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Abstract: The catalytic oxidation of vinyl chloride was investigated over CrOx impregnated on Al:Os at temperature between 200 and 400 C. The
major carbonaceous products were CO and CO, and the selectivity of CO» was gradually increased with increasing reaction temperature, while that
of CO was dropped conseguently. This suggests that CO is the first product which is further oxidized to CO: in the oxidation of vinyl chloride over
CrOv/Al:Os. The addition of HCl in the feed didn’t affect the conversion of vinyl chloride, but the selectivity of CO» decreased by adding HCL It
implies that HCI inhibits, the complete oxidation of vinyl chloride to COs. When oxidizing vinyl chloride in dry air, significant amounts of Cly were
observed, while no Clz was detected in the humid condition. The activities of several catalysts including various precious metals and other transition
metal oxides were measured, it was found that the catalytic activity of 12% CrOw/ALOs was higher than other catalysts except 1% Pt/AlOs; The
reaction rate of 12% CrOy/Al:Os was 1.2 times lower than that of 1% Pt/alumina, but it was 3 to & times more active than other catalysts for vinyl
chloride oxidation at 275 C.
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Figure 1. The light-off curves of VCM oxidation over CrOx on
various supports. The filled and unfilled data are VCM
conversion and CO: yield, respectively: [VCM]=2135 ppm in
air, GHSV = 14,000 h™",
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Figure 2. Conversion of VCM over various supports at 400 T
{unfilled symbol) and CrOs; supported catalysts at 325 TC(filled
symbol).: [VCM] = 2,135 ppm, GHSV = 14,000 h™"

Table 1. BET Surface Area of the Various Catalysts (m%/g)

before calcination temperature
Catalysts . "
impregnation 50 T 00 C 900 T

CrOy/AlLOs 230 142 (135+) 123 64
CrOv/AlOs(90) 90 ! (65+) 68 61

CrO/Zr0, 40 25 (11#) - -

CrO/SiO; 505 317 (290%) - -

CrOyHY 551 78 (66%) - -

* area after the reaction
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Figure 3. Profiles of NH:-TPD over (a) various supports and
(b) CrOs supported catalysts after adsorption of NH3 at 100 C.:
cat. wt. = 10 mg, heating rate =30 C/min.
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Figure 4. Change of XRD patterns of CrOs supported on (a)a -
monohydrate (AIOOH), (b) 7 -alumina with calcination temperature.

Table 2. XPS Data for CrOx/Al:0; Catalysts
(Calculated by Deconvolution of Cr2p** Spectra)

Catalysts contents; of calcinatjon Cr species
GO temp(©) %09 o)
CrOv/ALOs 6 500 48 52
12 500 47 53
12 700 73 27
12 900 74 26
20 500 53 47
CrO/Al,05(90) 12 500 57 43

* contents based on Cr:03 wt.%
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Figure 5. Profiles of O-TPD over 12% CrOJ/AlLOs after Figure 6. Catalytic activity as a function of temperature for the
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Table 3. Catalytic Activities and Material Balance for the Oxidation of VCM

T (°C) Feed conc.(ppm) Conversion Selectivity(%) * Carbon Selectivity(%) * Chlorine
e VCM HO (%) 0o, o balance(%) Ch balance(%)
250 2135 0 149 493 52.7 102 908 12 92
21% 5000 129 %6.3 477 104 A ND 9%
300 2135 0 834 585 40.2 R87 T 53 83
2195 5000 839 69.4 219 973 87 ND 87
350 2135 0 9.3 687 322 101 719 15.1 93
219% 5000 100 745 243 9388 84.1 ND 4
400 2135 0 100 83.7 193 103 711 16.9 83
2195 5000 100 914 78 9.2 82 ND 82
* based on carbon and chlorine(Cl) atoms.
100 100
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Figure 8. Comparison of catalytic activities of the oxidized and
the reduced 12 wt. % CrO/AlLOs catalyst for VCM oxidation at
300 C: [VCM] = 2,135 ppm, GHSV = 60,000 h™.
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Figure 9. The effects of CrOy loadings on the catalytic activity
for VCM oxidation at 300 C.. [VCM]=2135 ppm, GHSV =
40,000 h™.
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Table 4. Temperature for Conversion Extents for the VCM
Oxidation Over CrO«/AlO; with Various Inlet Concentrations
and Space Velocities

