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effective to stabilize the lube base stock in the hydrocracked material,
passing the hydrotreater effluent to a high pressure separator section,
recovering hydrogen gas and hydrocarbons comprising dewaxed, stable
lubricating 0il base stock, passing makeup hydrogen gas into at least one
of the above-identified sections in an amount at least equal to the
hydrogen consumed in the process, recycling the recovered hydrogen gas to
the hydrocracker and maintaining the circulation of the gas in the
process by repressuring the gas by not more than 5272 kPa (750 psig).

Refining suitable petroleum crude oils to obtain a variety of

lubricating oils which function effectivély in diverse environments has
become a highly developed and complex art.
involved in refining are qualitatively understood, the art is encunbered
by quantitative uncertainties which require considerable resort to

empiricism in practical refining.

Although the broad 'principles

Underlying these quantitative

uncertainties is the complexity of the molecular constitution of
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reliability of a steady, adequate supply from a known source is a matter
of concern due to political instability.

The desirability of upgrading a crude fraction normally
considered unsuitable for lubricant manufacture to one from which good
yields of lubes can be obtained has long been recognized. The so-called
"hydrocracking process", sometimes referred to in the art as "severe
hydrotreating", has been proposed to accomplish such upgrading. In this
process, a suitable fraction of a poor grade crude such as a California
crude is catalytically reacted with hydrogen under pressure. The process
is complex in that some of the oil is reduced in molecular weight'and
made unsuitable for lubes but concurrently a substantial fraction of the
G polynuclear aromatics is hydrogenated and'craeked to form naphthenes and

paraffins. Process conditions and choice of catalyst are selected to
provide an optimal conversion of the polynuclear aromatic content of the
stock since this componeht degrades the viscosity index and stability of
the stock. Also, in the hydrocracking process, paraffins can be '
isomerized, imparting good viscosity index (V.I.) characteristics to the
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Hydrocracked lube stocks, however, tend to be unstable in the
presehce of air when ‘exposed to sunlight. On such exposure, a sludge is
formed, sometimes very rapidly and in fairly substamtial amount. This
tendency in a lubricating oil is unacceptable. Additionally, some
hydrocracked lube oils tend to darken or to form a haze.

_ Several methods have been proposed toc correct the
above-described instability. U.S. Patent No. 4,031,016 to Berger et al.
proposes to add certain antioxidants to the hydrocracked oil. A second
proposed approach is to hydrotreat the hydrocracked material. Variants
of this approach are described in U.S. Patent No. 3,666,657 which
utilizes a sulfided mixture of an iron group metal and a Group VI metal
for the hydrotreating stage; U.S. Patent No. 3,530,061 which utilizes a
hydrotreating catalyst having one or more elements from Group IIB, VIB
and VIII at hydrogen pressure up to about 791 kPa (100 psig); and U.S.
Patent No. 4,162,962 which teaches to hydrotreat the hydrocracked
material at a temperature in the 200° to 300°C range with a catalyst of
prescribed pore size. U.S. Patent No. 3,530,061 to Orkin et al. utilizes
a non-cracking support for the hydrotreating stage. U.S. Patent No.

£ sorre@d, i nparting good viscosity index (V.1.) characteristiccs to the
|
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Patent No. 4,162,962 which teaches to hydrotreat the hydrocracked matertia
at a terrperature in the 2000 to 3000C range with a catal yst of prescribed
pore size. U S. Patent No.-3,530,061 to Orkin et al. utilizes a

non- cracki ng support for tHe hydrotreati ng stage. U. S. Patent No.
3,852,207 to Strangeland et al. teaches TO hydrotreat with a noble netal
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This invention provides an energy-efficient process for

manufacturing a stabilized and dewaxed hydrocracked lubricating oil stock
“from a hydrocarbon feedstock boiling above about 343°C (65b°F), such as
vacuum gas oils and resids substantially free of asphaltenes. The
process comprises passing the feed and hydrogen gas seauentially through
a hydrocracking zone, a sorption section for removing hydrogen sulfide
and ammonia contaminants, a catalytic dewaxing zone provided with a
dewaxing catalyst exemplified by ZSM-5 and a hydrotreating zone at high
pressure conditions in each of these zones such that hydrogen recycle is
effected with minimal recompression, thus providing a single hydrogen.

