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ABSTRACT

The charzcteristics, activity, stability of chromjum
and copper on silicon tetrachloride modified H-
ZSM-5  catalyst (Cr-CwSiCl,-Z) for VOC
combustion is reported. H-ZSM-5, modified with
SiCl, at 500°C for 3 h was impregnated with 1.0
wt. % of Cr and 0.5 wt..% of Cu. Performance
studies were pcrformed at GHSV of 3,800 to
32,000 h”' with 2,000 to 35,000 ppm of VOCs.
Channes in the activity of Cr-CwSiCl;-Z were
ascribed tc extra framework deposits, surface
acidity and pore characteristics. Cr-Cw/SiCl,-Z
showed improved stability to coking, hydrothermal
treatment and coking tendency.

INTRODUCTION

Volatile organic compounds (VOCs) are important
environmental pollutants and caialvtic combastion
is a viable technology their removal from air 11,2].
An catalyst should show high activity, high carbon
dioxide yield, high hydrothermal stability, low
coking activity and cheep |[3]. The overall
performance of chromium (Cr) and copper (Cu) on
silicon tetrachloride madified H-ZSM-5 (SiCl,-Z)
catalyst, developed to meet all these requirements is
reported.

EXPERIMENTAL DETAILS

H-ZSM-5, modified with SiCl, at 500°C for 3 h
was impregnated with 1.0 wi. % of Cr and 0.5 wi.
% of Cu. Activity was measured at GHSV of 3,800
to 32,000 h' with 2,000 to 35,000 ppm of VOCs.
Ethyl acetate and benzene were used as non-
chlorinated VOC model compounds while
trichloromethane and wichloroethylene were used
to represent chlorinated VOCs. The hydrothermal
stability, coking behavior and hydrogen chloride
resistance of the catalyst were also characterized.

RESULTS & DISCUSSION

Cr-CwSiCl-Z  showed higher activity, higher
carbon dioxide yield and reduced coking tendency.
Benzene was more stable than ethyl acetate with a
Tsow of 270°C (Figure 1). Changes in the activity of
Cr-Cu/Sill,-Z were ascribed to changes in extra
framework deposits, surface acidity and pore
characteristics [1). Cr-Cw/SiCly-Z was also more
stable to coking, humidity and hydrogen chloride.

The catalyst also produced softer and less aromatic
coke in the combustion of ethy! acetate [4].
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Figure 1. Activity of Cr-Cu/SiCl4-Z.

ror chlorinated VOC, coking was minimal and the
chiorination of metal deactivated the catalyst [2].
After 12 h, the catalyst managed to retain about 85
% of its activity (Figure 2). More activity loss with
trichloroethylere feed was ascribed to higher
chlorine content of the substance, coupled with
significant coking [4). The ceactivation profile of
the catalyst was governed by the ability of Cr and
Cu to present at multiple oxidation states, coupled
by the ability of zhlorinz to act as a strong oxidizing
age~t[1].
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Figure 2. Deactivation profiles of Cr-Cw/SiCl,-Z.

CONCLUSIONS
Cr-Cw/SiCl,-Z showed superior qualities in terms
of activity, stability and coking tendency.
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ABSTRACT

The performance of chromiam (Cr) and copper (Cu) on
silicon tetrachloride modified H-ZSM-5 (SiCl,-Z) catalyst in vVOC
| coxinbustlon is reported. H-ZSM-5, modified with SiCl, at 500°C for 3

as impregnated with 1.0 wt. % of Cr and 0.5 wt. % of Cu.
Peyformance studies were carried out at GHSV of 3,800 to 32,000 h™!
*w1th ;,000 to 35,000 ppm of VOC. Changes in the activity oﬁr

Cu/Slu -Z was limited to low temperatures and were fscrlbé ‘ltg 'l
.efxmra framework deposits, surface acidity and pore cha ﬁ ms ;
|(;r Cu/SiCl,-Z catalyst was more stable to coking, humidity 's '%lﬂldl 1

than Cr—Cu/u In the combustion of chlorinated
chlorination of metal species deactivated the catalyst IH 4‘
lower redox ability.
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INTRODUCTION

