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W E SR HNO, H,S0, K H,0, WS P 5 HEA T A ALt b B BFSEARHR (<250 °C) T NH, a8 JU 14
BB IL IR S (SCR) NO_Y SN M fig. il 1 S0 2R AT LR AR AL 435 . Boehm Ji% 2 ' TPD-MS  XPS 43+ #7 % & 4k
R T P 2R T AL 2 R IE AT 0 A, AT 2R T o SR L P & B AT T R ke R SE. B R I S5 H, S0, K
H, 0, b BFHALL , TG PE R 28 HNO, FEALAL S R MR AL | R I AR 2L & 1 B S 34 n | 785480 BEYi [l SCR 3%
PEW] AR 2 HNO, i Ab ). & 4 B &5 SCR & PRI SR ZE 3R] SR IE FREF AR 4% 3 Fh iy 3t
X HNO, Bt 5 6 P SRR i 4 SCR G MR 55 & 4% B4R .

KB WEPES SRR AR SRt AR BRY.

Effect of oxygen-containing functional groups on the removal of
nitrogen oxides from coal-fired flue gas on activated carbon

XU Qi HOU Yagin® GUO Qiangian” HUANG Zhanggen®™
(1. GD Power Development Co., LTD., Beijing, 100101, China; 2. State Key Laboratory of Coal Conversion,
Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan, 030001, China)

Abstract ; Coal-based activated carbon was oxidized by HNO,, H,SO, and H,0, and applied to the
selective catalytic reduction (SCR) of NOx at low temperature (<250 °C) with NH; as a reducing
agent. The physicochemical‘properties of activated carbon before and after oxidation treatment were
characterized by elemental analysis, surface area and pore size distribution, Boehm titration, TPD-
MS and XPS analysis, and the content of surface oxygen was studied qualitatively and quantitatively.
Results showed that compared with the treatment of H,SO, and H,0,, the content of carboxyl,
anhydride ‘and hydroxyl in the surface of activated carbon was significantly increased after the
oxidation treatment‘of HNO, and SCR activity was improved obviously in the reaction temperature,
thus HNO, was  regarded as the best oxidant reagent. Furthermore, the correlation between the
content of oxygen-containing groups and SCR activity indicated that three oxygen-containing groups of
carboxyl, anhydride and hydroxyl were found to be mainly responsible for the promoted SCR activity
of HNO, modified AC.

Keywords: activated carbon, oxygen-containing functional groups, surface modification, low

temperature denitrification.
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AP R AR ST Y 4 ) BUAS F R R 3 R TR RUBR % + A PR IR A (LA I ( SNCR) +3E 4%
AR S BERY ( SCR) +HLASBR A + V075 W A + V2 X F B R S M AL A AR (H R B B AR 308 A7 7 75
VIR CRAS B2 FEK KI5y 7= AE RI5 G RGRAE I 2455 ) L T S R i Sk (0, IR R 4205
IR W22 RERS STEIRIE IR < 2275 Ye ) — AL 55 A B B AR, Ik 24 i 3 B0 00 AR 5 3R T M e i A <
Verfb B AR AT SR 22 35 Ye W in R SA B, R e LT ) SE BRI Tl B A I e R 22—
AN AR FH 8 35 1 2k B B 22 s e ) T 24048 H AR A48 A3 TR =@ 1l F= A9 BF 23 &) HT WKV
NS ANFEE Arzberg K HLTT RIS 4.5%10° m b BEBRACE KT 98% , AR 60% ; KN 3 Bk
SEPLE T H A A B AR B 1.4%10° m*™h™"  BEBRACR KT 98% , AN AR L) 40% ' AR A F
B RO« S N IR DK, T A3 5 R T LT A (RS Sl e R AR g ™ R 5 A, R
J T M A FEAE TR EE 400 C L I, SRSV 150 C A BEHE A BRI 28 | AT M 10358 1 e 1A i
JESEIN T3 AT AR, B, T e v B MR 22 i Y g AR S M 1) S I T & v 1 P o R i ) 3
BRTEL.

