&

St

ANBUNUANITINYAULYIIIN

lenensUTENaUNSISEUNTARWIY
506203 YHUANITINGAULIIHN
CERAMIC RAW MATERIALS LABORATORY
1(0-3-0)

AU MAINTTUYTEIN F10UNIVAINTSUAEHS

WIneaemaluladgsun3



AN

aannstdszhannigdenssuenin dnindndmnssumans uminenads
maluladignnd  ldvarhgiialfidnmsatuitunienunudaysussldssnaumsGou
msaoulumzisn Ceramic Raw Materials Laboratory tialmindnmldvnenuahladanms
naasenauUfUAMs wazlddsznaumsdsuneny

L or 4:’ v 1 = 1 4 o

Afleavuiiusznauems 2 du Aa dud 1 Wumsmesse 8 manaaes dmsu
wisningfiy  MmIaTndouantainiEnduazail msnessuannuitusuialidndnwm
>ar 9. o e - a{ - - a o e [ A
Fnuazquesiuiegdundudi funnsssund uardagduaTzd dwh 2 Wunsuue

o ool =l Vv = Ve
UMNEMsBgunsnumsnaaaslus aaﬂgum s

ol J ﬂvw 1 o e ¥ os o J © 1 I =t
widaan iy soiwasdadldiniiadmbeudyarameuan N
a £
snudzandnndsems

21138 a5 35zens aaUssys
360593975 asUszgs
NNIEYITIN FInandn
B.HUNYN NUATENA

o o ¢ o o o
a.83%ed Teuung

; &E quiussumuasdeniydon
222w inndomaTuTadesud




TP

822

74
Cal] Nol * avssassan .'II..III.II-
Bib No. 03144 TM3149
FIAN  seieean T PIT Ty

Fu dioud M2 010, 2519
iy | BO9TT99

e



AR

‘AauUN 1 A1Sneaad

Aaun 2

AMANUIN

w

b e M =

msmamﬁ’ 1 Crushing, Grinding & Dry Sieve Analysis
ﬂ']‘i‘nﬂam'ﬁ: 2 Clay Preparation & Wet Sieve analysis
mﬁnmaa\:ﬁ 3 Green Strength Test

m'smaaﬁ'l 4 Physical Properties of Fire Clay Products
mswﬂamﬁ 5 Feldspar Test

m‘swmaaqﬁ 6 Density Measurement

msﬂmaaqﬁ’ 7 Methylene Blue and Hydrometer
msmaam‘é 8 Refractory Raw Materials

AT EUTIENIUATINAAaRY (Lab Report Writing)

o o .
(A3891A Bending Strength

ABMIUANNTNTUYDIT TAZAIINAUALEITALAIY Methylene blue

@Yy 0.01 Normal

d
Specific surface area avlon Methylene blue index

Annual Ceramic Mineral Resources Review

WINIFIUMINAToY ASTM

A.
B.
C.

C 775-79 (1997) Particle size analysis of Whiteware Clays.

C 325-81 (1997) Sieve Analysis of Ceramic Whiteware Clays, Wet.

C 326-82 (1997) Shrinkages of Ceramic Whiteware Clays, Prying

and Firing.

D. C 689-93 (1997) Modulus of Pupture of Unfired Clays.

C 373-88 (1994) Porosity, Apparent Water Absorption, Bulk
Density and Apparent Specific Gravity of Fired Whiteware Products.
C 329-88 (1994) Specific Gravity of Fired Ceramic Whiteware
Materials.

. C 773-88 (1994) Strength, Compressive (Cushing) of fired

Whiteware Materials.

C 837-81 (1992) Methylene Blue Index of Clays.

16
22
30
35
38
43

47

60
71
72

73

94
101

103
105

107
109

1L
114



506 302 UFuamvingdutnsdin

Ceramic Raw Materials Laboratory 1(0-3-0)

IAunauIaGausIn : 506 202 Jagauwniin
an : 3Lﬂ‘mvfuazmaanQmauﬁﬁmqmammm:mqLﬂﬁwaﬁmqﬁwﬁmﬁhq 9

P P o o - o a = = s
?ﬂﬂ?ﬁﬁ\ﬂlﬁ = I.WE].].Vi'Llﬂﬁﬂ'b"l L?J']tlﬂﬂﬁxuj'Nﬂ’l'il.mﬁﬂlnﬂfIﬂUl‘ﬂ‘ﬁNﬂ dIHITNATINIIUATIEN

NAFDUFNUAMIAEAWUREN AN UBETIENIUNINABDIDEN Lﬂusztﬁau

m'mmaauﬁmﬁ'ﬂi’mqﬁmmu‘?ﬂ :

wiamsufuenig
s Faufianms 2158 nu
naaaef ‘ v
1 Crushing,Grinding & Dry Sieve D.qulnEy 1
' Analysis
2 Clay Preparation & Wet Sieve Analysis | $¢.015. 955613 1
3 Green Strength Test 2.d35m 2
4 Physical Properties of Fire Clay 0.43374 g
Products
5 Feldspar Test a.@53a waz 1
561 05, A5AET
6 Density Measurement B.§UNEN 1
7 Methylene Blue and Hydrometer B8.8073 1
8 Refractory Raw Materials a3. 3'53‘&411'5 1




506 302 UjuamMIIngAuETIHN

Ceramic Raw Materials Laboratory 1(0-3-0)

ImnAUnaUMIBGEUTIN 1 506 202 TRgRuETIN
tHawm ; "3Lﬂﬁsﬁua:maauqmauﬁ'ﬁmqmamwuazmqLﬂﬁﬂaﬁmqﬁ‘u-ﬁﬁﬂshq 9

o o L o . - a
qmﬂssmﬁ’: waliindnsuhlanszuiumseianiagiueniin - dnseasIieTzy

NAFDUFNUATNMEMUUILNAN  UaEIZNUMTNARBIBEN l.ﬂ'u‘izl.ﬁ gy

o = -

AIIMAaaNRgIAUIRDAULESIHN

Witamsuuams
ms Foufams 198 s |
naaaad ' o

i Crushing,Grinding & Dry Sieve D.JUNHY 1
Analysis

2 Clay Preparation & Wet Sieve Analysis | S/.99. a5ae3 1

3 Green Strength Test a.@835m 2

4 Physical Properties of Fire Clay B.§335U 2
Products

5 Feldspar Test 2.@35m uaz i

7. @3, 35963

6 Density Measurement o.quinsu 1

7 Methylene Blue and Hydrometer 2.d033 1

8 Refractory Raw Materials a3, 3‘5:81715 1




1.2/

Gyratory crusher UAlATDFEUTIUWIEN  eccentric  rotation

motion
09gUN 2 2/Secondary Crusher ldumaymeaiizing 2-3 ilwinds 0.1 in
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Figure 2 The 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

Pennsylvania Crusher Corp.)

“chewing” pressure to the rock (courtesy

v B - : ) o .
Secondary crusher dmsudulaun dry-pan crusher GNE‘LH’I 3 umimamﬂﬂmmgu'ﬂaq QLBET(muIIer)

o [} o & a & J : ] 7
NANUUY rotation pan dIY secondary crusher E'%"lWi‘IJ'JﬂQﬂUﬂLL'ﬂxﬂGT{Lﬂ hammer mill LL&g impact mill
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Filgure 3

3.4. A dry-pan crusher
showing the heavy
mullers and plows
(courtesy J.C. Stecle &
Sons, Inc..
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6149 (number base) laiaansavanidudadinimin (weight base) 16

2/15ﬂﬁﬂaﬁgaﬂﬁfﬁf (Microscopic method)
ldiaaymanil particle 2wa 100-1 lueseu anuansalumsiaduiu
Maweneuayinyanaes

3/W¥msiniuiin (Specific surface area method)
Tﬁ‘?mzlumﬁﬁaqmﬂﬁﬁummL'?mmn 1 Aagludn colloid size %‘qag"s:nim
0.2-0.001 luAsaue8e191#135 Methylene blue adsorption method Fatsnanaazldnaasaiu
eitialdaziiu specific surface area vasaymaliildnnavasaymea

4/153’_91_‘5,031)@;3.3}! (Sedimental or Hydrometer method)
Tafuannmessdiinenldiovnnesyaianiivnne  100-0.2 luesau  Faufly
2U0H sieve method Talild A5landamsanasznavsesiu wissdafimanlumsiade

H‘S - =1 or Aﬂﬂvl
hydrometer UNANWLIBNNTTINBUNAIGUI hydrometer method

5/1dmzuns958u (Sieve method)
HuisSafiazmnamulinnnddldfann wanvdmiuianneaumaiiiong
Uszana 75 luasauduly
- 35 sieve method wiaaniy 2 wuufe
5.1/98UU3(dry sieve) mm:ﬁw%’uagmﬂﬁﬁl,ﬁm'lmjazmm fideazidun
Yuagiay {unin non-plastic raw material 12w Aufiuah, noe ‘
5.2/9ulan(wet sieve) mmze’nw%’uaqmﬂﬁﬁwmmgﬂmn dulnaiidu

plastic raw material 19U AUz, Auniies

Lﬂ%ﬂﬁﬂﬁﬁﬂﬁ@"luﬁ%‘ Sieve method M@ MZLATI(Screen)

Azun3y (SCREEN) :
NQuanzunlenuandis mesh number Fuduinaugeadaluszer 1 fhwes

ALUnTY FeiunzunRRiaMuENNe mesh number g TN I udsnenageutlazes

P '
ACLNTYNmesh number @4 9
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doymaficunsashuezunse wass IdiFenoymeiui - 8 mesh %38 minus 8
mesh Y38 through 8 mesh ¥32 8 mesh fayMAKIUAzUNSILUDS 8 1o udlidnTary
MLUNTIUBS 10 19S8N -8+10 mesh %3 ® through 8 on 10 mesh %38 8/10 mesh
azunsaRzaInsYauneemMaiiauBenga 38 luaseu tymzasmamasauuuuazunAa
ildmsinuBinaenniiull wis dednbiviive Matemazaaduazuns’s Gy
m‘%‘aﬁaumtmsqﬁﬁq 29303 mechanical shaking (ﬁqgﬂﬁ 5) Lﬂ%:aww,ﬂ“'::aﬂ‘lw:ﬁ high
frequency air ¥38 suction ﬁdﬂﬁﬂﬁaqmﬂs'auphummﬂ'iﬂﬁax@’mﬁ%u

g‘lJﬁ 5 Ro-tap testing sieve sharer (courtesy W.S.Tyler)

teymaniavunaiansasduginsSenenssilimmessuitiddefionaraldmnnth
mshaumaiguinnas

NTINSIGNUNBN TINVNABUNAMIBAUNTREN 2 LUy fo
1/UA9 mass 138 number fraction/size
2 /UGN cumulative mass ¥38 number % / size
n9IW mass 38 number fraction/size [umauaanhwinyiasuou symaditona
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10/ thidails
11/usuwaadnuazahanmudo
FRIGED
N5 nonplastic raw_material
1. WuaTagAumamaefiuu sample 8¢ 500 g. Maaiatualiamaae
2. BU sample Auauda 100 °C 15 wifl
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8. dnnn CMPF udhd@sunmweusragelunwil 8 Tuenasusznaumsi

Lab.

506203 Cera. Raw Mat. Lab.



gunsailEdmiuiinisnaaas
1. 1A3pauatsaveEny (Jaw Crusher)
2. (ASaNUAdaEYINAAZ BN (Disc Crusher)
3. MU (Sieve) MATTIUUDSAN éail

ASTM Sieve No. Opening (mm.)

12 1.405
16 1.003
30 0.500
50 0.300
100 0.150
200 0.075
Pan

e

Na-Feldspar, Quartz, Lime Stone, Milled Sand
HANIINABDY ,

Tuiinduyan wesefl I luenasuan uas §nm CMPE wiand@ounsvl aad
ptanslumwd 8 zeatenadisuan
misdadulsznay

1. 2.3.80Ws 993033 ,allamsmadeudu tanaisusenauizn 410322 Soil

Mechanics Laboratory uﬁﬁnmé'ﬂmm‘lﬂaﬁqim%'
2. J.T.Jones, M.F. Berard, Ceramic Industrial Processing and Testing

3. James S. Reed, Introduction to the Principles of Ceramic processing
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ﬂ"li"lfl(51'61331\'1'3’:';l 2
CLAY PREPARATION AND WET SIEVE ANALYSIS

UNUD

WIRUINEITTHFNANNAISUUSENIW (Weathering) 1nnAuamil (Igneous rock) Lziu
feldspathic rock WazUNFHA #9il feldspar , quarz Ua% mica ﬁqﬁﬂwuauagﬁ’mﬁ’uﬁmﬁ{fqmuﬂs
AN ﬁumqu.viqgnﬁwﬁ’mwﬂﬂnamnﬁutma"«ﬁu ﬂi:LLﬁﬁﬁ'&‘:ﬂé"nﬁﬂﬁ'ﬁuﬁamwu‘%qﬂ%g\fzfu i
Geazdue GumariieslUuanaznay (sedimentation) swaslzusuansdunidluinlnassnly fu
mehf'ré'amifiLf'raazl,ﬁﬂmLLa::ﬁm‘sﬁuw“’i'sfﬁtmﬂaﬂqﬁ\':ﬂzﬂu funeriafemnnssumsiiula
$au saufuth (Hydrothermal action) auﬁﬁmnﬁqmﬁa Kaolinite (A1,Si,0, (OH),) #zUnaneq
# uaeslunwilldan transmission electron microscope (Eﬁf’ji 1) usiuue 73U hexagonal bY

aNuwuYsEann 0.1 m.

Kaolinife
particles are in the
form of thin
hexagonal-shaped
plates as shown in this
transmission electron
micrograph (courtesy
Georgia Kaolin Co.i.

51 1 Bidanseululasnnivues Kaolinite (1)

o o o Y oa a I~ o a o
Tegtn lugnhaunsamhUSnamwamn:  Guaziianuwmilen (plasticity) a2y &5

i
=

fugUlogldusene da winda uasilafsliffeeesagld Kaolinie Mimnaaymadinann
fanuwmilenann  Gendu © ball clay ” Fumin lnsusuiuriieAlifdanumisnndely
?;uzm‘f}usg?mﬁmﬁﬁﬁ'mmﬂﬁ

ndnmemaAnwesnsedsuteunaiausinan Mldauiininldlugasvnssesiin
fautamailsnduased uananiu mahlUldnuiuaneediu

506203 Cera. Raw Mat. Lab.



A. White-burning clays (used in whiteware).
(1) Kaolins:
(a) residual;
() sedimentary.
(2) Ball clays.
B. Refractory clays (having a fusion point above 1600°C but not
necessarily white burning).
(1) Kaolins (sedimentary).
(2) Fire clays:
(a) flint;
(&) plastic.
(3) High alumina clays:
(@) gibbsite;
(6) diaspore.
C. Heavy clay-products clays (of low plasticity but containing fluxes).
(1) Paving brick clays and shales.
(2) Sewer-pipe clays and shales.
(3) Brick and hollow tile clays and shales.
D. Stoneware clays (plastic, containing fluxes).
E. Brick clays (plastic, containing iron oxide),
(1) Terra-cotta clays.
(2) Face and common brick.
F. Slip clays (containing more iron oxide).

msuusUsziangasfununisigzanulas  Norton (2)

qudu:mmmnxﬂsmﬁlgm
b

winnuma Ty Tadgsud
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ASTM sieve No. Opening (mm)
50 0.297
100 0.105
200 0.074
325 0.0
pan
LaNa981984

1/ Jones, J.T and Berard, M.F., Ceramics : Industrial Processing and Testing., p.15 The lowa State
University Press, Jowa, 1978.
2/Singer, F. and Singer S.S., Industrial Ceramics, p.26 Chapman & Hall Itd., London, 1971
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msnmamﬁ 3
GREEN STRENGTH TEST

unin
mssuwinfludueaundnlumnumsudameaammnssueniin desmnlumsuuiums
wandaadedasiinh wu Tutusaumsua lutusaumsuaningaveiadss i sududadu
thusrdunaudalufdamsiugy mssuwhdaihduesulumseioniagraufissdhguuumseds
T @y msssawivuy wasmsaviunumdsnnmsyuieiou senduiusaufidasnssindaums
w0 wasfudludumsugaiersuiumsHaauNeiaEY MIuAwWsAvImLazNMSHEaNEEn
Suew  szduldhmssuiduhulunnumstiesuaiumseieuingiuaunsnsldindede
Sausianiinfidoens m‘saunﬁ'ﬁamsﬁﬁmﬁﬁﬂag’luwﬁmﬁm‘ﬂmﬂﬂﬁ:ma (evaporization) 88
Tunawhlen
Tesvh lumsauuwissnansovle 2 5588 Mechanical method AamslitaSadansas (Filter
press) e lathaan uardnisda Thermal vaporization Taglda%atau (Dryer) FuthAsiiasuAMa
feasnn lumsideamituiaiioananimdenssmardu gideglufivauiy 9= condition
rpemsauiaRiuaneefiy Meilsusgiuaaiiian anusauiing anudauudaamanaoiiy
lo enuaule ua:ﬁmﬁ'ﬂmaqaﬂaq qwmmrtietun  udnalafitienmsauwiathiazadonis
fiu %umumswﬁnﬁiphumsauuﬁw:ﬁmmmdmmmnn'hmauwé’qmnﬁ’ﬁugﬂﬂﬁ='| Sann
Leatherhard U#i3anh Green body Ssfifinadadnnmsauwildud aamgdl  enufusasaima
wazanuEBNEIMATagTaY TRuNY Mmdsnuanudaui i unusara Ui
nalnmsauwiiannsnaduieldi msfiaymesndudsniulusns@en Wotugy
Fumpninne omuagiithzaseyma deBalieymeanaglodiu  Waldanusouialdanuiu
wiathiieanly ssinlidamsvedifomntififegsmald imldiunusennass  msiiviow
fhrasununieifivenhiimsssmeraniinaniunumeluiununisudnaifanumn
wnnnisilinmsmedhrasdnaassibivhiy - Swsinaibiguhwesdunuiamsiadsn
Téwe uazfinsaouan (crack) osmnsanmsavuiaduiviy fsammsssmEhaIniiag
Sumannnhdanmsuwssanhiuwsthugwsuilagludlalugin  ssibififnussdunuwias
Funimeluguny anxiiGend Hardening Sufntuiiainduuenvam lusasiifadludng
Liwfouwlas  maudledia nenmalilliiimssemeranhaninredunuduiuly ildlasms
Iemnuiouuadunulusnafiimssnniienudy (Humidity) ABUING MsAiANEUYDY

Imeseu fBunuAsuinegeiisih lisenmessvennivesdiunuemas  lusuiu

506203 Cera. Raw Mat. Lab.




-8 -: ¥ J’ . v o
msauwis flvgamgiides 9aedu waslianudulusmeades qaaadiazldmsssveuazdnnns
' ' ' o a > P - v ' H & & ’ & v
uwseaggarh aiu  Mliunuiwislinswisatedmiauamzuny daudunaugaiisaan
= ° A - 1 -l dv II i ﬁi 1 L
JAUUHIARITIIMIBURaMAREINT 100 °C uaslianuiiudiinn 9 faglaguauilifimsuanin
a am s 1 @ 2 da Y d A Ey Y
we lumadiieaildhe q Teamseriguihaquifnuedunuiiariiuenugusauiunuuas
v da a & g a
Lilimsszmgniudetuniaduiuly
Y oa e - ¥ o e . -
lunmsauwisdadamigniinluanmwnedeuiiai  Taggamgiuazeuduluemea
< 1 o [ & =
anuTanly dryer liuldauwdas sansouwvalali 3 gunaude

v
s

1wl 1 SanMIsumesRi (Constant rate period) 2iisaTMsszmeaz iUy
moisture content

2. it 2 Sanmssuneanaslugiausn (First falling-rate period) AMTINTBULAIRUUS
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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)
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asnnenuudausiwasndnsominaun (Green Stength) fiamaddnluniszalisan
mawaninzesdndaifianinlusnanse deiulumsmesasiissnuasinauauiazasaufigalile
(BN %’}q'l,um'mmaaﬁaﬂﬁﬁnmamauﬁ'ﬁ 4 Uszmsfa

1. 9% moisture content (Dry basis)

2. Drying shrinkage
3. Green density
4

. Green strength

1. MTAINIUN % moisture content
P P o 4 o d Voo = '
S TUMENEIINNITBULNAD moisture content lalesFnihminyasdununausy
. P o 1 o w e a v a
uanihlleud 105-110 °C wdnhanbmidnildnunulugas Hansodald 2 wuu fe

Dry weight basis (ldz Wet weight basis

% moisture content (dry basis) = (weight before drying — weight after drying) x 100

weight after drying

% moisture content (wet basis) = (weight before drying - weight after drying) x 100

weight before drying

2. M9%1 Drying shrinkage ( % linear drying shrinkage, base on dried length)
ﬁ'l‘lmﬂﬂﬂ'l'ﬁﬂﬂu“lﬂﬂmLLﬁqauﬂgﬂﬁl’lﬂ?ﬂTu‘EﬂlLﬁ"J WaEIannanasmatInhumMsaULIT
WE  ougas
% Linear drying shrinkage = (length before drying - length after drying) x 100
length after drying
3. MTW Green density (bulk density)
Density = Mass (g/cma)

Volume

4. N13M Green strength

ldlag iFunundseusnia tree-point bending Tanghaiios 10 Fu Tmﬁﬁugﬂ%vuqm'ﬁ'
ﬁﬁuﬁ‘wﬁﬁmﬂugﬂﬁlmﬁﬂu udunuenee  lugas

MOR = 3PL psi (Ibsin”) , ksi (1000 Ibsin®), MPa
2bd”

dle P = load Mhl¥dunuuaniin

L = Span (328235WIN Supporter)

b = AIUNTINYBY Specimens

d = @NUFIYDY Specimens

w’%aﬁﬂm"[maﬁyugﬂ%‘vmu'ﬁﬁwmmmu specification 2891A%R9TR UAIEINTOS A strength
Tefan scale aeASaLaE
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Roller lamiuzugy

o s - -tJd =l L
TGESE%TWSUU'JWG]N'HNF]’JWNL?E!ULLE:IG]?:H'IU
qau (Dryer)

< .
LAY Bending strength tester

d & da = s '
LATDNTNNUAIIHIELDHEA 2 MWL

nasiils m3dulas (Verniers Caliper)
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IBMTNAaag

o a dw pu | a o a v @
® INEUNANAINAITNAFAIN 2 u“lﬂ‘i'-‘:u'lm 1 ﬂIaﬂ‘iu E]UG!'UIW[L“\‘]

o & B b o . B o o
o hdunauudnnesentuzy lesuSuanuuresdulasmsidmhludSinamwamnei

Fansoariasanniuunale Tealdiawas rolier Lithawia

®  YIUYNAUMOENNAATIN 1.5 6.y, 8717 15 7.3, FIVTDNU 1.0 2.3 WU 20 Ui
1 - L o \ 1 A o ‘:’
anuaeliiGausas (213vannni 20 une tiellasnuBunud)

WHANMIBENY 20 W4

l

IAsz8r Mark Nauay 6 Length before drying ( L,)
Funvinnauau le Weight before drying (W,)

i 2U 100 °C 3uuWa

195282 Mark ¥asau la Length after drying (L,)
Faihvinvatay 1a Weight after drying (W_)

/

1C Una 10 Ny
o 1 e 1 0 = = v = -
UM agaeg wulilueimea Tgaanudusateime
¥ v = = - =
viomawaaann tiulily descicator audsna

l

1IN IMAFBY three-point bending
UUNAME AU % moisture content
Drying shrinkage
Green density
Green strength

WA= EUENUNTNARDY

1. gleassne Amdies, mssuwiawdadam, meausuddnms enindey , madm
Tagenans anginenmans pnasnsalInends , 17-19 numus 2540,

2. 1.T. Jones and M.F. Berard, “Ceramics Industrial Processing and Testing”, lowa state

University Press,Ames,1993.
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271 506 203 CERAMIC RAW MATERIALS LABORATORY

m'snmaaqﬁ 4
PHYSICAL PROPERTIES OF FIRED CLAY PRODUCTS

Unin

ﬂwwmcﬁ’waqﬁmﬁagmm

Lﬁaﬁugﬂmm%’aua:ﬁnﬁﬁmé": BHnMIUaGTIN “firing shrinkage” a1adlenuaneafiuG
fuagiuuawmaivansate vy anuazdeaueasiy Uhinawesdunidasludu FTmstugundomiu
ghathaazaamgiidldendy Tashluduimilenna avmadmanananeiviliiaasen v
Aienion ssdunddluduiidninliAanmavadiluthafiuninnty mesvedhuasdiudinniuiie
anmnilgedu Tutheiiaamgifiaudiliuandimiavaanazas funnesiianedmatnadifioamgii
uaduUaamat NG ﬁuﬁqnéﬁﬁqmwgﬁqqaxﬁmwmﬁaﬁaﬂnidﬁuﬁﬁﬂmqﬂﬁﬁﬁlqquﬁG’gw

firing shrinkage THiAMWEWLAaRY AN e liindasusitaien HURD Uazuandng
dlusmnusmanadlumssndamsimusnanauwn Wildnnaudesasinudains ia
Snnandionudunaasarilssnanes 9 Adpeinisnagauaiiiguiy

mM3IawATMSAUIN % firing shrinkage Ynlagldgns

Dry lengtli — Fired Length

9% Linear firing shrinkage = x 100
Dry Length
Dry volume — Fired volume
9 Volume firing shrinkage = x 100
Dry volume

ASAIUIN Volume shrinkage 270 lincar shrinkage dg@sineail

% volume firing shrinkage

% Linear firing shrinkage = %100

100

WERNTIHYDIGHHBEIUAIINTDY
o a P o 1 ' o :’ ar o
Wadugnenvziimsufsundssanaasuy mswasuudaed, iwin, Ysnas, enu
WOUWLY, ANNENTUWIE,  eNUNIUm,  msgedub, AMUUTY, ANUUTWTT 989 lums
.ﬁvu = A A\ dv =3
naassiiindnmasladnmwgfnssumswasundaswdalul 1) YSnas(Volume), 2) amuwiu
f(Porosity), 3) msgaButh(Watcr Absorption), 4) @nawnuiy (Density), 5)ANHE9
e - :’ w o ¥ o
Nwe (Specific Gravity) Wag 6)1hminivne luszvawn (Weight Loss)
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=3 J’ - of ar o A:J 1 ¥ =
1. UY331@a3 (Volume) Luamuwaqmmmasﬁmwwqum gaamlunwd 1 Mnaweztiudandn
ar o« s 8 1 1 =
aAnivaanUssnauay dudsenau 3 dume
ﬂ" ar - 1 A
1) Weldna3d q (True Volume)@a duiustn A Tuaw
- =3 B AA
2) wiuriledigWlahila (Open pore) fia B lunw
- ' ol e a
3) gwquﬂuﬂluﬂmmwmuamm (Close pore) ad C Tunmw

mwi %

55@:&2§w£) {ony

A !d\gz:ofe? V?)j
\’.

