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ABSTRACT

_ Inmﬂuﬁﬂbﬂhm&dﬂﬂmmrwmruﬂpﬂmmmmmm
smdy the hydrocracking of vecuum distillate into muddle distillate with operating conditions ! temperature ;

390° to 420°C; LHSV : from 0.45 to 0.90; presmire : 125 kefent” and HofHC ratio : 1000 ltfit by using
] Nﬁﬂafﬂfzﬂs-ﬁ‘m} catalysts with varicus particle gizes using a Catatest umit operated in @ comtimuous g5
Eem.

Crar product somple way analysed by using a gov-liquid chromatography, The Hguid product were frac-
Sonated and bortom products was dewaxed by solvent dewareing,

Based on the expertmental dara show thar ;

By mmmmwm,mﬁmmarmmmaﬂhmweﬂﬁwa
cutalyst, the conversion rate, the quality of the middie distillate, ard the hibricant bave stocks products fn-
crense, but the relectivity of rhese products will decrense.

- At operating conditions T'=400°C, P= 125 kefene® ; LHSV = 0.45; and Ho/HC ratio : 1000 ltfit, the conver-
sion rate, smoke point of kerosene, diesel index of gas olf, viscosty index of fubricant base stock decragse
drom : 54.08 1o 50.08 % by weight; from 22 to 16 mm, from 62.0 to 37.7 and from 133 to 118 for the low
mmmmw&mqmmwdrzﬂﬁm?mnmﬁm.

~ The apparent activation energy of vacuum distiliote is obtained 28.71 7 and 23.720 kealimol for the low par-
Hele size and the high particle size of the NiMo(Al0 505 catalyst respectively,

Hydrocracking catalysts are  bifunctional,
INTRODUCTION contuining both hydrogenating and cracking sites, The
best choice of catalysts for o specific objective requi

Hydrocracking of heavy petroleum converss i particular balance between these two ﬁm:ﬁ

undersirable hydrocarbons and other compounds, (Myers, C.G., et at., 1962),
ed in the original feedstock into hydrocarbon g

possesing properiies which make them sudi- Mechanism of hydrocracking process is the

for blending into lubricant base stock or fucls.  formation of the carbonfum jon 8s an intermediate

- H., elal., 1961; Watkins, C.H., and Webb, molscule, which then gives the finat products, charac-

1963} terized by 8 majority of branched paraffin isomars

-"ﬁ—muil"nmum:muru.m&mu_wnm
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and the virtual absense of small fragments (methane
and ethane). (Coonradt, H.L,, and Garwood, W.E.,
1961)

The kinetic of hydrocracking process greatly
depends on the operating conditions, such as hydro-
carbon compogition of feedstock, type of catalyst,
pressure, temperature, hydrogen-ydrocarbon ratio,
{(Woorhiers, A., ctal., 1962; Rapp, LM., and Van
Driesan, R.P., 1965).

The versatility of hydrocracking process with
respect o the varely of feedstock charocieristics gives
rist to an interesting case to study  ie. Hydrocrack-
ing of vacuum distillate of Minas waxy residue; Hydro-
isomerization of paraffin wax, snd Influence of the
catalyst acidity or the hydrocracking of Minas vecuum
distillate. (Nasution, A.5., 1973, 1980, |984),

In order to gain more data on the hydrocrack-
ing process, mn eXxperiment has been carried oot o
study the influence of the particle glze of catalyst on
the hydrocracking of vecuum distillate into middle
distillate and lubricant base stock with the operating
conditions : Temperature from 3907 to 420°C, Press-
ure : 125 kg/em®; Hy(HC ratio : 1000 I/} and LHSV :
from 0.45 to 0.90 using Ni-Mo/ Al 04-510, catalysts,
A catalytic sctivity test unit operated in a continweous
system was used in this experiment,

. EXFERIMENTAL
A, Regetanty

Vacuum distillate with boiling range 350% —
550°C has bean used as feedstock at this experiment.
The ssphaltene content of this feedstock is 0.05% by
weight,

The clectrolytic hydrogen has been purified
from oxygene compound by passing this hydrogen
into Deoxo catalyst and then followed by drying in
the molecular sieve. The purified hydrogen has a pu-
rity 99.5% by volume,

Ni-Mo/Aly04-5i0, catalyst is the type com-

10

monly employed in hydrocracking process of heavy
distillate.

FProcedure

(=1

Apparutus

The hydrocracking of vacuum distillate was
carried out in & catalytic activity test unit which can
be operated in continuous system (Fig. 1) The vol-
ume and inside diameter of reacior are 220 cc and
19 mm respectively. The reactor temperature is regu-
lated automatically.

