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[MoyPO;,OH(OH, )3 ]+[[MoyPO;, (OH,)3 ]+
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Table 1 Equilibrium constants and formulas of molybdophosphate and molybdate

Coefficient (p, g, ) 1gB,.4.r Formula Reaction No.
(1,0,1) 6.244 H,PO; 1)
(2,0,1) 8.096 H,PO, ®)
(8,5,2) 61.97 Mo,P,05; 3)
9,5,2) 67.07 HMo,P,03; 4)
(10,5,2) 70.86 H,Mo,P,03; (5)
(14,9,1) 98.21 (14,9,1) (6)
(15,9,1) 102.04 (15,9,1) 0
(16,9,1) 104.89 (16,9,1) ®)
(17,9,1) 106.42 (17,9,1) ©)
(16,9,1) 104.71 Mo,PO,,OH(OH,); (10)
(17,9,1) 107.17 Mo,PO,,(OH,)} (11)

(34,18,2) 217.8 Mo,P,0%; (12)
(17,11,1) 118.68 Mo, PO, (13)
(18,11,1) 123.10 HMo, POS, (14)
(19,11,1) 126.05 H,Mo, PO, (15)
(23,12,1) 139.7 Mo,,PO3, (16)
(1,1,0) 3.48 [HMoO, ] (17)
(2,1,0) 7.75 MoO;(H,0), (18)
(3,1,0) 8.81 MoO, (OH)(H,0)} (19)
(5,2,0) 8.93 Mo,O,(OH)(H,0) (20)
(6,2,0) 19.60 Mo,0,(H,0):" @1
(7,2,0) 18.98 Mo,0, (OH)(H,0);" (22)
(8,6,0) 49.48 [H,Mo,0,,1* (23)
(8,7,0) 52.85 [Mo,0,,1" (24)
9,7,0) 57.29 [HMo,0,,T" (25)
(10,7,0) 60.42 [H,Mo,0,,1* (26)
(11,7,0) 62.51 [H,Mo,0,,T" (27)
(12,8,0) 71.4 [Mo,0,,1" (28)
(21,13,0) 119.29 [HMo,,0,,T" (29)
(18,32,0) 171.37 [Mo 0., (H,0),1* (30)

2.1 H'-MoO] -HPO, KRN ZFLEHHT
FERHRE KR R, pH (E LA 0.1 AN A7 Ky 1]
M pH=8 F| pH=—0.4 JLF5 85 A pH i B s %F N AA]
MBS TS HINPEER 73 4. B 1 s AT pH A R %
R e 2% 22 R ol FH ) 2 IR 125 1 v & oy SVEH IV B 2K
SrHUh 2 . IF HIR 2 HIEHIUE R 0.1 mol/L.

WE 1@)FT7R, 24 nP)m(Mo)=1:1 I, HTi%k
RPRAREMBECER, ProMARTIHZ LIH s
ZRINSAEAE, XA pH=8 MHIA AR B 11
pH=8 Ptz FAHAIXUH I & A fE, HART8 LT
HLAH I 2 RIS AFAE . 1 FLREE R RERI3S n, R
BHATSUEH BH B 7 1 LU B 19 K o 7E pH=—0.4~0 X7 12
&R, RBEH A2 R Y B T Mo,gP,08
Mo,05(H,0)¢" B & FIt47 . Wl 1(b) i, 4
n(P):n(Mo)=1:9 I}, KR WEICEAPIEIC, Prols
A pH EIEH K, [FZRMEEMLE 1) ko
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Fig. 1 Molar fraction of molybdenum in main ions as function of pH at different phosphorus-molybdenum ratios (25 ‘C; pH value

ranging from —0.4 to 8; (E),, being molar fraction of molybdenum in main ions): (a) n(P):n(Mo)=1:1; (b) n(P):n(Mo)=1:9; (c)

