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Abstract: Tungsten is an important rare metal,
which is widely used in the fields of national

defense, chemical industry, electronics and Tungsten(A) N1923(0)
metallurgy. Solvent extraction has been widely D - —

used for tungsten recovery because of its y NPBO N
simple operation, good continuity and high i} [t P! 2l [
recovery rate. Previous researches have always Raffinate  OP Initial AS  Loaded OF

focused on the development of new extractants

Active species  Feeding pH
(RNH,),H,W,0, 6.5

while ignoring the role of tungsten ion

morphology in the extraction process. In fact,

ion morphology will affect the way of (RNH,),HW¢O1o ~4

combining with the extractant and the (RNH,) H,W,,0;, ~3

extraction process. Therefore, in-depth study of
ion morphology in the extraction process can
better understand the extraction mechanism of tungsten, and thus provide a basis for the separation of tungsten and
molybdenum. In this study, annular centrifugal contactors (ACCs) were combined with electrospray ionization time-
of-flight mass spectrometry (ESI-TOF-MS) to study the transformation pathway of tungsten species in the recovery
process by online monitoring method. It was found that the extraction of tungsten by primary amine N1923 was very
fast and effective. Within 144 s, more than 98% of the tungsten could be extracted into the organic phase. At the same
time, n(H)/n(W) was a key variable. When the acid ratio was 2.4, the whole tungsten recovery rate exceeded 93%.
Finally, the extraction mechanism based on tungsten morphology monitoring was obtained. The macroscopic extraction
reaction and the micro-ion exchange reaction occurred simultaneously and complemented each other. As the initial pH
decreased, W>, Ws and Wi became active forms in sequence and were preferentially extracted into the organic phase,
respectively. In addition, Wjo was more active than any other species during the whole process. W; was an inactive
substance that only participated in the tungsten ion balance reaction to adjust the tungsten form and pH. As a result,
reducing Wi and increasing Wio as much as possible would be conducive to improve tungsten extraction efficiency in
solution.
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(15vol%)EZEHGH, FEEUS FEAE — 2 5 BRI AR X 20
R (ACCS)HHHEAT, 43 06k 311 3 1 2 T A 7K A A WL
AHOREFE 1:1. IR R A9 AL @ ICP-OES i . A ESI-

uL/min, £ 5 7E 2 FH B (m/z=50~1000) T LA #7125 -F-15
A, BAEHREBREN 2.5kV, RIEFMLERE R E
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Schematic diagram of experimental setup
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Table 1 Detected tungsten species under negative-ion mode during extraction process
No. Tungsten atom number Molecular formula Tonic formula Exact parent peak (mass/charge) Ref.
1 1 HWO; WO;3~ 231.9357 [27]
2 1 H,WO, HWO,4~ 248.9384 [26]
3 1 H,WO, NaWO,~ 270.9204 [27]
4 2 H,W,0; W07~ 238.9334 [27]
6 2 H,W,0 NaW,0;~ 502.8565 [27]
7 3 H,W3010 W;0,0> 355.9013 [27]
8 3 HoW304 HW;0,9~ 712.8105 [27]
9 3 H,W300 NaW;0¢” 734.7925 This work
10 4 H,W,01; W,0,5% 471.8693 [27]
11 4 H,W4013 HW40,5~ 944.7465 [27]
12 4 H,W403 NaW,0;3” 966.7285 This work
13 5 H,Ws016 WsO0162 587.8373 [27]
14 6 HyW4O1o WO19%~ 703.8054 [27]
15 7 H,W;0,, W702%" 819.7734 [27]
16 8 H,W350;5 W;50s> 935.7414 [27]
17 10 H4W 003, HW,03,%~ 783.4515 [28]
18 10 HeW 10032 HsW1003,% 1176.6890 [28]
19 10 H9W10033 H7W1003327 1186.1982 This work
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Fig.2 Effect of reaction time (36~288 s) on the extraction rate

N B U MR AR AR B I AR AN LR, SIS
PR : WIEEHSKRE 0.01~0.06 mol/L FH R Lk K K
EfE N1923 FifE 2 15vol%. 144 s BAR[E n(H)/n(W)X}
A AR A RERCR 2 A ] 3 B, W16 pH E(EE
HURT) AP pH B (pHe, ZHUS) L3 3. 43046 pH
54 2~7 W, P pH {HA 6.5~8, ¥4 pH FEHL5
n(H)/n(W)G %, 24 n(H)/n(W) N 1.2~2.0 i, ¥4 pH &
SRR, RUNZRRE LG A 22 R AR TR R . A
Bl 3 Hrf LA, B9REHCREE n(H)/n(W)RE 0390,
AN IR S0, I 7 2898 TR M
PRSI ZEI . ARSI AT, LRVITHEIRIEZ K,
n(H)/n(W) BK, RS, Bk, n(H)/n(W)22
BT AR AR R BE N R o 24 n(H)/n(W)EEL 2.4 B, 52K
RIEALREEAAS, RPN MRE O 2 &, HEEE