T4 D Tl B8 NGB 1T BT M S S Ak B h IR T 2380 | Bk B REANHE 1 R 0 5%
U ARTE SEBTRARAE A T 105 A i B A A A O A 35 T8 P A1 (< 40% ), BRI O8 T 6 2 NO | B I HE T
SR A A PR R R T i O R DT Sy o S v 3 R R R e ) e SRR £k 7 25 HR S
Fth.

ARG 5T A A e S AL TR I BAIE PR Ik (AC) 7E 11 3 G B B AL W il 225 e A b 2, F 5 36
A 2 1 SR 1A R T 4 S AR 0 4 43 B30 s IO 4 N, A R e e s v (3 v 7Y H AC R Bl
HAT— 2 WA TG, 28 A A B S 6 T 2 R A e, e 25 % SCR AL P 7= A= FE i, A7 L ZE X it
PEAFIRAMISE Teng 25 5T LW RBRAEIE AC 22 HNO, (H,S0, A0 A0 B i fils 16 PE 32 5. Zhu 250 F
G WS J0 R 05 1 2 2T 24 28 TINO, S8 AL A e A 1 P 28 PR AS WA, | {H 5 M o 27 4 SR AL JS T 3% CeO, I AY
T TR A B3R CeO, RE N AR AG 2848 AU FE S 3T SCR 2 B RIS AEAE 22 53 P oT 36
B[R] AR RN AC P R A5 i AS TR], U AT R6 R SCR 2 I 7 BE. Boyano %5 ifF 52 B, HNO, Ak
AFRA F TR AC FRTERIEFNNFE I H,0, A A FIAG F) T80 AC 26 5 R .

YT UL EARGY , AR SCR ) HNO, (H,S0, FeHz0, XSG P e E 1T A AL b B, 5 2 S8 AL AT JA AR SCR
M, 38 5T Boehm J%%E \ TPD-MS  XPS 257347 7 ik % 22 11 25 S8 3 1 0047 5 Mg oA , ik e A S840 )
T 5 B v T P R T P 1 B R U RE AT, R IS 3 v T RBP4 AR R O A 5] ) 7 5

1 SZEG#B 4 Experimental section)

L1 AR G i £

SIS T FH AR ORRIR T8 1 i A 1 PR AR AR T AR 7 B LRI O 43 2 30—60 H & H (AC) .2
5 mol-L™" HNO, 2.5 mol-L™"H,S0, % 30%wt H,0,> 5% AC #4784kl ab B | S AL J5 RE 5 2 SR
i ACN (ACS J¢ ACH.AZRHTTEUNTT BRI 10 gAC HCE TR, A 50 mL Be & 41 A AL FIH W, 7F
80 C F AT LALFE 10 h, RS AE S D€ B VR B PR IAIRGE M B 576 110 °C 48 10 ho et e B
A RS R PR A [/ 23 B4R IE  ACN (ACS K ACH.
1.2 AHEAEFE PRI

PEA T8 P X A AR 10 mm [ 28 IR N #% 1 EAT A0 R0 &0 2 g, OB AR MR 4 AR
500 mg+L™" NO,600 mg-L™" NH,,3.5%vol O,, N, kP <. AR FH N 400 mL-min™", 553 (GHSV ) A
6000 h™' RS 5 O A NO B O, 1k B 2R A4 BT { (KM 9106 Quitox, Kane-May International
Limited ) #FA77E LA , NH., P9 v 2 SR FH 198 B0 2 125 D0 2 . NO e Ak 3 H R i F

Xy=(C,~C,) % 100/C,,

K, €, 3R NO ANFWREE | C, 3R RO ik S0 Fe 0 i RN A8 1 1 NO MR B
1.3 AL AR

AL 7 B 2 18 FR AN FL 23 A H W FE A ( Micromeritics, ASAP2020) i a1 N, W Bk I 52 , W B 3L 28
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h TIK.

