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Table 1 Catalytic cracking conversion and yield of the phosphorus-modified ZSM-5 zeolites

Yields Cco* Cl1 Cc2 C3 C4 C5 C6 c7
LPG (%) 13.78 15.09 16.18 16.42 17.34 16.77 16.35 16.58
Gasoline (% ) 46.09 46.52 45.45 45.78 44. 61 43.91 44.65 44.30
LCO (%) 15.14 15.54 15.12 14.87 14. 65 15.30 15.28 15.18
Bottoms ( % ) 20.06 18.08 18.55 18.14 18.85 19.31 19.06 19.23
Coke (%) 3.05 2.96 2.93 2.90 2.87 2.73 2.76 2.75
Conversion (% ) 64.76 66. 34 66.31 66.91 66.47 65.08 65.58 65.48

*CO ~ C7; Synthesized catalyst using 4% of Z0 ~Z7 zeolites and 35% of PSRY, Z0 ~Z7. ZSM-5

zeolite of 0, 2. 1% , 4.0% , 6.0% , 7.9% , 11.4% , 16.2% , 21.2% of the weight percentage content of P
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Table 2 Light olefin yield of phosphorus-modified ZSM-5 incombination with ReY and PSRY

Yields CO Cl1 C2 C4 C5 C6 Cc7 Ca Ch
C, (%) 4.67 5.36 5.77 5.88 6.25 6.30 6.15 6.08 4.74 5.97
C, (%) 3.86 4.15 4.43 4.49 4.73 4.67 4.58 4.80 3.17 3.32
C, (%) 0.68 0.67 0.65 0.63 0.46 0.64 0.73 0.76 0.95 1.36

m(C,7): m(LPG) (%) 33.9 35.5 35.7
m(C,”): m(LPG) (%) 28.0 27.5 27.4

36.0 37.6 37.6 36.7 27.8 27.0
27.3 27.8 28.0 29.0 18.6 15.0

“CO ~ C7 . Synthesized catalyst using 4% of Z0 ~Z7 zeolites and 35% of PSRY, 70 ~Z7 . ZSM-5
zeolite of 0, 2. 1% , 4.0% , 6.0% , 7.9% , 11.4% , 16.2% , 21.2% of the weight percentage content of P
Ca, Cb: Synthesized catalyst using 4% of Z0, 72 zeolites and 25% of ReY

LT h 5RO AR, AARBL T B ZSM-5 il
AMEE. 24 h F117 h 2405, Sukeier: ZSM-
S5 WA I HEAG RIS LU & AR 2B R 1Y) ZSM-5 34 1Y
HEAL A B 1) LPG 58, TP A S i ™ SR 0
R 3 BEMUMERT ZSM-5 Rk FaE R
Table 3 Hydrothermal stability of the phosphorus
modified ZSM-5

'c, 'c, ’C, ’C,
w(LPG) (%)  17.05 22.10 11.35 16.57
w (Gasoline) (%) 52.78 47.08 47.00  42.40

w (LCO) (%) 14.28 13.72  16.50 15.49
w ( Bottoms) (% ) 7.63 8.30 21.29 21.78

Ca, Cb: Synthesized catalyst using 4% of 70, 72 zeolites
and 25% of ReY.
"Hydrothermally treated at 800 °C for 4 h;
* Hydrothermally treated at 800°C for 17 h
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Fig. 1 XRD patterns of zeolite samples
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Fig. 3 Catalytic cracking of n-butane over ZSM-5 and
10% La/ZSM-5 catalysts. Reaction temperature: 650 °C ;
feed n-butane/nitrogen/steam = 2.8/5.7/12.5 (mlL/min, NTP),
W/F = 2.86 g s/mL

HZSM-5

10% La/ 2% P-10% La/
ZSM-5 ZSM-5

V] 4 5 A N A A S 3 A 2
Fig. 4 Catalytic cracking of light naphtha over zeolite catalysts
Reaction temperature ; 650 °C ;
feed light naphtha/steam/nitrogen = 2.0/5.6/13.2
(mL/min, NTP) ; steam/light-naphtha = 0.64
(by weight ratio) ; W/F = 1.44 g s/mL
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Fig. 5 NH;-TPD spectra of ZSM-5 catalysts
modified with La (10% )

Pretreatment : 50 ¢cm®/min of He at 500 °C for 1 h
NH, adsorption: 30 Torr of NH; at 100 °C for 30 min,
and then evacuation at 100 °C for 1 h
Desorption; heating at 10 °C/min under
He flow of 50 ¢cm’/min
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Fig. 6 CO,-TPD spectra of ZSM-5 catalysts
modified with La
Pretreatment : 50 ¢cm®/min of He at 700 °C for 1 h
CO, adsorption; 30 Torr of CO, at 30 °C for 30 min,
and then evacuation at 30 °C for 1 h

Desorption: heating at 10 °C/min under He flow of 50 ¢cm®/min
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Fig. 7 Reaction of n-butane over zeolite catalysts:
ZSM-5( @), P-La/ZSM-5( ) , and P/ZSM-5( &)
(reaction temperature =650 C ;
feed n-butane/ nitrogen/steam = 2.8/5.7/12.5
(mL/min, NTP) ;
steam/n-butane ratio = 1.4 (by weight) )
and La/ZSM-5( A)
(reaction temperature =650 C ;
feed n-butane/nitrogen/steam = 2.8/5.7/5.4
(mL/min, NTP) ;
steam/n-butane ratio = 0.6 (by weight) )
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Fig. 8 Product distribution in cracking of n-butane on alkaline earth-modified HZSM-5
(a) Catalyst, 1 g; 600 °C ; n-butane, 8.2 ¢cm’min~"; N,, 18.6 ¢cm’min ™'

(b) Catalyst, 1 g; 650 C ; n-butane, 5.5 ¢cm’min ™'

; Ny, 11.5 em® min ™'

(¢) Catalyst, 1 g; 650 °C ; n-butane, 2.7 em’min~'; N,, 4.9 c¢m’min ™'
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Fig. 9 NH;-TPD spectra of alkaline earth-modified HZSM-5
Pretreatment; He, 50 em’min ™", 773 K, 1 h;
NH, adsorption; NH,, 4 kPa, 373K, 30 min
and evacuated at 373 K, 1 h; Desorption: He, 50 ¢cm’min ™",
10 °C /min
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