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Industrial experimental study on the multi—pollutant collaborative

control with activated carbon for coke oven flue gas
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Abstract: Now the situation of air pollution in China is still serious.The multi—pollutant collaborative control with activated carbons can
simultaneously remove multi—pollutant,such as SO, ,NO_ and H,S without water consumption and secondary pollution.It has been used in
the flue gas purification of iron—steel sintering and coke oven et al,but the purification efficiency needs to be improved.In the coking in-
dustry , the activated carbon technology demands a higher denitrification efficiency and effectively capturing multiple pollutants for the coke
oven flue gas with the emission characteristics of low sulfur, high nitrogen and multi—pollutant coexisting.In order to explore the factors to
improve the efficiency of coke oven flue gas purification, the industrial test platform was built for multi—pollutant collaborative control with
activated carbon for coke oven flue gas purification.The flue gas flow rate was 33 000 Nm®/h.The moving speed of activated carbon and
ammonia injection quantity were adjusted to investigate and optimize the flue gas purification efficiency.The effect of moving process on

physical properties of activated carbon, properties of activated carbon after regeneration and carbon consumption were analyzed.The results
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indicate that the desulfurization efficiency and denitrification efficiency of the multi—pollutant collaborative control technology with activa-

ted carbon are more than 99% and 80% , respectively.The emission indexes meets the special emission standards( NO, <150 mg/Nm’,S0,

<30 mg/Nm’ ,PM <15 mg/Nm’).The compressive strength of activated carbon obviously decreases by 33% —55% during the moving

process , especially for the smaller diameter activated carbon, while the abrasion resistance decreases slightly, but the decrease range is

small.The decrease of these two parameters will increase the consumption of activated carbon.The recovery rate of elemental sulfur in the

regeneration process is up to 90% ,and the specific surface area of activated carbon after adsorption( before regeneration)is approximately

20 percent lower than fresh activated carbon.The physical carbon abrasion of activated carbon mainly depends on the moving speed, and

the chemical carbon consumption depends on decomposition of the functional groups.The total carbon consumption of activated carbon is

approximately 10.7 percent per year of the first loading capacity.

Key words: activated carbon ; desulfurization and denitrification ; coke oven flue gas;multi—pollutant collaborative control
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Fig 1 Industrial device for multi—pollutant collaborative

control with activated carbon for coke oven flue gas
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Table 1 Main processing parameters

WH LM WIHE
A/ (Nm? - h™!) — 33 000
JHARSE/°C 180~220 120~150
UK ST/ % 15~20 15~20
HEH T SO, #eE/ (mg + Nm ™) 90~ 150 <10
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Table 3 Effect of moving speed of activated carbon on NO,

concentration and desulfurization value after regeneration

B/ W NO KRR/ FLE o Tk e JBE e i/
(m-h™") (mg - Nm™) (mg-g™")
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0.024 63 27
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Table 4 Effect of ammonia injection quantity on

NO, concentration and ammonia escape
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0.85 3.0 85 2.5
1.00 3.5 60 2.7
1.20 4.2 59 19.0

FRSEES, BT RGBT
TR BR AR ROR . REFRE ES0E1T 2 000 h Ay
OSSN A 3 R, b A D
NO LK 315 mg/Nm®, i LI EEZ) R 58 mg/Nm’®
HREAHRCR AT 80% ; AT SO, HREEZ M 120 mg/Nm® | Hi
F SO, WeBE R 0, BRACEL R 100% ; TR A 1 MR
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Fig 3 Change curves of pollutant concentration with time
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Table 5 Compressive strength and abrasion

resistance of various activated carbon

Tk BERE Tt F 548 BE / daN T P 5 1./ 9%
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Table 6 Ultimate analysis of activated carbon
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NS JCE & I TR EEE M, TR PR T2
J&,S TUR WE AL, Lk A T EnAEAT H A B g
BF 1 AR PR AL 10 90% 2245 . 1 I AR R ATy A B
—FR AT G A AFATT , 53 AT DL DAL T BB A R B e R A
BT ARRTRRE B S B A, ZE AR AT IR B 420 C A2
HBIARRR SRR, I FASE O TR T 2D,
FERR RIS BE A T 7E 420 °C LA T 0 fi, ™
A4 €O F1 CO,,

PRI BTG PR XPS JGig UL 4 fgk 7, wf
10 1s Wik . 16 1,C =0(531.0~531.9 V) ; Ii¥
2,—O0H(532.3~532.8 ¢V) ;1§ 3, C—0—C(533.1~
533.8 eV) ;& 4, COOH (534.3~535.4 V) ; Ik 5, 1%
Bi/K/%0(536.0~536.5 eV) . 42 J5 &% AE REMTA
A FTED BT ST A TR I 1 ik 2R 1A I
FORARR S NH, 1 W B2 o5, HL B RE AT 75 e E 45
Ml R A A%, F AL 4 AT RN, PR 1 8 2 RDR FE AR
A S ik /L e S P e A % T R

