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(Characterization Nakhon-Ratchasima Clay
for Ceramic Application)
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Abstract

This study aims at the investigation of chemical compositions,
characterization of clay in Nakhon Ratchasima and its potential use in ceramics. It
focuses on seven kinds of clay, both from the usable clay sources and unusable
clay sources, namely, Dan Kwian plastic clay and sand, two types of clay in
Suranaree University of Technology and three types of clay from Jakkarat District,
These clays are analyzed and studied on their specific properties both before and
after firing processes such as shrinkage, strength, water absorpticn, porcsity, dried
and fired density, and improvement of clay quality. From the study of all clay

properties, the specific clay can be selected for the appropriations.
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b = AU NUDIFUNATBL

d = ANUNUTIDIFUNATD

Wi = psi (Ib/in’), ksi (1000 Ib/in’), MPa

ANBNATTIUAITNATOU ASTM C 674-88 for Whitware

ASTM C 689-93 for unfired clay
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4. UIMHI MOR
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4.4 wamsanyurlavesmssznoudaninies X-ray Diffractometer T4 D5005
1.BRUKER aXS %qué’m@f 20=10.00-90.00 , Step = 0.020°, Anode Cu
vnmsAnuIlavesiiotNAuRI01AT 09 X-ray diffractometer TauTaym 20
Faust 10 8190 pern wuh AuvnuMIMnauma lulaggsuis (3a C4/1) euilsznou

¥83A293 N(quartz) 1Tundnuazdaiwy Montmorillonite (Na ,, (ALMg), Si,0,, (OH), .8H,0)
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uag Hyalophane (K,Ba)(ALSi), S1,0, =‘§ar‘fluus'aqﬁ'lu%ﬁ'mﬂﬁ’mﬁﬂﬂugﬂﬁ 4.9 duAY
uathummminaduna luledgsud (ga ca2) fidlsznoundnfie Hyalophane
(K, Ba)(AL,S1),5i,0, 10BN (Si0,) AWy Montmorillonite (Na ,; (ALMg), 8i,0,, (OH),
8H,0) ,Hematite (Fe,0,) fvnldiAaduasluduuasriiatandag é’quﬂmiuzﬂﬁ 4.10

nnARs WU veIRUNI A AN (37 C7) Bnndailae numein
(5i0,) Huwdn Lazny Montmorillonite tRudndetivhiliAumsanundouiidnuus
ifunse TarumiienTooun &3 X-ray diffraction pattern Tugyl 4.1 dudAumilesy
iiou SuneToad (30 C8) 1¥nagaiife fdnlszneumdniiunedn (si02) uaswy
Montmorillonite (Na ., (ALMg), $i,0,, (OH), . 8H,0) Lia¥ Chamosite (Fe,51,0; (OH),) #1
il aumilerunisulamumiiennsidusamnsidnalsznouvsunin &3 X-ray
diffreaction pattern 1131 4.12

VInmsasIvaeLMave LS INesT Y 3 i Wkamsmseaaiine au
§ns1wunas Jo12 Haumdsznoumdniluniein (Sio,) uazny Albite (NaAISi,0,) 1o
Hematite (Fe,0,) S4v1¥auImas Jo12 ianumilouaziifuag & X-ray diffraction
pattern Tugtl 4.13 d3ududnT 1BLUNAS JO13 Uae J014 fdaulsznevdindrwiunnie
dnnlszreundniiunioim uazny kaolinite (ALSi,O, (OH),) 18 Hematite (Fe,0,) A
ueraalugil 4.14 wag 4.15 G wamsAn e st 7 unas WRagusy
15197 4.1

M4 4.1 lavesmnilszneuinsronulu@uniimsanm

winan waflsing

AU ANA.
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1914 4.1 Mavesmsdsznauniananulufiiimatny (ae)

yiinfiu wanilnng

Aunsesn o

<

Quartz (8i0,)
v Montmorillonite
(AI(OH),), ,, AL(Si Al ., O, KOH),

AvmiisaaumJou v  Quartz (Si0,)
v Montmorillonite

(Na , (ALMg),S1,0,(OH),.8H,0
v  Chamosite (Fe 5,0, (OH))

Aniing 1y (Jo12) v  Quartz (8i0,)
¢  Hematite (Fe,0,)

v  Albite (NaAISLO,)

AHENII¥ (JO13) v  Quartz (Si0))
v  Hematite (Fe,0)

v Kaolinite (A1,51,0(0H))

AUANTIV (JO14) v Quartz (Si0)
v Hematite (Fe,0,}

v  Kaolinite (A1,8,0(0OH))
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4.5 Han1IAnE1BINsEAOUNTUAN VOIANYHARINY

AN 4.2 MIRNYIeIIEAPUMUATIVBIAUAIDE19AI0 XRE

fvmiilen funig duvn | Aunag | audans | Awdnaw | Rudany
sartsznen | amanduy | dmaedew | wna. una. Jo12) (J013) J014)
{C8) N (C4/1) {C4/2)
Si0, 54.7 81.4 716 61.2 87.4 85.0 76.5
ALO, 21.3 7.56 116 14.4 6.26 7.08 11.9
Fe,0, 6.63 2.91 2.64 7.48 2.17 2.31 424
MgO 0.90 0.38 1.63 1.90 0.08 0.10 0.13
~ Ca0 0.18 0.29 0.13 0.21 0.02 0.06 0.05
Na,0 021 0.80 0.13 0.11 <0.05 <0.05 <0.05
K0 1.34 0.75 4.87 5.60 0.06 0.09 0.16
Tio, 0.98 0.85 0.46 0.60 0.55 0.63 0.71
PO, 0.05 0.04 0.06 0.03 0.01 0.02 0.02
MnO 0.01 0.03 <0.01 <0.01 0.01 0.06 0.03
Cr,0, 0.01 0.01 <0.01 <0.01 <6.01 0.01 <0.01
LOI 13.8 472 6.38 .04 3.75 4.16 6.34

4.6 HAMIANYININITIWVHIAYBBYMAAUIALIT Wet sieve

PINKAN IS ANY NI NI sIRYBIEYmMAAudnd e ltiumsdn Tagds
wet sieve WU Aumiisrdaandou Aunswanundou uazAuuasinwaumined
mnTuladqsuis feymanubon Auiiioymeazndoaiiqe fie Auuaauna. (C4/2) Tnna
dand1 325 Tunsoui 99.16% uasALMTnIRIIARIUCS) uazAunswamaniou(cs) il
Aann 325 lunseu 8y 95.55% LAz 86.18% AINE AL

dauAufivoiigeafie ausndunsing 1vumas J012 Fefivaeymadna 325
Tunseruiios 20.21% i daudunaluarminedomaluTadgaui (ca) e
@nn 325 lunsousy 63.27% deagil I hAuvinduneinssileymavesiunsuniidu

MBI IULNIN
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4.6.1 HANTNIZDHVINYBIAY IHIHIA NI

AT 4.3 MINTENUVNAVDIAUTILIRILAITU (C8) 1ATE wet sieve

win | wwagdl |vwindida| nlefiudd | sedSudmiinaend | watediSudiminazoy
Ainay | (micron) | Azunsa(p | Anazunsa|  swwidonhydleves | funaluginhipdlaves
(%) (%) ALUAT AZUATY
Tmgniso|  >297 - - 100 0
50 297 051 0.36 99.64 .36
100 150 1.38 0.55 99.09 0.91
140 106 1.63 0.65 98.44 1.56
2060 75 2.13 .85 97.59 24]
325 45 5.1 2.04 05.55 4.45
Pan < 45 238.85 95.54 0 100

4.6.2 P1INSEOWAIAYBIAUNT 1WA NI

A9 4.4 PITAIZGVUIRVDIAUNI WA MU0 (C7) 1AIT wet sieve

wa | swagdla [dmindthe] nlefiudd | wnlofidumiminnzadt |salofiudminminnzmy
ATUNTI ATUNTI axunsy | Auezunss [ vwadendigflaves fvuraluainhgdaves
(%) {micron) (g (%) ATUNTY SN
Tvgndiso]  »297 (00 0
50 297 237 0.95 99.05 0.95
LY 150 .73 3l 95.95 4.05
140 106 7.36 294 93.01 6.99
200 75 11.47 4.59 88.42 11.58
325 45 5.6 224 86.18 13.82
Pan <45 215.45 86.18 0 100




4.63 MInszownnavesduvluvanminnaamalulabgnns

NI 4.5 msﬂs:ﬁnwmmmﬁuma un. (C4/1) TREIS wet sieve

sa | vwrga [doninfida| alefidudi sealofidumiminazand| salessudiminrzmd
asunsa | Azunsa | asunss [ fesunse | ewmdnniipillaves vumngniigitlaves
(1%} {micron) ) {®4} ATUNTY ATUNTY
Tvgniiso} >297 0 0 160 0
50 297 32.32 12.93 87.07 1293
100 150 34.82 13.93 73.14 26.86
140 106 841 3.36 69.78 30.22
200 75 8.21 328 66.5 335
325 45 8.07 3.23 63.27 36.73
Pan <45 158.17 63.27 0 100

4.6.4 MinsznsnnavesRuaTuaum Inndamaluladgiu

A1914 4.6 NMITNTLYYUIAUBIAUIAL UNT. (C4/2) 10875 wet sieve

ywm | vnagila [iwilnfi] wedidud ealeidudminninaza® sdediSuminiinazaud
arunsy | msunsy | eeunss | Anasunse [ womdonhigiaves wwaingatigilaves

