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Table 1 Composition of blast furnace gas ash in
Baotou Steel Group %

% TFe MFe Zn Pb K,0  Na,O C

HE 1360 2.86 1.31 1.57 14.74 4.91 22.42
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Table 2 Composition of blast furnace gas ash in

different iron and steel enterprises %

b TFe  MFe Zn Pb K,0 Na,0O C
S 39.97 / 0.067 0.548 8.07 0.705 12.07
JEINEAA 41,32 /0 13,02 0.84  0.63  0.28 16.52
firger] 18.01 0.84 <0.08 <0.05 0.22 0.014 55.49
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Fig.1 XRD analysis results of blast furnace gas ash
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Fig.2 Blast furnace gas ash from Baotou

Steel Group
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Fig.3 Particle size analysis results of blast furnace gas ash raw materials
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Fig.4 SEM images of blast furnace gas ash particles
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Fig.5 EDS image of potassium element distribution in blast furnace gas ash
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Table 3  Orthogonal experimental table and detection
results of gas ash water washing for

potassium extraction
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Table 4 Orthogonal experiment range analysis results

SPEI K AU ‘%2 ¥3
GEREL) /% GlE) /% (IJ18]) /%
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K 3 3 3
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Fig.6 The relationship between potassium dissolution rate and liquid-solid ratio, temperature and time
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Fig.7 Comparison of XRD test results before

and after gas ash water washing
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Fig.8 The main distribution forms of potassium element in the sample before water washing
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Fig.9 The main distribution form of potassium element in the washed sample
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Fig.11 Comparison of Distribution of Single Particle Potassium and Chlorine Elements
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Table 5 Possible reactions involved in the reaction process

A,G=AH-TAS
A BEAFLE I S - —— S IR /K
AH/(J-mol ") AS/(J+mol ' -K™1)

Zn0(s) +C(s)=Zn(s) +CO(g) 352 060 289.3 1217
ZnO(s) +CO(g)==Zn(s) +CO,(g) 185510 118.3 1568
3Fe,05(s) +C(s)==2Fe;0,(s) +CO(g) 134 000 224.5 598
3Fe; 05 (s) +CO(g)=2Fe;04(s) +CO,(g) -28790 56. 45 —
Fe; 0, (s) +C(s)=3Fe0(s) +CO(g) 196 100 209. 25 937
Fe;0,(s) +CO(g)==3FeO(s) +CO,(g) 33310 41.45 804
FeO(s) +C(s)=Fe(s) +CO(g) 143 300 146. 45 978
FeO(s) +CO(g)=Fe(s) +CO,(g) -19490 -21.35 913
PhO(s) + C(s)=Ph(s) +CO(g) 107 517 188. 02 572
PbO(s) +CO(g)=Ph(s) +CO,(g) -65106 11.42 —
2C(g) +0,(g)=2C0(g) 170 460 174. 43 977
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Table 6 Composition of zinc residue from gas ash carbon thermal reduction
- [ $uYi Y — MFe/% In &R/ Pb R K &/ % Na &4t/ %
/% g/ C it i)/ h % % (LK, 04f)  (BANayOif)
No. 1 4 1250 1 24. 60 21.55 0.016 0. 005 7.09 3.58
No.2 4 1400 3 28.30 8.45 0. 005 0. 005 1.34 0.45
No. 3 4 1550 2 38.10 7.18 0.010 0. 005 0.25 0. 065
No. 4 6 1250 3 26.50 22.74 0.012 0. 005 4. 940 2.18
No. 5 6 1400 2 32.28 7.38 0.005 8 0. 056 1.270 0.35
No. 6 6 1550 1 35.30 7.32 0.016 0. 005 0. 340 0.082
No. 7 8 1250 2 23.40 23.30 0.012 0.120 4.590 2.21
No. 8 8 1400 1 27.30 6.05 0.011 0. 005 2.780 1.11
No. 9 8 1550 3 33.80 7.32 0.005 1 0. 005 0.250 0. 056
RT I KBRIGE JFER B IE ST B I 45 2R ®8 IEACIAIAR 2 A R

Table 7 Orthogonal experimental table and detection

results of gas ash carbon thermal reduction

for zinc extraction

P B/ % BEGRE/C IR Zn iR/ %
No. 1 4 1250 1 0.016
No. 2 4 1 400 3 0. 005
No. 3 4 1550 2 0.01
No. 4 6 1250 3 0.012
No. 5 6 1 400 2 0. 005 8
No. 6 6 1550 1 0.016
No. 7 8 1250 2 0.012
No. 8 8 1 400 1 0.011
No. 9 8 1550 3 0.005 1
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Fig.12 The relationship between zinc content in the sample after reaction and carbon
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Table 8 Orthogonal experiment range analysis results

