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O B AN R AR R A B U E A BB (APT) L 2B AR . AL T WO IR FE R )
B, SR 24t = o 3 F RS A B4 (Tri-n-octylmethyl-ammonium chloride, TOMAC) NAZHF, X MBS TR HiAH
BV P B RAR USRI TIIZE, 2 5% 802 R NayCOs IR« AR ZH B S A B o A BRI I 26 L FE A
RO 3 e AR BRI AR R S AR S 2R, R4S A Kremser 7 RRIE PR &G AR AT L DA I S AR 8, S
oA HUES R I R A RIS . 25 AR B P NapCOs IR EEXT WO, ZHUHRFE AR, (R AHGS
FEOTAHPERE MK MAREGIRBEA S0%(AAR B0, BHIHMERAES 2 (L WO, 7)ok 91.49g/L; [ Je A%
7 NHHCO; H I NH3H,0, AMYAESE R R AR S IR ) A e v, 1 HA RT3 R ARV WOs IR E .
SCR SR M A, AR WO, IRIEIEF 160 g/L 7245, % &oe4m] LI L A7 0 4% APT 7%,
KEBIR: H BAEEG FEER Na,COs R A
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Extraction of tungsten from simulated autoclave-soda
leaching liquor of scheelite with quaternary ammonium salt

GUAN Wen-juan, ZHANG Gui-qing

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The direct solvent extraction of tungsten from autoclave-soda leach solution of scheelite using quaternary
ammonium salt (tri-n-octylmethy-lammonium chloride, TOMAC) was investigated to solve the problems of slow phase
separation and low WOj; concentration in strip liquor which are main disadvantages in the process of direct solvent
extraction of tungsten from alkaline medium. The effects of Na,COj; concentration in leaching solution, composition and
concentration of stripping reagent on the extraction and stripping were investigated. The isotherms of the extraction and
stripping were plotted, and the optimum flow ratio and stripping stage were determined through Kremser formula. Based
on these, the centrifugal extractor was used to simulate the counter current extraction. The results indicate that the
concentration of Na,COj3 in feed solution has little influence on the extraction of WO; but great influence on the phase
separation in the extraction, the saturated loading capacity (for WO;) of organic reaches 91.49 g/L when the concentration
of extractant is 50%( volume fraction), the addition of NH;-H,O into NH,HCO; as the mixed stripping reagent not only
improves the stability of stripping liquor, but also increases the WO; concentration in stripping liquor. The phase
separation is good during the extraction and stripping, and the concentration of WO; in stripping liquor reaches about 160
g/L. The stripping liquor can be used to produce APT of 0 grade of national standards of China.

Key words: tungsten; solvent extraction; quaternary ammonium salt; Na,CO; system
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R, 1% 120K A PR R B S5 (WO R JiE
(15~25 g/L), TS0 1853 i (100~200 g/L WOs) I
K EFRE, R K AR K HE BB, A
1t PSRRI HE 53 m® K, HLE/K P AT As &
OO KK HE bR e, o0 2e i ab HE A Re
JH AR A ARG I . ThAL, A S AR TR
BOIRREAT e KR, AMUTGIERIH, it B ZEHAE
TEWLR TR s BSFACH T2 (1) APT 45 RN 5 A7
ClUIMANRRIR B 7, T L] LIPAbs, thendes
AR T GRS 2 I A 2K R S I ) R
R 2 A& R ESK, B A T2 R R3] T
R BRI

HAT, Tl BAgH A R AL Z AR IR P A i
(pH=2~-3) k17, 5EFAZHEA L, B LT
IR FERAS T b RE, FEK /D, H4h MR REE
PR R A B, AT, A gD Had
FRIESE, HJE, % L2 ZEHAE R E IR L Ay
B A FRH T R R AR, AT IR S AEAE TR i
(1030 B AR AR /MRS R R oL . B I 2™ As
I ORELSR, AL BRI 7 bR I AL R —
BOE T, A, Bt AR R H AN RE
Br2s Py As J¢ Si &I B 2900, SR A @ Ok B o
BRAAENL, Py As A Si i T iR A Bh i RE AL 2,
TR B R IR o

