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Abstract: The multi-pollutant removal 100 0
using activated coke (AC) in moving bed . | / ol
under low temperature and dry state 5 ol SN e
showed great prospect in desulfurization c wf T etacnino N i
and denitrification process of flue gas from 2wl v
steel sintering process. The abrasion of AC 0 lh;\'ﬁo 00 . . Used Aj’s“ J
in this process was the crucial factors Temperature/ C Time/min

which restricted the wide application of N0 conversion rates (a) and penetrating sulfur capacity curves (b) of fresh AC and used AC
this technology. Being aimed at the used

AC which was produced in the process of SOr and NO, removal from Baogang sintering flue gas, the texture
properties, including the specific surface area, pore volume structure, the content of heavy metals and alkali metals in
ash, surface functional group characteristics and desulfurization and denitration performance of AC were investigated
to obtain the formation and variation behavior of used AC. Compared to fresh AC, an obvious increase in the content
of N, S and O elements and transition metal oxides were observed in the used AC powder in particle size at 0.2~5
mm, and its specific surface area also increased from 191.0 m?/g to 499.0 m%*/g. As a result, the NO conversion rate
increased greatly from 20% to 70% at 150 ‘C, and the penetrating sulfur capacity was enhanced from 0.27 mg SO»/g
to 11.08 mg SO»/g at 120 'C. The used AC exhibited a good potentiality for reutilization.
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Fig.1 Flow sheet of the moving bed system for simultaneous removal of NOx and SOx of AC
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Fig.2 The photo of raw used AC (a) and size distributions of screening used AC (b)
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Table 1 Specific surface area and pore structure parameters of
fresh AC and used AC

Specific Micropore Pore Micropore
Sample surface area/ area/ volume/ volume/
(m%/g) (m%/g) (cm/g) (cm*/g)
Fresh AC 191.0 173.0 0.1 0.1
Used AC 499.0 435.0 0.2 0.2
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Fig.4 TG-FT-IR analysis results of fresh AC and used AC
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Table 2 Proximate and elemental analysis of fresh AC and used AC

Proximate analysis/wt% Elemental analysis/wt%

Sample

Aad Vad Mag FCug Nag Cad Had Sad Oug

Fresh AC 13.3 5.6 1.7 79.4 0.9 78.5 1.3 1.0 33

Used ACT 18.8 18.1 5.7 57.4 2.5 57.5 1.7 2.1 11.7
Used ACTI 14.1 15.2 4.1 66.6 2.8 65.4 1.1 22 10.3

Note: ad. air dI'y, At Mgt NagtCoatHag+Sad+0,4=100%

R3 EERMEMAEEMER S TEEM
Table 3 The main composition of ash in fresh AC and used AC

Main composition/wt%

Sample
Si0, Na,O K>,O AlLO3 SO; CaO TiO, MgO

Fresh AC 41.7 1.4 0.5 19.7 13.9 13.0 1.4 1.4

Used AC1 33.6 0.9 1.7 16.7 16.7 11.4 1.0 1.3

Used AC II 353 0.8 0.6 18.9 20.8 13.9 1.2 1.0

x4 BEEMEDESRRESH
Table 4 Heavy metal concentration analysis of used AC
Sample Cr Mn Fe Cu Zn As Se Cd Pb

Used AC I/(mg/kg) 41.2 217.0 21420.0 494.9 458.3 6.6 68.6 1.3 112.9
Used AC IT1/(mg/kg) 4.7 191.0 16583.0 2.5 106.3 1.9 74.4 0.7 103.8
(Used AC I/total)/wt% 89.8 53.2 56.4 99.5 81.2 77.8 48.0 65.3 52.1

3 KT 248 TR FHRE SO FED R 9% 1 R R i R AT
R ICP-MS 04T, SR NE 4. PRGN
K1) Fe, Zn, Cu, Cr, Pb HH &8 & & & T IR IG A
Wik, FHA Cr, Pb, As 5 HE & B S BB ERIEFTY
MORREAE, J& T SR FE R R S, T R Vi A A KL R
Hil% Mn, Fe, Se, Pb(FT BEIE T R kH 2 4, HARIuERY
KR FAR, T AEfE IS VEAT 2 M 55125200 | iR I 5 4
& S FE I AR o W SR AE IR TS PR AR . TR,
TEXF PR VR AR AT — R I 2 o 2 Sk LA T 0 4
3 8 H AN FBURE i S R SR 3R AT P O TR N B SE B A
FEd, DL F R AR R B, TR . X
TR RGN, T HPSRERr EES)E, &
WE IR AN e R by v 5 At 2R S a3k AT 4 e
JEREAE N &R e BURTEBTIR TBUAE BRI T U
I, MASREAE IR RL A
3.3 FEEEMES EIR M SRR A EEIR

