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Research status and prospect of valuable elements in pyrotechnic
treatment of iron and steel dust
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Abstract: According to the chemical composition of iron and steel metallurgical dust and the occurrence state of each
valuable element at home and abroad, the current process status of extracting valuable elements from iron and steel
metallurgical dust at home and abroad is compared, and the influencing factors and existing problems of the pyrotechnic
treatment process are analyzed based on the basic principle of thermodynamics. On this basis, focusing on the problem of
synergistic resource utilization of iron and steel metallurgical dust, it is proposed that the efficient utilization of carbon
resources contained in the dust itself, and the use of pyrotechnic enrichment-wet separation and extraction-recycling tailings
process,is an effective way for China’ s metallurgical industry to realize the full resource utilization of iron and steel
metallurgical dust in the future.

Key words: iron and steel metallurgical dust; valuable elements; pyrotechnic enrichment; wet separation and

extraction; recycling tailings; carbon resources

EE LR 7R R o8 i A S R e ool | A2 YRGS R/ o o (S R 2 2022 AR E RN AR T 10, 18 {4 t, FHk R4
LB A B B AN BRI SR Y, HE S WL ™ A= 24 10% iR Gk 23T, 2022 4R [
H, SEkiE ek 2R BB AR TR 4 0T U I WEAT AR R R el 1 A2 0 ER AR
U e B 4 E KGR A A R, FECORT U 7 K% AR IR 3 255 R 9 4

YRS EHA: 2023 -02 -10; fEEIBHHA: 2023 -04 -23
ES&WB: EEKARFPEBA I H (U20A20271)

EE®N: I £5(1994—) B 54, Nih & R L4 R AFSE
BIEEE: TR E(1978—) &, Wt Bl#d, NS 416 5 IR Lp T



2024 4E465 3 0]

&, S QR ERN PR A M TR BT UK SR 11

TR ) T EE e R T R RO [ P g
Keotiifk . TTEAANE, S EEK S H, L
Megks et ewlt, HeMloEFEFTE.
e, YA MAIR M S Ca, Mg 25084 8 IR 1Y
WIS SIEFR A, DA ANk 0h 4 2 3 A
TEREE TS Y Bkt 24 XA I R IR A T 2R o
Wgm A A Mo E R B B 7E T U
BARKIA, LM Zn, Pb, Fe EHMITR MR
. RN AbPE T U PR E B E T A Mo
RUM PR IR S SRR 08, AR Fhat
WA W TC R ST LSO AR S 2] 43 8 Ak
YIEAICHLERIE 2, ok AR I =X el
BEMTCEN T ELZ N KELAB T Y, RATHLE
RN ITTERN L2 MRk T 50
WAL R T 0 A A B R B, Ho iR A
JEMAE R, TR RGN, MR
M, TR T E R ER R, T28H
A, AbPREECR, MATEESZY . HETIRE
AR Al Ab LR 4 p 20 1 5 2R F 2 KR B Ty
A, HTZmd Gk m b imahcs
PRI, AT B v Ak B ME R R L T A R
NG | AP RS B AP e A
AR, R4 TAEENHRZ 80 T ek
BRI T, TR0 AGE 5 O 4 ) 20 2
b b, WA TZ2ESH, 7T TG &Mt
FAENITTERMRIOR, B TOAMIBETAEA
TR G AR SN BRI R T AL
BB Rd, AMURRE T 4B IIE R, Bk
RUIKF T 85% LA b5 JAAFAR 25100 R ] K %
Be SRR WAL B 07, MUK T A7 6e
FE, RS TEAARICE . B HErR R &6

SR AHASN T Z5EARCRE —E KT, H
Wt 2 BRI AN W Ik 2D, i < b R
RO A ANWTSE I LA B U™ HAR R, iR —
FRERE A AT B £ AR S M Bk vy 5 4
AL B RGE, Jit, 3R AR AN SRR R A D
T, WRIENERE Sk A B R R,
Baf ek B i U RIS RS R, TR U Bih 6 b
A BRI AL BB R, X DB B 4 b AR BB
$ R I IR IS RE . CO, HE R RS ) LA
R

