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1) TC T B EES PR AL K S IR i A I N BT L 1
THIR BRI Ayt 13RI MBS IR WO5 65.0
g/L, HNO; 220.5 g /L, H;PO4 6.9 g/L. S Bt 1)
AR BRI BSR4 4r Hrati.

2) Al Bel AR R R F T S S B )
BOR 2845 o R 1A L AR 3 A A el A B s 1,
BIAHAR 3.5 mol/L, W5 B h ey Bk L 1:4,
BRSNS 80 °C, SN 3 h, ¥ L 10:1(mL:g),
I3 R E AT B R 73 7% W05 60.39 /L. H3PO,
7.24 g/L,
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2.1 AFEZEBA RN EERGER R SRR P 0 RYZE RN
REITA
AWFFIEI T Npss« TBP. fFFEEE. Nygos RN
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Table 1 Extraction of tungsten with different extraction agents

Organic phase WO; concentration in raffinate/(g-L™") Extraction efficiency of tungsten/%
40%N,35+20%TBP+sulfonated kerosene 0.015 99.98
40%N,35+ sulfonated kerosene 0.010 99.98
40%N 9,3+ sulfonated kerosene 0.007 99.99
40% 2-octanol+ sulfonated kerosene 2.19 96.40
40%TBP+ sulfonated kerosene 1.72 97.20

K 77.6%, B WA, RAFIEF] 93.6%. MAEL
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Fig. 1 Effect of N 9,3 volume fraction on extraction efficiency

of tungsten
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Table 2  Effect of phase ratio on extraction efficiency of tungsten

WO; concentration in Extraction efficiency of

O/A Volume fraction of Ngp3/% Time/min Temperature/C 4
raffinate/(g'L ) tungsten/%

3:1 20 10 20 0.005 99.99
2:1 20 10 20 0.003 99.99
1:1 20 10 20 0.025 99.96
1:2 20 10 20 0.036 99.94
1:3 20 10 20 0.058 99.90
1:4 20 10 20 0.087 99.86

R3O 11 I R A A HUOICR R 5

Table 3  Effect of temperature on extraction efficiency of tungsten at O/A of 1:1

WO; concentration in Extraction efficiency of

Volume fraction of Ng,3/% Time/min Temperature/'C 4
raffinate/(g'L ) tungsten /%
20 10 20 0.025 99.96
20 10 25 0.031 99.95
20 10 30 0.027 99.96
20 10 35 0.018 99.97
20 10 40 0.028 99.95

F4 AHLE 101 I Bl ()0 45 2 I3 IR 5

Table 4 Effect of contact time on extraction efficiency of tungsten at O/A of 1:1

WO; concentration in Extraction efficiency of

Volume fraction of Ny9,3/% Time/min Temperature/'C .
raffinate/(g'L ") tungsten/%
20 0.5 20 0.021 99.97
20 1 20 0.011 99.98
20 3 20 0.006 99.99
20 5 20 0.003 99.99
20 10 20 0.025 99.96

—4 AL, MBAPATERE, FRWHEIREL. B
P KA IR BE AN T B g, 6T A AU A B i
WL, IHZREHIE T KT R i 2k
BAEDIZ, 19215 HHIMAS RIEA & Nigs (R4
#020%H WU A A I RN 75 0, R4 1F R 2K I
ML N 276 g/Lo K 2 B WHB U] N gps AL
TR MR S, PRSI R ] AR R A
FEK A 0.1 g/l LA 8 AT A BUA AL B,
20%N ooy HIFAL BT . 20 °C L FEAIA] 10 min. AHLL
L1 5 PR IRAE A I IR B T 65 g/Ls AL
— IR 122 B, P EAIREFMAEDGCR, ShE
(RFRAVE AU IR B T 130 /L, {5 i 40284 B 4
I, A AR KA 2 B 22 1E— 0 40N, T e
5 min /4 7] LA B]5E 44540 .