(%} {micron) (g) (%) ATUNTY ATUNTY
Tuniise ) =297 - - 100 0

50 297 117 0.47 99.53 0.47

100 150 0.34 0.14 £9.39 0.61

140 106 0.1 0.04 99.35 0.65

200 75 0.17 0.07 99.28 72

325 45 0.3 0.12 99.16 0.84

Pan <45 247.92 99.17 0 100




4.6.5 nnmzmmmmmﬁuﬁmn J012
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AT 4.7 A1SATSWVUTRYOIAUTNT 1M AS JO12 Ta8IT wet sieve

wm | vinagda [siminAdae] nledidudd [salefidudbminazey satlefiudimiinaeud
avunsy | mmunse | esmnse | Knazunss | Awnadnnhglieves | wvineleginhigiaves
auw) {micron) @ %) ATUNT ATUATA
wgahso| >297 - - 100 0
50 297 3176 12.7 87.3 12.9
100 150 85.1 34.04 53.26 46.74
140 106 208 8.32 4494 55.06
200 75 26.84 10.74 342 65.8
325 45 12.47 4.99 29.21 70,79
Pan <45 73.03 2921 Q 100

4.6.6 MINIZV VL IAVOIAY 9NN J 013

#7519 4.8 ATATZVWVUIRYDIAUTNIHUKAL JO13 1A0TT wet sieve

e | viegde |dminAde] nediSudd senlofiudt mianzm| wolofdudihminaeud
azunss | amunma | meunse | Kwazunss | wosdnnihgfaves | vuwlnginhigdaves
(1u) {micron} {(g) (%) ATUNIA ATHNTE
Inginia so > 297 - - L0O 0
50 297 43.11 17.24 82.7¢ 17.24
100 150 82.95 33.18 49.58 50.42
140 106 20.55 8.22 41.36 58.64
200 75 20.38 8.15 33.21 66.79
325 45 5.56 222 3099 69.01
Pan =45 17.45 30.98 0 10
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4.6.7 NINGLD VHIAYBIAUINIY J014

A5 4.9 NMITATSTVVHIAVDIAUTNI BN AL JO14 JABIT wet sieve

won | vwagdla |iontodéne | alediudi |sadefidudinmiinmsen | walefidudihminazen
AN AZUNT prunse | fmzana | woadnnhgdleves | fviwdnnigdaves
() {(micron) () (%) ATIaN ATUNTS
Ingndiso | >297 - - 100 0
50 297 2235 8.94 91.06 894
100 150 4431 17,72 73.34 26.66
140 106 19.1 71.64 65.7 343
200 75 271.37 10.95 54.75 45.25
325 45 9.25 3.7 51.05 48.95
Pan <45 127.62 51.05 0 100

4.7 wamsanglinmezvnavesyMAANR0EY TagiA3es Scanning Electron
Microscope

pamsAnEIglituazIYIRYe oY INAUABE1 Tauin38 Scanning Elcctron
Microscope WU TIHAYBIUUIRDYAIATOARABITLHAMIANMIMSNIZIUUIAAWAT Wet
sieve HaznUTAumiloIanndou (C8) uazAunswanundou (C7) dnvazgaduuriy
sasimefudiudouTaioaniidulszneures Montmorillonite §3uAUY1I (C4/1) taz
auuns (C42) luauninodoma Tulaogsudseiiusumeymaiding Aoudhenauuazil
anguiiin duRunIndunedng s 0012,J013 unz J014) e dfumdsuiosiivndnumedu
i]utﬂuﬁﬂmum“lﬁajm?;uﬂssmm 20-70 lynsou

JiwarnnasymMaveEuns RNty (C7) Tnnaszim 3-50 Tunseu

ol F = o 1 ar n:g o
Fnpazvaapliadidnuuziusiug wosmzduiufousuaingiu dwaadtugl 4.16
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31 4.16 Mwa1e SEM v83auNswa N (C7)

si5nazvuroymavesAumislaniniou (C8) Hvwaszana 3-20 luaseu

o L = o ] o t!
ﬂnymwmgﬂi HNuanyue Li’luuﬂu‘] o Lmzﬂmﬂu ﬁau'lﬂ'u‘u

A"
[

31 4.17 NMWDY SEM ¥83AUmMHEIA1NI0U (C8)

sz vinaeymavesduum luwauvinInedomaTu Tadgsuis (C4/1) vua

o ' ye- 4
Yszana 1-8 Tuasou anvaziluudug uazunsdumziudeouvinalvgiu



31 4.18 7wee SEM v93AU112 una. (C4/1)

ez nneeymavesduuasluaum Inedoma Tuladgsus (c42) vina
Uszanm 3-12 luaseu fdnvazvesgiliradlusumadng jul5eaoudranay wu uasis

sa
WIUNAH?

31 4.19 mwae SEM vesauIas una. (C4/2)
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JUiaazvinaeynInYeIAUB UNBINI 1Y J012 vinaszinm 20-70 lunsou

317 4.20 nMMe1Y SEM ¥03auSun8In31% J012

sUS1uazvwIReyNInYeIRUS UNDINT1¥.J013 vinalszanm 10-60 Tunsou

3141 4.21 adho SEM v93audunadng v Jo13
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JUnuezvnaeymaveIRus NI 1Y J014 vinadszina 1025 luaseu dnvuzdou

denauLaZIY

317 4.22 Me e SEM ¥03AUSunaIns 1Y J014

4.8 WaM3ANYIA MBI (Methylene Blue Index) 1az Specific Surface Area ¥BIAUA1Y
1 MBI (M) fio A1 Milliequivalent of Methylene blue 'ﬁgﬂ@ﬂ H1 imﬁﬂi}ﬁ Optimum
flocculation YDIAL 100 N3
(5192 A IIOAIUINUNT Specific Surface Area ¥03aU 1910 :
Specific Surface Area (m2/g) =M x A x 6.02 x 0.01

19 A = NuNAIUDS Methvlene blue cation = 129.2 R

A1519 4.10 HAMSANHT Methylene Blue Index {10 Specific Surface Area YBIAUF AR

¥HAAH S Mthylene Blue f-ﬂ; A1 MBI Specific Surface
(ml) (Milliequivalent /@14 100 g) Area (m’/g)

fAumtieramunioy 24 12 93.33
AUNTIOATUINIOU 55 2.75 21.39
AU uner. 16 8 62.22
fiu uAg una. 23 115 89.45
AUINTIY JOI2 4 2 15.56
AudIn3 1Y J013 5 25 19.45
Audns1r Jo14 4 2 15.56




67

d’ A-ﬁ [ oy O F L
HANTANY Methylene Blue Index (MBI) itag iuRAasumizvosdudaodis aqlldh
o dAad da o - o a [ - o o
Aufinfufifmswnzinnfigedio Aumilsadnundou (3 C8) fifle 93.33% s8eaunhnau
= J Fllﬁ [] 1 = + =1 ) b= L]
UASING. (37 C4/2) TINUTR290ME 89.45% dIURUNTWANINILY (CT7) HAZAUING NG

o & v oad A o o
WFIENI 3 U0 uwuﬂﬁ‘:ﬁuw1zunzmmmmsn'iumsuamﬂﬂuuﬂszquaumn
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4.9 HANFANHINIFINTLOIYYUINYBIBYN AN Laser particle size analysis

A1519 4.11 HAN13IRTILHILNABYAALBIAUYII UNT. (0 C4/1)

Result: Histogram Regort

Sample Details
Sample |0 white clay sut Run Number: 1 Measured: 26 Jan 2000 14:43PM
Sample File: (Result Not Saved} Aralysed: 26 Jan 2000 14:43PM
Sample Path: CASIZERS\DATAL Result Scurce: Aralysed
Sampie Notes; SHP disperae water mixer .2 %
ultrasonic S min.
Systern Cetails
Range Lens: Z0CRF mm Baam Length: 240 mm Sampler; MS17 Obscuration: 146 %
FPreserstation: 2CHD [Particie R = { 1.5285, 0.70CO) EBispersart R.I. = 1.330Q)
Analysis Modey: Polydisperse Residual: D729 %
Moaqificaticrs: Mone
Resuit Statistics
Cisribution Type: Volume Concentraticn = 0.0054 %Vai Censty = 1CG0g/ cub. cm Speciic SA = 42(04sa.mig
Mean Qiameters: Ofv, 013= 055um Ov.05)= 411um Div,08)= 1856 um
D[4.3= 7Z7um SE.2= 1.42um Span = 4.384E+00 Unfiermity = 1,3S4E-CC
Size Veiume Size Wolume Size Volume Size Velume
{um) Lindec % (um} Uinder % {um) Urder % (um) Under %
0.055 0.01 0.635 11.45 7.1 66.32 84,15 1C0.00
Q.ca1 0.2 0.700 1253 a0se B9.03 9279 1C0.C0
Q057 0.03 0772 13.68 8.89 71.86 1023 100.00
0074 Q.06 0.851 1454 2.80 7462 1128 160.C0
Q.ce2 0.10 Q.928 16.31 10.81 T2 124.4 100.00
G.050 0186 1.03 17.79 1191 7992 1372 100.00
0.093 0z3 1.14 18.39 13.14 82.40 1813 100.00
0.1Cs 0.33 1.26 2112 1443 8475 166.8 100.00
0121 0.48 1329 248 15.97 8585 18338 100.C0
0133 Q.64 .52 24,97 1762 88.58 2028 160.00
0.147 0.as 1.69 707 19.42 <084 236 1600
0.162 1.14 1.5 29.29 21.42 9253 2466 100.00
0.178 1.48 205 31ed 2362 9404 e 100.00
0.15%6 1.20 226 3401 26.04 95.38 258 1¢0.Ca
0217 239 249 36.51 28.72 8655 06 1CC.00
0233 286 2.75 a7 3166 97.55 B46 1C0.00
0263 380 303 41 E8 3492 ©8.28 402.0 100.00
025G 432 3.34 44 32 38.50 99.03 4433 100.CQ
0.320 509 363 47.00 42,45 99.54 488.8 100.00
0253 589 4.07 4971 46.81 53887 €390 1C0.00
0.389 673 4.48 82,44 51.62 93.97 5843 1C0.00
043 rED 494 EDiE e 52 100.00 BE5.4 1CC.00
0473 B850 545 5756 6276 100.00 727 180.00
0572 9.45 601 EO.74 £9.21 100.00 7969 160.00
0.578 410.43 853 6353 7532 103.0Q 8.7 1C0.00
Volume (%)
10 100
|
1 / _;_90
i
N - P e _180
. ]
bl "x\.\ ’/ ;TO
: e 0

a1’ 1.0 10.0 100.0

Particle Diameter (Em.)
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19 4.12 HABATITHULIABUNTAYBIAUUAS UNE. (YA C4/2)