B > {j?-’.’l/\ WY‘V

2z gick. Po'rc

dv o o &= ] nl 1 v v v o el av Aa - o o
Tuilandanmings  ssligwsuiinansnuarid udud g sihagluliaussitnusudas s
usnlBinasuavdudsznaun dedulugtues Volume lagienaai -
1) Pore volume (V) D Volume %84 Close pore + Volume 484 Open pore
V =V_+V
P p op £
2) Bulk volume (V) @8 Volume waqmai’aqﬁq (True volume) + Pore volume
Vb=V‘+VF=Vl+VDF+ch
3) Apparent volume (V,) @8 Volume ‘ZIaQLﬁEﬁ'HQ-’ﬁQ 9 (V,) + Close pore
V,=V, 4V =V, -V,
4) Open pore volume
V,=V, -V =V, v
5) Close pore volume
V=V, -V, -V =V -V,
6) True volume (V,) A8 volume z;amﬁai’aqa’%q 9
V.=V, -V =V, -V,

losmldinBlsunsaud v, v, uez v, Gundn lumajidmeneen v,, v,, v, Tog

mstahminzunuluamwuianaaen (Fried weight, W,), Smwanseeh (Saturated Weight, W)
i W e :’ of
wazanwuziuaseluth (Suspended Weight W) udainhmiinghaduan
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fnam Vv, , V, uar vV, Ingas

W =W, o 7 d

o= W8 p, = density ¥BUIN suspended

P
. ES = 'Wl

wp
P,
W—=w, W-Ww W —W

V=V, -V = = =

2. AU (Porosity) MNENFUILAUIEEINTaUBNTTINMFNTUTTBEa N urinasn ugl
284 Open pore Ut Close pore pEnalsneu lagdnIngjudiinemininazseny porosity YBINAA
ﬁ'm*n"lugﬂﬂaa Apperent porosity L@8 Apparent porosity (P) @8 volume ¥84 Open pore v, Tuuriasn
BEM968 bulk volume

(W'g —WF)
Pg = ——x100

pl. vb

3. MIQABHNY  (Water Absorption) Anenuainsolumsgadinhrasduny dulvandnazuan

Weunuihvinyasndanas legsenulugduss % Water Absorption (%A)

(W, —W.)
Tog %A =—————"%100

W

¥
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. - & . o
F.H. Norton $UUNKEAAUNMLYTIINGNN 9% Water Absorption Pauanalua e 1.1

Table 1.1 Classification of Fine Ceramics

Class and type Absorption Products
%
Earthenware:
Natural...coeeeeeceeeeriiereeeeereennns +15 Tableware, artware, tiles
FIHE. coissmaimsmssimiimsmias 10—.1 3 Tableware, artware, kitchenware, tiles
{01 R — 10-20 Artware, tiles, ovenware
Semivitreous ... iiiveiieninn -2 Taplewae, g
Stoneware:
NAUral.....ocooiieice e ccrssssnianne 0-5 Drain pipe, kitchenware, artware, tiles
BN auaiie s 0-5 Cookware, artware, tableware
Technical Vitreous......ccoeeezeenne 0-0.2 Chemical ware
BT SRS 0-1 Artware
Basalt e ssimneisifosasaiaamnisesiin 0-1 Artware
Chinal
Hotelvvammsimsnivnsismansiim 0.1-0.3 Tableware, heavy
Household.....coceeereeeeee. 0.0-0.2 Tableware
BORC...ccosi wisiemissiasiisseiaie 0.3-2.0 'Tablcware artware
e 0.0-0.5 Tableware, aitware
High strenfthu..coiessiimsimmemns 0.0-1.0 Tableware
LOW BRPATRION: sssseiseveriosssssmmsssi 1.0-5.0 Gvenware, stoveware
Porcelain:
Hard.....ooovieeeecieiiceee e, 0-0.5 Tableware, artware
Technical vitreous......ccoceuvneene. 0-0.2 Chemicalware, ball mill balls and linings
Triaxial electrical.........c..ccc 0-0.2 Low-frequency insulators
High-strength electrical........... 0-0.2 Low-frequency insulators
AN v esn s s sommsemsernurmnnnry 0-0.1 Spark plug cores, valve seats, cutting tools,
substrates, abrasion-resisting ware
AMEHIS v mansssussins cinseam st 0-0.5 High-frequency insulators, low-loss dielectric
Ferfitel: e e o 0-0.05 High K-dielectrics constant
Ferfomapetitsmisnnivm 0-0.05 Permanent magnets, transformer cores,
memory units, antennas
Vitreous plumbing fixtures 0.1-0.3 Lavatories, closet bowls, flush tanks, urinals
DAL« oz s 0-0.1 Dentures
Batiai v mannnsnsimisiny 0-0.5 Sculpture
Refractory......cceeeeeiieecneeniinnnes 0-10 pyrometer tubes, combustion boats, furnace parts, nuclear
fuel elements
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: ; . M
4. @aM UMY (Density) @8 anuvinuy dgasih D=

Vv
P a = wa a w [ -
Density U L‘d‘i’luﬂuﬂul‘ﬂﬂﬂ'ﬁ‘i‘lﬂﬂu%}mﬁﬁm‘mﬂqNaﬂnm‘ﬁﬁmw’lﬂa

- v . .
1) Bulk density (p,) @9 density flaan fired weight + bulk volume
P, ¥ _ WP

% W W)

a %o = o o ' = ' 1
bulk density (111 density silafldfusnniigalaeily duady density g 9 Taglivanintu
density azls ndaiudu density a1l

- g P .
2) True density (p,) @8 density UB¥UNUNY porosity = 0
W,
p.=

v

- . v . . .
3) Apparent density A8 density #l@an Fired Weight + Apparent volume
w, WP,

' L3 -t R ar o - o .
4) 96Theoretical density Huaalduwseuiiey bulk density vasiaqiaulafieuny Theoretical
density ?IEN‘?‘E{GI

¢ Theoretical density = £ x 100

[,

- « ° . E - - ol -l ar s ,” P o
5. AIHAWUWE (Specific Gravity) A8 density YB1IFANEUNY density Y84 4 C
sG density of material

" density of water at 4°C
specific gravity Tsifiniae

6. winnelusewinaen ( % Ignition Weight Loss)

o 4 R | 1
ﬂ'll@ﬂ)’]ﬂu'lﬁ'lm'ﬂ'u'ﬂﬁ'lﬂlﬂ?zﬁ'nﬂLl’nﬂ
Waufuthmin susianauLen
. (H,D - ny )
9% Weight Loss = ——x100
W
o
= .
s W, = Oven dry weight

aUszaed

o  w v o P o a d = a
Lwa‘uﬂﬁﬂ‘ﬁﬂﬂqum‘ilﬂaﬁ‘uuﬂaﬂ'ﬂBqaﬂﬁmxﬂumBNWHﬂW‘SLNWﬂqmﬁQNWWQ 9 UasadnIn
wa ] d v o & ' o
Gl‘i’l’iﬁﬂuauuGrﬂ‘lﬂﬂ'lﬂﬂ’]ﬂﬁlﬂaﬂulﬂ gy d ﬂ—"iujaﬂu'@u’]m ANUARUIILUU LLH%ﬂ?WNW?uWA
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1) iedasdptnaveny £ 0.5 g wliadilagega 10 AN 1 1A%8Y

FiiaFauuy submereed 16 winumszunsalalag
2) Vernier caliper

»
3) wiasnh wiame gas uargunsol
4) o uae spatla GOAY NFNAT 1 U
5) lussviamiBinanae nguas 1 au
" wal

6) wavlWih Wawnlin 100°C 2 N

& a ﬁ P ol & 4 & <2 1 o
7) anutiugiiads 9 Alenuduwesmingnaziuiiuuna 9 ;munIwn 2

gmsudinidnwingu q ax 1-2 nn. (18U Compound Clay, fiu UM 18%)

8) @ 10) maagiitiys

9) Desiccator 11);7'1‘8'1113“1 war Wenh@ala:

12)Bunu Ceramic FiAGN 9
Dnsudanlity 87 x 87 Tnsudinsdusndunisu
2)ns:u‘]uamﬁ'q 4” x 4” ¥58 8” x 8% g)laeanyus
3)nsuiicalun | 9)gnaalvih
4) s2iD4 mosaic 10)828nuw
5)as u.U.n. “11)u
6)dguany 12) auq

FMIneaad
MY 1) NITHAAITHAILEN

3 Voo [ < 1 = ar < I3 1]
1) Youwismaghathuunisguimdey aemwn 2 91U 36 une

I
Jnam 2
A
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gy ool o0 6 slras
4
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2) IRV D UAUUVNEUN AR LNEll.a'l'a’ux'l'mlﬂ'ﬁ\ma”.luiwuﬂlﬂaGIElﬂﬂal‘LJ UuUnn

dwin 3y w, Wldluesu 1) T

3) mark 5282 10 %Y. Dry length VUEUOUENAIWR 3
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&) thiueuluiaftanmadl 700, 900, 1000, 1100 waz 1200 °C gamgiiaz 6 Funy
18 heating rate 10°C/1f uazilafegamniifiasliudr1y off Trlhwiud falinugamad
wide ~ 50-120°C

5) ihgunuasninmne lieliEuly desiceator

6) (atunuEunds Jaanuenszesil mark Linauusnlassezdy fired length #a

_ SmrinBunumaaentuiina B Fired weight (W,) thulildluasu o) aald

7) @I % Linear firing shrinkage Uaz % Volume firing shrinkage

Luawwmmmm Suspended weight ¥BILTIUEILNN (£ 0.5g) mﬁmmwuﬂwmamwav

?f'u EHANUHAWAIALNN 'Q\ﬂ.ﬁﬁﬁ'lﬂﬂ'llﬂiﬁﬂiﬂu set Lag ﬂﬁW?ﬂa‘iﬂLa"lﬁuQTu'ﬂLNTﬂTemp LWeany YN 6

Fu Tt daudues Tidaauandaduiiu g

@mau ¥) %1 Volume, Porosity, Water Absorption, Density LL8% Specific gravity

LV - 1
mau 7.1 yaova@nmﬂumnaq

1) thdunungs 6 aau n) leulnhdiae 2 Hlue Yaches (Uszndandanu) Hauas

2)
8)

make sure iw%quunﬂa"m'-juag"[uﬁvmaamL'Jmﬁ'andﬁnwﬁ’aq'nﬁaqafh'lw"'?;uxﬂmwuau
sw@suiummzdis Wihdhdunuldlessavataazann

sy 2 $al udaenmzusauaannenia 3l 24 Flua(eu ASTM du 4 Flaa)
inunuaanm i Emhilnaduasn (awsilvadn aguehnBuagea open pore
fmsanlutng Tegldmaiiamuhiabimnaudnhluge)

& ¥ e o . dw
4) 2nUn YJuinuaiy Saturated weight (W) (aVinNemanue 6)

5) isunulufauuumuaaglni ey Suspended Weight (W)

WHLLNG

- ) = ) . w Yo w o ¥ -
dadnhmiin w, @iudinnsg keep Funul lumeauzussphisuagldhaasanar te

' put - a 1 '
vneailaiaun@ias recheck 216 linasa L@l

6)

)

e 1 < . 1
e W, , W, uas Wy, fild llénnanndn

a) Bulk volume f) Bulk density

b) Open pore volume g) Apparent density
c) Apparent volume h) Specific Gravity
d) Apparent porosity i) Weight Loss

e) 9% Water Absorption
Tidunnwuansi a‘mwgﬁﬁitmﬁwasiaqmauﬁﬁeialﬂﬁaehﬂs
7.1) Linear firing shrinkage 7.3) Bulk density
7.2) 96Apparent porsity 7.4) Weight Loss
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mow 7.2 waviagiunnnmeuan

1) idullavauuisaiin Iiwmintufindu Fired Weight W,

2) inluinuiuesumiiaunaufl .1 4a 1-6

3) Wiguiiioy Bulk density 7aaianRialiiumMNeA 1.1 uas identify Triagfsalmiluwda
Aeieniinlszanla

ELERFLRERN

1) 56.05.95865 anuUseys. “Physical Properties of Fired clay Products,” lu c-jﬁa Lab 3
Ceramic Raw Material Lab Experiment IV, wvvinendzmaluladigsins, 2540.

2) 1.T. Jones, M.F. Berard, “Ceramics Industrial Precessing and Testing, ” g™ Edition, IOWA
State University Press, Ames, 1993.

3) F.H. Norton, “Fire Ceramic. McGraw-Hill, * New York. 1970.
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ﬂ?iﬂﬂﬁﬂ\‘]'ﬁ 51
FELDSPAR TEST

umi

Feldspar (Huingaufifianumdnennlugammnssueniin Tfeandhuiofuiu (body) wiiashaq
wasETARBY WAt feldspar dvhuihiliiudaaagagnaauaniaduily (hwihidu Flux) Fadudi
AalviAnuaRsmshauitiluiiondosant fasnbidadewiuasiionallsdad  udanuansaly
msangaveaiuegiusiiouasUnneas cations fistagly Feldspar viuq Feldspar dn(Juunatas
Alkalies Waz Alumina TUtAABULAZULAY

Feldspar ﬁamjs'd‘s::naumn Aluminosilicates 789 Sodium , Potassuim &z Calcium uanmnﬁﬁq
Usznaushemamennay quzluaglulTinaudniss wardadiumnsusznau alkalies fliazaneth  Tase
F3190MDNYBN feldspar tuuuulaseTaazneyas Oxygen-silicon tetrahedron ﬁ&"iamim{uﬁ"'q 4y Al
* gnaunud Si* unduwasil K, Na', w3a Ca™' L'zi’"flﬂaeﬂmiaqtﬂﬂ'lfu G"fqtfu'l:ﬂs\za%ﬁmﬂﬁlﬂuLL'tJadm"ﬂ:u
agjﬁ‘u cations ﬁtiﬂﬂag‘lu‘[msqﬁ%’w (%1 Orthoclase (Hu monoclinic a1l feldspar 3 Orthoclase as Albite

L P . & 1 e o P W
aslalaseashaunuy monoclinic ¥W3a Triclinic TuagnuU3inmwes K uaz Na filag  uarlaseainges

o

feldspar ssnsawdsuuwasldlagamaiigs  Tesmlugaseas Feldspar fia MZ,0, dlo M {u Na', K’
wia Ca” (vwfnendu NH", Ba® waz R’ Jusgaos %qﬁm"s'smﬁﬂugm{ld’ﬁqfr K(AISi,0,), Na
(AISi,0,) Uz Ca(ALSi,0,) fifiindundy Orthoclase, Albite WAz Anorthite maday lusssendiiniia
syunuluszuy Temary system Li‘}aﬂzimi.‘f K(AlSi,0,) 8g53uiu Na(AlSi,0,) (380 Alkali feldspar 1
Na(AlSi,0,) BE3INAY Ca(AlSi,0,) 38nT Plagioclase feldspar fifadas 1 GenonuanuLanIYBIEa T
duluazas Nas/Ca snannlifinedadl Albite, Aligonite, Andesite, Labradorite, Bytownite 8% Anorthite
U3 feldspar T30 cations FeuFshviiily flux Teehatu S Alkalies snnazvaanhauazyin
ﬁﬁ%mﬁ’ums'ﬁ'u 9lu body afemIa5y  K-feldspar waauﬁqmwgﬁzjunh 1150 °C  9aue? Na-feldspar

ioa = S v =
vapnanIuy  Usina K,0/Na,0 1A (3 Na-feldspar #10) ﬁwaaﬂququnm
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Karniner, Austria m m
Horway ]//' W
Colni Bory, Moravia ,»//'/ﬁ m
Pobdiavice, Bohemia 7
Haldmky, Bohem {nal]
Cashmere, India NN
&eot 1 a Yugoslaria W \
* Mlarus, Finland '//// R\Q
Chaly, France f/ _&\&\'\\.
Reumenia 'ﬁ N
Hatdmry, Borem.({1.) BN
MepheLsyenitzConatel V] RN
Hempro Yugesiaria ) m .
*C 12 13 1% 15 15; 10<

T T T T

-

fK,Hch, 0 X 0/Ha,0

%
13,7
14,5
12,7

9,5
10,6
14,8
14,5
15,0
1,3
10,7
3
12,3

a9

4,5
17
3,1
1,6
5.1
50
L5
7,8
1,6.
0,7
5.5
0,5
0,62

Changes of the originsl rectangular silhouctte of n cylindrdical pellet (Z mm X
2 men) of alkali {cidspar visible in the heating microscope with i mcru.smg lemperature
(after Obst, 1964), modified).

Ui 1 waasdrndsznaumuefiuasnginITauag feldspar UNREIAIN

3

lumsldnu K-feldspar nasuusmziinnunilogenih Na-feldspar 3efianld K-feldspar Tu

aadmnssNeNaAn lagnaiitiu body wazld Na-feldspar imhwedsuzsasniinuazldlugaam

NS5

eiuenNIaulii feldspar iIMmAzdunatiumsulfsunlaswesgunsaiony

PMNMT

ﬂﬂuﬂma'lﬁﬂaawaﬂﬁﬂu‘duamwummsau'lﬂ mm‘nwum'msau'luamw 10 °K/min 302N

20°C fi9 1700 °C im@Ensadunadiumswasuwaing qmmm \du  shrinkage, wmﬁcauon,

softening, fusion WazM3lMauay feldspar Tivaenalimsmnuadnuasfiufuiamswauuasls

a4l

Expeniment V
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Charcteristics Features

rrafoveanTinqkRuves foldepss Aevnd ssiy
wimeana 1§

s o « : «
Sunawniiu liquid phase  unsiviOARNAIRd13I MG

urG g ety

- = il 2w o
T fiquid phase iiaviannue Tplindnuusnwuen

When W el Ananaiyife

funzveuvnounzaw Wi e nmondher

" fifinuoiy = Drop like shape™

fianuganans wudruniueenly

¥ I~ . 4
riuussendiuguninaney

suii 2 anumezgli asnsasundaszaicrasy

mswdsuuassuinudaauaanueas feldspar ialdsuamusauuandniuilomn feldspar

§ Na,K was Ca umnesfiy  isannsawlSeudisuySina flux Tu feldspar lagdunaansnshn/asu

Wi dwludszmalnatiunuunas feldspar vansura Wy Javia an gigsil wasswys

s
eUszan :

d_w S T s
wiatinfinnansoasaganIwmsnasueey Feldspar wazilssuiaulasna Flux nuanyuems

GEY

MSNAAY :
s =i
1. aUnsaluazasAll
Feldspar
(AS9UA
LATBNT

1nau

Lﬂ%‘aﬁﬁﬂ {h'i‘: /’;ii"u’t)hf/ ?T{f‘,’f—')

L@y
LELRN

Expenment V

ASLUBNAN FUIA 100 ml.
ALUNTITIU

PVA 1Uu binder

fnnaseuna 200 mi.
UUUNEHMIUDATINAYNA1DES
Sagmilrimiusasdusata
FISLANGN

Feldspar test



2. MIUANEN
° ‘J ke 1 v ar =l L " ‘:‘
U1 feldspar TUGLRD TDUMIUAZUNTILUDS 150 mesh HANAUTFITLANMHATITNTNENU

na
L

ol T
fAABEd

Feldspar

K,CO,

Na,CO,

CaCo,

firing Temp.,"C

1

1

B o o

100
98
95
90

2

1250

100
98
95
90

1250

NS SR S e B - B - T S

100
98
95
90

1250

100
98
95
90

2.5
5.0

1250

100
98
95
90

2.8
5.0

2.5
5.0

1250

=S V- B B - T G R = (Y U o B . R

100
98
95
90

2.5
5.0

2.5
5.0

1250

3. NSAATUMBENG

Fadhunauna: 10 n¥u Tdlunssantniinm uaw binder (Fudu 109 Tasiwmin) iazhe
Wasims@oiu agnaa lidriudamaduwuuie @urhgudnawdszana 1.3 . salwdu
%Yuﬁaathgﬂmqﬂszuaﬂgw 1.3 2.,

4. mIENTudagn
auFudasheliuiy udrdemeunusiusamilWliudasiuagisiulsana 3 2.u thighim

wnliemusauiinee8n 10°C/min uiaamigiifdasms udilam ihdudsdweaniian

WlaLenEy

Experiment V Feldspar test
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5. AIATIVUYNAIDHIIRAILEN

Anndnvaraudaziage nenuiuaaurasdnsasiilnng Heglusoumwle Moy
nanInaasd (WisuieudnSwan1sifiu Fluxing agent 841y Feldspar 55546 fehumstnas
aoumgiifiszy TaawRamnsnszving h/w AuUSane: Fluxing agent dla h Aermugupsdudiai
uas w ABLHUMNAUENANYDIUTNEIBEN

LBNEITANDN

1. I. Konta, “Properties of Ceramic Raw Materials”, in Ceramic Monographs-Handbook of
Ceramics, Verlag Schmid GmbH Freiburg I., Brg. 1981.

2. 'W.0. Willamson,” Feldspathic or Feldsparthoidal Fluxes and Their Beneficiation”,in
Ceramic Monographs-Handbook of Ceramics, Verlag Schmid GmbH Freiburg I,
Brg.,1980.

3. USen Auviendn, wniing , Sniuw aenIaiumInegds ,2535.

Experiment V Feldspar test



35

371 506 203 CERAMIC RAW MATERIALS LABORATORY

3 ‘nmaa\'ﬁi 6
DENSITY MEASUREMENT

UNHn
= ¥ s . v s . - d woa =t '
Particle density @8 UIMUNYBY particle 618U MIIA particle density YLUNAWYENBUNA (380N

. [ | 1 er = = ' X . <
True density ILialaitful/3:10 5289 open pores WAL close pores WUAINMINULYYEY Solid material MiUszAaU
sheaumarasmsuunanudildlumidodadomailinduazad

3590@1 True density

s Jalaamsunuiiil S8nd pycnometer method Ms¥alagmsunuiithiiorsldudaunuld Tash
Wmsiaseid 2 38
35"# 1. #ie liquid pycnometry
38ilfiinAsgrumaTa 12 British Standard B S 4550 , Methods for Testing Cement Part 3.2
1978 Density Test 15120 pycnometer inglitiu 50 mi. dwdunaiagzlinaudsn  uasldmemnalng
2100 1,000 ml. d&wiuiaguiavenundt 2 mm.

Liquid pyknometer '

o

Add liquid up 1o
almes? full

Wil powoer and wegh

o
3.

Too up and weign

Drive aff bubbles by evacuation
ulirasound o boiling ’

Al 1 URAUMITINAMINVUILLUGIY Tiquid pycnometry

Experiment V Feldspar test
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o & o P & ' - Yy & &
MFINTTUABUAINIWALEY  1A8N99929@  pycnometer (UAN  UAIBINNAUUSTIANNN 39
gt :’ k.’ A © « e ar L) A‘-’ L]
maTNtuhasuaarmha i ihdetnassmsmanumnwivyssvadly  pycnometer Uszainm 1
= & .v o s 3 - .v 13 1 -,
T 3 zewfSnesme  Wdrnhwminmwdune Mntudnhauisudume mmsladasaimeasanlae’s
% = o - Lt aa o P 1 1 L 4
evacuation ¥3al¥ ulrasound wiBleamIndisladnils dalavasenmeuazUaselivia pycnometer 1Bu
o G
AUFUFWNIUEN  udITnhwInTIN
v o ; ; o wew B - x
nndayanleil SIEIHITOAILI AN NVINUULYBERA2DEN LANIMINY DIUYNGD
Ly [T B L 1 :' = = :’ o = - =
USinasrassauvidednnalennnassraaSinessenindume  wazUSinassashidus ] lussduauds
210
ad o ' -4 = DRI ] v
lunsamansiigasnsmuSinasemaumnuiuazaaluin - madenlhinlbivanzay ol
;o r
liquid By 9 unuile
5% 2. zia Air pycnometer
T T o w ¥ o P B ¢ - P
S5ivlaegmsoamensaufaunumslann aeseinaniiduedesiiovas Beckman
. J J - A =l ar b 3 ar
Model 930 air comparison pycnometer ZILAIBINBEU fi fivanmsaae 10U
: i & . o o &
Air pycnometer ﬂﬁ:ﬂauﬁ'ﬁansxuaﬂzju w%aumgﬂgu (pistons) 2 %@ HNMWNUTAIU
o< g v v [ = d add . ot b ar 1 L [ P 1 e [
gonitau reference uaztdarlihas dngoaniniindmivasatisuazmaiaginllld daldmatha
ar ] A o = A ol + e d
W ethwzhunuiuiaviasmanussaeglunssuangu sunsamuSnasudagnunuilasmsuSuszash
= & & ' = P
dpuABuIBIgNFUI 2 U ImEunTeskUSInasuaaudan ldlane s

= sTOP
DiFF PAESSURE INDICATOR i

- 1
- pre— o
1
J REFERCHCT PSTON e
\ '
= = i
—] G vALVE -
| Es0 I stam
] Coum ma varve 4 !
- MEASURING P TON |r Stan of test
1
! =} i ]
cup —] vy 2 h T

Cg:)r

'

—-'1 L : Pisions maving
i | P Dasants
t

Enc of test
l_.._._L—,

Il_ _
J_
|

s 2 LEAITUABUATILT Air pycnometer
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Tunmsufiamsisezdnmnmamanumnuwivawsdulasis liquid pycnometer

asuaed

A A d L © ar 1 1 = 1 = A 3
Winundnwh lauasansaMmM N aMa N UNIRUNYBIHAETINEN 9 1alaeASunuiu

v

ar e
Iaauazaunsal 3
o v . o o v
fuidafuliaIn Experiment II  23@ pycnometer hot plate %138 ultrasanic bath LASBT  UINAY
Tou
Ll
IsmMInaaal

1. (@38UAULRLYIN pycnometer

WaunnulnueliasiBeaciuezunsawas 150 mesh wuddnaulvia wiaumauma

& a al o da .
pycnometer IUNY 2 wfiafihminash Jafun desiccator

2.
3.
4.

& e & - . [ & 3 n . o '

#3UIA pycnometer RELAIBIEINATEN 4 i 2 A% wewwdy Winhwinmewn w,
= o -4 ar & v < 1

ussyrediuaslilumadszne 1/3 vaauSinasme tuiimbhwin ¢ af mewadadiue w,

Yoo o o - w ¥ oad s o '
imnnauaslumefiisiadedu aus:mumagnﬂ‘smm 4/5 2893310510 mmﬂammﬂ

v . . = o . ol a A
aanlvuualaamsi U@y Water bath wSald ultrasonic bath (uia1 1 . e pycnometer &y @uth

& v o i v o a3 v o g ¥ W . & ¥ e
ﬂauIWLﬁNﬂjﬂ ﬂﬂﬂjﬂm-}ﬂ stopper SﬂH‘li:’-G)‘UHﬂu stopper ‘hﬂ.mnwaﬂ Ln5auy 9 ﬂjﬂlﬂllwqu11ﬂﬁqu7“uﬂ

& d ' <l Ve v
2 ATNWIVNAIURR[Y ﬂ']ﬂlﬂﬂa W,

5.

. v £y v ¥ v oa ¥ & < ' a W @
M pycnometer Wanlvazam avlvuisuaiduibhnavaudy aea 9 Yadie  stopper SN

v dave ad ¥ w & 1 & < '
5:ﬂuu11ﬁlmuwaﬂﬁqu']“uﬂ 2 AT W[y l'lJ'LIF!'I Vv’4

ATSATHIN

FIENTUHR

o
AMUAUILUY, p = UMUNVBIHIAY

USnasaanaau

W, - W,
P T v W) (W, —w,)

@ ' . & o d
FENUAIMIAANHAUULUUIIAMIMNITNARDY 2 AT Uazennge

(@NEITA1NBN

a o

Svarovsky, L. Powder Testing Guide : Methods of Measuring the Physical Properties

of Bulk Powders, Elsevier Applied Science, London and New York.
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m‘mmamﬁ g f
METHYLENE BLUE ADSORPTION

unii
o < _ v £ e B :

WNAVBIDYMAYBUTDANTYDINIEN z;ammqﬂumﬂﬁnﬁ'[ﬁwﬂu'lummaﬂuﬂuu'zsmm:mw
5000-0.001 luasau winazmsymaduiinedoamaul@eg iy MOR, Slip Viscosity 181 MIAIUAN
nnarasaymaduazdisliimmunuiunaumsHanly production line Ieaia

I1@IN50M particle size distribution 2avBYMARTNAINANT 100 Tuesau Tdde assunsesau
g3suen dwmdvaymedinng 100-0.2 luasau Yufannsoml1d3s Hydrometer method uddwiuaymaiid
211@ Uz colloid Ap 0.2-0.001 luasau ﬁaﬂﬁ%mqmﬁéqsi\:mmﬁu nitrogen adsorption Y38 water vapor
adsorption  agndlshemuiiningeansuaevy  (P.T.Hang, G.W.Brindley’, G.W.Phelps, D.L.Harris",
M.F.Navins 4ay D.J.Weinwitt)) lowiAivmuSinnwasaymadviaglang colioid 1053 Methylene Blue
Adsorption Technique (MBAT) Fuiih3siheuazazanannsanldludgammnasule e Specific surface

=Y A ar - d“ﬂ 1 YV o as ' ﬂ’ o =l . .
yasiunIalelogisiia lndlAsuaiialalagds nitrogen adcorption

Nanms3

1/amgmﬂ'naqauimaﬁ"ﬂmﬁamzmgﬁvaéluﬁm:ﬁqmauﬁﬁLﬂuaqgaauﬁqmm‘sngwﬁuawa
UINY84 methylene blue (C, H, N,SCL.3H,0) la

ﬁuﬁﬁaqﬂﬂﬂﬁﬁ colloid ¥ @uAUMileN (ball clay) 3¢H specific surface area gﬁqmmsa@wﬁ’u
methylene blue ldannnhiiufidioyme colloid 1fas tufivam

2 /F.A.Farugi, S.Okuda, W.O.Williamﬂ M.M.Kanonova® ta¢ C.Steelink® Wu3 Organic impurity
Taz@wizwIniisl Molecular weight g9 9 WazUsznausavy carboxyl, phenolic hydroxyl 13150UANGA
sannluayyauIn wazauladiilaagluanmzdiudioviaiiad alkaline cation Bgann veums 1 uas 2

#ipH 6-8  R-COOH + NaOH —>  RCOO +Na' + H,0 (1)
i pH 9-11 R‘O‘OH + NaOH — R O +Na' + H,0 (2)

= v L

puyanuansaninmmiazlumeRfmhyataymadu form (Wu Protective Colloid fighuuay

5

PBBYMARUGEa AW 1
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Tusmwifuena Tuamwitlunsa
mwit 1 Tuamwiduse RC00™, RI(Y form protective “ayer im¥fithaymadu udludnmwnaavzlai

from protective layer (AWAIN Lecture @5.91AHd und. Ma 2/40)

® v oo © :’ = n[nl 5 i - U e e

M ddaimidunil Organic Impurity T pH L?Jumqmmmiﬂmaaumigmﬁu Methylene Blue
Adsorption 3¢1@A" Methiylene Blue Index (MBI) ganhanutuazenn

getiulumelasziisil imazaasaiugy pH gasansaraatndulviagdn 3-4

A6ms _

38ms MBAT vilasms witate thaufigniiliil pH 3-4 iU Methylene blue (1aAUgATY Methylene
blue udadudIliansogadulddndal dusmeaindudl mitate 7U Methylene blue AUUNTEAENTAY
Methylene blue Tindoazfiamsunsnssmsuunszaunsauiiudfhoude fidnvamiinesay 9 90den halo
L“Eﬁﬂ?ﬂ‘ﬁﬁiwﬁlﬂﬂaiﬁugﬂﬂﬂﬂquﬁlﬁﬂ Methylene blue ﬁ'nﬁn’fﬂ'\ optimum flocculation

