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Evolution and Formation Kinetics of Gehlenite Phase in Ordinary Sulfoaluminate
Cement Clinker with Low Al,O3/SiO, Ratio

YANG Qingchun, WU Jiaming, HU Changqing, NIU Teng, HAN Xiangyu, FENG Xueyan, YE Zhengmao
(College of Materials Science and Engineering, University of Jinan, Jinan 250000, China)

Abstract: To reveal the mechanism of the inert gehlenite (C,AS) phase in sulfoaluminate cement clinker at a low Al,O3/Si0, ratio, a
series of clinkers were prepared at different calcination temperatures and holding time as well as a fixed Al,O3/SiO, ratio of 2. The
evolution of C,AS was investigated by X-ray diffraction combined with the Rietveld method and thermogravimetry—differential
scanning calorimetry. The results show that C,AS is produced by the reaction of CaO, SiO, and Al,O3 at 950—1 200 C. C,AS is
mainly produced by the reaction of CA and CaO decomposed from C4A3$ with the residual SiO, when the temperature exceeds
1200 °C. Itis indicated that the kinetics of the C,AS formation above 1 200 °C is mainly controlled by the diffusion of Ca>", and the
activation energy of the reaction is (305+20) kJ/mol. This study provides a a guidance for the use of low-grade bauxite in the
calcination of sulfoaluminate cement clinker.
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Table 1 A/S ratio of the bauxite for different SAC clinkers

Si0, & CaO.
1.2 XIWigit

HF4AE LT /N A/S LA 2, ¥ A/S Bk
TE N 2. TE1E 8 A BHASA)EL L I 22 ik |, 2 51 SiO,
G, BHIARNAS2). BRI 2 AR

F2 ERERERN g

Table 2 Ingredients of the raw meals m/g
Sample No. CaCO; Al,O3 CaS04-2H,0 SiO,  Fe,04
AS2 133.86 60 32.26 30 5
AS4 133.86 60 32.26 15 5

Cement type Requirements of A/S ratio
High strength =6.80
Rapid hardening 525 =4.30
Rapid hardening 425 =2.75
Expansive =4.00
Self-stressing =4.00
Low alkalinity =4.30

CoAS JUTAFAE T FrA BB K JE R, Rl e s
KRR A K YR . BUR CLAS BEIRAHTE
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M1 CAS #E AN —FEHET . — A A
CoAS EFERR Eh 7K Y BokHBtbe et 7 i o ) = 47120,
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HIZHAE SAC BRI R, K 2 bl 4 1 L4
SRAR A SR DL K A R S )K=, CLAS
(& EE iR Lt
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BAEEAETEDWE S DA FE SRR (] 1) 52
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KN 0.02°, BHREREN 0.15's, [ TOPAS 4.2
BAFHEAT Rietveld & #AH T, K122+ BT ©)
mn R EE R W 3 s . SRHA] Netzsch DSC204 [F]25
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N5 C/min, WEVEREA 25~1350 ‘CHTE 1350 C
% 40 min.

%3 Rietveld EE B HTFTAEIH RIKE
Table 3 Crystallographic structures used for Rietveld
quantitative phase analysis

Phase Space group ICSD numbers
C4A3%-0 Pcc2 80361
C4A38-c 14-3m 9560
C,AS P-421m 27427
CA P21/n 260
CA, C2/e 27 264
C.S P121/nl 81 096
C4AF Ibm2 9197
SiO, P3221 27 831
CaSOy4 Amma 15 876
CaO Fm-3m 75 785
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Fig.2 Fitted curves of the sample sintered at 1200 ‘C for 80 min
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Fig. 1 TG-DSC curves of the raw meals CoAS FE Rt AR — 321,
=4 1200 ‘CRiE 80 min # FAYHELE K
Table 4 Phase composition of the sample sintered at 1 200 ‘C for 80 min

Phase C4A38-0 CiA8-C CiAs$ CAS CA CA, GS  CAF S0, (CasO;  CaO
Mass fraction/% 26.17 23.52 49.69 9 444 037 3068 164 3.0l 1.01 0.16

EBBIR R 1200 CJa, C,AS K& =M
3.45%B# FTHE] 23.71%. FIR CA 1H 42 & & M
12.59% R F& R 2.00%, 3 H C4A;$7E_EFHE] 47.04%
J5E(1200~1250 CETFUE T R, I 2% %9 43.09%.
— LR, CaASSHI M RIRE N 1350 'CP2, 3
SETEAER CA RBEHEELE CaO P
CioAPY, FEE 2 AT LAE B CA [T 5 16 58 P 7 —

