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Abstract — The effect of the concentration of reactant on the deactivation of chromium oxide catalysts for the oxidation of
CVOCs was investigated. Feeds with various PCE concentrations of 30, 1,000, 5,000 and 10,000 ppm were introduced into the
reactor for the oxidation over Cg@atalysts supported on high surface areg, @@ ALO;. Both chromium oxide catalysts
exhibited stable PCE removal activities up to 100 hours of reaction time without any catalyst deactivation at the low concen-
tration of PCE in the feed, 30 ppm. However, high concentrations of PCE, from 1,000 to 10,000 ppm, significantly deacti-
vated the chromium oxide catalyst regardless of the support. Deactivation of the chromium oxide catalyst was neither caused
by the evaporation of chromium from the catalyst surface nor the reduction of surface area by coking. It was mainly due to the
phase transformation from Cr(VI), active reaction sites on the catalyst surface, to Cr(lll). Although some of Cr on the catalys
surface evaporated during the course of the reaction at high feed concentrations of PCE, it was insignificant to reduce the PCE

removal activity of the catalyst.
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AF7A def7l CVOCsAAL EvjEe A A=4d doled
AshE FojE EFHE 5 vt o] oA wEEe] e A A
e dad Fo e Ave AojFs AkelE St dukd o
2 58 AsEz 4o 54 Fajdl Hlste Bt 2329 4
o= BAEA UTH2, 3. 53], Frje) 718 4 Sl AlLO;[4-6],
porous carbon[7], pillared clay[8], zeolite[9, 10], SfQ], TiO,[12, 13]
o} Zo] thFst SFe w@A SXE AF Ast=A FHjEe] e
AATE Hol= Zlo2 HAyy jlon, ol AF As=A Frs
FAAM = YA R Axs EEHY e AF-LFAY E Yim
130l £Jate] AN AE-ehole]o} Sule] AARAo] Hold 2
o= drEgr.




266 el

gy olel gk AFA Fulle 2 Hold AAZALANE Estr B4
Eoll EAlste Aot AFtskedt wheete o] A AEsty
5 FATOEA w7t Al Fafe] @A)l dofdtie Manning
[419] 7ol 9fste] A Al HEHAA SAFE-E AYA HAUT
Manning[4}& 12.5wt% CjO4Al,0; *J-8Zm oA 4385 1.58 mol%
PCEAAWFEA 1009%8] 27187d¢] whg 8x 7] A< 0%
AAA Hdashs daE Rasiglon, ol o[ fE BAES CL
9} CrOyt Rh&-8te] 3Ade] ZFek CrOoCLE AT oEA w584
HQ AFe] Aol doluls 2102 Busin) it o] &4
3t Z$-oll+= reverse Deacolt-&-(Cl,+H,0 — 2HCI+1/2Q)°l 23t
Cle] AAdo] Fad o B2 AFFule] @A} dslse 2102 B
23T} Spivey) Butt[l4f= VOCs AR o) ALRH 715 &
mE2] vigd sl gl reviewl| A Manning[4F}F AR 284 S
9] FAABE BAsEE), 12.5 Wil E-L-2|L) A8 S Aol A
766°Co| -2 vk o 177 7M5¢ke] PCEA| #uk-3-43} 98 - 53%
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Z18R3HE ER7E AANRSS 5% wEr1olA 214805t 4859
AW GAA B 28 A ggken, vE o 10%0] AFAE &
Aol BRIFYA| T o]Zlo] @A A= A3 FFE 74 Zv=
208 BTt T3k G4 f7185E0] @A 50 ppmit A5}
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3] WAYER] St} ool ukete], Petrosiuss (7] A 7ol @AH
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P, A9 kY M2 HA 5o B a1 Fujy &
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7t #ZE Y 21 [16], o1k FAFSE Cro] o] 2.8k ZSM-5 Emf ol A
9] 1% vinyl chlorided|AskgolM = AFe] AHEHdEH Tt ZSM-5 -+
2ol Whg-E o] ojE]e AllERS AE o] migratiorr] 1.
o a3 o) &9A3E Aoz FAAHATHLT]. o g 71 A
TE2EE CVOCsAATHgAAN AFA Fulo] @A ek v-g27
wetr] vheket 4928 mechanisml 242 4 9low, 58] 7]
ZBHAl 1A E o] g AE Fdkol] &g SRS i = theke
Ao} s)o] EARME & Ak thT 7| AFEAA A&+ 9
= 34 e A8 dhexd TR 55 =Y 5 A
EA Fulo] @A WS- Sa8 Yoz 2gsivh=s Holt} F
2ol WRd oy F59 AYE AEA FddA Y daA /718
GE AATG | g A= whE7)A ¢ CIH Y7L ZgFe] &
H-e FHeae 44 E adew BAHITHE].
2 AM e ZE-etolel ol B AE-dF v} Sl dela vkt
A F7183E wxof g Fule) oA ¥ S48 A &
BSIATE. R ol Tt o] kAT B9 ok FelES] &)t