P.T.Hang W8 G.W.Brindley' WUIS/d13n50A1120 specific surface 2a3@u 1 iy ldangas

Specific surface mz/g = MxA=x6.02x0.01

s M = daeh Methylene blue Index (MBI) fi@vnAU milliequivalent of methylene blue ﬁ]gn@mﬁu
?uf‘NQﬂ optimun flocculation
A = WuRihues methylene blue cation # M.Kalousek,R.Blanhnik, M.J.Los 4a¢ C.K.Tompkins ™™
NARBWAININUATHIY = 129.2 square Armstrong
pealshionwdd  MBAT dnmgaumamisneasdlusua MBI (methylene blue index) @Aafn
milliequivalent 284 Methylene blue ﬁﬁaﬂlﬁﬁﬂau 100 gm Tums tritate 'L‘ﬁﬁ\ﬁ_l'ﬂ optimum flocculation
DN MIFUINAT MBI
Tadurmazuns 5 N34 NAFOU witate AUEITAZANY methylene blue TfleaduduBad methylene blue

0.01 normal = 0.01 milliequivalent/cc WU ldasazars MB Tun1s witate 2ufi4A0 end point 19 cc WAV

5
fiuz 5 n5u 1¥  MB solution 19 cc
wszaziiy @y 100 n31lF MB solution 100*19/5 ce
d15avany MB 1 cc i MB 0.01 milliequivalent
dsazane 100%*19/5 cc i MB 100*19/5%0.01 milliequivalent

5 MBI 3.8

Experiment V Feldspar test



40

aUszaed
lﬁ’a‘lﬁﬁﬂﬁnmfﬁ'ﬂmﬁ‘l MBI WUa¢ Specific surface #89Aulae?S Methylene blue adsorption
technique
aUnsainaaas
1/asnuadudamiuuauiitudfuuiududau
2 /1naulWihd@m3ula free water 2anINAY
3/msutlddudauannesly ma eaiidielduuamalaunsing 0.5 x 5 x 5 i
4/@5EUNTA 20 mesh M3asamIAUNUA e |
5 /aluminium foil @wiuldduisaundnauhluouaigarhe
6 /desiccator AmsuldauauiugaaudR B iEurmhluen
7/spatula gMUszanm 3 fih dmdudnduluds
8/1A3peafifiaTMuNNE 0.001 nFu
9/ Magnetic Stirrer fianansaLLse TaghliilAedasiunasiualiild
10/Beaker 2379 200 cc WSuhem @sazas MB uazldsanszamninm
11/ maldasazay HCl v3a H,S0, AMN@NYY 1-2 normal 2U19 100 cc
12/milau 11 ualildfuansasane Methylene Blue uamagauludamsafivua
13/beaker wialauuusssuen linuamusaunng 600 cc dmIuldiau
Tums titrate wipnnszamnitmdmiuduehtovns s
1 4/nszuandmnuuuwmaaniuladmiuldaamaussluiinned
15/pH meter Wdanszenwin pH ld¥atfiauSue pH yaunnu
16/magusuydmiunanasazay
17/035AN¥NTDY iiA harden (Baroid (U3 987 nIaLhauim)
18/pipette W3 Dropper ¥38UNILAIAY dw%’uﬁumsazamﬁﬁuﬁﬁﬁq titrate mt?fﬂqm'ﬁ'uﬁ:

asiaiifinasld
11hindunda deionized water dmFuNENTUAUlUMS titrate
2/85axaBNSAANUTHIY 1-2 normal (n3salaBn1sazats HCI w3e H,SO, adlu deionized water au
HAaduTY 1-2 normal
3/Methylene blue solution aMALNU 0.01 normal @3aulagmIasany Methylene blue cholride
(C,,H,N,SCL3H,0) 1.87 gm alu deionized water 500 cc
(Qﬁ’aathqm‘w‘hmmua:msm%'aua-ﬁa:a'lﬂﬂzq 3 63l1 Appendices)

AURIUNITNABAY
1 dtaldsuiudaududeuliuardadadaufuuuusiuwmainnsas - MauBanguigilionuaaly

uisnpuudualuasn
- :‘ v = Av - = 1 v
2 /aududleann 1 umesgfidsddalililumauwiigamgii 70-80 ¢ wialiinalilanaan spot

. I s v ] ] [} Id o
light L‘Uunmmuwawgamwma:‘saumum'szu,n‘mua'i 20 Iﬂ
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- J W« 3 =l AJ L 1 v ' L) A L]
ssuafunlaan 2 WaviBaawafazsautunssunsauss 20 18 wanhludauruaszunse
P om e v o v & ¥ o o d (TP d g w T
4/uiafunlenn 3 inlegdSaanaamilauuusuudn envsleaunfivnawmastiuniseganfvas
naule’
Y o & 1 v a 3 = a ° o v - &
uanhdvanldasuuwsiu agfidlaw foil ndelvnsznesuanhluaud 110c athalay 45 il nuw

vhanfial3 vl descicator
& e aq v W - FV a ' a o
5/65apuflann 4 M. uesavtaniianufiawaia it 0.001 g @il

o o N -
naun 1,2 Ty 5 n3u

1

naua 3,4 Tuwmilen 2 nsu
e P >
AguN 5, 6 1% montmorrillonite 0.5 g
- v [ = . o d
6/HANAUAINTD 5 NU deionized water 300 cc LAgAIDIUUNFNMNTEEE
RN GEGY

1/8um 30 Fuh

2/@umien 5 Tat

3/@U montmorillonite 15 Tty
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1.General

The Bending Strength Testers, series 401, are used for the determination of the bending strength
and the static modulus of elasticity at ambient temperature of mainly ceramic raw materials and
ceramics. Using different standard supplements measurements on test bodies of different shape,

dimensions and materials can be carried out (compare fig. 1-12). The determination follows

1A38930 Bending Strength

DIN 51 030 and EN 100.

Depending on application three basic models are available with four load ranges each (compare

table 1).

Table 1; Load Ranges of the Bending Strength Tester
Type load rang / N
401/1 20 40 80 240
401/2 20 120 240 480
401/3 75 150 300 600

506203 Cera. Raw Mat. Lab.
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2. Construction and_mode of Operation_(comp. fig. 5)

2.1 Principle of Load Transmitting

Load is effected by the eletro-motive displacement of the sliding weight (1) along the swing boom
(2). The arising by unbalancing the sliding weight is transmitted by the load pin (3) to the load
frame (4) (principle of the one-armed lever). This force acts onto the centre of the test body which

is deposited on two supports (5) (three-point method).

2.2 Variation of Load Range and Load Rate
The four available load ranges of the Bending Strength Tester (compare table 1) can be set by
loosening the index pin (8) and displacing the sled (6). The ranges can be read off on the markings

on the sled.
Each of the four load l'B.l'-lgCS is represented by an own division on the scale of the swing boom.

In case of changing the measuring rage the compensation weight (9) is displaced simultaneously by a

cable line in such way, that the equilibrium position of the swing boom (2) is maintained.

A synchronous motor with a change gearing moves by means or a toothed belt the sliding weight (1)
inside the swing boom (2) in accordance with increasing load. Four different speeds caii b selected

(compare table 2).

Whenever the selector switch (10) is on position “0”, 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 motor is switched on and off by the power switch.

506203 Cera. Raw Mat. Lab.
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Table 2: Load and Load Increase Ranges of the Bending Strength Tester
Load Range Load Increase N/s
Type N 1" gear 2™ gear 3" gear 4" gear
401/1 20 0.0833 0.25 0.5 1
40 0.1670 0.50 1 2
80 0.3339 1 2 4
........... 240 1 - 6 -
401/2 - 60 0.125 0.25 0.5 1
120 0.250 0.50 1 2
240 0.50 1 2 4
480 1 2 4 8
401/3 15 0.125 0.25 0.50 1
150 0.25 0.50 1 2
300 0.50 i 2 4
600 1 2 4 8

2.3 Automatic Determination of Tensile Stress

The switch case on the rear of the Bending Strength Tester contains a micro-switch, which sensor

touches the knurled head nut (13). The thread bolt with the knurled head nut (13) 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 load 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 in the adjusted load range, the motor is

switched off automatically.

506203 Cera. Raw Mat. Lab.



3 Commissioning

Prior to first putting into operation the entrainer rope (for the automatic weight compensation

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

Set gear switch (10) to “0”

Push the sliding weight (1) to “0”

Check whether the sliding weight (1) stops at “0”

Bring the pointers (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 the stop. The stop must be adjusted by means of the cap nut (14) in such way, that a
test body will surely beak, but the compensation weight does nowhere strike.

The knurled head nut (13) must be adjusted in such way, that it is guaranteed that the
micro-switch disconnects the drive in case of break-age of the test body, but not already in
case of bending.

4 Determination_of the Tensile Stress

4.1 Measurement

1.

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 plane 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.

Adijust 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 touches the test

body.

506203 Cera. Raw Mat. Lab.

66



67

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 of 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:
4w
For specimen with a rectangular cross section of height h and width b the moment of resistance is

calculated as follows:
b.h
6

And thus the tensile bending stress 1s

W=

G = Ep- 3l
b.
According to DIN 51 030 there follows with the dimensions h = 15 mm, b = 21 mm:
G = Epo by

3150 mm’
With the standard width between the supports Ly = 200 mm the following relation for the

determination of the tensile bending stress results:

G = F,. 0.06349 mm

506203 Cera. Raw Mat. Lab.



Table 3 Moment of resistance of some essential cross sectional forms

shape of cross sect. moment oi resistance
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5.Instruction to renew the entrainer rope for the automatic weight compensation when changing the

measuring rang

\ b Ml /"1{
- m { L1 i
!

A bl 2|
______ % _l: ,"4
3 s T

Fig.6 Exchange of the entrainer rope for the automatic weight compensation

Experiment V Feldspar test



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

in this position.

2. Adjust the compensation weight (9) on its guide bar in such way, that both taring pointers

(11) of the bending strength tester agree.
N
Attention!

Do not change the position of the compensation weight anymore when mounting the entrainer

rope.

3. Loosen the clamping screw (15) on the compensation weight by some tumns, afterwards wrap
the rope (16) with one turn around the shaft of the clamping screw. Retighten the clamping
screw. Now 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 on 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
tied again on the left and right of the pin around the rope — afterwards the two ends 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 knot now can be cut off. Fix the knots by use of a
suitable adhesive (for example “UHU Alleskleber” or an adhesive used for model
construction “UHU-Hart”).

Attention
Do not operate the sledge adjustment before the fixing adhesive has hardened.

Check:
If the mounting has been done correctly, 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.

506203 Cera. Raw Mat. Lab.



7

Appendices

1)MSMNMEN5azaIensa 1 normal
a15ava18N39 1 normal A @sazmIensa 1 Aasfiuandaaanily Hs 8anin 1 mole
Faiuasarasnsa HCl 1 normal USN@3 1 565 7 HCI = 36.5 g (HCI 1in 1 mole)
u@ §3azanansa H,S0, 1 normal Y3uas 1 8as i H,S0, = 49.0 g (H,SO, Wiin 0.5 mole)
asava1ensa HCl wWugy 36.5 % fia d1sazanensa 100 g §i HCI = 36.5 g
asazagnse H,S0, [WNiu 98 % @ asazaiunia 100 g § H,S0, =98 g
AR TENTITAZMENTA HCl 1 normal 100 cc MnaNsazaty HCI 1Wutu 36.5 9 vnadnls?

3By

#13ava1ansa HCl 1 normal 1000 cc 93 HCI =36.58
S —— 100 o ==s——--—- 3.65 g

asavanansa HCl Wudu 36.5% 100 g 3 HCI 36.5 g w3ananadnadnlan

1989115 HCI 36.5 g aanthasazanansa HCl 36.5 % 0 100 g

——————————— 3.65g ——=-===m=mm e _____100x3.65/36.5=10g

djUmeaamsie3ennsa HCl 1 normal 910 HCI 36.5% @ianil HCl 36.5% a1 10 g udaidsnl
o ey 1 v 3 1 < i
W 100 ce (lumalfidislidensaudinazdnanasaldnse i cc 910 Density aaadnd)

MINUWAINT MINFaenIe3en H,S0, 1 normal 100 cc 3n H,SO, 98 % fauhaeals?
(98u 1 H,80, 98% a1 5 g tdahliiilu 100 cc)

2) M5LAIBUFITALAI Methylene Blue 1N 0.01 normal ¥1MIU 1000 cc
= s = R 2
methylene blue uqmtﬂu (C,¢H,;N,SCL.3H,0) molecular weight = 373.905 g Hauaneasdeh

3 mole 8anly .". methylene blue 0.01 normal @8 1 methylene blue 31 0.01 mole  uaduilwiiu

1000 cc .".\1n38N methylene blue 0.01 normal lagld MB = 373.905 x 0.01 g udnduih vy 1000 cc
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3) Specific Suface area W15 Methylene blue
by a_ X o da a
Specific Suface area AD WUNKIYDIOU 1 g.

MBI = millimole equivalent fmIudu 100 g.
- . . - MBI
.00 millimole equivalent  §WIUAU 1g. = —
100
. ) . e oa MBI
. 071 mole equivalent @WIUAU 1 g. = ———
100x1000
1 mole il = 6.02 x 10™ Byma
MBI . 6.02X10°3 xmsl
——moled = aunIf
100,000 100,000
a & d v @ -20 2
1 8YN1A methylene ¥ WUN WUIAA =129.2x10 " m

vy 6.02 x 10% x MBI x 107 ayma § wnmhea =6.02x 10° x MBI x 10°x 129.2 x 10’ m’
' = 6.02 x MBI x 0.01 x 129.2 m’

) : . a a
LUB9IN  specific surface area YBNAU A9 WN.EYaNau 1 g.

.". Specific surface = 6.02 x MBI x 0.01 x 129.2 m’/g.
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Annual Ceramic M

Resources Review

Be~ausesof (he changing nature of
materizls reuirments for ceramics,
such as the >ynthetic materials used
in advanced ceramics, the ACerS
Ceramic N .nerals Resources Com-
mittee, ch.ired by Hendrik Heystek,
requests additior.al input to the An-
nual Ceri'mic Mineral Resources
Rerview. The committee will consider
reports on the availability, tech-
nology, znd economic status of all
materials used in ceramics today.
Authors wishing to contribute to the
May 1983 Ceramic Mineral Resources
Review should contact Hendrik
Heystek, U.S. Department of the In-
terior, Bureau of Mines Tuscaloosa
Research Center, Box L, University,
AL 32486.

-l

*Member, the American Ceramic Saciety.

L=

Recent information on Andalusite, Arsenic,
Barium Carbonate, Lanthanides and Yttrium,
Limestone and Dolamite, Silizon Nitride, and
Titanium Produéls, which are not covered®TeTe,
can be found in last year's Annual Ceramic
Mineral Resources Review (ci. pages 688-91,
May 1984 Ceramic Bulletin).

Alumina

G. MacZura®, 3. 4. Krams®, end
C. T. McClexd”

Aluminura Ca. of America
Pittsburgh, PA  1521%

“Aluminag” is a soecific chamical term
defining the oxide of aluminum, ALO..
It occurs ebundantly in nature, most
often as impure hydroxides whicn are
the essential constituents of bauxites
and laterites. Numerous high purity
grades of aluming are manufactured
from these ores 2s major chemical

products, including hydrated, activated, |

czlcined, low soda, tabular, and fused.
Most raw bauxite is refined by tne Bay-
er process *o remove impurities (e.g.,
Si0,, Fe,0,, and TiO,) and produces a
nomina! 9.5% Al,Q, product with Na,0
as the dominant impurity. Virtually all
commerc.a! production is obtained by
the Bayer process with Western World
alumina preduction averaging 25 milfion
metric tons during the decade ending
1983. About 90% of alumina is used in
the prcduction of aluminum metal. Ce-
ramic and refractory applications con-
sume slightly more than 50% of the
nonaluminum production. Mzjor non-
aluminum cazlcined alumina markets in
1982 are estimated: refractories =30%;
abrasives=25%:; whitewares and spark
plugs=25%; ceramics (80+ % Al,0.)=
10%; glass and enamels=5%; ana
miscellaneous =5%.

- The future availability of special Bay-
er aluminas for the ceramics and re
fractories industry depends upon the
availability of metal grade bauxite and
the refining capacity to convert bauxite
into high purity alumina. Western Worla
reserves of metal grade bauxile aye
generally loceted arcund the equat o
belt and total 2.4 bilion mawit tones
At average. operating rates for cin-
num metal production during the ..+t
decade, these reserves are adegJz.. t0
supply the Western World ior over 200
years.

Although a near supply-demand bal-
ance occurred in 1978 with regard to
refining capacity and aluminum metal
and nonmetal requirements, there ap-
pears tq be plenty of available alumina
for future nonmetal requirements. Cur-
rent refining capacity exceeds 30 million
metric tons 2nd is forecasted to exceed

neral?™

40 million metric tcns of alumina by 18S0.
Although a wid2 variety of high purity
aluminas is usec in ceramics/refracto-
ries, specialty calcined alumina pow-
ders, tabular alumina refractory aggre-
cite and calcium aluminate cement
(CAC) are the most important. Specialty
calcined aluminas are prepared in a very
wide -ange of grades to suit a similarly
wide -ange of applications. Both chem-
izal and physical properties may be ad-
justed during preparation. The normal
0.5% Na,0 Bayer alumina can be re-
duced to make specialty low soda grades
during refining and/or calcination. Phys-
ical properties may be adjusted during
rotary kiln calcination and by subse-
guerit grinding. Precision contrel of
crystal size, degree of calcination and
lev~  of impurities are required in the
maonufaciure of commercial aiuminas
auriny heating to obtain alpha alumina,
the stable form of anhydrous alumina
known also as the naturally occurring
substance corundum.
1e availability of specialty grades of
cdlgned alumina in the ungraund form
- vasically a function of rotary kiln ca-
pacity with the appropriate auxifiary
eculpment necessary to provide the
Cayrect chemical and temperature con-
irdls. Excess kiln capacity exists at many
alumina refiners beczause of the adop-
tyon of fluid calciners in the manufacture
* “metal grade alumina. Thus, there will
L.e an adequate supply of calcined al-
minas for ceramics/refractories through
18990 when projecting 2 10% compound
.nnual growth pattern which is over-
Jptimistic based on historical patterns.
Ihe availability of ground calcined alu-
ninas is simply a matter of installing the
nacessary grinding facilities to accom-
mocate the growth.

Tabular alumina is produced from cal-
cined alumina in large-scale production
centers having a capacity of 50 000 to
125 000 metric tons annually. This sin-
tered product is a hign purity aluminum
axide that has beenrecrystallized to the
massive corundum state by heating 1.9
cm (0.75-in.) pellets at 1825°C (3500°F),
just below the fusion temperature to
convert the fine alpha alumina crystal-
fites into large hexagonal elongated ta-
bie-shape crystals ranging from 40 to
200um median.

Tabular alumina is crushed and grad-
ed to offer a wide variety of particle siz-
es from 3 mesh aggregate to —325
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mesh powder. Metallic iron picked up in
the crushing and screening process is
removed by electromagnetic separa-
tioa.

Recent expansions have boosted U.S.
capacity by an estimated 60 000 metric
tons. A new tabular plant became op-
erational in early 1985 in Ludwigshafen,
Germany, adding 50 000 metric tons of
capacity in Europe. Retrofitting older
operations with the latest production
technology will push total capacity to
above 250 000 metric tons. Assuming
an optimistic growth of 10% annually,
these expansions provide an adequate
supply of tabular until 1980-85.

High purity CAC is characterized by
its low iron and silica and its high alu-
mina content. Low cement castable
technology may limit CAC growth, but
expanding monolithic applications tend
1o counter this trend. The increasing nesd
for more sophisticated high quality
monolithic refractories should continue
to expand the growth and the demand
for these products which are made by

:acting high purity alumina with lime-
stone in production centers ranging from
15 000-60 000 metric tons. Availabiity
is, therefore, tied to the capacity of cal-
cium zluminate cement production cen-
ters. Recent expansions in the U.S. by
Alsca and Lone Star Lafarge combined
with a new high purity CAC plantin Rot-
terdam, increases total capacity to about
125 000 metric tons. This should be ad-
equate for anticipated growth and de-
mand through 1920.

Market prices were relatively stable
for Bayer alumina products until 1974
when prices rose to reflect the rapid in-
creasein costs of fuel and bauxite. Prices
from 1974 to 1980 were cost-driven, for
the most part reflecting inflationary fac-
tors and were generally accepted in the
marketplace. Prices from 1580 to 1884
began to again stabilize as a result of
fow inflationary pressures and market
-ompetitiveness. The 1884 year-end
rice range in the U.S. for carload quan-
tities of Bayer process ajuminas fol-
lows: alpha alumina trihydrate —$0.24
to $1.35/kg ($0.11 to $0.61/Ib); normal
calcined aluminas-—$0.40 to $0.62/kg
(S0.18 to $0.28/Ib); low soda caicined
aluminas—S$0.49 to $1.74/kg (S0.22 to
$0.798/lb); tabular alumina—$0.51 to
$1.73/kg ($0.23 1o $0.33/Ib); and CAC
(60%—80% AIFE,)—$0.33 to 50.53/kg
(50.15 to $0.24/1b).

Although there are numerous meth-
ods for producing alumina of increasing
purity, commercial production is rela-
tively small compared to the Bayer pro-
cess alumina production and may be
priced as much as 1D times higher than
the most equivalent Bayer product.

The Western World market for spe-
cial zluminas is supplied primarily by Al
coa, Kaiser, and Alcan in North Amer-
ica: PUK, Martinswerk (Alusuisse), Al
coa Chemie, Vereinigte Aluminium-

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

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

o

Ball Clay

David F. Schneider® .
Kentucky-Tennessee Ciay Co.
Alliance, OH 44801

Ball clay is a fine-grained, highly plastic,
and essentially white-burning sedimen-
tary clay that is used as a bonding agent
for whitewares and refractory produc-
tion. These clays are composed miner-
zlogically of kaolinite, quartz, feidspar
and/or mica, and organic (carbona-
ceous) matter. There can be trace to
minor amounts of other clay minerals
such as illite and/or montorillonite pres-
ent in certain commercial grades.

The main function of ball clay in ce-
ramic compositions is to contribute
plasticity or workability, provide green
strength, and fire 10 & reasonable de-
gree of whiteness. They must also pos-
sess certain rheological properties that
enable them to be deflocculated easily
for slip cast applications.

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

U.S. and world production of ball clay
minerals increased, for the second con-
secutive year and continues to reverse
the downward trend in production that
persisted from 1978 to 1882 (according
to preliminary figures from BulMines). In
1984, major domestic uses for ball clays
were estimated as 32% dinnerware and
pottery, 13% floor and wall tile, and
18% sanitary ware.

Neariy all U.S. imports of ball clay are
from England and probably represent
less than 1% of all ball clay consumed
in the U.S. Most of the worid supplies
are provided from sources in the central
U.S. (Kentucky and Tennessee) and
England. There are other ball-ciay-like
materials produced in central and east-
em Europe.

The use of U.S. ball clay increased
every year between 1875 and 1979 and
was sparked essentially by the demand
for housing in that time perod. That
growth deciined significantly since 1878
to a low of 582 000 metric tons {642 000
short tons) in 1882. In 1983 and 1884
increases in home and commercial
building, and automobile production in-
creased the demand for ball clays again.
For the first nine months of 1584 pro-
duction is-reported at 758 000 metric
tons (835 000 tons) with & value of
$31 894 000.

Prices for U.S. ball clays have in-
creased moderately over the last five
years. The price range is a high of $55
for air-floated bagged clay to a low of
$21 for shredded, bulk material. Gen-
erally, foreign sources are more expen-
sive at FOB point of origin. All U.S. prices
are expected to increase slowly, reflect-
ing higher quzlity requirements and in-
creasing costs associated with land 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.
Blending is extremely important to the
producer and consumer in making avail-
able blends of specific technical prop-
erties, as well as making possible better
control of properties. (Thisalso extends
the reserve of important grades.)

Other forms commercially available
include: shredded and semidried, air-
floated, and slurry (in the U.S. and Eng-
land). Air-floated production accounts
for over 65% of U.S. production.

There has been a trend in recent years
to use more dried clay and less shred-
ded- clay by the consumers to offset
higher transportation costs. This mearns |
more air-floated and semidried produc-
tion and less shredded is being pro-
duced. In processing the clay, many of
the producers are moving to larger, more
energy efficient mills. In producing semi-
dried or partially dried ball clays, fluid-
bed-type driers have been more popular
than rotary driers from an efficiency
standpoint and zalso in cleanliness of
operation.

There has been 2 trend in the U.S.
and more recently in England for certain
industries to convert from conventional
handiing methods of dried clays to a
liquid of slurry clay delivery. This means
the ball clay industry now has mixing,
screening, and storage equipment for
liquid clay.
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Table |. Chemical Analysis of Typical U.S. Ball Clays

A B8 & D £
SiO, 61.7% 54.7% 57.5% 54 0% 61.0%
Al,O, 24.9 31.0 259 30.7 24.5
Fe,0, - 1.0 1.0 1.2 1.6 1.0
TiO, 17 1.1 1.3 1.1 1.3
CaC 0.3 0.3 0.5 0.4 0.1
MgO 0.2 0.2 0.7 0.5 0.1
K,O 2.1 1.2 1.6 0.2 1.7
Na,O 05 02 0.4 0.1 0.4
LOI Tt 10.4 10.8 1.5 9.7
Total 100.1 100.1 g9.8 100.1 29.8

Ball clays and ball clay mixes are
available in a2 wide variety of chemis-
tries, particle size distributions, organic
content, and soluble salt levels. Clays
and clay blends are formulated to de-
velop desired properties depending on
the application and atiempts are made
to control the properties within agreed-
upon realistic limits. Table | shows some
chemical analysis for typical U.S. ball
clays.

Because of the complex factors that
have to be considered, the user needs
to consider more than the chemical
analysis in determining his specific
needs. Consulting with a supplier can
be beneficial in determining all impor-
tant properties for the application. Some
important physical and chemical prop-
erties include: physical properties (MOR,

Bauxite

J. L Cunningham®
Harbison-Walker Refractories
Pittsburgh, PA 15222

This overview will be limited te caicined,
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 reporied by BuMines.
The 1984 imports of refractory-grade
bauxite (85% Yo 90% alumina range,
calcined basis) totalled 182 000 metric
tons. About 58% of these imports were
produced in Guyana; another 40% came
from the Peoples Republic of China. Both
sources are large-scale mining opera-
tions with the object being premium
grade calcined materials. Production and
imporis frdm Surinam have been cur-
tailed, Five-year historical bauxite im-

Table . U.S. Bauxite Imports

Year Metric 1ons
1880 285 000
1881 237 000
1982 131 000
1983 147 00O
1984 189 000

plasticity), casting properties (rheolo-
gy), soluble salt content (SO,), type and
amount of organic matter (colloidal vs
massive), and chemical analysis. -

Most grades are in excellent supply.
Many producers have excess capacity
and are not expected to have shortages
even during a full economy. More truck
shipping is used presently than in the
past due to the deregulation of the
trucking industry in the U.S.

There is little change in ball clay tech-
nology. In general, better equipment and
greater recovery are achieved by using
newer, more efficient equipment. More
quality control is possible today due to
better knowledge of the clays in the
ground, better blending after mining, and
better rotation of stock.

The major U.S. markets for ball clay

ports for refractory production are giv-
en in Table I. .

Calcined bauxites continue to find
application in a wide vanety of high alu-
mina refractory brick and monolithics.
Usage trends are steady:

Typical technical features of major
imported bauxite are shown in Table .

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

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

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 non-
ceramic and specialty uses for ball clay
minerals, but most of this information
is withheld by the clay producers as
proprietary information. There are mi-
nor amounts of ball clays used in ad-
hesives, feeds, and ®rilling muds ac-
cording to BuMines.

Ball clay producers have several
problem areas that effect their produc-
tion efforts. Some of these problems ir-
clude:

1. Higher overburden/clay rations. -

2. Longer hauling distances from new
producing mines to oider producing
plants.

3. Higher energy costs (diesel, nat-
ural gas, gasoline, and electrical costs).

4. More governmental regulations
involving pollution control, permits, etc.,
required to open mines, work rules, etc.

5. Reclamation.

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

All of the above add up to higher costs
to the producer and ultimately to the
consumer. c

(Baltimore) or barge (Gulf Coast) ac-
cording to Industrial Minerals. Chinese
material runs about $120 to 5145 per
ton, CIFFQ Burnside, depending on
production method, grade, and size.

o

Beryllia

Kenneth A. Walsh
Brush Wellman, Inc.
Elmore, OH 434186

Beryllium oxide (BeQ), or beryllia, is an
outstanding conductor of heat as well
as an excellent eiectrical insulator. Bé-

Table Il. Commercial Bauxite Grades

Source
Chemistry (calcined) Guyana China
Alumina - 88.30 87.8
Silica 8.50 6.0
Iron oxide 1.76 1.5
Titania 3.20 WS
Alkalies 0.03 0.15
Bulk density (g/cc) 3.10+ 3.10-3.30
Primary mineral form Gibbsite Diaspore
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_cause of its unique combination of ther-
mal, electrical, and mechanical prop-
erties, its use as a ceramic material has
greatly expanded. The largest use of
beryllium cxide is as the raw material
for the manufacture of beryllium-copper
alloys, followed closely as the raw ma-
terial for conversion to the metal.

