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ABSTRACT Iron and steel metallurgical dust is a solid waste produced in the production process of the iron and steel industry. It has
the characteristics of many types, large quantities, complex components, and many valuable elements. Japan and Germany have realized
the centralized treatment and comprehensive utilization of metallurgical solid wastes, and China’s current technological level is still far
behind them. This paper briefly described the existing treatment processes of iron and steel metallurgical dust and mud and specifically
introduced the most widely used pyrotechnic processes in enterprises, including the rotary kiln, Oxycup, and rotary hearth furnace
processes. The current treatment process of iron and steel metallurgical dust and sludge mainly stays in the first three stages of dust and
sludge resource recycling and often only separates and recovers some elements with high contents. In addition to elements such as Fe,
Zn, Pb, K, and Na, dust and mud in an iron and steel industry agglomeration area are also enriched with large amounts of valuable and
rare elements with high added values such as In, Bi, Sn, and Cd, which are precious materials. The ineffective treatment and recycling of
a huge volume of iron and steel metallurgical dust and mud will cause serious air, water, and soil pollutions; affect the ecological
environment; and endanger human life. Moreover, it will cause a considerable loss of valuable resources, which is not conducive to the
rapid development of China’s industries. With the requirements of the national environmental protection regulations and industrial
policies, steel metallurgical dust and sludge have reached a new stage where 100% of all dust and sludge must be recycled. In response to
this, a technical solution established on the product design based on the coordination of various types of dust and mud, scientific

coupling, and system integration among unit technologies was proposed according to their respective composition characteristics to
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achieve multicomponent cascade separation and full utilization. The full resource utilization of metallurgical dust and sludge in iron and

steel enterprises provides a reference.

KEY WORDS iron and steel industry agglomeration area; iron and steel metallurgical dust and sludge; full-scale resource utilization;

rarefied elements; combined process
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Table 1 Chemical composition of typical dust in a steel plant %
Type TFe SiO, CaO MgO AL O3 K Na C Zn
Sintering head ash 28.50 3.00 5.20 1.00 1.70 26.20 1.36 2.25 1.12
Blast furnace dry ash 17.03 2.87 2.18 0.70 2.49 0.76 0.28 34.00 16.60
Converter OG mud 58.19 1.98 10.28 3.47 1.83 0.19 0.21 1.65 0.25
Rolling line sludge 71.73 1.39 0.02 0.03 1.19 0.14 0.36 1.12 0.13
Electric furnace ash 44.73 2.06 2.92 1.38 0.56 1.32 1.32 1.14 2.61
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Table 3 Particle size composition and specific surface area of typical

dust from a steel plant

Table 2 Chemical composition of secondary ash from a factory %
Zn Pb Bi In Sn Cd
49.150 6.410 0.240 0.042 0.350 0.073
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Type Xio/pm  Xsp/um  Xgo/pum surface
area/(m*g")
Blast furnace dry ash 3.940 17.041 58.550 0.730
Converter OG Mud 0.631 1.207 2.508 6.521
Rolling line sludge 3.772 27.846 84.268 0.667
Electric furnace ash 0.888 1.941 4.068 4.350

Notes: Xj is the particle size corresponding to a cumulative particle size
distribution of 10% of the sample; X5, is the particle size corresponding
to a cumulative particle size distribution of 50% of the sample; Xo is the
particle size corresponding to a cumulative particle size distribution of
90% of the sample.
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Table 4 Chemical reaction equations that occur in the pyrometallurgical

process
Reaction equation
Element . . Oxidation reaction in the
Reduction reaction first
second step
Zn ZnOg) + €O =Zng + COyg  2Zn(g) + Oy = 2Zn0,
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Fig.1 Process flow chart of a rotary kiln
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Table 5 Production process of a rotary hearth furnace in typical domestic enterprises

