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Abstract: The volatile organic compounds(VOCs) have been recognized as a major contributor to air pollution.
The catalytic oxidation is one of the most important processes for VOCs destruction due to getting high efficiency
at low temperature. In this study, monometallic Pt and bimetallic Pt-Ru, Pt-Ir were supported to y-ALO;. Xylene,
toluene and MEK were used as reactants. The monometallic or bimetallic catalysts were prepared by the excess
wetness impregnation method and were characterized by XRD, XPS, TEM and BET analysis. As a result, Pt-
Ru, Pt-Ir bimetallic catalysts showed higher conversion than Pt monometallic catalyst. Pt-Ir bimetallic catalyst
showed the highest conversion on the y-Al,O; support. In the VOCs oxidation, Pt-Ru, Pt-Ir bimetallic catalyst
had multipoint active sites, so it improved the range of Pt metal state. Therefore, bimetallic catalysts showed
higher conversion of VOCs than monometallic ones. In this study, the use of small amount of Ru, Ir to Pt
promoted oxidation conversion of VOCs.

Key words: volatile organic compounds(VOCs), bimetallic catalysts, promoter, oxidation characterization, noble
metal catalyst
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Xylene, Methyl ethyl ketone(MEK), Acetone, Isopropyl
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Table 1. Legal control item of VOCs in the Ministry of

Environment

Name

Saturated HC Butane, n-Hexane, Cyclohexane
Acetylene, Ethylene, (1-Butene, 2-Butene)

Olefin HC
e 1,3-Butene, Propylene, Propylene Oxide
Aromatic HC Benzene, Ethylbenzene, Nitrobenzene
Toluene, Xylene(o,m,p), Stylene
Alcohols Methanol, Isopropy! alcohol
Amins Dimethylamine, Diethylamine
Acetylene dichloride, Carbon Tetrachloride
. Chloroform, 1,2-Dichloroethane, Methylene
Chlorinated c ’
Chloride, 111-Trichloroethane, Trichloroethyl-
compounds
ene
Tetrachloroethylene
Petroleum Gasoline, Naphtha, Crude oil
Aldehydes  Formaldehyde, Acetaldehyde
Acrolein, Acrylonitrile, Methyl Ethyl Ketone
The others

Methyl Tertiary Butyl Ether(MTBE), Acetic acid
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Fig. 1. The present condition of VOCs quantity.
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Table 2. List of prepared catalysts and notations

oy
Mo
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Table 3. Operating condition of XRD

Notation Catalyst
2PY-ALO; 2 wt% Pt with y-ALO;
2Pt0.2Ru/y-ALO; 2 wt% Pt and 0.2wt% Ru with y-Al,O5
2Pt0.2Ir/-ALO; 2 wt% Pt and 0.2wt% Ir with y-ALOs
30 minE 3t 83 F 500°ColA HyE E2|WA] 2hr
B9 24 sk,
oM A3 Zuje] ®7]1Z2 Table 29 LFERH L

I AzEME BElste Fig 20 YeRi It
32 &ijo|
322 X-ray 2
Az zhzre] Fujol thste] kg4

MedES & 5o A4 P2 Y 3
2l8ke] XRD(X-ray diffraction) #41-S 3 &}
Ao A= Rigaku AFS] X-ray dlffractometer(D/
AL Table 39 YE}

sy
SIESIEPE
992

EX

]

-0)F

Ol
=

2}
7]
B

Max-2400)S AH&-3FA 2
BiPel=3

o
ol
20

o
=
B

o

323 XPS &4
XPS(X-ray photoelectron spectroscopy) ™22 A&
o] xR 54 XA 2 Az dAtste], WEshs

Item Operating condition
Model Rigaku D/MAX-2200 Ultima/PC
X-ray source CuKo
Filter Ni
Count 700,000 cps
Voltage 40 KV
Current 40 mA
Scanning speed 19/min
Scanning range 20°~80°

FAA] AUAE SHTFOEA AFEH A Z
shebaQl Al s S ske SOl JuA
Ao 2 X-Alo] AHE-H o @@iﬂoﬂ o] 7psslaz
T=A g wkmA] ddureke] £ & AHE TP AL

Stk & ArelME X%l | Euje] 9 24 2 A

é =

SPIEHIE dolry] fl8te] XPSEALS Askaith 4

o Ab&E 7171 VG ScientificsAk2] ESCALAB 250
XPS spectrometer©] T}, Cl1s(284.6eV)E 715 ¥ A2
3l charging effect ¥ work function®l] 2|3t shiftS
a5l 34 AEE AT data EA-S XPS
24 program%z 31Ul XPS PEAKE ¥|3 8] 2
A s

