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Table 1. €4 74 MHEMGEE B X BB OOV 7 #K & B

SiTrai*  AlTrai*  Ga/Tratie*®  Fe/Tratio®  Zcolie/Binder Acd
Sample [mol/mol] [mol/mol] [mol/mol] [mol/mol] ratio amount
[wt%/wt%] [mmol/g]
Al-MFTI only 122.9 1.0 0.0 0.0 100/0 0.20
Fe-Ga-Al-MFI only 124.6 0.5 0.2 0.3 100/0 0.18
Fe-Ga-Al-MF1/SiO, 124.6 0.5 0.2 0.3 85/15 0.16
Fe-Ga-Al-MFI/AL,O4 124.6 0.5 0.2 0.3 85/15 0.20

* Molar ratios (Si/T, AT, Ga/T and Fe/T) of zeolite samples measured by XRF analysis (T = Fe+ Ga + Al)

** Weight ratio of composite samples by XRF analysis

**% Acid amount of zeolite samples and composite samples measured by NH3-TPD technique
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Catalyst; AI-MFI/SiO,, Fe-Ga-Al-MF1/SiO,, Fe-Ga-Al-MFI/AL,O;, Zeolite/binder ratio: 85/15 [wt%/wt%]
Reaction conditions; Temperature: 565°C, 635°C, Pressure: 0.1 MPa, LHSV: 6.0 h!,
Feedstock: n-C¢H y, n-C5H,5(65 wt%) + n-CH (35 wt%), n-C¢H, (50 wt%) + n-C;H,4(25 wt%) + n-CgH 4(25 wt%)
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Catalyst; (A) Fe-Ga-Al-MFI/SiO, composite, (B) Fe-Ga-Al-MFI/Al,O; composite
Reaction conditions; Temperature: 565°C, Pressure: 0.1 MPa, LHSV of hydrocarbon feedstock: 6.0 h!,
Feedstock: n-CH, (50 wt%) + n-C;H, (25 wt%) + n-CgH (25 wt%)
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Catalyst; Modified Fe-Ga-Al-MFI/SiO, composite, Si/(Fe+Ga+Al) ratio: 124.6 [mol/mol], Zeolite/SiO, ratio: 60/40 [wt%/wt%]

Reaction conditions; 565°C, 0.15 MPa, n-C¢H, , feedstock, LHSV 6.0 h™! (Case 1), 615°C, 0.15 MPa, n-C(H, , feedstock, LHSV 6.0 h™! (Case 2),
615°C, 0.15 MPa, mixed hydrocarbon feedstock (n-CsH,,(32 wt%) + n-C¢H (33 wt%) + n-C,H (35 wt%)), LHSV 6.0 h'! (Case 3)

* Amount of feedstock required for producing valuable products (C,~, C;~, C,~ and BTX) of unit amount (Relative value to thermal cracking)
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* FE-SEM image of nano-size

100

Fe-Ga-Al-MFI/SiO, composite —_—

"'f'.

Zeolite particle

(Av. 200-300 nm)

One-pass conversion [wt%]

20

0 500 1000

1500 2000

Time on stream [h]

Catalyst; Modified Fe-Ga-Al-MFI/SiO, composite*, Si/(Fe+Ga+Al) ratio: 124.6 [mol/mol], Zeolite/SiO, ratio: 60/40 [wt%/wt%]
Reaction conditions; Temperature: 565-620°C, Pressure: 0.15-0.18 MPa, Feedstock: n-C¢H,,, LHSV of feedstock: 6.0 h-' (Case 1)
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Installation of catalytic cracking unit into

existing thermal cracking processes
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| Recycle (Cs - C) l Propylene (C;7)
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> Existing reactor > Existing facilities for  |_y, |
for thermal cracking separation & recovery
(100-X) wt%
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‘Weight ratio of feedstock
supplied to catalytic reactor, X [wt%]

Capacity of naphtha thermal-cracking process: 1,000 [kton-naphtha/y]
Catalyst; Modified Fe-Ga-Al-MF1/SiO, composite, Si/(Fe+Ga+Al) ratio: 124.6 [mol/mol], Zeolite/SiO, ratio: 60/40 [wt%/wt%]

Reaction conditions; 615°C, 0.15 MPa, n-C¢H,, feedstock, LHSV 6.0 h*' (Case 2 in Fig. 10)

* Amount of feedstock required for producing valuable products (C,, C;7, C,;~ and BTX) of unit amount (Relative value to thermal cracking)

Fig. 13.

Weight ratio of feedstock
supplied to catalytic reactor, X [wt%]
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Properties of Zeolite-based Composite Catalysts and
Their Application to Catalytic Naphtha-cracking Process

Shinya Hodoshima
Research & Development Center, Chiyoda Corporation

A catalytic naphtha-cracking process using fixed-bed-type reactor for on-purpose propylene production has
been developed in Chiyoda Corporation. Composite catalysts, consisting of MFI-type zeolites containing Fe, Ga
and Al species and silicon-oxide binder, were employed for naphtha cracking. The Fe-Ga-Al-MF]I zeolites as ma-
trix component, containing each heteroatom at adequate ratio in zeolite framework, exhibited both acid strength
suitable for cracking and dehydrogenation activity to alkenes, resulting in high selectivity to light olefins by sup-
pressing aromatics formation in naphtha cracking. Moreover, the unique acidity of zeolite species was maintained
in the molded form for industrial use as well as enhancement of its mechanical strength, due to the combination
with silicon-oxide as a binder. The zeolite-based composite thus converted light hydrocarbons into propylene se-
lectively and kept catalytic performance stably for long time, being applicable to fixed-bed operation, due to its
high resistance to coke formation. Furthermore, the present catalytic cracking saves thermal energy required in
reaction unit because cracking reactions proceed in the absence of steam at much lower temperatures than con-
ventional thermal cracking process, which makes it possible to reduce total amount of naphtha feedstock by ca.
15%, compared to existing naphtha crackers. In the present paper, excellent properties of the developed zeolite-
based catalysts and catalytic cracking of naphtha over the present zeolites are described from the viewpoints of
catalytic chemistry and process engineering.

Key words: on-purpose propylene production, catalytic naphtha-cracking process in fixed-bed mode, Fe-Ga-
Al-MFI-zeolite, silicon-oxide binder, saving energy & resources
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