TE AR R AR T 0T R T 1 A R SORE 5 B 3
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Jit i 2 BT T M FE 1K 20%(Fresh AC)$R T 21 IR 7% 1 4=
(Used AC 1D 70%, 2 B PRV VA8 i A s 145 31 KR
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T2 70% B2 36%, Hif v 14 £ [ LA 5 P B 20%
TFER] 6%, R AHIKZTIAEALE 2 I VAR 1 B0 A 12
RE o PRI T A ORE ) A 3 P B I P I I g, X 5
PEIE AR LB P AR B IR R AR . R+ & 1 RE A1 S A
FCRFAEAR G127 o BTG PE£E T & (1) S—O, C=0, COOH 4§
FAE BRI RE A Rk L NH; R B, WA 1F) NH;
5 NO B, #Emiiem 1B tERe . s AR
i v P o i P82 14 N T FRAEG, 32 DR AR e PR AR A R T
WS B FH R A7 LEASE B AR P A A IR 2% 1 R B 280,

XOF ST £ 5 PR VS MR AR RORLEEAT SO, MR B 77 128
LA, AR (bR, EiZMR&ME T, FHEES
PEEEREAT AR, W13 SO, th PR FEEE EFF, 1.4 min
Bk DR 57 IE A, IR ZEE AN 0.27 mg SO2/g; 7
min B, SO, B FIREE FAZE AN TIREER 48%, TG
SEMEIa ., FHRE MRS, AT 45 min N SO, [

HIRE—H N0, 56 min NiARFEL, FTHERASIE
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Fig.6 NO conversion rates (a) and penetrating sulfur capacity curses (b) of fresh AC and used AC

100
| (@
© 80
2
g
= 60 -
2
5 w_ Fresh AC+H,0
g 40r — e Used AC TI+H,0
% —o— Used ACII
20 5 Fresh AC
| . | , I
100 150 200 250
Temperature/C
4 % ®

DA V5 T B I U0 5, 300 3 435 A R A0 AR I ot A
PEREMNG, B 70 v M AR S5 M S IR B PR RE I R R
REILLR S

(1) X FAR R G5 SR8 BN R BBt JBe A i P2 i 7= A= )
ST R, R RIEE TR AR 0.2~5 mm
20, HEIEE] 98.95%, MR AW 5% AL AE I B
o IR 52 R A B A G

(2) St ML, BT AR AR T
HEAT R, R P A I L SR TR ARG & 499.0
m¥g, FFLARIINE 0.2 mYg. HTIEMEERELR
BN R A e AR AR UKL R S I 20 PRI R 2
TOURLAN PRI M A — R R, S SR TR PR AR RORL R ) K
a3 OB S T A A N

(3) JRIEMEAERT BRIR Eh KM . C-O B REH].
FREE A A B RS S BN B R
U Cr, Pb, As 55248 K37 5 SRAE IR TG PR AR A Uk

(4) SRR L, PRSP AR I A TE E E
FERRTE, 150 CHBLRSZR B 20%32TH 5 70%, FERE
i 0.27 mg SOx/g - TF % 11.08 mg SO»/g, BRI
TE LB B A 1 R

Sk
[ W4V, i, 646, % WEHECR) TR NS R

MYAT VR 5 (D— L Z S5 BAREF AT [1]. LR
[, 2012, 37(1): 65-69.

Gao J X, Liu J, Zeng Y, et al. Application and analysis of dry
activated coke (carbon) sintering flue gas purification technology
in iron and steel industry—process and technical and economical
analysis [J]. Sintering and Pelletizing, 2012, 37(1): 65-69.

