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Abstract

A study using selective catalytic reduction (SCR) was conducted in conjunction with ammonia as a reducing agent for control-
ling nitrogen oxides, a typical secondary inducer of fine dust in the atmosphere. For NH;-SCR experiments, a commercial
catalyst of V/W/TiO, only and also V/W-Sb/TiO, catalyst with Sb were used, and phosphorous durability was confirmed.
As a result of NH3-SCR experiments, it was confirmed that the addition of Sb to V/W/TiO, had durability against
phosphorous. In addition, the physical and chemical properties were comparatively analyzed through BET, XPS, H,-TPR,
NH;-TPD, and FT-IR analysis. From the anaylsis results, when Sb was added to V/W/TiO, catalyst, P was also added result-
ing in the formation of SbPO, and the generation of VOPO, was suppressed. The phosphorous durability was confirmed by
maintaining the redox characteristics of the catalyst before P was added.
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NH;-SCRelIA] Sb 7Fel] W V/W/TIO,

(polyphosphoric acid)= B8 =z 714 el 2 W& = =4 phos-
phoroust= W& FHT] AAES E4AI7IE FoR dEA Qlth
[8-10]. &3+ v}EAl NH;-SCR 2] phosphorous®l] 23 31814
=) w2 2 A5t A7E oA ghvk Liu 5{11]-> phosphorous
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2.1. E0He| M=
2 Aol AMEE TiO, AAAE DTS1(Millennium  Crystalline
Global Co.)= AME3F o™ H& $H3"H(Wet impregnation method)

Tungsten precursor solution +

________ Weighting

=] Phosphorous 3|5 &k 1+ 517

o7 s Az ARHE Figure 10 VeSO 24+
40l vhHE-S 9A8H7] A TiO, powderol] B4} QFE| &S T4
3kl W[SYTIO,, W[5]-Sb2)/TIO, & #1Z3t § vhiss B35
V2YWI[5)/TiO,, V[2)/W[5]-Sb[2)/Ti0, = #| %35}tk

WA W[5)/Ti0,, W[5]-Sb[2)/Ti0, 5 AZ3I= WHoZ = g
7457 ammonium metatungstate hydrate (NH4)sHaW1,04-xH,0, Sigma
Aldrich Chemical Co.) & <FE]3= 53] antimony acetate (Sb(CH;COO)s,
Alfa Aesar Co.)E TiO, TBHIE 27 5 wt.%, 2 wt.% ANFEE 5 60
T2 719" S7rol gAY S8 299 Tio,e &l
(slurry) |2 THEo] F2o] wRkAZICE o)A AlzE &&2lE 1 h
ol mrksk & 334 2y SR (Eyela Co. N-N series) & ©]-8-51¢7
65 ColX 65 mmHg?] AF 2 30 min o4 58-S FUA7ITh 1
$ Fw) o] Feigite] AxE 915k 103 T dry ovenolA] 12 h
AZANZ F 52455 10 T/min®Z tubular furnace (Lindberg Blue
Co)ellM 600 CT7HA] S2A1Z] &, 71 %04 4 h B9t 57] 29171
2 A3t 235 W[SYTIO,, W[5]-Sb[2]/Ti0,°l] thet S| =
WES] S92 2 wt% 2 5t Al g ATAlE ammo-
nium metavanadate (NH;VO; Sigma Aldrich Chemical Co.)& A3}
o o]u ammonium metavanadater™ 23 =7} 27| W&o FF
E 60 CTE 7Fgste] £3IA1Z1 ¥, oxalic acid [(COOH), Sigma
Aldrich Chemical Co.]E ammonium metavanadate®} 1:1 ratio= Ak
3ted pH #kol 2,571 = wl7hx] 9713] G170t o)glA Az &
Ne 39t GEle] WSYTIO,, WS]-Sb2)/TiO, 9} E581T slurry &
HZ 3}o] | h kst AlxE E&<&22l(mixing slurry) AEHS] &
FEAS &8P S 9 Fl Ul FoAei-S AAS 7R 2] A
£3g& WISITIO,, W[S]-Sb2)/TiO, 8 FU el Faai3itt thHee
2 37 712 UF 71204 500 TE 52417 &, 71 250
A1 4 h F9F 2SI

