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present invention Is directed to a processjf-or dewaxi ng waxy oil feeds.
~This invention is particularly directed to a process for dewaxi ng waxy
petroleumoil fractions. 5 Sol vent dewaxi ng of waxy petrol eum oil
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'scraped-surf acej ) €pa0ién Piép heathe seffariteiBBdld filtrate stream is

et US%/:PE? 631contacted' by indirect heat exchange with warm waxy oi';l. feed
to cool the warm waxy oil feed. '

In solvent dewaxing of petroleum lubricant range
hydrocarbons, cold solvent is typically added to a hot waxy
raffinate to control crystallization of the wax in the

20 feed. Usually there is a large teinpe‘ratixi:e differential
(AT>20'C) ’ vihich resﬁlts in non-optimum wax crystallization
rate and loss of yield. Chilling of the feed is
accomplished by indirect heat exchange against cold
filtrate from the dewaxing filters and with refrigerant.

25 Solvent for recycle is usually recovered at large
expenditure of enefgy from the filtrate by a _combination of
heating, multi-stage flash vaporazation, and distilla_tiop
operations. The hot solvent so recovered is then chilled
again at considerable expense to the desired temperature

30 for recycling to the wax filter feed.

In a conventional solvent dewaxing process a waxy oil
feed is mixed with solvent from a solvent recovery systen.
The waxy oil feed/solvent mixture is cooled by indirect
heat éxchange in a scraped-surface, double pipe heat
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20 temperature significantly dlfferent from that of the charge
mix at the point of injection can lead to shock chilling.
In current practice, dewaxing of waxy feed is.
performed by mixing the feed with a solvent to completely
dissolve the waxy feed at a suitable elevated temperature.
25 The mixture is gradually cooled to an_appropriate
‘temperature required for the precipitation of'the wax and
the wax is separated on a rotary filter drum. The dewaxed
oil is obtained by evaporation of the solvent and is useful
as a lubrzcating oil of low pour po1nt. Accordingly, the
30 ° dewaxing apparatus is expensive and complicated. In many
Jnstances the filtration proceeds slowly and represents a
bottleneck in the process because of low flltration rates
caused by the high viscosity of the oil/solvent/wax slurry
- feed to the filter. The hlgh viscosity of the feed to the
35 filter is due to a low supply of available solvent to be
injected into the feed stream to the filter. In some
cases, lack of sufficient solvent and/or inappropriate
injection temperature can result in poor wax |
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crystal li zagipsy3pf ul timately |ower [ube oil recovery. Use BET/USHSI06631S t O
facilitate wax renoval fromlubricants is_ery energy intensive, due to the
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20 . lower the viscosity of the feed, and if crystallization
were better controlled. However, increasing the amount of
solvent available to dilute the feed to the filter requires
increasing the means of heating and separating solvent from
dewaxed oil and increasing the cooling capacity to cool the

25 separated warm solvent prior to recycle.

Problems to be solved include increasing the amount of
solvent available to the solvent dewaxing process without
increasing the overall solvent inventory and without
increasing the size and capacity of the oil/solvent.

30 recovery distillation system and the refrigeration capacity
required to cool the warm solvent separated by distillation
and to simultaneously provide pre-dilution solvent at
‘higher temperature. An additional problem is to increase
the filtration capacity of the process without providing

35 additional filtration apparatus.

The present invention is directed to a process for
solvent dewaxing a waxy oil feed to obtain petroleum oil
lubricating stock. The waxy oil feed is diluted with
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sol vent )&Pﬁlgeed tenperature, then' is sequentially i %grﬁ%y{%‘éi:ont,aq 'ed )

ate, cold solvent, and refrigerant which re
tenperature of the oil to crystallize afd precipitate the wax constituents

of the oil 5. _apd_js,.ihe Lrectly contacted stage-w se wt rogressively
coIder_soI§8ﬁ¥e§?ragn§£?og%%§a.?FE%%?}?V%DI€kﬁﬁ/ﬁ%xs?ﬁ9ﬁﬁﬁ¥?- e directly
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m xture, when %eg %o afilter /i readllg'igfarated I nto a wax/sol vent
slurry andSBYEHRUL4ERCRR RYFERITAMR ¥he (yax cansteliientr abithe ablunt of
sol vers adard is thenvaiyectly femtbacted dtwgsarigdtwitd ratio used, and

