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Abstract: ZSM-5 is the preferred catalyst or additive in petrochemical processing to increase the
yield of propylene. The route ZSM-5 with large particle and the small particle ZSM-5 zeolites were
characterized by XRD, SEM and particle size analysis (SDP). The two ZSM-5 samples were
modified by phosphorous compound, then were water-washed to study the situation of phosphorous
element loss. The attrite index and fixed fluidized bed unit were used to evaluate the catalytic
performances of the catalysts containing route ZSM-5 and small particle ZSM-5. Results indicated
that relative crystallinity of the small particle ZSM-5 was higher, its average particle size was lower
and the particles dispersed more evenly, compared with the route ZSM-5. The phosphorous
modification could reduce the phosphorous element loss in small particle ZSM-5, further the activity
stability of the catalyst containing phosphorous modified small particle ZSM-5 could be enhanced.
After the phosphorous modified small particle ZSM-5 was hydrothermally treated at 800°C for 17 h,
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its residual ratio of relative crystallinity was 97. 6%. The attrite index of FCC catalyst was far lower

as it containing the phosphorous modified small particle ZSM-5, instead of routine ZSM-5. More

propylene selectivity and yield could be obtained in FCC process over the catalyst containing the

phosphorous modified small particle ZSM-5. The results in a commercial RFCC unit showed that

the yield of propylene increased by 0. 74 percent point.
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Table 1 Properties of feed in FFB unit evaluation for catalyst
Ly w (SARA) /% w (Metal) /(pg - g~ D) wV/ w (Element) /%
(g-em™®)  Saturates Aromatic  Resin  Asphaltene  Ni \% Fe Na Cu % C H N S
0. 901 63. 5 25. 8 10. 7 0 7.46 440 398 500 066 430 8572 1233 0.45 140

1) Conradson carbon

2
21 7ZSM-5 7ZSM-5
ZSM-5 ZSM-5
2,
2 7ZSM-5 7ZSM-5
Table 2 Physico-chemical characters of small particle
ZSM-5 and routine ZSM-5
Semple w(Nay 0)/ Relative n(Si0y) /
% crystallinity/ % n(AlO3)
Routine ZSM-5 0. 06 91 28
Small particle ZSM-5 0. 08 94 25
2 , ZSM-5 ZSM-5
, Na,O , o
1 ZSMVES ZSMVES XRD
o 1 , ,
2 ZSM-5 , . el

[V
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1 ZSM-5 ZSM-5 XRD
Fig 1 XRD patterns of routine and small
particle ZSM-5 zeolites

(1) Routine ZSM-5; (2) Small particle ZSM-5
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SEM . 2 , 2
5 48 pm L 99 pm,
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Fig 2 SEM images of routine and small particle

ZSM-5 zeolites

(a) Routine ZSM-5; (b) Small particle ZSM-5
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Table 3 Specific surface area of various P modified ZSM-5

samples and MAT of their relative catalysts

Sample w(P) /% Sger/(m? . g™ b MATY /%
HZSM-5 — 336 20
A-1 1. 58 297 33
A-2 217 294 33
B-1 0. 55 319 33
B-2 1. 02 317 34
C-1 1. 54 297 27
G2 211 298 26
D-1 0. 95 321 39
D-2 1 21 316 40
D-3 2. 08 307 41
1) Temperature 800°C ; Time 17 h
3 ZSM-5 XRD
3 . ZSM-5 MFI
s s R
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Fig 3 XRD patterns of P modified small particle
ZSM-5 samples
(1) HZSM-5, (2) D-1, (3) D2, (4) D-3
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Table 4 Water washing results of various P
modified ZSM-5 samples

Water w(P)/ %
MATY /
Sample  washing Before water After water 9%

ratio washing washing
A-1 5 1L 58 0. 21 22
A-2 5 217 0. 24 23
B-1 5 0. 55 0. 12 21
B-2 5 0. 68 0. 17 22
C-1 5 1L 54 0. 13 22
C-2 5 2. 11 0. 15 22
D-1 20 0. 95 0. 88 40
D-2 20 L 21 1 18 40
D-3 20 2. 08 211 39

1) Temperature 800°C; Time 17 h
24 ZSMVES
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o 5 )
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s
s
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Table 5 Relative crystallinity before and after 6 7SM-5
hydrothermal deactivation
2
Relative crystallinity/ % Residual ratio ZSM-5 o
Sample w(P) /% crystallinity? /
Before After o 6 ’ ZSM-5
Mi’—
HZSM-5 Null 93 82 88, 2 ’ ZSM5
D-1 0. 95 86 82 95. 3 N ’ N
D-2 1 21 88 82 93. 2 ° ZSM-5,
D-3 2. 08 85 83 97. 6 ’
1) (Relative crystallinity after hydrothermal deactivation/ ’
Relative crystallinity before hydrothermal deactivation) X 100 % o

6 7ZSM-5

Table 6 Physico-chemical characters of catalysts containing P modified small particle ZSM-5

Catalyst w(Na, )/ % V,/(mL.g™ 1) Sper/(m? . g™ 1) Attrition index/ % MATY /%
Containing small particle ZSM-5 0. 09 0. 32 313 13 57
Containing routine ZSM-5 0. 10 0. 31 307 2.4 56

1) Temperature 800°C ; Time 17 h

26 ZSMNE5 7 ) ZSM-5
ZSM-5 , ZSM-5

ZSM-5 o s

7 ZSM-5

Table 7 Catalytic cracking performance and product distribution of the catalysts containing P modified small particle ZSM-5

w (Product) /%

Catalyst y(CTH/% /% YD %
Dry gas LPG Gasoline Diesel Heavy oil Coke
Containing small particle ZSM-5 2. 53 23,79 42. 33 16. 68 7. 07 7. 60 8 22 76. 25 82. 79
Containing routine ZSM-5 2. 43 23,37 43,07 16. 54 7. 09 7. 50 8 14 76. 37 82. 98
w(PIONA) /%
Catalyst
n-Paraffin i-Paraffin Olefin Naphthene  Aromatics
Containing small particle ZSM-5 3. 99 33. 39 25.72 9. 26 27. 64
Containing routine ZSM-5 4. 05 36. 22 27. 43 8 74 23. 56
1) Liquid yield
7 , ZSM-5 27 7ZSM-5
, ZSM-5
s 0. 08 120 kt/a
; ; (TMP) 9,
, ; ZSM-5 , -
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Table 8 Main operation conditions of TMP commercial unit
Temperature/C Residence time/s Catalyst to feed oil mass ratio
First riser Second riser Regenerator First riser Second riser First riser Second riser
510 530 690 L2 L8 8 18
TMP , N s
9, 9 , ZSM-5 0 ZSM-5
R ZSM-5 , . o
9 ZSM-5
Table 9 Commercial results of catalysts containing P modified small particle ZSM-5
w (Product) /%
Catalyst vy (C5H/% Wy /%
Dry gas LPG Gasoline Diesel Heavy oil Coke Loss
Containing small particle ZSM-5 5 19 37. 34 28 82 16. 79 2. 56 8 80 0. 50 20. 38 82. 95
Containing routine ZSM-5 4, 68 34. 50 33.72 13. 37 3,37 9. 89 0. 47 19. 64 81. 59

1) Liquid yield

(3) P 7SM-5 [3] ’ ’ ’
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