were $15.22/net mietric ton ($13.81/net
ton) in the northeast, $11.89/net metric
ton {$10.79/net ton) in the north centrat
states, $14.93 net metrc ton ($13.55/
net ton) in the south and $16.81/net
metric ton ($15.25/net ton) in the west,
The national averzge price was $13.83/
net metric ton ($12.84/net ton), while
total revenwes in 1983 are reported to
have baen $329 500 000. Based on the
latest information from the Bureau, 1884
total sales revenues are estimated at
approximately $370 000 Q00 with av-
erage national prices last year project-
ed to be apout ($13.00/net ton}.

Major consuming industries for in-
dustrial silica are glass {zll types),
foundry, metallurgical, abrasive, chem-
ical, ceramics, filtration, coatings, and
cilfgas well fracturing sand. Demand for
industrial silica products is, of course,
tied to their overall economic perfor-
mance. The 1985 market will, therefore,
mirror the conditions that prevall within
these major markets during the year.

Expansion and modernization of var-
ious industrial silica producing facilities
and the startup of new plants h recent
years assure adequate supplies of silica
products for at least the immediate
future, ]

age passing through the resistance
core generates a temperature of about
2400°C, and in about 36 hours the
chermical reaction of silica and carbon
to silicon carbide is compiete. The re-
action requires five to seven pounds of
raw material for one pound of Si0. The
highest putity (light green in color) ma-
izrial is found near the core. The out-
side layers of uncombined material are
removed before further processing of
the crude SiC begins, The crude is then
selected for purity, crushed and graded
with screens to mest the various re-
quirements.

The most critical manufacturing is-
sues in recant years have been the cost
and availability of coke, cost of elec-
tricity, and environmental considera-
tions. Petroieurn coke, a’by-product of
petroleum refining, is also used by the
aiuminum industry and as a result in pe-
rigds of high aluminum demand, it is in
tight supply. Prices also have risen
sharply in ling with other petroleum-
based products. Mast plants are locat-
ed near sources of low-cost hydroelec-
tric power, but energy related cost pres-
sures will continue 1o have an impact
on SiC costs.

The issue that will continue to draw
a great deal of the industry’s attention
and captial resources is the need to meet
tighter environmental reguiations. Casts
and availability of material will be im-

pacted as manufacturers decide which
of the older plants will be closed, which
can be effectively modified, and when
to build new ptants in order to meet the
stricter standards.

Purity of sillcon carbide determines
the cotor. Light green material is about
99.5% pure and as the purity declines
to 99.5%, the colar changes to dark
green, then o black at about 99% and
finally to grey at 80% SiC, The purities
generally available are 90% which is used
for metallurgical and some refractory
appiications; 98%-59% is used for most
abrasive and refractory applications.
High-purity green SIC is used n a few
special grinding wheel applications and
special ceramic applications and as re-
sistance heating rods. Ultrapure SiC is
in growing demand for reaction-bonded
products.

The requirement for high purity green
material is relatively small and as a re-
suit, all manufacturers have rationaiized
their production to the poirt where it is
manufactured only in selected ptants and
only in Europe or Japan.

For the manufacture of high perfor-
mance caramics by sintering or hot
pressing, other metheds of synthesis
are sometimes used to prepare high pu-
rity, very fine reactive powders. Such
processes include: plasma ar¢ synthe-
sis, continuous feed-through and in-
duciion fumace, patch reactions of sii-
ica and carbon in CO or inert gas,
decompasition of polycarbesiianes, and
chemical vapor deposition.

Six firms in North America currently
produce silicon carbide by the Acheson
process. This is one less than 1983 be-
cause ESK (USA) and Exoion have an-
nounced plans to combine their oper-
ations into a new company. Imparts from
Europe account for less than 6% of the
total vsage and are generaily conlined
to specialty items such as gresn SiC
and microgrits. Prices vary widely from
$496 to $6614 per metric ton {5450 to
$6000 per ton), depending on chemical
and physicai specifications. The bulk of
materials for refractory uses sell for be-
tween $661 and $1102 per metric ton
(5600 and $1000 per ton). Prices have
been depressed for about thres years—
industry wide. As the economy picks
up, price increases are likely.

According to BuMines, North Amer-
ican procuction in 1984 was 110 000
retric tons (121 000 tons) which is the
same as 1983, The largest portion, abxout
45%, of SiC production Is used in metal
melting as additives in iron and steel-:
making. Aside from acting as a source
of siticon and carbon, the silicon carbide
imparts other desirable properties 10 the
meit. It acts as a decxidant, but more
importantly, once the material is melted,
the silicon carbide dissociates in an
exothermic reaction which makes pro-
duction of thin castings eassr.

Abrasive applications account for

L
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about 35% of silicon carbide usage.
Large quantities are used in grinding
wheels and in wire sawing of granite.
Smaller applications include the man-
ufacture of coated paper and ¢loth, lap-
ping, and a wide variety of speciaity jotis.

The most promising growth area of
SiC is in refractory and ceramic appii-
cations, This segment now accounts for
about 20% of total production. Silicon
carbide has a number of properties that
are desirable in these applications.
Properties such as high thermal con-
ductivity, high thermal shock resis-
tance, high hot strength, and low coef-
ficient of thermal expansion make it
usefut in applications such as kiln fur.
niture, cements, crucibles, etc. [is ex-
treme hardness is utilized in applica-
tions such &s furnace skid raiis where
resistance to abrasion is critical

Resistance toc chemical attack even
at high temperatures make it effective
In corrosive envircnments such as those
enccuntered in blast furnzces,. alumi-
num reduction cells, 2nd coal-fired pow-
er plants. The unique nonfingar electri-
cal resistance characteristics of SiC
make i usefui in lightning arrestor diocks
and heating elerments.

Silicon carbide products of high
strength can also be made by reaction
bonding in which carbon and meiten sii-
icon are reacted in situ in form shapes
made from carbon with or without sili-
con carbide, The strongest and mest
wear-resistant silicon carbioe producrts
are made by sintering or hot pressing
of fine high purity powders. Such prod-
ucts ara finding appiications in areas of
high wear such as mechaniczl seais and
pump parts. Properties of wear and
corrosion resistance and high hot-
strength also make them usefid for some
engine components.

Silicon nitride, SiyN,, is a syathetic raw

material which is made by high tem-
perature chemical reactions betwesn
1000° and 1800°C. Because of the
mnigue properties of dense products of
silicon nitride, it is-beginning to find
commercial uses aftar many years of
research. Sinterad and hot pressed sil-
icon nitride bodies have high hardness,
high strength, low density (3.2 Mg/m?)
low thermal expansivity, and good ox-
idation resistance. .

The first silicon nitride products were
made not from silicon nitride raw ma-
terial, but from silicon. Powder metal-
lurgy techniques were used to fabricate
shapes of silicon medal which were then
fired in nitrogen to produce a porous
silicon nitride product, Silicon czrbide
products bonded with silicon nitride have
been made commercially for about 30
years, Uke reaction bonded silicon ni-

| tride, the silicon fivride is manutactured
| in situ by firing 2 silicon carbide and sii-

icon mixture in nitrogen.
High strength silicon nitride shapes
were obtained after it was learned how

to hot press or sinter siicon nitride pow-

.ders to thecretical density. The three

most important methods for manutac-
turing silicon nitride powder are: react-
ing silicon metal powder with nitrogern;
reacting silica, carbaon, and nitrogen; and
reacting chicrosilanes with a gas con-
1aining nitrogen or a nitrogen com-
pound. The newest synthesis method
is to spray fused silicon in nitrogen and
quanch.

For hot pressing or sintering, these
powders are normally mixed with a sin-
tering aid such as calcia, magnesia. or
yttria. The sfalans (combinations of sii-
icon, aluminum, exygen, and nitregen)
are often fabricated with silicon nitride
powder as a raw materizal.

Published production figures for the
U.S. and the world for silicon nitride
powders are not available. Many of the
manufacturers of silicon nitride prod-
ucts make their own powder, Estimated
annual production of silicon nitride pow-
der is 9.1.10 13.6 metric tons {10 to 15
tons) in the United States and 18 to 27
metric tons (20 to 30 tons) worldwide.
Apparently, there is no domestic sup-
plier of zommercial quantities of silicon

Sodium
Carbonate

Charles W, Raleigh

" FMC Corp.

Philadelphia, PA 18703

Production ¢f soda ash in the .S, in
1984 was 7.8 million metric tons, es-
sentially uachanged from 1933, Despite
the strength of the dollar, hawever, the
export market remained, strong partic-
ularly in the Asian markets. Latin Amer-
ica, Southeast Asia, China, and Japan
continued to be major importers of U.S.
soda ash. Exports represented 20% of
U.S. production. Worldwide soda ash
demand was 28 million metric tons,
supplied by some 9C¢ manufacturing
plants in 36 countries. The U.S., with
almost 30% of world capacity, was the

nitride powder.

Powder can be purchased from Ger.
man, Japanese, U.K., and Canadian
sources. Prices vary depending on
specifications for particle size and pu-
rity. They range from $20 to $350/kq.

Silicon nitride has been studied as 3
potential material for engines for the fast
15 years. It is being used today 1o pro-
duce prechamber cups for a diesel ap-
plication in quantities of about 120 00Q
piecas annually Thisis the order of about
1000 kg annually, but it is a stari. Too!
bits of silicon nitride, sialon, and mix-
tures of silicon nitride with other ma-
terials are finding increasing use. Thers
are at leact five domestic suppliers of
tool bits. They are also manufactured
in Japan, the U.K., and-Germany. Roll-
ing contact bearings are being used in
small quantities for high performance
applicaticn.

Now that commercial uses are begin.
ning to develop for this material, thare
shouid be & dramatic growth of these
products made from silicon nitride. For-
tunately, both silica and nitrogen are
plentiful sources for the manufacture of
silicon nitrids. a

leading supplier (Table I). There are sev-
en soda ash producing piants in the U.S.
All except one (Allied's Syracuse plant)
are based on the refining of naturally
occurring ores or brines in Green River,
WY, and Searles Lake, CA. Outside of
the U.S. the synthetic process based
on ammonia and salt stil dominates.

Overcapacity in the U.S. and Wesiem
Europe continues 1o be g problem. U.S.
pricing, although improved somewhat
in 1884, is stil! down substantially from
the 13882 high of $101/metric ton. Af the
end of 1984, the price was $87/metric
ton at Green River, WY, with somewnat
higher pricing by the east and west coast
producers.

Tabie it summarizes the present U.S.
soda ash end-use market. Glass con-
tainers dominate the market, but are
experiencing severe competition from
aluminum cans and from plastics. Soda
ash consumption in giass container
manufacture has also been adversaly
affected by the increased use of égo-

Table I. U.5. Domestic Producers of Soda Ash
Nameplate capacly |
Producer .Location (Miilions of metric tons)
FMC Green River, WY 2.5
Allied Corp. Green River, WY 2.0
Stauffer Graen River, WY 1.7
TexasGulf Grean River, WY 0.9
Tenneco Green River, WY 0.9
Kerr-McKes Searles Lake, CA 1.3
Allied Corp. Syracuse, NY 0.7
Totai 10.0
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Table H. U.S. Soda Ash Markets
(1984) :
. Consurnption
{Milions ot
End use metric tons}
Glass and ceramics
Glass containers 2.10
flat giass 0.60
Fiber glass g.20
Other glass and 0.20
ceramics
Total glass and 2.10
ceramics '
Chemiczals 1.20
Detergents 0.60
Pulp : 0.15
Water treatment 0.20
All other 1.05
Total U.S. demand 6.30
Expdits. - S 1.45
Total U.S. preduction 7.75

logicai cullet. State container deposit
laws and environmental préssures have
made cullet more avaitabie for recycle.
Giass container production peaked in
1978 and has declined sach year since.
This end use for soda ash is expected
to show no growth and prebadly will
decline.

Soda ash is also used in the produc-
tion of 2 wide variety of chemicals, many

of which find use in the ceramic indus-
try. These include sodium_silicates,
phosphates, and Tithium compounds.

Other chemicals, such as baking soda

and chrome compeunds for pigments
and auto use, are aisc based on soda
ash. Two use areas showing good
growth are builders for household de-
tergents and the scrubbing of sulfur-
containing wastes. Overall, though;
growth of the U.S. seda ash industry is
expecied to be less than one percent
per year.

ith overcapacity in many paris of
the world, considerable attention has
been devoted to methods of reducing
soda ash production costs. In the U.S.,
FMC Corp. has undertaken a major de-
velopment program (o apply solution
mining techniques to the mining of trona
{soda ash) cre. Selution mining in its
simplest form consists of drilling two
parallel wells, injecting a sotuticn to dis-
sclve the trona in one, developing an

"undarground cavity, and removing the

dissolved trona through the second
well. This basic technique had heen used
far a number of years in sait and potash
mining. It has the advantage of iower
tabor costs than dry mining, provides a
higher percentage of ore recovery, and
allows mining at depths:that normaily

1885, FMC plans to have a full scale
sada ash plant on steeam at Green Riv-
er, WY, using this technique.

The synthetic soda ash plants out-
side.of the U.S. have been particularly
troubled by the high cost of energy. To
help combat this problem, several of the
European synthetic plants have recent-
ly been converted from ofl and gas based
energy to coal or lignite. Two synthetic
process soda ash plants within Europe
have been closed. :

Another. result of this never-ending
search for ways to reduce predudtion
costs has been an increasing interest
in the development of foreign natural
pased soda ash deposits which might
have lower energy requirements.

Recently, the discovery of large de-
posits of trona ore near Ankara, Turkey,
has been reported. These deposits are
receiving considerable attention be-
cause of {heir proximity to the EEC
marxket. Studies to determine the opti-
mum method for commerciaiizing these
deposits are now under way.

The Peoples Republic of China has -
reported the finding of extensive de-
posits of soda.ash-containing ore in
Honan Province. ‘Soda ash biine de-
posits inMongolia have been known for
many years. At present both of these

would be too deep to safely mine by | deposits are too remote from their ma-

conventional methods. By the fall of

jor markets for large scale develop-
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ment. However, the Peoples Reputic of
China has a rapidly increasing demand
for soda ash to supply its fast growing
glass industry, and new synthetic pro-
cess plants have been announced for
Shandong, Xiamen, and Lianyungang.
Completion is scheduled over the next
three years. Present capacity there is
1.2 million metric tons.

In Africa, ICl has incrementally ex-
panded its natural'soda ash plant at Lake
Magadi from 250 000 to 300 000 metric
tons per year. British Petroleum is con-
ducting studies to determine the eco-
nomics of preducing soda ash in Bot.
swana from the Sua Pan deposits. Lake
Natron in Tanzania contains major
amounts of soda ash, but the cost of
developing an infrastructure has stowed
its commercialization.

Most recently, there have been re-
ports of the finding of potentially inter-
esting soda-containing brines in Queens-
land, Australia. Because of iis large alu-
mina industry, Australia must import

sajor quantities of alkalis in the farm of

caustic soda. Should these new depos-
its prove econormically atiractive, the re-
sulting soda ash could supplement a
portion of these Import requireménts,
iCl produces soda ash synthetically in
Australia at Batany Bay.

tn the area of synthetic soda ash ca-
pacity, there have been {ew changes.
India has announced a new 400 000
metric ton glant scheduled for comple-
tion in 1286—87. Although India already
has & capacity to produce 750 000 met-
ric tons of soda ash per year, their re-
quirements are rapidly increasing. Bra-
zil has had plans to construct a new
200 000 metric ton per year plant at

~ Macay for six years. The equipment has

besn recaived ang delivered to the site,
but funds are lacking for its completion.
The ASEAN Group (Assn. for South-
east Asian Nations) proposed erecting

30Q 000 metric ton soda ash plant at
—attahip, Thaland. This piant too has
been subject {0 numerous delays. Re-
cent press releases indicate renewed
interest. .

A summary of sada ash capacity and
demand is shown in Table |{l.

The North American and European
market is mature and supply is more
than adequate to supply the demands
of the glass and ceramic industry. In
Latin America and Asia {with the ex-
cezption of Japan), the reverse is true,
and these regionsare net importers of
soda ash., Japan has adequate soda ash
capacity to supply its domestic rieeds,
but has high production ¢osis and hence
imported sodz ash has become highly
competitive with locally produced ma-
terial. Africa and the Middie East are
essentizlly in balance, although Africa
both imports and exports material.

Anather new development during the
past year is the foundation of the Amer-
ican Natural Soda Ash Corp, (ANSAC).

Table {1l
and Demand {Millions of Tans)

Area Capacity Demand
North America 10.8 74
Africa/Middle East 0.6 0.6
Asia/Oceana 5.0 5.6
Eastern Europe 105 8.3
Latin America 0.4 09
Western Europe 7.3 5.8
Total 346 288

All of the U.S. soda ash producers have
jeined in the asscciation to pool export
sales and better serve their overseas
customers.

In summary, there is adequate world
soda ash capacity to serve all markets.
Little new synthetic production capacity
will be built over the next few years ex-
cept in regional markets such as the
Peoples Republic of China, Emphasis
of the majer soda ash producers will be
an cost reduction projects. As part of
this program, the industry-may be ex-
pecied to continue to seek out new nat-
ural brine and trona scurces having po-
tentizily lower costs. c

Talc

Randall L Jehnsen”
R. T. vanderbiit Ca., Inc
Norwalk, CT 08853

The rnineral taic is a soft, hydrous mag-
nesium silicate, 3MgO45i0,—
Commercial tales range from mineral
products approaching the near-inec-
retical mineral compaosition to mineral
products that have physical andior py-
rophysical properties in common with
pure talc but contain very little of the
actual minerals. The mineral composi-
tion of talc mined in Montana, for ex-
ample, is essentially tale with minor
chiorite, dolomite, calcite, and quanz.
In Texas, depending on the district of
mining, associated minerals include
quartz, magnetite, chlorite, remolite, and
anthophyllite. In Vermont, magnesite,
serpenting, chlorite, and sulfides are as-
sociated with the tale rock. We can seg
in iust reviewing a few !'ocations that
tale minerals from different scurces may
present notabie differencas, which in tum
shape the consumption pattemn.

According to BuMines, the latest fig-
ures show the producticn of talcin 1982
for the U.S. was 1 miliion metric tons
(1.1 million tons) and 1983 estimated at
0.93, metric tons (1.04 mllhon tons} 2
drop of approximately

Vermont, Montans, 1exas. and New
York, in order of volume, produced to-

Woarld Soda Ash Capacity

gether 83% of the yearly total. There
were 21 tale producing companies in 11
states in 1983; the three iargest sup.
plied 50% of the output. The teramic
industry consumed 34% of the ground
tale.

Estimated reserve bases of tale-
group minerals remain at 136 milion
metric tons (150 miliion tons) in the U_S.
Exparts of tale and related minerals from
the U.S. during 1983 are estimated to
cutweigh imports by more than 11 to
1. Apparent consumption of talc-group
minerals in the U.S. was 2% lower than
1982, However, using 1979 as a base,
demand for talc and related minerals is
expected t¢ increase at an annual rate

. of about 2% through 1990. 1t is further

estimated that in 1984, figures will show .
domestic mine production of tale will be
1.2 million metric tons (1.3 million tons})
and U.S. apparent corsumption will ba
0.1 millien metric tons {1.0 milfion tons).
U.S. exports of t2lc minerals has shown
cyclical growth in prior years, but the
ionnage in 1983 was the same 23 1982,
and the iowest since 1976.

BuMines reports production world-
wide for 1982 totalled 6.9 million metric
tons (7.6 miilion tons), with 1983 ton-

. nage estimated at 6.4 million metric tons

(7.1 million tons.) The prasent world re-
sarve base is listed at 299 million metric
tons (330 million tons). Werld resources
are estimaled to be approximately five
times the quantity of reserves. Shert-
ages of talc, therefore, are not expect-
ed. The supply situation could be ad-
versely affected, however, by lack of
financiai cagital for expansion ot strin-
gent reguiations on mining.

Petregraphic and X-ray examinations
of ores from the talc mining areas of
Gouverneur, NY, show them to contain
three principal minerals; taic, tremciite
(nonasoestiform), and serpentine (in the
form of antigorite). Due to the presence
of 30%-50% prismatic iremolite, New
York talc provides unique properiies for
the ceramic industry. Tramalitic taic is
used in whitewares (sernivitreous ware
and vitreous ware), glazes, and refrac-
tories.

Typical semivitrecus bodies .include
wall tile art pottery, and dinnerware.
Tremoiitic talc has been found to be an
ideal raw material for the folowing rea-
sans:

« Produces high thermal expansion
bodies through the formation of en-
static, resulting in glazes being put in
compression which, in turn, tends to
prevent .crazing. - :
» Low moisture expansion bodies are
produced resulting. in good resistance
10 delaying crazing.

= Aids dry- pressing because of the
pcesence of 30%-50% prismatic tre-
molite.

» Permits faster pressing, efiminates
lamination, and improves product den-

Sity,
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’p Especially suitable for high tale, low
“temperature casting bodies through

grades.
| + Low firing temperatures and fast firing
schedules are possible, which conserve
enargy and, in many cases, reduce cost.
The use of talc as an auxiliary flux in
vitreous bedies (high alumina, electrical
porcelain, vitreous china, sanitary ware,
and transiucent artware) to form a2 eu-
tectic with feldspar and nepheline sy-
enite is well known. The resultis a tight«
er and stronger body when fired to the
same temperature, or the maturing
temperatures may be reduced to effect
fuel impact on the maturing tempera-
ture. Pieper described a low-thermal-
expansion ceramic composition in his
patent application, using tremalite
(5%—20%} as a constituent to make
“cordierite-like ceramics® suitable for
therrnal shock resistance cookware. This
body compasition has advantages when
compared with a cordierite body such
as reduced finng temperatures and wid-
€r firing range. a

Wollastonite

Korwad C. Rieger”
R. T. Yanderbiit Co., e,
Norwaik, CT 06855

Wollastonite, a caicium silicate (48.3%
Cal 31.7% Si0), has received much
attention over the last decade. Twelve
years ago, warld production of wollas-
fonite was abeut 40 000 metric tonsfyr,
arise of 275%. With the market for wol-
lastonite 10 grow at about 10% per year
jor at least the next five years, the in-
crease may create a shortage.

The U.S. is the leader in wollastonite
production with an output in excess of
50% of the éstimated world production.
Other producers include Finland, Mex-
ico, India, Turkey, and Narmiibia. West
Germany is producing synthetic wollas-
tonite. The woliastonite ore bodies vary
from location to location and for the most
part nead to be beneficiated. Associ-
ated minerals in the largest woilastonite
operzation (at the Fox Knoll Mill near
Wiilsbaro, NY), are primarily up to 40%
garnet and other impurities. High inten-
sity magnetic separation is used 10 sep-
arate the gamet. In the Gouverneur re-
gion ¢i New York, a rather pure wollas-
tonite is being mined, which contains
only minor calcite and traces of diop-
side, and does ndt have to be benefici-
ated. In Finiand, the deposit containg
imestone, dolomite, and an average
wolizsionite content of 18%—20%. Froth

control ¢i specific resistance on certain

used in this operation to upgrade the
wollastonite.

Why has wollastonite become so
popular for ceramic application? In wall
tile, its major use area, it assists toward
uniformity of dimensions, low shrink-
age, good strength, low warpage, low
moisture expansion, and fast firng with
decreased gas evelution. In semivitre-
ous ware, substituting 1% to 3% wol-
lastonite for flint andfor flux decreases
shrinkage and moisture expansicn and
increases strength. In vitrified bodies,
replacing 2% to 5% feldspar and quartz

with wollastonite results in decreased .

shrinkage and lower vitrification tem-
perature. In glazes. wollastenite may be
used to substitute for imestone and flint,
reducing the volatiles and increasing the
gloss and texture of the glaze. In par-
celain enamels, wollastonite acts as a
natural it reducing gas evoluticn.

In the production of glass and fiber
glass, wollastonite shows advantages
of reduced energy requirements, if used
in place of imestone and sand. in ad-
diticn, the presence of “scum” {fioating
layer of unmelted material on the mal-
ten glass surface) and “seeds” (ex-
tremely small gaseous inclusion in glass)
are also lessened. We can ses that most
benefits are related to reduced energy
consumption, a basic reason for the
sudden popularity of wollastenite,

Wollastonite also finds use in glaze
and body stains, in frits for glazes, in
bonds for vitrified grinding wheels, in ul-
tralow ceramic insulating bodies, and
an auxiliary flux in electrical insulators.
in other applications, such as in sfag
treatment for the stedl industry, woilas-
tonile is being investigated and could
potentially contribute 1o 2 greater in-
crease than projecied. Overall, wollas-
tonite has unique properties which will
push un the dermand. ' a

Zinc Oxide

Michaei L. Deelo
St. Joe Resourcas Co,
Monaca, PA 15061

Consumption of zinc oxide in the U.S.
cver the iast 10 years has averaged
182 000 metric tons (200 000 tons) and
rmost of this has been supplied by three
large damestic producers. In 1884, U. 3,
consumption was about 186 000 metric
ions (205 000 tons), a 10% increase over
1983.

Production capacity for .S, zinc ox-
ide is presently 227 000 metric tons per
year (250 000 tons per year) and is ad-
equate for today's market. imported zinc

flotation and optical ore sorting is baing |, oxide has made substantial gains in re-

cent years. Currently, it accounts for
about 17% of U.S. consumption.

The U.S. has ample zin¢ oxide ca-
pacity for the short term future, even
though raw material availability remains
a concern. The supply of zinc concen-
trates for primary smelting is adequate
for the present time, but many metal
producers have started using high qual-
ity zinc secondary (recycle) materials that
were traditionatly reserved for zinc ox-
ide and zine dust producers. The prob-
lem of recycle raw material availability
is becorning serious as auto shredders
bagin to process the generation of au-
tomabiles which contain less recover-
able zinc, )

Price of zinc oxide is largely influ-
enced by the price of slab zinc {rmetal).
The slab zinc market has approximate-
ly 10 times the volume of zinc oxide on
a world basis. That factor is significant
in the area of feed materials, Zinc oxide
producers, compete with slab zing pro-
ducers for the same raw materiais which
ara all based on slab zine price. There-
fore, the production costs and, even-
tually, the price of all zinc preducts gen-
erzlly move in the same direction, at
about the same time,

Zinc oxide does not exactly track the
price of slab zin¢c on a month-to~month
basis. However, long term pricing trends
of both materials are simflar, Last year,
we saw the price of slab zinc move
downward at a very sharp rate. The price
of zinc oxide foliowed at a lagging pace.

With regard to properties, zinc oxide
is a fine, white powder and is both a
pigment and a chemical. It is nontoxic,
armphoteric, and relatively inexpensive.
All these properties have resulted in zing
oxide appearing in a wide range of im-
portant farge tonnage applicaticns.

Rubberis the most important market
for zinc oxide, accounting for over 50%
of industry sales. Zine oxide continuves
to sarve an important function as a rub-
ber vuicanization activator. No subst-
tute products are anticipated to replace
zinc oxide, even though much effort has
been put into assessing replacements.
The recent recession has hit the rubber
industry hard, but it is expected to re-
cover as economic recovery becomes
apparent. :

Within the rubber industry, the major
tire companies use most of the zinc ox-
ide. {n 1984, tire preduction was ex-
celtent and resulted in a vary good year
for zinc oxide consumption. The pres-
ent year is expectad to remain strong
for the rubber industry—following the
trends of auvtomabile production.

The paint industry accounts for ap-
proximately 10% of zinc oxide con-
sumption. After significant declines in
the late 1970s, the paint industry usage
for zinc oxide seems 1o be holding steady
at slightly less than 10% of the total
market. The loss of tonnage was at-
tributed to a customer preference for
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latex paints in place of il base house
paints. Latex house paints use less zinc
oxide.

The use of zinc oxide in glass and
ceramics has accounted tor about 5%
of the zinc oxide market. Some of the
traditional markets have remained con-
stant, and some growth is expected in
new specialty ceramic markets,

Zinc oxide is consumed in the man-
ufacture of & variety of zinc chemicais
with diverse end-use markets including
conversion coatings, catalysts, fungi-
cides, pharmaceuticals, pigments, and
lubricating oil additives. The chernical
market accounts for about 15% of all
zinc oxide consumed. A wide range of
new potential applications for zinc ox-
ide is encouraging, and modest growth
is forecast for this segment of the mar-
ket in the future. .