t he tenper : {eh t he Ll is 0l ed are determ ned by
the boili ng’??gﬁﬁéé% e%’ﬂeg\ﬁa%%&, e‘y% %%%?Jenﬁ{l%‘f ?l?%galr%eam and the desired
pour poi nt Odl/salventiiway nisturer i itheidiregtdprastdes solventealsmt act i ng
the dewaxegepvéssebvaiiute | tHatsiBissHrant fae wokafid Vit R?fd?:flﬂoe 20
menbrane to_sele tlvel,¥ fﬁ)aratte .tj;cg‘ﬁjlj trate streﬁgﬁl nto a sol vent
permeat e sTPEARRER AR SYFHITLIENELY Lo, e tonof khe mixtire &k | and

t he rldhai nthat sthe anixtuhe, sdierenfedcroremttiterans setiigt ed to t he
filter feeg $P8a e fd | ' ' 4 ndi I tacted 25
with the V\g?(ﬁi%i | fe%lg@? oé _c%éo ﬁ%ﬁ?iﬁ&%&rﬁdéﬁﬁig&@%ﬁcr ease the
rate of -sof olyenkEl14XatR X9 nenbr ane, the oil/solvent filtrate
stream si de of The terdl amourst ol Haliveart aldded dd WHEE W& BINe rel ati ve

the. ol verf e PEET e BORRG oY adid uien. Tl THEL rembpatioke © ' ¢
i ncr dses tqahighirkhewaxy il feed |isieoqled larel detearmyned bys $hend -
| ncr eases BOFLing [Rind€ Wk e ral, the valLoiftieHL'DY thid Rl iaho 00! e
in a heat gxchanger by indirect heat exchange first wth the col'd filtrate
and then t ec%?_%"fér%"d‘l"e ch"lé‘rf&am% *ed labrdicaking wdlwax in the
oil feed to forTherpridéss|imiudex condadting the dewaxed
oil/solvent filtrate stream with a selective permeable
20 membrane to selectively separate the filtrate stream into a
solvent permeate stream and a filtrate stream which
contains the dewaxed ¢il and the remaining solvent. The
solvent permeate stream is recycled to the filter feed
stream:. The filtrate stream is-then“indi:ectly contacted
25 with the waxy oil feed to cool the waxy oil feed.
In order to increase the rate of solvent transfer
through the membrane, the oil/solvent filtrate stream side
of the membrane is maintained at a positive pressure
relative to the solvent permeate stream Side of the
30 membrane. '
The recycle of the solvent permeaté stream to the
filter feed stream substantially increases the amount of
solvent available to the dewaxing process and increases the
~ filter feed rate. ' ' ' '
35 The warm waxy oil feed is cooled in a heat exchanger
by indirect heat exchange first with the cold filtrate and
then the cold permeate to crystallize and precipitate the
wax in the oil feed to form an oil/solvent/wax mixture.
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-oil/solvent/wax mxture is further cooleddn a heat exchanger by indirect
heat exchange with a cold refrigerant. The cold oil/solvent/wax m xture is
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filtrate stre IS at the filtratiqQn t r A egtive
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into a cold scbleniltsolbearnt/Siaeabxture cdl ¢olid wax/sodvessnslgrrynhi ch
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perneate stream at tration tenperature Is recycled to the filter
feed stAdam necoveredsi|trate streamis fed to a heat exchanger to

i ndirectly contactrretvaEolvent\aslumaxisitrdated t25 recover dherax

separation and recycl e of_cqld e ' I i stream
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sol vent that ®esreneveopesidual foidnfrem Jhe @x, Oaker.i | The @1idi Camben t he
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in the draw ng ‘and det a‘l_TI ed &Pescrié)tion for using part of cold perneate for
i ndi r ecttheat PR FANRAEHEAR R THTYE S ent filtrate stream after the

sel ective renoval Tietdeld cbikrgolvent gfiXtrate stream isefiedanat £heent to
an oil/sol veng; s | - Qp‘géat' i 14Gy rofdENY went is
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20 which contains the dewaxed oil and the remaining solvent.
The cold solvent permeate stream at the filtration '
temperature is recycled to the filter feed stream. The
cold filtrate stream is fed to a heat exchanger to
indirectly contact and cool the warm waxy oil feed.