ZAT % 98%LA F .
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Table 2 Equilibrium pH at different reaction times

Reaction n(H)/n(W)
time/s 0.8 1.2 1.6 2.0 24
0 6.49 5.98 3.93 2.89 22
36 6.86 6.68 6.15 5.95 6.23
72 7.03 6.73 6.49 6.69 6.44
144 7.78 7.60 7.89 7.60 6.62
205 7.93 7.64 7.92 7.61 6.64
288 7.99 7.62 7.99 7.56 6.66
100 - W concentration/mol/L
r —0—0.01
=\\°3 80 - —0—0.02
=y L ——0.04
£ 0L
£
S 40 |-
E L
20 7 9/
0 | | | | L | | |

n(H)/n(W)
B3 RBIEFA] 144 s BARI$S KR BE(0.01~0.06 mol/L) T RS
EE X B A B B2 R
Fig.3 Effect of tungsten concentration (0.01~0.06 mol/L) on the
tungsten extraction rate at 144 s

* 3 TREMAIERE THFIIEFF & pH

Table 3 Initial and equilibrium pH with different initial W
concentrations
W concentration/(mol/L)
n(H)/n(W) 0.01 0.02 0.04 0.06

pHo pHe pHo pHe pHy pHe pHo pHe
0.4 643 742 6.69 768 681 793 719 797
0.8 6.27 731 6.6 727 655 756 6.79 7.86
1.2 594 7.19 595 723 596 741 6.28 7.6
1.6 521 7.06 448 7.19 432 746 480 752
2.0 3.03 689 275 7.3 257 717 250 744
2.4 255 662 224 6.63 213 699 207 721
2.8 237 644 204 655 194 6.66 187 691

Note: pH represents for the pH value of initial concentration, pHe stands for
the equilibrium pH value of solution after extraction.

3.2 ZFERLUI P EEH0EE1L
n(H)/n(W)£= 52 85 7E /K IR TS 70 A, AT R
Wi 55 A ZE B o PR N T4 B T IR A 780 A BT B i 1
TIREEAN RS AR SINER S H R {E it 240
TR, — R L TR, W, &S n A
R T — RS LT, 8 n(H)Y/n(W)5r 318 0, 0.8,
1.6 F1 2.0 B[ WLE 4(a), (c), (e)FI(g)], iEiL ESI-TOF-MS
I ZE U AR TR S TEES, ANE n(H)/n(W) T pH {E A
B B I 8] B9 A2 A6 L B 4(b), (d), (HFI(h) TR &0, [ S
it 72 s SR LT R ARSI E Wi ZEEUREA 72 s
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Fig.4 The relative ratio of tungsten species, pHe and tungsten extraction rate at different n(H)/n(W) with time
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Fig.5 Transformation pathways of tungsten species during the extraction process
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Table 4 Three-stage tungsten stripping efficiency

Stripping Total tungsten-loaded in Recovery rate/%
stage aqueous, m,g/(mg/L)
One 10.46 23.16
Two 24.13 53.42
Three 4291 94.97

INAARE N1923 J5, AME pH A T KGR IE A LA
(RNH),—W; JE At e 2 BB A HLAH A, O e B2
(N~(10). 7E =M FOKFHANAEE 1:1 B2, 5 mol/L
UK A NAHIAT =R TG, B RFERIE
94.97%, AUAET S EERATIE 93% L B(WLE 4).
ANEIGEFE A, n(H)/n(W)RHESREEUR IR K . @ i
FUEG 1) T TR ASTE IO R AR G A& 1%, AT SEI A AR
WO AR 1) ) AT, AT B H 40 B SR R %

Na, WO, (s)+H,0 < HWO, +2Na"+OH"~ @)
HW,O; +H"+xRNH, < (RNH,) H,W,0, (3)
W07, +2H +xRNH, < (RNH,) H,W,0,, 9)

HWUO§;+3H++)CRNH2 < (RNH,) H,W,,0;, (10)

4 % @

1 oE T ESI-TOF-MS 7EZR M 1 BIfod FE 4y
AR EACERAR, AT T 2RO S TR 28 K AOWAT
N, BT

(1) 1A% N1923 J&— R m BRI, N 36 NS
FAC U T IR PAT AR 1Y) 80% LA b, [N 144 s N
L 98% BBk R B A AT o n(H)/n(W)XT S IR A
BURFCIIR A, BRAYEL N 2.4 I, Afeds iy [ml iR ap
15 93%LA I

(2) it ESI-TOF-MS 7 2k W A8 B0 72 H 453 1 B
BN, R TETHRSNZERNE. VIR
pH=6.5 i}, WL 1E SIS EI G HARS; pH
HAREZ 4 B, We HUR Wo BORTEVETERS: pHA3 Y,
Wio bEH BT 5 BB A HUAH .
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