Result: Histogram Report

Sample Detaiis
Sample |D: red clay sut Run Number: 1 Measured: 26 Jan 2000 15:0SPM
Sampie File: (Result Nat Saved) Analysed: 26 Jan 2CC0 15:09PM
Sampla Path: CASIZERSADATAL Result Source: Analysed
Sampie Notes: SHP disperse water mixer 0.2 %
uttrasenic S min.
System Cetails
Range Lens: 300RF mm Beam (=ngth: 2 40 mm Sampler MS17 Obscuraticn: 17.3%
Presenation: 3CHO [Particle R.\. = 1.5295, 0.1000Q); Cispersant R.| = 1.3300]
Anatysis Modei: Pelydisperse Residual: 0.349 %

Modificaucns: Nene

Result Slatistics

Distnouwticn Type: Voiume Cencermaticn = 0.C072 %ol Censty = 1.000 g/ cub. cm Specfic S.A. = 3.&87sq9.m/g
Mean Clameters: Div.0.1) = O.585um Civ.08)= 47%um D{v,08)= 1543ym ~
04,.3)= 6EB0um G{E.21= 168um Scan = 3.108E+00 Unifermy = 3. 7ESE-01
Size Velurme Size Veolume Size Volume Size Velume
{um} Uncer % {urn) Under % {urm) Under % {um) Undcer %
0.055 0.00 0.635 975 N 65.83 8415 100.00
0.061 Q.00 0700 10.24 8.C8 65.48 9278 100.00
Q.067 0.0 0772 10.56 8.89 7312 1023 100.00
0Gova c.oz 0851 1166 9.80 76.62 112.8 1C0.C0
o082 033 0.938 1247 10.87 7385 1244 1C0.00
0.0=0 0.Cé 1.03 13.3% 11.91 83.47 1372 1C0.C0
0.Ge9 Q.10 14 14,43 13.14 8593 1513 100.00
a.1cs Q.15 126 15.64 14.49 88.50 166.8 100.00
a121 0.23 1.39 17.02 15.97 8Q.77 1838 100.00
0133 035 1.53 18.60 17.62 9274 2028 1C0.CO
0.147 .52 1.8 2037 19.42 89440 2236 100.00
Q.162 Q.75 1.88 233 21.42 95.78 2458 10G.00
0.178 1066 203 2443 23.62 6 .89 NS 100.0C
0156 1.4 276 26.86 26.04 97.78 229.8 100.00
0217 1.85 249 2942 28.72 58.48 32086 1C0.Co
02329 285 275 3216 366 92.01 3646 100.00
Q263 323 3.02 35.06 3492 93.41 402.0 100.c0
0.28C 388 334 33.10 38.50 99.72 44373 1C6.00
0.3z 475 368 41.27 42 45 99.85 488 8 100.00
0.353 5259 4.07 4456 4681 39.28 539.0 100.00
0.389 637 4.48 47.95 51.62 100.00 584.3 100.00
0.423 71 494 5132 £6.92 1C3.C0 £55.4 1C0.00
0.473 782 5.45 54.56 6276 1C0.C0 77 100.00
Q.52 220 .01 S3E§ £9.21 100.00 7969 100.00
Q.576 S14 6.63 6215 76.32 100.00 8787 100.00
Volume (%)
10 10G
; T - - - - r —— - :
il ; it I I e ; 80
T o~ I t 1 | 1
: RS i e E ! 180
T 1 | ’ "u_“ 1 & ] 1
1 LI 1 1 1 1
roo L L . T
i , | | - ~ ] e 1 ] 1 _60
‘ I . N quit 1 : l I
t 1 § . 1 t .¢50
£ 1 [l 1
1 L] 1 r _i40
1 e | !
1 ! r
1 1 '
i i
| 1
1
i
1

. 100.0
Particle Diameter (m.)



Tl

= s = ' =
B1913 4.13 #HAMITAATITHIUTRDYMAAVDIAUN T/ 1N IBY (ﬁ!@ C7)

Resuit: Histogram Report

Sample 1D: sand

Sample File: ANU

Sample Path: CASIZERS\DATAL
Sample Notes:

Sample Details

Run Mumber: 13
Record Number: 60

Measured: 21 Mar 2000 12:55PM
Analysed: 21 Mar 2000 1 2:55PM
Result Source: Analysed

Range Lens: 300RF mm
Presentation: 30HD

Analysis Model: Polydisperse
Maodifications: Nene

System Details

Beam Length: 2.40 mm
[Particle R.I. = { 1.525, 0.1000). Distersant R |, =

Sampler: MS17
1.33001

Obscuration: 12.9 %

Eesidual, 0528 %

Cistribution Type: Volume
Mean Diameters:
D4 3=-2Z27tum

Concertration = 0.0084 %Voal

D(v,G) =

DR A= 244um

Resuit Statistics

Censdy = 1.GC0 g/ cub. cm

O{v.08) = ':IE:BB‘umﬂl
Span = 4 653E+C0 '

Speciiic S A = 2.46821sq.mig

Triv, 0.9 =

5591 um

Uniformity = 1 425£+C0

Size Velume Size. Volume Size Velume Size Voiume
{um) Under % {ur)’ Under % fum) Linder % {um) Under %
0.0s5 0.00 0.635 6.63 731 36.81 84.15 SGa7
.08 0. 0.700 7.12 8.06 as.0z 92.79 g97.69
Q057 Q.02 0772 7.63 889 41.32 14623 SB &2
0.074 0.04 0.851 B.19 9.80 43.68 1128 2922
oo82 0.06 0.938 B.EO 1Q.81 45.08 124.4 99.77
0.090 0.09 1.03 9.45 1191 48 53 137.2 9995
0.098 Q.14 1.14 10.18 13.14 50.88 151.3 100.00
c.109 0.20 126 10.56 14,49 583,45 166.8 100.00
o121 029 135 11.82 15.97 55.90 1838 100.00
0133 0.40 1.53 1275 17.62 5835 202.8 100.60
0.147 0.55 169 13.74 192.42 60.80 2236 100.00
0.162 a73 1.86 14.80 2142 63.24 2466 100.00
0.178 095 205 15.93 7382 £65.69 /s 100.00/
0.156 1.22 2726 17.13 6.04 &68.17 299.8 100.00
0217 1.54 249 18.39 2872 7067 3306 100.00
0239 1.91 275 19.71 21.66 7321 3646 100.00
0.263 233 303 21.08 3492 75.78 4020 100.00
0.250 278 3.34 2252 3850 78.41 4433 100.C0
0.320 325 3638 24.M 42.45 81.05 4888 100.00
0.353 373 4.07 2557 45 81 83.71 538.0 1C0.0C0
0.389 422 4.48 122 5162 86.20 943 100.00
.429 470 454 2884 5682 BB.77 655.4 100.00
0.473 518 545 3078 5276 91.07 7227 1G0O.C0
0522 567 6.01 32.68 €g.21 5315 7E8.2 ! oo
0576 6.15 6,63 3470 J 7532 94.96 J 8787 { 10000
Volume (%
10 (%) 100
e

I o
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A3 4.14 HAAT IR AVUIRBYNIAYDIALNTIDIA 11N IoU (A C8)

Result: Histogram Report

Sampie Details
Sample 10: Dankwain clay FRun Numnber: Measured: 21 Mar 2000 12:34PM
Sample Fie: ANU Record Number: 59 Analysed: 21 Mar 2000 12:34PM
Sample Path: CASIZERSICATAL Result Source: Analysed
Sample Notes:
System Details
Range Lens: Z00RF mm Beam Length: 2.40 mm Sampler: MS17 Obscuration: 16.7 %
Presentation: 30HD [Particie R.}. =4 1.5295, 0.1000); Dispersant R.l. = 1.33C0] .
Analysis Model: Pciydisperse Residual; Q427 %
Moatfications: None
. Result Statistics
Cistribution Type: Volume Concentration = 0.0072 %Vl Density = _1.CCO g/ cub, cm Specific 5.A. = 36258sq.m/g
Mean Ciameters: Div,01})= 063um O0S)= 53tum D{v.08) = ZZ215um
DM4.3]= 91Qum 0R3.21= 1685um Span = 4.055E+00 Uniformity = 1.308E+00
Size Votume Size Yolume Size Voiume Siza Velume
{fum) Under % {um) Under % {urmn) Under % {urn) tnder %
0.0%5 0.0C 0635 10.05 N £B.68 8415 160.00
0.061 .01 0.700 10.75 8.cs 61.45 g2.7% 100.00
G.Ce7 0.01 Q772 11.438 8.89 6429 1023 100.C0
0.074 0.03 0.851 12.32 9.80 &67.19 1128 100.C0
0.082 0.04 0.938 1326 10.81 70.16 124 4 10000
0.050 007 .03 14.31 11.81 73.18 137.2 100.00
0o=s Q.12 1.14 15.49 1314 76.19 151.3 100.CC
0108 Q.18 1.26 16.83 14.49 79.13 1668 10000
0121 027 1.39 1834 1597 81.85 1839 100.00
0.133 0.40 .53 0.0t 17.62 84.61 2028 1G0.00
0.147 058 1.69 2185 15.42 87.07 236 1C0.C0
0.182 0.82 1.86 2384 21.42 £9.79 2466 100.00
0178 1.13 205 2598 2362 91.26 2718 100.00
0.1%¢ 1.83 226 28.24 26.04 92,97 299.8 100.CO
0.217 202 249 20.61 2872 94.42 3308 100.00
0.238 2.60 275 3305 31.66 9563 36458 100.G0
0263 3z7 3.0 3553 3492 96.64 4020 100.00
C.280 4.02 3.4 38.03 3850 §7.45 4433 100.00
0.320 4.80 3.59 4025 42,45 98.12 48288 10000
0383 560 4.07 4367 46.81 98.65 5390 100G.00
0.389 639 443 4560 51.62 g99.08 5843 100.00
0.429 7.5 4.94 48,14 56.92 99 .42 655.4 100.00
0473 7.90 5.45 50.71 62.76 99.68 727 100.00
0522 8.64 5.01 53.32 53,21 5388 7¢6.3 100.C0
0.576 8935 5.53 £5.97 78.32 §9.58 878.7 1C0.00
Volume (%)
10 : . _ _ _ , 100
| _“—‘—‘_T_‘_H"""‘x__,____‘_ﬁ_% 1 1 1 1 L - l lg o
1 t - I .
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AT 4.15 KNI IATIHANIABYAINYDIAUTATIY JO12 (Una JO12)

