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APPENDICES
APPENDIX A
Slip preparation for deflocculant test and flow measurement

Apparatus

1. Motor mixer, Heidolph RZR 2041
2. Beaker 600 ml.
3. Brookfield viscometer model LVT spindle No.2, 60 rpm.

Procedure

1. Calculate and weigh 1000 g. of desired sample (by dry weight).

2. Add DI water (in the proportion by dry weight of clay) and
allow to slake for a while 15 min approximately.

3. Mix with motor mixer at speed of 650-700 rpm., add sodium
silicate if necessary to obtain the flow, pass through 200 mesh.

4. Transfer to the container and measure slip density, solid content
and amount of used sodium silicate.

5. Pass the slip to the magnet separétor 2-3 times to eliminate
ferromagnet in the slip. Age for 24 hr, before use.

Deflocculant test
1. Use 600 ml. of prepared slip (known solid content) to stir and

gradually add Na,SiO; (if the binder used, add the binder before adding

sodium silicate), stir 2 min for each step.
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2. Pour in the 600 ml. beaker at 500 ml. level, measure the
viscosity after rotating spindle 10 rounds.

3. Record the viscosity until flocculation occur or unchangeable
ready. |

4. Calculate the deflocculant use in each step and plot curve
between % Na,Si0O; and viscosity.

Shear measurement by Brookfield small sample DVII+
(Degree of shear thinning and thixotropy)

1. Use one litre of slip already mixed with additives and stir with
mixer for 2 min at 1000 rpm. (measure solid content) |

2. Set rpm. for test, start at 0.3, 0.6, 1.5, 3.0, 6.0, 12.0, 30.0 and
60.0 rpm. and select spindle No. (No. 18 for lower viscosity, No. 31 for
higher viscosity)

3. Pour in the sample container at the half level screw spindle on
the shaft level and put in the sample.

4. Turn on the motor and start at 0.3 rpm. for 2 min, record cP
(viscosity), SS (shear stress), SR (Shear rate) |

5. Change to higher speed without turning off the motor and
record each step until to 60 rpm.

" 6. Decrease the speed in steps to the slowest speed without turning

off the motor and record each step.

7.'Stop 5 min then turn on at 0.3 rpm. for 2 min and record the
value.

(Only shear response in increasing shear rate step for rechecking.)
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Slip preparation for Modulus of rupture

Apparatus
1. Plaster
2. Motor mixer

Procedure
Use the prepared slip for deflocculation 600 ml. at 50% solid.
Add Na,Si0; in the amount of testing.
Mix for 10 min at speed 1050 rpm., screen through 40 mesh.
Cast in cylindrical plaster mould and dry at 110°C for 24 hr.

5. Keep in desiccator before breaking with 3-point bending tester
(Hungta Instrument).

6. Calculate the MOR from equation (4.4), use 8-test pieces for

o o

average value.
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APPENDIX B

JCPDS cards and diffraction data

Kaolinite 14-0164

14-0164

__Wavelength= 1.5418

Al2Si203(OH)M 28 Int h k 1 29 Int h k 1
Aluminum Silicats Hydroxide 12344 100 0 0 1 43.308* 5 0 2 3
19.826* 35 0 2 O 43,863 20 2 2 2
20.340° 60 [ 1 O 45.415* 38 2 0 3
Kaolinite-1A 21.225" 43 1 T 1 45.:37- 3s 1 3 2
- " 21.468* 33 1 1 1 45973 20 2 2 1
Rad.: CuKa i: 1.5418 Filter: Mono d-sp: 22.9 23120 40 0 % 1 46.823° 20 2 2 1
Cut off: Int.: Estimation Llcor.: 23,758 gg 021 46,833 38 1 3 2
24.877 o9 2 AT.319% 20 O 4 2
Ref: Goodyear, Duffin, Mineral. Mag.. 32, 902 (1961) 250%54* § | [ 1 47718 5 1 1 3
26.400" 35 1 1 1 479534 25 1 3 3
28.286% 20 1 1 2 48,6924 20 0 4 2
Sys.: Triclinic 5.G: C1 " 28732 20 1 1 2 49396 25 1 3 3
: ) ! / - 32,511 20 0 2 2 49.596% 35 I I 3
a: 5.155 b: 8.959 ¢ 7.407 A:0.5754 C:0.8268 3540035 7 0 1 SOA177 20 3 2 3
o 91,68 | p: 104.9 v 89.94 Z: 2 mp: 35.151* 25 1 3 O 51.051* 25 0 QO 4
Ref: ibid 35408 35 1 3 1 53,592+ 25 1 2 2
et . 356419 10 1 1 2 5431325 1 5 O
359951 45 2 0O O 54.593% 25 1L 5 1
. . - 37,717 25 0 ¢ 3 55019 49 2 4 O
Dx: 2.395 Dm: 2.645  SS/FOM3=35(.022, 38) 38351440 3 0 2 55343 40 2 4 ©
4 504" 40 1 ABR" a
o 1.559(6) nof: 1.564(5)er 1.565(5) Signi- 2V:24-30 Nk 113 Iaae 912
Ref: Deer, W., Howie, R., Zussman, J.. Rock Forming Minerals, 39.291* 33 1 3 1 56338+ 36 3 1 0
3, 194 40,018 20 1 3 2 56,831 79. 1 3 3
40,316 3 Q 4 0O 57.3331 30] ¢ 4 3
Color; White 40,677 10 1 2 1 $7.845* 107 1 5 2
Specimen from Scalby, Yorkshire, England, UK. Validated 41.083* 20 1 3 2 58.163* 60 1 3 4
by calculated partern Borg and Smith. G8A Memoir, 122, 41.299* 20 2z 0 1 58.733* 10 2 4 1
Kaolinite-ssrpentine group, dioctahedra] subgroup.mC.D. 41,558 5 2 2 0 59.523* 30 2 2 &
Cell; a=5,164, b=7.407, ¢=5,135, q= 104,90, A=119.87, ~ 42.003* 10 © 4 1 59.863* 40 1 1 4
y=84.10, ob=(}.6974, c/b=0.6960, 5.G.=PL(1). PSC: aPl7. 42.374% 20 0 2 2 60207 40 2 & 3
To replace 5-143 and 1 2-447, Mwt: 258.16. Volume[CD]: 42,731 10 O 4 1 61.219* 3 3 1 1
165.22. - 43.224° 10 2 % 2 61624 5 Z & 3

29 Int
62.360" %0

h k |
R |

©1996 JCPDS-Intemational Centre for Diffraction Data. Al rights reserved.




Quartz 05-0490
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035-0490 Wavelengthe 1.54056 - =+
«-SE02 24 It h ok 1 20 Int h x|
Silicon Oxide 2083535 1 0 O 81186 4 1 1 4
26643100 1 O 1 $1486* 4« 3 1 0
36.526°12 1 1 © 83836 2 3 1 1
Quarz, low Jg.455" 12 1 0 2 G4.941"' <1 2 ¢ 4
- - - - 40283 6 1 1 481 <
TRad:Cu i 13405 Filter: d-sp: s 15 e M 192
Cut off: Int.: Vicor.: 3.60 435788 6 2 O 1 92.808* 1 4 0 D
Rett 50,1664 17 1 1 2 94650 2 1 0
50,643 <1 0 0 3 95,127 2 a4 0 1
54964 7 2 0 2 96.236* 2 2 | 4
55330 3 1 0 3 98.747* 2 2 2 3
Sys.: Hexagonal S.G.: P3;21 (152) 57244 1 2 1 O 102324 2 t 1 5
) ) . . . 39,9814 15 2 1 1 102570 2 3 1 3
" 4913 b a: 5.408 Az CCinacor g8 11 e a 33
al .0 [ iy mp 65,806 <t 3 © O 104,198 t 3 2 O
-y 67748 7 2 1 2 106603 2 3 2 1
Ref: Ibid. . 68.140% 11 2 0 3 112208 <1 4 1 0
o 68.309* 9 3 0 1
Dx: 2.699 Dm: SS/FOM17=78(.0124 31) B s o
. 77497 2 2 2 0
PSC: hPS. To replace 1-649. Detated by 331161, Mwe: cona NS 1 2 :

&0.08. Volume{CD]: 112.98. -

©1996 JCPDS-Internationul Centre far Diffraction Data. All rights rescrved.

- Quartz 46-1045

461045 Wavelength= 1. 5405981 -
5iQ2 29 Int h k 1 25 Int h x 1
Slilcon Oxide 20.860" 16 1 0O O 95.119* =<1 4 0 1
26,640 100 1 0O 1 96.238* 1 2 1 4
36544 9 1 1 Q 98781 1 2 2 3
Quarnz, syn 39465 8 1 0 = 102231 =} 1 1 =
- - - - 40,300° 4 1 1 1 102.967 <1 3 1 3
Rad.: CuKali: 1.3405  Fliter: Ge Mono d=sp: Diffractometer 42480 6 2 0 O 103.877 <1 3 0 4
Cut offt Int: Diffract. Lcor.: 3.41 45,793~ 4 2 0 1 104203 =<1 3 2 0O
. [ ]
Ref: Kern, A., Eysel, W., Mineralogisch-Perograph. Inst., T o 6.6 3 l0gs3 1 321
Univ. Heidelberg, Germany, ICDD Jrant-ln-Aid, (-1993) 54875 4 2 0 2 114.061 =1 3 2 2
55,325 2 1 O 3 114467 2 4 0 3
Sys.: Hexagonal §.G.: P3221 (154) 57235 <1 2 1 © 114,639 2 4 1 1§
- . . . . 59960 9 2 1 1 115885 <1 2 2 4
a: 4,91344(4) c: 5,40524(8) A C:1.1001 64.036% = 1 < 3 117.537 <1 0 O &
as [} ¥: Z:3 mp: £5,786' <1 3 9 0 118313 <t 2 t 5
. . 67.744% & 2 1 2 120,124 1 31 4
Ref: IBjg. . sBila3= 7 2 0 3 171853 <1 1 0 &
S 68,318 5 3 0 1 122,605 =<1 a4 1 2
R . - 73,468 2 1| 0 a 127,251 =1 3 0 5
Dx: 2.849 Dm: 2.660 SS/FOMAa=339.0018, 31) 75660 3 3 O 2 131.293 <1 T 16
] . s 77675 1 2 2 Q 132.786 <1 5 0 1
e nof: 1344 e 1353 Slgnv2V: 79884 2 2 1 3 134293 <1 4 0 4
Ref: Swanason, Fuyat, Natl, Bur. Stand, (U.8.}, Girc. 539, 3, 24 80.047' =1 2 2= 1 i36424 1 2 O &
{(1954) = 81.173 2 1 1 a4 137.893 2 a4 1 3
81.491* 2 3 1 o 140,318 <1 3 3 O
Color: White 83.8a0 1| 3 1 1 143,251 3 5 0 2
Inwgraved Inwnsities. Pattern taken at 23(1) C. Low B4.987 1 2 0 4 144,119 =1 3 3 1
Empearaure quartx. 2 ¢ dewrmination basad on profiie fit 87,439' =1 3 0 3
method. O2 Si typs. Quanz group. SHicon used as an internail 20.83)* 2 3 1 2
sand. PSC: hP9. To replace 33-1161. Mws: S0.08, 92,788 <t 4 0 O
Volume{CD} 113.01. 94851 | L 0 S

#1996 JCPDS-International Centre for Diffraction Data. All rights reserved.
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Muscovite 07-0032

97-0032 ‘ Waveiengthe 1.54086
KAI2S13AI010(OH)2 29 It h k 1 29 Int h k 1
P i Al i Silicate Hydroxide 8.836<100 00 O 2 40,201 & 0 4 ]

17.653% 35 0 O 4 40971 6 2 2 1

19.801* 35 1 1 0O 41,304 &8 0O 2 8

Muscovite ZM1, syn 19891 45 1§ 1 1 41.008* 10 2 2 2
- . - - 20211 14 0 2 1 42339* 25 1 3 &
Rad.: Cu A: 1.540%5  Filter; d-sp: 20639° 20 1 1 1 44118 & 0 5 4

- Cut offt Ine,: Vicor.: 21,6044 14 0 2 2 45067+ 75 1 0 7

Ref 2238812 1 1 2 45911 14 } 3 7

oL 22848435 1 1 3 $2682* 6 3 = g

23.803* 30 0 2 3 592" 6 I 5 0

25427 45 1 1 4 54935412 0 012

Sys.: Monoclinic $.G.: C2/m (12) 26.57T<100 0 2 4 55.349° 18 | 3 9

; . . . ) 27.786" 45 1 | 4 57.478* 8 1 112

n: 5.189 b: 8.995 ae: 20.097 AL 0.576% C;2.2342 20766 45 0 2 S 618431 G0 0 & O
al p: 95.18 b Z: 4 mp: 31.126* 35 1 1 5 -

- Tas - 31.901"20 [ 1 6
Ret: Ibid. - 346171 50 T 3 1

- 34.7429 45 1 1 6
L]
Dx: 2.832  Dm: SS/FOM 37=7( .063, 66) Jafago 102 _
g 36,526 20 1 3 3 ‘
L]
CAS #: 1318-94-1. C.D, Call: 1220.097, b=5.995, c=$,189, T
p=95,.18, arb=2.2342, c/b=(. 5769, 3.0.=~A2/m(12). PSC: 37'7‘7. 2§ 1 3 13
mC84. Deletad by minerals in 1980. Mwt: 398.31. .- 40'096' 12 3 2 1
Volume[{CD]: 934,20, \
@1996 JCPDS-International Centro for Diffraction Data, All rights reserved.
Muscovite 07-0025

07-0023 Wavelengthe 1.5418
KAIRSIIAIOINOH)2 28 Int h k 1
Powassium Aluminum Silicate Hydroxide 3,755100 0 O 1

17,597 35 0 0 2
19773 90 0 2 0

Muscovite-1M, syn 2041625 1 1 1

= ]

Rad.: CuKa % 15418 Filter: Nl Beta M dosp: sl ls 9zl
Cut off: Int.: Difffact. HVcor,: 2652100 0 O 3

29.086* 50 | 1 2

Ref: Yoder, H., Eugster, H., Geochim. Casmochim. Acw, B, 225 30520 & T 1 3

(1953) 33319* 16 0 2 3
34.743* 50 [ 3 o

Sys.: Monoclinic 85.G.: C2/m (12) 34,9811 %0 1 3 1
a: 5.208 b: 8,995 €110275  A:0.3790 C:l.a2z 33493020 2 90
a: p: 104,86 ¥ z: 2 mp: 37.391* 4 1 3 2

o 37.799" 12 1 1 4
Ref: Ibid, ) 40,148 & 0 4 0
: 40,638 8 2 2 0

. . = 41.201* 4 0 4 1

Dx: 2.805 Dm: 2.825 SS/FOMai=9({ .037, 34) 4190120 1 3 3 ,
. i I . 42.880* 6 2 0 2
i 1.563(11)0: 1.596(14) 1.602(13)-1311;!- 2V:30-47 45.034' 30 0 0 §

Ref: Ibid. - e 46.397* & |1 3 3

H 47875 4 | 3 4
55.054" 18 I 4 2

Color: Colorless, light green, pink, light brown $5.597* 12 1 %5 1
CAS W: 1318-94-]. Synthesized from K Al S] O4 + 56243% 12 2 0 4
kaoiinite + water at 200 C and 15,000 p.s.i. for 4120 hours. 61.219* 4 1 3 s
Mica group, dioctahedral subgroup. C.D. Cell; a=10.275, 61.898* 35 0 6 O

b=j. 995, c=5.208, p=101.60, a/b=1.1423, c/H=0, 53790,
$.G.mAUM(12). PSC: mC42. To replace 2-56, Mwt; 398,31,
Volume{CD)]: 471.51.