Phosphorous 2] 7% $H4-S 0.25~1.0 wt.% = H;PO, 58S o]&-
slod FEEEN o AZIINT 24E V2IYWI5VTIO,, VI2I/W[5]-

________ Weighting

Antimony precursor solution

Active metal solution
(water + Vanadium precursor)

Phosphorous precursor
solution

Mixing to slurry

(precursor solution + Ti0,)

Mixing to shurry
(precursor solution + TiO,)

Mixing to shurry
(precursor solution + TiO;)

Rotary vaccum evaporation
(65°C, 65mmHg)

Rotary vaccum evaporation

Rotary vaccum evaporation

Drying
(overnight at 103°C)

(overnight at 103°C)

(60°C, 65mmIg) (60°C, 65mmIg)
Drying Drying

(overnight at 103°C)

Calcination
(600°C 4hr, under air --=
conditions)

Calcination
(500°C 4hr, under air conditions)

Calcination
(4007C 4hr, under air conditions)

Figure 1. Flow diagram for the procedures of impregnation method.
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Figure 2. The schematic diagram of experimental equipments.

Sb[2)/TiO,°ll tigt F&H] =2 phosphorousd] &S 0.25~1.0 wt.%%
AFete] A7kt & i 9l Full o] Zojgitg AlAS 74 9
A& ol A3 LA TR Aol AA &
air w712 i A2 400 TR $2A17 F, 1 2504 4

h 4~33134 T}, Phosphorous”} %71l Zvlli= phosphorous $H{(x wt.%)
°ﬂ e} V2)/WISI/TiOx-P[x], V[2/W[5]-Sb[2)/TiO»-P[x] = "d'g 51Tt

2.2, AEEKX H HH

B Aol AREE 1% WHS7]= Figure 20 LFERASITE HES-7]o)
TH = 7= NO, Ny, 0,, NH;©l™ MFC (Mass Flow Controller,
MKS Co.)E AHEst] f3S dsioith 729 4% SH57F A
%1 bubblerdll No & T & weh -8 -5 712171 §H3719
TUHES 3I9lon, o] v F5ye= S A A Hst
o] o]F jacket FENZ bubbler &5l circulatorE ©]-&3to] A%
9 &8 A TEHe Y S5 WA fske] 7k
&9 BFRIE heating band 2 7o} 180 CE AASIAl FA8FATE 7

2 EHE AA 7&"4 2EIRIFATCE ST
87 ‘i—":i 1 1% TRARIE U 8 mm, 173 10 mm,

FHoE A on Fuls sk sl
quartz woolS ARSI WES7]9] 2E S st ke
K-type?] EHHE o]g3to] PID & xﬂowi zAsplom, 7kx
FUFES 255 48] 4 ]’Oil i Aol FAF Fee
GAE Akl ST A9 Fo 22 X]'O]a S

NO % N,09 A% ZzF u|2A A4 7]-/\’:”‘47](ZKJ2 Fuji
Electric Co., ULTRAMAT 6, Siemens)E ©]&3}o] 74311, NO,
U NH;9 A9 987] s $ekolA AXFH9L, Gas Tec. Co.,
3M, 3La, 3L, Gas Tec. Co.)& ©|g3lo] #AI3ISItE BE 7hAhe &
712 FIE7] Aol 425 chiller U 7 EFS B3k AASISIT

NH,-SCR 413 S.V. 120,000 hr', NOx 800 ppm, NHyNOx 1, O,
3 vol.%, HyO 6 vol.% Z7lelx] aiakqlet. zF Fulje] Rhg-&hg e
NOx conversion®. % UER|SOon, t}S-3} o] A 2)3}ic)

NOx conversion (%)

CE <t NOx C:mtlet NO me,](pf NO, 726:)71f,]8f, 2N,0 (1)
= =100
CE < t NOx
3sst Hl 32 A H 5 3, 2021