n(P):n(Mo)=1:12; (d) n(P):n(Mo)=1:50

AT, BRI 2 5 H R S R A A
% 1% B B § Mo 3,08 H1 Mo,05(H,0)s" FH & 1 3%
Fo WA 1)FT7R, 24 n(P):n(Mo)=1:12, 1J52&LAREEH
LN E, MZREENE. FN, SEREAT T
B T 2% 2 B B T MogP,08 » I BL T K&
Mo,,PO}; 2% 2 B 2 1 5 Mo, 05 (H,0)s " B B 1 3%
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FAGE AT EAR . B MR 4 1F N 2L
Mo, 05 (H,0)¢" 25 (7] 2 TR PH B 74745, & & Lhi W &
(RIEEH 2% 22 BR A 5 1 /& Moy, PO, » 1Ml Mo, gP,0; 10/
AL

MELE L(ay~(d) T, AR & B ORFFEE,
T 70 3 PRI R IR T AR o A 2R H 118 2 8 1 40 e Wl
FZ RIEEAR R 2R . H B4 2 BR (1 Fh 2 bl
F U S AT AT T, Lean e BRI T 211
T2 TR FP2EAE 1 Mo, oP,0%; BEWIAL Y T Mo,,POY; » %
Z55 R HIMENO “5USIsiz it 438 1 — 801

FESEBR NI, BT IR & 1 T R sg
K2 (pH fH. B, Bk 24, 7 — D EZER
SN k2 IR IR . B 1 PRI T
Na(Cl0,)-HCIO,, il 1, T AR BHAT (1 BV Y ot P A
FI, BT AR ZR AR I i i o K B R AR RN
AR B 710 45 A 4R % B kL . HIMENO 451
i 4 i Mo, (OH)H,0); 1 HSO, & N 4 &
Mo(OH),(SO,)3™ MBI 1, Fr LALE m IR I iR
WP AH R TR B T A B A 2 TR I B T A ) 2
TR SRR S BB T, M2 2RI B T AEAR I
AR L BBV 2% S B TR S AR . itk
AR, mRR R EE T R AL N235 AL HUAEH K &
HH IR AE R A EUSUEE ] LU S
Mo, 05 (H,0);" +2HSO; =

Mo,05(S0,)5 +6H,0+2H" (33)
Mo,0, (OH)(H,0); " +2HSO, =

HMo,05(S0,), +6H,0+2H" (34)
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MoO, (OH)(H,0); +2HSO, =

Mo(OH),(SO,)3 +2H,0+2H" (35)
2(R;NH)HSO,+Mo0,04(S0,)3 =

(R;NH)-[Mo,05(S0,), [+2HSO, (36)
(R;NH)HSO, +HMo,04(SO,); =

(R;NH)-[HMo,05(SO,), [+HSO; (37)
2(R;NH)HSO, +Mo(OH), (SO, )3 =

(R3NH), -[Mo(OH),(SO,)]+2HSO; (38)
6(R;NH)HSO, +Mo,P,0%; =

(R3;NH)g -[MogP, Oy, [+6HSO, (39)
3(R;NH)HSO,+Mo,,PO}; =

(R;NH); -[Mo,,PO,, [+3HSO, (40)
3(R;NH)HSO,+Mo,PO;, (OH, )3 =

(R3NH); -[MoyPO3; (OH, ); [+3HSO,4 (41)

I 1 0%, e RS T (pH<0) AL U i =
BT (36)~(40)iX 6 NN . [IV(33). (34). (35)4E4H
] 22 BRI R AR A1 28 5 OV, 3K 3 AN WK H ST
MRS, 1176 JNV(36)~(38)H4H 2 LA IF) 22 B R R AR 1)
BEWB T IESPEANAIAR . RN (39)~(41)HEH LA
W ZRIE S HENGHA . Bk 6 A FZWAEL
RN RBEAFAETE R R, T 3 T AR LUK 1
FHARZ TR I B PO A . Bk 6 A FBAIUR
I 2 B B A H () A

2.2 N235 3l EEEIEEL

FESERRE RN, AT AL R AR R N
2 mol/L. MRS H P AT . MR
25 C FHRBR KIfIf 893 5 Ky=10°s Kp=107" nl k7324
TRERA N 2 mol/L FS ) W R 25 A TR SN 2
mol/L.