25 The separation and fecycle of cold solvent from the
oil/solvent filtrate stream to the filter feed achieves a
substantial reduction in the amount of solvent that must be
separated'from the oil/solvent filtrate stream in the
oil/solvent separation operation. .

30 . Several advantages are depicted in the drawing and
detailed description for using part of cold permeate for
indirect heat exchange.The cold oil/solvent filtrate
stream, after’ the selective removal of the solvent through
the permeable membrane is sent to an oil/solvent separation

35 operation in which the remaining solvent is removed by
distillation from the dewaxed oil, cooled and recycled to
the dewaxing process and the dewaxed lubricating oil
product is recovered. A substantial portion of the cold
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sol vent y@oddygid il trate streamis transferred through th §Gdek3E
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light | UbE:bO,&bhl&ngbin thbh.h. abzveﬁherééaeéfpnoaeﬁtﬂsnf rom 427[err]
(800[err]) to E rr g err#% E ener al | eferred to as heavy
| ubricating oi gFF I hBF 5§?|8 EBgIPﬁﬁs??%niﬁﬁﬁfﬁi?T e 704[ err]
(1050-to rs&prése]pnyslgquédahYQroeaeboadcbntaining|duaistBﬁamaéied oi l.
The di sti bhmahmgr 8§8bi0ed! iix' SombonthE g{-&ﬁeéﬁigﬁ dig &0’ §8s{¥ea (

i nveption, prior to solvent dewaxl ng, are
sol v&Rt - e%PrﬁEPPHﬁ BREEeST 811 1OF cFi0 WaX cRemPenent. |Th%e@@€3 asphial t eni ¢
conpoundsstréam gypieallysobnsibstexéssent dal By e@fQﬁ@tf@iéﬁﬁrled out using a
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20 typically a waxy lubricating oil fraction which boils in
the range of 304°C (580°F) to 704°C (1300‘?).: The fraction
boiling from 304°C (580°F) to 454°C (850°F) 'is generally
referred to as light lubricating oil distillate. The
fraction boiling from 427°C (800‘?) to 566°C (1050°F) is
25 ¢enerally referred to as heavy lubricating oil distillate.
The fraction boiling from 566° to 704°C. (1050 to 1300°F) is
¢enerally referred to as residual deasphalted oil.
The distillate lubricating oils fed to the process of
the present invention, prior to solvent dewaxing, are
30 treated by solvent-extraction processes to remove aromatic
and, if needed, asphaltenic compounds. - The aromatié
solvent extraction step can be carried out using a
conventional ‘phenol, furfural or n-methyl-pyrilidone.
solvent extraction procedure. Deasphalting processes use
35 phenol and/or light hydrocarbon solvents, such as propane
or butane. The waxy oil feed to the solvent dewaxing
process of the preseht invention is, accordingly,
relatively free of polycyclic aromatic hydrocarbons.
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is then in indirect heat exchange with downstream oil/wax, thus

20 warming the solvent to slightly below wax crystallization
temperature prior to initial injection; The waxy oil feed
is thus sequentially cooled and diluted to its desired wax
filtration temperature, which temperature is selected to
achieve a desired pour point for the dewaxed oil product.

