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Leaching thermodynamics of decomposing sparingly
soluble molybdate by sodium hydroxide

LI Fei, CHEN Xing-yu, HE Li-hua, WU Jin-ling

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

Abstract: When molybdnite was roasted, MoS, converts to MoO;. Meanwhile, sulfides associated with concentrate are
oxidized to copper oxide and lead oxide and iron oxide or partial copper sulfate and lead sulfate and iron sulfate, which
will react with MoOs; to form sparingly soluble molybdate. Aiming to decrease the loss of molybdenum in the slag, these
sparingly soluble salts have to be handled with. According to the laws of conservation of mass and simultaneous
equilibria, the logarithm concentration—pH diagram of Me-Mo-H,0O (Me: Cu, Pb, Fe) system was established on the basis
of thermodynamic data at 25 ‘C. Thermodynamic analysis was carried out to discuss the technology of sodium hydroxide
disintegrating sparingly soluble molybdate. The results show that the whole pH value of the system is divided into three
areas. The first one is the stable area of HMoQ,, the second area is the stable area of sparingly soluble molybdate, the
third one is the stable area of Me(OH),. In the third area, Me(OH), is gradually supersaturated in solution with the
increase of pH value, so the Me(OH), is deposited as sediment, and MoO,>" goes into solution. As a result, the processing
of sparingly soluble molybdate leached by sodium hydroxide is carried out. The incremental difficulty of alkali leaching
order is as follows: Fe;(Mo0Oy);, CuMoQO,4, PbMoQO,. Over a certain alkalinity, copper, lead and iron could be leached out
of molybdenum. But these metals will be dissolved numerously as hydroxyl complexes in the case of excessive basicity,
which increases the difficulty of subsequent purification.

Key words: ferrimolybdate; copper molybdate; thermodynamics; sodium hydroxide; leaching

HEFramaeEe — BAmSRREL RN SRR, IR G 9 2 LR
kR H L, SRR TR T R 81%~82%. BRI, HEARHOK

BEEWEB: EER&SBARICRRERIZE B IH (2012AA063205)
YWis BHA: 2014-01-20; &ITBHR: 2014-06-06
BEEE: BRAET, BIZ9Z, @1 @ik 0731-88830476; E-mail: xychen@csu.edu.cn



2922 A G A R

20144F11 H

P &R A AR T, DR ) £H
TR AN HRRER RN N 5 R R T
TR EIRAWTIE N, B IR GO Rk
T2 30 5 [F RHI LI S Ak (g R 45 7E F AR S
FELEEN (MoS,) B IRAE, A6 T8
SN A S 2 AL, WS AR i A
86% 514 H AT 5 BT B,

TP A EEREAR A (R B0 05 10 R B R ek, AR
IR KA BEREAR T v oy ey A R . R
Rl 2B AR e e I ML I = A, =5tk
HARA RS BVHRE W, HE— R A
RRHRR L™ i o AFRAEREEEN R et B b, 550~600
CHASH PR MBS . BRI AR S B & &
AR AR A S R AT B RVER R A A A TS 20 b 2 R
fgth, W—D RS E RS BRI AR
IR AR . XSS AH IR BEAE R 2 MoO; Z ik FE A
e, A AR R UR R R, TR R A Y
e . Bt BH 4 00 H 2 2, A A T U T
Filisb AR SRS I R AR FH EL s SR 3o B
IS O REER /A R D C (R VAT e O =R
RS R AR . IR AHRRER S, 20
R S350, B 544 1 R R A A 1012,
BHIR R DRSS AR R S ) O E R IR, T R
Yo ds FR e =, — g U 0 [aDSOR F 6 EEA T e
Fre R R R EE R

HAT, AEHIRR SR Prh S BRI R T BEA
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WEERH—pH &

1 lgc—pH B4 H KitHEIITE
1.1 Me-Mo-H,0 R FH8 X T8 5k b K& A F 54
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FH AT RE. 25 T, Pb-Mo-H,0 -1l 5 Fit o K

S B

H,MoO,(s) =2H'+ MoO;~

Koy=1X 103322, TH' [ MoO} ]=1X 10 (1)

H,MoO,(aq)=2H"+ MoO3 ,

K=1X10"%%, [H,Mo004(aq)l= 1 X 10**[H']*[ MoO3™ ]