2.3. E0He| &Y &4

2.3.1. BET (Brunauer Emmett Teller)
o] v|EHA A pore size 74> Micromeritics Co.2] ASAP
2010CE AH-3131.91 BET (Brunauer-Emmett-Teller)2S ©]-8-5}
B ZAAS 73T} Pore size distribution= Kelvin2l S Z3l -7-4<]
meniscus®] HaHHE I Abete oA o] & Fo] TS o]L&5}o]
Mael A71E AArsk= W<l BIH (Barrett-Joyer-Hanlenda) 5 ¢l 2]
sto] ARlsigict. o] W) Z2ke] A5 300 TellA 2 h &<t M34H
2 7tAE AAS $ B4tk

2.3.2. XPS (X-ray Photoelectron Spectroscopy)
XPS #2412 VG Scientific Co. 2] ESCALAB 210< AR3-8}91.0H,
excitation sourceX* monochromate Al K @ (1486.6 eV)E A3t
EP. SIS ©F 100 9] 2ieellA] 24 h AEste] o] Qi
= 3] AAZ F XPS 71719 0 ~ 12 mmHg= 3|38k
7] $18Fe] I sputtering B etching= 3HA] ka1 E41519Ic) A&
ol &A1= Ti, C, O OJ}\_ wide scanning spectrum O % -4 5}0]
salshlrt,

=
ATEE

binding energy$} intensity S

2.3.3. H-TPR (H,-Temperature Programmed Reduction)

Zuj0] AaZE W FA5ES B8] 95te] H,-TPR AL 4=
23I9ITE 100 pm ©JskE 2% 03 go FilE Fx & F
e o 9 EeE A FuE DA AEA 5 vol%
0O,/He 50 cc/ming =2]1 400 CT7H4] 10 C/minC. & $&3F & 30
min &<+ FA3FATE 02 60 CTE 323 3 10 vol.% Hy/Ar
7WAE FwehdA Fuade] FgERs PYsMFT olF 10
vol.% Hy/Ar 7}A~E 50 co/mine A|&A 02 E21 10 C/ming] %5
< 52 800 T7HA 5231 TCDE ARH H0 555 RIS
=3 ‘j“7 ]= 2920 Auctochem (Micromeritics)= AFE3IA oM, s&%
= £]3} detectors= TCD (Thermal Conductivity Detector)S AR

<, iuH_L

qE
&3
A
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2.3.4. NHs-TPD (Temperature Programmed Desorption)

Ammonia®] F#5H-E F7F8] f18iA NH:-TPDE 333l
100 pmol3tE 3 0.3 g2 FulE F%1 gk %, 100 pmo]3kE F
A 03 g FHiE T F F iﬂHﬁUﬂJ TR W BLn A9}

== FAJ3A717] YA 5 vol.% Ox/He 50 ce/mine Z2]™ 400
T7HA 10 CT/minl.Z 523t & 30 min =2 X33t th2o 7

60 TE 323 ¥ 5 vol.% NHyArSZE 1 h Fvllo] NH; & S24)7]
31, Ar®. 2 purgingdl 90 min 59+ E2] S2¥ ammonias Wl AA|
ZHt). o]F Ar 50 co/ming AEHOFE S 10 T/mind] T2 5%
2 700 C7HA] %2314 quadrupole mass(200M)E ©]&35to] B2 F]
£ NH;2 S743Rt

2.3.5. FT-IR (Fourier Transform Infrared Spectrometer)

Zuo] NS ER1EL] 13 FT-IR ¥4 Fa3k3ith FT-IR
292 Thermo Fisher Co.2] iS10 FT-IRE E3}o] %312 H, sol-
id?] reflectance +43-5 913l DR (Diffuse Reflectance) 400 accessory
< AR DR S48 $13) plate® KBr window, CaF,& AHE-3F
%0 w, MCT (Mercury Cadmium Telluride) detectorS A2-3}] spec-
tras TSI Ao AFEE BE Sl 2% controller} A
% in-situ chamber®] sample pan<tel] rodE ©]-83F] ground = $itt.