Result: Histogram Report

Sample File; ANU

Sampie Notes: 012

Sample {0 Jakkarat clay

Sample Path: CASIZERSWDATAY

Run Number:
Record Number:

Sample Details

Measured: 21 Mar 2000 11:12PM
Analysed: 21 Mar 2000 11.14P%
Result Source: Analysed

Presantation: 3CHD

Maodffications: None

Range Lens: 300RF mm

Analysis Model: Polydisperse

System Details

Beam Length: 240 mm

[Particle R.I. = { 1.5295, 0.1CC0);

Sampler: M317

Dispersant R.|. = 1.3300]

Chscuraticn: 12.8 %

Residual: 0.728 %

Mean Diameters:

Distribution Type: Vclume

D[4, 3=~ 41.80um

Canceniration = 0.01
O, 01)= 1.50um
O[3, 3= 28lum

Resuit Statistics

11 %Val

Density = 1.000g/cub. em
G {v.0.5)=
Span = 3.528E+C

28.47 um

Specfic SA. = 21216sq. m/g

D {v.0.9) =

101.24 um

Uniformity = 1. 161E+00

Suze Volume Sizgs. Velume Size Volume Size Veilume
{um} Under % {um) Under % {um) LUnder % fum) Under %
Q055 . 0.635 5.67 ™ 26.23 84,15 8313
Q.061 0.02 0.700 6.02 808 Zr.87 9279 86.79
0.067 004 0772 6.38 a.8g 2959 1023 2012
0.074 Q.06 Q.851 6.79 S80 3140 112.8 93.01
0.082 010 0.5238 723 10.81 3324 124 4 95.41
Q.050 .15 1.03 7.72 11.91 35.41 137.2 7.3
0.098 022 1.14 8.24 13.14 36.55 1513 S8.70
0.109 0.30 126 882 1449 38.78 166.8 S9.58
121 0.4% 138 945 15.97 40.53 1838 9986
0133 Q.55 - .52 1012 17.62 4221 2028 10000
0.147 0.71 1.69 10.83 19.42 4383 2238 100.00
0162 .91 1.86 11.58 21.42 4529 2468 100.00
0178 1.14 205 1236 23.62 46.94 s 160.C0
0.196 1.41 226 1317 26.04 48.51 2958 100.00
0217 1.70 248 14.00 28.72 50.15 3308 100.C0
0239 203 275 14.86 31.66 51.91 3646 100.CO
0263 2.38 .03 1574 3492 53.85 4020 100.00
0.290 276 3.34 16.65 3850 56.02 4433 100.00
0.320 314 368 17.59 42 45 58 45 4888 100.C0
0.353 3.52 407 1858 48 81 61.18 539.0 1C0.C¢
0.389 3580 448 19.63 51.62 5423 5243 1G0.00
0.429 427 454 2075 56.92 6762 6534 100.C0
0473 463 5.45 21.56 62.76 7135 7227 100.00
0522 498 6M 2328 €921 7527 75589 100.CO
0.575 533 £.63 2470 7632 79.24 2787 100 00
Volume (%)
10 100

Particie Diameter (um.)
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A9 4.16 KRNI AATIZHVUIADYNIAVBIALTATIY JO13 (1vds JOI13)

Result: Histogram Report

Sampie Details
Sample |D; Jakkarat clay Run Mumber: 4 Measured: 21 Mat 2000 11:238M
Sample File: ANU Record Number: 57 Analysed: 21 Mar 2000 11:23PM
Samgle Path: CASIZERS\DATAL Result Source: Analysed
Barnple Notes: 013
System Details
Range Lenrs: 200RF mm Beam Length: 2.40mm Sampier: MS17 Obscuration: 12.0 %
Presentation: 30HD [Particte R.I. ={1.5285, 0.1000); DOispersant R = 1.3300]
Analysis Model: Polydisperse Residual: 0713 %
Modifications: None i
. Resuit Statistics N
Cistribution Type: Voiume Concentration = 0.0100 %Vol Density = 1.000 g/ cub. cm Specific A = 22039359 m/g
Mean Ciameters: Dv03)= 1.45um D{v.05 = 2375um D{v,09) = 99.60um
D[4,3]= 39.34um DRZ= 272um Span = 4,132E+00 Uniformity = +.312E+00
Size Volume Size ,, Volume Size Voiume Siza Veiume
{um) Under % {um)” " Under % {um) Under % {um) Under %
0.055 o0 0.635 5.89 7.n 26.40 84.15 | 8464
0.061 Q.02 Q.700 624 8.06 27.97 92.79 8784
0.067 0.04 0772 660 8.85 2985 1023 90.78
0.074 .07 0.851 7.00 9.80 348 1128 93.35
o082 0,11 0938 745 10.81 3336 124.4 8552
0.080 a.16 1.03 7.54 11.91 35.36 137.2 §97.24
0099 03 1.14 847 1314 37.42 151.3 98.55
0,109 032 126 9.06 14,49 3951 1€6.8 9945
0121 0.44 139 9.71 15.97 41.62 1838 89994
0.133 058 153 10.40 17.62 43.73 2028 100.00
0147 078 1.68 11.14 19.42 45,31 X236 100.00
0162 0.96 1.86 11.93 21.42 47,88 2466 100.00
0.178 121 208 1275 z362 49,88 2718 100.C0
0.196 1.48 226 1351 26.04 51.89 98 100.00
0217 1.80 249 14.49 872 5392 330.6 100.C0
0239 214 275 15.38 366 55.58 2646 100.00
0263 251 3m 16.20 3492 5813 402.0 100.00
0220 280 334 17.23 3B.E0 60.40 4433 1C0.00
0.320 330 369 18.18 42 45 62.82 4888 100.00
0.353 3.70 4.07 12.16 45.81 65.42 539.0 100.00
0.389 4.08 448 20.18 51.62 63.21 5843 100.00
0429 4.46 494 2125 56.52 nz2 655.4 100.00
0.473 483 5.45 2240 62.76 7445 27 100.00
0522 5.19 £01 2362 B9.21 77.83 756.3 $00.00
0.576 554 663 2456 76.32 81.26 878 Y 100.60
Volume (%)
10

; 1'
Particle Diameter (um.)
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A1 4.17 HAN1 I LHUIABUNIAVOAUTNIIY JO14 (UMde J0L14)

Resuit: Histogram Report

Sample Details
Sample ID; Jakkarat clay Rur: Number: 7 Measured: 21 Mar 2000 11:44PM
Sample File: ANU Record Number: 58 Analysed: 21 Mar 2000 11:44PM
Sample Path: CASIZERS\DATAY Result Source: Analysed
Sampie Notes: 014
System Details
Range Lens: 200RF mm Beam Length; 240 mm Sampler. MS17 Obscuration; 12.1 %
Fresentaon: 30HD [Particle R.L = { 15295, 0.10C0):.  Dispersant R.I. = 1.3300]
Aralysis Model: Polydisperse Residualr 0779 %
Modifications: Nene
Resuit Statistics
Distribution Type: Veolume Concentration = 0.0085 %Vol . Density = 1.C00g/cub. cm Specific S A. = 25778sq. mig
Mean Diameters: D{v,01)= 1.06um D{v.0.5) = 1624um Div,.09 = B&71um
D4 3= 2211 um Di2.9l= 233um -Sgpan = 5.274E+00 Uniformity = 1.613E+C0
Size Volume Size': Valume Size Volume Size Velume
{um} Under % {um} Under % {um} Under % fum} Under %
0055 jalwv] 0.835 7.34 7.3 s 8415 £2.18
0.061 o.M 0.7C0 777 8.06 az7o 9279 M.77
0067 0.03 0.772 8.22 8.89 3574 1023 9404
0ov4 00 0.851 B.71 980 7N 1128 2535
0.082 o.ca 0.9238 9.25 10.81 4018 124 4 57.20
0.0%0 0.12 1.03 9.84 1191 4252 137.2 2868
0099 a.18 .14 10.49 1314 44 50 1813 §9.E5
eR14:] Q.27 1.26 1120 14.49 4728 166.8 9993
oA bgl Q.38 1.39 1Ms7 15.97 49.61 1838 89.99
0.133 Q.53 153 1280 1762 51.88 202.8 100.00
0.147 0.72 169 1363 19.42 54.06 36 100.00
0.162 056 1.86 14,62 21.42 56.14 2456 100.00
Q.178 1.25 205 1559 Z3.62 5813 2719 1C0.co
Q156 1.58 226 16.60 26.04 &1.06 2998 10000
Q217 188 2.49 17.63 28.72 61.95 3306 100.00
0.739 2.42 275 1868 31.66 63.85 3648 1C0.00
0.263 2580 3.03 19.75 3492 65.80 4020 100.C0
0.2€0 3.42 334 20.84 3850 67.84 4433 100.00
0.320 3.5 3.63 21.85 42 .45 63.58 488.8 100.00
0.353 4.47 407 2310 46.81 7225 5380 “103.L0
(388 4.99 4.48 24.31 51.62 7476 5943 100.C0
0.429 5.4% 424 2558 56.92 77.50 6554 1C0.C0
0.473 5.98 545 2656 6276 80.41 27 100.00
0522 E.45 6.1 28 44 6321 83,39 7269 1C0.00
D576 6.20 6.63 2005 7632 86.35 g78.7 103.60
a,
10 ‘ Volume (%) | | 100
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M3 4.18 aUlanT AT EMINIZNIBVUIADYNINVBIAUAIL Laser Particle Size Analysis