25 _ An oil/solvent/wax mixture is obtained and is further
diluted with solvent to adjust the viscosity of the mixture
‘and the mixture is fed to a filter which removes the wax
from the oil/solvent/wax mixture. A cold wax cake is
recovered and a cold oil/solvent filtrate stream is

30° recovered. The cold oil/solvent filtrate is fed to a
selective permeable membrane. ' The membrane selectively
separates the cold filtrate into a solvent permeate stream
and a cold filtrate stream which contains the dewaxed oil
and the remaining solvent. The cold solvent permeate

35 stream at the filtration temperature is recycled to the
filter feed stream. The cold filtrate stream is then
contacted with the warm waxy oil feed by indirect heat
exchange. '



contacted with the warm waxy oil feed by indirect heat exchange. w -
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dewaxi ng tenperature and lowers the 30 solubliTrty of the wax [n oi |,
forns a wax prcBheitenm cloud point as used herein is intended to

mean the temperature at which wax crystallization begins to
occur, and the term pour point is the minimum temperature
at which the oil will first move in a. standard tube after
15 quickly turning the tube on its side following a standard
chilling procedure as,set'forth.in-ASTM.test-method-D-97.

The dewaxing solvents used in the present invention
can be an aliphatic: ketone, such as acetone, methyl ethyl
ketone (MEK), diethyl ketone, methyl n-propyl ketone,

20 methyl isopropyl ketone, methyl;n-butyl-ketone,’methYl
isobutyl ketone or other lower: aliphatic ketones and
mixtures thereof. The solvent also can include an aromatic
solvent such as benzene, toluene, xylene and the like. The
preferred solvent is a mixture of methyl ethyl ketone and

25 . toluene. _ _

The dewaxing solvent used in the present invention
performs several important functions. The solvent dilutes
the waxy oil feed and dissolves the o0il component, cools
the oil feed to the dewaxing temperature and lowers the

30 solubility of the wax in the oil, forms a wax precipitate

' having a crystalline structure that facilitates separation
of the wax from the o0il and solvent in a filtration step -
and maintains a desired low viscosity to facilitate.



having a crystalline structure that facil i'_t'at es separation of the wax from
the oi |l and@bygpie in a filtration step and naintains a desPEBYSIHNR631
viscosity to facilitate - WO 95/33019 -9-

- PCT/ US95/ 06631 -9- handling and processing of the oil/solvent/wax m xture
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heavy neutral |ube Thé dseds salkverts ndth nifgnvmqmmmt@m 18 50: 50 to
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" raffinate feed to be dewaxed. For dewaxing of light

20 neutral lube oil feed stock the ratio of MEK/toluene can be
65:35 to 95:5; for dewaxing heavy neutral lube oil feed
stock the ratio of MEK/toluene can be 50:50 to 75:25, and
for dewaxing deasphalted lube oil feed stock the ratio of
MEK/toluene can be 40:60 to 70:30.

25 . The solvent is added to the waxy oil feed sequentially
at a number of injection points in the chilling train. The
manner of solvent addition affects crystal size and
subsequent filtration rates. Large, well defined crystals
result in high filter rates and good washing efficiency

30 with a corresponding high dewaxed oil yield and a low oil
content wax product. Small or ill-defined crystals form a
cake with resultant poor filtration characteristics which
lead to lowetr dewaxed oil yields, poor wax quality and
reduced oil production rates. '

35 A1l solvent additions made at or below the cloud point
temperature should be ‘made at about the same temperature as
the oil/solvent/wax to which it is added to avoid shock



35 Al'l solvent additions made at or bel ow the cloud point

t enper atwe os/80pul d be nade at about the sane tenperat urepgpnishfosss:
oi | /'solvent/wax to which it is added Lpgavoid shock WO 95/33019
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.70 Regycle (Li'ne 18§)g he%@& Béh%QEX ﬁk%ggliéte st?pk 150 Recycl e (Line
104) 30 | Table 1 o 10° - 'Recycle (Line 106)
100 = jtion
I s based §n a 10,000 BD | ube dewaxi ng plant. (3) RuountMVeg tol. /25 15
(4) Ratifp MEK/tol. 60/ 40 The solvent is added sddutierd Addedy t

process ifp order to naintain the viscosity of the'é?lﬁ§éﬁﬁéﬁtpiéx mixture
at a desifable low level to facilitate handling an®$iGc¥d€diond of t

m xture thirough the scraped surfanighP Nelmtielle pi p@eaeyt NeweRangers fand the
filtratiofp of the wax in the fil tlabmigetiaig0ilThe Dubkdlcatdngeoidi Ifuti on
to oil fe iennBaingéPend t o BeedirSkoakitlent on Feled Stockdtt ent t he
feed, thejly YA t feed jand the desire pur - pol nt™ of the xed
oi | produ\ﬂ. 2y, (1dne 3 _ _ _ cg '_I""p At 70 dled
herei n i s|j Recyeded (Idneed®2)he tlotal vol une ofiddig sol vent that isgddded to

the initigl je qf. _the qil tded during the dewgXing pro T otal {
sol vent t oo oas (Ains fi° AHy—b6—5. ?” 2 '
10 Recycle (Line 106) - 100 ) - 100