Consumptionof photoconductive zine
oride for coated office copy paper
peaked in the mid-1970s and has besn
dedlining steadily. Cyrrently, it accounts
for less than 5% of the total market. A

atinued decrease is forecast as plain
~ .ser copiers gain popularity. New plain
paper copiers are quite low-cost, which
makes them afforcable for even small
businesses. Photoconductive zine &x-
ide used for offset masters and repeat
charge masters appears to be stable
and cffers some growth possibilities for
this markel segment,

Zinc oxide is 2 maiure market with
reasonably good balance between sup-
ply and demand. The versatility of zinc
oxide slong with its stable position in
the rubber indusiry assure continued
high voiume use in the foreseeable fu-

' ture. Ampie production capacity exists

in the U.5. 10 hangle the expected de-

© mands from the marketplace. [m}

rcon

James B. Munro® @=
TAM Ceramigs, Inc.
Nizgara Fails, NY

14305

The mineral zircon {zirconium silicate
(Zr$i0,) occurs as a'small percentage
(0.5%~3.0%) in special sand deposits

Table 1. 1983 World Zircon Production

Amount o
Souree Maetric tons Short tons %
Australia 463 000 510 Q00 60%
South Africa 127 000 140 000 16%
u.s. 62 00 68 000 89
Subtotal 652 000 718 000 84¢,
USSR 82 000 90 000 10%
China 15000 17 000 Der,
India 12 000 13000 2o
Others 14 QGO 15000 2%,
Grand total 775 000 853 000 1002,
Source: BuMines, 1983 Minerals Year Book; {except U.S, data}.
Table IIl.  Zircon Mine Capacity, Metric Tons {Number of Mines)
Year
Location 1976 1984 .
East Australia 385 000 (15) 100 000 (4}
West Australia 215000 (8) 325 OODI (5}
South Africa 150000 (1)
Us. ... ... 80000 (2 105000 {2)
Total . 680000 {23) 680 000 (12)

Source: TAM Ceramics, Inc.. Market Aesearen.

with small bercentages of other heavy
minerals-iimenite, rutile, and monazite.
The refined product and its compounds

are widely used in ceramic_applicaticng .

sueh as refraciories, glazes for ceramic
tile and sanitarv ware, and as the raw
material for the production of zirconia,
{zirconium oxide, Zr0,) and alumina-zir-
¢conia abragives.

It is estimated that approximately 30%
of world wide zircon consumption was_
accounited for by refractory, ceramic, and
foundry uses. Approximately 20720
metric tons (100 000 short tons} of zir-
con wera consumed in the U.S; in 1383,
almost half of it in foundry applications.
With a few exceptions, for more than a
decade, the annuai consumption of
zireon in the U.S. was within 10% of
141 0G0 metric tons (155 000 tons). A
major decline was reported for 1982.
BuMines estimate 1984 consurmption
1o have recovered to more narmal levels
of 118 000 metric tons (130 000 tons)
{Seec Tabie I},

Zircon sand is a commodity being soid
to mature ang well developed world wide
markets. The economics of mining zir-
con is closgly felated to the fact that
zirgon gegurs with rutile and other_heavy
minerals in‘ratios predetermined by na-

Table i. Estima{€d U.S. Zircon Consumption (short tens)”

| ture. Rutile has been the econornically

dominant product, with zircon usually
considered 1o be a by-product. Thus
the demand for rutile is low, and mining
production is curtailed, the result is 2
shortage of zircon since its demand is
fairly consistent. Prices can fluctuate
widely with shifts in the balance be-
tween supply and demand. in 1983, the

large tonnage prices of zircon sand in
buik were stable. Premium prices were

paid for premium guality sands.
Zirconis producad in 10 countries with

Australia, Scuth Africa, and the U.S.
aceounting for about §4% of world pro-
duction (see Table H).

Present overall mine capacity in these
three countries is estimated to be
approximatsly 680 000 metric tons
(750 00C short tons}. Considerable con-
solidation has taken place in the past
decade (23 operating mines in 1976
versus 12 mines in_active production in
1984). A major shift also ocourred with
South Africa becoming a major produc-
er and with the decline of preduction on
the east ¢oast of Australia (see Table
. :

Three companies, DuPont, General
Mining, and Consolidated Goldfields now
control 85% of zircon mine capacity in

End use 1974 1973 1976 1877 1978 1979 1980 1981 1982 1982
Zircon refractories 30000 28000 29000 31000 27000 26000 25C00 25000 15000 17 000
AZS refractories 10000 12000 10500 11000 11000 12000 8000 5000 4400 4 000
Zirconia and AZ abrasives 22000 21800 14000 14000 17000 20000 18000 13000 8000 8 500
Alloys 1600 2800 1800 3600 3000 3000 2000 5000 3100 4 500
Foundry apolications 80000 46200 6G7000 63000 72000 75000 55000 75000 46000 49000
Other 30400 18000 32700 34000 34000 32000 32000 27000 156500 17000
Total 174 000 128800 155000 162000 184 GO0 188 000 140000 150000 93 C0G 100000

“Ta conver, 1o metnc tons, muiuery oy G.8072,

Sowrce: BuMines, Annual Mingral Year Books; 19741983,
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Table [V.  Major Zjreen Producers and Capacity
1ade V. Major Zireon Produce’®

Producer

Amount (metric tons)

—_—
Allied Eneabba, west Australia

E. l. du Pont de Nemours & Co., Inc., Florida, U.S.

DuPont Group
Richards Bay Minerals, Scuth Africa

Consalidated Rutile, Ltd., East Australia

General Mining Group

Associated Minerals Consclidated Lid., West Australia
Associated Minerals Consclidated Lid., East Australia
Associated Minerals {(U.S.A.) Ltd., Inc., Florida, U.S,

Consolidated Goidfields Group

Others, East and West Ausiralia

Total Mine Capacity, Australia, South Africa, U.S.:

J160 000
70000

230 000

150 000
40 000

180 000

110000
15 000
35000 .

160000  (23%)
100000 (15%)
68G 000  (100%)

(34%)

(28%)

Sourca: TAM Ceramics, Inc., Market Resaarch.

Australia, South Affica., and the U.S.(See
Tabie V).
For many ceramic applications, it is

desirable to further process zircon sand
by _caicining, acid washing, magnetic

foundry_sands. mold washes, and in-
vestment casting molds. Foundry uses
take advantage of zircon's stability, high
thermal conductivity, lack of reaction with
molten metals, jow toxicity, and avail-

treatment, dry ball-milling or wet_ bail-

abiiity in & sand or milled form., Foundry

milfing. Up-graded zirzon sand ang milied
zZircon products are produced in the U.S,
by American Minerals, Inc. (formerty
C-E Minerals), Centinenta! Minerals
Processing Corp., M & T Chemicals, Inc.,
and TAM Ceramics, Inc.

Of the zircon normally consumed an-
nually in the U.S., about 15% goes for
nonceramic uses such as metals, &b
foys, chemicats, and welding fluxes. A
little. under 50% is typicaily used in

uses are quite cost sensitive and when |

tanks. Alumina-zircenia-silica (AZS) re-

fractories made with zircon arg used in

a variety of applications, Zircon and AZS

shapes are used in feeder parts or glass,

kiln furniture, crucitles, and fumace lin-

ings. Usage in the U.S. steel industry .
is quite small, particularly when com-

pared with ithe 91 000 metric tons
{100 000 tons) of zircon used for fining

Japanese steel ladles, '

" About 9% to 15% of the zircon con-

sumed in the U.S. goes into the man-

ufacture of zirconium oxide and alumi-

na-zirconia abrasives.

Approximately 8%—10% of the zircon
consumed in the U.S. goes into white-
wares industry, largely as z glaze opa-
cifier for_tile_and_sanitary ware. Zircon
has a high index of refraction, a fight
coior, compatibility with ceramic colers,
and a low solubiiity in glass. These i
properties make it the dominant opa-
cifier far glazes. Yery finely milled Zircon
is desirable for good opacificaticn, and
most zircon opacifiers have an average
particle size of 1 to 2 um. Zircon is aiso’
used in some glaze frits where the pras-
ence of zircon contributes to glaze opa- |
cification,

About 1% of the U.S. zircon con-

zircon prices get too high zircon is often
replaced by chromite, glivine, qr_alu-
minum silicates. ’ _
About 20% fo 25% of zircon is used
in refractories. This application utilizes
zircon's refractoriness, thermal stabili-
ty, and lack of reaction with many slags
and glasses. Dense zircon shapes
fermed by casting or isostatic pressing
are used for glass contact areas in glass

sumption goes inlo miscellanequs ce-
ramics, such as special glasses and

contributes a high ingex of refraction, |
alkali resistance, radiation_stability_or |
opacity. Small quantities of zircon are
also used in a variety of ceramig bodies.
Zircon s added ta fiber, glass 10 improve
the alkali resistance of fiber used for
reinforcing congrete, =

i

AGerS Membership Preofile

Grades of Membership

To meet the needs of all ceramists, the
ACerS has established ten grades of
membership, Table 1 shows the number
t;li members in each grads as of March

Regular Members

This represents the largest grade of
membership in the ACerS. These mem-
bers receive all the benefits of the ACerS
and are ¢ligibic 1o join as many as three
divisicns.
Student Members

Student members must be earolled for
at least ten hours per week in 3 recognized
college or umiversity. They are invelved
with spany activitics of the ACerS, not
only at the studeni branches focated at
various schocls, but zlso al Annual Meet-
ings, where ‘they may represeat their
schools in the Student Speaking Contest
and/er are cmploved as pages 10 assist in
managing the Annual Meeting. Many
graduate studems present lechnical pa-
pers at Lhe Annual and Divisional Mcel-

ings. Swudents also participate in section
meetings and activities. Student mem-
bers, however, do nat qualify for Division
affiliation, nor may they vole in Society
elections beyond the student branch level.

Associate Members
Associate Members are 26 years of age
or under, who do not qualily for student

Table I. Grades of Membership

Grade, a5 of March 31 Mumber
Regular Members 7080
Student Members 1357
Emeritus Members 3184
Associate Members 329
Paid Life Members 249
Corporate Members 237
Senior Members 38
Complimentary Members 46
Distinguished Lifc Members 32 -
Honorary Members 3

Total 977

“Honorary Memhership first Sestownd during the
ACerS Annual Mceting, May 7, 1985,

membership. Associate members are ¢l-
igible for affiliation with as many as three
ACerS divisions.

Paid Life Members

Fersens interesied in paid life mem-
bership pay one lump sum for permanent
membership based on their age. Pay-
ments may be spread out over a two-year
period. By paying in advance, members
protect themselves {rom inevitable dues
increases, Paid jife members also enjoy
the full benefits of Society membership.

Corporation Members

Some 237 corporations materially aid
and support the objectives of the ACerS
through their corporation membership.
Corporale members select a representa-
tive 10 act as voier in Society affairs.

Other Members

The rernaining five types of member-
ship include senior member, emeritus
member, distinguished life member, com-
plimentary member, and, most recently
added, honorary member. These grades
are beslowed for Jong service to the So-
ciety and the ceramic community and/or
for notable professional achicvements.

Information on joining is available from
the American Ceramic Scciety, 65 Ce-
ramic Dr.. Columbus, OH 43214 (614/
268-8645).
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aﬁ'nj Desigriation: C 775 - 79 (Reapproved 1987)¢"

Standard Method for

- 109

Particle-Size Analysis of Whiteware Clays’

This standand is issued under the fized designaron C775; the aumber immediately following the designaion indicatss the year of
originzl adopdoa or, in the case of revision, the year of last revision, A number in parentheses indicates the yeur of bist reapproval, A
superscript epsilon (¢} indicates 20 editorial change sinen the last revision or reapproval

1 NorE—Sertion 16 was added editorially in October 1957,

- 1. Scope
" 1.1 This method covers the quantitative determination of
(e distribution of particle sizes in kaolins and ball clays in
the size range 44 10 0.l um by the sedimentaton procsss.
particles are allowed to settle uader normal gravitational
* forces and, concentrations of particles in the si_zc range 44 10
. 2 pm are measured using a hydrometer. Ceumﬁ.(_gmg is used
1o cause the smailer particles to settle more rapidly so that
cancentrations of particles in the size range 2 t0 0.1 pm may
ve measured using a pipet.

1.2 This standard does not purport to address alf of the
safety concerns, iff any. associated with its use. Ii is the
responsibility of the user of this standard. to establish appro-
priate safety and health practices and determine the applica-
bility of reguiarory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: ' .

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes®

E 100 Specification for ASTM Hyvdrometers?

3. Definition

3.1 equivclent spherical diamerer—tne diameter of a
spherical particle having the same density and sedimentation
w2ie in the same fluid as the clay particles being tested.

4. Apparatus

4.1 Siirring Apparaius—aA. mectanically operated stirring
device in which a suitably mounted electric motor furns a
vertical shaft at a speed of not less than 10 0G0 1/min
without load. The shaft shall be equipped with a replaceable
strring paddle made of metal, plastic, or hard rubber as
shown in Fig. (. The shaft shall be of such length that the
stirring paddle will operate at not less than % in. {19.0 mm)
nor more than 1% in. (38.1 mm) above the bottom of the
dispersion cup. A special dispersion cup conforming to either
of the designs shown in Fig. 2 shall be provided to hold the
sample while it is being dispersed. :

! This method is under the jurisdiction of ASTM Commirtes C-21 on Ceramic

g and Related Products aad is the direet responsibility of Subcommittee
QL.04 ca Clays

Current editicn approved Aug. 31, 197%. Published Movember 1979, Originally
Published 35 C 775 ~ 74. Last peevious edition C 775 - 74,

2 Annual Book of ASTM Standards, Yol 14.02.

Y Annual Book of ASTM Staridards, Vol 14.03.

Note 1—A few clays are diflicult to disperse and for these clays the
use of a Waring blender* or equivalent is recommended.

4.2 Cemtrifuge—The ceatrifuge shall have bottles with g
capacity of approximately 250 mL, ard the rotational speed
shall be closety controlled and measured using a tachometer.
A timing iz shzuld be-used to stop the centrifuge afier
predetermined time intervals.

4.3 Hydrometer—An ASTM hydrometer, sraduated 1o
read in either specific gravity of the suspension or grams per
litre of suspension, and conforming 10 the requirements for
Hydrometer 152H in Specificaticz E 100.

4.4 Sedimentarion Cylinder-—A glass ¢;linder essentiaily
18 in. {437 mm) in height and 2% in. (63.5 mm) in diameter,
and marked for a volume of [000 mL. The inside diameter
shall be such that the 1000-mL mark is 360 £ 20 mm fre
the bortom oa the inside. :

4.5 Sigve—A No. 325 (454m) sieve conforming 1o the
requirernents of Specification E 11.

48 Waer Bath or Constani-Temperature Room—A
water bath or constant-temperarure room {or maintaining

- the clay suspension at a constant temperzture during the

hydrometer analysis. A satisfactory water tank is an insularad
tapk that maintains the temperature of the suspensions at a
convenieat constant temperature at or oear 23°C (77FL
Such a device is illusuated in Fig. 3. [n cases where the work
is performed in 3 room at an autcmatically coatrolled
temperature, the water bath is not necessary.

5. Records

5.1 Dispersing Ageru—Dissolve 2 g of scdium hezameta-
phosphate (sometimes called sodium metaphosphate (Na-
PO,)) in { L of distilled or demineralized water.

NoTE 2—Some fine-grained clays require more of the dispstsant and
up o 6 g/L of water may be added afier trizls have besm run w
determine the perceatage of dispersant causing the maximum Suidity
using a viscometer suitabie for clay-wawer suspensions.

NoTE 3—Salutions of this salt, i acidic, slowly revert, or hydrolyze
back io0 the orthophosphate form with a resultant decrease in dispersive
action. Solutions should be prepared frequently (at least once a month)
or adjusted to pH of 8 or 9 by means of sodium carbonate. Bottles
containing solutions shouki have the date of preparation marked on
them.

3.2 Water—aAll water used shall be either distiiled or
demineralized water. The water for a hydrometer test shall’
be brought to the temperature that is expected to prevail

4 Availabie from Waring Products Div, Dynamics Corp. of America, MNew
Hardord, CT 05057. :
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FiGG. 1 Detaii of Stirting Paddles

during the hydrometer test. For exampie, if the sedimenia-
rion cylinder is 10 be placed in the water bath, the distlled or
demineralized water 10 be used shall be brought to ths

temperature of the controlled water bath; or, if the sedimes- |

1aton cylinder is used in 2 room with controlled temperz-
ture, the water for the test shall be a1 the wemperature of the
room. The basic temperawre for the hydrometer tes: is 23°C
(77°F). Small variations of temperature do not introducs
differences thai are of practical sigpificance and do nol
prevem the use of correcdons derived as prescribed.

6. BHydrometer Test and Sieve Analysis
6.1 Determination gf Composite Correction for Hvdrom-
eter Reading:

— 3 75 o,

6.1.]1 Equations for percentages of clay remaining in
suspension, as given in Section 13, are based on the use of
distlied or demineralized waier. A dispersing agent is used in
the water, however, and the specific gravity of the resulting
liquid ' is appreciablv greater than that of distlled or
demineralized water.

&.1.2 Calibrate the hvdrometer at 20°C (68°F). Variations
in temperature from this standard temperature producs
inaccuracies in the aciual hydrometer readings.

_ Novg £—Tae amount of the inaccuracy increases as the variation
e e standard temperature increasss.

6.1.3 Hydrometers are graduated by the manufacturer 1¢

e read 2t the bonom of the meniscus formed by the Hquid

3. 75 . !

Removable
BalTie
Hods

Momic Squivakents

in. 1.3
(mm} {33

6 3.75
166) (85.2)

Fitz. 2 Dispersion Cups of Apparatus
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op the stem. Since it is not possible to secure readings of the
cay suspensions at the botiem of the meuniscus, readings
must be wzken at the wop and a correcton factor applied.

6.1.4 The net amouni of the correctons for the thres
jiems enumerated is designared as the COmpOsite corection.
and may be determined experimentally.

§.2 For conveniencs, a graph or table of compositz cor-
cections for a series of 1° temperature differencss for the
range of expected test temperaiures may be preparad and
used 28 needed. Measursment of the composite corrections
may be made at hwo temperiturss spacning the raonge of
expecied test temperature, and corrections for the interme-
diate temperatures calculatzd assuming 3. sirzight-line rela-
donship berween the two observed vlues.

6.3 Prepare 100C mL of lguid composed cof distllzd or
deminemlized water and the dispersing agest in he same
oroporton as wiil prevail in the sedimentadon (hvdrometer)
test. Place the liquid in the sedimeniaton cylinder and the
cylinder in the coastant-temperature water bath. set for one
of the two temperatures 1o be used. When the temperature of
the liquid becomes coustant, insert the hydrometer, and,
after a short interval to permit the hvdrometer 1o come to the
temperature of the liquid, read the hydromerter at the top of
the meniscus formed on the stem. For Hvdrometer 132H, it
is the difference between the reading and zero. Bring the
liquid and the hydrometer to the other temperature (o be
used, and sacurs the compesite correction as before.

7. Hygroscopic Moisture

7.1 When the sample is weighed for the bydrometer test
weigh cut,an auxiliary portion rom 10 to 15 g in a small
metal or glass container, dry the sample 19 a constant weight
in an-oven at 11§ = 5°C (230 = 9°F), and weigh again.
Record the weights.

8. Dispersion of Clay
8.1 Weigh out a sample of 30 g of air-dry clay. Place the
sample in a 500-mL beaker and cover with 250 mL of the
dispersing agent (2 g/L). Stir until the clay is thoroughly
wetted. Allow to soak for at least 24 h.
8.2 At the end of the soaking period disperse the sample
er, using the stirring device. Traosfer the clay-water
slurry from the beaker into the special dispersion cup shown

-

111

b cr7s
.in Fig. 2, washing any residue from the beaker into the:

4

special dispersion cup using distilled ar demineralized water,
Add more of the distilled or demineralized water, if neces-
sary, so thar the cup is more than half full. Stir for a period of
10 min.

9. Sieve Analysis

9.1 Transfer the suspension to a No. 325 (45-um) sieve,
collecting the suspension passing through the sieve for use in
the hydrometer test. Rinse the special dispersion cup with a
small amount of distilled or demineralized water and pour
through the sieve. Transfer the material on the No. 323 sieve
t0 a suitable conminer, drv in an oven at 110 = 5°C {230 =
9°F) and weigh. Record the weight.

10. Hydrometer Test

10.]1 Immediately afier dispersion and vassing through 2
No. 325 (45-um) sieve, transfer the clay-water slurry to the
glass sedimentation cylinder, and add distilled or deminer-
alized water undl the roi2l volume is 1000 mL.

10.2 Using the palm of the hand over the open 2nd of ths
crlinder (or a rubber stopper in the opea ead), tum the
cvlinder upside down and back for a period of 1 min 15

complete the agitation of the siurry (Note 3). At the end of' |

min set the cylinder in a convenient location and take hydro-
meter geadirgs ar the following iatervals of dme {measurcd
from the beginning of sedimentation), or as maay as may be
nesdad. depending on the sample or the specification for the
marenal under test: 2, 3, 13, 30, 40, 240. and 360 min. I the
controlled watsr bath is used, the sedimeniatica cviinder
should be placed in the bath berwesn the 2 and 3-min
readings.

NGTE $5—Tbe sumber of turss during this minurz saould be
approximaiaty 60, countizg the uwrn upside down and back 25 twe TurTa.
Anv clay remaining io the bontom of the cylinder during the frst few
s should be loosened by vigorous shaking of the ¢yiinder while it is
inthe iaveried positon.

10,3 When it is desired 10 ke a hydrometsr resding,
carefuily insert the hvdrometer ahont 20 o 25 s before the
reading is due, 10 approximately the depth it will have when
the reading is taken. As s00a as the reading is takan, carefully
remove the hydrometar and place it with a spinning motion
in a graduate of clean distilled or demineralized water.

NOTE 6—Ii is imporant to remove the hydrometer immediately
afier each teading. Readines shall be ken at the top of the meniscus
formed by the suspension around the stem, sincs it is not possible to
secure readings at the bontom of the meniscus.

10.4 After each reading, take the temperaturs of the
suspension by inserting a thermometer inte the suspensicn.

11. Pipe Test After Centrifuging

" 1t.1 Weigh out 2 sample of approximately 50 g of air-dry
clav. Disperse the clay in 250 mL af the dispersing agent (2
¢/L) and aliow to soak for 24 h in the same mapper as
described for the hvdrometer sample in Section 8. Disperse
the sample further using the stirring device and pass through
a No. 325 (45-um) sieve as described in Section 9. Transfer
the suspension passing through the No. 323 sieve 10 a glass
1000-ml  graduate and then dilute with distilled ot
demineralized water to within ' is. (12.7 mm) of the
1000-m]. graduation mark. Place the suspension in the




.

SEuLALE I e ConslAnl-lemperalure watel bath maintajned
at a temperature ‘of 25°C (77°F). When the suspension
reaches the temperature of the bath fifl the graduate to the
1000-mL graduation using distilled or demineralized water.

11.2 The centrifuge bottles used in this portion of the test
are illustrated in Fig. 4. Place a mark on the side of each
bottle at a level that represents a condition of the bottle filled
with 250 ml. of the clay-water suspension. This may be
accomplished by wsing a 250-mL volumettic flask filled with
water to add to each to the cenmifuge bottles for marking of
the desired level. '

. 1.3 Using the paim of the hand over the open end of the
graduate (or a tubber stopper in the open end), tumn the
cvlinder upside down and back for a period of I min as
described in 10.2, Fill one of the centrifuzs bottles to the
250-mi. calibration mark placed there previously.

11.4 Centrifuge the suspension in the bottle for 24 .45 min
a1 a corrected centrifuge speed of 500 r/min. Measure the
iemperature of the suspension afier centrifuging and record

Meniscas

the average temperature of the suspension-during centy
fuging. Place the end of the pipet 75 mm below the surface 0
the clay-water suspension as.shown in Fig. 4 and withdraw ;
5-mL specimen, Place the specimen in a tared weighing disp
and evaporate to dryness at a temperature of 110 # 5°C 23¢
* 9°F} and weigh to determine the concentration of the clay
In the suspension after centrifuging in grams per cubjc
centimetre, ’

11.5 Prepare three additional specimens of the clay-wate;
suspension in the same manner as described in 11.3 and
centrifuge at a speed of either 1000, 2000, or 2500 r/min fo;
2 period of either 23,50, 36.70, or 93.90 min, respectively,
After each centrifuging, take specimens at a depth of 75 mm
below the surface of the suspension, dry and weigh as
described in 11.4 to determine the concenwration of the clay
in the suspension in grams per cubic centimetre.

12, Calcutation
12.1 Hygroscopic Moisture Correction Factor—The hy-
1
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£ opic moisture cormection factor is the ratio betwcen the

-E:"' -ont of the oven-dried sample and the air-dry weight
A tore drying. Itis a number less than one, except when there
. g Bygroscopic moisture.
# (2.2 Fercentage of Conrse Material in Clay Sample:
12.2.1 Calculate the oven-dry weight of clay used in the
drometer analysis by multiplying the air-dry weight by the

- groscopic moisture correction factor.
712_3_2 Calculate the percentage of the clay sample that is

r than 45 pm by dividing the weight of the material

-maining on the No. 325 (45-pmum) sieve by the oven-dry
~yeight of clay used for the bydrometer experiment, and
mulﬁpiying the result by {00. .

12.3 Percentages of Clay in Suspension in Hydrometer
Experimeni—Calculate the percentage of clay remaining in
suspension at the level at which the hydrometer is measuring
the deosity of the suspension as fo[lpws (Note 7

NoTe 7—Hydrometers are easily broken and sometmes -require
cousiderable ume for purchase. The instructions for sampling using the
ppet (Section 11} may be substituted after appropriate tize interval for
sedimmentation or centrifuging has elapsed,

For Hydrometer 132H:

P, = {Ra’t) x 100

where:

a = acormrectien tactor of 1.0 to be applied to the reading
of Hydrometer 152H because the hvdrometer is cali-
bratzd for solids having a specific gravity of 2.65 and
clay is considered to have a specific gravity of 2.60,

P, = percentags of clay remalning in suspension at the level
at whick the hydrometsr measures the é2asity of the
susSTensico,

R = hydrometer reading with the composits correction
applied iSection &), and )

¥ = oven-dry weight of clay in wow! rest samples as
represented by weight of clay dispersed (s22 12.2.1), g

12,4 Diamerer of Clay Particles:
i2.4.1 Calculate the diameter of a particle ccrresponding

to the perceniagé indicated by a given hydromerer reading in
accordance with Stokes’ law (ote 8) on the basis thar a
particle of this dizmeter was at the surface of the suspension
at the beginning of sedimentation and had settled to the level
at which the hvdrometer is measuring the density of the
suspension. The particle diameter may be calculated in
accordance with Stokes” law as follows:

D = J[307/980 (G =G X {LiT)

where; .

D = diameter of particle, pm.

7 = coeficient of viscosity of the suspending medium (in
this case water) in poises (varies with changes in
temperature of the suspending medium),

L = distance from the surface of the suspension 10.the
level at which the density of the suspension is being
measured, (For a2 given hydrometer and sedimenta-
don cylinder, values vary according to the hydrometer
readings. This depth is known as effective depth. See
Table 1.}, cm,

T = ipterval of time from beginnicg of sedimentaticn to
the zaking of the reading, min,

G = specific gravity of clay particles, which is considered 10
be 2.60, and
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G, = specific gravity (relative deasity) of suspending meal
dium {value may be used as 1.000 for all practical
purposes).

Motz 8—Since Stokes' law considers the terminal velocity of a siogle
sphere falling in 2 infinity of tiquid, the sizey calculated represent the
diamerer of spheres that would fall at the same rate as the clay particies,

12.4.2 For convenience in calculations, the above aqug.
tion may be wrirten as follows:

D=KvL/T
where;
TABLE 1 Values of Efective Depth Based on Hydrometer angd
Sedimentation Cylinder of Specified Sizes4
. Hyarometer 152H
Actual Actual
Elfective Ellectve
Hydrometer Hydrometer by
Reading Ceptti, L. cm Aeading Cepth, L, om
¢} 183 3 1.2
1 130 32 i1
2 158.6 33 0.3
3 53 ko) W
< 133 3 105
3 1335
& 3.3 35 10+
7 Ti5.2 ar 0z
2 13.0 38 1G.L
3 4.3 a9 2.3
Hit) 47 <0 sr
H 143 41 3.0
12 123 42 9.4
13 4.2 43 9.2
14 145 e 9.1
15 13.3 45 2.2
13 45 3
T 47 3.8
13 43 3.4
19 49 3.3
20 20 3.1
21 2% 31 7.3
S22 12.7 52 7.8
3 12,3 53 7.5
24 12,4 54 7
25 12.2 53 T3
25 12.0 58 74
27 1.9 a7 7.0
28 11.7 58 6.8
28 11.5 53 6.5
3¢ 1.4 80 8.5

“ Values of effective depth are cakculated rom the equation:
L=i,+ il - {Vg/A)

wherg:

L = etiective depth, om, ’ .

Ly = distance akong the stem of tha hydrometer from tha top of the bub 1o e

mark for 2 hycromater reading, om,

Ly = overall length of the hydrometer bulb, cm,

Vs = volume of hydrometer bub, em®, and

A = goss-sectional area of sedknentation cyinder, am?

Values used in caknulatng the vaiues in Table 1 are as folows:

For hydrometer 152H:

L, = 10.3 cm for a reading of O g/t.
= 2.3 om for a reacing of 50 g/

Ly = 14,0 cm

Vg = 67.0cm?