FiAva Y WIREYMAR 10% (Lm) | TuweymaT 50% (m) | naneynind 90% (Jim)
D (v,0.1) D{v,0.5) D {+,0.9)

AL una. (3R C4/1) 0.55 4.11 18.56
AUUAT AN, (39 C472) 0.66 475 15.43
AUNTWAINTOU (3R CT) 111 12.63 5991
AumileIAanuniou (39 C8) 0.63 5.31 22.15
Audunedng vy Joi2 1.50 28.47 101.94
Audunedniiy Joi3 1.45 23.75 99.60
Auduneiny Jo14 1.06 16.24 86.71

WUAUYTI UNd, (38 C4/1) Hﬁ'qphumﬁﬁ’nwﬁwmﬂqmﬂn:sﬁnﬂﬁumﬂ naziivue
oymafl 50% TasiSinasniidy 4.11 Tunsou uasiuuae wna. (Ca2uazAumTiIsnInIou
wdwmmsteszivaeymait 50% TaolSuas vty 4.75 uas 531 Tunseu awd iy dau
fuvndunednsiwie 3 unas wiwumsdueriivunaoumadnasiie  Auninumas
3012,5013,J014 Twwasyninft 90% TaelSinas vty 101.9499.60 tay 86.71 Tuaseu e
Ay
410 WoRIANMIRAENTARONIHNYB IR 8L

A131¢ 4,19 namsAnyguauidnsurnyodua ey

. . . 4 -
Drying Properties AWMU LU Y% ATNUTU % PTHAAD ﬂ’&"lm.i,%\‘llﬁﬂ

Green Density (%omoisture content) ; (%Drying Shrinkage) | (MOR, MPa}

wiinAu (giem’)
Fantiozdn (Cs) 1.78%0.34 51.78%1.68 12.91%1.46 4.05%1.45
Fumilenlufha (cs) 1.6940.02 44.95+2.54 12.7710.84 5.17%0.87
Auntadne (€7) 1.7610.15 21.06%1.68 451408 2.18%0.14

aunswlidicn 1.76340.03 238t1.77 2.82F1.71 2.4830.20
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M3 4,20 wansAnwIgaaaianeumvesdu luwanm Inendoma Tuladgaund

AU UM % HPY % MIHAF Anduse
Green Density (%moisture content) | (%%Drying Shrinkage) {MOR, MPa)
wiaRU (g/cms)
Auydn 1.2410.57 8.47t0.62 8.6712.53 7.36£0.65
Auymlidn 1.5130.01 3.18%0.06 6.66:£2.52 3224021
Auunade 1.7930.02 8.1510.15 12.7310.82 18.1812.62
Aunaalsidng 1.7630.02 5.5530.18 13.0120.78 9.7140.68
AT 4.21 HanTANE AMANTRNEUINNTBIRUBINBANT VT ftunirdng
Drying Properties | #71umuwiv % AT % DTHAR PR TILANER!
Green Density {%moisture content) | {%Drying Shrinkage) (MOR, MPa)
ninAv {gfcmj)
jo13 &1 1.8510.05 18,1411 41 9.120.61 1.38%0.24
J014 &% 1.783:0.02 22.0510.31 5.9470.27 2.3830.20

- o f ° A o a oA ¥ 1=
wioma KansanyTveay Jo12 T dmsAns e auduiinumsdr hisme

a @ @ - ] ¥ d‘l’ a PR -] 3 a A 11 3 1
Fmdudnsnageu tierumsdaiieaud 1dlmsadntos nasdun lirmumsas idamanse

o ; ol
vuntugdlaonssald

<t LT A ar T
4.11 HMIANHIAUTNVARAUHTYBIRUMIBY N

1519 4.22 Hamsﬁﬂymmﬂnﬁﬁmmui’imswﬁmm ( Firing Strength) YBIAUANIAIYY

Aumiiyrda Aumiina liéns Fuvnedn funsielidg
(C’) (C8) (CT (C7)
QEUIINT (C)
600 2.08%0.19 1.1340.11 2.513%0.16 2.1740.21
£00 2211046 5.56%1.48 2.5610.18 2.3140.14
1000 30.16t4.73 24.0212.32 3.73%0.23 3.0810.38
1100 46.42%522 37.1214.65 7.3740.29 6.27%0.69
1200 50.7219.43 50.4519.16 12271041 11,7530.96
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AW 4.23 Wen ANy IRuANTAn YIS S INEUNT ( Firing Strength) vosiuTuwe

i inedoima Ty Taligaun?

-~

rindy Auvnin furnlid Autasig Auuaihida
(C4n) (can) (C4/2) (C412)
Qaugliu (°C) MPa MPa MPa MPa
600 5.3710.53 292102 2.0630.41 2351021
800 10.24£0.94 3.79%0.21 4321267 3.2140.38
1000 >79.65 7.8210.59 45.9917.20 204641.23
1100 >79.65 16.851.04 57.06110.32 37.5433.54
1200 18.7614.14 19.701.42 13.3712.67 14.0730.48

of 4 = Qo
AT 4.24 HANTS ﬁﬂmr’mmwam INAANYDIAUTUNDING IS

FHaau v 3013 R 1 1014 AT de
Qun gl (°C) MPa MPa
600 1.52740.22 3.0010.38
200 1.6810.24 2.033028
1000 2.1330.52 3.80t0.79
1100 3.5340.78 6.0710.6
1200 6.09+1.08 8.73%0.66

M5 425 KAMSANYINUENTAMSNARIMAUN ( Firing Shrinkage) Y04AUAMINIHY

fgaungiine
Fliadu Aumiitnfie Aumiloaludn Aunsodn ﬁumm'hiﬁ'w—‘

(C8) (C8) (o)) n

uUNnniiw (°C) % % % %
600 0.2430.2 0.53%0.29 0.3430.12 0.8241.21
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qg[b Designation: C 325 — 81 (Reapproved 1967}¢"

Standard Test Method for

Wet Sieve Analysis of Ceramic Whiteware Clays’

mwgmmmmmcsﬁ;msmwwwma@ﬁm indicaies the yar of
ogizal adoption of, in the coe of revision, 1he vear of last revigion. A uumb:-‘mmindimmcymdhsmwv::}A
RPErETipE epnidon (o) indicuis an editorial change gince the byt pevition or rerproval

4 NQTE—=Sechon 8 was added editoriafty tn Oczobe 1997,

1. Scope

1.1 This =5t method covers the wet sieve analysis of
c=rzmic whitewzre clavs. This test method is intended for use
ip testing shipments of ciay as well as for plant contro! w=st,

1.2 This sandard does not purport to eddress all of the
sGieTy concerms, If arny, associgled with i5 wuse. fi is the
responsibilicy of the user of this standerd o esiablish appro-
pricte safery and heziths preciices end deiermine the appiica-
biliry of reguiaior. iimitztions prior to use.

= Refereaced Docments

2.1 ASTM Sianderds:

C 322 Pracuicz for Szmpling Ceramic Whitenare Clays®
E 1l Spediicztion for Wire-Cioth Sieves for Tesdng
Purposes”

3. Apparatns

3.1 Siiming Device—A mechanica) stirrer with 2 thres-
blads? propeller 2 ir. (5! mm) in dizmer=r and baving a
spest of approximatsiv 1700 r/min. or the squivalent. shall
be provided.

2= Sieves—Tne devas shall conform 1o Specification
E !l and shzl inciude the No. 100 (130-um), No. 140
(106-um), No. 200 (75-um) and No. 335 (45um) sieves
(Motz). The wire cloth-for thess sieves shall be woven (oot
twilied) 2nd shall be mounted ip ci-tular mez] frammes § in.
(203 mm) o diamerer. which shall be so consTuered as 10
permit nesting of two or more sieves, A pan 2nd cover for the
sicves siall be provided

Nore—Equivalent sicves from other standard senies, such as the
Tyler series, may also be used If results are 1o be compared with those
obtained with meves fTom the ASTM serice it is tmpariant that the
opczing of the Sizves used fall within the toleances specifed in
Speafication E 1] for the comesponding ASTM Seves,

4. Sampling

4.1 The sarople szall be obtained in a2ccordance with
Pracuice C 5322,

4.2 The sample as rcccived shall be placed in z drying
oven a1.100 10 110°C for 2 period of not less thas 5 h prior 1o
lesting. ’

! Tos t mcthod B onde the jurisdicion of ASTM Commities (0.1 o
Coamir Whilewarss znd Reiaier Producs and o the diet ropongibility of
Subammmines C21.04 oo Ciavs

Current edition approved April 24, § 981, Publiched Navcmbl:rl981.0ri;imy
published a3 C 325 - 53, Last previous edivon € 325 - 53,

* Annual Book of ASTM Rareicrds, Vot 1500

Y dmiand ool o S TME ool Sold. VEon s

5. Procedare

5.1 Trzpsier dupiiczts pordons, of appreximarsly 250«
the dried clay sampie, weighed 10 the pegres: 0 g
containess of a1 least 2-1 capacity. Wet the clay with 1 T
watzr and allow to sizke for 2 k. If a fres-Jowing stur—y is -
producs< by this mearmeat add another 500 mL of wats

£.2 To easure complets separadon of clay from nonpjer
impuriges. 2gitate the sitry by means of 2 mechanicai so-
(3.:} Contnue the si—ing berwesn 5 a2nd 10 min.

