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Direct reduction effect of coal slime on zinc-leaching residue

YANG Hui-fen, JIANG Bei-ping, WANG Ya-yun, YUAN Xiu-xing, ZHANG Ying-ying

(School of Civil and Environmental Engineering,

University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The effects of technical parameters, such as the mass ratio of coal slim to zinc-leaching residue, the mole ratio
of CaO to SiO,, reduction temperature and time, on the direct reduction of zinc-leaching residue containing zinc, lead and
iron compounds were explored using coal slime as a new reducing agent. The types of minerals and iron phase in roasted
products generated at different temperatures were analyzed. The morphologies of iron particles in calcine were observed
under the optimum reduction condition. Finally, the grinding-magnetic separation tests of the calcine were carried out.
The results show that the roasted products with evaporation rates of zinc 96.69% and lead 97.65% in the zinc-leaching
residues, metallization rate of iron 97.78% are obtained under optimum conditions of the ratio of coal slim to
zinc-leaching residues 45%, mole ratio of CaO to SiO, 1.2, direction reduction at 1250 “C for 90 min. The iron in calcine
is basically metallic iron. The metallic iron particles size is more than 20 pm. The obvious boundaries can be observed
between the metallic iron particles and slag phase, showing the feasibility of monomer dissociation of metallic iron
particles. The metallic iron powders with iron grade of 90.80% and iron concentrate with iron grade of 65% are
synchronously recovered by two stage grinding-magnetic separation process, and the total iron recovery is 81.19%.
Therefore, the coal slime is proved to be a good reducing agent for the direct reduction of zinc-leaching residue.
Therefore, the coal slime is proved to be a good reducing agent for the direct reduction of zinc-leaching residue.
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Table 1 Chemical composition of zinc leaching residue (mass

fraction, %)

Fet” Zn Pb CaO MgO ALO; SiO, MnO S P

23.24 17.31 3.47 3.24 1.13 1.73 10.20 4.78 7.92 0.05

1) Fer is total iron.

UL, BRARS k. B SRR, 2
N 23.24%. 17.31%- 3.47%., ELATH 5 1 RIBCR]
M. X SHEATHH T (XRD)E B, 2Erd &2k,
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) 71.76%(brEREHE 29.306 MI/kg). Ak, KEVEK
SRACHRE ,>1500 C, AREREHER 1~2, KR
Ve IKAF AN M HHEE SO R 4 S Wik i . )
(RIHTT R RTRTT H 4 e b R PRI R KL B R b (1 1 HE
DRI, ORI A A kg s B SR 0 S8 R AT 3o

TR AR Ky, REEMLYD
(SiO+ALOs) 1Y Lk ] B & & T Bk Mk A W)
(CaO+MgO+K,0+Na,O) [ L], [RIk, 7 B3k s
T A9 CRAEAR R OB, 8 0 A4 R P I Nl 2 8 791 (I
W HEJE Ca0), LUl CaO i #t Fe,SiO, 11 FeO,
PR R R (F e, S104) Tk 1) T 4223 Jit LA B o S ek ik
1 TR A B



252 A G EE R 20154 1 1
Fz2 PRI B
Table 2 Industrial analysis of coal slime (mass fraction, %)
Moisture Ash Volatile Fixed carbon Carbon Sulfur Hydrogen
3.40 26.99 26.51 54.36 1.13 3.41
=3 BRKI AT
Table 3 Ash composition analysis of coal slime (mass fraction, %)
Si0, ALLOs Fe,O5 CaO KO Na,O TiO, S
55.98 32.58 3.07 2.10 1.68 0.14 1.12 1.14

x4 PerrnetEaetits
Table 4 Metallurgical property analysis of coal slime /%

Deflection temperature/ C Softening temperature/C

Char residue characteristic Net heat values/(MJ kg ")

1410 >1500

1-2 21.03

1.2 [RIE
BRI R IR BE (ZnFe,04) il R BE
(Zn,Si0,) R (PbSOy,) FERREK (Fe,SiO,) Flff FRER

(Fex(SO4)3) Ak 2 M {E I 1 12 4 S5 R ] 4
RV
ZnFe,04(s)+2C(s)=Zn(g)+2Fe(s)+2COs(g) (1)

