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FLIR &,

HI I BIR VL0s/ACH LTI SN T AES55, 18
FCA e A i s T RS 45 7R J5t £ 5 ) A 79 1) I
BB TERE. J T EIRAR, AT e F kR Eh A
YIRS HE ARG 45770, il 7SS ACH, IR ik
3 V.05, 45— R 51 V,0s/ACH HELF, F5EhkiLs
PR AT PR RE R A AEIC AR, LAY A R I e it At i
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2.1 RFI 54

S BT AR S i B oA all, P D SURLAR SR Pk
AC 4 IIPEFAEAL T k™ . &L= 16 cm™?
(e S RS P (ACH) I AR IS AR A R s PRk
FERR R K Z — 2 LLBIER S HUTIR S IS, FEANBF L
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100%( ) fik: IR #6 75 H ) S A& T Ak, 0 il
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AT A i Aok 5500 000 ACH FHAH IR 5 il 4. K sl
T 309%( o) I I B IR 1A 06 55 B (LT 16 em™®) T 150
TR, FFRESTRFLL 2°Clmin FHEHE S HH R
544 700, 800, 900, 1000 ‘CHtk 60 min, 752Htk
f) ACH, 73 5Ibric -k ACH-P700, ACH-P800, ACH-P900
H1 ACH-P1000.

K S AR I £ 1 5 IR V.Os/ACH AL,
¥ ACH B35t T B IR B AN B IR VR AV, R4 )
T 50 A1 110°C F T4 6 F15 h, SRJGHK KT 450 TR
R HBE 6 hy 230 CH A4 5 h. V,05/ACH i
V05 HEHII A 2% (). Hil45 IRHEAL L LA i 4
11 ACH-G30 44 0% 2%(w) V051 4 V2/ACH-G30.
HEAL I )45 4 AF WK 1.

=1 BEEK V.0./ACH LAY HI & 514
Table 1 Preparation conditions of honeycomb
V,05/ACH catalysts

Carbonization

Sample Support Type of binder temperature ()
V2/ACH-G30 ACH-G30 Silicate (30%)
V2/ACH-G50 ACH-G50 Silicate (50%)
VV2/MH-G100 MH-G100 Silicate (100%)
V2/ACH-P700 ACH-P700 Phenolic resin 700
V2/ACH-P800 ACH-P800 Phenolic resin 800
V2/ACH-P900 ACH-P900 Phenolic resin 900
V2/ACH-P1000 ACH-P1000 Phenolic resin 1000

Note: ACH, activated carbon honeycomb; V2, 2% V,0s loading; G, silicate
as the binder; P, phenolic resin as the binder.

2.2 TWEBESNHE

AL FITEPEDPNE A AR 19 mm ([ 5 PR o 2
AT, N ISR SO, 0.136%, NO 0.04%, NH;
0.04%, H,0 2.5%, O, 3.5%(p) A4 Ar, SRR =
455 mL/min, [V 200°C, FMAH 1950 o A
I % Hi 11 SO,, NO A1 O, 3 il [H Drager #8173 HriX
TELATIN.
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2000 2 [ 2 BHSGIE I N BT 77 KR lllE , SRH
f#i ¥ Elemental Analysensysteme GmbH 7 ] 427 [ Vario
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3 ERGi®
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100 g M7 1) SO, E R ki 4k 71 (1 B B 25 (SO,
capacity). FIBTSRS AR, NH; 2425 V2/ACH f
AT AT v 1 e v, ELMGBR VS MR BTN, B
DAAHIF 5 32 B P A= i e A 0] 00 ot 4 ot A 2 e

Bl 1 AR b o6 P A I A 750 ) ) Pt it i
TR R g R, A, PSS V2/ACH-G30 i
V2/ACH-G50 I SO, Ak 270 I N TT 4R 1) 60 Fi
47 min N R FFAE 100% , Bl )5 & W7 FE A, teo M
V2/ACH-G30 ] 136 min 4% %5 V2/ACH-G50 1 93 min,
W AR 2R AH N AN 4.1% T B3 2.5%(w). V2/MH-G100
(RS PEARAR, SN — TR 7E R 1)) LB
HEN VAR SO, 1 . WA AR R 25 77 2 =4 n
MBS, V2/ACH-G30 Fll V2/ACH-G50 AL 71 4T a6 it
fiff 2 JL P21k 100%, B S Y I eI R R, R R
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Fig.1 Effect of the amount of silicate binder on SO, removal and NO conversion rates and
SO, capacity for the regenerated V2/ACH-G catalyst