Volatile organic compounds (VOCs) are environmental
pollutants and catalytic combustion is a viable technology for their
removal from air [1-6]. An ideal catalyst should have high activity,
. high carbon dioxide yield, high hydrothermal stability, low coking
N ac}tmty and most importantly, produced at low cost [2,3,7]. In the
ili combustion of chlorinated VOC (CI-VOC), HCl, Cl, that are
|| produced and can cause rapid deactivation of the caltalyst 18l. .1

the activity of Cr-Cu/SiCl,-Z catalyst in the combustmnl \(pf | 11
Ethyl acetate (EAc), ben/ene (Bz), trichloromethane (T ON )i )

trichloroethylene (TCE) were used as model compo 1&1 k e
deactivation of the catalyst was scrutinized on the b: 0
physicochemical changes occurred on the active metal species
the catalyst support to identify the more dominant deactivati

mechanism.

ii“_:zr

I A combination of Cr and Cu produced a cataly: st W1th h h
aqtmty and high CO, yield while, showing lower cokmé\ tbndei:fi;;f
(11[9]. SICI, treatment increased the hydrophobicity of H—ZSM‘ 5'W ile
suppressing coking activity [7]. Therefore, it is of 1nte1"e t\ s1t dy




EXPERIMENTAL

H-ZSM-5, modified with SiCl, at 500°C for 3 h was
impregnated with 1.0 wt. % of Cr and 0 5 wt. % of Cu. Details are
available in [3,4]. Activity was measured at GHSV of 3, 800 to 32,000 h-!
| w1th 2,000 to 35,000 ppm of VOCs. Ethy! acetate and benzene were

as  non-chlorinated VOC model compounds while
rpmethane and trichloroethylene were used to represent
ated VOCs. The hydrotherma!l stability, coking behavm\
en chloride resistance of the catalyst were also charac terlze:
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RESULTS & DISCUSSSION

T+ cozes 7'*’“"_"“ At low temperatures, the
1 ¢ aasarEe /a activity of the two catalysts was mainly

governed by their pore characteristics
and the length of diffusion pathways.
However, at high temperatures, there
A Covz® was no clear difference between the

& covsionz®) | activity of Cr-Cu/Z and Cr-(”‘u/Sl(El -Z
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Fig. 1. Combustion of EAc and Bz. R
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Fig. 2. Combustion of TCM and TCE.




1.00 £ The deactivation profiles were

¢ Cr-CwZ (TCM) . EVOR S
& CoCuSiClLZ (TCM) characterized by an initial sharp. drop
0% A Cr-CuZ (TCE) followed by a gradual decrease In the

:0 s EroeE activity. Residual activity was achieved at
I 0.90 o .

3 longer time. The Cr-Cu/SiCl,-Z catalyst
3 s appeared to be more resistant €0

okl deactivation with less than 15 % activity
: 1 — —  drop detected for both types of

I J 6 8w chlorinated organics. | J

) |

fxéti\lation in TCM and TCE. The peak at 380°C wa .H ,
i | combined reduction of Cr® \‘lj’)‘ ‘\ i

: while, that occurring at 480°C w2
cr3* and Cu* [4]. The h
weakened the reducibility (%1&
Changes in the activity

explained by the Mars-van i

121 ~"N__| rmodel. As chlorides speciesm ¢l || MO
1 resistance to reduction, 2 reductionzan | |
o 1w we W w0 s @ ™ padgy activity is the likely consequenge:.

Temperature 'C)

i

N
?’\E_,/J‘/ \.;,
M

Fig. 4. TPR profiles of aged Cr-Cu/SiCl-Z.
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CONCLUSIONS

Changes in the activity of Cr-Cu/SiCl,-Z occurred especially at low
temperatures and were ascribed to extra framework deposits, surface
acidity and pore characteristics. At above 250°C, there was no clear
difference between the activity of Cr-Cu/Z and Cr-Cw/SiCl,-Z. SiCl,-
%\y howed improved hydrothermal and hydrogen chloride stabilities
mg h, a suppressed coking tendency. Cr-Cu/SiCl,-Z catalyst also
| '%tllt.ied less aromatic coke. This catalyst was less deactivated by
‘ E‘l}ig‘lated VOCs. The deactivation was primarily attributed
lo

l

i catalyst support. The chlorination of metal species
¢ catalyst by rendering lower redox ability. The result e
agreement with the Mars-van Krevelen model. l \ \‘ \
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