7n,8i04(s)+C(s)+CaO(s)=2Zn(g)+CaSiOs(s)+COx(g) (2)
PbSO.4(s)+2.5C(s)+CaO(s)=Pb(g)+CaS(s)+2.5CO(g) (3)
Fe(S04)3(s)+7.5C(s)+3Ca0(s)=
2Fe(s)+3CaS(s)+7.5CO(g) (4)
Fe,Si04(s)+CaO(s)+C(s)=2Fe(s)+CaSiOs(s)+COx(g) (5)
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Fig. 1 Relationship between standard free energy (AG®) and

temperature of reactions (1)—(5)
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Fig. 2 Effect of coal slime ratio on iron metallization ratio

and volatilization rates of lead and zinc

B 2 AT, SR R 30% 0, BE. HiffiE
JEA R RIE 90%LA 1o BEAE B =R, B
IR 4 A e BRI G, (FIBIRIR /N . 0
M 45%)5, BF. BTREIEE ORI T . 1M
BRI 4 JeR A A U A R B 0 1K 5 I o s
T PRSI & 45%I, B4Rk
Fld . SRR HE, SNSRI
WS DR, e R RN 45%, BERTER. HREJE
FER Y10 97.85%196.98%, 14 @ ALk 88.90%.
2.1.2  CaO F1 SiO, FE/K LL 5

K 3 fizs A CaO 1 Si0, BE/R HERTEE . #hE KR
Sk TR TR A o ] 45 1 KRR H & 45%, 1200
‘Cid J5 ke 60 min.

fHE 3 AT UL, CaO 1 SiO, IS /R LEX B HiiE Rk
HIFEAKR, WS RRERE A K, i CaO
HISiO, BERLLIIBER, BF. B R FARMIRER DN,
BRE 4 JEAL R MBS CaO F SiO, BE/K bb 3 KT 723
BRFET 2. 24 CaO Ml Si0, BE/RLE>1.2 i, £k
()4 JB AR EE AT ELE 89%. MU, #EFE CaO F1 SiO,
FEIRLE A 1.2,

2.1.3 RS

P 4 BT 7R g i i B v R o k4 JE Ak R
I o [ 8 45 BE F & 45%, CaO/Sio, E/KLE
1.2, &JR KB 60 min.

100 100

98' -/.,_———D-\-\-\- _95
ock _'_/—“\

Volatilization rate/%

Iron metallization rate/%

94~
185
9L =—Lead volatilization rate
v— Zinc volatilization rate
4—Iron metallization rate 80
90 .

09 10 L1 12 13
Mole ratio of CaO to SiO,

B 3 CaO Hl SiO, FE/RLLXTHY. FEFER %M A i Ak %11

AL

Fig. 3 Effect of mole ratio of CaO to SiO, on iron

metallization rate and volatilization rates of lead and zinc

100 100
N
e %1 190 5
) &
S (=]
E of E
£ 180§
. 5 ‘C_'S
o 88r

= 170 8
=—Lead volatilization rate =

v— Zinc volatilization rate

84+ 4—Jron metallization rate

1100 1200 1300

Reduction temperature/'C
4 IEJRIEON . PR R MBRE RA AR SE

Fig. 4 Effect of roasting temperature on iron metallization

1000

ratio and volatilization rates of lead and zinc



254 A G EE R

20154FE 1 H

HHIE 4 AT 0L, R R T SRR B R R A
BRI G AR B . B SR R T
BEL BT R A AN 1) 43 A 23 1 T KT T
%o BRI R AR PR 2 Bk 1) < e A 2 HE T 1)
WMRZ . BEEIE R E A 1000 CH 3] 1250 °C,
BRIM BRI 62% Rl K3 92%, HEK T 30%.
T R AR AN 2 8%, A R R IIIE 7%. 4ke:
BB SR EE, B BORIER I 48 A3 AN T B AR A
DR, BEFEIEJEIRIE N 1250 'C. BB, 4%, FFiERE
SR 97.52%. 96.11%, BR&BHEN 92.53%.
2.1.4  IBJEE ]S

5 BTN NI SR I TR BEFE R R k4R Ak
HIFEI o [ ESAT: e H & 45%, CaO/Sio, FE/K
th 1.2, BJREE 1250 C.

HHIE 5 AT 0L, SR SR TR B AR RV I 4
JEACEI A . B IR () I, B R
KB, 5 75 min JEIEATRE . N4 B
DN A I J I 1) () K I IR AL, AN 30 min F1] 90
min I, BRIEEMEIG T 10%, &R 90 min J5,
s mibaTEE. ik, BRSSP
SRR, PRI B AR, I8 SRR ) 208 I LE 90
min PA I

100
498
98r X
N 2
2 &
= 961 194 §
5 =
2 g
3 =
= 94r [
= 190 g
§ =}
9t =—Lead volatilization rate §
v—Zinc volatilization rate
4—[ron metallization rate 86
90 1 L

30 60 90 120 150
Reduction time/min

5 RSN BT R KRR R
Fig. 5 Effect of roasting time on iron metallization ratio and

volatilization rates of lead and zinc
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Fig. 6 Effect of roasting temperature on iron phase of iron in

calcine
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Fig. 7 XRD patterns of zinc leaching residues and coal slime
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Fig. 8 SEM images and EDS spectrum of zinc leaching residues and calcine roasted at 1250°C for 90min: (a) Zinc-leaching residue;
(b) Enlarge figure of Fig. (a); (c) Roasting product—calcine; (d) EDS in area 1 of Fig. (c)
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