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ABSTRACT

For the raw materials of 3Ca0+3A1,0;-CaSO,(CSA) clinker manufacturing, the applications of industrial wastes such as waste
shell, spent oil-refining catalyst and desulfurized gypsum were examined. The clinkerbility of the raw mix and the behaviour of
formation of clinker minerals were studied and then some hydraulic properties of cements containing the clinker were also investigated.
By virtue of the high reactivity of thermally decomposed raw materials, CSA clinkers were obtained at relatively low temperature of
1250°C and thus oil-refining catalysts were more desirable than aluminium hydroxide as an aluminous raw material. The expansive
cement samples showed somewhat lower flow value than that of OPC, but their compressive strengths were developed earlier and
higher than that of OPC due to formation of ettringite in the early hydration time, which indicated the possibility of practical use of

low-cost CSA clinker using industrial wastes only.

Key words : C,A 33‘ clinker, Industrial wastes, CSA expansive additives

LM B

37 % A9 BAY AZL AN U] ABES
AYH o A LRI AFY Age] aFH3
gom, AMENG S Rol} AZTH HAA ol
879 3ol oh$ AT AgJolth,

ZEISAUES S Qi AWE BAYEE <
ATt dm wgol Fobd As F F3e0l U@
LESES AxFE /s 44 FLol wAsE
wHg 7T Qen olHs F8e TEEe| FEst )
4 A%e ZAHDE ool E tHel a7 3
D 39 9g Bus W74 AsE AL o

A7E of ARE FYHo] FAW AWE Hol2
AA ) FEHES AYHA BTE 2RHOZ ARG
9 55299 8L 9AY F 9ok ARE o]
Eo $3g MU AT Ast Aol H3E 3

}4 7} chemical prestressE F8te] &g B F

> A jm e 2

#Corresponding author : Tae-Woong Song
E-mail : twsong@kyungnam.ac.kr
Tel : +82-55-249-2695 Fax : +82-55-248-5033

—483-

1

= el ded oled B Yojl= EAEE
244 ¥ Y2 0]y o] E(Calcium  sulfoaluminate, 3CaO -
3ALO; - CaS0O,, ©13} CSA EE CASZ 717} ul¢
AFH ol ol FUEO R o EFY Ao E(Ettringite,
CsA « 3CaSO, - 32H,0)F 443t AHE E2 9 &3
YFEE BFA7| 2L 1A 7 gozA ole] A7t

(o]
uk-e-g

2O =
dTO= B

2 ANE 2agiEe] 234, AP, T4 59 §
SRR COR EL R LR

CAsS 238719 §4dle 432 98, ¢Frud 9
8 2 M3y desty o]g2 BEF Y ¥iE ¥ 5
NERE OA 7Hed RECID F83 Aszad A9
H71&9 el Z A7 A7 o 15~20% & A =7t
Yy 2 Frl=o] AERE g A ALIHEE 7§
go Aol AlF3] 87EHL Qo) F dizte] wFS B
2 AR WEA FeHe IeE TRMEESE o] F oA
AL Bt gRAE MM ET GoltRE SFAIH
E EF8 2379 CaO9OEA A4 YLz f
43 Zojt}, T3 fEuEtells BERAA|ES e ¢
Fujudo] AEEA ool AOH) 24 rte] A%
HBE AHgof she AAFolER o)l UAl & + e
71 &9 g AEE o] AFF] 2FHIL Ut




484 olfs - T

B AFM e CaOLo 2 o HZhE, ALO;H L EA
= g A 209} vlm AEL AIOM),Z, 283 CaSO, @
dogs vigENTE 7zt ALEEte EFAIRE & Gypsum
TE CAS 2HAZ FAtACH olw FEA} o)A | % |
= $Re Aoz 2YA A AST PRI <1ooum
e AZE C,A;S FHAS BETEASAIWES] 10 wt% »

ABsle] £ABA, YIAE, 54 5o 71LEHS [__wiing / Peletizing_|
B3z ABHE CA,S Y79} vlastd drEnez [ Cirker Burning ) 00~ 1300
Az CSAA 237 H8A4E BristaAt st

=
=

2.

>

oz

H

21 ayYs
CAS 2948 TR 9F 432 dRRE §

[ Clinker Characterization }—'XRDv XRF. SEM

et Aot ¥y AdelM wEEe 2 A7 AHee oo}
7. gd=oud gdazs e T wasls FCC [__Cement Properties m}ﬁggfﬁsﬂﬁdiﬁggﬁggm
2L, =27 Ol 0o
(Fluid Catalyst Cracking)®] Zwl& AME-31om, o]} H Fig. 1. Schematic diagram of experimental process.
@E7] Y gRay dogxe Syt At
=AY &3 398 SRR ES ANSAT 4 == Ao 24S 2 § BE TENEAMEOPC)
2E sEubdse) widegd FANA FrE AYER o 10wt% &3] Azst PPANES 7HA L =/
AIE AHEFoRA BE YES AYFAETRLR 2 AEW/C) =059 ¥ FEaEE Y. 571
el FAAFEEC| 38H23E Table 191 HERASIT (23£2°C, BUIEE 95% o)A FBAZE 193 39
of ztzt ofNES Abgstd 19 TS FIEA A7l
2.2.C,A:S B2 72| &Y 40°C Az <ellA 147 Ax § AAAr|H e s 435}
20U E AT FUE 9 SEHHe] R 7}
Zte] FALCRE 100 um ©]5te] AZETo| HEE g Table 2. Mixing Ratios of Cements Containing CSA Expansive
T, CuAsS ZHAY Ao BhFo| 2T aFe) £ Additives
< 7tete] A7 1om BEY pellet®® THE - dry oven Sample Mixing ratio
oA 24X 7F AzEIATH AXE pelletS A7 =24 900~ OpPC C4A;sS CaSO,
1300°C 8919 ole] LEskA) JlAE F 17 B §7), OPC 100 :
FYste] 2Y7E AZRIAT. CASTLE o]Foj7 c-7 7 3
P7E B3l kg 2 EGAEE AAAE A C-3 3 7
za90w Fig 1€ olei® 49 FI=E vehd ol F-7 % 7 3
, F-3 3 7
23 48H2H AIH | AT 7 3
CAS 879 e FaHgS 7:3 % 3:7°] 5 A3 3 ’
Table 1. Chemical Compositions of Starting Raw Materials
Raw Chemical composition (wt%)
materials SiO, AlLO; Ca0 MgO P,05 Ga,0, SO; Cl Ig. loss
Opyster shell 0.22 - (?ZC833 0.47 0.2 - 0.69 0.31 44
Spent catalyst - Algg(.?H) 0.05 - - 0.02 - - 25
100
AI(OH); - AI(OH), - - - - - 34
Desulfurized gypsum 2.76 0.88 46.47 1.89 0.08 - 46.95 0.06 26
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Fig. 2. XRD pattern of spent oil-refining catalyst.
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Fig. 3. XRD pattern of AI(OH);.
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Fig. 4. XRD patterns of C4A3§ clinkers prepared at various
temperatures using spent catalyst as an aluminous raw

material.
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Fig. 5. XRD patterns of C4A3§ clinkers prepared at various
temperatures using aluminium hydroxide as an aluminous
raw material.
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Fig. 6. SEM micrographs of fractured surfaces of hardened pastes prepared with expansive cements for one day.
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Fig. 7. SEM micrographs of fractured surfaces of hardened pastes prepared with expansive cements for 3 days.
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