54 B8-S aiEoR B FHuf 349 E443F mechanisig
tRom ol & weo R AFA Fuje] AL Jhe AlgE ARt
B} ogd AgA) Sule] Aol uist Wakg A

i

do

o2

r lo

A

i
()

Rl of, ok
ol

2.4

oo

2-1. Z0fe| XM=

CVOCs?| AARA-E A& 98t AHRE A e Sole
incipient wetnesgd &= Az}t FA=Z AFE-E TiO [Hombikat
UV-100, 250 mi/g]s} Al,Ox[Aldrich, 290 nf/iglell 717} 33} 7 =

st5t=8 w393 HM3E 20014 6
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21 Cr(NO,); - 9H,0O[Aldrich] 88 |X| 8t &, ¢F 110°Cof|A 124
7F 59re] Az} 450°C] F7] L9714 AT Ebe] A43-E A
2 11-12 witog] ZFo] BXE TS e E S0lS A8,
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Hk2-719] pressure drog Zrl2] internal diffusion resistan&e 34
23 4 9)E 60/80 meshl ZEAEE Snj7t X9 1/4°-3/8'] UA}
E pyrexd-g 9§72 o83l CVOCs A ARM-g-& a8t AT
CVOCsY] U4l vk-&-E= A8-9 perchloroethylene(PCE; 99.0%,
Janssen Chemical G&:)420A Aoz EAsteg pyrexz A2
H saturatot] F=¢I8F2 mass flow controller(MFC; Brooks 585GH)
o) Hrge] 2EE 3715 saturatof] AR 7)1t wkE
ZIAE E& T AReH o]E Fuf gha7|R o]Fdte vha-S st
At vh&-E2] FX ¥ refrigerated circulator(VWR Scientific, Model
1156 saturato?] %3 ™8O 24 30-10,000 ppm-~| H3Hr
T 91921, heating tapg o]-8-3le] W-3-A]2~H9] lineg ¢ 130°C=
A8t WA W] BEEE $5-8 WURETE PCBY SA &
FY)ok sl AF-E 22 bubbling <+ = ¥ saturator
AAsIReH 22 % 9] PCE] 799 fAR Wi es 23
stk uh-Eo] AAHFS 600 mimie.2 FX|3lH o, WH-3-2x
= gAY A& AZS flEte S AFo] gl g 350°C
2 7AHT wEH YA EY F== FIDZF 34 Gas Chroma-
tography(Hewllet Packard 58908) 7 & #4513t}
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vg A - & Enje] sujelety SEAMEY] A4S f18te] Micro-
meritics?] ASAP 2010& AMg-stef Snfe] BET ale S48
w, Mg anode(Mgh radiation, 1253.6 eV} “4&d KRATOS?] XSAM
800 cpi ESCA] ¢]38te] &l ZHe] CrO8] el E 18t Sl
FH EA)5l= Cle]2-2 J #5171 915k DIONEX] DX5000 lon Chro-
matographg AH8-51%12.9, Spectré] ICP-Flame-EOF| 2|34 Crg.,
LECOS] CHNS-932] &Jafir 7HE-g 22 g kslaiqint. B3l 234t
e Emjo] SEA HIE B2slr] $ste] Temperature Programmed
Reduction(TPRE ®3F%+=d UAE micro quartz reacteft 0.05g
EnlE 7AgE § 500°C8] FEE9)71904 0.5 Rete] AAE & 4
<A 500°C7FA] 10°C/min2] heating rate} 40 mi/mind] F-Fo.2
5% Hy(N, balance® Z&8A 2RHE F4%S GO 23 TCD
of et ST
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3-1. PCEs=0| gt 2EMsIE Z0ie| oHEY

