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Table 1 Main elements of nickel molybdenum ore (mass

fraction, %)

0] S Fe Si Ca Mo
28.58 13.11 12.80 18.39 7.24 4.10
Al Ni P As Zn
2.80 3.78 1.26 1.06 1.87
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Fig. 1 XRD patterns of nickel molybdenum ore
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Table 2 Gibbs free energy of possible reactions in roasting process at different temperatures

Reaction equation

AG/(kT-mol™")

4FeS,+8Na,CO,+150,—8Na,S0,+2Fe,0,+8CO0,

2MoS,+2FeS+6Na,CO,+130,=2FeMo0,+6Na,SO,+6CO,

2As,S,+12Na,CO,+140,—4Na,AsO,+6Na,S0,+12CO,
Zn$+Na,CO,+20,~Zn0+Na,SO+CO,
NiS+Na,CO,+20,=NiO+Na,S0,+CO,
Si0,+Na,CO,=Na,Si0,+CO,
4FeS,+8CaCO,+150,=2F¢,0,+8C0,+8CaS0,
2Mo08,+6CaC0,+90,=CaMo0,+CaS0,+3CO,

600 C 700 ‘C 800 C
-1268.8 -1240.7 -1213.1
-4173.8 -4051.4 -3929.8
-2478.8 -2443.4 -2406.9
-628.6 -610.4 -592.3
-632.6 -613.8 -595.0
-36.1 -48.5 -60.7
-4838.73 -4714.89 -4592.41
-2904.45 -2847.21 -2790.64

AR B ER AR, R Mg> 5 4 B 1 N A
B BB e, PAERR ST, HIRE gy
FERQ2)~(5)FR.

3MgSO,+2Na,HPO,—
Mg,(PO,), | +2Na,SO,+H,SO0, (2)
3MgS0,+2Na,HAsO,—
Mg,(AsO), | +2NaSO,+H,SO, (3)
H,S0,+Na,Si0,—H,Si0, | +Na,SO, (4)
MgS0,+Na,CO,—MgCO;, | +Na,S0, (5)

AR5 5 U Na, SO, I TIRIE 5 mi T
Na,SO, ¥ filt J& 72 5 UK (R s 1 73 Na,SO, /™ it
[EISCEREEAT TR . BAE, VRIS T2 K T
i, MRS R, AR TREE TSR
JIT 45 21 () BH R B 1) 4 M. Na,MoO, Na,SO,.
Na,CO; (1 2 th & an B 2 Fro

BT A A 59 R A T R 2 IRIR S
WP SRS T ac e, FHHZUKIE TR, R

1.0
=— NaMoO,
*— Na,SO,
0.8} a— Na,CO;
5
€06}
2
=
E 04F
=
=]
w2
0.2
O 1 1 1 1 1 1
0 20 40 60 80 100

Temperature/'C

El2 Na,MoO,. Na,SO,. Na,CO, [ i & ih £&
Fig. 2 Solubility curves of Na,MoO,, Na,SO, and Na,CO,

JUE R B )6 PR 2 22 BRARLBE NS AT, LR B L7 A2
H(6) AR,
Mo, 0%~ *+(2y-6x)R-Cl —

R(5,-69M0,0,+(2y-6x)CI° (6)
1.2.2 S5 J7V:

AR T2mAEE 3 R, RARKEZE
FAFREERT A T 2R TS, B R
TE%AM. [N, RALEE FARIAR TR i R
&0 E L ) . PR RS e AR 3 2 5[] A
(Na,CO)H & KRR R G oe s ()% f 8240
HER R R H R 3 2 gk I B AR
[ SHEHIR AR AR Sh S RSO R T B 42
TRy %) Na,SO, [T R 52 . TR BN 4G i )

Ni-Mo ore Na,CO;
e —

Alkaline roasting

Calcine

Water leaching

MgSO, Leaching residue

Nickel recovering

Leachate

Purificating

Freeze
crystallizating
I

Residue

Crystal pregnant solution Na,SO,

|Ion exchange extracting |
I

'
— Exchanged solution Molybdate

B3 S RSO T ZE A
Fig. 3 Flow chart of clean recovery of Mo from Ni-Mo

ore



BREH4H

RERERE, 5. BAHETHH. SRR 1081

AT LR B A 3 S AH 1 R

FREX 50 g B AR B IF m) A i A& 4 B 1 1)
Na,CO;, &ARMIBEFIENG I, E—EM
K5 e il FEE 55 e ) 18] T iR AT R e i Be, 5 b S8 Bl
Ja, B RD FEECRE 73 dr s FRE— e Il ), I
MR, 7E— 2 ERR EL . 3R I R AR H B ]
TRHMTEW, BHERSE, BRI 5
fro BRI RMEAR AR FHR T
Na,SO, & &3 — KL 5, & LRE FmA
MgSO, B EH IR 1o R4 dbil 56K AL
POV B TR A B e, RIS R
BOAE, XA IR A 4G i BURE AT . BRIEREN 4G
mmE A pH A 5, K D318-IIT M iR 1T & 1
A e ST PR (RN o X i A R S AL AN 5 v ) =
Y B P A 45 K R AL 2 B4y R FH XRD. XRF. ICP-
OES. HPIC % Z il 7 151t o