1 SRR EMAEREREE

SRIES YL
BRRIG A0 AR UR T8l 1 &% 18 T 20
B, FEaREEA. BREE . Bk I, FLISE
T, TR TFFBNAR, BEm
FEAM AR R K 27, F AR R
2 AN TC R IR IRAS 5 T 1T AR R 9k
BEMLA B RSEAREE, RS TR R85 5%
PR E TR, AT HEERE R,
PERIG G R AP — R R L (A BUR K A,
X ELRGR T A W aJE R S w e,
SR ETE 20 ~ 80 wm, Ff HLAFET & UKL BE /N
AMocE M, F L 2 Yy E A
AN RGN, AR, 2 0]
W, BEMAEPEAFEEN Zn, Fe, Pb, Cr A
MR MRZWE)E . Wt 4EIcE (40 Si, Ca,
Mg 55), LA G Wil 2| iy se f 4 J@ oo &R (40 Ag.,
Bi, In%§), 574, LMENI KM, EIME KR
BT AR L, BB emed
Zn . Pb Cr & S8, X FEEE W T EAMEH K

1.1

®1 ERNAMREHETEAFRS (RESH)

Table 1 Main chemical composition of typical domestic iron and steel dust %

MR AN Zn Fe Ph Cr Ni Sio, Ca0 MgO
BELE LSk K <0.10  15.00 ~34.00 6.80 ~19.00 — — 4.40 ~6.30 7.00~9.00 1.20~1.60
B E SR <0.10  35.00 ~55.00 ~0.01 — — 4.80~11.77 3.10~8.10 0.20~1.10
EY A4S IK 2.50 ~17.00 18.00 ~36.00 0.03 ~0. 60 — — 4.00~9.37 2.00~9.00 ~1.20

g 1.00~4.00  20.00 ~50.0 ~6.00 — — 3.00 ~6.00 ~10.00 ~8.00

H 2.50~36.60 4.00~52.00 0.50~4.00 0.09 ~5.02 — 2.00 ~4.55 ~9.00 1.00 ~15.42
AW 0.10~0.80 17.99 ~57.00 — 5.08~8.80 0.19~4.15 4.52~7.10 11.32~19.30 2.92~3.34
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Table 2 Main chemical composition of typical foreign steel dust %0
AN Zn Fe Pb Ni Sio, Ca0 MgO
B4 3.00~10.00 3.50~9.50 — — 1.00 ~3.00 2.00 ~3.00 1.00
Feprogssh 1,40 ~9.40 25.00~61.00 0.07 ~1.80 4.00 ~6.00 ~0.20 1. 00 3.00~8.80 0.20~5.00

k4 14.00 ~35.00 9.00 ~45.00 2.00~8.00 0.20 ~11.00 —
2.18~18.56 0.40~2.92 4.15~5.60 14.00~15.01 1.01 ~2.60

ANEPMHE 0.28 ~4.64 15.80 ~33.50 —

3.00~6.00 3.00~10.00 2.00~4.00
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Table 3 Typical valuable elements in iron and steel

dust at home and abroad

JLHR EENR E=PAN
Zn Zn0 ZnFe,0, Zn0 ZnFe,0,
Cr FeCr,0, FeCr,0, . ( FeMg) (CrFe),0,
Ni NiFe, 0, NiO ., (NiFe) Fe, 0,
Pb PhO PhO
Fe,0, .Fe,0, Fe,0, .Fe,0, ZnFe,0,
Fe ZnFe,0, FeO FeO,(FeMg) (CrFe),0, |
MgFe,0, .FeCr, 0, (NiFe) Fe, 0, .FeCr, 0,
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Table 4 Distribution of carbon resources in steel dust %
ARG
0.45 ~8.51

LA
1.00 ~5.00

L
11.98 ~53.4 0.70 ~1.52
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Table 5 Enthalpy change( AH) of each carbon thermal reduction reaction and the starting temperature of the

reduction reaction

i H e oy A AH R IR/ C TS
37nFe, 0, ., +C.,=2Fe,0,, +3Zn0 ., +CO,,, 685 1

InFe, 0, +C,=2Fe0,, +7Zn0,, +CO,, 659 2

o 0, +C0,—7n,, +CO,,, 937 3
0., +C,—7n, +CO,,, 969 4

FeCr, 0y, +C ., —=Fe,., +Cr,0,, +CO,,, 910 5

Cr FeCr, 0., +4C.,—Fe , +2Cr., +4C0, 1182 6
Cr,0,., +3C,,=2Cr,, +3CO0,,, A0 1242 7

Ni NiO,, +C,,=Ni_,, +C0(g) 437 8
Ph 2P0, +C,=2Pb,, +CO, 1250 9
Fe,0,.., +C.,—3Fe0,, +CO,,, 664 10

Fe FeO,., +C.,—Fe ., +CO,, 724 1
FeO,,, +CO,=Fe, +CO,,, 554 12
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Fig.1 Schematic diagram of the fire treatment process
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Table 6 Main representative process of direct reduction method for treating metallurgical dust and its

advantages and disadvantages
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Fig.2 New iron and steel metallurgical dust

co-resourcing ideas
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