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[Zn(NH3),” Toq=[Zn"Jogtm[NH;],q (7)
[Ni(NH;),”Jag=[Ni* Toqtn[NH;],q (8)

K6~ F: m=1~4, n=1~6,
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Fig. 1 Effect of extraction time on extraction rate of zinc and

nickel
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mol/L. [TRPO]=0.05 mol/L I N, #%914h pH
XPEERER AR I, 25K 2 BioR.

JKAH pH WA B A 22 G ZE 52 . K] 2
A, PRRREEUA R T BRI I AR ) 3 B )
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Fig. 2 Effect of initial pH value on extraction rate of zinc and

nickel
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93.15%, HhIAIZEEFRONV I W, 7F pH=8.5 I, HA AR
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mol/L J& &N .

LSIA
2

[HA]/(mol-L™)

5 ARIGRIIR BN BEAIER A IR I S
Fig. 5 Effect of extractant concentration on extraction rate of
zinc and nickel
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pH=9.0 I, ¢ & 5B P m TR 1, (63
BRI LLAR SE A LLEAT o A BRIEN A A I A )
7R, ZE%IE, BEKEEEE R 3 mol/L.
2.1.5  HRIVARIAEIR 45

EHRE 25 °C, ZKIUEIA] =10 min, 7KAH P
pH=9.0, A< /KAH[NH;]1=3 mol/L, AIAHLA+
[HA]=0.5 mol/L 454 T, K HIAH L2l e 81 1 AL HL
R, AL ORI, BEEAHLLIIG N, BRAEE
ABUCRIBWI K. ML O/A=1:1 I, HAREN
73.01%, FEREHURNT 5%, BEEALLEE N, A
FIFMGE TV, MPLARAWIE R, £ 0/A=2:1
IEE] T 10.20%, AFTE. BEor8. Mok
O/A 2N 1:1. #EAHLL O/A=L:1 I, ] McCabe-Thiele [
il BRI A IR 2 AT A, 49 R BRI AR TR IR
G, SRE T Bis.
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Fig. 7 Extraction isotherm of nickel

GERLEIR, XEAR 0.05 mol/L IV, 7
O/A=1:1 %A1, &3 4 AL RN AT AL VA T B e 2.93
g/L B4 0.01 g/L LT o ESLIAT N, &0 4 Juiim
R, RERWHENT 0.01 g/L, KAF pH 224k
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11 e SE IR FIEE 1A R0 25
2.1.6 HRIRE

JR AR PR FH (R B 57 A MU R AR AR AR A I 4%

PERZERAT BN, AR R IR . TR B
BRI B 2.01 /L.

1) B PR AR T X S A 6 1) s i)

eI 25 °C, AKETA] 10 min, AHLL O/A=1:1
MIAAT T SR IR AR R AR e (1)), 45 R
Kl 8 Pime BRI Y, ERIRIKEECR 0.1
mol/L 4&F T, I RAFRCILF] 99.7%. Mi, i

L SE A K, IS AR R T FE B A B Fp R
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Fig. 8 Effect of sulfuric acid concentration on stripping rate

of nickel
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mol/L AT, SR FHAH L2k B 1) e A 25 2
FHLCSEEG o, BRI AR B AR L Mok . AH LG
1:2 BRH 2:1, HRFEZEN 99.5% FFH] 93.4%, [
TN, (ELBf S AH LU 3 3:1, B AR R PR 2
49.5%. MNAMESE, EPERAAN 2:1. fEAHLL
O/A=2:1 W XA 26 AT IR, &5 Bl 9 P X
TTER 2.01 g/L MRS B AP, 75 O/A=2:1 &M,
I RAEREC 2 B AESEREAMT, &2
WA, BRFEFEN 99.8%, HHAIHEIKE /N T
0.01 g/L.
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Fig. 9 Stripping isotherm of nickel
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HASTRPO MRRARAMCHFRE RN, Dgerse
I B i de A 4 o AETELIE 25 °C, ASHURHA] =10 min, Eém
Wit pH=7.2, AILL O/A=1:1, H{AE/KHIH [NH;)=3 =
mol/L, ZINAHLA[TRPO]=0.05 mol/L {4 T, N
2 SO HA IR IERHEEAEICR IR0, 45 R 10 5
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§ col Fig. 11 Effect of synergistic extractant concentration on
‘é extraction rate of zinc
é 40
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Fig. 10 Effect of extractant concentration on extraction rate

of zinc

HH 1] 10 W) 7 H, BFAC IR A 25 DR 1 38K
K. AR M 0.1 mol/L 4 k5] 0.4 mol/L,
PEAIUCR T 66.56%38 K 94.17%, FH KAk
JEXTEER IR TE M AN K o 5 UG, AEIGRIR B3 K,
FHANAHIR AR, HEBEREED Iy
BUREL, BRCEER IR . I, ZEHGRIREEIE A 0.4
mol/L.