21 FdkYE, xiFE, L B EVEECR) TR RS T L AR

WEYAT W R S5 BT D— LA H [7]. FR45ERE, 2012,
37(2): 61-66.
Gao J X, Liu J, Zeng Y, et al. Application and analysis of dry
activated coke (carbon) process of sintering flue gas purification
technology in iron and steel industry (II) [J]. Sintering and
Pelletizing, 2012, 37(2): 61-66.

[3] ERE. RAEKBHILG SRR 524 [C)/2015

SURSLANBRAT ALV L . BRI S 2. 2015: 6.
Wang D J. Application and analysis of integrated treatment
technology of sintering and pelletizing flue gas [C]/2015
Beijing—Tianjin—Hebei Iron and Steel Industry Cleaner Production
Environmental Protection Exchange. 2015: 6.

[4] kK, BRR, SMA, S TEPEERTLEE Y S T TR B
JHA A SO, IREM [J]. BAKERZ 51K, 2004, 10(2): 160-164.
Zhang Y Q, Fang Y T, Huang J J, et al. Effects of micropore
structure and surface properties on the SO, removal in flue gas by
active coke [J]. Journal of Combustion Science and Technology,
2004, 10(2): 160—-164.

[51 wmdkbt, EHE, E8IE, & BIRREZRBME LS
BRI AR R R [1]. TR, 2009, 28(2): 325-333.
Gao J X, Wang J F, Wang T F, et al. Progress of flue gas
purification and sulfur recovery using TSA technology by
carbonaceous methods in moving beds [J]. Chemical Industry and
Engineering Progress, 2009, 28(2): 325-333.

6] B AR R ARAE RS H AT R (0], KB



702

4R T E Y

520 %

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

77,2016, 2(5): 113-114.

Cai L. Application of activated coke desulfurization and
denitrification technology in sintered flue gas [J]. Low Carbon
Estate, 2016, 2(5): 113-114.

kT, EARME, EEAE. BIERMHE AR B TR R
BEJR S RIS (3], BURALL, 2007, 27(2): 22-26.

Gao J X, Wang T F, Wang J F. Progress and prospect of
engineering development of adsorptive flue gas desulphurization
and recovery by carbonaceous adsorbent [J]. Modern Chemical
Industry, 2007, 27(2): 22-26.

Olson D G, Tsuji K, Shiraishi I. The reduction of gas phase air
toxics from combustion and incineration sources using the
MET-Mitsui-BF activated coke process [J]. Fuel Processing
Technology, 2000, 65/66: 393—405.

RS, ARR. WETERME TR AL BRI 5 R & (0],
HLE &, 2009, 30(5): 47-51.

Li X Y, Zou Y. Application and development of flue gas
purification technology by activated carbon (coke) dry method [J].
Electric Power Construction, 2009, 30(5): 47-51.

T, MRBE. R T BRI B AR M A 20 e A B A AR
T [J]. WL ITFE, 2018, 16(2): 37-39.

Yu H C, Xie Q. Discussion on reducing the amount of activated
coke wear in desulfurization and denitrification process by dry
method [J]. Mining Engineering, 2018, 16(2): 37-39.

FRRR, SRR, TR, & PR TESMIE R E L T E
MERER )], BRI LS 4E R, 2018, 231(10): 66-69.
Meng C Q, Chai X Q, Cheng W Y, et al. Ways to reduce the coke
consumption in the gas purification process of activated coke
pyrotechnic [J]. Coal Processing & Comprehensive Utilization,
2018, 231(10): 66—69.

FAEAE. F AR X i P AR B AL 50 S St ML e 2 ) [D].
M IRYEE: IR Tl K2, 2016: 34-37.

Pi X X. Effect of regeneration process on physical and chemical
structure and desulfurization performance of activated coke [D].
Harbin: Harbin Institute of Technology, 2016: 34-37.

SHIY, IR RIEAAER T R R BT AR (9], ]
T, 2011, 14(6): 20-23.

Peng J F, Jiang W J. Research progress on desulfurizing agent in
flue gas desulphurization by carbon [J]. Sichuan Chemical
Industry, 2011, 14(6): 20-23.

W, SRS, RIE. KA AT BEEALE PEAR AR B R[],
H1 1% 4%, 2007, 8(8): 10-13.

Zeng Y, Zhang P, Liu J. The desulphurization technology of
water-saving activated coke flue gas [J]. Electrical Equipment,
2007, 8(8): 10-13.

