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Abstract: The research progress in the catalytic combustion of CI-VOCs(Chlorinated Volatile Organic
Compounds) is reviewed. In this review, the effects of the active species, catalyst support, water vapor and
coking on the catalytic combustion reaction were summarized. The research related to noble metal catalysts
mainly focuses on developing new supports and dual noble catalysts. The research on non-noble metal cata-
lysts concentrate on the development of transition metal mixed oxide, perovskites and spinel catalysts; The
chlorination of active species is regarded as an important reason for catalyst deactivation. Besides, the effects
of water vapor and coking deactivation on the catalytic combustion process are discussed with considering
the practical application. This review will be helpful in choosing an appropriate catalyst and the optimal reac-
tion conditions for the removal of CI-VOCs by catalytic combustion with high activity and high stability.
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AR, EERIER), AIRIRNE S . 3PS Rk
J£ C1-VOCs W] LR IR G < MR PR R L TSR A

X PP AU EE TE2S [BICR F A) C1-VOCs IR F LA e
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AP, e R AT AR,
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BB RCRAEAR, A5t &8 R A & Bt SRR
B, X AIRE) TSR A BT TN ES R
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R SR AR, B4 )8 ) Pty Pd AT Rh % H-H.
C-H. C-Cl. C-O FFHHEARmMIEEES], Frilit
SR — R Pt. Pd AT Rh 7B AL
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AL AL BT . Taralunga 251k ALO;.
SiO, 1 HFAUS 73 i {E 84 % Pt B A5,
HI AL R TR PYHFAUS X5 (CB) B fif s v b
HALPIRE &, RFEBAS P A EAE AR S 8L
FETEA . ZEme M SR F SR IUIR VAR T — R
Pd 25K A R R, SOKIE RN MAL-HTM =
Mg, Co, Ni, Cu, Zn), A& AR &8 o
5, AR A F RS, o Pd/CosALI-HT
AT R I B = 1 CB AR Re s 18, 283 CH e
fi CB 5844 Pd AUKI A 2 &S [RIAEAE D)
FfER, Pd 5N T BE AR, i
Wi SE ALY E A SR PERE . Giraudon 254 T — &
51 Pd 7 E TR RS ER AL 4 B SR, CB
HALZN: Pd/LaMnO4(243°C) > Pd/LaFeO;(270°C) >
Pd/ALO4(348°C) > Pd/LaCoO5(360°C) > Pd/LaNiO5(408°C),
E 320°C ~500°C thZf AL nI X CB 584 Ff#, (HTE
IR FE 75 5 S B R 2 FR A . Scire 251414 T &
B P/ 2 T IR, BT HXT CB R BRI
fie, PYWhA T A ETE S Bk T Si0/ALO; L
B O, FCLGAEBRAE, HE A0 I S B2 P8 51 - Van den
Brink 2514 T Pty-ALOs, RIS R BIAFHINA

Table 1. Typical noble metal catalysis for catalytic combustion of CI-VOCs in recent literature