3.5 Transier the siaked 20d stirred sample. without loss,
the dnest sieve ¢ be empioved in the test, and wash
means @i 3 small jer of water from a Ye-in (6.4mm) sc
rubper hese anached 10 2 water supply having 2 prossure -
in exesss of that of an ordinary ity main. The fores of the R
mav be coomolled by compressing the end of the ac
berwesn the thumb and forefinger. Take care to avoid los
sammpie¢ from spleshing., Continue washing untl water pess:
through the sieve shows only tracss of sample. Should Jum;
matetial remain on the scoesn return the residue i ¥
strTer copTaineT by carzfui washing with 2 geatle jer of wau
and zgitais in zpproximaieiv | L of water for 10 min. the
wash the sturmy as previousiy described.

$.4 Wa<h the residue remaining on the finest sisve io
the can. Thorougnly we: the remaining sieves to be uses &
the et wath clear wzisr. and pest them in the Drops
sequence o1 the Bnest sieve. Wash the residue in the pest
quesdtanively omto the top sieve, and g@ive the sack -
preliminary weashing

5.5 Nesi the top sieve on the pan, which shall comEL
about 2 in {12.7 mm} of clear watsr. Wash the residue B/
bolding the pan and deve firmly in the bands zpd by :
sidewise movemesi. causing water 10 splash up through W
sieve and 1o the residue. This movement, coupled wit'..
interspersed  cireular motions, allows thorough  wesbing
Wast the residue and waler remaining in the pap ooto e
iop Seve of the stack.

5.5 Agawn fll the pan with the proper amounteal Wi
nest the top sieve and its residue on the pan, and repeat tht
operzuion. Copfinuc this unnpl the fnest sieve has B
vwashed. Carefully blot each sieve on its underside with 2 soft
damp spong=, and place the sieve either in a- drying oves &
100 10 110°C or under infrared lamps untl thoroughty d-T'Yj
Approximately 2 b is required with a drying oven, but on)
about 30 mio with an infrared lamp set 12 in. (305 @D
above the sieve.

5.7 Nest the dried residues and sieves in the proper ordch -
with due care 10 provent dusting of the xesidues, Ciose the

s
—_———te L : P,
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Sembly lighuy for | wincaa tabte top.

5.8 Serarate the nested sieves and carefully brush the
residue from each onto a weightng paper. Weigh the residues
10 the oeares: 0.001 g on an apalyucal balapes.

6. Calcujaroa and Report

6.1 Calculate the sieve analysis for test sample on the dry
weight basis..and report the results to the gearest 0.01 % of
the mate®il rewained on each sieve. Report the percentage

passing the finef sieve as the differsacs berwess 100 75 1n¢
the sum of the percsntages retained on the vargous Seves
7. Precgsionm and Bias

7.1 Thae true value of the particle size can be <edsed ogjv
in trms of 1 st method. Within this Umitaden, this ‘et
method Bas oo known bias.
3. Keywords

8.1 clay; sieve analvsis: wet sieve

maAmermSociatyforngw&mmmmpmﬁmrmrm«mwumwmncmmmmcuvu:.-m
mmanynmmhmm.w.ar:dmmmmwm:.wc«ermmmcfme VRNGHY o Ty ST

Fafant nQMs, and the Nk of imrngerent of such aghts, are

Y Lfer CwTT Bsg Y.

Thiz S1angard it SUDJec] 1Q reviSion af any e by (he ;

lacrmc oo

of e reviSed, anther MEIDOroved or withdrawn, Ywmmmmmbmdmmamracmm
and snould e gddressed [0 ASTAM Heacotarers, Ymmwﬂmwﬂxmzamdrmmm
recrvcal commtes, wm’r:nyuumyarrm.Mwufe«rhamm.mmma:ar.w;wmamm
waws known 10 (he ASTM Commimtes ot Slangarcs, 100 Bar Hardor Drve, West Consnonocxen, D4 “5429.



qm}j Designation: C 326 - 82 (Reapproved 1e87)¢?

Standard Test Method fcr

Drying and Firing Shrinkages of Ceramic Whiteware Clays’

Thit wadard & Esuad under the xed dosigmation C 326: the puxhber Immediatoly fotkowing the dotpnation iz the yozr ol
originai adopton o, mmcm:dmmwdmmmAnmbzmmmm:wdhsmA
mqﬂm(c)mdmneﬂomldummmhﬁmaw

1 Nore—Sersion 7 was adderd editrmially I October 1997,

1. Scope
1.1 This test method covers. the determinanon of hnear
sb.nn.kzz- of e=ramic whiteware clave. both unfired and fired
12 This siandord does not purpors 1o address all of the
safery concerrs, if any, associated with 5 use It is ihe
resporsibility of the user of this Standard 1o establisn appre-
priate safery and health practices and determine the applica-
Biliy of reguictory limitctions prior 10 use.

2. Sigmificance and Use

2.1 The purposs of this test is w0 obtain values of
shrinkage afier drving and firing of clays or bodies or bot
under various procossing conditions 10 enable designers o
dat=rmine the proper size of mold or die 50 2s to producs 2
pradetermined size of Arad ware.

3. Test Specimens

3.1 Tes spw'_mcns shall be either round bars approxi-
mately 25 mmm in dizmeter by 118 mm in jength, or bars of
SQUATS CTOSS 520000 approximately 2 33 by 23 by 115 mm in
dimensions.

32 Tes: specimers may be preparsd either by casong or
plzstc forming, as cirmumstances require. At least five
specimens shall be prepared For cast specirnens the moics
may be erther one-piece, or two- or morz-part molds; in
either instance sufficient space shall be provided to allow
solid casing withoul piping. Whers piasde-formmg 1s em-
ploved, the clay-water mass shall be brought 10 a consistency
that permits the making of specimens nigid enough 1o aliow
carefi]l bandling without distoruon immedijately after the 1est
specimen 15 mades Plastc-formed test specimens shall be
made either by exusion or by pressing in a suitzble metal
mold Where 2 vacuum pugmill is used, a2 vacuum of not le=
than 25 in. (635 mm) Hg shall be maintained during the
forming operation. Whers no vacuum atzchment is used,
the plastc cley shall be thoroughly hand-wedged 1o eluminare
entrapped air as a preliminary to forming test pieces.

3.3 The 1est specimens, ¢ast or plastic-iormed, shall be
suitably identified and marked with shrinkage referenee lines
100 mm apart on the lorg axis of the specimen.

3.4 The marked specimens shail then be placed on a
bghtly ofled pallet and allowed to dry a1 20 10 40°C for 24 b

' This te0 method B wader the jurndiction of ASTM Committer C-21 oo
Coamic Whittwares and Redated Prodacrs and @ the drect rapoomibiiny of
Sobcommines C1.04 an Carys

Cutrem edition sprwowed Jome 25,1952 Poblhed August 1982 Orggumlly

Druring this preliminary drving period, bars of square o
sccaonsnaﬂbﬁtumuic’ﬂdcgs:vc-alnmmal2 b miervals |
eliminate pessiple warping. Afier the initial drying perio:
the specimens shall be piaced in 2 drving oven ar 100 1
110°C and further dried for 24 b

3.5 The drving shrinkags of the test specimens should b
derermined in accordancs with Sectons 4 and 5. Tk
specimens can now be fired according to 2 sui=ble frin
schedule 1o the desired temperature and the procsiures ¢
Sectons 4 and 5 2pplied to dstzrmine the total shrinkage.

4. Sprinkage Meastrement

4.1 Measure the distancs between shrinkage referenc
marks on dnied or fired specimens 1o the clossst (.1 mm wit
vernier catipers. Record the average of at least five measurg
ments (one measursment on each of fve specimens).

5. Galemlation
5.1 Calculate the linear drving shrinkage as 2 percentag

of plasuc length. 25 follows:

L—L,
L

F

S;= x 100

Sy = linear dryving shrinkage, %,
L, = plastc length of st spg:imcn, and
L, = drv leagth of 1es1 specimen.

5 7 Calculate the total linsar shrinkage afier érving anc
firing of clay shrinkage specimens as a percentage ‘of plastic
jength as follows:

S, =L,— L,x 100
L

‘p

S, = total linear shrinkage after drying and firing, %
= plastic length of test specimen, and
L, = fired length of 1est specimen.

5 .3 Whcno desired, volume shriniage may be cajcuiates
from linear shrinkage, as follows:

Volume shrinkzge, % = [1 — (1 — 57100¥%] 100

whcﬁ:

S = linear shrinkage, %.
54 'I‘hcstm_n.kagcfacmrxsnsadmoonvmﬁmdnz:slc

plastic sizes or moid sizes. Calculate as follows:
Shrinkage factor = L,/L,

where: .

L, plastic icngth of 125t specimaen, and

L. fired length of 1251 speamen.

non
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6. Precision and Bias

6.1 The direction of flow in forming influences the ori-
entation of the clay particles and the shronkage. The
shrinkage value shouid be related to the method of forming
15 weil as the dimensioa of the ware.

