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Abstract—The hydrocracking and hydroisomerization of n-heptane were studied over Ru/La-Y based catalyst,
and as an experimental apparatus a CATATEST minipilot licensed by IFP was used in this study.

Co and Ni were used as promaoters, so the effects of promoters impregnated into the prepared catalyst were observ-
ed. The results showed that the order of the magnitude of activity of each catalyst was Ni-Ru>Co-Ru>Ru-atalysts, -
and that the promoters Ni and Co increased the activity of hydrocracking and isomerization, and they had an in-
hibiting effect on the secondary splitting.

Through an experiment on the deactivation of catalysts, it was confirmed that coke formation on the catalysts sur-
face and sintering of active sites deactivated the catalysts.

In a study of the turnover number of each catalyst used in hydrocracking, it was revealed that all of the reactions
were structure-sensitive.
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Fig. 1. Flow diagram of catalysts preparation.
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Table 1. Notation of catalysts
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Composition

Contents
Catalyst

Method of Preparation

RRC Ru 1wt%/La-Y
RRNC Ru 1wt%-Ni Swt%/La-Y
RRCC Ru 1wt%-Co 5Swt%/La-Y

Rotary vacuum evaporation
Ratary vacuum evaporation
Ratary vacuum evaporation

Table 2. Physical properties of catalysts

Catalysts B.E.T Surface PoreVolume Bulk Density Apparent Density
y Area (m%g) (cm¥g) (g/cm?) (g/cm3)
RRC 530 0.61 0.69 1.1
RRNC 490 0.56 0.72 1.3
RRCC 490 0.56 0.72 1.3
La-Y 550 0.64 0.673 1.05
Ag Fols 110CelA 24417F Fab 24713, 1S Plasma) #3#471% ol&ajairt, w3 244 5%
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Table 3. Characterization of catalysts

Amounts of
. . . Metal Surface Percentage of Particle Size of
Catalysts No. of Active Site Area (m%g) Exposed Metal (%) Metal (nm) Supp(:\r;t:; )Metal
(4
RRC 5.4646 x 1018 1.3669 18.65 3.0 0.987(Ru)
RRNC 2.7263 x 1019 3.4730 10.58 7.6 0.902(Ru)
4.721(Ni)
RRCC 2.7620x 1019 3.6100 10.40 8.5 0.905(Ru)
4.889(Co)
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Table 4. Effect of catalyst deactivation with coke formation
atalysts
m RRC RRCC RRNC
Time on Stream ¢hr) 5.2 7.5 35 8 17.7 37 6 12.5 36
Coke (wt%) 5.2 14.9 25.9 2.3 7.8 16.9 25 7.6 14.8
Conversion (%) 60 40 16 78 58 26 84 64 33
Deactivation (%) 10 30 52 10 30 62 10 30 59
Table 5. Characteristics between new catalysts and aged catalysts
Catalysts RRC RRCC RRNC
New Aged New Aged N Aged
Content € € e ge
Number of Sites 5.4650x 1018  4.2623x 1018  2.7620x 101  2.4300x 1019 2.7264x 1019  2.4265x 1019
Metal Surface 1.367 1.066 3.610 3.177 3473 3.091
Area (m%g)
Percentage of 18.65 14.55 10.40 9.15 10.58 9.41
Exposed Metal
Particle Size of 3.0 3.5 9.3 7.6 8.0
Active Site(nm)
Rate of Decrease 22% 12% 11%
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Table 6. Product distribution from hydrocrack-
ing of n-heptane, (Imol)

RRC RRCC RRNC
0.11 0.06 0.02
0.20 0.05 0.03
0.60 0.62 0.67
0.70 0.75 0.77
0.40 0.45 0.42
0.02 0.02 0.01
0.01 0.01 0.01
0.05 0.04 0.03
0.07 0.03 0.01
0.01 0.08 0.05
Total 2.28 2.09 2.02
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Table 7. Effects of promoters and additive on turnover number

Contents

Particle Amounts of Sites T, Turnover No
. -1
Catalysts Size (nm) (No/g) (mole/g cat.hr) (sec™D)
RRC New 3 5.4645x 1018 0.0130 39.8x1072
Aged 3.5 4.2623x 1018 0.0053 20.9x 1072
RRCC New 8.5 2.7620x 1019 0.0243 14.7x 1072
Aged 9.3 2.4300x 1019 0.0086 5.96 x 1072
RRNC New 7.6 2.7260 x 1019 0.0233 14.32x 1072
Aged 8 2.4265 x 1019 0.0133 7.8x1072

siarEst HI28Y KI3E 1990 62



x1®" RuA Z91E& | £ n-Heptane 9

gobgol we} x|
©}o) 4% 7Foz 3

w3} %UH,{ k) El:o]
o a4l 4

o2 R,

Ruol Nieju} Coxch 443 Bafjulge] Sdx
7 & Ao 2 debdAlat Ru$ 348t 288 wlojx
A e A FURHA dE Aol dAizkAl me
A 77 ol £

vebd Aol wlde] 2w, Co9t Ni
14 4—%— AR, 2284¢ 24
o g Zeiqizt 2719 wsts 7}

B Fufitol A uhgol Adgo] wel Fof4t
of EAste 844 471 Wsteln ZeiglA 207} =
7¥ele 743-E Meol™ turnover number & 3lsH=
eg ®ol & uR3-0 structure sensitive 2o g

49 4 3ich,

5. 2 &

248 RuA Zo§E o|€3 n-heptane o 443}
7 ol shihg Sl

Bajakg st H dTelA ot
e ZES AT
1, Alz" 7} Zoje] g4 s 37]= Ru-Ni/La-Y>

Ru-Co/La-Y>Ru/La-Y Zol] {o|olm o]d4Zu)e]
et AL st Faiks o ol sy 4
5 7, =3 oA Falukee] a2
Al Az

2. THESH YAkl o3 HAis olUTEFo0e
turnover number & FHlFREE 2Rl F37]%50]
Fol 33 AL AR ew 230 97 Feid =

Fg-o] A8y
3t 23l

L.
e
(o] b3
e akgo 2 3t

]
NOMENCLATURE
A, : chromatogram area of i species
AV, : slope of calibration curve
H.C. : hydro carbon [n-heptane]

Fa3h 2o o Ysigel B4

HyH.C :

“gEv = =z3

w N

11.
12.

13.

14.
15.

17.

18.

19.

IF

263

: feed rate [mole/hr]

hydrogen to n-heptane mole ratio [mole/
mole]

: mass flow rate of gas products [g/hr]

: molecular weight of i species

: reaction rate [gmole/cmB, sec or gmole/g-hr]
. selectivity of i species

. catalyst weight [g]

: contact time [gcal.hr/mol]

: conversion [%]
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