W VE VR R RS TR T EFEE Elementar Analysensysteme GmbH 23 7] ¥ VarioEL F5- 0 R 4347
AT

A 7R 2 T R 1 ik A1 5 e i Boehm {5 J7 VAT E MERRFRIN 3 3 i 0.5 g RURES:, 205 A
50 mL 0.05 mol - L™ NaOH Na,CO, NaHCO, /&, T 30 C WFEIRA F &5 24 h, VA5 3, e &
B3 P 10 mL, i 5 A B8R T 0.05 mol - L™ HCL #4734t FH 2% HCL S 5B S I AR A i, X
i FE T & LI 13 7. B S B NaHICO, 04 0 TR 2 i B A G Na, CO, OB
TR B PSR NaOFL 0 oA o 22 TR A B L K R G 1

TPD-MS 2 #r 3 JH Ar 2 <, KK F & 50 mL - min™"', #1 30 °C JF = 1050 C, FHE#E R N
10 °C-min™" , A Oministar QMS422 TELERI H T CO .CO,.

K H] XPS(X-ray photoelectron spectra) 73 i R HIAL 272 2, 73 BT 7E Thermo ESCALAB 250 #47,
WS A 245 Al Ko (hv=1486.6 eV) , 215 150 W.

2 R 5118 (Results and discussion)

2.1 SCR k6P

HE 1 AT 3P 28 HNO, (H, S0, S H, O, AL IS | i T2 A8 fh b #4 BH f5 AN[R). AC Fads
NO %o Bifi 2 )57 Y T+ B P AT, 24 B S I TH 28 150 °C LA B B82S Xy 4B 7E 109% 4545 . 28 5 mol - L™
HNO AbBRJERE S ACN 325 Xy B SN IRLEE T, el I i, SO EE S 90 C I B3 S Xy ik iRAIR
M 50.40% 247, MW IR 2 150 °C VUL 22 X ZERE7R 90% A2 4. 22 5 mol - 17" H,S0, 4b ¥ J5 ¥
fir ACS B X o bl 52N I B T, TRIRE S ARG T AR A2 R L R 150 C B BRAS X o iR AR
{H°4 15.00% , >4 W & T 150 °C i B2 X o Bl 52 Nl B2 v T8GR, >4 B I B2 250 °C I RS
Xyo N 58.80% , SiZAMEALF 30 C FHZS X 1242 H, 0, F AL AL S AR A ACH FaZS X, il S N7 L B A8 Ak
HEH 5 AC ARRL, Bifl S 0 Tk B - iR 2 B AT 2 B T B 15 T 150 C B RS Xy B TRUE B, HAS IR
JE R Xy AC ZHIAK, 3220 10%.

AC WSS T T a5 X o B MR, S TR TE 150—250 °C I Fa s X ZE457E 10% 4245 . 84k
AT ACN (ACS, Fa 5 X Bl SN L BETT T | B RAR S TH s i A8 Akt 3, e BAAE A [8] S W R
AR 22 1 ] EREAE AN ) SCR B R ALEE , s AR T SCR Ry il AL BRAFAE 22 571> KL Ry it
BARET RS Xy B Bl TR I e A AR 70 A B, s 7 IR BE A iR B (> 150 °C) , e til EZE AT
SCR W, AC %A AL AbBE fe il 3= & 1) & S S LR 0 T 2 1T SCR N A #EA T

100

—o—ACN e —*
—a—ACS

80 - —v— ACH

60 \

40|

NO conversion/%

1 1 1 1
0 50 100 150 200 250
Temperature/ 'C

B AEE AR S AR NO e A bl BN i B2 22 £

Fig.1 Variation of NO conversion with temperature over catalysts of different oxidation treatment

2.2 fEAEFI AL 2 PR T
& 1 A1 ,% 5 mol-L™' HNO, \H,S0, X H,0, F LA HLE#E 4 BET SR AL AL NG A FFEAK, AL
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T AR IS A $2 5, ACN SRR B35 JT R M 45 R R W], ACN [ ACS 5 ACH £ i O JuR & &4 g,
ACN HEfIHE 0 i 2% X B HNO AL B S BE 5 78 22 0 T i & B M S e L ok, 5 AC # 1L,
ACN R N R ACS R S JCHE S AR G .