BT, SRR AR T R NS 55> i
W AR APT (B 5, o, LR R ABRPE S o
B AU R e 2T . BAE 20 AL 60
A, SEE 2% DROBNICK F1 LEWIS b5t 7 H 2
AR AT CO3™ AR Pl 0 8 A TS F R 3R
[ R AR o BT T AR %5 110 B4 1%
TFFAERA LR A, B2 20 el 80 4EAR, R IREk
B QNEYE IR CAEA IR T B TRt st
ZEIL, AAERELL COy™ Zik Hh AR, NH,HCO;
HRFER]. NaOH A FAEFRIMA AR, WEH 54T
o R 3 HH VA T AR TR TR U R v 20
90 EAR LK, R 2 LR IS b A A
W PR s A A TS, RS & 5K
LT A5 B[R] I R A i Al BRI v . B,
ARG TSR I IRE RIZL T Sn £EAEHL
AERE AT AT TESGY . EIRRES R B ZER R
PERSHU T 2 REAERE R I R INF BR 25 PL As T Si 25497,
R MG AN T AR, HLAS R T BUIR [
TR A, AL Re 58 T T K b 1
W, HARRR . WG, AR RIS KE SR K
PR L PR L ML A S AR R 4

s T e,

RS BN AU () A R T
T RS, (ELR] R R TR AR A R AEEA
AL EEARILAE: 1) RERUA R AR R, &
T R BER M 2) AR WOs IRFEMMK, HAE
KH] 100 g/L ity JRERZRE AR GEFERE .
RN P LG T B A B AR 2
T AR, SEOAGRIE A Th B L2
W ANBEAT S Tk Ak

T 10 42K, B A0 A W B A5 B AR R IR 4R
. SR OB A SR S AR S At L
BEXPIZ L E TR, R 25 2 NS 84T
JER B AR, I T R R . TR
FH S ORI UL A BEIE AT HLAH RN S A 710 (0 20
fift el T AU ZR A A PEAR A 2 WO, IR FEAR I
W, R B EXRNZAE IR R AT T A (R
S, RS R AZH L E P A HERR T BEhS
Horp, LS FARIS 45 B O A SCRR[20] P EAT TR
W, ASCVER ARG L TOMAC hAEHGH], WA
IFT R AR AULR) VT B A AR U ) il S5 B

45

1 JF18

P B B A IS ] 2 B IR Bl R ) i R L iR
AW AP, 2O R L, &
R A R S e IR e VR G, R R
BRI RRIRAN FTR A i IR ) B S B FE
%EX : (R4N)2CO3 (0)+N212WO4(21):

(R4N),; WO,4(0)+Na,COs(a) (1)
[z (RaN) ;WO4(0)+2NH,HCOs(a) =

2R4NHCO;(0)+(NH4),WO4(a) (2)
FE: 2R,NHCO;(0)+2NaOH(a)=—

(R4N),CO;3(0)+Na,CO;(a)+2H,0(a) (3)

AL TR WO, e S POS T AsO, I
SiO,* 5, PRI Al AR ZE AEHUES ks 245 P As AW
Si FERAWT, ML WO PO, . AsO,”
H Si0," 228 T 9T B 1 1K) 4 5

TEARUOERE T, R n] B R AR S NA
3(R4N),CO5(0)+2P0O,> (AsO4”", Si04 ) (a)=

2(R4N);PO4( AsO4, Si0s7)(0)+3C0Os* (a)  (4)
2(R4N);PO4(AsO,* ", Si0,)(0)+3WO,* (a)=

3(R4N), WO,(0)+2PO4* (AsO,>~, SiO4 )(a) (5)
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2.1 ERRIRA