M EA IR IE R, AN A UL R
IRV R A B 25 B — A 50~100 g/L Yu [l o 414 % ]
350 g/L Nogys 20~25%fP=ERE LA R Mt 20041+
SR AL EUA R VAR EOST IR B oA R 14, LAY
MANZE A 59.14 g/L; FIIR AR 50% =3
HE R SR F+20% i == BE+3 0% Attt A K5 it PR LA 1
FRFEMCE AN o A R RS, 1A 5 NaOH IR &
15100 g/L BASEANAIN A 54 88.30 g/L, i KM
ORI A AR PRAZ AL I I 2 v F ) 49 A 1 ] i

W5 O RS AU DCEAR T L, Ik fe 2 A
TG IR 1), ASBIFFE P OE 380 N o3 A E A IR A
65~130 g/L, K /& )5 S IR W P I . 7B SR
ot PR R R 2 P R AR A T v AR P TRV R IR vy, IR R
FHES ORI B B2 Al R A3 ARG 1 ) R
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Fig. 3 Effect of temperature on stripping rate of tungsten

SRR R, WESEGEREIR ST . 2565 8k
P& 50 CHER AL Pl 5 o
232 MK AR 5
TEREANAE 50 mL. ZUKEKE 12.5%. Ffli
8 10 min. #&JE 50 CHIZAT FHESE T AFFH
AL g, Ha R wE 4 Pros. WE 4 mTLUE
Hh S A LR (1) J5 A5 28 RE MR AN K, 455 11 [ A5 32 24078 93%
DL b, X ETE T IR S B B R A K A
KRG 5:1 1, ZUKIIR R REA N 2.6). i
FARLLRIBEIN,  RAW S R SR W T S, R T
DUBE APT (R fE, (EMILEY 3:1 1, (A D Empis
RIS E A N TAEHE APT [ v] 25 FE R IR
KR FEFNIE RIS [F] (1R 0, I 52T S /KR FEFNIN ]
(b AU
233 GUKHRE XY SR BOR I 5
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Fig. 4 Effect of phase ratio on stripping efficiency of tungsten
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ZATINR s AN 50 mL. A EE O/A 1:1, $efilbs
) 10 min. AL 50 C. MK 5 halLIEH, B
FHRAKRBE IS, &R AEFL BT EB TS, 4
FUKIREE R 5%, %40 UK IS &R ECh 2.6,
SN T8 A TR AR E KR E LR 1.8 mol/L,  BRIAT HLAH
HIZKARIE R 0, KA AT AT /D i APT &5 i ARl
T EKIREEE T R R 12.5%)5, RAEAG RIS 1R
P R TG . O T IR EOKI R, — Rk
12.5~15% 12K B BT I8 B U () R AR
2.3.4  HRA N [R) ) S AL R ()5 )

AN R s IR TR A s B8R R 5 i 18] 6 BT
RAZAF W : A HAH 50 mL. AHLL O/A 1:1. &
IKHRFE 12.5% AT 50 Co MB/K 5 G
FEAAFEAbI (7 R H 0 B (000, AR 1 min
INF P A 1R DT I AR SR SV i e s, DR B
ARG ACAH AT A R I EDTIE o B G 2l i 7] ) %E
K, AEPUEEHTEM, MEKDE S min 5RBIR
R A B BTG W . T RIE R RO R B AR ik
17, SCEGEEN 10 min (RN A o

100

951
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Fig. 6 Effect of contact time on stripping rate of tungsten
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Table 5 Circulating operation of extracting tungsten by Njgp;

2.4 Nygp ZEEUR R BITEIR

h T 2 EEREMGAE i IR R A M EER IS N A A A
FIYERE, ABFFHHATT 6 IRAIN- A G A1
S, AR S PR, BRI EARIRAE S LRI
Je s BRI =K — — IR R — IR R —— k0K
Ve T UOKYE. A BRI 50 mLy 20%N gp5+
A WLPE 20 °C L i) 10 miny AHEE 1015
KPE: YEAKAATR 50 mL. B A] 5 min, JAZ 20 C;
S A (P AR [RD): 2K 12.5% 25 mL #JE 50 C
FEMOETA] 10 ming RAEJGKPE: PeKAR 50 mL. 2
fb s 1) 5 min. WEJE 20 C.

