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Table 1 Chemical composition of raw materials

WL, HRfEEEARETTE. B2 5 R b
FEIG R, 1% LERA SIS B Es, (HERA
IRPENY SR, BHrAERNEEIRY, %
TENEYRIREG, e, HEEEE SR
KER. X T ARSI R E R,
TR R 2 AP REFE . $R BT RO = 55 1)
AT ERHATHRREANEIRR, 1B T NEE R
JERIN PRI EE 35 501 Jsk ARy 22 =4, [RIR
TRAE AT FE AT BRAR, S TUA BRI 6 & & T
KIEREAG, &= min S & .

AW FC UL AN AN SSPS. BR R K
AR ES AE 9 JERE, SR A ER A 1A 5 -1
BT, MPRPUEIEREE . BRI C. Felii &
Bl DA Bz A E ¢ B ol S JER 1R ] 5 i 4 A SR I B
M, MRALHEYIEG T 258, wERBR%REE”
fis SEIL T AN E R RIRARI R, IR RIS
WCAEEAR LY Fey Cr NifIH.

1 LI

1.1 ZIER

AHFFE LA SSPS. ik AR K R A AL Bk Bz = Bl A4
VR T/ R R JE R, R AR BRI R R
&, BAELAE RGP EIE R, 20 AR
W T ERE AT, BORLEE 3R T R 8 k. SR
SEA-2210A B HUBHE & 46 25 TR J5 7 St 1 Uk
M R S iy, S5 RN 1R .

Mass fraction/%

Chemical composition

Fe FeO Cr,0, CaO MgO  AlLO, SiO, Mn Ni Fe,O,
SSPS 13.51 0.27 5.26 26.72 1.000 0.64 3.78 1.59 0.27 3.56
Dedusting ash 33.82 1.84 9.38 14.40 1.270 0.52 4.80 5.47 0.44 -
Iron oxide scale 59.75 31.50 7.50 0.31 0.044 0.14 0.59 3.30 0.92 -
Chromite concentrate 22.61 21.38  42.55 1.86 8.820 13.43 1.88 0.035 - -
Binder - - - 1.62 2.470 1429  59.98 - - -
. . Mass fraction/%
Chemical composition Cl 7 0 7n C X0 NoO S P LoD
2 2
SSPS 0.170 4440  0.020 0.017 - 0.110 1.130  4.020 0.140  20.19
Dedusting ash 0450 0.740  2.500  4.000 0.57 1.170 ~ 0.720  0.360  0.021 2.39
Iron oxide scale 0.054  0.048  0.035 0.008 - 0.008  0.068  0.011 0.021 -4.25
Chromite concentrate - - - - - 0.012 0.035 0.047  0.005 -1.69
Binder - - - - - 1.510  2.560  0.023  0.042 9.17

1) Loss on ignition.
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Table 2 Raw material mineral composition (mass fraction, %)
) Ferrochrome ) .
Hematite Quartz . Fluorite Gypsum CaCO, Silicate Others Sum
SSPS spinel
19.30 0.90 8.5 16.59 40.01 8.55 321 294 100
) ) Ferrochrome ) ) ) .
. Hematite =~ Magnetite . Fluorite  Zinc ferrite Carbonate Silicate Others Sum
Dedusting ash spinel
45.32 2.13 14.32 3.55 14.35 4.32 849 752 100
) . Floating
. Hematite =~ Magnetite . Others Sum
Iron oxide scale austenite
10.34 56.43 31.22 2.01 100
Ferrochrome .
) ) Enstatite Sum
Chromite concentrate spinel
91.99 8.01 100
R3O ERHYEMERE
Table 3 Physical properties of raw materials
i . Maximum . .
. True density/  Bulk density/ Maximum Specific surface
Raw material 4 4 molecular . -
(g-em™) (grem™) capillary water/% area/(cm™g")
water/%
SSPS 4.49 1.47 32.24 48.90 2.12 3191
Dedusting ash 4.81 1.65 16.17 41.23 0.66 4644

K: Balling index.
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Table 4 Particle size analysis of bentonite

Grain size/mm Content, w/%

-0.15 99.78
-0.074 99.03
-0.043 82.02
-0.025 30.68

RS E Y EME AR
Table 5 Physical properties of bentonite

Ethylene . .
. Montmoril . Expansion
Colloid blue . moisture
) lonite ) volume/
index/% adsorbed/ absorption/ 5
_,. content/% (mL-g™)
(mg-g™) %
18.50 283.9 61.97 390.83 22
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Fig.2 Micro morphologies of raw materials: (a), (b) SSPS; (c), (d) Dedusting ash; (e), (f) Iron oxide scale
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B 58 i A R 7 A AR BE A R, Tk 23 b
2 K5y (SDTGA5000a MV 73 4SO Ak 2 5 23 43 1) W
FOMERT, PRI TS TUHE A5 o] 3l 2 T JiR 2L
VAR EE3K

1.2 #HRFE
1.2.1 W5 T2
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BRG SR A .