5541

T HERTEE ARG 45 7N SR V05 ACH [7) IS it B it A % 1 e 5% 0 703

3.2 EREEHTAEHELE T X LT E B AR AR L AR T E 1RO 20
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Fig.2 SO, and NO conversion rates and SO, capacity over various V2/ACH-P catalysts after regeneration

Table 2 Proximate and ultimate analyses of activated carbon honeycomb (ACH) prepared

with different amounts of silicate binder and granular activated carbon (AC)

Proximate analysis (%, , air dry basis)

Ultimate analysis (%, o, air dry basis)

Sample

Moisture Ash Volatile matter C H oY N Stotal

AC 2.94 10.25 10.81 77.27 1.98 5.99 1.20 0.37
ACH-G30 0.31 385 0.60 57.36 0.89 2.00 0.61 0.33
ACH-G50 0.31 54,57 0.52 42.26 0.71 1.46 0.45 0.24
Note: 1) By difference.

F 3 TEREEL 2 2 A9 ACH 0 AC RYTRFX 5

Table 3 Composition of mineral matters in the ACH prepared with

different amounts of silicate binder and AC (%, )

Sample Sio, Al,0O3 Fe,03 TiO, CaO MgO K,0 Na,O
AC 6.78 1.84 1.18 0.04 0.12 0.09 0.02 0.05
ACH-G30 2153 13.61 1.16 0.15 0.64 0.92 0.36 0.41
ACH-G50 21.77 20.20 2.32 0.09 0.76 1.85 0.74 0.48

3.3 MEFIMREBE REATIRITRAEEEXR
3.3.1 FEMRERAL A

% 2 AAFIRERR #h & 51 ACH AT AC 11 Tk 43 by
MICESHTEE R, AT AC IRy &8l 10.25%(w), ¥
IR HRE 4570 )5 . ACH-G30 Fll ACH-G50 117K/ &
3l BT R 38.5%(w) Il 54.57%(w); 15 AT N b
AC [ 77.27%(w) F % 57.36%(w)fl1 42.26%(w). ik
MR RS 3T BoR T34 3. 5 AC Altk, RERREEFTHI
ACH 1] SiO,, Al,Os, Fe O3 MMl Ja A, - < J 451%

. ACH-G30 Al ACH-G50 s @ & ANE, 2834y
1 0.8%(w)Fl 1.22%(w). SRTM0, AT I A P i ik 1 5
SrE T TR, V2IACH-G30 A7) [ i i v M

F 4 T EARIREL V05 fEAL 1 LR T AN FL &5 4.
AL, BURDIR V2IAC 1 LR THIRR A AL AL 2533
k919 m?/g 1 0.221 mL/g, V2/ACH-G30 22 hiF- A
TMALALAE V2IAC ¥Ji/b 4y 30%, V2/ACH-G50 %%
V2/AC ik %) 50%. IXLEHHER, 7E ACH Ak
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AR, TSR 45 A A TR &, 9db
TSR AL R, ET RS T R AR AL AL
7. V2/MH-G100 K ELER THIBUN A 8 mPlg, i3 A 75 g 55 1A
PR, A T IR S ) LR TR ALY, 3
IRAEANRI B> 2 5y

F 4 T[E V2/ACH-G W FIRY th R EFRFAFLEEH

Table 4 BET specific surface areas and pore structures of
various V2/ACH-G catalysts

L B Hr e %, V2/ACH-G ALK ACH ok
MILLR TR KIPFLIL A s B AR 4R
B A AT AR .