6.2 When the original reference points are [00 mm agart,
the preciston of the shrinkage measurement is = 0.1 %.

63 Measurements of drying shrigkage o one dimension

C 325

ofspcdmmsaﬂformndbymcsamcmﬁ:odsho i
standard deviation of 0.1 % or less uid yield a
6.4 Measurement of total linear shrinkage after gon
and firing oo one dimendon of specimens should y(:g;ng

standard deviation of 025 % or less. :

7. Keywords
7.1 clay; drying shrinkage; firing shrinkase

mwww meMMMMmmmw«wmmmuhm

with Ty dem mermionexd in (s Sandard. Users of this stanctard are expressly tremt

W@ of the vaikdity of any suce

SEOVT (IGIS, and the sk of isningamant of SUCY NGNS, Y airely e cwT? rasporcshdity.

mmammmzmmwmwmmmmmmmymmm
# X revised, gdhar reaporcved OF withdraw it YOur COmme nts any invited esther for revisicn of this starviard or (or 20G2ionel stanctares
and stoud ba addressed (0 ASTM Hedgouters, Yoor commments wil recaiive careful consiceraton af 3 mesing of e meporsee
tecnmcal commntes, Mywmm#ywmmmmm“mﬂbrmwmmmm
viws XPcw (o he ASTM Soreretes on Slancards, 100 Sarr Haroor Drive, West Canshohwoacker, PA 19428,



q&w Designation: C 373 - 88 (Reapproved 1994)

Standard Test Method for

106

Water Absorption, Bulk Density, Apparent Porosity, and
Apparent Specific Gravity of Fired Whiteware Products’

Thic standard is issued under the fixed designation C 373; the nurmber immediately following the designation indicates the year of
original adoption or, in the casc of revision, the year of last rovisios. A oumber in parcothesss indicates the year of last reapproval. A
superscript epsilot {¢) indicates an editorial change since the las 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 1o 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 heaith practices and determine the applica-
bility of regulatory limitations prior to use.

2. Sigpificance and Use

2.1 Measwement of density, porosity, and specific gravity
s 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 Materizls

3.1 Balance, of adequate capacity, suitable to weigh accu-
rately t0 0.01 g.

3.2 Oven, capable of maintaining 2 temperawure of 150 +
3*C (302 £ 95°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 stmilar 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 Distitled 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 {reshiy fractured as is practical. Sharp
edges or corners shall be removed. The specimens shall
contain no cracks. The individual test specimens shall weigh
at least 50 g.

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

! This tcst method is under the jurisdiction of ASTM Commitee C-21 an
Ceramic Whitewares and Related Products and is the direct respoosibility of
Subcommittae C21.03 on Fundamental Prepertes.,

Current edition approved Sept. 30, 1988, Published November 1988, Onginaily
published as € 373 - 55 T. Last previows edivon C 373 - T2 {1982).

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

Nare—The drying of the specimens to constant mass and the
determination of their masses may be done cither before ar after the
specimens have been impregnated with water. Usually the dry mass is
determined before impregnation. However, if the specimens are fable
or evidence indicates that particles have broken loose during the
impregnation, the specimens shall be dried and weighed afier the
suspended mass and the saturated mass have been determined, o
accordance with 3.3 and 3.4 [o this case, the second dry mass shall be
used in all appropriate calculations.

5.2 Place the specimens in a pan of distilled water and boil
for 5 h, taking care that the specimens are covered with water
at all times. Use setter pins or some similar device 10 separate
the specimens from the bottom and sides of the pan and
from each other. After the 3-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 Wwhile
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,
counterbaiance the scale with the loop, halter, or basker in
place and immerse in water to the same depth as is used
when the specimens are in place. If 1t 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 15 not determined, blot
each specimen lightly with a moistened, lint-free linen or
cotton cloth to remove all excess water fram the surface, and
determire the saturated mass, M. to the nearest 0.01 g.
Perform the blotting operaticu by rolling the specimen
lightly oo the wet cloth, which shall previously bave been
saturated with water and then pressed only enough to re-
move such water as will drip from the cloth. Excesstve
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 Calcuiate the exterior volume, ¥, in cubic cenui-
metres, as follows:

V=M-5
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6.1.2 Caiculate the volumes of open pores Fge and
impervious portions ¥jp in cubic centimetres as follows:
Vep=M—D
Vp=D-S5
6.1.3 The apparent porosity, P, expresses, as a perceat, 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)/¥] % 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, T, of that
portion of the test specimen thaf is impervious to water, as
follows:

T=D/D -5

_6.1.6 The bulk density, B, in grams per cubic ceptimetre
of a specimen is the quotent of its dry mass divided by th.
exterior volume, including pores. Calculate. the bulk densit
as follows:

B=D|V

7. Report

7.1 For each property, report the average of the value
obtained with at least five specimens, and also the individua
values. Where there are pronounced differences among th:
individual values, test another lot of five specimens and, it
addition to individual values, report the average of all ter
determinations.
8. Precision and Bias

§.1 This test method is accurate to 0.2 % water absorp
tion in interlaboratory testing when the average valu
recorded by all laboratories is assumed to be the true wate
absorption. The precision is approximately + 0.1 % wate
absorption on measurements made by a single experiencex
Operator.

The American Society for Tasting and Materials rakas N0 postion respecting the validity of any patent rights asserted in connection
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i not revised, efther reapproved of withdrawn. Your comments are irvited either for revision of this stangard or for additiona! standards

and shouid be addressed to ASTM Haadgquarters. Ywmﬂmﬂwwﬂumﬂmuam&adm:ﬁmm
technical commitiee, which you may attend. ﬂymfadﬂmyaxmmﬁshmndmceivadafairhearhgymsﬂaﬂdmm
views known (o the ASTR Commities on Siandards, 7816 Race 51., Philadaiphia, PA 13103,
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Standard Test Method for
Methylene Blue index of Clay’

This standard is issued under the fixed desigtation C 837; the number immediately following the designation iodicates the year of
original adoption or, in the case of revision, the year of [ast revision. A pumber {n parcntheses indicates the year of last reapproval &
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 biue index for a clay.

1.2 This standard does not purport to address all of the
safety problems, if any, associaled 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-
bifity of regulatory limitations prior.to 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 ciay lying within the colioidal 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
slay 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-pm 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 to 0.01 g.

' This test method is under the jursdiction of ASTM Comuittee C-21 on
Cesarnic Whitewares and Related Products and is the direct responsibility of
Subcommitter C 21.04 on Clays.

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

_* 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, 987.4"

5. Reagents

5.1 Purity of Reagenis—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
Committee on Analytical Reagents of the Amedcan Chem-
ical Society, where such specifications are available.’ Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
iessening the accuracy of the determination.

5.2 Purity of Warer—Unless otherwise indicated, refer-
ences to water shall be understood 1o mean distilled water or
water of equal purity. o ;

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-tuL 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 uatil 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 siurry for pH, adding additional acid if
necessary to restore the pH to the 2.5 to 3.8 range.

1 This 1est method is based on the use of the Mode! F Lightnin mixer., which is
available from Mixing Equipment Co.. Inc, Rochester, MY, However, it has been
found that some clays are not completely dispersed in this apparatus, and 50 resuits
may be spurious. It has been found that the Waring Blender, avaiiable from
Waring Products Division, Dynamics Corporation of America, New Hartford, CT
06057, is successful in dispersing &l clays.

+ Available from Baroid Div., National Lead Co., No. 425-15. !

5 Reagent Chemicals, American Chemical Society Specifications. Amcrican
Chemical Socicty, Washington, DX For suggestions oan the testing of reagents not
tisted by 1he American Chemical Society, sec Analar Standards for Laboratory
Chemicals. BDH Lid., Poole, Dorset, UK., and the United States Pharmaropeia
and Mational Formufary. US. Pharmaceutical Convention, lsc (USPC).
Rockville. MDD
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6.5 With the slurry still under the mixer, fill the buret with
the methylene biue solution, zdd 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 dropper 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 | to 2 min of
stirring after each 5-mL increrment.

6.8 After the end point is reached, continue stirring for 2
min and retest.

NOTE~-Representative specimens weigtung 2.00 g are difficult 1o
obtain from some clays. In this casc a farger specimen of clay may be
weighed and mixed with the proper proportion of distilled water. Afier
adequate mixing time a 300-mL portion of the slurry may be transferred
to the 600-m¥ beaber for testing.

7. Calculation
7.1 Calculate the methviene blue index as foilows:

Ml =22 Y o 100
where:
MBI = methylene blue index for the clay in meq/100 g
clay,
E = milliequivalents of methylene blue per millilitre
(see 5.3},
V' = millilitres of methylene blue solution required for

the titration, and
W = grams of dry material.
7.2 The calculations may be facilitated by using a rmulti-
plication factor where the specimen size is 2.00 g and the
methylene blue titrating solution is 0.01 &

0.01 x ¥V
2

MBI = x 100

=05V )
7.3 Record the methylene blue index for the clay.

8. Precision and Bias

8.1 The precision of this test method is the calculated
methylene blue index (MBI) £0.25 meq/100 g clay. The
MBI value cannot be directly related to any single, simply
measured, characteristic of the clay; thus the bias of this test
method cannot be specified.

The American Sociely for Testing and Materigls takes no position respecting the vafidity of any patent rights asserled 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 intringement of such rights, are antirely their own respornsibility.

