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DI 511 LLATE UPGRARQ NG PROCESS FI ELD OF THE | NVENTI ON Thi*s invention rel ates
4t03a.process for upgrading distillate feeds—~ Both kerdsene type jet fuels
and | ow aromatjc diesel fuel may be produceg_ln separate bl ocks over the
same catalyst or dual catalyst system thereby pronoting unit flexibility.
A feed of |ow heteroatomcontent is used to produce | ow aromatic diesel
fuel, and a feed of high het e DISTIDLATE @PCRADINGC®ROCESSoduce jet fuel.
Usually a single fixed bed reactor is used in this invention as the
reaction zone. In sone situations, particularly in the case of a two
cat al yst syst GRELDVOR THE INVENEION s nay be used. BACKGROUND OF THE
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a IOM/percent%gf of . non- net al | npurities an
: stillate feeds. Both kerosene type jet fuels and low

aromatic diesel fuel may be produced in separate blocks
over the same catalyst or dual catalyst system, thereby

5 promoting unit flexibility. A feed of low heterocatom
content is used to produce low aromatic diesel fuel, and a
feed of high heteroatom content is used to produce jet
fuel. Usually a single fixed bed reactor is used in this
invention as the reaction zone. In some situations,

10 particularly in the case of a two catalyst system, two or
more reactors may be used.

BACKGROUND OF THE INVENTION
Hydrocarbon distillates vary widely in content. Some

may contain a low percentage of non-metallic impurities and

15 a high percentage of aromatic compounds, while others
contain a low percentage of aromatics and a high percentage
of non-metallic impurities such as nitrogen, sulfur and
oxygen. Some distillates may contain varying percentages
of both. These are often organic hydrocarbon compounds

20 which contain these impurities as heterocatoms. Nonmetallic
impurities adversely affect catalytic hydrocarbon processes
such as hydrotreating by poisoning the catalyst.
Distillates are hydrotreated for a variety of reasons.
Hydrotreating maybe used to remove aromatics and other

25 impurities. Environmental regulations in some areas of the
United States currently require the aromatic content of
diesel to be no more than 2 wt.$%, preferably no more than

10 wts%.
Other distillates, such as those used for the
30 production of kerosene jet fuel, are treated for the

removal of heteroatoms. The same catalyst may be used for
both aromatic removal and heteroatom removal, although in
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a hi:gh percentage of aronmatic compounds, while others contain a Low
per.cent age of Eréddds8i cs and a high percentage of non-metallic inpurities
sufh as nitrogen, sulfur and oxygen. Sone distillates may contain varying
per cent ages of both. These are often organF@'hydrocarbon conpounds whi ch
contain these jpgpurities as heterqatons. Nonnetal lic.i r dd dversely
af f ect catalyt%gghFSngi?%ﬁﬁtﬁﬁﬁéé§§é§r TERSSE ﬁ?&%@?ﬁg§?%ﬁ6%%§§%£§sgéﬁdﬁg
the catal yst. Bespesidiensahavieydeerr earedetioous \iar ddfifegentersactors.
Hydrotreating maybepuged o 2 £3:0 gﬁ%#%?ﬁgﬁﬂg%{h%ﬁroﬂ TRVI1eRS-

Envi ronnental regul ations 1 n"sone area . States currently
require the ar iatrdidgnhbask enddifexdh t yspagnéhepsamengstalystyper

prefergbly no eatalikdn shigteh’s pethRrendhsh heteedatont kontdntoFeedassd for

the prOdUCtlOnp%%dﬁ%&%%EQ%J‘gfgﬁgﬁib %&%s%&?a%% g%h?%%teroatom content
feeds, producing jet fuel. By using the same catalyst
batch in the same reaction zone, the refiner achieves
desirable flexibility with reasonable cycle lengths.

10 The production of low aromatic diesel fuels is
becoming increasingly important in both the United States
and Europe. Catalysts impregnated with noble metals have
been shown to be effective in saturating aromatic
compounds. It has been observed (G.L.B. Thielemans,

15 "Manufacturing of low aromatic diesel fuel," 1993 European
0il Refining Conference, 21-22 June 1993, Sitges,
Barcelona) that the reduction of aromatic content via the
hydrogenation process has a positive effect on all key fuel
properties, although at high costs. Key fuel properties

20 include cetane number and cetane index, as well as API
gravity. Distillate aromatic content is inversely related
to cetane number, the accepted measure of diesel fuel
quality. Cetane number and cetane (or diesel) index are
both measures of the ignition quality of diesel fuels.

25 Diesel fuels have a minimum cetane number of 45. Cetane
number, which is directly related to ignition quality is
highly dependent on the paraffinicity of meolecular
structures, whether they are straight-chain or alkyl
attachments to rings. A distillate stream which comprises

30 mostly aromatic rings with few or no alkyl-side chains
generally is of low cetane quality while a highly
paraffinic stream is generally of high cetane quality.
Dearomatization of refinery distillate streams can increase
the volume yield of distillate products. Aromatic

35 distillate components are generally lower in gravity than
their similarly boiling paraffinic counterparts.
Saturation of aromatic rings can convert these lower API
gravity aromatic components to higher API gravity saturated
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renoval: of heteroatoms. The same catal yst may be used for both aromatic
renmoval and heFe?¥8ZBom renoval, although in_ the past hydrotreating
prrocesses enpl oying different feed conpositions have been carried out in
different reactors. The concept of the inst&mt invention involves swtching

back and forth, using t he sane catal yst or _catal yst systgnl bﬁ ween | ow
het er oat om contCERPOPERYES, apogHPRrRE ypdnme; ¥1igtesef, darfinighe

héteroaton1conpeoﬂubeeds, producing jet fuel. By using the same catal yst
W th reasonable cycleareRaPRESSIRY BABRSEL RER. SPPRDRLLPoke: CONECEE’ Afel s
i s beconm ng i nerddsiesgtp pPppurtant theredbiret hboski thatSeaeesonstructed
5 must be designed for operation that is as efficient as
possible.

Aromatic saturation activity is poisoned by even low
heteroatom content feedstocks. Consequently, only very low
hetercatom content feeds are traditionally fed to catalysts

i0 which saturate aromatics. Catalysts impregnated with noble
metals can also remove heteroatoms, however. Low sulfur
and nitrogen fuels can be produced from feedstocks which
contain relatively high concentrations of heteroatoms, such
as straight-run kerosene. Prior attempts have been made to

15 deal with problems associated with the poisoning of
hydroprocessing catalysts impregnated with metals and the
subsequent decrease in their activity. U.S. Pat. No.
3,368,965 (Schuman) discloses the wetting of fresh catalyst
by clean oil (non-aromatic oil of low coking tendency).

20 The catalyst can then be heated along with regular heavy
charge oil and hydrogen without forming much coke on its
surface. The activity of the catalyst is thus improved.
Although two different oils are being applied to the
catalyst in this invention, only one is intended for

25 conversion to product. One oil is applied to the catalyst
only in a small amount as a wetting agent. Furthermore,
these oils are not used alternately, in a swing fashion, as
in the instant invention.

U.S. Pat. No. 3,900,388 (Hilfman) teaches the removal

30 of aromatic impurities from paraffinic chargestocks. A
catalyst which is surface-impregnated with Group VIII
metals is contacted with the chargestock in an atmosphere
comprising hydrogen. This chargestock has a very low
aromatic content, i.e. 1.5 wt%, as opposed to the

35 hydrocracker splitter bottoms or light gas oils of the
instant invention, which contain over 30 wt% aromatic
compounds. Unlike the present invention, removal of
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and Europe Catalgsts | npregnated wth noble netals have been shown to be
effective in s&TH 48ing aromatic conpounds. It has been observed (G L.B.

Thi eLenmans, "Manufacturing of |ow aronmatic diesel fuel," 1993 European O |
Ref i ni ng Conference, 21-22 June 1993, Sitq&4~ Barcelona) that the reduction

f t th h t h t ffect
a1 Koy fuel prooerlcl baRpdsthR”IROnenoBySEs ke, DPUERE L OSE, PREs
i ncl ude cetanerﬁanﬁtrland bégher vondeme af webHuat.APl gravity. Distillate
aromatic content isyigvepgel ynpel 8t §dot gsgega%ﬁgaﬁbs& aih? a %‘él%% s a,

nmeasure of diesel. fuel quality. Cefané’nunb t ane | ese
are both neasuPXQrSFrFﬁglﬂgnPFpﬁﬁséu&mPﬁQYéﬂGdPé§éFYFE§I%mPBP§§éFeﬁuMh§h

have & mi ni nunheblangetdlBeanaf a4§1g§aaaaacﬂuabeaatn&bearbamatéect Ih this
related to igngthan.guahLby, b lhaNhy,Ige°ndent an Lhe R alhLp oLy of
nmol ecul ar
feeds, including distillates. There is no teaching of
aromatics removal, however, or of switching different feeds
over the same catalyst in order to restore catalyst
10 activity, as in the instant invention.
U.S. Pat. No. 5,147,526 (Kukes et al.) and U.S. Pat.
No. 5,151,172 (Kukes et al.) disclose a process for the
hydrogenation of distillates employing the noble metals
platinum and palladium impregnated on zeolite Y.
15 Distillates having a high aromatic concentration as well as
a high concentration of heteroatons (from 20 to 60 wt%
aromatics, from about 10 ppm to about 0.9 wt% elemental
sulfur, and from about 5 ppm to about 9200 ppm nitrogen) may
be treated in this process. There is no teaching, however,
20 of alternating feeds of varying compositions over the same
catalyst, as in the instant invention. There is also no
teaching of the use of other catalysts in combination with
noble metal catalysts, as in the instant invention.

SUMMARY OF THE INVENTION
25 The instant invention enables the refiner to use one

catalyst batch in a single reaction zone such as one or
more fixed bed reactors, for both the production of jet
fuel as well as the production of low aromatic diesel.
Although different feeds are used for the production of

30 each distillate product, the same catalyst batch or
catalyst system may be used for the production of both.
The hydrodenitrogenation reaction and hydrodesulfurization
reaction (for jet fuel production), as well as the
hydrogenation reaction (for the production of low aromatic

35 diesel) may occur in the same reaction zone. Pressures
below 6996 kPa are generally employed. A higher pressure
maybe used; however, this invention can operate below 6996
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structures, whether they are straight-chain or alkyl attachments to rings.
Adistillate stfdafnich conprises nostly aromatic rings with few or no
al Kyl -side chains generally is of |ow cetane quality while a highly
paraffinic streamis generally of high cetan® quality. Dearomatization of

refinery distillate streans can increase the volume yield of distillate
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wherein the feed is passed over a catalyst loaded with base

metals before passing over a noble metal, is used. A two
catalyst system is often preferred in order to reduce the
aging rate of the noble metal catalyst. This two catalyst
system is especially useful when desulfurizing
(hydrotreating) cracked stocks. The noble metal catalyst
is therefore protected from olefins and gums.

Product may be recycled to the feed stream. If
recycle is employed, the ratio used is dependent upon the
type of feed stream and type of catalyst system used.

While processing high heteroatom feeds, such as light gas
oil (LGO) or straight-run kerosene, there is essentially no
aromatics saturation. The catalyst hydrogenation activity
is reduced, presumably by adsorption of nitrogen and sulfur
species. The catalyst is still stable and active for
desulfurization. When a feed of low heteroatom content is
once again used, such as hydrocracker splitter bottoms, the
aromatics hydrogenation activity of the catalyst or
catalyst system recovers, allowing the reactor temperature
to be reduced while still making a product with no more
than 10 wt% aromatics, preferably no more than 10 wt$
aromatics.®

The instant invention employs, "block processing®. The
fixed bed reactor generally processes high heterocatom feeds
for 5 to 20 days per month to produce jet fuel. The
remaining days in the montﬁ (usually from 10 to 25 days)
are used to produce low aromatic diesel from feeds with low
heteromatom content.

Description of the Fiqures

Figure 1(a) illustrates the target conditions for
conversion of low hetercatom feed to low aromatic diesel in
a fixed bed reactor intended for block processing. Figure
l(b) discloses the target conditions for the conversion of
high heterocatom feed to jet fuel in a fixed bed reactor
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product: Hydroprocessing plants are expensive to construct as well as to
oper at e, theregb?é7?hose that are constructed nust be designed for

opération that is as efficient as possible. Aromatic saturation activity is
poi soned by even | ow het eroatom content fe&®5tocks. Consequently, only very

| ow heteroatom,content. feeds.are traditionally_fed to.catalysts which
saturate arona%?§§p835t§P§é§%° %pPE@ﬁ&FE&“ﬂkt%FﬁEBFS ﬁ3F;I§X§gﬁt§F§Ssr§ﬁﬁbe
het er oat ons, hdwedéng olfow Silkkdr badd reattogefiofubleckapriocegsdtige athefr @am
f eedst ocks mhiEgoceggahpskegggkéﬁ!xshg Elg pgentrations of heteroatons,

ero o Pr a engt :

such as straight-run, sen | Or S have been made to deal wth
probl ens associ at edFkBlKe: Be shoWsotha§ shehjemperatuysi xgMaresyfoF a

i npreghat ed wi hbpret aktadndatle ysebeeanart depreatet tohkaihiagt nd mborel. S.
Pat. No. than 10 wt% aromatic leveled off ("lined out") at 238°C
even after processing several blocks of high heteroatom
content sulfur and nitrogen feeds.
Figure 3 demonstrates that catalyst activity is
10 recovered more quickly if the catalyst is held at an
elevated temperature for a period of about 48 hours before
dropping to the reaction temperature. Low aromatics feed
may be processed during this period. It is preferred that
H, be passed alone over the catalyst, minimizing off
15 specification product. It is theorized that the poisons
are stripped from the noble metal when at high temperature,
restoring its activity. _
Figure 4 illustrates the temperatures at which
activity was restored for each block of hydrocracker feed
- 20 processed over a dual catalyst system.

DETAIILED DESCRIPTION OF THE INVENTION
Feedstock

Since two different types of distillate products are

produced in the instant invention over the same catalyst or
25 catalyst system, two different types of feedstocks are
used. High heterocatom feedstocks are used to produce jet
fuels, and low heteroatom ﬁeedstocks are used to produce
diesel with an aromatic content of below 20 wt%, preferably
below 10 wt%. High heteroatom feedstocks typically have a.
30 sulfur content in the range from 5 to 10,000 ppm by weight,
and a nitrogen content of between 45 and 200 ppm by weight.
The activity of the catalysts preferred in the instant
invention is more sensitive to the presence of nitrogen in
feed than it is to the presence of sulfur. Low heteroatom
35 feedstocks generally contain less than 500 ppm by weight of
sulfur, and less than 0.25 ppm by weight of nitrogen.
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3, 368, 965 (SCh%ﬂ?Q% di scl oses the wetting of fresh catal yst by clean oi
(npn-aronatic 1l ? | ow coki ng tendency). Ihe catal yst can then be heated
al ong with regul ar heavy charge oil and hydéogen wi t hout form ng nmuch coke
on its surface. The activity of the catal y§T is thus inproved. Although

two different oils @é§ Qeﬁ@@da@Rl{ﬁgtégﬁé%%ﬁ.fﬁqéﬁqalé DA§eg“¥§ tion

only one is intended conversi on e oll"1Ts applred to the
catal yst only mﬂphtbﬂaJhaﬁﬂnnﬂlabsvelMelcwr@p@&ﬂ%ﬂtsFQ#mﬂ%rhb&@e isese oils

are not used aii@fi‘éltx%é!d w @Gorvepg ﬁggﬂép offind J: 6Héﬁ€§t Hﬁﬂf&t §gn.

U S Pat. No. 3,900, 388 fman) teac he renoval ar omat
i npurities fr PRPEFGREIR % E%%rﬁ%%?o%k%n I@%af%?%s%szﬁ%Pﬁ groduced.

surfade-i npr egheséddooid 1 tndyr pﬂﬂn‘w thaf@toepisticoHNMPE I €Sual 1P d8Cermined
char gest ock 1 N AL Tp3RRRLEs CRRLL2LRY AL OBEDae hLiRs CLRE 9518 Kn B
instant invention are generally of petroleum origin,
although feeds from synthetic oil production processes,
such as Fischer-Tropsch synthesis or methanol conversion
10 may be used. Feedstocks may also be obtained from the
fractionation of shale oils and tar sands.

The feeds suitable for the production of jet fuel
generally have an initial boiling point in the vicinity of

_ 149°C to 191°C and an endpoint in the range from 227°C to
15 399°F. The preferred boiling range is from about 340°F to
about 171°C for jet fuel production. Straight-run

kerosenes, direct from the crude distillation unit, are
suitable for production of kerosene jet fuels as are
catalytically cracked cycle oils. Kerosene jet fuels

20 include Jet A, Jet A1, JP4 and JP8. Light gas oils may
also be suitable. Cycle oils from catalytic cracking
processes usually have boiling range of about 204°C to
399°C, although LCO may have an endpoint as low as 316°C.
Light gas oils have endpoints as low as 293°C and work well

25 in the process of this invention.

Low heteroatom feeds are required for the production
of low aromatic content diesel in the process of this
invention. A light cycle oil hydrocracking process is
disclosed in U.S. Patent Né. 4,676,887, U.S. Pat. No.