BeOQ has been used as a ceramic ma-
terial since the 1930s. Its initial metal-
lurgical usage was for crucibles and
thermocouple protection tubes be-
czuse of BeQO'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 1940s, the extremely
small neutron-absorption cross section
of beryllium was exploited for neutron
moderation and to limit contamination
in metal processing associated with nu-
clear technology.

During the early 1960s, beryllia's ex-
cellence as a heat sink ceramic material
for electronics was recognized. Its spe-
cific heat of 1088 J/kg-K at room tem-
perature is the highest of any oxide ce-
ramic and is greater than that of all
metals except beryliium. The thermal
conductivity of beryllia is also the high-
est of any oxide ceraniic; at room tem-
perature the thermal conductivity of 250
W/m.K (145 Btu.ft/h.f12. F)is about two-
thirds that of copper and six to seven
times that of zlumina. Although its ther-
mal conductivity decreases rapidly as
temperature rises, the conductivity of
beryllia at 100°C (a common operating
temperature for electronic compo-
nents), is still half that of copper and 10
times that of alumina. Even at
1000°-1500°C, thermal conductivity of
BeO is three to eight times higher than
that of alumina. Power transistors for
most communications equipment and
high-powered communication tubes use
beryllia heat sinks to avoid overheating.
Likewise, heat generated in resistor
corss and substrates is rapidly cissi-
pated, thereby minimizing hot spots and
reducing temperatures of critical com-
ponents. Such products are manufac-
tured by Kyocerg, Metaramics, National
Berylliz Div. of General Ceramics, Inc.,
Brush Wellman, Inc., and NGK.

Colderessed-and-sintered BeO ce-
ramics are manufactured by Brush
Wellman, Inc., Consolidated Beryllium
LTD, and the National Beryliia Div. of
General Ceramics, Inc. High purity be-
ryllium oxide powder is mixed with flux-
ing agents and gfain-growth inhibitors
before compacting at relatively high
pressure. The moderating chemicals are
commonly oxides of magnesium, alu-
minum, Silicon, or a combination of two
or three of these. The industry standard
has become 99.5% BeO in the ceramic.
One of the most common applications
of BeO ceramics is in the electronic ig-
nition modules of .2 large number of
standard automobiies and trucks. In this

module, the metailized 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, Kyocera,
Brush Wellman, Inc., National Beryllia
Div., Varian, Metaramics, NGK, Coors,
and others.

Because of complex configurations
or special dimensions, many beryllia
parts must be machined to close tol-
erances. Beryliia has a hardness of about
65 R, x Or 8 Mohs; grinding is usually
done with diamond-impregnated wheels.
Lapping or polishing is usually done with
diamond or silicon carbide powder. Pre-
cision BeO substrates which are pol-
ished, laser scribed, or both, are avail-
able from Laser Services, Lasermation,
Accumet, Laserage Technology Corp.,
and P/M Industries, Inc. Grinding shops
which shape precision parts from al-
ready-fired BeO ceramic stock are op-
erated by Ceradyne, Accuratus Ce-
ramics, San Jose Delta, Brush Wellman,
National Beryllia, and Speedring.

In 1948, a chronic lung disorder found
among many fluorescent tube workers
in Massachusetts was described in the
literature by Drs. Hardy and Tabershaw.
This disease was later identified with
beryllium exposure and is now reiemed
to as berylliosis. Beryllicsis is naw ac-
cepted by medical opinion to be a dis-
ease of delayed immunological re-
sponse. In other words, an individual
must be “allergic™ to beryllium to con-
tract the disease. The experience in the
beryllium and fluorescent lamp indus-
tries, where large numbers of employ-
ees were massively exposed before the
toxicity of beryllium was recognized, in-
dicates that only about 1% of those ex-
posed contracted berylliosis.

There is no record of any ill efiects
resulting from ingestion of beryllia.
However, the same care should be tak-
en to avoid-swallowing beryllium com-
pounds as one would take with any oth-
er chemical compound. Beryllia ceramics
utilized in their solid form for electronic
appiications are completely safe. The
only known potential problem with. be-
ryllia is inhalation of excessive amounts
of respirable beryllia.(particulates less
than 10 gm in size) by individuals who
are hypersensitive reactors to beryl
lium. Respirable beryllia might be cre-
ated as dust during driilling, machining,
filing, crushing or other mechanical op-
erations, as fumes and mists when me-
tallizing, chemical etching, or wet grind-
ing beryllia, or when chips, burrs, and
slivers are puiverized into finer parti-
cles. In 1849, the U.S. Atomic Energy
Commission (AEC) established three
levels of maximum respirable airbome
beryllium concentrations to safeguard
against potential health hazards. Two
covering in-piant conditions are 2 mi-
crograms of berrylium per m* maximum

atmospheric concentrations over an 8-
h day and 25 micrograms of beryliium
per cubic m? of air for periods less than
30 min. These two limits were adopted
as a consensus standard by OSHA. The
third AEC recommendation of an out-
plant standard limiting the level to 0.01
micrograms of beryllium per m® of air
averaged monthly was established by
the EPA for the immediate area sur-
rounding a beryllium plant.

The standards adopted for airborne
beryllium concentrations and the prob-
lems associated with air sampling and
beryllium analysis have led to a de-
crease in the number of companies will-
ing to manufacture beryllium oxide
powders. The only source of BeO pow-
der in the western worlid is Brush Well-
man. Beryliia powder and ceramics are
believed to be manufactured in the com-
munist block countries of Poiand, Rus-
sia, and China.

The utilization of BeO ceramics in the
communications and electronic micro-
circuits continues to grow at a rapid pace
in spite of the high cost of BeO over
that of alumina. Raw stage BeO pow-
der sells for $120/kg (§55/ih), FOB El-
more, OH, in quantities greater than $100
kg (20 V00 Ib) The reserves of raw ma-
terials for BeO ceramic materials are
Guite encouraging. Since 1863, Brush
V/ellman has supplied its beryllium ox-
ide requirements for-alioy, metal, and
ceramics from domestic deposits of
bertrandite ore processed in its Delta,
UT, mill. Although domestic mineral pro-
duction would be capable of meeting all
domestic requirements well beyond the
year 2000, there is a need to rejuvenats
the search for and recovery of beryl ore.
Toward this goal, Brush Wellman re-
sumed processing of beryl ore in its Del-
ta mill in 1878. With both bertrandiie
and beryl processing capabilities in-
stalled, any increase in world demand
for beryllium products can be met with
pegmatic or domestic resources. g

Boron

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

Domestic production of boron minerals
and chemicals increased 7% in 1984 to
an estimated 617 000 metric tons B,04
(680 000 tons). Imports of colemanite,
ulexite and boric acid (mostly from Tur-
key) were estimated at 36 250 metric
tons B,O, (40 000 tons) while exports
of boric acid and refined borates were
estimated at 235 000 product metric tons
{260 000 tons). Reported domestic

i
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eonsumption increased 1.2%in 1984 to
313 000 metric tons (345 000 tons). All
U.S. production is based in California.

The ceramic industry represents al-
most 60% of the domestic borate mar-
ket on a B,0, basis. insulation fiber glass
is the largest market segment consum-
ing about 30% of total domestic B,0,
in the form of borax pentahydrate and
uiexite. Textile fiber glass, the fastest
growing ‘ceramic segment, consumes
about 15% of the total B,O,. About 10%
of total B,O, goes into other borosili-
cate glass manufacture; this market has
dedlined recently because of pressure
from imported glass. Other ceramic uses
include vitreous “enamels, frit, boron
carbide, boron nitride and refractories.
Overall market growth is expected to
average 3%—4% through 1990.

The largest domestic producer, United
States Barax & Chemical Corp., oper-
ates an open-pit mine at Boron, Cali-
fornia. The adjacent 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
Wilmington, 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-
Corning Fiberglas Corp., is mining cole-
manite (calcium borate) and ulexite/
probertite (sodium-calcium borate) from
an underground mine in Death Valley.
Colemanite is used domestically in tex-
tile fiber glass production and ulexite is
used as a raw materal in making in-
suiation fiber glass.

Etibank, the state trading company
of Turkey, is the largest producer of bo-

n minerals and chemicals outside of
the United States. Etibank was to begin
producing refined sodium borates at
Kirka. This plant did not come on stream

“in 1884 and start-up operations are
continuing. When ctmpleted, Etibank
will be a full-line supplier with coleman-
ite, ulexite, refined sodium borates and
boric acid.

Other worid producers of borates are
the USSR, Ching, Argentina, Peru, and
Chile. Several other countries produce
boric acid from imported boron-contain-
ing materials. -

With adequate capacities and infla-

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

The U.S. ceramic industry is in a 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. In any case, the life of U.S.
reserves will be affected by the timing
and rate of development of the sodium
borate deposits in Turkey. D

Chromite

Harry M. Mikami*
Consultant
Pleasanton, CA 94566

Chromite has three principal uses, met-
allurgical, refractory, and chemical. Many
years ago, 25 or more, each use had
its own type of chromite with the types
being designated according to its usage.
As the refractory application is the oniy
one strictly within the ceramic industry,
this review previously could have been
confined to refractory chromite. But at
present, there is considerable inter-
changeability of the different chromite
types 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 patterns affecting them. The
U.S. has no domestic production and
is totally dependent on imports.

Table | shows the U.S. consumption
of chromite by industry for the 198084
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 108 000
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 the ferrochrome will be |
returned to the strategic stockpile, the
chromite consumption pattern is not
normal. The second line for 1884 in Ta-
ble | presents the normal distribution,
excluding the special production from
stockpile chromite. This line shows 1983
to 1984 increases of 67%, 32%, and,
2% for metallurgical, refractory, and
chemical industries, respectively. The
chemical industry has emerged as the
number one consumer of chromite and
will likely remain so for the foreseeable
future.

It shouid be emphasized, however, that
the metaliurgical industry always has
been and will continue to be the largest
consumer of chromium, most of which
is provided by imported ferrochrome
produced in countries that mine chrom.-
ite.

The increase in refractory chromite
consumption in 1884 was influenced
substantially by the 10% increase in 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 all processes. Open
hearth steel rose to 8.1% of total steel
in 1884 as comnpared to 7.1% in 1983.
This is probably a temporary interrup-
tion in the long decline of the open hearth.

In 1984 chromite was imported from

five countries. Table |l shows sources

Table I. U.S. Chromite Consumption by Industry
Metallurgical Refractory Chemical

Year Amt.” % Amt." % Amt." %o Total
1980 520 58,2 141 16.0 218 24.8 879
1881 456 56.5 134 16.6 216 26.8 808
1982 245 49.5 73 14.7 177 35.8° 495
1983 58 18.7 65 227 171 58.2 294
19841 207+ 441 86 18.3 176 37.6 489
1984 974 27 86 24.0 176 48.0 359

“Thousands of metric tons. 'Preliminary estimates for all 1584 figures. ‘inciudes G.S.A. chromite con-
verted mto ferrochrome for strategic stockpile. SExciudes converted stockpile chromite.,

tion remaining under control, prices of | Table ll. Chromite Imports into the U.S."

ma?or boron miner_als and chemicals re- | Country Gross weight' %  Cr,0,content %  No.of grades Avg. wit % Cr;0;
mained stable during the past year. A | south Africa - 201822 784 92914 81.4 3 46.0
3% price increase for major products | Philippines 36888 14.4 12861 114 2 35.0
was annqunced by U.S. Borax for April | Finland 10186 3.9 4 482 8.9 1 44.0

1, 1985 and included the first increase | New Caledonia 3150 1.2 1764 1:5 1 56.0

for boric acid prices in over three years. | Canada? 5 408 2.1 2047 1.8 3 37.8

Total 257-555 114 168

Announced prices in dollars per metric
ton for bulk railcars, FOB California are:

“First 11 months, 1984. TMetric tons. Transshipment from a producing country.
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and amounts of imports.

It is seen from the table that South
Africa is by far the largest source of
chromite, 78%, with the Philippines as
second. The two countries supply $3%
of the tota: imports. The chromite im-
ports of Table Il actually represent a mi-
nor portion of the total imports of chre-
mium. In the same 11-month period
shown in Tabie Il, 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 78 118 metric tons of chro-
mium contained in chromite were im-
ported. This translates 10 72% of the
chromium from ferrochrome and 28%
from chromite. Ferrochromium is im-
parted from 15 countries. But only five
countries supplied 3% of the total.
These are: South Africa, 62%; Zim-
babwe, 12%; Turkey, 8.2%: Yugoslavia,
6.3%: Brazil, 3.7%. South Africa sup-
plied 67.4% of total chromium from
chromite and ferrochrome.

Prices for chromite remained fiat for
most ‘of 1984. EMJ market guotation
for Transvaal 44% Cr,0,, no ratio,
chromite was $56 to $61/metric ton (351
o $55/ton) for January-February and
$53 to $57/metric ton ($48 to $52/ton)
for the remainder of the year and Jan-
vary, 1985. Turkish 48% Cr.0s, 3:1CrFe
ratio, was quoted at $121/metric ton
($110/ton) for the same period. Actual

prices for chromite imported during the -

first 11 months of 1984 ranged from
$40.53 to $113.34 per metric ton FOB
port of shipment. The weighted average
price of total chromite imports in the
same period was $55.91 per metric ton.
The wide range in prices attests to the
need for special grades commanding
premium prices. For example, Philip-
pine high alumina grade with only 33%
Cr,0,, sold for $106.78/metric ton, while
high iron South African with 44% Cr,05
brought the lowest price of $40.53/met-
ric ton. Another Philippine grade with
low iron and 58.5% Cr,0, 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 weil as chemistry,
affects the price. Prices of chromium in
terrochrome remained constant during
1984. These materials have been caught
in the great metals-minerals commodi-
ties recession that has been going on
for about three years, much longer for
chromite.

Chromite usage in refractories de-
clined very steeply from the 1870s and
from as recently as 1981. The decline
from 1981 to 1983 was 51%. In that
period, raw steel production, a major
user of refractory chromite, declined only
31%. Opesn hearth steel production,
which uses the most chromite per ton
of steel, declined 56% in that period.

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 of years.
One reason 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-
dustries.

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

Dolomite

David A. Hopkins
J. E. Baker Co.
York, PA 17405

Dnlomite is & double carbonate of cai-
cium and magnesiun (C2ivg(CDa3)2)
which theoretically contains 54.3%
CaCQ0.{30.4%% Ca0)and 45.7% MgCO,
(21.8% MgO), or a rock that is com-
posed mainly of the mineral dolomite
along with a certain percentage of im-
purities. These impurities are typically
silica, iron, alumina, sulfur, and phos-
phorous. Dolomite that is used for ce-
ramic purposes is usually of high purity.
A high purity dolomite is generally con-
sidered to be one that contains at ieast
98% total carbonates (over 43% MgCO,)
and less than 2% impurities.

The reserves of dolomite in the U.S.
and Canada zre extremely large, al-
though high purity deposits are restrict-
ed to certain geographical areas, and
many deposits have been and continue
to be lost due to restrictive zoning reg-
ulations, urban development, and the
continuing public opposition to mining
in general. The largest reserves of high
purity dolomite are contained in the Ni-
agara Group in the states of the Great
Lakes region, notably Ohio, Iadiana, Il-
linois, and in the Canadian province of
Ontario. Ofher less extensive deposits
occur scattered throughout many other
states. Reserves of dolomite for con-
struction material and reserves of high
purity dolomite for most applications
should be more than adequate for many
years to come, although some depasits
more remote from market areas may
have to be considered.

The exact tonnage of dolomite pro-
duced in the U.S. is difficult to deter-
mine, but BuMines is again attempting
to differentiate between limestone and
dolomite in its annual statistics. Ac-
cording to BuMines, in 1983 (which is

the last year for which complete statis-
tics are available), dolomite was pro-
duced exclusively in 84 quarmies. These
guarries produced an estimated 22 mil-
lion metric tons (24.2 million tons). An
additional 46 quaries produced both
limestone and dolomite without indicat-
ing the volume of each. A total of 61
companies in 23 states was involved in
the production of dolomite. Leading
states in dolomite production include
New York, Pennsylvania, Michigan,
Tennessee, and Virginia.

in 1983, 28 plants in 13 states pro-
duced dolomitic quicklime or dead-
burned dolomite. The total lime produc-
tion in 1984 is estimated to be approx-
imately 14.4 million metric tons (15.9
million tons): of this amount, about 20%
or around 2.8 milion metric tons (3.2
million tons) was dolomitic inciuding ap-
proximately 517 000 metric tons
(570 000 tons) of dead-bumed dolo-
mite. This represents nearly a 6% in-
crease in total lime production, and over
a 20% increase in refractory dolomite
production over the 1983 figures.

Approximately 1% of the total fime
production and over 1.2 million metric
tons (1.3 million tons) of crushed lime-
stone =nd dolomite were used to man-
ufacture g'ass. The amount of dolomite
used for otner ceramic applications; al-
though important, maka up a relatively
minor tonnage. These uses include the
production of refractory dolomite brick,
a bonding agent in silica brick, and oth-
er specialized refractories in the pro-
cess to produce periclase from sea water
or brine, and as & filler or flux in the
preduction of some whiteware and pot-
tery. Other major nonceramic applica-
tions of dolomite include agricultural
stone, flux sione, filler material, and for
environmental applications.

Prices of dolomite are highly variable
depending on the proposed application
and the degree of processing of the ma-
terial required. Prices may vary from a
few dollars per ton for crushed dolomite
used for construction purposes, to
hundreds of dollars a ton for special va-
rieties of dead-burned dolomite.

Although some rationalization of the
industry is still occurring, 1984 was &
relatively stable year afier the rash of
plant sales and shutdowns that oc-
curred in 1883. Efforts are still contin-
uing in order to reduce the cost of pro-
cessing dolomite, especially in regard 1o
optimizing kiln efficiencies, and re-
search continues in order to improve the
guality of various ceramic products
manufactured from dolomite. This is in
response to a more competitive mar-
ketplace, and more strict customer
specifications. It is anticipated that 1885
should be on par with 1984, with some
slight improvement possible. No supply
problem can be seen for dolomite, as
the U.S. is, and should centinue to be,
selt-sufficient in this commodity. a
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Feldspar

William Z. Rogers™
Feldspar Corp.
Spruce Pine, NC 28777

Feldspar is the name given to a group
of minerals which are the most abun-
dant constituents of the igneous rocks.
Feidspar 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 anorthite (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 microcline (with a K,O content
of 8% or higher). Scda spar describes
feldspar which is predominantly albite
(usually containing about 7% Na,0).

Of the more than 40 countries around
the world which produce feldspar, the
U.S. is the largest. Production in the
U.S. of feldspar and feldspar-silica (fig-
ures for feldspar-silica mixtures reflect
feldspar content only) mixtures in 1984
was estimated at 644 000 metric tons
(710 000 tons) with a production value
of $23 million, according to preliminary
statistics from BuMines. 1884 results
were comparable to those of 1883, with
644 000 metric tons (710 000 tons) vak
ued at 22.5 million. Potash feldspar (K,O
content 8% or higher) production for
1984 was estimated at 65 000 metric
tons (72 000 tons) valued at $3.7 mil-
lion, and was an improvement over 1983,
59 200 metric tons (65 200 tons) valued
at $4.2 million. Exports accounted for
an estimated 9072 metric tons (10 000
tons)in 1584 vs 8490 metric tons (8360
tons) in 1983.

Table 1.

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 clay products in which feld-
spar is used. Fiber glass production was
up with the continued improvement in
construction, but further decline in giass
container production resulted in re-
duced demand for feldspar in 1984,
which offset gains in the other areas.

Feldspar for glassmaking is ground
to nominal 20-mesh and 40-mesh, de-
pending on the application. Feldspar
provides alumina and soda ash for the
glass batch, which improves the meiting
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
suitable as an inert extender/filler in 'a-
tex foam, paints, caulks, ana plastics,
and as an abrasive agent in cleanser
compounds. End use distributionin 1984
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 Carolina, Con-
necticut, Georgia, California, Okla-
homa, and South Dakota, with the top
three providing 80% of the output. Pri-
mary producers of feldspar and feld-
spar-silica mixtures are shown in Table
1.

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

Producer

Location Facilities

Feldspar Corp.

Indusmin, Ltd. -

Imcore Div., International
Minerals & Chemical
Corp.

Feldspar Div., Pacer Corp.

Calspar Corp.

Spruce Ping, NC
Middletown, CT
Monticello, GA

Spruce Ping, NC
Spruce Pine, NC

Custer, SD
Santz Fe Springs, CA

Mine and plant
Mine and plant
Mine and plant
Mine and plant
Mine and plant

Mine and plant
Mine and plant

Tabie Il.
Mixtures in the U.S. ’

By-Product and Co-Product Producers of Feldspar and Feldspar-Silica

Producer

Location Faciiities

Arcola Sand & Gravel
Div. of%&shland Qil Co.
Foote Mineral Co.
Kings Mountain Mica Co.
Ottawa Siiica Co.
Owens-lllinois Glass Co.
Spartan Minerals Div.
Lithium Corp. of America

Muskogee Co., OK

Kings Mountain, NC
Kings Mountain, NC
Crystal City, CA ’
Mission Viejo, CA =
Bessemer
Pacolet, SC

Dredge and plant

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

ity, NC
Plant

By-product’ and co-product produc-
ers of feldspar andfor feldspar/silica
mixtures are shown in Table II.

The outiook for 1985 is for production
volume somewhat better than in 13884
on the strength of continued stability in
housing and construction related mar-
kets. Overall 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 for preduction in
1985 is 653 000 metric tons (720 000
short tons). O

Fluorspar

John McClurg
Seaforth Minerzal & Cre Co., Inc.
Cleveland, OH 44122

Consumers and producers experienced
a good year for fluorspar in 1984, 1885
looks to be just as gooc.

Consumers have been treated to ad-
equeate suzplies of fluorspar as well as
stable if not lower prices for the entive

azr

Producers have seen increased 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%—98% 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
recovery in the past year and a half, it
has not yet reached its prerecession
level, partly due to the decline of raw
steel production, some EPA consider-
ations, and the general deindustriali-
zation of the U.S.

There remains conly one domestic
mine/mill to 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 for the production of hydro-
fluoric acid and downstream corfi-
pounds. Only 15%—20% of its produc-
tion is sold to the general commercial
market. The other large domestic ming
has been closed for two vears on &
standby basis; it has now stopped the
maintenance of the underground work-
ings. .
"The high valued doliar has been a
major factor in the closing of this mine
and other industrial mineral mines in this
country. The following change in ratio
of (fluorspar-producing) foreign curren-
cies are shown in Table L.
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Table |. Rates of Exchange” Affecting
U.S. Fluorspar Production

Year
Currency 1880 1985
Rand 1to 0.75 1to 2.2
Peso 1to 12.5 F i 225
Peseta 1 to 80 110 175

*Rato of dollar 10 ... ...

Ceramic fluorspar which is a 90%—
95% CaF, product is generally not avail-
able, as it has been replaced by acid
grade fluorspar. Due to the U.S. Tariff
Code, less than 97% CaF, has an ad-
volorum duty of 13.5% vs 2 $2.10 gross
| ton duty for over 87% (acid) acid (or &
difference of ‘from $10 to $12 a ton).
Almost all dried fluorspar shipped to ce-
ramic users is now over 37% CaF,. Small
amounts of ceramic or subacid grade
are imported from Mexico, where poor
metallurgy or complex ores prevent
raising the grade to the U.S. Tariff grade
of plus 87% CaF,."

. Total U.S. production of fluorspar in
1985 should be in the range of 38 000
68 DOO metric tons (65 00075 000 tons)
of acid grade whereas apparent con-
sumption wiii be from 680 000317 000
metric tons (750 000-800 000 tons) of
all grades. Impcrts from South Africa
should be in thc range cf 154 000-
172 DOO metric tons (170 000-180 000
tons): acid plus some subacid grades
from Mexico should be 200 000-245 000
metric tons (220 000-270 000 tons),
from Spain 18 00027 000 metric tons
(20 DOD—30 000 tons) and perhaps as
much as 14 000 metric tons (15 000
tons) from ltaly. Most of this acid and
subacid tonnage will be consumed by
hydrofluoric plants and the balance will
go into ceramics, steel, welding rods,
abrasives, and metaliurgical fluxes.

Wet concentrate prices, world-wide
FOB vessel, for 1884 were in the range
of $95 to $100 per metric ton. Ocean
rates for 30 000 or 40 000 ton vessel
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 world
should continue at least through this year
maintzaining the low vessel rates to U.S.
ports. Most present nonoperating do-
mestic fluorspar producers would need
price increases in the range of $44/met-
ric ton ($40/ton) to motivate them to
restart their mines and mills.

Mexico's effort®o form a cartel totally
collapsed in 1982-83 when buyers re-
sumed control of the market; as a result
Mexico lost market share that they have
not, and probably won't, recover. South
Africa took over a large part of that mar-
ket with Spain and ltaly following, based
on good price, good grade, and on-time
deliveries.

China keeps threatening to be a force
in the market 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
reliability it will only be an occasional
part of the fluorspar picture in the u.s.

Fluorspar has suffered from the en-
vironmental reaction to fluorine; the
worst example was the fluorocarbon/
ozone theory several years ago that de-
stroyed a propellent 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%
to 50% or more reductions in fluorine.
For those industries continuing to use
fluorspar, their specification for arsenic,
phasphorus, mercury, and other pos-
sible hazardous residuzals have tight-
ened considerably, so that producers
are constantly improving their tech-
niques for purity to maintain their mar-
ket share.

World reserves of fluorspar have re-
mained faify constant, as reduced con-
sumption has practically eliminated the
need for further exploration. Total op-
erating mines have been réduced worid-
wide and there have not been any new
large mines brought into production for
over ten years.

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

Graphite

Wilfred M. Kenan®
Asbury Graphite Mills, Inc.
Asbury, NJ 08802

Natural graphite, a strategic industrial
mineral, sometimes referred to as
*plumbagos” or "black leads,” is a soft,
black, natural-oceurring form of carbon
which varies in hardness from 1 to 2 on
the Mohs scale and has a specific grav-
ity between 2.1 and 2.3 g/ce. Itis re-
sistant to attack by ordinary chemical
agents and is chemically inert and sta-
ble at ordinary temperatures. Natural
graphiteis an excellent conductor of heat
and electricity and will sublime at ap-
proximately 3500°C. It is furthermore
characterized by an extremely low coei-
ficient of friction and thermal expan-
sion. This is primarily due to the atomic
arrangement of the base structure of
the graphite crystals. The crystals being
held together both by van der Waal
forces and covalent bonding.

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

flake, veined (high crystalline), and
amorphous graphite. The basis for vari-
ant modes of formation are contributed
te both the base raw material and to
the method in which the graphite was
formed. The differences being both in
physical properties and appearance as
well as chemical composition.

Flake graphite consists of flat plate-
like particles that occi'r in a dissemi-
nated form throuah layers of regional
metamorphosed siiza-rich sedimentary
rocks such as quartz and mica schists,
felspathic or micaceous gquartzites,
gneisses, and marbles. The particle size
can vary greatly depending on the na-
ture of the formation. Commercial im-
portance of each deposit will vary con-
siderably, depending on the carbon
content and the size of the fiake.

Vein graphite (high crystalline) depos-
its are found in fissures, fractures, or
other cavities, transverse, igneous, or
metamorphic rock. This form is typically
massive 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 iron sulfides. 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
dispiay & high degree of density and
toughness as well as high crystallinity
in respect to the d spacing.

Amorphous graphite is formed by
metamorphism of coal seams or car-
bon-rich deposits which have been ex-
posed to extremely high pressure and
moderate temperatures. This particular
type of graphite has a soft black earthy
appearance in contrast to the crystal-
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 crystallites when examined
under a microscope. The more appro-
priate term would be *microcrystalline
graphite.”

In common the vein, flake, and 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.
For example, the low grade Korean
graphite is often used in industrial fuel
because it is high in nongraphitic car-
bon.

The importation of natural 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. exceeded 18 000 metric
tons in the year 1983 and is expected
{0 grow at approximately 5% for the
next several years, but the long term
growth rate is expected to decrease 1o
somewhere in the 3% to 4% range.

Although in 1878 a major change 0c-
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Table . Major U.S. Imports of Natural and Artificial Graphite Powders (Metric Tons)

Year
Country of Origin 1978 . 1980 1981 1882 1983 1984°
Brazil® 2087 4 863 3585 4720 3238 3750
Canada’ 2839 250 4 825 5500
Chinat 2 449 3342 3526 7 640 5 368 5800
Germany! 1965 258 836 1 006 1368 1 560
India? 60 55 458 392 425 415
Madagascart 3165 2571 4015 4189 3 357 3070
Russia 4 B6B 19854 620
Sr Lanka?* 2022 1223 919 1185 743 7860 |
China# 2 695 2220 5042 5470 4 307 12 500
Korea# 11574
Mexico? 46 382 36 736 35 879 28 441 26 335 22 580
Switzerland! 1316 1699 1796 1859 2 585 2765

*Estimate. 'Flake, price range: $200-$3500 per metnc ton (FOB); media: $828. ‘Pnce range: $500-51500 per metnc ton (FOB); media: $1025. YAmorphous,

price range: $60-5120 per metnc ton (FOB); media: $828. 'Synthetic, pnce range: S1B5

curred in the importation of natural
graphite, due to 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 last two years, one
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 several years. In
1982 1195 metric tons were imported,
but in 1983 it declined to 743 metric
tons. The decline has been primarily due
to the low quality, erratic shipments and
increase in price. It is due to the above
factors that the majority of the U.S.
consumers spent monies on research
to develop new products without vein
graphite.