#1996 JCPDS-Internadonal Cenmre for Difffaction Data. A rights reserved. , )
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Gibbsite 33-0018

23-0018 Wavael = |, 34060 i
Al(OH)3 2 Int h & 2 it h kX 1
Aluminum Hydroxide ’ 18283100 © O 2 59494* 3 2 0 §
20300 70 1 1 O 62.512* 4 2 1 &
- 20,349+ 50 2 0 Q 62,512 4 2 3 2
Gibbaite, syn 26.515° 17 2 0O g e:.sgg- Jo 3 2 4
- - - . 26.896" 30 1 1 63.800° 30 3 3 a
Rad,: CuKal): 1,.5408  Fllver: d-sp: Diffractometer 2801128 1 3 2 64653 18 a4 1 X
Cut off: Int.: Diffract. cor.: 1,0 20.72%- 13 1 0 % “.1;3- 19 3 3 g
36,407° 25 3 1 66.630' 13 1
Raf: Cigar, A., Pouisen, K., Dow Chemicsl Company, Fresport, Jg.éla' 43 021 67817+ & g 332
TX, USA, ICDD Granc-in-Ald, (1979) 37,083 15 0 O 4 63803 10 0 2 &
37684 55 3 I | 70718 7 1 2 &
Sys.: Monoclinic . 5.0.: P2 /n (14) 38318 4+ | 2 5_ Fi.111* 4 2 2 g
» -
2:8.6552  2:5.0722  <:9.7161  A:1.7064 C:ilsise jo3i4m 12 312 L+t SR
ai §: 94.607 © Z: 8 mp: 41,140 2 1 2 2 77797 2 3 3 4
Ref: Ibid 4169127 3 L 2 T8.613* & 4 2 5
: . 43374 4 1 1 4 78.613* 6§ 2 4 0
. 44,187 40 3 ) ; 78.954 7 1 4 %_
- 5 44 754" 31,581~ 4 1
Dx: 2.437  Dm: 2.400  SS/FOMai=10( .025,113) laarad 22 3 el 211 %
46,192~ & 1 489" 3 4 4 0
w: 1.577 nod: 1.577 o 1,595 Sign: 2v:0 f d:'}g%. 5 2 g g gg.-ng- 4 63 3%
Ref: Dana's System of Mineralogy, 7th Ed.. I, 663 (r9a4) 47,306 15 1 2 2
F 50.548* 3¢ 3 2 I
52.175° 30 O 3 4
Color; White 52667 4 1 2 A4
Sampie of reagent grade chemical from Matheson, 53977 4 1 2 a4
Coleman, and Ball, Optical daa on artvificial material; S54.424" 30 3 1 4
msazured density cn crysais. C.D. Cell: a=9 716, b=5.072, 55383 9 1 3 ¢
c=R.815, pu9d. .41, ab=1. 9136, crh=|.7064, §.G.=P21/n(l4), 15383~ 9 2 21 &
Sllicon used as an internal soand. PSC: mP3SS. To replace 57,851 7 4 1 &
1-2653, 1-264, 1-263, 1-266, 7-324 and 12-460 and sgo9s 7 3 1 ¥
validated by calcuiated pattern 29-41. Mwt: 78.00. Y 58,605 8 S5 o0 ¥
Volume{CD]: 425,17, 58.605~ 8 2 3 0
21996 JCPDS-International Centre for Diffraction Data. All rights reserved.
Gibbsite 07-0324
D7-0324 Wavelengihe 1.5418 F |
AICOHD3 d A Int h k 1 d A Int h k |
Aluminum Hydroxide 4.8500¢ 100 O O 2 139800 2 3 1 @6
437000 16 1 1 O 1.38000 1 T o 7
432000 8 2 0 O 136100 1 ¢ 2 &
Gibbsito 330600 5 T 1 2 134000 1 4 0 &
- - - -y 318700 4 i1 2 1.33000 1 & 3 0
Rad.: CuKa A: 1.5418  Filter: Ni Beta M d-sp: 111200 3 2 0 = 132000 1 3 1 &
Cut off Int.: Diffract, Vicor.: 245400 8 0 2 1.24600 1 T a !
Ref: Gillery, Min. Ind., Petin State University, University gggggg 4 g ‘l’ 3 121400 1 0 2 7
Park, Pennsylvania, USA, Private Communication 238800 2 3 1 =2
224400 3 2 1 3
Sys.: Manoclinic $.Gi: PZy/n (14) 2,16800 3 3y 2
. ! i . i 208500 1 1 1 .a
a: 8.659 . b; 5,077 c: 9.703 ADLTOSS | C: 19112 30 a6 T 1 3
ar B: 4.2 i Z: 8 mp! 199300 4 Q 2 3
196000 1 1 2 3
Ref: Ibid. 192100 4 4 1 |
1.79900 4 T 1 a
. . - T1L73000 S 0 2 a4
Dx: 2.436 Dm: 2,400 SS/FOMay=7(.031,148) - 188900 a4 % 1 a
. ] X 165400 1 2 2 4
: 1.568  nop: 1.568 o 1.587 Signm2Vi0r tlsig00 1 § 3 1
Ref: Duana's System of Mineralogy, 7th Ed, 189300 1 2 2 a
1.59400 1 a1 2 2
1,.57300 1 % 0 2
Color: Coilorless 1,55300 1 4 0 &
Speci m Ch mine, Richrnond, Massachuseties, 1,35100 1 2 3 1
USA., C.D, Cell; #=9.703, b=5.077, c=8.659, 198600 1 3 1 =3
3=94.20, a/b=1.9112, c/b=1,7035, 5.G.=P21/n(14). PSC: 147700 1 X 2 %
mP36,. To repisce 1-263, 1-264, 1-265 and 1-266. Deleted 145700 3 3 3 ¢
by 33-18, lower FN, MTG 5/92. Mwt: 78.00. Volume{CD]: 144100 2 6 0 O
415". !‘s 1409000 2 & 0 2

#1996 JCPDS-International Ceantre for Difftaction Daws. All righwm rescrved.
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13-0133 Wavelength=1.3418
Cal.2(ALMG)2SIAO10(OH)2-4H20 29 Int h k
Calclum Magnesium Aluminum Sillcats 5.892°100 0 O 1
Hydroxide Hydrate 17.703* 60 0 0 3
19728 80 1 0 O
Monmorillonite-15A 23.398" 320 0 0 4
p p " - 25.448° 10
Pad.: A Flloer: d-3p: Diffrectometer 17.019* 10 1 0 3
Cut ofF: Int.: Diffract, Vicor.: 29379 60 0 0 3
Ref: Rosenquist, Nor. Geol. Tideskr., 39, 350 (1938) 4771240 -1 1 0
: 4 . : et 35921140 0 0 6
39889 10 2 0 0
42,023 14 0 O ¥
Sys.: Hexagonal S.Q.:P 48414 10 0 0O 8 .
. . R ., 4 3539833*3) 2 1 0
a: 3,169%(7) b: c: 15,02(3) A: C:2.9058 61.852° 50 O 010
al I-H v Z:1 mp: 62.175" 50 3 0 O
73.729" 20 1
Ref: Bayliss, P., Powder Diffraction, 4, 19 (1989) e 0 33 o
Dx: Dm: 2.300 SS/FOM =2 137, 66)
w: L345(6)nof: 1.57(7) 1.37(7) Sign~ 2Ww:0(15)
Ref: Ibid. ’ -
Color: White, yellow, green
Specimen from Skyrvedalen, Hemsedal, Norway. CAS #:
1318-93-0. Analysis (wt.%:): S| O2 59,58, Al2 O3 22.96,
Fed O3 0.47, MgO 3.67, CaO 3.38, Ne2 O 0.06, loss
1* 9.61. Smectite group, dioctahedral subgroup.
* 15,0 expands tw 18.0 with glycero! treatment.
PSC: hP32.20. Volume[CD): 347.55,
©1996 JCPDS-International Centre for Diffraction Data. All rights reserved.
Halloysite 09-0451
09-0451 Wavsiongthe 1.78897 |
AlZSi205(OH)4-2H2O 29 int h k |
Aluminum Silicate Hydroxide Hydrate 10.162* 90 0 0 1
23.351 100 1 O O
31.068* 90 0 0 3
Halloysite-10A 40.902* 80 1 1 ©
- . — - 44.346% &0
Rad.: RS Filer: d=xp: 473296"20 2 0 O
Cuz off; Int.: Estimation Weor.: 51.471% 10
Reoft MacEwan, Amoros, Anales Edafol, Fisol. Vegetal (Madrid), g:;fg: :g § (1) g
9. 363 (1930) 8840376 2 2 0
$3.111* 70 3 1 Q
Sys.: Hexagonal S.Ga P 108.092 40 3 1 a
. 4 & . 4 122,348 20 1 1 9
= 5.122(4) b: e 10.03¢11)y A: <:1.9%582 136.513 20 4 1 1
ol p: I Z: 1 mp: ! . 40 3 3 ©
Ref: Bayliss, P., Powder Diffraction, 4, 19 (1989) * W 420
Dx; 2.144 Dm: 2.140 SS/FOMz=i(.112,]16) B
sa: nwd:; 1,490 o’ Sign: 2V:

Ref: Aloxander, L ot al,, Am. Mineral,, 28, 1 {1943)

Color: Colorless

Kaolinito-serpentine group, dioctahedral subgroup.maAlsoc
called: endellite. PSC: hP23, Mwt: 294.19. Volume[{CD]:
227.88.

©1996 JCPDS-Intemnational Cantre for Diffraction Data. All rights resstved.
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Mullite 15-0776

13-0776 Wavelengthm | 54056  ° i
Al6Si2012 T 2 Int b & 1 1] Int h k |
Aluminum Sillcats 1643250 1 1 0O 66,514 8 5 2 0O
23554 8 2 0 O 67.130" <2 1 1 2
25971* 93 1 2 0 69616 6 2 0 2
Mullite, syn 26267100 2 1 O 69806 & 4 a4 a4
" - " - 30960' 20 9 0 1 704427 12 1 5 1
Rad.: CuKal): 1.5405  Filter: Ni Beta M desp: 332287 40 2 2 O 70844 S 1 2 2
Cut off: int,: Diffrect, Klcor.: 3527850 1 1 1 70991 5 2 1 2
36993 14 1 3 0 71376 4 3 1 1
Ref: Natl, Bur, Stand. (U.5.) Monogr. 25, 3, 3 (1964) 37884 <2 31 1 0 T1904* 3 3 $ O
33,992 4 0 2 | 72647 4 35 3 0
39.2764 20 2 O 1 73.901* 7 0O & O
Sys.: Orthorhombic 8.G.: Pbam (53) 40.874* 60 1 21 74.191"'13 I 5 1 ¢+
. . . A 4 42.890' 28 I 3.D 74.380* 6 2 3 2
n: 7.5456 b: 7.6898 ©: 2.8842 A:0.9812 C:0.3751 42.908* B 3 2 0O 75.162° 12 % 3 1
a: p: Y Z:.75 mp: 46.099* 2 2 2 75.583' <2 6 0 O
47,227 2 0 4 0 76.836* 6§ 1 3 2
Ref: [bid, ] . 48,184 & 4 0 @ 77.183* 2 3 1 2
- 48.8345' =2 | 4 0O 78311 2 a4 a4 |
. . - 49,468 10 3 1 1 78,838 <2 2 6 O
Dx: 3.171 Dm: 3.0Q0 SS/.FOM3=60(.0135, 37) 40,8172 _‘g 33 0 80.480* 4 2 3 2
: . z i $3.462% 240 81.046* 3 5 3 1
w 1.637  nop: 1.641°7 (o 1.632  Sign+ 2Via5-5e 53.883% 14 3 2 1 84493 <2 4 0 2
Ref: Winchell, Elemenis of Optical Mineraiogy, 2, 401 34093 10 4 2 0 87.002* 1 2 &6 1
3 57.561* 20 O 4 | 88,569 4 2 a4 2
58.412% 12 4 @ 1 89090 5 4 2 2
Color: Coiorless 58,994 2 | 4 1 93817 <2 2 7 0
Pattern taken at 25 C, Sample was prepared from 39.763* 2 4 1 1 9B 446" 4 1 7 |
stoichiometric mixture of Al2 O3 and $i O2 1x H2 O. 60.711* 35 3 3 | 98.958* 4 2 § 2
Sample was repeatedly ground snd heaced up (o 61.492' <2 1 3 @ 9868 8 3 7 O
temperarure of 1725 C. Specrographic analysis; 0.01 w0 62.674' «2 S 1 D
0.1% Fe, and 0.001 to 0.01% sach of Ca, Cr, Mg, Mn, NI, 63.054* =2 2 4 |
Tl and Zr, Chemical analysis showed A)2 O3 61.6, S$I 02 63.661* 8 4 2 1
38 (moleds), Tungsten used as an invernal stand, PSC: 64,871 18 QO O 2
oP13.75. Mwt: 426,05, Volume[CD]: 167,35, 65.494* 4 2 5 0 .

