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Abstract
In the study, NH3-SCO (selective catalytic oxidation) reaction activity accodrding to vanadium loading amount were compared
when preparing Pt/V/TiO,. Considering both NH; conversion rate and N, selectivity, V 2 wt% loading of the catalyst showed
the best activity. When the correlation between physical/chemical characteristics and reaction activity was confirmed, it was

confirmed that the increase in lattice oxygen and (V** +

V*) ratios were active factor. In addition, when the SO, durability

experiment was conducted using the best catalyst, it was confirmed that the influence was insignificant even if the high con-

centration of SO, was injected.
Keywords: Vanadium, NH3-SCO, N, selectivity, SO>
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NH;3-SCO WES-

NH;-SCO FmZ4 #Z<%(noble metal) ], F0]Z-Z(transition metal)
Al FHulE :r”?“ﬂoi A7E 3 vk dolgEA Fu€] A 9-Cu, Mn,
Fe, Co, Ce 5-& ©]83kal QAT 350 °C ©|3}ol| A NH; Fg-g<] v
- AzshH, NHy 352 A4 Fulg Alzstle Nzii'?] Aeg
S o] Axst TS MYl QUTh3-5]. A=E Al Ful9
7%, Pt, Pd, Ag, Ru= TiO, F1= Zeoliteol] B4|310] A —\%01]*194 NH;
Agrgo] A ehtar Qlehe-8]. sHAINE Falish dAR ] Adego]
o= @Rlo] 7] wlizel ool gk Beto] Fagk HA7ork

whbA] 2 Aol A NHy 8RR ofvel N2 o] ey 531
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2.1. SOiH =k

Aol AR Fulle] FEANEE S Akt Hu1[1>t(0H)2, SNS
Co.]& &IT50F AgsIglon, I e U=Ew wEr vl
O] E(Sigma aldrich Co.), AXAZ= A % TiO, (G-5, Millennium Co.)
E AlZEGITE 2 Aol AREE Euie] EAEES AX A o
S FARIE G E A olwe] FA vl winE YERAIoH
E71E 0.1 wt% Pr ol o] 37]E siGlth FulE Alxshs Wil
EE YA FujA|z W1 IR (wet impregnation method) <
AHE-BFSATE.

WA AAAZ AHE-E TiO, didte] Z2Fue] S F-AIH](0~3.0
wt%) 2 A% F Alaksit Aabe 2] oFS AFAE AlQ)st
“}F—)F )| 9] FES Akt & SR Sk v At &

gl ¢HA3] gall=H e AAAE s v FEHel Z3kst

E]'. Z8E] A EFEAE 1A o] wRket & 3|AA] W F
7] (Eyela CO. N-N series)E ©]-8319] 70 °Coll4] 65 mmHg AF
of oste] S THEAITE S TN AEE vA7]Ee
23 s ehds] AlAS] $lske] 105 °C 74&01]*1 24A)%T ©]
A AZAIZ F 10 °C/min®] $2&5 =2 tubular furnace®A] 400 °C
SAIZ TS 4A)ZE 71797164 223t x wi% VITIO;

Az AFE VITIO ol 4559 S FAMZ 0.1
WO AT F Akslel ok Wt 5AS witk W AXE 1)
gy

2T AZE vzl B8-S 10 °C/min® 524552 tubular furnace
oA 400 °C == A5AIZ] F 4AE F71E7 1004 AAdsitt o
Al g H, #9710 1417 9S8 dto] HE S 0.1 wi% Px
wt% VITiOyE AZ Lk oA Axd FHuls A8E F3s]
98te] 40~50 A712) meshE AHE-EFo] A7 S8k Lgick

2.2. YR H YY
L Aol AGAAE A W) B, 7R e e i
o7k A —t'r%ﬂ—oi %WSWDP. REG71el S s 7hAe] A
Co.

£ Abgeio] e 4
0% S0, bombE 0] AL, Ee, T
bubblerS Fatstol 5 FAE NZ W7o U
u) B e QYA 228] 5ol olF jacket BEN] bub-