BUR R e —KIRI RS, PR R 0(T)
tl_ﬁ

_ pMo>< V
Lyo= wXm

s Ly NHEINR R (%) py, NIRRT
WRE(g/L); VIR FR (mL); w o R F14H
IR AL(%)s m AR B E(g)-
A UR S fHH NaSO, 28 il R 32 2 0(8) T4
mXw

Na,SO, — Vxpg

K Oy g0, WTRBRINII G SR (%) m AT HR)G
Na,SO, FI i & (g); w N Es i B i i & 2 50(%)s
VAR ARG (mL); pg NBR S G O B R
£ (g/L).

x 100% (7)

x 100% (8)

2 FER5E

2.1 REEFBER-RETZ
2.1.1 Na,CO, HEXHIZ H R 5 m

TERE IR EE 750 °C v &5 Jerf 18] 2 hy 32 H [
b 1:4 (g/mL, F[FE). EHEE9S C. = HEE 2
h 26 T 25 %% Na,CO, I & 23 AN B FH 211 1.0
Ty LIRS 1265 L3 RER IR R A COs ik
FEIREm . RIG 45 Rl 4 Fios .

FH 4R %0, Bl Na,CO, H & WIS & 1)
LOREHE BN 1.1 AR, FHAR KRS, M

100 15

90 e

80

W
Concentration of COZ7/(g-L™")

Leaching efficiency of Mo/%

70

1.0 1.1 1.2 13
Dosage of Na,COj; to theortical amount
E4 Na,CO, &% Mo 21 CO3™ M5
Fig. 4 Effect of Na,CO, dosage on leaching efficiency of

Mo and concentration of CO%’
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Table 3 Main elements in leachate under comprehensive

condition experiment

Mo
38.81

Composition

S
89.04

Cco3~
4.13

Concentration/(g-L™)

GEFMRIE TR, SUEHEEEER
HFAEHIAF)38.81 g/L, Bk EiAH89.04 g/L.

J e S5 R b iR Tl 8 FeMoO,« NiMoO, FlH:
fih e LA B B2 I %, AHZAIARTE M 2544 R aT
B Ak N AT PE MoO2 ™ Fll Fe(OH),!, SR ITTAR AT 45
FIRER Sy A%, o BB B BB e 2%,
B K CaMoO, 5 0k LR H I 5™, 18 Ji5 ki
H T2 N

Nt 2 S ARG T A5 1A SI2 06 435 R HEAT 0 Tl
b, HERWER4PR.

Table 4 Analysis of equilibrium during leaching under comprehensive condition

Content of Content of Concentration of Leaching equilibrium
Element Ni-Mo ore residue (110.88 g), leachate (200 mL),
(200 g), w/% W% plg L In residue/%  In leachate/% Error/%

Mo 4.10 0.31 38.81 4.42 94.68 -0.90
S 13.31 7.56 89.04 32.63 65.76 -1.61
As 1.06 1.12 421 61.75 39.72 1.46

Si 16.39 27.43 1.53 97.80 0.93 -0.87
P 1.26 2.10 0.54 97.40 4.29 1.69
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Table 5 Content of impurity element in purified leachate

(concentration, g/L)

Mo S As Si P
37.94 90.43 0.011 0.015 0.012
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Fig. 9 Effect of Mo concentration on crystallization rate

and purity of Na,SO,
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Fig. 10 Effect of S concentration on crystallization rate

and purity of Na,SO,
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BEE IR S RN, S5 A R,
YRR N 90 /LI, EIEAAF A 100 mL 5%
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PR, 1524570234 g, HE I T4 )5 L
37.28 g, WHIAARIRIA 52 mL. 4¥0H Na,SO, &
TR, A ENGE AL R S B A A ZE
Ko Na,SO, 7E 7 VR 45 i I 18 46 4E Ji% Na,S O, 10H,0
A, FEE IR KB EAIIK, AR+
T K ) BB A Na, SO, 1 45 5 177 32 1 B, 1%
T Y6k /D b4 45 N, SO, 75 ¥4 T H 10 1 i 12 PRAIK
WK T BN AE S W R o R R, R T
Na,SO TE 4 &, MR AR b . 45
BHE, RIHBEA VRS SR I B IR E 90 g/L.
233 AR RGE KRR