6 F = 35 L SR A% (TOMAC) A A HU L i
R R AR MESGE R A A R, AU A4k
H 50%(TKFH 3 50 TOMAC. 30%(1ARFR 2> )~ FE Al
20%(AFR A HOREAL M . TE, TOMAC 4 Tk g™
fi SR 90%; ARERE A4k 2eat . AEIUHTE AT WA
(¥) Cl B 24 Eh AL COs™ AL,

TR A2 AR TS 954135 R 1k
Sy BCHITT G .  SRE R B 2B 5340 F A 2 SR L o

22 HAERERE

R 5 AR AE 5 W0 2 F b T s H R 5
ar BHET B OS AR - A - TR 20 44
IR B LIRS T EAT,  FRB B0 AR i
R AR, A58 HL-20, #8EA% N 20 mm,

JKAHT WO, BRI SR R L (ke s As
AT St R B 2 50K ] . S BR AR R AR L (2 A £
WLtk E s P IR R B 7 B AN E

AHUAHT 702 IR BEARYEREIOAT 5 K AH R
JEE RAFAS A i 22 Pk v B

3 FHR51TR

31 EW
3.1.1 BRB T NayCOs ¥ X A5 B R 1) 5% i

BB T R R A T KR COsY,
NayCO; < 50T A IR 1 5% 0 0 R WL E - 4 Sk
[12], B ALI AR BEAE AR Nogs W BE I TH i T,
R T 400 /L 5, ZrAHPEREI] AR, {E3C
BRO12] T IEFEA HIAHLL SN 3502/ Nagy+20% i i
(AR BB Bl e T, AR e 2 2 A HGR]
WRFEFE i LR 3

A5 TOMAC AU, 4 AL FE 4
A S0%(AFR /38, 29 450 g/L TOMAC), 13 HLAHZ
5 50% TOMAC +30% i =¥ liE+20% s Ak it , i —
WSS T NayCOs 3 BERT A R FNAL AR R 2
FHTEREMI M . BHE T WO, RN 97.41 g/L, ALY
AL O (A)=2/1, #)JE 20 °C, P=3%HFH] 5 min.
1 FT7s AR NayCOs R EEXT WO5 ZEHURFIK R 404
PEREIRZ .

100

95

90

85

80

Phase-separation time/min
Extraction rate of WO;/%

75

8 ' ' ' 70
0 40 80 120 160
Concentration of Na,CO,/(g-L™)

1 BREA NayCOs W BD A HGE R 73 A IR ] R WO3 A1
HIIF

Fig.1 Influence of concentration of Na,CO; in feed solution
on phase-separation time and extraction rate of WO; in

extraction process

M 1 AT, BHE Nay,COs RS I AR
MR /AN, S AT, WO, H g A BUR IR (KA
89.94%, i N 94.01%. 4 Na,CO3 ¥EH 0 B, 43
() B AR Sy s RIS, WO [ B 2 A X K bl
Na,CO; LT R A, X0t CO™ 5 WO, 5e4r
ISR 2 NapCOs WE T 110 g/L 5, WO;
IR AR R Na,COs WRFERIFH R AR . SE5
ZATT I BRI R B AR AN AE 89% AT, X i,
AR R 52 HEW LN Nay,COs 4R Fh T HR IS
) 2o

BHET NayCOs W BEXT AL A AH I B RE AR K.
M1 RIS, NayCOs W BETH iy, Zr ARk, 7341
INFIRI 4% s >4 Nap,COs WRJE T 120 g/L J5, 43 AHIN TH]
AR LA N, S AR ] RAAE 8 min LA
by KO 13 mine BAACKUE, 2RI S AHTEREAT)
ANERAR, o A RS, HME DA A A
FEIZEK .