30 4,738,766, and U.S.No. 4:789,457. In these processes,
selective, partial, hydrogenation of bicyclic aromatics in-
ICO occurs. The primary object of these processes is the
production of gasoline:; however, an unconverted fraction
(hydrocracker bottoms) remains. A portion of this
35 unconverted material has a boiling range from about 213°C
to about 343°C. Hydrocracker bottoms are more paraffinic
than the LCO feed due to the partial hydrogenation of
aromatic. Furthermore, a considerable degree of
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aromatic conte 7 l.e. 1.5 w% as opposed to the hydrocracker splitter
bottons or |ight 43 0i1's of the instant I nvention, which contain over 30
wt % aromati ¢ conpounds. Unli ke the present invention, renoval of -4-
aromatics using the invention of this patenTaﬂoes not result in a higher

hydrotreat | ng. rsudtidftian nd deRICtoudnn ORI e HGHERRS 4R b
a Iigagdffgﬁra&§4£Q4ﬁni§nﬁgﬁnﬁhiqnrandqhyqrqﬂaguifdnizatMWDm%i?nddns
[ggxfng of ar c?ri%ﬁ %ﬁ?@i\éﬁf SQhvoév\]:/cra]\O/(.le&riz',d }%%%éf\%‘{%{%e%at | fsgcr'entﬂsf)ejé%sa
_ eterocatom content, suitable for the
5 production of a diesel with an aromatic content of no more
than 20 wt.%, preferably no more than 10 wt%. Low
heteroatom distillate feeds can also be prepared by
pProcessing high hetercatom distillates in a catalytic
hydrodesulfurization unit. Any hydrocracker distillate
10 stock (not merely the bottoms) may be dearomatized in this
invention.
Table 1 illustrates the properties of three feedstocks
useful in the instant invention. Hydrocracker bottoms have
a low heteroatom content and may be used in low aromatic
.15 diesel production. Hydrotreated light gas oil and
straight-run kerosene are high heteroatom feeds and may be
useful in the production of jet fuel. Table 1(a) discloses
specifications for jet fuel. Table 1(b) discloses
specifications for low aromatics diesel fuel.
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over the sane .%%?I st in order to restore catalyst activity, as in the

i ngtant invent 73).S. Pat. No. 5,147,526 (Kukes et al.) and U S. Pat. No.
5,151,172 (Kukes et al.) disclose a process_for the hydrogenation of
distillates enploying the noble netals plaf?ﬁun1and pal | adi um i npr egnat ed
on zeolite [err]. Distillates having a high aromatic concentration as well
as a high concentration of heteroatons (from20 to 60 wt % aronmatics, from
about 10 ppmto about 0.9 wm % el enental EABLErl and from about 5 ppmto

about 900 ppm nitrogen) may be tragRkddel Broderdcess. There is no
teachi ng, however, of alterpatin eeds of varyirn onposi ti gns over the
fais Jydr d
b

same catal yst,_as.in the PH3Y ﬁ?g?ﬂ%%nti§ﬁFa % E%aﬁﬁ %eﬁching of
t he use of otﬂggg%atalyst = [ 1 a ysts, as in

io
t he i@§tant iqﬁgption. SUNNA@% gF THE INV%%T%ON 34.0

Hydrogen wt% 12.90 13.87 13.68
Sulfur, ppnm <20 2800 110
Nitrogen, ppm <0.05 38 5
Aromatics,wt% 36.1 13.5 28.5
10
IBP ' 324 258 280
10% 397 342 412
50% 492 415 503
. 20% 601 458 568
15 EP 711 494 608
TABLE 1(a
Jet Fuel Specifications
_ Reference Fuel
Product _ Specifications
20 Color, Saybolt :
Visual C/B (clear/bright)
Volatility
Gravity @ 16°C, API, AVE 37.0-51.0
Combustion
25 Aromatics (Vol%) 25.0 max.
Olefins (Vol%) 5.0 max.
Smoke Point (mm) 18.0 min.
Naphthalenes (vol%) 3.0 max.
Corrosiveness ;
30 Acidity, Total (mg KOHC/g) 0.1 max.
Corrosion, 2 hrs. 100°C 1 max.
Mercaptans (ppm) 30 max.
Sulfur, Total (wt%) 0.3 max./3000 ppm
Fluidity
35 Freeze Point -40 max.
Viscosity @ =-20cC 8.0 max.
Stability
JFTOT. Pressure Drop (mmHg) 25 max.
Tube Deposit Number 3 max.
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The instant inyention enables the refiner to use one catalyst batch in a
sngLe reacti of-238f& such as one or nore fixed bed reactors, for both the
production of jet fuel as well as the production of |ow aromatic diesel.
Al t hough different feeds are used for the b?BBuction of each distillate

product, the sane t Qa} Ga} al yst system may be used for the
production of both. & %§ ¢ c&higfrrl ation reaction gng

hydrodesul furi zati on gygagldfdh dumP! (i1 dodly product i on);,:oasng;(él | as the
hydrogenation reacti giadd Poilfte Pr@duction’of |ow aromgly gadi.esel) may
occur gn the sane reggEmAt A ®es %&g& nes bel ow 6996 ki ndse, generally

enpl oyed. A hi gher presss eufewRe , (mever, this inweiid on can operate
bel ow 6996 Interface Rating 1 1b.
WSIM: Clear 85 max.
Distillation IBP (°C)
10 10% Recovered 204 max.
60% Recovered 232 max.
End Point (°Q) 300 max.
Residue (Vol%) 1.5 max.
Flash Point (°C) (TAG) 38 min.
15 TABLE 1(b)
Specifications of Low Aromatics Diesel Fuel
Property
Sulfur Content 500 ppm max.
20 Aromatic Hydrogen Content wt% 20 max.
Polycyclic Aromatic Hydrogen
Content wt% ' No Spec
Nitrogen Content, ppm 10 max.
Natural Cetane No. 40
25 Gravity, API 30-37
Viscosity @ 40 C. cst. 1.9-4.1
Flash Pt., °C 52 min.
Carbon Residue, wt$ ' 0.15 max.
Ash, wt$ 0.01 max.
30 Alkali Metals 1 ppm

Distillation, °C

IBP
10% Rec. 249 max.
50% Rec.

35 90% Rec. . 282-338
EP ' 371 max.

Catalysts
The process of this invention may be carried out over
two different catalyst systems. In one case, the reaction
40 zone, (usually a fixed bed reactor) is loaded with a

supported catalyst comprised of a noble metal or metals,
such as platinum or palladium. In an alternate case, a
batch of supported catalyst comprising primarily nickel and
molybdenum may be used in conjunction with the batch of
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kPa, thereby reducing capital costs. One catalyst alone, such as a noble
metal on a zed1t1¥¥r anorphous al uni na support, may be used. Alternately,
a two catalyst system wherein the feed is passed over a catal yst | oaded
with base netals before passing over a nobtldTetal, is used. A two catalyst

systemis often refer order_to uce fhe a rale of t he ngbl e
netal catal yst®% Et?ébn%%.%J?%Ya%yg?ﬁﬁfY§te§bé3F é%?&%?ﬁl T 8oLh
desul furi zi ng tMQdmnbleameuglscandktﬂesbasksmeﬁ&&srptbta@etal catal yst is

oo LoT cam O FAELcARE) OhCaLliaBite Al TRon CEGMUEINRY MEp1EMELES 'O (10

feed stream 0 used ent upon the
type of feed s@@%%hY%ﬁ%rt?@@ho&Sc§h9$§s@omysléhmmsmiﬁtwmwmeOErB%bééﬂhgmhlgh

hetergatom f eegs, bstik) €éndi 88t b82RoLE! viiiE}aW e Sto %?ﬁg r¢iakepR8€Ne,
there s eosent gLl Vo g, PLOMEY Cgs 2L Lok s 5o E* B VSbml Y S 00ER2, L1
activity
a nickel/molybdenum catalyst such as that primarily used
for hydrotreating or other hydroprocessing techniques can
substantially slow the rate of aging of noble metal
10 - catalyst. The feed contacts the batch of catalyst
comprising the base metal before it contacts the batch of
catalyst comprising the noble metals. The ratio of the
amount of base metal catalyst to noble metal catalyst is
preferably 1:1. An effective range of ratios extends from
15 1:4 to 4:1. The ratio maybe varied to balance
desulfurization with aromatic saturation.

The catalysts used in the instant invention are
typically, heterogeneous, porous solid catalyst possessing
hydrogenation-dehydrogenation functionality. Hydrogenation

20 functionality is required to remove the heterocatoms present
in a feed such as straight-run kerosene as well as to
convert feed aromatics to naphthenes. If a high heteroatom
feed is being processed in this invention there is little
or no aromatic saturation. Because aromatic feed, such as

25 hydrocracker bottoms, contains relatively bulky bicyclic
and polycyclic components the catalysts must have a pore
size which is sufficiently large to admit these materials
to the interior structure of the catalyst where
hydrodesulfurization, hydrédenitrogenation and aromatic

30 saturations, involving ring-opening and hydrogenation
reactions, can take place. A pore size of at least about:
7.4A (corresponding to the pore size of the large pore size
zeolites X and Y) is sufficient for this purpose. Because,
the end point of the feed is limited, the proportion of

35 bulky, polynuclear aromatics is quite low. Very large pore
sizes greatly exceeding those previously mentioned are not
required. Crystalline zeolite catalysts which have a
relatively limited pore size range, as compared to. the ‘so-
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I s reduced, presunably by adsorption of nitrogen and sul fur species. The
catalyst is stFr73%Babl e and active for desu furization. Wen a feed of |ow
het er oat om content is once agai n used, such as hydrocracker splitter
bottons, the aromatics hydrogenation actiVvit3 of the catal yst or catal yst

system recover ljow ng _the reactor tenperature redu While stil
maki ng a produ%?lathaWSQR%?Bstﬂ%ﬁeiba&fggganﬁ?i%ggmg %fgga ?;lﬁg nor e
than 10 w % arakunips,' tThaniasandt zineeniapnmeyptberefobeobk pesedessi ng".
The fixed bed pgeghek geﬁlﬁ_r9k£¥u§FOE$ﬁ§§Sathbiggt ghaatauiteadss’ e 5 10 20

days per nonth tQ produce jet e remalnin ays 1 n the non
(usual |y fromBBIEBN28B9days) are used to produce |ow aromatic diesel from

feeds s th | ow het ergekadligenhedhatPesC hyAiroganat ibhe chitgayets,

generally the zeolites, and, in particular, the large pore
size zeolites having a Constraint Index less than 2 (see
discussion below) can be used in the instant invention.
For purposes of this invention, the term "zeolite" is meant

10 to represent the class of metallosilicates, i.e., porous
crystalline silicates, that contain silicon and oxygen
atoms as the major components. Other components are also
present, including aluminum, gallium, iron, boron, etc.,
with aluminum being preferred in order to obtain the

15 requisite acidity. Minor components may be present
separately, in mixtures in the catalyst or intrinsically in
the structure of the catalyst.

A convenient measure of the extent to which a zeolite

provides control to molecules of varying sizes to its

20 internal structure is the Constraint Index of the zeolite.
Zeolites which provide a highly restricted access to and
egress from its internal structure have a high value for
the Constraint Index, and zeolites of this kind usually
have pores of small size, e.g., less than 5 Angstroms. On

25 the other hand, zeolites which provide relatively free
access to the internal zeolite structure have a low value
for the Constraint Index and usually pores of large size,
e.g., greater than 8 Angstroms. The method by which
Constraint Index is determined is described fully in U.S.

30 Patent No. 4,016,218, to which reference is made for
details of the method. A Constraint Index of less than 2
and preferably less than 1 is a characteristic of the
hydroprocessing catalysts used in this invention.

Constraint Index (CI) values for some typical large
35 pore materials are shown in Table 2 below:
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Figure 1(a) illustrates the target conditions for conversion of |ow

het er.oat om f eeB~?87Bow aromatic diesel in a_fixed bed reactor intended for
bl bck processing. Figure 1(b) discloses the target conditions for the
conversi on of high heteroatomfeed to jet T¥T in a fixed bed reactor

I ntended for block processing. Figure 1(c) [ tgaies the | oading of a
fi xed bed reactor for bl ock processing when atal yst systemis

enpl oyed. Figure 2 shows that the tenpetenstrairntyindekfor a nobl e netal
catal yst to nmake a product containing no nore t@fn(QQEEW@@ﬁ?Qﬂgtﬁfeieveled
off ("lined out") at 238[err]C even after proceSsing severa oCcKs of high

het er oat om cont ent s&PMof and nitrogen feeds. ©.5 {316°C)

5 ZSM-20 0.5 (371°C)
TEA Mordenite 0.4 (316°C)
Mordenite 0.5 (316°C)
REY 0.4 (316°C)
Amorphous Silica-Alumina 0.6 (538°C)

10 Dealuminized Y (Deal Y) 0.5 (510°C)
Zeolite Beta 0.6-2 (316°-399°C)

The nature of the CI parameter and the technique by

which it is determined suggest the possibility that a
given zeolite can be tested under somewhat different

15 conditions and thereby exhibit different Constraint
Indices. Constraint Index may vary with severity of
operation (conversion) and the presence or absence of
binders. Other variables, such as crystal size of the
zeolite, the presence of occluded contaminants, etc., may

20 also affect thé Constraint Index. It may be possible to
so select test conditions, e.g., temperatures, as to
establish more than one value for the Constraint Index of
a particular zeolite, as with zeolite beta. A zeolite is.
considered to have a Constraint Index within the

25 specified range if it can be brought into the range under
varying conditions. '

The large pore zeolites, i.e., those zeolites having

a Constraint Index less fhan 2 have a pore size
sufficiently large to admit the vast majority of

30 components normally found in the feeds. These zeolites
are generally stated to have a pore size in excess of 7
Angstroms and are represented by zeolites having the
structure of, e.g., Zeolite Beta, Zeolite X, Zeolite Y,
faujasite, Ultrastable Y (USY), Dealuminized Y (Deal Y),

35 Mordenite, ZSM-3, 2SM-4, ZSM-18 and ZSM-20. 2Zeolite ZSM-
20 resembles faujasite in certain aspects of structure,
but has a notably higher silica/alumina ratio than
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Figure 3 denpnsty; %?§ that catalyst activity is recovered nore quickly if
t he, catalyst is heI at an elevated tenperature for a period of about 48

hours before dropping to the reaction tenperature. Low aromatics feed may
be processed during this period. It is preférred that H be passed al one

over the catal yst falijaisite, nasotafo %as%&gaw@o%gda%t zeoh&ttesYt heori zed
that t he pOI sons are st %5 from_the no net al when _at

tenmperature, rest8FPPRgL ayﬁlvﬁpﬁ Derdd¥e aZpPliker Xt ds FH@ P€ﬁ§6F3Fﬁkes
at which activityca&alystboaad ﬁmr1saphebb9ab19fubﬁdrQﬁraﬁbebff&Qé more

processed over glga%g%%gt gqu}9§;§%§E TICN OF THE

| NVENTI ON Feedstock I nce eren Fate products are
produced in the |nstaﬁ:ﬁhﬂﬁghlﬂﬁwhxha'ﬁamg Qaseac@basysalam Index less

than 2, it does not behave exactly like a typical large
pore zeolite. Zeolite Beta satisfies the pore size
requirements for a hydrocracking catalyst for use in the
present process but it is not preferred because of its
10 paraffin-selective behavior. Amorphous arcmatics
hydrogenation catalysts such as noble metals supported on
alumina and silica-alumina may also be used.
Zeolite ZSM-4 is described in U.S. Patent No.
3,923,639; Zeolite ZSM-20 in U.S. Patent No. 3,972,983;
15 Zeolite Beta in U.S. Patents Nos. 3,308,069 and Re
28,341; Low sodium Ultrastable Y molecular sieve (USY) is
described in U.S. Patents Nos. 3,293,192 and 3,449,070;
Dealuminized Y zeolite (Deal Y) may be prepared by the
method found in U.S. Patent No. 3,442,795; and Zeolite
20 UHP-Y is described in U.S. Patent No. 4,401,556.
Reference is made to these patents for details of these
zeolite catalysts.
Catalyst stability during the extended cycle life is
essential and this may be conferred by suitable choice of
25 catalyst structure and composition, especially
silica:alumina ratio. This ratio may be varied by
initial zeolite synthesis conditions, or by subsequent
dealuninization as by steaming or by substitution of
frame work aluminum with other trivalent species such as
30 boron, iron or gallium. Because of its convenience,
steaming is a preferred treatment. In order to secure
satisfactory catalyst stability, high silica:alumina
ratios, e.g. over 20:1 are preferred. These may be
attained by steaming.
35 Zeolites with a silica-to-alumina mole ratio of at
least 3:1 are useful, for example, zeolite Y. It is
preferred to use zeolites having much higher silica-to-

alumina mole ratios, i.e., ratios of at least 20:1, as in
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catalyst syst gy 4 different types of feedstocks are used. Hi gh
heteroaton1feedsto s are used to produce jet fuels, and | ow heteroatom
feedstocks are used to produce diesel with,aa aromatic content of bel ow 20
wt% preferably below 10 wt % Hi gh heteroatom feedstocks typically have a

sul fur content iz@oufiter@g,ge f e %ﬂl(khﬂt%%lmmnlaymwabg&htflwﬁe&éiiﬁelrdogen
content of betwgen_45 he ti_vi af t at al ysts
preferred in th&9 meta%F dﬁ@@ﬁ%ﬁ@ﬁ%¥§ @”? feSpr esSe of
nitrogen in feedratthian iist meantto tichergpresents ak s:.llote_rly bewplostsdkdat,orthe
 cedst ocks oenengle SR ige WIALAM MARBEAE Pl adlite

- l-ess than 0. 25 ppn1 tro
crystal and to exclude aluminum in the binder or in

cationic or other forms within the channels.

The hydroprocessing catalysts of this invention
contain metals to provide hydrogenation-dehydrogenation
functionality. Metals for hydrogenation dehydrogenation

10 can be exchanged or impregnated into the composition,
using a suitable compound of the metal. As indicated
previously, a catalyst loaded with noble metals must be
present. Noble metals, found in Group VIII of the
Periodic Table, include platinum, palladium, iridium, and

15 rhenium. A noble metal or metals is present in an amount
ranging from 0.1 to 5 wt%, preferably from 0.3 to 3 wtg.
Catalysts loaded with base metals from Groups VB, VIB, or
VIIIB of the IUPAC Periodic Table, e.g. nickel, cobalt,
molybdenum, vanadium, tungsten may be mixed with the

20 catalyst loaded with a noble metal or metals.
Combinations of a Group VB or Group VIB metal or metals
with a Group VIII are especially favored, such as Ni-W,
Co~Mo, Ni-V, NiMo. Base metals may be present on the
catalyst in a range from 5 to 20 wt%.

25 Hydroprocessing Conditions
Figures 1(a), 1(b) and 1(c) (attached) illustrate

three different situations under which the fixed bed
reactor of the instant invention may be operated. Figure
1(a) illustrates the target conditions for the conversion
30 of low heteroatom feed to low aromatics diesel in a fixed
bed reactor loaded only with a noble metal catalyst
comprising platinum or palladium. These conditions are
6307 kPa pressure (900 psig), 4928 kPa (700 psig) H, inlet
pressure, 260°C (500°F), 0.1 to 10 LHSV, and 338 n.l.l.*?
35 H, (1900 SCF/B). A recycle ratio of 2:1 is employed. The
volume of fixed bed effluent recycled to the reactor is
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Feeds used in ?hﬁ g roduction of distillates and naphthas have relatively
| ow endpoi nts d3% here is little need to.convert hi gher boiling

conponents. This is particularly the case M?FQ jet fuel is being produced.
Feed boiling point characteristics are usually determ ned by the products

required. The feéQiEQC'ﬁﬁa‘E”? gﬁé hBw! PeekNakABE, 'msaay QBeah9 geareal ly or

petrol eumorigin, althaqu s fromsynthetic Oil production processes,
such as Fi scher- ?PB§§6H°§§ntheS|s or net hanol conversion may be used.

Feedstocks may al so lrqgltlediane fluqmsttl%%tfersa%taw@%t icomddf ishal;e hweireand

tar sands. The feeds %ﬁkaabke gr_t_ Brgdu%t 8 él% oueI gen rally ‘have

an initial boilif§pBi nTeRESHi B nPPPTEPT 13 FeFPP 3°P8§1FE*PC and an

endpoi At in the Sadgableopr2dshees] Eahge3¥2par apButTRE4pr Eberbodtbéiovieng

rS?Pg.iegihts- ‘; L‘r)]m abput , 348ke hihEoh8n2BRYEe] pHEEELEE hOY b&EehHelErBROLNGLON-
350 to about 5617 kPa. Appropriate reaction temperatures
extend from about 171 to about 343°C. Space velocity may
vary from about 0.5 to about 0.1 to 10 LHSV. Once-

10 through hydrogen circulation may extend from about 178
n.l.1.”! to about 1780 n.l.l1.”'. Recycling is necessary
with a low hetercatom feed but not a high heterocatom
feed. Hydrogenation is an exothermic reaction which
consumes minimal amounts of hydrogen. Recycle is used to

15 control the temperature rise across the catalyst bed.

The appropriate range of recycle ratios is from 0.5:1 to
10:1.