In many research programs it was
discovered that a superior product could
be made with flake graphite at consid-
erable savings.

It appears that the general decline will
continue in the usage of vein graphite
over the fé@xt severz! years or until the
prices are put into proper perspective.
Since vein graphite has a single source,
Sri Lanka, it is not considered a desir-
able graphite for the development of new
products. There will be more than an
adeguate supply until the year 2000 and
the Sr Lanka mining company contin-
ues to search for new deposits and tries
to upgradegts process.

Amorphous natural graphite has
maintained its long historical standing
as being the major volume material of
the U.S. and the worldwide natural
graphite consumption. The major uses
for amorphous graphite are in the hot
metal industries.

The general decline 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

is only expected to be a temporary sit-
uation, and new developments in re-
fractories will add to the increase in the
consumption during the next several
years. The one factor that makes amor-
phous graphite very acceptable in the
hot metal and refractory industry is the
fact that it is one of the cheapest gra-
phitic materials on the market. It would
be well to point out that there are var-
ious grades of amorphous graphite ac-
cording to pariicle size and carbon con-
tent.

In Table |, four major categories have
been listad on natural graphite and syn-
thetic graphite powders which were im-
ported into the U.S. Also included in this
table is the general price range for each
of these types. One must consider the
fact that carbon content, type of graph-
ite, and size of graphite are all factors
which can affect the cost. It can easily
be seen from Table | that there has been
a general deciine in the total usage of
graphite since 1981, but 1885 projec-
tions will almost equal 1881 consump-
tion. it can be also easily seen from Ta-
ble 1 that as one source seems to dis-
appear another one appears. Note that
we no longer import graphite from Rus-
sia, primarily due to trade relations; but
the new operation 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-
rity powders are the battery industries.

In summary, there are three major
uses of natural graphite: refracieries,
hot metals, and pencil industries. Other
applications consist of batteries, pow-
dered metals, plastics, 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 to 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 graphite—Sri Lanka) graphite.
This does not mean shortages will not

00 per metric ton (FOB): media: $2475.

occur in certain types, due to devel-*
opment in new products. The supply fine
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 is
essential to 2 number of industnal pro-
cesses, the demand is dependent upon
the worldwide industrial activity.

The major industries which import and
refine natural graphite in the U.S. are:
Asbury Graphite Mills, Inc., the largest
procescor and its subsidiaries through-
out the U.S., Canada, and Mexico; Su-
perior Graphite Co. has processing
plants in Chicago ana Kenwcky ard
mines graphite through its affiliates in.
Mexico; Southwestern and Dixon also
have plants in the U.S. and import and
process natural graphites in Texas and
New Jersey. : o

Kyanite

Jesse J. Brown, Jr.”
Virginia Polytechic Institute
Blacksburg, VA 240861

Kyanite, Al,Si0,, is & mineral widely used
in the refractories, glass, and ceramic
industries. Most kyanite is used to make
muliite refractories which cost more but
have a much longer life than fireclay re-
fractories under similar conditions. The
U.S. has huge reserves of kyanite ore
with proven workabie kyanite-quartzite
deposits containing 10% to 30% re-
coverable kyanite exceeding 91 millior
metric tons (100 million tons). The U.S.
produces and consumes more kyanite
than any other country.

Kyanite and the related aluminum sii-
icate minerals, sillimanite and andalu-
site, became important during World War -
1 with the critical need for porcelain spark
plug insulators for airplane engines. Al-
most simultaneously, their value as raw
materials for the production of mullite
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and mullite refractories was recognized.
By 1925, four domestic mines were in
operation, but slow development of the
mullite refractories industry and com-
petition from imported Indian kyanite
eventually forced most of these mines
to dose. Since 1855 only two mines have
produced kyanite in the U.S.: Kyanite
Mining Corp., in Virginia, and C-E Min-
erals, in Georgia. Through competition
bstwesan 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. govern-
ment in March 1870. )

Kyanite is an important refractory raw
material because: 1) it provides an Al,O,
content of 55% to 60%, 2) it expands
irreversioly upon heating, 3) it decom-
poses to mullite 2t high temperatures,
and 4) it does not melt until about
1800°C. in order to be commercially
useful, kyanite ore must be crushed and
extensively beneficiated to obtain a
product that contains over 55% Al,O,
and below 1% re,0,. Kyanite is mar-
ketec in size ranges of 35, 48, 100, 200,
and 325 mesh (Tyler). Calcined xyaniie
(mullite) is also produced in similar size
ranges.

Approximately 75% of the kyanite
consumed in the U.S. is used to make
refractories for the metals industry; an
additional 15% is used in the glass in-
dustry, with the remainder being used
in whitewares, such as spark plug in-
sulators, catalyst substrates, dinner-
ware, sanitary ware, etc. Statistics on
the production and consumption of
kyanite in the U.S. are not made public
because of the competitive postures of
the two producing companies, but es-
timates suggest that 91 000 metric tons
(100 000 tons) of kyanite are consumed
and about 136 000 metric tons (150 000
tons) are proguced annually in the U.S.
at this time. @bviously significant quan-
tities of kyanite are exporied every year.
The U.S. is the major supgplier of kyanite
to the world market.

India has produced and exported
kyanite for many years, but a recent
decision by tite Indian government states
that it does not intend to permit future
export of refractory-grade minerals such
as kyanite, Brazil has begun to market
kyanite ah8 will probably increase pro-
duction somewhat in the near future. It
has also been reported that a kyanite
deposit in Bulgaria is in the process of
being developad with significant pro-
duction expected in several years.

The major prodweer of commercial
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 completed 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
slightly in recent years. Apart from the
recession, this is primarily a result of the
process change to continuous casting
in the steelmaking industry, a change
that requires fewer refretories. New

_applications using kyanite, such as vol-

ume stable monolithic mixes, invest-
ment casting molds, brake linings,
welding rod fiuxes, ceramic fiber bian-
kets, flex insulating blankets, etc., gen-
erally use small volumes 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 and shipping costs prevent an-
dalusite from being cost-competitive
with kyanite in the U.S.; however, it does
appear to be cost-competitive in Eu-
rope, Asia, and the Far East. There are

Lead
Products

John S. /Nordyke*
Hammond Lead Products, Inc.
Pittsburgh, PA 15220

Lead may well be the first metal to be
smelted and used by ancient man. Ar-
tifacts 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 1600 B.C,,
while 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 60% of all lead pro-
duced. While this lead Is used, it is not
consumed. Most of the lead used in
storage batteries is recovered as sec-
ondary lead and is used again. This is
one reason why any fear that we may
run out of iead 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 fol-
low in that ordér. The latest year for
which U.S. preduction figures for pure
refined lead are available is 1883 (see
Table 1).

Production of antimonial lead and
other alloys make the grand totals of
1 018 000 metric tons (1 123 000 short

significant differences in andalusite and
kyanite that may overshadow their price
differences. Andalusite, for example, is
aveilable in coarse grades up to 1.27
cm (0.5 in.), whereas kyanite is not
available coarser than 35 mesh. An-
dalusite does not expand irreversibly
upon heating as kyanite does. There
appears to he a trend toward mixing
kyanite and andalusite where possible
for many refractory applications, es-
pecially in the area of unfired monolithic
mixes.

Extensive research in mining, bene-
ficiation and product development of
kyanite and kyanite-containing prod-
ucts has been conducted over the years,
primarily by BuMines, National Bureau
of Standards, and U.S. Geological Sur-
vey. In recent years all these programs
have become essentially inactive. There
continues to be the need for research,
especially in developing improved meth-
ods of beneficiation, quality control, and
development of techniques to make voi
ume stable murite grog. o

tons) in 1883. Recovery of secondary
lead in the U.S. reached a high of
801 368 metric tons in_1978, but fell to
675 578 metric tons in 1880. Figures for
1881 and 1982 will show further de-
clines because of the recession. U.S.
production of lead is about 20% of the
world 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
variabie in the past few years (Table II).
With reduced demand, prices have fali-
en from an all-time high of $1.38/Kg
(0.63/1b) in October 1879 to $0.40/Kg
(50.18/10) for a brief period in January
1985, with frequent ups and downs be-

| tween those extremes. Many factors af-

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 & few

.

Table | Lead Production (Pure
Refined) U.S.”

Year Metnc tons Shoct tons
1872 648 160 714 483
1973 691 537 762 277
1974 646 278 712 388
1975 581 869 641 390
1876 597 276 658 374
1877 555 233 612 030
1878 517 831 629 181
1979 581 617 461 113
1980 550 087 606 358
13881 501 897 533 238
1982 512 817 565 288
1983 515203 567 813

~Source: Minerals Yearbook; BuMines, 1983.
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Table Il Lead Suppiies in the U.S.” (1983)
Metnc tons Short 1ons

Mine production, metal content of ores 419 038 494 979
Refined primary lead 515203 567 813
Secondary lead 503 501 555 104
Imports:

Refined lead 176 000" 194 006

In ores and concentrates 20 000 22 046

Consumption, U.S.

1148 487 1265 889

*includes 42 000 metnc tons of U.S. brands retumed from the London Metal Exchange.

years ago, have their effect. Strikes or
smelter closures force 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 monoxide (litharge), or its
equivalent in the form of lead silicates
or frits, is the principal lead product used
in ceramic industries (Table I11).

Glass products represent the great-
est usage. Glass for television, lighting,
various electronic products, radiation
absorbing glasses, optical and
ophthalmic glasses, and tableware are
all substantial consumers of lead con-
pounds. While from year to year the
quantity is varable, it can exceed 91 000
metric tons (100 000 tons) of world con-
sumptica in a single year. Lead oxides
for glazes for dinnerware and for floor
and wall tile are substantial consumers
of lead products. Some of this is pro-
vided in the form of lead silicates of very
low solubility and some is supplied by
the manufacturers of frits and colors.
Some of these frits have very low sol-
ubility and thus present little hazard to
the workers.

Dry process enamels, used largely on
sanitary ware such as bathtubs, also
account for a 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 édmpounds and compositions
that are soluble in body acids such as
gastric juice are toxic if ingested or in-
haled in quantity. The average person,
not industrially exposed, is not at risk
from the rermal environment. Much work
has been done to assure safe foodware
of all types. Concern for the industrial
worker has resulted in development of
safe lead compounds and frits which

Table Ill. Litharge Used in the U.S.”
Ceramic Industry

Year Metric tons Shon tons
1879 37 620 41 488
1880 36 560 40 300
1981 34732 38 285
1982 30 880 34 150
1583 37 143 40 943

"Alldatz are provided by BuMines Minerals Year-
book; 1983.

are not absorbed significantly and pass
through the body if ingested or inhaled.
Engineering controls in the plants aiso
are designed to minimize or remove the
chance of exposure in the plant. The
results of this effort to provide safe work
conditions in the plants are shown by
the near-absence of lead poisoning
symptomsin the ceramic industries since
Worid War [l. In Britain, the potteries
industry reported as many as 450 lead
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 1884 (See Table
1). it is estimated that in 1984, 27 million
kg (60 million Ib) of lithium carbonate
equivalents were consumed vs approx-
imately 24.4 million kg (53.7 million Ib)
in 1883. Demand by the traditional con-
suming industries strengthened during
the year.

During 1984, lithium chemicals con-
tinued to be produced in the U.S. by
Foote Mineral Co. (a subsidiary of New-
mont Mining Corp.) and Lithium Corp.
of America (& subsidiary of Gulf Re-
sources & Chemical Corp.). Chemetall
(2 wholly-owned subsidiary of Metall-
gesellschaft AG) of West Germany and
Honjo Chemical of Japan, as well as the
USSR and the Peoples Repubiic of
China, also continued lithium chemical
production. Lithium ore production con-
tinued in the U.S., Brazil, Australiz, 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-
semer City. A complete line of lithium
chemiczls and metal are manufactured.
The announced capacity at this facility
is 16 million kg (36 million Ib) of lithium
carbonate equivalents annually. Lithium

Corp. of Europe, a wholly-owned sub-
sidiary of Lithium Corp. of America, lo-
cated near Liverpool in the U.K., pro-
duces butyllithium and lithium metal.

Foote Mineral Co. has two sources
of lithium in the U.S.—an operation at
Kings Mountain, NC, where lithium car-
bonate is produced from spodumene,
and at Silver Peak, NV, where lithium
carbonate is produced from brine. Oth-
er dcwnstream lithium chemicals are
,-roduced at Sunbright, VR, New John-
scawville, TN, and Frazer, PA. Foote Min-
eral's U.S. operations have a total ca-
pacity of 13 milion kg (34 million Ib)"a
year of lithium carbonate equivalents.

Sociedad Chilenz de Litio Ltda. (SCL)
began commercial production of lithium
carbonate in July 1884. The feed ma-
terial is supplied from a brine deposit
located in the Salar de Atacama in
northern Chile. This material is trans-
ported to a chemical facility located near
the port city of Antcfagasta. The initial
capacity of this plant is rated at 6.4 mil-
lion kg (14 million Ib) of iithium 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
Fomento de la Producciun (CORFQO).

Chemetall of West Germany pro-
duces a variety of lithium chemicals at
its Langelsheim operation and is the
largest producer of secondary lithium
chemicals in Europe. The principal pro-
ducer of downstream lithium products
in Japan is Honjo Chemical Corp.

Higher internal consumption of lith-
ium values is believed to be the principal
reason for the lower level of exports from
the USSR during 1884. The Peoples
Republic of China had a lower level of
activity with exports of lithium carbon-
ate and lithium hydroxidein 1984 vs the
previous year.

Lithium chemical prices rcse by ap-
proximately 5% at midyear. The price
trend over the past few years has roughly
parzalleled the rate of U.S. inflation.

Lithium carbonate and lithium ores
continued to be used in black-and-white
televisiori tubes and in the production
of glass/ceramics.

Research efiorts continue on pro-
grams utilizing lithium to produce glass
that will decrease or contain fuel and

Table I. Estimated 1984 Western
World Consumption Lithium Metal
and Chemicals*®

Pounds

Market Kilograms.
North America 11300 25000
Western Europe 6400 14 000
Far East 4500 10000
South America 2500 5500
All other countries 2500 5500
Total 27 2007 80 000

"Thousands of kg and Ib of Li,CO, equivalents.
15116 metnc tons L.
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manufacturing costs. Chemical boost-
ing of glasses with lithium can result in
increased capacity by as much as 10%
with only minor adjustments to the batch
compasition. Other advantages are de-
creases in temperature and refractory
erosion.

The overall consumption of lithium
values in the westemn world in 1984 in-
creased by approximately 11% vs 1983.
In 1985, consumption is p.njected to
improve by an estimated 10%. The ad-
ditional 6.4 million kg (14 million Ib) of
annual capacity that came on stream in
midyear in Chile assures the consuming
industries of long-term availability of
lithium. =

.

Magnesia/-
Magnesite

A.N. Capp
Combustion Engineering Corp.
Bettsville, OH 44815

Macnesium oxide (MgQ) ic the mostim-
portant product of the magnesium com-
pounds industry. It occurs natui aity as
the mineral periclase, but those occur-
rences are rare and of no commercial
value. The principle sources of mag-
nesium oxide for commerce are mag-
nesite (MgCO,), dolomite (CaCO;-
MgCO,), seawater, and magnesium-rich
brines.

Major deposits of magnesite occur
in Austria, Brazil, Canada, Chinga,
Czechoslovakia, Greece, India, North
Korea, U.S., USSR, and Yugosiavia. The
ores contzin varying amounts of silica,
iron, alumina, and lime and are usually

mined selectively and often beneficiat- |

ed. Beneficiation,methods vary accord-
ing to location but can include crushing
and size separation, hand sorting, op-
tical sorting, magnetic separation, heavy
media separation, and froth flotation.
Crude magnesite has very limited ap-
plication and the bulk of it is used for
the production of magnesium oxide.

The most important commercial pro-
cess for the pr8cuction of magnesium
oxide from seawsater and brines takes
advantage of the fact that magnesium
hydroxide MgO(OH), can be precipitat-
ed from solutions of magnesium salts
by the addition of a strong base. The
magnesium hydfoxide is washed, thick-
ened, filtered and then czlcined to pro-
duce magnesium oxide. Calcined lime-
stone (CaQ) or calcined dolomite [Ca0-
-MgQ] are usuzlly used as the source of
alkali. If calcined dolomite is used, half
of the magnesium hydroxide in the pre-

cipitate comes from the dolomite. In an-
other commercial process, concentrat-
ed magnesium chlaride brine is sprayed
into a thermal reactor where hot gases
convert it to magnesium oxide and hy-
drochloric acid. The magnesium oxide
is siurried 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.
Other countries which are major pro-
ducers of magnesia from seawater and/
or brine are Ireland, Israel, ltaly, Japan,
Mexico, UK, and the USSR.

The physical properties of magne-
sium oxide (magnesia) are governed by
the precursor, time and temperature of
calcination, and impurities. With in-
creasing calcining time and tempera-
ture, the magnesium oxide crystallites
increase in size and this is accompanied
by decreases in porosity and reactivity.

Caustic-caicined magnesia is pro-
duced at temperatures below about
S00°C and characterized by its mod-
erate-to-high chemical reactivity. Typi-
cal end uses are in the manufacture of
chemicals, rayon, petroleum additives,
fertilizers, oxychloride cements for con-
struction, and mineral supplements for
animal feeds. Dead-bumed magnesia is
proguced 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
80% of the magnesia consumed in the
U.S. was dead-burned magnesia for re-
fractories; principally these used in the
iron and steel industry. The remainder
was used for caustic-calcined and
specified magnesias and other mag-
nesium compounds. In most other
countries, the proportion of magnesia
consumed in refractory applications is
even greater.

Domestic production of magnesia for
1984 was estimated by BuMines to be
5390 000 metric tons (650 000 tons), up
slightly from 1983's 567 000 metric tons
{625 000 tons), but down significantly
from 1980's 726 000 metric tons
(B0OO 000 tons). Over the same period
(1980—1984) imports increased from
47 000 to 58 000 metric tons (52 000
to 65 000 tons) while exports de-
creased from 47 000 to 18 000 metric
tons (65000 to 20 000 tons). Import
sources over the period 1980-1883 were
Ireland—41%, Greece—21%, Cana-
da—10%, Japan—8% and other—18%.
Canada became a major source in 1883.
BuMines estimates for 1985 are 612 000
metric tons (675 000 tons) domestic
production and 64S 000 metric tons
{715 000 tcns) domestic consumption.

World magnesium oxide capacity is
estimated to be approximately 8.1 mil-
lion metric tons (8.9 tons); approxi-

mately 70% derived from natural 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 pilagued by overca-
pacity. There are a number of reasons
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 (Ib/ton of steel) of refrac-
tories brought about by (a) improve-
ments in steelmaking process technol-
ogy and operating practices and (b) im-
provements in refractory technology and
product applications, 3) overly optimis-
tic estimates of future growth in world
steel production during the 1860s and
1970s that led to major expansions in
magnesia production capacity, 4) major
increases in the price of energy during
the early 1870s 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 of high grade natural
magnesite, into the world market.

Magnesia resources are virtually un-
limited and magnesia production ca-
pacity is more than adequate to mest
probabte demand for many years. World
prices are depressed and range from
less than $110/metric ton (§100/ton) to
more than $441/metric ton ($400/ton)
depending on grade. Domestic prices
recently reported by the Chemical Mar-
keting Reporter for synthetic magnesia,
bulk in carload lots FOB plant, were:
$384/metric ton ($330/ton) for chemical
grade (caustic-calcined) and $432/met-
ric ton ($392/ton) for refractory grade
(dead-bumed). ) o

Nepheline
Syenite

L J. Carter”
International Minerals & Chemical Corp.
Mundelein, IL 60080

Nepheline syenite is a holocrystalline,
granular, igneous rock made up of
nepheline (K,0-3Na,0- 4Al,0;-8Si0,),
potash feldspar (microcline), soda feld-
spar (albite), 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 texture but contains no free quartz.
An analysis of the commercial ceramic
nepheline syenite from Blue Mountain,
ON, is:
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Bi0hu: con v s o i a 60.4%
BB = s 5 565 o 200 506 23.6
e oo v somss woms im o 0.08
CaAD s sas cuims e wava v 0.7
MEE & avs o oae v ssude 0.1
Na0 o ooiiiee i ns S.8
X o e 4.8
BEN = 5 o ¥ ek 093 wois 0.7
Total 99.88%

This analysis represents the commer-
cial material after removal of iron. Iron
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 be-
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
finng ine ware in commercial tunnel Kilns.
Recent research in the development of
low fired vitreous ware has demonstrat-
ed the fact that a cone 4 sanitary ware
boedy can be made which will provide a
very large reduction in tie cost of fuel
and refractories 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 nephe-
line syenite for potash feldspar in wall
tile bodies lowers the absorption and
moisture expansion and increases the
shrinkage and mechanical strength.
Floor tile bodies show less variation in
thermal expansion with differences in
thermal treatment than the correspond-
ing feldspar bodies. Thermal expansion
of taic wall tile bodies is lowered by the
direct substitution of nepheiine syenite
for feldspar, although bodies fluxed with
nepheline syenite zlone have a higher
thermal expansion than those fluxed with
potash feldspar only. .

In elgcfrical porcelzin the same gen-
eral results as noted above may be ex-
pected;, substitution of nepheline sy-
enite for.potash feldspar increases firing
range, increases strength, decrezses
absorption, and increases shrinkage at
the lower firing temperature.

In semivitreous bodies, nepheline sy-
enite produces increased vitrification.
There is a long range which results in
less warpage. In bodies fiuxggs with
nepheline syenite, the thermal expan-
sion is greater than in corresoonding
feldsp¥ bodies. This tends to further a
state-of compression in the glaze and
reduces crazing tendencies. '

Low temperature vitreous bodies ma-

Table |. Proposed Batch® for Glass Table Il. Glass Grade Nepheline
Using Nepheline Syenite Syenite

Sand 1000 Ib Silica 70.30%
Nepheline syenite 153 Ib Iron and alumina 2.36
Burned dolomite lime 169 Ib Calcium oxide 6.32
Barium sulfate 12 b Magnesium oxide 4.54
Fused borax (pyrobor) 27 Ibt | Banum oxide 50
Soda ash 339 1b Sodium oxide 14.26
Arsenic 2Ib Potassium oxide A48
Decolorizer Sufficient quantity Boric oxide 1.20
Cullet 35% of weight of batch Total 99.05%

*Not coi:sidenng wesght of cullet, the foregoing
batch will produce approximately 1548 Ib of glass.
'Prefer using fused borax or pyrobor, but if orainary
borax, which contains waters of crystallization, is
used, it will be necessary 10 use 54 Ib instead of
27 Ib.

turing at cone 3 to 5 can be formulated
from clays and nepheline syenite with-
out recourse to an auxiliary flux. Such
bodies have a long firing range and good
strength. These bodies are highly trans-
lucent when prepared by wet milling, and
by combining low temperature with a
fast firing cycle a large savings is made
in fuel, refractories, and ware lost from
warpage; furthermore, a wider color
range in both body and glaze is made
possible.

The higher the nepheline syetiite con-
tent of the bodies, the higher the ther-
mal expansion and the smaller the var-
iation in expansion with differences in
thermal history. The addition of 5% to
10% flint raises the thermal expansion
of the beccies so that typical semivit-
reous dinnerware glazes are placed un-
der adequate compression and can be
used for one fired ware. Also, special
high compression glazes have been de-
veloped 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 for-
mula is shown below:

Nepheline syenite. .. ... .. 54%
Fistam 1L 31 L R 6
5 e Ty et 24
Ball Clay: wu soms winie sinze s o 16-

Due to its high alumina content,
nepheline syenite is a good material for
introducing alumina into a glass batch.
it contains considerable alkali, a desir-
able constituent of the batch, and melts
at a relatively low temperature. These
advantages, together with the fact that
it is taken into the melt very readily make
it a desirable addition to tank glasses.
Substitution of nepheline syenite for po-
tash feldspar on a chemical analysis ba-
sis in a typical opal glass batch is said
to permit 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-
parable feldspar glass, but softens at
about 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
Table | which is rather high in aluminum_ |
oxide and lime, but it has been found |
that this glass has great durability and-
sirength, 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 pessible a granular con-
centrate with a constant low iron oxide
content (Table Il).

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

Recent tonnage figures indicate
413 000 metric tons (455 000 tons) of
nepheline syenite shipped by the two
North American producers on an an-
nual basis. Of this total, 54 000 metric
tons (60 000 tons) were fine grind,
309 000 metric tons (340 000 tons) were
glass grade and 50000 metric tons
(55 000 tons) were export ofishore.

Pricing for nepheline syenite has been
depressed in recent years due to ex-
cess production capacity. In addition,
glass containers, the major consumer
of tonnage, has been afiected by severe
competition from both P.E.T. bottles and
cans. o

Pyrophyllite

Konrad C. Rieger”
R. T. Vanderbilt Co., Inc.
Norwalk, CT 06855 e

The minerzl pyrophyliite is in appear-
ance similar to talc and is grouped with
taic in many statistical presentations. In
its pure form, it is characterized 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 in con-
siderable amounts in Guilford and Or-
ange counties, North Carolina.

Pyrophyliite is ahydrous aluminum
silicate with the formula AlLO,, 4Si0,
H,0, and like talc, rarely occurs in its
rure form. For exampie, pyrophylite
mined in Robbins and Glendon, North
Carolinz, has a distinct mineralogy which
makes it suitable for whitewares and
refractories.

According to BuMines' Mineral Facts
and Problems, 1985 Ed., using a table
differentiating end uses for ground taic
and pyrophyllite in 1983, we can extract
the following data for the United States:
25 000 metric tons (27 000 tons) of py-
rophyliite used in ceramics and 21 000
metric tons (23 000 tons) in refractories
with a 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 pyrophyliite for all
uses amounted to 163 000 metric tons
{113 000 tons) with 15 000 metric tons
(17 000 tons) (15%) used in ceramics
and 35 000 metric tons (39 000 tons)
(34.5%) in refractories. This indicates
that the total tonnage for all uses de-
creased by 25% over the last 5 years.
The use of pyrophyllite in refractories
decreased by 41% since 1978 while the
use for ceramics increased 58%.

The pyrophyllite reserves in North
Carolina alone are said to total at least
12 million metric tons. Estimates of
quantities are not available for Califor-
nia and Pennsylvania. Those siates also
have commercial deposits of lesser im-
portance.

The whiteware grades contain, in ad-
dition to major pyrophyllite, mejor ser-
icite and quariz with minor kaolin. High
sericite pyrophyliite shows the following
properties:

» Lowers firing temperature.

» Produces low moisture expansion
bodies resulting in good craze resis-
tance.

= Produces bodies with little or no
shrinkage and reduced warpage.

e Increases thermal shock resistance
due to its high thermal conductivity and
low coefficient of thermal expansion

o Greatly increases firing strength in
vitreous bodies.

These properties result in the prin-
cipal use of pyrophyllite ceramic wall tile
bodies, with little or no shrinkage, greater
uniformity in tile size, and less warpage.
The high sericite content also contrib-
utes to the formation of mullite at com-
paratively low temperatures. Mullite, with
its interlocking grain structure, results
in greatly increased fired strength in vit-
reous bodies, where it substitutes for
all the flint or all of the flint 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-
iite, mined at Glendon, is of particular
interest for refractory applications, due
to the following properties:

s Permanent expansion.

s Excellent reheat stability.

» Low reversible thermal expansion.

o Low bulk density.

» Low thermal conductivity.

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

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

Refractory
Clays

Paul Eusner®
Combustion Engineering, Inc.
Andersonville, GA 31711

BuMines estimates 1984 clay usage for
refractories in the U.S. was 1700 000
metric tons (1 800 000 tons) categor-
ized as fire clay, kaolin, bentonite, and
ball clay.

Usage trends are dominated by pro-
duction and technology requirements of
the iron and steel industry, which con-
sumes approximately 50% of U.S. re-
fractories. Higher refractory clay con-
surnption requirementscausedby a 10%
increase in raw steel production in 1884
was offset by the continued shift to-
ward the use of higher alumina, basic,
and nonoxide refractories. Increased
usage of monolithic 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 kaolin—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, and lone, CA. Most of the super
duty flint clay is mined and processed
in Missouri. There has been a further
reduction of the lower quality refractory
clays in Pennsylvania, Ohio, Kentucky,
West Virginia, and Alabama.

The poor economic condition of the
stesl industry continues to hold prices
down. Production focus is on cost re-
ductign without adversely affecting
quality. The most important process in-
novation to reduce costs has been the
conversion of rotary kilns to coal firing.
Production capacity exceeds demand
with ample clay and calcined aggregate

pyrophyllite make it particularly suitable
for insulating fre brick class 2300, 2500,
and 2600.