NH;-SCRelIA] Sb 7Fel] W V/W/TIO,

T Y EEES S wiAEh] S8t air w9171 stellA] 400 C
o4 30 min FF WA HF-E AL F1|9] spectraE FH
317 $Isked ‘:’]a A A 2]E sample?] single-beam spectrum-> back-
ground = 73]

A eIt

A, BE 2 auto scan U 4 cm™ 9] resolution®]]
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3.1. Phosphorous H7I0 = V/W/Ti0,2} V/W-Sb/Ti0, Z0H2]
NH;-SCR &4 H[w
Phosphorus(P)2] 74-¢- i A5 H7HAel XsE gl Ed2
o]

A ovhEA Se] el Bl dEFE viAE AR deA
Atk wEb 2 At M "l Bl QFElEE Tioyol WA BA]8)

1, d-gHEE AA ﬂlz T S BRE VR2YW[SYTIO;,
V[2/W[5]-Sb[2]/TiO, FHulle ] vE-&8] 2ol5 BR1st7] 93]
NH;-SCR 235 3513tk P 5833 o83t Sullof
3te] 0.25, 0.5, 1 wt.%= BAsoH, sid A8 A3E Figure 3
o YERASIT

Figure 3(a)ollAl LFER vle} 2] V2YW[5)/TIO, 1= 270 C
o) delr 99%2] B4 A& HEhfglon, 59| shte] wet 54
3] E]—;(]/K-]}_‘.o] 71—/ko L= ?_:]ql-;ﬁlc‘:_] SCR %]-/\'] 7:]6}:__ q—ﬂ—bﬁ‘ﬂt} w
g P& V2)/W[S)/TIO, %UHOH @25t A9 gAdso] i A
FS UERIQLOH, 250 TE 7]3E0.E VI2)/W[5)/TIO; W= 94.6%
o F4E YeRilen V[2UW[5)/TiO-P[0.25] FHiE 83.7%,
V[2YW[5)/TiO-P[0.5] Z1l= 68.6%, V[2YW[5)/TiO-P[1.0] Zull=
46.2%7HA sk A& ERISHITE WFA Figure 3(b) V[2J/W[5]-
Sb[z]/Tio2 Zjj9] Aol BAA 5ol 250 T/ 99%2) BAA s
< yehiioler, 220 T olsle] 2kelA gadFo] Tashs s
Flekith 3 P2 0.5 wt%ZH] BAEE A5 g sl &
QS A=) ekglt) 220 TS 7]F 2.2 V[2)/W[5]-Sb[2)/TiO, =1
= 83.8%2] &S YERISI S V[2)/W[5]-Sb[2]/TiO,-P[0.25] v
= 79.8%, V[2]/W[5]-Sb[2)/TiO»-P[0.5] U= 75.6%, V[2)/W[5]-
Sb[2)/TiO,-P[1.0] 1= 53.4%7HA] THAshs A& glsiqict wet
A V2YW[5]-Sb2)/TiO, Sullel] P& BI3h= 7% V2YW[S)/TiOS
el njmste] 0.5 wt.%7H] Aol tist Go] AA vElsa
PE 1.0 wt% B3 A9 G859 At & Fow ERlElrh

od‘ r

3.2. P 70 [ V/W/TiO,2t V/W-Sb/TiO,
EN

32.1. P A7I0f| [ V/W/TiO,} V/W-Sb/TiO, HH2| 7xX £4
ok NH;-SCR 24 Ay} sb A7lel| wel V2yW[S)Tio, Zmi7}
Pofl tisto] Ul7-9& 2t Ao e 4= Qi) wlehA] po) 7t
7} Fujlo] P24 BEA mAe 9 EjlEy] 93 £4E 53
Stk You {17100 w2 phosphorus®] BH ggo] A=
P,0s 4l w2} BET(Specific surface area)”} 11431 % 7] 543
9 gt 71 7o) Attty Fgsksich whebA P tel wt
Zujj 9] Aol n2)= Jgks BR1h] f18te] BET #41% a8t
fom, 7 A3E Table 19 YERASITH

