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complexity and its consequences are referred to in "Petroleum Refinery
Engineering", bf W. L. Nelson, McGraw Hill Book Company, Inc., New York,
N.Y., 1958 (Fourth Edition).

In general, the basic concept in lubricant refining is that a
suitable crude oil, as shown by experience or by assay, contains a
quantity of lubricant stock having a predetermined set of properties such
as, for example, appropriate viscosity, oxidation stability, and
maintenance of fluidity at low temperatures. The process of refining to
isclate that lubricant stock consists of a set of unit operations to
remove the unwanted components. The most important of these unit
operations include distillation, solvent refining, and dewaxing, which
basically are physical separation processes in the sense that if all the
separated fractions were recombined, one would reconstitute the crude oil.

Unfortunately, crude oils suitable for the manufacture of lubes
are becoming less available due to exhaustion of reserves and the
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
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distinguish this step from the "hydrotreating" step to be described
below, the purpose of the latter being to stabilize the lube base stock
produced by hydrocracking. For purposes of this invention, the
hydrocracking and hydrotreating steps may be distinguished also by-fhe
amount of hydrogen consumed, the hydrocracking step typically consuming
about 178-356 N1/1 (1000~-2000 SCF/bbl)(standard cubic feet per barrel of
feed) while the hydrotreating step consumes only about 18-36_Nl/l
(100-200 SCF/bbl). ‘ |
The hydrocracking process for increasing the availability of
lube oils has an attractive feature that is not immediately apparent.
Generally, the composition and properties of hydrocracked stocks are not
particularly affected by the source and nature of the crude, i.e. they
tend to be much more alike than lube fractions prepared from different
crudes by conventional means. Thus, the process promises to free the

of concerh due to political instability. The desirability of upgrading a (zgi

'6 refiner from dependence on a particular crude with all of the advantages
‘ that this freedom implies. '
- ' Hydrocracked lube stocks, however, tend to be unstable in the

presence of air when exposed to sunlight. On such exposure, a sludge is
formed, sometimes very rapidly'and in fairly substantial amount. This
tendency in a lubricating 0il is unacceptable. Additionally, some
hydrocracked lube oils tend to darken or to form a haze.
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52,207 to Strangeland et al. teaches to hydrotreat with a noble metal
hydrogenation component supported on an oxide. The patents cited above

are believed representative of the state of the art.

~ Hydrocracked lubricating cils generally have an unacceptably
high pour point and require dewaxing. Solvent dewaxing is a well-known
and effective process but expensive. More recently, catalytic methods
for dewaxing have been proposed. U.S. Reissue Patent No. 28,398 to Chen
et al. describes a catalytic dewaxing process wherein a particular
crystalline zeolite is used. To obtain lubricants and specialty oils

with outstanding resistance to oxidation, it is often necessary

to

hydrotreat the cil after catalytic dewaxing; as illustrated by U.S.

Patent No. 4,137,148 to Gillespie et al. The foregoing patents
indicative of the state of the dewaxing art. -

are

It is inferentially evident from the fbreg01ng background

material that the manufacture of modern high quality lubricants

in

general requires that the crude be treated in a séquence of fairly
complex and costly steps. It is further evident that there is a need for

processes which can efficiently provide such lubricants from
interchangeable and readily available low grade crudes.
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 (650°F),
vacuum gas oils and resids substantially free of asphaltenes.

such as
The
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zone, as Nor gelattdry aftf Theh RAToRfH BHé nplfbtreater section, after which excess
hydrogen is separated and combined with the recycle hydrogen for passage
to the hydrocracker. The amount of fresh hydrogen introduced into the
catalytic dewaxer section is about equal- to, or less than, the amount
consumed in the process of this invention, as more fully described
hereinbelow.

The process provided by this invention with the catalytic
dewaxing step following the hydrocracking step and preceding the
stabilizing step requires only one stabilizing step to produce stable,-
dewaxed hydrocracked lubricant base stock. And, since only makeup
hydrogen, which is already clean, is introduced to the catalytic dewaxing
section as herein described, catalytic dewaxing efficiency is sustained
without the necessity of a very high degree of purity of recycle hydrogen
passed to the hydrocracker. In fact, if a sulfided catalyst is employed
in t_he hydrocracking zone, its effectiveness is maintained better when

P ~ some hydrogen sulfide is present in the recycle hydrogen, as is known to
those skilled in the art.
- In a preferred embodiment of this invention the hydrogen

recirculation to the hydrocracker is mai_nta.med with a pressure
difference not greater than about 5272 kPa (750 psig) between the inlet
and outlet _of a single compressor, which may be a multi-stage compressor.

" The process of this invention will now be illustrated by
reference to Figure 1 of the drawing.
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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 of more stages; with pretreatment of the raw feed
as part of the first stage.

The effluent from the hydrocracker 3 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.
This effluent is passed via line 4 to a high pressure gas-liquid
separator (G/L Sep) 5 wherein the hydrocracked material is separated from
contaminated hydrogen. The cdntaminated hydrogen is passed from

- separator 5 via line 6 to a high pressure sorption section 7 wherein a

substantial fraction of the hydrogen sulfide and of the ammonia are
removed via line 8. B

The hydrogen from sorption unit 7 is passed via line 9 to a high
pressure separator section 10 wherein it is separated from light
hydrocarbons which are removed via line 11.