1. IEEASCER R TR CI-VOCs RSB R & BT

HEAL T Cl-VOCs k¥ CI-VOCs #ALi#E (°C) 27 3k AL (]
Pt /HFAU(5) CB (667 ppm) 350(97.5%) (8] 2005
Pd/LaFeO; CB(1000 ppm) 270(50%) [9] 2008
Pt/H-ZSMS5 CB(2000 ppm) 350(50%) [10] 2003
Pd/Co;Al-HT CB(0.03%) 283(100%) [11] 2009
Pt/P-MCM-41 TCE (1000 pL-L™) 475(90%) [12] 2008
Pt/y-ALO; CB(1000 ppm) 450(100%) [13] 2000
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2- T4 fa vl B BB AR E, AT CB e At
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T IR ALK CO, Ml HyO, IXANIEFE AT AL B
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Bee A =4 v AR U 2 SR P 0 (PhCL) E ZE e TEAL
FUTE Loy SO R A AL TR B AR AR 2 . Scire 25010
il 4 T PUAT T SR AL EAL R, RIS AR CB
WP PhCly A, H & S51E AR R 1
FLEKRANE KR, NMLERBEA 775w LA 1L PhCly
flisk— 5k, Taralunga 25®% Bl PYHFAUS #1614
fit CB B, 4L =4 PhCl, 2E i, 2 Ah Bl F=4 PhCl,
fAE R AL P S B Pt B TR e
5E, Pt EE N 0.6%I), PYHFAU [4fi# CB I &I 774
WA PhCly, A2 PhCl, 3= EEAFAE T A B At st ks>
f PO PRIIALE L. B2, SREeBERARENY
PSP 5 AR P e T T A U AL R R P R S AR K
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XE, ©REMAYHELFF Mn. Cu. V. Ce. Cr.
Zr. Fe. Ti. Ni & & MAMNT CI-VOCs (1) FfFE R
AR IEE, A S A R R R R T 5
EIRMEAF. KT &8 F LA F T
%2 & BB E A R R T 4 R SR A
AT 7T, eI A R 1 2H 5 (8] B i 1 20 3 5 3%
PRI B R F SRA s ff A TR A pE A R R P R . R 2
F2 T A R 43 S AR I U 4 R AR A A 1 A AR B
CI-VOCs [ 8t 7 45

UTAESR, CeOxF HLAR 5 1 il S BE o A At R AU IR
e, HA R RERE, BN ke
CI-VOCSHF7e I3k . BT CeOMEALFILE ML be
Cl-VOCsHT R X Cl, ATHCIFISRZIR I, AT
TEAL SSLEEAT H /NI 5 5 B8 7 v P P R B
X T CeOMEALT, W4 s Han s 8568 /1 & W 7t
o DaiZE M5 T CeO AT, LTS 550°C Bk
Jei, 1E 205°CH =5 ZH(TCE) I [ nT iE F] 90%,
1H 20 hJE AR MR B 22 60%; AT I, CeOx
AT B 2 IR A =4 R (R C Ly FTHC L PR B 72 A 771
R, T BUM AR R B E RO X T

Table 2. Typical non-noble metal catalysis for catalytic combustion of CI-VOCs in recent literature