#1996 JCPDS-International Centre for Diffraction Data, All rights reserved.




Sillimanite 38-0471
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38-0471
Al28108 ' 20 Int h k 1|
Aluminum Silicare 14,520 12 1 1 ©
19.401* 2 1 0 1
23.168“ 14 0 2 O
Sillimanite 23771+ 3 2 0 ©
" . - L 26092100 1 2 0O
Rad,; CuKa : 1.5417 Filer; Graph Mono d-sp: Dif?hcwmnor 2647935 2 1 0
Cut off: 17.7 Int.; Diffract, Vicor.:! 27.915* 1 0 2 1
30.413* 1 1 21
Ref: Keiler, L., Rask, J., Bussck, P., Arizona Scaww Univ., 30786 1 2 1 1
Tempc. AZ, USA, ICDD Grant-in-Ald, (1987} 30:9.5. -~ o0 2
33.434%" 16 2 2 0O
Sys.; Orthorhombic $.G,: Ponm (62) 35307 20 1 1 X
. . 2 - . A6.992 3 2 2 1
a: 7.486(1) b: 7.675(1) o 5.772NE) A: 0.9754 C:0.7522 37.13%° 20 1 3 0O
a3 p: i Z. 4 mp: 37.9t4 1 3 L O
) 39042 2 0 2 2
Ref: Ibid. . 39362 3 3 0 1
39362 3 2 0 2
, R 4 r 40391° 1 1 3 1
Dx: 3.245 Dm: 3.250 _!_S/FOM;fSO{.OlS9. 38 40.946' 30 1 2 3
P . 41.161* = 3 [ 1
w §.637 nof: 1.86 B !.673 Sign+ 2Vv:22 41,061 = 2 1 2
Ref: Deer, W,, Howie, R., Zussfann, J., Rock Forming Minerals, 42,816+ 12 2 3 o
1, 121 (1962) : 43,246 | 3 I O
A5,739* : 2 3 )
Color: Calorless 46,1499+ 1 3 2 1
Specimen from Norwich, CT, USA. Chemical analysis, 46.189* ) 2 2 2
average of seven (wt.34): 51 O2 36,15, Al12 O3 621,17, Fe2 48.650* 2 4 0 O
03 0,99, Silicon used as an Internal stand. PSC: 0P332, To 48.867* 1 1 Q0 3
H 1 < 0

replace | 0-369 and 22-~18. Mwt: 162,05, Volums{CD]: 331.68.

49 060

23

49.060*
49. 740"
50.1358*
50.135*
31,133~
51.660"
53.693*
53.493*
54,146~
54.354*
54,751+
34.968"
57.678"
58.802*
59,104~
59.108"
60.782~
50.930"
60.950°
41.375"
61.683"
62.093~
63.277*
63,3277+
63.678"
64,021+
64.021*
64269
6d. 343"
65.588"

1

- it e e e B B e G W e B e e G R ] o B = N

-

VOMLHABHURSLWWWSRYLON=AWWURN~WADW~N
FOQONWWHEA—UUWWAOSORMRNORA~=NMMNWURAW—~AM~W X

Wavelengihe | 54178 < -

Int

HAmN=~ONWOONQOQUWUNLWNNWWON~QO~00D=NN

29 Int

63,588 |
53,744 4
53 9354 )
67,136+ 2
&67.136% 2
67.971% 1
69,591+ |
70.306% 2
70,308 2
70.427* 2
70.633* 8
70.884% S
71.075* 3
72.135% 1
72.135% 1
72.256* 1
72.410% 1
74,118 30
T4.417* 8
T4.417% B
T4 704% 2
74,986
75372 2
73.372* 2
75.732% 2
76,275 1
76,273 )
76.908* )
71389 1
77,493 1
77.493% -1

1

1

1

1

1

1

1

1

1

1

1

78, 747%
79,113
BO. 547
80,647
20.917*
80.917*
31.181+
81.181"
21.590"
81.590%
82.472%

OUWAMN~WLWUNNLRA U~~~ AL HNNWOLMI WUN~=~RaOMN~WuiNN T

QURBOLNWULOALE A~ WOANAWLRNNWAG R UL~ ~NALAWARNW~NMNW X

NNORrWAWNLONO ~ A b0 =NO=~WAN~O~CWNAANWNGA=AOLDW

20 Int

83.882* |
84.612" 1
84,840 )
84849 1
85.107" 2
87,322 |
87.322* 1
88.759* |
89.035* 1
89,230+ 3
89.2230* 3
89.468* 1
89.780" 1
89,780+ |

WAULARARNMNWU—=NAND ¥

~ANKNWAMARORWUWDOLR X
WHEBNNWAN—RAWANL
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Table 1B Diffraction data of Hypure Vector®
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Table 3B Diffraction data of B85
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Table 5B Diffraction data of RC9 1200°C
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Table 6B Diffraction data of RC9 1245°C
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Table 7B Diffraction data of RC11 1200°C
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APPENDIX C
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True density (specific gravity) and particle size distribution data

Table 1C True density of raw materials

True density* RC6 | RC9 | RCIO | RCI1 | RCI2
(g/em’) '

BCW | 25174 40% | 40% | 60% | 60% | 60%
B85 26109 | < | 60% | - | 20% | 40%
K325 | 26164 | 60% | - | 40% | 20% | -
Calculated true | 25735 | 2.5735 | 2.5570 | 2.5559 | 2.5548
|density (g/cm®)

* True density of Hypure Vector® = 2.5715 g/cm’
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Table 2C Particle size distribution of raw materials compared
with Hypure Vector®. (refer to Fig. 5.6)

Equivalent spherical Weight percent finer

diameter (um) | VECTOR | BCW K325 B85
40.0 100.0 100.0 100.0 100.0
30.0 100.0 100.0 97.0 93.6
20.0 100.0 100.0 93.4 85.9
10.0 4.7 88.4 67.6 59.8
8.0 94.7 83.5 59.2 52.4
6.0 912 719 49.9 44.1
5.0 88.3 74.2 44.0 40.1
4.0 84.4 69.5 37.5 34.8
3.0 _71.0 64.0 31.6 29.2
2.0 65.6 57.0 24.2 225
1.0 42.6 44.6 13.8 13.8
0.8 35.2 40.3 11.1 11.2
0.6 26.2 34.3 8.1 8.3
0.5 21.1 30.2 6.6
0.4 15.7 24.7
0.3 173
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Table 3C Particle size distribution of selected RC formula (refer

to Fig. 5.12)
Equivalent spherical Weight percent finer
diameter (um) | VECTOR | RC6 | RC9 | RC10 | RC11 | RCI2
40.0 1000 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
30.0 1000 | 85.3 | 100.0 | 100.0 | 83.5 | 100.0
20.0 1000 | 73.0 | 92.0 | 864 | 813 | 92.5
10.0 947 | 589 | 71.3 | 734 | 64.8 | 7438
8.0 947 | 52.9 | 64.2 | 69.1 | 56.6 | 68.0
6.0 012 | 463 | 56.7 | 622 | 500 | 605
5.0 883 | 43.1 | 53.0 | 58.1 | 459 | 56.1
4.0 844 | 375 | 456 | 51.8 | 43.1 | 49.8
3.0 770 | 314 | 40.1 | 45.1 | 37.1 | 426
2.0 656 | 254 | 33.5 | 380 | 31.2 | 356
1.0 426 | 164 | 235 | 267 | 219 | 257
0.8 352 | 140 | 204 | 232 | 193 | 225
0.6 262 | 109 | 163 | 188 | 159 | 185
0.5 21.1 9.2 16.0 | 13.8 | 158
0.4 15.7 7.0 124 | 11.1 |-123
0.3 82 | 80 | 81
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Table 4C Particle size distribution of slip before spray drying

(refer to Fig. 5.26) '
Equivalent Weight percent finer

spherical | VECTOR | 40RC11 | S0RC11 | 50RC9 | 60RC9 | 60RC9
diameter (um) +1B +1B +1B +1B
40.0 1000 | 1000 | 1000 | 1000 | 1000 | 1000
30.0 100.0 977 | 88.8 | 100.0 | 100.0 | 100.0
20.0 100.0 89.5 | 736 | 793 | 831 | 929
10.0 94.7 666 | 564 | 572 | 649 | 702
8.0 94.7 623 | 512 | 512 | 588 | 64.3
6.0 91.2 | 566 | 450 | 438 | 537 | 55.1
5.0 88.3 526 | 410 | 397 | 498 | 495
4.0 84.4 479 | 370 | 373 | 447 | 432
3.0 77.0 432 | 328 | 328 | 398 | 392
2.0 65.6 376 | 273 | 282 | 363 | 33.8
1.0 42.6 285 | 202 | 219 | 289 | 259
0.8 35.2 26.0 180 [ 203 | 266 | 239
0.6 26.2 23.2 150 | 183 | 239 | 215
0.5 21.1 21.7 131 | 173 | 221 | 20.1
0.4 15.7 20.2 107 [ 161 ] 202 | 188

03 - 18.8 7.8 18.1
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APPENDIX D

Deflocculant demand and shear response data
Table 1D Effect of deflocculant content on viscosity of slips at 50

wt% solid compared with Hypure Vector®. (refer to Fig. 5.11)

%Na,S5i0; ~ Viscosity(cP) of slip at 50% solid after adding Na,SiO;

by dry wt.| SORC6 SORC9 | SORCI10 | 50RC11 | SORCI2 | Vector
0.02 87.0
0.03 165.0 : 84.8
0.04 143.8 82.5
0.05 217.5 122.5 77.5
0.06 147.5 101.3 71.5
0.07 117.5 80.0 462.5 65.0
0.08 97.5 72.5 492.5 352.5 392.5 59.5
0.09 85.0 65.0 408.8 301.3 322.5 54.0
0.10 -~ 80.0 57.5 325.0 250.0 283.8 53.0
0.11 75.0 56.9 301.7 2333 245.0 352.0
0.12 70.0 56.3 278.3 216.7 229.2 51.0
0.13 62.5 55.6 255.0 200.0 213.3 46.0
0.14 62.5 55.0 228.8 186.3 197.5 41.0
0.15 ~55.0 52.5 202.5 172.5 182.5 43.0
0.16 55.0 50.0 190.0 161.3 | 1675 45.0
0.17 47.5 177.5 - 147.0 157.5 42.8
0.18 46.3 171.7 145.0 147.5 40.7
0.19 45.0 165.8 140.0 141.7 38.5
0.20 43.8 160.0 135.0 135.8
0.21 42.5 151.3 130.0 130.0
0.22 41.7 142.5 125.0 125.0
0.23 40.8 136.3 120.0 120.0
0.24 40.0 130.0 115.0 110.0
0.25 39.4 123.8 110.8 110.0
0.26 - - 38.8 117.5 106.7 105.0
0.27 38.1 114.2 102.5 100.0
0.28 37.5 110.8 98.8 $6.7
0.29 36.7 107.5 95.0 93.3
0.30 35.8 102.5 90.0
0.31 35.0 97.5 87.5
0.32 35.8 95.0 85.0
033 : 36.7 92.5
0.35 37.5
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Table 2D Effect of deflocculant content on viscosity of RC11 slip
at 40 and 50 wt% solid with and without addition of binder (1 wt%).
(refer to Fig. 5.16)

9%Na;SiOs Viscosity (cP) of RC11 slips after adding Na;SiOs
bydrywt. | 40RC11 40RC11+1B SORC11 SORC11+1B
0.00 67.5
0.02 52.5
0.03 40.0
0.04 363 262.5
0.05 32.5 1838 352.5
0.06 35.0 105.0 301.3
0.07 325 85.0 250.0
0.08 - 30.0 65.0 2000
0.09 275 60.0 186.3 332.5
0.10 30,0 55.0 172.5 278.8
0.11 325 55.0 161.3 225.0
0.12 55.0 150.0 1450
0.13 < 135.0 133.8
0.14 130.0 122.5
0.15 125.0 100.0
0.16 115.0 92.5
0.17 108.8 85.0
0.18 102.5 82.5
0.19 95.0 80.0
0.20 75.0
0.22 | 70,0
0.24 70.0 .
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s Table 3D Effect of deflocculant content on viscosity of RC9 slip
at 50 and 60 wt% solid with and without addition of binder (1 wt%).
(refer to Fig. 5.17, Fig 5.18)

