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1. Temperature control current source
3. Crystallizer 4. Reactor
6. Vacuum meter 7. Roots vacuum pump 8. Mechanical pump

K1 sk A K

Fig.1 Schematic diagram of experimental apparatus

2. Thermal couple
5. Furnace
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Fig.2 Relationship of AGr of lithia reduction by silicon with
temperature and pressure of system
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Fig.3 Relationship between reduction rate and temperature
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Fig.5 Relationship between reduction rate and
briquetting pressure

4 EFEMFUELENZMm

R 1223 K il A1 ) 30 MPa. & SR IR [] 120
min., &S E 20%M5F T, B RN R HGE )R
ST S Y. PR e DL 6.

H#T 22T 5, RGEFR AR, NI H Hfig
AR, BRI TR S S AT, RN, R AR 4
JEB 2SR SR /N, AR 2RO R 1) Bl ) 2 AT W 35
Wi, % 28 R HH R IR 46 B AR A3 A AN BRINUR) B9 T 25 R
], iR R 247 b, T —EilRAET
S JeB L 1) 28 R A i L FE T i T G ORI DAL A R R
A A TR R R AT A & SR AR, SRRt R R,
HASRE 3 Pa Iy, HHIE R R IA B 5.

#9 %
| |
93 T
9
= 92 L
(]
®
S 91t
8
=] L
3
Y 90 + \
[ | |
89 | L | L | L | L |
3 4 5 6 7

Vacuum degree (Pa)

Kl 6 TLAs PRI S ZR A S
Fig.6 Relationship between reduction rate and vacuum degree
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Fig.7 Relationship between reduction rate and particle size
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Table 1 Factors and levels of orthogonal experiments
n—8 Factor Level
94 r -/ 1 2 3 4
§ [ / Reduction temperature, A (K) 1223 1253 1273 1293
5 92r . Reduction time, B (min) 9 120 150 180
® F Briquetting pressure, C (MPa) 25 30 35 40
g 90 + Particle size, D (um) 106 96 80 75
B L Excess coefficient of reductant, E (%) 20 30 40 50
)
T 88f ‘ : s
x I MR 2 Wzl 43, BB AL MR i A
86 |- JE 7. WPRPRLEE | 38 JR AT e 5 AR Al 2= 40 il A
0 20 a0 a0 w0 5.50,4.94,3.09, 2.80, 3.24. [AlIL, 785 IS5 G A,
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Fig.8 Relationship between reduction rate and FE 1293 K, &I [8] 180 min, fi[41&J) 30 MPa, #ykt
excess coefficient of reductant FEE 80 um, T B 50%.
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Table 2 The result of orthogonal experiments
No. Reduction temperature, A (K) ~ Reduction time, B (min) Brlqu??\iﬁ; ssure, Partnzl:nsl;ze, b (itzzslfc:;):tf’ﬁ;;zt) Reduction rate (%)
1 1 1 1 1 1 80.95
2 1 2 2 2 2 92.85
3 1 3 3 3 3 93.86
4 1 4 4 4 4 94.72
5 2 1 2 3 4 93.53
6 2 2 1 4 3 93.60
7 2 3 4 1 2 94.22
8 2 4 3 2 1 94.82
9 3 1 3 4 2 94.12
10 3 2 4 3 1 95.13
11 3 3 1 2 4 95.95
12 3 4 2 1 3 96.80
13 4 1 4 2 3 94.82
14 4 2 3 1 4 96.20
15 4 3 2 4 1 96.52
16 4 4 1 3 2 96.85
K 362.38 363.42 367.35 368.17 367.42
K, 376.17 377.78 379.70 378.44 378.04
Ks 382.00 380.55 379.00 379.37 379.08
Ky 384.39 383.19 378.89 378.96 380.40
] 90.60 90.86 91.84 92.04 91.86
ks 94.04 94.45 94.93 94.61 94.51
k3 95.50 95.14 94.75 94.84 94.77
Ky 96.10 95.80 94.72 94.74 95.10
R 5.50 4.94 3.09 2.80 3.24
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Table 3 The result of verification experiments
No. Reduction temperature, A Reduction time, Briquetting pressure, C Particle size, D Excess coefficient of Reduction
(K) B (min) (MPa) (um) reductant, E (%) rate (%)

1 1293 180 30 80 50 97.85

2 1293 180 30 80 50 97.79

3 1293 180 30 80 50 97.81

4 1323 210 30 80 55 97.82
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Table 4 Chemical analysis result of prepared lithium

Element Li Na Ca Mg K Fe Si Al Ni
Experimental value 0.9924 5.0x1077 3.7x107 1.2x107* 8.9x107° 1.0x107 2.1x107° 3.0x107° <1.0x107°
GB4369-84, Li-1 0.99 2x107° 4x107* 1073 4x107* 2x107* 5%107°
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Fig.9 XRD pattern of the slag
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Optimization of Technological Conditions in Reduction of Lithium by Ferro-silicon Alloy
DI Yue-zhong, DONG Wei-wei, PENG Jian-ping, WANG Yao-wu, FENG Nai-xiang
(School of Materials and Metallurgy, Northeastern University, Shenyang, Liaoning 110004, China)

Abstract: Vacuum reduction with ferro-silicon alloy as reductant was used to produce lithium. The single factor and orthogonal
experiments were adopted to study the effects of reduction temperature, reduction time, briquetting pressure, vacuum degree, particle size
and excess coefficient of reductant on lithium reduction rate. The results indicated that the order of influential factors on the lithium
reduction rate within the experimental range was obtain as follows: reduction temperature>reduction time>excess coefficient of
reductant>briquetting pressure>particle size. The optimal technological parameters of lithium reduced by ferro-silicon alloy were
determined as follow: reduction temperature 1293 K, reduction time 180 min, briquetting pressure 30 MPa, particle size 80 pm, and
excess coefficient of reductant 50%. Under such conditions, the reduction rate was obtained as 97.85%, the purity was 99.24%.

Key words: ferro-silicon alloy; lithium metal; reduction rate; orthogonal experiment