Figure 1(b) illustrates the target conditions for
conversion of high hetercatom feed to jet fuel in a fixed

20 bed reactor. In this situation there is no product
recycle. The target pressure is 6307 kPa (900 psiqg),
and the hydrogen inlet pressure is 4928 kPa (700 psig H,).
The target temperature is 321°C (610°F), space velocity
is 0.1 to 10 LHSV, and the once-through hydrogen

25 circulation is 338 n.1.1.”' (1900 SCF/B), H,. The
acceptable ranges for conditions in the situation

- depicted by Figure 1(b) are the same as the ranges of
Figure 1(a) except for the recycle ratio. The pressure
is in a range from about 3549 kPa to about 6996 kPa, the

30 hydrogen inlet pressure is in a range from about 2515 kPa
to about 5617 kPa H,. The temperature may range from
260°C to 427°C. The space velocity is from 0.1 to 10
LHSV, and the hydrogen circulation is from about 178
n.1l.1.”' to 1780 n.1l.1.%.

35 Figure 1(c¢) illustrates the loading of a fixed bed
reactor for block processing with a two catalyst system.
In the instant invention, a dual catalyst system has
several advantages. High heterocatom feeds may continue
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kerosenes direct_fromthe crude distillation unit, are suitable for
productlon of Ketfdbdne jet fuels as are catg]ytlcally cracked cycle oils.
Ker osene jet fuels include Jet A Jet A JP4 and J28. Light gas oils nmay
al so be suitable. Cycle 0|Is fron1cata|yt|@' cracki ng processes usual Iy have

boi |l i ng range ofy t C n
endpoi nt as | ow adsl%él] %&{ géjfodi?c?:[né Js%nave en% nts as g@v&g]sg
293[err] C and\MﬂQF@kﬂ¢a¢ ISﬁa¥ﬁ(ﬁﬁﬂﬁiﬁﬁek¥n¢$ﬁQﬁR¥ﬁﬁQﬁr L'B¥ het er oat om
feeds are requi flﬂﬁhi&&réah:?lri& @&@41 %Aﬁwrﬁr dde Qﬁ!ﬁﬂ& shipsettd N the

process of this |nven1|on cle oi crackin
di scl osed in U STEREHD W°QF‘% 8%‘?““[}%3 tsu%N{}’ kte,%@ %%eé'ﬁa’yu S. No
4,789,%57. In timmquimeaw%taei.‘epwvﬁ 1i5e ok le hyetaherstalystof The

bi cyclic ar omat i g d flrdO9 QM i ) bALd Thloh ) E6laded MipEr By egeses 1S

t he
coke precursors, thereby improving the stability of the

noble metal catalyst. Furthermore, the catalyst loaded
with base metals protects the noble metal catalyst from
10 contamination in the event of unit upsets.

In the preferred case, equal volumes of a catalyst
loaded with noble metals and a catalyst loaded with base
metals such as nickel and molybdenum (such as that
usually used in hydrotreating) are placed in the fixed

15 bed reactor. Although a ratio of 1:1 is preferred, a
range of ratios from 1:4 to 4:1 is acceptable. The
catalyst loaded with noble metals is poured into the
reactor first, then the catalyst loaded with base metals
is added on top of the first catalyst. Two fixed bed

20 reactors may also be used in this embodiment, as
disclosed in Example 3. Each of the catalysts may be in
a separate reactor, and the reactors may be connected in-
series. It is critical for the NiMc catalyst to be the
first catalyst over which the feed passes, since the

25 purpose of using two catalysts at once is the retardance
of poisoning of the noble metal catalyst while using a
lower hydrogen circulation rate, resulting in a less
expensive procedure than that involving the use of a
noble metal catalyst alone. The suitable ranges of

30 conditions for block processing over a two catalyst
system are the same as those used in the single catalyst
situations previously illustrated. The pressure is in
the range from about 3549 to about 6996 kPa. The
hydrogen inlet pressure ranges from about 2516 to about.

35 5617 kPa H,, preferably 4928 kPa. The reaction
temperature may range from 260 to 427°C. The space
velocity is from about 0.1 to 10 LHSV, preferably 1.5
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producti on ofﬂﬁyg%é ne; however, an unconverted fraction (hydrocracker
bqt tons) renmins. portion of this unconverted material has a boiling
range from about 213[err]C to about 343[eL&kQ. Hydr ocracker bottons are
nore paraffinic than the LCO feed due to the partial hydrogenation of

aromatic. FurthegiRre, C QRS 'J%@r f desidd Wkt d
deni tragenati on _has ocgzirer gﬁﬁ&g’?‘%ﬁ <:'fihe 7 rg erlﬁa r_g)gzlhyat I on anc?‘y]@
hydr odesul f uri z&788n Mrdadt- onPreErrakie MN&de over the hydrotreating

catalyst. It is a feemk wddtHw Sianord PaIRNtiNsudgddtdd e f yldde
production of a gjeselwmﬁth an _ar.omat j

f .h 20 . %
preferably no nBFESEREATE W FRPING &V%r%gtgte%t%ilgt%%l {‘%ﬁ@%"@%&g &9\(# Qso

be pr&pared by metals. This schedule can be altered, however, to meet
production demand.

1. Low hetercatom feed is converted to low aromatic
diesel (less than 2 wt%) for 10 to 25 days, preferably 16
to 24 days.

10 2. At the end of the run of low heteroatom feed, a
switch to high heterocatom feed is made. This run lasts
from 5 to 20 days, preferably from 7 to 14 days.

During the switch from low hetercatom feed to high
heteroatom feed, the temperature is raised gradually from

15 about 260°C to about 327°C over a period of about 12
hours.

3. At the conclusion of the run of high hetercatom feed,
a switch is made to low heteroatom feed and the
temperature is lowered to 288°C. Temperature is then

20 gradually lowered to 260°C as catalyst activity returns.
The recovery of catalyst hydrogenation activity is
dependent upon the reactor or reactors used and methods
of feed handling employed. It is desirable to use a
fixed bed reactor with minimal dead volume. It is alseo

25 desirable to minimize feed backmixing, due to the high
sensitivity of the catalyst to nitrogen in the feed.
Feed backmixing can be minimized by delivering each
feedstock from a separate charge system. Line-flushing
is thus eliminated as a potential detriment to catalyst

30 activity.

The following examples are illustrative only and are
in no way intended to be limiting:
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[

processi ng hig%_?g%sroaton1distilIates in a catal ytic hydrodesul furization
unit. Any hydr er distillate stock (not_ nerely the bottons) may be

dearonmati zed in this invention. Table 1 |IIE trates the properties of three
f eedst ocks useful in the instant invention. i&drocracker bottons have a | ow
het er oat om cont pﬂEgay be used in | ow aromatic di esel production.
Hydrotreated I|i and straight-run kerosene are high heteroatom

feeds and may béﬂﬂéﬂkbg_ln the production of jet fuel. Table I (a) discloses
speci fications for | gahgee. 17aRh@stihtedi BEbERCEro8EEELNGALEORTGROT | OW
aronatlcs di esel, fuel
heterocatom and low hetercatom feeds over a noble metal
5 catalyst. Table 3 provides a feedstock and product
comparison for a low hetercatom feed, hydrocracker
bottoms, and a high hetercatom feed, straight-run
kerosene. The products were produced using the instant
invention. The specifications for Jet Fuel and Low
10 Aromatics Diesel Fuel were provided in Tables 1(a) and
1(b) respectively. The Straight Run Kerosene Product of
Table 3 meets the requirements of Table 1l(a) for Jet Fuel
except for color and WISM (a light dispersion test). The
criteria of Table 1(a) maybe met by the addition of
15 antioxidants. Table 1l(a) provides the minimum smoke
point for jet fuels, 18 mm. The maximum aromatics
content for jet fuels at a smoke point of 18mm is 25
vol%. If the aromatics content is below 25 vol.%, the
smoke point will be below 18mm. Smoke point is more
20 difficult to measure than aromatics content so this
correlation is frequently used. The product using
hydrocracker bottoms feed falls within the limits of
Table 1(b), Low Aromatics Diesel.
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TABLE 1 Feedstock Prooerties Hydr ocr acker Strai ght Hydratreated Feed

Splitter Btms F~HRifdKero Light Gas O APl _ 30.2 36.5
34.0 Hydrogen wt% 12.90 13.87 13.68 Sulfur, ppm <20

2800 110 Nitrogen, ppm <0.05 F9- 5 Aromatics, wt % 36. 1
13.5 28.5 | BP 324 280 10% 397
342 412 50% 492 l’égﬁ—i 503 90% 601
458 563 EP - 711 Feedstock and#F9ékuct Prop@fi& TABLE 1(a) Jet Fuel

Speci fications

Product Product of
Hydrocracker Hydrocracker Srun  Straight Run
5 Feed Bottoms Bottoms Feed Kere Kerosene Feed
APl 30.2 33.8 366 369
Hydrogen wt% 1290  13.65 13.70 13.75
Sulfur, ppmw <20 <20 2800 1300-1800
Nitrogen, ppmw <0.05 <0.05 56 30-40
10 Aromatics, wt% 36.1 9.1 135 133
(correlates directly
w/smoke point)
Cetane index 36.6 418 33.2 339
Yield, wi%" - 98 - 09
15 CN 34 38 N/A N/A
Wit% Polycyclic 5 1 N/A N/A
Aromatics
Color Clear Clear Cloudy Clear
Green Tint White Green/Black White
20 WSIM (light
dispersion test) N/A N/A 0 95
Distillation °C
1BP 212 204 192 181
10% 228 223 201 200
25 50% 253 249 208 208
80% 339 299 217 218
EP 643 331 229 230

*

Conversion to material boiling beneath the feedstock.
IPB is <3 wt% in each block.

30 N/A Not Applicable
Table 1 (reproduced beloﬁ) discloses the characteristics
of another high heteroatom feed, hydrotreated light gas
0il. In this example a hydrocracker bottoms feed was
processed over a catalyst comprising 0.3 wt% of platinum

35 and 0.3 wt% of palladium. These noble metals were loaded
onto a neutralized USY zeolite which comprises about
25wt% alumina. The surface area of the catalyst is in
the range from 150 to 300 m?’/g. The product resulting _

This Sheet Has Been Replacec

RTITT




Ref erence Fuel prpgyst Soeci fications Color,

Saybolt Visual . C B (clear/bright)
Volatility Gavity @1l6[err]C, APlI, AVE -21- 37.0-51.0 Conbustion
Aromatics (Vol % 25.0 et~ A efins (Vol %

5.0 . Snoke Pdinrd 1 0. ht hal | 9
max. Smoke m (thg Igdrocracker(kr:r%tmlgﬁgd ny al\gfeﬁgﬁ ﬁg;f (vol'%

3.0 max. Corrosiveness Acidity, Total

Corrosion, 2 hrs.caftining less than 10vwt$BRerold Lapt %Q
30 max. Sulfur, Total (wt% 0.3 rrax.IBS%%% ate blocks

over € same catalyst,both straight-run kerosene and

hydrotreated light gas oil were separately treated to
5 produce jet fuel.
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Fluidity Freezﬁe,;[D %1 -40 max. Viscosity @-20C
8.0 .max. St abi %ﬁ FTOT. Pressure Drop (nmig) 25 max. Tube
Deposit Number 3 max. eanliness & Purity Al kali
Metal's (ppm 1.0 max. Exist@nt Gum (ng/ 100m )

7.0 max. Haze Point ([err]Q 21 max. Particul ates

(ng/ gal) 4.0 max. Water Rxn: Vol Chg. (m) 2 max.
Interface Rating 1l b. TABLE 1

Feedstock Properties

Hydrocracker Straight Hydrotreated

Feed Splitter Btms Run Kero Light Gas Qil
5 APl 30.2 6.5 34.0

Hydrogen wi% 12.90 13.87 13.68
Suifur, ppm <20 2900 110
Nitrogen, ppm <0.05 38 5
Aromatics, wt% 36.1 13.5 28.5

10 IBP, °C 162 124 138
10% 203 172 211
50% 256 213 262
80% 316 237 ' 298
EP 377 257 320

15 Experiments were carried out in a fixed-bed pilot

unit employing the commercial noble-metal based
hydroprocessing catalyst described above. Approximately
20 cc of catalyst, sized to 20-30 mesh was loaded in a
reactor. The reaction conditions were temperatures of

20 171-316°C, 0.1 to 10 LHSV, 445 n.l.l.”! of once-through
hydrogen circulation, and hydrogen inlet pressure of
about 4238 kPa. When feed with a high heteroatom content
(kerosene usually contains 2700 ppm sulfur and 45 ppm
nitrogen LGO usually contains 110 ppm nitrogen) is being

25 processed, there is essentially no aromatic saturation.
The catalyst hydrogenation activity is reduced,
presumably by adsorption of nitrogen and sulfur species.
The catalyst is still stable and active for
desulfurization, however. When the feed is switched back

30 to hydrocracker splitter bottoms, the aromatic
hydrogenation activity of the catalyst recovers, allowing
reduction of the reactor temperature while still making a
product containing no more than 20 wt% aromatics,
preferably no more than 10 wt% aromatics.
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WETM d ear F=7373 85 max. Distillation IBP ([err]C) 10%
Regovered 204 max. 60% Recovered

232 max. End Point ( O -23-300 nax. Resi due ( Vol %9
1.5 max. Flash Point ([err]C) (TAG 36 min. TABLE 1(b)

Speci f1 cat | ons of Lot ! 09,36l od glc TP asTdeiSieta N SNine

500 m max mat i ¢ drogen Content w? 0
Pon250I|c AroA%‘ gl ﬁp\ﬂp%pﬁbe a diesel fuel conté%nlng no

No Spec N trogemdzentthiin UMt aromatic (preferably no mok® rohan N Wieg
CEtane No. aromatics) at 0.1 to 10 Lﬁgb, or a jet fuel containing no
5 more than 14 wt% aromatic at 0.1 to 10 LHSV is plotted
against the days on stream of the catalyst. Low
heterocatom feed was processed on the days between the
blocks containing light gas oil or kerosene. Figure 2
shows that the temperature required to make a product
10 containing no more than 2 wt% aromatic leveled off at
238°C (460°F) even after processing several blocks of
high heteroatom content sulfur and nitrogen feeds.
Catalyst life is generally projected to be about one
. year, therefore catalyst batches should be changed
15 yearly.

Example 2
Example 2 demonstrates how noble metal catalyst

activity is restored after processing a feed of high
heteroatom content. Catalyst activity is reduced by

20 processing a feed that contains significant heteroatom
content. Switching back to a low heterocatom feed
restores catalyst activity. Holding the catalyst or
catalyst system at elevated temperatures allows activity
to be restored more quickly.

25 This is illustrated in Figure 3. The normalized
temperature required to reduce product aromatic to no
more than 2 wt% is plotted against the days the catalyst
has been on stream. The actual unit temperature for this
series of points was either 260°C (500°F) or 316 C

30 (600°F). The plot has been broken up into’ three
segments. In the first and last segments, the actual
unit temperature was at 260°C. The nearly vertical
segment represents a 48 hour period during which the unit
was held at 316°C. The line is nearly vertical because

35 catalyst activity recovery was unexpectedly accelerated
by the 316°C treatment. In the first segment, the
activity was recovering at less than 0.6°C per day.
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Gavity, APr - 30-37 Viscosity @40 C

cSt.. F-7373 1.9-4.1 Flash Pt., [err]C

52 min. Carbon Residue, w % —24- 0.15 max. Ash,

wt % 0.01 nmax. Alkali Metals

1 ppm Distillat 'Iﬁfi’lﬂf“ﬁﬂ& 185 d % EPGnent the catalyst activity

249 max. 50% Rec. 909 282- 338

EP recovered at over 8°C per day. During fhe Q}ﬁ@ﬂ)gﬁgg

process of this dthvesdi@tH@ycdiea Dot | £k DEitPUds taeanlid faigydstont |M§dt
system In one gose, e rarty on zore, (et L 1A LERY SeAS Ol o

5 catalyst is "lined out").
Example 3

Example 3 illustrates block processing of high and

low heteroatom feeds over a dual catalyst system at a
relatively low hydrogen circulation rate. The same

10 hydrocracker bottoms and straight-run kerosene used in
Example 1 were block processed over a catalyst system
containing equal volumes of a catalyst loaded with nickel
and molybdenum (4wt% Ni, 25wt$ Mo, 166 m’/g) and a
catalyst loaded with noble metals, specifically Pt and Pd

15 as described in Example 1. Both catalysts are frequently
used in hydroprocessing procedures, specifically
hydrotreating. ‘

The experiments of Example 3 were conducted in a

fixed bed pilot unit having two fixed bed reactors. The

20 Ni-Mo catalyst was placed in the first reactor and the
noble metal catalyst was placed in the second reactor.
Approximately 75 cc of each catalyst were loaded. The
reaction conditions were temperatures of 171-316°C, 0.1
to 10 IHSV and a hydrogen circulation rate of 338 n.l.l.7?

25 (as opposed to 445 n.l1.1."! in Example 1) and hydrogen
inlet pressure of 4238 kPa.

In Example 3 the kerosene was run in 10 day blocks.
and the hydrocracker bhottoms feed was processed in 20 day.
blocks. Figure 4 illustrates the temperatures at which

30 activity was restored for each block of hydrocracker feed
processed. As the catalyst aged, the "line-out"
temperature increased slightly with each block of
hydrocracker bottoms run. Figure 4 may be compared with-
Figure 2, which used oniy a noble catalyst rather than

35 dual catalyst system. 1In Figure 4, the'"line-out"
temperature increased slightly with each hydrocracker
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supported catal sz ggnprised of a noble nmetal or netals, such as platinum
or palladium 73l ternate case, a batch.of supported catal yst

conpri si ng prlnarlly ni ckel and nnlybdenun1g@¥_be used in conjunction with
the batch of supported noble netal catal in the reaction zone. Both

the noble netal s godebhe HASEX "BLA! S 0%%%&: exceed 260°C (500°F). In

hydr ogenat i on- dehydr ogenati on funcflon nmetal catalysts, such as
those conprisi ng PISRFRusy obh@al I eTavne! BeperatEiee (1% enob a8PRERRERLI e

to aging than baSméﬁ@éeCﬁi@hﬂﬁiéantl)Fl@ﬂ émhvi?ﬂi atyét sumbegosPi nati on
wi th a nickel / nol %enun1 tal%st SUﬁ gs t hat
Phoc

hydrotreating or 5?°ﬁ§ ﬁﬁr £8es BN aL %%B§$§ﬁ??5Fry SFB“Fr
the rat® of agi nghydrogéheciztalation rate was employed than in Figure 2.