BET #4d3}e] w2 VR2YW[S)TIOE V[2)/W[5]-Sb[2)/TiO,
Zuj 9] BET:= 217} 58381 mg”!, 69.003 mg”!, & 7]3-5-9]% 03624
em’g’, 0.3624 em’g!, it 715 A7 16.06 nm, 10.7 nmE- LFERY
Stk o] Fof| 7 FHulloll PE H7Iste] vlwsE A2 V[2)/W[S)/TiOx-

el ==

Zujl©] Phosphorous ¥|5 & 17+ 519

Ve

NOXx conversion (%)
2
!
u
R
s
<

—=—V[2I/WS|/TiO,

204 v —8—V[2]/W|[5]/TiO,-[P0.25]
—A—V[2)/W[5)/TiO,-[P0.5]
—v— V[2/W[5)/TiO -[P1.0]
0
T T T T T
200 250 300 350 400
Temperature ('C)
®) T

/ A —
/ v/
80 /: /
v
64 ;/ /
40 - /
v
—=—V[2]/W[5]-Sb[2]/TiO,

20 - —e— V[2]/W[5]-Sh[2]/TiO,-P[0.25]
—A—V[2]/W[5]-Sb[2]/TiO -P[0.5]
—v— V[2]/W[5]-Sb[2]/TiO -P[1.0]

NOx conversion (%)

2(')0 250 31‘)0 3'50 41‘)0
Temperature ('C)
Figure 3. The effect of phosphorous over V/W/TiO,;, V/W-Sb/TiO,
catalysts (NOx: 800 ppm, NH3/NOx: 1.0, O,: 3 vol.%, H;O: 6 vol.%,
S.V: 120,000 h™) ((@) V[21/W[5]/TiOz, (b) V[2]/W[5]-Sb[2]/TiO,).

Table 1. BET Surface Area of V[2]/W[S]/TiO, and V[2]/W[5]-Sb|2]/TiO,
catalysts with Phosphorous Addition

Catalyst SBET (ng'l) Vp (cm3g'l) dp (nm)
V[2)/W[5]/TiO2 58.381 0.3624 16.06
V[2]/W[5]/TiO2-P[0.25] 57.943 0.3465 16.06
V[2]/W[5]/TiO2-P[0.5] 56.273 0.3332 16.06
V[2]/W[5]/TiO2-P[1.0] 55.195 0.3293 16.06
V[2)/W[5]-Sb[2]/TiO2 69.003 0.3803 10.7
V[2)/W[5]-Sb[2]/TiO2-P[0.25] 66.25 0.3471 10.7
V[2)/W[5]-Sb[2)/TiO02-P[0.5] 65.167 0.364 10.7
V[2)/W[5]-Sb[2)/TiO2-P[1.0] 65.673 0.3608 10.7

P[1.0]Z} V[2)/W[5]-Sb[2)/TiO,-P[1.0]2] BET7} Z}Z} 55.195 m’g’
65.673 m’g’, total pore volume 0.3293 cn’g’, 0.3608 cm’g’, H+
718 A7L 16.06 nm, 10.7 nmO 7 B4 Ao JeFS = 5 U=
vHEe] BET, & 71349, B 718 A4 Hshkes 33 %}%kﬂ}.
olgjgt A= Zvlle] PE FHFFHOE A2 witel] S
Xl AA = difo] YA kot BETZF Ay A o2 o=
bk webs pe] Hrte] mE Fujjo] v dsh= Sl 3EHel A
J¥ P05 IAF Aol mE v ARTHE @955 5184
Q1 Aol oste] v)&/ds) # 3 %%EJE}.