3.1.2 VRURMAR IR o 1A e AR SR 2 1 4 71

FESCHRI12]H, FAHUAHAL A 350g/L Nags+20%(14
R B MR+ s il , A 5500 59.14
g/L WO;. MRZR I3 AHTE RE R T A HLAH rh Ak
FERIRE R, NI BRI T A WU R AR 5 25 sk — 2
PEwE, AT AU A P AR 25 1 SO i A AR
WO WG EZ R 2 —. Pk, 3 HUAHm
YRR A5 i A i AT WO, IR BE A 80& %
Z %

AW R4 H 50%TOMACH30% i 2 fE +
20% i AL A HLAH, BHE T 99.37 g/L WOs. 100
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g/L NayCOsv ANEHA AT, FH A Ly il i) AR
SR 2 PR SEEG AL OY(A)=5/1, %
25 °C, #GHFEZN 5 min.

100

80 3

60 -

40 -

20

| 1 | 1
0 20 40 60 80 100
WO; concentration in water phase/(g- L")

2 WO, AR Sk 2k
Fig.2 Extraction isotherm of WO3

WO; concentration in organic phase/(g- L")

HE 2w, Al 50%TOMACH30% i =
FE+20%olift AL AR T A LA ) R AE A 255 (LA WO, TH)
A 91.49 g/L Jedio HICHRI2] PG RAILL, T
i 55%.

32 RE
3.2.1 JRAEFIHR FE N} S AL R S

FESCHR[11-18], 355K H NHLHCO; HH A4
REF, AR R AR NHHCO, 3 FE [T = iy 14
9o fH NHHCO; fEKER T EA K, B bR
AR SRR, RS, VAR OR, T NHLHCO,
PO il N ANESE , T 30 CRIFFUR /i, Ak
AV, Wik AH. B, iR NHHCO; Wil
WIERIE =S R ABOR T WHE. 5358, T
NH,HCO; % ) pH {E7E 8.2 Zi47, B WOs IR E )
P, KAWL APT UivE, XWBRH T AR
o WO, W 4k EL R

MAESERRERAE D, Sy SR AT WOs IR JE i —
L8, DIk APT 78k . PRIRRERE, 1 HABL S T4
il APT HIRLEE . AR GF gk L F i), ASCAE#AE
NH,HCO; %W H iIn N NH3-H,O, KH NHHCO;+
NH;-H,O VA # B A A

HHAHA SN 50%TOMACH30% ¥ E+20% fiff
T, AHAH T8 WO, IR FE Ny 89.655 g/L. HEEA
i) J ZE A BEXT WO; [RA R 5%, R A AH L
MO)V(A)=2/1. #JEH 25 ‘C. EFHIE N 5 min,
SR 3 /4 .

60

W
(==}
T

= — ¢(NH;- H,0)=1 mol/L
e — ¢(NH;- H,0)+
¢(NH, HCO5)=3 mol/L

(%)
(e}
T

Stripping rate of WO5/%
N
(el

20

1.0 1.5 2.0 2.5 3.0
Concentration of NH,HCO/(g-L™)

3 WO; RAE# 5 NHHCO; WREEII K &

Fig.3  Relationship between stripping rate of WO; and

concentration of NH;HCO;