Comparison of Examples 1 and 3 and Figures 2 and 4 seens
to suggest that a dual catalyst system is less expensive
to employ than the single catalyst approach of Example 1,
provided slight increases in "line-out" temperature are

10 acceptable. Catalyst loaded with nickel and molybdenum
is less expensive than catalyst loaded with noble metals.
Furthermore, operation at a low hydrogen circulation rate
is also desirable from an economic standpoint. The
stabilization of catalyst at low hydrogen circulation

15 rates using low heteroatom (less than 1 ppm each of N and
S) feeds is unexpected.
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catélyst. The te ontacts the batch of catalyst conpr“ﬂ“l ﬂ “I' ﬂﬂgal
before i t cont§§?§7§he batch of catal yst coaprising the H ﬂ |ﬁﬂﬁf"*
rati o of the anount of base netal catal yst_t@_noble netal* chtatyst i%
preferably 1:1. An effective range of ratios extends from1l:4 to 4:1. The

rati o maybe variﬁﬁAfolgab%ggﬁEae§gqurization wi-th aromatic saturation. The
catal ysts used in e . rnstant rnvention are typically, heterogenequs

| LY e
porous sol id cat&rysP BESSEEE| ATnyheoYRAERASRICRRY B BEhARFENfeeds in
functionality. whdehganbBaten bEnsuppbetetlyhydrbpgoceedihg caralgsthés

Convers feed arobabrel £8' RobrEnERcE =Phel RignthErEPEE: SaRplsthRy o8 o

proces8ed in thi sffpeEAveoAmOlBEeofsal noble metad aromathdssandr havdng a

Eﬁfﬁ;sﬁi g;gm | CopgedeiBUaBLav: By dEae’ ackhathak! AYErogeRbeiBs, " fhakkysl v
diesel product comprising a low amount of aromatic
compounds is produced from a feed comprising a low amount

of hetercatoms, and a jet fuel product is produced from a

10 feed comprising a relatively high amount of hetercatoms,
each product being produced in a separate block in the -
same reaction zone over the same batch of catalyst, the
aromatics hydrogenation activity of the catalyst batch
being poisoned each time the feed is switched from the

15 feed low in heterocatoms to the feed relatively high in
heterocatoms, wherein the aromatics hydrogenation activity
of the catalyst is restored each time the feed is
switched from relatively high heteroatom feed to low
heteroatom feed, the process comprising the following

20 steps:

(a) producing a low aromatic diesel from a feed
comprising a low heterocatom content, over a batch of-
catalyst which comprises a noble metal or metals for
a specific number of days under specific conditions:

25 (b) switching from a feed with a low heteroatom content
to a feed with a relatively high heteroatom content,
thereby producing a distillate with reduced nitrogen
or sulfur content for a specific number of days over
the same batch of catalyst used in step (a), under

30 specific conditions;

(c) switching from a feed with relatively high hetercatom
content to a feed with low heteroatom content,
thereby repeating step (a);

(d) repeating steps (b) and (c) until the catalyst batch

35 is replaced.

2. The process of claim 1, wherein the reaction zone
comprises one or more fixed bed reactors.
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and poI ycycli Cp c.pgpgnents the catal ysts nust have a poremmﬂ um:mﬂ ur

sufficicently l'argé'to admit these materials_to the interi %HH
the catal yst where hydrodesul furization, hydrodenitrogenatti of ahd farcmati c
saturations, involving ring-opening and hy Ogenation reactions, can take

pl ace. A pore size Ofhat l—SééEs “EéZWAl(CQﬁ éPR“@hQ%%&r%PFoBQéglﬁgze

of the | arge pore size zeo Ites § suffrcient
Because, the endPRIISHIceRerises 2% least cene theblr oppkal orf'ﬂéﬁr%an’?he

pol ynucl ear ar onot&F hEbIeli h€tdDVeorYeént | B Obh PO Parsdd eerdit @ 1 ye&Xg§eedi ng
t hose previously w€$nt|oned are not required. Crystalline zeolite catalysts

-whi ch have a rel Vely imted pore size range, as conpared to the so-

4. The process of claim 3, wherein the noble metal or
metals are selected from a group consisting of platinum,
palladium, iridium, and rhenium.

5. The process of claim 1, wherein the catalyst support
is selected from the group consisting of ZSM-4, ZSM-~20,
TEA Mordenite, Mordenite, REY, alumina, silica,
dealuminized Y, and zeolite beta, titania and zirconia.

6. The process of claim 1, wherein the diesel product
comprising a low amount of aromatic comprises no more
than 20 wt% aromatic.

7. The process of claim 6, wherein the diesel product
comprising a low amount of aromatic comprises no more
- than 10 wt% aromatics.

8. The process of claim 1 wherein each feed emploved is
delivered by a separate charge system in order to
minimize feed backmixing.

9. The process of claim 1, wherein the feedstock having
a low heterocatom content comprises less than about 500
ppm by weight sulfur and less than about 25 ppm by weight
nitrogen.

10. The process of claim 1, wherein the feedstock having

a relatively high heteroatom content comprises from about
5 to about 10,000 ppm by weight sulfur and from about 45

ppm to about 200 ppm by weight nitrogen.

11. The process of claim 1, wherein the length of step
(a) is in a range from about 10 days to about 25 days.
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-L2- cal | ed anmorphous materials such as alumna or silic mmm““m“mwl a
and, zi rconi a, ﬁﬁy3ﬂﬁbrefore be used to advantage in V|ewﬂu“

and resistance to poi soning. Crystalline arogmatics hydrogénafloh catalysts
general ly the zeolites, and, in particul ar ~28Re | arge pore size zeolites

havi ng a Constr ai, gt dex | ess th di SSIO bel.ow n be used in
the instant mve% |or|'1r@1eF(§’rr 3‘2 é‘l‘(‘t"h%s Z’\%ﬁﬁ’b g H@r{getﬁ}n liz)(-ﬁ}'r?ﬂ e"
is meant to reprébéntst ia alaangeffmamabboatlBcdags,tb.abpumoe@udays.
crystalline silicates that contain silicon and oxygen atons as the ngjor

conmponents. Clher qgﬁgents are al so present, including alumnum gallium
iron, boron, etcl Frafessmdfeicdde iy df,emherain dheecanslidinn athe

requisite aCldltﬁteM e cOmpRIge! & PR¥LsRerk ¢neRkhe range from about 3549
to about 6996 kPa, a hydrogen inlet preséure in the range
from about 2515 to about 5617 kPa, a reaction temperature

5 in the range from about 177°C to about 343°C, a space
velocity in a range from about 0.1 to 10 LHSV, a once-
through hydrogen circulation rate which extends from .
about 178 n.l.l1.7' to about 1780 n.l.1.7!, and a recycle
ratio in the range from 0.5 to 10.

10 14. The process of claim 1, wherein the conditions of
step (b) comprise a pressure in the range from about 3549
to about 6996 kPa, a hydrogen inlet pressure in the range

_ from about 2515 to about 5617 kPa, a reaction temperature
in the range from about 260°C to about 427°C, a space

15 velocity which is in a range from about 0.1 to about 10
LHSV, and a once-through hydrogen circulation rate which
extends from about 178 n.l.l.”! to about 1780 n.1.1.7%.

15. The process of claim 1, step (c¢), wherein the
temperature of the reaction zone is held at a temperature
greater than the reaction temperature for a specific
period in order to regain catalyst activity more quickly,
prior to being decreased to reaction temperature.

16. The process of claim~i4, wherein the temperature of
the reaction zone is held at about a temperature from
288°C to about 371°C for 48 hours, in order toc restore
catalyst activity more quickly, prior to being decreased
to the reaction temperature of about 260°C.
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separately, in nix%ures in the catal yst or intrinsicallypyj e
of the catal ysE-7RA?Conveni ent neasure of the extent to ﬂ“'"“ m "m: ml .

provi des control to nolecules of varying sizes to its internaltstructure is
the Constraint Index of the zeolite. Zeolit whi ch provide a highly

restricted accesg-to,a S i ' al, Stk Ut a hisgh
valuelfor t he Cb%gfrgiEgoﬁ%%gx%ogagg%egiﬁkgégég %ﬁigaéﬁggﬁéggaﬁﬁf Sa&g
pores of snall s¥Récheagdualegatapystssyatenr basusedt hReodlHal Rakalyst

zeolites which pé?éﬁéﬁ &ehg&hgahﬁ ttieepacenes be aﬂﬁféﬁ&ﬁththeQEEHe
structure have ah §M/value for the

Q anstralgt ndex agd uaual %h%gres of
large size, YBF R eFeFRIRIgCANGLYFERsVRFRR AEENBY2EFE WA f8ffai nt
| ndex 6s det er m pedctioflegonebpdtf arkynbt hlifedpPathat fipst4, 016, 218, to

whi ch reference gmBde £QL985Lh athet oL I ng PR ELA B! BB HnE'

| ess than 2 .
of at least one base metal and having a specific activity

as expressed by its alpha value, the second

hydroprocessing catalyst comprising an effective amount

10 of at least one noble metal, the first and second

catalysts being present in a ratio of 1:4 to 4:1 wherein

diesel product comprising a low amount of aromatic is
produced from a feed comprising a low amount of

heteroatoms, and a jet fuel product is produced from a

15 feed comprising a relatively high amount of heterocatoms,

each product being produced in a separate block in the

same reaction zone over the same catalyst system, the
activity of each batch in the catalyst system being
restored each time the feed is switched, the process

20 comprising the following steps:

(a) producing a low aromatics diesel from a feed
comprising a low heteroatom content, over a dual
catalyst system for a specific number of days under
specific conditions;

25 (b) switching from a feed with a low heteroatom content
to a feed with a relatively high heteroatom content,
thereby producing distillate with reduced nitrogen
and sulfur content for a specific number of days over
the same catalyst syétem used in step (a), under

30 specific conditions:

(¢} switching from a feed with relatively high heteroatom
content to a feed with low heterocatom content,
thereby repeating step (a):

(d) repeating steps (b) and (c) until both the batches of"

35 the catalyst system are replaced.

18. The process of claim 17, wherein the reaction zone
comprises one or more fixed bed reactors.’
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and preferably | ess than 1 is a characteristic of the h i
catal.ysts used FH¥3" s invention. Constrai nt_I ndex (O)nmmﬁmmﬂﬁﬁw
typlcal | arge pore materials are shown in Table 2 below * ¢-13 =« 2
Constraint Index O {Test Tenperature) ZSNFE

(S0 3509 e procu of ctnin 35° GIHIHAS, TEAMBAPY e
0.4 (316[err] O series comprise the reaction zone, the first reactor
containing a batch of the hydroprocessing catalyst which
comprises at least one base metal and the second reactor
5 comprising a batch of the hydroprocessing catalyst which
comprises at least one noble metal.

20. The process of claim 17, wherein the total base metal
content of the first hydroprocessing catalyst is in the
range from about 5 to about 20 wt%, and the total noble
metal content of the second hydroprocessing catalyst is
in a range from about 0.1 to about 5 wt%.

21. The process of claim 17, wherein the base metal or
metals of the first hydroprocessing catalyst are
selected from the group consisting of nickel, cobalt,
molybdenum, vanadium, and tungsten, and the noble metal
5 or metals of the second hydroprocessing catalyst are
selected from the group consisting of platinum,
palladium, iridium and rhenium and mixtures thereof.

22. The process of claim 17, wherein the catalyst support
of each hydroprocessing catalyst of the dual catalyst
system is selected from alumina, ZSM-4, ZSM-20, TEA
Mordenite, Mordenite, REY, Amorphous silica-alumina,
dealuminized Y, and zeolite beta, silica, titania and
zirconia.

23. The process of claim~17, wherein the diesel product
comprising a low amount of aromatic comprises no more
than 20 wt% aromatic.

24. The process of claim 23, wherein the diesel product
comprising a low amount of aromatic comprises no more
than 10 wt% aromatics.
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Anorpheus Siliga-Alumina 0.6 (518[err]C) Deal uni ni zeﬂm %& iR 5
(510Lerr] C Zegr??338eta 0.6-2 (316[erf @ L, I’ff
nature of the CI parameter and the techniqug, by which it is determne

suggest the possibility that a given zeolit 1%an be tested under sonewhat

different conditygnspaadptBELEYoexBibih g%ffsﬁsg&igogéaﬁaka&d'a{);igisged
Constraint | ndex ey vary W th severity of bperation (convers) on) and the
presence or abseh®cd®lliVerREdrkY © peparake Pharge sSXHteR ERV¥FFPrstQe of

the zeolite, themﬂﬁgﬁgﬂéEfQ§d0§§éHﬂ§Qiﬁ?DtaﬂinantS, etc., my al so affect
the Constraint Index. It may be possible to so select test conditions,

e.g., tenperatures, as to establish nore than one value for the Constraint
| ndex of a partizél arheeplrotessastwellhimenlit hbeedn Lheedbetistoek having

considered to hageléwcﬂgéé£8598m'QgﬁéeﬁétQéRpEPSés less than about 500
ppm by weight sulfur and less than about 25 ppm by weight
nitrogen.

27. The process of claim 17, wherein the feedstock having
a relatively high heterocatom content comprises from about
5 to about 10,000 ppm by weight sulfur and from about 45
ppm to about 200 ppm by weight nitrogen.

28. The process of claim 17, wherein the length of step
(a) is in a range from about 16 days to about 24 days,
and the length of step (b) is in a range from about 7
days to about 14 days.

29. The process of claim 17, wherein the conditions of
step (a) comprise a pressure in the range from about 3549
to about 6996 kPa, a hydrogen inlet pressure in the range
from about 2515 to about 5617 kPa, a reaction temperafure
5 in the range from about 177°C to about 343°C, a space

velocity in a range from about 0.1 to about 10 LHSV, a
once-through hydrogen circulation rate which extends from
about 178 n.l1l.1.”! to about 890 n.l.1.”!, and a recycle
ratio in the range from 0.5 to 10.

10 30. The process of claim 17, wherein the conditions of"
step (b) comprise a pressure in the range from about 3549
to about 6996 kPa, a hydrogen inlet pressure in the range
from about 2515 to about 5615 kPa, a reaction temperature
in the range from about 260°C to about 427°C, a space

15 velocity which is in a range from about 0.1 to about 10
LHSV, and a once-through hydrogen circulation rate which
extends from about 178 n.l.l.”! to about 1780 n.1.1.7%.
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specified range if it can be brought into the range under varying
conditions. TheFt&3%@ pore zeolites, i.e., those zeolites having a
Constraint Index |less than 2 have a pore sF232§UfficientIy |l arge to admt

t he vast najorltyzéglgggﬁoq&&ts norggllé found in the feeds. These zeolites
are general ly st I n excess of 7 _Angstrons and are
represented by zeolites having tHﬁﬁ5@2¥¥¥4@§#¥@QJ¥Q%H¥E¥§3?|te Bet a,

Zeolite X, Zeolite Y.Thig| bavéntithtiass aptecesé Uy thdeapyradirgdo¥ (Deal

fY)aUJ g./ts)lr ?g‘: tnecer %%ﬁéﬁ%?sf%ééég?ﬁt i3 m%{) %‘i‘gﬁ)c#%%} %@W%%Ssesn})ﬁg@s
silical/alum na r ®dtakystn is placed in a reactlon zone, which is usually a
' fixed bed reactor. The hydroprocessing catalyst
5 ‘comprises an effective amount of a noble metal or metals
and has a specific activity. Both low aromatic diesel
and jet fuel may be produced in separate blocks over the
same catalyst batch, using different feeds and often
different conditions. The activity of the catalyst is
10 restored each time the feed is switched. When production
is switched from jet fuel to low aromatics diesel,
activity may be regained more quickly by holding the
catalyst at a higher temperature than the reaction
temperature for a specific period of time prior to
15 dropping the temperature to the reaction temperature.
Switching from one feed to the other may continue for
about one year before the catalyst batch is changed. A
dual catalyst system may alternatively be employed. 1In
this case a hydroprocessing catalyst batch comprising an
20 effective amount of at least one base metal is used in
combination with the catalyst comprising an effective
amount of at least one noble metal catalyst. The feed
contacts the catalyst comprising the base metal before it
contacts the catalyst comprising a noble metal. In a.
25 dual catalyst system, the feeds may be switched for about
two years over the two catalyst batches before fresh
catalyst is necessary.

FIGURE 1 IS SUGGESTED FOR PUBLICATION.
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-14- faujasite, as do the various forns of zeolite Y, especially USY and
De-AlY. Zeolite Y is the preferred catalyst, and it is preferably used in
one of its more stable forns, especially USY or De-Al'Y. Although Zeolite
Beta has a Constraint |Index |ess than 2, it does not behave exactly like a
typical |arge pore zeolite. Zeolite Beta satisfies the core size

requirements for a hydrocracki the present process
but it is not preferred becausegﬂb; %g 5 tjive behavi or.
Anor phous aromati cs hydrogenati L e netal s supported

on alumna and silica-alumna my also be bsed. Zeolite ZSM4 is descri bed
in US Patent No. 3,923,639; Zeolite ZSM in 1S Patent No. 3,972, 983;
~Zeolite Beta in U S Patants Nos. 3,308,0 and Re
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28, 341; Low sodium U trastable Y nol ecul ar sieve (USY) is described in U S
Pat ent's Nos. 3,293,192 and 3,449,070; Dealum nized Y zeolite (Deal Y) may
be prepared by the nmethod found in U S. Patent No. 3,442,795; and Zeolite
UHP-Y is described in U S Patent No. 4,401,556. Reference is made to these
patents for details of these zeolite catalysts. catalyst stability during
the extended cycle life is essential and this may be conferred by suitable
choi ce of catal yst structure and conposition, especially silica:alum na
ratio. This ratio nmay be varied by initial zeolite synthesis conditions, or
by subsequent deal um ni zation as by steami ng or by substitution of frame
work alum numw th other trivalent species such as boron, iron or gallium
~Because of its convenience, steanming is a preferred treatnment. In order to
secure

LOW HETEROATOM FEED

- \

[ NiMo/Aiy05
CATALYST

Pt OR Pd
CATALYST

\ /
N _

LOW AROMATICS DIESEL
(NO MORE THAN 20 WT% AROMATICS)

FIG. Ic
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satisfactory catalyst stability, high silica:alumina ratios, e.g. over 20:1
are preferred. These may be attained by steaming. Zeolites with a
stlica-to-alumina nole ratio of at least 3:1 are useful, for exanple,
zeolite Y. It is preferred to use zeolites having much higher silica-to-
alumna nole ratios, i.e., ratios of at least 20:1, as in zeolite USV.
The Silica-to-alumna nole ratio referred to may be determ ned by
conventional analysis. This ratio is nmeant to represent, as closely as
possible, the ratio in the rigid anionic franework of the zeolite crystal

and to exclude alumnumin the binder or in cationic or other forns within
t he channel s.

