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ABSTRACT

Diexel oil is high pollution fuel and the quality of this fuel mist be fmproved o obtain clean diecel il Crade oif
preodetion and fex quality tend to decrease. Light fuel ofl demand rate ix higher than that of residual fuel

Dicsel ail produced m the refineries generally consivs of predominanthe straight-run diesel oil: however, compoudy
stich ax thermatly amd catalvitcally cracked diesel oils are sometimes included. The qualine of straighe-run diesel o, sich
iy fvdrocardon fpes and sulfur content, will i general reflect the nature of eride oil. Cracked stocks either thermal or
catalvtic cracked diesel oils, contain higher percentage of aromatie, olefin and swlfur contenty and these cracked diesel
products must be hvdrogenated prior to rounting 1o finad prodiets

The passage of the Clean Air Act Amendment of 1990 in the U S A has forced Amevican reflneries to install sew
faciltties o comply with stricter specifications for fuels such as gasoline and diesel oif

Hyvdrocracking processes are a combination of dexulfurization and conversion developed primary o process foeds
faving a high content of pnsaturated hvdrocarbons folefin and polveyelic aromatics) and mon-hvdrocarbon compoimds
fselfuar and nitresgen compounds) with a hifunctional catalvst. A variety of bifunctional catalvsty and processing designs
many' b used commrercially depending on the feedstock wuxed and desived prrodincis,

Intluence of both feedstock compasitions (paraffinic and ron-paraffinic vacium distiflare, and wax) and the acidity of
Fifunctional catalvsts on the performance of hvdvocracked diesel oil products are discassed brieflv in this apir

Law vield or selectivity of diesel oil products by high catalvst acidity, it is suggesied that the kigher secondiry apditiing
haas taken place in converting cracked products mto large amounts of low-molecular weight hydrocarbons such ay gasoline
arcd LPG. High diesel index product of the paraffinic feedsiock due to the high paraffin content of the produced diesel ol

L INTRODUCTION such as gasoline and diesel oil. With these passage and
Diesel oil i1 hgh pollution fuel and the quality of this other environmental legislation in the U.S.A., and abroad,
fuel must be improved to obtain clean diesel oil. Crude oil refiners began installing hydroprocessing technologies 1o
production and its quality tend 1o decrease. Light fuel oil clean up cracked stocks from those thermal and catalyiic
demand rate s lhugher thin that of residual fuel /'1, crackers. Specification of clean diesel oil 15 given in
Mesel oil produced in the refinenes generally consists Table 2 M1,
of predominantly straight-run  diesel oil; however, Hydrocracking processes are a combination of
tn_ilnput!nds such s thl:rrrna”}' and catalvuically eracked desulfurization and conversion developed primary 1o
these] onls are sometimes 'F":'"d""d' y process fecds having o high contemt of unsaturated
The quality of straight-run diesel oil. such as hydrocarbans (olefin and polycyclic aromatics) and non-
hydrocarbon types and sulfur content, will in general hydrocarbon compounds {sulfisr and nitrogen compounds)
reflect the nature of crude oil, Cracked stocks either with o bifunctional catalyst A variety of bifunctional

thermal or catalytic cracked diesel oils, contain higher catilysts and processing designs may be used commercially
percentage of aromatic, olefin and sulfur contents and depending on the feedstock used and desired products
these cracked diesel components must be hydrogenated

prior o routing to linal products. Sulfur content and diese] Influcnce of both feedstock compositions {paraffinic
index of those digsel oil components is shown i Table 1 17, and non-paraffinic vacuum distillate, parafTin and wax ) and

The passage of the Clean Air Act Amendment of 1990 the acidity of bifunctional catalysts on the performance of
in the U.5_A has forced American refinenies to install new hydrocracked diesel oil products are discussed briefly in
tacilities 1o comply with stricter specifications for fuels this paper.
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Table 1
Relation between sulfur content of diesel oll
components and their fesdsiocks
Diesel ail Sufur content, wi.
componmnts Foodstock | Gas oll product
Stramght-run 1.15 1.05
Dnened oil 201 0.80
310 1.45
315 1.85
Tharmal-cracked 235 1.05
Chpsal ol b ] LB5
Catabytic-cracknd 1.50 075
Diesal ol 1.85 1.55
Table 2
Cotane number and spacific gravity
of diesel oll components
Diesal oll Specific gravity Cetans
companents 60180 “F number
sirasghl-rum
Chesal oil
- Paraffinic (13- F g2.0
0.823 57.0
NLE3s 5S40
(LBas 505
- Internadiate 0869 410
= Maphitwonic (L8849 25
Thenmal crackod
- Chpsal il 0.67a 4510
Catalytic cracked
Diesed ol g4y 4710
0,851 a0
0872 5.5
Hydrocracked
| Dipsaf gl 0823 £2.0
Table 3
Current ASEAN vs. clean diasel oll
Cetane numbsr 4547 | 4B a2
TE0, oL - - a5 !
Afmmalics, vl . 10 -
Polyaromatics, vol % - 14 -
Saullur, ppm 2500-8.000 500 &0