222 IAETRIIR B G B A B ) S

TR 25 °C, ZKHUK R =10 min, #J4h pH=7.2,
FHEL O/A=1:1, #A/KAHF[NH5]:=3 mol/L, AEHAHL
FHHHA]=0.4 mol/L I4F T, H%EHp%<5] TRPO ik
JEXTREAR IR 0, 25 R 11 fioss

FHE 1L WAL BIASR TRPO BT R mikr
ARSI, FEARIRA R DA TR B 13 R, 4
PhAFIASE H 0.01 mol/L ZEH] 0.05 mol/L, EFAEIH
t 55.74%745°4 94.17%}, FREG R AEFIAEE, FEAL
R K. b4, TRPO RER K, AW G
HUHAUK AR A 2208 . DRI, B3] TRPO 3% LL
0.05 mol/L N'H .

[HA]=0.4 mol/L, [TRPO]=0.05 mol/L 141, *H
FH LT s A AR I S 2 o AT LLSEG R I, e AT
LL(O/A) MG R, BFAEHCRMRE 2 K. MAHLE(O/A)
M4 BERE] 1:1 B, BEAEHURH 40.18%3 K 2
94.17%, MG T P2, MAERHILLIEN 1:1. A
EE O/A=1:1 ISR IR A B AL 4 JUEA T I &5 R 4] 12
Fime 5 ER, SEEE0.05 mol/L R MERR, 1
O/A=1:1 Z&AET, & 2 AN T (8
325 g/L F¢% 0.01 g/L LLF. fESERAM T, &0l 2
PUERAER, AW T EER/ANT 0.01 g/L, BAEE
0 99.8%, AT S I 1) s AR L
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Fig. 12 Extraction isotherm of zinc
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S PR FH (R B 47 380 MU 2 A B A A I 4 A
NAIAF RN, PTAS B A U T BRR L Y 3.12
g/Lo RAEFTRIRIT I o

1) B BRI FEE X B S A 46 1) i)

FEELE 25 °C, A 10 min, FHEL O/A=1 1)
ZAET, R BRI S EE AR 520, 45 A
13 FruR, B AR RV B2 IR 38 K K . BRI IR
HARE 2 Sy, (EMIRIKEENCA 0.1 mol/L 4514, £FiT)
RAFRCIEE] 99.7%. KL, RAEBBRKELE N 0.1
mol/L.
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Fig. 13  Effect of sulfuric acid concentration on stripping rate

of zinc

2) BRI R AL

TR 25 °C, AW 10 min, 52 HUAHE:
WHER 312 g/L, BRIRIKFE N 0.1 mol/L 44T, K
FHAR LG e e ) I A S 2 o ERAHLESESG T %0, AH
LoE 1:4 0% 2:1 i, BERAERIEARFEAL, K
IRARFFAE 99.4%Lh b5 MAHLLAR N 3:1 B, BPRAR
SRR 68.2%. A SURI F I A T AN o S AR
HEEIR L, BER AR AL 2:1. 7EAH L
O/A=2:1 I} JT] McCabe-Thiele it 2347 K]
filto GEREIN, fE O/A=2:1 [IEME R, BN ELS
AR 2 oo Goad 2 PIRTIRFE LS, FERAR
99.9%, AN ERRE /N T 0.01 g/L, FE A58 42.
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Mextral54-100, W4 25 °C, FHEL O/A K 1:1 44T

AR, it 4 PR A, BRARI AR IL B 98.5%,
BELAERNT 6%, MM SEIVEE R AT 2o 25 5t
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25°C, ML O/A N 2:1 4 T IRAR, 242 HIFR
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Fig. 14 Stripping isotherm of zinc

