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<Table 1> Chemical compositions of the tailing samples in this study (Wt. %)

Chemical composition
Items -
Si0z | AlO3 | FexOs | CaO | MgO | NaO K20 TiO2 | Mn20s F LOI
Coarse | 62.4 84 116 9.4 18 0.27 1.22 | 050 0.49 0.7 2.7
Fine | 60.2 99 10.8 9.3 2.1 0.38 1.80 0.58 0.47 1.2 33
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<Fig. 1> X-ray diffraction pattern of tailing used in the study
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<Table 3> Chemical compositions of raw materials for cement (Wt. %)

Specimensh Modulus | Lime- - Cu | rositel €081 | Talling | o
ClImens T arosite emar.
P LSF | SM IM | stone ay slag ! ash | (Quartz)
J-Clay | 901 | 209 | 160 | 833 | 1056 | 1131 | 05 | 13 -
J-Quartzite | 90.0 | 250 | 159 | 87.20 | 696 | 1.10 05 | 13 | 294 | with
J-Coarse | 900 | 249 | 160 | 8588 | 431 - 05 | 13 | 801 |Jarosite
J-Fine 90.0 | 245 | 160 | 8548 | 2.99 - 05 | 13 972
Clay 90.0 | 210 | 160 | 8659 | 1052 | 1.60 - 13 -
Quartzite | 90.0 | 252 | 160 | 8746 | 695 | 137 - 13 | 292 |without
Coarse 90.0 | 261 | 160 | 8603 | 2.86 - - 1.3 980 |Jarosite
Fine 90.0 | 256 | 160 | 8565 | 125 - - 1.3 | 1190

* J-Clay @ Jarosite 9} ClayE AME3 AWE 2§98, J-Quartzite :
Jarosite ¢t Coarse Fv|& ALE3 Z¥¢YE, J-Fine :
Clayg® 712952 AME3 Z¥YUE, Quartzite : Quartz® 7|EYRE AMET ZFYE, Coarse

J-Coarse :
Clay :

Jarosite ¢ QuartziteZ AME3 ZFGYUE,
Jarosite $}Fine #7& A3 2TYUSE,

Coarse #ulE ALE3 2398, Fine | Fine #4492 AM23 23938
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<Table 4> Mixing ratio of raw mixture for cement (Wt. %)
Raw Chemical Compositions
materials | gj0, AlO3 FexOs Ca0 MgO K-0 Naz0 LOI
Limestone 7.2 19 0.9 475 2.2 0.82 0.13 394
Clay 66.3 174 6.4 0.6 1.0 2.65 0.13 56
Quartzite 97.0 1.7 0.4 0.3 tr 0.21 0.10 0.3
Cu-slag 248 10.1 66.8 14 1.0 122 0.29 -1.3
Jarosite 2.3 6.2 395 2.8 0.2 0.12 0.52 175
Coal ash 40.7 39.5 57 10.6 1.7 0.46 0.33 0.5
<Table 5> Chemical and mineral compositions of expected clinker (Wt. %)
Speci- Chemical compositions Mineral compositions Re-
mens | Si0; AkO; Fex0s CaO MgO KO NaO | CS C:S CsA C.AF | marks
Clay 215 6.4 4.0 63.1 31 154 021 45 28 10 12
Quartzite| 223 55 34 638 31 142 021 9 21 9 11 with
Coarse | 222 55 35 636 31 141 022 48 21 9 10 |Javosite
Fine 221 56 3.5 63.4 33 146 023 48 27 9 11
Clay 216 6.3 4.0 63.2 31 15 021 4 28 10 12
Quartzite| 224 55 34 640 31 143 021 49 21 9 10 | without
Coarse | 224 53 33 639 32 1338 022 49 27 8 10 |Jarosite
Fine 22.3 54 34 63.6 33 145 024 48 27 9 10
<Table 6> Chemical composition of raw mixture (Wt. %)
Speci- Chemical composition Mineral composition
Remarks
mens Si0z  ALO; Fex0s CaO MgO LOI LSF SM IM
Clay 14.1 39 25 41.4 22 349 909 220 156
Quartzite 14.6 3.3 2.3 41.8 | 20 350 806 266 144 with
Coarse 145 34 2.2 41.9 22 346 91.3 261 155 Jarosite
Fine 14.5 35 2.2 419 22 344 911 248 152
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<Table 7> Burnability Index of raw mixture by the Polysius method.

free Ca0 ( % )
Specimens BV B.I
1350C  1400C 1450C 1500C
Clay 40 2.8 14 0.6 18.7 69.7
Quartzite 56 43 25 13 22.8 85.0
Coarse 47 34 19 1.0 20.8 776
Fine 35 2.2 1.1 05 185 69.2

* BV = (f-C1350 + £-C1400 + 2f-C1450 + 3f~-C1500)/+/+/ (fC1350 - f-C1500)