The hydrocracked material separated in separator section 5 is-
passed via line 12 to catalytic dewaxing section 13 along with makeup
hydrogen introduced via line l4. It is important to note for purposes of
this invention that the only hydrogen supplied to the catalytic dewaxer
section 13 is fresh hydrogen having a hydrogen sulfide partial pressure



residuum is i-ntroduced via line 1 together with hydrogen via line 2 to
hydr ocracker section 3. Hydrocracker section 3 includes a catalytic
hydrocracki ng zone at conditions effective to convert in a single pass at
| east 20% of the feed to materials boiling bglow the initial boiling point
of. the feed. A wide variety of hydrocracking catalysts is contenpl ated as
suiyabl e for use in the process of this invention. Such catalysts in
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makeup ZSM=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 16 to hydrotreater unit 17. Catalytic
hydrotreater 17 contains a hydrotreating catalyst in a hydrotreating zone
at stabilizing conditions. The effluent from the hydrotreater unit is
passed via line 18 to a high pressure separation section 10 wherein it is
treated to separate light hydrocarbons, which are removed together with a
hydrogen bleed via line 1ll1. Also separated is the hydrocarbon mixture
comprising a stabilized and dewaxed hydrocracked lubricating oil stock,
which is recovered via line 19. The hydrocarbon mixture containing the
lubricating o0il stock is passed via line 19 to another unit for recovery
of the lubricating o0il stock, which other unit is not part of this
invention. The makeup and recycle hydrogen separated in section 10 is
paséed via line 20 to compressor 21 to raise its pressure and then passed

e via line 22 and line 2 to the hydrocracker 3.

' In the preferred mode of operation, the pressure in line 20,
which is downstream from pump 21, and the pressure in line 22, which is
upstream of pump 21, do not differ by more than about 5272 kPa (750 psig).

The embodiment shown in Figure 1 of the process of this

~about, 343{erf] (650[err]); such as .a heavy neutral oil or a deasphalted (E;;

invention illustrates this invention, which provides for processing a
hydrocarbon oil by the sequence of steps comprising hydrocracking,



is invention that the only hydrogen supplied to the catalytic dewaxer

etion 13 is fresh hydrogen having a hydrogen sulfide partial pressure
-6- of less than about 34.5 kPa (5 psia) and | ess than 100 ppm’'of ammoni a.
The anount of hydrogen supplied via line 14 nay be up to about the anount
consuned in the process. Thus, ald ®»f 4 he makeup hydrogen may be supplied-:
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reducing the hydrocarbon load to subsequent sections.

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, operat:.on within the preferred ranges will result in

conserving energy.

@drogen introduced via line 14. It is i nportant to note for purposes of



which.is recovered via Line 19. The hydrocarbon m xture containing the éé;;>,
Iubrlcatlng_0|l "stock is passed via line 19 to another unit for recovery i
the lubricating oil. stock, which other ®nit is not part of this invention.
The makeup and recycle hydrogen separated in section 10 is passed via |line
20 to conpressor 21 to raise its pressure and then passed via line 22 and
lisqvé¢ 2 to the hydrocracker 3. In the preferred node of operation, the
pressure in line 20, which is downstream from punp 21, and the pressure in
line 22, which is upstreamof punp 21, do not differ by nore than about
5272. kPa (750 psig). The enbodi ment shown in Figure 1 of the process of
this invention illustrates this invention, which provides for processing a -
hydr ocarbon oil by the sequence of steps conprising hydrocracking, -7-
catal ytic dewaxing and stabilization, in that order, with only fresh
hydrogen provided to the catal ytic dewaxer. It is known that hydrocracking -
by itself results in an unstable oil, and catalytic dewaxing in. some

i nstances gl so contributes to instabjlity. By disposing the catalytic

dewaxi ng ep between the hydrocrackgpgcﬁnd stabilization step in the

maginer desglri bed in t';sgm/ergpon Y&y efficient process results with
t he produdﬁloa E:@ s fzed; ¥n ewakpd hydrocracked |ubricating oi
stock. It E% &ﬁl&@ %“ih(& &@lled in the art. that various
separailcwssthg c8ndﬁE?éﬁ t HPgh P88 ure nay be advant ageously

i ncorporat®d in the process flom1d|agran1of Figure 1. For exanple, a high
pressure separation unit may be located in line 12 or line 16, for exanple,
to remove a | ow nol ecul ar wei ght fraction of hydrocarbon not suitable for
inclusion in the final [ubricant basg stock@ thereby reducing the
hydrocarbon | oad to subsequent secti8nsg Th2 reaction conditions for the

‘catal ytic grocess ste%%l&t‘eel =) 86<r§ S
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¢ribed are summarized in Table |I. The broad ranges specified in Table |
g/ not essential for the performance of the invention but are suggested as
‘tabl e conditions within which the refiner may wish to operate, depending
dpon the nature of the feed and of the specific catalysts chosen for the
I ndi vi dual steps of the operation. Under nost circunstances, operation
within the preferred ranges wll _re%ul't I n conserving energy. -9- 7