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

Another type of pyrophyliite is the an-
dalusite-pyrophyllite deposit at Hills-
borough. Here, quariz is floated away
from pyrophyllite 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-
jtable operations without price increas-
es. Smaller companies with less capital
and overhead can operate at lower ca-
pacity levels but cannot mest the de-
mand requirements of the refractory in-
dustry. This will result in further restruc-
turing if volume continuss to decline.
Maintaining quality control standards
is being increasingly stressed by re-
fractory consumers. This situation has
in turn reflected renewed attenticn on
both the quality and long term consis-
tency of all raw materials used to pro-
duce refractory products. High quality
clays and calcined aggregates are rap-
idly replacing lesser quality materials—
especially in monolithics—as more at-
tention is given to hot load and corre-
sion resistance properties. o

Silica

Pennsyivania Glass Sand Corp.
Pittsburgh, PA 15237 )

The mineral industrial silica is- distin-
guished from sand and gravel by its
chemical purity—high SiO, content and
2 low percentage of impurities such as
Fe,0,, AlLO,, and refractory minerals.
For certain applications, industrizl silica
sand with an SiO, content exceeding
90% is adeguate. For most uses, how-
ever, the purer grades of industrial silica
containing Si0, in the 98% to 98+ %
range are specified. Unlike sand and
gravel, industrial silica is washed,
sometimes beneficiated to remove im-
purities, dried, and carefully screened to
specific mesh ranges determined by its
intended use. Industrial silica is also
ground into grades such as 88% pass-
ing a 120 mesh, 88% 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 reported by the
BuMines, declined steadily from a high
of 30 047 000 metric tons (33 120 000
tons) in 197¢ to only 24 147 000 metric
tons (26 617 000 tor.) in 1983. Sales
volume in 1883 i1 3.9% from 1982 ton-
nage and 17.1% t:om 1879 results, per
the Bureau's statistics. Preliminary es-
timates from the Bureau indicate that
26 000 000 metric tons (28 000 000
tons) were produced in 1884, an in-
crease of 8.9% over 1883.

Another source of industrial sand
production data is the National Indus-
trial Sand Assn., which reportedly repre-
sents producers accounting for approx-
imately 85% of the industrial sand (ex-
cluding gravel) sold in the U.S. This as-
sociation reports its members-produced
22 702 000 metric tons (25 025 000
tons)in 1978, but only 15 823 628 met-
ric tons (17 442 271 tons) in 1983. No
tonnage estimates are available as yet
for 1984.

According to 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. Ault*
Norton Co.
Worcester, MA 01606

The first silicon carbide crystals were
made accidentally by Edward Acheson
while experimenting with a mixture of
clay and carbon in an electric furnace.
Silicon carbide does not occur natural-
ly; it is a sy¥thetic material made by
combining silica and carbon. The Ache-
son resistance fumace remains as the
basic manufatturing process, though it
has been modified and updated in re-
cent years .to improve productivity and
meet environmental standards.
High-quality silica sand (99.5% SiO,),
low-sulfur petroleum coke, and electric-
ity (3.5 KWh/lb) are the major ingredi-
ents. The reaction tzkes place in a
trough-like furnace with removable re-
fractory sides, or some similar config-
uration, and permanent refractory ends
holding 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
mixture which fills the furnace. The volt-

historically). The 1983 reported prices
were $15.22/net metric ton ($13.81/net
ton) in the northeast, $11.89/net metric
ton ($10.79/net ton) in the north central
states, $14.93 net metric ton ($13.55/
net ton) in the south and $16.81/net
metric ton ($15.25/net ton) in the west.
The national average price was $13.83/
net metric ton ($12.64/net ton), while
total revenues in 1883 are reported to
have been $329 500 000. Based on the
latest information from the Bureau, 1984
total sales revenues are estimated at
approximately $370 000 Q00 with av-
erage national prices last year project-
ed to be about ($13.00/net ton).

Major consuming industries for in-
dustrial silica are glass (all- types),
foundry, metallurgical, abrasive, chem-
ical, ceramics, filtration, coatings, and
oil/gas well fracturing sand. Demand for
industrial silica products is, of course,
tied to their overall economic perfor-
mance. The 1885 market will, therefore,
mirror the conditions that prevail within
these major markets during the year.

Expansion and modernization of var-
ious industrial silica producing facilities
and the startup of new plants in recent
years assure adequate suppiies 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
chemical reaction of silica and carbon
to silicon carbide is complete. The re-
action reguires five to seven pounds of
raw material for one pound of SiO. The
highest purity (light green in color) ma-
terial 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 meet the various re-
quirements.

The most critical manufacturing is-
sues in recent years have been the cost
and availability of coke, cost of elec-
tricity, and environmental considera-
tions. Petroleumn coke, & by-product of
petroleumn refining, is also used by the
aluminum industry and as a result in pe-
riods of high aluminum demand, it is in
tight supply. Prices also have risen
sharply in line with other petroleum-
based products. Most plants are locat-
ed near sources of low-cost hydroelec-
tric power, but energy related cost pres-
sures will continue to 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 regulations. Caosts
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 buiid new plants in order to meet the
stricter standards.

Purity of silicon carbide determines
the color. Light green material is about
89.8% pure and as the purity declines
to ©9.5%, the color changes to dark
green, then to black at about 99% and
finally to grey at 80% SiC. The purities
generally available are 80% which is used
for metaliurgical and some refractory
applications; 98%—29% is used for most”
abrasive and refractory applications.
High-purity green SiC is used in 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-
sult, all manutacturers have rationalized
their production to the point where it is
manuiactured only in selected plants and
only in Europe or Japan.

For the manufacture of high perfor-
mance ceramics by sintering or hot
pressing, other methods of synthesis
are sometimes used to prepare high pu-
rity, very fine reactive powders. Such
processes include: plasma arc synthe-
sis, continuous feed-through and in-
duction furnace, batch reactions of sil-
ica and carbon in CO or inert gas,
decomposition of polycarbosilanes, 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 Exolon have an-
nounced plans to combine their oper-
ations into a new company. Imports from
Europe account for less than 6% of the
total usage and are generzally confined
to specialty items such as green SiC
and microgrits. Prices vary widely from
$496 to $6614 per metric ton ($450 to
$6000 per ton), depending on chemical
and physical specifications. The bulk of
materials for refractory uses sell for be-
tween $661 and $1102 per metric ton
($600 and $1000 per ton). Prices have
been depressed for about three years—
industry wide. As the economy picks
up, price increases are likely.

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

Abrasive applications account for
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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 cloth, lap-
ping, and a wide variety of specialty jobs.

The most promising growth area of
SiC is in refractory and ceramic appli-
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 coetf-
ficient of thermal expansion make it
useful in applications such as kiin fur-
niture, cements, crucibles, etc. Its ex-
treme hardness is utilized in applica-
tions such a@s furnace skid rails where
resistance to abrasion is critical.

Resistance to chemical attack even
at high temperatures make it effective
in corrosive environments such as those
encountered in blast furnaces, alumi-
num reduction cells, and coal-fired pow-
er plants. The unique noniinear electri-
cal resistance characteristics of SiC
make it useful in lightning arrestor blocks
and heating elements.

Silicon carbide products of high
strength can also be made by reacticn
bonding in which carbon and molten sil-
icon are reacted in situ in form shapes
made from carbon with or without sili-
con carbide. The strongest and most
wear-resistant silicon carbide products
are made by sintering or hot pressing
of fine high purity powders. Such prod-
ucts are finding applications in areas of
high wear such as mechanical seals and
pump parts. Properties of wear and
corrosion resistance and high hot-
strength also make them useful for some
engine components.

Silicon nitride, Si;N,, is a synthetic raw
material which is made by high tem-
perature chemical reactions between
1000° and 1600°C. Because of the
‘nique properties of dense products of
silicon nitride, it is-beginning to find
commercial uses after many years of
research. Sintered 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 carbide
products bonded with silicon nitride have
besn made commercially for about 30
years. Like reaction bonded silicon ni-
tride, the silicon fitride is manufactured
in situ by firing a silicon carbide and sil-
jcon mixture in nitrogen.

High strength siiicon nitride shapes

| were obtained after it was learned how

.ders to theoretical density. The three

to hot press or sinter silicon nitride pow-

most important methods for manufac-
turing silicon nitride powder are: react-
ing silicon metal powder with nitrogen;
reacting silica, carbon, and nitrogen; and
reacting chlorosilanes with a gas con-
taining nitrogen or & nitrogen com-
pound. The newest synthesis method
is to spray fused silicon in nitregen and
quench.

For hot pressing or sintering, these
powders are normally mixed with a sin-
tering aid such as calcia, magnesia, or
yttria. The sialons (combinations of sil-
icon, aluminum, oxygen, and nitrogen)
are often fabricated with silicon nitride
powder as a raw material.

Published production figures for the
U.S. and the world for siiicon 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 to 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 commercial quantities of silicon

Sodium
Carbonate

Charles W. Raieigh
FMC Corp.
Philadelphia, PA 18103

Production of seda ash in the U.S. in
1884 was 7.8 milion metric tons, es-
sentially unchanged from 1983. Despite
the strength of the doliar, however, 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 80 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/kg.

Silicon nitride has been studied as a
potential material for engines for the last
15 years. It is being used today to pro-
duce prechamber cups for a diesel ap-
plication in quantities of about 120 000
pieces annually This is the order of about
1006 kg annually, but it is a start. Tool
bits of silicon nitride, sialon, and mix-
tures of silicon nitride with other ma-
terials are finding increasing use. There
are at least 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
application.

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

leading supplier (Table 1). There are sev-
en soda ash producing plants 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 still dominates.

Overcapacity in the U.S. and Western
Europe continues to be a problem. U.S.
pricing, although improved somewhat
in 1284, is still down substantially from
the 1982 high of $101/metric ton. At the
end of 1984, the price was $87/metric
ton at Green River, WY, with somewhat
higher pricing by the east and west coast
producers.

Table Il summarizes the present U.S.
soda ash end-use market. Giass con-
teiners dominate the market, but ere
experiencing severe competition from
aluminum cans and from plastics. Soda
ash consumption in glass container
manufacture has also been adversely
affected by the increased use of eco-

Table I. U.S. Domestic Producers of Soda Ash
Nameplate capacty

Producer . Location (Millions of metnc tons)
FMC Green River, WY 2.6
Allied Corp. 2 Green River, WY 2.0
Staufier Green River, WY 17
TexasGulf Green River, WY 0.8
Tenneco Green River, WY 0.¢
Kerr-McKee Searles Lake, CA 13
Allied Corp. Syracuse, NY 0.7

Total 10.0
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T
Table Il. U.S. Soda Ash Markets
(1984)

Consumption
{Millions of
End use metric tons)
Glass and ceramics
Glass containers 2.10
Flat glass 0.60
Fiber glass 0.20
Other glass and 0.20
ceramics
Total glass and 3.10
ceramics
Chemicals 1.20
Detergents 0.60
Pulp 0.15
Water treatment 0.20
All other 1.05
Total U.S. demand 8.30
Exports - 1.45
Total U.S. production Td s

logical cullet. State container deposit
laws and environmental pressures have
made cdllet niiore available for recycle.
Glass container production peaked in
1978 and has declined each year since.
This 2nd use for soda ash is expected
to show no growth and probably will
decline.

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

of which find use in the ceramic indus-
try. These include sodium silicates,
phosphates, and lithium compounds.
Other chemicals, such as baking soda
and chrome compounds for pigments
and auto use, are also 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. soda ash industry is
expected to be less than one percent
per year.

With overcapacity in many parts 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 to apply solution
mining techniques to the mining of trona
(soda ash) ore. Solution mining in its
simplest form consists of drilling two
paraliel wells, injecting a solution to dis-
solve the trona in one, developing an
underground cavity, and removing the
dissolved trona through the second
well. This basic technique had been used
for 2 number of years in salt and potash
mining. It has the advantage of lower
labor costs than dry mining, provides a
higher percentage of ore recovery, and
allows mining at depths that normally
would be too deep to safely mine by
conventional methods. By the fall of

1985, FMC plans to have a full scale
soda ash plant on stream at Green Riv-
er, WY, using this technigue.

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

Another result of this never-ending
search for ways to reduce producticn
costs has been an increasing interest
in the development of foreign natural
based 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 depasits are
receiving considerable attention be-
cause of their proximity to the EEC
market. Studies to determine the opti-
mum method for commercializing 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 brine de-
posits in Mongolia have been known for
many years. At present both of these
deposits are too remote from their ma-
jor markets for large scale develop-
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ment. However, the Peoples Republic 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
1.9 million metnc tons.

in Africa, ICI has incrementally ex-
pandedits natural sodaash 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 producing 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 slowed
its commercialization.

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

aajor guantities of alkalis in the form of
caustic soda. Should these new depos-
its prove economically attractive, the re-
sulting soda ash could supplement a
portion of these import requirements.
ICI produces soda ash synthetically in
Australiz at Botany Bay.

In the area of synthetic soda ash ca-
pacity, there have been few changes.
India has announced a new 400 000
metric ton plant scheduled for comple-
tion in 1986—87. Although India already
has a 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 piant at
Macau for six years. The equipment has
been received and delivered to the site,
but funds are lacking for its completion.
The ASEAN Group (Assn. for South-
east Asian Nations) proposed erecting

300 000 metric ton soda ash plant at
_attahip, Thailand. This plant tco has
been subject to numerous delays. Re-
cent press releases indicate renewed
interest. -

A summary of soda ash capacity and
demand is shown in Table lll.

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-
ception of Japan), the reverse is true,
and these regions,are net importers of
soda ash. Japan has adequate soda ash
capacity to supply its domestic needs,
but has high productian.costs and hence
imported soda ash has become highly
competitive with locally produced ma-
terial. Africa and the Middle East are
essentially in balance, aithough Africa
both imports and exports material.

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

Table lIl. World Soda Ash Capacity
and Demand (Millions of Tons)

Area Capacity Demand
North America 10.8 7.4
Africa/Middle East 0.6 0.6
Asia/Oceana 5.0 5.6
Eastern Europe 10.5 8.3
Latin America 0.4 0.9
Westemn Europe 7.3 5.8
Total 34.6 28.6

All of the U.S. soda ash producers have
joined in the association 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 major soda ash producers will be
on cost reduction projects. As part of
this program, the industry-may be ex-
pected to continue to seek out new nat-
ural brine and trona sources having po-
tentially lower costs. o

Talc

Randall L Johnson™
R. T. Vanderpilt Co., Inc.
Norwalk, CT 08855

The mineral talcis a soft, hydrous mag-
nesium silicate, 3Mg04Si0,—H,0.
Commercial tales range from mineral
products approaching the near-theo-
retical mineral composition to mineral
products that have physical and/or py-
rophysical properties in common with
pure talc but contain very little of the
actual minerals. The mineral composi-
tion of tale mined in Montana, for ex-
ample, is essentially talc with minor
chlorite, dolomite, calcite, and quartz.
In Texas, depending on the district of
mining, associated minerals include
quartz, magnetite, chiorite, tremolite, and
anthophyliite. In Vermont, magnesite,
serpentine, chlorite, and sulfides are as-
sociated with the talc rock. We can see
in just reviewing a few locations that
talc minerals from different sources may
present notable differences, which in tumn
shape the consumption pattern.

According to BuMines, the latest fig-
ures show the production of talcin 1882
for the U.S. was 1 million metric tons
(1.1 million tons) and 1983 estimated at
0.95 metric tons (1.04 million tons), &
drop of approximately 8%.

Vermont, Montana, Texas, and New
York, in order of volume, produced to-
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gether 83% of the yearly total. There
were 21 talc producing companies in 11
states in 1983; the three largest sup-
plied 50% of the output. The ceramic
industry consumed 34% of the ground
tale.

Estimated reserve bases of taic-
group minerals remain at 136 million
metric tons (150 million tons) in the U.S.
Exports of talc and related minerals from
the U.S. during 1983 are estimated to
outweigh 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 to increase at an annual rate
of about 2% through 1890. It is further
estimated that in 1984, figures will show
domestic mine production of talc will be
1.2 million metric tons (1.3 million tons)
and U.S. apparent consumption will be
0.21 million metric tons (1.0 million tons).
U.S. exports of talc minerals has shown
cyclical growth in prior years, but the
tonnage in 1983 was the same as 1882,
and the lowest since 1876.

BuMines reports production world-
wide for 1382 totalled 6.9 million metric
tons (7.6 million tons), with 1983 ton-
nage estimated at 6.4 miliion metric tons
(7.1 million tons.) The present world re-
serve bass is listed at 288 million metric
tons (330 million tons). World resources
are estimated to be approximately five
times the quantity of reserves. Short-
ages of taic, therefore, are not expect-
ed. The supply situation could be ad-
versely affected, however, by lack of
financial capital for expansion or strin-
gent regulations on mining.

Petrographic and X-ray examinations
of ores from the talc mining areas of
Gouverneur, NY, show them to contain
three principai minerals: tale, tremolite
(nonasbestiform), and serpentine (in the
form of antigorite). Due to the presence
of 30%—50% prismatic tremoiite, New
York talc provides unique properties for
the ceramic industry. Tremolitic talc is
usad in whitewares (semivitreous ware
and vitreous ware), glazes, and refrac-
tories.

Typical semivitreous bodies include
wall tile art pottery, and dinnerware.
Tremolitic talc has been found to be an
ideal raw material for the following rea-
sons:
¢ 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
to delaying crazing.

e Aids dry-pressing because of the
presence of 30%-50% prismatic tre-
moiite.

e Permits iaster pressing, eliminates
lamination, and improves product den-

sity. ) B
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[&pedalty suitable for high talc, low
*temperature casting bodies through
control of specific resistance on certain
grades.
s Low firing temperatures and fast firing
schedules are possible, which conserve
energy and, in many cases, reduce cost.
The use of talc as an auxiliary flux in
vitreous bodies (high alumina, electrical
porcelain, vitreous china, sanitary ware,
and transiucent artware) to form a eu-
tectic with feldspar and nepheline sy-
enite is well known. The result is a tight-
er and stronger body when fired te 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 compaosition in his
patent application, using tremolite
(5%—20%) as a constituent to make
“cordierite-like ceramics™ suitable for
thermal shock resistance cookware. This
body composition has advantages when
compared with a cordierite body such
as reduced firing temperatures and wid-
er firing range. o

wWollastonite

Konrad C. Rieger*
R. T. Vanderbilt Co., Inc.
Norwalk, CT 06855

Wollastonite, a calcium siiicate (48.3%
Ca0 51.7% Si0), has received much
attention over the last decade. Twelve
years ago, world production of wollas-
tonite was about 40 000 metric tons/yr,
arise of 275%. With the market for wol-
lastonite to grow at about 10% peryear
for 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'estimated world production.
Other producers include Finland, Mex-
ico, India, Turkey, and Namibia. West
Germany is producing synthetic wollas-
tonite. The wollastonite ore bodies vary
from location to locztion and for the most
part need to be beneficiated. Associ-
ated minerals in the largest wollastonite
operation (at the Fox Knoll Mill near
Willsboro, NY), are primarily up to 40%
garnet and other impurities. High inten-
sity magnetic separation is used to sep-
arate the gamet. In the Gouverneur re-
gion of New York, a rather pure wollas-
tonite is being mined, which contains
only minor calcite and traces of diop-
side, and does n&t have to be benefici-
ated. In Finland, the deposil contains
limestone, dolomite, and an average
wollastonite content of 18%—20%. Froth

fintation and optical ore sorting is being

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 <hrink-
age, good strength, low warpage, low
moisture expansion, and fast firing with
decreased gas evolution. In semivitre-
ous ware, substituting 1% to 3% wol-
lastonite for flint and/or flux decreases
shrinkage and moisture expansion 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, wollastonite may be
used to substitute for limestone and flint,
reducing the volatiles and increasing the
gloss and texture of the glaze. In por-
celain enamels, wollastonite acts as a
natural frit reducing gas evolution.

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

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 slag
treatment for the steel industry, wollas-
tonite is being investigated and could
potentially contribute to a greater in-
crease than projected. Qverall, wollas-
tonite has unique properties which will
push up the demand. o

Zinc Oxide

Michael L. Deelo
St Joe Resources Co.
Monaca, PA 15061

Consumption of zinc oxide in the U.S.
over the last 10 years has averaged
182 000 metric tons (200 000 tons) and
most of this has been supplied by three
large domestic producers. In 1984, U.S.
consumption was about 186 000 metric
tons (205 000 tans), a 10% increase over
1883.

Production capacity for U.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
oxide has made substantial gains in re-

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

The U.S. has ample zinc 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 traditionally reserved for zinc ox-
ide and zinc dust producers. The prob-
lem of recycle raw material availability
is becoming serious as auto shreddets
begin to process the generation of au-
tomobiles which contain less recover-
able zinc. P

Price of zinc oxide is largely influ-
enced by the price of siab zinc (metal).
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 zinc pro-
ducers for the same raw materials which
are all based on slab zinc price. There-
fore, the production costs and, even-
tually, the price of all zinc products gen-
erally move in the same direction, at
about the same time.

Zinc oxide does not exactly track the
price of slab zinc on a month-to-month
basis. However, long term pricing trenas
of both materials are similar. Last year,
we saw the price of slab zinc move
downward at a very sharp rate. The price
of zinc oxide followed 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,
amphoteric, and relatively inexpensive.
All these properties have resulted in zinc
oxide appearing in a wide range of im-
portant large tonnage applications.

Rubber is the most important market
for zinc oxide, accounting for over 50%
of industry sales. Zinc oxide continues
to serve an important function as a rub-
ber vulcanization activator. No substi-
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 harg, but it is expected to re-
cover as economic recovery becomes
apparent.

Within the rubber industry, the majoi
tire companies use most of the zinc ox-
ide. In 1984, tire production was Ex:
cellent and resulted in 2 very good yea,
for zinc oxide consumption. The pres
ent year is expected to remain stron¢
for the rubber industry—rfoliowing the
trends of automobile production.

The paint industry accounts for ap
proximately 10% of zinc oxide con
sumption. After significant declines ir
the late 1970s, the paint industry usage
for zinc oxide seems to be holding stead
at slightly less than 10% of the tote
market. The loss of tonnage was at
tributed to a customer preference fo
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Particle-Size Analysis of Whiteware Clays’

This st:md.mi.is r:.:u.cd under the fixed designation € 775; the number immediately following the designaton indicates the'y ar of
original adoption or, in the case of revision, the year of last revision. A number in prrcathosss indicates the year of st reapprova: A
superscript epsilon (¢) indicatss an editonal change since the last revision or reapproval

€1 Nore—Section 16 was added editorially in October 1997,

1. Scope

1.] This method covers the quantitative determination of
1he distribution of particle sizes in kaolins and ball clays in
the size range 44 to 0.1 pm by the sedimentation process.
particles are allowed to settle under normal gravitational
forces and concentrations of particles in the size range 44 to
2 pm are measured using a hydrometer. Centrifuging is used
to cause the smaller particles to settle more rapidly so that
concentrations of particles in the size range 2 to 0.1 pm may
te measured using a pipet.

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 stardard 1o 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:

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

E 100 Specification for ASTM Hydrometers?

3. Definition

3.1 eguivalent spherical diamerer—the diameter of a
spherical particle having the same density and sedimentation
rate in the same fluid as the clay pariicles being tested.

4. Apparatus

4.1 Stirring Apparatus—A mechanically operated stirring
device in which a suitably mounted electric motor turns a
vertical shaft at a speed of not less than 10 000 r/min
without load. The shaft shall be equipped with a replaceable
strring paddle made of metal, plastic, or hard rubber as
shown in Fig. 1. The shaft shall be of such length that the
sturing paddle will operate at not less than % in. (19.0 mm)
Dor 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 metbod is under the jurisdiction of ASTM Commitiee C-21 on Ceramic
i and Related Products and is the direct responsibility of Subcommities
Q2104 on Clays.
Current edition approved Aug. 31, 1979. Published November 1979. Originally
Published a5 C 775 — 74. Last previous edition C 775 - T4.
* Annual Book of ASTM Standards, Vol 14.02.
2 Anmual Book of ASTM Stanidards, Vol 14.03.

NoTe 1—A few clays are difficult to disperss and for these clays the
use of a Waring blender* or equivalent is recommended.

4.2 Centrifuge—The centrifuge shall have bottles with a
capacity of approximately 250 mL, and the rotatiopal speed
shall be closely controlled and measured using a tachometer.
A timing device should be used to stop the centrifuge after
predetermined time intervals.

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

4.4 Sedimentation Cylinder—A glass cylinder essentially
18 1n. (457 mm) in height and 2% in. (63.5 mm) in diameter,
and marked for a volume of 1000 mI. The inside dizmeter
shall be such that the 10600-mL mark is 360 + 20 mm from
the botiom oo the inside.

4.5 Sieve—A No. 325 (45-um) sieve conforming to the
requirements of Specification E 11.

4.6 Water Bath or Constani-Temperature Room—A
water bath or constani-lemperature room for maintaining
the clay suspension 2t a constant temperature during the
hydrometer analvsis. A satisfactory water tank is an insuiated
tank that maintains the temperature of the suspepsions at a
convenient constant temperature at or near 23°C (77°F).
Such a device is dlustrated in Fig. 3. In cases where the work
15 performed in a room at an automatically controlled
temperature, the water bath is not necsssary.

3. Records

5.1 Dispersing Ageri—Dissolve 2 g of sodium hexamera-
phosphate (sometimes called sodium metaphosphate (Na-
PO,)) in 1 L of distilled or demineralized water.

Note 2—Some finegrained clays require more of the dispersant and
up to 6 g/L of water may be added afier trials have besn runm to
determine the percentage of dispersant causing the maximum fuidity
using a viscometer suitabke for clay-water suspensions.

NoTE 3—Solutions of this salt, if acidic, slowly revert or hydrolyze
back to the orthophesphatz 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 should have the date of preparation marked on
them.

5.2 Water—All water used shall be either distilled or
demineralized water. The water for a hydrometer test shall
be brought to the temperature that is expected to prevail

4 Available from Waring Products Div., Dynamics Corp. of America, New
Hardord, CT 06057. :
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during the hydrometer test. For example, if the sedimenta-
ton cylinder is to be placed in the water bath, the distlled or
demineralized water to be used shall be brought to the
temperature of the controlled water bath; or, if the sedimcn

tation cylinder is used 1n a room with controlled tempera-
ture, the water for the test shall be at the temperature of the
room. The basic temperature for the hydrometer test 1s 25°C
(77°F). Small variations of temperature do not introduce
differences that are of practical significance and do not
prevent the use of corrections derived as prescribed.

6. Hydrometer Test and Sieve Analysis
6.1 Determination of Composite Correction for Hyvdrom-
eier Reading:

— 375"diom.

l\ Permznent
Baffle

Baffle
Lozation

Detail of Stiring Paddies

6.1.]1 Equations for percentages of clay remaining in
suspension, 2s given in Section 13, are based oo the use of
distilled or deminerzlized water. A dispersing agent is used in
the watel, nowever, and the specific gravity of the resultng
dguid is appreciably grester than that of distilled or
demineralized water.

6.1.2 Calibrate the hvdrometer o1 20°C (68°F). Vanations
in temperature from this standard iemperature produce
inaccuracies in the actual bvdrometer readings.

NOTE 4—The amount of the inaccuracy increases as the variation
from the standard temperature increases.

6.1.3 Hydrometers are graduated by the manufacturer to
bz read at the bortom of the meniscus formed by the liqud

: 375 "t ———1

1

H

i
Gl Removable 7
i
W
p
]
o

26 "diom—
Metric Equivalents
in. 1.3 2.6 373
(mm) (33) (66) (95.2)

FiG. 2 Dispersion Cups of Apparatus
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on the stem. Since it is not possible to secure readings of the
clay suspensions at the bottom of the meniscus. readings
must be taken at the wp and a correction factor applied.

6.1.4 The net amount of the corrections for the thres
itemns enumerated is designuted as the cOmposite correction.,
and may be derermined experimentally.

6.2 For conveniencs, a graph or tatle o1 composite cor-
rections for a series of 1° temperature differences for the
range of expected test temperatures may be prepared and
used 2s needed. Measurement of the composite corecions
may be made at two temperatures spanning the range of
expected test temperature, and corrections for the interme-
diate temperatures calculated assuming a straight-lipe rela-
tionship berween the two observed values.

6.3 Prepare 1000 mL of liquid composed of distlled or
demineralized water 2nd the dispersing agent in the same
proportion as will prevail in the sedimentation (hydrometer)
test. Place the liquid in the sedimentation cylinder and the
cylinder in the constant-iemperature water bath. set for one
of the two temnperatures 10 be used. Wheuo the temperature of
the liquid becomes constant, insert the hydrometer, and.
after a short interval to permit the hydrometer to come to the
temperature of the liquid, read the hydrometer at the top of
the meniscus formed on the stem. For Hvdrometer 152H, it
is the difference between the reading and zero. Bring the
liquid and the hydrometer to the other temperature to be
used, and secure the composite correction as before.

7. Hygroscopic Moisture

7.1 When the sample is weighed for the hydrometer test,
weigh out, an auxiliary portien from 10 to 15 g in a small
metal or glass container, dry the sample to a constant weight
in an oven at 110 = 5°C (230 = 9°F), and weigh again.
Record the weights.

