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Separating and enriching zinc from metallurgical dust at
low temperature
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Abstract: The characteristics of dust obtained from different steelmaking enterprises were systematically studied. A new
process for separating and enriching zinc from metallurgical dust at low temperature was developed. Based on the
volatilized thermodynamics analysis and dynamics reduction experiment of pure ultra-fine ZnO, the experimental study
on non-molten reduction and recovery and enrichment of zinc in dusts was carried out. The results show that zinc oxide is
reduced to metallic zine, using high-purity CO or H, as the reducing agent at 800—900 ‘C, and the de-zincing rate is over
99%. The collected gaseous reduction products are washed to get rid of K, CI and other elements, then the enrichment,
called Zn-rich material, is obtained with the content of Zn up to 90%. At the same time, the dusts are reduced at the state
of non-molten because of low temperature, and the metallization of Fe in product of solid-state reduction is as high as
90%. Furthermore, the solid-state high-purity iron can be directly separated physically.
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Table 1 Chemical composition of metallurgical dust
Kind of Mass fraction/%
dust  TFe FeO Zn Ca Si Pb C

EAF dust; 37.50 1.52 1030 6.71 1.66 127 -
EAF dust, 47.26 524 832 281 099 064 -
BF dust; 30.00 3.75 12.11 1.83 220 0.59 25.80
BF dust, 42.36 6.36 3.41 132 1.01 0.64 20.55

S *— Fe203
*—_ FC304
. . « # v— 7ZnO
" Al vy JIv A., LU_ A:KCIA(d)
0
. N {: &
.
e v | , (c)
it il {: ﬁ, — ' ~
'ﬁo . . % §
MMA dosshomina (a)

10 20 30 40 50 60 70 80 90
26/(°)
1 AEMAM XRD i
Fig. 1 XRD patterns of metallurgical dusts: (a) BF dusty;
(b) BF dust,; (c) EAF dust;; (d) EAF dust,
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Fig. 2 Size distribution of metallurgical dusts
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Table 2 Factors and levels of non-molten reduction of ZnO

Level
Factor
1 2 3 4
Temperature/ ‘C 700 800 900 1000
Time/h 1 2 - -
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Table 3

metallurgical dusts

Factors and levels of non-molten reduction of

Level
Factor
1 2 3 4
Temperature/ 'C 800 830 860 890
Atmosphere H, CO - -
Kind of dust EAF dust; EAF dust, BF dust; BF dust,
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Fig. 3 Schematic diagram of non-molten reduction

experimental apparatus of metallurgical dusts: 1—Nitrogen
source; 2—Hydrogen source; 3—Carbon dioxide gas source;
4—Gas reforming unit; 5S—Flow meters; 6—Gas mixing
chamber; 7—Resistance furnace; 8—Control cabinet; 9—

Crucible; 10—Dust removal device

2 HR5UHE

2.1 EESFHF ZnO BIEXITH

{fi ] Fact sage A E AR N CO 8¢ Hy ik
J5 ZnO [T SAH A (Tl 4 TR iR a F0 b FTR),
ATLAE H: T 907 CHE, A RS ZnO(s)—
Zn(g)M#AS)EAR s T HANRRELEE T~ Zn BRI ZES,
R OLE 4 gk o rTLUEH: Zn HIRIZESE
M4 /e 700 CIFAE HILE s, RERIG K, 42907 Cik
#1100 kPa; MUETFRAAZR T, A4 Hy 58 CO HiL iR



55 22 B4 9 A, A IRIE A WA AT Zn 2695

100}
80r 175

601 1so

125

Volume fraction of CO/%
Volume fraction of H,/%
Saturated vapor pressrue of Zn/kPa

¢— Saturated vapor >, | 0
pressure of Zn

300 600 900 1200 1500
Temperature/‘C

4 ARFEREFET COv HyiB R ZnO [T AH sy

Fig. 4 Equilibrium gas composition of reduction of zinc oxide

by H, and CO at different temperatures
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Fig. 5 Reduction law of pure ultra-fine ZnO: (a) Effect of temperature on de-zincing rate; (b) Zn particle



2696 o E A 8 R R 201249 A

100r(a) 7/<‘
99t
X
8
S 98r
on
R
Q
=)
5 o7t
jo
(@]
- — H2
961 A—CO
95500 830 860 890
Temperature/ C
100r-(c)
A————h‘_—/‘
i ./-\./.
X
o
£ gt
&0
g
Q
.g
S 97t
L
(=)
- — H2
961 A—CO
Ry 830 860 890

Temperature/C

6 RSk R Zn (KL AR TE

100f(b)

99

981

De-zincing rate/%

I—H2

961 +—CO

95

800 830 860 890
Temperature/'C

100f(d)

=] \O Nel
~ (e \O
T T T

De-zincing rate/%

\O
D
T

I—H2
+—CO

800 830 860 890
Temperature/C

95

Fig. 6 Reduction property of zinc in metallurgical dusts: (a) EAF dust;; (b) BF dusty; (¢c) EAF dust,; (d) BF dust,
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Table 4 XRF analysis results of zinc-rich material

Mass fraction/%

Sample

ZnO PbO S CaO Si0, MgO ALO;
BF dust; 92.00 4.92 1.59 0.57 0.57 0.34 -
BF dust, 90.35 5.22 1.77 0.73 0.42 0.56 0.91
EAF dust, 83.72 7.06 5.44 2.10 0.50 0.48 0.13
EAF dust, 90.77 4.21 2.01 1.33 0.70 0.90 -
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Fig. 8 XRD patterns of zinc-rich material: (a) BF dusty;
(b) BF dust,; (c) EAF dust;; (d) EAF dust,
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