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Abstract—The catalysts of CoMo/silica-alumina and those mixed with steamed HY and H-mordenite were
used for hydrocracking of a vacuum residue in a high-pressure batch reactor. The catalysts were characterized
by temperature-programmed desorption of ammonia and nitrogen adsorption. The catalysts containing the
zeolite had the more acid sites and two kinds of pore size: macropore(about 600 &) of silica-alumina and
secondary pore(about 40 &) of the zeolite. The catalyst containing HY improved the cracked yield and selectiv-
ity of light 0il(Cs-Co). However, the catalyst containing the H-mordenite which have not a secondary pore
showed lower activity, but slightly increased the conversion of asphaltene than that with HY. Therefore,
the primary cracking of vacuum residue occurred in the large pore of silica-alumina and then the cracking
continued in the secondary pore of zeolite and finally in zeolite micropore. It was found in conclusion that
the control of the secondary pore in zeolite played a important role in the hydrocracking of the vacuum
residue.
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Table 1. Characteristics of vacuum residues

Specifications YK-VR SL-VR KU-VR
Specific gravity(d®) 1.0125 0.9562 1.0148
Conradson carbon residue 22.1 115 20.3
(wt%)
Elemental analysis(wt%)
H/C(mol ratio) 15286  1.7048 14129
C 84.0 87.1 844
H 10.7 124 105
N 05 0.4 0.5
S 46 02 48
Metal(ppm)
Vanadium 84 1> 130
Nickel 51 31 29
Solvent fractionation(wt%)
Saturates 224 471 25.1
Aromatics 36.1 274 48.1
Resins 14.2 233 19.3
Asphaltenes 269 2.2 75
H-NMR
H, 6.4 3.2 5.6
H, 10.3 6.1 14.3
H; 53.9 75.1 60.5
H, 274 15.7 16.2
Infrared spectrum
3,030 cm™! log(I/1y) 0.012 0.009 0.021
2,920 cm ! log(I/Lo) 0.578 0.673 0.723
f, 0.270 0.170 0.290
Number average 788 1060 920

molecular weight(Mn)

© *f,: aromatic fraction

Table 2. Specific surface area and total pore volume deter-
mined by nitrogen adsorption for various cata-

lysts
Specific BET Total pore
Catalysts surface area(m?/g) volume(cc/g)
PCoMo/Al,O5(HDS344) 202 0.5249
CoMo/AlLOy(HDS444) 234 0.5685
HY 483 0.3528
HM 499 0.2637
CoMo/SA(Silica-Alumina) 338 0.4119
CoMo/SA(Y-25) 153 0.5004
CoMo/SA(Y-33) 193 0.5257
CoMo/SA(Y-50) 231 0.4679
CoMo/SA(M-33) 149 0.4164
CoMo/SAM-50) 177 0.4267

*The numerals of catalysts in parenthesis mean zeolite
weight %
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Fig. 1. Pore size distributions for various catalysts.
a: CoMo/Silica-Alumina, b: HDS344, c¢: HDS444
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Fig. 2. Pore size distributions for CoMo/SA mixed with
H-mordenite(CoMo/SAM).
a: H-mordenite treated 3 times with steam at 400
T, 6 hr, b: CoMo/SA mixed with 50 wt% H-mor-
denite[ CoMo/SA(M-50)], c: CoMo/SA mixed with
33 wt% H-mordenite[ CoMo/SA(M-33)]
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Fig. 3. Pore size distributions for CoMo/SA mixed with
zeolite HY.
a: Zeolite HY treated 3 times with steam at 400C,
6 hr, b: CoMo/SA mixed with 50 wt% zeolite HY
[CoMo/SA(Y-50)], c: CoMo/SA mixed with 33 wt%
zeolite HY[CoMo/SA(Y-33)], d: CoMo/SA mixed
with 25 wt% zeolite HY[CoMo/SA(Y-25)]
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Fig. 6. Yield distributions as a function of reaction times
for CoMo/silica-alumina catalyst(cat./oil = 0.05, re-
action temp.=400°C).
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Table 3. The yield distilled at 350°C for various cata-

lysts
Catalysts Yield(%) |Catalysts Yield(%)
HDS344 16.7 CoMo/SA(Y-33) 233
HDS444 17.3 CoMo/SA(Y-50) 235
CoMo/SA 18.0 CoMo/SA(M-33) 189
CoMo/SA(Y-25) 24.0 CoMo/SAM-50) 164
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Fig. 7. Products distributions for distilled fractions at 350

°C(cat./oil=0.05, reaction temp.=400°C, reaction
time=S5 hr).
A: CoMo/Silica-Alumina B: CoMo/SA(M-33)
C: CoMo/SA(M-50) D: CoMo/SA(Y-25)
E: CoMo/SA(Y-33) F: CoMo/SA(Y-50)
G: HY H: HM

Table 2¢14 & &= 3l whs} o] Erjijeles}
4 Zo)9) v EHRL A gelolE YE BT A
vigsht A 46X A7 g &+ ok
ol9} e ol Fig 2, 3014 4044 %9 AT A
2elolE 23} HFo) whgh Axmel upe} xjo)s} wy
£¢ ¢ F doh Zrivolesl E4E A$E 23 Al
ol wgHA ool AFY JFIH Za7} A7A
A 84 e doslA "ok gebA o]y 29
PAe wg FAo| e 1o A7y 5 grH15].

Table 3o+ #H|&etolE 2] Feko wp2 350T
ZFE9) $8& $4y ALeo)E Yo gt 4o
o ZAR Ae A e vhehhz ek
a2y Fig 79 4482 2o sleide +23 A
22hol E YR gl Z7hatel wheh AW 48
Cs-Co®l 580 ZA 2718} & Al g2olE Yo 0|
AF 134 A5 404 3 10048 g2 74 202
23} AT 223 6008 o) HFoz TA=E WA
409 AT A DAL DAHo R Res o
olvke ®4oE ¥ 4 itk mrivelEs} Egd
%9 A 600349} AT AgetolE 13}
ARk 23 F39) 23 Algel glel AlF T4 By

Table 4. Coke and gas yields for various catalysts at 400
°C, 80 kgf/cm?

Catalysts Coke(%) Gas(%)
HDS344 13.07 4.15
HDS444 7.87 483
CoMo/SA 3.30 444
CoMo/SA(Y-25) 7.18 5.06
CoMo/SA(Y-33) 4.89 742
CoMo/SA(Y-50) 9.10 745
CoMo/SA(M-33) 6.35 5.87
CoMo/SA(M-50) 5.00 8.29
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Table 5. Asphaltene conversions for various catalysts at
400°C, 80 kgf/cm?

Catalysts Conversion Catalysts Conversion
(%) (%)
HDS344 434 CoMo/SA(Y-33) 56.6
HDS444 26.4 CoMo/SA(Y-50) 61.2
CoMo/SA 51.6 CoMo/SA(M-33) 516
CoMo/SA(Y-25) 61.0 CoMo/SA(M-50) 674
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