A = 278 anm?



jaa-£ 2 Values of K for Use in Equation for Computing-

ﬂﬁﬁ'ﬂ? R

TABLE 3 Centrifuging Conditions®

Du.arneter of Particles Having a Specific Gravity of 2.60 in - -
Hydrometer Analysis Euivalent Corrected v emtyg‘ Centrifuging Time
Spherical Centrifuge ' at 25.0°C, tnin
Temperature, °C K Values Diameter, im Speed, rfmin , mdfs
16 0.01457 1 500 524 2345
17 0.01439 05 1000 104.7 2350
18 0.01421 02 2000 205.4 . "36.70
19 0.01403, 0.1 2500 261.8 .93.90
20 - 0.01386 - -
21 ] 0.01369 4 Caiculated on the basts that A, *= 8.4 cm and Ay = 15.9 am.
= 0.01353 ‘ .
gi g-g;‘gg: G, = specific gravity (relative density) of suspending me.
25 0.01306 cium (value changes very slightly depending upon the
28 0.01291 average test temperature); -
27 0.01277 { = centrifuging time, min,
gg g‘gg;‘; w = angular velodry, as tisted in Table 3, rad/s, and
30 0.01236 R, and R, = radii of rotation of the container placed in the

constant depending on the temperature of the suspen-
sion and the specific gravity of the clay particles.
Values ol K for a range of temperatures and the specific
gravity of the clay particles considered as 2.60 are given
in Tahle 2. The value of X does not change for a series
of readings constituting a test, while values of L and 7
do vary.

12,5 Perceniages of Clay n Suspension Afier Cenirifug-
ing—Calculate the percentage of ciay remaining In suspen-
siom a1 the level at which the pipet specimen is withdrawn 73
mm below the surface as {oliows:

P, =[(200 x W)/ x 100

K=

whers:

W, =

. = oven-dry weighi of cley in the 5-mL test specimen

removed 4l a depth of 73 mm below the surface of the
suspension afier centrifuging, g.

oven-dny weight of clay in the total test sampie as
represented by weight of clav dispersed (see 12.2.1}, g
percentage of clay remaining in suspension at the
igval al which the pipel specimen is withdrawn 75
mm balow the surface of the suspension.

Bo=

A

12.6 Diameter of the Clay Farticles—Calculats the diam-

eter of 2 particle corresponding 1o the percentage indicated
by a given pipet specimen in accordznce with Stokes' law.
reduced 1o the following form. on the basis that a particie of
this diameter was a1 the surface of the suspension before
centrifuging and had settled 1o the level a1 which the pipat
specimen is withdrawn afier centrifuging:

D = J[18a)(G — G iw?{1n(Ra/R,))

whers:

D = diameter of particle. pm,

n = coefficient of viscosity of the suspending medium (in
this case water) in poises {varies with changes in
lemperature of the suspending medium},

G = specific gravity of clay particles, which 1s considered

10 be 2.60,

centrifuge as sl:u:wmt in Fig. 4.

13. Grzph

13.1 Make a graph of the test resulis, ploming the diame.
ters of the particles on a logarithmic scaje as the abscissa and
the percentages smaller than the corresponding diameters to

. an arithmetic scale as the ordinate.

14. Report

14,1 Report the following infermaton;

14.1.1 Name or number of the clay sample,

14.1.2 Form of the sample {lumps, granular. air floated).
Percentage of hygroscopic moisture,

Egquipment used for dispersion.

Time of storage in water,

Time of dispersicn,

Type of dispersan: used, and

8 Cumulative weight percent of the sample finer than

um, 10 pm, 5 pm, 2 um, | pm, 0.5 um, 0.2 pm. and 0.1
W, respecuvely.

14.1.§ Comparison of different sampies of the same clay is
ofien simplifiad by reporting only a single size. Thus chinz -
clavs might be compared by reperting only the curnulative
weight perceni of the clay finer than 2 um. Ball clays might
be compared by reporiing only the cumulative weight
percent of the clay finer than 0.5 pm.

15. Precision and Bias

15.1 The precision for values of curmulative weight per-
cent finer than 44 pm, 10 pm, 5 pm, and 2 pm is =3 %.
However, for the values of cumulative weight percent finer
than 1 gm and 0.5 pm, the precision is =5 %.

15.2 The geometric mean diameter calculated from best
measurements for one clay should vary less than 0.2 um .
from laboratory 10 laboratory. ™

16. Eeywords
16.1 clav; panicle size



&k cr75

The American Scoiety for Tgs:.'ng'a-'id Materiais (akes na pasition resgasting the vaiidity of any patent rights assertad in connacsion
with any itam mentioed in this standard. Users of this standard are expressly sdvissd ihat determination of e valdity of any such
patent rights, and the risk of infringement of such rigits, are entiraly their own responsibility.

This standard 's subject (o revision 4t any dme by thae respansible tachnical commies and must be reviewed avery five years and
if not revised, aither roapproved or withdrawn, Your commants are invited aither for revision of this standard or for adgitional stendards
and should be addressed ta ASTM Headquarters. Your commanms will recaive careiul consideration at @ meating of the responsibie
tochnical committés, which you may attend. #f you feel that your commants have not received a fair heering you should make your
views known [0 the ASTM Committee on Standargs, 100 Barr Harbor Drive, West Conshohocken, PA 73428,



Designation: C 325 - 81 (Reapproved 2007)

il
TIONAL
ATIONAL

THA

Standard Test Method for

Wet Sieve Analysis of Ceramic Whiteware Clays’

This standard is issued under the fixed designation C 325; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the ysawof last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial chunge since the last revision or reapproval.

, Scope

1.1 This test method covers the wet sieve analysis of
sramic whiteware clays. This test method is intended for use
 testing shipments of clay as well as for plant control tests.

1.2 This standard does not purport to address all of the
afety concerns, if any, associated with its use. It is -the
esponsibility of the user of this standard to establish appro-
rate safety and health practices and determine the applica-
ility of regulatory limitations prior 1o use.

l, Referenced Documents

2.1 ASTM Standards: *

C 322 Practice for Sampling Ceramic Whiteware Clays

E 1l Specification for Wire Cloth and Sieves for Testing
Purposes:

3, Apparatus

3.1 Stirring Device—A mechanical stimer with a three-
bladed propeller 2 in. (51 mm) in diameter and having a speed
of approximately 1700 r/min, or the equivalent, shall be
provided.

3.2 Sieves—The sieves shall conform to Specification E 11
and shali include the No. 100 (150-pm), No. 140 (106-um), No.
200 (75-um) and No. 325 (45-pm) sieves (Note 1), The wire
tloth for these sieves shall be woven (not twilled) and shall be
mounted in circular metal frames 8 in. (203 mm) in diameter,
which shall be so constructed as to permit nesting of two or
more sieves. A pan and cover for the sieves shall be provided.

Note 1—Equivalent sieves from other standard series, such as the Tyler
series, may also be used. If results are to be compared with those obtained
i with sieves from the ASTM series, it is important that the openings of the

——————

"This test methad is under the jurisdiction of ASTM Committes C21 on Ceramic
Whitewares and Refated Products and {s the direct tesponsibility of Subcommitice
C21,04 on Raw Materials. )

Current edition approved June 1, 2007. Published June 2007. OQriginaliy
fpproved in 1953, Last previous edition approved in 1997 as C 323 - 81(19597)%.

For referenced ASTM standards, visit the ASTM website, www.astin.org, or
tontact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Ytandards volume information, refer to the standard’s Document Summary page on
the ASTM website,

sieves used fall within the tolerances specified in Specification E 1} for the
corresponding ASTM sieves.

4, Sampling

4.1 The sample shall be obtained in accordance with Prac-
tice € 322.

4.2 The sample as received shall be placed in a drying oven
at 100 to 110°C for a period of not less than 5 h prior to testing.

5. Procedure

5.1 Transfer duplicate portions, of approximately 250 g of
the dried clay sample, weighed to the nearest 0.1 g, to
containers of at least 2-L capacity. Wet the clay with 1 L of
water and allow to slake for 2 . If a free-flowing slurry is not
produced by this treatrment, add another 500 mL of water.

5.2 To ensure complete separation of clay from nonplastic
impurities, agitate the slurry by means of a mechanical stirrer
(3.1). Continue the stirring between 5 and 10 min. \

3.3 Transfer the slaked and stirred sample, without loss, to
the finest sieve to be employed in the test, and wash by means
of a small jet of water from a Ya-in. (6.4-mm) soft rubber hose
attached to a water supply having a pressure not in excess of
that of an ordinary city main. The force of the jet may be
controlled by compressing the end of the hose between the
thumb and forefinger, Take care to avoid loss of sample from
splashing. Continue washing until water passing through the
sieve shows only traces of sample. Should lurnpy material
remain on the screen, return the residue to the stirrer container
by careful washing with a gentle jet of water, and agitate in
approximately 1 L of water for 10 min, then wash the slurry as
previously described. .

5.4 Wash the residue remaining on the finest sieve into the
pan. Thoroughly wet the remaining sieves to be used in the test
with clear water, and nest them in the proper sequence on the
finest sicve. Wash the residue in the pan quantitatively onto the
top sieve, and give the stack a preliminary washing.

5.5 Nest the top sieve on the pan, which shall contain about
¥ in. (12.7 mm) of clear water. Wash the residue by holding
the pan and sieve firmly in the hands, and by a sidewise
movement, causing water to splash up through the sieve and
into the residue. This movement, coupled with interspersed

cmvright @ ASTM International, 100 Barr Harber Drive, PG Box C700, West Conshohocken, PA 19428-2984, United States.
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circular motions, allows thorough washing. Wash the residue
and water remaining in the pan onto the top sieve of the stack.

5.6 Again fill the pan with the proper amount of water, nest
the top sieve and ifs residue oh the pan, and repeat the
operation, Continue this until the finest sieve has been washed.
Carefully blot each sieve on its underside with a soft, damp
sponge, and place the sieve either in a drying oven at 100 to
110°C or under infrared lamps until thoroughly dry. Approxi-
mately 2 h is required with a drying oven, but only abeut 30
min with an infrared lamp set 12 in. (303 mm) above the sieve.

5.7 Nest the dried residues and sieves in the proper order,
with due care to prevent dusting of the residues. Close the stack
of sieves with a dry pan and cover, and tap the assembly lightly
for 1 min on a table top.

5.8 Separate the nested sieves and carefully brush the
residue from each onto a weighing paper. Weigh the residues to
the nearest 0.001 g on an anajytical baiance.

6. Calculation and Report

6.1 Calcuiate the sieve analysis for test sample on g, &
weight basis, and report the resuits to the nearest 0,01 g, of i
material retained on each sieve. Report the percentage passiy
the finest sieve as the difference between 100 % and the gy, o

the percentages retained on the varions sieves,

7. Precision and Bias

7.1 The true value of the particle size can be defined onlyi;
terms of a test method. Within this limitation, this test mefhy
has no known bias.

8. Keywords

8.1 clay; sieve analysis; wet sieve
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: Drying and Firing Shrinkages of Ceramic Whiteware Clays'

This standard is issued under the fixed designation C 326; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€} indicates an editorial change sinee the last revision or reapproval.

€' Note—Section 7 was added editorially in October 1997,

; Scope

{1 This test method covers the determination of linear
bhrinkage of ceramic whiteware clays, both unfired and fired.
12 This standard does not purport to address all of the
gety concerns, if any, associated with its use. It is the
Lnonsibility of the user of this standard to establish appro-
fote safety and health practices and determine the applica-
ity of regulatory limitations prior to use.

4 Significance and Use

¥2.] The purpose of this test is to obtain values of shrinkage

i drying and firing of clays or bodies or both, under various

acessing conditions to enable designers to determine the

et size of mold or die so as to produce a predetermined
of fired ware.

est Specimens

1 Test specimens shall be either round bars approximately
m in diameter by 115 mm in length, or bars of square

i Test specimens may be prepared either by casting or
ftic forming, as circumstances require. At least five speci-
B shall be prepared. For cast specimens the molds may be
it one-piece, or two- ot more-part molds; in either instance
ficient space shall be provided to allow solid casting without
Blig. Where plastic-forming is employed, the clay-water
i shail be brought to a consistency that permits the making
Becimens rigid enough to allow careful handling without
Pition immediately after the test specimen is made. Plastic-
", test specimens shall be made either by extrusion or by
Hing in a suitable metal mold. Where a vacuum pugmill is
Bl & vacuum of not less than 25 in. (635 mm) Hg shall be
lned during the forming operation. Where no vacuum
‘fl‘__' ent is used, the plastic clay shall be thoroughly hand-
854 to eliminate entrapped air as a preliminary to forming
eces,

R The test specimens, cast or plastic-formed, shall be

B test method is under the jurisdiction of ASTM Committee C-21 on
 Whitewares and Related Products and is the direct responsibility of
Eirlttee C21.04 on Clays.

Pt edition approved June 25,1982, Published August 1982, Originaily
088 C326 — 53, Last previous edition C 326 ~ 76,

suitably identified and marked with shrinkage reference lines.
100 mm apart on the long axis of the specimen.

3.4 The marked specimens shall then be placed on a lightly
oiled pallet and allowed to dry at 20 to 40°C for 24 h. During
this preliminary drying period, bars of square cross section
shall be tumed 90 deg several times at 2-h intervals to
eliminate possible warping. After the initial drying period, the
specimens shall be placed in a drying oven at 100 to 110°C and
further dried for 24 h.

3.5 The drying shrinkage of the test specimens should be
determined in accordance with Sections 4 and 5. The speci-
mens can now be fired according to a suitable firing schedule
to the desired temperature and the procedures of Sections 4 and
5 applied to determine the total shrinkage.

4, Shrinkage Measurement

4.1 Measure the distance between shrinkage reference
marks on dried or fired specimens to the closest 0.1 mm with
vernier calipers. Record the average of at least five measure-
ments (one measurement on each of five specimens).

5. Calculation

5.1 Calculate the linear drying shrinkage as a percentage of
plastic length, as follows:

L,~L
8, ==t x 100 (1
P
where:
Sy = linear drying shrinkage, %,

L, plastic length of test specimen, and
L; = dry length of test specimen.

5.2 Calculate the total linear shrinkage after drying and
firing of clay shrinkage specimens as a percentage of plastic
length, as follows:

S, = ‘—:LL——L—fx 100 2)
g1
where:
S, = total linear shrinkage after drying and firing, %,
L, = plastic length of test specimen, and
L, = fired length of test specimen.

5.3 When desired, volume shrinkage may be calculated
from linear shrinkage, as follows:

Volume shrinkage, % = [1 — (1 — §/100)*] 100 3)
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where:
S = linear shrinkage, %.

5.4 The shrinkage factor is used to convert fired sizes to
plastic sizes or mold sizes. Calculate as follows:

Shrinkage factor ='L,/L, _ “4)
where:

L, = plastic length of test specimen, and
Ly = fired length of test specimen.

6. Precision and Bias

6.1 The direction of flow in forming influences the orienta-
tion of the clay particles and the shrinkage. The shrinkage

value should be related to the method of forming as well as
dimension of the ware.

6.2 When the original reference points are 100 mm apg
the precision of the shrinkage measurement is = 0.1 %,

6.3 Measurements of drying shrinkage on cne dimension.
specimens all formed by the same method should yield
standard deviation of 0.1 % or less.

6.4 Measurement of total linear shrinkage after drying g
firing on one dimension of specimens should yield a standy
deviation of 0.25 % or less,

7. Keywords
7.1 clay; drying shrinkage; firing shrinkage
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1. Scope

1.1 This test method covers the détermination of the modu-
ms of rupture of ceramic whiteware clays both dry and after
conditioning at 50 or 80 % relative humidity, or both,

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its wse. It is the
esponsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

3. Referenced Documents

2.1 ASTM Standards: *
C 322 Test Method for Sampling Ceramic Whiteware Clays

3. Apparatus
3.1 Conditioning Cabiner—Any suitable airtight cabinet

prescribed specimens can be conditioned as desired before
testing. Specimens for dry strength shall be stored with silica
gel desiccant. Specimens for 50 % relative humidity shall be
gored over a saturated solution of sodium dichromate
(Na,CR,04-2H,0), and specimens for 80 % relative humidity
shall be stored over a saturated solution of ammonium chloride
(NH,CD.

3.2 Testing Machine—Any suitable testing machine may be
tsed, provided a umiform rate of direct loading can be

Prescribed specimens. For the support of the test specimen, two
steel bars having a diameter of 0.5-in. (12.7-mm) shall be
provided. The load shall be applied by means of a third steel
bar having a diameter of 0.5-in. (12.7-mm). All three bars are
% be smooth polished steel without surface defects such as
fratches or gouges.

—

1 7 This test method is under the jurisdiction of ASTM Committee C2Z{ on Ceramic
hitewares and Retated Products and is the direct responsibility of Subcommittes
04 on Raw Materials.

- Current edition approved Oct, 1, 2003, Published October 2003, Originally

%LFOved in 1971, Last pravious edition approved in 2003 as C 689 - 03,

-+ Por referenced ASTM standards, visit the ASTM website, www.astm.org, or

$mtact ASTM Customer Service at service@ustm.org, Far Annual Baok of ASTM

Wandurds vojume information, refer to the standard’s Document Summary page on

B0 ASTM website.

=

R

with means for circulating air, or vacuum desiccator, wherein

maintained at no more than 1 {b/min (4.4 N/min) using the

4. Test Specimen Preparation

4.1 Preparation of Extruded Specimens—100 % clay speci-
men preparation: The test sample shall be blunged with
sufficient distilled water to give completec dispersion and
produce a slip of sufficient viscosity to avoid noticeable settling
of particles (usually in the range of 25 to 50 percent solids),
Slip shall be sieved through a No. 120 (125 wm) sieve or
equivalent. After aging 24 h the slip shail be dewatered to a
plastic condition preferably by filter pressing. At this point the
meisture content must be adjusted to optimim conditions for
forming by some measure of plasticity such as Pfefferkomn
apparatus, plumb bob penetration, or other acceptable means.

- After the water of plasticity has been adjusted (usually will

range from 20 to 50 %), test specimens shall be formed by
extrusion. Where hand-operated extruder is used without
vacuum, the plastic clay shall be thoroughly hand-wedged to
eliminate entrapped air as a preliminary to forming test pieces,
Where a vacuum extruder is used, a vacuum of not less than 25
in. (635 mm) Hg shall be maintained during forming operation.

4.1.1 Clay-Flint Specimens—io be used in the case of
strong clays that are considersed bonding materials. Prepare
specimens as in 4.1 using a mixture of clay and 200 mesh
potters flint in a 1/1 raiio blend that has been thoroughly dry
mixed.

4.1.2 Solid Cast Specimens—100 % clay and clay-flint
specimens should be prepared by making a high solids slurry
deflocculated to minimum viscosity, Adjust the solids content,
of the slurry to obtain a viscosity between 100-500 cps. The
slurry should be cast in plaster molds unti! solid, and the bars
then dried in accordance to the procedure outlined in 4.3 and
4.4.

4.2 Dimension—The test specimens shall be round bars of
0.50 (12.8 mm) diameter, and at least 4.5 in. (114 mm) in
length to permit an overhang of at least 0.25 in. at each end
when mounted on the supports.

4.3 Handling and Warpage—All due precaution shall be
observed in the forming and drying to produce straight test’
specitmens. No specimen shall be used that shows a warpage
greater than 1 % of its overall length. The bars shall be checked
from time to time during drying for straightness, and before
they stiffen, corrective straightening may be encouraged by

'%mght © ASTM Intarnational, 100 Baw Harbor Drive, PO Bax CT00, West Conshohocken, BA 16438-2959, United States.
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rotating the bars so that drying occurs from another surface
region. Defective bars due to warpage, flaws, or voids shall be
rejected.

4.4 Drying and Storage—The extruded specimens shall be
placed on a lightly oiled pallet and allowed to dry at room
atmospheric conditions 68 to 104°F (20 to 40°C) for 24 h, Then
the specimens shall be dried in a drier at 140°F (60°C) and low
relative humidity for & h, or until moisture content is less than
0.5 %. The bars shall be loosely stacked in the desiccator to
permit rapid cooling. Bars should be cooled to near room

‘temperature but not longer than one (1) hour, After the initial

drying period, the specimens for dry strength shall be further
dried at 212 to 230°F (100 to 110°C) for 24 h and then cooled
in a desiccator before testing. The bars shall be loosely stacked
in the desiceator to permit rapid cooling. Bars should be cooled
to near room temperature but not longer than one (1) hour

After the initial drying, the specimens for testing at 30 or 80 %

relative humidity shall be placed into the conditioning cabinet
with circulating air (or in partial vacuum) with a saturated
solution of sodium dichromate or ammonium chloride, respec-
tively, and in each case, stored for 24 h to allow equilibrium
conditions to be reached.

5. Procedure

5.1 Test at least ten specimens at room temperature for each
condition, whether dry or conditioned, at 50 or 80 % relative
humidity.

5.2 Remove the test specimen from storage, one at a time,
and immediately place on the round bar supports of the testing
machine. These supports shall be spaced 4 in. (102 mm) apart,
depending on the type machine and type clay, and test
specimen must overlap each support by at least 0.25 in. (6.4
mm). Apply the load at right angles to the specimen and
midway between the supports. Apply the load at a uniform rate
not to exceed ! lb-f'min (4.4 N/min) until failure occurs. The
loading rate should be such as fo cause fajlure in approximately
one minute. Measure the diameter at the break to the nearest
0.001 in. (0.03 mm). Use the average of at least three diameter
readings around the bar,

6. Calculation

6.1 Calculate the modulus of rupture for each specimen as
follows:

M= 8PLind’ ay

where:
M

I

modulus of rupture, psi (or MPa},

P = load at rupture,.ibf {or N},

L = distance between supports, in. = 2.0 or 4.0 (51 or {1
mm), and

d = diameter of specimen, in. {or mm),

7. Report

7.1 Report the following information:

7.1.1 Identification of the material tested,

7.1.2 Data and computed modulus of rupture for eac
specimen,

7.1.3 Adjusted average of the computed modulus of rupture
values (discarding those values from the bars which, upon
inspection, show obvious defects), or deviate more than + 10y,
from the adjusted avaerage. Average again,

7.1.4 Drying and storage conditions; that is, whether the teg:
specimens were bone dry, or conditioned at 50 or 80 % relative
humidity,

7.1.5 Percent moisture of extruded bars,

7.1.6 Nominal diameier of bars,

7.1.7 Length of span (distance between supports).

7.2 The report may also include:

7.2.1 Percent moisture of each specimen at testing,

7.2.2 Description of type of fracture and the behavior unde
load of each specimen,

7.2.3 Name and rating of the machine used to make the tes
and

7.2.4 Curve sheet showing the individual values of module
of rupture arranged in ascending order.

8. Precision and Bias

8.1 Precision-—The precision of this test method is approx
mately £10 % of the average modulus of rupture value for tt
bone dry specimens when the measurements are made by 4
experienced operator.

8.2 Bias—The bias of this test method cannot be specifie

9. Keywords
9.1 clay; modulus of rupture
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1. Scape

1.1 This test method covers procedures for determining
water absorption, bulk density, apparent porosity, and apparent
specific gravity of fired unglazed whiteware products.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Significance and Use

2.1 Measurement of density, porosity, and specific gravity is
a tool for determining the degree of maturation of a ceramic
body, or for determining structural properties that may be
required for a given application.

3. Apparatus and Materials

3.1 Balance, of adequate capacity, suitable to weigh accu-
rately to 0.01 g.

3.2 Oven, capable of maintaining a temperature of 150 *
5°C (302 = 9°F).

3.3 Wire Loop, Halfer, or Basket, capable of supporting
specimens under water for making suspended mass measure-
ments. '

3.4 Container—A glass beaker or similar container of such
size and shape that the sample, when suspended from the
balance by the wire loop, specitied in 3.3, is completely
immersed in” water with the sample and the wire joop being
completely free of contact with any part of the container.

3.5 Pan, in which the specimens may be boiled.

3.6 Distilled Warer.

4. Test Specimens

4.1 At least five representative test specimens shall be
selected. The specimens shall be unglazed and shall have as
much of the surface freshly fractured as is practical. Shatp

! This test method is under the jurisdiction of ASTM Commistee C21 on Ceramic
Whitewares and Reluted Products and is the direct responsibility of Subcommittee
€21.03 on Methods for Whitewares and Environmental Concerns.

Current edition approved Feb. (5, 2006, Published February 2006. Originally
appraved in 1955, Last previous edition approved in 1999 as C 373 - 88 (1999}

edges or comers shall be removed. The specimens shall contain
no cracks. The individual test specimens shall weigh at least 50

g.
5. Procedure

5.1 Dry the test specimens to constant mass (Note 1) by
heating in an oven at 150°C (302°F), followed by cooling in a
desiccator. Determine the dry mass, D, to the nearsst 0.01 g.

Nome 1—The drying of the specimens to constant mass and the
determination of their masses may be done either before or after the
specimens have been impregnated with water. Usually the dry mass is
determined before impregnation, However, if the specimens are friable or
evidence indicates that particles have broken loose during the impregna-
tion, the specimens shall be dried and weighed after the suspended mass
and the saturated mass have been determined, in accordance with 5.3 and
5.4, In this case, the second dry mass shall be used in all appropriate
calculations.

5.2 Place the specimens in a pan of distilled water and boil
for 5 h, taking care that the specimens are covered with water
at all times. Use setter pins or some similar device to separate
the specimens from the bottomn and sides of the pan and from
each other, After the 5-h boil, allow the specimens to soak for
an additional 24 h.

5.3 After impregnation of the test specimens, determine to
the nearest 0.01 g the mass, §, of each specimen while
suspended in water. Perform the weighing by placing the
specimen in a wire leop, halter, or basket that is suspended
from one arm of the balance, Before actually weighing,
counterbalance the scale with the loop, halter, or basket in
place and immerse in water to the same depth as is used when
the specimens are in place, If it is desired to determine only the
percentage of water absorption, omit the suspended mass
operation.

5.4 After the determination of the suspended mass or after
impregnation, if the suspended mass is not determined, blot
cach specimen lightly with a meistened, lini-free linen or
cotton cloth to remove ali excess water from the surface, and
determine the saturated mass, M, to the nearest 0.01 g. Perform
the blotting operation by rolling the specimen lightly on the
wet cloth, which shall previously have been saturated with
water and then pressed only enough to remove such water as
will drip from the cloth. Excessive blotting will introduce error

Capyright ® ASTM International, 100 Barr Harbor Drive, PO Box G700, West Canshohbcken. PA 19428-2069, United States.
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by withdrawing water from the pores of the specimen. Make
the weighing immediately after blotting, the whole operation
being completed as quickly as possible to minimize errors
caused by evaporation of water from the specimen.

6. Calculation

6.1 In the following calculations, the assumption is made
that 1 cm® of water weighs 1 g. This is true within about 3 parts
in 1000 for water at room temperature.

6.1.1 Calculate the exterior volume, V, in cubic centimetres,
as follows:

VM-S, _ (0

6.1.2 Calculate the volumes of open pores Vi, and imper-
viouns portions Vip in cubic centimetres as follows:

Vop=M~—D (2

Ve=D-8§ ©)

6.1.3 The apparent porosity, P, expresses, as a percent, the

relationship of the volume of the apen pores of the specimen to
its exterior volume. Calculate the apparent porosity as follows:

P = [(M — D)/V] X 100 )
6.1.4 The water absorption, A, expresses as a percent, thg

relationship of the mass of water absorbed to the mass of the
dry specimen. Calculate the water absorption as follows:

A= [(M—~ D)YD] X 100 (5

6.1.5 Calculate the apparent specific gravity, T, of lh

portion of the test specimen that is impervious to was,

follows: '
T=DID -5

6.1.6 The bulk density, B, in grams per cubic centimetys

a specimen is the quotient of its dry mass divided g }

exterior volume, including pores. Calculate the bulk density
follows:

8 =DV

7. Report

7.1 For each property, report the average of the vy
obtained with at least five specimens, and also the indivig
values. Where there are pronounced differences among
individual values, test another lot of five specimens and,
addition to individual values, report the average of aj
determinations.

8. Precision and Bias

8.1 This test method is accurate to 0.2 % water absorpt
in interlaboratory testing when the average value recorded
all laboratories is assumed to be the true water absorption, *

- precision is approximately £0.1 % water absorption on

surements made by a single experienced operator.

9. Keywords

9.1 apparent porosity; apparent specific gravity; bulk ¢
sity; fired whiteware products; water absorption
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1 1A

INTERNATIONAL

Standard Test Method for

Specific Gravity of Fired Ceramic Whitewafe Materials’

This standard is issued under the fixed designation C 329; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the yeqr of last revision. A aumber in parentheses indicates the year of last reapproval, A
superscript epsilon () indicates an editorial ¢hange since the last vevisioa or reapproval,

1. Scope

+ 1.1 This test method covers the determination of specific
gravity of fired ceramic whiteware materials under prescribed

conditions.

Nots |—This test methed is not applicable to materials attacked by
water. '

1.2 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the
responsibility of the user of this standdrd to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: *

D 153 Test Methods for Specific Gravity of Pigments

E 1l Specification for Wire Cloth and Sieves for Testing
Purposes

‘3. Significance and Use

3.1 Measurement of specific gravity is a tool for determin-
ing the degree of maturation of a ceramic body.

4. Apparatus and Materials

4.1 Analytical Balance and Weights.

4.2 Pycnometers, of 50-mL capacity, consisting of suitable
bottles with capillary tube stoppers.

4.3 Thermometer, calibrated at 0.5°C intervals in the room
lemperature range.

4.4 Drying Oven,

4.5 Weighing Bottle,

4.6 Desiccator.

4.7 Vacuum Source—A suitable apparatus to produce a
vacuum equivalent to an absolute pressure of less than 1.0-in.
(25.4~-mm) Hg.

" This test methed is under the jurisdiction of ASTM Committee C21 on Ceramic
Whitewures and Related Products and is the direct responsibility of Subcommittes
C21.03 on Methods for Whitewares and Environmental Concerns,

Current edition approved Feb. 15, 2006, Published February 2006, Originally
pproved in 1933, Last previous edition approved in 1999 as C 329 — 88 {1999).