(2)

HMoO, =H'+MoOj ,

K=1X10"", [HMoO, =1 X 10>"'[H'][Mo03 ] (3)

MoO3" + 2H,0= 4H'+ MoO?",

K=1X10"%3, [MoO3" ]=1 X 10**[H'1*[Mo03 ] (4)

MoO,(OH) "+ H,0=3H"+ MoO?3~,

K=1X10"%,

[MoO, (OH)1=1X 10 *[H']*-[ MoO2™ ] (5)

PbMoO,(s)=Pb*"+ MoO?2~,

Ky=1X10", [Pb*']-[MoO] =107 (6)

Pb(OH),(s)=Pb*"+20H ,

K, =1X10"1, [Pb*']-[OH =1 X 10 "' 7

Pb**+20H =Pb(OH),(aq),

K=1X10'"", [Pb(OH), ]= 1 X 10"*°[Pb*'-[OH >  (8)

Pb*+OH =PbOH",

K=1X10%, [PbOH']=1 X 10°*[Pb*']-[OH ] 9)

Pb>'+30H =Pb(OH); ,

K=1X10"?, [Pb(OH); ]=1 X 10"*°[Pb*]-[OH]*  (10)

2Pb*+OH =Pb,(OH)*",

K=1X10"%, [Pby(OH)*']=1X10"°[Pb* *[OH] (11)

3Pb**+ 40H =Pb, (OH)3",

K=1X10"", [Pby(OH);" ]=1X10**'[Pb*"]*-[OH ]*
(12)

4Pb*"+40H =Pb,(OH)3" ,

K=1X10"', [Pb,(OH);" ]=1X10°**'[Pb*']*[OH T*
(13)

6Pb**+80H = Pb (OH)5 " ,

K=1X10°*4, [Pb,(OH)3" ]=1 X 10°**[Pb*'1*[OH |* (14)

25 ‘CH} Fe-Mo-H,O Z V-7 )5 FE 2 BT 4%«
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Fe(OH);(s) = Fe'+30H ,

Ky=1X107%, [Fe*'][OH ’=1X107* (15)
Fe,(MoO,)s(s)=2 Fe**+ 3 Mo03™,

Ky, =1X 107231, [Fe™' > [ MoO] T=1X 10 (16)
Fe’+OH =FeOH™',

K=1X10"%", [FeOH*"]=1X 10"¥'[F'[OH]  (17)
Fe’'+ 20H =Fe(OH); ,

K =1X102%, [Fe(OH)} J=1X 102 [Fe*"]-[OH T (18)
Fe’'+30H =Fe(OH); (aq),

K=1%10, [Fe(OH);]=1 X 10*°[Fe*"]-[OH T (19)
Fe’'+ 40H =Fe(OH); ,

K=1X10***, [Fe(OH); ]=1 X 10**[Fe* T [OHT*  (20)
2Fe’"+ 20H =Fe,(OH);" ,

K=1X10"", [Fe,(OH)3" ]=[Fe**[OH J*10®" (21)
3Fe’'+ 40H =Fe,(OH))",

K =1x10%7, [Fe;(OH);" ]=1X10*"[Fe*'-[OH ]*
(22)

Cu-Mo-H,0 R 14l /5 R 20 L T4 (25 °C):

Cu”+OH =Cu(OH)", K=1X10%,

[Cu(OH)1=10°’[Cu*']-[OH ] (23)

CuMoO4(s) = Cu*"+MoO?3™,

K,=2.8x10 7%, [Cu®']-[MoO3 1=2.8x10"’ (24)

Cu*+20H =Cu(OH),(aq),

K=1X10"*, [Cu(OH),(aq)]= 1 X 10'**[Cu*']-[OH ]*
(25)

Cu*'+30H =Cu(OH); ,

K=1X10"?, [Cu(OH); ]=1 X 10"**[Cu*"]-[OH ] (26)
Cu®*+40H =Cu(OH)} ",

K=1X10"*, [Cu(OH)Z =1 X 10"*[Cu®"]-[OH ] (27)
2Cu*'+20H =Cu, (OH)%*,

K=1X10""7, [Cu,(OH)3" ]=1X10""[Cu*']*[OH T
(28)
Cu(OH),(s)=Cu*+20H,

Ky=1X10"%, [Cu”][OH ]=1 X 10 "> (29)