60

W
(e}

W
(e}

Stripping rate of WO5/%
N
(e

= — ¢(NH, HCO;) =2.5 mol/L
e — ¢(NH, HCO;) +
¢(NH;- H,0) =3 mol/L

20 :
0.5 1.0 1.5 2.0

Concentration of NH;- H,O0/(g-L™)
4 WO, AR 5 NHyH0 IR JE 16 5
Fig.4

Relationship between stripping rate of WO; and

concentration of NH3-H,O

B3 F 4 T LLE H: 2 NHy H,O R FE— € i,
WO; 1R A 2B NHHCO, WE T, 24
NH,HCO; ¥ —E R, WO, FxZZHM%E NH;-H,0
T A A NH, WREE—E R, NHHCO; #
JERE, AR . KR HCO, 5 24 3h (1) 45
SR BT COZ Y, Bl HCOs ARSI e F1 5
T Cos* 1P, AT NHy HoO ¥R JE s, HCOs™
5 OH A ) CO™ %, WP sEbri) HCO;s
IR TAG, T e WO, AR R B X — K
NN NH3-H,O U5 R ZAF], {Hi2 NHy-H,O KN
N, —Jy T a] PR (NH,),COs 2Kk NH4HCO;
FEH K AR, sk NHHCO; 238 T8 i
S, HRIT A S AR A AR RV pH
T E, AR T4 RS ST 1 WO, B, Bl
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1R R FEH T WOs W SE I i, B R AR ) P4 IR AR T
AL LA R AR A PSR e 45 T i i ok
PEERAW R e Ik, 4R g WO,
SARZ LA F, ) RAEF AN NHs HyO %4 5
W WOs IR A .

i LTk, ¥# 3 mol/L NHHCO;+1 mol/L
NH;-H,O VR SR AR, AEASSERR 55T , WO,
B RN UL F) 55.69%. (HAESZIG R IL, )AE
WOS R A PERE LU AR U FE I 22, SRB 45 R 4041
INFTR]4)7E 15 min B b, [FIFEAAAEE ) 40 AHIRE NS L 3%
T VR85 PR T Al M At A S 5K 1) i)

3.2.2 [R AR B R 22 1 B LU S AR R R 1 52 0

N T IR AL R R FEA LR B S 250, AT
AHARIEL I T A IR 2R (LI 5)o SEBGH AR F
4 3 mol/L NH;HCOs+1 mol/L NH5-H,O VA%, i
£ 20 Co Kl 6 Fionky WO; AL AL

150

125 -

100 -

75

50

25

| 1 1 |
0 20 40 60 80
WOj; concentration in organic phase/(g-L™)

5 WOs [ A 45 2k
Fig.5 Stripping isotherm of WO;

WOj; concentration in water phase/(g-L™")

100

80

60

40

Stripping rate of WO4/%

20

0 51 10:1 151 20:1
Phase ratio
6 WO; RAEFLHLE MO MAKIRFH
Fig.6 Relationship between stripping rate of WO; and phase
ratio M(O)/7(A)

HE 5 a4, L3 mol/L NHsHCO;+1 mol/L
NH;-H,O 4y A5 5, A WO [R5 sk SEAMIC T
135 g/L.

Sh O AR R R (WL 5)s [ AR FIAH L2 1] 1)
KA 6), il McCabe-Thiele P fi#i: Ml Kremser
TI R SRR, A3 BA AR RAEAN R S AEAHLE T,
212 A G HUAH T WO5 [ A [ A5 H WO,
WEERBESAE, SRR 1yl £ 1 PRTHE 4
O R AT WA FUK AR AT 5 AR

R AL 12 P SF WOs RAF KA
WO, W E P T A

Table 1 Calculated values of stripping rate of WO; and its
concentration in stripping liquor after 12-stage stripping with

different phase ratios

1-stage 12-stage  Concentration of

Phase ratio of
o stripping rate stripping rate  WO; in stripping
stripping

of WOy/%  of WOy%  liquor/(gL™)
1/1 72.97 100.00 87.805
2/1 55.76 98.65 166.47
2.25/1 5227 95.78 180.84
2.5/1 50.01 92.31 191.72
2.75/1 47.49 86.89 197.15
3/1 43.92 77.38 194.35
3.5/1 39.86 66.12 191.58
4/1 36.60 57.70 188.84
HE 151, 2012 ARG, FEATT LU 2

PR, GEBFERE, RAFEMERE 2/1~2.51 B AHIE.
BEEF, WO; BB RAEF KT 92%, KA WO,
WRE R 166~190 g/Lo

3.3 BOEEEER BRI S RERRE

WO f, AR A [ AU A7 A T ) 4y
ET 12 P ) 5L, 25T VIR 15 T A ot LAt A2 0 AH K
1T 2900 A IS LA RSO AR VR R, R it P AH
YRS, REANE N TGRS T ZE . Ak R BT
Futb B HAMESEAR R AR, DR 2L
KR 193] T okt 2 (R PP IR, AR
HAEN 20 mm AR B OAEIR G T B s AR
5 ARSI, AR 7 .