% For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standgrds volume information, refer to the standard’s Document Summary page on
the ASTM website.

4.8 Distilled Water, that has been freshly evacuated, or
boiled and cooled, to remove dissolved air,

5. Sample Preparation

5.1 When possible, the sample for test shall consist of at
least two pieces totaling 100 to 150 g taken from different
portions of the material in such a way as to exclude skin
surfaces in so far as possible. The sample shall be selected so
as {0 be representative of the material to be tested.

5.2 The pieces shall be crushed, if necessary, between
hardened steel surfaces. The specimen shall then be reduced to
25 to 50 g by quartering, and any magnetic material introduced
by ¢rushing shall be removed. This specimen shall be ground
in a suitable mortar so that it will pass a 150-um (No. 100)
sieve, conforming to Specification E 11, or ity equivalent. Care
shall be taken at all stages of the crushing, grinding, and
quartering to minimize the introduction of impurities and retain
all material even though difficult to grind.

4. Procedure

6.1 Make all determinations in duplicate. Determine all
weights in this procedure to the nearest 0.0001 g,

6.2 Place the ground specimen in a glass weighing bottle
and dry to constant weight at 105 to 110°C. Close the bottle
with a glass stopper immediately upon removal from the oven.

6.3 Dry the pycnometer and stopper at 105 to 110°C, cool to
rootn temperature in & desiccator, weigh on an analytical
balance; and record the weight as p. Fill the pycnometer bottle
with distilled water at room temperature, ¢, insert the stopper,
and remove the excess water on the tip of the capillary by
means of filter paper. Weigh the pycnometer and contents and
record the weight as W,. Empty and dry the pycnometer.

6.4 Place about 8 to 12 g of the dried specimen in the dry
pycnometer; weigh the pycnometer, stopper, and specimen and
record the weight as W, Add distilled water until the bottle is
approximately one half full, and, to remove entrapped air, first
stir the specimen and water thoroughly with a glass rod. Then
remove the glass rod, using a small quantity of distilled water
to wash back into the pycnometer any particles of specimen
adhering to the rod. Finally subject the specimen and water to
a reduced air pressure of less than 1.0-in. (25.4-mm) Hg (abs).

Note 2—A suitable method for evacnation of gas is described in 5.5 of
Test Methods D 133,

Cﬂwright @ ASTM International, 100 Barr Harbor Drive, PO Box G700, West Conshohocken, PA 19428-2984, United StaEes.
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TABLE 1 Absolute Density of Water

Temperature, Absolute Density, g/om3 T —
°© 0 1 2 i 4 5 6 7 8 5
0 0999841 0999000 0999941 0999965 0099973 0999065 0999941 0999902 0999840 Qg
10 0.999700  0.999605 0999498 0999377 0999244 0599093  0.098943 0998774 0998585  (ggp .
20 0998203  0.997992  0.997770 0997538 0997206 0997044 0996783 0996512 0996232 (g y
30 0.995 646 i
_._.__':_._
6.5 Fill the bottle, after evacoation with distilled water at G={(W—pll(W, —p)— (W, — W] (
room temperature, £, inSeFt the stopper, and remove the excess Absolute density = [G (d — a)] + a
water on the tip of the capillary by means of filter paper. Weigh
the pycnometer and contents, and record the weight as W,. where: _ ) ) .
6.6 Temperatures ¢, and t, shall be reported to the nearest ~ G = specific gravity with respect to water at temperature
0.5°C and shall not differ by more than 5°C. d = absolute density of water (from Table |} at temperay,
t,
7. Calculation a = absolute density of air (from Table 2) at temperatyre
. . . d '
7.1 Calculate the specific gravity with respect to water at an . .
t =
4°C, as follows: | temperature at which all weighings were made.
Specific gravity = (W = ) [@)]
pectic 8 09095 T3AW, — p) — d (W, — W)} 8. Report
where: 8.1 Report the following information:
d, = absolute density of water (from Table 1) at ternpera- 8.1.1 Designation of the material tested,

ture 1, (6.3),

d, = absolute density of water (from Table 1) at tempera-
ture #; (6.5),

p = weight of the stoppered pycnometer (6.3},

W = weight of the stoppered pycnometer and- specimen
{6.4),

W, = weight of the stoppered pycnometer filled with water
{(6.3), and :

W, = weight of the stoppered pycnometer, specimen, and
water (6.5).

7.2 The absolute density of the specimen may be deter-
mined by following the directions in Section 6, but making
certain that all weighings are made at identical temperatures
and in a dry atmosphere. If this precaution is taken, the
absolute density may be calculated as follows:

8.1.2 Data sheet showing all weights and water temper
tures. If the absolute density is required, air temperatures sh

. also be shown, and

8.1.3 Specific gravity {(or absolute density, if require
Duplicate determinations shall be reported to the nearest 0.0

9. Precision and Bias

9.1 It is generally accepted that duplicate determinatic
should not differ by more than 0.005. Additional speci
information to support a precision and bias statement is not 3
available.

10. Keywords
10.1 fired ceramic whiteware materials; specific gravity

TABLE 2 Absolute Density of Dry Air at 760-mm Hg

Temperature, Absolute Density, g/iem®
°C 0 1 2 3 4 5 6 7 8 8
o] 0.001 293 0.001 288 0,001 264 0.001 279 0.001 274 0.001 270 0.001 265 0.001 261 0.001 256 0.0012
10 0001247 0001243 0001239 0001234 0001230 0001226 0001221 0001217  0.001213 00012
20 0.001 2058 G.001 201 0.001 186 0.001 192 0.001 188 0.001 184 0.001 180 0.001 17§ (.001 173 0.001 1

0.001 185
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INTERNATIONAL

Standard Test Method for

ﬂ[‘lb? Designation: C 773 — 88 (Reapproved 2006)

Compressive (Crushing) Strength of Fired Whiteware

Materials’

This standard is issued under the fixed designation C 773; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superseript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers two test procedures (A and B)
for the determination of the compressive strength of fired
whiteware materials.

1.2 Procedure A is generally applicable to whiteware prod-
ucts of low- to moderately high-strength levels (up to 150 000
psi or 1030 MPa).

1.3 Procedure B is specifically devised for testing of high-
strength ceramics (over 100 000 psi or 690 MPa).

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: ?

£ 4 Practices for Force Verification of Testing Machines

E 6 Terminology Relating to Methods of Mechanical Test-
ing :

E 165 Test Method for Liquid Penetrant Examination

3. Significance and Use

3.1 Resistance to compression is the measure of the greatest
strength of a ceramic material. Ideally, ceramics should be
stressed this way in use. This test is a measure of the potential
load-bearing usefulness of a ceramic.

! This test method is under the jurisdiction of ASTM Commitiee C21 on Ceramic
Whitewares and Related Products and is the direct responsibility of Subcommittes
€21.03 on Methods-for Whitewares and Environmental Concerns.

Current edition approved Feb, 15, 2006. Published February 2006, Originally
approved in 1974 to replace C 407 and C 528. Last previous edition approved in
1999 as C 773 - 88 (1999).

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

PROCEDURE A

4. Apparatus

4.1 Testing Machine—Any testing machine conformin
Practices 4 and to the reguirements for speed of te
prescribed in Sections 5 and 12 of this test method, ma
used. . '

4.2 Spherical Bearing Block—In vertical testing machi
the spherical bearing block shall be spring-suspended fron
upper head of the machine in such a manner that the y
platen of the machine (lower face of the spherical bea
block) remains in-a central position (spherical surfaces in
contact) when not loaded. The spherical surfaces shall be
lubricated, and the center of curvature shall lie on the Ic
face of the platen. The diagonal or diameter of the platen
be only slightly greater than the diagonal of the 1Y
(38.1-mm) square contact blocks to facilitate accurate cei

ing of the specimens.

4.3 Contact Blocks—Cold-rolled steel contact blocks
be used between the test specimen and the platens of
machine. These blocks shall be 1% in. (38.1 mm) square b
to ¥4 in. (15.9 to 19.1 mm) thick, and the contact faces sha
surface ground until plane and parallel. The contact bl
shall be resurfaced, if necessary, after each strength test,
may be reused only so long as the thickness remains over !
(12.7 mm). If the contact block is cracked during testin
shall be replaced.

4.4 Cushion Pads—Cushion pads shall be used betweer
test specimens and the contact blocks to aid in distributing
load. New cushion pads shall be used for each specir
Suitable materials for cushion pads, selected in accord
with the compressive strength range of the material b
tested, are shown in the following table:

Compressive Strength Range, psi (MPa) Cushion Pad

biotting paper, Vas in. {0.4 mml) thi
milt steel, Yaz in. (0.8 mm) thick {
HRB max)

5000 to 50 000 incl (34.5 to 345)
Qvar 50 000 to 150 000 incl (345 to
1030.0)

Copyright @ ASTM Internaticnal, 100 Barr Harbor Drive, PO Box G700, West Conshohacken, PA 19428-2858, United States.
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5, Procedure

5.1 Dye-check specimens in accordance with Test Method
E 165 before testing. Discard any pieces exhibiting cracks or
flaws visible to the unaided eye.

5.2 Clean the test specimens with a suitable solvent after
grinding and immerse in an ultrasonic bath filled with hot
detergent solution. Then rinse specimens in hot water, dry at
110 = 2°C (230 % 4°F) for 2 h and cool to room temperature
in a desiccator, '

5.3 Carefully center the specimen in the machine between
the contact biocks. Place an appropriate guard around the
gpecimen to contain flying fragments at failure; eye protection
should be used by the operator.

5.4 Apply the foad continuousty and without impact shock
until ultimate failure. The rate of loading to be used shall
depend on the compressive strength of the material being
tested, as shown in Table 1, '

6. Calculation

6.1 Calculate the compressive strength of each specimen as
follows:

C= P4 . H

where:

C = compressive strength of the specimen, psi or MPa;

P = total load on the specimen at failure, Ibf or N; and

A = calculated area of the bearing surface of the specimen,
in.* or mm?,

7. Report

7.1 Report the following information:

7.1.1 The procedure nsed,

7.1.2 Type of testing machine (hydraulic or screw),

7.1.3 Material and size of contact blocks or of cushioning
materials,

7.1.4 Description of material being tested (Note 1),

7.1.5 Rate of loading,

7.1.6 Number of specimens tested,

7.1.7 Dimensions and load at failure of each specimen, and

7.1.8 Compressive strength of each specimen tested,
rounded off to the nearest 100 psi (1.0 MPa), together with the
_average compressive strength of the sample tested and the
standard deviation.

Note 1—It is desirable to include detalls of the origin of the specimen

TABLE 1 Typical Loading Rates to Cause Failure in 1 min

Note 1—The loading rate of 16 000 lbf/min (70 kiN/min) shali be used
for the first three tests of an unknown material to determine the general
strength classification group. Some specimens crack before ultimate
failure; the load at which the first audible crack occurs shall be noted, but
only the load on the specimen at ultimate failure shall be used for
c_ﬂlﬁulation of compressive strength.

Compressive Strength, psi  Specimen Diameter, in. Loaging Rate, bfimin (kN/

and subsequent treatment.

8. Precision and Bias

8.1 Interlaboratory Test Data—An interlaboratory test was
run in 1979 in which randomly drawn samples of six materials
were tested in each of five laboratories. One operator in each
laboratory tested ten specimens of each material. The compo-
nents of variance for compressive strength results expressed as
coefficients of variation were calculated as follows:

Single-operator compongnt
Between-laboratory componant

1.50 % of the average
8.80 % of the average

8.2 Critical Differences—For the components of variance
reported in 8.1, two averages of observed values should be
considered significantly different at the 95 % probability level
if the difference equals or exceeds the following critical
differences listed below:

Critical Difference, % of Grand Average*
Single-Operator Between-Laboratory
Precision Precision

Number of Qbserva-
tions in Each Avarage

10 4,16 24.40

A The critical differences were calculated using t= 1,960 which is based on
Infinite degrees ot freedom.

8.3 Confidence Limits—For the components of variance
noted'in &.1, single averages of observed values have the .
following 95 % confidence limits:

Width of 95 % Confidence Limits, Percent of the
Grand Average”

Single-Operator Between-Laboratery
Preclsion Pracisfon

Number ot Observa-
tions in Each Average

10 +2.94 +17.26

AThe confidence limits were calculated using t= 1.960 which is based on
Infinite degrees of freedom.

8.4 Bias—No statement on bias is being made due to lack of
an accepted standard reference material.

9. Test Specimens

9.1 Preparation——The test specimens shall be right cylin-
ders, They may be formed and matured for the purpose of
compression testing, or they may be cut from matured whitew-
are by sawing or coredrilling. The ends of all specimens shall
be ground or lapped to yield plane and parallel faces. These
faces shall be perperidicular to the axis of the specimen, and
parallel within 15 min of arc (0.044 rad).

9.2 Size—The size of the specimen should be no larger than
to require more than 80 % of the rated capacity of the testing
machine. Examples of specimen size limitations are shown in
Table 2.

TABLE 2 Maximum Specimen Diameter in Inches (Millimetres} to
Use 80 % of Rated Capacity of Testing Machine

Nate I—The ratic of length to diameter of the test specimens may vary
between 1.9 and 2.1. Diameters shall be measured to the nearest 0.00} in.
{0.03 mm).

Testing Machine Capacity, ot (kN)

Maximum Compressive

iea) ) it Svengh, o e) 10000 (44) 20000 66) 50000 134
10 000(69) 1.00(25.4) 8000(35) 10 000(89) 1.0(25.4) 1.43(36.3) 1.75(44.4)
50 000(348) 0.64(18.3) 16 000(7C) 50 000(345) 0.45(11.5) 0.64(16.3) 0.78(19.8)
150 000(1024) 0.45(11.5) 24 000(1G5) . 150 000{1034) 0.26(6.8) 0.37(9.4) 0.45(11.5)
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9.3 Number of Specimens—The number of specimens shall
not be less than ten.

PROCEDURE B

10. Apparatus ,

10.1 Testing Machine—Any fixed-head testing machine
conforming to Practices E 4 and to the requirements for speed
of testing prescribed in 12.3 may be used. A spherical head
must not be used.

10.2 Bearing Plates—Hardened steel 60 HRC bearing
plates shall be used between the contact cylinders and the
platens of the machine. These plates shall be approximately 2.5
in. (63.5 mm) in diameter by 1 in. (25.4 mm) thick, The contact
faces shall be surface ground until flat and parallel within 0.001
in. (0.025 mm) total indicator reading. The bearing plates shall
be resurfaced as necessary to retain their tolerance and to
remove any surface damage resulting from testing high-
strength materials.

10.3 Contact Cylinders—Ceramic contact cylinders of the
same material as the specimens to be tested shall be used
between the bearing plates and the test specimen to aid in
distributing the load and to minimize detrimental “end effects.”
These contact cylinders shall be ¥4 in. (12.7 mm) high and %
in. (15.9 mm) in diameter. The contact faces shall be flat and
parallel to within 0.0005 in. (0.013 mm) total indicator reading.
Two new contact cylinders should be used for each specimen to
prevent a damaged contact cylinder failing prematurely and
thereby giving an erronecus reading. By using contact blocks
made of the same, or similar, material as the test specimen
itself there is less deformation and less frictional resistance at
the interfaces.

Nots 2—Ceramic contact cylinders of similar composition to that of
the test specimen may be used so long as the contact cylinders have a
similar elastic modulus and equal or higher tensile strength to that of the
test specimen.

11. Test Specimens

11.1 Preparation—Grind the test specimens to right ¢y
ders. Grind the ends of all specimens with 2 100-grit or g
diamond wheel, until parallel and perpendicular to the 4
within 0.0005 in. (0.013 mm) total indicator reading,

11.2 Clean the test specimens with a suitable solvent 4
grinding and follow by immersion in an ultrasonic bath
with hot detergent solution. Then rinse the specimens in
water, dry at 110 = 2°C (230 £ 4°F) for 2 h and cool to 1g
temperature in a desiccatot.

Note 3—In the event that water-sensitive specimens, such as Mg0
being cleansed, a substitute for water should be used.

11.3 Size—Specimens shall be 0.250 + 0.001 in. (6.35
0.025 mm) in diameter and 0.500 = 0.002 in. (12.70 * ¢
mrm) in length.

11.4 Number of Specimens—The number of test specim
shall be not less than ten.

12. Procedure

12.1 Dye-check specimens and contact cylinders in ac
dance with Test Method E 163 before testing. Discard any p.
exhibiting cracks or flaws visible to the unaided eye.

12.2 Center the specimen carefully in the machine betw
the bearing plates (Fig. 1) to avoid eccentric loading. Place
appropriate guard around the specimen to contain fly

fragments at failure; eye protection should be used by

operator.

12.3 Apply the load continuously and without impact sh
at a rate of 10 000 1bf/min (45 kN/min), within 20 %. Use ¢
the load on the specimen at ultimate failure for calculatior
the compressive strength.

13, Keywords
13.1 compressive strength; fired whiteware materials
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FIG. 1 Apparatus for Testing Compressive Strength
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United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at §10-832-9585 (phons), 610-832-9555 (fax), or service@astm.org (e-mall); or through the ASTM website

(www.astm.crg).
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Designation: C 837 — 99 (Reapproved 2003)

T
INTERNATIONAL
Standard Test Method for
1
Methylene Blue Index of Clay
This standard is issued under the fixed designation C 837; the number immediately following the designation indicates the year of
original adaption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript gpsilon (€) indicates an editoriai change since the last revision or reapproval.
1. Scope

1.1 This test method covers the measurement of the adsorp-
tion of methylene blue dye by a clay, which is calculated as a
methylene blue index for a clay.

1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It Is the
responsibility of the user of this standard o establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use,

2. Referenced Documents

2.1 ASTM Standards:
C 324 Test Method for Free Moisture in Ceramic Whitew-
are Clays?

3. Significance and Use

3.1 Tests run on many clays generally indicate that a
straight-line relationship exists between the methylene blue
index (MBI) and such fundamental clay properties as cation
exchange capacity, dry bond strength, and casting rate. Where
the colloidal portion of the clay is kaolinite, there is also a
direct correlation with specific surface (as determined by
nitrogen adsorption). Where the colloidal portion contains
significant amounts of illite or montmorillonite, the same close
correlation does not exist. The MBI better correlates with the
ceramic-forming properties than does the specific surface.

3.2 That portion of a clay lying within the colloidal range
{(generally defined as the 0.5- to 0.001-um range), determines
the strictly colloidal properties of the clay and, together with
the amount and type of organic material associated with the
clay and the 2- to 0.2-pun fraction, largely determines the
properties of the clay when used in ceramic-forming processes.
While the specific surface of a clay is a function of the particle
size and morphology and a relationship exists between-dye
adsorption and specific surface, the MBI should not be con-
sidered to be a particle size analysis since the value obtained is
dominated by the character of only the very fine end of the

! This test method is under the jurisdiction of ASTM Committee C-21 on
Ceramic Whitewares and Related Products and is the direct responsibility of
Subcommittea C 24,04 on Clays.

Current edition approved Oect. |, 2003, Published Cctober 2003, Originally
approved in 1976, Last previous edition approved in 1999 as C 837 - 99.

2 Annual Book of ASTM Standards, Vol 15.02.

particle size distribution, This procedure describes the detey.
mination of the dye adsorption (in this case, methylene blue) of

a clay.

4, Apparatus

4.1 Balance, accurate to 0.01 g,

4.2 Mixer? _

4.3 pH Meter or pH Paper.

4.4 Beaker, 600 ml..

45 Buret, 25 mL. .
4.6 Medicine Dropper or Glass Stirring Rod.
.47 Filter Paper, Baroid No. 987.

5. Reagents

5.1 Purity of Reagents—Reagent grade chemicals shail be
used in all tests. Unless otherwise indicated, it is intended tha
all reagents shall conform to the specifications of the Commit
tee on Analytical Reagents of the American Chemical Society
where such specifications are available.” Other grades may be
used, provided it is first ascertained that the reagent is o
sufficiently high purity to permit its use without lessening th
accuracy of the determination.

5.2 Purity of Water—Unless otherwise indicated, reference:
to water shall be understood to mean distilled waier or water o
equal purity.

5.3 Methylene Blue Solution (1 mL = 0.01 meq)*—Store i
darkness.

5.4 Sulfuric Acid (0.1N).

6. Procedure

6.1 Weigh out 2.00 g of c¢lay that has been dried |
accordance with the procedure in Test Method C 324 and plac

A This test method {s based on the use of the Model F Lighinin mixer, which
available from Mixing Equipment Co., Inc., Rochester, NY. However, it has be¢
found that some clays are not completely dispersed in this apparatus, and so0 resl_lf
may be spurious. [t has been found that the Waring Blender, available fram Warir
Products Division, Dynamics Corparation of America, New Hartford, CT 06057,
successful in dispersing atl clays.

* Available from Baroid Div,, National Lead Co., No. 425-15. )

% Reagent Chemicals, American Chemical Society Specifications. Ament
Chemical Society, Washington, DC. For suggestions on the testing of reagents
listed by the American Chemical Society, see Anafar Standards for Laboral?
Chemicals, BDH Lid., Poole, Dorset, UK., and the United States Phurmacopé
and Nationa! Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockv!l
MD.

Copyright @ ASTM International, 100 Barr Harbor Driva, PO Box C700, West Conshohacken, PA 19428-2958, United States.
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jme 600-mL beaker. If the clay cannot be tested immediately
\ier drying, it should be stored in a desiccator.
6.2 Add 300 mL of distilled water to the beaker and stir with
¢ mixer until the clay is uniformly dispersed.
163 Determine the pH of the slurry and add suvfficient
jifuric acid to bring the pH within the range from 2.5 to 3.8.
Jontmue stirring while the pH is being adjusted and continue
jiming for 10 to 15 min after the last addition of acid.
.64 Again test the slurry for pH, adding additional abid if
swessary to restore the pH to the 2.5 to 3.8 range.
i6.5 With the slurry still under the mixer, fill the buret with
he methylene blue solution, add 5 ml of the solution to the
ity, and stir for 1 to 2 min,
46.6 Remove a drop of the slurry, using the dropper or the
Juss stirring rod, and place on the edge of the filter paper.
167 Observe the appearance of the drop on the filter paper.
the end point is indicated by the formation of a light biue halo
;eund the drop. Continue adding the methylene blue solution
ythe sturry in [.0-mL increments with 1 to 2 min of stirring
{fer each addition, then testing, until the end point is reached.
“or ball clays with refatively high methylene blue indexes,
sting may start after two or even three 5-mL additions have
¥en made to save time, Aliow 1 1o 2 min of stirring after each
jmL ingrement.
. 6.8 After the end point is reached, continue stirring for 2
gin and retest.

“{Note 1-—Greater precision can be obtained by using larger samples

.,P
o e o

with only minor influence on the value obtained.

7. Calculation
7.1 Caleculate the methylene blue index as follows:

]VEBI—EXV 10
= —pr— %X 100

where:

MBI = methylene blue index for the clay in meq/100 g clay,

E = milliequivalents of methylene blue per millilitre
(see 5.3),

V' = millilitres of methylene blue solution required for
the titration, and

W = grams of dry material.

7.2 The caiculations may be facilitated by using a multipli-
cation factor where the specimen size is 2.00 g and the
methylene blue titrating solution is 0.01A"

01XV
MBI = 9——0—2——- » 100
=035V
7.3 Record the methylene blue index for the clay.

8. Precision and Bias

8.1 The precision of this test method is the calculated
methylene blue index (MBI) = 0.25 meq/100 g clay. The MBI
value cannot be directly related to any single, simply measured,
characteristic of the clay; thus the bias of this test method
cannot be specified.

ASTM International takes no position respecting the validlly of any pateni rights asserted in connection with any ltem mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights. are entirely their own respansibility.

; This standard is subfect to revision at any time by fhe responsible technical committee and must be reviewed every five years and
i if not revised, either reapproved or withdrawn, Your commenis are invited either for ravision of this standard or for additional standards

fe and should be addrassad to ASTM International Meadquarters. Your comments will receive careful consideration at a meeting of the

responsible technical commitfee, which you may attend. If you feel that your comments have not recaived a fair hearing you shouid
make your views known-{o the ASTM Committee en Standards, at the address shown below.

This stanidard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2958,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 510-832-9585 (phone), 610-832-9555 (fax), or service@asim.org (e-mail); ar through the ASTM website

]
¢
é {www.astm.org).
i
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INTERNATIONAL

Designation: D 1921 - 06

Standard Test Methods for

Particle Size (Sieve Analysis) of Plastic Materials’

This standard is issued under the fixed designation D 1921; the number immediately following the designation indicates the year of
original adeption or, in the casé of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the' last revision or reapproval.

1. Scope*

1.1 These test methods cover the measurement of the
particle size of plastic materials in the powdered, granular, or
pelleted forms in which they are commonly supplied. As these
test methods utilize dry sieving, the lower limit of measure-
ment is considered to be about 38 um (No. 400 sieve). For
smaller particle sizes, sedimentation test methods are recom-
mended,

1.2 Two test methods are described:

1.2.1 Test Method A-~This test method uses multiple sieves
selected to span the particle size of the material. This method
is used to determine the mean particle diameter and particle
size distribution.

1.2.2 Test Method B—This test method is an abbreviated
version of Test Method A conducted with a few specific sieves.
This test method determines “percent passing” or “‘percent
retained” on a given sieve. Test Method B is applicable to
materials which do not have a normal particle size distribution
such as pellets and cubes.

1.3 The values stated in SI units shall be considered
standard for dimensions of the wire cloth openings and the
diameter of the wires used in the wire cloth. The values stated
in inch-pound units shall be considered standard with regard to
the sieve frames. .

1.4 This standard does not purport to address all of the
safety concerns, If any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to nuse.

Note {—There is no technically equivalent ISO standard.

' These test methods are under the jurisdiction of ASTM Committes D20 on
Plastics and are the direct respoasibility of Subcommitiee D20,70 on Analylical
Methods (Section D20,70.01),

Current edition approved April 1. 2006, Published June 2006. Originally
approved in 1961, Last previous edition approved in 2001 as D 1921 - 01.

2. Referenced Docauments
2.1 ASTM Standards: *
£ 11 Specification for Wire Clath and Sieves for Testiy
Purposes
E 681 Practice for Conducting an Interlaboratory Study 1
Determine the Precision of a Test Method

3. Summary of Test Methods

3.1 A dry mass of plastic material is placed on 2 series
sieves arranged in order of increasing fineness and the mass
divided into fractions corresponding to the sieve opening,

4, Significance and Use
4.1 These test methods can be used to determine partic

.size distribution and therefore are useful for determini

lot-to-lot uniformity.

4.2 The particle sizes of plastic materials affect the handli
characteristics and sometimes will affect the processing ch
acteristics of some palymers.

5. Interferences

5.1 Some materials develop a static charge during sievi
This charge interferes with the sieving process and results i
coarse bias. Use of an antistat is necessary to obtain meani
ful results.

5.2 The choice of antistat (or slip agent) has been knowr
affect the coarse bias. Some materials are more effective
aiding the fines to separate from the mass.

5.3 Too much material on a sieve causes mass blinding :
results in a coarse bias. The sieve selection and charge wei
must be chosen to avoid overloading any sieve.

* For referenced ASTM standards, visit the ASTM websile, www.astm.ot
contact ASTM Customer Service at service@astm.org. For Annual Book of A
Standards volume information, refer o the standard’s Document Summary pal
the ASTM website.

*A Summary of Changes section appears at the end of this standard.

Caopyright @ ASTM international, 100 Barr Marbar Drive, PO Box C700, West Canshohosken, PA 19428-2858, United States,
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5.4 Wavy, impropetly stretched wire-cloth may allow wires
to separate without being visually damaged. Sieves with wavy
or torn wires shall not be used, as they no longer conform to
Specification E 11.

6. Apparatus

6.1 Balance, 500-g minimum capacity with the capability of
reading to the nearest 0.1 g.

6.2 Mechanical Sieving Device and Time Switch—A me-
chanical sieve-shaking device equipped with an antomatic time
switch. This device shall be capable of imparting uniform
rotary motion and a tapping action at a rate of 150 £ 10
taps/min.

6.3 Wire Cloth Sieves, woven wire c¢loth conforming to
Specification E 11, as shown in Table 1, mounted in &-in.
[203-mm] frames. The number of sieves and the choice of sizes
shall be selected for the material being tested. A cover and a
bottom pan are also required.

6.4 Accessories for Cleaning the Screens:

6.4.1 Brush?,

6.4.2 Vacuum Cleaner, and

6.4.3 Air Hose.

7. Reagents and Materials

7.1 Antistat (or slip) agent suitable to the material being
tested.

8. Hazards

8.1 The sieving operation and cleaning of the sieves some-
times introduce fine plastic particles and antistat agent into the
atmosphere. Take precautions to avoid breathing these par-
ticles.

9. Sampling
9.1 Homogenize the lot where possible before removing the
test sample to avoid segregation of particles during handling.

10. Preparation of Apparatus

10.1 Thorough cleaning and inspection of the sieve are
required prior to initiating a test. Carefully clean the sieves
with a brush and vacuum cleaner or compressed air, or both.
Periodic washing with soap and water or suitable solvent is
recommended with some materials.