1.2 BfEES lge—pH BIRYEH)
T S R[] BP0 i B T 6T, 9 SV
SV VRS RV i L

[Pb]:=[Pb*']+[PbOH 1+[ Pb(OH); ]+2[Pb,(OH)’ ]+

3[ Pby(OH)2* ]+4[ Pb, (OH) ;" 1+6[ Pb,(OH)s" ]  (30)
[Culi=[Cu*'J+[ Cu(OH) 'T+[Cu(OH)y(aq)]+

[ Cu(OH); J+{ Cu(OH)?™ 1+2[ Cu, (OH)3* ] (31)
[Fe]r=[Fe’ [+[FeOH*"]+[ Fe(OH); ]+[Fe(OH);]+

[ Fe(OH), ]+ 2[Fe,(OH)3" ]+3[ Fe,(OH)}" ] (32)
[Mo]r=[ MoO2~ ]+[H,Mo04(aq)]+[ HMoO} +

[ MoO3" [+[MoO,(OH) '] (33)

AEV IR 2R (0 2 i FE PP AT Me . MoO,, %
RSP, M Me™ AT MoO 2™ AU J8 1 il 2 41 1 5% &
LW

[Men+] ' [Mooi*] = Ksp(MexMoO4)

M 1~3 ERALRFEC R AT, AEANR] pH
KAET, AT AR 5 A RS A5 Fh 5 A4
FZM, %4 pH {HEAKN, ART MoO] ¥4k
H,MoO, JL3E, &J@IILL Me" B RA77E; 24 pH {HH
T, Me" #:45 h) Me(OH), UTTE « LA A B 4 A+
P IZAE R BAT I v

WP R, &R R HoMoO, i, 7
Pb-Mo-H,O & % 7, ¥ ¥ T % Vi 25 41 43 9 2 X
(1)~(14). (30)F1(33); Fe-Mo-H,0 k&R, Wik
Wi B A 2 R (D)~5) (16)~(22)+ (32) « (33):
Cu-Mo-HyO 4 Z8 1, ¥ T 8530t 25 20 433 i K (1)~(5)
(23)~(29). 31)FI(33).

2k R A A Me MoO, i}, 75
x[Me]=[Mo] (46)

IEISF, Pb-Mo-H,O /R Z 1, ¥ b #5329 20 53Tl
LR Q2)~6) (8)~(14). (30)F1(33); Fe-Mo-H,0 1A%
o R AR AL 2 K (2)~(5) (16)~(22). (32)
M(33); Cu-Mo-H,O R, Wb & B2 403 2
K@2)~(5)~ (23)~(28)~ BDHFI(33).

LR R A RS Me(OH), I}, £ Pb-Mo-H,0
AT, WSS 40w L X Q2)~(14). (30)AN
(33); 1t Fe-Mo-H,O MR Z M, ¥y 25U B 40 73 A2
K (2)~(5). (15)~22). (32)F1(33); £ Cu-Mo-H,0 4k
A, BRI E AR Q2)~(5) (23)~(29)-
(BDHI(33).

MG L EHRARP G R, FRAFAE R HoMoO,
Fl Me(OH), (M1 5+ 4% a A1 b IO N1 pH fH, #1T3
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1; JF24%IH 25°CIN Pb-Mo-H,0 & %& . Fe-Mo-H,0O 4
Z A Cu-Mo-H,0 1K RIEW A 53 11 1ge—pH K, 43 75040
B 1. 2 F13 Fiam.

£ 1 MeMoO, /iR Ft pH
Table 1 Boundary pH of Me,MoO, decomposition

. Boundary pH
Line
PbMOO4 Fez(MOO4) 3 CuMOO4
a 6.17 5.13 4.94
11 5.83 5.97
al Mo,
Pb(OH),(aq)

lg[c/(mol-L71)]
s

pH
1 25 ‘CItf Pb-Mo-H,O #& £ lge—pH &
Fig. 1 lgc—pH diagram of Pb-Mo-H,O system at 25 ‘C

lg[c/(mol-L71)]
e

2 25 °CH Fe-Mo-H,0 & &) 1ge—pH K
Fig. 2 lge—pH diagram of Fe-Mo-H,O system at 25 C