. -3
+ 2
CRUDE KEROSENE
o
T <
e
Tg]
M
\ CRUDE KEROSENE
= 4 ) =
\ 3 3
£ QJ
\ CRUDE KEROSENE| ,, © _
N =z (D
o-—
5 L
19 g
\ CFHT LIGHT GAS OIL
__lD
O
[ . CFHT UGHT GAS OIL| ~
+ 0
| i { : : : | o
S P 8 ¥ 8 g 38 q
W) < < <t < ] m.m

(ASH1 Z ® SOLLYWOMVY %vl) ASH1 G'L
® SOLLYWOMV %07 ¥0d4 Q3Q33N'dW3L

This Sheet Has Been Replaced

T




The hydroprocessing catal ysts of this invention contain netals to provide
hydr ogenat i on- dehydr ogenati on functionality. Metals for hydrogenation
dehydr ogenati on can be exchanged or inpregnated into the conposition, using
a suitable conmpound of the netal. As indicated previously, a catalyst

| oaded with noble netals nust be present. Noble netals, found in Goup VIII
of the Perimdi c Table, include platinum palladium iridium and rhenium
A noble netlql or netals is present in an anmount ranging from0.1 to 5 w%
preferablylrom 0.3 to 3 wt% Catal ysts | oaded with base netals from G oups
VB, VIB, orgVIIIB of the 1UPAC Periodic Table, e.g. nickel, cobalt,

nol ybdenumgvanadi um tungsten may be m xed with the catal yst | oaded with a
" nobl e netaltzor metals. Combinations of a Goup VB or Goup VIB netal or

- ¢ . .
‘metal s vvltrga Goup VIl are especially favored, such as N -W
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Co-Mo,. Ni -V, N Mb. Base netals nmay be present on the catalyst in a range
from5 to 20 wt % Hydroprocessing Conditions Figures 1(a), 1(b) and 1(c)
(attached) illustrate three different situations under which the fixed bed
reactor of the instant invention nmay be operated. Figure 1(a) illustrates
the target conditions for the conversion of |ow heteroatomfeed to | ow
aromatics diesel in a fixed bed Eeactor | oaded only witg a noble netal
catal yst conprising platigum or [dal I@di um “¥hesemondi t™ns are 6307 kPa
pressure (900 psig), 4928&_kPa (700 psi g) Herr] ',jjl et pressure, 260[err]C
(500[err]F), 0.1 to 10 LHSV, anda338*n.1.1[err] Mferr] &1900 SCF/B). A

recycle ratio of 2:1 is emdlQueds Tie vyol of =i xed d effluent
recycled to the reactor ig)l' lﬂ,: E§/RJ g:}:“ ‘g% <
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tw ce t-hat -of the new fee

1(a) i'l lustrates target

appropriate conditions ex
about 6996 kPa, and hydro
about 5617 kPa. Appropria

TR T . AR o a %mt ﬂﬂ,.L ﬂ GJ
FHERT & eady st#tie conditions. Figure

howesier, iaQéeﬁtﬁblé ranges of
gaprieds uF esgrdadige! f rom about 3549 to
st pressul & mypaext Bnd | f rom about 350 to
ion :tepgpeiatenessextend from about 171 to

c

about 343[err]C Space ve o&fty nay vary from about O. ? to about 0.1 to 10

LHSV. Once- through hydr
n.1.1.[err] to about 1780

-beﬂ nuﬁmgxtend from about 178
F==Reeyeling-i-s-necessary with a | ow

het eroatom feed but not a hlgh het er oatom f eed. Hydr ogenation is an
exot herm c reaction which consunes m nimal anounts of hydrogen. Recycle is
used to control the tenperaptdrerLLiTee cacrEsGt fraceas al yst bed

FISLO OF THE INVENTIOM

This iavention relatas ta a2 process for U

distillatce

pgrading

feeds. BSoth kerasene type jec fuels and low

aromatic diesel fuel may be producad in separate blocks

over the same catalyst ar dual catalyst systam, Lhereby

promoting unit flaxihility. A feed of low hecercatom

content is used to produce low aromatic diesel fuel, and 2

feed of high hetersatom coatent is used ta produce jet

fuel. Usually a single fixad bed raactar is usad Ln thls

invention as the reacticn zcne. In scme situacians,

. < . pemem  mepem - or
particularly in the case ot a two catalyst system, EWO

more rzactors may be used.

BACKGCROUMD OF THE TMYEMTIONM

Hydrocarban distillates wvary widely in contant. Some

mav concain a low parcsntage of non-metallic Lﬂgbrbtlns and

a high percentage af arcmatic comgounds, while others

contain a lLow percentage of aromatics and a high percentage
i E

of non-mecallic impurities such as nitzcgen, sulfur and

oxygen Some distillatas may contain vaxzying percentages

of both These arz often crganic hydrocarhaon compounds

i i zallic
which contain these impurities as heterocatams. Nonmetall

impuricies adversaly affact catalytic hydrocarbon processas

such as hydrotreating by poisoning .the catalyst.
Distillates are hydrzctreatad for a variaty of rsasons.

Hydrotreating maybe used tc remove aromatics and other

J.znpurz.tz.as -

Environmental regulations in same areas of the

United States currently require the arcmatic content of
diesel to be no mere than 2 wt.3%, prefarably no mere than

10 wti.
Other

istillates, such as those used for the

production of kexosene jet fuel, ars treated for the
removal of hatergatoms. The same catalyst may be used for
both arsmatic ramoval and hatersatom ramaoval, although in
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The appropriate range of recycle ratios is fromO0.5:1 to 10:1. Figure 1(b)
illustrates the target conditions for conversion of high heteroatomfeed to
jet fuel in a fixed bed reactor. In this situation there is no product
recycl e. The target pressure is 6307 kPa (900 psig), and the hydrogen
inlet pressure is 4928 kpa (700 psig Herr]). The target tenperature is
321[err]C (610[err]F), space velocity is 0.1 to 10 LHSV, and the

once-t hrough hydrogen circulation is 388-n.1.1.[err] (1900 SCF/B), H. . The

acceptabl e ranges for conditions in the situation depi Gt Yeeklgoure 1(b)
are the sane BRe tdsstr BRGE-SREEFHUITEITES &X8 B’(“f%r‘ﬁtfﬁég?%‘gyfcel e ratio. The
pressure i s i BompdsARg6ns umeabeet J519ek Ry dnadbife BIIGTRFLhe hydr ogen

inlet pressure is n a,ha00€ Jfkr ofe ahedin@5ker=kPach 0iAQuULs 5617 kPa Herr].
The tenperatugsiégﬂéngagggkf;}gﬁkareh, using the same catalyst or

catalyst system, between low hetercatom content feeds,
producing low aromatic ¢iesel, and high hetercatcm csntent
feeds, producing jet fuel. By using the same catalyst
batch in the same reaction zone, the refiner achieves
desirable flexibility with reasonable cycle lengths.

The production of low arcmatic diesel fuels is
becoming increasingly lamporzant in both the United States
and Eurcope. Catalysts impregnated with noble metals have
been shown tao be effective in saturating aromatic
compounds. Lt has been observed (G.L.B. Thielemans,
"Ma;ufacturinq cf low aromatcic dissel fuel," 1293 European
0il Refining Conterence, 21-22 June 1993, Sitges,
Barcelona) that the reduction of aromatic content via the
hydrogenation process has a positive effect on all key fuel
properties, although at high costs. Key fuel properties
include cetane number and cetane index, as well as API
gravity. Distillate aromatic content is inversely related
to cetane number, the accepted measure of diesel fuel
quality. Cetane number and cetane (or diesel) index are
both measures of the ignition quality of diesel fuels.
Diesel fuels have a minimum cetane number of 45. Cetane
nuﬁber, which is directly related to igniticn quality is
highly dependent on the paraffinicity of molecular
structures, whether they are straight-chain or alkyl
attachments to rings. A distillate stream which comprises
mostly aromatic rings with few or no alkyl-side chains
generally is of low cetane guality while a highly
paraffinic streanm is generally of high cetane quality-
Dearomatization of rafinery distillate streams can increase
the volume yield of distillate products. Aromatic
distillate components are generally lower in gravity than
their similarly boiling paraffinic counterparts.
Saturation of aromatic rings can convert these lower API
gravity aromatic companents to higher APT gravity saturated
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26Q C to 427[err]C. The space velocity is fromO0.1 to 10 LHSV, and the
hydrogen circulation is fromabout 178 n.1.1.[err] to 1780 n.1.1.[err].
Figure 1(c) illustrates the | oading of a fixed bed reactor for block
processing with a two catal yst system In the instant invention, a dual
catal yst system has several advantages. H gh heteroatom feeds nmay conti nue
to be processed, producing jet fuel, everi+f the noble netal catalyst is
conpl etely deactivated. The hydrotreating catal yst containing base netals
converts organi ESTRY1eFGEN3TD SARADNI Aeakalwtn fieldooH S stihbaeby i nprovi ng
the stability opredwetnobl e nmetal catal yst. The catal yst | oaded with base

metals tends to hyd@@&%QBEééessinq plants are expensive ta construct as
well as to operate, therefore those that are constructed
must be designed for operation that is as efficient as
passible.

Aromatic saturation activity is poisoned by even Low
hetercatom content feedstocks. Consequently, only very low
hetercatom content feeds are traditionally fed to catalysts
which saturate aromatics. Catalysts impregnated with noble
metals can alsc remove hetercatcms, however. Low sulfur
and nitrogen fuels can be produced from feedstocks which
contain relatively high concentrazicns of hetercatoms, such
as straight-run kercsene. Prior attempts have been made ta
deal with problems associated with the poisoning of
hydroprocessing catalysts impregnated with metals and the
subsequent decrease Ln their activity. y.s. pat. MNo.
3,368,963 (Schuman) disclaosas the watting of fresh catalyst
by clean cil (non-arcmatic oil of law coking tendency).

The catalyst can then be heatad along with regular heavy
charge oil and hydraogen withaout forming much coke cen its
surface. The activity of the catalyst is thus improved.
Although two different oils are baing applied to the
catalyst in this invention, only one is intended for
conversion to product. One oil is applied to the catalyst
only in a small amount as a wetting agent. Furthermore,
these oils are not used alternately, in a swing fashion, as
in the instant iavention. '

U.S. Pat. No. 3,300,388 (Hilfman) teaches the removal
of aromatic impurities from paraffinic chargestocks. A
catalyst which is surface-impragnated with Group VIII
metals is contacted with the chargestsck in an atmosphere

_ comprising hydrogen. This chargestock has a very low
aromatic content, i.e. 1.5 wt?, as opposed to the
hydrocracker splitter bottoms or light gas oils of the
instant invention, which cantain over 30 wt: aromatic
compounds. Unlike the present invention, removal of
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coke précursors, thereby inproving the stability of the noble netal

cat al yst.
nobl e net al

preferred case, equal
| oaded with base nmetals such as nickel and nol ybdenum (such

cat al yst

catal yst fromcontam nation in the event of unit upsets.

Furthernore, the catal yst | oaded with base netals protects the

In the

vol umes of a catal yst |oaded with noble netals and a

as

that usually used in hydrotreating) are pil4aced in the fixed bed reactor.

Al t hough a rati %rgf éL 1

accept abl e.

fadid | s.grefherr.ed, a range of ratios from1l:4 to 4:11is
The cat at st BAdEF WYH 7681 85 nEtiel arenpotaesdnphto t he

reactor first, CRERLEhe eabidhest vobumedtwptddbase metals is added on top of
the first catal yst. dwn Ph¥xedided, {£aalser §5[@‘%/h Igg Q? us g__‘cwséshias
h of t al ysts be in a

enbodi nent ,

separate reactor $
noble metals and a ligand such as dithiocarbamate. Tn this

e ca may

. : el
ot (ﬁ’k;é g(jlj’l%%%%é Im? ep?écf%grg !?s egﬁ%)}‘ °1‘52rc‘% OTfHd/88S| fmpregnated with

pracess, heterocatoms may te removed from a variety of
feeds, including distillates. There is ng teaching of

aromatics resmoval, however, or of switching different feeds

over the same catalyst in order to restore catalyst
activity, as in the instant invention.

U.S. Pat. Mo. 3,147,526 (Kukes et al.) and U.S. Pat.
No. 5,151,172 (Kukes et al.) disclose a process for the
hydrogenation of distillates employing the noble metals
Platinum and palladium impregnated on zZeolite Y.

Oistillates having a high aromatic concentcracion as well as

a high concentration of heterocatcms {from 20 to 60 wt%

aromatics, from about 10 ppm to about 0.9 wt% elemental

sulfur, and fram about 5 ppm to about 909 pPm nicrogen) may

be treated in this process. Thers is ng tzaching, however,
of alternating feeds of varying campositions over the same
Catalyst, as in the instant invention. There is alsc no

teaching of the use of other catalysts in combination with

nosle metal catalysts, as in the instant invention.

SUMMARY OF THE INVENTTON
The instant invention enables the refiner teo use one

catalyst batch in a single reaction zone such as one or
more fixed bed rsactors, for both the production aof jet
fuel as well as the production of low aromatic diesel.
Although different feeds are used for the production of
each distillate product, the same catalyst~batch or
catalyst system may be used for the production of both.
The hydrodenitrogenation reaction and hydrodesul furization
reaction (for jet fuel production), as well as the
hydrogenation reaction (for the production of low aromatic
diesel) may occur in the same reactien zane. . Pressures
below 6996 kPa are generally employed. A higher pressure
maybe used; however, this inveation can operate below 6996
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series. It is critical for the NiM catalyst to be the first catal yst over
whi ch the feed passes, since the purpose of using two catalysts at once is
the retardance of poisoning of the noble netal catalyst while using a | ower
hydrogen circulation rate, resulting in a | ess expensive procedure than
that involving the use of a noble netal catal yst al one. The suitabl e ranges
of conditions for block processing over -4~two catal yst system are t.he sane
as those used in the single catal yst-__si‘tuations previ ou'sl)[ i Cl‘._ystrat ed.
The pressure i €Ppn thrrabangedysidm SHOUR 13529t 0 AFEUE2BYIE kP " *The
hydr ogen inl et spERSSHIEL dodngesetfaloom ab@ebl 264 6ot @mabputusb@link®n H.
preferably 49285u§€§rt7 h:&({ 820540 ! eRRALuLe MR /b2 RGEs fyis@ME26¢kit,0 427 C.
The space velocity s frodmabout 0.1 to 10 LUSV prefgracpldy 1o o
whersin the feed Ls passed over a catalyst loaded wltCld base

metals before passing aover a noble metal, is used. A tw
catalyst system is often preferred in order to reduce the
aging rate of the noble metal catalyst. This two catalyst
system is especially useful when desulfurizing
(hydrotreating) cracked stocks. The noble metal catalyst
is therefors protected from olefins and gums.

Product may be racycled to the feed stream. I£
recycle is employed, the ratio used is dependent upen the
type of feed stream and type of catalyst system used.
while processing high heterocatom fzeds, such as Light gas
oil (LGO) or straight-run kerosene, there is essentially no
aromatics saturation. The catalyst hydrogenation activity
is reduced, presumably by adsorption of nitraogen and sulfur
species. The catalyst is still stable and active for
desulfurization. When a fsed af low hetaroatom content 1is
once again used, such as hydrocracker splitter bottoms, the
aromatics hydrogenation activity of the catalyst or
catalyst system recavers, allaowing the reactor temperature
to be reduced while still making a praduct with no more
than 10 we$ aromatics, preferably no mere than 10 wt%
aromatics.’
The instant invention employs, "block processing". The
fixed bed reactor generally processes high hetercatom feeds
for 5 to 20 days per month to produce jet fuel. The
remaining days in the month (usually from 10 tae 25 days)
are used to produce low aromatic diesel from feeds with low
hetercmatam csontent.

Description of the Figures

Figure 1(2a) illustrates the target canditions for
conversion of low hetercatom feed to low arcmatic diesel in
a fixed bed reactar intended for block processing. Figure
1(b) discloses the tarqef*Conditions for the conversion of
high heterocatom feed to jet fuel in a fixed bed reactor
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LHSV. The hydrogen circul ation may range from 235 to 1780 n. 1. 1[err],
preferably 338 n.1.1.[err]. The nonthly schedul e bel ow is suggested if

bl ock processing is enployed over a catal yst conprising noble netals. This
schedul e can be altered, however, to neet production demand. 1. Low

het eroatom feed is converted to |ow aromatic diesel (less than 2 W% for
10 to 25 days, preferably 16 to 24 days. 2~ At the end of the run of |ow

het er oat om f eed, i @oa¥bd C 1Bl (] om.feed is made. This run |asts
from5 to 20 dayls, ?)éri\ée eéba%ﬁjg#!rggb#g'tg%ﬂ%z c%§%'f”&i‘r‘ﬁ’ng”t¥i€‘?ﬁn‘?iﬁ“f’r om | ow
het er oat om f eed PEAMFIP hét E-63F Rifck BRIETKhECT emmrkabupees singaisad a

gradual ly from two catalyst system is employed.

Figuzre 2 shows that the temperature required for a
noble metal catalyst to make a product containing no more
than 10 wt% aromatic leveled off ("lined out") at 238°C
even after processing several blocks of high hetercatom
content sulfur and nitrogen feeds.

Figure 3 demonstrates that catalyst activity is
recovered more quickly if the catalyst is held a; an
elevated temperature for a period of about 48 hours before
dropping to the reaction taemperature. Low aromatics feed
may be processed during this period. It is preferred that
H, be passed alone over the catalyst, minimizing off
specification product. ¢ is thecrized that the poisons
ares stripped from the noble metal when at high temperature,
restoring its activity.

Figure 4 illustrates the temperatures at which
activity was restored for each bleck of hydrocracker feed
Processad aver a dual catalyst system.

DETAILED DESCRIPTION OF THE INVENTION
Feedstock

Since two different types of distillate products are
produced in the instant invention over the same catalyst or
catalyst system, two diffsrent types of feedstocks are
used. High hetercatom feedstocks are used to produce jet
fuels, and low hetercatom ﬁeedstocks are used to produce
diesel with an aromatic content of below 20 wt%, preferably
below 10 wt%. High hetercatom feedstaocks typically have a
sulfur content in the range from 5 to 10,000 ppm by weight,
and a nitrogen content of betwaen 45 and 200 ppm by weight.
The activity of the catalysts preferred in the instant
inventicn is mors sensitive ta the presence of ﬁitragen in
feed than it is to the presence of sulfur. Low hetaroatom
feedstocks generally contain less than 500 ppm by weight of

sulfur, and less than 0.25 ppm by weight of nitrogen.
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about 260[err]C to about 327[err]C over a period of about 12 hours. 3. At
the conclusion of the run of high heteroatomfeed, a switch is nade to | ow
het eroatom feed and the tenperature is lowered to 288[err]C. Tenperature is
then gradually lowered to 260[err]C as catalyst activity returns. The
recovery of catal yst hydrogenation activity is dependent upon the reactor
or reactors used and nethods of feed hahdling enployed. It is desirable to
use a fixed bed reactor with mninmal dead volune. It is also desirable to
mini mi ze feed bacKmessnpeddie ERF ORACHFYINsBASR +TRALLPCEF 1%t catal yst to
nitrogen in thgHwad. nkeedhaeknedyd ngw caripbents néimiceednbye ded i vering each

feedstock fro u%segaf&t & CALE: WShEMadili B85 T LoiRfiradcss s ebimi nated
as a potentla e 10 cata.yst activity.
arzicularly the case when Jet fuel

Feed boiling point characteristics are usually determined

is being produced.

by the products required. The faedstocks employed in the
instant inventicn are generally of petroleum origin,
although feasds from synthetic oil preduction processes,
such as Fischer-Tropsch synthesis or methanol conversion
may be used. Feedstocks may also be cbtained from the
fractionation of shale ails and tar sands.

The feeds suitable for the production of jet fuel
generally have an initial boiling point in the vicinity of
149°C ta 19l°C and an endpoint in the range trom 227°C to
139°F. The preferrad boiling range is from about 3J40°F ta
about 17L°C for jet fuel production. Straight-run
kerssenes, direct from the crude distillacion unit, are
suitable for production of karosane jet fuels as are
catalytically cracked cycle oils. Kerosene jet fuels
include Jet A, Jet AL, JP4 and JP8. Light gas oils may
also be suitable. Cycle oils from catalytic cracking
processes usually have boiling range of about 204°C to
199°C, although LCO may have an endpoint as low as 316°C.
Light gas oils have endpoints as low as 293°C and work well
in the process of this invention.