%‘1 El“”

oA Vanadium B4 g

Zol PYV/TIO, ZFvllell wx:= 9 595

Table 1. NH3-SCO Experimental Condition

Particle size(mesh) 40 ~ 50
Reaction temperature (°C) 200 ~ 400
NH; (ppm) 10
Inlet gas conc. Oz (vol. %) 0~15
(Ar balance) H,O (vol. %) 0~6
SO, (ppm) 50 ~ 200
Space velocity (hr') 60,000

bler 24 circulatorE ©]-€3F0] 40 °C %9 &2 +=sA ) 7}
23 B2 AAlo] AA stainless steal TOF A 21513 © ™ NH;9)

line slips B3 F#9] §%-& WA|517] #1344 heating bandE Ztob

180 °C +%2 YA FABIITE REg7= A% Eﬁﬁé 4%

=
WS 24 W7 8 mm, 3£°] 600 mm Q1 2% (quartz) ZH O =2 A2}
iy sk iUH F= 143 91814 quartz wool& AHE-3F3ITE WS-

&
7] &9 A9 el A2 K-typed thermal couples ©]-8-3}
PID ==A0)7]& %3 don 7t e 25E SAst
7] $15ke] FulS Aol thermal coupleS X[t FulS &
43t W& 51} AREY] s5F 43 Aste] NOSH N,O
A 7122243 7](Uras10E, Hartman & Braun Co.)E AR
AL NOy= T HE7] Z7-ellA AL, Gas Tec. Co.)& ©]
gato] SAsglon dryote] FwE HAFAEL, 3La, 3M, Gas
Tec. Co.)= ARESISITE BE 7hAe 472 F457] Aol 782
chiller 2] & EfelA AAAZ & F4akirh g 221 94 A
9 W= Table 10 YERSITE & A7-9] AeM= A1A o<l
NH; 9] 552 10 ppm@ 315101 HOE 6.0%, 0, 8.0%, B4
(Space velocity; S.V.)i= 60,000 h' 2 &}tk 53t SO, W74 Age)
A= S0, 100~200ppm, NH; 10 ppm, H,0 6.0% 0,2 8.0%, S.V.2
60,000 h' =2 7dste] S Fsioich Sulo) w4l NH; &
e N, AYEE v ol 4 1, A 20 FLEsith

NH; conversion = -
v Hs]m

X 100 Q)

[INHg )iy~ [N Hy 1o yye] = [NO) e ]
[(WH )i

NH; to N, conversion(%) = X100 (2)

20 £4 &AM

2.3.1. BET (Brunauer-Emmett-Teller)

Zue] 7]% F1 9 H3EdEA 542 Micromeritics Co.2] ASAP
2010C FH]E AME-3FS] ©, BET (Brunauer-Emmett-Teller)2]= ©]-&-
sto] Bl A S TGt o] o ZH2he] A= 300 °CollA] 2 h &<F
ABAHE A Al BHA

2.3.2. CO-chemisorption

FHle] SRS AtE 9 Ao A8 wAE] flst]
2920 autochem (Micromeritics)e ARSI ELE]S] FullE 30
mg U & WEg7]e] T3 F 10% HyArE 50 cc/min]
S T 400 °CellA 90 min X+ A g 2 ErES Al
AU o1F Hes FYsH F2¥ Hy & AASSITH qﬁ‘ii %
o] 255 40 °CE 3k 3 3 10 vol.% COHes ¢ 4
co/min O pulse T¢I Fulloll F2H CO9 & Ho=

¢

m
_l

)

I

r>”
Ol
Lo

Appl. Chem. Eng., Vol. 33, No. 6, 2022



596 A -

100 W W O ,—
»
90 k 7
»
>
80
70 S
< T «
< 60
g
2
£ 504
&
z
g 40 Reaction temperature ("C)
~
A > u- 350
T 30+ . 325
< A 300
20 v 275 .
4+ 250 >
10 < 225
» - 200
0 T T T T T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0

V loading amount (wt.%)