% 2121 Yim S[13]9) 9814 CVOCsAAES g3 J= &=
AE F& U9 CrQ/TiO, ¥ CroJAl 0, FridellA] WA A
%21 30 ppne] PCEAATH-E a5t Fig. KA B 4 31%0]
350°CY] WH-g-2woll S3E PCEAAS S F Sl B 5 Qb
AE AAR TS ARsIAen ofv] #&AES] Huld o= CrQf
TiO9 AAFe] Cro/AlLOZ ) vlate B} &3k & 4 3
t}. 200,000/ ®H5-71 F7 &N ZPE 12.5 wt% CrQTiO, Fni
= oF 96%] PCEA|AZ-E 10007} B2t 5181921, 150,000/h
9] Wh87] FZHEEAA Cro/AlL0; Ful 2] Z-$-o= 1007+ St
71%°] PCEAIAESE X o2 fA8ch F Fule] kg 4
HL CrQ/Tio, Zuie] @4Jo] CrQ/AlLO, Zufdl Hlsle] Arjaos
$4gk o] f= Aelgt We7] FrEA] $8E A rH13].
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Fig. 1. Stability of CrO,/TiO, and Al,O, catalysts at 30 ppm of the feed
concentration of PCE.
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CVOCs A7 MHgolA] gAtehe Sule] et AelozA] ut
Hom delA Y& ABASHE S0} FHORHE Zug et
7] §J3te] B Aol WA PCEAIANLS F BAASH ZujEo)
Wiste] Sl EAlshe 2T ICP 240 Qate] Folsisint,
Table P14 218 4 $150] BAA 517} 23] #25)7) ekgkel 30 ppm
PCEAANR3l ARSHAE SulEe] Ayole A9 Aot
3 FEA] FYd. Wl e SR AL vk mEE Al

Table 1. Physicochemical properties of deactivated CrQOcatalysts

PCE feed
concentration &
reaction time

CrQ/TiO, Fresh 11.9 - 166
30 ppm, 100 h 11.9 - -

Cr Carbon BET surface

Catalyst content(wt%)content(wt%) area(rni/g)

Ag 9= FE A FThE ppbrEe] FAFERE S Tl 1,000 ppm, 100 h 107 - 175
S8 AANS AN E TENGE St $re A AR spooppm Son 193 ; 159
. , 10,000 30 9.9 0.36 140
FgAS AU w9 EAQ Eul Az o m, AAR pilot plant e pem.
HRe Fse] ImA Bug o2mal thol oAl A AL BT - 9] CrQ/Al,O; Fresh 10.8 - 216
2n= ©° =] =T ORI T SE Hue T M 30ppmy100h 10.8 _ _
ATH20]. 1,000 ppm, 100 h - 0.04 231
Fig. XIM = ZEE2 E48lE CVOCsHH-Zo] gt aSitsl s 5,000 ppm, 50 h - - 195
Zafe] oA W Nk E Fied] g FHufe] S s Auke Akt 10,000 ppm, 30 h 9.5 0.04 193
7] §J8te] 2+ 1,000, 5,000, 10,000 ppre HH-E ZFEES 27} - no data
100
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Fig. 2. Effect of the concentration of PCE on PCE decomposition activities of Ctf¥iO , and Al,O; catalysts.
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oM AE A Frart B2 53] 10,000 ppm PCH 3047 &
S e ZHPE AEARSHE Zaljof] 2lojAl= CrQfTiOs= 11.9- 9.9 wid,
CrO/AILOs= 10.8- 9.5wt%z 27 @XE A5 Y] 12-17%
Aro] Arrglo] 1T}

