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HREEWREEE L —, &R B SEEA
e BAREMNHME, fkEHES A, NEEK
PRIRRE R PRI O sz 2106, RIS
B A WO, Bk, REROESEMA, ARGk
BRI, [RISCR R B OO IR, LR
XA T L0 BYEE . HAT, M EhRR B rEEE
R A R PP A IUR IO IE 9 CUR R, R 1 Hh R
AR DB Tk Ak, IEVEER TR R 3R I Tl Ak /D
DARIE. 3T 10 40k, IRIEEVERG S&PudiE K, % 2010
O, YRR R R Enik 958 U7t L 12 1000k
HERaarll, o 80%WFE & Il T e 19 2,
W MEBTEIR RV HoSO, ¥ i A AL RIS A

2- L OB IR e 2- £ Fk UL R (2-Ethylhexyl
Dihydrogen Phosphate, EHEHPA, P507)&—Fli & M Pk
AW, 737N CeHiO4P, 73 1514 306.4, #JEN
0.930~0.960 g/mL, . ZH T MMt Mg, ot
&JE. EERSE 04 IR R R A Bk
Ralig |, KRB P57 MBRIEGRIRGR IR 4
BEIII4E . BB X FEO P57 =i g
Wrdis X NAECPIERR IR A R A PSO7 AE4H 43 58 Al Al
B, PAOERRIURTL 99%; B uGAEUCM] PS07 4y B4R
W, RCHL NG, SmP AL AL Bk, xS ekl
P507 B P507 P [ A< AR 3R 4 B BB, SIS AVER 20

I P507 MEVEED B P R BCR WA 9T, JEHAE
H,SO, 1k &R, E3E T P507 7F H,SO, 14 Z& H LABH

Igts HHA: 2014-03-21, f&[E HER: 2014-05-26

XEHS: 1009-606X(2014)03-0427-06

BT ASH I AL, ) Fe®t, Zn? 4 i B 1 I 2 B BE AR
I, Ga¥, Fe*, Zn®* 4y 8 A BRI HEAN G P, Fe
L5 fE s, b Fe? 5Ky Ga®, Zn* ik
H,SO, R AEIE A HE AN KA, IEAS B SL. (HX kAL
25201 SR A PR R WIAE HCL SRR A P, mnik
J& H ] P507 rf HE [ L 5, JLrTE A & P IR b AR T
FI LA 2% 44 HGaCl,-nHA R AL Ga®*, 7 5 mol/L
I AR P 100%, 1 ASHGE P5OT7 1) Fe® i T 5%
T IR A A IR RE T AL KN, &5 e oo, AT
5~6 mol/L £ e #6121, A28 Ll PS07 A, LA
Ga*, Fe™, Zn*f] H,SO, i WFstat %, Wt T
P507 ZEHL AT AR HCL, HySO, % % 48 B 1
RS RS, i 7 HCI SR Fe?* A Zn?* —H,S0,
RAE Ga* [ R AT %, Sl Ga®y Fe*, Zn* 4y, X
P507 M HySO, /)i 43 B4 Ga® A 45 S L.
2.1 ## 5

P507[ 4} )% >95%(w), Y1754 2= Uik TA R A
"], BRI, GaO5(4hHrl, [ 25 4E 1k
WAVAH A F), NaOH(ZHrall, w2l A A
wl), WRBRER(HTEE, MR ). B AR
TR HREE SEBR H,S0, 32 MUk Fil s Ga®, Fe?, Zn®*
(1) HoSO, B IR 43 Wi 36 1 FiTor.
2.2 KIINIE

125 mL 53R <F, SXL-70 TR /KGR 7 2%
(LT 2 AL A A PR A ), XSP AL R & 55 1
T K 5 (Thermo Electron Corporation, USA).
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Table 1 Chemical compositions of practical leaching 2= [Me], V, x100%, )
and simulative leaching solutions (g/L) '
?fl ogl ﬁ% i; ﬁ& fﬁ &gz At IMela, o SIS TIRIEIL), [Melo, Jy Sk
ractica . . . . . : o . SRS
Simulative 028 1950  2.50 AHARP B IR (QIL), Va, ARFBAEF(ML), Vo,

2.3 TWHZE
2.3.1 IR

RLALL R VIR 6« AR [T PN v o ) R B
SERR HySO, i U4, M 2B F/KE Ga0s FeSO,,
ZnSO, it il Ga* 0.28 g/L, Fe** 2.50 g/L, Zn** 19.50 g/L
(I, JTFABR R R 15T HaSO W FE R 10 glL.