%Na;8i0s | Viscosity(cP) after adding | %Na;S8i0; | Viscosity(cP) after adding
Na,SiOs . Na.SiO
By dry wt. 50RC9 | 50RC9+1B | By dry wt. 60RC9 60RC9+1B
0.00 0.23 480.0
0.03 165.0 450.0 0.25 37715
0.05 136.7 3100 0.28 317.5
0.06 108.3 170.0 0.30 280.0 490.0
0.07 80.0 135.0 0.33 250.0 443.8
0.08 72.5 100.0 0.35 225.0 397.5
0.09 65.0 85.0 0.40 197.5 340.0
0.10 57.5 70.0 0.45 172.5 305.0
0.11 56.7 66.7 0.50 157.5 280.0
0.12 55.8 63.3 0.55 142.5 265.0
0.13 55.0 60.0 0.60 140.0 247.5
0.15 51.3 52.5 0.65 132.5 235.0
0.17 47.5 475 0.70 127.5 222.5
0.19 450 45.0 0.75 125.0 217.5
0.20 42.5 " 438 0.78 125.0 2125
0.22 41.3 42.5 0.80 125.0 208.8
0.23 40.0 425 0.85 122.5 205.0
024 39.2 42.5 0.90 120.0 200.0
0.26 383 40.0 0.93 195.0
0.27 375 1.00 190.0
0.30 350 1.08 185.0
0.33 375 1.15 180.0
1.23 177.5




Table 4D Vaﬂation of shear stress with shear rate
(refer to Fig. 5.19, Fig 5.21)
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pm Small sample DV II+ Spindle No.18
40%RC11 + 1 wi% Binder + 0.08 wt% Na,Si0,
n-up t-up | tdown | log(y ) [log ()| log () | log (W)
(Pas) (sec") (Pa) | (Pa) up | down
03 0.15 | 039 | 006 | 029 040 |-1.23} 054 | -0.83
0.6 0.18 | 0792 [0.15] 038 010 | 084 042 ] -0.73
1.5 0.16 | 1.980 | 032 | 053 030 |-050] 028 | -0.80
3 0.13 | 3.960 | 052 | 0.68 060 |-028] 0.17 | -0.88
6 0.10 | 7920 § 078 | 0386 000 |-011] 007 | -1.00
12 007 1158000 1.13 | 113 120 | 005 005 | -1.15
30 004 |39600] 1.77 ] 1.73 160 | 025 024 | -1.35
60 0.03 | 79200 209 | 2.09 100 | 032 032 | -1.58
Stop 5 min
03 3.80 | 0.396 | 1.54 | 1.54 040 1 0.19]| 0.19 0.59
pm Small sample DV I+ Spindle No.31
50%RC11 +1 wt% Binder + 0.14 wt% Na,Si0s
n-up y | t-up | t-down | log(y ) |log ()| log(v) |log(m
(Pas) | (sec’) | (Pa) | (Pa) up | down
03 040 | 0.102 | 004 | 3.40 009 |-1.39] 053 | -0.40
0.6 602 | 0204 [ 123 ] 343 069 [ 009 054 0.78
1.5 520 | 0510 | 270 | 3.77 029 | 043 | 038 0.72
3.0 336 | 1.020 | 343 | 392 001 | 054 ] 059 0.53
6.0 196 | 2.040 | 400 | 4.12 031 | 060 [ 061 0.29
12.0 1.17 | 4.080 | 478 | 462 061 | 068] 066 0.07
30.0 0.56 | 10200 5.76 | 5.60 1.00 |076] 075 | -0.25
177600 033 | 20400 6.76 | 6.76 131 | 083 083 [ -048
Stop 5 min
0.3 1510 | 0102 [ 154 | 154 099 [019] 019 1.18
pm Small sample DV II+ Spindle No.31
50% RC9 + 0.10 wt% Na,SiOs
Tup * [xup | 1-down | log (v ) [log(v)| log(v) |log(m)
(Pas) | (sec’) | (Pa) | (Pa) uwp | down
03 020 | 0.102 | 0.02 | 0.06 09 |-1.70] 121 | 0.7
0.6 0.15 | 0.204 | 0.03 | 007 069 |-151| -115 | -0.82
1.5 0.16 | 0510 | 008 | 0.13 029 [-1.09] 08 | 0.7
3 014 | 1020 [ 014 | 0.20 001 |-084] 069 | 085
6 012 | 2040 | 025 ]| 029 031 |-061] 054 | 092
12 0.10 | 4.080 | 040 [ 0.43 061 |-040] 037 | -1.01
30 0.07 |10200]| 073 | 0.76 101 | 013 | 012 | -1.14
60 | 006 |20400] L15] 1.15 131 | 006 ] 006 | -1.25
Stop 5 min
0.3 1510 | 0.102 | 154 | 1.54 09 | 019 0.19 1.18




Table SD Variation of shear stress with shear rate
(refer to Fig. 5.22, Fig 5.24)
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pm Small sample DV II+ Spindle No.31
50% RC9 + 1 wt% Binder + 0.06 wt% Na,Si0,
n-up 1-up | t~down | log (v ) [log ()] log (¥} | log (n)
(Pas) | (sec’) | (Pa) | (Pa) up | down
0.3 320 ] 0102 | 033 ] 214 09 [-049] 033 | 050
0.6 360 | 0204 [ 073 ] 214 069 |-0.13] 033 | 056
1.5 314 | 0510 | 1.60 | 2.21 029 | 020] 034 | 0.50
3 201 [ 1020 | 205 | 226 001 | 031 ] 035 [ 030
6 122 | 2040 [ 248 | 250 031 [039] 040 | 0.08
12 073 | 4080 | 297 | 2.87 061 | 0471 046 | -0.14
30 036. | 10200 ] 3.68 | 3.50 101 | 057 054 | 0.44
60 022 |20400) 441 | 441 131 | 064 [ 064 | -067
Stop 5 min
0.3 1510 | 0.102 | 154 | 1.54 099 [o019] 019 | 118
pm Small sample DV II+ Spindle No.31
60% RCO + 0.55 wt% Na,SiOs
nup | ¢ |v-up|cdown | log(y) [log (@) log () {log(m)
(Pas) | (sec”) | (Pa) | (Pa) up_| down
0.3 .10 [o0102 [o11] 0.6 009 [-095] 079 [0.04
0.6 080 | 0204 | 0.16 | 0.20 069 | 079 069 [-0.10
1.5 056 | 0510 ] 020 | 0.31 020 |-054] 051 |-025
3.0 044 | 1.020 | 045 | 047 001 |-035] -033 [-036
6.0 033 | 2040 | 067 | 0.68 031 [017] 017 |-048
12.0 027 | 4.080 | 1.09 | 1.08 061 | 004 ] 003 |-0.57
30.0 020 [10200] 208 | 2.06 1.00 [ 0321 031 |-069!)
60.0 017 ]20400| 342 | 342 131 [ 053] 053 [-078
Stop 5 min
03 1510 [ 0102 | 154 | 1.54 09 [019] 019 | 1.18
pm Small sample DV II+ Spindle No.31
60% RC9 + 1 wt% Binder + 0.80 wt% NaSiO;
n-up y. | v-up | r-down | log(y ) [log ()| log(x) [log(n)
(Pas) | (sech) | (Pa) | (Pa) up_ | down
0.3 1.70 10102 ] 017 ] 0.21 09 [-076] 067 | 023
0.6 135 [ 0204 | 028 ] 029 069 |-056] -054 | 013
15 084 [ 0510 [ 043 | 051 020 |-037] 020 |-0.08
3 064 | 1020|065 076 001 |-019] 012 |-0.19
6 051 | 2040 | 104 114 031 J002] o006 [-029
12 042 | 4080 | 1.72 | 1.81 061 [024] 026 [-038
30 033 J[10200] 336 | 338 101 [ 053] 053 |-048
60 027 [20400] 545 | 5.45 131 [ 074 074 |-057
Stop 5 min
0.3 15.10 ] 0102 | 1.54 | 1.54 09 [019] 019 [ 118




142

Table 6D Variation of shear stress with shear rate of 40%RCl11
and S0%RC11 with 1 wi% binder (refer to Fig. 1D)

pm Small sample DV I+ Spindle No.18
40% RC11 + 1 wt% Binder + 0.08 wt% Na,$10;
nPas) | v (secT) | t(Pa) | log(y) | log(x) | log(n)
0.3 0.09 0.396 0.04 -0.40 -1.44 -1.04
0.6 0.09 0.792 0.07 0.10 -1.15 -1.05
1.5 0.10 1.980 0.20 0.30 -0.69 -0.99
3.0 0.09 3.960 0.36 0.60 0.45 -1.05
6.0 0.07 - { 7.920 0.59 0.90 -0.23 -1.13 .
12.0 0.06 15.800 | 0.90 1.20 005 | -1.24
30.0 0.04 39.600 1.51 1.60 0.18 -1.42
60.0 0.03 79.200 2.20 1.90 0.34 -1.56
0.3 0.19 0.396 0.08 -0.40 -1.12 -0.72
Stop 5 min
0.3 0.37 0.396 0.15 -0.40 -0.84 -0.43
pm Small sample DV II+ Spindle No.31
50% RC11 + 1 wt% Binder + 0.14 wt% Na,SiO;
n(Pas) [y (sec’) | T(Pa) | log(y) | log(x) | log(n)
03 3.50 0.102 0.36 -0.99 -0.45 0.54
0.6 4.30 0.204 0.88 -0.69 -0.06 0.63
1.5 2.90 0.510 1.48 -0.29 0.17 0.46
3.0 1.96 1.020 2.00 0.01 0.30 0.29
6.0 1.24 2.040 2.52 0.31 0.40 0.09
12.0 0.76 4.080 3.11 0.61 0.49 -0.12
30.0 0.39 10.200 395 1.01 0.60 -0.41
60.0 0.23 20.400 478 1.31 0.68 -0.63
0.3 7.10 0.102 0.72 -0.99 0.14 | 0385
Stop 5 min
0.3 14.90 0.102 1.52 «0.99 0.18 1.17
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e a0 :

=
+e—40%RCHI + 1 wt% Binder

+0.08 wi% Na;SiOs

\‘-n—"'SQ%RGI 1+ 1 wi% Binder
© 014 wt% Na;SiOs

5 FRE L« T

Shear stress (Pa)

Log (Shear stress,

Log (Shear rate)
Fig. 1D Variation of shear stress with shear rate of 40%RC11 with 1
Wt% binder and S0%RC11 with 1 wt% binder
(Rechecking before spray drying and relating to Table 6D)
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Table 7D Variation of shear stress with shear rate of 50%RC9 and
50%RC9 with 1 wt% binder (refer to Fig. 2D)

Small sample DV II+ Spindle No.31

pm
50% RC9 + 0.10 wt% NazSiO;
nPas) |y (sec™) | t(®@a) | log@) | log(x) | log ()
0.3 150 | 0102 | 015 | -099 | -0.82 | 0.18
0.6 165 | 0204 | 034 | 069 | 047 | 022
15 140 | 0510 | 071 | 029 | 015 | 0.5
3.0 109 | 1020 | 111 | 001 | 005 | 004
6.0 085 12080 | 173 | 031 | 024 | 007
12.0 066 | 4080 | 270 | 061 | 043 | -0.I8
30.0 046 | 10200 | 466 | 101 | 067 | 034
60.0 035 1 20400 | 710 | 131 | 085 | -0.46
0.3 260 | 0102 | 027 | 099 | -058 | 041
Stop 5 min
0.3 340 | 0102 | 035 | 099 | 046 | 0.53
pm Small sample DV II+ Spindle No.31
50% RCO + I wi% Binder + 0.06 Wt% Na;SiO;
nPa.s) [y (sec) | t(Pa) | log(y) | log(x) | log(n)

03 2402 | 0102 | 245 | 099 | 039 | 138
0.6 1560 | 0204 | 320 | -0.69 | 051 | 1.20

15 720 | 0510 | 367 | 029 | 056 | 0.86
3.0 213 | 1020 | 421 | 001 | 062 | 062
6.0 229 | 2040 | 468 | 031 | 067 | 036
120 | 130 | 4080 | 530 | 061 | 072 | 0.1l
30.0 063 | 10200 | 646 | 101 .| 08L | -020
60.0 038 | 20400 | 766 | 131 | 088 | -043
03 1961 | 0102 | 200 | 099 | 030 | 1.29

Stop 5 min
03 3422 | 0102 | 349 | 099 | 054 | 153
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Shear stress (Pa’

] e~ 50%RC9+0.10 wi%
Na;Slﬂ‘g

2.00 AR i
- 50%RCO + 1 wi% Binder
1.00 .+ 0.06 % Na;SiO; |
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0.00 : - —
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. (i et
b~ —

Log (Shear rate)

Fig. 2D Variation of shear stress with shear rate of S0%RC9 with and
- without 1wt%binder
(Rechecking before spray drying and relating to Table 7D)
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Table 8D Variation of shear stress with shear rate of 60%RC9 and
60%RC9 with 1 wi% binder (refer to Fig. 3D)

Ipm Small sample DV I+ Spindle No.31
60% RC9 + 0.55 wt% Na;Si0;
nPas) [y (sec?) | t(Pa) [ log(y) | log(z) | log(n)
0.3 0.90 0.102 0.09 -0.99 -1.04 -0.04
0.6 0.60 0.204 0.12 -0.69 -0.91 -0.22
1.5 0.38 0.510 0.19 -0.29 -0.71 -0.42
3.0 - 0.31 1.020 0.32 0.01 -0.50 -0.51
6.0 0.24 2.040 0.49 0.31 .=0.31 -0.62
12.0 0.20 4,080 0.81 0.61 -0.09 -0.70
30.0 0.15 10.200 1.58 1.01 0.20 -0.81
60.0 0.13 | 20400 | 2.66 1.31 0.42 -0.88
0.3 1.00 0.102 0.10 -0.99 -0.99 0.00
Stop 5 min |
03 1.50 0.102 0.15 -0.99 -0.82 0.18
rpm Small sample DV II+ Spindle No.31
60% RC9 + 1 wt% Binder + 0.80 wt% Na;Si0O;
n(Pas) |y (sec) | t(Pa) | log(y) | log(x) | log(m)
0.3 1.00 0.102 0.10 -0.99 |. -0.99 0.00
0.6 0.65 0.204 0.13 -0.69 -0.88 -0.19
1.5 0.42 0.510 0.21 -0.29 -0.67 -0.38
3.0 0.32 1.020 0.33 0.01 -0.49 -0.50
6.0 0.25 2.040 0.50 0.31 -0.30 -0.61
12.0 0.21 4.080 0.85 0.61 -0.07 -0.68
30.0 0.17 10.200 1.72 1.01 0.24 -0.77
60.0 0.15 [ 20.400 2.98 1.31 0.47 -0.84
03 1.10 0.102 0.11 -0.99 -0.95 0.04
Stop 5 min
03 0.90 0.102 0.09 -0.99 -1.04 -0.04
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Fig. 3D Variation of shear stress with shear rate of 60%RC9
with and without 1wt%binder