1E 3R VA VR 45 5 43 55 Na, SO, il 56 AT 73 1 J A
Befiti b, DA S IR HOR R BRIR 2 R 90.43
/L) T VR A SIS UE SR 00 . 7E 4 CREAT I VRES
W, 317059 g 4581, Hrindk e s,
S5 XRD WS WA 11 Fros o
T6  LEA MR ARG ) E B R
Table 6

comprehensive condition (mass fraction, %)

Main elements and content of product under

(0) S Na Mo
46.32 22.96 32.59 0.10
¢ e — Nast4

il L

70-1541> Thenardite-NaSO,,
| R | I | T

| 1 | | 1 | ‘ A L,
10 20 30 40 50 60 70 80
20/(°)
0 a7 XRD
Fig. 11 XRD patterns of crystal product

Gia ko MR, BN 4 RN
89.61%, RS CRIFMIA, EEL Mol
WEYINE . Na,SO, 4524, b il B4k
s (14 7 V53— 2 4 18 Na,SO, 2L, [RJ B Rl sg
TR

2.4 NaSO4Z@ERIRETLE

FID318-II# fig, 7EpH N3, RHEEEME A N
1h, B FATE FACH#, FEH 10% 120K iE
M, XS BIRIAENTCIEAT 200, 43 B0 VAR AT IR
AT AN T 7 o

RT ETHE SRR SRR SR
Table 7 Content of main element in fastigium stripping

aqueous during ion exchange (g/L)

Mo S Na
115.34 0.14 0.02

HHE 7 0l 1, 15 B0 = AR AT 2 H Tk B
115 g/L VAL, 26, SRS 2108, MRS H

B2 U 2 W T T2 PR B R 7
3 #Hig

1) 4B NI B4 T2 468 Na,CO, &N
I HER 1265, KRR N800 C, Kkl h,
R 14, RERE RIS C, BHEE N1 h
A FIEMIZ H 4 1k, FERE T 20564 FERIR %
X3 94.68%, & i FHHIL R 38.81 g/L, BRIKSE
1£%89.04 g/L.

2) FI| F Na,SO, 75 1% i ¥ it A% 1) 4 5 18] i
Na, SO, 7t L& F2n4T 1. ARSI 2 — M
HIRE, %2 Na,MoO, MRk R K. TR G RL
40 g/L. B E N0 gL, AURIRE 4 CHIftE
214 T Na,SO, 14555 N 89.61%.

3) fEVEW pH Ay 3+ RHEEEAET (8] 1 hy f#RH
NS NH, & 10% 20K ARIRGRIFE Al (] 1 h i 2% A4
N, KEREREASS G HOHAT B TS e, AT AR R
BH 115 g/L UL 1 iy VAR AT
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Clean recovering process of molybdenum and
sulfur from nickel-molybdenum ores

TANG Shi-yang, YANG Jian-guang, NAN Tian-xiang, LONG Wei

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

Abstract: The Ni-Mo ore is a kind of refractory ore, which has been neglected for several decades, due to the
absence of an efficient treatment process. In this paper, a metallurgy process including alkaline roasting,
purification, freezing crystallization, and ion exchange for extraction of molybdenum and Na,SO, from Ni-Mo ore
has been proposed. The effects of Na,CO, dosage, roasting temperature, roasting duration, leaching temperature
and leaching duration on the leaching efficiency of molybdenum and the composition of the leachate were
investigated by single-factor experiment. In addition, the effects of the concentration of molybdenum and sulfur in
the leachate on the crystallization efficiency and purity of Na,SO, were studied. The result shows the leaching
efficiency of molybdenum is 94.68% with the optimal conditions in roasting-leaching process of the dosage of
Na,CO; is 1.2 times of the theoretical amount, the roasting temperature of 800 C, the roasting duration of 1 h, and
the leaching temperature of 95 C. The purity of Na,SO, produced by freezing crystallization process is 97.45%
with the optimum condition of the concentration of molybdenum about 40 g/L and sulfur about 90 g/L. The
concentration of molybdenum in stripping aqueous is 115 g/L, which is obtained by ion exchange.

Key words: Ni-Mo ore; clean metallurgy; freezing crystallization; Na,SO, recovery; molybdenum recovery
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