A recycle loop for all three zones, as more fully described hereinbelow.
- Additionally, the effluent hydrogen from the hydrocracking zone is
¢ treated to remove at least a substantial portion, i.e. at least 50%, of

the HZS and of the ammonia produced in the hydrocracking zone, as more
fully described below.

The process provided by this invention with the catalytic
deWaxing step following the hydrocracking step and preceding the
stabilization step requires only one stabilizing step and only one
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exemplified by a porous acidic oxide such as a silica alumina or silica

zirconia associated with a nickel-tungsten or palladium or platinum, or

cobalt-molybdenum or nickel-molybdenum component. In general, a Group

VIII metal or a combination of a Group VI and a Group VIII metal, as the

oxides or sulfides thereof, deposited on silica alumina or silica

zirconia, may serve as hydrocracking catalyst. The hydrocracking itself

may be conducted in two or more stages, with pretreatment of the raw feed

as part of the first stage. | _ :

The effluent from the hydrocracker 4 including excess hydrogen

will be contaminated with free hydrogen sulfide and in some cases with

ammonia, since the hydrocracking step, in addition to saturating aromatic

compounds, also is 'accompanied by desulfurization and denitrogenation.

,'Aded ally, the effluent hydrogen fromthe hydrocracki ng zone is treated

At least a portion of the hydrogen sulfide is removed from the excess o
hydrogen by passage via line 5 to a high pressure sorption section 6,
which may include a -gas-liquid separator. 1In this section, at least @

sufficient hydrogen sulfide is removed from the system via line 7 to
reduce its partial pressure at the inlet to the catalytic dewaxing
section to less than 34.5 kPa (5 psia), and preferably to less than 13.8
kpa (2 psia). If HyS is allowed to build up in the effluent passing on
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is suitable. Also, useful and in fact preferred, is ZSM-5 associated
with a hydrogenation component as more fully described in U.S. Reissue
Patent No. 28,398. Another preferred zeolite is ZSM-11 assqciated with a
hydrogenation component such as nickel or palladium. 2ZSM-11 is more

" fully described in U.S. Patent No. 3,709,979. The preferred dewaxing
catalyst comprises ZSM-5 or ZSM-1l.

The effluent from the catalytic dewaxer, including excess
hydrogen,. is passed via line 10 to hydrotreater unit 11. Catalytic
hydrotreater 11 contains a hydrotreating catalyst in a hydrotreating zone
at stabilizing conditions. The effluent from the hydrotreater unit is

. passed via line 12 to a high pressure separation section 13 wherein
recycle hydrogen, a hydrogen bleed, light hydrocarbons, and a hydrocarbon
® mixture comprising a stabilized and dewaxed hydrocracked lubricating oil

stock are separated from one another. The hydrogen bleed and light

hydrocarbons are removed from the system via one or more lines 14, The
hydrocarbon mixture containing the lubricating oil stock is passed from
'high pressure separator 13 via line 15 to another unit for recovery of
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hydrotreater un|t |s assed.via line 12 to ﬁg pressure separation

sect | oninVenkiAn-cj The & gxq%lg B%hsemo’d’e ‘BtPé’EdB IiByRseddYiar bons, \/

?ng a hyﬁreomrt:wpunp avweramrlwipggfmmluhenobmdh deﬁ\aah ﬁﬁgb tlsourmcblracged
ubric o] rom one anot her. e hydrogen bl ee
and |i S*EP%§&SOE§?£%S€%%§%§%§B¢FB£ he systemvia one or nore |lines
14. The hydr oc&Zhbopresswteiin Limet 36 nwhich Hie dm}mstr,mu fiyom ipums tlgkand passed
from hi V. e t overy of
50 e BEGRTHE NeP T0GE 307 yrlidn A “5@'%%5?“ £ Bl 37000 4Rk al¥er B0