(Rechecking before spray drying and relating to Table 8D)



APPENDIX E

Modulus of i'upture data (Green strength)
Table 1E Green strength of RC slips at 50 wt% solid compared

with Hypure Vector®.(refer to Fig. 5.13) 1MPa=1MN/m' = 10.019716 kg/em’
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Sample Green strength (kg/cm’)

_RC6 RCY RC10 RC11 RC12 | VECTOR
1 60.08 55.15 82.34 78.70 81.16 6642

2 59.31 5437 100.36 66.76 86.52 66.42

3 67.82 58.45 78.42 82.52 83.62 62.13

4 65.03 54.11 93.54 3.44 73.78 61.11

5 60.08 53.14 92.73 72.49 78.21 5437

6 71.32 53.03 92.99 79.71 78.70 64.72

7 71.32 56.95 98.31 66.42 83.26 67.31

8 68.43 5275 92.99 7767 | 9112 53.14

MIN 59.31 52.75 78.42 66.42 73.78 53.14

MAX 71.32 58.45 10036 82.52 91.12 67.31

AVG. 6542 5537 91.46 74.71 82.05 61.95

STDEV. 5.06 2.19 747 5.96 536 551

Sample Green Strength (MPa)

RC6 RC9 RC10 RCi11 RC12 | VECTOR

1 5.89 5.41 8.07 172 7.96 6.51

2 582 533 9.84 6.55 8.49 6.51

3 6.65 5.73 7.69 8.09 8.20 6.09

4 6.38 531 9.17 7.20 724 5.99

5 5.89 5.21 9.09 7.11 767 533

6 6.99 5.69 9.12 782 772 6.35

7 6.99 5.59 9.64 6.51 8.16 6.60

8 6.71 517 9.12 7.62 8.94 5.21

MIN 5.82 517 7.69 6.51 7.24 521

MAX 6.99 573 9.84 8.09 8.94 6.60

AVG. 6,42 5.43 897 733 8.05 6.08

STDEV. 0.50 0.21 0.73 0.58 0.53 0.54
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Table 2E Modulus of rupture (green strength) of RC9 slips before
and after spray drying compared with Hypure Vector®.

(refer to Fig. 5.25) 1MPa = IMN/m? = 10.019716 kg/em?
Sampie Green strength before spray drying (MPa
50RCO . 50RC9+1B 60RCY 60RC9+1B

1 5.06 5.97 6.82 6.95

2 546 5.97 6.04 7.37

3 5.59 6.12 5.97 8.15

4 5.41 5.97 6.74 7.90

5 5.59 . 588 6.65 7.16

6 6.03 5.74 6.55 6.90

7 5.24 5.41 6.77 7.51

8 6.12 6.42 7.71
MIN 5.06 5.41 597 6.90
MAX 6.03 6.12 6.82 8.15
AVG. 5.48 5.89 6.49 7.46
STDEV. 0.31 0.23 0.33 0.45

Sample Green strength after spray drying (MPa)
50RC9 50RC9+B 60RCY VECTOR

I 4.70 4.95 6.68 6.51

2 4.45 6.24 6.25 6.51

3 4.36 467 6.19 6.09

4 5.44 4.95 5,84 5.99

5 5.37 6.29 6.27 5.33

6 4.95 5.94 5.44 6.35

7 5.14 5.40 5.33 6.60

8 4.70 5.55 6.27 5.21
MIN 4.36 4.67 5.33 5.21
MAX 544 6.29 6.68 6.60
AVG. 489 5.50 . 6.03 6.08
STDEV. 0.40 0.62 0.46 0.54




APPENDIX F

Granule properties
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Table 1F Granule size distribution of samples by sieve analysis.
(refer to Fig. 5.27)

Weight percent over than (%)
Samples | VECTOR | 40RC11 | SORC11} 50RCY | S0RCY | 60RC9 | 60RCY
(fixed +0.08Na | +0.14Na{| +0.1Na |+0.06Na | +0.55Na | +0.08Na
condition) +1B +1B +1B +1B
+180 um| 77.80 0.36 0.60 0.56 0.56 1.84 4,24
+125 um| 90.40 0.56 1.12 1.04 0.92 3.16 6.16
+106 um| 93.20 0.72 1.92 1.96 1.24 3.96 7.16
+75um | 98.00 3.40 8.56 13.76 3.12 7.84 9.04
+45 um | 99.60 6940 | 76.56 | 80.38 | 7836 | 82.80 | 76.62
-45um | 99.76 9956 | 99.68 | 9928 | 99.56 | 99.44 | 99.85
Weight percent over than (%)
Samples | SO0RC11 46RC11 46RC11 50RC11 S50RC11
(varied +0.28Na +).INa +0.3Na +0.3Na
Condition) +1B +1B +2B
+180 um 1.04 1.16 0.89 0.72 0.96
+125 um 1.56 1.56 1.56 1.12 1.56
+106 pm 1.84 1.84 1.91 1.44 2.12
+75 pm 3.48 15.40 17.38 3.16 4.84
+45 pm 81.08 92.28 79.96 75.56 75.92
-45 um 99.80 99.88 99.87 99.56 99.52
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Table 2F Granule size distribution of samples, measured by
stereomicroscope. (refer to Fig. 5.28-5.29)

‘ Percent finer than (%)
Samples [ VECTOR | 40RC11 | S0RC11{ S0RCY SORC9 | 60RC9 | 60RCO
(fixed +0.08Na | +0.14Na| +0.1Na |+0.06Na | +0.55Na | +0.08Na
condition) +1B +1B +1B +1B
-10 um 0.00 7.25 10.10 5.10 17.72 10.13 5.26
-20 um 0.00 3478 54.55 4898 46.84 46.84 41.05
-30 um 0.00 73.91 78.79 77.55 64.56 64.56 72.63
-40 pm 0.00 88.41 91.92 | 954.90 70.89 78.48 88.42
=50 um 0.00 9420 | 95.96 97.96 93.67 94.94 9895
-56 um 3.23 94.20 95.96 97.96 93.67 94.94 98.95
-60 um 3.23 95.65 98.99 | 100.00 | 97.47 97.47 100.00
<70 um 3.23 97.10 100.00 | 100.00 | 100.00 | 97.47 100.00
80 um | 3.23 98.55 100.00 | 100.00 | 100.00 | 98.73 100.00
-90 um 323 100.60 100.00 | 100.00 | 100.00 | 98.73 100.00
=100 um 3.23 100.00 100.00 | 100.00 | 100.00° | 98.73 100.00
-110 um 3.23 100.00 100.00 | 100.00 { 100.00 | 98.73 100.00
-111 pm | 12.90 100.00 | 100.00 | 100.00 | 100.00 | 98.73 100.00
<120 um |} 12.90 100.00 100.00 | 100.00 | 100.00 | 100,00 | 100.00
-168 um{ 22.58 100.00 100,00 | 100.00 | 100.00 | 100,00 | 100.00
222 um| 41.94 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00
278 um| 70.97 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00
-333 um | 80.65 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
389 um| 90.32 100.00 100.00 | 100.00 { 100.00 | 100.00 | 100.00
444 um | 96.77 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00
-667 um | 100.00 100.00 100.00 | 100.00 | 100.00 | 100.00 | 100.00
Percent finer than (%)
Samples | S50RC11 46RC11 46RC11 S0RC11 SO0RC11
(varied +0.28Na +0.1Na +0.3Na +(.3Na
Condition) +1B +1B +2B
-10um | 0.00 0.00 10.96 8.06 11.11
-20 um 15.00 10.81 4795 38.71 26.39
-30 um 51.67 29.73 82.19 70.97 69.44
-40 pum 75.00 48.65 93.15 85.48 86.11
-50 um 91.67 86.49 97.26 90.32 04 44
-56 um 91.67 86.49 97.26 90.32 94 44
60 um | 100.00 94.59 100.00 96.77 1 95.83
-70 pm 100.00 97.30 100.00 96.77 97.22
-80 um 100.00 97.30 100.00 96.77 98.61
90 um | 100.00 97.30 100.00 98.39 98.61
-100 pm 100.00 100.00 100.00 100.00 100.00
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40%RC11 with 1 wt% binder (Edge)

Fig. 1F Granule deformation of 40%RC11 with 1 wt% binder
at various pressures — 7 to 9 MPa. (Fracture surface by SEM x 500)
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40%RC11 with 1 wt% binder (Edge)

o i, 5 E o

Fig. 2F Granule deformation of 40%RC11 with 1 wt% binder
at various pressures — 10 to 13 MPa. (Fracture surface by SEM x 500)
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Fig. 3F Surface of 40%RC11 with 1wt% binder
at various pressures — 7 to 9 MPa. (Fracture surface by SEM x 500)
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40%RC11 with 1 wt% binder (Plane)

Y
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ih=,

11 MPa

Fig. 4F Surface of 40%RC11 with 1wt% binder
at various pressures — 10 to 13 MPa. (Fracture surface by SEM x 500)
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50%RC11 with 1 wi% binder (Edge)

7 MPa

L r"‘i’.'l

1SRN 550717

Fig. S5F Granule deformation of 50%RC11 with 1 wt% binder
at various pressures. (Fracture surface by SEM x 500)
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TathF%Shlhlqgemd%wtlossofpmsedmphs(rda&dtoijg.s.ﬂtos.ﬂ)ls
: - %Shri _
Mould-dry 7 MPa (70 Bar) 9 MPa (90 Bar) 11 MPs (110 Bar)|
MIN [ AVG.| MAX | MIN | AVG.| MAX | MIN AVG.| MAX
Vector 113 | 136 [ 147123 ] 1.36 | 142 | 1.32 | 148 1.56
40RC11+B 100 1011 101§092] 101 | 1.06
S0RC11+B 101 [ 108 1.15] 1.24 | 1.26 { 1.28
50RC9 123 | 125 [ 128 1.24 | 1.24 | 1.24 ) 1.15 | 1.21 1.24
S0RCHB 124 | 13211471115 124 ] 133 ] 1.24 | 1.36 | 147
G6ORCY 115 | 127 [ 133 138 | 1.44 | 147 | 1.33 | 1.36 1.42
60RC+B 1381147 | 156 | 1.22 | 1.28 | 1.33
. % Shrinkage
Dry-Fired 1150°C 1200°C 1245°C
- 7 MPal9 MPall1 MP47 MPal9 MPajl1 MPq 7 MPa|9 MPaj 11 MPa
Vector 11.041 107211026 11.51 | 11.141 10.68 | 11.82 [ 11.21 | 11.62
40RC11+B 10431 10.11 10.97 | 10.76 11.58 11.17
S0RC11+B 1004 9.85 10.51 ] 10.44 11.291 11.01
S0RC9 874 | 850 | 855 985 | 957 | 927 | 1068 10.36| 9.25
S0RC9+B 001 | 883 874 |1008)] 990 | 995 | 11.05]| 1063} 9.92
60RC9 804 | 879 869 | 972 | 940 | 923 | 1046 10.19] 10.09
60RCO+B 8.66 | 8.67 941 | 9.23
%Shrinkage %Shrinkage
(Thickness) 1150°C 1200°C 1245°C
7 MPa[9 MPali1 MP47 MPa|9 MPall1 7 MPa|9 MPaj 11 MPa
Vector 14.89] 15221 1333 | 14.89] 15.22| 15.22] 20.00| 17.39] 15.56
40RC11+B 12771 12.09 15.63 1 13.98 15.05] 13.55
S0RC11+B 14.58 | 13.04 15.72 | 14.02 17.02] 16.13
50RC9 11461 11.11 ] 13.04 1 1250} 11.11 8 13,04 | 14.58| 14.13| 11.36
S0RC9+B 1250} 889 | 989 | 1429 | 9.89 | 15.79| 14.58 | 14.29| 13.33
60RC9 1250 7.87 [ 11.11{13.54 | 11.11] 11.11] 13.83]12.22 | 12.22
60RC9+B 11.11 | 10.34 12.22| 11.93
Vector 14891 15.22| 13.33| 1489} 1522 15.22] 20.00| 17.39; 15.56
% Wt. loss
% Wt. loss 1150°C 1200°C 1245°C
7 MPa|9 MPall1 MP47 MPa|9 MPa[i1 MP47 MPa|9 MPa| 11 MPa
Vector 1374 ] 13.46] 13.64 | 14.37] 14.22| 14.26] 1437 ] 14.17 | 14.09
40RC11+B 12.46 | 12.66 13.52 | 13.77 13.511 13.30
SORC11+B {12.51] 12.75 13.07 | 13.15 13.21 | 13.45
50RC9 1266 12.79] 12.89] 1332 13.43| 13.68 | 13.22| 13.49| 13.10
SORC9+B 13.441 1344|1334 [ 1393} 13.79} 13.64 | 13.74| 13.82| 13.95
60RC9 12.79]12.73] 12.74 [ 13.39 ] 13.25] 13.33 | 13.27] 13.29] 13.33
60RC9+B 13.301 13.25 13.82 | 13.89