10.2 Tare each sieve and the pan. Record tare weights to the
nearest 0.1 g.

10.3 Assemble sieves so that the sieve openings decrease in
size in sequence from the top of the stack. Place the pan at the
bottom.

10.4 Use full- or half-size screens to accommeodate the
holder in the shaker.

11. Conditioning
11.1 The plastic material must be in a free-flowing condi-
tion.

* The sole source of supply of the Type 8577 (W, S. Tyler} Brush known io the
committee at this time is W, 8. Tyier, Inc., §750 Tyler Blvd., Mentor, OH 44060, If
you are aware of alternative suppliers, please provide this information to ASTM
International Headguarters, Your comments will receive careful consideration at a
meeting of the responsiblé technical committee,' which you may attend.

11.2 If possible, condition the material to the laboratory
temperature and humidity.

TEST METHOD A

12. Procedure

12.1 Select sieves in sufficient number to cover the expected
range of particle sizes, and nest them together in order of
diminishing opening with the coarsest sieve on top and the pan
on the bottom.

12.2 Select sieves in sufficient number to have algmﬁcant
measurable quantities on four or more sieves. Weigh the sieves
on a balance reading to the nearest 0.1 g. Record these sieve
masses as their tare masses, respectively.

12.3 Weigh 30 g of sample to the nearest 0.1 g and transfer
it ta the top of the stack. Record the sample weight used. Large
sample size causes screen blinding and will skew the results to
the coarse particle size. A screen is considered blinded if it is
holding 20 or more g. For repeatable results, use a smaller
sample size.

Note 2—For some materials an antistat (or slip agent) is needed, Add
1 % of the antistat (or slip agent) to the samnple and mix in with 2 spatula,
With polyviny! chloride resins, it has been found that the distribution will
skew to either the fine or the coarse particle size depending on the antistat
used. Record the antistat (or slip agent) used.

12.4 Cover the stack and place it in the mechanical sieve
shaker, Start the shaker and run for 10 min. Run the shaker for
a longer time if it is required by the material and the efficiency
of the shaker.

12,5 After shaking, carefully separate the stack of sieves,
beginning at the top, and weigh each sieve with powder to the
pearest 0.1 g. Determine the net weight of the powder
remaining in each sieve by subtracting the sieve tare masses
from the total weight of the sieve and the powder in that sieve.

12.6 If the cumulative total of actual weight is less thanp
98 %, carefully check the weights and operations and repeat
the work if necessary.

13. Analysis of Particle Distribution

13.1 Caleulation of Particle Distribution:

13.1.1 Obtain net weight of material retained on each sieve
Calculate percentage by dividing net weight by total sampl
welght X 100,

13.1.2 Repeat for each sieve.

13.2 Calculation of Mean Particle Size:

13.2.1 Obtain net weight of material retained on each sieve

13.2.2 Determine an average particle size for each sieve
The average particle size is defined as the nominal opening siz
of that sieve plus the nominal opening size of the next large
sieve in the stack divided by two,

Note 3—Options are recommended to determiine the average mesh siz
of the top sieve and the pan. On the coarse end, if the particles hay
already been through a coarser screen, the screen size of the “throug
screen” can be used as the upper limit of the top screen (first sereen),
commonly used method is to place a set of sieves with openings great
than the desired top sieve. Select the lowest sieve where there is r
particle on or the amount of particles on the sieve is insignificant. Use tt
opening size of this sieve for calculation. Similar anaiog can be used to Ul
pan by using smaller opening sieves. A more practical way is to divide t:
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TABLE 1 Nominal Dimensions, Permissible Variations for Wire Cloth of Standard Test Sieves (U.5.A.) S:ahdard Series

. N T
Sieve Designation ':f:ig;?:rlrb?f _ Gpening Dimension
Nominal Sieve Average Openln Exceeded By Mot Maximum Naminal Wi,
Opening, in.A f ge “pening Mora Than 5 % of Individuat Opening Diameter, ry
Standard® Alternative ".)m the S.ta"d".’“d the Openings o
_ Sieve Designation
() @) (3) {4) (5) 6} @
125 mm &in. 5 ' +3.70 mm 136.0 mm 130.9 mm 8.00
106 mm 4,24 In, 4,24 +3.20 mm 110.2 mm 1114 mm 6.30
100 mm® 4in° 4 +3.0C mm 104.0 mm 104.8 mm £.30
80 mm 3% in. 3.5 +£2.70 mm 93.6 mm 94.4 mm £.90
75 mm 3in. 3 +2.20 mm 78.1 mm 78.7 mm 6.30
63 mm 2%z in. 2.5 +1.90 mm 65.6 mm 66.2 mm 5.80
53 mm 212 in, 212 %1.80 mm 55.2 mm 65.7 mm 5.00
50 mm? 2in.? 2 %1.60 mm 521 mm 52,6 mm 5.00
45 mm 1% In, . 1.78 +1.40 mm 46.9 mm 47.4 mm 4.50
37.5 mm 112 In. 1.5 +1.10 mm 38,1 mm 39.5 mm 4.50
31.5 mm 1% In. 1.28 +1.00 mm 32.8 mm 33.2 mm 4.00
26,56 mm 1.06 in. 1.06 +800 mm 27.7 mm 28.0 mm 3.55
25.0 mm? 1.00 In.0 1 +§00 mm 26,1 mm 26.4 mm 3.55
22.4 mm s in. 0.875 =700 mm 23.4 mm 23.7 mm 3.56
19.0 mm ¥ in. 0.750 + 600 m 19.8 mm 20.1 mm 3.15
16.0 mm %a in. 0.825 +500 mm 16.7 mm 17.0 mm 3.15
13.2 mm 0.530 in. 0.530 =410 mm 13.83 mm 14.05 mm 2.80
12.5 mm® Ya In.® © 0.500 *390 mm 13.10 mm 13.31 mm 2.50
11.2 mm 6 In. 0.438 +350 mm 11.75 mm 11,94 mm 2.50
9.5 mm %a in. 0.375 +300 mm 9.97 mm 10.16 mm . 2.24
8.0 mm 5Ae in. 0.312 +250 mm 841 ram 8.58 mm 2.00
6.7 mm 0.265 in. (.265 =210 mm 7.05 mm 7.20 mm 1.80
6.3 mm® 1 in.? 0.250 +200 mm 8.64 mm 8.78 mm 1.80
5.6 mm No, 3% € 0.223 *180 mm 5.90 mm 6.04 mm 1.60
4,75 mm No, 4 0.187 +.150 mm 5.02 mm 5.14 ram 1.60
4.00 mm No. § 0.157 +.130 mm 4.23 mm 4.35 mm 1.40
3.35 mm No. 8 0.132 + 110 mm 3.55 mm 3.66 mm 1.25
2,80 mm No. 7 3.110 +.085 mm 2,975 mm 3.070 mm 112
2.36 mm No. 8 0.0837 +.080 mm 2,515 mm 2.800 mm 1.00
2.00 mm No. 10 0.0787 +.070 mm 2,135 mm 2.215 mm 0.900
1.7 mm MNo. 12 0.0661 +.060 mm 1.820 mm 1.890 mm 0.800
1.4 mm Nag. 14 0.05586 *.050 mm 1.505 mm 1.565 mm 0.710
1.18 mm No. 16 0.0489 + 045 mm 1.270 mm 1.320 mm 0.830
1.00 mm Mo. 15 0.0354 +.040 mm 1.080 mm 1.135 mm 0.560
850 um* No. 20 0.0331 £38 um 925 um 970 pm 0.500
710 pm No. 26 0.0278 +£30 pm 775 pm 815 ym 0.450
600 um Na, 30 0.0234 . *25 pym 6680 pm 695 ym 0.400
500 pm Mo. 35 0.0197 *=20 pm B&0 pm 588 pym 0.315
425 um No. 40 0.0185 +18 um 471 um 802 pry 0.280
355 ym No. 45 0.0139 16 pum - 396 um 426 pm 0.224
300 ym No. 50 0.0117 +14 pm 337 pm 363 ym 0.200
250 pm No, 60 0.0098 +12 pm 283 pm 306 pm 0.160
212 ym MNo. 70 0.0083 . =10 um 242 ym 263 pm 0.140
180 um No, 80 0.0070 =3 ym 207 ym 287 um 0.125
150 ym No. 100 0.0069 +8 ym 174 uym 192 um 0.160
128 pm Na. 120 00049 X7 um 147 pm 163 ym 0.080
106 pm No. 140 - 0.0041 6 um 126 pm 141 pm 0.071
90 ym No. 170 0.0035 =5um - 108 uym 122 pm 0.063
75 um No. 200 0.0029 x5 um 91 um 103 um 0.050
63 um No. 230 0.0025 4 pm 77 pm 88 urn 0.048
53 pm Ne. 270 0.0021 %4 pm 86 um 76 pm 0.036
45 pm No. 328 0.0017 } =3 um 57 um 66 pm 0.032
38 pm No. 400 0.6015 +3 um 48 pm 57 pm 0.030
32 um Nao, 450 0.0012 +3 pm 42 um 50 um 0,028
25 ym® Mao. 500 0.0010 £3 pm 34 ym 41 um 0.0285
20 pm? No. 635 0.0008 =3 pm 29 um 35 ym £.020

4 Cnly approximately equivalent to the metric vaiues In Column 1,

8 The average diameter of the wires in the x and y directlon, measured separately, of any wire cloth shall not deviate from the nominal values by more than

© Thess standard designations correspond to the valuas for test sieve openings recommended by the International Standards Crganization, Geneva, Switzeriand
where noted.

P These sleves are not in the standard series, but they have been included because they are in common usage.

€ Thase numbers (3% to 638) are the appreximate number of openings per linear inch, but it is preferred that tha sieve bs identified by the standard desigr
milllmetres or micrometres,

1000 pm—1 mm.

E;
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opening size of the sieve above the pan by two and use it as the average
particle size of the pan,

13.2.3 For materials that have a normal distribution, calcu-
late the mean particle size as

D, =2 xXD)

where:

P, = mean particle diameter, pm,

= material retained on sieve (or pan), %, and
average particle size of material on sieve, pm.

g o
0ot

14. Report

14.1 Report the following information:

14.1.1 Percentage of material retained on each sieve, with
its corresponding sieve size,

14.1.2 Sample weight,

14.1.3 Antistat (or slip agent) used, and

14.1.4 Mean particle size and method used for calculation.

TEST METHOD B

15. Procedure

15.1 Choose the sieve(s) to be used and weigh each of them
to the nearest 0.1 g. Record these sieve masses as their tare
masses, respectively. If a single sieve is being used, stack it on
the pan and transfer a sample weighing 100 * 0.1 g to that

sieve. If two sieves are to be used in the analysis of the sample,
stack the coarse sieve over the fine sieve and transfer the
weighed sample to the coarse sieve. For those finely divided
powders which tend to clog the sicves, add 1.0 % of an antistat
(see Note 2).

15.2 Cover the stack and place it in the mechanical sicve
shaker. Start the shaker and run for 10 min = 15 s.

15.3 After shaking, carefully separate the stack of sieves,
beginning at the top, and weigh each sieve with powder to the
nearest one tenth of a gram. ’

16. Report

16.1 Report the following information:

16.1.1 Percentage of material retained on each sieve, with
its corresponding sieve size,

16.1.2. Sample weight, and

16.1.3 Antistat (or slip agent) used.

17. Precision and Bias

e

17.0 Precision—Table 2 and Table 3 are based on a round
robin conducted in 1985 in accordance with Practice E 691,
using D 1921 - 89, involving four materials tested by three
laboratories. For each material, all the samples were prepared
at one source, but the individual specimens were prepared at
the laboratories that tested them. Each test result was the result
of one individual determination. Each laboratory obtained two

TABLE 2 Percent Retained on Each Sieve of Screen Pack

Values in Units of Percent

Material USA Sleve M Retainad
Numbar edn Retaine A 8 o e}
an Sieve 5 S k fs
Acrylic powder 40 3.5 0.3 12 0.3 3.4
60 15.0 0.2 1.4 0.6 4.0
80 9.3 o] 0.4 0 1.1
100 6.8 Q.1 0.7 0.3 2.0
200 22.9 Q.1 1.2 03 3.4
325 16.2 0.2 1.6 0.6 4.5
PAN 16.5 0.1 3.6 0.3 10.2
Palysthylene powder 40 1.4 0.6 2.6 1.7 7.4
80 47.8 0.6 2.9 1.7 7.6
80 18.0 0.1 0.8 03 2.3
100 7.5 0.1 0.7 0.3 2.0
PAN 15.3 0.1 1.3 0.3 3.7
Polyvinyl chioride powder with carbon plack antistat 40 0
60 0.1 0.1 0.1 0.3 0.3
&0 5.4 0.9 0.9 2.5 2.5
100 28.4 21 2.2 5.9 6.2
140 53.7 ) 1.3 1.6 3.7 45
200 11.4 1.7 1.5 4.5 4.2
PAN 0.2 0.3 6.3 0.9 0.9
Palyvinyl chloride powder with hi-sil antistat 40 ¢

60 0
80 4.2 07 0.6 2.0 1.7
100 30.3 2.9 2.9 82 8.2
140 52.8 2.0 52 8.7 8.2
200 1.3 1.3 1.3 37 a7
PAN 1.8 0.3 0.3 0.9 6.9

Polystyrene cubes 20 99.9
PAN 0.04 Q.1

4§, = within-laberatory standard daeviation of the average (mediarvother function),

8 85 = betwsen-laboratories standard deviation of the average median,
©l =283 5, and

r + n
o in =2.83 SR,
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TABLE 3 Calculated Mean Particle Diameter

Average of Valuss, ym
. Calculated
Material .
Mean Particis A o c o
Diameters 4 Sx Iy I
Acrylic powder 196 08" 13 2.3 36.8
Paolyethylena powder 291 0.6 4.8 .7 138
PolyVinyl chloride with 137 2.2 18 6.2 5,1
carben black
PolyVinyl chloride with 137 2.2 1.6 6.2 4.5
hi-sil .

A 8, = within-laboratory standard deviation of the average,

8 54 = between-laboratories standard deviation of the average,
€l =283 8, and

B, =2835x

test results for each material. (Warning-—The explanations of
rand R (17.2-17.2.2) are only intended to present a meaningful
way of considering the approximate precision of this test
method, The data in Table 2 and Table 3 should not be applied
to acceptance or rejection of materials, as these data apply only
to the materials tested in the round robin and are unlikely to be
rigorously representative of other lots, formulations, condi-

tions, materials, or laboratories. Users of this test met,
should apply the principles outlined in Practice Egg (:
generate data specific to their materials and laboratory «
between specific laboratories). The principles of 17.2-175
would then be valid for such data.) '

17.2 Concept of r and R in Table 3—If S, and Sy hag bee
calculated from a large enough body of data, and for test Tesy)
that were averages from testing seven specimens for euch 1
result, then the following would apply:

17.2.1 Repeatability—Two test results obtained withiy
laboratory shall be judged not equivalent if they differ by g,
than the » value for that material; r is the interval representiy
the critical difference between two test results for the gy
material obtained by the same operator using the same equij
ment on the same day in the same laboratory.

17.2.2 Any judgment in accordance with 17.2.1 would ks
an approximate 95 % (0.95) probability of being cormect if ;
adequate number of laboratories had participated.

17.3 There are no recognized standards by which to ey
mate the bias of these test methods.

SUMMARY OF CHANGES

Committee D20 has identified the location of selected changes to this standard since the last issue,
D 1921 - 01, that may impact the use of this stardard. (April 1, 2006)

(/) Changed old Note 2 to 12.2, and renumbered subsequent
Notes accordingly.

(2) Added Note 3.
(3) Five-year review and removed permissive language.

ASTM International takes no position respecting the valldity of any patent rights asserted in connection with any itam meniioned

in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entiraly their own responsibility. :

This standard is subject to ravision at any time by the responsible tachnical committee and must be reviewed avery five years and
if not revised, either reapproved or withdrawn. Your comments are invited gither for revision of this standard cor for additional standards
and should be addrassed toc ASTM International Headquartars. Your comments will receive careful censideration at a meeting of the
respansible technical commitiee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views knowrn to the ASTM Commiltes on Standards, at the address shown below.

This standard is copyrighted by ASTM Iriternational, 100 Barr Harbor Drive, PQ Box G700, West Conshohocken, PA 19428-2953,
United States. individual reprints (single or mullipls copies) of this standard may be obtalned by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website

(wvrw.astn.org)
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ATERNATIONAL
)
! Standard Test Method for
1? Wire-Cloth Sieve Analysis of Nonplastic Ceramlc Powders'
s This standard is issued under the fixed designation C 371; the number immediately following the designation indicates the year of
ariginal adoption er, in the case of revisicn, the year ofdast revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon {€) indicates an editorial change since the last revision or reapproval.
| Scope results from one method may not agree with those from

1.1 This test method covers the determination of the particle
dize distribution of nonplastic ceramic powders such as alu-
‘mina, silica, feidspar, pyrophyllite, nepheline syenite, tale,
llritanates, and zircon using wire cloth sieves.l

1.2 Materials containing a large amount of fines, containing
1gglomerates, or that are nonfree-flowing, are wet-sieved to

;femove excessive fines or to disperse agglomerates before
erforming the test. This technique is not applicable to mate-
tals that are, to any degree, water soluble.

1.3 This standard does not purport to address all of the
wmfety concerns, if any, associated with its use. It is the
wsponsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1 Referenced Documents

2.1 ASTM Standards:
€ 322 Practice for Sampling Ceramic Whiteware Clays?
- E 11 Specification for Wire Cloth and Sieves for Testing
Purposes?

3, Significance and Use

3.1 Sieve analyses are carried out to determine the particle
tize distribution of powders which, in turn, are used to qualify
those materials as to their usefulness in the process under
tonsideration. Since particle size analyses have only relative
lignificance, the results should be considered only where they
torrelate with process characteristics. The parameter that is
being measured.in this test is the amount of material that will
pass through a cloth having theorstically square openings. It
must be remembered that all the holes are not square, nor
Wiform in size, and the question of whether a given particle
will go through is a statistical one. Since each particle size
Jnalysis method measures a unique physical parameter, the

e rer— e

' This methad is under the jurisdiction of ASTM Committee C21 on Ceramic
Whitewares and Related Products and is the direct responsibility of Subcommittee
£21.07 on Nonpiastics,

Current edition approved Qct |, 2003. Published October 2003. Originally

tproved in 1955, Last previous edition approved in 1999 as C 371 — 89 (1999).
" ?For referenced ASTM standards, visit the ASTM website, www.astm.org, or
“ontact ASTM Customer Service 8l service@astm.org, For Annual Book of ASTM
Stangards volume information, refer to the standard’s Document Summary page on
‘he ASTM website,

another, Particle size distributions play a role in such propetties
as bulk density, dustiness, and handling characteristics. Care
should be taken, however, when interpretations are made from
one or two points (sieves) on the distribution curve,

4. Apparatus

4.1 Balance, having a sensitivity of 0.05 g.

4.2 Sieves, clean, unblinded, 205 mm (8 in)) in diameter,
and conforming to Specification E 11, At alt times they shall be
certified by, or shall be calibrated with sieves certified by, the
National Institute of Standards and Technology., For wet-
sieving, use full-height 50-mm (2-in.} sieves; these sieves and
pan may be used for dry-sieving also. Half-height 25-mm
(I-in.) sieves and pan shall be used for dry-sieving only. The
sieves to be used may range from 45 pm (No. 325) through 212
um (No. 70).

4.3 Drying Pans, about 205 mm (8 in.) in diameter and 25
or 50 mm (I or 2 in.} high.

4.4 Dryer—For drying, the use of an oven maintained
automatically at 100 to 110°C is recommended.

4.5 Mechanical Shaking Device®—The shaking device shall
be such as to produce a lateral and vertical motion of the sieve,
accompanied by a jarring action so as to keep the sample
moving continuously over the surface of the sieve.

4.6 In wet-sieving, the water should be slightly above room
temperature (for example, a hot-cold mixer tap) and should be
supplied by means of a fixed or hand-held spray.

5. Sampling

5.1 Unit for Sampling—Each carload shall be considered a
unit for sampling.

5.2 Gross Sample (See Practice C 322)—In collecting the
gross sample from a carload shipped in bags, select a number
of bags equivalent to not less than 1 % of the total number of
bags in the car. Bags taken for sampling shall be from locations
evenly distributed, horizontally and vertically, throughout the
car. The gross sample shall consist of equal increments of not
less than 227 g (0.5 lbs) from cach of the bags taken for
sampling. In collecting the gross sample from a carload

* The Tyler Ro-Tap mechanical shaking device, available from W.S. Tyler Co,,
Inc., Gastonia, NC 28053-0065 and major scientific supply houses, or aquivalent,
has been found satisfactory for this purpose.

C“DWQM@ASTM International, 100 Barr Harbor Driva, PO Box CT00, Wast Cnnshohockﬁn, PA 19428-2958, United Stales.



139

4 ¢ 371 -89 (2003)

shipped in bulk, take equal increments of not less than 227 g
each from points well distributed both horizontally and verti-
cally.

5.3 Test Sample—Obtain the test sample, of not less than
110 g, by mixing the gross sample and. then riffling or hand
quartering. Dry the entire test sample in an oven at 100 to
110°C to constant weight. Take a 100-g (Note 1} specimen
weighed to the nearest 0.1 g shall be taken for sieve analysis.

Note 1—Altematively, if less than 50 % passes the finest sieve, use a
50-g specimen,
6. Procedure

6.1 Transfer the 100-g specimen to glazed paper and pro-
ceed to 6.5, except as noted in 6.2.

6.2 Alumina, tale, pyrophillite, other nonfree-flowing ma-
terials, and those materials containing agglomerates require a

preliminary wet sieving. Place the 100-g specimen into a glass |

beaker. Add 200 g of distilled water together with a suitable
dispersion agent (Note 2} and stir the suspension with a rod
until complete dispersion is obtained (Note 3). Pour the
suspension onto the finest sieve to be used. Wash any residue
in the beaker onto the sieve with a wash bottle.

Note 2—One suitable dispersion agent is 0.1 % sodium pyrophos-
phate. A 0.1 % sodium hexametaphosphate should be used for alumina.

Note 3—Dispersion aids, such gs ultrasonic vibration and high shear
mixers (food blenders) may be necessary to eliminate agglomerates, Care
must be taken that undesirable grinding does not take place,

6.3 While agitating, thoroughiy wash the sieve under the
sprayer head, the flow being sufficiently gentle to avoid
splashing. Sieving is complete when no more material passes.
Determine this by catching the washings and examining for the
solids.

6.4 When sieving is complete, pass a sponge over the
underside of the sieve-cloth to draw out as much of the water
as possible. Rinse the retained solids with acetone, to speed up
drying, and dry off any excess with a sponge. Do this

thoroughly to avoid dangerous levels of acetone in the ovey
Dry the sieve and specimen thoroughly at 100 to 110°C apq
then brush onto glazed paper.

6.5 Assemble all the sieves to be used in the test with the
coarsest sieve on top ‘and the others under it in order of
decreasing sieve opening size. Transfer the specimen from the
glazed paper to the top or coarsest sieve and shake the entire
series of sieves. It is recommended that this agitation be dope
mechanically. For hand-sieving, hold the nest of sieves, with
pan and cover attached, in one hand-and gently strike the side
about 150 times/min against the palm of the other hand, The
side of sieves next to the striking hand should be slightty higher
than the other side so that sample will be well distributed over
sieves. Turn the sicve-nest every 25 strokes about one sixth of
a revolution in the same direction, With either mechanical or
hand agitation, the agitation should continue to the point where
not more than 0.05 g passes a given sieve in 1 min.

6.6 Separate the nested sieves and carefully remove the
residue from each and weigh to the nearest 0.1 g. These
weights in grams will equal the percent of residue on each
sieve (if a 100-g specimen was used).

7. Calculation and Report

7.1 Calculate and report the cumulative percent passing, or
the residue on each sieve, as required, to the nearest whole
percent.

8. Precision and Bias

8.1 Precision—The precision of the procedure in Test
Method C 371 for measuring particle size is being determined.

8.2 Bias—The true value of the particle size can only be
defined in terms of a test method. Within this limitation, this
method has no known bias.

9. Keywords

9.1 alumina, particle size distribution; sieve analysis; silica;
wet-sieving

ASTM Intemnational takes no position respecting the validlty of any patant rights asserted in connection with any itermt mentioned
in this standard, Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk

of Infringement of such rights, are antirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your cormments are invited either for revision of this standard or for additional standards
and sheuld be addressed fo ASTM Internativnal Headquarters. Your comments will recelve careful consideration at a meeting of the
respansibie fechnical committee, which you may aftand. If you fael that your commaents have nol received a fair hearing you should
make your views known to the ASTM Commitiee on Standards, al the address shown beiow.

This standard is copyrighted by ASTM International, 100 Barr Harbar Drive, PO Box G700, West Cohshohockan, PA 19428-29589,
United States. Individual raprints (single or muitivle copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@asim.org (e-mail); or through the ASTM websils

(www.asim.org).
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[l Designation: C 92 - 95 (Reapproved 2005)
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INTERNATIORAL

Standard Test Methods for

Sieve Analysis and Water Content of Refraétory Materials®

This standard is issued under the fixed designation C 92; the number immediately following the desi gnation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reappraval, A superscript
epsilon (€) indicates an editorial change since the last revision or reapproval.

This srandard has been approved for use by agencies of the Departinent of Defense.

1. Scope

1.1 These test methods cover a wet and a dry method for
sieve analysis of refractory materials.

1.1.1 Wer Sieve Analysis—~Water promotes the slaking of
clays and helps to separate fine particles, washing them from
the larger grains. This method is recommended for use with
materials that require water addition, and that slake in normal
industrial use.

1.1.2 Dry Sieve Analysis—The dry methed is not as effec-
tive as the wet method in determining the amount of material
present in the smaller particle sizes, [t is recommended (1) for
clays, when the slaking action of water is undesirable, (2) when
the material is in the form of coarsely ground grog and calcine,
and (3) when the clay is to be used in such a way that the
ultimate particle size is of secondary importance.

1.2 These test methods also cover determination of the
water content of refractory materials in the wet condition and
of air-dried samples as received, $o that the sieve analysis can
be calculated on the dry basis. Included is a method for
obtaining the water content of other refractory materials, such
as plastic refractories and wet mixes.

1.3 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. [t is the
responsibility of the user of this standard to establish appro-
priate safety and health practices-and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards: 2

' These test methods are under the jurisdiction of ASTM Committee CO§ on
Refractories and are the direct responsibility of Subcommittee C08.03 on Physical
Properties,

Current edition approved Dec, 1, 2005. Published December 2005, Originally
approved in 1943, Last previous edition approved in 1999 as C 92 - 95 (1999).

% For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astin.org, For Anaual Book of ASTM
Standurds volume information, refer to the standard’s Document Summary page on
the ASTM website.

C 429 Test Method for Sieve Analysis of Raw Materials for
Glass Manufacture

E t1 Specification for Wire-Cloth and Sieves for Testing
Purposes

E 105 Practice for Probability Sampling Of Materials

E 122 Practice for Calculating Sample Size to Estimate,
With a Specified Tolerable Error, the Average for Charac-
teristic of a Lot or Process

2.2 Other Document:

ASTM STP 447 Manual on Test Szevmg Methods®

3 Signiﬁcance and Use

3.1 Particle size distribution has a major affect upon most of
the refractory properties, These test methods provide a means
of measuring the distribution for the purpose of comparison to
the desired distribution.

3.2 These test methods also cover determination of the
water content of refractory materials in the wet condition and
of air-dried samples received, so that the sieve analysis can be
calculated on the dry basis.

3.3 These methods can produce data for specification ac-
ceptance, design purposes, manufacturing control, and research
and development.

3.4 Areference set of standard matched or calibrated sieves®
shall be provided for use in checking the set of sieves used in
the aciual sieve analysis of samples. The sieves for use in sieve
analysis may also be standard matched sieves or may be
unmatched sieves conforming to the Specification Table in
Specification E 11, provided that such sieves will give results
that differ by no more than 5 % from those obtained with the
reference set when the two sets are compared in accordance
with the section of Test Method C 429 on testing of sieves an¢
samples splitters.

* Available from ASTM International, 100 Barr Harbor Drive, West Consho
hocken. PA 19428,

“The sole source of supply of matched sieves known to the committee at thi
time is W. 8. Tyler, Inc., Mentor, OH 44060. [f yon are aware of alternativ,
suppliers, please provide this information to ASTM International Headquarters
Your comments will receive caretul consideration at 2 meeting of the responsibl
technicai committes,' which you may actend.

Copyright ® ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohicken, PA 19428-2950, United States,



141

4 ¢ 92 - 95 (2005)

4. Apparatus

4,1 ASTM sieves, or the equivalent Tyler Series listed in
Tabie 1, shall be usad. The wire cloth for the sieves, described
in Specification E 11, shall be woven (not twilled) and
mounted without distortion or looseness in 8-in. (200-mm)

diameter circular frames. Pans and covers shail be provided for.

the sieves.

5. Sampling, Test Specimens, and Test Units

5.1 Arepresentative sample of the material to be tested shall
weigh at least four to five times the required weight of the
actual test specimen. Material on which the water content is to
be determined shall be packed in a watertight container.