o] ¢} o] kg E9] o nE AFAEE Fule ARTLE
Agarwal 5[15]¢] A= dHF o= AT Z, 1,1-Dichloro-
ethylene, Dichloromethane, 1,2-Dichloroethane, Trichloroethyierie
T2E 500 ppmA 24 47181823 humid aiE ¥HSE2 360°ColA]
210 &<F f-55 whg7lA wlE AANEAAN AE-gFv &
= bulk ZE] 9.2 83wty oF 10%] Fart #EE
©}. 2Eu} 450 ppn#] Bl GAA) 1SS SO 77kl BA)
Bl 50.5 ppng] TrichloroethyleneZl humid ai&- ¥-2-2= 383-418CY]
HhE-R oA 2104 Bt 55 w874 #EE v whe
£ Fuite] Age] AR A8 AEFER] Fodrh gukHoR A
AE L e ZF 4aHE-e] 293 mechanism [Crgls)+Ch(g) — CrO,Cly{g)
+1/2 O]& A HH o]¢} 22 e W& SVIE Qg CL A
RE) 27} 3)wAdo] 78k Cro,Cly(m.p.=—96.5°C, b.p.=117C) A
ARE g SR RA dEE o d4E 4 Jdvt BE &
o] EAlh= 799 we W32 oAM= Deacon reaction(2gt2H,0
—4HCI+Q))o] AgEe g A, HCIR] 4hstof] &3t CLol A4 0]
JAHERN AR TS AN e AR dEA

Fig. 2} Table ¥ £J3}H 10,000 ppm PC& ¢F 30~|7} ¥H-&-3t CrO/
TiO, Fufe] Aol oF 179%] AoFdart AR T 73] 9.9 wi%e]
AFE T e S AREd Z4A 5k et A 10%
H|TEe] PCEAIAZAAT-E Bl whg- Aol dadS 27|71 ol
o} AR = B ol ellA] ARE Tio) ALO, B3] Z-9-oll= oF 11-12wi%
o] ZF FA A PCEAAGA ] A9 Hadl 2 omn o] Gx|7
A - FoM e BAe] "yl AL wwg o2 AREATE 3
oA 2133 Agarwal 59 AFI5PIME 9.2 - 8.3 wi%= 10%] =
AT AJA T Fafe] AAF Q) B A= A HaP) gl
W I oA ZFe JHAGEA G| Sl EAshe Aoew X

| A Zufgdl] ey = 2 Aol Hldste] = 7 S 25

- A - gl

Sl FAA) F71EE AANS F e HAd g cokingll
o)gte] 71929l AR} WAtk Rasla vk 3 g4 7
Ao Z7F, B v Wl 2o FrET To] BAAS £ES F
771 80 Aog BAFIHT B At A= o5 Fls]
7] §18te vhE 5 Fnfe] w4 AT B4 9l BET WA 9 WslE
golzlir). Table A 2 & 150] 71 4lz18iAl S5 18
H F Zn) 25 oja] v miake] gigte] ¥ EAlehs 2S
o giQer, BET %1% 2 pore size distributigh Z2ztolx % wt
S0 AERS 71 Ao Hahe BAFR] ggd) gea] B 9
HollA cokingl] €] WA FHof €15k Fnlje] 84481 mechanism
& AEHR G FleE Adr).

3-3. Z0f EHOAM CrO,2| &l

Petrosiuss [7] porous carbodl BXE AEAMsIE
A F718keHeE AAN-SE

o=
3 EuleA 2g-det Sule] Bl ek A s
o] 3% W F Fuigel B AuEA U
sa® Az #=42 A @

“

Zeaif o]
A FYE AF-7HE Fujle] v
Tt
coking 18] AEALS
2 ez F4s3 0w,
A2 XPSANE HiRe® A= 71k Al
Avkg AN AFAtelgo] FREA R e 21 s
Fig. 341+= 5,000 ppm PCE 5047 St &8t E4d=5kd Croy
TiO,$} 10,000 ppm PC# 30~ 7} ¥h-&-5tef B/d*|5lE CrQ/AlL0; &
whol hsle] 27k Zge] g F FuhEuolA o g BA] 9l
ste] XPSi4& sl
dutzlo 7 %o D9 reactive hydroxyl group S8k TiO, 2
A0z 72 FA o BXE AgAeHE Sl o Cr(VI)e] JH
=2 et AF @R 3 gAH o] 2hhed] wEA Cr(lin= 341
EAehE ez dulA vk Fig. 3 ¢shd w87 CrQJTio, Bl
Cro/AlLO; Z&7h2] Cr2py, XPS spectdA] Cr(VI)ell 3]sl 579.0 eV
oA main peak} FZFH Ao, Cr(ll)dl] FFst= 576.9-577.1 eV
] shoulder peak A2 = o2 Bol S EHO CrQxE F-E
Cr(ve] ez St & ¢ AT 22t vhge ofste] 244