8. Dispersion of Clay
8.1 Weigh out a sample of 50 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 stiring device. Transfer the clay-water
shurry from the beaker into the special dispersion cup shown
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in Fig. 2, washing any residue from the beaker into the
special dispersion cup using distilled or demineralized water.
Add more of the distilled or demineralized water, if neces-
sary, so that 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 dispersicn cup with a
small amount of distlled or demineralized water and pour
through the sieve. Transfer the material on the No. 325 sieve
10 2 suilable contaizer, dry in an oven at 110 = 3°C (230 =
9°F) and weigh. Record the weight.

10. Hydrometer Test

10.1 Immediately after dispersion and passing through a
No. 325 (45-um) sieve, transfer the clay-water slurry to the
class sedimentation cylinder, and add distilled or deminer-
alized water untl the towal volume is 1000 mL.

10.2 Using the palm of the hand over the open end of the
cvlinder (or a rubber stopper in the open end), turn tke
cyvlinder upside down and back for a period of 1 min w0
complete the agitation of the siurry (Note 3). A1 the end of |
min set the cylinder in a convenient location and take hvdro-
meter readings at the following intervals of ume (measured
from the beginning of sedimentation), or as many as may be
needzd. depending on the sample or the specification for the
materiai under .est: 2, 5, 13, 30, 60. 240. and 360 min. If the
conirolled water badh is used, the sadimentation cvlinder
should be placed in the bath berween the 2 and 3-min
readings.

NGTE 5—Tbe anumber of turns dunng this minute should be
approxumately 60. counting ihe turn upside down and back as two murns,
Anvy clay remaining in the Sottom of the cylinder during the frst few
wurns should be lcoseaed by vigorous shaking of the cylinder while it is
in ihe inveried posiuon.

10.3 When it is desired to tzke a hyvdrometer reading,
carefully insert the hvdrometer about 20 to 25 s befere the
reading i1s due, 10 approximately the depth 1t will have when
the reading is taken. As soon as the reading is taken, carefully
remove the hydrometer and place it with a spinning moticn
in a graduate of clean distilled or demineralized water.

NoTs 6—1It is important to remove the hydrometer immediately
after each reading. Readings shall be taken at the top of the meniscus
formed by the suspension around the siem, since it is not possible 10
secure readings at the bottom of the meniscus.

10.4 After each reading, take the temperature of the
suspension by inserting a thermometer into the suspension.

11. Pipe Test After Centrifuging

11.1 Weigh out a sample of approximately 50 g of air-dry
clay. Disperse the clay in 250 mL of the dispersing agent (2
g/L) and allow to soak for 24 h in the same manper 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. 325 sieve to a glass
1000-mL graduate and then dilute with distlled or
demineralized water to within % in. (12.7 mm) of the
1000-mL graduation mark. Place the suspension in the



gauudlc i0 LD consiani-lemperature waler bath maintained
it a temperaturs ‘of 25°C (77°F). When the suspension
reaches the temperamure of the bath fll the graduate 1o 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-vwater suspension. This may be
accomplished by using a 250-mL volumetric flask filled with
water 1o add to each to the centrifuge bottles for marking of
the desired level.

11.3 Using the palm of the hand over the open end of the
graduate (or a rubber stopper in the open end), tumn the
cylinder upside down and back for a period of 1 min as
described in 10.2. Fill one of the centrifuge borttles 1o the
250-mL calibration mark placed there previously.

11.4 Centrifuge the suspension in the bottle for 24.45 min
at a corrected centrifuge speed of 500 r/min. Measure the
temperature of the suspension after centrifuging and record
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the average temperature of the suspension-during centr
fuging. Place the end of the pipet 75 mm below the surface ¢
the clay-water suspension as shown in Fig. 4 and withdraw ;
5-mL specimen. Place the specimen in a tared weighing disi
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 cubj
centimetre, '

11.5 Prepare three addition.' specimens of the clay-wate;
suspension in the same manner as described in 11.3 ang
centrifuge at a speed of either 1000, 2000, or 2500 r/min for
2 period of either 23.50, 36.70, or 93.90 min, respectively,
Afier each centrifuging, 1ake specimens at 2 depth of 75 mm
below the surface of the suspension, dry and weigh as
described in 11.4 10 determine the concentration of the ciay
in the suspension in grams per cubic centimetre. g

12. Calculation
12.1 Hygroscopic Moisture Correction Factor—The hy-

<

Meniscus
/cf suspension Sample point
T 5
fasis / i’m/C]a_v seciment
roza: 250 mi GIJI
I
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—_——— I, ——t | o pes R, = 35, 7Tcm
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I Ri=Ry=b=57+27=E%¢em
Hose clamp
Method of sampling
centrifuped suspension

v Y
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FIG. 4

Centrifuge Bottie and Sampling Pipet
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3}' opic moisture correction factor is the ratio between the
: S‘tﬁc t of the oven-dried sample and the air-dry weight
ore drying. It is a number less than one, except when there

- po hygroscopic moisture. _

s (2.2 Percentage of Coarse Material in Ciuy Sample:
12.2.1 Calculate the oven-dry weig: of clay vsed in the
Jrometer analysis by multiplying the dir-dry weight by the

mrgroscopic: moisture correction factor.

12.2.2 Calculate the percentage of the clay sample that is

r than 45 pm by dividing the weight of the materal
maining on the No. 325 (453-pmm) sieve by the oven-dry
weight of clay used for the hydrometer experiment. and

multiplying the result by 100.

12.3 Percentages of Clay in Suspension in Hydrometer

Experiment—Calculate the percentage of clay remaining in

suspension at the level at which the hydrometer is measuring

1he density of the suspension as follows {Note 7):

I

-

Note 7—Hydrometers are easily broken and sometmes require
considerable ime for purchase. The instructions for sampling using the
pipet (Section 1) may be substituted after appropriate time interval for
sdimentation or centrifuging has elapsed.

For Hydrometer 152H:
Py =(Ra/B) x 100

where:

g = acorrecton factor of 1.01 to be applied 1o the readiag
of Hydrometer 132H because the hydrometer is cali-
brated ror solids hzving a spe-ific gravity of 2.63 and
clay is considered 1o have a spzcific gravity of 2.60.

P, = percentage of clay remaining in suspension at the level
at which the hvdrometer measurss the deasity of the
suspension,

R = hydrometer reading with the composite correction
applied (Section §), and

W = oven-drv weight of clav in toial test samplas as
represented by weight of clay dispersed (see 12.2.1), 2.

12.4 Diamerer of Clay Particles:

12.4.1 Calculate the diameter of a pardcle corrzssponding
to the percentage indicated by a @iven hydrometer reading in
accordance with Stokes’ law (Note 8) on the basis that a
particle of this diameter was at the surface of the suspension
at the beginning of sedimentation and had setiled 10 the level
at which the hydrometer is measuring the density of the
suspension. The particle diameter may be calculated in
accordance with Stokes’ law as follows:

D = J[309/980 (G — G,)] X (L/T)

where:
D = diameter of particle, pm.
n = coefficient 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 to the
level at which the density of the suspension is being
measured, (For a given hydrometer and sedimenta-
tion cylinder, values vary according to the hydrometer
readings. This depth is known as effective depth. See
Table 1.), cm,

T = interval of time from beginning of sedimentation 1o
the taking of the reading, min,

G = specific Eravity of clay particles, which is considered to
be 2.60, and ’
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G, = specific gravity (relative density) of suspending me:
dium (value may be used as 1.000 for all practical
purposes).

NoTeE 8—Since Stokes™ law considers the terminal velocity of a1 single
sphere falling in an infinity of liquid. the sizes calculated represent the
diameter of spheres that would fall at the same rate as the clay parucles.

12.4.2 For convenience in calculations, the above squa-
tion may be written as follows:

D=KJLT
where:
TABLE 1 Values of Effective Depth Based on Hydrometer and
Sedimentation Cylinder of Specified Sizes*
Hydrometer 152H
Actual : Actual
. Effective EHectve
Hydrometer Hycrometer o
Reading Depth, L, em Reading Depth. L. om
a 16.3 31 11.2
1 158.1 32 £ ]
g 16.0 3 10.3
3 15.3 34 10.7
4 15.6 35 0.5
5 133
6 18.3 36 104
Fi 152 37 102
3 15.0 38 10.1
9 143 39 9.9
10 14.7 <0 9
11 143 41 3.8
12 143 42 9.4
13 1.2 43 9.2
14 14.0 44 9.1
15 13.8 45 a9
18 18.7 45 838
17 135 47 8.8
18 183 48 a4
19 132 49 8.3
20 130 50 2.1
B 2.9 31 78
22 12.7 52 7.8
23 125 53 7.6
24 124 34 74
25 12.2 55 7.3
25 12.0 56 74
27 1.8 57 70
28 1.7 58 6.8
28 1.3 53 6.5
30 11.4 80 8.5

“ Values of effective depth are calculated from the equation:
L=L;+ L, = (ValA)]

whera:

L = effective depth, cmn,

L, = distance along the stem of the hydrometer from the top of the bulb to the
mark for a hycrometer reading, cm.

L, = overall length of the hydrometer bulb, cm,

Vg = volume of hydrometer bulb, cm®, and

A = cross-sectional area of sedimentation cylinder, cm®

Values used in calculatng the values in Table 1 are as folkows:

For hydrometer 152H:

L, = 10.5 cm for a reading of 0 g/L
= 2.3 om for a reading of 50 g/L

Ly = 140¢em

Vg = 67.0 em?

A = 278cm®
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et
i~ns_E 2 Velues of K for Use in Equation for Computing TABLE 3 Centrituging Conditions*
e Diameter of Particles Having & Spec:ﬁc Gravity of 2.60 in E : oo ——
Hydrometer Analysis Sq“‘a’e‘_ ! W)‘m Vd e m,' - mzs g T

Temperature, °C K Values Diameter, pm Speed, rfmin rad/s h
16 0.01457 'y 1 500 52.4 23.45
17 0.01438 05 1000 1047 2350
18 0.01421 02 2000 209.4 36.70
18 0.01403 0.1 2500 261.8 93.90 S
= - gt 4 : —84cmandR, = 158 cn.
o1 001359 Calouiated on the besis that A, 2
22 0.01353 ) _ .
23 0.01337 G, = specific gravity (relative density) of suspending me.
gg 3‘3133% dium (value changes very slightly depending upon the
26 0.01291 average lest temperature); :
2 Rt t = centrifuging time, min,
2 0'012?4 w = angular velocity, as listed in Table 3, rad/s, and
% e R, 2nd R, = radii of rotation of the contziner placed in the

centrifuge 2s shown in Fig. 4.
K = constant depending on the temperature of the suspen- 13. Graph

sion and the specific gravity of the clay parucles.
Values of X for a range of temperatures and the specific
gravity of the clay particles considered as 2.60 are given
in Tabdle 2. The value of K does not change for a series
of readings constituting a test, while values of L and T
do vary.

12.5 Perceniages of Clay in Suspension After Centrifug-
ing—Calculate the percentage of clay remaining in suspen-
sion 2t the level at which the pipet specimen is withdravwn 75
mm below the surface as follows:

Po=[(200 x W )/HE]x 100
where:
B, = oven-drv weight of clav in the 5-mL test spscimen
removed a1 & depth of 75 mm below the surface of the
suspension afier centrifuging. g.
oven-dry weight of clay in the toial 1est sample as
represented by weight of clay dispersed (see 12.2.1), g.
P, = percemage of clay remaining in suspension at.the
lzvel at which the pipet specimen is withdrawn 75
mm below the surface of the suspension.

12.6 Diameter of the Clay Particles—Calculate the diam-
eter of 2 particle corresponding to the perceniage indicated
by & gven pipet specimen in accordance with Stokes' law,
reduced 10 the following form. on the basis that a particle of
this diameter was a1 the surface of the suspension before
centrifuging and had settled to the level at which the pipet
specimen is withdrawn after centrifuging:

D = J[18a/(G — G)iv2)[1n(R./R})]

diameter of parucle, 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 is considered

10 be 2.60,

A

13.1 Make a graph of tue test results, plotting the diame-
ters of the particles on a logarithmic scale as the abscissa and
the percentages smaller than the corresponding diameters 1o
an arithmetic scalc a2s the ordinate.

14. Report

14.1 Report the following information:

14.1.1 Nzme or number of the clay sample,

14.1.2 Form of the sample (lumps, granular, air floated),

i<.1.3 Percentage of hygroscopic moisture,

14.1.4 Equipment used for dispersion,

14.1.5 Time of storage in water,

14.1.6 Time of dispersion,

14.1.7 Tvpe of dispersant used. and

14.1.8 Cumulative weight percent of the sample finer than
44 pum, 10 pm. S pm, 2 pm. 1 pm, 0.5 pm. 0.2 pm, and 0.1
pm. respectively.

14.1.9 Comparison of different samples of the same clay is
ofien simplified by reporting only a single size. Thus china
clavs might be compared by reporting only the cumulative
weight percent of the clay finer than 2 pum. Ball clavs might
be compared by reporting only the cumulative weight
percent of the clay finer than 0.5 pm.

15. Precision and Bias

15.1 The precision for values of cumulative 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 pm and 0.5 pum, the precision is =5 %.

15.2 The geometric mean diameter calculated from thest
measurements for one clay should vary less than =0.2 p=
from laboratory to laboratory.

16. Keywords
16.1 clay; paricle size
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The American Society lor Testing and Materials takes no pesition respecting the validity of any patent rights asserted in connecilon
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the valicity of any such
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This standarc is subject to revision at any time by the responsible technical committee and must be reviewed svery five years and
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and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a mesting of the responsible
technical commatee. which you may aftend. If you feel that your comments have not recaived a fair hearing you should make your
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1. Scope

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

1.2 This standard does not purport to address all of the
safery concerns, if cny, associaled with irs wuse. Ir Is the
responsibiliny of the user of this standard 1o esiablisk aj.pro-
priate safery and healrh proctices and determine the applica-
bility of regulatory iimitations prior 10 use.

2. Referenced Docnments

2.1 ASTM Standards:
C 322 Pracdes for Szmpling Ceramic Whiteware Clavs®
E 1] Specification for Wire-Cloth Sieves for Testng

Purposes®

3. Apparatos

3.1 Stirring Device—A mechanical stirrer with a three-
bladed propeller Z ir. (5] mm) in diameter and having a
speed of approximzisiv 1700 r/min. or the eguivalent shall
be provided.

32 Sieves—The seves shall conform 10 Specification
E 1l and shall inciude the No. 100 (130-pm), No. 140
(106-pm). No. 200 (75-um) and No. 325 (45um) sieves
(Note). The wire cloth for these sieves shzll be woven (not
twilled) and shall be mounted in cwcular me:zl frzmes § in.
(205 mm) in diameter. which shall beso construcied as tg
p_erm.it nesting of w0 or more sieves. A pat and cover for the
sieves shall be provided.

4. Sampling

4.1 The sample shall be obtained in accordance with
Practice C 322.

4.2 The sample as received shall be placed in a drying
oven at.100 10 110°C forz period of not less than 5 b prior 1o
lestng ~

! This 1=t mcthod s undes the junsdiction of ASTM Commimice C-21 on
Cuimic\k’h:lcwzmandkdaud?mdumandzsrhcdin:mﬁnryo[
Subcommines (21 04 oo Cuayx.

D_m':nl edition approved April 24, 1981, Published November 1981, Originally
published 25 C 325 — 53, La< previows edition C 325 - 53.

2 Annuni Book: of ASTM Siarderds. Vol 15.02.
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5. Procedmre -~

5.1 Transfer duplicate portions, of approximately 250 ¢
the dried clay sample, weighed to the nearest 0.1 L
containess of a1 least 2-L capacity. We: the clay with 1 L
water and allow 10 slake for 2 h. If a free-flowing slurry is -
produced by this reatment. add another 500 ml of wate

5.2 To cnsure complete separation of clay from nonplar
Impurities, 2gitate the slurmy by means of 2 mechanical sir
(3.1). Connnue the stirring berween 5 and 10 min,

5.3 Transfer the slaked and strred sample, without loss,
the finest sieve 10 be emploved in the test, and wash
means oi z smzll jet of water from a VYe-in. (6.4-mm) s
rubber heose antachad 10 2 water supply having 2 pressure ¢
in excess of 1hat of an ordinary city main. The forcs of the
may be conmolled by compressing the end of the he
between the thumb and forefinger. Take care 1o avoid los
sample from splashing. Continue washing until water passi:
through the sieve shows only tracss of sample. Should lum;
matenal remain orp the screen. rerurn the residue 1o t
SUITET container by careful washing with 2 gentle jer of wate
and agiiate in approximately | L of water for 10 min. the
wash the slumy as previously described.

5.4 Wash the residue remaining on the finest sieve int
the pan. Thoroughly wet the remaining sieves to be ussd |
the test with clear water, and nest them in the propt
s&quence on the finest sieve. Wash the residue in the pe
Quanttatively onio the lop sieve, and give the stack .
preliminary weashing.

5.5 Nest the 1op sieve on the pan, which shall contal
about Y in. (12.7 mm) of clear water. Wash the residue b’
bolding the pan and sieve firmly in the hands, and by :
sidewise movement, causing water 1o splash up through th:
sieve and into the residue. This movement, coupled witl.
interspersed circular motions, allows thorough washing
Wash the residue and water remaining in the pan onto th*
1lop sieve of the siack ’

5.5 Again fll the pan with the proper amounteal watef:
nest the 1op sieve and its residue on the pan, and repeat tht
operation. Continue this untl the finest sieve has bett
washed. Carefully blot each sieve on its underside with 2 sof-
damp sponge. and place the sieve either in a drying oven 3
100 10 110°C or under infrared lamps until thoroughly dry-
Approximately 2 b is required with a drying oven, but only
about 30 min with an infrared lamp set 12 in. (305 mm)
above the sieve.

5.7 Nest the dried residues and sieves in the proper ordef-

with due care 1o prevent dusting of the residues. Close the;
. PR K. 1 |
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assembly lightly for | min on a table top.

5.8 Separate the nested sieves and carefuily brush the
residue from each onto a weighing paper. Weigh the residues
to the nearest 0.001 g on an analytical balance.

6. Calculation and Report

6.1 Calculate the sieve analysis for test sampie on the dry
weight basis,.and report the results to the nearest 0.01 % of
the mate®al retained on each sieve. Report the percentage

The American Society for Testing and Matertals takes no

with any nem mentioned in this standard. Users of this standard are
patent nghts, and the nsk of infringement of such rights, are antirely

This standard is.subject to revision at any tme b
if not revised, ether reapproved or withdrawn. Your
and should be addressed (0 ASTM Headquarters.,
technical commntes, which you may attend. If you leel that

passing the finest sieve as the difference between 100 % and
the sum of the percentages retained on the various sieves,
7. Precision and Bias

7.1 The true value of the partcle size can be defined only
in terms of a test method. Within this limitaton, this test
method has no known bias.

8. Keywords
3.1 clay; sieve apalvsis: wet sieve

posftion respecting the validity of any satert fights asserted in connection
expressly agvised :hat determinaton of the validity of any such
theer own responsibility.
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Drying and Firing Shrinkages of Ceramic Whiteware Clays"’
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superscript epsilon (¢) indicates an editorial changr since the Jast revision or rapproval

€ NoTe—Section 7 was added ediionally in October 1997,

1. Scope

1.1 This test method covers the determination of linear
shrinkage of ceramic whiteware clays, both unfired and fired.

12 This standard does not purpori to address all of the
safery concerns, i any, associated with its use. It is the
responsibility of the user of this standard 10 establish appro-
priate safery and health practices and determine the applico-
bility of regulatory limitations prior 10 use.

2. Sigpificance and Use

2.1 The purpose of this test is 1o obtain values of
shrinkage after dryviag and firing of clavs or bodies or both,
upder various processing conditions 10 epable designers 1o
determine the proper size of mold or die so as 1o produce a
predetermined sice of fired ware.

5. Test Specimens

3.1 Test specimens shall be either round bars approxi-
mately 25 mm in dizmeter by 115 mm in length, or bars of
squzre Cross seciion zpproximately 235 by 25 by 115 mm in
dimensions.

3.2 Test specimens may be prepared either by casung or
plestic forming, 2s circumstances reguire. At least five
spacimens shall be prepared. For cast specimens the molds
may be either one-piece, or two- or more-part molds; in
either instance sufficient space shzll be provided to aliow
solid casting without piping. Where plastic-forming is em-
ployed, the clay-water mass shall be brought 10 2 consistency
that permits the making of specimens rigid enough to allow
ca.rcﬁ:.l handling without distortion immediately afier the test
specimen 1s made. Plastic-formed 1est specimens shall be
made either by extrusion or by pressing in a suitable metal
mold. Where 2 vacuum pugmill is used, 2 vacuum of not less
than 25 in. (635 mm) Hg shall be maintained during the
forming operation. Where no vacuum attachment 1s used,
the plastic clay shall be thoroughly hand-wedged to eliminate
entrapped air as 2 preliminary to forming tes! pieces.

3.3 The test specimens, cast or plastic-formed, shall be
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
Iightly oiled pallet and allowed to dry at 20 10 40°C for 24 h.

! This 1=t metbod & wnder the jurisdicton of ASTH Comminec C-21 on
Ceramic Whitewares and Reizted Produocts and & the direct responsibitity of
Sobcommines C21.04 on Clayz. 3
- Curremt edition spproved June 25,1962, Poblshed August 1982 Osigizally
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During this preliminary drying period, bars of square cro:»
section shall be turned 90 deg several times at 2-h intervals 1|,
eliminate possible warping. After the initial drying penoc -
the specimens shall be placed in z drying oven a1 100 1
110°C and further dried for 24 h.

3.5 The drving shrinkage of the test specimens should b
determined in accordance with Sectoms 4 and 5. Th
specimens can pow be fired according 10 2 suitable firio
schedule 10 the desired temperature and the procedures ¢
Sections 4 and 5 applied to determine the total shrinkage.

4. Shrinkage Measmrement

4.1 Measure the distance betwesn shrinkage referenc
marks on dried or fired specimens to the closest 0.1 mm wit
vernier calipers. Record the average of at least five measurt
ments (one measurement on each of Gve specimens).

5. Calculation
5.1 Calculate the linear drving shrinkage as a percenitag
of plastic length, as follows:
Sd = L——r = Lﬁ x
'LP

100

S, = linear drying shrinkage, %,
L, = plestc length of test specimen, and
L, dry length of 1est specimen.

5.2 Caiculate the total linear shrinkage afier drying anc
firing of clay shrinkage specimens as a percentage of plastic
length, as follows:

I

S,=L,— L% 100
L

where: =

5 total Hinear shrinkage after drying and finng, %,
L plastic length of test specimen, and
L, = fired length of test specimen.
53 When desired, volume shrinkage may be calcuiatet
from linear shrinkage, as follows:

Volume shrinkaze, % = [1 — (1 — S/100)%] 100

where:
S = lipear shrinkage, %.

5.4 The shrinkage factor is used 10 convert fired sizes 10
plastic sizes or mold sizes. Calculate as follows: -

Shrinkage factor = L,/L,

where:

L

‘P

L-

plastic length of r.csfspccnm‘ en, and

nn

fired lcngthitsi specimen.
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§. Precision and Bias

6.1 The direction of flow in forming influences the ori-
entation of the clay particles and the shrinkage. The
shrinkage value should be related to the method of forming
s well as the dimension of the ware.

6.2 When the original reference points are 100 mm apart,
the precision of the shrinkage measurement is & 0.1 %.

6.3 Measurements of drying shrinkage on one dimension

of specimens all formed by the same method should yield a
standard deviation of 0.1 % or less.

6.4 Measurement of total linear shrinkage after drying
and firing on one dimension of specimens should- yield a
standard deviation of 0.25 % or less.

7. Eeywords
7.1 clay; drying shrinkage; firing shrinkage
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Modulus of Rupture of Unfired Clays
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1. Scope

1.1 This test method covers the determination of the
modulus of rupture of ceramic whiteware clays both dry and
after conditioning at 50 or 80 % relative humidity, or both.

1.5 This standard does not purpor! to address all of the
safety concerns, if any, associated with iis use. It is the
responsibility of the user of this standard 1o establish appro-
priate safety and health practices and determine the applicao-
bility of regulatory limitations prior 10 use.

2. Referenced Document

2.1 ASTM Standard: _ )
C 322 Practice for Sampling Ceramic Whiteware Clays®

3. Apparatus

3.1 Conditioning Cabinel—Apy suitable airtight cabinet
with means for circulating air, or vacuum desiccator, where-
in 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
siored with a saturated solution of sodium dichromate
(Na,CR,0,+2H,0), and specimens for 80 % relative hu-
midity shall be stored with a saturated solution of ammo-
nium chloride (NFHLCI). ) il

3.2 Testing Machine—Any suitable 1eSOng macnine may
be used, provided a uniform rate of direct loading can be
maintained at no more than 1 1b/min (4.4 N/min) using the
prescribed specimens. For the support of the test specimen,
two steel knife-edges rounded to @ 0.250-in. (6.35-mm)
radius shall be provided. The load shall be applied by means
of a third steel knife-edge rounded 10 a radius of 0.250 in.

4. Test Specimen Preparation

4.1 Preparation of Exiruded Specimens—100 % clay
specimen preparation: The test sample shall be blunged with
sufficient distilied water to give complete dispersion and
produce a slip of sufficient viscosity 10 avoid noticeable
settling of particles (usually in the range of 25 to 50 percent
solids). Slip shall be sieved through a No. 120 (125 pm) sieve
or equivalent. After aging 24 h the slip shall be dewatered 10
a plastic condition preferably by filter pressing. At this point

! This 1t method is under the jurisdiction of ASTM Commines C-21 on
Ceramic Whitewarss and Related Products and is the dirext responsibility of
Subcommitiee C21.04 on Clays )

Cusrrent edition approved July 15, 1993. Publisbed Scpiember 1993, Onginally
published as C 689 - 71 T. Last previous edition C 689 - 8O (1985)". =

2 4nnual Book of ASTM Standards, Vel 15.02.
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the moisture content musi be adjusted to optimum condi- -
tions for forming by some measure of plasticity such as
Plefferkorn apparatus, plumb bob pepetration, 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—10 be used in the case of
strong clays that are considered bonding materials. Prepere
specimens as in 4.1 using a mixture of clay and 200 mesh
potters flint in 2 1/] ratio 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 1o minimum viscosity. Adjust the solids con-
tent of the shurty to obtain a viscosity between 100-500 cps.
The slurry sbould be cast in plaster molds until solid, then
dried in accordance 10 the procedure outlined in 4.3 and 4.4.

4.2 Dimension—The test specimens shall be round bars of
0.75 (19.2 mm) diameter, 0.50 (12.8 mm) diameter, 0.25-in.
(6.4 mm) diameter, and at least 4.5 in. (114 mm) in length to
permit an overhang of at Jeast 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
specimens. No specimen shall be used that shows a warpage
greater than ] % of its overall length. The bars shall be

. checked from time 1o time during drying for straightness,

and before they stiffen, corrective straightening may be en-
couraged by rotating the bars so that drying occurs from
another surface region. Defective bars due 1o 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 1o dry at room
atmospheric conditions 6& to 104°F (20 to 40°C) for 24 h.
Then the specimens shall be dried in 2 drier at 140°F (60°C) .
and low relative humidity for 6 h, or until moisture content
is less than 0.5 %. The bars shall be loosely stacked in the
desiccator 10 permit rapid cooling. Bars should be cooled 10
near room lemperature but not longer than one (1) hour.
Afier the initial drying period, the specimens for dry strength
shall be further dried at 212 t0 230°F (100 to 110°C) for 24 b |
and then cooled in a desiccator before testing. The bars shall
be loosely stacked in the desiccator to permit rapid cooling
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should be cooled to near room temperature but not
Jonger than one (1) hour. After the initial drying, the
imens for testing at 50 or 80 % relative humidity shall be
p[acod into the conditioning cabinet with circulating air (or
in partial vacuum) with a saturated solution of sodium
dichromate or ammonium chloride, respectively, and in each
case, stored for 24 h to allow equilibrium conditions to be
rgzched.

5. Procedure

5.1 Test at least ten specimens at room lemperature 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 knife-edge supports of the
testing machine. These supports shall be spaced either 2 or 4
in. (51 or 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 | 1bf/min (4.4 N/min)
until failure occurs. For larger diameter bars, the loading rate
should be such as to cause failure 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 = 8PLjxd
where:
M = 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 102

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 each
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), and

7.1.4 Drying and storage conditions; that is, whether the
test specimens were bone dry, conditioned at 50 or 80 %
relative humidity.

7.1.5 Percent moisture of extruded bars,

7.1.6 Nominal diameter of bars,

7.1.7 Length of span (distance between supports),

7.2 The report may also inciude:

7.2.1 Percent moisture of each specimen at testing,

7.2.2 Description of type of fracture and the behavior
under load of each specimen,

7.2.3 Name and rating of the machine used to make the
test, and

7.2.4 Curve sheet showing the individual vaiues of maed-
ulus of rupture arranged in ascending order.

8. Precision and Bias
8.1 Precision—The precision of this test method is ap-
proximately +10 % of the average modulus of rupture value
for the bone dry specimens when the measurements are
made by an experienced operator. )
8.2 Bias—The bias of this test method cannot be speci-
fed.