3.2 Water Content:

5.2.1 Wer-Type Air-Setting Refractory Mortars—Remove
approximartely 50 g of the material immediately after opening
the original container and after carefully mixing the contents.
To facilitate handling the specimen, place it on a tared piece of
waxed paper or aluminum weighing dish. Weigh the test
specimen to the nearest 0.1 g both before and after drying for
24 h at 220 to 230°F (105 to 110°C). Calculate the percentage
of water to the nearest 0,1 % on the as-received basis.

5.2.2 Materials Other Than Wet-Type Air-Setting Refractory
Mortars (ground fire clays, fireclay mortars, dry-type air-
setting mortars, plastic refractories, and similar materials)—If
the material is shipped in the wet condition, prevent loss of
water befare obtaining a test specimen of approximately 250 g.
Weigh the test specimen to the nearest 0.1 g both before and
after drying for 3 h at 220 to 230°F (105 to 110°C). Calculate
the percentage of water to the nearest 0.1 % on the as-received
basis. The dried specimen may be required for further tests (see
Sections 6 and 7).

WET SIEVE ANALYSIS

6. Dry Materials

6.1 If the material is received in the dry condition, the test
specimen (Note 1) shall consist of the dried and weighed test
specimen prepared in accordance with 5.2.2.

Nore 1—The size of the test specimen méy be changed by reason of the

nature of the material. For example, some clays tend to pack or cake on
the sieves when ground to exceedingly fine particle size, in which case a

TABLE 1 ASTM Sieves and the Equivalent Tyler Standard Series

ASTM Sieves (U.5,
Standard Series) Ne,

Tyler Standard Series

(Mesh Designation} Sleve Opening

0.265 in. 3 6.7 mm
4 4 4.75 mm

6 8 3.35 mm

8 8 2.36 mm
12 10 1.70 mm
16 14 1.18 mm
20 20 880 ym
30 28 €00 pm
40 35 425 um
50 48 300 ym
70 85 212 um
100 100 180 pm
140 150 108 pm
200 200 7% ym

100-g sample may be used. For plastic refractories or coarse)

. . . Y gro
mixes, the weight of the specimen could be increased to 500 g Broun

7. Wet Materials

7.1 Materials prepared with water (plastic refractories, wet
type high-temperature bonding mortars, etc.) shall be testeq ,,
received. Take two test specimens immediately after Openin£
the original container and, in the case of mortars, after carefy]}s
mixing the contents. Use one specimen for determining g,
water content in accordance with either 5.2.1 or 5.2.2, Qbgj;
approximately 250 g of the other specimen (Note 1) for gjey,
analysis. Weigh the test specimen to the nearest 0.1 g g
transfer to the l-dm® container (see Section 8). Wash thy
utensils used during weighing (to which a small part of t,
sample may adhere) with a small jet of water from a i4.jy
(6-mm) hose to ensure a quantitative transfer of the weighe
specimen to the container.

8. Procedure

8.1 Place the test specimen into a container of about 1-dm
capacity. Add sufficient water to form a slurry. Allow slaking &
proceed for 1 h, after which a further addition of water may by
necessary. Then transfer the test specimen (without loss) to th
finest sieve to be used in the analysis. Wash with a small jet o
water from a Y4-in. {6-mm) rubber hose until the water passin
throngh the sieve contains only traces of the specimen
Exercise care during washing to prevent loss by splashing. I
may be necessary to break up lumps by gently rubbing betweer
the fingers, but never by rubbing or pressing against the sieve
Then dry the washed residue in the sieve to constant weight a
220 to 230°F (105 to 110°C). This usually requires about 2 h
It desired, a preliminary drying period at a lower temperature
may be used, Then transfer the dried residue to the top o
coarsest sieve of the series to be used. Complete the sieving
and weighing operations in accordance with Section 10 or 11

9. Calculation and Report

9.1 Calculate the wet sieve analysis for the test specimen or
the dry weight, and report the results to the nearest 0.1 % of the
material retained on each sieve (Note 2). Report the percentagt
passing the finest sieve as the difference between 100 % an
the sum of the percentages retained on the other sieves,

NoTe 2—As an alternative, the results of sieve analysis may be reporie:
on the cumulative basis, either as the total percentage retained on d
passing each sieve.

DRY SIEVE ANALYSIS

10. Mechanical Sieving

10.1 When the sieving is to be done mechanically, arrang
the sieves in the order of size with the coarsest sieve at the 10
of the series. The specimen for sieving (Note 1) shall consist ¢
a dried and weighed material prepared in accordance Wit
5.2.2. Transfer the specimen to the top sieve of the series, a1
mechanically sieve until less than 0.1 g passes through eac
sieve after hand sieving for I min, as described in Section U
The machine-sieving operation usually requires abont 15 mir
Then carefuily separate the sieves and determine the amount t
material retained on each by weighing to the nearest 0.1 &
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11. Hand Sieving

11.1 The specimen for sieving (Note 1) shall consist of a
dried and weighed material prepared in accordance with 5.2.2,
Use one sieve at a time beginning with the coarsest and then
successively to finer sizes. Alternately tap and rotate the sieve,
with pan and cover attached, while holding it in a slightly
inclined position so that the test sample will be well distributed
over the sieve. Continue the operation until less than 0.1 g of
the material passes through each sieve during | min of
continuous sieving, Determine the amount of material retained
on each sieve by weighing to the nearest 0.1 g.

12. Calculation and Report

12.1 Calculate the dry sieve analysis for the test specimen
on the dry weight, and report the results to the nearest 0.1 % of
the material retained on each sieve (Note 2). Include dust loss
with the material passing the firest sieve.

13. Precision and Bias

13.1 Interlaboratory Testing---An interlaboratory study wag
conducted amnong seven laboratories in 1986. The same
samples of —2.5, +28 mesh tabular alumina and —14 mesh
silicon carbide were tested by each laboratory to eliminate
sampling variability. A third material, wet bauxite mortar, was
split into separate samples for each laboratory for wet sieve
analysis and moisture content tests.

13.1.1 The sponsoring laboratory used matched sieves and
ran the initial and final dry sieve analyses on the tabular
alumina and the silicon carbide samples in order to evaluate
sample logs or sample breakdown in the repeated runs. The
total specimen loss at this end of the study was 3.7 % of the
tabular alurmnina and 4.3 % of the silicon carbide. Each of the
other 6 laboratories, with one exception, ran two repetitions on
each specimen. Thus, a total of seven sets of data with two
replicates each and one set of data with one replicate were
analyzed.

13.1.2 The wet mortar results consisted of one set of data
from each of six laboratories. Each set of data inciuded sieve
analyses and wateér content on two separate samples split from
the main sample received by each laboratory.

13.1.3 Analysis of the sieve analyses data was based on the
positive accumulated difference (PAD), which is the sum of the
absolute values of the difference between the percent held on
each sieve in one repetition and the grand average of the
percent on each sieve for all repetitions. The PAD divided by
the total number of sieves within the particle size range of the
particular material gave the average PAD per sieve. Hereafter,
the value will be referred to as the average difference,

13.14 As shown in Table 2 and Table 3, the standard
deviations within and between laboratories for the average
difference was similar for the dry tabular alumina and silicon
carbide. The standard deviations of the average difference were
slightly greater for the dry-sieved portion (+150 mesh) and
much greater for the wet-sieved portion (-150 mesh) of the wet
mortar.

13.2 Precision:

13.2.1 Precision is based on the average difference only. For
dry sieve analyses in one laboratory, the average difference for

TABLE 2 Precision

Average Siandard Devia- Repeatability-
) Differance tion Within- Reproducibility
Material from Grand Betwaen intervals
. Averaga X 8r aL Ir IR
Tabular alumina 0.74 0.064 0.283 0.18 b,85
{—2.5% 28 m)
SiC (=14 m) 0.70 0.059 0.306 017 0.88
Grand average 0.72 6.062 0.360 0.175 0.865
Waet mortar 0.38 0,123 0.0221 0.38% 0.35
(28 x 150 m) '
(=150 m) 1.25 0,860 0.700 2.40 3.10
Average
Water content 2.4 Q.11 1.15 0.31 3.25
TABLE 3 Relative Precision
Coefficient of Variation Repeatability-Repro-
Materlal Within-Between ducibillty Intervals
Vr VL % Ir % IR
Tabular alumina a7 9.8 24.7 115.1
SiC 8.4 43.7 23.7 125.8
Average 8.6 41.8 .42 1205
Wet mortar
(28 % 156} 34.7 5.8 98.2 95,6
{=150 m) 68.5 56.0 184.0 250.4
‘Ha0 content 0.88 9.2 25 26.2

two materials is significantly different at a probability of 95 %
( t=1.96) if it exceeds the repeatability (/) listed for precisior
in Table 2 or for relative precision (% /1, in Table 3. That is, the
average difference between two sieve analysis on the same
material obtained in the same laboratory will be expected t
exceed the 7, value only about 5 % of the time. If the averag:
difference exceeds [,, there is reason to question the test results
Likewise, the average difference for two materials obtained b:
two laboratories is considered to be significantly different if i
exceeds the applicable reproducibility intervals (IR and % IR
in Table 2 and Table 3. :

13.2.2 The precision of the sieve analysis of wet materials i
treated in two parts, the dry-sieved +150 mesh and th
wet-sieved —150 mesh, For dry sieve analyses in one labors
tory, the average difference for two materials is significant]
different at a probability of 95 % (+ = 1.96) if it exceeds th
repeatability intervals listed for precision in Table 2 or fc
relative precision in Table 3. Likewise for comparing th
average differences of two wet materials tested in two labor:
tories.

13.2.3 The precision and relative precision tor the wat
content of wet materials are shown in Table 2 and Table
respectively, and are used in the same fashion as described
13.2.2,

13.3 Bias—No justifiable statement on bias can be mias
since the true values for particle size and water content
different materials cannot be established by an accepted refe
ence method,

14. Keywords
14.1 dry sieve analysis; refractories; water content; w

sieve analysis
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‘,IH[” Designation: C 429 — 01

Standard Test Method for

Sieve Analysis of Raw Materials for Glass Manufacture’

This standard is issued under the fixed designation C429; the number immediately following the designaticn indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superseript epsilon (8) indicates an editorial change since the last revision or reapproval.

i. Scope

1.1 This test method covers the sieve analysis of commeon
raw materials for glass manufacture; such as sand, soda-ash,
limestone, alkali-alumina silicates, and other granular materials
used in glass batch, '

1.2 The values stated in SI units are to be regarded as the
standard. The values in parentheses are for information only,

1.3 This standard dees not purport to address all of the
safety concerns, if awny, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards.

C 92 Test Methods for Sieve Analysis and Water Content of
Refractory Materials®

C 325 Test Method for Wet Sieve Analysis of Ceramic
Whiteware Clays®

C 371 Test Method for Wire-Cloth. Sieve Analysis of Non-
plastic Ceramic Powders®

D 346 Practice for Collection and Preparation -of Coke
Samples for Laboratory Analysis*

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses®

E 105 Practice for Probability Sampling of Materials®

E 122 Practice for Choice of Sample Size to Estimate the
Average Quality for-a Lot or Process®

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 unit for sampling—a carload lot or truckload lot of
butk material, or the entire shipment of bagged material.

3.1.2 sublot—a fraction of a shipment of bagged material,
such as Y10 or Y0 of the lot.

3.1.3 gross sample—the total number of sample increments
taken from the lot.

! This test method is under the jurisdiction of ASTM Committes C14 on Glass
and Glass Products and is the direct responsibility of Subcommitiee C14.02 on
Chemical Analysis.

Current edition approved April 103, 2001. Published June 2001, Originaily issued
as C 429 — 59 T. Last previous edition C 429 ~ 82 (1996),
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3 dnnual Book of ASTM Standards, Vol 15.02.

* Annual Book of ASTM Standards, Vol 05.05.

* dnnual Book of ASTM Standards, Vol 14,02,
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3.1.4 sample increment—an individual portion of the gross
sampje taken from the lot at a definite time or location, or both;
increments shall be of nearly equal weight or volume, or both.

3.1.4.1 Discussion—A4A 2.2 to 4.5-kg (5 to 10-1b) increment
generally is satisfactory in sampling raw materials for glass
manufacture, for determining particle size distribution.

3.1.5 laboratory sample—a 0.9 to 1.8-kg (2 to 4-1b) repre-
sentative fraction of the gross sample.

3.1.6 test specimen—a 100 to 150-g representative fraction

of the laboratory sample.

4. Significance and Use

4.1 The purpose of this test method is to determine the
particle size distribution of the glass raw materials.

5. Apparatus

5.1 Testing Sieves:

5.1.1 Sieves shall conform to Specification E 11 with par-
ticular reference to Table 1 and Section 4 on Frames. Sieves
shall be designated by the U. S. Standard Series of sieve
numbers and shall vary in opening size by the ratio of the
\/5;1, in accordance with frames 1 in. (25 mm) deep (half
height) are recommended for mechanical shaking. The follow-
ing sieves shall be provided:

Sigve Designation Sieve Designation

No. 8 {2.38-mm) No. 80 {30C-pm) . .
No. 12 (1.70-mm} No. 70 (212-pm)
Mo, 16 {1.18-mm) No, 400 {150-pm}
No. 20 (850-um) MNo. 140 {106-um)
No. 30 {§00-um) No. 200 (75-um)

No. 40 (425-ym)

5.1.2 Standard Matched Sieves—A reference set of standar:
matched sieves® shall be provided for use in checking the set o
sieves used in the actual sieve analysis of samples. The sieve
for use in sieve analysis of samples may also be standar
matched sieves or may be unmatched sieves conforming t
5.1.1, provided that such sieves will give results that differ b
not more than 5 % from those obtained with the reference se
when the two sets are compared in accordance with Section ¢

5.2 Sieve Shaker—A mechanically operated sieve shake
that imparts to the set of sieves a rotary motion and tappin

% Matched sieves, available from the following scientific supply companies, ha:
been found satisfactory for this purpose: VWR Scientific Co., P.O. Box €2
Rridgeport, NJ 0B014; Fisher Scientific Co., 585 Alpha Dr., Pittsburgh, PA 1523
and W. S. Tyler Co., 8570 Tyler Blvd., Mentor, OH 44060.
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action of uniform speed shali be provided. The number of taps
per minute shall be between 140 and 150. The sieve shaker
shall be fitted with 2 wooden plug or rubber stepper to receive
the impact of the tapper. Other types of mechanical shakers
may be used, provided they can be adjusted to duplicate within
5 % results obtained by the type specified above, when tested
with the same sample and standard matched sieves. The shaker
shall be equipped with an automatic timer accurate to %2 min.

5.3 Sample Splitiers:

5.3.1 For the reduction of the gross sample to laboratery
size, either a large riffle with 25-mm (l-in.) openings or a
sample splitter of the type that cuts out a fractional part (for
example, a twelfth or a sixteenth) of the gross sample may be
used. Sample splitters are available commercially or may be
constructed by the user. The criterion for their use is that they
shall produce a representative sample.

5.3.2 Riffles with openings of 6.4 to 13 mm (V4 to Y42 in.) are
required for reducing the laboratory sample to test size. The
riffle opening must be at least three times the width of the
largest particle diameter. This restricts use of a riffle with
6.4-mm openings to materials passing a No. § sieve.

5.4 Balance—A suitable balance or scale capable of weigh-
ing accurately to 0.1 g shall be used. A more sensitive balance
may be used for weighing small fractions when they are
considered critical.

6. Testing of Sieves and Sample Splitters

6.1 Since standard matched sieves are specified for the
purpose of this test method, calibration as such by the tester is
obviated. However, the tester must have a method to check the
precision of the sieves. This shall be accomplished by having
available at least two sets of sieves: a reference set and a
working set. The reference set shall consist of standard
matched sieves and shall be reserved for testing the working
set. The working set also may consist of standard matched
sieves or of sieves the tester has proven to be satisfactory (see
6.2). The testing of the working sieves is necessary because
sieves will gradually change their characteristics after long
usage from clogging and wear. The working set should be

tested after every 100 to 150 sieve analyses. The test shall be-

made by sieving a suitable test sample through the working set
as directed in Section 10, and then sieving the same test sample
through the reference set. The results shall be calculated and
compared. All testing sieves of the working set that give results
within 10 % of the reference set shall be considered satisfac-
tory for use. (See Appendix X[ for an example of this test.)

6.2 A new unmatched sieve can be used if it is proven by
testing that it will produce results within 5 % of a standard
matched sieve. To test an unmatched sieve, it should be
substituted for the equivalent sieve in a standard matched set
and a sieve analysis made with a sample previously sieved with
the complete matched set. If agreement is satisfactory, the new
unmaiched sieve can be used as a working sieve.

6.3 A sample splitter for reducing a gross sample should be
tested for reproducibility before it can be considered reliable. A
minimum test shall be to take three gross samples of materials,
weighing 45 kg (100 Ib) or more, with different particle size
distribution, and obtain four laboratory-size samples of each by
repeated splitting. The laboratory samples shall be riffled to test

size and sieved. The same sct of sieves shall be used for g
tests. Duplication of results within each group should be 54
better.

7. Care and Cleaning of Testing Sieves

7.1 Testing sieves must be properly cared for if reproducil)
and reliable results are to be obtained from them., The life of
sieve is materially lengthened by proper care and caref,
handling. It is inevitable that some particles will becop
fastened in the sieve cloth, but excessive clogging can b,
controlled by brushing the underside of the wire cloth with ;
stiff bristle or bronze wire brush every time the sieve is used i
testing. A nylon bristle paint brush 51 mm (2 in.) in width, wit
the bristles cut back to about 25 mm (1 in.) long, is recom.
mended for brushing, although any short-bristle brush that wil
not stick in the wire cloth is satisfactory. A bronze wire bryst
should be used only for sieves No. 60 and coarser. Brushing
shall be firm enough to remove the majority of clogging
pariicles but not so vigorous as to distort the sieve cloth, Sieves
shall be washed pericdically with a mild detergent or soap,
brushing on the underside of the cloth. They should be washed
immediately after sieving hygroscopic materials, such as alkal;
carbonates, and dried before storing. They may be dried in 2
drying oven at 103 1o 110°C. A properly cared for sieve will be
clean and free of patina. It will have a minimum of ¢clogged
openings. The wire cloth will be taut in the frame and free of
distortion. The solder joint will be firm. A loosened joint on an
otherwise satisfactory sieve may be repaired by carefully
resoldering with resin-core solder. Additional cleaning meth-
ods are contained in ASTM STP 447B.7

8. Sampling

8.1 General Considerations—Follow the principles of prob-
ability sampling as given in Practice E 105. To estimate the
size (mass and number of increments) of the gross sample,
follow Practice E 122. The methods used for other necessary
statistical calculations are given in ASTM STP 15D.}

8.2 Sampling Plan—The sampling plan shall be such that
the sample obtained will represent as nearly as practicable the
average particle size distribution of the lot. Sampling bulk
material and bagged material will each present a different
problem.

8.2.1 Some segregation or nonuniformity will always exis!
in a bulk lot of material. At rest, this nonuniformity can and
probably will be multidirectional, with some layers of segrc-
gation in the lot that are nearly perpendicular to each ather. The
exact degree is never completely known. To obtain a represen-
tative cross section of the ot is difficult, if not impossible. it
motion, however, some mixing occurs, and segregation wil
tend to become unidirectional with layers of segregaticr
generally paraliel to the direction of flow. Therefore, 2 sample
increment taken by uniformly cutting across the flowing strealr
is generally much more nearly representative than an incremen’
taken with the material at rest. An entire lot should be samplec

T ASTM STP 447R, Manual on Test Sieving Metiods, ASTM, 1985. ]
B ASTM STP 13D, Manual on Presentation of Data and Control Chart Anaysis
ASTM, 1986.
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by taking a number of increments spaced at nearly equal
intervals during the whole time of loading or unloading of the
car ot truck. To take frequent cuts (sample increments) of all of
the stream part of the time reduces the danger of a biased
sample.” Furthermore, when sampling a moving stream, the
requirement for randomness is more nearly met at the time and
place of sampling since the chance of taking one grain instead
of another is about equal. The fotal number of increments
required for a desired precision can be estimated statistically as
in Practice E 122. Some simple device is required to sample the
stream. This may consist of a box-type cutter for sampling the
stream discharging from the end of a beit or spout, or a scoop
for sampling the stream being transported on the belt. (See
Appendix X2 for illustrations of simple stream samplers.) For
the purpose of this test method, a sampling plan that provides
for sampling the moving stream is recommended. The sam-
pling of a car or truckload lot of material at rest, by shovel,
scoop and cylinder, or thief is not recommended.

2.2.2 In sampling bagged material, an added problem is
presented—that of choosing which bags of the lot wilt be taken
for sampling and how the bags taken are to be sampled. A
suitable plan for taking bags for sampling would be to divide
the lot into sublots and then to take at random one bag from
each sublot. This wouid afford a simple cross section of the lot
and a random selection in each sublot. The number of sublots
in which to divide the lot should be calculated using the same
considerations as for estimating the number of increments to be
taken when sampling bulk material. The consideration of
segregation within bags must not be overlooked. If a suitable
sample splitter is available, the entire contents of the bag can
be taken and segregation ignored. However, if the bag is
sampled with a thief, or by some other method, it must be made
certain that any segregation is taken into account. A bag of
granular material, particularly after shipping, can show visible
evidence of segregation. If stratification or segregation has
occurred, care must be taken to sample so as not to obtain a

biased or “weighted” sample. The samples obtained from the

bags are mixed to constitute the gross sample.

8.3 Gross Sample Requirement—Because of the many ways
of handling materials and, in many cases, the limitations so
imposed on sampling, and because of the several kinds of
materials used for glass making, a single sampling plan is not
prescribed. Only certain minimum considerations are presented
and recommendations made. However, for the purpose of this
test method, any plan devised or used shall produce—or as
near thereto as it is practicable to obtain—a gross sample that
has a 99.7 % probability that the minimum precision of the
estimate will be 10 % relative for the critical particle size
fraction (Nate 1). (See Appendix X3 for calculation and
discussion of this requirement.)

Note 1-——A critical particle size fraction is considered to be one upon
which a specification for purchase or use is based,
9. Reduction of the Sample for Analysis

9.1 The gross sample obtained by combining all of the
increments shall be reduced to laboratory sample size of 0.2 to

¥ Taggart, A. F., Handbook of Mineral Dressing, Ores & Industrial Minerals,
John Wilcox & Sons, New York, NY, 1945,

1.8 kg (2 to 4 1b) by use of a large riffle with 25-mm (1-in.)
openings or by a sample splitter. If the material is too moist to
flow freely in a small riffie, it shall be dried before further
handling (9.1.2). The laboratory sample shall be reduced to test
specimen size, using a riffle with 6.4 to 13-mm (Y to 14-in)
openings. It shall be divided until the fractional portion weighs
approximately 100 to 150 g. This whole fraction constitutes the
test specimen. An exception to the above weight for the test
specimen is burned dolomite. Because of its light density, the
dolomite shall be riffled to a test size weighing 50 to 75 g. The
test specimen shall be weighed to the nearest 0.1 g before
sieving. ' :

9.1.1 When reduction of the gross sample or laboratory
sample to test size by the means described in Section 8 is not
feasible, hand reduction by the cone and guarter method may
be used. The applicable portions of this method as described in
Method D 346 shall be followed. '

9.1.2 Most materials can be dried at 103 to 120°C, How-
ever; naturally hydrated materials such as gypsum, if dried,
must not be heated above the critical temperature of the
hydrate. Gypsum would best be dried in a stream of dry air or
a desiccator.

10. Procedure for Mechanical Sieving

10.1 Assemble in order the selected sieves, which shall vary
in opening size by the ratio of 4/2:1 , with the coarsest on top
and a pan on the bottom. Place the test specimen on the top
sieve, close the nest of sieves with a cover, and place the entire
assembly on the shaker. Shake the sieves for the fime specified
in 10.2. After shaking for the specified time, stop the shaker,
remove the sieves, and weigh each separated fraction to the
nearest 0.1 g,

10.2 Shaking Time—The shaking time for this test methed
is as follows:

Time,

min
Sodium carbonate (soda ash) i0
Potassium carbonate {potash)® 5
All other materials 15

A The finest sieve used: shall be the No. 50.

11. Procedure for Burned Dolomite {(Note 2)

11.1 Before shaking, mix | g of tricalcium phosphate!® into
the test specimen of burned dolomite by rolling back and forth
on a sheet of glazed paper. Sieve the specimen in the regular
manner, Subtract the added gram from the pan for calculation.
The addition of tricalcium phosphate imparts a free-flowing
character to the burned dolomite, preventing balling and
blinding of the sieve. This additive will permit sieving through
a No. 140 sieve. If sieving through a No. 200 sieve is desired.
an additional 10 min of shaking may be necessary. However ©
may be found that sieving through a No, 200 will not be
successful. In any case, remove all fractions except tha
remaining on the No. 200 sieve and weigh before contimiing

!9 The sricaicium phosphates supplied by Fisher Scientific Co., N. F. grade, an
technical grade, are satisfactory. Analytical Reagent and other comparable grade
from phosphate chemical mamdacturers and other laboratory supply houses als
should prove satistactery,
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Notg 2-—Within the lime industry bumed dolomite is classified also as
ground, screened, or pulverized quicklime.

12. Procedure for Hand Sieving

12.1 Hand sieving is not a standard procedure for the
purpose of this test method. However, if necessity requires
hand sieving a material, follow the procedure described in
Section 8 on Hand Sieving in Test Methods C 92,

13. Procedure for Wet Sieving

13.1 When the sizing of finely ground materials on sieves
finer than No. 200 is required, they shall be wet sieved. For the
purpose of this test method the following test methods are
considered suitable: Test Methods C 325 and C 371.

14. Calculation and Report

14.1 Weigh each fraction recovered to the nearest 0.1 g.
When al! fractions are recovered and weighed, take the sum of
the fractions as the test specimen mass for calculation; the sum
of the fracticns and the original sample mass should agree to
within 1 g or a weighing error is indicated. Calculate the
percent retained on each sieve and report to the nearest 0.1 %.
When a fraction retained on a sieve is definite, but is less than
0.1 %, and is of importance because of specification require-
ments, weigh it to the nearest 1 mg, and report to the nearest
0.01 % or 0.001 % as required.

15. Precision and Bias

15.1 Precision—Repeatability and Reproducibility Standard
Diviations

15.1.1 Fifteen laboratories preformed dry sieve analysis on
six commonly used glass meliing sands according to Test
Method C 429, following Practice E 691, The statistical results
are summarized in Table 1. Complete results are given in

Reasearch Repart C14-1001"", Interlaboratory Study to
date the Precision Statistics of Sieve Analysis for Glagg
Melting Sand.

15.1.2 Table 1 provides with-in lab “repeatability” standarg
deviations (Sr) and between-labs “reproducibility” standarg
deviations (SR} for six sands of varying partial size. For nasypy
whole grain sands consisting primarily of particles larger the,
200 mesh, Material A-D, Table 1 show relatively better sigy,
analysis precision with Srs less than 1.4% retained and §p;
less than 3.2%. Finely ground sands containing more than 8¢y
of particles smaller than 200 mesh, Materials E-F, exhibiteg
significantly higher Sr’s and SRs, that is, relatively poores
sieve analysis precision. These results support the recommen.
dation in Section 13, that wet sieving is appropriate for finely
ground sands.

152 Precision-Repeatability and Reproducibility 95% Lim.
its:

15.2.1 Table 2 lists repeatability and reproducibility 95y
Limits for the Difference Between Pairs of Results, “r" ang
“R”. Computationally, Table 2 is derived from the Sr and SR
values of Table 1 by the relationship: 95% limit = 2.8 x
standard deviation. ASTM Form and Style and Practice E 177
prescribe that the 95% r and R limits be included in the
precision statement of test methods, to serve as a reference fo;
the numerous practical laboratory situations involving the
comparison of the two test results. Appendix 4 provides an
illustration of the use of the quantities “r* and “R”,

15.3 Bias: '

15.3.1 The National Institute of Standards and Technology
provides samples of Materials A, C, D allowing users of Test
Method C 429 to evaluate the accuracy of their sieves. Sample
bottles may be obtained from NiST by requesting Reference
Material(s) 8010, Sand for Sieve Analysis.

16. Keywords

6.1 glass raw materials; sampling; sieve analysis; sieve
shaker; splitters; standard sieves; testing of sieves

! Available from ASTM Headquarters, request Ressarch Repart : C14-1001.