80 cc of the catslyst was charged (o the reac-
tor and the catatest unit brought to the operating
pressure with hydrogen. The reactor was then heated
to about 250°C and kept at this temperature for two
hours, while hydrogen was recirculsted at desired rate.
The feed pump was then started and the operating
conditions carefolly adjusted in this pretest period.
Afgr the density of the product become constant, the
pre-test pericd lquid product was removed ; then & test
rin of ten hours was cardad out,

Gas and liquid product smples were taken
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om gas an liguid samples respectively and these pro-
cts were then analysed.

Method of Analyss

Liguid products were fractionated 1o get the
lowing cuts : [BP-80"—150"C, 250°—380°C, whers
%y distillation apparstus; with the 30 theoretically
e, aperaled by 4/1 reflux ratio, was wssd,

The > 380°C bottom product was dissolved
methyl-ethyl ketone, the weight ratio being | : 5;
the solution slowly stirred and cooled at -20%C,
wing the wax to crystallize. The solidified mixture
filtered at -20°C, By suction, using 3 filtered
ch wis kept at -20°C. The oil yield; defined 3 the
hit percentage lubricant hase stock in the renction
Guct, can be calculatad. Hydrocarbon compaosition,

ke point, diesel indax, and viscosity index of cuts ;

"~150°, 15092507, 250°-380°C and lubricant
e siock respectively are determined.,

RESULTS AND DISCUSSIONS

Experimental data of hydrocracking of distil-
¥acuum are shown in Fig. 2,3, 4,5,6.7, 8 and

- These experimental data will be discussed in
s following topics

mbution of hydrocracked products
eristics of hydrocracked products.
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ce of feedstock conversion on the density of
product using 2.5 mm of catalyst particle size
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Influence of feedstock conversion on the density of
liquid product using 5.0 mm of catalyst particle size
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Influence of feedstock conversion on the diesel mdex
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Influence of feedstock conversion on (he viscosily
index of lubricant hase stock product

A Distribistion of Hydrocracked Products

By increasing the particle size of Ni-Mo/
M:ﬂ;—ﬁﬂz catalyst from 2.5 to 5.0 mm, it was ob-
served o3 follows -

, Infiuence of feedstock conversion (X % by weight)
an the density of liguid hydrocracked products
(d420) decreases from 0.120 to 0.098 respectively.

, The feedstock conversion and vield of maln products
{kerosene, gus oil and Jubricating bage stock ) decrease
from 54.19 to 50.08 and from 69.96 to 58.90 % by
weight respectively.
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Influence of feedstock conversion on the hydro-
carbon composition of hesvy naphtha product
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Arthemios Plof of hydrocracking of vacunm distillate
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. Heawy maphths snd wax products imcressé from
22.39 to 36 45% by weight and the 80°C product
increases from 7,75 10 5.07 % by weight.

By increasing the Hquid hourly space velogity
(LHSV) from 045 1o 0.20 ot the operating tempers-
ture : T = 400%C using 2.5 mm of catalyst particle
size, it was obiained thar :

. The feedstock conversion end vigld of main products
decreass from 54,19 lo 33.656 and from 6986 1o
49.73 % by weight respectively.

. Heavy naphthe snd wax products incrésse from
22.39 1o 4648 % by weight, but the B0?C product
decrease from 7.75 10 4.69 % by welght.

Sgdgntifio Contribution 18E5/2




By increasing the operating temperature from
3907 to 420°C, it was found as follows :

The feedstock conversion and the middle distillate
. product (kerosenc and ges oil) increase from 3535
to 78,05 from 2798 to 54.12 % by weight respect-
Ively. And lubricant base stock product decrease
~ from 35.74 to 5.47 % by weight.

. Heavy naphtha and the 80°C products increase from
3.07 to 12.75 and from 4.78 to 1125 % by weight
respectively. And wax product decreases from 28 .88
to 16.41 % by weight.

_ If the feadstock conversion (X) is proportional with
the rate constant (k) of vacuum distillate hydro-
cracking, the apparent activation energy (E) of this
wacuum distiffate hydrocracking can be cabculated
by using the Arrhenivs equation. The apparent acli-
wation energy is obtained 28.717 and 23,720 kesl/
mole for low particle size and high particle size of
the Ni-Mo/Al,04-510, catalysts respectively.

Characteristics of Hydrocracked Products
Main Products

By increasing of particle size of the catalyst
om 2.5 to 5.0 mm, the quality of main products de-
pemer & follows :

Point of Kerosene product decreases from 22
3 19 mm.

; Index of Gas-¢il produci decreases from 62.0
1o 57.7
s Tndex of Lubricant base stock product de-
3 from 133 io 116.

