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Thermodynamic Analysis of Combustion Synthesis of Calcium Aluminate in
CaO-Al-Al;,03-CaC0O3-0, System

YANG Shoulei, XIAO Guoging, DING Donghai, LIU Keyan
(College of Materials and Mineral Resources, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: The phase formation of combustion synthesis of calcium aluminate was analyzed via calculation of the adiabatic
temperature of CaO—Al-Al,0,—CaCO3—0, system, and the thermodynamic calculation of the main reactions was based on the theory
of Gibbs free energy function. The results show that the adiabatic temperatures of the system are higher than 1 800 K and decrease
with the increase of CA, content in the product, indicating that the reaction can be self-sustaining; In the initial stage of reaction,
Ci,A; is the main generating phase due to the maximum generating driving force of C;,A; and the subsequent generating force of CA
and CA,. The conversation between different phases occurs as the reaction progresses. The driving force of transformation of Cj,A;
into CA, is the maximum, and then the transformation of Ci,A; into CA occurs, and the driving force of CA, and C,A; transformed
to CA is the minimum. Therefore, it can be deduced that CA and CA, are the main products, and the content of CA is greater than that
of CA,. According to the results of the quenched sample by X-ray diffraction, the peak of Ci,A7is the most intense in the product of
the combustion wave front. In the reaction zone, the characteristic peak intensity of Ci,A; decreases, but the characteristic peak
intensity of CA,and CA increases. In the product zone, the characteristic peak intensity of C;,A; disappears and the characteristic
peak intensity of CA is greater than that of CA,, which is in agreement with the thermodynamic analysis. The images by scanning
electron microscopy indicate that the flake CA and granular CA,; are formed in the reaction zone. CA, dispersed in CA appears in the
product zone.

Keywords: combustion synthesis; calcium aluminate; Gibbs free energy function; thermodynamic

Wk H . 2015-12-25, BATH I 2016-01-18. Received date: 2015-12-25.  Revised date: 2016-01-18.

FEETH: FEKARRERS(51272203. 51572212); BRib& EER & 1E First author: YANG Shoulei(1984-), male, Doctorial candidate.
I H 2014KW10-05 % 8. E-mail: yanglei20080807@163.com

F1EE: MrEE01984—), B, HAwEAE. Correspondent author: XIAO Guoqing(1967-), male, Professor.

WEEE: HERKA967T—), Y, #iz. E-mail: xiaoguoqing@xauat.edu.cn



244 55 6 1

Wit & CaO-Al-ALO5-CaCO5-O, 1K R MR AL RS $1 )y 2 < 911 -

RIFEREH W) CaO/ALO; LLIANE], W] LA
JEEREREE 4 A — AR 45 (CaAlL 04, CA). RS
(CaAlO;, CAy) « L# R 1T — 5 (CajpAl140s; »
CpA7) IR =45(CasAL0s, C3A). /NEIER—45
(CaAl;,019, CAQM. L CA. CA, N L5 Wy iifn
AS IR R KU ) i2 IER Rl R st = B e,
KA EIPIL Ky 4y /K P87 25 wenim i R o (1 i
KBEFERLEE AN H R AR A ) 7 VR A
)45 R 5 v AR A R AR AR IR BEOR LU R, &8
BB e, O VARERES . WA, IR HT A
FRES Al AN, PRS00 W RN PR 25 4 A A
AR . AR, A BRI L T
R MR OSSR S
[ AH e 25 7 VAR G, I8 Ty V38 B R AR s it i
£ 1 AR R B IR A

H & %€ =il & il (self-propagating high-temperature
synthesis , SHS) t MY #X %g & i ¥ (combustion
synthesis, CS), VT K A& ICHA R B
BRI, y1 2B H] Ti. B,05. Al CaO MJ5ikt,
R e B BT £ TR IR RN AL B A R A
Sathaporn Z5P5R JH i AL A5 (Ca0,) . ALOs Al Al Ky
JEORE SRR BE S b4 1 T CA KA. Tano 2501,
Fumo 2P % Tast M) LUK PERSIRAES . iR A
HUBREL A Bk, RBEA Wil 46 T BRI A, I il
7 VA BE A H A R R R AR R A, (HE T S
e /N T B TS i O AT WL BRI B, T R
L BT, B TS, MELUSEIUR AR Tk Ak il o
BRAL,  BRBEE R RS T ) 2 J AR RS WA A it
FEIEIRGE T S HOEF L= W AL S Ak 1) o 2
Fnl, H AT SR IRE R D .

PL CaO. Al #. ALOs;. CaCOsv O, NJ5ikl,
RS LG B AT T AT, B A
Yot A th g pR SR ke A kR, SR it
X B ATS(XRD) 14 L7 BB (SEM) /AT )
pgE g,

11 #H&AEb&E

L3 1 PR OB BC EEREATRRORE, ZERTF AL
W5 30 min J5, RHE G YIAE MR A
M, EHISEAER 20 mmy &4 16 mm. A
2100 50 Y%K AT I U, 1 TN BN AR GE &
JRBE R o

*1 ERRHEEL
Table 1 Original powder and ratio

. Distribution of Mass
Raw material Reagent grade . . .
particle size/um  fraction/ %
CaO powder Analytical pure <48 17.95
CaCOj; powder Analytical pure <48 32.05
Al powder Analytical pure <48 17.31
AlL,O; powder Analytical pure <74 32.69
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Fig. 1 Diagram of combustion wave quenching experiment
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Table 2 Possible reaction of system and its Gibbs free

energy
Number Rection AG=A+BT
3Ca0(s)+4AI(s)+ALOx(5)+30x(g)=
1 (A TALOS()30:(e) 34342124609 T
3CaALOL(s)
2Ca0(s)+4Al(s)+2AL0s(5)+30s(g)=
2 (AL 2ALO)30:Ae) 3413636608 T
3CaALO(s)
6Ca0(s)+2A1(5)+ALO3+30x(g)=
(AL TALOs30:8) 8926414336 T
2Ca3AleG(S)
12Ca0(s)+4AL(s)+SALOx()+30s(g)=
4 A SALOGIBO™ 4415 sg7sa5T
3Caj2Al12053(s)
5 5CaA1407(S)+Ca|2A1]4033(S)=17CaA1204(S) —194475+54T
6 CapAlOn(s)+5ALOs(s)=12CaALOs)  ~192674+15T
7 CapAlOxn(s)+17ALOy(s)=12CaALOL(s)  ~188475-79T
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(b) Relation between Gibbs energy of conversion reactions

of calcium aluminate phase and temperature
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Fig. 4 Relation between Gibbs energy and temperature of CaO—Al-Al,0;—CaCO;-0 , system
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(b) Local amplification of Fig.5(a)
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Fig. 5 XRD patterns of different regions of the quenched sample
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Fig. 6 SEM photographs and EDS patterns of quenched samples
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