Fe 2. SEHASCAR S AT (LR CI-VOCs B BT B & B s

fiEAL A CI-VOCs ¥ CI-VOCs #ALIREE ('C) 2R R A]
Ce0, TCE(1000 pL-L™") 205 (90%) [14] 2008
MnO,-CeO, CB(1000 pL-L™) 254 (100%) [15] 2009
Cey.15Z108502 DCE(1000 ppm) 380 (90%) [16] 2011
Ce0,/ZSM-5 DCE(1000 ppm) 300 (100%) [17] 2009
Mng4Zr)60; DCB (1000 pL-L™") 450 (100%) [18] 2007
Cr; ¢Cu 5/SiCly-Z DCM(2500 ppm) 400 (100%) [19] 2006
Ti0,-V,05-WO;3 DCB(1500 mg/m’) 300 (90%) [20] 2003
Cr/MCM-48 TCE(60000 ppm) 350 (100%) [21] 1998
H-ZSM-5 DCA(1000 ppm) 300 (91%) [22] 2009
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CeOy AT, — MR IBIT B2 PR A G I 2 i K 12
F AL PR P B RE ) AT . Wang Z5IPER
PR RS - BERZIZEH 4 T MnO,-CeO, VR &AL
A, RIS Mn/Ce L B4RSIR A ALY TIXT CB
AT B A S S 14, MnO,/CeO, BE /R LR 0.86
7£350°C T~ 16 h WX CB 1R 2 — ELIRFFLE 100% /2
Fi; AATAAE Mn/Ce L MnO,-CeO, 1R & E ALY
A5 8 25 3TV 1A AR S B I o 75 R T WO P4
BE 7. Li 2% % B/ FL MnO,/CeO,, K ILH:4]
RS TESHRIR AL = R 26 B, 4
Mn/(Ce + Mn)Ny 0.21 B BA AP A IG I, FR
N 50%H AL IR EE A 87°C, RBUHAL T ML TS
MGkt RAMRE MM, de Rivas Y
W T CeZr (x=0.15,0.5,0.68,0.8) %1, 2——
L HE(DCAYF & 24 (DCE) I AL B8R, R
ZrO AT LU B m AL BOR, X FTRER Zr 5
Ce L5 EIRHET Ce* HIIRIRAE S, $ Ak 77 AR 4
TEIPEASE N T AR . BRIB AN, B AWk
PRAE AR B CeOx HEAL ML TG VRO RS 2 1 . 3
2222 0TRSO, ALO, M1 ZSM-5 23 1 J s d4k,
FZ 5 £ 3R CeO, fiEALF, SEALTIXT DCA
M b 35 M N 2 CeO,/ZSM-5 < CeO,/ALO; <
Ce0,/Si0,, AR CeO, Z 1A KA A EAE A
[, &SR IEEATER, EIRE =
LIt FERA CeO, AT S Al AR, 1
PR A A IR AL RE ), R
ARF BB 2RSSR AR - Bk, i
# T3 TiO, M CeTiOx E &AM MIRZ N BT Atk
& W R R UL 7], E 400°CHY, X DCA FIfEALF%
R 351N 93.1%H01 98.5%, CeOy 5 TiO, 2 1] (1t [H]
YERIAE CeTiOx E A EMMMEATI A BUTF R R B EVE o
AR, AKX Mn 55 G H YA e
Cl-VOCs [#fEt+iEEk. Mn EEAEANEAE
BUFPUE R AL, AP S A A &
T PR 43 TR 40 B X A TR R T R AR KR
Farhana 25250 FI2 i) 4% H MnO,/ALO5 71 %5 U fi
7, AR 1, 2 ZS&UR(DCB)A BT IR BLE T,
HEATE TR MnO, 3 & 3G e m, HAdE
KT 0.5%f5, MnO, & & 3 I T BU A0S 1 2R
TR, ABATIAA, MnOy/ALOs HEAL T i Ve U T
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MnO, TEFA F 1w FE 43, 24 MnO, fidiEid K&
B AT, AR TG PEAL S8
Gutierrez-Ortiz 2SI EHI 4 T Mn-Zr JR S %
WAL, BF 58 Hox DCA 1 TCE AL R R 5,
Mn fEkE BRI 0.4 B, DCA M5 &R E N
450°C , A )37 P Y5 TR T R A7 1) 184 0 R 2 T v P 4R
WAIMERIEETE . Hinh Vu Z275] 45 7 MnCuO/TiO, (1
# & Mn + Cu = 5 wt%) i Z AL, CB M58 a1k
BIEN 350°C, HEEMMN S K, HAFTEESA RE
AEATAR A AHAEERIR BE(300°C)IT, Ak VS 1 78 i
H15h N 100%F% 2 75%, P99 Cl, #1 HCl 55
PEAL 43 [ A MnCuOy.oCloo/TiO, 2 58U AL FITE
PEN BRI, SOV IR I MnCuOy,Clhy/TiO,
MR AR, KRS