Low hetercatom feeds are required for the production
of low aromatic content diesel in the process of this
invention. A Light cycle oil hydrocracking process is
disclosed in U.S. Patent No. 4,676,887, U.S. Pat. No.
4,738,766, and U.S.No. 4,789,457. In these processes,
selective, partial, hydrogenation of bicyclic aromatics in
LCO occurs. The primary object of these processes is the
praduction of gasoline; however, an unconverted fraction
(hydrocracker bottoms) remains. A portion of this
unconverted material has a boiling range from about 213°C
to apout 343°C. Hydrocracker botioms are more paraffinic
than the LCO feed due to the partial hydrogenaticn of
arsmatic. Furthermors, a considerable degree of




The fol'l ow ng exanples are illustrative only and are in no way intended to
be limting: EXAMPLES Exanple 1 Exanple 1 illustrates bl ock processing
of high heteroatom and | ow het eroatom f eeds over a noble netal catalyst.
Tabl e 3 provides a feedstock and product conparison for a | ow heteroatom
feed, hydrocracker bottons, and a high heteroatom feed, straight-run
kerosene. The products were produced using8the instant invention. The

specifications fgg y oy Aronatics Di esel Fuel .were provided in
Tables 1(a) and 1 S'ﬂlleér“e‘g g’é %gf‘b FHETSFF I I RAR Jesissen et Gauthe of

rodenxt*oqenatxcn and hydrodesulfurization reactions
that take place over the hydrotreauan catalyst. It is a
feed with low hetercatom content, suitable for the
procduction of a diesel with an aromatic contant of no more
than 20 wt.%, pre:erablv e mare than 10 wt2. Low
hetercatom distillate feeds can also he prepared by
processing high hetercatom distillates in a catalytic
hydrodesulfurization unit. Aany hydrocracker distillate
Stock (not merely the battonms) may be dearomatized in this
invention.

Table 1 illustrates the properties of three fsedstocks
useful in the instant inventian. Hydrocracker bottoms have
a low heteroatom content and may be used in low aromatic
diesel production. Hydrotreated light gas oil and
straight-run kercsene are high hetercatom feeds and may be
useful in the production of jet fuel. Table l(a) discloses
specifications for jet fuel. Table 1(b) discloses
specifications for low aromatics dissel fuel.




Table 3 neets the requirements of Table 1(a) for Jet Fuel

and WSM (a |ight dispersion test).
by the addition of antioxidants.

point for jet fuels, 18 mm

a snoke point of 13mmis 25 vol %
be bel ow 18mm

vol % the snoke point wll

except for color

The criteria of Table 1(a) maybe net
Tabl e 1(a) provides the m ni num snoke

The maxi num aromati cs content for jet fuels at

If the aromati cs content
Snoke point is

is bel ow 25

nore difficult to

measure than aromatics content so this cd¥telation is frequently used. The
product using hydrocracker bottons feed falls within the limts of Table

1(b), Low Aromatics Diesel.

- 20-
TABLE 1

Feedstock Properties

Hydrocracker Straight Hydrotreated
Feead Splitter Btms Run Kero Light Gas 0il
APT 30.2 36.3 34.0
Hydrogen wt% 12.90 13.37 13.68
Sulfur, ppm <20 2800 110
Nitrogen, ppm <0.05 38 5
Aromatics,wt% 36.1 13.5 28.5
I8p 324 253 280
103 397 342 412
SO0% 492 415 S03
90% 601 453 5638
EP 711 494 608
TABLE 1(a)
Jet Fuel Soecifications
Reference Fuel
Product Specifications

Color, Saybolt
Visual

Volatility
Gravity @ 16°C, API, AVE

Combusticn
Arcomatics (Vol%)
Olefins (Volsy)
Smoke Point (mm)
Naphthalenes (vol%)

Corrosiveness
Aczdlty, Total (mg KOHC/q)
Corrosion, 2 hrs. 100°C
Mercaptans (ppm)

Sulfur, Total (wt%)

Fluidity )
Freeze Point
Viscosity @ -20C

tability
JFTOT. Prassure Drop (mmiqg)
Tube Deposit Number

C/B (clear/bright)
37.0~51.0

25.0 max.
5.0 max.
18.0 min.
3.0 max.

0.1 max.

1 max.

30 max.

¢.3 max./3000 ppo

=40 max.
2.0 max.

25 max.
3 max.
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Feedst ock and Product Properties Product Product at

Hydr ocracker Hydrocracker Srun Strai ght Run Feed Bot t ons
Bottons Feed Kero Kerosene Feed API 30.2 33.3
36.6 36.9 Hydrogen wt % 12.90 13. 65 13.70 13.75 Sul fur. ppnmw
<20 <20 .. 2800 1300-1800 Nitrogen, ppnmw <0. 05 <0. 05
56 30-40 Aromatics. W% 36.1 9. 1,a- 13.5 13.3 (correl ates
directly w snoke point) Cetane |ndex é%.G ~41.8 33.2 33.9
Yield. W% - CleanDihess & Purity 99 CN 34 38
NA NA W% Pol ycycH"élll Hetals (ppm) N A1.0NéA Aromati cs

Existent Gum (mg/100ml) 7.0 max.

Haae.Panc (°C) 21 max.

Particulates (mg/gal) 4.0 max.

Water Rxn:Vol Chg. (ml) 2 max.

Interface Rating 1 1b.

WSIM: Clear 85 max.

Distillation IBP (°'C)

10% Recovered
60% Recaovered gg; g:z:
End Point (°C) 300 max.
Residue (Vol%) 1.5 max.
Flash Point (°C) (TAG) 23 min.
TABLE 1(h)
Soecifications of Low Aromatics Diesel Fuel
Propert:
Sulfur Cantent :
Aromatic Hydrogen Content wt$ 2gom§§m e
Polycyclic Aromatic Hydrogen )
_Content we% No Spec
Nitrogen Content, ppm 10 max
Natural Cetane MNo. P )
Gravity, API 30-37
Viscosity @ 40 C. cSt. 1.9~4.1
Flash Pt., °C 52 min
Carbon Residue, wt% 0.15 méx.
Ash, yt% 0.01 max.
Alkali Metals 1 ppm

Distillation, °C

IBP

10% Rec.

50% Rec. 249 max.
90% Rec. 282-338
EP 371 max.
Catalvsts

The pracess of this iavention may be carried ocut over
two different catalyst systems. In one case, the reaction
zZone, (usually a fixed bed reactor) is loaded with a
supported catalyst comprised of a noble metal or metals,
such as platinum or palladium. In an alternate case, a
batch of supparzed catalyst comprising primarily nickel and
molybdenum may be used in conjunction with the batch of




Color  * Cl ear Cl ear Cl oudy Cear Geen Tint Wiite

Green/ Bl ack white WSI M (Iight dispersion test) NA N A 0
Distillation [err]C |IBP 212 204 192 191 10%
228 223 201 200 SO% 253 249

208 208 90% -339 299 -11- 217 218 EP 643

331 2

f eedst ock | PB i SURSPtwES hobleashthl arkalier rik/ AndofeARRbLRCAE Tabke 1

(reproduced bel

het eroatom feegd, .
hydr ocr acker bot¥o

29 230 Conversion to material boiling beneath the

<)) rﬁiibs_gl RseS st Bgd ahar gg;aerﬂegg'i%s ofv_. not her hi gh

drogreatequl i gas ol i hiE%eRanpl e a

nction. Noble metal

catalysts, such as those camprls;nq platinum or palladium
or both, tend to be mare wulnerable to aging than base
metal catalysts. Using such catalysss in combination with
a2 nickel/molybdenum catalyst such as that primarily used
for hydrotreating or other hydroprocessing tachniques can
Substantially slow the rate aof aging of noble metal
catalyst. The feed contacts the batch of catalyst
comprising the base metal before i: contacts the batch of
catalyst comprising the noble metals. The ratioc of the
amount of base metal catalyst to noble metal catalyst is
preferably l:1. An effective range of ratios extends from
1:4 to 4:1. The ratio maykte varisd to balance
desulfurization with aromatic saturazian.

The catalysts used in the instant invention are
typically, heteragenecus, gorous solid catalyst possessing
hydrogenatzion-dehydroagenatian functionality. Hydrogenation
functicnality is required €2 remove the hetercatoms present
in a feed such as straight-run kerssene as wall as to
convert feed aromatics to naphthenes. TIf a high hetercatom
feed is teing processed in this inventicn there is little
Or no aromatic saturation. Because aromatic feed, such as
hydrocracker bottoms, contains relatively bulky bicyclic
and polycyclic components the catalysts must have a pore
size which is sufficiently large to admit these mataerials
to the interior structure of the catalyst where
hydrodesulfurization, hydrodenitrogenation and aromatic
saturations, invelving rinq—ocen*ng and hydrogenation
reactions, can take place. A pors siza of at least about
7.4 (corresponding to the pore size of the large por= size
Zeclites X and ¥) is sufficient faor this purpose. Because,
the end point of the feed is limited, the proportion of
bulky, peclynuclear aromatics is gquite low. Very large pore
sizes greatly exceeding those Previsusly mentiocned are not
required. Crystalline zeolite catalysts which have 2
relatively limited pore size range, as comparad to the so-

-
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processed over a catalyst conprising 0.3 w% of platinumand 0. 3 w % of

pal | adi um These noble netals were | oaded onto a neutralized USY zeolite

whi ch conpri ses about 25wt % al um na. The surface area O the catalyst

the range from 150 to 300 njerr]/qg. The product resulting fromthe
hydrocracker bottons feed is a diesel fuel containing | ess than 10w %

aromati c.

kerosene and hydrotreated |ight gas oi

jet fuel.

I n separate bl ocks over the sane catal yst, both straight-run

Called amorphous materials such as alumina or silica-
alumina, titania and zirconia, may therefore be used to
advantage in view of their activity and resistance to
Poisoning. _

Crystalline aromatics aydrogenation catalysts,
genecally the zaolites, and, in particular, the large pore
Size zeolites having a Constraint Index less than 2 (see
discussion below) can be used in the iastant invention.
For purposes of this invention, the term "zeolite® is meant
to represent the class of metallosilicates, i.e., porous
crystalline silicates, that contain silicon and oxygen
atoms as the major components. Other components are also
present, including aluminum, gallium, -iron, boron, etc.,
with aluminum being preferred in order to obtain the
requisite acidity. Minor componeats may be present
separately, in mixtures in the catalyst or intrinsically in
the structure of the catalyst.

A convenient measure of the extent to which a zeolite
provides control to molecules of varying sizes to its
internal structure is the Constraint Index of the zealite.
Zeclites which provide a highly restricted access to and
egress from its internal structurs have a high wvalue for
the Constraint Index, and zeolites of this kind usually
have pores of small size, e.g., less than § Angstroms. On
the other hand, zeolites which provide relatively free
access to the internal zeolita structure have a low value
for the Constraint Index and usually pores of large size,
e.g., greater than 8 Angstroms. The method by which
Constraint Index is determined is described fully in U.S.
Patent No. 4,015,218, to which reference is made for
details of the method. A Constraint Index of less than 2
and preferably less than 1 is a characteristic of the
hydroprocessing catalysts used in this invention.

Constraint Index (CI} values for scme typical large
pore materials are shown in Table 2 helgw:

is
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-22- TABLE 1 Feedstock Properties Hydrocracker Strai ght Hydrotreated Feed

Solitter Btnms Run Kero Light Gas Q| API 30.2 6.5

34.0 Hydrogen wt % 12. 90 13. 87 13.68 Sul fur, ppm <20 2900
110 Nitrogen, ppm <O0.05 38 5 Aromatics, wt% 36.1 13.5
28.5 1BP, [err]C - 162 124 138 10% 203

172 211 50% 256 4% 262 90% 316
237 298 EP 377 2 Lsne , 320 Experinents were

e e Y
Constraint Index
€L _(Test Temperature)

carried out in a fixed-bed pil ot

ZSM~4 0.5 (316°C)
Z5M-20 0.5 (371°C)

TEA Mordenite 0.4 (316°C)
Mordenite 0.5 (316°C)

REY 0.4 (316°C)
Amorphous Silica-Alumina 0.g (538°C)
Dealuminized Y (Deal Y) 0.5 (510°Q)
Zeglite Beta 0.6-2 (316°~-399°C)

The nature of the CI parameter and the technique by
which it is determined suggest the possibility that a
given zeolite can be tested under sSomewhat different
conditions and thereby exhibit different Constraint
Indices. Constraint Index may vary with severity of
operation (conversion) and the pressence or absence of
binders. Other variables, such as crystal size of the
Zeolite, the presence of occluded contaminants, etc., may
also affect the Constraint Index. r& may be possible to
So- selact test conditions, e.gq., temperatures, as to
establish more than one value for the Constraint Index of
a particular zeolite, as with zeolita beta. A zeolite is
considered to have a Constraint Index within the
specified range if it can be brought into the range under
varying conditions.

The large pore zeolites, i.e., those zeclites having
a Constraint Index less than 2 have a pore size
sufficiently large to admit the vase majority of
components normally found in the feeds. These zeolites
are generally stated to have a pore size in excess of 7
Angstroms and are represented by zeglites having the
structure £, e.g., Zaolite Beta, Zeolite X, Zeolite ¥,
faujasite, Ultrastable Y (USY), Dealuminized ¥ (Deal Y),
Mordenite, ZSM-3, ZSM~4, ZSM-18 and 2SM-20. Zaolite ZSM-
20 resembles faujasite in certain aspects of structure,
but has a notably higher silica/alumina ratigq than
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unit enploying the comrercial nobl e-netal based hydroprocessing catal yst
descri bed above. Approximately 20 cc of catalyst, sized to 20-30 nesh was

| oaded in a reactor. The reaction conditions were tenperatures of
171-316[err]C, 0.1 to 10 LHSV, 445 n.1.1.[err] of once-through hydrogen
circulation, and hydrogen inlet pressure of about 4238 kPa. Wen feed with
a high heteroatom content (kerosene usually contains 2700 ppm sul fur and 45
ppm nitrogen LGO usually contains 110 ppmir+trogen) i s being processed,
there is essentiallxjnq aromatic saturation. The catal yst hydrogenation

activity is reducd@®IPHEGundBl P V2atikvdyei 6%cws afi trogite dnd sul fur
speci es. The cat akgseciad lgt UST mdabesiland aedi v ol sdesdl|ddbzadd on,

however. Wen the ' i t ocr.acker spl.itter bottons,
the aromatic hydr533%%;;;@??2&4%?%{%&%122% df/slfl ?ré%o?/ée)r‘st,s B79%wi ng
. pecially USY ar De-aly.

Although Zeolite Beta has a Constraint Index less
than 2, it does not behave exactly like a typical large
pore zeolite. Zeolite Beta satisfiess the pore size
requirements for a hydrccracking catalyst for use in the
present process but it is not preferred because of its
paraffin-selective behavior. Amorphnous aromatics
hydrogenation catalysts such as noble metals supportad on
alumina and silica-alumina may alsao be used.

Zealite ISM-4 is described in U.S. patent No.
3,923,639; Zeolite ZSM-20 in U.S. Patent MNo. 3,972,983;:
Zeolite Beta in U.S. Patants MNas. 3,308,069 and Re
28,341; Low sodium Ultrastable Y molecular sieve (USY) is
described in U.S. Patants ¥os. 3,293,192 and 3,449,070;
Dealuminized Y zeolite (Deal Y) may be prepared by the
method found in U.S. Patenc No. 3,442,795;: and Zeolite
UHdP-Y is described in U.S. Patant MNo. 4,401,536.
Refarence is made to these patents for details of these
Zeolite catalysts.

Catalyst stability during the extended cycle life is
essential and this may be confarred by suitable choice of
catalyst structure and composition, especially
silica:alumina ratio. This ratia may be varied by
initial zeclite synthesis conditions, or by subsequent
dealuminization as by steaming or by substitution of
frame work aluminum with other trivalent species such as
baron, iron or gallium. Because of its co;venience,
steaming is a preferred treatmentc. 1In order to secura
satisfactory catalyst stability, high silica:alumina
ratios, e.g. over 20:1 are preferred. These may be
attained by steaming.

Zeolites with a silica-to-alumina mole ratic of at
least 3:1 are useful, for exampls, zaolite Y. It is
preferred to use zeolites having much higher silica-to-
alumina mole ratias, il.e., ratios of at least 20:1, as in
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reduction of the reactor tenperature while still making a product
containing no nore than 20 wt % aromatics, preferably no nore than 10 wt %
aronati cs. Figure 2 illustrates data on bl ock operation. The tenperature
needed to produce a diesel fuel containing no nore than 20 wt % aronmatic
(preferably no nore than 10 wt % aromatics) at 0.1 to 10 LHSV, or a jet fuel
containing no nore than 14 wt % aromatic at 0.1 to 10 LHSV is plotted

agai nst the days on stream of the catdly5t. Low heteroatom feed was
processed on the days betwegn_ t| .? ack: ntaini,ng_li; g4l or

ker osene. Fi gurz«?"é%?loqﬂs[‘t hat- t’pigL Jé?r&péé?étgﬁf%a P84 i Fieéil%ge?rgie&a product
contai ni ng no ror @ay Hem dREREDLELORALFINVEBFePRA)L gRRLgELS. This

ratic i3 meant to represant, as closely as possible, the
racio in the rigid anionic framework of the zeolite
crystal and ta axclude aluminum in the binder or in
cationic or other forms within the channels.

The hydrcprocessing catalysts of this invention
contain metals to provide hvdrecgenation~dehydrogenation
functionality. Metals for hydrogenation dehydrogenation
can be exchanged or impregnated into the composition,
using a suitable compound cof the mecal. As indicated
previcusly, a catalyst loaded with noble metals must be
present. MNoble mecals, found in Grcup VIII of the
periodic Table, include platinum, palladium, iridium, and
rhenium. A& noble metal or metals is presant in an amount
ranging from 0.l to 5 wt%, prefarably from 0.3 to 3 wt%.
Catalysts loaded with base metals from Groups VB, Y18, or
VIILB of the LUPAC Periodic Table, e.g. nickel, cobalt,
molybdenumn, vanadium, tungsten may be mixed with the
catalyst loaded with a noble metal or metals.
Combinations of a Group V8 or Group VIB metal or metals
with a Group VIII are especially favored, such as Ni-W,
Co-Mo, Ni-¥, NiMo. Base metals may be present on the
catalyst in a range from 5 ta 20 wtk.

