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Table 1 Chemical composition of tin-bearing iron
concentrates
Componet Mass fraction/%
Fe 64.85
CaO 1.55
Si0, 0.91
AL O, 0.87
Sn 0.56
Sb 0.34
Pb 0.06
Zn 0.04
Cu 0.01
Others 30.07
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Fig. 1 XRD pattern of tin-bearing iron concentrates
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Table 2 Proximate analysis results of high sulfur coal

Componet C Ash Volatile S
Mass fraction/% 3143 46.17 20.07 3.47
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Fig. 2 Experiment device: 1—Pressure value; 2—Flow meter;
3—Furnace cover; 4—Corundum tube; 5—Corundum slot; 6—

MoSi, heating staff; 7—Thermocouple
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Fig. 3 Relationship of AG® of Eqs. (16), (17) and (18) and

temperature
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Fig. 4 Relationship of AG® of Egs. (19), (20) and (21) and

temperature

T<1313 K:
Sn(1)+S05(g)+2CO(g)=SnS+2CO,(g) (16)
Sn(1)+COS(g)+CO(g)+0,(g)=SnS+2COx(g) (17)

F3 ARSI N BN B bR R

2Sn(1)+CSx(g)+2CO(g)+20,(2)=2SnS+3C0x(g)  (18)

7>1313K:
1/3Sn0+1/3S0,(g)+CO(g)=1/3SnS+CO,(g) (19)
SnO+COS(g)+2C0O(g)+0,(g)=SnS+3CO0,(g) (20)

2SnO+CSy(2)+2CO(g)+01(2)=2SnS+3C0x(g) @1

3 GRS

ANTA) S8 25 RGBT 0 I B R AR R SR S Pk
TR AR 3 M4 PR,

3.0 RERREIE TSRS EN B S R SR B9 R M
TR 10 mL/mins SIS 1.8 AN kL
% 74 pm SERG AT R, WEFURS eI X B R T R AL
KM RO IR . KR T s, B TR 4
JCAUBR AN E NS i S5 A7 LA 23 A R i, BRI g A
BRI AR TR 8w, R, B AH (SnO,) ik i ik

Table 3 Tin removal rates of tin-bearing iron concentrates under different conditions

Roasting temperature/K Reaction time/min m(H)/m(T) High sulphur coal particle size/pm Tin removal rate
1173 60 1.8 74 0.625
1273 60 1.8 74 0.661
1373 60 1.8 74 0.732
1473 60 1.8 74 0.882
1473 10 1.8 74 0.198
1473 20 1.8 74 0.416
1473 30 1.8 74 0.591
1473 40 1.8 74 0.75
1473 50 1.8 74 0.861
1473 60 1.8 74 0.882
1473 70 1.8 74 0.896
1473 80 1.8 74 0.905
1473 90 1.8 74 0.914
1473 100 1.8 74 0.92
1473 60 0.6 74 0.625
1473 60 1 74 0.804
1473 60 1.4 74 0.855
1473 60 1.8 74 0.882
1473 60 1.8 420 0.696
1473 60 1.8 180 0.786
1473 60 1.8 150 0.861
1473 60 1.8 74 0.882
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Table 4 Composition of the materials after roasting-magnetic separation
Roasting Reaction High sulphur coal High sulphur coal Mass fraction/%
temperature/K time/min addition amount particle size/um Sn Fe S (0] Mg Ca
1473 60 1.8 420 0.15 87.16 0.58  6.59 1.81 0.95
1473 60 1.8 180 0.11 8739 057 6.08 234 0.88
1473 60 1.8 150 0.069 88.93 0.6 592 287 0.9
1473 60 1.8 74 0.058 88.56 055 6.03 245 0.84
0.90 fromer—e WG A RE 0 AR T R B R SR 45, i i

High sulphur coal particle size: 74 um
0.85 rHigh sulphur coal addition amounts: 1.8
Air gas flow velocity: 10 mL/min

Removal rate
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Fig. 5 Effect of roasting temperature on removal rate of

tin-bearing iron concentrate
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Fig. 6 Effect of reaction time on removal rate of tin-bearing

iron concentrate
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5 FiR O REBEIREE N 1173 K THes % 1473 K I, B
B 62.5%34 4 88.2%. [l 6 W R K5HEIS 1] 10 min
FEK A 60 min B, HIERZEH 19.8%1H4 2 88.2%, K
BRI M GRS K, B B IR A T T i (HR S A

TN 1473 K, REBem) (A% F4 60 min.