() see Figure 1 of drawing. o : _
) solvent addition is based on a 10,000 BD lube dewaxing
%) E;:!i‘g'nzx/tol. 75/25

15 © Ratio MEK/tol. 60/40

The solvent is added step-wise during the process in

order to maintain the viscosity of the oil/solvent/wax
nixture at a desirable low level to facilitate handling and
processing of the mixture through the scraped surface

20. double pipe heat exchangérs and the filtration of the wax
in the filter apparatus. The total solvént dilﬁtion to oil
feed ratio will depend to a large extent on the wax content
of the feed, the viscosity of the“feed'and;the desired pour
point of the dewaxed oil product. The term total solvent '

25 to oil dilution ratio as used herein is iﬁtended to mean
the total volume of the solvent that is added to the
initial volume of the oil feed during the'dewaxing process.
The total solvent to oil ratio can, accordingly, be 6:1 to
1:1, typically 4:1 to 3:1, depending on thé-nature and

30 viscosity of the waxy oil feed. : '

The dewaxing temperature is the temperature at which

the oil/solvent/wax mixture is fed to the rotary filter
drum and depends primarily on the desired pour point of the



1:1,+typically 4:1 to 3:1, depending on the nature and 30 viscosity of
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lF’CT LUS%/ 066?1?e%&xe&e$@¥ reaﬁcerOdr@zcaﬁ/mwdxﬂ&ymmtammtwms for
I ght neutra

t t ock 23 b
neut r al stockslé@é‘l-‘cgﬂlﬁgg?i fﬁbgﬁ%‘%ﬂfg %%%clh zé? ag‘Hﬂ# 1}"%1? % ¢ iRV
0i | / sol vent / wagopi eavesneatbal sitopekscare ol Great=2X@ent on the size and
shape of the wax cr%ﬁgak S%%?ig%ﬁgr&?“&hf?@bf@éﬁ%}ﬁ&iEﬁhfﬁhfééffé | ow

chilling rates and entrations. Dewaxi ai ds or

crystal moBlifi éependeatbéenaf guaat cextent @ thegkzs r@g%fsr&‘ﬁ eﬂ%vy
l'ube oil stockgaxThe§ QtEQQ beci:{astapuyhmnucmawe ngf fgreed byhaise rofl i kave
crystal growth romﬁ a t h tals
that are obt ai ﬁgalgfl@gcﬁ g6t aﬁﬁdﬁ?ﬁ?ﬁ %%?%éﬁgaﬁsﬁ%éé%%gg% fr%—én\ﬁ’ﬁ%d%l .
The conventlonahdéeuuxwag arystaknmoélﬁseuslhavﬁéb9$@siﬁﬂn$r%@iﬁﬁﬁlﬂﬁi1”

In the present 4 FQ&&E& og egeaﬁﬁaﬂﬁaﬂydﬂbSeCQﬂPréﬁéﬂkgf eTﬁé&é éﬁﬁ|5hN

fibers or spir woun at sheets

e | ectiv re e
sol vent fl@nltﬁétPPFtP&F&eFGaneégﬁPEstBh?ﬁ 1???%% f%ﬁ%sgﬁﬁe Eé?%h:$€
separ ation of bewtalmea&faaésthnateagféetoeryseapegneutb.scmhewnrystqls

the filter fee a&gaggtgkﬁgr% ?daQEt ev %gg Lhét§£etﬁ8P§rf$%ﬁf19r at about
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present invent panyglelowh %h&lp&h&éﬁangrbaeéease in waxy 25 oil ‘feed rate
to a dewaxing plant _by debottleneckin