Drying y—Al:03, at 150TC for Shr

2

[[ixcess wet impregnation 2Pt, 2Pt0.2Ru, 2Pt0.2Ir solution on y-Alg();;]

2

Drying at 150C for 5hr

2

Calcination at 500TC for lhr 30min in Oz stream

L 2

Calcination at 500°C for 2hr in Hz stream

4

[ 2Pt/y-Al:03, 2Pt0.2Ru/y-Al:03, 2Pt0.2Ir/y-Al20; catalysts ]

Fig. 2. Preparation of catalysts.
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324. TEM 24M

TEM(transmission electron microscopy)S AAS 7
A AA A HE FHBEE 3 F NS T
AZAE FddoA IRlsls PR AFs= =7
o|t}. TEMeA 3| HAH S o] §-dt] mA| g Fite
AR 2 AR ARG, Bel, 2 45} A=
S AR TG o ARE
AE TEMEA & 53to] nt
712 wotauar sy AR ®
(Japan)/\]—«] H-7100 electron microscope®

BaET

_4_,

3.24. BET &4

BET(BET surface area)¥4] & 22|52 2 3185
o]-&3te] A5 AJEjel #ARle] A8}
]Etﬂ;@ = 7]11:‘_4 g B 9 &
o] B & ZA 35l BEAjuHo|t}, HEEF 1A 7]
T 5~157HA] 578 0] 7hssith & Aol AHEE i
27171+ u|= MicromeriticsAFe]  ASAP2010 &
TriStar30000] T}, E4J o] AL&H A 59 %2 100~150
Aol 150°CA A2 S ste] Aol

mgo] 3L, -4

EAlstke RS AA S
3.3. AEEX
W AS 337l 918t MFC(mass flow

controller), Wr-2-7], Heating mantle, PID controller,

GC 5= AAsoith. 7h2=e] 72 MFCR 243}
o whg7] te® fAHES STk MFCE

McMillanAke] A ES AFE-3FA T xylene, toluene,
MEK 52| VOCs 428 gojo]4 0TS o] g5}
WA Z FP3taL dE7E B8l FuiFo] =2t
7] Aol ¢k3] 7StEEE st £ ATl ARS-E
7HeE Npot 0,2 S5 (F)9] AlFS AH-sksitt
W3-l lojA ZF Wk-g-=2] FEE air balance 7]
FOZ 1000 ppmE =& FA5tP o Qg7 E T3
ke 7h=o] & FEE 26 UminS 2 ZEE A o)
FAHEEE 30,000 hr' o ;}Oﬂu} A9 AeE
HH-3-7] = fixed bed type?] A& & WHSAXZA
Fig. 30 9] +4& 1/}5}141011:} HH&-7]ol = glass
woold} stainless -3 o] 834 Yo FulE T3t
o WA Tt

PID controllerE ©]&3te] WHg-7]9] 2%+ 150~

32
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Table 4. Operating condition of gas chromatograph

Item Operation condition

GC-17A

Gas chromatograph

Column capillary column
Carrier gas flow N,) 50 ml/min
Injection 120
Temperature Detector 120
Oven 80
Detector FID(flame ionized detector)
Injection amount 100 pl

Mixing
Chamber

MFC
Solvent Delivery Pump Vent
| 0 A
o0
Heater and Reactor
[ ——— |
| ]
— D= — [ —KX
3 Way 3 Way
Valve L ] Valve
38
o] e
PID Controller

&

GC

Fig. 3. Schematic diagram of experimental apparatus.

300°C H oA 5241719 vOCs B9 AL
5’\]'3]'/\,\‘:]'.

Zt AR EZS] 7t AAHLS BF stainless =
teflon A AL AL831TH HHSE 2 A Eo]
218 GC(17A, shimadzu corp.)E AH&3tAtH HAE7]
£ FID(flame ionization detector)S A3} 3L carrier
gas= Nj(korea ind gas co. 99.99%)5 AH&-3}3A T} A}
4% columne capillary columng AFE-3F T GC9
operating condition> Table 42} 7t}
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4.1. &0ie] BMEN

411 XRD 24

2 ATFNX = y-ALO; FA] gk Pt, Pt-Ru, Pt-r,
Zufo] th3le] XRD #4& Falo] 247329 E4
S dolE gtk XRD A3 d141S ¢Js) PCPDF WIN
verl.10(JCPDS-ICDD)E ©]-8-3}th. &A%< peak
S A3 vla £457] 95t 71E9] 2 wit E)
talel 6 wi% s 7122 v 3T

Fig. 4, 52 y-ALO;E EAZ A48 Sl XRD
spectras LRSI Fig 4= Rb3- A, Fig. 55 W8
Z9] Zufjof] T3+ XRD graphs UERH Zolt).

