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B EBr. RIRHT R4 RRY, R BRI Bk v] LA R PR b Siv Mg, ALFI Ca & &,
W Si R BR R L)L B 100%, Mg IR R Z1IEF] 99.7%, Al HIER R LA F 78.44%, Ca HIBR R E LN 9.8%.
KA 48% MR AR N R, S BZmEd s, BRINESEE~NPHEETEETR 2%, STERE
0.69%, EERFIICE SiO, FEME 0.0021%, Cu FE/MT 0.005%, P FE/MT 0.005%, Mg &S 0.001%,

Al EE[ESE 0.64%, CaTEN0.51%.
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Table 1 Chemical composition of molybdenite concentrates

(mass fraction, %)

Mo S SiO, FeS, AlLO;
48.32 34.5 7.0 5.8 3.02
CaO MgO Cu Pb P
0.35 0.18 0.12 0.09 0.04

BEES: T &, TFW, 4 fif: 18811105273; E-mail: wangleivictory@sina.com
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Fig.1 XRD pattern of molybdenite concentrates

1 AT LA Y, SRS 32 A9 MoS,, /b
HI1 SiO. FEFEMA el A, FEREE T MoS,
FEALUAT] 80.5%, FERH, SiO, & E R,
AIILH] 7.0%. ALOs &N 3.02%, CaO A 0.35%,
MgO N 0.18%. Kk, ASCIBFFER SN FEEA R
SiO,+ MgO. ALO; fil CaO 7EE SR FEF AT A

2 BEFBALRERERRERTERNR
HEFESH

WFAARER R Si0,. CaO. MgO. AlLO;
BORIE RS ORI AR T B B, SRAERRS oD
N ik R IR ) 7, fF Si0,. CaO+ MgO. AlO;
SRR, LUk S| LB BRI Siv Ca.
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Table 2 Possible reaction of SiO, and C under vacuum condition

SN B AR AE SR T B BT R AR AR BE
IRIIBURIEARAL, MUK 32 A SR AR, R,
FERE T A AL 2> BP0 IS REAT SR L. 2K
S ISLFR) AR 5 453 1 48 o3 T e AT B8 i 7 BERAE
(ELBEDIS, SRS SRR EATS ),

2.1 Si0,5 CHIRR

LR A EIRA J5 R BT T,
RS T (1) Si0, AT RE SR R AR OB, FLRT e R A
LN 2 fr A,

Si0, HIE JF B N A%, W AL A iRt %
A, AR R PR —B. ARET,
Si0, B3 Ji 1 S B B 35 A1 7 E R R 5 R ) S4B (D)
PR R 2 FFl.

AHEFEH Si0, B 5 R BAE 1~100 Pa AT,
BRI 23 0T S10, 9348 J57 5 1) 35 A7 1 1 R BE AE s 4
KAJE. 100 Pa. 10 Pa. 1 Pa FHHTIHHE, 45 HRK
2 fiRe

FERRAE RS E(101325 Pa) N, 7EWFFE AR E VL
W, RN (2~ B) (5)~ (6)« (7T IE RIBELT,
BEE IR, IR A R RL(1)~(9) 5 AT I Al AT -
H NG A 7 AT, (1) QWA 5T,
TN ATHEAT, B L(7) 0B U BL(2) F R V(3)
MR, B IRBLQ)FIR L(4) IS A, RBL(8)tH mT gk
17, B8 T B s (DA B R) Il &, IXFE IS
R BT A R ) SR SR R A o SOBE(S) PR 2 AT 40 e
REAEMT LI P Bl N AR D B, LR AR T REME 1R
Ko RIBL(S)FN R RL(T) S E A B, FEAR R 264 T
FEAEAAE SIO SR PRAhE, TR Si0 <A M)
RE TS5, BRI I S0 (5)FH B 2 (7) T BEFEAT PR 4