If liquid hourly space velocity (LHSV) Is in-
gased from 045 to 0.90, the quality of main pro-
15 decreases as follows |

pke Point of Kerosene product decreages from 22
» 18 mm.
el Index of Gus-oil product decreases from 62

from 390% to 420°C, the quality of muin products in-
ereases as follows -

. Emoke Polnt of Kerosene product increases from 1B
to 21 mm, _
. Diesel Index of Gas-cil product increases from 50.5
to 64,1

. Wiscosily Index of Lubricant base stock mcreases
from 109 to 135,

2. By Product
products are obiained & follows -

. (N + 24) content and the C4+/C L, matio increases
from 7130 to 72.80% by volume and from 33.27 to
62.58% by weight for 2.5 and 5.0 mm of catalyst
particle size respectively.

. At LHSV = 0.45 and 0.90 the (N + 2A) content in-
creases from 7130 to 8330% by volume respective-
by.

. By increasing ihe operating tsmperature from 390°
10 420°C, the (N +2A)content decreases from 78.99
to 59.96% by volume, and the Cq+/C)Cy matio in-
cregses from 22.18 to 63.02% by weight.

Low hydroconversion of feedstock maolecuies
and low apparent activation energy of vacuum distil-
late hydrocracking with high particle size Ni-Mo/
Aly03-5i0, catalyst show that diffusion rate of these
feedstock molecules appears a3 a rate control or deter-
minated rate of this hydrocracking reaction. (Thomas,
J M., and Thomas, W.1., 1967}

At high Gquid space welocity (LHSV) or short
residence time of fesdstock in the catalyst zone, the
hydroconversion of hydrocarbon molecules of vacuum
distillate will be low. {Scoit, I.W., etal., 19600

By Increasing the operating temperature, the
molecules of vacuum distillate feedsiock and of crack-
ed products can diffuse Into micropores of Ni-Mo/
Al 04-5i04 catalyat, where these molecules encoun-

ter many strongly acid site of this catalyst. (Sullivan,
RF.etal, 1961).

Thus a high severity of vacuum distillate hy-
drocracking is bow particle size of the catalyst, low
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liquid hourly space velocity and high operating tem-

perature. At this operating condition, hydroconver-

sions of molacules of distillate vacuum will be pro-

ceeded as follows *

. Hydrogenatlon of high aromatic inle naphthene rings
and followed by hydrodecyclization of these naph-
{hene rings into alkyl appendsges or side chains on
other less densed centred molecular structures, In
some ¢ases this gives high viscosity-index of lubricant
base stock, with a dowmward hook in their viscosity-
temperature curve ot low tempersture. (Billon, A.,
etal, 1969),

. Hydroisomerization and hydrodestruction of hydro-
carbons of wacuum distillate feedstock with forma-
tion of high quality of lighter fuel oil frection such
as kerosene and gas oil. But (N + ZA) content of
heavy naphtha decreases. (Breimen, F., 1957).

Iv. CONCLUSIONS

By increasing the operating temperature and
decreasing the particle m.uufm-hlnjﬁllﬂri-ﬂﬂl cuts-
tyst, the conversion rate of vacuum distillate, the qual-
ity of the middle distillate, and the lubricant base
stock products increase, but the sclectivity of these
main products will decreases.

At the operating conditions : Temperature :
400°C, Pressure : 125 kglem®, H,/HC mtio :

1000 1t/1 and liquid hourly space velocity : 0.45 the
conversion rate of vacuum distillate with low particle
size and high particle size of Ni-Hﬂ.l'Alzﬂ_TSiﬂl gata-
Iyst, is obtained as follows :

. Copversion rate - From 54,08 to 50.08% by weight.
. Yield of maln  : From 69 86 10 58.90% by weight.
products
. Smoke Point of ; From 22 10 19 mm.
keroseng
. Diesel Index of : From 620 to 57.7
gas oil
. Viscosity Index : From 133 to 118.
of Lubricant bose
stock

. (N +2A) content : From 713 to 72.8% by volume.
of heavy naphtha

The apparent sctivation energy of vacuum dis-
tillate hydrocracking is found : 28.717 and 23.720
keal/mole of the Ni-Mo/Al,05-8i0, for low particle
size and high particle size of catalysts respectively.

Based on these experimental data, it can be
concluded that the particle size of the Ni-Mo/Al,04-
5i04 cotalysts, the liquid hourly space velocity and
the operating temperature are, an important varinble
on the performance of hydrocracked products.

Optimal operating conditions can certainly by
achieved by variation of other parameters, such as
prmu:u.!-h!ﬂﬂ:lﬂmmdtﬁ:ﬂfﬂmmﬂm
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