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Abstract

The performance of silicon tetrachloride (SiClL) modified H-ZSM-5 (Si/Al=240) as support to
bimetallic chromium-copper catalyst for the combustion of non-chlorinated and chlorinated volatile organic
compounds (VOCs) is reported. H-ZSM-5 was modified by expnsing to SiCly vapo: in nitrogen at 500°C foi 3 h
followed Ly co-impregnation with 1.0 wt. % of chromium and 0.5 wt. % of copper. Activity study was
performed in a re.ctor operated at betweer 100° and 506°C 2t a gas hourly space velocity (GHSV) of 32,000 h'!
and fed witi either 2,000 ppm of ethyl acetate aud bencenc or 2,500 ppm of tricklorometiauc (1'CM) and
trichloroethylene (TCE). Deactivation was studied by ageing the catalysts with 32,000 ppm to 55,000 ppm of
VOC at 400°C for up to 12 h. Changes in the activity of Cr-Cu/SiCl,-Z were ascribed to extraframework
deposits. changes in acid site distribution and mesopores created after SiCly treatment. SiCl, treatment
significartly improved the stability of H-ZSM-5 support against hydrothermal and HCI ageing tests also showed
lower tendency 10 coking. The cataiyst also produced more softer coke fractions in the combustion of ethyl
acetate. Upon ageing with TCM and TCE for 12 h at 400°C, Cr-Cw/SiCl, managed to retain an average of about
89 % of its eriginal activity compared to about 84 % with unmodified ZSM-5 catalyst. Hydroxy! groups in Cr-
Cu/SiCly-Z were generally not chemically altered during ageing test with TCE. The deactivation was more
contributed by the chlorination of its metal species rather than changes in the characteristics of the support.
Keyworads: SiCl,, H-7SM-5, VOC, combusticn, stability, coking.

Tables and Figures

Table 1. Characteristics of H-Z3M-5(240) and bimetallic Cry ¢Cug ¢/modified ZSM-5
catalysts used.

Properties Mareoa]
H-Z Cr-Cu/Z Cr-Cu/SiCl,-Z
St (m'/g) 336 360 324
Micropore area (m%g) 315 278 198
Mesopore area (mZ/g) 71 82 126
Metal loading (wt.%) - 1 % Crand 0.5 % Cu
*Crystallinity (%) 100 95 66
Acidity (mmol NH,/g) 0.22 0.17 0.09

*Z=7SM-5(240)
"Relative 10 H-ZSM-5(240)

Table 2.. Summary of changes occurred after exposure (o 32,000 ppm of
ethyl acetate at 400°C for 12 h.

' 3 e Calalyst

Properties 'Condition Crcwz Cr-CulSiClZ

“Activity,a _ Dry 0.91 0.95

Humid 0.85 0.89

Coke content  Dry 8.8 7.2

(wt.%) Humid 6.4 5.2

“Crystallinity  Dry 80.8 93.6

(%) Humid 71.2 88.6

" Humid condition contains 9,000 ppm H,0.
'fn = «r/-r’, (measured with 2.000 ppm ethyl acetate at 400°C).
“Relative 10 respxctive fresh catalysts.
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Table 3. Changes in characteristics of Z and SiClL-£Z after treatment 1

‘with gaseous hvdrogen chloride at 400°C for 4 h. o RS -
Suppo‘l it <0 O CrCu SCL-Z iR
“Treated =z
Caractenisies ] _ Tz =
Fresh ) Fresh Treated N
z e
Surt (m™ @) 386 368 346 340 B0 A CCu 2BA
Micropore area (m“U) 315 290 211 204 ,. G e S 2am
Mesopore area (m™/g} 71 73 134 136 L ‘
*Sirong acidity 0.121  0.112  0.045 0.042 L .
(mmol NH, /g) Figure I. Combustion of ethy! ace
Weak acidity 0099 0042  0.063 0.030 (F_gAC) and benzene (B2) v
(mmol NH. ‘g) Cu/Z and Cr-Cw/SiCly-Z. (Cooc=2.000
“Crystallinity (%) 100 91 100 96 ppm, GHSV=32,000 hhy.

*Z=H-ZSM-5(240)
" Sites reraining ammonia ak temperatures higher than 250°C
* Relative to respeciive fresh suppon

* After reaction with gascous HCl at 460°C for 4 h
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Fizure 2. Combustion of trichloromethane (TCM)
and mcnloroelhvlene (TCE) over Cr-Cu’Z and Cr-
Cu SiCiy-Z (Cone=2.500 ppm. GHSV=32.000 nh.

- Time on stiream (h)

Figure 3. Deactivation of Cr-CwZ and Cr-
CwSiCly-Z catalysts in the combustion of
trichloromethane (TCM) and
trichloroethylene (TCE). (Cuoc=35,000 ppm.
GHSV=32,000 h'', T=400°C).
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Figure 4. Infrared absorbance of Cr-Cw/SiCh-Z caalyst after ageing with 35,000 pp™

after ageing with 35.000 ppm of TCE at 400°C for  TCE at 400°C for four different times an

four different times on stream. stream.
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