Pic il 5%N235+25%TBP-+HEE I (A2 BOME b &
HUAH, AEIUREAHEE R EE A 11, 1:90 1:12. 1:50 F4f
FHCHMR BV, A SRR, HARFFEIKR A,
KR R BB AR 2R e rh i B B IR EE R 2 mol/L. A
JE A MU WL 2. SERRIARUAE L, AL
O:A=1:1, #JEH 30 C, ZHIAN 5 min, HE 2
AL, ERERIAE G W AN S B A S W TR
o, WIS XS 2(a)FH A A I WA . B
B 2(b) M EH 1 BE IR LA 1:50 B, W S W54 o b
BRI A, U0 R BEEH 2% 22 18 S B AH OB 244
B TR

FEFR 2 Wy T RV N N R il AH R K L)
FAGRAEIE . AR 2 ] A TR AR S R 2 ) o
AR o DR A ol B v WA B T e 2 2
fizz, oF LU BH ) 22 R R 4H 2% 22 TR 1Y) 28 1 3 (z/r) vT 50,
BHIF) 22 B 10 25 1 /K AR T 2200 T W AH 22 2 TR 11 25 1K
B, BTLL, fEAH IR 2 BR AN £H 2% 22 R S A7 1R R R
t, BEEHARZ IR LU R 2 R A S A, B
NG AR RS, 242/ HSO, BIRE 12 K 14
) 22 IR AVEH A= 22 B AR AR A IO nT DA R 6
2 1, YRR AR B ORFEAR, R AR R
BRI FE R AR R o R AR W AR A

2 ATHUAH 5%N235+25% TP+ A HUAN [ W 5H EE 2R EEFRRRBUS A LA K 6 224l

Fig. 2 Color of loaded organic solutions after extraction process with different P-Mo molar ratio in aqueous solution using
5%N235+25%TBP+kerosene: (a) Sodium molybdate solution without phosphate; (b) n(P):n(Mo)=1:50; (c) n(P):n(Mo)=1:12; (d)
n(P):n(Mo)=1:9; (e) n(P):n(Mo)=1:1
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Table 2 Extraction rate of certain organic solution after

extraction process with different P-Mo molar ratio in aqueous

solution
n(P):n(Mo) Extraction rate/%
1:1 88.30
1:9 79.04
1:12 77.17
1:50 74.16
Sodium molybdate solution
(without phosphorus) >389
3 HFig
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3) it HT H -MoO; -HPO,™ 1k & (H 4k Sy 24
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Thermodynamic analysis for species of molybdenum and
phosphorus in Ni-Mo ore acidic leaching solution

SHAO Kang, LI Qing-gang, ZHOU Qin, ZHANG Gui-qing, CAO Zuo-ying, ZENG Li, GUAN Wen-juan

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

Abstract: The thermodynamic diagrams of the ionic species were plotted at different pH values and phosphorus
concentration in H*-MoO?~-HPO3™ system at 25 “C. To simulate the liquid phase environment of Ni-Mo ore leaching
solution, the diagrams were plotted with different phosphorus-molybdenum molar ratios of 1:1, 1:9, 1:12 and 1:50 at
certain molybdenum concentration of 0.1 mol/L. The results show that, as the pH value decreases, the species of
molybdenum are molybdate anion, molybdophosphate anion and isopolymolybdate ion. As the phosphorus concentration
decreases, the species of molybdenum is converted into Keggin-type Molezogg from Dawson-type M012PO?;(_) at
certain hydrogen ion concentration 1 mol/L.

Key words: H+-MoOZ'-HPOi‘ system; molybdophosphate; thermodynamic equilibrium; Ni-Mo ore; extraction
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