A AU AR : AEIGRIRN R AL % — e AR b
IRt AR 5 &
232 WG AR

RISEY . SRR E MR 1 PR, MRS ARSI LE
O/A, SEaI—mEMBRET 125 mL w4, %
HIEPARIA GO b, 8 TEE KRG 45 )
WY, WGEHIE, BRI T A R E 5
A BT AR RO RIS, THE AR By

Me], V
:[ L, A % 100%,
[Me]olvo1

) 1)
Horfr, [Mela, AAERW T FIRE(9/IL), [Me]o, ARHK
T FIREE(QIL), Va, WERBAFI(ML), Vo, WA
BREARFR(mL).

Thermostatic water bath oscillators

(@ (b) (©)

(a) Pouring organic and aqueous phases measured into separatory funnel

(b) Putting the separatory funnel in thermostatic water bath oscillator and
oscillating under the given conditions

(c) Taking out the separatory funnel and letting it stand for split phase,
and releasing aqueous phase for analysis
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Fig.1 Schematic diagram of extraction and stripping apparatus
JRAESER : KA AL OIA, e it — & AT

JRAFIGEHCT 125 mL 200 >, PR A LA

IS0 b, B T E R AKE IR G & A IR, IR

AR, WL 0 S T AR B E . TR

WP ICRIRSE, HH AR By

M 5 B A BRI (mL).
2.3.3 ST TE

KA T 43 B R B H R A 5 Ol R
ACI5E , AU 1R <65 Jes 25— R s A AH o AR . 2 1R i
FAZEWAEAG R KR H R R B i o 5 0

3RS

3.1 EMERSTE
3.1 AKTHS [A) % A5 HY ) 52 M)

HHUA(0) N 25%(¢) P507+75%Misk Ak Mtumt, A< HUH
b O/A=1:1, AHURE 25°C, 25 SRR 7] 6 A1) 5%
Wi, RE 2 Pion. WEITTG 1, Ga® A% b A% Ui
[ IR, 20 min Ji&, 4RELGECASEUR ], AREUR
HEARAS; Fe? Rl Zn™ (A HUR AR LSS Ga™ 4L,
15 min I AU NIE BPF. A Ga® i K RERE HhdE A

AR, JEFE 20 min 7E Ry ZEUR ]
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Fig.2 Variation of extraction rate of metallic ions with time
3.1.2 FEHIL B AL HY ) 52 1

HHUA A 25%(¢p) P507+75%Ff ik ki, ZEEUH L
O/A=1:1, AEHUIN(A] 20 min, Z5EALEH X AR5
W, S5 HWE 3 s, MBI, 3 B 1 A
IS it A5 il BT T O, R AR AR . B IR AR,
R = A A AR O By
3.1.3 BHAH H,SO, i 5 X ALK 5 1

F# H,SO,4 #1 NaOH 1 5 BHA Y HSO, 2. AT HL
FHA 40%(@) P507+60% i Ak, AHLL O/A=1:1, I [H]
20 min, i % 25°C, 5 EERNE HoSO, R 50 AT I 5,
SR 4 Fios.
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Fig.3 Effect of temperature on extraction rate