3.3.2 Wy JRY &5 711

5 4 H T IR AR BT ACH AS[RIVELRE Bk i Al
AC HIBRE . MR LR R, ¥ AC il ACH J& i
WAL AL BE, RS BN 13.9%, XS TR AR5
e fEd,  FERAEMmEER IR, 15k, 5 AC AH

Sample Specific surface Micropore Micropore A1 \ .
P area (m/g) area (m%/g) volume (mL/g) b, Btk s ACH A& KRB, HBE G AR EE 1)
V2/AC 919 531 0.221 By ST A HE Sl 4k iy
vaae o 51 0221 THEEMTAE. DLRIRERIE R4 AT ) ACH 110Ky
V2/ACH-G50 414 251 0.104 B M AC 1) 10.25%(w) B4R 7%(w) /545
VV2/MH-G100 8 Not determined  Not determined
* 5 FREIRERRLG ACH F1 AC B Tl M FFITTE IR
Table 5 Proximate and ultimate analyses of activated carbon honeycomb carbonized
at different temperatures and granular activated carbon
Sample Proximate analysis (%, o, air dry basis) Ultimate analysis (%, w, air dry basis)
Moisture Ash \olatile matter C H oY N Stotal
AC 2.94 10.25 10.81 77.27 1.98 5.99 1.20 0.37
ACH-P700 0.62 7.71 1.97 88.28 1.23 0.94 0.88 0.34
ACH-P800 0.58 7.71 1.16 88.58 1.14 0.70 0.94 0.35
ACH-P900 0.61 7.78 0.92 88.94 1.19 0.28 0.86 0.34
ACH-P1000 0.70 7.43 1.11 89.17 1.26 0.15 0.84 0.45

Note: 1) By difference.

%6 4 T IR LA LR TBURIFLZS 1. Bl
AR I 700 °C T =22 800°C, Ak A b 2 T BURI A
FLALAYI TR, SR E T2 900 CHY, LTI EL
F ARG SLALE S A BTN s 4887 42 1000 °C,
AT () b 2 T BRI AL AL 2 o0 F B, (R T
V2/ACH-P800. X L& ik ], L% V2/ACH-P700 1)Lt
K662 mPg) i T V2/ACH-P900(640 m*g), {H I+
PR S B, U0 LR TR AR b A BEARE
Wim AR 4. H V2/IACH-P700 14 4L L %% (0.184
mL/g) 11 =T V2/ACH-P900(0.180 mL/g), % M ifL{L
AR A REMRRE 28 IS Y 22 5. 14k, 900
CRRAAT A e 5 B 5 T 700 CRRA, T 1)
Ao EREE UL TR D).

F 6 A[F V2/ACH-P L7 A Lk R EARFAFLLE G
Table 6 BET specific surface areas and pore structures

of various V2/ACH-P catalysts
Specific surface Micropore

Micropore

Sample area (m?/g) area (m?g)  volume (mL/g)
V2/ACH-P700 662 453 0.184
V2/ACH-P800 623 426 0.173
V2/ACH-P900 640 442 0.180
V2/ACH-P1000 628 440 0.179

DL g5 LW, V2/ACH-P900 {4k 7 it ik 45
e FR i R AT E & 900 “C AL i 8044 I R T 27 kg B A=
A, H O GRS, mii A BT s bR 2

FAITIs. HAR SR DS Ry ik — 20 2 #T.
3.3.3 PAIAN [FPRG 45 A LA

Kl 3 W4 V2IACH-G30 Fil V2/ACH-P900 FJlit
o Bl A5 . AT LAUE ., 5 V2IACH-G30 AH EE,
V2/ACH-P900 E A7 % vy () B it 3% 11k WA vl 1 1) AR 4k
A S AR TEARE, V2/ACH-G30 [ i fil 5 4h A +5
7 90%LA L=, T V2/ACH-P00 (1) it fiti % Bifl S5z I I T4 £
FEC R BB IR, 75 SO, F Ak Z % 42 80%H}, Mifiiz
210 72%. 5351, 3R 7 oG 0 45 SR vl 41, ACH-G30

Bl 57.36%(w), ACH-P900 % & H 1% 88.94%(w).