i nvent iBaFe thane abewt, 5222 kl??dﬂ'ﬁ@elﬂs&par ated in section 13 is passed via

line 16 to pPUMEhé 7eMRdimdnteshdwh mesaauf@ 1ammdé&eaté@%ﬁ@%s%é&ialne 18 and
line 3 as recycletqthelg\ﬁdrv&*racker press e | Ilne]§16 which is
d

downst r €hp‘rse§guﬁr§vF$P 3 RLh N 1 1998 p&3Er eam of
punp 17protessig dlﬁj&bc&l&boﬁmﬂ b?auheabeqnien&?df ksEleps( E&ibrﬂs : The

enbodi sho in E e 1 ustr sent i.al ature of
nvont | Biprofing . ebtYelc atvarty BRI UBEISN 4B 1 BE.C o s
hydr ocaish &noet Ithb’;( hyideoeragk ing: byoitselé pesudbp rmsamgmlsyab]@c oaJ:.k iangd,

tal yt { tat
ﬁ;d?ozrac |ﬁ E It self regﬁé!tlég%énﬁ%rsl %%sotg‘g'} , dﬁ1 a#'yt&n (Pga waxi ng
in sorredlsﬂgﬁlamc e fatalytdc: dewaxing stepihetwaen I@?WY@?%@%%@@& t he
cat al yt siapileyeeiog s&egpubshwemn&l%es&ﬂmrﬁwhmg BReneiol)i 4 iyl on step in

t he .manner, described I'n is inventi a . very efficipe ocess results
Wi th T R EICSeR BForea Tomlta pTitho e FROVEEIER G Ay BABL} e SBFPAER | ng
oi | stomidrobracueﬂlldbewaiﬁmgmﬂedt@k those skilled in the art that various.
separation ste

3%, R0 BS Aol alioly RASSSUih1 I 18 S UAL AR Wltes

i ncorporated in-t agram o or exanpl e
separation steps conducted at high pressure may be advantageously

incorporated in the process flow diagram of Figure 1. For example, a
high pressure separation unit may be located in line 5 or line 8 or line
10, for example, to remove a low molecular weight fraction of hydrocarbon
not suitable for inclusion in the final lubricant base stock, thereby
reducing the hydrocarbon load to subseqguent sections. '

It will also be evident to those skilled in the art that the
embodiment of this invention illustrated by Figure 1 creates a pressure
gradient which decreases as the treated stock is advanced from the
hydrocracker to the catalytic dewaxer to the hydrotreater. This pressure
gradient is, of course, necessary to provide flow through the units.
There may be instances in which it is desirable to operate the
hydrocracker at a lower pressure than the catalytic dewaxer, which
modification is readily achieved by placing pump 17 in line 8 instead of
between lines 16 and 18. Other positions for the recycle pump 17, such
as in line 10, may in some instances be desirable, depending on the
particular optimal conditions selected for each of the three steps. In
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hi'gh pressure separation unit may be located in line 5 or line 8 or lineg
10, for exanple, to renove a:l ow nol ecul ar weight fraction of hydrocarbQ

not-sui tabl.e for inclusion in the final |ubricant base stock, thereby
reduci ng-the hydrocarbon | oad to subs quent sections. It wll also be
evident to those skilled in the arf that the enbodi nent of this invention
i Mustrated by Figure 1 creates a.pressure gradi ent which decreases as the.

R hy i PPl T BUSRE, (4 MY AR08 EEn b 16 SRLALDASF 0" 1

provi dethiel feed hsmesw dni the. s&ivence rafy staps whica:nceapnisev\m ch i t is

Cothl o RrbErd e Selalnd LSRN Bhadlon? 11¥Ake RS Roddtils

catal yti'c_dewaxer; fication i s feadi aC| ng punp

.17 in Isush & Placingdthe dewaxingnzone,and f@eamﬂresre@%rm@ssm |aoﬁylsrl@r the -
recycl ere@idfdr,lwhid slly 3% Gond With HitdF¥e réactoPtddsigh AREeScdi iteabl e,

dependi n th articul ar, optinal .conditions selected for each of the
AR pLthin, Ene’ Scope of phid javepraes.