Feed Conc. Space velocity Ty Tw Tsocoe  Toocor
(ppm) (hh () (T) (T (T)
743 40,000 256 279 275 400<
1,201 40,000 266 291 288 400<
2135 14,000 24 272 270 400<
2,135 30,000 270 293 292 400<
2,135 40,000 280 302 298 400<
213% 50,000 284 308 308 400<
4,056 40,000 283 313 310 400<

&R dutstA AdEE Aoz Aztdd,

740~4,300 ppm®] HHNA WEAA 7HHA light-
off test® #3}Frh. Table 4= VCMY ¥%o] d3 ZujaAel
HEHE 50% HBLE (T}t W% FHBLE (To)Z Ued 3o
2 VCM9 §57t 7hte) we AEe 2 009 $45 Ay
Tl A2 (T 37DEe 2 & AU o= ¥3E 2 234
Agol Fuf ZHo FFsle wge Wasty] fRo Y=
A%z A7dd. Zud 9% vOcY 27 AL oS wE &

<
a oy
=
off
i

SotolA o]Fo|AnE uhg o LroEAHL FETd TH o
ZF& Leth 4R (gas hourly space velocity, GHSV)E A7+
F FAHE BHEtae 2y (STPE iz UE goz
AP, FUEEY Hete oS YA A T ugEe B
HE HeAZ T 14000~50,000 h'e) W ZujgAde) Wl

gt

S AHEYTE Table 40 $559) #gle] B2 Zujgae]
& Yehided, $0459 2Had aet Zojo BB
FAZke F7hlEE VOMY A@go] Z7tshs dutzol Age
BAUT olgh o] 2 9 FE} Zrlete] wal gy Zoj
of dated Fke VCMe AAE Y5t o) L &5 "wed
H FHEE 14000~50,000 h', FUEE 740~4,300 ppm B9 9]
VCME &4 2aisy] stede 300~350 T £57} "8she
& 5 AAgY

3.4, HCI ¥ 29 9%

VCMo] & 4rsteld 9ol (3)2le A9} o] HCL CO, 2
HO7} A4 dct ol& uhg FAAEo] MeBA ) njA: Jge
get7l fatel CrOv/ALD; 2018 ol g3t Tge A¥L 53
&t Figure 102 VCM 5% 1,068 ppm9} #H2-29] 5000 ppm
9 HCl gas® #719% ul 93250 2 AL 2 009 =
SW3E vehd Aolth HClel #7tgel o2k VCMe) Astge
260 T2 AFE okhe] Zole}l 42 Bgdoy 2 vzl g9
o0, SddshE B4E Yehle €O 82 72s: Ay
& WERHRITE = 300 TolA 18417} vhe Eob A71e) AT
TE AEE U COo, MeEE: 2 wgst ggles HCOS #7be
A s o ¥s Co, MeE: oF 15% 7rastdnt. o) shzo)
WHEEol HCIY #H7MA COp MEE 7h20) o]§: Zujmwo)
HClol §&87u, Zup FYol HCl ¥=7F Z7leld oixm
CrO ol o1& VCM % whg 194 4489 C09 Co,ze 9+
A3putgo] Wl (inhibition effects)® o} Yeh}e #goz 2
T ok 2y VCMe| HA AEgolE 2 W) g ol
HClol v} 9ol Fagtogy AT} Z75 1 o)z Q3
o} VCMol #3485 7u) o2 2ube-& A COY €O, 0] 99
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Figure 10. The effects of HCl on the catalytic activity for
VCM oxidation over 12 wt. % CrO/ALOs: [VCM] = 1,068 ppm,
[HCH = 5,000 ppm, GHSV = 40,000 h .
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Figure 11. The light-off curves of VCM over various catalysts.
(a) VCM conversion, (b) CO; yield as function of temperature:
[VCM] =2,135 ppm, GHSV = 40,000 h™".
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Table 5. Apparent Activation Energy(E.), Pre-exponential
Factor(k,) and Rate(r) at 275 C for Catalytic Oxidation of VCM
Over Various Catalysts