Table 4F _Green density of pressed samples (velated to Fig. 5.42)
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Green demsity (g/em®)
Green density 70 Bar (7 MPs) 99 Bar (9 MPa) 110 Bar (11 MPa)
MIN | AVG. | MAX | MIN | AVG. | MAX | MIN | AVG. | MAX
Vector 173 | 177 | 180 | 179 | 182 | 184 | 1.86 | 1.88 | 1.89
40RC11+B 176 | 176 | 177 | 179 | 180 ] 1.81
S0RC11+B 170t 073 | 175 ) 125 | 118 | 181
50RC9 171 ) 175 | 177 | 118 ]| 183 | 187 | 184 | 188 | 194
S0RC9+B 173 | 174 | 1.76 | 182 | 185 | 187 | 176 | 184 | 1.9
60RC9 1731 176 | 178 | 186 | 188 | 190 ] 176 | 1.84 | 190
60RC9+B 185 | 18 | 185 | 191 | 191 | 1.9

Table SF  Bulk density, %water absarption, %apparent porosity
and specific gravity of pressed samples (velated to Fig, 5.45 and Fig. 6F)

Bulk density (g/cm’)
B=D/(M-S) 1150°C 1200°C 1245°C
7 MPa | 9MPa [11 MPal 7 MPa | 9MPa |11 MPa| 7 MPa | 9MPa | 11 MPa
Vector 240 | 245 | 243 | 243 | 249 | 248 | 247 | 248 | 247
40RC11+B 228 | 234 | 232 | 236 | 231 | 241 | 238 | 242 | 242
S0RC9 217 | 222 | 233 | 229 | 229 | 234 | 229 | 239 | 244
S0RCHB 219 | 221 § 223 | 224 | 232 ] 232 | 230 | 235 | 246
60RC9 218 | 223 | 229 | 225 | 234 | 239 | 237 | 244 | 248
% Water absorption
A=(M-D)D x 100 1150°C 1200°C 1245°C
7 MPa | 9MPa ({11 MPal 7 MPa | 9MPa |11 MPa} 7 MPa | 9MPa | 11 MPa
Vector 014 | 004 | 034 | 012 | 007 | 005 ] 006 | 005 | 007
40RCTI+B 384 | 411 | 384 | 29 | 358 | 205 | 236 | 1.36 | 1.64
SORCY 839 | 704 | 491 | 525 | 558 | 434 | 501 | 343 | 233
S0RC9+B 784 | 759 | 658 | 637 | 434 | 485 | 498 | 381 | 258
60RC9 824 | 708 | 539 | 621 | 414 | 338 | 382 | 221 | 157
| % Apparent porosity
P=(M-D}M-8) x 100 1150°C 1200°C 1245°C
: a | SMPa [11 MPa| 7 MPa | 9MPa [ITMPa| 7 MPa| 9MPa [ 1T MPa
Vector 032 | 010 ] 08t ] 0291 0t7 ]| 013 | 016 | 013 | 018
40RC11+B 11.02 ]| 961 | 888 | 683 | 838 | 493 | 562 | 329 | 397
S0RC9 1824 | 1563 | 1144 | 1202 ] 1278 | 1013 } 1147 | 878 | 568
SORC9+B 17.15 | 1669 | 1469 | 1425 ] 1004 | 1124 | 1345 | 894 | 6.30
60RC9 1791 | 1572 | 1233 [ 1396 ] 970 | 806 | 896 | 540 | 380
Aj t specific gravity (glun’)
T=DAD-S) 1150°C i 1200°C 1245°C
7 MPa | SMPa'|11 MPal 7 MPa | 9MPx j11 MPa| 7 MPa | 9MPa | 11 MPa
Vector AT YA 2| 245 | 248 | 238 | 248 | 147
40RC11+B 256 | 259 | 255 1 253 | 255 | 253 | 252 | 250 | 251
50RCY 266 | 263 | 263 ] 260 | 263 | 260 | 259 | 260 | 259
SORCHB 264 | 265 | 262 ] 261 | 258 | 261 | 260 | 258 | 262
60RC9 266 | 264 | 262 | 261 | 259 | 260 | 260 | 258 | 2.58
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Fig. 6F Apparent specific gravity and apparent porosity of pressed
samples at 1150°C-1245°C. (Table 5F)
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Table 6F  Color after firing of pressed samples
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Color
Color 1150°C 1200°C 1245°C
RC11 L a b L a b L a b
1 88.57 | 1.80 | 11.33[88.09] 0.90 | 12.29| 87.83| 0.05 | 14.51
2 8781 | 205 [ 12.15{87.86| 1.12 | 12.17| 87.29| 0.07 14.72
3 8788 207 | 12.04] 8724 | 1.03 | 1297 | 87.70] 0.03 14.55
4 8835 1.83 | 11.64| 8724 1.11 | 12.89| 87.39| 0.05 14.57
5 8824 1.96 | 11.86 87.30] 001 | 14.34
6 87.53| 215 | 1211 87.271 0.04 14.45
7 88.19| 1.67 | 11.79
8 8745 1.89 | 1248
Min 87.45| 1.67 | 11.33{87.24| 090 | 12.17{87.27| 0.01 | 1434
Max 88.571 2.15 | 12.48]88.09} 1.12 | 12.97| 87.83} 0.07 14.72
Average 88.000 1.93 | 11.93|87.61| 1.04 | 12.58|87.46| 0.04 | 14.52
Standard deviation| 0.40 | 0.16 | 0.35 | 0.43 | 0.10 | 0.41 | 0.24 | 0.02 0.13
Color
Color 1150°C 1200°C 1245°C
RCY L a b L a b L a b
1 91.68| 1.17 | 818 {91.63| 0.32 | 830 | 92.40| -0.29 9.05
2 0141] 127 | 833 | 9065 048 | 877 | 91.51( -0.23 9.99
3 00.87 | 1.38 | 8.88 | 90.98] 0.48 | 8.67 | 90.46] 0.06 9.83
4 0144 1251 854 | 9224 038 | 7.65 | 91.33| -0.16| 10.04
5 9090 1.40 | 890 | 91.68| 0.38 | 830 | 91.67| -0.19 9.79
6 90.71] 1.44 | 899 | 91.70| 0.27 | 8.49 | 50.84 | -0.07 10.11
7 9106} 122 | 872 |91.40| 052 | 821 | 91.05| -0.13 10.28
8 90.15}) 1.51 | 935 | 90.72| 0.60 | 877 | 90.94| 0.15 10.45
9 90421 147 | 901 | 91.55| 044 | 823 | 90.62| 0.10{ 10.76
10 90.82{ 1.38 | 890 | 91.93| 036 | 8.04
11 90.36] 1.38 | 9.16 | 90.31| 0.58 | 9.00
Min 90.15| 1.17 | 8.18 [ 90.31] 0.27 | 7.65 |90.46{ 029 | 9.05
Max 91.68] 151 | 9.35 [ 92.24| 0.60 { 9.00 | 92.40] 0.15 | 10.76
Average 9089 135 | 8.81 |91.34| 0.44 | 840 | 9120 -0.11 | 10.03
Standard deviation] 0.48 | 0.11 | 0.35 | 0.60 { 0.11 | 0.39 | 0.60 | 0.14 0.48
Color
Color . 1150°C - 1200°C 1245°C
VECTOR L a b L a b L a b
1 85.69| 0.58 | 14.28180.50 | 0.11 | 15.02| 77.99| -0.01 | 14.19
2 8399| 0.40 | 13.59] 79.14] 0.17 | 1472 78.66| -0.07 | 13.95
3 82731 047 | 133717847 0.18 | 14.77| 76.70| 0.09 | 1422
Min 82,73 0.40 | 13.37| 78.47] 0.11 | 14.72| 76.70 | -0.09 | 13.95
Max 85.69] 058 | 14.28{80.50| 0.18 | 15.02)78.66 | -0.01 | 14.22
Average 84.14| 048 | 13,75]79.37| 0.15 | 14.84) 77.78 | -0.06 | 14.12
Standard deviaﬁm| 149 | 009 | 0471 1.03 | 0.04 | 0.16 | 1.00 | 0.04 0.15
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Fig. 8F Micrograph of pressed samples after firing.
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APPENDIX H

ASTM standard

N qmr’ Designation: B 212 - 89 {Reapproved 1995)1

Standard Test Methbd for

Apparent Density of Free-Flowing Metai Powders’

This sundard is issued uncer the fixod desi B 212 the

ko § Az

ty following the designation indicaws the yoar of

onginal agoption or, in the saae of revision., the year of lag revision. A pumber in purentheses indicates the year of st rexpproval, A
superscript epsilon (¢) iz<xmaies an editorial change fince the 3% revision or reapproval.

This standord has been =sowoved for use bv agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for ihe speciils vesr af ftsie which has been adomed by the Depattinent of Dq’mu -

N Norp=aKevwords wers padedseditonaily in Sepiember 1995,

1. Scope .

1.1 This tesi method descrites a procedure for deter-

mining the apparent deasity of ‘.....-ﬂowmg metal powdess
and is suitable for only those powdess that will flow unaidsd
through the specified Hall flowmeier funnel,

1.2 This standard does nor urpon to address all of the
safety concerns. if any, essocizzes with iis use. It is 1re
responsibilicy of the user of thic s12ndard 10 establisi appro-
priate safety and health practiczs 2nd deiermine the applica-
bility of regulciory limitations priss o use.

2, Summnary of Test Method

2.1 A volume of powder is permirted to flow ino 2
container of definite volume under controlied conditions,
The weight of powder per upit volume is determined acd
reporied as apparent density.

3. Significance and Use

3.1 This test method providss 2 guide for evaluation of
the apparent density physical characienistic of powders. Toe
density measured bears some reizuonship to the weight of
powder that will fill a fixed volcme press cavity when pans
are being made. The degres of co: .-.aticn berween the resuiis
of this test and the gualitv of powders in use will vary with
each particular application.

4, Apparatus

4.1 Powder Flowmeler Furnel*—A sandard Hall
flowmerer funnel (Fig. 1) having 3 calibrated omifice.

4.2 Density Cupi—a cylindzizal cup (Fig, 1) baving 2
capacity of 25 = 0.05 cm’.

4.3 Swand?—A stand (Fig. .. 1o support the powder
flowmeter concentric with the dazsity cup so that the bomom
of the powder flowmetsr orifice is 1 in, (25 mm) above the
1op of the density cup when toe apparatus is assembled as
shown in Fig. 1.

4.4 Base—pA level, vibration-iree base to support the
powder flowmeter,

¢ This test method is under the jurisdicoion of ASTM Commitice B-9 on Mawl
Powders and Metal Powder Products and is tiwe direct responsibility of Subcom-
mizse BOP.02 on Base Mewl Powders.

Curremt edition approved Jan. 17. 1989, Published March 1989, Originally
pubiihed as B 2123 - 46 T. Lan previous edivion B 213 =42,

=The flowmeisr funnei, density cup, and mand are available from Aican
Powder and Pigmenu. Division of Alcxa Alominum Corp., 901 Lahigh Ave.
Urdon, NJ 07083-74632, '

4.3 Balance, havi;tg a capacity of at least 200 g and a .
sensitivity of 0.1 g.

5. Test Specimen

5.1 The test specimen shall comsist of 2 volums of
approxiroatelv 30 to 40 cm® of metal powder.

5.2 The test specunen shall be tested as sampled. Note,
however, that moisture, oils, steanc acid, siearaies, waxes,
etc., may aiter the characteristics of the powder.

6. Procedure

6.1 Carefully load the test specimen into the flowmater
funnel and permit it to run into the density cup througn the
discharge orifice, Take care not to move the density cup.

6.2 When the powder completely fills and overflows the
periphery of the density cup, rotate the funnel approximaraly
90" i a horizontal plane so that the remaining powder Zalls
away from the cup.

6.3 Using a nonmagnetic spatula with the blade =eid
perpendicuiar ta the top of the cup, level off the powder Jush
with the 1op of the density cup. Take care 10 avoid jarming the
apparatus at any time.

6.4 After the leveling operation, tap the density cup lxgmiv
on the sids 1o settle the powder to avoid sp:llmg in wransfer,

6.5 Transfer the powder to the balance and weigh 1o the
nearest 0.1 g.

7. Caleulation

7.1 Calculate the apparent density as follows:
Apparent densily, g/em? = weight in grams x 0,04

8. Report

8.1 Results shall be reported as apparent density ¢ the
nearest 0.01 g/fem?.

9. Precision and Bias

9.1 The following criteria shouid be used 10 judge acrept-
ability of the resuits at the 95 % confidence level,

9.1.1 Repeatability—Duplicate results by the same oper-
Stgr q.;hould be considered suspect if they d.lﬂ'er by more thar

9.1.2 Reproducibility—The results submitted by each of
™wo laboratories should not be canﬂdered suspect unless they
differ by more than 6.0 %.

10. Keywords

10.1 apparent density; Hail flowmeter funnel; metal pow-
ders
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This standard is imuad under the flaed designation 8 213; the nurber immediately following the designation indicates the year of
onginal adoption or. in the case of nvision. the vaer of lan revision, A aumber i parentheses indbcucet the vear of lan eapproval. A
superscnpt epsilon (1) indiczes an sditonal change tince the lam revikion or reapproval, B 113

1. Scope . .

1.1 This test methiod covers the detdrmination of the flow
rate of meal powdess and is suitabie only for those powders
which will flow unaided through the specified apparatus,

1.2 This standard rhay invoive hazardous materials, oper-
ations, and equipment. This gandard does not purport to
address all of the safery problems associated with its use. It is
the responsibility of the user of this standard 1o establish

appropriate safety and health prociices and determine the .

.. applicability of regulatory limitations prior to use.

2. Signiﬂmnc'e and Use

2.1 The {low rate of a metal powder determines the rate of
filling of a die cavity in the pressing of sintered meral parts or
bearings. High {low rates (low flow times) are usually desired
for high productivity. The test method may be part of the
purchase agreement between powder manufacturer and P/M
paris producers, or it may be an internal quality controi test
for powder blended by a parts producer. It is commonly
applied to ferrous powders and copper base alloys, but may
be used on other powders as well, The test is not applicable
10 wet or pasty mixtures of metal powders, since they will not
flow through the funne] and are not commonly used in P/M
processing,

3. Apparatus

3.1 Powder Flowmeter Funnel—A standard flowmeter ©

funnel® (Fig, 1) having a calibrated orifice of 0.10 in. (2.54
mm) in diameter.