WIFT ATk, V2/ACH-G30 [ bb 2% THI B R 4k L AL 25 48
V2/AC 29/ b 2 o T H AT AL = 0D I Gl (R 4).
& 4 A6 Al %0, R V2IACH-PI00 [ bL 2 HIFH A4
AL V2IAC BFA%, (A FMBRIEAE, R
FARFLFLZE 20 S/ 20 3006411 19%, 5 I 7y 1 14 I 1
ARG T R LG 3R THTARASEAIR, (R 20 7 1A N A e
EZE{NS

IREE R L], 5 ACH-G30 Hitk, ACH-P900 H
AR IR B AL LA, A e 1) B A 8 v PO
T PE. ACH-G30 Bk & S, DAH R B Ak 7 o
9y V05 FIREAL T ICHLAL /- 3R THT, 1B A2 fE AL MG
W EE TR B, TP A BRI, X
Al REMERE T V2IACH-G30 Ak 771 B AT AR R B i k.
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FN, MR 78R HH, ACH-G30 [H4 5 8 (2.00%, o)
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Z
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SN
T
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AR DA PE S R T R 2 g5 0y, e
AEREHZ. Hik, V2/ACH-30 fi b7 58 e
T PE AT REYE T IR AR I AU LA .

100 —0—V2/ACH-G30
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w0l \
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Fig.3 SO, capacity and NO conversion rate over the regenerated V2/ACH-G30 and VV2/ACH-P900 catalysts

xR 1T FEMETHEEREERATRESN
Table 7 Elemental analysis results of various ACH
prepared with different binders
Ultimate analysis (%, o, air dry basis)

Sample

C (0] 0O/C
ACH-G30 57.36 2.00 0.035
ACH-P900 88.94 0.28 0.003
:L_ N
4 éx:l ‘14’_.\

53 5 AR IR S RN I AR I A R 45 7, 2% T AN IR
WS RTEVE R (ACH), JFAEHE B4R V.05, Hil15— R 51
V,05/ACH fELLF, 552 TIX P ARL 45 70%F V,05/ACH
(7] B Pt e A T P PR e, RSB T

(1) DARERR #h AR S R0 S A ), kPR 4k 32 22
SRR S R A e, DR T R e AR A e B
TR BREE S AR ACH & A T AT A
HEAL AR UAA.

(2) ATmEERS I Aokt 45 7510, K AC B ACH = -6
A AR B, A F 5 B 3, [ L FL AR A s,
FEEAAN R BB E PR =, (RBAE S PEARAIK.

(3) VSN Eh i A A A0 DR B A T s ) AU B L
AR AR S, AR RIS PEAUIC, IR TS I
P b A P R FH B b, AN T AR I A LA
HET AR T LR A R L L2

(4) fEARFIEHE N, #l%s ACH HImAErERR R
ok 300, AR MBI A Ak 45 2 ACH 3B IR B AL
ML 900°C, IS INEERR R 1) V05! ACH 4k 571 1 I i
ok 90% LA b, S 0 AR T IR A A )R B A
7.3%(w).
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Effect of Binder on Simultaneous SO, Removal and NO Conversion over
Activated Carbon Honeycomb Supported V,0s Catalyst

WANG Yan-li*, LIU Zhen-yu?

(1. State Key Laboratory of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China;
2. State Key Laboratory of Coal Conversion, Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan, Shanxi 030001, China)

Abstract: A series of V,05/ACH catalysts were prepared by supporting V,0s on activated carbon honeycomb (ACH). Silicate and
phenolic resin were used as binders, respectively. Two types of V,0s/ACH catalyst were studied for simultaneous SO, removal and NO
conversion. The results indicate that the silicate binder affects the amounts of carbon and alkali metal oxides in the catalyst and
subsequent SO, removal and NO conversion rates, therefore, the ACH with higher carbon and lower alkali metal oxide contents is
preferred. The catalyst with phenolic resin has high carbon amount and micropore volume, and hence higher SO, removal rate, but lower
NO conversion rate. The high proportion of oxygen and carbon in the ACH with the silicate results in improvement of NO conversion.
However, the silicate decreases SO, removal rate by reducing the micropore quantity of ACH and decreasing the specific surface area
and micropore volume of the catalyst. Under the optimal conditions of ACH with 30% silicate or with phenolic resin carbonized at 900
‘C, over 90% NO conversion rate for the catalyst with the silicate can be reached, and SO, capacity for the catalyst with phenolic resin is
7.3%(w).

Key words: binder; honeycomb V,0s/ACH; simultaneous SO, removal and NO conversion