P ABLGI, AEKA pH B 7.2, AARUA R4
Bk : 0.4 mol/L Mextral54-100+0.05 mol/L TRPO, i
JE4 25 °C, AHEL O/A b 1:1 I4PE FASEEE, 200 2
POV RAEI, BEAIURIEE] 99.8%, SEHVEEM mR
o 145 BB A B, SR 0.1 mol/L A 2wy
WAEMRE Ay 25 °C, MIEL O/A Jy 2:1 AT N AR,
282 IR, BERAERILT] 99.9%, 13 EIIHIR
BE AT R AL G AR T TR IRSCRE , S AR 1 e 4
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Zinc and nickel
ammoniacal-ammonium sulfate HA+TRPO
HA — Extaction of nickel Raffinate Extraction of zinc
I pH=9.0, HA=0.5 mol, T 0.5 mol/L HA+0.05 mol/L TRPO, ——— Raffinate
25 °C, O/A=1:1, 4 stages | Soiution 72,25 °C, O/A=I:1, 2 stages

|

Nickel loaded organic

Stripping
H,S0,=0.1 mol/L,
O/A=2:1,25 "C, 2 stages

I
| |
v

v
Regen organic NiSO, solution

H,S0,—~

Organic recycle

ZnSO, solution

Zinc loaded organic
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H,S0,=0.1 mol/L,
O/A=2:1, 25 C, 2 stages

I
|
\J

H,S0,
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Fig. 15 Flow sheet for extraction and separation of zinc and nickel

TERIAG pH A 9.0 IR A i (M IR BRPE AR R T
ifi HA+TRPO ZHUARAEWIAG pH b 7.2 BEXTEEHR A
BEEREAEIRE S . S8, B BINED
B SeRH HARRTLE pH b 9.0 41 NAIUER, 4R
Ja K H HA+TRPO 1A R ALt pH & 7.2 51 M AU

2) KA HA 7R RASUER M e AR I - AL
I A 10 min, JREN 25 °C, ¥IEh pH M 9.0, ALk
O/A 2y 1:1, AEGRIHANKRE K 0.5 mol/L. £l 4 2%
WA, ARIIREIEN 98.5%, MEEMI LA R
(NT 6%), SEIVER. BRI X 2.01 g/L
IR N, e RAELM N KA 10
min, ¥REEHN 25 °C, ML O/A b 2:1, BRERIKEE A 0.1
mol/L. &5t 2 PSR *, BRAZEN 99.8%, AL
AR R /T 0.01 /L.

3) KM HA+TRPO M RAMUEE IR s A AL IR A
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WELJE K 25 °C, AHEL O/A O 2:1, BRERISE N 0.1 mol/L.
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Extraction and separation of zinc and nickel from
Ammoniacal-ammonium sulfate solutions

TANG Fu-li, LI Xing-bin, FAN Gang, WEI Chang, LI Cun-xiong, DENG Zhi-gan, HUANG Hui

(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The performances of extraction systems, Mextral54-100 (HA) and Mextral54-100+TRPO (HA+TRPO) on
extraction and separation of zinc and nickel from ammoniacal-ammonium sulfate solutions were investigated, and the
optimal process of zinc-nickel separation was determined. The results show that high selective extractability of nickel is
obtained with HA extraction system at initial pH 9.0, while high selective extractability of zinc is achieved with
HA+TRPO extraction system at initial pH 7.2. After comprehensive consideration, it is supposed to extract nickel with
HA system firstly, and then extract zinc with HA+TRPO system. In regard to extraction of nickel, the extraction rate of
nickel is 98.5% with four extraction stages under the conditions of 0.5mol/L HA extraction system, 25 “C, initial pH of
9.0 and phase ratio (O/A) of 1:1, while the extraction ratio of zinc is less than 6% under the same conditions. For loaded
organic phase containing 2.01 g/L nickel, the stripping rate of nickel reaches 99.8% with two stripping stages. For
extraction of zinc, the extraction rate of zinc reaches 99.8% with two extraction stages under the conditions of 0.4 mol/L
HA + 0.05 mol/L TRPO extraction system, 25 ‘C, initial pH of 7.2, and phase ratio (O/A) of 1:1. For loaded organic phase
containing 3.12 g/L zinc, the stripping rate of zinc is 99.8% with two stripping stages. By means of employing different
extraction systems and selecting the appropriate extraction conditions, the best technical process and parameters for
extraction and separation of zinc and nickel from ammoniacal/ammonium sulfate solutions were acquired.

Key words: solvent extraction; f-diketone; ammoniacal solution; zinc-nickel separation
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