he filt
oi | recovdPy sectiof® &he; R¥eFeR 1“?%PL§§3';8Iraﬂ#gspfrééégggigéﬂap%ggﬂ
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pol yet hyl ene, 5$§p ene, ose acetate, R g izrene S|I|cqgf
rubber, for recycle to the filter feed. The seléctive separation
of the solvent and the recycle of the permeate solvent to
20 the filter feed are both carried out at the filter
temperature or at about the filter temperature. The
optimum level of solvent removal is a function of filter
feed properties and unit specific operating constraints.
The present invention allows a significant increase in waxy
25 oil feed rate to a dewaxing plant by debottlenecking the
filtration, refrigeration and oil recovery sections of the
plant.
For the solvent-oil separation of the present
invention, the membrane materials that can be used include,
30 but are not limited to isotropic or anisotropic materials
constructed from polyethylene, polypropylene, cellulose
acetate, polystyrene, silicone rubber,
'polytetraflubroethylene, polyimides, or polysilanes.
Asymmetric membranes may be prepared by casting a polymer
35 film solution onto a porous polymer backing, followed by -
solvent evaporation to provide a permselective skin and
coagulation/washing. A suitable polyimide, based on 5(6)-
amino—l-(4'-am1nopheny1)-1 3-trimethylindane, is
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20 (8,000-10,000 gal/day): the corresponding permeate rate is
on the order of 3785-7570 l/day (1,000 -2,000 gal/day).
Typical trans-membrane pressure drop*is-ébout 2860-4240 kPa
(400-600 psi). A.cbmmercial installatign will vary in size
with application and specific membrane performance but will

25 typically employ on the order of 500-1500 modules for a
world scale lube dewaxing plant. It is”tecognized that a
multiplicity of membrane modules can be used either in
series or in parallel or any combination of multi-stage
parallel units within this arrangement.

30 Selective permeable membranes useful for the present -
‘process are disclosed by Pasternak in U;S.Patent No.
4,985,138; Winston, et al, U.S. Patent No. 4,990,275;
Thompson, et al. U.S.Patent 4,368,112 and I-F Wang et al.
U.S. Patent No..5,067,970. A preferred membrane is

35 disclosed by L.S. White et al in U.S. Patent No. 5,264,166.

The feed mixture flows through the-scraped-strface
double pipe heat exchangers and is cooled by indirect heat
exchange with cold filtrate and/or solvent. The wax
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preférred menbrane is 35 di scl osed by L-f3-Wiite et al |n U. S. Patent No.
5,264,166. The feed m xture flows through the scraped-surface double pipe -
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encl osed filter cases 1 n which wax i.s rat t -
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product . The Wegnd akfen Sté henroE®y etk oradudim fﬂilmmr drotdhiahd ar ecover ed
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submerged in enclosed filter cases in whlch the wax is
20 separated from the oil/solvent liquid.
A wax~-free oil/solvent filtrate solution is drawn
through the filter cloth to filtrate tanks in which a
vacuum which induces filtration is maintained. A wax cake
is deposited upon the drum filter cloth during filtration
25 and is washed on the filter cloth continuously and
automatically with cold solvent to produce a low oil
content wax product.The wax cake is then removed from the
filter cloth and recovered for further processing.
The principal features of the dewaxing process of the
30 present invention are the large amount of solvent that is
'~ recovered by the selective permeable membrane for recycle
directly to the_filter'feed, the temperature of the cold
oil/solvent filtrate from which the solvent is selectively
removed and the total volume of dilution solvent to oil,
35 i.e. total solvent/oil ratio available to carry out the
dewaxing process. The amount of solvent that is
transferred from the oil/solvent filtrate through the
selective permeable membrane for recycle to the filter feed




recovered by the sel ective perneable nenbrane for recycle directly to the:
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20 The dewaxing temperature is dependent upon the desired
pour point of the dewaxed oil and is typically a few
degrees below the pour point, for example, 2.8° to 5.6°C (5
o 10°F) below the pour point. The pour point is also
dependent on the type of oil feed.

