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Table 1 Main chemical components of stainless steel dust

TFe Cr,0; Ca0 Si0, MgO  ALO;  Na,0O  K,0  znO Ni S p C HoAth

39.0 13.70 11.40 4.10 2.90 0.88 0.87 0.63 0.31 1.50 0.17 0.02 1.40 23.12

£2 THERBRLTBHBEMEIER (mg/L) WL ZMAFWERRIGH A IR IRR B
Table 2  Extraction toxicity identification results S hEERE, FRAAH . FRN kSR
of stainless steel dust
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Fig.1 Industrial test flowchart of coal-based hydrogen metallurgy for stainless steel dust in rotary kiln
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Table 5 Chemical composition of magnetic metallized
materials

TFe MFe Sloz CaO MgO A1203 S P Cr203 Ni C

49.10 36.95 16.99 10.72 2.85 9.06 1.250.10 4.30 0.66 1.72
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Table 6 Chemical composition of non-magnetic metallized
materials

TFe Si Al P Cr Ni
75.70 0.33 0.98 0.06 15.50 3.00

=TT BRUERS Y%

Table 7 Chemical composition of carbon residues

C TFe SiO, CaO MgO ALO; S Cr,0; Ni

87.31 429 267 201 089 134 038 1.06 0.05
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Table 8 Chemical composition of bag dust

TFe Sloz CaO Kzo Nazo ZnO Cr203 Ni C

850 223 400 1632 1445 11.02 3.75 0.18 1.48

Ni Fe Cr

100 100 100 100 100
100 91.24
86.18
80 | 75.25
‘§
s 60 F
>~
EE 40 t
<
20 +
0
giaalEkl  mrEER ARRitE SRR
e

2 £BRF NI, Fe. Cr tREHNERBHUE
Fig.2 Metallization rate of Ni,Fe and Cr elements in
metallized materials
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Table 9 Identification results of extraction toxicity of each

material
FE il 1 35 LR VR Pt cr*
I B R AR <15 <5
w4 gk 0.16 0.03
T 4 ok 1.21 0.62
% 0.52 0.05
AR K 0.14 0.06

24 HESHH
241 JREESEO S N AR R SRR R
PR SN & B B 2 T2 MR O 0 Sk N
(T 45 R A3 HEHEN 1250 °C A4 Ik IX 8, 7=
AR T R SR RGBSR R A R, 5T
AR &I AR Z R R B O s K & R S
BEAIEC,
AN B o A2 IR 3 SR R O AR S
R, R AT AR 2 A TR O R 1 A )



2
2025 4 4 A

EIREF: AR EAREAASE TR L EERAFRT « 63 e

WF T R A 2 B R 2 Bl B, BT
1936 B A 5 BT B 7 A 7 R R
IR SR IR E

FeO - Cr,05;+CO = Fe + Cr,05;+CO,

1
AG?=35739-12.6T, AG’=0If, T=2563K M

FeO- CI‘203+H2= Fe + Cr203+H20

2
AG’=27101-54.1T, AG’=0R}, T=2377K @
Cr0;+CO = Cr0,+CO, )
AG®=178312-235.95T, AG’=0lf, T=756K
Cr03+H2: Cr02+H20 (4)
AG’= 143904 — 143.03T, AG’=0if, T=1006 K
2Cr02+CO = Cr203+C02 (5)
AG®=290336-224.87T, AG’=0if, T=1291K
2Cr02+H2: Cr203+H20 6
AG’=338016—-236.16T, AG’=0if, T=1431K ©
Cr,0;43CO = 2Cr + 3CO, .
AG?=501091 - 179.46T, AG’= 0K, T=2792K @
Cr203+3H2= 2Cr + 3H20 (8)
AG’=397867 — 151.63T, AG’=0i}, T=2624K
NiO +CO = Ni +CO, ©
AG’= 13686 -96.26T, AG’=0Wf, T=142K
NIO + H2= Nl + Hzo
, . (10)
AG®= 67896 —523.22T, AG’= 0}, T=130K
FC304+CO =3FeO + C02 (1 1)
AG’=35380-40.16T, AG’=0Wf, T=881K
FeO +CO = Fe + CO,
. . (12)
AG’=-13160+17.21T, AG’=0if, T=765K
F€304+H2: 3FCO+H20 (13)
AG=171940-73.62T, AG’=0Rf, T=977K
(14)

AG’=23430-16.16T, AG’=0K}, T=1450K

2 ¢ & Ellingham EU & i A 58 B0 SR P 257
GXFHE T, ANBMER R I Niv Feu Cro Al
Cr 5% EM 4155, 15 1250C AAMBESFMET
AP Hyy COIRJE; Crr5@A4aae vk, HAEE
T i FE R MRAH 2% 4 R 8% Hyy CO B Cik Jii .
X 5 AR RSB 7R ARE 4k 2 B4 R R —
;.