Catalyst * Ea (kcal/mol) ko (s r (mol/g - s)
1% Pt 28 307x10" 49%6x107
1% Ru 237 870%10° 345%10”7
1% Rh 254 9.77x10° 92610
1% Pd 2538 2.28%10" 138x107

12% Cr:03 %5 265x 10" 413x107

12% CuO 169 564X 107 515x10*

Hopealite 201 841x10° 1.31x107

* Catalysts are metal or metal oxide supported on Al:O; except
Hopcalite

2 Aol glo] x9] F7tel wet F74e Roly CrO,, Hopealite
R CuOIA & F FAatol7t A vehgth A9 Zo) Ao A
AES] FEE A9ETA GO Zule H$ dads AdEe
CO% CO2 &9 Agubs MAE COY AAo] wje 2 ut
A AFE Zulel A$ COd 4ol AL glo] COzt AAE
. °l& CrO,, Hopealite ¥ CuO, & oA VCMe) Abzjute-
2o 2 AFE Fu) AAE VMol CO,2 vl Agg
Uetdoh 38 VOC ¢ CO9 Agjubgo] mo] A4z
Hopcalite[34] 2 CuOxE CO; CO ©ol9]e] VCMET} aH|H o
8 FH FAEo] ANHYE o5 U HEHAL Y
stch Figure 11(2)o) Uebd dloleld A3go) 10~90%717 <)
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&9 FEE 21%E VCM ¥%d H3ld e =31 9AsA
TEHRE Ak dig weAsE 032 HASYY. whgol
VCM9] FEd tiste] 148 7148 ¥ Arrhenius plotog 2
2H7] 243} Uzl9 pre-exponential factorS T3} o] 2EE
BHEEEE AlAtsto] Table 591 YERNRIT 12 wt. % CrOv/AlOs
X 2Ry 843 AUAE 26 keal/molo)®] TE Zujo] o
ato 7@ B oA AY H&g e BAY 275 T
12 wt. % CrO/ALO:S ¥H3-4% (molg - s)8 71Fo2 7+ Zuj
o 84¢ 9 1% PYALO; Bt} 124) AE &Ao] Wojx|x)
o o2 Fojol] vja] 3ufelA 8] B AL BT

re mo o ¥ (=

32

4.2 £

ofe 72 gAel Cro:g BAF Zujg o] fate] VOMALEH
S 4e AHEREY CrO/ALO: e Ao} 743wt
ARE BN 928 TP Y= FHHBLS CO 2 02
=29 F7kel met CO 9 AAol F7latgen o) 28E VOMe
WA COZ 43t ¥ o] Co2 S ES & & YA ute
2o HCIE 37M] g W} gldoy Coe dex: 7
ashe 2% 2on, 88 HA A#Le ¥iA 21 Co,
o AHEE o 10% F7hska Chel A4e] A=Y HClol
2 AheE o 182179 wHe Eob Zuf H|BA3 AL B
ZHA Gk A8 e +37h B} +671Y wr) b
< B4 £tk oY 7bx AZSE 25t 0E AolF4 4sle
He ABEAE vlA Pt BAEI Y S5son 12 wt
% GO« Fo17k 1 wt. % Pt A%} 99 gg Zuug 2e
CHEE HAT 12 wt. % CrOoIA e 2R7] 843 oy
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