100
90 |
30 ; ”
s X
70 ) L N
. > -
2 .4 ]
& 601 . > ‘ .
g ¢ ol <
= S04 = * X
k=] [ d S
2 L E8 e L
= 401 , a -'m’ Reaction temperature ("C)
- UETIERE SURT - 350
FARETE S
1 . * 325
u A 300
20 1 v 275 :
* 250 >
104 < 235
- 200
0 T T T T T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0

V loading amount (wt.%)

Figure 1. NH; conversion and N, selectivity over 0.1 wt% Pt/x wt% V/TiO,.
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2.3.3. XPS (X-ray Photoelectron Spectroscopy)

XPS #2492 ThermoA}2] Alpha-KE ARE-3F31 01, excitation source
22 Al Ka monochromatic (1486.6 eV)E A3t Ful&E <F 100
°Ce] EelA 25AIF 1x3te] EE O] QlE TS 8] AAT
Z XPS 71719 AFEE 10° Pa® FA|3F7] $15ke] ¥ sputtering
9 etchings 3FA ¢al 413130tk AR Ulol] EAek= A4E wide
scanning spectrum ©. % #218}0 binding energy 9} intensity S 213}
e,

3. Zdup ¥ E

3.1. PUTiO, FO0H2| v HX| =20 [E NH:-SCO HiS &Y

B Aol A= 0.1 wit% PUTIO; ZHlol] V& 0.5, 1.0, 2.0, 3.0 wt% &
A3te] NH;-8CO HES- #4-& E”lstalon, 1 A3 Figure 100 U
ERfQItE NH; 23848 Sls|Rd, 0.1 wi% PYTIO, S 250~
350 °Coll 100%2] %S vehliglom, 25 il wet a3k
o] FASHA Faste] 200 °ColM = oF 34%2] a5 UERigl
o vol §A1E ), 3 wt% B4 FHE At BE SuljelA Ak
&o] S7HA% e, 0.5 wt%7t BA1E FullelA 220 °C7HA 100%2]
A3HES LFER AL 200 °ColA] oF 83%2] 478 HgHEo] FRIES]
th N2 e Bls R, 0.1 wt% PYTIO, vl 200~350 °C
o AP 25 A FRelA 60% olatE Axghe ERIESith Vol
2.0~3.0 wt% B4 -, 71E Sl oin] deigdo] A4 SrHES &

QIEk3itE 53] vol 2.0 wi% BXE FHul= 325~350 °Collx] oF
70~80%2] A EIAdo] SIS, 200~300 °CollA 80% ©1/d2] $-<=
g Adeds YeERR

uebA NH; A3 9N, A8 255 1830e o, 0.1 wi%
Pt2.0 wt% V/TiO, 7} 718 -<rsivta sdkert

3.2. v HR| 2ol wWE S2/EsA S 2Mat HiSadale|

Armap| o7
NH;-SCO WHg-2d A& 8l v 2 wi &4 Fuli7h 7Hg 9=
d5& Hehdigl olel weh v g el me Eelset 5
o ooz %

S
=

o
=

%
5

WA, Fujjo] Bl AA g1 I8t BET 4] Y active particle di-
ameter, metal dispersion, metallic surface area 1S 93t CO-chem-
isorption ¥41S 43atd o, 1 AWE Table 20 YERAI T W3-
B/392] 2 AAAIE Figure 20 UERIGITE BET w4 A¥E gl
alxd, vol @x)= ] u|mHZ o] 61.24 m¥gollA 23.75 mY/gE FA)
AAE) o] F v @4 §ko] kgl whet vl o] Sk
gelaigion, 7 58 0.1 wt% Pr2.0 wt%V/TiO, ZvljelA]
25.36 m’/gE A8 E B3Itk Chemisorption 4 A¥E E<l
S| H, vV gx]&o] Skl whE} active particle diameter, metal dis-
persion, metallic surface area #°| F7FHE %o, 7P 53k 0.1
wi% Pt/2.0 wt%V/TiO, ZuljellA] 242t 136.05 nm, 1.18%, 7.44 m*/g<
537} el e,