3.22. P E7I0| OE V/W/TiO,2F V/IW-Sb/TiO, FOi2| A5yt &k

7

Pe] H7} Al JEEE v &
o]

3 Felg s <)

= vlg, QFEES] Arslrtsl pe)
XPS 4] A¥E 4FEEF(Decon-

EIO{'
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Binding energy (eV)
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é g é A >
1 1 1 1 1 1 1 1
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3 3 3
z P :
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Figure 4. XPS spectra of V/W/TiO,, V/W-Sb/TiO; catalysts ((a) V 2p of V[2]/W[5]/TiO,, (b) V 2p of V[2]/W[5]-Sb[2]/TiO,, (¢) Sb 3d of

VI21/W[S5]-Sb[2]/TiO3).

volution) 3} ™, 1 AI}E Figure 4, Table 2] YERASITEH
Castellino 5{14]°l W= VOx/TIO, Fvllol] 529 Z#]ake Zuo)
VWVl HlES S7HA Fol] A redox 585 HAaA7IThaL
FAEFATE XPS ¥4 A3} Figure 4(a)2] V 2p B0l 4] vl 5158
eV 929} v*'o] 516.7 eve] ¥|A7} TESR A1E ER1E 4= 9l9dth
V2I/W[SYTIO;, F 2] 9 V'V BlES 44.83%5 LERISLS.
t, P7F 1.0 wt.% H7HEel wEk viro] ulgo] 70.04%7HA S skl
o} 72y Figure 4(b)S) V[2]/W[5]-Sb[2)/TiO; ZME V'/View ] ¥l
o] 42.1%E UERSI O P H7HA] V2/WIS)TIO Ol Bl3te] v
HE&Z V7L S71eHe 43S YERISIAL P 1.0 wt% 71l o}
2 V'V B0 62.94%F YERYSITE Kamata 5{16]°] w2
g FullelA PrF F& € ) nlhubE F4537] ddoR st
VOPO,7} /4 4= 9low, o] u] uh}E¥) 1 Vo) POy HE|Z
EAgt . FsIelth wEkA 88452 vl Ak nwskel
< W $be] H7R= W2 V&S 2 A BRISeI T, ol wet
V2/WI[SYTiO¢ll BI&te] Pol| digt Ul FA-E Zb= ZAoF seter)

S0 =, Sb H7tell W Pofl tidk Ul79E 2= o5 ElE]
$13k] sb 3dell tigk Xps #4 AxtE ulEEFA s19ler, 11 Ay
= Figure 4(c)oll YERIITE 2 A3} sbo] A= Sb™ 9} Sb*' &
717} 540.3 eV 539.4 eVelA FEshs A& Rl 4 9lolor,
V[2)/W[5]-Sb[2)/TiO, ZH1 2] 79~ Sb*/Sby HIEC] 27.07%% EA)
3= 1S itk P 7ol W she] BlES Eelsk Ay
PO shego] S71ESE S njgo] FTUlshs AS ERlsiloH,
P7} 0.5 wt.%5HE 242 o] Sb*T 2 gl 57.02%E YERSITE P
S 1.0 wt.% EAE Aol Sb* o Hl&o] 58.88%%F Ao FE+S
wkx] okelt}. Sudarsan G{18]> Sby} P Agle| <3t IFHES
SbPO, 9} SbOPO,2] FEH|Z EAIE 4= 31 oH, SbPO, ] 7§ P-O-Sb**
2 Ag¥o] 91 SbOP0,2] 739 P-O-Sb” = AgtEo] Qtkar AF
31Tk Figure 4(c)ollM s P2 H7tell W Sb*t H|&o] F718l= A
< El8t v, SbPO,2] el =T Zlo 7 sekEic) wEhA Shb A
7ol wel SbPO, @Al Wt VOPO, BAS SAlete] vl poll 3t
Ygo] ddel Aow whdkEh
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Table 2. Valance State of V[2]/W[5]/TiO, and V[2]/W[5]-Sb[2]/TiO;
Doped Phosphorous