TABLE 1 Dry Sieve Analysis Results for Six Glass Melting Sands Determined by C 429, Including Repeatability and Reproducibility
Standard Deviations; S, SR respectively (% Retained)

Material-D Matarial-E Material-F
SR Ave, Sr SR Ave. Sr SR Ave. Sr SR

. Material-A Material-B Material-C
Sieve Mesh #

Ave. Sr SR Ave. Sr SR Ava, Sr
30 0.3 0.2 0.2 0.1 0.1 0.1 0.0 0.0
40 224 0.8 2.7 5.3 0.5 0.9 0.0 0.0
50 42,0 1.4 3.2 21.0 0.9 18 0.2 0.1
70 19.5 11 1.8 38.7 0.8 3.0 5.7 0.1
100 9.2 0.4 0.7 28.8 0.8 2.7 414 0.8
140 5.0 0.2 0.3 5.2 0.8 Q9.7 41.4 0.7
200 1.8 0.1 0.1 0.5 0.1 0.1 10.4 0.3
270 0.2 0.1 0.1 [¢N] 0.1 0.1 0.7 0.1
325 2.0 .0 0.0 0.0 0.0 0.0 G.0 8.1
Pan 0.1 0.1 0.4 0.0 0.0 0.0 01 0.0

0.0 0.0 0.0 04 0.0 0.0 0.1 0.1 0.0 04
0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 01
0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.1 0.0 01
0.9 0.1 00 0.1 0.1 G.1 0.2 0.1 02 02
2.3 5.4 14 1.8 0.7 0.8 1.1 1.7 2.1 27
28 285 07 15 3.0 1.0 2.4 76 22 M2
1.0 277 09 24 9.9 1.4 4.8 7.0 29 38
03 233 05 19 248 16 107 188 39 127
0.1 7.2 05 20 148 a7y 6.3 186 45 88
0.1 a.2 05 14 481 3.4 179 438 85 .6
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TABLE 2 Repeatabllity and Reproducibility 95% Limits, r and R respectively, for Dry Sieve Analysis of Six Glass Melting Sands
Determined by C 429 (% Retained)

Sieve Mesh # Material-A Matariai-B Material-C Material-D Material-E Material-F
r R r R r R r R r R r R
30 0.4 0.4 0.2 0.2 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.3
4Q 2.2 7.6 1.3 2.8 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.2
50 34 8.1 2.5 4.5 0.1 0.2 041 0.2 0.4 0.2 0.1 ©.3
70 3.2 5.0 2.5 8.4 0.4 24 0.1 0.3 0.3 0.5 0.4 0.5
100 1.4 1.9 2.4 7.6 2.2 6.4 4.1 4.6 26 31 59 1.6
140 0.4 0.9 1.8 20 , 2,0 7.7 2.0 4.2 29 6.7 6.2 315
200 02 0.4 0.3 0.3 0.8 2.7 2.8 8.0 4.0 13.5 8.1 10.68
270 0.2 0.3 0.1 0.1 0.4 0.7 1.3 5.2 4.5 30.0 10.8 356
325 041 0.1 0.1 0.1 0.2 0.3 1.4 5.7 7.5 17.6 12.7 25.0
Pan 0.1 0.2 0.1 0.1 0.1 0.3 1.4 4.0 8.6 50.2 23.7 604 |
APPENDIXES

{Nonmandatory Information)

X1. TESTING THE WORKING SET AGAINST THE REFERENCE SET OF STANDARD MATCHED SIEVES

X1.1 It is specified in 6.1 that each working set of sieves
shall be tested periodically against a reference set of standard
matched sieves. This will give the necessary assurance that the
working set of sieves is reliable, or provide the data for
discarding any of the sieves. An example of a hypothetical
comparison is given in Table X1.1 and the reasoning for the
discarding of ome of the sieves shown in the following
paragraphs, In comparing the sieve analyses, it is necessary to
calculate only the percent accumulative for each sieve te show
which sieve (or sieves) is defective,

X1.2 If the percent retained were alome considered, a
cursory examination would indicate that both the Nos. 70 and
100 sieves in the working set were unsatisfactory as they differ
by more than 10 percent relative from the reference set:

No. 70{3.4/233) X 100 = 14.5%

No. 106 {4.3/315.7) X 100 = 274 %

X1.1)
(X1.2)

However, the amount of material retained on a sicve is
directly influenced by the amount that has been retained on the
next larger sieve as well as by its own sieving characteristics.
Examination of the tabulated accumulative columns reveals
this relationship and is the guide used to judge the accuracy of
a sieve. :

TABLE X1.1 Hypothetical Comparison of Reference Set Versus
Working Set

Refersnce Set Working Set

Slevs No. Retained, Accumula- Retained, Accumula-
Y% tive, % % tive, %
30 1.4 14 1.5 1.5
40 16.6 18.0 16.0 17.5
50 24.2 422 254 428
70 23.3 68.5 8.7 69.6
100 15.7 81.2 1.4 81.0
140 7.8 89.0 8.0 89.0
-140 (pan) 1.0 100.0 1.0 100.0

X1.3 From the data in Table X1.1, it is noted that Nos, 30,
40, and 50 sieves are satisfactory but the No. 70 sieve is
suspect. The No. 70 differed by + 4.1 between the reference
and working set, so the percent accumulative error in No. 70 is
calculated as follows:

Real Error: (4.1/23.33) X 100 = 176 %
This No. 70 sieve is to be discarded.

(X1.3)

X14 However, in the case of the No. 100 sieve, it is
obvicus after inspection of the accumulative column that the
error in the retained column is almost entirely due to the No. 70
sieve being too retentive. If the No. 70 were to pass the excess
4.1 % it retained, the retained column would show a percent of
5.5, only 0.2 % less than that shown for the reference set, The
No. 100 sieve is a satisfactory sieve, and is not discarded from
the working set.

X1.5 When testing a working set of sieves for accuracy, a
test sample should be chosen that will have approximately a
minimum of 10 % for a given sieve size fraction for judging
any particular sieve. In the example given above, the test
sample would not be one to use for judging the accuracy of the
No, 30 sieve and those larger, and possibly also the No. 200
sieve which is not shown, Practically, two test sampies of a
hard nonfriable material, one of coarse size and one of fine
size, will most generally serve best as test samples. They can
be used over and over, and tailor-made to exact chosen size
distribution if so desired.

X1.6 Itissuggested that when a sieve is discarded from the
working set, that it be replaced by its like number from the
reference set. A new standard matched sieve is then added to
the reference set to fill the vacancy. This practice will assure
that the reference set will consist of the newer and least used
sigves.
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X2. STREAM SAMPLERS

X2.1 The design of stream samplers is generally of simple
box construction so as to conform to the environmental
restrictions of the sampling location, The chief requirement in
their construction is that they will not overflow while passing
through or cutting the stream and that they are large ettough in
one direction to catch the full stream. To sample, the cutter
should be passed through and out of the stream at a constant
rate so as to cut as evenly as possible each section of the
stream. A double pass may be made if a single pass does not
catch an increment of at least 2.2 kg (5 1b).

X2.2 Fig. X2.1 shows a design for a sampler to pass across

a free-falling stream transverse to the general direction of flow .

from a belt or spout. Fig. X2.2 is a simple open box ¢r irough
for use where it is not practica! to use a cutter type as shown
in Fig. X2.1. Fig. X2.3 is a simple scoop for sampling across
a belt. This is probably the least satisfactory way of sampling
a stream, but if done quickly and smoothly, and if the material
is picked up completely from the bottom of the belt, it should
prove adequate. Automatic samplers of proper design ¢an be of

13 mm
(1121} -] [~ Opening

203 mm
Bin}

305 mm

102 mm {12in.)

(4in)
FIG. X2.1 Sampler for Free Falling Stream Transverse to
Direction of Flow

76 mm
(3inyY— =05
{12in,)
102 mm
(41n)

FIG. X2.2 Open Box Sampler

FiG. X2.3 Scoop Sampler

much help when many samples must be taken, A straightlin
cutter sampler as shown in Fig. X2.4 should prove satisfac
tory.!2

X2.3 Automatic samplers can be tested out statistically ft
sampling error as described for hand sampling methods :
Appendix X3. If many more than ten sampling cuts are take

{from a lot, the cuts may be grouped into eight or ten subgroy

for individual testing for the estimate of the sampling error.

12 Automatic samplers manufactured by Denver Equipment Div., Juy Manufa
turing Co., P.O. Box 340, Coicrado Springs, CO 80901, and by Gustafson, Inc., I
Box 660065, Dullas, TX 75266-0065, among others, have been found satisfacto
for this purpose,
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Note 1—This illustration shows the sampler with the cover removed. The cutter (left) reciprocates horizontally and is supported by rollers on a track.
FIG. X2.4 Automatic Sampler

X3. ESTIMATE OF GROSS SAMPLE SIZE REQUIREMENT

X3.1 The use of Eq. 1 in Section 5 on Equations for
Calculating Sample Size of Practice E 122 permits the estima-
tion of the sample size within a certain probability of a gross
error. In the case of sampling by increments from bulk
material, the caleulation arrives at the number of increments to
be taken.

X32 To arrlve at a sampling plan that will meet the
requirements of 8.3 of this test method, each particle-size
fraction must be considered separately. If the increments of a
sample are tested individually, each particie-size fraction will
have a distribution around the average, and the standard
deviation can be calculated (Part I, Section 20 of ASTM STP
15D).% Prior knowledge of the standard deviations is desirable,
although it can be estimated using the example in Section 6 of
Practice E 122. However, the penalty of an estimate of the
standard deviation versus more exact knowledge of its value
usually results in taking a larger sample than necessary.

X33 An example is given in Table X3.1 of data assembled
and the calculation of n, using Eq. 1 in Section 5 on Equations

TABLE X3.1 Example of Data Assembled and Calculation of

Sieve Ma, X % R ' n
40 3.13 2.1 (.65 440

50 . a7.26 7.6 2.4 7

70 29,61 4.8 1.2 2

100 26,77 4.3 1.4 8
140 12,056 5.8 1.8 20
200 073 0.6 0.18 85
=200 {pan]) 0.43 0.3 0.087 37

_*The symbols are defined as fallows:

X = average of the averages for the five lots,

R = average range of the five lots,

o' = average standard deviation of the five lots corrected for sample size {ten
Increments), and

n = sampie size as increments required for a probability of 99.7 % that the
sstimats of the average will not excesd 10 % error.

for Calculating Sample Size of Practice E 122, Five cars of
sand were sampled, taking ten 453-kg (10-1b) increments from
across the flowing stream while emptying each car Each
increment was sieved separately with the same set of sieves.

X3.4 The calculations for  were computed using Eq. 1 of
Practice E 122:

n=Gu'lB) (X3.1)
where E= 10 % of 2 given particle size fraction.
For the No. 50 sieve fraction,
7 =[(3 X 2.4)/2.726)* = 697 or 7 (X3.2)

X3.5 After calculating for the number of increments re-
guired, the other considerations for the sampling plan can be
taken into account—the number of increments that can be
taken practically, and the specifications or critical particle size
fractions of the material. To illustrate, the following assump-
tions are made:

X3.5.1 The maximum number of increments that can be
taken is 20, although 10 is preferable.

X3.5.2 1t is specified that the percent of material remammg
on the No. 40 sieve does not exceed 3.0.

X3.5.3 Itis specified that the percent of material that passes
the No. 100 sieve does not exceed 15.0.

X3.6 It is apparent that the requirement for a 99.7 %
probability of not exceeding a 10 % sampling error cannot be
met for the Nos. 40, 200, and pan sieve fractions. However, the
No. 200 and pan fractions are quite small and are distegarded.
More properly they should be added into the No. 140 sieve
fraction; however, in gither case the resulting estimation would
not be much different. By substituting in Eq. I of Practice
E 122 and using Fig. 14 in Part 1 of ASTM STP 15D,% the
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probability of not exceeding a 10 % sampling error, or the
percent of error for a 99.7 % probability for a 10 or 20-
increment sample can be estimated where P = probability
(factor), and e=sampling error. P is translated to percent,
using Fig. 14 of ASTM STP 15D,%

X3.7 For the No. 40 sieve, a 10-increment sample and a 10
percent sampling error, Eq. 1 is written to solve for P;

10 = [(P X 0.65)/0.31]% (X3.3)

and for a 10-increment sample but to solve for e with a
99.7 % probability:

10=[3 X ().65)/@:]2 (X3.4)

X3.8 Solving for both a 10 and 20-increment sample, the
following estimates are made:

X3.8.1 For the No. 40 sieve:

X3.8.1.1 The probability is 86.7 % not to exceed a 10 %
sampling error for a 10-increment sample;. or 95 % not to
exceed a 10 % sampling error for a 20-inctement sample.

X3.8.1.2 The estimated errot is 1.6 % (52 % of the average
fraction percent) for a 10-increment sample, and 0.4 % (14 %
of the average fraction percent) for a 20-increment sample.

X3.8.2 For the No. 140 sieve:

X3.8.2.1 The probability is 96 % not to exceed a 10%
sampling error for a 10-increment sample.

X3.8.2.2 The estimated error is 1.7 % (14 % of the averag
fraction percent) for a 10-increment sample.

X392 The decigion as to the number of increments (
incorporate into the sampling plan definitely favors taking .
20-increment sample. This satisfies the requirement for the Ng
140 sieve fraction and still permits an acceptable probability
and sample error for the No. 40 sieve fraction. Considering th;
specification for this fraction, a sampling error of 1.6 % ply
the average percent of 3.1 will place the test results near the
5 % specification limit, and if the error is minus, a lot gve
specification could test as acceptable.

X3.10 The above data, calculations, and discussion were
made on test results that included the testing errors of riffling
and sieving. The standard deviations of riffling and sieving are
quite small when proper technique and care are exercised, One
purpose of this test method is to minimize these errors to the
negligible point. It is doubtful that much would be gained ir
attempting to correct the sampling data for testing errors in the
way of fewer increment requirements. Actually, there is a gair
in a margin of safety by considering all the error as sampling

X3.11 Finally, these considerations are for the first estima-
tion of the sample size. More data and experience may dictate

a-change in any sampling plan.

X4, ILLUSTRATION OF THE USE OF PRECISION LIMITS “r™ AND “R”
(LISTED IN Table 2}

X4.1 To illustrate the use of “r”, consider Material A and its
40 megh screen. Further, assume that a sand supplier produces
Material A to the same 40 Mesh target value equal to the
average listed in Table 1, 22.4% retained. A single shipment
test , like 40 Mesh = 29.0 is suspiciously high. If a retest of the
29.0 done in the same lab yielded 27.0 then both tests are
considered valid because they do not differ by more than the
repeatability limit r = 2.2 (see Table 2, Sand A, 40 Mesh). The
average of the two resuits, 40 Mesh = 28.0 is then the best
single number to characterize the shipment. However, if the

retest in the same lab showed 26.0, then the difference between
the pair of numbers (29-26) exceeds r = 2.2, meaning on¢ ot
the other or both tests are suspect and a third test is required tc
characterize the shipment. If the initial testing is done in the
supplier’s laboratory and the retest is done by the customer
then the situation is analogous to the above except that “R.” i
referenced instead of “R.”. If a third test is required in such
cases of buyer check testing, then the reproduced test is usually
done in a separate independent or commercial referee labora-

tory.

The ASTM Internaticnal takes no pasifion respecting the validity of any patent righfs asseried in connection with ény itern
mentioned in this standard. Users of this standard are expressly advised that defermination of the validity of any such patent rights,
and the sk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible fechnical commiltee and must be reviewed every five years and
ifnot revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Intemational Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical commities, which you may attend. If you fes! that your commesnis have niot received a fair hearing you should
make your views known lo the ASTM Committee on Standards, at the address shown below.

This standard is copyrightad by ASTM Intemationai, 100 Barr Harbor Drive, PO Sox C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or muitiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org f{e-mail); or through the ASTM websile

(www.astm.org).
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Flexural Properties of Ceramic Whiteware Materials

This standard js issued under the fixed designation C 674; the nureber immediately following the designation indicates the year of
original adoption o, in the case of revision, the ygar of last revision. A number in parenthesey indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These test methods cover determination of the modulus
of rupture and the modulus of elasticity of fired ceramic
whitewares bodies, formed by any fabrication method, and are
applicable to both glazed and unglazed test specimens.

1.2 The values stated in inch-pound units are to be regarded
as the standard, The metric eguivalents of inch-pound units
may be approximate. '

1.3 This standard does not purport to address all of the
safety concerns, if amy, associated with iits use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Summary of Test Methods

2.1 The specimens, either cylindrical, or rectangular, are
supported on knife edges over a suitable span and a direct load

is applied at the midpoint between the supports at a uniform

rate until breakage occurs. The modulus of elasticity may be
determined by halting the applied load at definite intervals and
measuring the deflection of the specimen at the midpoint to the
nearest 0.001 in. (0.025 mm).

3. Significance and Use

3.1 These test methods provide a means for determining the
modulus of rupture and the modulus of elasticity, which may
be required in product specifications.

4. Apparatus

4.1 Testing Machine—Any suitable testing machine may be
used, provided uniform rates of direct loading can be main-
tained.

4,1.1 For all specimens the loading rate should be such that
the specimen should fail in approximately 1 min, Table 1 lists

! These test methods are under the jurisdiction of ASTM Commitiee C21 on
Ceramic Whitewares and Related Products and are the direct responsibility of
Subcommittee € 21.03 on Methods for Whitewares and Environmental Concerns,

Current edition approved Feb. 15, 2006. Published Febraury 2006. Qriginally
approved in 1971. Last previous edition approved in 1999 as C 674 ~ 88 (1999).

loading rates that shall be used for each size specimen. For
strengths of specimens intermediate of those specified, inter-
polation can be used to obtain the equivalent loading rate.

4.1.2 Far the prescribed rectangular specimens the loading
rate shall be 1000 = 150 lbs (454 & 68 kg)/min.

4.2 Bearing Edges—For the support of the test specimen,
two steel {or high-strength ceramic) knife edges rounded to a
radius of 0.125 in. (3.18 mm) shall be provided. The load shall
be applied by means of a third steel knife edge rounded to a
radius of 0.123 in. When testing rectangular specimens, the
supporting members for the bearing edges shall be constructed
to provide a means for alignment of the bearing surfaces with
the surfaces of the test specimen (it being possible that the
rectangular specimen may be wedge-shaped or twisted). The
apparatus shown in Figs. 1 and 2 are suggested as suitable
devices for ensuring proper spacing and alignment of the
bearing edges for rectangular test specimens.

5. Test Specimens

5.1 Preparation of Specimens—Form, fire, and finish the
specimens by the appropriate methods, following practices
used in actual production.

5.2 Dimensions—The specimens shall be approximately
1.125 in, (28.6 mm), 0.730 in. (19.2 mm), 0.500 in. (12.7 mam),
or 0.250 in. (6.4 mm) in diameter, whichever diameter is most
comparzble to that of the finished product. The length shall be
6 = 0.30in. (153 % 12.7 mm) to permit an overhang of at least
0.25 in. (6.4 mm) at each end when mounted on the supports.
Note that the 0.25-in. specimens may be 3,75 £ 025 in. (95 =
7 mm) long.

5.2.1 The dry-pressed specimens shall be rectangular bars
approximately 1 in. (25.4 mm) by 0.50 in. (12.7 mm) in cross
section and at least 4.50 in. (114 mm) in length to permit an
overhang of at least 0.25 in. at each end when mounted on the
supports,

5.3 Handling—Ohserve all due precautions in the forming,
drying, and firing to produce straight test specimens of uniform
Cross section.

5.4 Storage—Cool test specimens taken warm from the kiln
in a desiccator. If the testing must be delayed, store the bars in

Capyright @ ASTM International, 100 Baer Harbor Drive, PQ Box G700, West Conshohacken, PA 19428-2958, Unitad States,
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TABLE 1 Loading Rates for Specimens

Nominal MOR, ksi {MPa) —

Specimen Size, in. {mm Span, in. {mm) 10 (69) 3G (207) 50 (345)
Loading Rate, Ib/min (kg/s)

1.125 {28.6) diameter ‘ 5(i27) 1100 {8.32) 3400 (25.70} 5600 (42,34)

0.780 {13.2) 5 (127) 300 (2.27) 1000 (7.56) 1700 (12.85)

0.500 (127) ° 5 (127) 100 {0.76} © 300 (2.27) 500 (3.75)

0.250 (68.4) " 3(78) 20 (0.15) 60 (0.45) 100 {0.76)

1 by 0.50 {26.4 by 12.7) 4 {102) 400 (3.02} 1250 (9.45) : 2100 (15.98)
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the desiccator, or in an electric oven at 110°C, and then cool in
a desiccator before testing, When removing specimens from a
hot kiln, take care to avoid thermal shock which will lead to
erroneous results.

MODULUS OF RUPTURE
6. Procedure
6.1 Test at least ten dry specimens at room temperature.

Nore 1-—The modulus of elasticity may be determined as described in
Sections 10-11 on the same type specimens used for the modulus of
rupture test.

6.2 Place the cylindrical specimen on the bearing edge:
spaced 5 in. (127 mm) * 2 % between centers, with th
specimen overhanging each end by at least 0.25 in. (6.4 mm
Apply the load at a right angle to the specimen and midwal
(%2 %) between the supporting edges. Apply the load u!
formly at the appropriate rate for the specimen size (see 4.1.1
until failure occurs. Measure the diameter at four approi!
mately equidistant points at the break and take the average !
the nearest 0.001 in. (0.0254 mm) for calculation purpose
Break the 0.25-in. diameter rods between 3-in. (76-mm
centers and note this in the report.
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6.2.1 Place the rectangular test specimen on the bearing
edges, spaced 4.0 in, (102 mm) between centers, with the
specimen overhanging at each end by at least 0.23 in. (6.4
mm). Apply the load at a right angle to the l-in. (25.4-mm)
surface of the specimen and midway between the supporting
edges. Break specimens glazed on only one of the l-in.
surfaces with the glazed surface either up or down, but break
all of the specimens from any one lot in the same position and
record this position. Apply the load uniformly at the rate of
1600 £ 150 lbs (454 = 68 kg)/min, until failare occurs.
Measure the width and thickness at the break to the nearest
0.001 in. (0.0254 mm).

7. Calcutation

7.1 Calculate the modulus of rupture of each circular cross
section specimen as follows: '

M = 8PLind 140
where
M = modulus of rupture, psi (or MPa);
P = load at rupture, 1of (or N);
L = distance between supports, in. (or mm);
d = diameter of specimen, in, (or mm).

7.1.1 Calculate the modulus of rupture of each rectangular
specimen as follows:

M = 3 PL2bd" (2)
where
M = modulus of rupture, psi (or MPa);
P = load at rupture, 1bf (or N);
L = distance between supports, in. (or mm);
b = width of specimen, in. {(or mm); and
d = thickness of specimen, in. (or mm).

8. Report

8.1 Report the following information:

8.1.1 Identification of the material tested,

8.1.2 Data and computed modulus of rupture for each
specimen,

2.1.3 The adjusted average of the computed modulus of
rupture values (discarding those values from the bars which,
upon inspection, show obvious defect), and

8.1.4 In the case of glazed specimens, the position of the
glazed surface or surfaces, with respect to the applied load.

8.2 The report may also include:

8.2.1 A description of type of fracture and the behavior of
each specimen under load,

8.2.2 Name and rating of the machine used to make the test,
and

8.2.3 A graph showing the individual values of modulus of
rupture arranged in ascending order.

9, Precision and Bias

9.1 Precision:

9.1.1 Interlaboratory Test Data—An interlaboratory test
was run in 1978 in which randomly drawn samples of five
materials were tested in each of four laboratories. One opérator

in each laboratory tested ten specimens of each material. The
components of variance for flexural strength results expressed
as coefficients of variation were calcnlated as follows:

Single-operator component
Between-laboratory somponent

2.42 % of the average
18.79 % of the average

9.1.2 Critical Differences—For the components of variance
reported in 9.1.1, two averages of observed values should be
considered significantly different at the 95 % probability level
if the difference equals or exceeds the following critical
differences listed below;

Critical Difference, % of Grand

Average”
Number of Obser- Between-
vations in Bach Single-Operator Praci- Laboratory
Average slon Precision
10 6.72 52.10

“ The critical differences were caiculated using f= 1.960 which |s based on
infinite degrees of freedom.

9.1.3 Confidence Limits—For the components of variance
noted in 9.1.1, single averages of observed values have the
following 93 % confidence limits:

Width of 95 % Confidence Limits,
Percent of the Grand Average”

'Number of Obset- Between-
_ vatiens in Each Single-Operator Preci- Laberatory
Average sion Pracision

1G =4.75 +36.84

AThe confidence limits were calculated using ¢= 1.960 which is based on
infinite degrees of freedam.

9.2 Bias--No justifiable statement on bias is possible since
the true value of flexural strength of ceramic whiteware
materials cannot be established and will be different for each
specific material.

MODULUS OF ELASTICITY

10. Procedure

10.1 Support the specimen in the same-way as for the
modulus of rupture determination. Set any type of deflectome-
ter capable of indicating to 0.001 in. {0.0254 mm} to measure
deflection at mid-span relative to the ends of the span. Apply
the load unifermly (see either 4.1.1 or 4.1.2) in accordance
with the shape of the specimen. Stop the loading at 15 %
increments of the expected total breaking load, as may previ-
ously have been determined in the modulus of rupture tests,
and record the corresponding deflections.

11. Calculation

11.1 Plot the load-deflection readings to a convenient scale
and draw a straight (stress-strain) line to represent, as nearly ac

. possible, the average of the plotted points below the elastic

limit. (In some materials, increasing departures from a straigh
line may be noted at the higher stress. Such evidence of plastic
fiow, or of non-recoverable strain, indicates that the elastic
limit has been exceeded.) If the line does not pass through the
zero point, draw a corrected line through this point parallel t
the stress-strain line.
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11.1.1 Calculate the modulus of elasticity, E, for rectangular W' = load coordinate of the selected point, 1bf (or N):
specimens from the coordinates of some convenient point on L = length of span, in. {or mm); '
the corrected line as follows: : A = deformation coordinate of the selected point, in. ¢

ST | mm); and

£ = WitAbE ® d = diameter.of specimen, in. (or mm).
where: 12. Report
W! = load coordinate of the selected point, Ibf (or N); 12.1 Report the following information:
L = length of span, in. (or mm); ) 12.1.1 Identification of the material tested,
A = deformation coordinate of the selected point, in. (or 12.1.2 Stress-strain data and modulus of elasticity for eq

mm); ] _ specimen, and

b = width of specimen at the center, in. (or mm); and

12.1.3 In the case of glazed specimens the position of #

d = thickness of specimen at the center, in. (or mm). glazed surface or surfaces.

11.1.2 Calculate the modulus of elasticity, E, for circular
cross-section specimens from the coordinates of some conve- 13. Precision and Bias

nient point on the corrected line as follows: 13,1 Specific information to support a precision and bj;

£ = 4W' L 3mAdt O] statement for modulus of elasticity is not yet available,

14. Keywords

where: 14.1 ceramic whiteware materials; flexural properties
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Standard Practice for
. . x 1
Sampling Ceramic Whiteware Clays
This standard is issued under the fixed designation C 322; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the yeag of last revision. A number in parentheses indicates the year of last reapproval, A
i superscript epsilon (¢} indicates an editorial change since the last revision or reapproval.
1, Scope

1.1 This practice covers procedures for sampling bulk and
bagged shipments of ceramic whiteware clays.

¥ 2. Sampling

2.1 Where a bulk shipment consists of lumps, a number of
samples shall be taken from different parts of the rail car or
truck during unloading, so that the final sample will represent
an average of all parts of the shipment from top to bottom. For
a 30-ton (27-Mg) unit, no less than 20 samples of approxi-
mately 10 1b (4.5 kg) each shall be taken from different parts of
the rail car or truck. This may be done by removal during
loading or unloading, at spaced intervals. The tumps shall then
be broken to pieces no larger than 4 in. (102 mm), in the largest
dimension, atd the several samples shall be made into a
composite lot, by turning with a shovel on a clean floor. The
composite shall then be quartered or riffled to provide a 10-1b
laboratory sample.

2.2 Sampling of hopper car or hopper truck shipments is to
be done during unioading of the car or truck.

2.3 Where a bulk shipment consists of shredded or coarsely
ground clay, sampling shall be done at 20 points for a 30-ton
{27-Mg) unit; the samples may be taken with a shovel, or with
a grain sampler, if the form of the clay permits. The samples so
talken shall then be mixed thoroughly, and quartered or riffted

_to form a 10-1b (4.5-kg) (or proportionately larger) laboratory
sample,

! 'This practice is under the jurisdiction of ASTM Committee C21 on Ceramic
Whitewares and Related Products and is the dirsct responsibility of Subcommittes
C21.04 on Raw Materials.

Current edition approved Oct. 1, 2003. Published October 2003. Qriginally
approved in 1953, Last previous edition approved in 1997 as C 322 - 82 (1997,

2.4 For bagged lots of ground or air-floated ¢lay, the number
of samples taken shall depend on the number of units in a
shipment, A grain-sampler or similar sampling instrument shall
be used to take sampies which then shall be combined, mixed,
and quartered or riffled to obtain a 10-1b (4.5-kg) laboratory
sample. Where a shipment consists of 100 bags or less, the
number of bags sampled at random shall be not less than 5 and
preferably 10. When the number of bags is greater than 100 but
less than 500, the number of bags sampled shall not be less
than 15. For lots of from 500 to 1000 bags; 20 bags shall be
sampled. For shipments of 1000 to 2000 bags, 30 bags shall be
sampled at random,.

2.5 When the clay is shipped in slurry form a representative
sample may be obtained by taking a single grab sample from
any portion of the shipment except by skimming the top
surface. If the shipment has been unagitated for a period of two
weeks or more the shipment can be agitated by inserting an air
lance to the bottom of the vessel for a period of ten minutes.
Omne two-liter sample is required,

2.6 Preshipment samples of slurries and bulk materials from
the supplier can be used, replacing the sampling done when the
shipment is received.

3. Precision and Bias

3.1 Precision— It is not possible to specify the precision of
the procedure in this test method beyond stating that the sample
size must be /- 10% of the weight specified.

