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HAYBIVEN As hEE SCR AL AL T TR JT
As TR T VE P AR AT, U s 3 e 0 vk I R
THVERS 45 R 2%, 454 it XRF, BET, SEM,
XRD, XPS. in situ IR #l H,-TPR 253 E 7 B4 47 M
o P A R0 T 0 P T AR TR ) fl 2 A e T
JEAHOREEF I AR AR I B, 3Rk As P SR AL 7
VoA %

1 LI ERH

1.1 ##5iRF

SCR Al A Ak 7R 03t 5 1 P o Tk R4
. AT (Testo350-XL) Wy F 8 P [l s 52
A B E]L S i VA WA o AT 2 (AR)
For ) As bR o R 2005 W L 24 4 T AR 2E R A PR
8], FeCly A TMT 3006 F BT H7 T 380500 M 5 {4k
FITEHELETH N, . NH, | NO |, O, ¥l &t Lot
A B Al AL
1.2 LWHE
1.2.1 As tPapfifb R mil A SCU T TR B i R
V,0,-W0,/TiO, SCR f# k.7 W F H [ K RE 4 A A
A, BEUIE R ST 2 25 mmx25 mmx40 mm /)
Yo, HAGPEH 5 1% (i 7350 V, 051 5% ()5
T80 WO, 4. #FH 1000 ug/mL Y As ik, LA
As/V BE/RH R 0.05, 0.1, 0.15, 0.2 By He il 4 B
WAL ETE A As AR IRV TR 1) Bedf rhiR i b 22
6 h, [FRIF FH#E TP HE S S T RESC B 512t , K1
FEFBAHBERS 150 C T T, ZES3RHH 300 CF
RiHE 6 h, HIFBIEL As HHE IR, A poi-
soned. BEAN, BrffEILIIC A fresh.
1.2.2 As bR A 250k H 100 mL £
BT K SN[ BE 1) P O As R B AL
AR ] (15, 30, 45 #1 60 min) #7534 ¥k (50
kHz, 300 W) Fi=. [Ai}, i@t NH, - H,0 BHRA
() pH (TR 2 8. feJi, B UE AR M f bR 3
SRFTCK G, LL2s bR Ak 70 25 1 5% B3 10 3 Uk
W, MOREE— 8, B EE LT A As HEE A AR TR
FERFTCK QL , BES 110 C TS5 h, K5
TEFESE S (150 mL/min) F7E 500 C RS 4 h,
FEARAR AL R 2R oM, P x AR SRR ) 1 vk
B, M ACEAR I IS .
1.2.3 fEARFIE PRI AR TS I A
[ 78 R A o S 7 AT, 24 100 mg(0.450~0.280
mm ) WAL ) A 76 . 1 ARl 0.08% (R FH

5380 NO+0.08% (1AF5340) NH,+5% (A3 40)
O, 2B, NN, 2534 (SV) 24 10 000 ml, -
g b R AR BT AL (Testo, 78 ) ] 4 3
RS A NO,(NO T NO, ) e BE. i A 570 345
T2 TR J L2 200 ~500 °C (IREE IR 50 °C). 7E
FAMRE AL, ORI R R E 5, #F 0 NO fE
AP,

h = ([NO,]in-[NO,],,)/[NO, ], x100%

K, h 3FRoR NO B4k, [NO, ], fI[NO, ],
TP K T Ak NO YR FEE.

As ZERBRFTEMELAL 3 (VA W) ZRAR 453 511R
E 1 A Vg
w=( As content of poisoned catalyst —As content of re-
generated catalyst)/As content of poisoned catalyst x
100%
r=V (W) content of regenerated catalyst/V(W) con-
tent of poisoned catalystx100%
1.2.4 EAEFIFRAE 235K A ZSX Primus 118 X
FHR TR V-Sorb2800P B b 3 1 B FL 4%
ML, SmartLabTM X SHERATHHMY . Thermo Kalpha
i PERE R XPS KT Nicolet6700 % JiA7
{8 S S 21 5h % AURT FINSORB3010 R AR 7
TR % 1% B {FF & SEM, BET, XRD, XPS, in
situ IR 1 H,-TPR 25 AEM.