Bk Ce, Mn 4k, AMTEWFIC T Y2 HAh 48 E A
Y40 Cr. V. Ti. Fe & @A MIX CI-VOCs [1f#
Bk RetERE . TEX LG E A, Crow & Cr 7i#k
REAFIXT Cl-VOCs fion M m ML TEE . Kawi
PG % T Cr/MCM-48, AL ST TCE 58451k ik
J£9350°C, 1 72 h WEAFIEHERFEAZ, 17
BRENRTR . SRR A BN A, R
IEAEAR TR AT DA AU B A AL XU Th REAREAL R G, 7 BEAIK
TN B BRI CI-VOCs. Yim 2% 7
CrOyTiO, 1 CrOy/ALO; LA, CrOx i & A
12.5wt% A EERR EL, H CrOy/TiO, B A5 3 & S M 1,
350°C FREfE /NG L BE(PCE) e 4= BE iR EIAA R,
CrO/TiO, X} PCE HIMEALPEARIE I L CrOYALO; 255
B%, KEFN CroyTio, AT LA BKME, &k
T IR SEIS R 7K G FR) 5 e W B T A3 SRR AR A RS VE T
B o CrO, fEALFIFFAE CI-VOCs T, 5 N i 4
WHIRAE S Cl R RAE K M B4R A Y
S, TV S AR R T ] RS A TS R R
Chintawar SP3BT Cr 58#eff) ZSM-5 %} TCE [¥f#
R TEYE, FEIREERT 300°CHEAIIER] 95%bA_FY
AL ZR, (HR Cr S A0 003 1 Y I s L PR iR A7 1T
A B, Ahmad "M% T — &% Cr. Cu T
H-ZSM-5 B, AR I E A H-ZSM-5 £ SiCl,
WFLG, AR LI 7K AT DUE R K g AR AR, 2
BEMEAL SRS TEEAT R D B B H R =0 AR R AL
BRI C1-VOCs I, W-V-Ti &8 Eon
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A TERE, WO 3B NIE AL B R IF 1
Pi SO, g P, Hbsh sUR AR ) V B RGR
fRIEENE . 578 T RUE H TiO,-V,05-WOs AL FI7E IR
o 300°C RIS #2338y 7000 h! ) R 46 4 R, DCB
BEARZR KT 90%; £ 11 TiO,-V,05-WOs AL TEE 5
EEMRIRFEAR, AR EE T e E , 23ELEH 600
h JEEATEHETCAT AT R % . Roland 2778 T 7 H
AT V,05-WO5/TiO, X PCDDs( 2 & 2K I —HEH0)
I PCDFs (Z& —2RIFMm) [FEME, AR 2R
KPR B R PR 7E 200°C N PCDDs/PCDFs #5103
L E] 98%, HHARIIZMEA XS C1-VOCs HEAT HEAL %7
I, AL PERE C1-VOCs Hr &L SIS I B4 A
AT EHT Cl T 2R H AR i A A E
SRR T, ARRT G R IR  E AR, A
RAMEBAR T D C1HUR SR TE P3G 5 (8 5E AW TE (1L
FIFRMEED , 9R%N 7K CL-VOCs Ak id 5 LAz 48 0
T 51 AR 1 T B, AT (R A0 e S (R 1A T

BT BRI R L B 25 iR AN TR 2 A
Az, AT DA THEEAL R B AR e PRI A V& 1, FE MR
B¢ CI-VOCs 4GB E MM M E. b
K SLPTIE ] & TR B LaggCupoMnO; F
LaggSro,MnO; fEALF, 7E B E N 420°CHF, 200 h
BB RN A R A R — ELARFFTE 96% LA 1,
BRI AL A B R aEae 7y, A5 ER0 AL
AT T DL AR m A A AR E 1 . X T C1-VOCs (1)
FAUALIE, TR AU B A R G R 2 BN
fIIVE . Guillemot %P5 T HFAU(17)-Pt/FAU
W B /4 e X T 6 AR A 3R G0 06F DY 4 2 07 (1 A 1 B4 A 2
F MELL R G5 T B AR A AR A, IR
CI-VOCs Sl W BT BRI T, PR B e 5 v i
FEfd C1-VOCs fif#e, #EAMEAER S, SEHLRT C1-VOCs
Mk TR BOR AR, H IS e R4
A BR SR D ALY B R ], DR Th RE ML R G
AT DU 2K B AR A S RERE FE, 7R Tl Ak BRAK MK A
CI-VOCs - BA B &I Tk S A E -

3. fEFIEIE
v, A - R — R e B A& 1

WK BEENEL Sy o BAT] (et im vE 42 (K70 i
FEA ARG E PEAN B I, AT 2 vt AL R AL
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ROR . ARG CI-VOCs A& M2 (1) - [l M B, 3K
PRI KM . BRPE S FLARR I S5 07 TH 22 75 51 e f AL
SIS R R A AR, AT s AR A PR e