BI =373 x BV

=

E

<Table 6>9 Z=¥ARE °]§39 thg9

Polysius WHoz A4A4E Hud ZAxs
<Table 7> JeRJA

Free Ca0 ¥ 2A4AAS 2472308 vd 3
NS AREgE 2FYUR9 1_1“:}30] A }%/‘]9}
Hl28 $5A0% fine2 AMESE 4= clay
E AR WM A FAE FEoln coarse

o]
=1
dadAdoly quartziteE AHEE wigol nHlEA
= 2 g5 S JE T Jsidh

AMEE B clays AMEE wigRUE

450CZE #A"
% 1300C7HA 5C/ming 2UdlA Y%
z oy 71141 FY5 0

free CaO &3

as 7)ol EulE x2%
SEAEE O E RS

olw 2t Z7 o]
2 04 - 06% o)At

331 g}b‘L ul JJ—‘:’Z/\(-)]

Ax3 29719 3et o

BEZ2AHL <Table 8>

<Table 8> Chemical and mineral compositions of clinkers synthesized(Wt. %)

Speci- Chemical composition
mens Si02 AlO; | FexO3 | CaO MgO | NaxO | K20 SOs3 f-CaO
Clay 21.7 6.0 3.8 63.4 34 0.11 1.13 0.5 04
Quartz 223 5.1 35 64.0 33 0.09 0.94 0.5 0.6
Coarse 22.1 52 3.3 63.6 35 0.11 1.01 06 0.5
Fine 22.0 5.3 3.3 63.8 35 0.11 1.04 0.7 0.4
S-M#* | Insol.*# Modulus Mineral composition
Res. Res. | LSF | swm M GS | &S | CA C4AF
Clay 209 0.10 90.5 2.21 1.58 474 26.5 9.5 116
Quartz 17.6 0.03 90.8 2.59 1.46 51.7 249 76 10.7
Coarse 19.1 0.05 91.0 2.60 158 51.2 247 8.2 10.0
Fine 18.3 0.05 915 2.56 161 52.1 238 85 10.0 ]

* Silicilic Methylene &% 2,

- 54 -

* Insoluble Residue (& 7))



24 ol TEAS ARE ZAAL S 2 FE2AE 2 540 v 4% 6
7 2ok 89 2o & AAEY 1 7o) FHEHA
7+ 2979 free CaO o] 04 - 06% + Uelusr gtk Coarse 311E AHRE H$oe
o8 FH3I 24 ﬂ‘}iu% o4 & o 3t ANHoZ CS 2L vluy & A ¢
g2 BrE AR E9A7 HEE AMS oy S ZAS 9zte] ozt EEHEia dF
& S A ulE gzE %‘%01 ok 0.1% A= e d4s BRAE
2 AT b 74 AL A-edle GS 2R
wF BulE Agwond A silica A0l ©lg BHSA Uedm lew AR
modulus(SM) & 22 FZIA 26 FFow ¥z RHIRE oS As) vt 34 9
Jd F7b gon SME mgozN A o At a0 & 9FL WAL Use
siicate & %, CsS 2 GSY FFo) 7499 @ & ek
ARHon AUES FE wHo| FrHowm
A AL Aoz aud 34 HZE MHEe| 22|M5
@@ SM o] EohAlAl Hu Uwtdoz 24
ol AstEee #mE A A9 Bl Az 2P gt olFHIE 3% FIts
ZEE MmOy, CaFy 58 mlgdee] 29719 o 4¥4 2ol blaine MERH 3000cm2/g
AXS w9} Zo] B ZAA AXH 2 FFom B AHES Zzﬂ P‘Ri‘:}.
9] free CaO EH A7 7]& clayg AH&g o) o] AIFIEE o] &3] KS Wioz SZAAIRE
ol Ag9 BT 04 - 05% FFo2 U 2 g=AE AES e 1 734% <Table
U Za7e] aAdAds 2 dere XA & 9> 2 <Fig. 4> o JERAATH
A}, <Table 9> $Z2A ¥ A& B fine %
nE AMES R 24l e EYHAR
332 297 ¥4z B2 o 50, FAe] o 1413 "ofAx Aoz
2% 3879 FEdd AEHE v gy, ol 37 AKX E ¥AA CaF: &
el WA AnjFoz BES A fine WM E Aso A CA Aol ZFolex Aoz Ay
AEE FRAL A G 2RLY YJEHE A gom? olRne KHY 5o AY AFAg:
7YA ) A4 coarse FUE AMSE E9A9 % 23y, E§ AWE ZYA Fol| uFHES
20g e ooz Bt 2 ZA8E TiO,, MmOt 22 Fafo
AHES] FQTAHBEA calcium  silicated] zZ715l0] A6l AAHE YAouw Ay
AP fine BV E AFRT FHAE GS 2 )

A) Quartz

B) Coarse

C) Fine

<Fig. 3> Micrographs of microstructures for the clinkers synthesized
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<Table 9> Physical properties of cements made with clinkers synthesized.

Fineness Setting time Compressive strength (kg/cmz)
S ) g8y Re | 4 R (]jrl;;; I(rrfl;a)l (hFrf:‘iln) 1d | 3ds | 7ds | 28ds
Clay 1.6 13.2 2990 305 7:30 7 169 237 332
Quartz 19 136 3020 300 725 93 168 260 327
Coarse 2.2 14.1 3000 300 7:30 76 155 240 337
Fine 2.1 14.2 2980 350 8:25 34 182 248 371
* 88 micron meter residue
<Fig. 4£>9] ¢4H4E L@ FeE B9 1, 3 4. 2 E
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<Fig. 4> Compressive strength develop—
ments of cements made with clinkers
synthesized by different sub—materials
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