0o g
ST

koW ¥ 5Ok W A

Spectroscopy and Spectral Analysis
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1

Effect of types of steel slag on desulfurization and denitration properties

Types of steel slag

Desulfurization rate/ % Denitration rate/ %

Layer pouring slag from converter 100 52
Casting slag 100 46

Rotating furnace slag from converter 100 49
Desulfurized slag 100 41

Rotating furnace slag from electric furnace 100 55
Layer pouring slag from electric furnace 100 58
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Table 2 XREF test results of steel slag

Chemical composition/ %

Types of steel slag ALO O MgO 7.0
203 a 205

SiO, Fe, O3 MnO, SO; Others

Layer pouring slag from converter 11.06  24.40 2. 30 46. 78 5.75 0.91 2.19 0.23 6.38
Casting slag 14.75 12.92 10. 97 46. 93 3. 06 0. 50 1. 67 1. 26 7.94

Rotating furnace slag from converter 12.31  25.08 1.56 47.00 5.61 0.99 1. 80 0.13 5.52
Desulfurized slag 15. 32 12. 64 5. 47 51. 34 3. 47 0. 50 0. 80 2.06 8. 40

Rotating furnace slag from electric furnace 13.04 29.91 3.26 41. 18 3.37 0. 69 3.56 0.28 4.71
Layer pouring slag from electric furnace 11.14  33.14 2.79 38. 94 3.40 0.19 3. 49 0.28 6. 63
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Table 3 Effect of mass ratio of steel slag to activated carbon on

desulfurization and denitration properties

Mass ratio of steel slag Desulfurization Denitration

to activated carbon rate/ % rate/ %
6:0 46 11
51 72 29
42 87 40
33 100 52
24 100 58
1:5 100 60
0:6 100 63
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Table 4 BET test results of steel slag, activated carbon and activated carbon mixed with steel slag composite material

Specific surface Pore volume/ Average pore

Sampl ) . .
ample area/(m? + g~ 1) (m®+g 1) size/nm
Steel slag 5.43 0.025 6 10. 43
Activated carbon 337 0.280 9 1. 96
Activated carbon mixed with steel slag composite material 961 0.214 5 3. 98

(Mass ratio of steel slag to activated carbon is 2 : 4)
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Fig. 2 FTIR test results of activated carbon mixed with steel

slag composite material (steel slag is layer pouring slag

from electric furnace. mass ratio of steel slag to activa-

ted carbon is 2 : 4, fineness of steel slag and activated

carbon is 400 mesh)

DNIE 2 W] LU B0 6 B I 1S T R R RS N R
HMABITE 3 740 em™ A H B OH AR h i . 2 920 cm ™
S IR —OH 53R . 3 450 cm ' 4b M B 0 Ik e 4 AT R
FE. 1630 cm "I C—O $FAEHRBHIEFT 1 080 em™ ' Ab
Hl O=C—0 FRAE4R s 3k — 5%t B 6E B  52  i J5
TR IR A M E A AR FTIR nf LLE S 87 5 Al 5
J& BT PR A R 2 G A RHE 1080 em ' by O=C—O0O
PR AT AR 2 0 5 B . BB O—C—O A (—0 7
AR, TEMEALIVE RS 25 = 00 B3 5 50 B s 808 78
1433 cm AL B NOs 9 R¢AE 9% 3h 0 U B 76 48 b 1) 1
AT NO, 5 NH; A Bl B8 569 . I i 2 2NH; +
2NO,—>NH, NO, + N, +H, O, B85 i i 6 .

2.3 WMESEERABEMNEEREANESSHRIMERN
A

B IR i hy FL A SRR T S P R A TE MR IR G N B
AR HAPE SR R R 2 5 4, BE 500 MR
40 43 5 4 250 B . 300 H . 350 H. 400 H #1450 H.
T8 5 300 M e AN B R M R A T A2 b e B A O A 1 1

R ILER 5.

RS WIE S IE M 4 B X B B B AE I AR BY 2
Table 5 Effect of fineness of steel slag and activated carbon on

desulfurization and denitration properties

Fineness of steel slag and Desulfurization Denitration

activated carbon/mesh rate/ % rate/ %
250 86 45
300 97 53
350 100 56
400 100 58
450 100 58




543

A 5 4 BT 1199

F 5 AT LA . BEE A 50 P A0 B Y HE . 0
PR A BT S R JBE A0 B0 A P R X S B S H S A e AR
FE S, A S G S A B R T 350 HAT, WM SR A
B A R B PE Rk B B R BB AR S 100005
SRR T 400 HI . W& MR G W 2 A b
BH DL PE AR X B R K, B RCR Ty 58005 M i 5 iE 1k
BN BE SR 400 ~450 H B, 16 # 5 R A B0 i 4 ARG B AR
Ji P e R . HOBLBR 2 10020 BEAS AR R 5800, X
S8 PR hy I 2 00 g 3 A e R B 3 2 0 i, B 100 H 4
F 400 H, — 77 T i S R ORLAR BB/ | L 3R AR K,
A TR A5 I R T B S NO. SO, B I B RE
T35 55— J5 W0 A9 i 5 0 T 22 I R Ak B R AR T
T 50 P S PR IR X NO F il A8 J5 SR . HR B 25 4 i 550
PR 20 B I HE— 285 . BDAA 400 BEEINE 450 B, BAW