2 BRI

2.1 L FE MK

E 1 o T AR BER) FeCl, A1 TMT 3 0%6
As TR SCR I6 M3 Ve F AR sz . L 1
(a) AT LLEEE, MIELT As sPEg AL, AR
FeCl, VAR AR AL A3 PR 215 21 1 I W ik &,
Hrr) 20 mg + mL™" FeCl, ¥ P-4 AL 7 7E 400 °C
T NO #4465 N 90.57%. W 1(b) fin, TMT
PEBOE Ve W X As H a5 AR ALY PR A RIOR.
Bl TMT S0 BE BN, FAE ARG NO, %1k
R FIHE FFE. 0.5%TMT(pH = 8) F L f iy
FEAERCR | FR IR AE 400 °CF NO AL 0] LIk &
£ 96.50%.

£1%F 20 mg « mL™" FeCl, F1 0.5%TMT 35 4 F5-4E
T, 3 WIS T AN [R] R 75 I I BE I 1R] (15, 30,
45, 60 min) X As H BRI FEA R 520, 25
WA 2 fros. AT LUKk B, Bl AR T R s ) A
15 03] 30 min, NO, %% ALF14 0, 1 bE & & A
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Fig.1 NO, conversions of fresh, poisoned and cleaned regeneration catalysts
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Fig.2 NO, conversions of regenerated catalysts with different times by (a) FeCl,(b) TMT

TH VR a1 — 2 FE K NO e Ak R HI A P AR
2R IR ¥ T BE T 1) 4 30 min B, £E 350 ~400 °C
ORI JE B, 1 20 mg - mL™" FeCl, F4E A HEAL
i) NO FEALRIKE 2 91.24% , T4 0.5%TMT F4=
ALY NO AL AT BEFE T 2 93%.

2.2 XRF & #f

KA XRF #F55 T F FeCl, 1 0.5% TMT %
(EFE IR 30 min) VR TR EEEALR Y As 1Y L BR
H(83.67%M194.57%) , R UNFR 1 iR, KB FK
(deionized water ) 1§ & J5 A fiE 22 BR41.83 % 1Y As , 1]

F 1 AEARELE (30 min) X As BIERZERFEHASERELE

Table 1 As removal and active components residual ratios by different solutions (30 min)

Deionized 10/(mg - mL™") 20/(mg-mL™") 30/(mg-mL™") 0.25% 0.5% 1% 2%

water FeCl, FeCl, FeCl, T™MT T™MT TMT T™T
As removal rate/%  41.83 65.81 87.08 83.67 90.45 94.57 92.77 92.45
V residual rate/% 99.81 97.14 95.16 90.32 96.75 98.15 94.62 91.00
W residual rate/%  98.89 96.19 96.26 97.14 98.74 98.47 98.53 98.46

20 mg + mL ™" FeCl, F1 0.5%TMT 3 H A= Y As 25
B3, 209k 87.08% F1192.63%. o, AL AL
T As BIEREA UL T AR S 1 NO A A0 R 1
. (AR, BRI As RBRFE MR E 5
BRSPS (B VL0, WO, ) B, g 1 FR,

BEAE P ARV IR FE RO BTN, V, 05 A5k B AR 2 I 4%
TR B, T o5 — TG M4 53 WO, B2 A B
. EPERLSY WO, AR 32 20 mg + mL™" FeCl, AU 52,
AR WO, B8k ANt 3%. TEARFHKE T,
L TMT HEAE AR P, As BYZBRFBAX 8



410 a4 F i#

e 534 %

AL 90%. TMT HYALFRIF A2 REGEEA 7 WO, 1Y
FPEEB G, HARE R E DK 98.47%, i M4 4
V, 0, HYI B2 TMT Y k8 i 184 .
2.3 BET #3471

B | TP RE R A A AR A At R BT I R
HITFF 2 d. BEE V,0,-WO,/TiO, L FI i BET 3

R 2 HERERBEELTNABER

Table 2 Textural properties of the fresh and regenerated catalysts

BET surface  Total pore  Average pore
Catalyst
area volume diameter
samples . 4 N
/(m”™+g) /(em” g ) /nm
fresh 60.86 0.33 24.75
poisoned 49.28 0.32 26.27
20 mg - mL™' FeCl,  64.11 0.35 21.89
0.5% TMT 55.52 0.30 23.46

SU8010 10.0kV 9.1mm x20.0k SE(UL)

SU8010 10.0kV 9.3mm x20.0k SE(UL)

v |
2.00um  SU8010 10.0kV 9.3mm x20.0k SE(UL)