Table 2. BET and CO-chemisorption Analysis of 0.1 wt%Pt/x wt% V/TiO, Catalysts with Different V Loading Amount

Catlayst BIZET Active particle diameter Metal dispersion Metallic stzlrface area
(m/g) (nm) (%) (m’/g)
0.1 wt%Pt/TiO, 61.24 - - -
0.1 wt% Pt/0.5 wt% V/TiO, 23.75 103.61 0.89 4.93
0.1 wt% Pt/l1 wt% V/TiO, 24.89 127.34 0.90 6.78
0.1 wt% Pt2 wt% V/TiO, 25.36 136.05 1.18 7.44
0.1 wt% Pt/3 wt% V/TiO, 26.03 143.87 1.31 9.18
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Figure 2. BET and CO-chemisorption analysis of 0.1 wt% Pt/x wt% V/TiO, catalysts with different V loading amount.
Table 3. XPS Analysis of 0.1 wt% Pt/x wt% V/TiO, Catalysts with Different V Loading Amount
Surface atoms ratio (%)
Catalysts o " - 3+ . 5t
Pt Pt Pt O, (o]} o, Vv Vv vV
0.1 wt% Pt/TiO, 83.99 16.01 - 11.49 71.77 16.75 - - -
0.1 wt% Pt/0.5 wt% V/TiO, 37.96 62.04 - 67.72 18.58 13.70 33.94 38.25 27.80
0.1 wt% Pt/1 wt% V/TiO, 35.76 64.24 - 51.84 33.63 14.53 30.29 42.39 27.32
0.1 wt% Pt/2 wt% V/TiO, 32.33 67.67 - 36.38 48.21 15.42 36.93 40.87 22.20
0.1 wt% Pt/3 wt% V/TiO, 48.15 51.85 - 38.65 34.67 26.67 39.65 33.32 27.04
100 100 100
90 4 90 90 -
80 80 4 80 4
3 ] g 70 I 74
g So_Reaclion temp § 1 ; 7
S. 40-—=—350C o 404 . o 404
z —e—330°C % Reaction temp %
£ 304 =, 30q-= 35T = 304
z 300C = . 330°C z reaction temp
“ 2°‘+§;§-g “ 300°C Z 20 - 350°C
10 4—4—225C 104w 275C 10 c® - 330°C
—»—200°C o 250C \ 300
0 T T T T T T T T T T T T

32 34 36 40

Pt’/ Pt total ratio

0,/0, ratio (%)

2.8 3.0 32 34 3.6

(V*+ V™) / V"™ ratio

Figure 3. XPS analysis of 0.1 wt% Pt/x wt% V/TiO, catalysts with different V loading amount.

Chero = vERel o Fvlo] At Wats gl 8}71 ?J8}o]
XPS #2418 $23)819] 0, 7 A3 Table 391 LERS Q%W

o] 29l Figure 30 YERICE Pt AMEHE 51—0175]] 1w, 0,

wt% PUYTIO, Zmll= ZulA 2z el s34 el 23] pe) H]EO]
83.99% % =2 =22 et} Vol ©x|E= g pe] )
ol 27 AagE Flskglon, v B4 d#o] 2 wi%7hHA] SV

e}

WA P BES Hxl BAHYOH, 3 wi%E ZF7FEe) uket thA
P’ H]Eo] F7HES EelEgih v AlEpE Eldird, v 9] ¢
Zo) 2 wt% /1A S7FE A (VY + V)2 uEE 77.8%7HA] S71E]
o, 3 wi%z 7 wek (v + v ulgo) 72.9%71H4 2
2E0ek 7P $573 0.1 wi%e PY2.0 wi% V/Tio2 %wﬂoﬂ/ﬂb )5}
SFE Al (VP + v o] 7 = YeRd S el nlE
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Figure 4. The effect of SO, injection over 0.1 wt% Pt/2 wt% V/TiO, catalyst on long-run test.
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