Reaction A.G © /1 ~m0171) Reaction No.
Si0,+2C==Si(S, 1)+2CO(g) A,G® =683725-352T (273-2073 K) e
Si0,+C==Si0(g)+CO(g) A,G® =68318-342T (273-2073 K) 2)
Si0,+3C=SiC+2CO(g) A.G® =608756-340T (273-2073 K) A3)
2S10,+SiC=28i0(g)+CO(g) A,G® =1459200-704.7T (273-2073 K) @)
SiO(g)+C==Si(s, 1)+CO(g) A,G® =8293.5-6.2T (273-2073 K)
A.G®=43919-37.35T (1687-2073 K) (5)
2Si0(g)==Si(s, 1)+SiO, A,G® =-694912+332T (273-2073 K) 6)
SiO(g)+2C=SiC+CO(g) A,G® =—78596.2+0.576T (273-2073 K) @)
28iC+Si0,==3Si(s, 1)+2CO(g) A,G® =833663-375.5T (273-2073 K) ®)
Si(s, )=Si(g) A,G®=444759-142T (273-2073 K) ©)
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Fig. 2 Gibbs free energy of possible reactions of SiO, vs temperature under different pressures: (a) 101325 Pa; (b) 100 Pa; (c) 10 Pa;

(d)1Pa

BN TR SI0 AUk, BEEIREMFEK, KA
WA SRS RE(6)) o T EH HAth 34 5 s AR ) St AE#L
AR, AR, USRI g, JEE
B IR EIBEAG, —IRTEE PRI ks . X
FE, BRI Si0, ATBEIE RN Si0 At Bk, 5k
HWE R Si, HE AR R

22 Ca05CHIRR

TEARRED FINABR 2 J5, fERZEHMET, Hdw
CaO T fig 5B R AE I v 4n R B2,
1.5S,(g)+2Ca0=2CaS+SO,(g)

ArG® =—-168733+56T (273-2073 K) (10)
CaO+C==Ca(g)+CO(g)

ArGG =692204-291T (273-2073 K) (1)
2CaS+C==2Ca(g)+CS,(g)

ArG® =1405312-3987 (2732073 K) (12)
CaS+C==Ca(g)+CS(g)

ArGG =922350-285T (273-2073 K) (13)
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Fig. 3 Equilibrium pressures of possible reactions of CaO vs

temperature
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Fig. 4 Equilibrium pressures of possible reactions of CaO vs

p/Pa
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Mg==Mg(g)
A,G® = 1369314997 (273-2073 K) (14)

MgO+C=Mg(g)+CO(g)

A,G® = 629567-299T (273-2073 K) (15)

2MgO=2Mg(g)*+0(g)
A,G® =1483602-424T (273-2073 K) (16)

MgO+CO(g)=Mg(g)+COa(g)
A,G® =459481-125T (273-2073 K) (17)
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Fig. 5 Equilibrium pressures of possible reactions of MgO vs

temperature
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MANIBREFRZ J5, ALO; BB RE . HHIE
WA, fTEESEZM T, ALO; W RERAEN
SA0A/ I N
Al=Al(g)
A,G® =319448-119T (273-2073 K) (18)
ALO;+C=2A10(g)+CO(g)
A,G® =1405312-398T (273-2073 K) (19)
ALO;+3C=2Al(g)+3CO(g)
A,G® =125497-561T (2732073 K) (20)
3ALO(g) =4AI+AlL0;
A,G® =—1110913+583T (273-933 K) (21)



442 hEA O RYR

2020 42 A

A,G® =-1008089+476T (933-2073 K) 22)
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Fig. 6 Equilibrium pressures of possible reactions of Al,053 vs

temperature
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Fig. 7 Gibbs free energy of disproportionation reactions of

AlO vs temperature under different pressure
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Fig. 8 Morphology of metal molybdenum product



30 552 EF % B RN R R R B AT R A 443
R L BRTEL HE 11 A RUE H, REIFYIR AR A, AR

St 8 HERIAEAT XRD 40 #T, iRk 9 fir
e HIE 9 WBLEH, Frs Bl done)@iH, Bl
PSSR0 dh A B AR, )@ AH & AR

e — Mo

O U

0 20 40 60 80 100
20/(°)

B9 JFrfsr i) XRD
Fig. 9 XRD pattern of metal molybdenum product
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Table 3  Chemical composition of metal molybdenum

products (mass fraction, %)

Mo S SiO, Ca Al

92 0.69 0.0021 0.51 0.64

Mg Fe Cu C P
0.001 4.44 <<0.005 0.061 <<0.005

% 3 TLUE H, & BHT & EER T 92%,
S HEMZE 0.69%, FERFITE SiO, FE 0.0021%,
Cu<<0.005%, P & &/ 0.005%, @RG24 R cE%
BIHFT N, SE8N 4.44%, HEAREAE R BT
Al HRM e LR, Bk Al 53R 0L ALO; I (A7
16, ALO; T ELIN 1.21%. F4b, Fifg = fh3Rmn #g
A E A,