2 T M

=9
ag AEER
=)
il

AT WA B dPoAs ZE 3] 9 @959] 4] 47 st ZnjEe] Aol main peakl Cr(llel 8155+ 576.9-577.1 eV
gk Svlo] SEAEE AT T e AHH A6 220 opd °] we pinding energyd B o.® o]FEo] 9e-2 el 4 It
Aoz By, =, 2] Cr(VI)7t ubgo] AH= 2t Cr(l) = o]/t dof
Imamura[21]2 Chatterjeez[16]> AlLTjo|E9} 712 A&ujo] A Ao R AeE) 71 B = ofv] SFFu|e] Ae)7F CVOCs
Cro/Tio, 5700 Cro /A0, 579.0
N 577.1
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ig. 3. XPS Cr2p spectra of fresh and deactivated Cr@riO, and Al,O;: (a) fresh; (b) 5,000 ppm, 50 h; (c) fresh; (d) 10,000 ppm, 30 h.
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CrO, /A0,

H, Consumption (a.u.)
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Fig. 4. TPR profiles of fresh and deactivated CrQYTiO, [(a) fresh; (b) 30 ppm, 100 h; (c) 1,000 ppm, 100 h; (d) 5,000 ppm, 60 h; (e) 10,000 ppm, 10 h]

and CrO,/A1,04[(a) fresh; (b) 30 ppm, 100 h; (c) 1,000 ppm, 100 h; (d) 5,000 ppm, 20 h; (e) 10,000 ppm, 10 h)].

A A 9 5t Q3RS WX, 3] Cr(vI)7} F vk ZA-e A
o2 BAEN JIT}7, 8, 13]. wEbA ol g AgAtEEe] Aol vt
S 24 AR G F= R om ArE oA

Fig. £14 = AEAEE Sv9] JHlo)E B} X402 Bl

At ald TPRAFAE WolsiL vt Fresh SAA 87 A2

H 2E2NE SulEd 3 TPRIE AN CrQ/Tio,9] A$-ole 275
-325°C & 450°C Ogaoﬂfﬂ ZyzE 5 9] A AR peak] #HEH uF
Hell Cro/AlLO; Erl= 300-400°C H9) oA slte] peakelto] ks
At F £5-2] peaks E5 Cr(VI)7} Cr(ll)E S gHA s
peak]™ CrQ/TiO,2] Z%-oll== Cr(VI)4] degree of polymerizatioAt
old] oJsle] = FH4 peakt FE¥ = Aor A3, 22].F &
W 25 84 A5te) Jrrt F45 g EAsE Cr(v)Y e
A om st Sle S ﬂoqz%tﬂ ol Whgo] XaEH= st
o @A CrvI)7t A=t Cr(iN= S 98-8 AAbska qiTh
g CrQ/ALO; Fule 7390l peak=l7]9] FHA-MEnt ol peak
7} Ago 7 olFH WM AEAEE] % (reducibilityy] FF4E 2L
UB-E HAF oy o] g A et 4 Aol FIE F= 4
o2 A7k wbA] 30 ppm PCEF 100 h53F w83k CrO/AlLO;
Znfj o] 7ol freshZn|s} peak] =Z7] ztole HAEA] FIAT
A< peak| Lo F o]FHY Y ALE Hol H|E
A 27 GATS HekA AT A ST A
o2 A

AFAekE9] Aol g HEo] &4 2
oAM= DA Fuje] T g A £l
2194}, 10,000 ppm PCH 30r7H&<t =Z% CrQ/AlLO, Fje
2.8 wit% Cp] FHo| *Zﬂo}oit‘r o} 9k 450°C2] 7] 9] 714llA
g AZket A EEiag 7 A AAEIL 0.9wi% Chito] %
ol EsaeH o]¥A Aud *UHA A4 WIS 4wk Clo] S
EH Fot AT 27] PCEAARSE A9 st Zo= &
At wbA Eof 9ol SA8hE CR: 2 kg Al 2goA] Az
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3-4. 3EMSEIE Hole| 4X5t mechanism
o]de] AxE viEos B mgA|AFA] AFAEE Sl S5
AR el U AFASEY Aol og B4R Akl AR
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PCE(Reaction condition: 1,0000) and 5,000@) ppm of PCE
feed concentration).
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