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Thermodynamics of carbothermal reduction of alumina in vacuum
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Abstract: The thermodynamics of the carbothermal reduction of alumina in the vacuum was investigated. The
experimental results show that the reduction of alumina with carbon generates gaseous products at a temperature ranging
from 1 643 to 1 843 K, and then the gaseous products react to form condensates at lower temperatures, in which the
pressure is ranged from 5 to 150 Pa. Thermodynamic analysis indicates that the carbothermal reduction of alumina leads
to the generation of Al,O, Al and CO gas at a temperature ranging from 1 200 to 1 900 K and a pressure ranging from 5 to
100 Pa. The initial temperature of the formation of Al,O is lower than that of the formation of Al. However, the formation
of Al is easier than that of AL,O when the reaction temperature is higher than a certain value that is determined by the
pressure of the system. When the pressure of CO is 1, 10 and 100 Pa, Al,O is stable above 1 462, 1 560 and 1 674 K, and
Al is stable above 1 514, 1 635 and 1 777 K, respectively.
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Fig.1 Photographs of samples in crucible

after reacted at different temperatures for
30 min: (a) 1 643 K; (b) 1 693 K; (c) 1 743
K;(d)1793K; (e) 1 843K

e — a-ALO;
v—C

__JL_M Tl

o

(b)
T o — Al,0,C
o — ALO,
@ o— ALC,
v—C

20 30

40

50 60 70
200(°)

80 20

B2 SULERIA S 1 743 K RV 30 min 57k F RS A B XRD %
Fig.2 XRD patterns of residues (a) and condensates (b) produced by reaction of alumina with graphite at 1 743 K for 30 min
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Fig.3 SEM images of residues (a) and condensates (b)
produced by reaction of alumina with graphite at 1 743 K for

30 min
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Fig.5 Relationship between AG and temperature for reactions
(1)—(3) at different pressures: (a) Reaction (1); (b) Reaction (2);
(c) Reaction (3)
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Fig.7 Relationship between AG and temperature for reactions
(1) and (2) at different pressures: (a) 1 Pa; (b) 10 Pa; (c) 100 Pa

S T, BIATS Y CO, AT CO TR LE SR EI S R
TR V(8), 4 p(CO)=1 Pa, p(ALO)=0.5Pa, H

L P(COy) _ 234702 .

= 11
p(CO) T (h
4 p(CO)=10Pa, p(Al,0)=5Pa, f7
o P(COy) 234702 (12)
p(CO) T



%21 B T AR, AR AP IRPGE AL ) 1753

1900

—_

[0

(=1

(=]
T

1700

Temperature/K

1600

1500 1 1 1 L L
50 100 150 200 250 300

Pressure/Pa

B 8 SMN(D)LQ)IH A B B BEAH S IR S AR K
NP

Fig.8 Relationship between temperature at which AG of

reaction (1) equals that of reaction (2) and pressure of system

%4 p(CO)=100Pa, p(Al,0)=50Pa, H

L PCOy) 234702
p(CO) T

[ W(9), 4 p(CO)=1Pa, p(Al)=0.67 Pa,

7.03 (13)

£&l

p(CO,) __25465.56

8.68 (14)
p(CO) T

4 p(CO)=10Pa, p(A)=6.7Pa, f

1, PCOy) _ 2546556

) . 8.01 (15)

4 p(CO)=100Pa, p(Al)=67Pa, f

p(CO,) __25465.56
p(CO) T

X [ Wi(10), 4 p(CO)=1Pa, 1]

1o P(CO) _ B 6085
p(CO) T

7.34 (16)

~13.91 (17)

4 p(CO)=10Pa, H

1 P(CO2) _ 8 608.5
p(CO) T

4 p(CO)=100Pa, H

1 P(CO2) _ 8 608.5
p(CO) T

R D) ~(1) TR AR R IR I AR F R BT
T2k, wiE 9 fron. I 9 WA, 2R CO s
LA, R V(S) P4 2k 94 EI7 X8 ALO; I
BB, JO) T IR0 77 Al FRE X5,

~12.91 (18)

~11.91 (19)

(a)
_6 -
S
=
S ol 1514K
&
L0
= — Reaction (8)
-12r e — Reaction (9)
4 — Reaction (10)
_14 1 1 1 1 1 1
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
T71/103K™!
-4
(b)
_6 -
S
X 81
J
X -10 -
on .
- =— Reaction (8)
-12 e— Reaction (9)
4 — Reaction (10)
_14 1 1 1 1 | |
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
T71/1073K™!
-4
(c)
_6 -
S
X 81
3
X -10 -
20
12k = — Reaction (8)
e — Reaction (9)
4 — Reaction (10)
_14 1 1 | 1 | 1
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85

T71/1073K™!
B9 S ENL 1 th £k
Fig.9 Equilibrium curves for reductions of alumina: (a)

p(CO)=1 Pa; (b) p(CO)=10 Pa; (c) p(CO)=100 Pa
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