25 A detailed description of the prbceSS of the present
invention is given with reference to Figure 1. A waxy oil
feed, after removal of aromatic compounds by convention
phenol or furfural extraction, is fed throﬁgh line 1 at a
temperature of'54'tq 93°C (about 130 to 200°F) and is mixed

30 with MEK/toluene solvent fed through line 2 at a
temperature of 38 to 60°C (100 to 140°F) from the solvent
recovery section, not shown. The solvent is added at a
volume ratio‘of 0.5 to 3.0 solvent per part of waxy oil
feed. The waxy/oil solvent mixture is fed to heat

35 exchanger 3 and heated by indirect neat exchange to a
ftemperature above'the'clbud-point-of the mixture of 60 to
99°C (about 140 to 210°F) to ensure that all wax crystals

" are dissolved and in true solution. The warm oil/solvent



30 -with MEK/toluene solvent fed through 1ine 2 at a tenperature of 38 to
- 60[err] (10Qvéosiaff err]) fromthe solvent recovery section, PADUSEH6GH. The
solvent is added at a vol unme ratio of 0.5-38-3.0 solvent per part of waxy

oil feed. The waxy/oil solvent mxture is fed to heat 35 exchanger 3 and
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wi t hdrawn fronm{éQech4QfB).9A by line 102 and is injected directly with

addi tional cold 25 phgobysneal f&fytdiPUded i difd I vatmaratfs® tirdugh
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i nj ection strephet coptedt warycobtefeed is further cooled by indirect heat
20 exchange in heat exchanger 9A against cold filtrate fed to
the heat exchanger 9A through line 111. It is in heat
exchanger 9A that wax precipitation typically first occurs.
The cooled waxy oil feed is withdrawn from exchanger 9A by
line 102 and is injected directly with additional cold
25 solvent feed through line 104. Temperature of the initial
cold solvent perméate injection stream 104 can be utilized
~ from indirect cooling of the wax/oil/solvent mixture in
unit 9B to bring the injection stream temperature close to
that of the waxy stream 102, preferably at AT<5°C to
30 prevent shock cooling and excess fine wax crystal formation
during the early stages of dewaxing. The cold solvent is
injected through line 104 into line 102 in an amount of 0
to 1.5, e.g." 0.1 to 1.5, parts by volume based on one part
of waxy oil feed. The waxy oil feed is then fed through
- 35 line 102 to heat exchanger 9B and is further cooled by
indirect heat exchange to warm solvent fed to the heat
exchanger 9B through line 104 to the desired temperature.
The cooled waxy oil feed is withdrawn from exchange 9B by




that of the waxy stream 102, preferably at AT<5[err] to 30 prevent shock  ,
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20 line 109 to the filter 11 and the wax is removed. The
temperature at which the oil/solvent/wax mixture is fed to
the filter is the dewaxing temperature and can be -10 to
+20°F (-23 to -7°C) and determines the pour point of the
dlewaxed oil product.
25 One or more filters 11 can be used and they can be
arranged in parallel or in a parallel/series combination.
2 separated wax is removed from the filter through line 113
and is fed to indirect heat exchanger 13 to cool solvent
recycled from the solvent recovery operation. The cold
30 filtrate is removed from filter 11 through line 110 and at
this point contains a solvent to oil ratio of 15:1 to 2:1
parts by volume and is at a typical temperature of -23 to
10°C (=10 to +50°F).
The cold filtrate in line 110 is incréasad in pressure
35 and fed through line 110 to selective permeable membrane
module M1 at the filtration temperature. The membrane
module M1 contains a low pressure solvent permeate side 6
and a high pressure oil/solvent filtrate side 8 with the




and ts fed to indirect heat -exchanger 13 to cool solvent recycled fromthe
sol vent Tecqygbassaper ati on. The cold 30 filtrate i s renove®#CTUSING6EIL er
11 through line 110 and at this point contghas a solvent to oil ratio of
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modul e. The cofiiltervEeed pbinemit03s ¥y AN X7 filter feed |ines 102,
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in an amount of 0.1 to 4.5 parts_ by ol er rt .of X [ ldnt
feed. AbotR 107t 1%%‘“?%€c%# 19 %CF? oy%ﬁ%#w gﬂ%c%ﬁq{/ pf’:f[]:t (SﬁgO% by
vol ume of the wikytoil iwlthetféedihe cold filtrate perneates through the

