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. 3 Zuf B871E ol&st y-2Fuve] dAF ZAFARE ZujddlA vinyl chlorided FAAISHL S 240~300 T 2E9 600~
3500 ppme] TN M 2ASIATH ¥HE2 vinyl chloride®] ¥Eo] sl wHERoz wislgon Are Eho dEdE 03 AL 5’_9\1‘4.
T8 ve AMEY HO08 HCIE v H7telge o vinyl chlorided] A#&o] FFo] A9 Atk Vinyl chiorided] Atstubgol ig @ 715
HERES JHstn A¥Ads AaANA sbg F dXdE 292 =250t 549 #1427 vinyl chlorided] AMSHFE S AbaE 31—3—% Zj
E W vinyl chioride’t F28 F A3Ea5 0, vinyl chlonde7} Zojgdo] F3sle wsS Yt JMsA £2E weEE 2ol A4¥E
£ 7P 2 BAEG) AEAS JE5A% FFEAR} AR L o 52% FEHon %’“i}ﬂlﬂﬂ 189 keal/mol2 2 A=Yt

=

Abstract: The complete catalytic oxidation of vinyl chloride was investigated over chromium oxide supported 7 -alumina using a fixed bed micro-
reactor at temperature between 240 and 300 C and concentration between 600 and 3500 ppm. The oxidation of vinyl chloride was nonlinear in the
concentration of vinyl chloride and zeroth order in the concentration of oxygen. The addition of HCl and H:O as products to the feed stream didn’t
influence the conversion of vinyl chloride. Several kinetic rate model were tested to describe the data over the range of condition investigated, and
developed a model which provide the best correlation of experimental data. The resulting model of kinetic rate was derived by assuming that the
reaction occurred via adsorption and subsequent decomposition of the vinyl chloride onto the oxygen covered chromium oxide surface, with the
reaction being inhibited by the adsorption of vinyl chloride. The percent standard deviation between the predicted and experimental was about 5.2%,
and the activation energy was 189 kcal/mol.
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Figure 1. The effects of VCM concentration on the light-off
characteristics of VCM at GHSV of 45000 h™.
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Figure 2. VCM conversion as a function of time-on stream for
the oxidation of VCM in the dry(closed symbol) and humid
(open symbol) air. : Temp. =260 CT(@) and 300 C(V¥), [VCM] =
2,135 ppm, [H;0] = 12,000 ppm, GHSV =30,000 h .
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Figure 3. The effects of the oxygen concentration on the
conversion of VCM in dry air. : Temp. =290 C, [VCM] =658
ppm(@), 3,130 ppm(O), GHSV =4,0000 h ',

Table 1. Reactor Effluent Analysis for Selected Runs for the
Oxidation of VCM ; [VCM] = 2173 ppm, GHSV =30,000 h *

Temp. Conv. [CO.J [COl C-bal* [HCH [CL]  Cl-bal*
() (%) (ppm) (ppm) (%) (ppm) {ppm) (%)
260 268 664 438 % 481 5 36
300 %4 2491 1580 B 1797 45 91

*based on carbon and chlorine atoms.

Table 1o utebd uls} ol VCM %5 2135 ppm, BEE
30000 h'9) ZANAH A& MABO BAA o]E FAE ofs
A= FH@e) CO ¥ &% Ch 440l #AFUL}. Senkan %
(1520]2 3} &hsbpart A4 COZ 9 A8t £ o2
SGAHAstE = 29Ale A2s AgEdn wusdd. weA Cco
o AL o7t wheAZ o8 RoT B 4 o 2x9
S7tel wet CO2 Args||A M o] 7+28 8. VCMA
H/CHIZE 302 49 FEsld dAEZ Egel: sgEe
HCI%to] AAE Aoz darsigoy mde CL7t #A2H%gon
°|% oxychlorinationell & A=tz Aztdc, a8y 300 C o3
9 RN Che AAZL FAY 4 9L Az W Ao,
mebd vl AAHEF HujBAH S we gue =
Qe HES FZ HOW HOZ 059 93g Auus] 98
gl 47 Hrbshe] light-off test® 4834}, Figure 4
2135 ppm9 uHg-E 5000 ppme HCIE #7483 £ HC9
Fe vehd Aoz HCIY #H7bel wel VOMe dggo= o
Hsl7 dolom, 300 TolA & 2547 ¥HE %9t Zoju|gA
< BEHA Fod) ol E A VCMe) AstitsA] A
HClol Zujzdo F&sle] VCM] 4shitg s st
7t 3ALEE Jeth 29 Hild e ge Agyy)
tel 2135 ppme) WHS-Eo 12000 ppme £ Hr}sA 260
W 300 CAlA ¥-&& FHslgct Figure 20049 o] 29
al