Catalyst VS;;)V)“""‘ Sb}g:;’ total
V[2]/W[5)/TiO, 44.83 -
V[2]/W[5)/TiO,-P[0.25] 57.94 -
V[2]/W[5)/TiO,-P[0.5] 62.65 -
V[21/W[5]/TiO,-P[1.0] 70.04 -
V[21/W[5]-Sb[2}/TiO, 4.1 27.07
V[2]/W[5]-Sb[2]/Ti0,-P[0.25] 48.65 4532
V[2]/W[5]-Sb[2]/TiO»-P[0.5] 52.68 57.02
V[2]/W[5]-Sb[2]/TiO»-P[1.0] 62.94 58.88
3.2.3. P IOl [ME V/W/TiO,2F V/W-Sb/TiO, EIH2| redox S

o

thSo = pol Hrle] W VR2)YW[S)/TiO. 9+ V[2)/W[5]-Sb[2]/TiO,
9] redox 5795 ERIH7] $l4 H-TPR 41 F3stalom, 1 4
7E Figure 5o YeERSITE H-TPR 4] ZA¥} Figure 5(a)ollA]
V2I/W[5)TiO, il ¢ & 5= 137} 405 CollA] #2=2
P7} bR kel wEl 3l T 3) 2 LR o)FsE AE
gelg 4= QIQltk P} 025 wt% R H7FE ol wkel 405 CollA &
A 9E Y 9= 443 TR olFdhe A8 I 4= qlglon,
515 CollA] 2= F]37F A8 A& gld 5 Uik o]l p7t
0.5 wt.% ol oR H7bEE A9 443 ColA #EEE 93+ So}
a1, 515 CE] 97t F7kehk= 31E ER18k3ITE Mahdavi 5{19] <
ol =W o vhbs £33 vlaste] VOPo,Sl S AtiF o R
B 2eA 9 gkl I3} vepdtial 55T # ATelA
515 CollA M= AAE= 933 VOPO,ell 23t o7 Zul 30
Ao wEl Ful9] redox §AS FAaA7]aL, 405 CTollA s
£ Ve Tio] Adaatge] o A I3 443 TR oF el wet
gQigo] Yolxl= Zog wowEth ®bde] Figure 5(b)ol UERH
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Figure 5. H,-TPR profiles of P-poisoning catalysts [(a) V[2]/W[5]/
TiO,, (b) VI[21/W[5]-Sb[2]/TiO,].

V[21/W[5]-Sb[2)/Ti0, Z™2] 78-%- 405 C 2} 440 ColM 3 ¥a5
gelgk 4= glglom, 405 C T v Tio) Asz-gol s A
Hl Zo]al 440 C I A= SbT W2 Az zge osto] A 12
o]th20, 21]. P2 Fko] 1.0 wt.% = 75kl whel 440 T2 va=
=0 2uF 470 T7HA shift He= AE AT F+ rk o)=
SbPO,2] A/del 2]ste] sbo] Sb* & EAFe] wh el Ao
E FZHH, PE 1.0 wt%WE FAESE w405 C 327} Sobd
I gAlel 515 C Hart S7khs 0= Hol VOPO7F A==
A& 1% 5= USith mEbA] H-TPR A3 P7F 7 e wet &
€] redox SA4J0] Fashes 2& &R = oL, Sbs FH7te)
= Aol PE 0.5 wt% 74 BRIk 79 SbPO,2] A o= s
o] VOPO, /35 2JAI8te] redox 5735 sk 202 ddketh

3.2.4. P E7i0| 2 V/W/TIO,2F V/W-Sb/TiO, E09| Z2L|oF E&F
S8 o+

P 7t W SCR &Y FF olfE Akl Hd v2)
WISVTIO;, Zi 2} V[2)/W[5]-Sb[2]/TiO, Zv]€] P 7)ol whE NH;9)
a2 598 vwsek You {1711 w2 pel A7l whe v
ERRIAIA(PO;) Q] /-2 Brensted AHd 0.2 218510 Zvllo] NH; &
s A SN TSIt Wb V2)WISYTIO 2
V[2)/W[5]-Sb[2)/TiO, Zvll2] P 7}ell W3 NH; 3 545 g<ls}
7] 918t NHs-TPD #2415 Faati o, 1 A3 Figure 6¢] LFE}
Uiglek BE FujjelA 116 CollA A AA) Fa& 18 5= SIS
H, 160 CellA F WA 935 1 4 3Tk 116 T2 A WA
939 A, AuFoz st AfoR o]FofXl hydroxy group
Bronsted AFdol &2k NHYE #¢tksm 160 T2 F 94 ¥=19)
A5 A Aoz A5t Ao R o]FolX Lewis AHEel 52 NH;
O 7 I vh22]. Figure 6(a)° WERA V2/W[5]/Ti0,2] P 7}l