122 RUR AR T0E R 56

RREIEER F RS T3 3 kg tH5L, B 26 &Mt
BRFERHEC IR 457 AR KSR BIR G355,
S IEORETRL 2 8035 &), SR E FE A E R gk A7 i
Bk, FIBFIDRERAbe R, Kb e E, )
i th 12~16 mm [P AEBRVE NG A% A Bk 92 % H [
BEERNL(QPY) AR A : BLAE d=1000 mm, 1175 h=
150 mm, #%3H =22 r/min, i =47 °. FT1SHRIE
HERARRE FmE N 0S5 m KT 4k, AL
SRFERT 10N, ABREERIEE K T300 C.

AV T AR K T ) 2% AE 57 B A XUE 4P (GSL -
1400X)HH3EAT, &I B TIARGIL B A 2 e Bk A 2
S BHERRTe BRI H ZQYC & Ae A
P SR FE D AL E R . R AN THAERSTE 5 5
J 22 /D 2 500 N, DA A2 J5 82 0 T4 Ji aod it ot 3

6 ILJEFII Tk Hras

Table 6 Proximate analysis of coal reductant

) Mass fraction/%
Indicator
Fcad Aad \/ad Mad
Shenfu coal 52.12 4.49 30.41 12.98
Coke 83.32 12.79 2.39 1.50

Fc,y: Fixed carbon in air-dry basis; A ;: Ash in air-dry basis;

V., Volatiles in air-dry basis; M,,: Moisture in air-dry basis.

®"TORBERKIE RS o

Table 7 Chemical compositions of coal reductant ash

BIR . TUEER 1A S 50 7E S 35 (KSL—-1700X)
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1.2.3 T JEER 4 ok [T Uk s 4

AT R 60 78 2 BN L P (KZ G- 1)
AT, R REL 120 g & @ AL ERIA, 7547 540
S HINTC — 7 LR, SR TE I A BIIA iR
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I P & TR 4y, HEAT Few Cry Ni RIS R 5,
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!
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|
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Electric-furnace
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| | }
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B3 ARV UL Rt T 2 R
Fig. 3 Flowsheet of stainless steel dust and sludge pre-

reduction—melting process

Mass fraction/%

Ash
Fe Sio, AlLO, CaO MgO K,0 Na,O P S
Bitumite ash 19.88 21.91 7.16 26.06 0.95 0.098 1.75 0.014 3.800
Coke ash 7.39 47.61 30.35 3.68 1.03 0.660 1.33 0.290 0.016
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2 FHR55H
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HRHE [ P9 AN | A 77 ok R P 2 28R A K
fRveisie EABER = m, Hlis 7 £ 1,
TE 7 %8 1) B At 1 [ 5 ] L Agi), AR UK IE N 20%
40%- 60% ISR Ky, 193 HAh =N TT R,
FECH T R LB NR 8 Fin, ASFELH 77 R
ARy SR (RY W3R 9 FToR

[ 5 i BRI 1A) 12 min, J20E & 1%, #F5R
ANRIBCH™ 7 SR AEBRIE bR )z m, H45 R ansk 10
Jizm. BHER10TTA, 775 1 B BRI R A

R8  BRHEIH & SLIGHCH 7 %
Table 8 Scheme of ore blending/%

260 'C, PUEGREW EAK; BEE B t ] ry 3
I, REGREERE T, ORI i, (H
Ve T iR i ] R LU AP IR R AR . SR
R, HEFE AT 7 & 2 A4 A U 2K A & 1 Bk
E D

PARCH™ 75 58 2 A B HE AT G 2RSS, 85 4 il
B EVFARACIIANECH T RREERSH, 1527
F2WBEEIRSEON: R AR 1.2%. EE0K
I3 1% BRI ] 12 min, 15 BIAEBREVE FoRE N
F0.5m¥%E 5.5 K. BANAEBRPUERE N 23.4 N,
1RZLRE300 C.

1E LR AEIEBR SR & ARV BRI, T4
TeBRIA TGRS, TRIC T TR AL TS (R Fi
IR B0 R SR FE IR M0, 1531 28 Ve 3K A 1) e AR TR
JRFER 1100 °C,  fe AR TAES [N 10 min, AT 35
AN FRARER LR SR N 575 No £ i TR 16 2
T )& THAAER AL, AE N 5 S 1004 5 S50 1) J5ok}
HACE R IR 11 FR .

