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Thermal behavior of alumina in process of carbothermic reduction
and chloride to produce aluminum
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Abstract: Under conditions of different reaction temperatures, system pressures, additives and reaction time, the
carbothermic behaviors and chloride behaviors of Al,O; were investigated by XRD, gas chromatography, EDS and mass
loss method. The results show that the gas forming in the process of carbothermic and chloride process is mainly CO, the
content of CO reaches over 98.4%. Al,0,C and Al,C; begin to generate under the conditions of 1 693 K and 50—100 Pa,
and their contents increase with increasing temperature and prolonging reaction time. Under 1 Pa and 1 773 K, Al,0,C
will transform into Al4C;. The mass loss rate of reactants reaches as high as 26.70% and 30.13% when added 10%Fe,05
and 10%Si0,, respectively, under the conditions of 1 803 K, 120—150 min, and 40—100 Pa, which means that Fe,0; and
SiO, can promote the carbothermic processes to generate Al;O4C and Al4Cs, but the temperature over 1 853 K is not
beneficial to progress the reaction. AICI gas forms from AICl; reacting with Al,O3, Al;0,C and Al4C; during alumina
carbothermic reduction and chloride process, and AICI gas disproportionates into Al and AICl; at low temperatures.
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NATDR R B HGE 5 A BB R R AT IR 2 I
ZHEFHE DN, SRR ROV 2 173~2 473 K
i, 2AL0s+9C=AL,Cs+6CO; =T 2 473 K M,
ALO;+AL,C;=—=6AI+3C0O. GRUNERT 204, i
X(2 173~2 273 K558 A0 S ViR T AE et AL B A
— MK, 1ZIS R SR R 2 MR AL R (ALO)
N Rake S S S VAT 2 S BT A (52 o =1 NP ]
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2 293 K), 4%|55 LINDSTADY—#[HF 57 45 5L .
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Al,0,C+AL,C;=8Al+4CO. #4h, BRUNO 2527131
STEVENSON!"f1 TROUP!IE4T & 42277 IF itk —
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1) SOV N 1773~1 873 K I,

38i0,49C= 3SiC+6CO;

2) IR N 1873~2 173 K i,

2A1L,05+3C=A1,0,C+ 2CO;

3) SOVIRE N 2 223~2 473 K I,

Al;0,C +3SiC=4A1+3Si+ 4CO.
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(D/max-3B) % B S AT W0AH 43 B s S 1 A0k v
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PP B IR AE

2.1

101500 1703~1 753 K MG FE L 1753 K&
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JH U T AR 3Te LAAH . 1) 0 S AR 1E DA 7 U — 24T
I3 HT (AR AL T e 9E) . S 1 ATE
WA AR SRR 0 B — LBk (CO), &
HILE 98.4%LL E, 1] CO,7E 1.3~1.6%. FEIL, AL
VEH X i A A FE T 25 00 b, 818 e AR
PRIEALN 100%CO.

1 B S U BRI U G s b7
Table 1 Gas phase chromatography analysis of carbothermic

reduction and chlorination

Carbothermic reduction Chlorination
Gas  Peak area/ Mass Peak area/ Mass
(uV-s) fraction/% (uV-s) fraction/%
CO 75880.13300 98.41321 105 403.565 00 98.656 30
CO, 122347175 1.58679 1435.60225 1.34370
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558 Wil BN A B A R RO R TR AT I s, 3
BRI XRD w40l 1 s

M 1AL 71 693 KN, AL Sk
KA, BIEAR ALOs M C: i BT %2 1703
K B, FFERER ALOLC J/b R ALCs, FREE IR
T, ALOLC FIFTHIREEINIG TR, ALC, AT 3
FEBAT G om: AR 5 O (R AT S o Bt T 9
XU IR T 1693 K I, ALOs AT C & AR R
MNA R ALOLC 5 ALCs, ALOLC K ALCs BRI
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Fig.1 XRD patterns of residues of AlL,O; carbothermic
reaction at different temperatures: (a) 1 853 K; (b) 1 753 K;
(¢) 1703 K; (d) 1 693 K
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Fig.2 Relationship between AGt and T of reaction Al,O3 with
C at 100 Pal""

2A1,05(s)+3C(s)=AL0,C(s)+2CO(g) (1)
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Fig.3 XRD patterns of AL,O; carbothermic reduction residues

at different system pressures
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Fig.4 Mass loss of Al,O; carbothermic reaction residues by
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Fig.5 Mass loss of alumina carbothermic reaction residues by
adding SiO,
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Fig.6 XRD patterns of residues before (a) and after (b)

carbothemic-chloride process

ALO;(s)+AICL(g)+3C(s)—3CO(g)+3AICI(g) (6)

XFOBAT ML B, £E 101 Pay 1 500 K
i, H AG=-20.041 kJ. 1A CAEHAE 50~100 Pa.
1693 K, AL S0 (A ) BE/REE N 1:3, [N TA] Y
90 min I, A 1 IATH T &0, AT FANR AR
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Fig.7 Relationship between AGy and T of alumina

carbothermic process at 100 Pa
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3AICIE)=AICL(g)+2Al(l,s). X VA Tk 2 P U F A ik
FEPIEEAT XRD S3AT, Ha Rl 8(a) s
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Fig.8 XRD patterns (a) of condensates and schematic

diagram of reaction (b)

1) AAHEG T Bon, A S St
FEP= SR EEH CO, KA 98.4%L 1.

2) WHGEREAE 50~100 Pa. =T 1 693 K I,
ALOLC 5 ALC; TR A= pk B b A B () T e 5
IS TA) (R AT 3G s Bt A O S R AR BT B R A
SN, ALOs K AlOLC BRHEEAL A AlCs.

3) 7 40~100 Pa.1 803 K FI{£E 120~150 min I,
YRR 10%Fe,0;5 5 10%Si0, B a] 4k} 5t E-4t 2k
153 26.70%55 30.13%, @k B ) A4E il ALOLC
5 ALGC; J5 AT, i B v S i AR O AT

4) £ 70~150 Pa. 1 753~1 853 K. S AL FHEIR
60 min B, -G FEZ ALO; BEA ALOLC.ALGC,
K AICL NV, TiAE ALOs B6E C 5 AICH; J W AR IS
MEAE AICL, R4 AICTBE R X AR 15 3 Al H
& JE BRAE I TR R VA B X W By 55 40 5 VA R 1 C
A MAE R ALCs.
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