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Thermodynamic analysis for separation of tungsten and
molybdenum in W-Mo-H,O system
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Abstract: The thermodynamic equilibrium diagrams for the distribution of species at different pH values, tungsten and
molybdenum concentrations in W-H,O, Mo-H,O and W-Mo-H,O systems at 25 ‘C were drawn, and the variational
regularities of species were also analyzed. The thermodynamic analysis shows that the tungsten and molybdenum are
transformed from monomeric anions to heteropolyanions, then to isopolyanions during the acidification process in
W-Mo-H,0 system. The polymeric degree of tungsten is significantly higher than that of molybdenum in the pH range
from 6.5 to 7.5, which indicates that the polymeric ability of monotunstates is stronger. At pH values of 3.0-6.5, the
heteropolymolybdotungstate ions with higher concentration are formed, which is extremely unfavorable to the separation
of tungsten and molybdenum.
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1) £ W-H,0 k&

(W] =[WO; ]+[HWO, ]+ [H, WO, ]+ 7[W,05, 1+
TIHW,03, 1+ 12[H, W, 040 1+ 12[H, W,,05,1 (1)
2) 1£ Mo-H,0 k&

[Mo]; =[MoO3~]+[HMoO} ]+[H,Mo0, ] +
7[Mo,05; 1+ 7[HMo,05, 1+ 7[H,Mo,03, ]+
8[MogO3; 1+ 8[HMogz 03¢ 1+ §[HMo,O )5 ]+
8[H;Moz03g +{M0O3" ] )
3) 1 W-Mo-H,0 1A &

(W] =[WO; ]+[HWO, ]+ [H,WO,] +
7IW,08, 1+ 7[HW,03, 1+ 12[H, W,,0}5 1+
12[H, W,,0%, 1+ 6[MoW,05, 1+
5[Mo, W505; 1+ 4[Mo,W,05, 1+
3[Mo,W;05, 1+ 2[MosW,05, 1+
[MoyWOS, 1+11[H,MoW,,043"] (3)

[Mo]; =[MoO3 ]+ [HMoO, ] +[H,Mo00, ]+
7[Mo,05; 1+ 7[HMo, 03, ]+ 7[H,Mo,03, ]+
8[MogO3¢ ]+ 8[HMogO3¢ ]+ 8HMogOJg ]+
8[H;MogO35 [+[Mo03* ]+ [MoW,05, 1+
2[Mo, W50%, 1+ 3[Mo, W,05, 1+
4 Mo, W;05, 1+ 5[MosW, 05,1+
6[MogWOS, 1+ [H,MoW,,043"] (4)
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Table 1 Equilibrium constants and formulas of relevant reactions (25 ‘C)
No. Relevant reaction lg K Formula Reference
1 WO +H" =HWO, 3.5 [HWO,]1=10*°[WO3 ][H"] [9]
2 WO +2H" =H, WO, 8.1 [H,WO0,]=10%'[WO3 J[H' ] 9]
3 TWO?™ +8H' = W,08, +4H,0 65.19 [WOS,1=105[wO T[H' [9]
4 TWO3™ +9H" = HW, 03, +4H,0 69.96 [HW,03,1=10%[wO3 '[H*] [10]
5 12WO3™ +14H" = H,W,,0.%"+6H,0 115.38 [H,W,,0%5 1=10"*¥ w02 12 [H* " [10]
6 12WO2™ +18H" = H,W,,0%, +8H,0 135.02 [H,W,,05,1=10"2[wWO03 1*[H" ]'® [11]
7 MoO3™ +H" = HMoO, 3.49 [HMoO; 1-10**°[MoO3 ][H"] [12]
8 MoO3™ +2H" = H,Mo0, 7.29 [H,Mo0, ]=10"*[MoO3 J[H' I [12]
9 7Mo03™ +8H" = Mo, 05, +4H,0 52.79 [Mo, 0%, 1=10°*7’[MoO3 I'[H' ¥ [12]
10 7Mo03” +9H" = HMo,03, +4H,0 57.50 [HMo,03, ]=10°"3°[MoO3 T'[H* [12]
11 7Mo03™ +10H" = H,Mo,0j; +4H,0 60.88 [H,Mo,03%, 1=10%%¥[Mo03 1 [H" ' [12]
12 7MoO;™ +11H* = H;Mo,03, +4H,0 62.86 [H;Mo,03,1=10°%[MoO3 '[H" 1" [12]
13 8MoO; ™ +12H" = Mo, O3, +6H,0 71.49 [Moy 03, 1=10""*[MoO; F[H*]"? [12]
14 8MoO;™ +13H" = HMoyO3; +6H,0 73.29 [HMo, 03, 1=10"**[MoO; P[H*]" [12]
15 MoO3™ +4H" = MoO3" +2H,0 9.54 [MoO3"]=[MoO2 J[H*]* [6]
16 MoO?™ +6WO2™ +8H" = MoW,0S; +4H,0 65.09 [MoW,05,1=10%[Mo0O; [WO; IP[H* [13]
17 2MoO; +5WO;™ +8H" =Mo,W;0%, +4H,0  64.27  [Mo,W;05;1=10"*"[MoO; F[WO] P’[H' [13]
18 3MoO3 +4WO3 +8H" =Mo,W,05, +4H,0  63.01 [Mo,W,05,1=10"[MoO3 P[WO3 J*[H" [13]
19 4MoO3™ +3WO3™ +8H" = Mo, W,05, +4H,0 61.93 [Mo, W,08,1=10°%[Mo03 1 [WO3 PP[H* [13]
20 5Mo0O2” +2WO2™ +8H" = Mo, W,0%, +4H,0  59.18 [MosW,08,1=10%¥[Mo03 P[WOZ *[H' [ [13]
21 6MoO?™ + WO2™ +8H" = Mo, WOS; +4H,0 56.44 [Mo,WO5,1=10°*[Mo0O3 1S[WO3 J[H' ¥ [13]
22 MoOj +11WO3 +14H" =H,MoW,,0,3” +6H,0 114.31 [H,MoW,,0} 1=10"**"[Mo0O} J[WO; ]"'[H"]* [13]
2 HR5E Y -
0.8 v, T T e '
3 / \ ]
2.1 W-H,0 &K Mo-H,0 ZHNFEN B sk I' \ I’