MF 5 T LLE HL A HUAHZ 6 KIGA A B 4ERRR
UFIASIUSOR , A5 AT E AT 99.98% L |, A4
TSR AR FELE 0.1 g/L LU R o A ML IR
IKRAE G, I RAERILE] 95.5%Lh b, KRR
T o ARG A HIAHZ 5 VK BB i 3R RIS N A H
IS IR YIUE ,  YLBH AL 5 | N WA 2 b
(I CRLLEY R e

2.5 N ZEBUKR R BIE RN A

FETEAT T O R RA HH  455 IR 1) A I - S A6 AT Sk
FURFEAL b, TR T A B B I A SRR
S, HAF R 6 A1 7 Fron . fEARALIARUA AT,
RIAT WAL 20%N ooz HIE AL AHEESA 1:1~1:2
il 20~23 C . b E) 10 min SR, BEEHCR
ik B A 99.9% LA Fo kT4 R AW P S R
RT3 Y BARAE IO L i R e, AT i HLAH
AR AL 1:2 0, BRI,
ik 99.4%, HEE AN, 25 min 45840 M.
SR LI AT WA BEIA 2 T 0.910 glem®s 7KAH
FEh 1114 glem®, PAHI S BEAZEANK, D9 T SEBLp
HAFAH, PR B ORI

PEE WAL S 20%N oos HiEAL KR . AHEL 1:1.5.

WO; concentration in
Cycle cumber

Extraction efficiency of Stripping efficiency of

raffinate/(g'L™") tungsten/% tungsten/%
1 0.010 99.98 97.15
2 0.005 99.99 96.11
3 0.005 99.99 95.78
4 0.006 99.99 98.30
5 0.004 99.99 100
6 0.005 99.99 98.65
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Table 6 Extraction efficiency of tungsten from leach solution of scheelite concentrates

Extraction efficiency of

WO; concentration in

Time/min Temperature/'C O/A 5
tungsten/% raffinate/(g'L )

10 21 1:1 99.96 0.021

10 21 1:2 99.94 0.034

10 23 1:1 99.97 0.015

10 23 1:1.5 99.97 0.014

RT ORI SRR

Table 7 Stripping efficiency of tungsten from leach solution of scheelite concentrates

Time/min Temperature/'C O/A Ammonia concentration/% Stripping efficiency of tungsten/%
10 50 2:1 12.5 96.4
10 50 2.5:1 12.5 95.1
10 50 2.5:1 15 96.9
10 50 2.5:1 25 98.6

23 CL IR 10 min (41 R RIS B 6
HHAE, SARFREMZRKRE, LR K 7 s,
N T IR TR P R SRR BV W, IR B9 APT il 4%
TIPHIZE RS H I, AW I — D4 m R AL )
AHEGSRSEHL . AR LI 2] 2.5:1 i, AR 5
APT & i, T Ik I K2 /KA 8 kel o 7EARLE 2.5:1
WLRE 50 °Cy E/KIKIE 25%. FEfbIs A) 10 min #4544
NRE, SBINEIRE T WO, WREEIE R T 220
g/L.

AN

3 it

1) 5% BB RGN Noss I R1 TBP ML,
Nops ZX RGBS HAT RZECR L 5 AR

2) Nioos FE Wil T SEBLES R PRIEACHT, ASHUES R
JRERE AR ARG, S, E R AR
AR AR JSE AR W] A R S 2 APT 45 it (1) 1) Ao

3) ML FFAR Niogs AHUAR KA EL L 3R AL
FHLEAN KR BE (T, T SRAH i R P TR RS PR 4

BT
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Extracting tungsten from nitric acid-phosphoric acid
mixed solution by solvent extraction method

YANG Jin-hong, LI Jiang-tao, LIU Wen-ting, ZHAO Zhong-wei

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The extraction behavior of tungsten in nitric acid-phosphoric acid mixed solution was examined with different
extraction agents. The results indicate that extraction agent secondary amine extractant Njg,3 has a satisfied extraction
and stripping efficiency of tungsten. Then, the extracting and stripping process of tungsten by Nig; was investigated.
During the extracting process, over 99.9% tungsten can be extracted under 20% Nj¢y3; (volume fraction) in organic phase
system, phase ratio 1:1, temperature 20 ‘C and contact time 10 min. During the stripping process, over 93.5% tungsten
loaded on organic phase is stripped with 12.5% ammonium hydroxide under the conditions of phase ratio 2:1,
temperature 50 ‘C and contact time 10 min. Based on the research of extracting tungsten from simulate leach solution of
scheelite concentrates, Ng,3 is used to treat the leach solution of scheelite concentrates which is digested by nitric acid
phosphate mixture. The applications show that 99.9% tungsten is extracted and a relatively high concentration of
ammonium tungstate solution (WO; is over 200g/L) can be obtained through increasing phase ratio and ammonium
hydroxide concentration with a satisfied stripping efficiency of 98%.

Key words: nitric acid-phosphoric acid mixed solution; scheelite concentrate; phosphotungstic acid; solvent extraction;
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