AN 60.86 m® - g7, T As fPEEAE ALY L
PR R 49.28 m* - g'. HAHLL T fresh fi 4k 5
(24.75 nm), As v E AL R P B LR =
26.27 nm. XS H TUUREY AsO, BHZE T V,0,-W0,/
TiO, #5725 1A A9 B FL AT L. (HZ, DL 20 mg -
mL™" FeCl, 10.5%TMT #17 FAE AT $2 /5 BET R 1H
TR AR A AL 70 1 - AL AR, X B 20 mg - mL™'
FeCl, 5 0.5%TMT #RIE BE 5, TURRTE M Ak 70 & i
AR IT AsO, B 22b, FIfLARIU ), UM fihid
B0 ) R 5 O 5 0 A 8| B T SR e VAR S TR 7S
ok, P25 SCR R M W B 5 76 1k
2.4 SEM 43 #f

i 3 R, 16 As Rk R Ear R
LS B 1 AT R AR, WE R A, fEfRY
LA —E R, FRim AR W] Wosi /b, fEfl
VAL R A ) AR AR R

OV
2.00um

(d)

(L |
2.00um

&l 3 AEfEALT SEM #
Fig.3 SEM images of different catalysts
(a) fresh; (b) regenerated by 20 mg - mL™' FeCl,; (c¢) regenerated by 0.5% TMT; (d) poisoned

2.5 XRD &4

B e A A AR R B9 XRD A AR n
B 4 B, B A7) 2 m 240 RERS I 2 % v T

TiO, (PLERH™) BT 5 0. 7T LR B, As th 3 F
20 mg - mL™" FeCl, 8% 0.5% TMT % i F4E )5, ik
FIH) S ZERIREAZ As TP RS2, R 32 75 Uk
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Fig.4 XRD patterns of different catalysts
(a) poisoned; (b) regenerated by 20 mg + mL™" FeCl,
(30 min) ; (c) regenerated by 0.5% TMT (30 min); (d) fresh

2.6 XPS 41

BS Sk As HEERINE VR FFAE AL R G XPS JE .
WIET AT, 455 HE 44.2~45.4 eV X2 As™
(As,0,) , 45.7~47.8 eV WRLE As™ (As,04) 17,
ALK FL, 20 mg + mL™' FeCl, 5 0.5% TMT ¥ & i
VR A M T AR R As B9 LB, H As,0,5
As, OB TR bR, (H2, —#5r AsO, YA
R BR T P AR AL 7R 1
2.7 In situ IR 434

YE ] SCR RV JEF) , NH,ZEMEAL ) 12T |
R R L % W B 25 7F NH,-SCR Bt fil§ B I 2 &
ST B, Gk NH, R 20 I S 56 6 2R RS
AL TR 7 2 AL A TR ST , 45 SR A&l 6 Jir
7. XFT fresh fEAEFI (& 6d) , 7F 1210 F1 1600 ¢cm™
b HTEAT 3 ) 50 BTE Lewis BRA A5 F Y9 NH, %)
FRAAIIFRIR S A 5T 1450 F1 1680 em ™' AbHY

(a) (b) (c)
G 8 )
= = =
2 Z Z
2 g 8
= = =
Ll P L
50 48 46 44 42 50 48 44 42 50 48 46 44 42

Binding energy/eV

Binding energy/eV

Binding energy/eV

Kl 5 AL As 3d XPS [
Fig.5 As 3d XPS patterns of different catalysts
(a) poisoned; (b) regenerated by 20 mg » mL™" FeCl,(30 min); (c) regenerated by 0.5% TMT (30 min)

T FH 43 ST Bronsted B2 05, 19 NH, 94X
FRFIG FrgiRsh s 1.

XFF As HREEEAE ] (B 6a), 1210 F1 1600
em” ZEXF N F Lewis FR 7 55 1 1) NH, 19 3% 47 71 2%
T, 1M 1450 F1 1680 cm™ 4b X} 13 F Bronsted BRAV 5
A NH, B3 TR I R ARG, 25 SRR, As (01T
e T2 T AR 7R 2 TR A S B RN SR
As HREEAE Ak 7R 2 T R A7 o5 R I Wl b, TR R
Lewis BRV 5.