WA BAAS ALOs TiOy ZrO, K gy 11
LRERIARZ M B W IAEAREER, =
ST SR BAT — 2 (S 1, s 5 mT DLk
VERN R BLRIEAGTT . 310t 5 R A MR LR S5 4, %t
Cl-VOCs HA AT I EE ST, X Hdb AT TiAL ¥R f5 ]
DA 5 o4 Hp AL R B PE it - Lopez-Fonseca 5P MHF 7t
T RZHIRMES T (H-Y, H-ZSM-5 F1 H-MOR) [
TEALIREE RE, A LA AL B A 1R B (1 fhe A A e 1,
H-ZSM-5 1E 350°CHff 1, 2—— — S L ke e PR,
H 35507 2 18] i 25 P8 1) AT B 40745 B A5 o6 4 A 77 R 00
R BT AL PE BE . Aranzabal 252V R IS FH B 140
TN FIEMAE DCA B, MR CHHRIRER
P B IR NS FE, 5 1 IR R R A A
FEHALIREEH, 12 3 BRI A A= Ak ) 3 R A
oy T R AE AL SN R R AR A, AL
CI-VOCs ZeWe bt T-4> 7 i i) BRR 0 b, AR5 54k
AT FUR ) H B2 o o fEE Ak TR R T R A, TR LR
P53 TR AN 0 75 AR R 1 i e 9/ S L K] v i)
FEIRA A A AR

YT AR, BT SRR YE . Bk
PE EE R AR DA R S 5 & 1 2H 2 2 TR VR TR A B
5, WARIPE A FTAE . Huang ZPY8E5E T
Ce0,-USY. CeO, K USY ik A 7 7%t DCE (1)
fHEALPERE, HEEAL Ry 909 1) S B i (T90%) 43 il
N: Ce0,-USY (1:8)(245°C) > Ce0,-USY(1:1)(255°C) >
Ce0,-USY(8:1)(273°C) > USY(310°C) > Ce0,(334°C);
CeO, Fi# T USY JEfEMFITEMET &, H AT+
CeO, 5 USY tufilidkim, MEAFNEPEBAC, XK
CeO, 5 USY (8] 1) [F) 1 A2 30 Ak S 2 () 36 AT
CeO, I3 Z s AL B A b m FE B, 8D T B
SiE 5 2 1A . Krishnamoorthy 2P 50 T
AR G 4 SR A AL TR (CrOs. V,05. MoOs.
Fe,0;. Co30, 1% T TiO, f1 ALO;) ¥} DCB Ik
WABERLR, RILBR Cos04 41, FAMMELLFILL TiO, NE
PRI ALY ALO, AR B, Tio, 1 Ti'
BT CB A RHRAISEA 10, gtk ) N A AL
FETH IR I, XN A TiO, AR I Ak 703 1t 5
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R o BARBR I 5 55 7 22 SR ML A 5 RS2
(SRR AN IR, AT (AT A v 1 7= 2 i
Li 224 & T PYP-MCM-41 {4k 5B 5% TCE 1M
fRTERE, KINBALHRICE G, BERIT 7L
FIRRr 40 H AR RS, AL Si/P SN 50%H, T90%
N 475°C, SRR AE L AR E T B
T 2000C. Yim ZPRIEESAT, 5 CrodALO;
AHLE, CrO,/TiO, X} PCE #1 PCDDs/PCDFs &7 Hi 5 i
AL BEPERE, TiO, tb ALO; B EiFHiKME, X
i CrOJ/TiO, FEMEA 5B A BE REHCAR PR 7K F1) 56 40 WK Bt
S EEAEE R4, B2, SRS LS8k
FRIAH ELAE OO A BRI e = A E AR 52

4. FRERE

g bR, REE. LS RS FIE T
CI-VOCs FAbHR A AR T . 57 8@ Ak S BLTE
R, BRSSP &R A BT EE, B
F R BRI IE A S BRI S AR A
PERE: VSR E I A ) B B R A
FEMEA IR A C1-VOCs B rF IR T i, R
77 CeOy FT CrOy TEMEIRSE C1-VOCs B} 7R AR
UFRETE, B ROSI 5 20 0 25 5 R A S AL R R
— ROl B S B B A A AL R A S R Bk
KIem IR E Y X T —@ Ak, 7
ISR TSR 2 BORORL R /N & TR 2H 4 AE 3%
A 1P 3 AR B D B A (14 1 I 5 08 A A 711 P AN
R P = AR AR RS s e 7] 28 T P O B AR AR sk 114
A R T BUREAGTE E TRE E R, S E T
P BN FE 1 B ML IR R C1-VOCs Aidia )
T BRI ]
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