CLAI NBAIMS Process for producing a dewaxed |ubricating oil base stock frowma

hydr ocar bon feedstock boiling above 3430C (650[err]), which conprises
hydr ocr acki ng the feedstock in a hydrocracker section at hydrocracking -
condi tions eflf ediriogesy SOk @rPdpeing: a| devared dubslcatdngaridebaseostaedie f eedst ock

to Mgl &l abeddrbes f&h@ﬂ&&hﬁoimh?i@onéoidjoeg(mbﬁi, whid{@ohsadegock and
including a pressure_of from 699 0 20786 kPa (1000 tao 3000 psig), passing
t he I‘RX@F%@?&@R@ f ferdRtogo 18 %S‘Hﬁ‘?ﬁré%%ﬁ Seghion ab hvdre@sska®hr  wher eby

t he hyomadeionskeffertive ital convese s béast 20 clane ipepterd of thedr ogen gas

Con % Qg U5 SR, A b BRIl LR i e e ocK 10

cat al feedstatkwand igcludingon prheswienof HironyGH96cta 0F86 rkPae(1080 ta »
cat al 4nh d dﬁygg ' ' S X4 s@_aessi ng the :
ef fl u%ﬁgp C%rlg?{q't e cgfa?lat ﬁ:ﬁggﬁhhdgﬁﬁg&sﬂe'gﬁ\r@c%%gﬁﬁg evvaxeg ’

hydr szt i@d dneeRaraker &i;@QWd%@HdWaF%“ﬁF%a&r&%W%ﬁérMat ing *®

zone @eami@edthyd®oghn bas contdRfihyVieydr6g&d allfidecand amintibi BadRgst ock in
t he %gr.ocr cked, mat eri.al , tpaSS| ng.th 'hgyt(ljrd%éz?a%kgcri n(naaftfelrzl.Ja n'%méo a high
pr es SHrEng Hhg, Bydroctacking Stepe JEFELNG, Y o
fresh makeup hydrogen 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 |
hydrotreater effluent to a high pressure separator section, recovering
makeup hydrogen gas and hydrocarbons comprising the dewaxed, stable
lubricating oil base stock, passing.the contaminated hydrogen gas to a
high pressure sorption section wherein a substantial fraction of the
hydrogen sulfide and ammonia are removed, thereby forming recycle
hydrogen and passing the recycle hydrogen and the makeup hydrogen
recovered from the high pressure separator section to the hydrocracker
section.

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

3. The process of Claim 1 or 2 wherein the catalytic dewaxing
is conducted at a pressure of from 6996 to 20786 kPa (1000 to 3000 psig),
a temperature of from 2749C (525°F) to 426°C (800°F), and a L.H.S.V. of
from 0.2 to 20. '
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makeup hydrogen .gas and hydrocarbons conprising the dewaxed, stable o3
| ubricating oil -base-stock, passing the contaninated hydrogen gas to a hig

presstre sorption section wherein a substantial fraction of the hydrogen
sul fide and amoni a are renoved, thereby form ng recycle hydrogen and

passi ng the recycl e hydrogen and-.the eup hydrogen recovered fromthe

“hi gh™ pressure separator section to the drocracker section. 2. The process
of \Claim 1l wherein the dewaxing catal yst conprises ZSM5 or ZSMI1. 3. The
process of Caim1l or 2 wherein.the catalytic dewaxing is conducted at a
pressure of from 6996 to 20786 kPa (1000 to 3000 psig), a tenperature of
from 2740C (525[ ékr ]Thet proft2e9 ©f anp[oner ¢ Claims 4. to 3. ghéfeinftHe pressuPet 0

20, ssur o %0 the becydlte hpBRERA 1 Bl SO holluti-Brdn! 73 KAETALE A5

pressure of, the reg;/.cl e hydrogen 1s I nc : nore _
(750 psi gFIPF i % PREFIIRsEAGbet By draeracker oieckéfy  section. 5. The process of

any one of Clains 1 to 4 wherein the dewaxing catal yst conprises nordenite

associated with hydr ogenat i on. conponent. .6, ~The process of any one of
Clains 1 to 5 whérei tﬁré”&% ag¥ °Pﬁe°é Fé%ﬂ“snlk%ﬁ ¥heredn crhe dewaxing o t he

caé}al yti ccatalysti omrises awrideniteoassoedatdd with hehydrogahation houtpogeit .
consuned in the conplete process. The text of the specification has been
reproduced by photocopying the applicants original typescript. It may
contain a few anBndrifbet Brogese pfapny gnefof Glaimsolrem@. wherklin thei giovmit

: % geé ; [ Lgif eﬂéflit%'gaﬁ HakehS DY adgRNIPRIYed BN ScaltATPET! 8vaing e kiGN 8€S Of
atboﬁ{ equal to the amount of hydrogen consumed in the complete process.

The text of the specification has been reproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office
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