This standard is subject lo revision ar any time by the responsibie technical committes and must be reviewed every five years and
# not revised, gither reapproved or withdrawn, Your conynents are invited adher for revisian of this standard or for edditional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consiteration at a meeting of the responsibie
fechinical commintee, which you may attend. if you feel that your comments have nof received a fair hearing you should make your
views known lo the ASTM Committee on Slandards, 1916 Race St., Philadsiphia, PA 19103.
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Standard Test Method for

Modulus of Rupture of Unfired Clays’

This staxckerd it dvanerd mmmmC@g:mewwrwmw- fon iodicxtes the year of
oci;in:l.dgpc:uu-inthcmnrmﬁon,th:ynr?fhn revision, ﬁ‘ﬂmbﬂmmv " the vear of Laa vl A
nmunﬁ:cuﬂcu(‘e)bﬁummmﬁﬂmmmmwnmw reppTe

€ NOTE—Scction 9 was added aditorally in Ocober 1997,

1. Scope

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

1.5 This standard does not purport io z_zddress all ._of the
safety concerns, if any, associated with its use. _II is the

;oc}nsibfﬁzy of the user of this .::Ia.ndard 1] e_s:abhsh appro-
priate safery and heaith proctices ond determine the applica-
bility of regulaiory limitations prior 10 use.

2. Referenced Document

2.1 ASTM Standard: ‘ ] .
C 322 Pracuce for Sampling Ceramic Whiteware Clavs™

3. Apparams

3.1 Conditioning Cabinet—Any suitable airtight cabinet
with means for circnlating air, or vacuum desicestor, wh;:n‘:-
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
stored with a samarated solution of sodium d.xcb_.romatc
(N2;,CR,0,+2H,0), and specimens for 80 % relative hu-
midity shall be stored with a satwrated solution of ammo-
nium chionde (NH,Cl). _ )

3.2 Testing Machine—Any suitable testing ma_chmc may
be used, provided a uniform rate of direct Ioagimg cn be
maintained at no more than 1 b/min (4.4 N/min) using the

cribed specimmens. For the support of thf:‘tcsl specimen,
two sieel kuife-edges rounded to 2 0.250-1p. {6.353-mam)
radius shall be provided. The load shall be applied by means
of a third stee] kaufe-edge rounded 10 a radins of 0.250 1.

4, Test Specimen Preparation

4.1 Preparation of Extruded Specimens—100 % c]_ay
specimen preparation: The test sampie shall be blunged with
sufficient disdlled water to give complete dispersion and
produce a dip of sufficient viscosity 10 avoid noticeable
settling of particles ( y in the range of 25 1o 50 percent
solids), Slip shall be sieved through a No. 120 {125 um) sieve
or equivalent. Afier aging 24 h the slip shall be 'd:wai_cre;d_to
a plastc condition preferably by filter pressing. At this point

" This 1ot method is under the jurisdiction of ASTM Commies C-21 anp
Coramic Whitcwares and Reiard Productt and is the diron eespondgiairy of
Subcmmittes 21 04 oo Clays. N

Current edition zpggoved Juby 15, 1993, Publisbed Septomber 1993, Originaily
poblished a3 C 639 - 71 T. Lan previows edivoo € 689 - 80 (1985)".

2 Arnual Book of ASTAM Swandards, ¥e! 15,00

the moisture content must be adjusied 10 opimum condi-
toos for forming by some wmeasure of plasticity such ag
Pfefferkorn apparatus, plumb pob peoetaton. or other
acceptable weans. Afier the water of plastcity has been
adjusted {usually wili range from 20 1o 50 %]}, test specimens
shall be formed by extrusion. Where band-opemated extruder
is used without vacuum, the plastic clay shall be thoroughly
hand-wedged 10 eftminate entrapped air as a preliminary 1
forming test pieces. Where a vacuum extruder is used, gz
vacuum of pot Jess than 25 jn. {635 mm) hg skall pe
maintained during forming operaticn.

4.3.1 Clay-Flint Specimens—10 be used in the case of
strong clavs that are considered bonding materials, Precare
specimens as in 4.1 using a mixture of clay and 200 mesh
ponters flint in a 1/1 ratdo blend 1hat has been theroughly dry

Ly =

4.1.2 Solid Cast Specimens—100 % clay and clav-int
specimens should be prepared by making 2 high solids shrrry
deflocculated 10 minimum viscosity. Adjust the solids con-
tent of the slurry o obtain a viscosity berween 106-500 cps.
The slurry should be cast in plaster molds vatl sofid. then
dried in accordapee to the procedure outlived in 4.3 and 4.4.

4.2 Dimension—The test specimens shall be round bars of
0.75 (19.2 mm) diameter, € 50 {12.8 mm) diameter, 0.25-in.
(6.4 mm) GATETEr, and 21 least 4.5 in. (1 14 mm) in fength 10
perTiit ah overliaDg of at Jeaw .25 in. at each end when
mounted op the supports.

4.3 Handling and Warpage—All due precaution shall be
observed in the forming and drying 1o produce straight test
specimens. No specimen shall be used that shows a warpags
greater than 1'% of its overall Jength. The bars shall be
checked from tme 10 time during drying for straighiness,
and before they stiffen, corrective straightening mav be en-
couraged by rotating the bars so that drying occurs from
another surface region. Defective bars due to warpage, flaws,
or voids shall be rejected,

4.4 Drying and Storage—The extruded specimens shall be
placsd on a lightly-oiled palle: and allowed 1o drv at room
atmospheric conditions 68 10 104°F (20 10 49°C) for 24 b
Then the specimens shall be dried in a drier at 140°% +60°C)
and low relative humidity for 6 h, or until moisture coptent
is less thap 0.5 %. The bars shall be loosely stacked in the
desiccator to permit rapid cooling. Bars should be cocled 10
Dear room wmperature but not longer than one (1) bour
After the injtial drying perod, the specimens for dry suength
shall be further dried at 212 10 230°F (100 1o 110°C) for 24 b
and then cooled in a desiceator before testing, The bars shal
be joosely stacked in the desiceator 1o permmit rapid cooling
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should be cooled to gear room temperature but oot
than one (1) bhour. After the initial drying, the
ens for testing at 50 or 80 % relative humidity shall be

ccd into the condidoning cabinet with circuiating air (or

pa_mal vacuum) with a saturated solution of sodinm
dlch_mmate or ammeoenium chioride, respectively, and in each
c1sss stored for 24 h to allow equilibrium coodidoas & be

reached.

pars
longer

5, Procedure

5.1 Test at least ten specimens at room temperature for
each condition, whether dry or conditoned, at 50 or 80 %
relative humidiry.

5.2 Remove the test specimen from storage, one at a ome,
and immediately place on ‘the kailfe-edge supports of the
y=stng machine. These supports stzall be spaced either 2 or 4
in. (51 or 102 mm) apart, ciepc::ldmcr co the type machige
aad type clay, and test specunen must overlap each support
by atleast 0.25 in. (6.4 mm). Apply the load ar dght angles to
the specimen and midway betwesn the supports. Apply the
load at a uniform mate oot o exceed ! 1bf/min (4.4 N/min)
untl failure ocouss. Fer larger diameter bars. the loading rate
should be such as to cause fadure in approximately ome
minute. Measure the diameter at the break to the nearest
.00l in. (0.03 mm). Use the average of at least three
dizmeter readings around the bar.

§. Caiculation
6.1 Calculate the modulus of rupture for each specimen as
follows:

M=3PL/xd
where:
M = modulus of rupturs, psi (or MPa),
P = load at rupture. 1bf (or N},
[ = distance berwesn-supports, in. = 2.0 or 4.0 (5! or 102

mm), and

4 = diameter of specimen, o (or ;m).

7. Report

7.1 Repon the following informacon:

7.1.1 Identification of the materia! tested,

7.1.2 Pan and computed modulus of rupture for eacy
specimen,

7.1.3 Adjusted average of the computed modidus of
rupture values {discarding those values from the bars which
upon inspection, show obvious defects), and

7.1.4 Drying and stomge conditens; that is, whather the
test specimens were bone dry, coodinoned at 50 or 80 %
relfadve humidiry.

7.1.5 Percent moisture of extruded bacs,

7.1.6 Nominal diameter of bars,

7.1.7 Leugth of span (distanes berwesn supporis),

7.2 The report may aiso wclude:

7.2.1 . Perceat meisture of sach specimen at testing,

7.2.2 Description of type of fmacnure and the behavior
under load of each specimen.

72.3 MName aod raucg of the machine vsed to make the
test, and

7.2.4 Curve sheet showing the individual vaiues of mod-
ulus of rupture armnged 1o ascending order.

8. Precision and Bins
8.1 Precision—The precision of this t=s1 method s ap-
proximately =10 % of the average modulus of rupture vaiue
for the bone dry specimens when the measurements are
made by an ¢xperiencsad sperator. i
8.2 Bias—The bias of this test method cnnot be speci-
fed

9. Keywords
9.1 clay, modulus of ruprure

The Ammericdn Society for Testing and Materials [akes re posion respecig the vaidily of 2y parert 2Qs atserted 7 cormectxon
with any ftem meroned in this standard. Users of this stanaard are expressly advised that getenTmanuon of Ihe valicdy of any suen
pataat riGhts, and (he 1isk of imriogement of such NGITS, are emirely Wwir own resporsibility.

Thit standard is subpect 10 revision at any e by the resoonsibie fechnical commttes and ms be reviewed every fee peacs and
i not FEVISEd, anthar reAproved or withdrawT. Your CINTHTRALS are imited edther for reion of this sandand o for addional sancarmls
and shoukd be addressed (o ASTM Hesdquarters. Your comments will meave canatyd consoenzoon 3 4 mheeting of the resporsibée
techmrcal commities, witch you may atend. f you feel Ut your comrmenns lve ma recerved a i seanng you shoud Teee your
YIS kPCwn [0 the ASTM Committee on Standards, 100 Sarr Harbar Diive, West Conshofockes, PA 13428
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