3.2 Swand’—A stand (Fig. 1) 1o support the powder
flowmeter-funnel. . .

3.3 Base—A level, vibration-free base 1o support the
powder flowmeter,

1.4 Stop Waich.

3.5 Belance—A balance suitable for weighing sccurately
to 0.01 g

4, Test Specimen -

4.1 Thetewt specimen shall be 20 g, weighed 1o the nearest
Ole ]

' This 15t method is under the jurindicion of ASTM Committer B9 an Metal
Powders and Metal Pawdar Products and is te direct responsitifity of Subcem-
minee B0S.02 on Base Mzl Powders.

Current edition approved Feb, 2. 1990. Published April 1990, Originally
pubdished ak B 21 - 46 T, Last previgus edition B 213 - §3;

3The powder fNlowmeter funnel, density cup. and fand are avaiiable from
Alcan Powders and Pigments, 901 Lehigh Ave., Union, NJ 070837432,

5. Procedure

3.1 The test specimen shail be wested as sampied. 1t should
be noted, however, that moisture, oils, stearic acid, stearates,
waxes, eic., may alter the characteristics of the powder.

5.2 Carefully load the test specimen into the Jowmeter
funnel while keeping closed the discharge orifics at the
bottom of the funnel by placing a dry finger unde: it Take
care that the short ster of the funpel is filled.

3.3 Start the stop watch simultaneously with removal of
the finger from the discharge orifice and stop it at the instant
the last of the powder leaves the funnel. Record the elapsed
time in seconds,

*

6. Report

6.1 The elapsed time shall be multiplied by 1he zorrection
factor {see Note) and the result reported in seconds 1o the
nearest second.

NoTE —The manufacturer supplies the funnel ealibratac a5 follows;
Using the procedure described in Section 5. the flow rate a7 standard
130-mesh Turkish emery is determined. The average o7 five Seterminz.
tions (the extremes of which shall not differ by more than 0.4 ) is
samped on the bottom of the funnel. The correcticr “:ctor of the
unused funnel is 40.0 divided by this number. It it recomrmended that
the facior be periodically verified by the user by determining by the
abave method, the flow rate of the sundard | 50-mesh Turkisa emery,
I the flow rate has changed from that samped on the infrument. the
new correction facior will be 40.0 divided by this new flow mue. Before
adopting the new correction factor, however, it is recommended that the
causz of the change be investigated. If the flaw rate has increased. it is
probable thet repeated use has burnished the orifice ard the new
cofrection factor may be used. A decrease in flow raiz may indicaie 2
piaung of sofi powder upon the orifice. This shouid De carefuliy
removed with the aid of a pipe cleaner and the calibration tes rerun, the
new correction factor being calculated if required. It is ressmmended
that the use of 1 funnel be discontinued afer the fow r21e of the
sandard sample has incrossed such that the time of flow is jesy than 37
5. The manufacturer's experience indicates that, under corditions of
almost continucus daily use, & decrease in ume of flow of 3 s should be
expected after 5 years of service.

7. Precision and Bias

7.1 The precision of this test method is presentiy being
determined by Subcommittee B09.02. '

* Swndardizad No. 150 emery grit it no longer being 30kl Jn thoae inmances
mmewddmwwﬁbuumuﬁmmmduummNo.
150 emery grit, the fonnel may br returned to Akesn Powdens and Pgraepts, %01
Letigh Ave., Union, NJ 07083.7632, for me-calibrarion and re-cartificauion, It is
;eommendad that verification be done #1 least annually depending on frequency

use,
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Sieve Analysis of Granular Metal Powders’

Wsumdhiﬂudmmﬁxdﬁpﬁul!ld:ﬂnuﬁhmmqmmﬁmiwunmd
originsl sdopiion or, in U case of revision, the year of lasl mvision. A aumber in parentiesss indicates the yoar of lam respproval. A
SUpRSICHPY epsilon (1) indicates an editorisl change since the Jam revizion or reapproval.

This standard hay beer approved for use by apencies 3f the Departinent of Defense, Consult the DoD Index of Specifications and
Standards for ihe specific veor §f issue which Aag deen ndopied by the Deparimient of Defmse.

1. Scope’ . : )

1.1 This test method covers the determination of the dry
sieve analysis of granular metal powders.

1.2 This siandard does not purport o address all of the
safety probiems, if any, associated with s use. It is the
responsibility of the user of this standard to esiablish eppro-
priate safety and heaith practices and determine the applice-
bility of regulatory limitations prior 1o use.

2. Referenced Documents

2,1 ASTM Standards: .

B 212 Test Method for Apparent Density of Free-Flowing
Metzl Powders?

B 215 Practices for Sampiing Finished Lots of Meal
Powders?

B 243 Terminology of Powder Metallurgy?

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

3. Terminology
3.1 Definitions—Useful deinitions of terms for metal

powders and powder metatiurgy are found in Terminology

B 243,

4. Significance and Use

4.1 The particle size distribution of a metal powder affects
its behavior in P/M processing and other applicatons of
these materials, The test method may be part of the purchase
agreement berween powder manufacturer and user, or it may
be an internal quality control test for either, This test method
is appropriate for materials with size distributions tvpified by
base metal pawders used in powder metallurgy.

3. Apparatus

5.1 Sieves—A set of standard sieves selected from Table 1
of Specification E 11, or the equivalent Tyier standand sieves.
The sieves shall be & in. (203.2 mm) in diameter and either |
or 2 in. {25 or 50 mm) in depth and fied with bronze, brass,
stainiess steel, or other suitable wire cloth. The U.S. sieves
given in Table | of this method shall conform to Specifica-
tion E 11. If Tyler standard sieves are substituted, they shail

! Thit 1s2 mathod is under the jurisdiction of ASTM €

B-9 oa Meul

Powders and Ml Powdar Praducts, and i the direct repanaibiticy of Subcom.

mitice B0%.02 on Base Mewal Powders.

Current adition approved Jan. 15, 1991, Published May 1992, Oniginally
publishod a5 B 214 < 44 T. Last mevious edition B 114 - $6.

2 Annual Book of ASTM Siandards, Vol 02.0%

3 Annuaf Book of ASTM Standards. Val 14.02,

conform to the permissible variations given in Table 1 of
Specification E 11,

NoTE 1—The new U5, Series standard sieves, adoptad in 1970, are
the prefecred sigves 10 use, The old U.S Seres mandard sieves and
equivalent sieves manulaciured by olher tompmnies, such a5 Tvier, may
230 be wused if the new U.S, Series is not availlable, Care should be taken
to make sure that siove opening sizes are correct when performing
standardization work., - .

3.2 Sieve Shaker—A mechanically operated, singie eccen-
tric sieve shaker which impars to the set of sieves a rotary
motion and tapping action of uniform spesd, shall be used,
The number of rotations per minute shal! o between 270
and 300. The number of taps per minute shail be between
140 and 160, The sieve shaker snall be fired with a plug.1o
receive the impact of the tapping device. The entire appa-
ratus shall be rigidly mounted by belting 10 a s0iid founda-
tion, preferably of concrete, A time switch should be
provided 1o ensure accuracy of duration of the test.

NoOTE 2—Use of 2 sound proof enclosure is recommended.

5.3 Balance—A balance having 2 capacity of a1 least 100 g
and a sensitivity of 0.01 g.

6. Test Specimen

6.1 The size of the test specimen shall te 100 g for any
metal powder having an apparent density greater than 1.50
g/cm® when determined in accordance with Test Method
B212. A 50-g specimen shall be used when the apparent
density of the powder is less than 1.50 g/cm®. The test
sp;cismcn should be obtained in accordance with Practices
B 215, '

7. Procedure

7.1 Assembie the group of sieves selected in consecutive
order as 10 size of openings, with the coarses; sieve at the top,
the assembly being compieted by a solid collecting pan below
the bottom sieve. Place the test specimen on the 1op sieve
and close this sieve with a solid cover. Then fasten the siave
assembly securely in a suitable mechanical sieve shaking
device and operate the machine for a peniod of 15 min.

7.2 Remove the screened fractions from the nest of sieves
by removing the coarsest sieve from the nest, gently tapping
its contents to one side and pouring them upon a glazed
paper. Brush any material adhering to the bottom of the
sieve and frame with a soft brush into the next finer sieve,
Tap the sicve just removed upside down. oo the paper
containing the portion that had besn retained on it. Weigh
this fraction t0 the nearest 0.1 g and remove it from the
balance. Repeat this process for each sieve in the nest and



TABLE 1 U.S. Standurd Series Test Sievas and Equivsient Tyler
Standarc Sieves
. Sigve Opering (umit
Number . New U.S, O LS. Tyter Seea
Seres Sarwn
20 850 (3] a3
35 M - - w?
40 L 425 a0 -
60 z 250 250 295
80 180 147 175
100 1% 149 147
140 108 108 —
150 - - 104
200 75 e 7
230 83 a3 -—
260 - - 82
328 435 ad “

remove the fraction collected-in the pan and weigh, The sum
of the weights of all the fractions shall be not less than 99 %
of the weight of the test specimen. Add the difference
between this sum and the weight of the test specimen (100 g
or 50 g in accordance with Section 6) 1o the weight of the
fraction coliected in the pan.

NoTs 3=If the qum is less than 99 %, check the condition of the
wreens and pan or possible errors in weighing and repeat the test

.

8. Report

8.1 Express the weights of the fractions retained on cach
sieve, and the weight of the fraction coliected in the pan, as

percentages of the weight of the test spazimen 10 the nearest’

0.1 %, and report them in the form shown in Table 2. Report
any fraction that is less than 0.1 % of the weight of the test
specimen as “trace.” If a fraction is absent. report it as “0.0".

8.2 Interpretation of this report should be made with
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TABLE 2 Form tor Reporting Tast Data
New 1.9, SIanoare Senes

Mash %
Pasce Sz i i wegn
> 180 +80
=180 > 150 = 30+ 100
= 150 > 108 ~ 100 + 140
106> 78 = 140 + 200
s 75> 45 - 200 + 325
3 44 - 325
Old U.S. Standard Serws
Particle Stxe {um) Mash Designation Parcontage
No. by Weight
> 177 ' + 80
%177 > 148 - 80+ 100
5 149> 103 =100 + 140
108> T4 =140 + 20
5 TA> A4 = 200 + 325 .
5 44 - 325
Tytar Stsndard Seve Series
Partice Size (wm) Magh Desgnauon Percantage
No By Wmgni
> 175 + 80
= 175 > 147 - 80+ 00
% 147 > 104 =100 = 1580
104> T4 = 150 + 200
2 74> A4 = 200 + 328
5 44 - 328

refereace to Specification E 11 in which the dimensional
tolerances of standard sieves are specified.

9. Precision and Bias :

9.1 The precision and bias that can be expecied through
use of this test method is currently under review by Subcome
mittez B09.02-0n Base Metal Powders.
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APPENDIXES

{Nonmandatory Information)

X1. CERTIFIED SIEVES—MASTER SET

X1.] Sieves conforming to Specification E 1} can be
obtained from the sieve manufacturers, and amangements
can be made through them to have the sieves certified by the
National Institute of Standards and Technology (formerly
the Navional Bureau of Standards).* If used continually, the

“ Contxt the National Inwtitute of Standards and Technology, Gaithersburg,

MD 20899,

sieves will, afier a period of nime, become less accurate and
might no longer be acceptable as certified sieves. The
common practict which would be considered acceptable
sceording 10 this sandard, would be to use the cemified
sicves as & master sat for checking other working sets of
sieves, By comparing sieve iests on the same sampie, run in
both the master set and the working set, a facior can be
established for correcting results on the working sieves.

X2, MATCHED SIEVES

X2,1 The use of & matched set of sieves, established
through use of a standard powder, is recommended when

closer correlation of tests between suppiier and consumer is
desired. -

: X3. SIEYE SERIES GUIDELINES

X3.] Suggestad combinations of sieves are given in Table
X3.1 for several nominal mesh size metal powders,

TABLE X3.1 Suggasted Sieve Series for Metal Powders
Pewaar 20 LS ] 100 | 140 ] 200 | 22§
Mea Sizs | i
0. |
New U.S. 40 | w F - e | {
B |« ~ v I
Sieve 50 i [ "
00 v e - - |
Swriet 140 v - v | e |
200 - - v w oo v
(Mesh Sizea} 230 | v | o
3 | e i | e | e v | w
Pan 1 R P - v 4

mmmmrmmmwmmmmmdmmmmmmmm

WPt drty R 1INNIONRd W1 this standard, Users of this stancierd are sy
Parecy riine, and tha rikk of iringament of SUCH righty, e enticely their own ragponEiiRy.

y advised (het I vaNgity of any such

mwnmwm-wmwmwwmmmummmmw
¥ FI0F rinviR B, SR FORDENOVND Gf WNGAIWI, YOUr COMIMNTE 8re Krwiac! allher 10r revigion of this Sisncay or Xor Soelionsl Sancerds

T snowid De adcrazed o ASTM MeadQuariars. Your commants will receive carefl

irEnen of &

g of the raspongids

fecrniot! commiltes, which you may &1end. /f you feel hEL YO COMMENGS Mive NOL AoRived 2 fal PGV yOu Should mike your
viewy known 10 i ASTM Committes on Standirds, 1914 Race 51, FAMOMDE, PA 19103,
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Determination of Tap Density of Metallic Powders and

Compounds’

o " Ladl

ing the dengnation indicates the yeur of

mm:d'u—ud under the fixed designation B 517; the

mﬂmmmmudnmwmﬁhuMAnmwhm:uhuhmdlumA

o epmbos (¢) ind an odi

1. Scope

1.1. This test method specifies & roethod for the dewermi.
nation of tap density (packed density) of metallic powders
and compounds, that is, the density of a powder that has
been tapped, to setile contenis, in a container under specified
conditions,

1.2 Tais standard does not purpor; (o address ail of the
safety problems, ii any, zzsociated with its use. [t is the
responsitility of the user o7 :his siandard 1o establish appro-
Jrigte salety and nealth przciices and determine the applica-
bility of ~egudatory iimiiaz:ons prior 10 use.