242 JREEREIA G L R I REN L] 3 A

B AR SR 00 R b IR AR £ 1) Hy CO
FEVPRNE R R IAE L, Wt — B iR R SR
G 1A % 200 SR FE AL o XTI A A A= At
T, TR RL T KT, M
10 C/min B THREZ AL 1250 °C, FFAEILIR
&R ORFF 30 min, ARG R B KA
¥ )57 & E 2 B 47%. 25%- 18% A 10%; K H
AUM B ACE B TR, B e Hy. CO.
CH,. CO, 553l 8 52.03%. 17.26%. 16.98%
19.67%, HA& CH, CHg Z & EEAA 4.05%.

T o) B 28 SR R v, W\ 5 P DR (]
I E NRHE R, 7E 1250 °C AR
EW, BASHM CH,y CH,w CH K&k
IR, AR C R H,, NI T 4y
fift, AHSCBANT :

CH, = C, +2H, (15)
C,H, = 2C,, +2H, (16)
C,H, = 2C, +3H, (17)
C;Hg = 3C, + 3H, (18)
C;H = 3C,, +4H, (19)

R I AR I rh B IR A WL 58 42 78 7 T
AITHE AR A AR Hyy CO M CO, 1A
BUE 350N 78.13% 14.02% Fi1 7.85%. S IAA
JICHERAR = A 47% I8, R OB R o
FA1E CO,n HyO SRS B . ik 73
5, £ 668, 697 C Lk I H,0O il CO, 7 A kK
iR A A SR, L R v e S A R T
W ES M, TS 1250 C 1Y R iR AR
Ja, HERAFPH I CO, Al HO S 40 E MK
F 0.5%, F=HI CO R H, 5 b 43 513k 3 32%
M 67% it T CO, Hy, BT FH4/,
BIER IR PRCE T R R R AR K AR
B, W H, IR R E B T CO. MR EIEE
810 'C PA_bmy, H, BI=F% e 1¥ KT Cco, 1 H
bE IR B T, HEERNE R R OR, Bk, £
1250 'C Ziti, H, fl CO MR G SALEIL 5 42 8
W, H, REZE(EM. RIS, HEARS
SRR A T OH, 4 I KT CO MR IR AR
5, B BRI T AR S R R



« 64 . e

IR 2025 4

243 PRHYIRDR S SR JE K 2 A

SLIG H HEVE B R BRI Ay B RE, T
JR A R VE < Js kL i & KR CaO 5 Si0,, LA
PR 22 ] N A R 2Ca0-Si0,, 2Ca0-SiO, fifi
BIET S H o BB EER RN o By oy i,
PRRE B R AN T 2K BT 3. S = R BTG
WEYEE IR, 32 R 2 SR 0 e IR K A R AL 5
MBS R 7 R BB AR, 00 [ A5 4%
SEAE R BB H NG LR VA TR AR
BRI OE R, B T O ST R R E
BRI

3% #

(1) JREREIE 4 [ 3% 25 HOR RE 08 1 AN 5 R
DK H Niv Fe. Cr =08 5, LBl Croc &R WL
FEFEAT, EEREBEEIEE 1250 C. YRHE
ZWTE 3 h AR, . Bk USRI A E
MIEAAEAE, HEGEBAES N 100%. 91.24%
A1 86.18%, 1= H I I W BH tH 3 1 5 ) 384K T
FrifEPRAE -

(2) L5 kR K+ K,0. Na,0. ZnO
MEEEIS 41%, =B EA RN E
(s B R 2, H B UR AL B R R A Fridt— 20
W9t

(3) RABEZ RS R AR RS & e
FRASGE AN R 2R IR G AL AR R AL, (ER AR e
TG 4 JE A RE 43 1% B AR IR R, S SRk ) 7 T
N BRI TE .