F1 AC.ACN.ACS 5 ACH LI fLAH 5 T0R A HT4 2R
Table 1 Specific surface, pore structure and elemental analysis results of AC, ACN, ACS and ACH

R Eming:A B ALALEA FHLR LRI
Specific Micropore Total pore Micropore A l, - Elemental analysis/ %
surface area/ surface area/ volume/ surface volume/ d-\elagfe j) ore

(mg™) (ng™) (emtg™) (emtg™) pmderm G0 NS
AC 957.4 516.5 0.553 0.236 2.309 84.22 1.09 2.14 0.45 0.47
ACN 916.0 544.2 0.507 0.246 2.214 70.46 2.11 12.34 1.10 0.33
ACS 931.6 530.4 0.532 0.243 2.283 82.56 1.37 3.54 0.44 0.78
ACH 956.3 529.4 0.549 0.242 2.297 84.91 0.81 2.70 0.58 0.47

#

M2 2 5 RFE Y, AC FIMPRIE T REM &40 2 HNO, E AL AL 3SR 5 ACN FKEi4 M & A E
RIS R LS B Nk 135 ACS 5 ACH T & L A1 O A 18 | Rk ik A i
B> F ACN.Z5 R BIR A HNO, AN HRIIE AC, BT 5 T3 1m0 & E 2L A B k.

#&2 AC _ACN . ACS 5 ACH Boehm jii 4558
Table 2 Boehm titration results of AC, ACN, ACS and ACH

Ak IS AL Pk PNy
Carboxyl/ Lactone/ Phenol/ Amount of groups/
(mmol-g™) (mmol-g™) (mmol-g™) (mmol-g™)
AC 0 0.303 0.072 0.375
ACN 0.719 0:574 0.374 1.667
ACS 0.252 0.382 0.096 0.730
ACH 0.205 0.380 0.096 0.681

2.3 TPD-MS 43#r
BT I E R & R B RE I A E S B RE A, ([ F TPD-MS 43 #r ik B 5 T 8L E i %
LA LA CO ., CO, B i iR EEVa Rl &5 R 2 s,

s [ AC E AC

2 P

) o]

S g

5 =)

2 z

Z 2

S L w v I . it | = J
0 200 400 600 800 1000 0 200 400 600 800 1000

E 5

o o)

@] @]

k) k)

2 2

2 k2

8 8

= K| )

0

= . [ Acs

= =

I <

: : N\

P @]

o k] /

z z /

2 ‘B

= 3 n n E X n " " J
0 200 400 600 800 1000 0 200 400 600 800 1000

Temperature/'C Temperature/ C

E 2 TPD-MS 5+ CO,.CO ik
Fig.2 CO, and CO profiles during the TPD-MS experiments
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ATLIE 1 ACN 19 CO,BER LR 70 4 18 T 290 270 °C) EEARIEN /0, T (£9°4 405 C)
FHNPREF A 43 ; T (2920 637 °C) Je IV (28 845 °C ) F B T ARELAIREL T 09 N BE L4546 1943
et R R BAE AT LA AC R R AL TR R 2# 355 1928 P R 2 25 W 2 1A, O, A Bt ity
SRt B R 5 TR I ) IO B0 | 28 H, SO A B AN 055 e AR X 3 /DN 2 R G B 0. T ACN 19 CO
JBRRR 2o R 3 W T(UWE(E 27 440 °C) EZ MR 73 ; 11 (2928 718 °C ) B NFREEN 40 I (29
965 °C) FH S T EHRILAY /. R8s nT 15, ACS 5 AC /Y CO B i ZR AR, R TrATAE K
FRILLEAG T ACN T H 0 B 308 114 5% 5 It o e

7E ACN (1) TPD #hZrh i kil )4 /b NO By R, Wit 53 307 T 190 CH1 410 °C &5 R 4K 3(a)
FE7R A3 Ml RS2 T AC 28 HNO, kS5 1 A A2 U P (U S s i 98 ) i o fige e e 0% ]
J&,AC Z8H,S0, FTH, O, it J5 4 it I B 1l S AR I 1) NO i B i 76 ACS /%9 TPD £k 265 °C il
R SO, 1R , 25540 3(b) iR, X il BEJ2& B T AC 42H, S0, Bt Ja T B 25 Bt 32k AT ( 4n 7 7
B AL S S RAE I ) B 20 AR AC 28 HNO, FITH, O, B 5 KR 5 5 B T 28 v 32K 460l 1) SO, 14 J3t b
. 7E ACS B CO F1 CO, A4 B BF il 26 278 265 °C BRI H BB A4 B BRF s | 3220 5 7 7= A 14 S 0, 114 Jd B 0
T WA TG T 19 5 TR AR AR H AR, IR AT LLER CO i CO,L7E 265 °C 7= Az 8 e U1 R 48 i ik A1 -5 0 110
FHEAE IR 45