HIE 4 w51, 3 FhE 7 A IR A B R i e
H,SO, S KMok /by, Horp Ga® A fuitah g, A
IURAE H,SO, <40 g/L I FE#IRBL, 40 g/l Ja 46K
BARME, T P9 Fe® M Zn?' A HURAS L 34K b/
T Ga¥ A HUR AN, N 22 Ga* i AHL, R i
25 HoSO, R N Z ARG, RN Il 2 H SO, R 5
LRI, Fe?* M Zn® Gy ARt MR AEUAR. S
RPN, BRE 2 55 HSO, W N 5 g/l Iy, &5tk
AL G A BV RI, 111 °4 HoSO. R E/NT- 5 glL B,
RRR LT ZORE A, HASHER W, i 5 A 10 g/l
HoSO, MRS, ARBUCRAEAK, Kk, A RIERNE RS
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Fig.4 Effect of H,SO, concentration on extraction rate
3.1.4 FEIGR) M B 0] A< I 52 i

MR REAL B, ASHUAHLE O/A=1:1, WA 20
min, WA 25°C, AHUF] PSO7 ¥ XA EL K5 0 45
W 5 i, E A, Ga¥ AEHCRBE P507 ¥4 5 14 i &
JeB KRN, P50T IR/ T 40%(p)F, Ga*
ALY AR B G T GO, 1024 P507 MR BEK T 40%(¢)
I, Ga®* AU MR/ Fe? il Zn? AEHU bt P507 ik

JERE KT B WA s TP 22, W RIE Ga¥ A EUR, ik
HY P507 ¥ 5 h 40%( ).

60 +
g 50 i . Ga*
@ —<—Fe”
— 40 [
o I ——z
c
S 30p
(8] L
o
S 20 k~4//,//k/4~—4
i I
ol //—4
0 I | L | L | L
20 30 40 50

P507 concentration (%, ¢)

KI5 P507 R BEH AR 1) oM

Fig.5 Effect of P507 concentration on extraction rate

Ga* AR B 548 JE A T R A 24 P5O7 S5k
I, A HUARER, (AR A AR5, RS A AHA
R M s, W Ga™ B P AHUR W B, 1 Fe® Rl Zn®
WPERL T Ga® e 8 HAKHURARK A, SN g,
3.1.5 AP A5 2k

EAR A E A o Ga®t AR T i S 4. A LA N
40%( ) P5O7+60% A i3, YL 25°C, B [A] 20 min,
I3 P HIA IR EE O/A y 1:1, 1:3, 1.5, 1:10, 1:30. BA/K
M Ga® Wk EE A BEAL R, 1A U Ga® e 8 g Ak
b, 21l P507 AHL Ga* I PR 42, [ LUK LY
FI30 AIO(=1:1) A REFRAE [R]— AR ARl P 2 Tl R 2,
K6 fin. MM EL, 4l 4 900RAER, Ga*
IF A IA 98.48%.

1.2

| 1~4. Series of counter-current extraction
—@— |sotherm extraction curve

1.0 F T Soerating
—— Operating line

0.8 |-
0.6 -

0.4 -

Ga* concentration
in organic phase (g/L)

0214 Y

00 T 1 L 1 L 1 L 1 L 1 L
000 005 010 015 020 025 0.30

Ga* concentration in agueous phase (g/L)

Kl 6 Ga® AR HL i 2k 4Lk

Fig.6 Isotherm extraction curve and operating line of Ga**
3.1.6 VUZbii AL I S5

5 3203 Wk SHBEAL, 4 ZOmAR I, B EOR
Bk 7 pros. B a3 — I SE s i, TN
B AR W 2, e MBIl s L RS



430 U = I

14 %5

I MR B EEEBCRURT AT HLA . E, R 20037 Sy
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Fig.7 Schematic diagram of simulated four-stage
counter-current extraction operation

A HLAH  40%( ) P5O7+60% Ak FhE3t , 305377 A< BUA
el O/A=1:1, ZEHUNTA) 20 min, AHUEJE 25°C, B4
6 HE(Re) T URIA BRI, SR WFEK 2. WNRITHH, St
B 4 GOVmAEE, Ga™, Zn? 1 Fe [RAHL%E 4y Wk
98.50%, 38.42%, 19.56%.