52

(1] KRR, 92 5e. AHIRY A2 455 F I DUR L2 w7 it e (0]
Wr=es-5FH, 2004(3): 18-22.

SONG H C, PENG B. Status and research progress of
comprehensive dust[J].
Multipurpose Utilization of Mineral Resources, 2004(3): 18-22.
(2] 2 B, ANENER AR T AR (0], SN BR AT 7 7 4%,
2013(8): 19-23.

LI J C. Recycling and utilization of stainless steel dust[J].
Journal of Iron and Steel Research. 2013(8): 19-23.

(3] X AR ANER AN R A2 K ) FE A BE 72 55 S itk (00 M,
2011(6):66-69.

LIU W D. Research and practice of reuse of stainless steel

utilization of stainless  steel

dust[J]. Steel Making, 2011(6):66-69.

[4] 2 /=R, £ 454, B [, 2. A KA TR S Hokke 5
otk gesZ I (0], 5 P2 28GR, 2020(1):184-187.

LI C X, WANG S H, ZHAO D G, et al. Effect of microscopic
morphology of limestone on its physical and chemical
properties after calcining[J].
Mineral Resources, 2020(1):184-187.

[5] EMEm, EXH . 2R BRIk AL L B & B2 F F
FLU). W54 FIA, 2021(2):97-101.

WANG Y M, KUANG Y L. Research on performance and
application of flexible air chamber jig[J].
Utilization of Mineral Resources, 2021(2):97-101.
[6] s/ i, B, U] BRIEE0A G ok (0 TR B ANET
TEZRRVESLIRWI T L], 074h TRE, 2021, 41(6):174-177.
ZHANG X B, WANG M H, KOU M Y. Exploratory test

Multipurpose Utilization of

Multipurpose

research on a new green short-process steelmaking process for
coal-based hydrogen metallurgy[J]. Mining and Metallurgical
Engineering, 2021, 41(6):174-177.

(7] ELE, B, BerA:, &5, mk B BRBEERD T iR AL
& R B 72 g R 43 A (3. ob BRI 3, 2016(11):
2509-2513.

WANG J S, LYU Y, LAl P S, et al. Analysis of
thermodynamic affecting factors on the reduction of chromium
oxide in vanadium titanomagnetite with high chromium[J].
Chinese Scientific Papers, 2016(11):2509-2513.

(8] BAASIR, WS 55, HAREE, 55, e MU0 B B T R
HRAE ). 77435 A, 2020(1):188-193.

QIU B X, GU X Y, DONG W X, et al. Effect of firing
temperatures on properties of ferrochromium slag and its
characterization[J]. Multipurpose Utilization of Mineral
Resources, 2020(1):188-193.

[9] Ihsan Barin, Ottmar Knacke. Thermochemical properties of
inorganic substances[M]. 1973: 212-416.

[10] Ihsan Barin, Ottmar Knacke, Oswald Kubaschewski.
Thermochemical  properties  of substances
Supplement[M]. 1977: 135-166.

[11] Jrsedem b ek L2 5 80 (M. Jb5T: 4 Tk AR
#t. 27-29.

FANG J. Non-blast furnace ironmaking process and theory

inorganic

[M]. Beijing: Metallurgical Industry Press. 27-29.

[12] 3 A5 Al SMBRE 4 JR 2 (M. dbnt: 16 4 0l H A,
1990.78-80.

HUANG X H. The principle of iron and steel metallurgy [M].
Beijing: Metallurgical Industry Press, 1990: 78-80.