Guo Q Q. Promoting role of sulfur groups in selective catalytic
reduction of NO with NH; over H,SO4 modified activated carbons
[J]. Korean Journal of Chemical Engineering, 2015, 32(11): 2257—
2263.

Figueiredo J L, Pereira M F R, Freitas M M A, et al. Modification
of the surface chemistry of activated carbon [J]. Carbon, 1999,
37(9): 1379-1389.

SO, BRIV I e i M s A IR B A e BE RO AT (D],
et A ER AR, 2015: 48-53.

Guo Q Q. Nature of groups for NH;-SCR of NO over acid
modified activated carbons at low temperatures [D]. Beijing:

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

University of Chinese Academy of Sciences, 2015: 48-53.

R S R SRR 7 FR A B 5 RN R T S R AR
BLFE [D]. KB KEHET K, 2006: 183184

Shangguan J. Change mechanism of physical structure and surface
functional groups of activated semi-cokes used in SO, removal
from flue gas [D]. Taiyuan: Taiyuan University of Technology,
2006: 183-184.

R, WHEARELA RN P SO, A1 NO HLEEHFFT [D]. dbi:
TR BHER I R B, 2010: 34-35.

Wu T. Study on the mechanism of SO, and NO in activated coke
combined with flue gas removal [D]. Beijing: Coal Research
Institute, 2010: 34-35.

Cui X X, Yi H H, Tang X H, et al. Study on the properties of
adsorption of SO4*~ thermal regeneration cycle of activated coke
modified by oxidization [J]. Journal of Chemical Technology &
Biotechnology, 2018, 93(3): 720-729.

Huang Z G, Hou Y Q, Zhu Z P, et al. Study on the NO reduction
by NH; on a SO,%>7/AC catalyst at low temperature [J]. Catalysis
Communications, 2014, 50: 83-86.

Huang Z G, Zhu Z P, Liu Z Y, et al. Formation and reaction of
ammonium sulfate salts on V,0s/AC catalyst during selective
catalytic reduction of nitric oxide by ammonia at low temperatures
[J]. Journal of Catalysis, 2003, 214(2): 213-219.

Davini P. Adsorption and desorption of sulphur dioxide from
simulated flue gas on active carbon: the effect of the ash content
[J]. Carbon, 1993, 31(1): 47-51.

Boyano A, Galvez M E, Moliner R, et al. Carbon-based catalytic
briquettes for the reduction of NO: effect of H,SO4 and HNO;
carbon support treatment [J]. Fuel, 2008, 87(10/11): 2058-2068.
Fan L, Chen J, Guo J X, et al. Influence of manganese, iron and
pyrolusite blending on the physiochemical properties and
desulfurization activities of activated carbons from walnut shell [J].
Journal of Analytical & Applied Pyrolysis, 2013, 104(11): 353—
360.

Guo J X, Fan L, Peng J F, et al. Desulfurization activity of metal
oxides blended into walnut shell based activated carbons [J].
Journal of Chemical Technology & Biotechnology, 2014, 89(10):
1565-1575.

Ahmed S N, Baldwin R, Derbyshire F, et al. Catalytic reduction of
nitric oxide over activated carbons [J]. Fuel, 1993, 72(3): 287-292.
Lin C C, Teng H, Tu Y T, et al. Reduction of NO with NH; over
carbon catalysts: the effects of treating carbon with H,SO, and
HNO; [J]. Carbon, 2001, 39(4): 575-582.

fksEE, WARAE, BV, A5 IETER UM EHR AL RS 0],
RLmIEAL, 2002, 25(2): 29-34.

Zhang S Y, Xiang Y H, Zhao J T, et al. Discussion on
desulphurization mechanism of activated carbon materials [J]. Coal
Conversion, 2002, 25(2): 29-34.

Yang L, Jiang X, Jiang W J, et al. Cyclic regeneration of
pyrolusite-modified activated coke by blending method for flue gas
desulfurization [J]. Energy & Fuels, 2017, 31(4): 4556-4564.

Fan L, Jiang X, Jiang W J, et al. Physicochemical properties and
desulfurization activities of metal oxide/biomass-based activated
carbons prepared by blending method [J]. Adsorption, 2014,
20(5/6): 747-756.