Mass fraction/%

Scheme of ore blending

Chromite concentrate SSPS Dedusting ash Iron oxide scale
1 0 20 50 30
2 20 16 40 24
3 40 12 30 18
4 60 8 20 12
F9  AFEECH J7 IR A 2B s S
Table 9 Theoretical chemical composition and basicity of different ore blending schemes
Scheme of Mass fraction/% R
ore blending  Fe_, FeO Cr,0, Ni CaO MgO Al O, Si0, F
1 37.54 10.42 9.03 0.55 12.64 0.85 0.43 3.33 1.27 3.79
2 34.55 12.62 10.45 0.50 10.48 2.44 3.03 3.04 1.02 3.45
3 31.57 14.81 22.44 0.33 8.33 4.04 5.63 2.75 0.76 3.03
4 28.58 17.00 29.14 0.22 6.17 5.63 8.23 2.46 0.51 2.51

=10 AFEEH T ZARRMERE

Table 10 Effect of different scheme of ore blending on properties of green pellets

Scheme of ore blending Drop strength/times

Compressive strength of Thermal shock

each pellet/N temperature/C
1 8.7 12.4 260
2 7.2 19.2 280
3 6.5 19.6 300
4 5.5 23.4 300
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Table 11 Chemical compositions of preheated dust-sludge pellets (mass fraction, %)

Fe,, Cr,0; CaO MgO AlLO, SiO, Mn K,0 Na0 S P Pb Zn F

3556 10.76 1079 251 3.12 3.3

334 0510 0490 0.492 0.839 0.041 1.012 1.606 1.052
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Fig. 4 Effect of reduction temperature on metallization

rate and compressive strength of dust-sludge pellets
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©
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Fig. 5 Macroscopic morphologies of reduction pellets at different reduction temperatures: (a) 1000 °C; (b) 1050 C;

(c) 1100 °C; (d) 1150 C; (e) 1200 C; (f) 1250 C
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Fig. 6 Effect of reduction time on metallization rate (a)

and compressive strength (b) of dust-sludge pellets
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Fig. 7 Effect of C-Fe mass ratio on metallization rate and
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Fig. 9 Macroscopical morphologies of dust-sludge pellets with different internal carbon contents: (a) Internal carbon

content of 0%; (b) Internal carbon content of 0.5%; (c) Internal carbon content of 2%; (d) Internal carbon content of 3.5%
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Table 14 Main chemical compositions of electric furnace
smelting slag (mass fraction, %)
Fe Cr Ni CaO MgO AlLO,
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Recovery of valuable metals from stainless steel dust and sludge
pellets by pre-reduction-smelting

CHEN Qing-yue, PAN Jian, ZHU De-qing, GUO Zheng-qi, YANG Cong-cong, CHOU Jian-lei

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: Stainless steel, a corrosion-resistant and high-hardness material, has been widely used in chemical,
medical, industrial, and other fields. However, large amounts of stainless steel dust and sludge were produced
annually from the stainless steel industry, including stainless steel pickling sludge, dedusting ash, and iron oxide
scale, etc. The stainless steel dust and sludge were crucial secondary resource with a high utilization value for
valuable metal elements (i.e., Fe, Cr, and Ni). At present, the simple landfill and stacking treatment methods for
handling stainless steel dust and sludge generally has limitations in incomplete treatment, secondary pollution, and
high processing cost. Therefore, for improving the disadvantages of traditional methods, this study proposed a new
process with pre-reducing and smelting to comprehensively utilize stainless steel pickling sludge, dedusting ash,
and iron oxide scale. The results show that the compressive strength of pre-reduced pellets is 685N each pellet, and
the metallization rate is 82.84%, under the conditions of pre-reduction temperature of 1250 “C, pre-reduction time
of 80 min, total carbon-iron mass ratio of 1.5, carbon-burdened amount of 2%. Then, the pre-reduced pellets are
smelted for 20 min at coke amount of 8% and temperature of 1625 C . Fe, Cr, and Ni contents in the
ferrochromium alloy are 66.90%, 20.28%, and 0.96%, respectively, and the corresponding recovery rates are
97.62%, 97.91%, and 96.45%, respectively. Thus, it indicates that the pellet pre-reduction-smelting process can
efficiently recover valuable metals from stainless steel dust and sludge. Besides, the obtained ferrochrome alloy
material can be applied in 200 series and 300 series stainless steel smelting charges. In summary, the process
shows great potential to realize the resource utilization of stainless steel dust and sludge and makes feasible
reference to deal with the solid waste in the stainless steel industry.

Key words: stainless steel dust and sludge; pellet; pre-reduction; smelting; ferrochromium alloy
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