9. Keywords
9.1 clay; modulus of rupture

The American Society for Testing and Materials takes no position respecting the validity of any patert ngits asserted in conmection
withanyn‘mnmionedr'nrhissrandard.Umdmsmmwmmwmmdmmuﬂydww
patent rights, and the risk of imiringement of such nights, are entirely their own responsibility.

This standard is subject (o revision at any time by the responsible technical committee and msst be reviewed every five years and
if not révised, either reapproved or withdrawn. Your comments are invited either foc revision of this standard ot for additional standarcs
and should be addressed to ASTM Headquarters. Your comments will recedve careful considerstion at a meeting of the responsible
technical committee, whr'c.hywmzyarrend_Hwaed&mynurmrwﬂsfnwnammfvedafa&hmﬁngywshmﬁnnk&m
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 1942B.
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Water Absorption, Bulk Density, Apparent Porosity, and
Apparent Specific Gravity of-Fired Whiteware Products’

This standard is issued under the fixed designation C 373; 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 since the last revision or reapproval.

1. Scope

1.1 This test method covers procedures for determining
water absorption, bulk density, apparent porosity, and ap-
parent 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 regudatory 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, Halter, 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, specified in 3.3, is completely
immersed in water with the sample and the wire loop being
completely free of contact with any part of the container.

3.5 Pan, in which the specimens may be boiled.

3.6 Distilled Water.

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. Sharp
edges or corners shall be removed. The specimens shall
contain no cracks. The individual test specimens shall weigh
at Jeast 50 g.

5. Procedure
5.1 Dry the test specimens to constant mass (Note) by

' This test method is under the jurisdiction of ASTM Committee C-21 on
Ceramic Whitewares and Related Products and is the direct responsibility of
Subcommittes C21.03 on Fundamental Properties.

Current edition approved Sept. 30, 1988, Published November 1988. Originally
published as C 373 - 55 T. Last previous edition C 373 - 72 (1982),

heating in an oven at 150°C (302°F), followed by cooling in 2
desiccator. Determine the dry mass, D, to the nearest 0.01 g.

NoTE—The drying of the specimens to constant mass and the
determination of their masses may be done either before or afier 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
impregnation, 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 seitzr pins or some similar device to separate
the specimens from the bottom 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, S, of each specimen while
suspended in water. Perform the. weighing by placing the
specimen in a wire loop, 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
each specimen lightly with a moistened, lini-free linen or
cotton cloth to remove all 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 re-
move such water as will drip from the cloth. Excessive
blotting will introduce error 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 due to 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, ¥, in cubic centi-
metres, as follows:

V=M-5
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6.1.2 Calculate the volumes of open pores Fgp and

impervious portions ¥y in cubic centimetres as follows:
Vop=M—D
Ve=D~-S§

6.1.3 The apparent porosity, P, expresses, as a percent, the
relationship of the volume of the open 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, 4, expresses as a percent, the
relationship of the mass of water absorbed to the mass of the
dry specimen. Calculate the water absorption as follows:

A= [(M - D)/D} x 100

6.1.5 Calculate the apparent-specific gravity, 7, of that
portion of the test specimen that is impervious to water, as
follows:

T=D/D-5)

6.1.6 The bulk density, B, in grams per cubic centimetre,
of a specimen is the quotient of its dry mass divided by the
exterior volume, including pores. Calcuiate thc bulk density
as follows:

B=DJV
7. Report

7.1 For each property, report the average of the values
obtained with at least five specimens, and also the individual
values. Where there are pronounced differences among the
individual values, test another lot of five specimens and, in
addition to individual values, report the average of all ten
determinations.

8. Precision and Bias

8.1 This test method is accurate to 0.2 % water absorp-
tion in interlaboratory testing when the average value
recorded by all laboratories is assumed to be the true water
absorption. The precision is approximately + 0.1 % water
absorption on measurements made by a single experienced
operator.

The American Society for Testing and Malerials takes no position respecting the validity of any patent richts esserted in connection
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 responsible technical committee and must be reviewed every five years and
if not 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 Headquarters. Your comments will receive careful consideration at & 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, 1916 Race St., Philadelphia, PA 19103.
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Specific Gravity of Fired Ceramic Whiteware Materials’

This standard is issued under the fixed designation C 329, the number immediaieiy following the designation indicates the year of
ongoz! adoplion or, It the cass of revisior, the year of last revision. A Dumber in parenthesss indicates the year of last reapproval. A
superseript epsilon (¢) indicales an edilorial change since the last revision or reapproval,

1. Scope

1.1 This test method covers the determination of specific
gravity of fired ceremic whiteware matenals under prescribed
conditions.

NoTte 1—This 1es: method is noi appliczble 1o materials attacked by
Waler.

1.2 This standzrc does not-purport 1o address all of the
safety concerns. ;7 any, associaied with iis use. It Is the
responsibility of ine user of this standard 1o establish appro-
priate safety anc neaith practices and determine the applica-
biliny of regulatorz: limitations prior ic use.

2. Referenced Dncuments

2.1 ASTAS Sicnaords:
D 153 Test Methocs for Snecific Gravity of Pigments®
E 11 Specification ior Wire-Cloih Sieves for Testing Pur-

]

poses’

3. Significance and Use

3.1 Measurement of specific gravine 1s a tool for deter-
mining the degres of marturation of & ceramic body.

4. Apparatus and Materials

4.1 Analviical Beicnce and Weighs.

4.2 Pvcnomeiers. of 50-mL capacity. consisting of suitable
bottles with capilla=y tube stoppers. :

4.3 Thermomeier, calibrated a1t C.3°C imervals in the
TOOIN IEIMPErature range.

4.4 Drying Oven.

4.5 Weighing Boule.

4.6 Desiccaror.

4.7 Vacuurm Source—A suitable apparatus 1o produce a
vacuum eguivalent 1o an absolute pressure of less than 1.0
in. (254 mm) Hg.

4.8 Distilled Water, that has been freshly evacuated. or
boiled and cooled. 10 remove dissolved air.

5. Sample Preparation

5.1 When possible, the sample for test shall consist of at
least two pieces 1otaling 100 10 150 g 1zken from different
portions of the matenial in such 2 way as 1o exclude skin
surfaces in so far as possible. The sample shall be selected so
as to be representative of the matenal 1o be 1ested.

! This =51 method is under the jurisdiction of ASTM Commines C-21 on
Ceramic Whitewares and Relaied Products and is the direct responsibility of —
Subcommines C21.03 on Fundamepta) Properies.

Current edition zpproved Sep 30, 1988, Published November 1988, Onginally

i published 25 C 320 ~ 53 T. Law previous edition C 329 75 (1981)°1.

.2 Annual Book of ASTM Sizndards, Vol 06.03.

5.2 The pieces shall be crushed, if necessary, berween
hardened siee] surfaces. The specimen shall then be reducec
10 25 to 50 g by quartering, and any magnetic maienz:
introduced by crushing shall be rémoved. This specimer
shall be ground in a suitable mortar so that it will pass &
150-pm (No. 100) sieve, conforming to Specificaton E 11.
or its equivzlent. Care shall be taken at all stages of the
crushing, gminding. 2nd quartering to minimize the introduc-
tion of impurities, and 1o retain all matenal even though
difficult to grind.

6. Procedure

o.] Malke all determinatons in duplicate. Determine 2!
weights in ihis procedure 10 the nearest 0.000] g.

6.2 Place 1be grounc specimen in a glass weighing bortie
and dry 10 constant weight 21 105 10 110°C. Close the borttiz
with a glase stopper immediately upon removal from th:
oven.

6.3 Dry the pycoometer and stopper at 105 to 110°C, cool
10 room temperzture in 2 desiccator, weigh on an 2palyticz:
bzlance, and record the weight as p. Fill the pyvcnomeier
bottle with cistilled waler a1 room lemperature, {,. insent the
stopper, ané remove the excess water oo the tp of 1tbs
capillary by means of filter pzper. Weigh the pvenometer anc
contents and record the weight as W,. Empty and drv the
pycnometer. :

6.4 Place abomt § 10 12 g of the dned specimen iz the dn
pvenometer: weigh the pycnomeier, siopper. and specimen
and record the weight as W. Add distilled water unul the
boule i1s approximately one-half full, and, 10 remove en-
trapped air, first stir the specimen and water thoroughly with
a glass rod. Then remove the glass rod, using 2 small guantity
of distilled water to wash back into the pvcnometer any
particles of specimen adhering 1o the rod. Finally subject the
specimen and water 1o a reduced air pressure of less than 1.0
in. (25.4 mm) Hg (abs).

NOTE 2—A suitable method for evacuation of gas is described 1o 5.5
of Test Methods D (53.

6.5 Fill the bottle, 2fier evacuation with distilled water al
room temperature, i», inseri the siopper, and remove the
excess water on the tip of the capillary by means of filter
paper. Weigh the pycnometer 2nd contents, and record the
weight as B5,

6.6 Temperatures 7, and I, shall be reporied to the nearest
0.5°C and shall not differ by more than 5°C.

7. Calculation
7.1 Calculate the specific gravity with respect 1o water at
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TABLE 1 Absolute Density of Water
Temperature, Absolute Density, g/om
*Cc 0 1 2 g | 4 5 6 T 8 9
0 0.999841 0.899900  0.999541 0.999965 0.999973  0.999965  0.999941 0.998302  0.999849 0.999731
10 0.999700  0.899605 0.999498 0.999377 0.999244 0999099 0998943  (0.998774  (0.998595 0.998405
20 0.998203  0.357992 0.997770 0.997538 0997296  0.997044  0.996783  0.996512  0.996232 0.995944
30 0.995646
TABLE 2 Absolute Density of Dry Air at 760 mm Hg
TeHRarRTrE, Absolute Density, g/cm®
*c 0 1 2 3 4 5 6 7 8 g
0 0.001293 0001288  0.001284 0.001279  0.001274¢  0.001270  0.001265  0.001261 0.001256 0.001252
10 0.001247 0.001243 0.001233 0.001234  0.001230  0.001226  0.001221 0.601217  0.001213 0.001209
20 0.001205 0.001201 0.001156 0.001182 0.001188 0.001184 0.01180 0.001176 0.001173 0.£01169
a0 0.001165 2 .
SRS T d\d.(W ~ n) G = specific gravity with respect to water at temperature .
) T 0.999973[dx( 55, — p) — d, (L = )] d = absolute density of water (from Table 1) at tiemperature
where: I o : ey —
d, = absolute density of water (from Table [} at tempera- a = absoiutc density of air (from Table 2) at temperarure ¢,
. and

wre 7, (6.3),
d-> = absolute density of water (from Table
ture (5 (6.3),

1) at tempera-

7 = welght of the stoppered pvcnometer {6.5).

W = weight of the sioppered pyvcnomer2r and specimen
(6.4).

W, = weight of the sioppered pvenometer filled with water
(6.3). and

W, = weight of the stoppered pyvcnomer2r. spacimen, and
water (6.3).

7.2 The absolute densitv of the specimen may be deter-
mined by following the directions in Section &. bur making
cerain that.all weighings are made at identical temperatures
and in a dry atmosphere. If this precaution is taken, the
absoluie density may be calculated as follows:

G = (W = p)i[(W, = p) = (W= BT
Absolute density = [Gid — aj] = a
where:

{ = temperature at which all weighings were made.

Report the following infermation:
Designation of the material tested.
Daia sheet showing zll weights and water remperz-
tures. [f the absoluie density is required. air temperatures
shail also be shown. and

8.1.3 Specific gravity (or absolute densitv, if reguired).
Duplicate detzrminadons shall be reporied to the nearest
0.001.

9. Precision and Bias

9.1 It is generally accepied that duplicate determinations
should not differ by more thaa 0.003. Addinonal specific
informoation to support 2 precision and bias statemnent is not
vet available.

The American Sociely for Testing and Mat=rials takes no positicn respecting the validity of anv pat=nt ngnts assened in connacticn
with any item mentioned in this siancard. Usars of ihis stancard are expressly advised ihat deterrunation of ihe waligity of zny such
patent rights. and the risk of infringemert of such rights, are ertirely their own responsibility.

* This standard is subject lo revision at amy =me by the responsible technical committes and must e reviewed every five years and
if not revised, enner reapproved or withdrawn. Your comments dre invited etther for revision of this siandard or for additional standarcs
and should e addressed io ASTM Heacguartars. Your commernts will recerve careful consideration ar a meeting of the resoansibie
techmical commitiee, which you may ariend, f you feel ihat your comments have not recerved a fair hearing you shou!d make your
views known (o the ASTM Committee on Standards, 1916 Race St., Philadeiphia, PA 19103.
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Compressive (Crushing) Strength of Fired Whiteware

Materials?

\,

This standard is issued under the fixed designation C 773: the number immediatcly following the desigpation indicates the year of
oniginal adoption or, ip the czse 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 sipee 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
products of low- to moderately high-strength levels (up 1o
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 purpori to address ail of the
safery concerns, if any, associated with iis use. It is the
responsibility of the user uf this siandard 1o esiablish appro-
priate snfety and health practices and determine the applica-
bility of regutatory limitations nrior (o use.

2. Referenced Documents

2.1 ASTM Siandards:

E 4 Practices for Force Verification of Testing Machines?

E 6 Terminology Relating 1o Methods of Mechanical
Testing?

E 165 Practice for Liquid Penetrant Inspection Method?

3. Significance and Use

3.1 Resistance to compression is the measure of the great-
est strength of a ceramic material, Ideallv, ceramics should
be stressed this way in use. This test is a measure of the
potential load-bearing usefulness of 2 ceramic.

4. Calculation

4.1 Calculate the compressive strepgth of each specimen
as follows:

C=P/4
where:
C = compressive strength of the specimen, psi or MPa,
F = 1otal load on the specimen at failure. 1bf or N, and

A calculzated area of the bearing surface of the specimen,
in.? or mm?2

I

! Thus method is under the Junsdicuon of ASTM Commitee C-21 on Ceramic
Whiitcwares and Related Products and is the direct responsibility of Subcommirnee
C21.03 on Fundzmenial Propenies

Current edition approved Sept. 30. 1988, Published November 1988, Ongoally
pubdlished as C773-74 10 replace C407 and € 528. Lasi previous edition
C773-179.

? Annual Book af ASTM Siandards, Vol 03.01.

3 Annual Book of ASTM Standards, Vol 03.03.

5. Report

5.1 Report the following information:

5.1.1 The procedure used, .

5.1.2 Type of testing machine (hydraulic or Screw),

-1.3 Material and size of contact blocks or of cushionip
tenials,

-4 Description of material being tested (Note 1),

.5 Rate of loading,

.6 Number of specimens tested,

.7 Dimensions and Joad at failure of each specimer

h

m

]

e
!
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5.1.8 Compressive strength of each specimen tested
rounded off to the neares. 100 psi (1.0 MPa), together witl
the average compressive strength of the sample tested and th
standard deviation.

NOTE 1—It is desirable to include details of the origin of th
specimen and subsequent treatment.

6. Precision and Bias

6.1 Interiaboratory Test Data—An interlaboratory tes
was run in 1979 in which randomly drawn samples of si
materials were tested in each of five laboratories. One opera
tor in each laboratory tested ten specimens of each matedial
The components of variance for compressive strength result!
expressed as coefficients of variation were calculated as fol
lows:

Single-operalor component
Between-laboralory component

1.50 % of the average
8.80 % of the average

6.2 Critical Differences—For the components of varianct
reported in 6.1, ™wo 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:

Critica) Difference, % of Grand Average”

Number of Observauons Single-Operator Between-Laboratory
in Each Average Precision Preacision
10 4.1€ 24,40

“ The critical differspees were calculated using 7 = 1.960 which is based. of
infinite degress of freedom. N

6.3 Confidence Limits—For the components of variance
noted in 6.1, single averages of observed values have gl?c
following 95 % confidence limits: '

Width of 95 % Confidence Limits, Percent of the
Grand Average”

Number of Observations Single-Operator Between-Laboratory
in Each Averape Precision Precision
10 . *2.94 =17.26

“ The confidence limits were calcuiated using 1 = 1,960 which is bassd 0P
infinite degress of freedom.
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6.4 Bias—No statement on bias is being made due 1o lack
of an accepted standard reference material.

PROCEDURE A

1. Apparatus

7.1 Testing Machine—Any testing machine conforming
1o Practices E 4 and to the requirements for speed of testing
prescribed in Sections 9 and 12 of this test method, may be

7.2 Spherical Bearing Block—In vertical testing machines,
the spherical bearing block shall be spring suspended from
the upper head of the machine id such a manner that the
ypper platen of the machine (lower face of the spherical
pearing block) remains in a central position (spherical sur-
faces in full contact) when not loaded. The spherical surfaces
shall be well lubricated, and the center of curvature shall lie
on the lower face of the platen. The diagonal or diameter of
the platen shall be only slightly greater than the diagonal of
the 1%-in. (38.1-mm) square contact blocks to facilitate
accurate centering of the specimens.

7.3 Contact Blocks—Cold-rolled steel contact blocks shall
be used between the test specimen and the platens of the
machine. These blocks shall be 1Y in. (38.1 mm) square by
% to ¥ in. {15.9 to 19.1 mm) thick, and the contact faces
shall be surface ground until plane and parallel. The contact

. blocks shall be resurfaced, if necessary, afier each strength

g

R e

test, and may be reused only so long as the thickness remains
over 2 in. (12.7 mm). If the contact block is cracked during
testing, it shall be replaced.

7.4 Cushion Pads—Cushion pads shall be used berween
the test specimens and the contact blocks to aid in distrib-
uting the load. New cushicn pads shall be used for each

_ specimen. Suitable materials for cushion pads. selzcted in

© 5000 1o 50000 incl (34.5 to 345)
* Over 50 000 to 150 000 incl (345 1o

T
=

Sislias

accordance with the compressive strength range of the
material being tested. are shown in the following table:

Compressive Strength Range, psi (MPa) Cushion Pad

blotung paper, Yes 1n. (0.4 mm) thick
mild steel, 32 in. (0.8 mm) thick (63

1030.0) HRB max)

8. Test Specimens

8.1 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 white-

£ ware by sawing or coredrilling. The ends of all specimens

shall be ground or lapped to vield plane and parallel faces.

These faces shall be perpendicular to the axis of the
gspecimen, and parallel within 15 min of arc (0.044 rad). *

8.2 Size—The size of the specimen should be no larger
to require more than 80 % of the rated capacity of the

Elesting machine. Examples of specimen size limitations are

fshown in Table 1.

#-9.1 Dyecheck specimens in accordance with Practice
=165 prior to testing. Discard any pieces exhibiting cracks or
53Ws visible to the unaided eye.

-2 Clean the test specimens with a suitable solvent after
&.0ding and immerse in an ultrasonic bath filled with hot

TABLE 1 ; .
Utilize 80 % of Rated Capacity of Testing Machine

NoTe—The rato of length o diameter of the test specimens may vary between
1.9 and 2.1. Diameters shali be measured 10 the nearest 0.001 in. (0.03 mm),

Testing Macrine Capacity, Ipf (kN)

Maximum Compres-

sive Strength, psi 10 000 (44) 20 000 (89) 30 000 (134)
(MPa) n. {mm) n. (mm) in. (mm)
10 000(69) 1.0{25.4) 1.43{36.3) 1.75(44.4)
50 000(345) 0.43{11.5) 0.64(16.3) 0.78{(19.8)
150 000(1034) 0.26(5.6) 0.37(9.4) 0.45(11.5)

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.

9.3 Carefully center the specimen in the machine between
the contact blocks. Place an appropriate guard around the
specimen to contain flving fragments at failure; eye protec-
tion should be used by the operator.

9.4 Apply the load continuously and without impact
shock until ultimate failure. The rate of loading to be used
shall depend on the compressive strength of the materal
being tested, as shown ia Tabie 2.

PROCEDURE B

10. Apparatus

0.1 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
hend must not be used.

0.2 Bearing Plates—Hardened steel 60 HRC bearing
plates shall be used berwsen 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 surmace ground until flat and parallel
within 0.001 in. (0.025 mm) total indicator reading. The
bearing plates shall be resurfaced as necessary 10 retain their
tolerance and to remove 2ny surface damage resulting from
testing high-strength marterials.

10.3 Conract Cylinders—Ceramic contact cvlinders of the
same material as the specimens to be tested shall be used
between the bearing plates and the test specimen to aid in
distibuting the load 2nd 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

q

Maximum Specimen Diameter in Inches (Millimetres) to *

cylinder failing prematurely and thereby giving an erroneous -

reading. By using contact blocks made of the same, or

TABLE 2 Typical Loading Rates to Cause Failure in 1 min

Note—The loading rate of 16 000 Ibf/min (70 kNjmin) shall be used for the first
three tests of an unknown matenal to determine the general strength classification
group. Some specimens crack before Utimate failure; the load at which the first
audibie crack occurs shall be noted, but enly the load on the specimen at ultimate
failure shall be used for calculation of compressive strangth.

Compressive Strength, psi  Specimen Diameter, in.

Loading Rate, Ibfimin (kN/

(MPa) {mm) min)
10 Q00(69) 1.00(25.4) 8 000(35)
- 50 000(245) 0.54(16.3) 16 000(70)
150 000(1034) 0.45(11.5) 24 000{105)
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deformation and Jess frictional resistance at the interfaces.

NoTe 2—Ceramic contact cylinders of similar composition 1o that of
the test specimen may be used 5o long as the contact cylinders have a
similar elastic modulus and equal or higher tensile strength 10 that of the
1est spectmen.

3,

11. Test Specimens ‘

11.1 Preparation—Grind the test specimens to right cyl-
inders. Grind the ends of all specimens with a 100-grit or
finer diamond wheel, until paralle] 2nd perpendicular 1o the
axis, within 0.0005 in. (0.013 mm) total indicator reading,

11.2 Clean the test specimens with a suitable solvent after
grinding and follow by immersion in an ultrasonic bath filled
with hot detergent solution. Then rinse the specimens in hot
water, dry at 110 = 2°C (230 = 4°F) for 2 b and cool 10 room
temperature in a desiccator.

NOTE 3—In the event that water-sensitive specimens, such as MgO,
are being cleansed, a substitute for water should be emploved.

11.3 Size—Specimens shall be 0.250 = 0.001 in. (6.350 =
0.025 mm) in diameter and 0.500 = 0.002 in. (12.70 = 0.05
mm) in length.

11.4 Number of Specimens—The pumber of test speci-
mens shall be not less than ten.

12. Procedure
12.1 Dve-check specimens zad contact cvlinders in ac-

13

Idln'lri

wilalce with Flacuce © 1oo DOOT o fﬁ{‘“B— DWC[ any
parts exhibiting cracks or flaws visible to the unaided 2ye_ -

12.2 Center the specimen carefully n the machine be.
tween the bearing plates (Fig. 1) to avoid eccentric loading
Place an approprate guard around the specimen to contaiy
flying fragments at failure; eve protection should be used by
the operator. , _

12.3 Apply the load continuously.and without impag
shock at a rate of 10 000 1bf/min (45 kN/min), within 20 .
Use only the load on the specimen at ultimate failure %
calculation of the compressive strcnth.'_

e

é Top Piocten of Press J

Test Specimen

Ceramic Conract
Cylinders {2)

LOUU]

i Bottom Pioten of Press

r<— Beoring Plates Hordened @
Steel (Rockwell Hordness C60)
{2) Surfoce Ground' Finish

FIG. 1 Apparatus for Testing Compressive Strength.

The American Society for Testing and hiaterials takes no pasition respecting the validity of any patent rights asserted in conngection
with any item mentioned in Ihis standard. Users of this standard are expressly advised thal determination of the validity of any such
patent rights, and the risk of infningemen: of such rights, are entirely their own responsibility.

This standard is subject (o revision al any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved of withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTAM Headquanters. Your comments will receive careful consideration ar a meeling of the responsibie
technical committee, which you may anend, If you feel that your comments have not received & fair hearing you should make your
views known 1o the ASTM Commitiee on Stancards, 1976 Rece St., Philadelphiz, PA 19103.
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This standard is issued under the fixed designation C 837, 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 since the last revision or reapproval.

1. Scope

1.1 This test method covers the measurement of the
adsorption 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 problems, if any, associated with its use. It is the
responsibility of the user of this standard 1o establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior 1o use.

2. Referenced Document

2.1 ASTM Standard:
C 324 Test Method for Free Moisture in Ceramic White-
ware 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 and such fundamental clay properties as cation ex-
change capacity, dry bond strength, and 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-um fraction, largely determines the
properties of the clay when used in casting slip. The specific
surface of the clay is a function of its particle size distribu-
tion, and since a straight-line relationship exists between dye
adsorption and specific surface, dye adsorption therefore is
an indication of the particle size distribution of the clay,
particularly that part of the distribution in the —2-um range
in the clay. This procedure describes the determination of
the dye adsorption (in this case, methylene blue) of the clay,
using as a sample the dry clay from the moisture test
described in Test Method C 324.

4. Apparatus
4.1 Balance, accurate 1o 0.01 g.

' This test method is under the jurisdiction of ASTM Commitiee C-21 on
Ceramic Whitewares and Related Products and is the direct responsibility of
Subcommittee C 21.04 on Clays.

Current edition approved March 27, 1981, Published August 1981. Originally
published as C 837 - 76. Last previous edition C 837 - 76.

2 Annual Book of ASTM Standards, Vol 15.02.

4.2 Mixer3

4.3 pH Meter or pH Paper.

4.4 Beaker, 600-mL.

4.5 Buret, 25-mL.

4.6 Medicine Dropper or Glass Stirring Rod.
4.7 Filter Paper, Baroid No. 987.¢

5. Reagents

5.1 Purity of Reageats—Reagent grade chemicals shall be
used in all tes's. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee or. Analytical Reagents of the American Chem-
ical Society, where such specifications are available.® Other
grades may be used, provided it is first ascertained that the
reagent is or sufficiently high purity to permit its use without
lessening the accuracy of the determination.

5.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean distilled water or
water of equal purity. )

5.3 Methylene Blue Solution (1 mL = 0.01 ‘meg)*—Store
in darkness.

5.4 Sulfuric Acid (0.1 N).

6. Procedure

6.1 Weigh out 2.00 g of clay that has been dried in
accordance with the procedure in Method C 324, and place
in the 600-mL beaker. If the clay cannot be tested immedi-
ately after drying it should be stored in a suitable desiccator.

6.2 Add 300 mL of distilled water to the beaker and stir
with the mixer until the clay is uniformly dispersed.

6.3 Determine the pH of the slurry and add sufficient
sulfuric acid to bring the pH within the range from 2.5 to 3.8.
Continue stirring while the pH is being adjusted and con-
tinue stirring for 10 to 15 min after the last addition of acid.

6.4 Again test the slurry for pH, adding additional acid if
necessary 1o restore the pH to the 2.5 to 3.8 range.

3 This test method is based on the use of the Model F Lightnin mixer, which is
available from Mixing Equipment Co., Inc., Rochester, NY. However, it has been
found that some clays are not completely dispersed in this apparatus, and so results
may be spurious. It has been found that the Waring Blender, available from
Waring Products Division, Dynamics Corporation of America, New Hartford, CT
06057, is successful in dispersing all clays.

< Available from Baroid Div., National Lead Co., No. 425-15. '

$ Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH L1d., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Foermularp, US. Pharmaceutical Convention, Inc. (USPC),
Rockville, MD.



115

i c 837

6.5 With the slurry still under the mixer, fill the buret with
the methylene blue solution, add 5 ml of the solution to the
slurry, and stir for 1 to 2 min.

6.6 Remove a drop of the slurry, using the dropp:r or the
glass stirring rod, and place on the edge of the filter paper.

6.7 Observe the appearance of the drop on the filter paper.
The end point is indicated by the formation of a light blue
halo around the drop. Continue adding the methylene blue
solution to the slurry in 1.0-mL increments with 1 to 2 min
of stirring after each addition, then testing, until the end
point is reached. For ball clays with relatively high methylene
blue indexes, testing may start after two or even three 5-mL
additions have been made to save time. Allow 1 to 2 min of
stirring after each 5-mL increment.

6.8 After the end point is rcached continue stirring for 2
min and retest.

NoTE—Representative specimens weighing 2.00 g are difficult to
obtain from some clays. In this case a larger specimen of clay may be
weighed and mixed with the proper proportion of distilled water. After
adequate mixing time a 300-mL portion of the slurry may be transferred
to the 600-mL beaker for testing.

7. Calculation
7.1 Calculate the methylene blue incex as follows:

mBi =EXY 5 100
where:
MBI = methylene blue index for the clay in meq/100
clay,
E = milliequivalents of methylene blue per mililitr¢
(see 5.3),
¥ = millilitres of methylene blue solution requlred 101

the titration, and
W = grams of dry matenal.
7.2 The calculations may be facilitated by using a mult
plication factor where the specimen size is 2.00 g and the
methylene blue titrating solution is 0.01 M

MB|=9'°12—XV>< 100
=05V

7.3 Recoru the methylene blue index for the clay.

8. Precision and Bias

8.1 The precision of this test method is the calculatec
methylene blue index (MBI) +0.25 meg/100 g clay. The
MBI value cannot be directly related to any single, simply
measured, characteristic of the clay; thus the bias of this tes
method cannot be specified.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standarc 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 responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either lor revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsibie
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, 1916 Race St., Philadelphia, PA 19103.
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