Zujl©] Phosphorous ¥|5 & 17+ 521
(@) doEou ~
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Figure 6. NH;-TPD profiles of P-poisoning catalysts [(a) V[2]/W][S]/TiO,,
(b) V[21/W[5]-Sb[2)/TiO;].

WHE NH;-TPD +4] Aol NH; B2 |32 po| §Hako] S715tat
Al HWolAe AE E1E 4 USlek olgst Ayl= VR2IW[SY/
TiO, Zuj9] el ¥ POy Fo] H08F Adste] P-OHE 44
shar, FYEE SE Yokl po] Akl a3t ulel NH; g2ao]
Z7K5 Aog gaEd whddl Figure 6(b)ol WERA V2/WI[5]-
Sb[2/TiO, 2] % Sbo] SbPO, BA 2 913 VOPO,2 A4S
A 5ol whet NH; g2tigo] FdaAY ul9- 22 Afo|vt Ueh=
Zo 7 Gtk wEba] VR2YW[S)TIO, 2] 749 P7} g =,
Vel dezEg oz AE VOPO,7} Brensted AHJ 02 24513171
glEel NH; S35o] S7lshs Zloz shads™, V[2)/W[5]-Sb[2)/
Ti0,2] 7% SbPO, Ad o= <l&l] VOPO, A3d Al ule} NH; &
ahege] zpo)7h YEepA] o= Alow gk

NH; 9| 2548 o H&sHA $15197 in-situ NH3-DRIFTs +41--
ST PE 0.5 wt.% F7F A V[2)/W[5]-Sb[2)/TiO, Zvi= NH;-
SCR W32 &kl A31aL, VI2/W[S)/TIO= vl FA yrebsk
ok webd P 0.5 wt% H7HE V[2)/W[5)/TIiO 2k V[21/W[5]-Sb[2)/
TiO, FE 400 CellA 30 min AA 2|8k W3-8/ =o]7F el
7] N&sH= 250 Coll4] NH; 800 ppmS Zvlol] 30 min S 5ke] A
Zho] w2 NH; A W3lE Figure 70 YERNQIEL Figure 7(a)2
V[2]/W[5)/TiO;~P[0.5]%} Figure 7(b)2] V[2/W[5]-Sb[2)/TiO,~P[0.5]
T Eu) B 1418, 1602, 1667, 1967, 2044, 3196, 3264, 3372 cm o]
A 9 3Z gIgr 5= 99tk 1418, 1667, 3196 cm™ ZF2Z} Bronsted
acid sites®] B 2 oA w8 0E] NH*F slgshe 1602,
3264, 3372 cm’& ZFZ} Lewis acid site2] NH;2] vt 4 o)A #3
%o s g3tH23-28]. 2044 cm' 2] 2 ¥ =9} 1967 em ] F ¥4
© V=00l ¢EYolr} F&ste] AAdE =09 2015 cm'& W=0
of aldsh= ¥ =01tH29, 30]. NH;-DRIFTs %41 A3} Figure 7(a)2]
V[2)/W[5)/TiO,~P[0.5]%} Figure 7(b)2] V[2/W[5]-Sb[2)/TiO,P[0.5]
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Figure 7. NH;-DRIFTs spectra of P-poisoning catalysts at 250 ‘C((a)
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Figure 8. DRIFTs spectra obtained during exposure of P-poisoning
catalysts to NO 800 ppm + O, 3% after NH; 800 ppm pre-absorbed

at 250 C((a) V[2]/W[5]/TiO»-P[0.5], (b) V[2]/W[5]-Sb[2]/TiO,-P[0.5]).
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