Hvdrooreccessing Conditions

Figures 1(a2)., 1(b) and 1l{c) (attached) illustrate
three different situations under which the fixed bed
reactor of the instant invention may be operated. Figure
1(a) illustrates the target conditiomns for the conversion
of low hetercatom feed to low aromatics diesel in a fixed
bed resactor lcaded only with a2 noble metal catalyst
comprising platinum or palladium. These conditions are
6307 kPa pressure (900 psig), 4928 kPa (700 psig) K. inlet
pressure, 260°C (500°F), 0.1 to 10 LHSV, and 338 n.1.1.7
H, (1900 SCF/B). A racycle ratio of 2:1 is emploved. The
volume of fixed bed effluent racycled to the reactor is
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238[err]C (460[err]F) even after processing several blocks of high

het er oat om content sul fur and nitrogen feeds. Catalyst life is generally
projected to be about one year, therefore catal yst batches should be
changed yearly. Exanple 2 Exanple 2 denonstrates how noble netal catalyst
activity is restored after processing a feed of high heteroatom content.
Catal yst activity is reduced by processing a feed that contains significant
het er oat om content. Switching back to a | ow heteroatom feed restores

catal yst activity. Holding the catal yst otécatal yst system at el evated

t enper at ur es allowg.activit%_tg bgtgegt red nore quickly. This is
illustrated in Fi gite $P2Fhe" FOPnBTT 764 3TAR attOR e SqaRY etFAS reduce

product aronmatic €endigions.
Figure l(a) illustrates target conditions; howaver,

acceptable ranges of appropriate conditions exist.
Suitable pressures range from about 3549 to about 6996
kPa,_and hydrogen inlet pressure may extend from about
350 to about 5617 kPa. Appropriate reaction temperatures
extend from about 171 to about 343°C. Sgace velocity may
vary from about 0.5 to about 0.1 to 10 . LHSY. Once-
through hydrogen circulation may extend from about 173
n.l.lL."' to about 17380 n.l.l."'. Recycling is necessary
with a low hetercatom feed but not a high hetercatam
feed. Hydrogenation is an exothermic reaction which
cansumes minimal amounts of hydrogen. Racvcle is used to
control the tamperature rise across the catalyst bed.

The appropriate range of recycle ratics is from 0.5:1 to
10:1.

Figure l(b) illustratas the target conditicns for
conversicn of high heterocatom feed to jet fuel in a Fixed
bed reacter. In this situation there is no product
racycle. The target pressure is 6307 kPa (900 psig),
and the hydrogen inlet pressure is 4928 kPa (700 psig H,).
The target temperature is 321°C (610°F), space velacity
is 0.1 to 10 LH#SV, and the once-through hydrogen
circulation is 338 n.l1.l."' (1900 scg/s), d.. The
acceptable ranges for conditions in the situation
depicted by Figure 1(b) are the same as the ranges of
Figure 1.(a) except for t§? recycle ratio. The pressure
is in a range from about 3549 kPa to about 6996 KPa, the
hydrogen inlet pressure is in a range from about 2515 kPa
to about 5617 kPa H,. The temperature may range from
260°C to 427°C. The space velocity is from 0.1 to 10
LHSV, and the hydrogen circulation is from about 173
n.l.l.”' to 1780 nm.l.l.7t,

Figure 1(c} illustrates the loading of a fixed bed
reactor for block processing with a two catalyst system.
In the instant invention, a dual catalyst system has
several advantages. High hetercatom feeds may continue
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nore than 2 wt%is plotted agai nst the days the catal yst has been on
stream The actual unit tenperature for this series of points was either
260[err]C (500[err]F) or 316[err]C (600[err]F). The plot has been broken
up into three segnments. In the first and | ast segnents, the actual unit
tenperature was at 260[err]C. The nearly vertical segnment represents a 48
hour period during which the unit was held at 316 C. The line is nearly
vertical because catalyst activity recovery was unexpectedly accel erated by
the 316[err]Ctreatnent. In the first sggent, the activity was recovering
at less than 0.6[err] C per day. -24- During the 316[err]C treatnment the
catal yst activit§P be processed, praducing jet fuel, even if the noble

metal catalyst is completely deactiwvated. The
hydrotreating catalyst containing base metals converts
organic nitrogen tc ammonia and sulfur to H,S, thereby
improving the stability of the noble metal catalyst. The
catalyst loaded with base metals &tends to hydrogenate
Coke precursors, theresby improving the stability of the
noble metal catalyst. Furthermore, the catalyst loaded
with base metals protects the nobla mecal catalyst from
Contamination in the event of unit upsets.

In the preferred case, equal volumes of a catalyst
loaded with noble metals and a catalyst loaded with base
metals such as nickel and molybdenum (such as thac
usually used in hydrotreating) are placed in the fixed
bed reactor. although a ratio of 1:1 is preferred, a
range of ratics from l:4 to 4:1 ig acceptable. The
catalyst loaded with ncble metals ig poured into the
reactor first, then the catalyst loaded with base metals
is added on top of the first catalyst. Two fixed bed
reactors may alsc be used in this embodiment, as
disclosed in Example 3. Each of the catalysts may be in
2 separate reactor, and the reactors may be connected im
series. It is critical for the NiMo catalyst to be the
first catalyst over which the faed passes: since the
purpose of using two catalysts at once is the retardance
of poisoning of the noble metal Catalyst while using a
lower hydrogen circulation rate, resulting in a less
expensive procedure than Fhat involving the use of a
noble metal catalyst alone. The suitable ranges of
conditions for block processing over a twe catalyst
system are the same as those used in the single catalyst
situations previously illustrated. The pressure is in
the range from about 3549 to about 5996 kpPa. The
hydrogen inlet pressure ranges from about 2516 to about
S§17 kPa H,, preferably 4928 kPa. The reaction
temperature may range from 260 to 427°C. The space
velocity is from about 0.1 to 10 LHSV, preferably 1.5




recovered at over 8[err]C per day. During the final period at 260[err]C
the -catal yst activity was stable suggestlng that no nore activity recovery
i s possible(at that point the catalyst is "lined out"). Exanple 3 Exanple 3
il lustrates bl ock processing of high and | ow heteroatom feeds over a dual
catal yst systemat a relatively | ow hydrogen circulation rate. The sane
hydr ocr acker bottons and straight-run kerosene used in Exanple 1 were bl ock
processed over a catal yst systen1conta|ﬁan equal vol unes of a catal yst

| oaded with nickgl, anq%ogy@p@aumml%»wbm REMYnbD, £ 466 28bees ]/ g) and a

catal yst | oaded Wth 43: gpe0| Y.i Pt "and Pd as described in
Exanpl e 1. Bot A78%t%dYydts - aPEFFEBEEMIS "adety i n hydroproceSS| ng
procedures, specifitas montpdly sohediiapelow is suggested Lf block

processing is employed over a catalyst comprising noble
metals. This schedule can be altered, however, to meet

production demand.

1. Low heterocatom feed is converted to low aromatic
diesel (less than 2 wt%) for 10 ta 25 days, preferably 16
to 24 days.

2. A: the end of the run of low hetercatom feed, a
switch to high heterocatom feed is made. This run lasts
from S to 20 davs, preferably fraom 7 tao 14 days.
During the switch from low hetercatom tsed to high
hetercatom feed, the temperature is raisad gradually from
about 260°C to about 227°C over a period of about 12
hours.
3. At the conclusion of the run of high heterocatom feed,
a switch is made to low hetaroatem feed and the
temperature is lowerad to 288°C. Temperature is then
gradually lowersd to 260°C as catalyst activity retumms.
The recovery of catalyst hydrogenatian activity is
dependent upon the reactor or reactors used and methods
of feed handling employed. It is desirable to use a
fixed bed reactor with minimal dead volume. It is also
desirable to minimize feed backmixing, due to the high
sensitivity of the catalyst to nitrogen in the feed.
Feed bacimixing can be minimized by delivering each
feedstock from a separate charge system. Line-flushing
is thus eliminated as a potential detriment to catalyst
activity.

The following examples are illustrative only and are
in no way intended to be limiting:

T a1 e e
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The experinents of Exanple 3 were conducted in a fixed bed pilot unit
having two fixed bed reactors. The Ni-M catalyst was placed in the first
reactor and the noble netal catalyst was placed in the second reactor.
Approxi mately 75 cc of each catal yst were | oaded. The reaction conditions
were tenperatures of. 171-3l6[err]C, 0.1 to 10 LHSV and a hydrogen
circulation rate of 338 n.1.1.[err] (as-gpposed to 445 n.1.1[err] in
Exanpl e 1) and hydrogen inlet pressure of 4238 kPa. In Exanple 3 the

ker osene was runEKaMBLExlay bl ocks and the hydrocracker bottons feed was
processed in 20 gayndlPHGgks. Figure 4 illustrates the tenperatures at which
activity was restored for eacr&[lbl ck_of hgdrocracker feed processed. As the
catal yst aged, the "Ffilsut"* é‘ﬁ%é?‘aﬁubé Fheseaaiad ighfh§wi t h each

bl ock of hydrocr bekercdsgmt and LownheEigaren A€9mis beecanpabid wdtali

catalyst. Table 3 provides a feedstaock and product
comparison for a low hetercatom feed, hydrocracker
bottoms, and a high hetercatom feed, straight-run
kerosene. The products wers praduced using the instant
invention. The specifications for Jet Fusl and Low
Aromatics Diesel Fuel were provided in Tables l(a) and
1(b) resspectively. The Straight Run Kerosene Product of
Table 3 meets the requirements of Table l(a) for Jet Fuel
except for color and WISM (a light dispersion test). The
criteria of Table 1(a) maybe met by the addition of
antioxidants. Table l(a) provides the minimum smoke
point for jet fuels, 18 mm. The maximum aromatics
content for jet tuels at a smoke point of L3mm is 25
vaoli. If the aromatics content is below 25 vol.3, the
smoke point will be below l8mm. Smoke point is more
difficult to measure? than aromatics contant sc this
correlation is frequently used. The product using
hydzacracker bettoms feed falls within the limits of
Table 1l(b), Low Aromatics Diasel.

R .
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Figure'2, which used only a noble catalyst rather than dual catalyst
system In Figure 4, the"line-out" tenperature increased slightly with each
hydr ocr acker bottons bl ock run, but did not exceed 260[err]C
(500[err]F). In Figure 2, the "Line-out" tenperature did not appear to

i ncrease significantly at all with the nunber of hydrocracker feed bl ocks
processed. Furthernore, a |lower hydrogen circul ation rate was enpl oyed than
in Figure 2. Conparison of Exanples 1 an®®% and Figures 2 and 4 seems to
suggest that a dual catalyst systemis hLggs pensive to enploy than the
singl e catal yst approach of Exanple 1, prov d slight increases in
"line-out" tenperature are acceptfidseck Gatraddysipdoaagded W th nickel and

nol ybdenum

Praduct Product of

Hydrocracker  Hydracracker  Srun  Straight Aun
Feed Baottoms Bottoms Feed Kero  Kerosene Feed
APt 30.2 33.3 366 389
Hydrogen wt% 12.90 13.65 13.70 13.75%
Sulfur, ppmw <20 <20 2800  1300-1800
Nitragen, ppmw <0.05 <0.05 s§ 30-40
Aromatics. wt% 3J6.1 9.1 135 133
(correlates diractly
w/smake gaint)
Ceatane index 36.6 41.8 332 a3g
Yield. wt%" - 98 . 99
CN 34 - 38 N/A N/A
Wt% Polycyclic S 1 N/A N/A

Aromatics

Colar Clear Clear Cloudy Clear

Green Tint White Green/Black White
WSIM (light
dispersion test) N/A N/A aQ 95
Oistillation °C
spP 212 204 192 191
10% 228 223 201 200
S0% 253 249 208 208
90% 339 299 217 218
EP 643 331 229 230

Conversion to material bailin benesath th sedstock
IPB is <3 wt% in each block. 9 " e fe

N/A Not Applicable
Table 1 (reproduced below) discloses the characteristics
of another high heteraa;om feed, hydrotreated light gas
oil. Ia this example a hydrocracker hottoms feed was
processed over a catalyst comprising 0.3 wt% of platinum
and 0.3 wt% of palladium. These noble metals were loaded
onto a neutralized USY zeolite which comprises about
2swtt alumina. The surface area of the catalyst is in

the range from 150 to 300 m'/g. The product resulting

28 JUN 1994




is.less expensive than catal yst | oaded with noble netals. Furthernore,
operation at a |low hydrogen circulation rate is also desirable from an
econoni ¢ standpoint. The stabilization of catalyst at | ow hydrogen
circulation rates using | ow heteroatom (Il ess than 1 ppm each of N and S)
feeds is unexpected. - -26- WHAT IS CLAIMED I'S: 1. A process for the
upgrading of distillate feeds in which a-Zatch of supported hydroprocessing
catalyst is placed in a reaction zone, the catalyst conprising an effective
amount of a nobl efGeBt he grydrecapskemdontaisnfeadsped fdiesattfuslty for
aromati cs hydr ogecn%tti on

erei
Q axningwless Qhan 10wt® aromatic. In separate blocks
over the same catalyst,both straight-run kerosene and

hydrotreated light gas oil were separately treated ta

produce jet fuel.
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di esel* product conprising a | ow anount of aromatic conpounds is produced
froma feed conprising a | ow anobunt of hetercatons, and a jet fuel product
is produced froma feed conprising a relatively high amount of heteroatons,
each product being produced in a separate block in the sanme reaction zone
over the sane batch of catalyst, the aropmtics hydrogenation activity of
the catal yst batch being poi soned each ffhe the feed is switched fromthe
feed low in heteroatans to the feed relatively high in heteroatons, wherein
the aromatics hydrogenation activity of the catalyst is restored each tine
the feed is switched fromrelatively hi gégtEet eroatom feed to | ow het er oat om
feed, the process conprising the follomﬁnqasteps: (a) producing a | ow

aromatic diesel froma feed conpri sifsgfstecifsopenes er oat om content, over a
bat ch of
Hydrocracker Straight  Hydrotreated

Feed Sotitter 8tms Run Kero  Liaht Gas Oil
APt 30.2 6.5 120
Hydragen wt% 12.90 13.87 13.68
Sulfur, ppm <20 2900 110
Nitrogen, ppm <0.0S 38 5
Aromatics, Wt% J6.1 13.5 285
I8P, °C . 162 124 138
10% 203 172 211
S0% 256 213 262
90% Ji6 237 298
EP 377 257 320

Experiments were carried out in a fixed-bed pilot
unit employing the commercial noble-metal based
hydroprocessing catalyst described above. Approximately
20 cc of catalyst, sized to 20-30 mesh was loaded in a
reactor. The reaction conditions were temperatures of
171-316°C, 0.1 to 10 LHSYV, 445 n.l.l.-! of once-through
hydrogen circulation, and hydrogen inlet pressure of
about 4238 kPa. When feed with a high heterocatom content
(kerosene usually contains 2700 ppm sulfur and 45 ppm
nitrogen LGO usually contains 110 ppm nitrogen) is being
processed, there is essentially no aromatic saturation.
The catalyst hydrogenation activity is reduced,
presumably by adsorption of nitrogen and sulfur species.
The catalyst is still stable and active for
desulfurization, however. When the feed is switched back
to hydrocracker splitter bottoms, the aromatic
hydrogenation activity of the catalyst recovers, allowing
reduction of the reactor temperature while still making a
product containing no more than 20 wt% aromatics,
preferably no more than 10 wt% aromatics.
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catal yst which conprises a noble netal or nmetals for a specific nunber of
days under specific conditions; (b) switching froma feed with a | ow

het eroatom content to a feed with a relatively high heteroatom content,

t hereby producing a distillate with reduced nitrogen or sulfur content for
a specific nunber of .days over the sane batch of catalyst used in step (a),
under specific conditions; (c) switching3roma feed with relatively high
het er oat om cont ent tg.a ow_het eroat am content, thereby repeating

afe
step (a);: (d) repeati hg" %12 éw(‘bi“"éhas 34,90 PL3de cearatipst bEA®h is
repl aced. 2. The Y5PBeEXLLLSf ne:‘r%ﬁdmt?;, Pml A dhesaledcsi @RnEZONELROMPr i Ses
one or nore fixetobedtHAAQLOUSE aromatic (prefarably no more than 10 wts
aromatics) at 0.1 to 10 LHSV, or a jet fuyel containing no
more than 14 wt¥ aromatic at 0.1 to 10 LHSV is plotted
against the days on stream of the Catalyst. Low
hetercatom feed was processed on the days between the
blocks containing light gas oil or kerosene. Figure 2
shows that the temperature required to make a product
containing ne more than 2 wt% arcmatic leveled off at
238°C (460°F) even after processing several blocks of
high hetercatom content sulfur and nitrogen feeds.
Catalyst life is generally projected to be about one
Year, therefore catalyst batches snouLd be changed

yearly.

Example 2

Example 2 demcnstrates how noble metal catalyst
activity is restored after Processing a feed of high
hetercatom content. Catalyst activity is reduced by
processing a feed that contains significant heterocatom
content. Switching back to a low hetercatom feed
restores catalyst activity. Holding the catalyst or
catalyst system at elevated temperatures allows activity
to be restored more quickly.

This is illustrated in Figure 3. The normalized
temperature required to reduce product aromatic to no
more than 2 wt¥ is plotted against the days the catalyst
has been on stream. The actual unit temperature for this
serias of points was either 2s50°c (500°F) or 316°C
(600°F). The plet has been broken up into three
segments. In the first and last segments, the actual
unit temperature was at 260°C. The nearly vertical
segment represents a 48 hour pericd during which the unit
was held at 318°C. The‘line is nearly vertical because
catalyst activity recovery was unexpectedly accelerated
by the 318°C treatment. In the first seqment, the
activity was recovering at less than ¢.§°c per day.

[N e 1
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-27- 3. The process of claim1l, wherein the hydroprocessing catal yst
conprises at |east one noble netal, wherein the total noble netal content
isin arange fromO0.1to 5 w% 4. The process of claim3, wherein the
noble netal or metals are selected froma group consisting of platinum

pal l adium iridium and rhenium 5. The process of claim1, wherein the
catal yst support is selected fromthe group consisting of ZSM 4, ZSM 20,
TEA Mordenite, Mrdenite, REY aI um' na, Stttca, dealum nized Y, and zeolite
beta, titania and_zitconia Process im1, wherein the diesel

of cl
product conpri si n§¥&* ‘T‘%vﬁ“&nﬁhﬂt 2AFomat e ¢ ¥EESAFHF Y e

recoverad at over 8°C per day. During the final period
at 260°C the catalyst activity was stable suggesting that
no maore activity rescovery is possible(at that peint the
catalyst is "lined out").

Example 3

Example 3 illustrates block processing of high and
low hetercatom fz2eds over a dual catalyst system at a
relatively low hydrogen circulation rate. The same
hydrocracker bottaoms and straight-run kerosene used in
Example 1 were block processed over a catalyst system
containing equal volumes of a catalyst loaded with nickel
and molybdenum (4wt¥ ¥i, 25#t% Mo, 166 m'/g) and a
catalyst loaded with ncble metals, specifically Pt and Pd
as described in Examgle L. Both catalysts are frequently
used in hydrogrocessing procedurss, specifically
hydrotreating.

The experiments of Example 3 were conducted in 2
fixed bed pilot unit having two fixed ked reactors. The
Ni-Mo catalyst was placed in the first reactor and the
noble metal catalyst was placed in the second resactor.
Approximately 75 c= of each catalyst were loaded. The
reaction conditicns were temperatures of 171-316°C, 0.1
to 10 LHSY and a hydrogen circulation rate of 338 n.l.1.7t
(as opposed to 445 n.l.1.”' in Example 1) and hydrogen
inlet pressures of 4238 kPa.