HhS- A fresh SuldE]ollA] Pto] ZLE2A EAEE o
XRD peak ‘g4l 2 JEPA] 249k o 1Y, Aging $of
Ptiy-ALO; 71| 79 v-ALOs7} corundum T2 W
S AR, Pto] metal peak’} =A YER} HES &
Pt 559 TR &) 13 Aoz vehdt)

/| BPUT-ALO,

A A ° /) BPI0.6RUN-ALO,

Intensity(a.u)
o

__J\_6Pt06In/-ALO,

T T T T T T T

20 30 40 50 60 70 80
2-Theta(degree)

Fig. 3. Schematic diagram of experimental apparatus.
v
- |
1 « 4 . il
5 ] . Ll [l o e errealo,
3 | I | W
@
£ o, 4' v ‘ 6Pt0.6RuUT-ALO,
a e o A
4 v
] 2N /| 6P0.6IrT-ALO,
20 30 40 50 60 70 80
2-Theta(degree)
Fig. 4. XRD spectra of the fresh catalysts, (@ y-ALOs, [

RUOz).

Al A A

RSN = 4

Ir7} Ruo] ZZFmjE AMEH 7% Aging F Pte]
metal peak?] AHAS intencity”} Pt 502 ARE-3
AL BT Aol Aging $ol%E P} 1B EEE o] F
I PE A= BRI

412 XPS 2M

Fig. 67 ¥ALOE FAIZ AHE-3F Frfj o] whe- A
o] XPS peak deconvolution 232 LERA Zle]t),

o W23 vALOE FAE AFEE Sufol A
+ Pt 4f peak®} Al 2p peak7} 22 91X ol|A YERd
o B3 ST wEbA] Pt 4f peak t]Alol] Pt 4d
peakE ©]-&-stod A5 TE XPS peakol A Pt 4d€]
Pt 4dsp9} Pt 4d;, band= Z+2F 3153 eVe)l 331.8eVE
VERdTEAL B H Yo

Fig 6& W8 A vALOS FAE A3 S &

/N\
S \ .
A 2PUT-AROs
£l
@ 1 - A
= ~  2Pt0.2Ru/v-Al20s3
‘@
c
[}
€ A
- - AN
— 2Pt0.2Ir/-Al203
T T II T T T 1
340 330 320 310 300
Binding energy(eV)
Fig. 5. XRD spectra of the aged catalysts, (@ Y-AlLOs

corundum, | Pt metal, (J Ru, A IrQ,).

T 2Pt-AlO:

) A

‘9" ) /

= S <

@ ~— 2P10.2Ru/v-Al203

@

£ / \\
a T 2Pt0.2Ir/Y-Al203
3:10 3:;0 32|0 31|0 360

Binding energy(eV)
Fig. 6. XPS spectra of Pt 4f from the fresh catalysts.
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T 2PYY-Al20s

= A~
E T 2Pt0.2Ru/—Alz03
[
€ A
E— / \\
2Pt0.2Ir/-Al203
340 330 320 310 300

Binding energy(eV)
Fig. 7. XPS spectra of Pt 4f from the aged catalysts.

9] XPS peakE UERH Zolth Al FulE BT Pt 4d
[e)

peak?] $1x]o] H)S=EHAl Pt metalE S FAI B S

=
o -
o

= WS & FuE9] XPS £A4 35 YERY
ok vkg- & EufE AR vkg- A3 v iR 2
Pt 4d peak®] ¥l ¥]=3HA] Pt metald-S FX 8L
JS ¢ F JAS™, monometals} bimetal 7+
XPS peak?] 2}olE FE|X|x] gttt

V-ALOE FAIZ ARESE ZF1jj 9] 79 monometal 2}
bimetalZ+F] Zpo| k= ZHzhe] Whg-EH o we} Fv)
g4 9] 2}o)7F YENY XPS peakZE 313 A
< YERAA T

413 TEM 24
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Table 5. BET surface area of 7-Al,O; catalysts

BET surface area (m%/g)

Catalyst
fresh aged
2Pt/y-AlLO; 264.646 254.797
2Pt0.2Ru/y-ALO5 263.0338 255.6616
2Pt0.21r/y-ALO; 265.5555 256.6752
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Fig. 10. BET surface area of y-Al,Os catalysts.
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Fig. 11. Effect of temperature on conversion of xylene.
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Fig 12. Effect of temperature on conversion of toluene.

100 . .
_ =
80 _ 2 -
g e
[= /
o .
8 o 4
g 40 s i/
o o =— 2Pt/T-ALO,
0] & * - 2P10.2Ru/Y-ALO,
& 2Pt0.21r/v-AlLO,
0 T T T T T T
150 180 210 240 270 300

Temperature(°C)

Fig. 13. Effect of temperature on conversion of MEK.
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