L 3
A7 ol whek VCMY d@gols 2 Aol e 2 £

oW

[=]
2

Lo

r
oy

o ¥t L oR fr 8

1w
rr

H

5 4o oX
ol

gl

UL, A 10D A1 &,

-

TH 7]
100
90 A
80 -
70 A
£ 60 -
C
2
®» 50 4
]
g
6 40 -
(8}
30 -
20
] —e— VCM
10 - —g— VCM + HCI 5000ppm
0 T T T T

180 200 220 240 260 280 300 320 340 360 380

Reaction Temperature(°C)

Figure 4. The effects of HCI on the conversion of VCM in dry
air. [VCM] =2,135 ppm, [HCI] =5,000 ppm, GHSV =40,000 h™".
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on the conversion of VCM at 250 . Solid lines represent the
data predicted by model-2.
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Figure 6. The effects of residence time and VCM concentration
on the conversion of VCM at 280 C. : Solid lines represent the
data predicted by model-2.

Table 2. Kinetic Models for VCM Oxidation

rate W/FS
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C., Cy : outlet conncentration of VCM and HCl(mol/cm?)

Ca : inlet conncentration of VCM and HCl(mol/cm®)

k = reaction rate constant(s )

K., K; : VCM(a) and HCl(p) adsorption equilibrium constant(cm/mol)
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Table 3. Estimated Kinetic Parameters and Standard Deviations Using Separate Fitting

adsorption equilibrium constants, -

Model reaction rate constants, k(s™?) 2" K.(cm*/mol) r Std. Dev.(%)
Model 1 563x10" exp(-24,776/RT) 0.9968 - - 478
Model 2 446x 10" exp(-17.832/RT) 0.9843 832x10" exp(7,199/RT) 08415 56
Model 4 1.86X 10" exp(-22,339/RT) 0.9938 409x10° exp(1,165/RT) 03389 78
Model 6 146x10” exp(-7,793/RT) 0.9854 9.42x10" exp(13825/RT) 09190 69

*1* : correlation coefficient of Arrhenius plot

Table 4. Estimated Kinetic Parameters and Standard Deviations Using Simultaneous Fitting

VCM adsorption equilibrium

HCI adsorption equilibrium constants,

. 1 0,
Model reaction rate constants, k(s") constants, K,(cm¥/mol) K,(cm’/mol) Std. Dev. (%)

Model 1 201%10" exp(-23,167/RT) - - 21.8
Model 2 1.28%10° exp(-18875/RT) 667X10° exp(5074/RT) - 52
Model 3 200x10° exp(-19457/RT) 1.15X10° exp(4,416/RT) 434x107 exp(13,060/RT) 54
Model 4 1.78x 10" exp(-22,242/RT) 6.41x10° exp(721/RT) - 69
Model 5 196x 10" exp(-22,323/RT) 6.10%10° exp(780/RT) 120X 10 exp(9,608/RT) 70
Model 6 340x10" exp(-18.475/RT) 159% 10" exp(2550/RT) - 58
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Figure 7. Arrhenius plot of the rate constants, k and van’t Hoff
plot of the VCM adsorption equilibrium constants, Ka calculated
by model-2. : k = 446165x10° exp(~17,832/RT), 1* = 0.9842

Ka = 832247 X 10%exp(7 199/RT), r* = 0.8414.
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Figure 8. Comparison of the experimentally measured conversion
of VCM with those determined using Model-2.
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