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Recycling of Rare Metals by Chloride Process
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Table 1. Chemical analysis of the crude gallium

Al:10.4ppm, P:2ppm, B:520, In:230, As:141, Ca:90

Impurities : 13870
ppb Cu:90, Fe:65, K50, Si:46, Sb:4l, Hg:37, Mg:35,
(Purity:99.996%)

S:31, Sci17, Til7, Cri13, Bell2, Sni9
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Fig. 1. Schematic Diagram of Chlorination Column, C: High Temp. Distillation Column,
D: Thermocouple E: Electrolyte, F:
Heating Mantle, G: Refined Ga H: Impure
gallium I Crude gallium J: Impure GaCl:

K: Purified GaClz

Apparatus
A: Ga B: GaCl; C: Quartz flask
D: Condenser, E: Thermo-controller
F: Heating Mantle

M
olN

d FRZX = Fig. 29 #Zo] GaCkE 7IE $2A9 e 2 AX9 7|89 GaCk NNAE F
7 AAze FHY $FEHELE olFAA Y. FHRAXY FF coumnl.EE AZ 4 cmolxn
o7 1 mY A9g#ES Agadn $3 B2 A% Zolyl 474 8 mmeY 958 HgL
AHE3 2.1 reboiler R WZ7] Al HFo2 AZ3AT reboilere GaCle] wlAdxEcT) 7t =
< 25 7tEdte GaChEo HIHo] & g3tE9 7|8 & WA stn GaClE 713AA &

o2 Btk £/9 29 F 1 FHEHEL 5HT 2ok % 5L 258 {59 22 AH
AA ZAE GaClz 7IAE FH9 ZAAAAM SFAA Af22 BUL GaCl Bt} £ v &

Ze d3es ¥H8lY FEEC F5AAY. 9 sy AL FF columnd A € GIE
& TN &5 H, GaClz 9 HHEG ¥ 252 YZAAA GaCke $FAA ¢ FA=Z
HEd Rule 4%, 383 GaCl 2o BlHo] & 2¢ES US Do ojFAA 35 X
Hae S5ve= 1-r°17¢1 At AHx2HE 012 GaClz Bl »|Ho] ¥ BEEEL A
< FRY AFAA EFAA AA @4 GaCht FELEANM A FLAL F 22 FFAANAA
A Afz2 o7k 1 ®H FEELS FE FAA FFHA @9 A A WA
300mme] 9F HZE §7]18 AMEst F 7ol o3 dAF A 2EE FAY F IES
BdHch £ ZEol oAdE F=H A ZFo BAANE F5& 2 wdd UAHdF 7xE
Edste dall FRAHE Wy, AFN AGE @A Fo=2H FMEY HAdERI TR
& At = Z2EA A ZFo] gL ¥eR 5=25F so HI A AA a7 IHIE o
FEE 3.

A ¥ F¢ AAYQA GaCl, €85Gl Ga 2ot M3 A7t *& BEEE0] $F5HIL 9
el ALHA GaCl, TFEFLE EHAAN A A Hajze SoleA 9. £ A
d A7t Ga Bk AR EEEL 2ZF T F5HA A o #EL ¢F EYAA wiE
AA JET 8 2 973 AGe AA A o

Hafo AHEE HY 37 FAe A AY R A JF 2] 7@ DC 6V, 30A &3 FF
718 A &8t ALgstAt



3. 2% % 13

7}, GaClp A&

Gadl &8¢ AsadA ANAE AHEHE GaChs gt oz ZFd d4 7M2g FYsy
AZFAY GaAs, GaP, GGG T Gag ¥fstes aFE9] 23 da 712§ FAAMNA &
A}ES A2 F £ FHE T3 FATH B AFAME GaAs 23 HE I3 EHEA
2% 2 ZF5S Y982 GaChE Azxsdvh AA 22 &3 49 Ed23 2F 3kege ¥
T 100CE A7 g PAa7t2E 2-44/min $E2 Eojgo] FUh g2 FIdHIes
A3 A APHRoH vk MA Folle GaCle B4 ¥hgo]l TFRMGolojA HE9 7120 8
A 48s ¢ F AVt 8§ Ga WFel Cl 7t&7t FAHE T Ch 7t&E 86 Ga W7
A gAs wrgagoen #Yo st FFHY Ch 7t&7F €8 Ga weg 4L FF Ga 4%
of R GaCl, & W&3te GaCkE BHFAT. Ga R Gadl T8 EcEF Che W2 o
+3 2ol BEEH

2,

Ga + Clb --> GaCly

500 GaClz + 1/2Cl: ——> GaCls

o 10Umin ot As + 3/2Cls --> AsCls
P L A,v’/ M + x/2Cls --> MClk (M< Ga, As o] 9]

A Lo——"° o 5%

§ o} . o GaClsz  GaCl, Htt §§3o] stob A8 w8
H o A Az L {7 folsu Ay AEES}
L e ol Aa 2R g0l FAFoz AN IA
/ o slob @tk GaChel A4S A&y Asixe
ool 407 GaCl, A% A Clp 7t29 #2¢ A-s z2dsq

Clo 7}2=7F €4 Ga ®te2 UX 94=F 3tdqof
Time(min) g}l Fig. 3949 o] GaCl o AZzwHE ¢
Gart2e FFo] 2¢/min, 5 /min, 104 /min, ¥
o whg-%7] o 100CANA Ajgte] 408 Fol= 21
0T, 360C, 450C 74x 2+8S ¢ & AN

Fig. 3 The effect of Clz flow rate
on the reaction temperature
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Fig. 4 The effect of sell voltage on
the current density
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Fig. 5 Arrhenius plot of the current
density of the electro-refining cell
(164C-1977C)
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Table 2. Chemical analysis of electrorefined gallium.

Cell Voltage High purity
No. | Blement | Crude | 1oomy  [300mv  [av gallium
1] Al 10400 24| 32 124 50
2 P 2000 15 | 60 100 30
3 K 50 22| 32 28 100
4 B 520 26 | 22 48 5
5| Mg 35 21_| 25 29 30
6| Si 46 34 | 37 40 40
7 S 31 30 | 28 42 50
8] Ca 90 42 | 40 78 50
9] sc 17 4 9 21 15
0] Ti 17 5 12 18 20
il v 1 3 3 3 20
2] G 13 12| 10 14 20
13| Mn 2 2 3 2 20
14  Fe 65 32 | 45 62 30
15|  Co 1 3 4 4 20
6] Ni 4 7 6 8 20
17| Cu 90 60 | 72 84 25
18]  zn 7 8 12 8 30
19] — As 141 6 8 46 30
20 In 230 106 | 120 226 20
21| Sn 9 10 | 12 10 60
22]  sb 41 10| 10 24 50
23] Hg 37 12| 18 18 50
4] T 7 4 8 7 50
25| __Pp 2 9 4 12 70
26|  Be 12 6 10 10 5
— 13868ppb|  519ppb 642 1066 910 ppb
Purity(%) | 999986 | 999990 | 999999 [ 990998 |  99.9599
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