t hree however, a single recycle hydrogen
| oop is nmint aanetheanvlamhntfmdan;ﬂape@casswfthmnthdwscemmnﬂasof st eps which

Noa {1 CTVEBRAH 128, L otBE PR ARIREL A1 (R O b B b csens S one
n a sivigl bmeaaatmto the @HWJ-QGMVWG@Ml ingileadrafadny thesign, are
ont e”pzlrygg 1 ¢ El&ﬂetﬁfé)%d@m%hﬂr% LRMER! baSbea’ P AShe AT HaNt

" conte as WIE e scope of h|s|nvent|on|st0|ntroduce

subst arﬁ‘ieal ?W?tldﬂ hine afa]ttI?SeMeupTWdWénof/ igtroduction hasothene
cat al ytiddvafesdx that $86! iyl el aﬁdlmgom fb%rﬁuwnociﬁ?&ksl 0@ section, thus

A1 1 oge HELLTEAES HacRe YEn; iedtnl A akoesh £Eo, sl REroSPRek e ¢ cova

of H2S secttididd,i the aoptentpativn of ooatium:ahts Faeded vihacline 5 lwouddueed
hydroge{ cﬁ:%%dt hr ough hydrocracki ng section 4, the concentration of

cont am 'nan passed via line 5 would be increased. Another variant

cont enpl at ed | anpkheyy varisast conberplatediis he Jyrpass adpestdongei thed via |ine

8 10 t e deyax &Y ehhféd 'via Ql(iﬁé Sj'tBeEﬁé Viel&kdr8o KL Ol §8éSaiseslyONn. Thi's

by- pass optlon I S own I n gure
the hydrotreater sect1on. Th1s by-pass option is shown in Figure 1 as -

dotted line 8a, which includes a valve or orifice which determines the
amount of hydrogen by-passed.

The reaction conditions for the catalytic process steps herein
described are summarized in Table I. The broad ranges specified in

Table I are not essential for the performance of the invention but are
suggested as suitable conditions within which the refiner may wish to
operate, depending upon the nature of the feed and of the specific
catalysts chosen for the individual steps of the operation. Under most
circumstances, operation within the preferred ranges will result in
conserving energy.
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[err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]' [err]
[err] [err] [err] * C LM S -10- CLAI M 1. ing a
dewaxed ‘| ubricating oi|l base stock froma hydrocar mmﬂﬂ"mnummaﬁl ng

above [err]([err]) which conprises hydrocracking.the*feeddtolk fn %
hydrocracker section at hydrocrackingygonditions effective to convert at

| éast 20 vol une percent of the feedstock to materials boiling bel owthe

Qi yi al 8dMBi ng point of the feedstock and including a pressure of 6996 to

ﬁ0586 kF’ak( éOOQ.t Opﬁlﬁéﬁs (rfq‘atgbroaa_aﬁid _agdﬁhgcebymbﬁéaﬁhgroﬂf baseRtogONPri si ng
O 00" Beed Heeth ton L AROLATL ARSI PR, HER? s Rhepleect "
hydr ocr pdrocrackiag thee feaishueld inpa dyidngeracker fsectibont at rigrobmackdngt i on
wner e noVREHHT Schlloie ¥ BEBPOK, 98364 Bofvtind phblas D 2700 "
pr essur Eeefishask tg mahesialmboiliggt beloyf theidnitialobeilisg cpaiatyefi theewaxi ng
B eSS e B R e e (oo op L0 3000, i i ze
psid), passing the hydrocracker effluent comprising hydrocracked material
- and contaminated hydrogen gas to a sorption section wherein the hydrogen s
% | sulfide and ammonia contaminants formed during the hydrocracking step are
removed, passing the effluent from the sorption section including
purified hydrogen gas to a catalytic dewaxing section wherein the
hydrocracked material is catalytically dewaxed in a high pressure
dewaxing zone, passing the effluent from the catalytic dewaxing section
comprising dewaxed hydrocracked material and hydrogen gas to a high
pressure hydrotreating zone operated at conditions effective to stabilize
the lube base stock in the hydrocracked material, passing the
hydrotreatet effluent to a high pres.éure separator section, recovering
hydrogen gas and hydrocarbons comprising dewaxed, stable lubricating oil
base stock, passing makeup hydrogen gas into at least one of the
above-identified sections in an amount at least equal to the hydrogen
consumed in the process, recycling the recovered hydrdgen gas to the
hydrocracker and méintaining the circulation of the gas in the process by
repressuring the gas by not more than 5272 kPa (750 psig).