3.2 Bigs—No information can be presented regarding the
bias of this procedure.

4. Keywords
4.1 clay; sampling
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Designation: C 323 ~ 56 (Reapproved 2006)

Chemical Analysis of Ceramic Whiteware (ilays1

This standard is issued under the fixed designation C 323; the number immediately following the designation indicates the year of
original adeption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsiton (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 These test methods cover the chemical analysis of clays
used in the manufacture of ceramic whitewares.

1.2 The analytical praocedures appear in the following order:

Section
Moisture K
Loss on Ignition 8
Silica g
lran, Aluminurm, and Titanium Oxides 10°
Iron Oxide 11
Titaria 12
Alumina ' 13
Lime 14
Magnesia 15
Alkalias 15

Note [—These test methods have been compiled as standard proce-
dures for use in referee analyses. These test methods, however, when the
determination of iron oxide as Fe,O; is involved, are not intended to
preclude the use of other procedures thae give results within the permis-
sible variations, For the sake of uniformity the clagsical Zimmerman-
Reinhardt procedure is specified for the determination of iron oxide. It is
recognized that numerous other procedures are equally accurate and often
more convenient. The other procedures commeonly in use include reduc-
tion of an oxidized solution with zinc or other metal, and litration with
standard potassium permanganate (KMnO,) or potassium dichromate
(K;Cr,Q4) solution, as well as titration with a standard solution of titanous
chloride in an oxidized solution. These procedures shall be considered
acceptable, provided the analyst has obtained results by his special
procedure that check with the Zimmerman-Reinhardt procedure within the
limits specified in Section 17. It is suggested that Naticnal Institute of
Standards and Technology standard samples be used for checking the
accuracy of procedures.

It will be understood that the making of a complele analysis of a
cerantic whiteware clay is a difficult procedure requiring a wide knowl-
edge of the chemisiry involved in the operations and a thorough training
in carrying out the work. A skilled analyst of good training is thercfore
required to do the work. The descriptions here given cover the vital points
of procedure, but frequent reference in regard to the details of the various
manipulations should be made to “Applied Inorganic Analysis” by
Hillebrand and Lundell® and to similar publications. Particularly in the

! These test methods are under the junisdiction of ASTM Committee C21 on
Ceramic Whitewares and Related Products and are the direct responsibility of
Subcommittee C 21.04 on Raw Macerials.

Current edition approved Feb, 15, 2006, Published February 2006. Originally
approved in 1956, Last previous edition approved in 1999 as C 323 - 56 (1999).

2 Hillebrand, W, F., and Lundell, G. E. F., Applied Inorganic Aralysis, Wiley and
Son, New York, 1929.

determination of alumina, reference should be made to Scientific Paper
No, 286 of the National Bureau of Standards.?

1.3 The values stated in acceptable metric units are to be
regarded as the standard. The values given in parentheses are
for information only.

1.4 This standard does not purport to address all of the
safety concerns, if amy, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use,

2. Referenced Documents

2.1 ASTM Standards: *

€ 322 Practice for Sampling Ceramic Whiteware Clays

E 11 Specification for Wire Cloth and Sieves for Testing
_Purposes

3. Reagents

3.1 Unless otherwise indicated, it is intended that all re-
agents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society, where
such specifications are available.’ Other grades may be used,
provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of
the determination. Unless otherwise indicated, references to
water shall be understood to mean distilled water. Paragraphs
3.1.1-3.1.16 include those reagents common t¢ two or more of
the analytical procedures. Other reagents will be found listed
with the particular test method in which they are prescribed.

3.1.1 Concentrated Acids and Ammonium Hydroxide—
Concentrated acids and ammonium hydroxide of approxi-
mately the following specific gravities or concentrations will
be required:

* Blum, W., "Determination of Alumina as Oxide,” National Bureau of Stan-
dards, Scientific Paper No. 286.

* Far referenced ASTM standards. visit the ASTM website, www.astm.org, o
contact ASTM Customer Service at service @astm.org. For Anneal Book of ASTH
Standards volume information, refer to the standard’s Document Summary page o1
the ASTM website,

¥ Reagent Chemicals, American Chemical Society Specifications, Americal
Chemical Society, Washington, DC. For suggestions on the testing of reagents ne
listed by the American Chemical Society, see Analar Standards for Laborator
Chemicals, BDH Ltd,, Poole, Dorset, U.K., and the United States Pharmacopei
and National Fornulary, U.S. Pharmacaopeial Convention, Ine. (USPC), Rockville
MD,

Sopyright @ ASTM Internatienal, 100 Berr Harbor Drive, PO Box €700, West Conshohocken, PA 19428-2958, United States.
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Hydrochicric acid (HCT) 1.19 sp gr
Nitric acid (HNQ;) 1.42 sp gr
Sulfuric acid (H,S0,) 1.84 sp gr
Hydrofluaric acid (HF} 40 %

Parchloric acld (HCIO,)
Sulfurous acid (HaSQg)
Ammonium hydroxide (NH,OH)

60 to 70 %, ep
8 % solution®
0.90 sp gr

“ Lower purity varieties may contaln aluminum oxide, {Al,04), as an impurity.

8 As supplled by reagent manufacturers.

3.1.2 Diluted Acids and Ammonium Hydroxide—The di-
luted acids and ammonium hydroxide referred to are of varying
percentages by volume. They shall be made up by mixing
proportional volumes of the concentrated reagent and water.
The diluted sulfuric acid mixtures shall be made up by slowly
stirring the acid into the water. These diluted acids and
ammonium hydroxide are designated in the methods as (1 + 4),
(1 +9), and so forth, except very diluted solutions which are
referred to by the percent of reagent added. The designation in
parentheses indicates the ratio of the volume of the concen-
trated reagent to the volume of water; for example, H,S0,
(1 +9) contains 10 volume % of H,S0, (sp gr 1.84). The
following will be required:

Volume %

Het 50
20

Hz50. 50
10

g

HNO, 30
3

NHOH 50

3.1.3 Ammonium Chloride {2 %o)—Dissolve 2 g of NH,CI
in 100 mL of water. _

3.1.4 Ammonium Oxalate Solution (Saturated)—Dissolve 4
g of (NH4),C,0 in 100 mL of water,

3.1.5 Chioroplatinic Acid Solution (10 %).

3.1.6 Diammonium Phosphate Solution—Dissolve 10 g of
(NH,),HPO, in 100 mL of water.

3,1.7 Ethyl Alcohol (80 % )—Prepare a solution containing
80 volume % of ethyl alcohol in water.

3.1.8 Ethyl Alcoho! (Absolute)—Certain commercial brands
of denatured absoiute alcohol are satisfactory as well as being
considerably less expensive than the reagent grade absolute
alcohol.

3.1.9 Hydrogen Peroxide (30 %) (H,0,).

3.1.10 Manganese Sulfate Solution—Dissolve 70 g of crys-
talline MnSO, in 500 mL of water. Add 140 mL of phospheric
acid (H,PO,, sp gr 1.7), and 130 mL of sulfuric acid (H,S0O,,
sp gr 1.84). Dilute to 1 L.

3.1.11 Mercuric Chloride Solution (Saturared)—Prepare a
saturated solution of HgCl,.

3.1.12 Potassium Permanganate, Standard
Solurion (0.IN)—Dissolve 3.25 g of KMnQ, in 1000 mL of
water. Allow to stand for one week, filter through an asbestos
mat, porous glass, or porcelain filter, and keep in a dark place.
Standardize against the National Institute of Standards and
Technology standard Sample No. 40c of sodium oxalate.

3.1.13 Porassium Permanganate, Standard
Solution (0.04N)—Dissolve 2.5 g of KMnO, in water aqd
make up to 2 L. Allow to stand for one week, filter through an

asbestos mat, porous glass, or porcelain filter, and keep i ,
dark place. Standardize against the National Institute of Stay.
dards and Technology standard Sample No. 40¢ of sodiuy,
oxalate,

3.1.14 Sodium Arsenite, Standard Solution-— Dissolye
0.908 g of arsenious oxide, (As,03), in a small amount of hy
sodium carbonate (Na,COa,) solution, cocel, filter, and dilute ¢
1 L. Standardize against a steel of known manganese contept

3.1.15 Stannous Chioride Solution {50 g/L)—Dissolve 50 g
of SnCl, in 100 mL of HCI and dilute to 1000 mL. Keep a fey
pieces of metallic tin in the bottle.

3.1.16 Titania, Standard Solution—Weigh out 0.05 g o

“calcined titanium dioxide (TiO,). Fuse with 10 g of K,8,0, ix

a clean platinum crucible, keeping the temperature as low as
possible to maintain fluidity. Cool, and dissolve in about 30¢
mL of H,80, (I + 5). Cool, transfer to a 500-mL. volumetric
flask, dilute to the mark with water, and mix thoroughly. T¢
standardize the solution, take two 30-mL portions in 400-mL
beakers, dilute, boil, and precipitate with NH,OH: Filter, and
wash with hot water. Place the papers in the original beakers,
add 15 mL of HCI, stir to macerate the paper, dilute, and
precipitate again with NH,OH. Filter, and wash with hot wate;
until free of atkali salts. Ignite carefully, blast, and weigh. From
the weight determined, calculate the strength of the solution.

4. Sampling

- 4.1 Selection of Sample—QObtain the sample in accordance
with Practice C 322.
4.2 Crush the sample in a small jaw or roll-type crusher with

hardened tool-steel faces to pass a 2.36-mm (No. 8) sieve (Note

23, Crush the sample to pass a 850-pm (No. 20) sieve, mix, and
quarter to about 50 g. Grind this 50-g sample so that it will all
pass a 150-um (No: 100) sieve, unless otherwise specified, mix
thoroughly, and place in a container that will ensure freedom
from contamination. Do fine grinding in a suitable mortar
(agate, mullite, alumina, or boron carbide) to prevent the
introduction of impurities. Take precantions to prevent con-
tamination of the sample by steel particles from the sampling
equipment during crushing or grinding.

NoTs 2—NDetailed requirements for these sieves are given in Specifi-
cation E 11.

5. Method of Analysis

5.1 Determine moisture on the sample in its ordinary
air-dried condition. Determine all other percentage composi-
tions on moisture-free samples and report accordingly on 2
moisture-free basis. The drying temperature recommended for
all moisture determinations is 105 to 110°C. Whenever ‘4
sample is weighed out for any determination other than
moisture, it shall be moisture-free. If preferred, the sample may
be dried in a weighing bottle from which the required samples
shall be weighed out.

6. Blank Determinations

6.1 Make blank determinations on the reagents for each
constituent in the whiteware clay and deduct this blank in eaC.h
case. For the determination of the silica (3i0,) blank, appro*:-
mately 0.25 g of AL,O, should be added as aluminum chloride.
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7. Moisture

7.1 Weigh 1.00 g of the sample and heat to constant weight
at a temperatire not under 105 nor over 110°C, Record the loss
in weight as moisture.

8. Loss on Ignition

8.1 Weigh 1.000 g of the moisture-free (105 to 110°C)
sample and heat to constant weight over a blast lamp, or in an
electric muffle furnace, at 900 to 1000°C. Record 'the loss in
weight as the ignition loss,

9. Silica

9.1 Weigh 0.5000 g of the moisture-free (105 to 110°C)
sample into a platinum crucible containing about 5 g of
powdered anhydrous Na,CO, and mix well with a platinum
wire. Cover the mixture with a little more Na,CO,. Heat
gradually to the full heat of a good burner (1000 to 1100°C)
maintained for about 1 h vntil complete sclution is obtained.
Place the crucible cover on a triangle, and when the melt has
partially cooled, pour it on the lid (Note 3). When cool, place
the crucible and lid in a 150-mL beaker, placing the button on
a watch glass above the beaker. Add 30 ml of HCI (1 + 1).
When solution is complete wash off the crucible and lid with
HCI (1 + 4), taking care to remove all 8i0,. Place the button in
the solution. Transfer the contents of the beaker to an evapo-
rating dish and evaporate to dryness on a steam bath. Bake for
1hat 110°C. Add 20 to 30 mL of HCI (1 + 1} and 50 mL of hot
water. When all salts have been dissolved, allow to settle for
several minutes and then filter through a general-purpose grade
acid-washed medium-retention filter paper. Wash the 8i0,
three times by decantation using 20- to 30-mL portions of first
hot water, then HCI (1 + 1), then hot water again. Transfer the
precipitate to the filter paper, removing all 3i0, from the dish
with a policeman. Wash the paper and precipitate with hot
water until free from salt. To recover the small amount of SiO,
remaining in the filtrate, evaporate to dryness, using the same
procedure for baking and filtering as before. Combine the two
precipitates, place in a platinum crucible, and burn off the
paper carefully to prevent any loss of SiO,. Ignite the sample
to constant weight at 1100 to 1200°C (15 to 20 min is usually
sufficient), cool in a desiccator, and weigh. Moisten the residue
with several millilitres of water, add 10 mL of HF and three or
four drops of H;SO,. Evaporate the solution to dryness, ignite
carefully to prevent decrepitation, and blast for several minutes
at 1100°C. Cool the crucible in a desiccator, weigh, and repeat
blasting to constant weight. The loss in weight from the
original silica residue represents the §i0, content, except for
that part of the 510, which is later recovered from alumina, and
so forth.

Note 3—Another scheme to aid in subsequent solution of the fused
melt is to rotate the crucible as it cools, spreading the mass up the side
walls,

10. Iron, Alaminum, and Titanium Oxides

10.1 Fuse the residue with 1 g of fused potassium pyrosul-
fate (K,S5,0,) or sodium pyrophosphate (Na,5,0,), dissolve in
a small amount of water, and add to the filtrate from the silica
determination (Section 9). Add 5 g of NH,CI and three drops

of 0.1 % methyl red solution. Heat the solution almost to
boiling, and add slowly NH,OH (1 + 1) until the indicator has
changed to a yellow color. Boil for several minutes to remove
the excess ammonia. Allow to scttle for 30 min and decant
through an open, rapid-filtering acid-washed filter paper, trans-
ferring the precipitate to the paper and washing the beaker and
paper several times with a warm 2 % NH,Cl solution. Reserve
the filtrate, “A,” for the determinaticn of calcium oxide (Ca0)
and magnesium oxide {(MgO} (Section 14). Return the precipi-
tate and paper to the original beaker, add 50 mL of hot water
and 10 mL of HCI (sp gr 1.19). Stir until the precipitate is
dissolved and the paper is well macerated, Dilute to about 200
mL. with hot water, precipitate and filter as before. Combine
this filirate “B” with filtrate” A.” Wash the paper and precipi-
tate with a warm 2 % NH,CI solution. Place the precipitate in
a weighed platinum crucible and ignite. Continue the ignition
at 1200°C to constant weight (135 to 20 min is uvsually
sufficient). Cool in a desiccator, and weigh with the crucible
coyered with the lid, The R,0, consists of the aluminum oxide
(Al,0,), TiQ,, and Fe,0, present in the sample. In addition,
there may be small amounts of phosphoric anhydride (P,0s),

- zirconiom oxide (ZrQ;), vanadium pentoxide (V,0s), and

chromic oxide (Cr,Qj).

1L, Iron Oxide

11.1 Procedure A: Fe,0y Determined on R,0, Sample—
Heat the R,0, precipitate (Note 4) obtained in the determina-
tion of iron, aluminum, and titanium oxides (Section 10}, with
fused K45,0; or Na,S,0, until solution is complete. Dissolve
the fusion in 50 mL of H,SO, (1 + 9) and evaporate to fumes.
Cool, dilute with water, and filter off the Si0,, washing with
hot water, Reserve the filtrate for the determination of Fe,G;
and TiQ,. Ignite the Si0, in a platinum crucible and weigh.
Treat the precipitate with 5 mL of HF and two or three drops
of H,S0,. Evaporate to dryness, ignite, and weigh. The loss in
weight represents extra Si0O, which should be added to that
determined previously and also deducted from the weight of
the R,O, precipitate. Evaporate the filtrate obtained in correct-
ing the R,0; precipitate for Si0, to about 75 ml. Cool, and
dilute to 100 ml. in a volumetric flask. Reserve 25 mL for the
determination of TiO,(Section 12). To the remainder, add 23
mL of HCI (1 + 1) and heat to beiling. Reduce the iron by
adding SnCl, solution drop by drop from a pipet with constant
swirling of the beaker until the solution is colorless. Then add
one drop in excess. Cool quickly in running water, then add at
one stroke 15 mL of saturated HgCl, solution. Allow to stand
for 3 min, then transfer with washing to a 1000-mL beake:
containing 300 mL. of cold distilled water and 25 mL of MnS0O,
solution. Titrate with standard 0.04¥ KMnO, solution, addec
very slowly while stirring constantly, until a permanent pink
end point is obtained.

Note 4—Instead of fusing directly in the platinum crucible in whict
the R,0, was ignited the precipitate may be brushed into a porcelair
crugible and then fused with K;8,0, or Na,8,0,. This avoids loss o
platinum by the action of the pyrosulfate, and no platinum is present in the
filtrate to interfere with the iron determination,

11.2 Procedure B: Fe,0; Determined on a Separa
Sample-—Weigh 1.00 g of the finely ground, moisture-free (10:
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to 110°C) sample into a platinum crucible, add ten drops
perchloric acid (HCIO,) and 20 mL of HF, and heat almost to
dryness on a hot plate. Add 5 to 10 mL of HC1O,, and heat until
residue has dissolved (Note 5). Cool, place crucible in a
400-mL beaker, add 100 mL of water, and heat to boiling. Any
residue present, other than SiO,, should be filtered off and
fused with K,S,0, or Na,S,04 in a porcelain crucible and
added to the main solution.

Note 5—Decomposition of ceramic whiteware clays and some fired
whiteware materials can be effected equally as well by substituting an
equal volume of H,50, (1 + 1} for the HCIO,, In this case, heat to fumes
once, cool, dilute, filter, and fuse any residue remaining undissolved.

11.3 Determine iron, using one of the approved methods
referred to in Note | of Section 1.

12, Titania

12.1 Determine TiO, colorimetrically by use of a photom-
eter, as follows: Transfer the 25-mL portion reserved for the
determination of TiO, (Section 11) to a 100-mlL volumetric
flask. Add 5 mL of H,80, (1 + 1). Cool to room temperature
and dilute to the mark. Transfer exactly half of the solution to
another 100-mL volumetric flask. Dilute one of the flasks to the
mark with H,850, (1+19). To the other, add 3 mL of 3%
H,0,, then dilute nearly to the mark with H,80, (1 +19),
adjust temperature to 25 * 1°C, then adjust volume exactly
and let stand at least 5 min, Transfer a portion from the fiest
flask to a cuvette and set the potentiometer scale reading at
zero. Then measure the absorption of the solution in the second
flask. Read the percentage of titania present from a calibration
curve. Construct this curve by adding varying amounts of the
standard titania solution to H,SO, (1 + 19), develop color with
5 mL of 3 % H,0,, let stand 5 min and read the absorption,
using H,SO, (1 + 19) for the zero setting of the potentiometer
scale.

Note 6—If a spectrophotometer is used, measure the absorption at
mean transmission of 420 nm. If a filter photometer is used, use a glass
with a maxirsum transmission in the region of 420 nm.

Note 7-—As an alternative method, TiO, can be determined in the
25-raL portion reserved for this purpose (Section 11) by oxidizing both the
sample and the standard TiO, solution with several drops of a 3¢ % H,0,
solution. Compare the colors either in Nessler tubes or in a suitable
colorimeter, Use a 5 % H,80, solution for diluting purposes in matching
the colors.

13. Alumina

13.1 Subtract the calculated weight of Fe,O0, (see 11.2),
TiQ, (Section 12), and SiO, (Section 9) from the weight of
R,0; (Section 10). The remainder is the weight of Al;O5 plus
small amounts of the oxides which may include those previ-
ously mentioned in Section 10. These are generally considered
as Al,O, in reporting the analysis of ceramic whiteware clays.

14. Lime

14.1 Evaporate the combined filtrates reserved (Section L0)
for the determination of CaQ and MgO to about 200 mL, add
10 to 15 mL of the saturated ammonium oxalate solution and
2 to 3 mL of NH,OH. Heat for 1 to 2 h, by which time the
volume should be about 75 to 100 mL. Allow the precipitated
calcium oxalate to settle, Decant through a dense filter paper,

taking care to retain the precipitate in the beaker, wash seve;
times with warm water by decantation, and then wash the pap
until free from soluble salts. Reserve the filtrate for the M

determination (Section 15). Return the paper to the beak
containing the precipitate, add 100 mL of H,50, soluti
(5 %), warm, and titrate to a faint pink end point with standy
0.04N KMnO, solution. A blank should be previously dex
mined for the effect of the paper.

Note §—For greater accuracy, a double precipitation should be mg
in which case, after precipitating the calcium oxalate as described abg:
decant the liquid and wash the beaker and paper several times with wa
water. Dissolve the precipitate on the paper with warm HCl (1 +
allowing it to run into the beaker containing the major portion of 1
calcium oxalate. Wash the paper with hot water. To the solution (about
to 100 mL in volume) add several millililres of saturated (NH,),C,
solution and NH,OH in slight excess. Heat for 2 h, filter, wash, and titr
as described above.

15. Magnesia

i5.1 Bvaporate the filtrate from the CaO determinati
(Section i4) to about 150 to 200 mL and add 2 to 3 g
diammonium phosphate ((NH,),HPG,), stir until dissolve
and then add NH,OH until alkaline and then 20 mL in exce:
Allow the solution to stand overnight. Filter and wash with 5
NH,OH. Dissolve the precipitate on the paper with hot H
{1+4), allowing it to run into the beaker containing t
precipitate. Wash the paper with hot water. To the solutic

which should be not more than 100 mL in volume, add 0.(

0.2 g of (NH,),HPO,. Make ammoniacal, and then add a slig
excess while stirring constantly until the precipitate is w-

. formed. Then add 10 mL more of NH,OH and allow to sta

overnight or at least for 4 h. Filter through a dense filter pap
Transfer the precipitate to the paper and wash well with 5
NH,OH. Place the paper in a weighed platinum or porcel:
crucible, burn off the paper at a low temperature (belk
900°C), and ignite to constant weight at 1050 to 1100°C (15
30 min is sufficient).

16. Alkalies®

16.1 Weigh 1.00 g of the moisture-free (105 to 110°
sample (ground to an impalpable powder) and 1.0 g of NH,
into an agate mortar and mix well. Add 7 to 8 g of caleit
carbonate (CaCO5) (Note 9) and again mix intimately. Plact
3.2-mm (%-in.) layer of CaCO, in the bottom of a platint
crucible, and then add the above mixture, tapping the crucit
occasionally to obtain a dense mass. Place a 3.2-mm layer
CaCQ;, on the top. Heat the crucible over a low flame ur
ammonia fumes are no longer given off, then increase the he
so that the bottom half of the crucible is a dull red and maint:
this temperature for about 1 h. Cool, fill the crucible thre
fourths full of water, and heat until the contents can be tak
out and crushed in an agate mortar. Transfer to a platinum
porcelain dish by means of a jet of water. Evaporate to a k
volume, decant through a dense paper, and wash the material
the dish several times by decantation with warm wal
Transfer to the paper and wash several times with hot wal

*This procedure for the determination of alkali is the 1. Lawrence Smith Mett
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Acidify with several millilitres of HCl and evaporate to a
volume of 150 to 200 mL., Add several millilitres of NH,OH
and sufficient (NH,),COj; to precipitate the lime, keeping the
dish covered with a watch glags. Warm until the precipitate
settles out. Filter and wash with warm water, Evaporate the
solution to a low volume, then add a small lTamp of (NH,),CO;
to determine whether practically all calcium has been precipi-
tated, If no precipitate forms, evaporate to dryness, otherwise
precipitate and filter as before. Drive off the ammgnium salts
by heating just short of a dull red. Dissolve the residue in water
and add a few millilitres of a saturated solution (NH,}.C,0,
and 1 to 2 mL of NM,OH to precipitate the fast trace of
calcium, Heat for 30 to 45 min, filter, and wash with water
containing (NH,),C,0, (0.1 %). Catch the filtrate in a
weighed platinum dish. Add several drops of HC! and evapo-
rate to dryness. Ignite gently as before and weigh as sedium
chloride (NaCl) and potassium chloride (KCl).

Note 9—Calcium carbonate of the ACS grade “low in alkalies and
heavy metals” shall be used.

16.2 The separation of the potassium and sodium must be
carried out in an atmosphere free from ammonia fumes. Add to
the solution of the combined chlorides in a small porcelain
dish, sufficient chloroplatinic acid solution to react with all of
the sodium and potassium. The necessary amount to use is
readily calculated from the known strength of the platinum
solution and the weight of mixed chlorides counted as NaCl.
The dilution of the resulting solution should be such that when
heated on the steam bath any precipitate that may bave formed
entirely dissolves. This is to prevent inclusion of mother liquor
in a mass of crystals suddenly formed. Evaporate until the
solution is just syrupy enough to solidify on cooling. Do not
evaporate to dryness, as this will dehydrate the sodium salt and
render it less soluble in alcohol. Drench the residue with
alcohol (80 %), filter by decantation through a small paper,
wash by decantation with more of the alcohol, crushing the
crystals with a small pestle or a widened and rounded end of a
short glass rod. Reserve the filtrate and washings if sodium is
to be determined directly. The residue should be golden yellow.

An orange-red color indicates incomplete removal of the
sodium salt. It is unnecessary to bring the mass of the
precipitate upon the filter. Dry the dish and paper for a few
moments to remove adhering alcohol. Dissolve the precipitate
on the filter with hot water, catching the solution in a weighed
crucible or small dish of platinum. Evaporate to dryness and
add the salt that is still in the porcelain dish. If the salt is at all
lumpy, redissolve it in water and again evaporate to dryness,
Heat for 1 b at 130°C in an air oven (100°C suffices for very
small amounts of fine-grained precipitate). 1t is hecessary to
cover the receptacle at first because the precipitate is prone to
decrepitate. When dry, cool and weigh as K,PtC,. Calculate the
oxides, as follows:

KCl = wt of K,PtCl, X 0.3068 (L
K, = wt of K,PICl, X 0.1941
NaCl = total chlorides ~ KCl

Na,O = NaCli x 0.5303

17. Precision and Bias

17.1 Precision—In all cases, check determinations shall be
made, and the results shall be redetermined if satisfactory
checks are not gbtained. Results shall be considered satisfac-
tory if the differences between check determinations do not
exceed the following limits:

Permissible
Variations
Between Check
Determinations,

max, %
For silica or other constituent amounting to 30 %* or aver 0.3
For alumina or other constituent amounting to 19 to 30 %A 0.2
For any ather constituent amounting tc under 10 %A 0.1

4 These figures are stated In terms of the whole sample as 100 %.
17.2 Bias—The bias of these test methods have not yet beer
determined.
18. Keywords
18.1 ceramic whiteware clays; chemical analysis

ASTM International takes no position respecting the validily of any patent rghts asserted in connecticn with any item mentioned
In this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk

of Infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsibie technical committee and must be reviewed every five years and
it not revisad, either reapproved or withdrawn, Your comments ara invited gither for revision of this standard or for additlonal standards
and should be addressed 1o ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conghohocken, PA 19428-2858,
United States. Individual reprints {single or muitiple copies) of this standard may be obtained by contacting ASTM at the above
address or al 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM websile

(www.astrn.org).



163

4

Designation: C 324 - 01 (Reapproved 2007)

L]
INTERNATIONAL
Standard Test Method for )
Ly - - LY
Free Moisture in Ceramic Whiteware Clays'
This standard is issued under the fixed designation C 324; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change shce the last revision or reapproval.
1. Scope : 3. Sampling

1.1 This test method covers the determination of free
moistare in ceramic whiteware clays. Whiteware clays may be
shipped as a bulk shipment in lumps, a bulk shipment of
shredded or coarsely ground clay, or in bagged lots of ground
or airfloated clay. Directions are given in this test method for
obtaining representative samples of the clay shipment to be
used in subsequent tests for the properties of the clay in the
shipment.

1.2 This standard does not purport to address all of the
safetyconcerns, If any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior fo use,

2. Referenced Documernts

2.1 ASTM Standards. *
C 332 Specification for Lightweight Aggregates for Insulat-
ing Concrete

! This test method is under the jurisdiction of ASTM Committee C21 on Ceramic
Whitewares and Related Products and is the direct responsibility of Subcommities
C21.04 an Raw Materials.

Current edition approved May 1, 2007. Published May 2007. Originally
apptoved in 1953, Last previous edition approved in 2001 as € 324 - 01 <\

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3.1 The sample shall be obtained in accordance with Speci
fication C 322. The sample submitted for testing shall weig]
not less than 1000 g and shall be kept in an airtight containe
to prevent loss of water before testing.

4. Procedure

4.1 Remove the sample of clay from its container. Weigt
about 500 g of the sample to the nearest 0.1 g. Spread out the
weighed portion of the sample in a weighed shallow metal o;
porcelain container, and dry at 100 to 110°C for 24 h in ¢
drying oven. Reweigh the dried clay, as quickly as possible, tc
the nearest 0.1 g.

5. Calculation

5.1 Calculate the percentage of free moisture to the nearesi
0.1 % as follows:

Free moisture, dry weight basis, % = [(4 — B)/B] X 100 4)]
Free moisture, wet weight basis, % = [(4 — B)/A] X 100 2
where:
A = “as-received” weight of the portion of the sample used

and
B = weight of sample after drying.

6. Keywords
6.1 ceramic whiteware clays; free moisture
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