. HYDROCRACKING OF VACTUM
DMSTILLATE

A, Influence of Feedstock Compositions

Hydrocracking of paraffimie vacuum distillate (PV)
non-paraffinic vacuum distillate (NPV) and  paraffinic
wax (WAX) with, low catalyst acidity of Ni-Mo/ALD, 15
presented in Table 3 1%, '

By increasing conversion of both PV and NPV
feedstocks, the vield and selectivities of diesel oil products
decrease, but the diesel index of these products increase,
PV feed gives high yield and selectivity of diesel il
products than NPV-feed Higher diesel oil products are
given by the higher parnffinic content or lower undesired
aromatic conlent of used feedsiocks, At 30% by wvol
feedstock conversion with low catalvst acidity, the
selectivity and diesel index of diesel oil products are 45%
by vol. and 51.5; 65% by vol. and 71.5; 55% by vol. and
B7.3 for NPV, PV and WAX feedstocks respectively

Typical hvdrocarbon structures present in heavy
distillate consist of three groups ie., paraffins, single-nng
naphthenes and aromatics, and polycondensed naphthencs
and aromatics { Table 4) %7

The preferred diesel oil structurés are lagh paraffin
conlent and low content of both single-nng naphthenes and
ArTmAtics,

The high diesel index of dicsel oil products of
hydrocracking ol those PV, NPV and Wax feedsiocks with
low acidity bifunctional catalyst sugpest that undesirable
polycondensed naphthenes and aromatics components of
the feedstock has been converted into the preferred diesel
oil molecular structures. Sammation of polveonduced
aromatics, opening of some of the naphthenes rings and
cracks of paraffins occurs with the following reaction
mechanism. The partisl hydrogenation of polyevelic
aromatics over hydrogenation function catalyst, followed
by rapid sphitting of the suunited ring to fonm substitute
monocyelic aromatic by bath hydrogenation and acidic
functions of the bifunctional catmlvsi

With bifunctional catalver, high molecular weight
paraffins cracked into low molecular weight paraffins over
bifunctional catabyst

Lower diesel index of hvdrocracked products of higher
undesired aromatic content of feedstock, at is suggesied
that the higher undesired aromatic content {single and
multi-ning aromatics) of s hydrocracked diesel ml,

Al high feedstock conversion it appears that the
cracking of products can continue 1o produce lower
molecular weight products and also hydrodecyelization of
single ring naphthenes and aromatics into 1sopamffins.
These reacticns lead to lower yield or selectivity of diesel
oil product wath higher diese] index.
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HYDROCRACKING OF HEAVY DISTILLATE

The heavy gas oil from petroleum coking, and catalytic
cvele oil are more difficuli to hydrocracked than the same
fraction dersved directly from crude, because of their higher
content of palveyclic aromatic hvdrocarbons which are
alkylated (Table 45 7,

The growing importance of processing heavier
petrateum feeds raises a number ol impartant technical and
screntific questions. In particular, the effect of orgamically
complexed metals on catalyst processes is of great
sipnificant since vanadium and nickel of ten oecur in such
feeds at 15 100 ppm levels. Metal effects can be physical
plugging catalyst pores or chemical: reacting white active
sites or the support 1,

Hydrocracking of the heavy disnllate feedstock may
product clean diesel oil products comtaining sulfur impurity
up lo 0.005% by wt, and undesired aromitic hydrocarbons
of single-ring aromatics up to 12.5% by wi and multi-ring
aramatics up o 4.5% by wi

B. Influence of Catalyse Actiding

Hydrocracking of paraffinic vacuum distillate with
high catalyst acidity of Ni-Mo/ALO -S10, s given m
Tahkle 3

By increasing feedstock conversion bath low and high
catalvat acidities decrense yvield and selectivity but the
thesel index of diesel oil products increase. Low catalyst
acidity produces high yield and selectivity, and low diesel
wichex of diesel oil products than that of high catalyst
acidity

Al 50 by vol. feedstock conversion of paraffinic
viscuum distillate, selecuvity and diesel index are 65% by
vol. and 73.5; 42% by vol. and 77.0 for low and high
catalyst scidities respectively.

