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Abstract: In order to evaluate the feasibility of decomposing scheelite with sodium silicate, thermodynamics of
Ca-Si-W-H,0O system was studied and a series of equilibrium diagrams were obtained. Theoretical analysis shows that
scheelite can be decomposed by sodium silicate under certain conditions and the solid reaction products are CaSiO; and
Ca;3S1,0;. At lower pH values, scheelite is decomposed to CaSiO; by sodium silicate, but W concentration in solution is
lower. At higher pH values, it is jointly decomposed to Ca;Si,0; by sodium silicate and sodium hydroxide, thus the W
concentration increases greatly with increasing the pH value. Therefore, it is beneficial to add sufficient sodium
hydroxide to the system. Besides, several tests are performed to verify the feasibility of such decomposition, and the
experimental results are consistent in trend with the thermodynamic analysis. The dosage of sodium silicate has a
remarkable effect on the reaction. Increasing reagent concentration and adding sodium hydroxide can improve the
decomposition efficiency. When the WO;3 mass fraction in scheelite is 55.0% and the molar ratios of Sito W, OH to W
and H,O to W in the system are 2.0, 0.5 and 35.3, respectively, the W leaching rate reaches 96.9% at 180 ‘C for 4 h.
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Table 1 Thermodynamic data of some species in Ca-Si-W-

H,O0 system
Species A;G® /(kJ-mol ") Reference
Ca,Si0, -2 198.590 11
Ca;Si0s —2 783.898 11
Ca;3Si1,0, -3 761.500 11
CaSi,052H,0 —2 873.449 11
Ca,Si3042.5H,0 —4 541.292 11
Ca,Si047/6H,0 -2 479.799 11
Ca3Si,073H,0 —4 404.391 11
CaySi3049'1.5H,0 =5 642.891 11
CasSig0;7:3H,0 =9 257.685 11
CasSig0;7°5.5H,0 -9 871.280 11
CasSig0;7-10.5H,0 —11075.039 11
CasSig015HO =9 448.390 11
H,O —237.141 11
H,SiO4(s) ~1333.0 12
H,Si04(aq) ~1316.7 12
H,Si0; ~1253.984 13
H,Si03" -1 187.021 13

5 EL AR N T R, 3 2 BTAIA Ca-Si-W-H,0
PRZR BT S RN B FPAT R . TR IR, 7EA
W AT 5 A pHAE I 453 S5 RE T i 2 B 16 )Y
DN A A fifg i B AR E A5 N AT, i HAR SR D A
KT F5d5 . 5ihh, e RS IR
HIEOL N, T LIk AR R L.

W 2 Jiow, Wb i 5404347 Ca®'s CaOH'
Ca(OH),(aq). WO?™ . HWO; » H,WO,(aq)~ H,SiO2™ .
H,Si0; « H,SiO4(aq). HF OH . Hi/ZN(18)~(24)r]
I, RH SR )T TR P I3 A DA T R

c(Ca*")c(OH )=10""*¢(CaOH") ()
c(Ca*"e(OH)*=10"*""¢(Ca(OH),(aq)) (3)
c(H")e( H,Si0; )=10"""¢c(H,Si04(aq)) 4)
c(HNe( H,Si03)=10"5¢( H,Si0; ) (5)
c(H)e(HWO )=10 > c(H,WO4(aq)) (6)
c(HNe( WO3)=10"*°c(HWO;) (7)
c(HYe(OH )=10""% (®)

AR KT Ca-Si-W-H,0 MR R [ 2#0F 3
TEH SN A SRR BER pH. T Rk R BV VRO 8 1155
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Table 2 Equilibrium reactions and constants for Ca-Si-W- H,O system at 25 C