In Example 3 the kerosene was run in 10 éday blocks.
and the hydrocrackar bottoms feed was processed in 20 day.
blocks. Figure ¢ illustrates the temperatures at which
activity was restorad for each klock of hydrocracker faed
processed. As the catalyst aged, the "line-out"
temperature increased slightly with each block of
hydrocracker bottams run. Figure 4 may be compared with
Figurs 2, which used only a noble catalyst rather than
dual catalyst system. In Figure 4, the"line-out"
temperature incr2ased slightly with each hydrocracker
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than 20 wt % aromatic. 7. The process of claim®6, wherein the diesel product
conprising a | ow anount of aromatic conprises no nore than 10 wt %
aromatics. 8. The process of claim1 wherein each feed enployed is
delivered by a separate charge systemin order to minimze feed backm xing.
9. The process of claim1, wherein the f;ﬁdstock havi ng a | ow het er oat om
content conprises |ess than about 500 ppmby weight sulfur and | ess than

about 25 ppm by V‘&hﬁ'&h-—“biéé)@@ﬂn l&c &he Roegss o d- %' sdg-mhergin the
f eedst ock havi ng & d reI a qmy ,,hl e %t egoatom contc&i{ ri ses from about
5 to about 10,000 PpiH° m‘é S P A 198 B#i3% “3bout 200
ppm by wei ght ni t*fﬁi}@ﬁaelilqmﬁécmdde% “blfl elighnttie nuneeci ‘Plt the | ength of

step hydrocracker feed blocks processed. Furthermore, a lower
hydrogen circulation rate was employed than in Figure 2.
Comparison of Examgpl2s 1 and 3 and Figures 2 and 4 seems
to suggest that a dual catalyst systam is less expensive
to employ than the single catalyst approach of Example 1,
provided slight increases in "line-out" temperature are
acceptable. Catalyst loaded with nickel and molybdenum
is less expensive than catalyst leoaded with noble metals.
Furthermore, operaticn at a low hydrcgen circulation rate
is also desirable frem an economic standpoint. The
stabilization of catalyst at low hydragen circulatien
rates using low heterocatom (less than L ppm each of ¥ and
S} feeds 1s unexpectad.




(ay is in a range Tromabout 10 days to about 25 days. -28- 12. The

process of ' , gy, t he length of step (b) is in a range from about
5 days to aﬂlﬂlﬂmumgﬂ(mm The process of claim1l, wherein the conditions
of step (a) torpritsema pressure in the range from about 3549 to about 6996
kPa, a hydrogen inlet pressure in the range from about 2515 to about 5617
kPa, a reaction tenperature in the range from about 177[err]C to about
343[err]C, a space velocity in a range f-rzOJD about 0.1 to 10 LHSV, a once-

t hrough hydrogen circul ation rate which eéxtends from about 178 n. 1. 1[err]

to about 1780 n. lwxbr[ esrdrar@Bg fsyecycle ratio in the range from0.5 to 10.
1. A procass ror the upgrading of distillate feeds in
which a batch of supported hydropreocessing catalyst is
Placed in a reaction zone, the catalyst comprising an
effective amount of a ncble metal or metals and having a
specific activity fcor aromatics hydrogenatiaon, wharsin
diesal product comprising a low amount of aromatic
compounds is produced from a fead comprising a low amount
of hetercatoms, and a jet fuel product is praduced from a
teed comprising a relatively high amount of hetercatoms,
each product being produced in a separate block in the
same reacticn zone over the same batch of catalyst, the
aromatics hydrogenaticn activity of the catalyst batch
being poisoned each time the feed is switched.from the
feed low in hetercatoms to the feed relatively high in
hetersatoms, wherein the aromazics hydragenation activity
of the catalyst is restored each time the fsed is
switched from ralatively high hetercatom feed to low
hecercatom feed, the grocess comprising the following
steps:

(a) producing a low aromatic diesel from a feed
comprising a low hetercatom contant, over a batch of
catalyst which comprises a noble metal or metals for
a specific number of days under specific conditions:

(b) switching from a feed with a low hetarocatom content
to a feed with a relatively high hetercatom content,
thereby producing a distillate with reduced nitrogen
or sulfur content for a specific number of davs over
the same batch of catalyst used in step (a), ;nder
specific conditions:;

(¢) switching from a feed with Telatively high hetercatom
content to a feed with low hetercatam content,
thereby repeating step (a);

(d) repeating steps (b) and (¢) until the catalyst batch
is replaced.

2. The procass of claim 1, wherain the reaction zone

comprises oae or more fixed bed reactors




14. Thﬂm' m 1 wherein the conditions of step (b) conprise a
pressu ﬁﬂﬂﬂ"mﬂ&&m om about 3549 to about 6996 kPa, a hydrogen inl et
pressuré i A the s rom about 2515 to about 5617 kPa, a reaction
tenperature in the range from about 260[err]C to about 427[err]C, a space
velocity which is in-a range fromabout 0.1 to about 10 LHSV, and a

once-t hrough hydrogen circul ation rate w2reh extends from about 178
n.1.1[err] to abqut 1780 n.1.1.[err]. 15. The process of claim1, step (c),
wherein the tenpérat GRe RFCIEHE ?E&dRiBNL 2 oHecrsn rmedha@r@pqoe:ﬁﬁérm ure
greater than thecrealyswranprpersatr kedsor oaesq&&mé‘ mecRES ivd@rkDn Gdnder to

regain catal yst Qggaylgaﬁl@&gtgplcgklﬂnt RSl @ é?‘%l ngréie%r gaggds to reaction
tenperature. 16. e process of claim 14, ere nthé erature of the

reaction zone is ﬁérd at about a tenperature from 288[err]C t o about
371[err]C for 48 hours, in order to restore

4. The process of claim 3, wherein the noble metal or
metals are selected from a group consisting of platinum,
palladium, iridium, and rhenium.

5. The process of claim 1, wherein the catalyst support
is selected from the group consisting of zZSM-4, ZSM-20,
TEA Mordenite, Mordenite, REY, alumina, silica,
dealuminized ¥, and zeolite beta, titania and zirconia.

6. The process of claim 1, wherein the diesel product
Compt‘LSan a low amount of aromatic comor]__-,es no more
than 20 wt%¥ aromatic.

7. The process of claim 6, wherein the diesel product
comprising a low amount of aromatic comprises no more
than 10 wt% aromatics.

8. The process of claim 1 wherein each feed employed is
delivered by a separate charge system in order to
minimize feed backmixing.

9. The process of claim 1, wherein the feedstock having
a low heterocatom content comprises less than about 500
ppm by weight sulfur and less than about 25 ppm by weight

nitrogen.

10. The process of cClaim 1, wherein the feedstock having
a relatively high hetercatom content comprises from about
S to about 10,000 ppm by weight sulfur and from about 45
ppm to about 200 ppm by weight nitrogen.

11. The process of claim 1, wherein the length of step
(a) is in a range from about 10 Qays to about 25 days.
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cabaLy I“ﬂw U|ckly, prior to being decreased to the reaction

t enper mm m E[I@E[err]c -29- 17. A process for the upgradi ng of
dlstlllatecfee SH | h a dual catalyst systemis used, the dual catalyst
system conprising two batches of different supported hydroprocessing

catal ysts which are placed in the sane reaction zone but are not m xed, the
first hydroprocessing catal yst conprisingsan effective amount of at | east
one base netal and having a speC|f|c activity as expressed by its al pha

val ue, the second-hydP8pPERESS| iy Cdatml Yistwhegrpni siengaqetefdtestewe anmount
of at |east one n@hl esnid al raidie thbk SdbAURA5S@EPHLo about 20 days.

13. The process of claim 1, wherein the conditions of
Step (a) comprise a pressure in the range from about 3549
to about 6996 kPa, 2 hydrogen inlet pressure in the range
from about 2515 to about 5617 kPa, a reaction temperature
in the range from about 177°C to about 343°C, a s;ace
velocity in a range from about 0.1 ta 10 LHYSV, a cnce-
through hydrogen circulation rate which extends from
about 178 n.l.l.”' to about 1780 n.l.l."', and a recvcle
ratio in the range fram 0.5 to 1l0. -

l4. The process of claim 1, wherein the conditions of
step (b) comprise a pressure in the range from about 3549
Lo about 6996 kPa, a hydrcgen inlet pressure in the range
rom about 25153 to about S617 kPa, a reaction temperature
in the range from about 260°C ta about 427°C, a space
velacity which is in a range from about 0.1 to ab;uc 10
LHSV, and a once-through hydrogen circulation rate which
extends from about 173 n.l.1.”' to about 1780 n.L.L.-.

15. The process of claim 1, step (c), wherain the
temperature of the reaction zone is held at a temperature
greater than the reaction temperature for a specific
period in order tao regain catalyst activity more quickly,
prior to being decreased to reaction temperature.

16. The process of claim 14, wherein the temperatura of
the reaction zone is held at about a temperature from
288°C to about 371°C for 48 hours, in order to restore
catalyst activity mors quickly, pricr to being decreased
to the reaction temperature of about 260°cC.
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cat al

conprising a relatively high amount of heteroatons,

t inaratioof 1:4 to 4:1 wherein diesel product
.c’on'prmmﬂ Egiﬁﬁﬂﬁ;&gﬁt of aromatic is produced froma feed conprising a
| ow a ons, and a jet fuel product is produced froma feed

each product being

produced in a separate block in the sam@?feacti on zone over the sane
catal yst system the activity of each batch in the catal yst system being
restored each tilfe therdeeed Fer SHftRA TR DIAGSELL I SHERRST nd t he
fol | owi ng st epswhia) Praaductaglyst owssronds iwseddi eseldualomntafyesd
conprising a | O‘QKPQ%EV&%EQS;WE%%;&K% & dUalcopat@l Aphotyed em for a

a e

speci fi c nunber ys un

ching froma feed

r specific conditions (b) sw
with a | ow het erSEEIRIIHTELMT F35° YT‘é‘edgv}&f? H S Fi?é?%v‘eﬁ ﬁgﬁisg% et er oat om

cont ent, reaction zone but are not mixed, the first

hydroprocessing catalyst comprising an effective amount

of at leasc one base metal and having a s

£
pecific activity

as expressed by its alpha wvalue, the second

hydraoprocessing catalyst camprising an effective amount

of at least one noble metal, the first and second

catalysts being present in a ratio of Ll:4

to 4:1 wherein

- diesel product comprising a low amount of aromatic is

produced from a feed comprising a low amount of

hetercatoms, and a jet fuel product is preduced from a

feed comprising a relacively high amount of heterocatoms,

each product being produced in a separatz block in the
same reaction zone aver the same catalyst system, the
activity of sach batch in the catalyst system being
res-aorad each time the feed is switched, the process
comprising the following steps:

(a) producing a low aromatics diesel from a feed
comprising a low hetercatom cantent, over a dual
catalyst system for a specific number of days under
specific conditions;

(b) switching from a feed with a low hetercatom content
to a feed with a relatively high hetercatom content,
thersby producing distillate with reduced nitrogen
and sulfur content for a specific number of days over
+he same catalyst syﬁtem used in step (a), under
specific conditiocns:

(c) switching from a feed with relatively high hetercatom
content to a feed with low hetarsatom cantent,
thereby repeating step (a):

(d) repeating steps (b} and (¢} until both the patches of
the catalyst system are raplaced.

18. The process aof claim 17, wherein the reaction zane
camprises one Or mMors fixed bed reactors.
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t hereb illate with reduced nitrogen and sulfur content for a
#E s over the sane catal yst systemused in step (a),

roduciT
.speci ﬁ g
under1 gEU'uFH“L tiPons: (c) switching froma feed with relatively high

het eroatom content to a feed with | ow heteroatom content, thereby repeating
step (a): (d) repeating steps (b) and (c) until both the batches of the
catal yst systemare replaced. 18. The process of claim 17, wherein the
reaction zone conprises one or nore fix&e bed reactors. -30- 19. The

process of claim 18, wherein two reactors in | .
19. The process of claim 13, wherein twag reactors 1Ln

series comprise the re=action zone, the first reactor
containing a batch of the hydroprocassing catalyst which
comprises at least one base metal and the secand reactor
comprising a batch of the hydrcprocessing catalyst which
comprises at least one rable metal.

20. The process of claim 17, wherein the total base metal
content of the first hydroprocessing catalyst is in the
range from about S to about 20 wt%, and the total noble
metal content of the second hydroprocessing catalyst is
in a range fzom about 0.1 to about 5 wti.

21. The process of claim 17, wherein the base metal or
metals of the first hydroprocessing catalyst are
selected from the group consisting of nickel, cobalt,
molybdenun, vanadium, and tungstan, and the noble metal
or metals of the second hydroprccessing catalyst are
selected from the group consisting of platinum,
palladium, iridium and rhenium and mixtures thereof.

22. The process of claim 17, wherein the catalyst support
of each hydroprocessing catalyst of the dual catalyst
system is salected from alumina, 2ZS¥-4, ZSM-20, TEA
Mordenite, Mordenite, REY, Amorghous silica-alumina,
dealuminized ¥, and zeolite beta, silica, titania and

zirconia.

23. The process of claim 17, wherein the diesel product
comprising 2 low amount of aromatic comprisaes no more
than 20 wti aromatic.

24. The process of claim 23, wherein the diesel product
comprising a low amcunt of aromatic comprises no more
than 10 wti aromatics.
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ser,i es con'h)lri se the reaction zone, the first reactor containing a batch of

t he htlwm EWLMN yst which conprises at |east one base nmetal and
the s
L

W IC!®prising a batch of the hydroprocessing catalyst which
conprises at |east one noble netal.. 20. The process of claim 17, wherein
the total base netal .content of the first3thydroprocessing catalyst is in
the range fromabout 5 to about 20 W% _ _and the total noble netal content
of the second hydropFoR &¥SIcREsS ot SL9ET s Reaekariishf £8e8 AFBUPYSR 1 to
about 5 wt % 21. isheéepiveredsbpfa ckperatle/ chuhes esvsdahie ihaseiaretal or netal s

of the first hydnepipcasH.0d cAli@dli¥sigare selected fromthe group
consi sting of nickel, cobalt, nolybdenum vanadium and tungsten, and the

noble nmetal or netals of the second hydroprccessing catal yst are sel ected
fromthe group c@Asi The nroskspleh ichapp 17, wherein the feedstock having

a2 low heteroatom content comprises less than about 500
ppm by weight sulfur and less than about 25 ppm by weight

nitrogen.

27. The process of claim 17, wherein the feedstock having
a relatively high hetercatom content comprises from about
S to about 10,000 ppm by weight sulfur and from about 45
ppm tao about 200 ppm by weight nitrogen.

28. The process of claim 17, wherein the length of step
(a) is in a range from about 16 davys to about 24 days,
and the length of step (b) is in a range from about 7
days to about 14 days.

29. The process of claim 17, wherein the conditions of
step (a) comprise a pressure in the range from about 3549
to about 6996 kPa, a hydrogen inlet prassurs in the range
from about 2515 to about 5617 kPa, a reaction temperature
¢ in the range fraom about 177°C to about 343°C, a space

velocity in a range from about 0.1 to about 10 LHSV, a
once-through hydrogen circulation rate which extends from
about 178 n.l.l.”" to about 890 n.l.1.°!, and a recycle
ratic in the range from 0.5 to 10.

30. The process of claim 17, wherein the conditions of
step (b) comprise a pressure in the range from about 3549
to about 6996 kPa, a hydrogen inlet pressure in the range
from about 2515 to about 5617 kPa, a reaction temperature
in the range from about 260°C to about 427°C, a space
velocity which is in a range from about 0.1 to about 10
LHSV, and a once-through hydrogen circulation rate which
extends from about 178 n.l.l."' ta about 1780 n.l.l.”t.
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gal-l'adi um iridiumand rheniumand mi xtures thereof. 22. The process of
claim17, wherein the catal yst support of each hydroprocessing catal yst of
the dual catalyst systemis selectgd fromalunmna, ZSX-4, ZSM 20, TEA
Mordenite, Mrdenite, REY, Anorphous-silica-alumna, dealumnized Y, and
zeolite beta, silica, titania and zirconigy HRoMNeMFeEDss of claim 17,

wherein the diesel product conprising @H?BRO@RRGKEROEO‘PT%@?' c conprises no
nore than 20 wt % aromatic. 24. The process of cl ei n the diesel

product conprising a | ow amount of aromatic conpfjses no nore than 10 wt %
aromati cs.
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+31-" 25. The process of claim 17, wherein each feed enployed is delivered
by a separate charge systemin order to mnimze feed backm xing. 26. The
process of claim17, wherein the feedstock having a | ow heteroatom content
conprises | ess than about 500 ppm by—wei ght sul fur and | ess than about 25
ppm by wei ght nitrogen. 27. The process of claim 17, wherein the feedstock
having a relatively high heteroatom content conprises fromabout 5 to about
10, 000 ppm by wei ght sul fur and from about 45 ppmto about 200 ppm by

wei ght nitrogen. 28. The process of claim17, wherein the Length of step
(a) is in arange fromabout 16 days to about 24 days, and the |ength of
step (b) is in a range fromabout 7 days to about 14 days.

LOW HETEROATOM FEED

N

[ NiMo/Al,O5 |
© CATALYST

Pt OR Pd
CATALYST

: N _

LOW AROMATICS DIESEL
(NO MORE THAN 20 WT% AROMATICS)

FIG. Ic




© 29. The process of claim 17, wherein the conditions of step (a) conprise a
pressure in the range from about 3549 to about 6996 kPa, a hydrogen inl et
pressure in the range from about 2515 to about 5617 kPa, a reaction
tenperature in the range fromabout 1y7 C to about 343[err]C, a space
velocity in a range fromabout 0.1 toabout 10 LHSV, a once-through
hydrogen circul ation rate which extends fromabout 178 n.1.1.[err] to about
890 n.1.1.[err], and a recycle ratio in the range fromO0.5 to 10. 30. The
process of claim 17, wherein the conditions of step (b) conprise a pressure
in the range from about 3549 to about 6996 kPa, a hydrogen inlet pressure
in the range from about 2515 to about 5617 kPa, a reactiongtenperature in
the range from about 2@[err]C to about 427C, a space veraoity which is in

a range fromabout O[T to about 10 LHSV, and a once-thrﬂugh hydr ogen
circulation rate whigh o
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extends fromabout 178 n.1.1.[err] to about 1780 n.1.1.[err].
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DISTILLATE UPGRADING PROCESS

ABSTRACT OF THE DISCLOSURE

This invention is a process for the upgrading of
distillaté feeds. A batch of supported hydroprocessing _
catalyst is placed in a reaction zone, which is usually a.
fixed bed reactor. The hydroprocessing catalyst
comprises an effective amount of a noble metal or metals
and has a specific activity. Both low aromatic diesel
and jet fuel may be produced in separate blocks over the
same catalyst batch, using different feeds and often
different conditions. The activity of the catalyst is
restored each time the feed is switched. When production
is switched from jet fuel to low aromatics diesel,
activity may be regained more quickly by holding the
catalyst at a higher temperature than the reaction
temperature for a specific period of time prior to
dropping the temperature to the reaction temperature.

(Fig.1 is suggested for publication)
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