K2 B4 RSRERRAREREBSERENME

Table 2  Extraction rate of metallic ions of simulated
four-stage counter-current extraction in Rg

Element Ga™* Zn*' Fe®
Concentration (g/L) 0.0042 12.009 2.011
Extraction rate (%) 98.50 38.42 19.56

3.2 RELR5ITE

HHLA K 40%(¢) P507+60%FiE 1k K, 2 A<HUA LE
O/A=1:1. i) 25°C . AHUH ] 20 min BEAT HL AL 52
Ky, B SA HUARE AR R, H4 Ga® 0.185 glL,
Fe?* 0.332 g/L, Zn** 5.382 g/L.

SR, Ga®t ) Fe F1 Zn [R N A A WL,
HARSLHY B, B A Ga* 5 Fe™, Zn* 4 .
BN AL S, TR DU R T R A
75, 1M Fe* Al Zn* LA AT TIE I AT HE, LA NaOH
AR IR FEF, AR S0 R B A I ™ B LA T

%, ML, W Fe?, Zn?*, Ga®*fit 5 CITFI B T IE L
AT, A H 3R T4 A R ) 25 e AT 40
43 93 7% 8% H,S0,4 K HCI X 7 254 HUAH ) e A5 1 RE.
3.2.1 H,SO, I # 1 fg

F H SO, ME K A F, 5 R AL OJA=1:1. 1
25°C. JRAWA] 10 min HEAT R AESEEG, 582 A
HoSO, WX B 1 A Z R 52, 45 KW 8 PJros. tH
KI5, HSOuME R AH], Ga®tlty Zn®* i e 2 Hic i T
Fe™, Ga* [ X H A1 H,SO0, ¥ % H 100 g/l I ik kAl
96.98%, Zn** R ALHKIEALEREEL) 80%, Fe?* ALK
W20y 0. FEFNE Fe* 4 PS07 A HGENA WM,
Fe? m[ 55 P e &t 45 & e s, U ek g
H R 5 A
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Fig.8 Effect of H,SO, concentration on stripping rate

3.2.2 HCI [ [ X RE

H HCI A [ #6571, 4 R A AR HE OJA=1:1 iR & 25°C
AT 10 min AT AL, FEE AT HCI L
S BT AR K, 45 B 9 s, B w4, Ga®*
AR HCl R S8 K5k, 78 HCI K EE
oA 1~2 mol/L I Ga®* [ 26 ik it KA 86%; HCI %K
T 6 mol/L if, Ga*[IRAFKITT H 05 Fe IR
Ga> —RESE KRN, 7E HCL YR JE %y 5~6 mol/L I,
Ga® W A A T KA 99.3%; Zn* R A LA A K,
ARYUEFFAE 80%. FEJRIAIE P507 PH B 1A H A 4
BTN E S S5, Ga¥>zZn*>Fe?, JFhHBY
BBl HOVR 16K, PS07 H HY i v B e, B s 1
ASH R AR T AT, Ga®* Al Zn® i [ Ae, iR
NAHAT ) Fe®* b5 P507 h P TR RIC AL G, 4540
R KPR AL, 24 HCL e fis 4k THin, woih CIFi
BRI, Ga®* LA HGaClynHA &8 4 P507
Ff) PR A AR I T E A HLAREY, AR R
B%: Fe*™ 5 CITTE B4 & 31 FeCly # %%, HCI ¥
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Fig.9 Effect of HCI concentration on stripping rate

I HSO, F1 HCI AL BE ) IBFFE I i, 75
FVRE HCI (>6 mol/L)F, Ga** [ #% JLF- 4 0, iy Fe**
N Zn* H) I AR 55w, IRIRHT 6 mol/L HCI ik il 2%
BrEZ 1 Fe R Zn®, [ AR Ga™, 1 100
/L H,S0O, [ # Ga*.

3.2.3 RAEJTEKE

N T IR F PR — IR R T ZE 1) BRI B DRI 1
KRE&AF, ML OIA=1:1. % 25°C. WA 10 min 4
ST Y R AL, IR B i 1, 2 F0 3
R, Ve B WA T A, 58 PRVl B R R
3R E TSR, 45RWER 3 PR R A, gt
3 WPk, nPE RN FeR R Zn* kR, Fe®
VRV 100%[(120+212)/(0.332x1000)], Zn**UEis% N
99.9%][(4312+1065+4.6)/(5.382x1000)], 1] Ga**H:A A4
K. VEJE MU Ga* m] JT] 100 g/L H,SO, [, #1
P ALY h 95%.