Reaction No. Equilibrium reaction lgK Reference
1 CaWO,(s)—Ca*+ W03~ -8.8 14
2 Ca(OH),(s)=Ca*"+20H" -5.26 12
3 H,SiO4(s)=2H"+H,Si0>" —24.26 ~
4 H,WO,(s)=—2H"+ W03~ -15.8 14
5 C2;Si05(s)+3H,0—3Ca>"+ H,Si03~ +40H" -3.25 -
6 C2,Si04(s)+2H,0—2Ca>"+ H,Si03~ +20H" -11.25 -
7 Ca,S10,47/6H,0(s)+5/6Hy0—2Ca”>"+ H,Si0 2~ +20H ~12.04 ~
8 Ca;81,04(s)+3H,0—3Ca*"+2 H,Si0 2" +20H" -21.67 ~
9 C2;Si1,07-3H,0(s)—3Ca*+2 H,Si0 2 +20H" -9.66 -
10 Ca,Si;0,¢'1.5H,0(s)+1.5H,0—4Ca*'+3 H,Si0 2~ +20H —25.57 ~
11 CaSiOs(s)+H,0—Ca>"+ H,Si02~ -7.6 -
12 CaeSis015H,0(s)+5H,0—6Ca> +6 H,Si0 2 -33.41 -
13 Ca;sSic0,73H,0(s)+3H,0—5Ca*+6 H,Si0 %~ ~13.89 ~
14 CasSic0,75.5H,0(s)+0.5H,0—5Ca>"+6 H,Si0 2~ -17.52 -
15 CasSi60,7°10.5H,0(s)—=5Ca> +6 H,Si0 2~ +4.5H,0 —20.68 -
16 C2,Si;052.5H,0(s)+0.5H,0—2Ca*+3 H,Si0 3~ 1.45 -
17 CaSi,052H,0(s)—Ca*+2 H,Si0 %" 9.48 -
18 CaOH'=Ca®"+OH" -1.23 15
19 Ca(OH),(aq)=Ca*"+20H" -2.77 15
20 H,Si04(aq)=H+H,Si0 3 -9.60 12
21 H,Si0; =H'+H,Si03" -11.8 12
22 H,WO,(aq)=H+HWO;, -3.5 14
23 HWO, =H+WO0j;" 4.6 14
24 H,0=H'+OH" -13.99 12
R ), XEEWAE AR R B AUS R, I o(H) e H,Si037)=10"% (12)
TEPT 2542 1) pH {E G il N S AR5 RS AT TR 44 -
c(Ca*"e(OH )*=10"° (13)

c(Ca’He(WO2 )=10"* )

FEFVESATAORE X, H ISR S A 22 0 AR A5 A
PRI ETRE, I, W B A5 5 B
PO AE T A P A A R A S v e b

c(Ca)e(W) '=1 (10)

TERRTEZAE T, %%%ﬂﬁ%ﬂﬁ%dﬁﬁﬁi%‘%%?%ﬂﬁ%%?iﬁ
Vo TEBRBRIESAE N, S LA TS AEAE
KRN 2)y~(4) 1, XEEPUEAAAERT, AR 75 (%E
HE I PRI i~ 10«

c(HY’e(WO3 )=10""* (11)

HSE T PRI 2 T 4™ 100, B pH (3 I, BRiR &L
I3 VRS TR [ AH AR E XA IR HoWO,. CaWOys
CaCO;s. Ca(OH),: M IR #h 40 1185 1y ] AH AR g X
WK Hy WO, CaWO,. Cas(PO,);0H. Ca(OH),. [l
I, AT HE DR 25 () AS € X A CaWO, A Ca(OH),
Z Il W TR MR E L, HERHZ D RE
1775 SEIEIE CaSiOs N W REAELEN), L HI0 Pl
WHEI: 1 CaSiOs &y Ca(OH), WA E X i A4,
Ca;Si,0; 7B R, X CaSiO; 5 Ca(OH), FaE X 2
[F] 22 /D A7AE Cas SOy IMASEIX s J34k, il ik
JEBEE N 1.0 mol/L I, pH{E/NT 12,0, AR EA
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e T 6 MR X, RIFEE pH EFtm, ek
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H,SiO,4. CaSiO;. Ca;Si,O;. Ca(OH),. X, Tk
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S [N @)FI(11),  AH S 1 W A 5 e

¢(Ca*")e(H,Si03 )=10"* (14)
¢(Ca*")’c(H,Si03 ) e(OH )*=10 "¢ (15)

TETCHERRAFAE I R BE A R, i h SR
AIYE— R FAR R . ABFRUHE T A 1.0 mol/L
I Ca-Si-W-H,O 1A R ¥ i1, 24 pH=12.0 I},
TR A2 T FE

c(Si)=1 (16)
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ETTFEQ2)~9) (15)F1(16); £ Ca(OH), Fe X il A2 77
FE2)~9). (13)F1(16). %Ll LV R VA, w35
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Fig. 1 lgc—7pH diagram for Ca-Si-W-H,O system (pH=12.0,

¢(Si)=1.0 mol/L)
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Fig. 2 lgc(W)—pH diagram for total tungsten concentration

andH,Si0; at different total silicon concentrations
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Fig. 3 ¢(W)—pH diagram for total tungsten concentration at

different total silicon concentrations
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BE@Z [0 VSR A X, A Tl ES A s
fi, k@@ N CaSiOs FAERX, [T 7l i
FERRAN oM iR, LR@ UL, WP EREE pH (A
Thenmin, L@UA4, T H,Si03 Mk ARk
TR, RS AR 2 T KO @R
B IH4 CasSi,0; M EX, HT OH thz5 T Ak
Ca;SiyOy [N, PRI T R F 42 AT A it 5 ok 52 18
TGN . £R(5) LA SEBR A B A iRt B, I IR RS &
ANREREAEAE, FUESH 53 il =)k Ca(OH),.