H N, FEREREE C,AS TSR B &
EULIHTE 1200 C2 )5, CoAS SEH CiA:$5 il i
1) CA F CaO HiFE K Si0, MMk, XfT
C4AsS T ETE 1200~1 250 CYuEI N1 H 18 &
ATLAH R T AEZB B CAASSAFAES Pl RN . —
T B iR CA, 75— J7 T CA [R £ 4k 2%
% C4A3$.
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Fig. 3 Trend chart of mineral contents at different temperatures
without duration
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Fig. 4 XRD patterns of the C,AS sample prepared by CA
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Fig. 5 \Variation curves of main mineral phase contents at
1200 °C and 1250 C
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Table 5 Integral expressions for different reaction models

Models Expressions g(a)=kt

Power law(P4) a
Avrami-Erofeyev(A4) [~In(1-a)]"*
1-(1-a)'?

1-D diffusion (D1) o

Contracting area (R3)
2-D diftusion (D2) (1-a)In(1-a)+ a
[1=(1-a)"* T
1-2a/3-(1-a)*?

3-D diffusion (D3)
3-D diffusion (D4)
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BEAT T VRAEIIRIE T . R 5 NASER BRI ST B A A
Al K6 BT ARBAAN R, WILEH, D4

RERI) R B e, bREE S/, I, H] D4 K
Xt 1200 ‘CLAL CAS TR RSN 1234 T THEFC

%6 TEIEMERFEEERLEH R E
Table 6 R’ values fitted by different solid—state reaction models

t/'C P4 A4 R3 D1 D2 D3 D4
1225 0.905 6 0.803 0 0.9193 0.984 8 0.989 2 0.993 1 0.990 6
1250 0.8214 0.789 4 0.884 0 0.926 3 0.949 1 0.962 9 0.9553
1275 09725 0.978 3 0.978 7 0.976 4 0.9790 0.976 0 0.978 8
1300 0.8713 0.941 4 0.953 7 0.904 3 0.947 3 09835 0.964 3
1325 0.9581 0.9959 0.993 4 0.961 8 0.978 9 0.998 2 0.988 2
1350 0.968 1 0.999 5 0.949 4 0.979 6 0.9552 0.8951 0.987 8
Average 09162 09179 0.946 4 0.9555 0.966 5 0.968 1 0.977 5
Standard Deviation 0.061 2 0.097 0 0.034 0 0.0328 0.0180 0.0379 0.014 6

ANV R 3l A i 28 ] 6a BT
EMAE RS, FRABRNEH LG, X
F = BB /T 80% M 50 #E « 55T D4 B
Arrhenius J7 R0 6b fiox. AfULEH InK 5 1T
K R BRIFIIEHIRR, CAS ERIITELRE(E,)
9(305+20) kJ/mol. 7EJEHTIRIEH, C,AS 4L
O R E, A 70029, 722 kI/mol®7
74018 411 kJ/mol®®, E, £ 700~750 kJ/mol ¥ [
W C,AS &1 CaCOs. SiO, F1 AlLOs & kI,
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1-2/30-(1-0)**
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(a) D4 fittings for different temperatures
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SiO, fil CaO MW AR, BB CoAS HFEE 1 mol
(K] Ca® S0 % 223 Bt al JE B, IR Uk E B A Al
LI 1/2.5 Ca> 7 CaO W 1 A3 B L (E,=146~
268 kJ/mol), AHFFTH CLAS I E, BUE M T,
W] Ca®"fE CA 15 SiO, [ 774 J2 H f&: i it CaO
V. Xit—BiEM T C,AS £ H CA 5 CaO fll
Si0, % B A= B

E,=(305+20)kJ/mol
A4=5.88x107
~10.0 |

-10.5T
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(b) Arrhenius fitting for the formation of C,AS above 1200 ‘C

K6 AT D4 A ER 1200 CLLE C,AS FEM Arrhenius 4
Fig. 6 D4 fittings for different temperatures and arrhenius fitting for the formation of C,AS above 1200 C

3 £

1) CLAS 7£ 950~1 200 °C iz il 4 2 i CaO+ Al,03
PA S SiO, [ A3k, AR plod B2l i
1200 C, C,AS FEEH CyA;$4-fifH ) CA Al CaO
58 Si0, TR, H IS F bl R [
JEKTTHY AN o

2) 1200 CULE CAS HIJE AL FR)E 19 #id=
fil, ¥HGE TN Ca’'s RH D4 BIAIE E L R NS
1k H(305+20) kJ/mol .
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