R3I AFRSREXBRER
Table 3  Experimental results of washing and stripping

lon content in washing solution (mg/L)

lon content in stripping solution (mg/L)

Stripping rate of Ga>*

Washin
9 Ga* Fe** zn** Ga* Fe** zn* (%)
1 0.21 212 4312 180.3 2.6 79 97.5
2 0 120 1065 179.6 1.2 31.8 95.8
3 0 0 4.6 176.3 0 0 94.1
3.2.4 RACTHTE L 4 & i

DA L 2 ) Ga®* [ AP i 2k ik ML
£ Ga® 0.185 g/L, A HSO, ¥4 100 g/L, A
I 1A 10 min, AR 25°C, IR AL O/A Jy 1:1,
3:1, 5:1, 10:1, 20:1. LI HUMIH Ga® ik BE A B A b, 7K
I Ga> W N Y ARRR, Lol [ ROV HrA5 R £, I LA
FHECT 15 AJO(=1:4) 4y R A1 [R] — M- byl b 253 il AR
e 10 Pior. HEEAT R, @i 4 GOl R,
Ga** A H [ IA 97.64%.

12 F14 Series of counter-current stripping
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Fig.10 Isotherm stripping curve and operating line of Ga®*

X Ga®, Fe?*, Zn®* 85 T 11 HoSO, B IR
P507 Xt e iA b Ga®t g Fe?*, Zn® AT Ay B, %
BT RN S . AR B[R] L AR 5%
Wi, AR, LU T A AR 3 Bl g s
THIARFHEE HCI, HSO, AR KA, $2HH
HCI Ui Fe? i Zn?*Ji, JT] H,S0, [ A% Ga®* 1) [ A5 B
T, Gl RFEEEL, [R5

(i id P507 AEM-PEik-RA T2 Sl Ga*'h
Fe®*, Zn®* /)y &5,

(2K 40%(g) PSO7+EALIEMAE A LA, AHLE
O/A=1:1, )% 25°C, WJ[H] 20 min, £t 4 sy AL,
Ga** ALH K ] ik 98.48%, [fll 19.56%1) Fe* 1 38.42%
(K] Zn® LA A HUH .

() # A HUAE 6 mol/L HCI k% 3 AT 584wk i
Fe?* Ml Zn* i AN 2% Ga®*, ¥k Fe® Al Zn®* )5 A HLAI
100 g/L H,SO,#4AHEL O/IA=4:1 2 4 i A, Ga*
JRAEZR 1K 97.64%.
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Extraction and Separation of Gallium lon with Iron and Zinc lons in Sulfuric Acid System with P507

ZHANG Kui-fang, LIU Zhi-giang

(Guangzhou Research Institute of Non-ferrous Metals, Guangzhou, Guangdong 510650, China)

Abstract: Separation of Ga®" with Fe?" and Zn®" in sulfuric acid system by P507 was studied. The effects of feed acidity, extractant
concentration, time, phase ratio and temperature on the extraction of Ga®* were examined. The isotherms of the extraction were plotted,
and the separation scheme of washing Fe?*and Zn?* by HCI and stripping Ga®" by H,SO, was designed by comparing the performances
of three ions stripped by HCI and H,SO, at different concentrations. The results show that with 40%(¢) P507 in sulphonated kerosene as
extractant, the extraction rate of Ga®* reaches 98.48% in four-stage counter-current extraction under O/A ratio of 1:1 at 25 °C for 20 min,
meanwhile, 19.56% Fe?* and 38.42% Zn?" are coextracted. Fe?*, Zn?" in loaded organic can be totally washed by 6 mol/L HCI in 3 times.
Ga®" in loaded organic can be stripped using 100 g/L H,SO, and the stripping rate reaches 97.64% in four-stage counter-current stripping
under O/A ratio of 4:1 at 25 °C for 10 min.

Key words: P507; sulfuric acid medium; gallium; iron; zinc; separation