e (KRN W-H,0 A& Mo-H,0 &, L g , Y
pH=0.5 IR, LA pH 1 FIAR qﬂ%@%&%#& & oal v
YIRS . T 1R 2 JE 4 B AN e i J R 2 %
W-H,0 & K& Mo-H,O Z 45, 4H & FiAr- (AR i) /K
73 E Y pH IR R

ME 1 TLLES, M W-H0 R SR E
[W1]r=0.05 mol/L I, WO,* 7 pH {HZI N 7.5 I FTUHTE
4, IEAE pHAE N 5.5 BF AR R G 1 BA)G
BT W70, (PSR IR A)FI H2W1204210_(ﬁ3’16—'%ﬁ32
W B), ZJaki#E pH {EHMZH L, —#F AR
HoW12040° (ISR ¥ pH=4 /o4, R &R
BAFAE I S CIE Ay HyW15040° o 1117 24 SRV S5 T

1 W-H,O & EEAFAEYRI I EE /R 73 B pH IR
Fig. 1 Mole fraction of W in main species as function of pH
value in W-H,O system (Solid line: [W]1=0.05 mol/L, dash line:
[W]=0.5 mol/L, 25 ‘C): I—wW0? ; 2—W,0%, ; 3—HW,03; ;
4—H,W,,0"; 5—H,W,,0%;
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Fig. 2 Mole fraction of Mo in main species as function of pH
value in Mo-H,O system (Solid line: [Mo]=0.05 mol/L, dash
line: [Mo]=0.5 mol/L, 25 C): 1—Mo0?"; 2—Mo,0%;; 3—
HMo,05;; 4—H,Mo,0%;; 5—
HMo,03;

HM°7 2 06— Mosoz( T

4 0.5 mol/L I, WO, THIAER & HE A58 )k pH
bz B, 432k 8.5 F16.5. B A LIEmK
AR L W70 Fl HoW 1,04, R 3, {HA T
ERBERITE DL, W SR T2 HoW0s'
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TSR RN, IF HITFF IR A 2R A 5881 pH
B[R] FF 25 Bt A 5 AH e B2 1) 189 K T sy, 23 ol el
[Mo]r=0.05 mol/L I [ 6 Al 4 4K %5 [Mo]r=0.5 mol/L
INFFR) 7 H1 5. B pH AEIBEAS, WP RGP g
WNCEHIRAR & 1 3 AR B IR AR B 1.