(T# % 159 )


https://doi.org/10.3969/j.issn.1000-6532.2020.01.037
https://doi.org/10.3969/j.issn.1000-6532.2020.01.037
https://doi.org/10.3969/j.issn.1000-6532.2020.01.037
https://doi.org/10.3969/j.issn.1000-6532.2021.02.018
https://doi.org/10.3969/j.issn.1000-6532.2021.02.018
https://doi.org/10.3969/j.issn.1000-6532.2021.02.018
https://doi.org/10.3969/j.issn.0253-6099.2021.06.042
https://doi.org/10.3969/j.issn.0253-6099.2021.06.042
https://doi.org/10.3969/j.issn.0253-6099.2021.06.042
https://doi.org/10.3969/j.issn.2095-2783.2016.21.020
https://doi.org/10.3969/j.issn.2095-2783.2016.21.020
https://doi.org/10.3969/j.issn.1000-6532.2020.01.038
https://doi.org/10.3969/j.issn.1000-6532.2020.01.038
https://doi.org/10.3969/j.issn.1000-6532.2020.01.038

52 W
2025 4F 4 H LK% TiO,/g-C,Ny 69 & A stie o7 gk P T A F ey i « 159 »

Preparation of TiO,/g-C;N; and Degradation of Butyl Xanthate in Mineral
Processing Wastewater

BU Yifu', LIU Sile', LI Lei?, TIAN Chuan', ZHANG Yanxiang', WANG Sigqi'
(1.Department of Chemistry and Chemical Engineering, Shenyang University of Science and Technology,
Shenyang 110167, Liaoning, China; 2.Shandong Zhongcheng Hongye Mining Technology Limited
Company, Yantai 265400, Shandong, China)

Abstract: In order to achieve the reduction and removal of butyl xanthate, the residual flotation agent in
mineral processing wastewater, TiO, and 3-amino 1,2,4-triazole were used as raw materials to prepare
nitrogen-rich graphite phase carbon nitride (g-C;N5) supported TiO, composite photocatalyst (TiO,/g-C;Ny)
by ultrasonic dispersion combined with direct thermal polymerization. The crystal form, morphology and
optical properties of TiO,/g-C;Ns composite photocatalyst were characterized by XRD, TEM, UV-vis DRS
and PL, and it was applied to the photocatalytic degradation of butyl xanthate (SBX) solution. The effects of
catalyst dosage, initial concentration of SBX solution and pH value on the photocatalytic degradation
performance were investigated, and the cyclic stability of TiO,/g-C;Ng composite photocatalyst was
investigated. The results show that TiO, particles are uniformly dispersed on g-C;Ns nanosheets, which
increases the number of active sites. The formation of heterojunction improves its response to visible light,
extends its spectral range, promotes the separation of photoelectron-hole and improves its photocatalytic
activity. At the conditions of pH=7, catalyst dosage 50 mg, SBX solution initial concentration 55 mg/L,
illumination 5 h, the photocatalytic degradation rate of SBX solution by TiO,/g-C;Ng composite

photocatalyst reached 99.98%, and it had good stability.
Keywords: TiO,/g-C;N5; Mineral processing wastewater; Butyl xanthate; Composite photocatalyst;
Photocatalytic degradation
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Industrial Test Research on Stainless Steel Dust with Coal-based Hydrogen
Metallurgy for Recycling Purpose

WANG Minghua', ZHANG Xiaobing', LI Bin®>, LEI Pengfei', YU Huangming', ZHANG Hongjun'
(1.Hydrogen Metallurgical Research Institute, Jiuquan Iron and Steel (Group) Co., Ltd., Jiayuguan 735100,
Gansu, China; 2.Lanzhou University of Technology, State Key Laboratory for Advanced Processing and
Reuse of Nonferrous Metals Jointly Established by the Province and
the Ministry, Lanzhou 730030, Gansu, China)

Abstract: The self-developed coal-based hydrogen metallurgical technology and coal-based hydrogen
metallurgical rotary kiln industrial test device were used to carry out the industrial test on stainless steel dust
with coal-based hydrogen metallurgy in the rotary kiln for harmless and recycling purpose. The metallization
ratio of nickel, iron, and chromium are 100%, 91.24% and 86.18%, respectively, at the conditions of
hydrogen metallurgical reduction temperature of 1 250 “C and the time in the kiln of about 3 h, and all the
produced materials of which the indexes are lower than the standard limit of extraction toxicity
identification. Thermodynamic analysis was carried out for coal-based hydrogen metallurgy process on
stainless steel dust. It forms a harmless and recycling process package for stainless steel dust, including coal-
based hydrogen metallurgical rotary kiln which is the core technology, dry cooling, dry magnetic separation,

gravity jig separation and other main processes.
Keywords: Coal-based hydrogen metallurgy; Stainless steel dust; Rotary kiln
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