a4

2. The process of Claim 1 wherein the dewaxing catalyst
comprises ZSM-5 or ZSM-11.

3. The process of Claim 1 or 2 wherein the catalytic dewaxing
is conducted at a pressure of from 6996 kPa (1000 psig) to 20786 kPa
(3000 psig), a temperature of from 274°C (525°F) to 426°C (800°F) and a
L.H.S.V. of from 0.2 to 20.



J Jube ¢ i hydrocracked material, passing the -hydrotreater
ent amlﬁmﬂ'mnmumk separator section, .recovering hydrogen gas and

) ocar bons conprisi ny waxed, stable lubricating oil base stock, passing

makeup hydrogen gas into at | east gr\e of the above-identified sections.in

an anount at |east equal to the hydrogen consuned in the process, recycling;,

the recovered hydrogen gas to the hydrocracker and maintaining the L

Cihrcul atiOEmf PHRE ppoSess of emyPone &S Chainise fmawwwhéﬁihhemgmﬁbu%not mor e e -
t han 5272 kPa (750 psig)..2.. The process Qqf, aimi1l wherein the dewaxing

cat ;I"Xéf’g%ﬂﬁré’%ﬁedgﬁﬁtﬂ? @&Pﬁa"?‘? ﬁ?élﬁ?bcess of Caim1 or 2 wherein
the catal ytic dewaxing is conducted at a pressure of from 6996 kPa ‘(1000

(Tert)) and 1 L1 grgfes BF dly ofls EREHA 158 s Whiilig bhe behl ), © 420

pr oclsgiogén disy passedoto Gihei aatallytdc Jewhsing sechiommkeup hydrogen is passed

-into the hydrocracker section. 5. The process of any one of Clains 1'to 3

wherein the grkenp diyee<a0s dry 6 DPICIAMENE 126 alneirbin deindidiae Section. 6.
The process of ?(51% one of ains 1 to 5 wherei F%guffl Ci en%.q‘g%drogen sul fide

and Pq SHLE1de Rp0 AMOPis, ATRTeNPYRY JERM e NYdFagen GRSy €section to =
pr ovseptdopagect bon tocprovide af phetsialt prassite ofk Pasg Thasi3a), SotPahyHr ogen -

-
sul fi an t i t i € alytic
devan%j"ﬁag? ggcﬂyﬁiﬁge$§ﬂlﬂi%% W&géiwg@ g%"é 021? aﬁgﬁ%rsﬁi t[‘w% %ﬁ%er ein a “
por t obrthef cattedypic idewaxingyseetdon. gas effl uent fromthe sorption section is

by- passed to the hydrotreating zone. The text of the specification has been
repr oduced te)i/v phot ocopyi ng_t he applicants ori gi nal tyfescri pt. It may
contain a fely ahRh@FeeRSS QAiany are of $iaims 1 006 rvhggeinmaepertignned

t ypegrd 'rggi:iﬁﬁﬂt Ayd¥ofen (daeser fARAt Medh StHEt¥oRft ibA sseeeiad ienbyfassecen seses

of tgg 1:het I%;ngréa'ﬁ%g zone.

Tﬁe text of the speciticai:ian has been rei::odu.ned by photocopying the applicants original
typescript. It may contain a few anendments which are difficult to read, The original
" - typescript containing these amendments may be inspected on the preqises of the Patent Office
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