AT — Raw
— Peak 1
/‘ Peak 2
f Peak 3

. | Peak 4
/ \\ Peak 5
—— Peak sum

padan : Meadhloy

HAE — Raw
— Peak 1
Peak 2

A\ Peak 3
/ \ Peak 4
\ Peak 5
\\ Peak sum

/ \

AN
haran ..).y NN N
526 530 534 538 542

ZEfieleV
B4 EHRFAEAE O 1s XPS # A
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Table 7 C 1s spectra of activated carbon

before and after regeneration %
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Fig 5 Pore size distribution of various activated carbons

T L E B AE 1.2.1.5 A1 1.9 nm,,
G ETE PR A A LU, T T e 2 TH S B A o A AR
W2 B P i 1 e LA B s/ AR IS R T
TEPE R R T E RE T 1Y o0, HAL A g G R H 2
T BT T Mk
2.4 EMERREFE

TG PR AR i Y A 2 1 1 I IR S AL B R 38 47 AR
Ry E R R B SRR, AT AR T2 R
W CO AT COLHEI ™ TR THAE FE 5 )
R B Ak 2 0 T FE PR 4011 B S 5 L
P16 2 A% ) 3 AT R U, T b 27k T 6
kA EREA B i

Yy B BB AR R A S MR R Bk R b DAE M
B ARG X IR SN TR o3 10 o ARG V) 3 i
PR ST

a=m,T/m, (1)
Hr, o 9 B0k B, %/a (LLPI 3 i, T
[F]) sm, R F-2 00 6 P oy R B i, v/h; T oA 4R
ATIFTE] hym S TS PRI U IH i v, A5 B ik
BER N 8%/ a.,

T T o 1 Al 2 e T AR 32 28 kAR A A AR T AR
o, TR AL A ik T AR B DL B I FE R R TR )
JH MRU 0S4 A A0 4 B g 4 1 11 4k €O, 1 CO
VR B, A SR Al 6 Pk

CO, F AR A 1 P R IR L2 I /Y 43 %, CO
FEE A G R KR A o A R



A RGP A% 2 15 YW I R R Tk A 5

www.chinacaj.net

2020 4E56 6 1)

5
4 'W
CO,

I - CO

BT S IR /%

0 5 IIO 1I5 2IO
A [al/d
6 CO M CO,KE K FEAT BT 1] A Al
Fig 6 Change of CO and CO, concentrations
with desorption time
O I ORIEA N 1.5%,C0, 4N 4% , 3 1)
ZUR 1 s 3, AR P A ) 2k e 4T OR A Ak ik I FE
HHEITER
B =M, T/M, , (2)
Hirp, B AL BRI AR, %o/a (L2, TR ;
@ HCOLMRFITEL, %o 50 N FEAT AR, m*/h; M,
CO/CO, 1Y BE SR T, g/ mol ; M, Ay i B < 1) JBE /R I
i, g/mol, PrE AL FIRIEFEL N 2.7%/ a,

3 & i

1) S IR A P e vk 22 35 e P TR 4 o) Tl
A0 2 T A A RS B 3R 0.020 m/h, 2 A LN
1B, RGN T NO, 250 58 mg/Nm® | A%
iKE] 80% 5t H SO,2H 0, BERAL ALY 100% ; kL
Y MR 7 me/Nm?® |, HEAEARE T4 51HE i B
i, Ha ki Hy 2.7x107° AR TER{E 3x107°°,

2) I AR RS Bl B A S R R R 5 BT R B
i, B 33% ~ 55% , JU & AR B /NI 1 M e, FE
T 2 B A T IS B (B R AL /N, 3 2 TS ECT
Mo BOGTERBIFEREIG I, N TR RGN IEH
TEAT B AT A R R B S O A A )

3) IE RIS, S T E B EREAIC, AT H Y
B o O A R R R A AL R 1) 90% 2 A W B (T
AR T PR e Y L 3R T BRAE LRI 6 3 R R T R
20% i PE R L F B TP AE 1.2 1.5 A1 1.9 nm,
TP e 2 T 5 B 40 SR ) D RS R B ) T e L AR
BRI/, AR IS I I k2R TR RE AT Y
O3, FLALAR b O, L A T B A T T e

4) 5 e 1 L B A8 e A A I e B Bk R
T, R 8%/ a; 1 M e 1 k27 ik T R 32 22 R A A I
AR N 2.7%/ a, 16 PR AR AR UM 255 1 1Y
10.7% .