L EXT W-H,0 & Mo-H,0 &R 244347 ]
A, A, AVHEEAE RIS R S R ARG R
N, JFEREIERGE T, BEE TS SH
WpH fH. B FIREEHUIMC, KA, pHE
iG, BFREEEE, WS B GE . 5
Gb, TIIRTLE FIR PR A R AT LLE B, A5 I AR
[FR S, SRS IRAR B I IR R &5 B 3R 5 5e U pH
Y LE AR AR B 1 1.5 Zodd. HHUEAT L, HAsig
IR GRS Eom T AR R

2.2 W-Mo-H,0 2 NFEDHH

RSB AT, TR T SR 2R,
K AR & S IR A B T A k. AR EEHR
FER W-Mo-H,O % % = 2L B WA &8 . FH IR BR IR

SPECSE pH R R R WA 3 Pras. BT
[W]r=[Mo]1=0.05 mol/L B (.14 3(a)), HEIMREL. 5
IR A pHAHZI N 7.5 WIS G o {H2REE pH
(REWT G, SRR ST, mRHERS
i AE T W0, RS A R 1 LR K B 2% £ 1R
MoW0,,"", Z GbIEHR KBRS, hRETH
W B AV B A S RS, JFHAE
B2 BRIV RS B IR LURf A pH B IR FEAIRASBI AR /)N
2 pH {HARZEFRAR, AR R T AR IR0 g e A0k 25
e, HHEF Z R E . 9D S S SR
JEREITHE 42 0.5 mol/L I (WL 3(b)), H45iRER .

ERIFUHER A pH HARAHN 5 42 8.5 iy 15 IR s
NITFEA R A I BR T 2R W20, FIT MoWe0,,° LA,
AR T D E HoW000'" o 25, BEFE pH K BT,
A 2 TPl B AP B A D R S AR AR N L AH ]

MR R PRV S T S AR R (LI 3(c)), R
G, PRI SR AR R SR E R A
. % [W]=0.5 mol/L. [Mo]{=0.05 mol/L-
pH=7.5 I}, A& ZR A0 5 B 1 10 BE R 43 H0k 3|
80%, TMEEGHHE 1 IR DEOEAT] 15%. HIRER
AR B T DA R IR B 1 Wo0,.5 FIl HyW 5,04,
N, AR EAE D B EAE BE R B R HaMoW,, 04,
AR ER 3R 5 J5 B S T2 DL &M AH BE R L ASUR I
22 RMWE T HMoW, 0, « MoW0,," Fl
Mo, Ws0,," . Z )k, BiE pH EIIFAE, #
(RS T a6 A2 U AS TR AR 25 1, T il 2 IR K B 0D,
L Mo; W40, « MosW;30,,° Hl MosW,0,," 1745
M pH<<2.5 W), Wl IRy I LA B 1 IH 2 AR
BB,

4 4 R b AR AT VR 2 IS (L 6 3(d))s
7t pH {EFFACE R, TR IRGFE & T4, 1k
AT MosW,0,," FI1 MogW30,," 22 TRt 55 1,
M BEE R RIS, W IR W Ak o B9
JRF LE AN M05W2024 L M06W0246 A2 PRI
1 MRS R T2 2 RELAL, ETERL T 36
SRS T . ZJEMEE pH MG, 5
FEREBCARTR], 85, AHZE TR RS E IR 2 R S 1

T S RIS Sy AT AN RIS Y R Ui 2 A A R AL
SR ARG, B W-Mo-H,0 1A &R b 25 Rl fA 55
T\ FZRINE T RIS 12 nk A, 384
[FASAHVR LT 3 R 8~ 54 L AH IR EE R 43 25 pH
HARKI L, Wi 4 s, WK 4 TLLER], 18
AR, R A AR IR RN, PSR
R B I 2R A R R ) MG I B S s T HIR AR S . £E pH
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Fig. 3 Mole fraction of W, Mo in main species as function of pH value at different [W]rand [Mo]r in W-Mo-H,O system (Dash
line: W, solid line: Mo, 25 C): 1—wO0?"; 2—W,05;; 3—H,W,,0'3"; 4—H,W,,05; ; 5—Mo0? ; 6—Mo,05;; 7—HMo,03;;
8—H,Mo,03, ; 9~ H;Mo,03, ; 10— Mog,05; ; 11— HMo 03 ; 12— MoW,0%, ; 13— Mo, W,085, ; 14— Mo,W,05, ; 15—

Mo, W,0%, ; 16—Mo,W,0%, ; 17—Mo,WO$, ; 18—H,MoW,,0}"
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Fig. 4 Mole fraction of W, Mo in monomeric anions, isopolyanions, heteropolyanions as function of pH at different [W]r, [Mo]r in
W-Mo-H,0 system (Solid line: monomeric anions; Dash line: isopolyanions; Dot line: heteropolyanions, 25 C) : (a) W; (b) Mo;
1—[W]=0.05 mol/L, [Mo0]1=0.05 mol/L; 2—[W]=0.5 mol/L, [Mo]1=0.5 mol/L; 3—[W]=0.5 mol/L, [Mo]{=0.05 mol/L; 4—
[W]=0.05 mol/L, [Mo];=0.5 mol/L
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