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Generation of novel hierarchical microporous and mesoporous composite materials and
elucidation of their catalytic functionality

Ishihara, Atsushi
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Zeolite containing mesoporous Si02-Al203 catalysts with three
layered-hierarchical structures were prepared using the gel skeletal reinforcement methods. Catalytic
cracking of soybean oil was performed using Curie point pyrolyzer (CPP) which was demonstrated as a
promising method for estimation of processing of heavy hydrocarbon resources. It was found that the
multi/single branch ratios and conversion were improved with increasing hierarchical structure because
the catalysts had the larger space.

The gel skeletal reinforcement (GSR) method was developed to prepare silica-aluminas (GSR-SA) with
different sizes of large mesopores. The effects of mesopore sizes of catalysts on catalytic cracking of
vacuum gas oil (VGO) and atmospheric residue (AR) by CPP method were investigated using the mixed
catalysts with zeolite and GSR-SA. It was found that the conversions of VGO Increased with increasing
pore size of catalysts while the effect of pore size on the conversion of AR was only slight.



(VGO)
(AR)
30nm,
3.00cm3/g 600°C
FAME
VGO AR
(CPP)
CPP
(TEOS) -Sec-
(ASB) (MA)
(JRC-HY5.5 (SiO,/Al,05= 5.5))
60 24 600 3
Fig. 1
Flowchart TEOS( )

(HMDS )

(GSR)

50
70 600 3
MA122-10-HY 5.5(50)
MA 122
/TEOS =100 10
wt% HY5.5 (50)
GSR
(Wt%)
VGO, AR CcpPP
CPP Fig.
2 0.20mg VGO AR
1.50 mg He
0.45MPa 500°C 5
GC-FID
@l Aging in 80% HMDS
Stirring ?‘ N solution at 50  for 48 h.
o

Stirring at r.t.

for 30 min.
2.5wt% NH,aq
*Adjusted to pH 5.
Gel
Aging at E:|
60 for5h.

Transferred to water and
kept at 50 for 24 h

Crushing small and 5 set

Dried in air-tight
container at 70
for72h

Dried in opened
container at 70
for24 h

Calcining at 600
for 3h.

Beronatsh torsmn [ caays
Fig. 1 Flowchart for preparation of three-layered
catalyst using the gel skeletal reinforcement.
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Figg 3 XRD patterns of zeolite simple,
two-layered catalysts and three-layered catalysts.
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Fig. 4 Adsorption and desorption isotherms of
zeolite simple, two-layered catalysts and
three-layered catalysts.

Table 1 Pore properties of catalysts obtained by
N, adsorption and desorption measurement

BET BJH
Catalyst SA* PV* PD* SA* PWV* PD*
(m?g) (cm®g) (hm) (m%g) (cm¥g) (nm)
JRC-Z-HY5.5 731 041 2.26 35 0.16 3.72
MA122-5-HY5.5(25)(Z25) 847 0.89 4.20 548 0.71 4.78
MA122-10-HY5.5(50)(Z50) 747 064 343 267 048 3.72

GSR-HMDS-MA122-5-HY5.5(25)(Z18) 696 0.91 5.25 514 0.82 4.78(10.0)

GSR-HMDS-MA122-10-HY5.5(50)(Z36) 670 078  4.65 265 057 3.72(12.0)
*:SA = Surface area, PV = Pore volume, PD = Pore diameter;
() = Pore diameter of

meso pore

(a) 50nm (b) 100nm
Fig. 5 TEM images of samples:
(8)GSR-HMDS(1)-MA122-5-HY 5.5(25)(218),
(b)GSR-HMDS(1)-MA122-10-HY 5.5(50)(Z36)
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Fig. 6 Carbon number distribution of al the
products in catalytic cracking of SBO using
zeolite simple, two-layered catalysts and
three-layered catalysts.
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Fig. 7 Selectivity for paraffins, olefins,

naphthenes and aromatics in catalytic cracking of
SBO using zeolite simple, two-layered catalysts
and three-layered catalysts.

Table 2 Product distribution, conversion and
parameters of gasoline fraction in cataytic
cracking of SBO using layered catalysts.

Products distribution Parameters in

%) gasoline fraction

Catalyst Gasoline oy M/
c1-ca ci12- single  RON

(cs-c1) () Paaffin n- o panch
JRC-Z-HY5.5 35 63 2 21 036 479 0.20 90
MA122-5-HY5.5(25) 25 72 2 28 081 4.26 0.39 92
MA122-10-HY5.5(50) 24 68 8 20 1.00 4.04 0.35 94
GSR-HMDS(1)-MA122-5-HY5.5(25)(218) 27 69 4 25 061 482 032 91
GSR-HMDS(1)-MA122-10-HY5.5(50)(Z36) 22 71 8 43 0.68 3.86 0.37 90
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Scheme | Structure of a three-layered catalyst
and cracking meachanism
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Fig. 8 BJH pore-size distribution of Y series
catalysts.
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Table 3 Product distribution and catalytic
properties of Y series catalysts

Products distribution  Conv. Parameters in
(wt.%) (%) gasoline fraction
Catalyst . . Multi /
Gasoline Olefin /
C1-c4 (C5-C11) C12- paraffin iso-/ n- kflngle RON

ranch
VGO Y-Zeolite 36 62 2 24 0.12 733 012 87
VGO MAT(0SA)-Y 28 71 2 27 0.45 6.33 0.26 90
VGO MAT(100SA)-Y 27 72 1 26 0.46 5.89 0.25 90

VGO MAT(200SA)-Y 25 73 2 43 0.43 6.71 0.27 90

AR Y-Zeolite 38 62 0.03 28 0.32 9.53 0.22 89

AR MAT(0SA)-Y 31 69 05 25 0.44 7.18 0.22 91

AR MAT(100SA)-Y 27 71 2 31 0.49 6.91 0.24 91

AR MAT(200SA)-Y 28 71 1 23 0.57 5.92 0.28 91
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Fig. 9 Effects of conversion on yields of gasoline
in catalytic cracking using 3 and Y series.
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Fig. 10 Effects of pore diameter on yields of
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