2 2 3L 1k ( References) :

(1] ETHE, EJ98. Al ME SR AR (1] ) AR T,

[2]

[4]

[5]

[7]

[8]

[9]

[10]

2019,46(11) : 146.
WANG Shenglong, WANG Naichao.Research progress on denitrifi-
cation technology of coke oven flue gas[ J].Guangdong Chemical
Industry,2019,46(11) . 146.
RN, SR, S A A A B A R 5
[J] iR 2017,23(6) : 1-6.
WANG Yan, ZHANG Yang, GUO Shanshan, et al. Progress and
suggestion on desulfurization and denitrification technology for coke
oven flue gas[ J].Clean Coal Technology,2017,23(6) ;1-6.
ol HUEs B AR DS SO, A NO, HERL#Z I [ 1] 44
RS540 T ,2017(2) :4-6,11.
LI Liye, TIAN Jinglei, HUANG Shiping. Emission control of SO,
and NO, in coke oven flue gas[J].Fuel & Chemical Processes,
2017(2) :4-6,11.
W R, S A R SR B R BRI R L]
FEILT.,2019(1) :53-54.
YANG Feng, JIANG Lianying, FENG Zhijun. Research progress
of coke oven flue gas desulfurization and denitrification technology
[J].Shanxi Chemical Industry,2019(1) :53-54.
T B SCH, PV R, SR AR PR E R BOR 5 T 2R
[J] 51T ,2015,46(2) : 1-4.
YIN Hua, LYU Wenbin, SUN Gangsen, et al. Technology of coke
oven flue gas purification and discussion on its process[ J].Fuel &
Chemical Processes,2015,46(2) :1-4.
VRELTE, BRI, B . £ 00 A0 B ARBE A — AL SR (9 F 5 0k
JELI]RHS1ET,2019,50(4) < 1-3.
XU Hongying, CHEN Peng, YAN Fang.Progress of research in an
integrated DeSO, and DeNO, from coke oven waste gas[ J].Fuel &
Chemical Processes,2019,50(4) :1-3
PNNIER, FHE, B SO, 25 AR 0 OB 5 242 58 7t B HC A A
— AT 2] RS 1T ,2015,46(6) :40-41,46.
SUN Gangsen, YIN Hua,LYU Wenbin, et al.Integrated process for
desulfurization, deducting, denitration and thermal decompositioin
of coke oven flue gas[ J].Fuel & Chemical Processes, 2015, 46
(6) :40-41,46.
FRRSC, FIR, R, 4E.SDS i A & SCR A AR e A B
ARTEFN I T AR )] AL TR LA, 2019,40(4) -
14-18.
ZHANG Qingwen, CHANG Zhi, TIE Liuli, et al. Application of SDS
dry desulfurization and SCR medium and low temperature
denitration technology in coke oven flue gas treatment [ J].
Chemical Equipment Technology,2019,40(4) :14-18.
PNNIER , 5 KT S ML AR GE IR A TR 2 a1
RIS R IR BT SR [ €/ /2015 4R (L) by
REFR IR B TR BORDI 2018 SCE 2 1 vh I 6 B 2 e i s
64122 ,2015:153-156.
SUN Gangsen, GAO Fei. Based on the implementation of the
flue gas purification project of Zhanjiang coke oven in Baosteel
[ C]//2015(9th) Symposium on Coking Energy Conservation, En-
vironmental Protection and CDQ Technology. Anyang: Coking
Chemistry Branch of the Chinese Society for Metals, 2015:
153-156.

kAR, B R 2, SR 6 m ARPIE R S BRI

187



2020 4F55 6 HH

www.chinacaj.net

ik 4 4 H# K

%26 &

[11]

188

S — AL AR SBR[ 1] TR 42 ,2018,26(5) :32-33.
ZHANG Huaqiang, GAO Qinghua, LI Xuezhi, et al. The
application of removingthe SO, and NO, in exhaust gas with the
activated carbon at 6 m coke oven in Angang| J].Henan Metallur-
gy,2018,26(5) :32-33.

BT M AR BB DA B R A £ A B P A
[J]Brismdek,2019(1) :9-11.

WANG Ni.Application of activated coke combined desulfurization
and denitrification technology in coke oven flue gas treatment[ J].
Xinjiang Iron and Steel ,2019(1) :9-11.

AR5, R A 2x 360 m2 Be&E LA M S T 244k
[J].9dbiR4:,2019(S1) :125-127.

LI Dongliang, LI Zhen.Process optimization of analytic tower of 2X

[13]

[14]

[15]

360 m? sintering machine in HBIS Hansteel [ J ]. Hebei
Metallurgy ,2019(S1) ; 125-127.

LI Y,LIN Y,WANG B, et al.Carbon consumption of activated coke
in the thermal regeneration process for flue gas desulfurization and
denitrification [ J]. Journal of Cleaner Production, 2019, 228
1391-1400.

BOYANO A,GALVEZ ME,MOLINER R, et al.Carbon—based cat-
alytic briquettes for the reduction of NO: Effect of H, SO, , and
HNO; , carbon support treatment [ J ]. Fuel, 2008, 87 (10/11) :
2058-2068.

LIN Y,LI Y,XU Z, et al.Transformation of functional groups in
the reduction of NO with NH;, over nitrogen — enriched activa-

ted carbons[ J ].Fuel,2018,223.312-323.





