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Abstract: Three types of mordenites treated by steaming(SM;;), HF solution for SM;:;(FM,) and HF solution+
steaming for SM; ;(FM,) were prepared and used as cracking catalysts of vacuum gas oil. These samples were analysed
by XRF and XPS for average and surface Si/Al atomic ratio, XRD for unit cell constants, nitrogen adsorption/
desorption for porosity, pyridine-IR for acidic properties. In comparison with three type samples, SM; 5 had a lot of acid
amount and showed micropore volume mostly(>85% to total volume). Dealuminated FM,, compared with SM; s, was
decreased a little in acid amount and improved for porosity. Also, FM, was decreased further in acid amount and devel
oped In mesopore dramatically. The catalytic activity and the yield of gasoline, kerosine+diesel and branched aromatic
over the modified mordenites which have developed mesopore were improved. This is due to limited access of diffusion
of large molecules within pore of the modified mordenites.
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Fig. 1. Schematic diagram of micro-activity test
(MAT) apparatus.

1. Micro-feeder

2. On/off valves
3. Thermocouples 4. Mass flow controller
5. Micro-reactor 6. Liquid reservoir
7. Gas reservoir 8. Temperature controller

9. Three way valves 10. Nitrogen gas
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Table 1. Characterization Data for YuKong(YK
C0.) Vacuum Gas Oil

Description VGO
Elemental analysis
C(wt%) 85.77
H(wt%) 13.01
N(wt%) 0.53
Molecular weight
number average(N) 356
weight average(W) 365
viscosity average(V) 365
Z average(Z) 377
Z/W 1.0339
API 23.1
Conradson carbon(% ) 0.2
Distillation distribution(vol%, C)
IBP 287
5 342
10 362
50 440
90 508
95 523
EP 545
Average composition of reaction material
(vol %)*
Paraffin 10-15
Naphthene 40-50
Aromatic 35-50

27 Fluid catalytic cracking process technology, hyatt
regency pittsburgh, pittsburgh, pennsylvania, sep-
tember 22-25, 1992, section 1.
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Table 2. Si/Al Atomic Ratios and Unit Cell Parameters of the Mordenites Treated by HF(FM,) and HF +

Steaming(FM,)

Catalyst Si0,/ALO; wt. ratio  Si/Al atomic ratio Unit cell constant( A ) Unit cell volume(A?)

Average® Average®  Surface” a b c axbxc
NaM 5 3.74 18.11 20.53 7.53 2800
SMs 5 6.5 5.04 5.13 18.17 20.38 7.50 2777
FM,.. 14 9.7 10.5 18.05 20.24 7.45 2722
FM,,, 14 9.5 7.5 18.05 20.26 7.45 2724
FMi; s 18.5 15.64 13.97 18.06 20.26 7.46 2730
FM,q, 19 16.11 12.29 18.06 20.28 7.47 2736
a . XRF analysis b : XPS analysis

Table 3. Surface Compositions and Binding Ener-
638 563

gies Obtained by XPS over the Mordenites
Treated by HF(FM,) and HF 4 Steaming

(FM,)
Catalvst Surface atomic % (binding energies:eV)
atal
T o Fls Sizp A12p
NaM 65.0 (540.7) 23.2(111.2) 6.2 (83.0)
SM;;  68.4 (539.2) 26.1(109.9) 81.7)

FM,,  67.88(540.5) 1.2(693.9) 26.9(111.2) 82.9)
FMi; 704 (540.6) 1.8(695.1) 25.7(111.2) 83.0)

1 (
FM,, 687 (540.5) 2.0(694.4) 26.7(110.9) 254(82.’7)
7(
8 (
FMy,,  67.8 (540.1) 1.3(693.9) 28.3(110.0) 2.3 (82.7)
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Fig. 2. IR spectra of the mordenites treated by HF
(FM,) and HF +steaming(FM,) in the re-
gion of skeletal vibrations.
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Table 4. Surface Areas and Pore Volumes over the Mordenites Treated by HF(FM,) and HF + Steaming(FM,)

Surface area(m?/g)

Pore volume(cc/g)

Catalyst

BET Micro- External- Micro- Meso- Total

SMs s 500 485 15 0.1858 0.0312 0.2170
FM,., 571 545 26 0.2142 0.0499 0.2641
FM,4 531 459 71 0.1804: 0.0976 0.2780
FM; s 508 561 37 0.2215 0.0693 0.2908
FM,q 480 415 65 0.1620 0.1033 0.2696
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Table 5. The Acid Site Types and Strength Distributions in the Mordenites Treated by HF(FM,) and HF +

Steaming(FM,)
Bronsted acid site(B) Lewis acid site(L)) L/B ratio
Catalyst 00 2500 350C strengih®| 150C  250C  350°C strength’| 150 250  3500C
SM; 5 4.7 5.0 5.2 1.1 2.6 2.4 2.7 1.0 0.6 0.5 0.6
FM,.. 4.0 34 24 0.6 3.0 2.5 2.2 0.7 0.8 0.7 1.0
FM, 4 1.1 0.9 0.6 0.6 2.1 1.5 1.2 0.6 1.9 1.7 2.0
FM, 2.9 2.8 2.3 0.8 3.0 2.8 2.6 0.9 1.0 1 1.1
FM,q, 0.9 0.8 0.7 0.8 2.1 1.5 1.2 0.6 2.3 1.9 1.7

Numerical unit ; arbitrary unit(a. u.)

21 350°C to 150°C number ratio at Brinsted and Leiws acid sites
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Absorbance (a.u.)

il

Wavenumber (cni')

Fig. 4. IR spectra of OH band sites after calcination
over the mordenites treated by HF(FM.,)
and HF + steaming(FM,).
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Fig. 5. IR spectra of OH band sites after pyridine
desorption at 150°C over the mordenites treat-
ed by HF(FM,) and HF +steaming(FM,).
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Table 6. Conversions, Coke Amount and Gasoline, Kerosine+Diesel and VGO Compositions from Catalytic
Cracking of VGO on the Mordenites Treated by HF(FM,) and HF +Steaming(FM,) (Reaction tem-

perature : 500°C, WHSV : 24hr™")

Catalyst Conversion Gasoline(wt%) Diesel+ Kerosine(wt% ) VGO(wt%) Coke*(wt% /g-cat.)
SM; 5 37.1 15.8 2.8 814 3.58
FM,., 53.0 19.9 7.5 72.6 4.67
FM., 56.8 22.7 10.9 66.4 3.61
FM; s, 53.5 18.5 8.6 72.9 5.62
FM,q, 64.9 24.1 11.6 64.4 3.13

s total amount of carbon, nitrogen, sulfur and hydrogen obtained by elemental analysis.
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Fig. 9. The change of micropore (M) and mesopore
(O) volume before(a) and after(b) reaction
of VGO on the mordenites treated by HF(re-

action time=75 sec.).
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Fig. 10. The change of micropore (M) and meso-
pore ([1) volume before(a) and after(b)
reaction of VGO on the mordenites treated
by HF +steaming(reaction time="75 sec.).
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Fig. 11. HT-SIMDIST spectra of commercial oil
(YuKong CO.).
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Fig. 12. HT-SIMDIST spectra of products obtained
from cracking reaction of VGO on the
mordenites treated by HF(FMa) and HF +
steaming(FMb).
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Fig. 13. The fraction of gasoline and kerosine+die-
sel obtained from cracking reaction of VGO
on the mordenites treated by HF(FM, : @)
and HF +steaming(FM, : [J).
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tained from cracking reaction of VGO on
the mordenites treated by HF(FM, : black)
and HF +steaming(FM, : white).
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