265

3 N
z 2
S S
=} =}
2 2
g g
E k ACS
0 200 400 600 800 1000 0 200 400 600 800 1000
Temperature/'C Temperature/'C

3 TPD-MS sE4r NO SO, itk
Fig.3 - NO and SO, profiles during the TPD-MS experiments

H A FEAL T TPD fiZen] AFE ), AC 28 HNO, BiPEJE b 11 CO il CO, I3 B i #1222 B 5 /& T H, S0,
FITH, O, AbH 5 FE 5, FEBH HNOS MU INA R F AC & EEAMIE AL, X 53 1 JTTE S HrF13% 2 Boehm
e A5 R — 3L

AT 2D AT AS I A A B AR AR R TH A AL R A AL AL R ET S AR SR I C L0 JTR S,
BT XPS 43 2558 T3 3 K 4.

£ 3 XPS Ols UMM &E (%)

Table 3 Concentration of oxygen components in Ols spectra

Peak position

Peak I Peak 1l Peak III Peak IV

531.9 eV 533.1 eV 534.5 eV 535.8 eV
AC 23.6 56.5 13.1 6.7
ACN 34.4 38.3 22.7 4.6
ACS 28.7 46.4 16.3 8.7
ACH 29.5 49.0 16.4 5.2

AR SCHR[ 20-21],01s 43K 4 W W& AF 531.9 eV R FE/RER S BREF T AY C =0 &7 7F 533.1 eV
RAREE R BRI A C—O; WEALTE 534.5 eV ARFRIRIEF I O JFEF ; IEAIFE 535.8 eV AR AL i 3 T W
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fIH,0.0,. 113 3 B A 1, 8L HS ¢ =0 K COOH H:WA1fr i L 34 n, JLH 2 HNO, % fk4b 2
JERERR ACN IEPTIEE BIT o FE A B R 39, X5 DAE SR 2 R — 350 AC 22 HNO S AR B , 310135 4R,
LV S B A oy 2, T2 2E 1 218 SCR BN AT

Intensity/a.u.
Intensity/a.u.

1 I I 1 L L L |
526 528 530 532 £ 526 528 530 532 534 536 538 540

I 1

Intensity/a.u.
Intensity/a.u.

1 1 I 1 1

526 528 530 532 534 536 538 540 526 528 530 532 534 536 538 540
Binding energy/eV Binding energy/eV

B4 Fedh XPS ik O1s 1
Fig.4 Deconvolution of 0I5 spectra from XPS

3 78 ( Conclusion)

MRS SRR HIE AC 25 5 mol - L™ HNO, \H,S0, J¢H,0, 80 °C T Ak Ak ¥ 5 2 th AR AL 25 ) A%
FEANEA 5, i 7 S SR A 5 St AN R R FE B, % SCR RN 19 5 i A7 76 B i 25 5

(1) ACN 125 PR P 75 480 B e AT 2 i 35 W S 348 o, 9 66 35 o 1 I e oy (0 38 o 2 I T 38 T s A
NO% J ARG T SOV 790 °C 1}, Fa s NO% ek, 4 I W% = T 150 CHT, Fads NO% 451
90% 2 A7 575 IR FERE I RS NO% B B4R i, R e AR Ak 7).

(2) ACS Rl S8 L M & A T, {25 ACN HEL , IFAS 3 Bl S 0 I8 B2 T = e S NO% [l ik i
PR A REAR S T v BB A e) RS2 S I 3R EE A 150 °C B, A 25 NO% A%, =2 Jim B B2 o7 I, B T i, Fa 45
NO% & HiE k.

(3) ACH T 7 S FE A & 5 TR N, I /N BH (. Fif S 07 38 8 T s B s NO% A8k ia#i 5 AC HH{UL,
HARE S NO% S AC ZHIAK.

(4) FRIE TR IR L2 B8 2 1 P e AP PO 1 1) 2 225 SV g A
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