AT (B AT 2(ik AT 3(ik

yA il 2
AT wm s )% )%

1 1.033 1.333 1.433
K¥HE 2 1.032 0.727 0.927
3 0.937 1. 037 0.737
K 3 2 3
R 0.001 1 0. 006 1 0.007 0
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Table 9 XRF analysis results of exhaust dust
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Table 10 Acid insoluble substance XRF

% analysis result %
)%x K Cl S )i'%n Pb Zn Sn Al S Bi Fe
a4 7113 13.26 8.90 2.69 1.21 G 77.22 6.82 411 3.57 3.03 144 1.38
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Fig.14 XRD analysis results of acid insoluble

Fig.13 XRD analysis results of exhaust dust b
substances
AR 10% RIS AL BG4 AT Y Zn +H,80,=ZnS0, +H, 1 (1)
Pb + H,S0,=PhSO, + H, T (2)

R JEAT XRE Al XRD 43#7, 25 S an & 10 F1E 14
FiRe Mra R ER, B A4t 10% i g 4L
Ja AR R E 2 A P o R A EIE L Pb

LN

R b AR T s VBRI, 10% R R AL
S AR AR A SOW (1) ~ (2) 6

SR AR ZnSO, i T 7K, PhSO, M AERE T 7K
B , ¥4 HRVE 0AT ANV ) 25 B R PhSO,
{HAE XRD 4528 w32k € 2 W] 1 (4 PhSO, Hy ik
fIEW o ST HMEYS (1) PbSO, LTE 2t & 7 Pb 1)
F (& 15 ), BHAR BN (9 i — A AT, S S B e

= g & 300+
Pb
200 b
100+
Pb
0 Ph
0 10 20
k7 A HREDS
ElkeV AL
Pb
b
1k
0
Pl
e A) Pb |
0 10 TR ANEREDS 20
E/keV

15 A EDS Zphirdhi R

Fig.15 EDS analysis results of acid insoluble substances
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Table 11 Recycled sulphuric acid from chlor-alkali
industry (HG/T 5026—2016)
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Fig.16 XRD analysis results of insoluble matter

after waste acid treatment
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Table 12 XRF analysis results of insoluble matter

after waste acid treatment %

%5 Pb S Zn Al Fe Sn Si Bi

Eir 69.84 9.27 9.09 3.15 2.36 2.10 1.43 1.25

4 g
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Study on extraction of potassium, zinc and lead from blast furnace gas ash of Baotou Steel

LUO Guoli', JIA Zhongshuai', SHI Peiyang’
(1. Baotou Steel Group Mining Research Institute Co. Lid. , Baotou 014000, China;
2. School of Metallurgy, Northeastern University, Shenyang 011000, China)

Abstract ; Blast furnace gas ash is one of the main solid emissions from steel companies, rich in valuable elements
and a valuable secondary resource. Due to the different raw materials of various enterprises, the composition of blast
furnace gas ash is complex and has its own characteristics, with major elements intermingled. A single treatment
process cannot meet the treatment requirements of blast furnace gas ash. This article aims to address the high
content of K, Zn, and Pb in the blast furnace gas ash of Baotou Steel, and based on the analysis of the composition
and phase of the raw materials, uses a water washing-potassium extraction-carbothermic reduction-dilute acid
leaching process to extract and separate K, Zn, and Pb. The following main conclusions are drawn. The zinc and
lead in the gas ash mainly exist in the form of oxides, while the potassium and sodium elements mainly exist in the
form of chloride and sulfate salts. Various elements are intermingled and combined, resulting in a complex
structure ; The optimal process parameters for extracting potassium by water washing are a water washing time of 20
minutes, a temperature of 90 °C, and a liquid-solid ratio of 10: 1. Under these conditions, the potassium
dissolution rate can reach 84. 4% . The remaining potassium is solidified in aluminum silicate structures formed by
doping multiple elements and cannot be dissolved ; The optimal experimental conditions for carbothermic reduction of
lead and zinc enrichment are 8% carbon content, 1400 °C reduction temperature, and 3 h reduction time. Under
these conditions, the zinc content in the reduction slag decreases from 3.61% to below 0. 005% , and the lead
content decreases from 1. 28% to below 0. 005% . The removal rate is above 90% ;The lead-rich zinc powder was
leached with 10% dilute sulfuric acid, and the zinc was dissolved and separated in the form of sulfate, resulting in
a insoluble residue rich in elemental lead with a lead content of 77. 22% . In actual production, chlorine gas can be
used to dry waste sulfuric acid instead of 10% sulfuric acid in this process flow, which not only improves the
environmental protection of the process, but also realizes the resourceful reuse of waste sulfuric acid.

Key words: blast furnace gas ash; lead and zinc recovery; washing for potassium extraction; carbothermal

reduction; dilute acid leaching; utilization of waste acid