LB, H NS 50%TOMACH30%
BE+20% A0 I, BHE & 98.32 g/L WOs5. 100g/L
Na,COs MR R EIA Py As FI Sio F LA 4
ER 5% 86 g/L WOs iF8 . RZFHA 3 mol/L
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Table 2 Experiment results of simulated counter current extraction and stripping using centrifugal extractor

Feed Stripping liquor
p(WO3)  m(P) m(As)/ m(Si0,)  nw/%  Ep/% Ead%  Esi%  p(WOs)/  m(As)/ m(P)  ewl/%
(gL mWOy)  m(WO;)  m(WO,) (L) m(WO3)  m(WOy
98.32 2.866X107° 1.180X107° 1.848X107° 98.04 97.88 97.80 98.00 161.08 1.3X10° 3.6X10° 96.11

nwis extraction rate of WO;; &, &as and &; are removing rates of P, As and Si, respectively; ey is stripping rate of WO;.

- ‘I Regeneration r -IExtractionl» - —>| Stripping } —=

| I
' ! f (-
: Regeneration Feed Stripping |
: _agent solution agent |
: Regl?(llllelga}tlon Raffinate Stripping liquor |

le——t— . - _ J
. -——-= Organic phase
Organic phase Water phase
7 B AU R ZO A I S A SR R

Fig.7 Flowchart of simulated counter current extraction and

stripping using centrifugal extractor

NH;HCO;+1.0 mol/L NH;H,O, FAE#K 37.5 g/L
Na,CO;+45 g/L NaOH. A HUAHII#E S 12 mL/min,
BRI  10.5 mL/miny AL 2/1. FAERLEE
H1.5/1 ANAHE 2 B, 6 JAEN. 12 HRF,
SCIESINAT 12 h, RGUSITRGE, MRS R AT,
PIA A AT 0.5%. &5 Rk 2 frail.

2 7751, L2 RAIUR A 98.04%; A<M
Brig, Py As Hl Si BREFEAMET 97.80%, Ut W6
PEAAS T2 1A RAFIIBRABOR « AW WO M
ik 161.08 g/L, A8 LE5E A5G A H KR AR E
i) 0 2% APT 2K,

4 g

1) BHE T Na,COs i BEXT WO; ZHUE SE AN K,
R AU R AH P RESZ AR, LA TOMAC J#HK
FFIAE A 2R 584 REI AL NSk B NapCOs 4 2 ik
FESRIUE K o A WA R 50%TOMACH 30%
P B 20%0 0 A i, AR AR 5 B ]Ik 91.49
/LWOs.

2) 1l NH;HCOs+NH;5-H,O JRA R AE IRZEH], A
IXEEID T NHHCO; 70 E R, AT 5035
RO, IR B AR A E T, AR A
W WOs R B BIIE A A 44

3) I AR L, TR T G IE M AR L
F A, SRR B O A A AT R G A ORI

SAERREIN LS . A PUHERER S 86 g/L
WO;, RAG R 2/1, FAHAHE 2 B e 6 AL
12 e 3, EBHEAT 12 h, KRS FVERE R LT, DIk
Jea BART 0.5%. AL, BAARRE T
98.3%, ZHUTEX Pv As FlI Si 5% i 28 MK T
97.80%. I RFLIE 96.11%, AW WOs IKE
T 160 g/L, A% it 564 v] L AR A 7= [ SbR RN
SEIR 0 2% APT 2K,
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