2 FHR51R

W R ERTE L, SRR e T IAAAE IR
FAAL, W 3 AME R Ige—pH EIAEFARLL. HIE 1. 2

-4 Cu(OH)?
g Cu(OH),(aq)
-3 " ZMOOM‘(OH)Z(@”\ Cu(OH);
Cu(OH),(aq) | H,MoO,(aq) H,MoO, (aq)
1 1

Cu(OH),

—
=
1
—
—_—
]
g I
N
<
Q
=
-

Cu(OHY,

4 6 g 10 12 14
pH
3 25 °CH} Cu-Mo-H,O & & [ lge—pH K

Fig. 3 lge—pH diagram of Cu-Mo-H,O system at 25 ‘C

3 AT, 3AMERT S IR E R, A
pH,<pH<pH, JulHl N, MeMoO, F&&f7-1t, pHALT
BT IXANE I, MER R T UR 50 o 78 pH<<pH, i,
MoO3™ £x454r HY R HoMoO, VilE, i fesihs b
SEARRRER R R . SRR N, CRIR. WA
T, — AR
7F pH,<pH<pH, It}, Bl Me,MoO, iFaE X I,

TP T B S AR el O R T TS, 3L
WEMAAENA pH HEHE NI — &M, W
[Me" ¥ -[MoO} | = K., - B %1 pH (A1) LTt OH
WREEHTE N, 5 Me™ 145 4 fiE 1 iz i i,
ifi 3 AN Me (45 R IEEL S WIS ABIE 0, 1M
T 5 T M 85 R JEE J 52 34 i Z A T AN T R B e
T Me MoO,, ¥ EERL—3E, Wi s Me" WREE R I%, A
S 1 MoO 3~ ¥ F& U3 b= T oAb 4% o5 4 85 1 2k 14
(IR BE AR AU 55 MoO 3™ 8512 18] (R P4 1T A8 4k o 1 HL
1T pH (3G i OH 3% B2 X4 0, 4 w5 Me(OH),
IRPETE I, U7 Me™ IR e T N P, Wik 1~3
o Me™ IR BE I ZE TR 1T BT Me MoO , ¥ il T4 1)
FIZICER, HINH MoO ™ <8 2, 5 LBt
O E 3G, FHP AR IR M pH
i T B 22 a AEH pH(pH ) I, 7T Me(OH),
R FEAN PRI E , T AW I E s, M3k b
LEXT N pH(PH AR, IR RS HR, wh
TFEHT i Me(OH), [lfI4,  tHt i 3t Me MoO, # AN
Wikt AR Me(OH), [ 1AF1 MoO]™ Ak, X7 T
A b B R R R, 3L R N A Me, MoO,(s) +
xnOH™ = x Me(OH), (s) + xMoO2~ , Me(OH), 7E I [X
IRy e AR A . EAER I, [Me]r
JE AR A SHAATIAR B W pH A 1T w386



24 1L

Z K AR AR AR YRR SR M U 7 2925

R 2 G JE S 5 AR A T & MRS P
HEANH WL

XTEC K 1~3 AT UL, pH S Ddsl s B /s 21K
4 CuMoO4. Fey(MoO,);« PbMoO,, {HEEAL A H AL
WIUtiE I aG pH E AR RE DI v JEE HH /N 21K 0 I
IR A Fey(MoO4);~ CuMoO4+ PbMoO,, X 3 1
Fey(MoOy); AL CuMoO, %55, CuMoO, AL
B POM0OO, 5 5y, AERMERHSEIT, 3X 3 Pl Hh il he
TR BT 1352 L1 S Me F Mo 753 55 .

4~6 JIT5h Me-Mo-H,O 14 % 1 [Me]r 55[Molr
1) 1ge—pH K. HIE 4~6 AT UL, 1E b LR4IL, FiE
pH {H_ LT, [Me]r S[Molr 2 [A][1) 8 & @k @i, 1
H[Molr HEE FFt, RIATE IR R AR IR R e
W R I B Me Il Moo (AT ERIE, 24 pH
i 12 U, [MelrilBEHIE ETF, X2&PRARE
pH HI3ER, FRIERE RN, {415 Me"" 5 OH ML

lg[c/(mol-L™h)]

b
1
|
'
|
'
1
1
1
'
0
'
|
|
|
'
'
'
'
|
|
'
|
f

_12 1 1 1 1 1

4 25 ‘CIif Pb-Mo-H,0 & & H'[Pb]r 5 [Mo]r ¥ 1ge—pH K
Fig. 4 lgc—pH diagram of [Pb]r and [Mo]r in Pb-Mo-H,O
system at 25 ‘C

lg[c/(mol-L™1)]

2 4 6 8 10 12
pH

-12 .