FEAS IR, S B R B TR AL R B,
SALFE SO, EEGHALIER, BN
Sn0,+4CO(2)+S0,(g)=SnS+4CO4(g) (22)

TRFE R AR S NARE A R S N a2y, I R4S A1
P WTRORI G SO, =385, A4y LR 5 AN
g%[27—29]:

1) CO F SO, i AL S 24 H R s 3 ) ik
ESIIE

2) CO M1 SO, il I Jst W AR 42 [ 4™ Hil 1)~ [ AH
25 S N AT 5

3) CO Fl SO, £ [ AH B 3 7 11 A AW B[] I
LB R SIS RS, F=4) SnS R CO, B

4) SnS Fl CO, i N ok § B S AH L St
2

5) SnS il CO, WIS AL T ZY HZR AN VS

SRR T IS R B AR AT . S TR e
BN 1473 K NS ARSI 10 mL/min, 4M
BN 23 Bk BN BRI TR0Y, N i, S
2 S N B A SRl . BRSNS AN, O R
NE) ST REAE, BAkanR 5 fros. £ 5,
a=pro/(Kco), b=ry’p/2Dgco), X=1-m/mo(XH: p F5IH
RS2 E s ro T A4 S N A RIORE 4%, K FR IRV
TR co TRIER R NIRRT SRR EE, De 45
P RO HEE, o FEA IS RV LEEREL, b BN
AL, mo T8 AR S N AWIUR TR, m f RN

RS NI PR A BRI T 8y g 2 75 R

Table 5 Kinetic equations with different controlling steps

Restrictive link Kinetic equation

T=a[1-(1-X)""]
=b[1-2X/3—(1-X)*"]
=ay[1-(1-X) 1=
bi[1-2X3-(1-X)*"]

Interfacial chemical reaction
Internal diffusion
Interfacial chemical reaction and

internal diffusion
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Fig. 7 Relationship between [1-(1-X)"*] and reaction time
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Fig. 9 Effect of high sulfur coal addition (H/T) on tin removal

rate
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Fig. 10 Effect of high sulfur coal particle size on tin removal

rate
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Fig. 11 XRD pattern of material after roasting-magnetic

separation
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Tin removal from tin-bearing iron concentrates through
reduction-sulfidation roasting using high sulfur coal

FENG Xin-yang, LI Lei, YU Yong, SANG Xiu-li

(Faculty of Metallurgical and Energy Engineering, State Key Laboratory of Complex Nonferrous

Metal Resources Clean Utilization, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Through the reduction-sulfidation roasting process using high sulfur coal, tin can be removed efficiently from
tin-bearing iron concentrates. According to thermodynamics and kinetics analysis, the mechanism and process of
tin-bearing iron concentrates reduction-sulfidation roasting were studied. The results show that, under air atmosphere, the
tin reduction-sulfidation is realized mainly through CO and SO,, which are respectively generated from the Boudouard
reaction and the high sulfur coal gasification. Being different from the phenomena using pyrite as curing agent, deep
reduction of tin-bearing concentrates does not cause tin removal rate decrease with the increase of high sulfur coal
addition. The reason may be that curing rate of tin phases by the SO, is higher, and the formation of iron-tin alloy
decreases. Tin content of the concentrates decreases to 0.066% under the conditions of air flow rate of 10 mL/min,
roasting temperature of 1473 K, reaction time of 60 min, high sulfur coal addition amount of 1.8 (mass ration of high
sulfur coal to tin-bearing iron concentrates) and particle size of 74 um. It is further reduced to 0.058% after magnetic
separation, which can meet the standard of BF iron making, requiring tin content in iron ores less than 0.08%. The work
may provide a new approach for the clean use of high sulfur coal.

Key words: high sulfur coal; tin-bearing iron concentrates; reduction-sulfidation roasting; tin removal; kinetics
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