<2 PR A AR R EEAM TR RS
H,Si05 Bt pH (B K5 5 o BBl 2 AT L, £E CaSiOs
FROEMEE N, B o LAA, BEIREN LS
H,Si0; WSE A M2 IR, ASfhtash— 30, I
L™ (1150 AR R A T HL,S105 RS o 3X— g
BB RNy A VRS R 2L, (R T CaSiOo; 1%
fifEAE CaCOy K, DRI Aok IR B 1) 43 A 80 R AN Qi T
BT, WS BRF R BEY A 1.0 mol/L I, K
FEAERR RN 2 fift i P el ik 0.40 mol/L, T AERERREN 7
filt IS A A 0.06 mol/Lo #R1M, 4 pH {H i T~ 5l a, WAE
Ca3Si,0; MIFREX A, PG 1l ik R R 0 A A A
G, lge(W)BEE pH FHm R EHZMG . 48k
FE4 1.0 mol/L, pH A 15.0 i, MBS & H Ak
0.25 mol/L. KItL, AR5 i (1 BS54 I Vs I — 5 B A
A, AR = 1 CasSLO, A X AT,
CIRHESRE IR e

h T HEE R R R BRI pH B (1S 4y
fE O E HIRREE, 22 T Wil 3 s i) o(W)—pH K.
L@NERA G2, L®FRR CaSiO; AN
Ca;SihO; MRS, RO A I 2k
L@Vt TREIRICE R, WP iR Rl pH (E %
IR R Ze@5 8@, AT Al i
W5, AR T CaSiOs IR ARFERIR, SR FETIR
Wiflk; &@®HLOZ ), I Bl AR R S AN
e o ik, AR EERE pH 340l id bEF, JfFfEZkOit
IR B E . X LA AR JE AR LR OAL T BEIA 21 11
REIRIETTE W, WIS REIRE X5 2 P AR
A WENF . R, RN B O RS,
— i, B INEEA B RN AE CasSiO; i E X
WHEAT, J—J51H, EERAIE RN E AR B
BRI AR AL o

3 ERNSBESHT BIRK

N T BAERERR AN 7 VRS R RTRENE, ABTIUR

1 WO; i 730N 55.0% 01 VS0 8 ISk}, 7% 1
2% A AT 2 R o REUGRICFRIU S0 100 g, JF
VN 0 — 58 B LK AR e B2 41 (N2, S105-9H,0) . EE AL
PARZENRK . BT RO AR &R i S A IR R R L
n(Si)/n(W). ZEMR 5 I EERKIE n(OH )/n(W). /K5
HEE IR EE n(H,0)/n(W), Lk R EKEAHE T JuK
IAE R B T R 45 K o A il BE P I 180 °C, Ahfi#
I A 4 he RIS S A R a3 3 il

F3 AFEMT AR RS R

Table 3  Leaching results of scheelite under different
conditions
E-1 1.2 0.0 26.8 55.7
E-2 1.2 0.0 46.3 43.8
E-3 1.2 0.3 46.3 52.9
E-4 2.0 0.0 57.3 88.2
E-5 2.0 0.5 353 96.9

HHIREG 45 AT WL, RS AT S R AR AR IR B 20+l
HHAERRBW A TR R SR T
96.9%. B M IESATIOATE, BHBRA TSR
XGRS E-1 A E-2 o %0, e AR, 300
HH 2R A R A AR P 3 I 34 s 0 LRSS E-2 A E-3
TR, N R EA R S R R .
SERT UL, R g RS TSI 25 b 4 R A a2
—8. MiREE E-1. E-2 F1 E-3 MR E, 4
n(Si)y/n(W)A 1.2 I, FIEI PR R 55.7%.
T 2438 IR B, H n(Siyn(WYHE SR 2.0, Wk
5 E-4, EAMBEI SO TR FIA R T 88.2%, X ik
B IR A0 A SRR AR I L R . A
E-5 WS IN—& IR T iOK S, R T 96.9%
[PIRH

4 it

1) FIHIA #1258, R T & APREIRAES
i SN P48 R AL, T Ca-Si-W-H,0 MK R T
LV, T %A R SRS 1 1ge—pH K
AT SRR B R B 5 L8103 1 1ge—pH LA
51 c—pH ..

2) HIVENTR, (IS AT PR RN S R . b
# pH ETFHE, R A P2 MK A CaSio; Al
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Ca;Si,0,. {EAK pH {H 1) CaSiO; FE X, %%WP%'%%%
JEBMIR: 1AEE pH A CaySihbo, FE X, S
WS T MR, B ERM pH {E_ TR .
DRI, kPR 43k (1 B R I 0 3 i R L A
3) SEROAIE T RERRAN A A VAT T Re . 4
xKH, Eiz‘i&%r}aﬁﬁéE'%uﬁﬁﬂj@fzbk%ﬁ;ﬁjli
P AR LA S i — 2 AL, seidt—2
B &‘éj\ﬁin%‘lrﬁ 180 C. Zrfif#isfIH] 4 h.
n(Si)/n(W)=2.0. n(OH )/n(W)=0.5. n(H,0)/n(W)=35.3
AT, BE N 96.9%.
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