5 25 °CIt} Fe-Mo-H,0 & & H'[Felr 55 [Mo]r ) lge—pH K
Fig. 5 lgc—pH diagram of [Fe]r and [Mo]r in Fe-Mo-H,0
system at 25 ‘C

lg[c/(mol-L™1)]

pH
6 25 CIF Cu-Mo-H,0 & & H'[Culr 5[Mo]r 1 lge—pH ]
Fig. 6 lgc—pH diagram of [Cu]r and [Mo]rin Cu-Mo-H,O
system at 25 ‘C

FRE IR ISR, Me" 5 FR Ik pl 2 T JE I 5 0k
AN T ABZ 2R eE A TR, e R
LrHNGHERAE D pH IR, e Me" W _ETT,
I MoO3™ W%, Mk MoO3™ 5 Me" & &
JSAE T B R R P T SRR [MDAT A o it o FR) 9
FEURIN NapS ARG, A2 R E AR AL
UlE, RERRL, RN

Na,S(aq)+Me" =MeS,(s)+2Na" (47)

I 4~6 TT UL, FERRE H DX A 2 Hhois 5 R4
WEE: [Felr<<[Culr<<[Pb]r. FFIXKEMIFXLEXERIHIRER
ISR G R XERE S . PbMoO, 115 T CuMoO, 1,
CuMoO; 15T Fe)(MoOy)s .

DA b 53 45 R 5 SO &5 o2 W) & 1, X 4
SPAERSH 6T ] KOH AMEES Mo 25.62 Y%[fI A
TS 2 Mo 8.21%[ R BRAHETT LA 5 Mo 58.40% (¥
W, BRI 2P,

F2 1 20% KOH HJig H &4 s 46 2]

Table 2 Leaching result of concentrates by 20% KOH?

Concentrate ~ Molybdnite Waulfenite  Iron wulfenite

Leaching rate 0.77% 97.09% 98.64%

JBTEXAERHRIE T ] NaOH AL BE 5 Mo 13.48%.
T Pb 40.1%FR4HETH™, 4 NaOH H & 4 BHie H &1
4.3 %5 W E Ky 80 'C ¥2H 120 min. R [E EE K 4:1 B,
Mo [ 215 2] 95.3%.

g LRk, fEAEN pH BN, NaOH 7 fiAs
% PbM0O4-Fey(M0O,)s-CuMoO, T8 &5 &5 (AR J& AT 4T
(1), AMEBEFE R, 1 HAR S 2488 o B SUR i
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1) 2% 25 CHF Me-Mo-H,O K i % #—pH
K], PbMoO, A2 E il A 6.17<pH<11, Fey(M0Oy);
fFasE JEH h 5.13<<pH<<5.83, CuMoO, [IFa e i
K 4.94<pH<<5.97, FALKIAHEREREE }) Fex(M0oOy)s [
AL CuMoO, 785, CuMoO, 54k PbMoO, 2
S

2) R Tk L A R A P A5 Bl 28 ik 4]
B pH {E AR, $8 HAHRR A {E i pH (T pH,
B, SRR H, AR A HoMoOy [ 4 bk 73 s
pH =T pH, I, SEIVEHIR BR s PR i, 45 L MoO,™
PTG 2RE N, T IR A v 1 4 R DU
B 57 BB AFAE, il 88 DX 344 3R i 5 R 42 ok
J#: [Felr<<[Cul]r<[Pb]r.

3) NaOH 745 fi# AN % £ PbMoO,-Fey(MoOy);-
CuMoOy VR #h 2 PIATIY, IR BRI Eas
DHE NIRRT S L BRI R L B T
NN Na,S 4], JemsEAs e s Wiiie i vk
Brdso AMEGRFERAR, 11 HAS 2288 0 Bc Rk ar .
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