K ‘;A.g‘;av : kS ~( ‘ :n ‘3; =

B3 BFUHREANEESHHAMN SEMAKER

T 5 95 P VRLAR HE — 22 /) 5 (B B /IR AR 1) J5URE R 5
PEPIR . I AS REA AR w5 3 P AR 4 3 A2 S RIS B
PR RE . 25 ERTIR, B 55 M A 40 R O 400 H O, BT
il 6 B P TR B O B R R A A I R A P E

B3 Al UFE e, — 77 40 B2 O 250 ~ 450 H A I 1 5
RamaE ety BA W 22 REW . AR TS
W A MR SO, Fil NO f W B4 T 5 55— Jy T B 49 7
5 P 5 0 E IR I PR AR A I A A B R A R AR 2 B
W/ REF s AT T ORI A A R A IR S ARG L 2 T AR
SRRERS ., E—2 I 3 AT LA W, 40 250~
350 FIF, 5 E e IR A 0 B 5 BRI RLAR R/ AR 1 24
JE 9 400~450 H I P 5 TR & 98 5 A bR RLAR RN
Ay, ARSI R 4T .

(a): AR 250 Hs (b): 4% 300 Hs (o« 4N 350 Hs () 4N 400 Hs (o) : 4N 450 H
Fig. 3 SEM test results of activated carbon mixed with steel slag composite material

(a): Fineness is 250 mesh; (b): Fineness is 300 mesh; (c¢): Fineness is 350 mesh;

(d): Fineness is 400 mesh; (e): Fineness is 450 mesh
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Spectroscopic Analysis of Activated Carbon Mixed with Steel Slag
Composite Material in Sintering Flue Gas of Desulfurization and
Denitration
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Abstract  Steel slag tailings are the main solid waste in metallurgical industry, with the production of 15% ~20% of crude steel.
The utilization ratio is quite low and only reaches 10% of steel slag tailings production due to limited technology. Meanwhile,
steel slag tailings are disposed in direct stacking and landfill in general since the management system is not perfect, which pol-
lutes land source, underground water source and air quality. Recycling of solid waste is one important method to achieve sustain-
able development of resources. The main chemical compositions are CaO, SiO,, Al,O;, MgO, Fe,O;, MnO, {-Ca0O, etc. In the
face of the above problems, the development of low price and superior performance of activated carbon mixed with steel slag com-
posite material has become not only one of main methods to achieve the high value-added utilization of metallurgical solid waste
and the sustainable development of resources, but also one of main methods to achieve the great reduction of the production cost
of modified activated carbon and improve economic benefits. In this paper, activated carbon and steel slag were studied firstly,
and activated carbon mixed with steel slag composite material for sintering flue gas of desulfurization and denitration was pre-
pared by metal oxides contained in the steel slag were modified to treat the activated carbon, and desulfurization and denitration
performance of activated carbon mixed with steel slag composite material was tested by setting up the experimental reaction de-
vice. Chemical component of steel slag was characterized and analyzed by X-ray fluorescence spectrometer (XRF), pore structure
of activated carbon mixed with steel slag composite material was characterized and analyzed by specific surface area and pore size
distribution analyzer (BET), composition structure of steel slag was characterized and analyzed by Fourier transform infrared
spectrometer (FTIR) and microstructure of activated carbon mixed with steel slag composite material was characterized and ana-
lyzed by scanning electron microscope (SEM), so as to reveal the mechanism of preparing activated carbon mixed with steel slag
composite material from activated carbon and steel slag, and the degradation mechanism of desulfurization and denitration in sin-
tering flue gas by activated carbon mixed with steel slag composite material. The results show that the activated carbon mixed
with steel slag composite material (steel slag is layer pouring slag from electric furnace, mass ratio of steel slag to activated car-
bon is 2:4 and fineness of steel slag and activated carbon is 400 mesh) has good properties of desulfurization and denitration and
reasonable economy with desulfurization efficiency of 100% and denitration efficiency of 58%. The porous structure of activated
carbon mixed with steel slag composite material adsorbed SO, and NO. and Fe, O; and MnQ, in steel slag promote the catalytic
reduction reaction of activated carbon functional groups to improve the properties of desulfurization and denitration, where ad-
sorption is the leading and prerequisite, and catalytic reduction reaction is auxiliary and synergistic. It aims to provide a new way
for the utilization of high value-added steel slag, and achieve the target of waste management waste and waste to increase efficien-

cy in iron and steel enterprise.
Keywords Steel slag; Activated carbon; Desulfurization and denitration; Spectroscopic analysis; Sintering flue gas
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