The low diesel ndex, and high vield and selectivity of
diesel ol products of PV-hydrocracking with low acidity
bifunctional catalyst, it is suggesied that the low conversion
of undesired polycondenced naphthenes and aromatics into
single ning naphthene and aromatics. and also low rate of
paraffin eracking into desired product of lower molecular
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weight by this low catalyst acidity, With catalyst of higher
acidity, the secondary spliting takes place, as a
consequently  if the higher acidity of the catalvss
converiing cracked product into large amounts of low
molecular weight hydrocarbons.

The highly acidic catalysis are very sensitive 1o
nirogen compounds in the feed, which break down under
the conditions of reactions 1o give ammonia and neutralize
the acid sites. As many heavy distillates contain obstantial
amounts ol nitrogen (up to approx 2500 ppmja purification
stage is frequently required to reduce up 1o about 10 ppm
{Lepage).

Excessive acidity of bifunctional catalyst tends 10
cause coke, but this can be overcome by preventing the
adsorption of alefinic molecules on 1o the catalyst with
uhitization of high hydrogenation functionality.

Represemiative bifuncuonal catalysts are Ni-Mo or
NIW on amorphous silica alumina for mild bydrocracking
ar for praduction of middle distillie. MiMa or NIW on
#enlive con be more active and crack mainly to gasoline and
jet fuel products.,

Some portion of the reaction is probably thermal mther
the catalytic due to the insufficient surface area and
macropares o allow easy movement of large heavy
distillate molecules. The amount of coke deposited has
been found 1o be functional of catalyst pore diameter.

Catalyst coke content has been also found 1o decrease
with increasing catalyst sulfur content, and wite increasing
content of alkaly metal cations. The circulation of large
quantities of hydrogen wite the feedstock prevents
excessive catulyst fouling and permuts long runs without
catalyst regeneration

The primary mechanisms for catalyst desctivation are
pore mouth plugging, metals poisoning, and coke
deposition. Catalyst compaosition, particle size, shape, and
pore structure must be  manipulated 10 achieve an
(U T HTTER

Table 4
Hydrocracked diesel oil of various types feedstocks
Typo of fesdsiocks Hom-paraffinie vacuumn distillabs Paraffinic vaouum distillabe Parafinic

WA
400" [ aw* | aw 30 a0 a0’

Sy TN T T T T T R woA | LCA
Fesdslock covermm. vl % | 0108 | 807 628 | 4351 | 4043 | 38 | som | m35 | 6301 | 5045
Duwrsel ol prociucts.  pisks vl % 2047 L) L] mn xam 5% ns Fa Ll 334 789
Sety. peidval® | 5082 | G757 | 4583 | 62z | mamd | v | e | mw | s | ssw
Diesei ingux 483 5.5 4 n | ear | m2 | rasm | sz | w2 | a3

Frite LT andd HCA = Low carkatydl mookly mnd hgh =aishysd scity.

T
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1L CONCLUSION

¥
b

By increasing feedstock conversion, the yield and
selectivity of hydrocracked  diesel o1l products
decrease. but the diesel index of these diesel oil
products increase. Diesel index of hydrocracked diesel
oil products increases the paraffinic content of
feedstock, ie., non-paraffinic vacuum distillate <
paraffinic vacuum distillate < paraffime wax, Low
catalyst aesdity gives high vield and low diesel index of
hydrocracked diesel odl products than that high catalyst

acidiny,

2, The hydrocracking catalyst must be developed 1o obtain

a halance between hydrogen transfer functionality and
cracking functionality to achieve the decided state of
product  without coke deposition. The extreme
versatality of hydrocracking with respect to its ability
to process o wide variety of feedstocks o a wide
vaniety of desirable products  has  made  this
hvdrocracking process the leading process for
production of clean diesel fuels
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