ME6(b Fl ) FTLLAZEL, 20 mg - mL™" FeCl, 5§
0.5% TMT 75 W05 Uk ¥4 ) Ak 0] 2 100 1R 7 253 1)
KA. Lewis RV s, A0 50 it 3 38 76 05 Vb A )5
Fdan | X HRETAE 1600 em™' ( Lewis BR1V 5, ) AU

CEER L/~
2.8 H,-TPR %7

B 7 S ToBfE . As o aE LR FR A 4R 5 1
TPR k. #R4EE 7, 76 As hERfEL 7] AT RIS
F| 3 AN (43 HIFRIC I T, T AL ¢ 413 °C [R5 1
T V*-V* | FE 469 CALIIE TT 0 id & W —
W, I HLAE 600 °C ALY I TIT 43t A vV — vl
ATLUR B, 20 mg « mL™" FeClLE RN, 1k
FRIA TG T AR I, T 34 D 0 A ) 5 v R R B S
). M 0.5%TMT %I Ve P A AR BRI, k50 06 Irg
VR Frsg i, HL 3 Dt 0 ) A A I B2 Be % 3. i e W
0.5% TMT ¥ 0TH Ve F-AE 5 Ak 70 1 S fL B ik &2
HF 20 mg - mL™" FeCl, {4 AL 5.
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Fig.6 In situ IR spectra of different catalysts
(a) poisoned; (b) regenerated by 20 mg + mL™" FeCl,(30 min) ; (¢) regenerated by 0.5% TMT (30 min); (d) fresh
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Fig.7 H,-TPR profiles of catalysts
(a) fresh; (b) regenerated with 0.5% TMT (30 min) ;
(¢) regenerated with 20 mg » mL™" FeCl,(30 min)
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AsO DU AT BT, SSCf e Al 771 2 i 7% 1k

PR E , 1R FHAE DR rh B TR R 479 Ut

FRAE AT KBRER T AsO, , (TG MEAL G H BT 268, 1k
FRITEEA —E PR (2, B4 AsO, 5L
EAAER, SR A BB, WU mOfE L
2B, WA PR R Al B . R,
VEFIRE 2 S8R G L /4005 , 15 A L 7]
I PEXE LIRS 22 100% .

3 &t

ST As FEE Tl V,0,-WO,/Tio, 4L 5, 20
mg mlL™! FeChﬁ 0.5%TMT H IR & e -4 30 min,
XA R As KBRFE73514 83.67% Fl 94.57%.
2K 20 mg - mL™' FeCl, B AR R, {UF 3
IHIETE Sy V, 05 IR BE 2, TS TMT %W,
V,0 1 WO, S8R5 2Bk, BLAh, WIRh A v vk
AR JE A AL R 2 B R 4P ) SCR WM, BL#F
400 °C TR 20 mg + mL™" FeCl, 8 0.5%TMT 43-%l)
THVEFE 30 min, NO 5465351 69.83% K 5 2
90.57%F1 96.50%. FeCl,Fl TMT ¥ ¥4 v] 44k v 3
WAL FLES ), RBRUTRE ML R 1Y AsO,,
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Study on Regeneration of Commercial V,0; -WO, /TiO,
Catalyst for Arsenic Poisoning

ZHAO Chong-yang', LI Guo-bo*, SUI Hua-jun', LIU Chu-ming', WANG Ling’,
ZHANG Ya-ping”"
(1. China Energy Jianbi Power Plant, Zhenjiang 212006, China;
2. School of Energy and Environment, Southeast University, Nanjing 210096, China)

Abstract; FeCl, and 2,4 ,6-trimercaptotriazine (TMT) solutions were used to clean and regenerate arsenic ( As)
poisoned commercial V,0,-WO,/TiO, catalysts. A comparative study of physico-chemical properties between
poisoned and regenerated catalysts was carried out by Brunauer-Emmette-Teller (BET) , X-ray diffraction (XRD) ,
X-ray fluorescence (XRF), in situ infrared spectrometry (in situ IR), and temperature programmed reduction of
H,(H,-TPR). It was found that the catalyst’s denitration activity was greatly restored after cleaning. Regeneration
by 20 mg + mL™" FeCl, and 0.5% TMT solution for 30 min exhibited best As removal ratio of 83.67% and 94.57% ,
respectively. The micropores and mesopores which blocked by As oxides were cleaned, thus the specific surface ar-
ea, pore volume increased and the average pore diameter decreased. Meanwhile, the Brgnsted and Lewis acid
strengths of the catalyst surface increased after FeCl; and 2,4,6-TMT solution cleaning and regeneration, which
might be the main reason for the improvement of catalytic performance over the regenerated catalysts.

Key words: selective catalytic reduction; catalyst; arsenic poisoning; regeneration