Company Technology Source of technology Production time Implementation effect
Shanxi Jicheng 7x10* ta”! 2004 —
Sinosteel Taiwan 1.3x10° t-a™", driquetting Nippon Steel 2007.12 Initial dissatisfaction, regular
maintenance
Tianjin Rongcheng 4x10° t-a”! SHENWU 2009 —
g .. . Initial dissatisfaction, high energy
5.1 5
Ma Steel 2x10° t-a”, disc pelletizing Nippon Steel 2009.6 consumption, currently running stable
PANGANG 1x10°t-a™! SHENWU — —
Rizhao Steel 2x10° t-a”', briquetting 2010.5 High operating energy consumption
S, o1 1 . High equipment failure rate, low
5.1
SHAGANG 4.2x10° t-a ', briquetting SHENWU 2010.10 operation rate
o . Bonding and clogging of the boiler in
IR
LAIGANG 3.2x10° t'a”', briquetting 2011.3 the initial flue gas system
BAOWU Zhanjiang 2x10° t-a”', metalized pellets 2016.6 Dezincification rate>85%
BAOWU SHAOGANG 2.5x10° ta™ SMDRI 2020 Normal production
SHOUGANGIJINGTANG 3x10° t-a ! 2020.7 Normal production
. Stable operation of system and
L
ZHANIJIANG Phase 11 2x10° t-a”", metalized pellets 2021.4 equipment
BAOWU BAOSHAN 5x10° t-a”', metalized pellets — Successful hot test in January 2021

Note: USTB stands for the University of Science and Technology Beijing; SHENWU corresponds to Shenwu Technology Group Corp; CISRI refers to
China Iron & Steel Research Institute Group; MCC is CISDI Engineering Co., Ltd; and SMDRI is Shanghai Meishan Industrial and Civil Engineering

Design & Research Institute Co., Ltd.



1744 -

TRERHEZ, 5 43 8, 5 120

T AN AR B AR BE T, B TSR s i
YA 2 R0 R FH A A A o T8 LR (R 2 J 4 A 3
AR A AR B B 55 2001 4F SR A Rl
UG E R Ok 4, R B T e TS
2011 AEHABRZET X S BERy 2R T B BB 5) ZnFe,0,
£ CO—CO, S MRIB St F i S 2247 M AT T
TR AT, AT —Fh 5T e Sk R
BB B Ry 2 A BT R 2012 4F 5 4R 4R
AR S R R B —Zn O TR, AR IR
MRS R AT Fe A1 Zn ARMEAS 20 B 0.
YT O, b st BB R 2= AE B g A A e i
B R Ak LIS SR AR A T R R 1 S 06 B T
FEF AR UE R, 7L 3Rl b, JF R T KA S5 M
Tl Tl ik E. LA 2007 4F b 5t BHE R 27 %t 3k
B AL R SRR, JF R W S A B FE R A T
SR, ZEAR T EA A BRI ER BFREERE
TR LR 11T, f7 B E R & % A
Pl AN SRR R E T2 Ak R4S
IR G R 2D — XML R R 2P —

R
33 NEEEK-RESBE-ZIFBAGRINEKS
B S5£EMHATZ

B [ G0 [ 44 % 7 ) 10 8 45 H O A,
BRI &R E L3 T 40 100% 42358 [m1YSR] H )
BrEz. At BhE K h OE B E-RIL S E -2
TIFHA R ECA RS 28R H T 2Z(UF
IR ERG M Sam A H T2, e RS 4
WA T2 2R K EIRRI A A T2
Feah b, 7E KOk ST K A B R e b Fel C
Zn, In, Sn %5 20 JCHk A I35 & aod B v AR 2 v AR
U5 5 ) 3 BB AR, SE LA M 2 43 6 4R Il
W, FEN U K T 1 28 R 4 A
BEM-FRRFE LB E N2 SRS ik
HUH AR, 27 L FCRHRR M 6k 0 &2 7= dh A e i
TR O[] H8 A WL, 52 B UM 2 P oA M 4H 43 1Y 4
B, KERS 2B T LM E T 2%
IR REGE M ANE 5(a) Fiw, 1 3E B %4 5
e It R EGE M W 5(b) k.

(a) Zn
K. Na —— > Zinc sulfate products
Dust Wet K, Na
collection Secondary : > separation|———————> Salt by-products
Zn dust unit
. . ? treatment
Difficult to Fire Value element products
deal with enrichment
steel dust unit
Fe —
Fe, Ca, Mg, Al, Si Fine iron p@
— >
Preparation of
S| building
Mg, AL Si materials
N °
v Liquid waste and waste acid reuse /I\ cd
. |Zn, Pb, Bi, In, |Acid Impurity| Zn X .
Secondary d Flooding dissolving —>{ removal Purification
dust process | Sn, Cd, etc process process process
Pb, Bi, In, Sn
Na
Pb \l/ Bi Sn

]

G T2 (a) S (b) Mg s e

Fig.5 Combined process flow: (a) general flow chart; (b) wet cascade separation unit
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