33 EEYSH

TESM R FE R, TE RSN BE LR T A8
i A, EHIRZ WIERYAAE, HESHWE 10
FIimo B 10 AT DUE L #5800k IR AE 3123 0 A (R
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Fig. 10 Morphology of volatile matters
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Fig. 11 XRD pattern of volatile matters
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Table 4 Chemical composition of volatile matters (mass
fraction, %)
SiO, S Zn Pb Ca Al
80.74 133 3.66 2.62 0.32 0.85

& 4 FRLEH, EERS N S0, H Sio,
P& EnAE 80.74. HAMFEER N S. Zn. Pb.
Ca. Al %, XTHERPTH Si FER Si0,, 45iEHT
THI PR W AT A, 3K 32 B2 T PERRAF 1R 1 1 T
T, SiO, HikARER N, AR T SiO S4B, 1M
EH AR T, BT RERIC, S0 A BRI KA
Btk e v, AR Si0, A Si, THERYIHIEER Si 5
BEN DB SRBL, AER Si0,.
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YRS O JEORE S R FR R A B i, AR S
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R ZREAK, RA TR A B SR A R B
NS LR, MRASHEET M S KA RN AR
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JEBHT= fHf CaS IR H IR, 0 SR 2 75 3 B FH 52 52 i
DA 7 RS S 4 CaS (1 HE R
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77 i O

4 g

1) TEAERSH B et B i N, A AT
2R Si0,. CaO. MgO. AlLO; %R, Hrr Si
(i B R IE B T 29 100%, Mg ML RIES] T4
99.7%, Al FIBLERFILFIL) 78.44%, BEFE WS R 1IY
o, FBikRE A Re it — P . Ca BITLFR 2 S = 2
N 9.8%.

2) RHEALN 48% MK LRSI A S5k, 720
N BRI AT T, RIS R H T IH A &
BT 92%, S HEIFE 0.69%, FEIRFILEK SiO,
F%% 0.0021%, Cu<0.005%, P &&/MF 0.005%,
Mg %% 0.001%, Al [%% 0.64%, Ca &8N 0.51%.
IR G R BT R IIA T T . BRE RN 4.44%, £
KA LR

3) SiO, SR A N, AR K Si0 SR, T
RS, B TRERC, S0 AR IR A
Ak SN, A2 Si0, 1 Sie ALO; AT #EIE S LL Al S 44
B ALO UK, B EBRE, T ALO X KA BRI
MgO RE G it J5 i Mg, H PAZE SR A bled 2
B Ca IRA W BEIA 64 5l R AR R BN AR S 28R 2%
B, T K SHRET R S KA RBIAE R CaS,
F LA CaS FERAETE .

4) WCER B FE R EEAT T, FERS N
Si0,, HH Sio, M B IAH] 80.74%. HoAth 3= B R4
N'S. Zn. Pb. Ca. Al%%,
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Behavior analysis of main impurity elements in
vacuum smelting of molybdenum concentrate with carbon

WANG Lei" % GUO Pei-min" %, KONG Ling-bing"* %, ZHAO Pei"*?, TIAN Zhi-ling"?

(1. CISRI SUNWARD Technology Co., Ltd., Beijing 100081, China;
2. State Key Laboratory of Advanced Steel Process and Products, Central Iron and Steel Research Institute,
Beijing 100081, China)

Abstract: In order to further reduce the impurities content of SiO,, MgO, Al,O; and CaO in the vacuum smelting process
of molybdenite concentrates, a method of adding carbon powder in the vacuum smelting process of molybdenite
concentrates was adopted. Thermodynamic calculation results show that SiO,, MgO, Al,O; and CaO may react with
carbon to generate gaseous substances which can be removed by vacuum pump. The results show that the addition of
carbon powder in the vacuum smelting of molybdenite concentrate can significantly reduce the contents of Si, Mg, Al and
Ca. The removal rates of Si, Mg, Al can reach about 100%, 99.7%, and 78.44%, respectively. The max removal rate of Ca
can reach about 9.8%. When 48% low-grade molybdenite concentrate are used as raw material in the vacuum smelting
process, the content of Mo in the metal product can reach 92%, and the content of S decreases to 0.69%. The main
impurity SiO, decreases to 0.0021%, and the contents of Cu and P are all less than 0.005%, and the contents of Mg, Al
and Ca are 0.001%, 0.64% and 0.51%, respectively.

Key words: molybdenite concentrates; carbon; vacuum smelting; main impurities; metal Mo
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