2. Referenced Documents

21 ASTM Siardards:

B 212 Test Method for Apparent Density of Free-Fiowing
Meul Powders®

B 215 Practice for Sa—pling Finished Lots of Metal
Powders®

B 243 Terminoiogy of Powder Meuliurgy?

B 529 Test Metaod for Apparent Density of Powdess of
Refraciory Meals ané Compounds by Scott Yoiumeter

B417 Test Metiod for Apparent Density of Non-Free-
Flowing Me1ai Powde=t"

B 703 Test Method for Apparent Density of Metal Pow-
ders Using the Ammoid Mewer®

3. Significance znd Use

3.1 This test method 2o+ 223 the evziuation of the agped
density pnysical characiensiic of mewilic powders und com-
oounds. The degres of correiziion beiween the results o7 this
.esl method and the qualizs of powdess in use wil] vary with
each pamicular appiicatio= and has not been fullv deter-
mined.

4. Apparatus

4.1 Balance, of apprope:zic capacity an accuracy 10 satisfy
the requirements shown i Table 1.

4.2 Graduaied Glass Crinder®, calibrated 1o contain |00
cm® at 20°C, the height of the graduated portion being
approximately 175 mm. The graduations shall be at 1 cm?

' This speaificonion u uader 1he eousdiction of ASTM Commitiog B-9 an Metal
Powders and Mewat Powoer Products and is the direqt responsibility of Subcom-
mittee B09.03 on Refraciory Meal Powders,

Current edition aporoved Des, 15, 1993, Published April 1994, Oripnally
pualished as B 527 « 70. Lam previons edinon B ST = 85 (L TERL

2 Annuai Book of ASTM Standeres, Vol 0.8,

3 Corning No. 045, Pyrex brane huas been found suitable,

ial change mincx the last rsvision or reapproval,

TABLE 1 Apcuracy and Capacity of Baisnce
Cytinder Caoaclty, om'  Agpasent Oenalty, gjom?  Wass of Teat forwen, g

100 T, > 0= 0S8
100 M <1 0x02
25 s >7 100 = 0.8
) 27 0=02
i) <2 =0t

intervals, thus allowing 2 measuring accuracy of = 0.5 cm?,
For apparent densities aver 4.0 g/cm?®, do not use the 100
em? cylinder.

4,2,] Ahernatively, the following may be used:

4.2.1.1 Graduated Glass Cylinder, calibrated to contain
25 cm? ar 20°C, the height of the graduated portion being
approximately 135 mm. The graduations shall be at 0.~ cm?
intervals,

4.2.1.2 A 25.«cm? cylinder shall be used for powdass of
apparent density higher than 4 g/em?, in particular for
refractory metal powders, but may also be used for powder of
lower apparent density. .

4.3 Tapping Appararus,* which permits the tapping of the
graduated cylinder against a firm base, The tapping skall be
such ihat a densification of the powder can take place
without any loosening of its surface layers. The stroke shall
be 3 mm (0.118 in.) and the wpping frequency shall be
between 100 and 300 waps/min. An example of 2 tapping
apparatus is shown in Fig. 1.

5. Test Specimen

5.1 For the guantities of powder required for each resw. see
Table |, Oblain test powder samples according 10 Pracuices

" B2

5.2 In general, the powder should be tested in the as-
received condition. [n cenain instances the powder may be
dricd. However, if the powder is susceptible 1o oxidatior, the
drying shall take piace in 2 vacuum or in inen gas. If the

. powder contains volatile substances, it shall not be dried.

3.3 The test shall be carried out on three test sampies,

6. Procedure

6.1 Ciean the inside the wall of the graduated cyiinder
(3.2) with a suitabie clean brush or, if necessary, by rinsing
with 2 solvent, such as acetone. If 2 solvent is used,
thoroughiy dry the cylinder before reuse.

* The following have been found witshic: Shandon Southern Insrumenn, Inc..
Tap-Pak Volumercr Model JEL-ST2 (Manufa ] . Enge AG, or
Ludwigshafen 9. fih. Wem Gonmany), 513 Brosd Sumel, Scwnckly, PA 13143;
Vankel Indumrics, Vanderkamp Tap Density Tamer, 36 Meridion Rood. Edion.
NJ 08820; Quanwchrome Com., Dual Autowip, § Acrial Way, Svomet, NY 1179).
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Gracuated measuning
= J 100 m

28 ml

i o

Holkder with guice
:4
24
b5
[ (Hewht of siroke)

/ b ' Arwil {sioml)

1
....!...

¥

¥

E

=
3:02mm

Cam

FiG, 1 Exampis of Tapping Appurstus

6.2 Weigh, to the nearest (.1 g, the mass of the test
portion as indicated in Table J, using a balance {4.1).

5.3 Pour the test portion into the graduated cylinder.
Take care that a level surface of the powdes is formed. Place
the cylinder in the tapping apparatus {4.3). Tap the cviinder
untl no further decrease in the volume of the powder takes

place (see Note 1).

NoTt l-—=in practice. the minimum oomber of Tpe, N, such that no
further chacge in volume takes place would be determined. For all
further texts on the same type of pawder, the cytinder would be subjecied
10 2V . ocept waere geasral experisuce 10d acospance bave
esublished 3 specific oumber of taps (po jess than N taps) &3 being
satisfactory. For floe refractory metal powders, 3000 taps bas besn found
10 be sarisfpcrory for all sives

6.4 If the tepped surface is level, read the voiume directly.
if the tapped surface is not Jevel, derermine the tape volume
by calculsting the mean vajue between the highest and the
lowest reading of the tapped surface. Read the fingl volume
10 the nearest 0.5 cm® when using & 100 em? cylinder and 10
the nearest 0.2 cm® when using a 25 cm? cyiinder.

7. Calculation
7.1 The tap densiry it given in the {oilowing equation

M
Pl-v

where:

Pi = 12p censity, grom?

M = mass of powdsr, g, and

¥ e volume of tapped powder, cm?,
8. Repon

8.1 Revort the foilowing information:

8.1.] Reference 1o this test method,

8.1.2 All detsils necessary for identification of the test
sample,

8.1.3 Tae drying procedure. if the powdcr has been dried,

.1.4 Cuiinder capacity, mass of west portion and method
used,

8.1.5 The result obrained,

8.1.6 All operations not specified in this test method or
regarded as opuoca]

8.1.7 Deuils of 2ny oc.urrcnce that may have affected the
result.

9. Precision and Bias

9.1 Precision and bias cannot be stated at this time |
because this test method covers a broad range of powders
and associated densities.

10 Keywords

10.1 ‘apparent density; bulk density; density; density rano;
metal powders; packed -density; powder metallurgy; tap
density

The Amevicen Socisly for Tasting and Malerigls lkex nd DORRIOA respecting the vilidity of #ny patert righis sEsenad in conmection
with a7y 2801 MERioned in this Sandard. Users of It 3n0ard a8 #70ressly BCnsed (hE: S Tninaion of 18 vadoRy of any such
patend cights, e the rigk of imrrgement of SUCh POIVE, Are Snlrely I owm FRIONSIDATY.

iie lechoical

Thvs sinnciand it gubject ic revition &t any time Dy e rekp

ant mwst be mﬂnymm

# 1O rovisad, ST [OBDTOVeT OF withGrirwn, Ywmwmw#mhmam aorior
and shouid De s0Oresssd 10 ASTM Heaciqueiters. Ymmﬂmﬂowﬂmmuanmvdmw

technicll convriniee, which you may stiend, It you tesl thel yowr
VWS knowT 10 the ASTM Commaies on Standarcs, 1418 Asce ., Philscwipra. PA 10103,
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Water Absorption, Bulk Density, Apparent Porosity, and
Apparent Specific Gravity of Fired Whiteware Products’

This sandard is istued under ihe fined dasigeation C 373; the number immediately following the desigastion indicates the vaur of

origina adoption or, in the cuse of revision, 1be year of lant
it epsilon (c) indi :

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 whitewsre products.

1.2 This standard does not purport (o address all of the
safety concerns, i any, assoclated with its use. It is the
responsibility of the user of this standard 10 esiablish appro-
priate sqfety and health prociices and determine the applica-
bility of regulatory limitations prior to use,

2. Significance and Use

2.1 Measurement of density, porosity, and specific gravity
is 8 tool for determining the degree of matration of a
‘ceramic body, or for determining structural properiies that
may be required for a given application.

3. Apparatus and Materials

3.1 Balance, of adequate capacity, suitable 1o weigh accu-
rately 10 0.01 g

3.2 Gven, capable of maintaining a temperaiure of 150 =
FC (302 £ 9°F.

3.3 Wire Loop, Hal:er, or Basket, capable of supporting
specimens under water for making suspended mass measure-
ments.

3.4 Container—a glass beaker or simiier 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 wirs loop being
compietely free of conzact with any part of the container,

3.5 Pan, in which the specimens mav be boiled.

3.6 Distilled Wazer.

4, Test Specimens

4.1 At least five representative test specimens shall be
selecled. The specimens shall be unglazed and stall have as
much of the surface feshly fractured as is practical. Sharp
edges ‘of comers sball be removed. The specimens shail
conmin no cracks. The individual test specimens shall weigh
at least 50 g.

3. Procedure .
5.1 Dry the temt specimens to constant mass (Note) by

! This 1e#t method is under the jurisdiction of ASTM G C1) on
Ceramic Whitewarss and Relmwed Producis and is whe diret responsibility of
Subcommines C11.03 on Fundamenw! Propertics.

Current edition approved Sesa. 30, ) 988, Published November 1988, Orniginaliy
publishod a3 C 373 = 55 T. Lam previous edition € 373 = 72 (1952).

. A ber in par
an cdinonal changs since the Jast revision ot Happroval.

indicates the year of last reappeoval. A

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 10 consunt raasgs and the
detetraination of their masses may be done eitber before or afier the
specimens have bean impregoated with watar, Ususlly the dry mass is
determined before impregnation. However, if the specimens are friable
or ¢vidence indicates that particles have broken loose during the
impregnation, the specimens shail be dried anc weighed afer 1bs
suspended méss and the saturated mas have desn determived, ip
accordance with 5.3 and 5.4 In this case, the second dry mass shal] be
usad in all appropriate culcuistions.

5.2 Place the specimens in a pan of disulied water and boii
for 5 h, taking care that the specimens are covered with water
zt all times, Use setter pins or some sitnilar device to separate
the specimens from the bottom and sidss of the pan and
{rom each other. After the 5-h boil, allow the specimens to
soak for an additional 24 h, '

3,3 Alter impregnation of the test specimens, determine
10 the pearest .01 g the mass, S, of each specimen while
suspended in water. Perform the weighing by placing the
specimen in & wire loop, halter, or basket that is suspended
irom one arm of the balance, Before actually weighing,
counterbalance the scale with the loop, haiter, or basket in

- place and immerse in water 10 the same depth as is used

when the specimens are in place, If it is desired 10 determins
oniy the percentage of water absorption, o the suspendad
mass$ operation, - ‘

3.4 After the determination of the suspeaded mass ar afier
impregnation, if the suspended mass is pot determined, blot
ach specimen lightlv with a moistened, lnt-free linen or
couon cloth to remove all axcess water from the surface. and
determine the saturated mass, M, to the nearest 0.0) g
Periorm_ the blotting operation by roliing the specirpen
lightly on the wet cloth, which shall previously have bean
saturated with water and then pressed ozly enough to re-
zove such water as will drip from the cloth. Excessive
blotting will introduce error by withdrawing water from the
pares of the specimen. Make the weighing immediatety afier
blorting, the whole operation being compieied as quickly as
passible 10 minimize errors due 10 evaporzrion of water from
the specimen.

6. Calculation

6.1 In the following calculations, the assutmption is made
that 1 cm? of water weighs | g. This is true Within about 3
parts in 1000 for water at room temperarure.

6.1.1 Calculate the exierior velume, ¥, in cubic centi-
meres, as follows:

VapM-§
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6.1.2 Caiculate the voiumes of open pores Vg, and
tmpervious portions My in cubic centimetres a2 foliows:
Vop= M =D
Vp=D=-S
6.1.3 The apparent porosity, P, expresses, as g percent, the
relationship of the volume of the open pores of the specimen
10 its exterior volume, Calculate the apparent porosity as
follows:. -
Pw (M= D)V x 160
6.1.4 The water absorption, A, expresses &s & percent, the
relationship of thé mass of water absorbed to the mess of the
dry specimen. Calculate the water absorption as follows:
A = [(M = D)/D] % 100
6.1.5 Calculate the apparent specific gravity, 7, of that

" portion of the test spectmen that is impervious 10 waler, as
follows:

T=D/D=5)

§.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. Calculate the bulk density
as follows:

B=Dtv
7. Report

7.1 For each property, report the average of the values
obtained with at least five specimens, and also the individual
velues, Where there are pronounced differences among the
individual values, 165t another lot of five specimens and, in
addition to individual velues, report the average of all ten
determinanions.

8, Precision and Bias

8.1 This west method s accurate 1o 0.2 % water absorp-

oo in interlaboratory tesu'ng whez the average value

‘recorded by all laboratories is assumed 10 be the true water

absorption. The precision is appronmau:lv + 0.} % water
absorption on measurements made by a single experienced
operator,

The American Society for Testing and hateriaia 1sin3 ra posion respecting (ne vasgdy of any Catant rights assarted i connection
wih a0y kem mentiond in this siinderd, Users of hs S1encRrd Bre expressly aavised INET Getermingticn of the vakeky of any such
DRint rigis, snd the tigk of iniringemenl of guCh (KGNS, B8 SRSy Uer own reOGibiitY.
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