menbrane and is 15 V£6 e tfodde dypicd1eesh lidess ale day@val of
cold solvent from t%%é;‘?leltrate and theh% ec clyg of the }&ecggved solvent to

the filter fectYPEEGRELE 2HctAntRhiPHIV RE e dER XA d T rom
the oil/sol ventnéi tblat £ibtrate pentedtes armroigtofthe aientararie ehd ds

ol vent rEboversessted, fonthe chitted VEdf 1filla; ' Hd Manldvdy Ue oddd 2,
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reduces the amount of heat required to subsequently heat
20 and distill the solvent from the filtrate in the solvent
recovery operation, respectively. Higher oil filtration
rates and lower oil-in-wax contents are obtained as a
result. -
The filtrate side of the membrane is maintained at a
25 positive pressure of 1482-7000 kPa (about 200-1000 psig)

' and preferably 2860-5620 kPa (400-800 psig) greater than
the pressure of the solvent permeate side of the membrane
to facilitate the transport of solvent from the oil/solvent
filtrate side of the membrane to the solvent permeate side

30° of the membrane. The solvent permeate side of the membrane
is typically at 103 kPa - 4240 kPa (0-600 psig), preferably
172-793 kPa (10-100) and more preferably 172-448 kPa (10-
50), for example at 276 kPa (about 25 psig).
The membrane 7 has a large surface area which allows
35 very efficient selective solvent transfer through the
membrane. : : .
The cold filtrate removed from the membrane module M1
is fed through line 111 to indirect heat exchanger 9A, in



the pressure of the solvent perneate side of the nmenbrane to facilitate the
transpornwoobsfmed vent fromthe oil/solvent filtrate side oglctiivestgbir ane to
t he sol vent perneate side 30 of the_ggubrane. The sol vent perneate side
of the menbrane is typically at 103 kPa - 4240 kPa (0-600 psig), preferably
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operation ?‘g\ t%lgécl é%?%’g%# Irﬁ\cgé%é/sg't éﬁ{ééypatéir]%tnu%r)es g’f@%%%@h] (about -
100 to 14@x9dygt tis reepvaexediand wsed @is luhrdcatdnacddgistiacke 1. Anot her
Do & LSS St sardn iud il ot saertt o111
ea changer s an i i he solvent .i.s cooled to abou e .
donasithg (SRRAREAGR it fad, dhdH ditie, 3 o 8, SeRmRFREtEe B8 28038 g et or
or propanes@id (ebowol Lahitonid4NR), teedyeeatinesl withnotyr qidr tfeed of the

recovered gQ4 uch f hy QUG JHHES rortidr o Yhd Q:e‘b‘?ﬁv& hanger 15 in
which it is coo e%,%l/ %‘%rect eat exc‘??an%e, with 25  cold refrigerant,
e.g. vaporfRYRPhripARd thyolahling 2 to line 16 and into heat

exchangers 17 and 13 in which the solvent is cooled to

20 about the dewaxing temperature by indirect heat exchange
against either cooling water or propane and wax/solvent
mixture, respectively. Another portion of -the recovered
solvent is fed through lines 2, 16 and 14 to heat exchanger
15 in which it is cooled by indirect heat exchange with

25 cold refrigerant, e.g. vaporizing propane, to about the
fluid temperature in line 107 and fed through line 106 and
injected into the o0il/solvent/wax mixture in line 105
and/or 107. ' o

30. A light lubricating oil feed boiling in the range of
288 to 538°C (550 to 1000°F), preferably 299 to 482°C (570
to 900°F) and more preferably 304 to 454°C (580 to 850°F),
is treated to remove aromatic compounds and is pre-diluted
with solvent, heated to melt wax crystals and cooled. A

35 MEK/tol. solvent is used at a ratio of MEK/tol. of 25:75 to
100:0, preferably 60:40 to 90:10, and more preferably 70:30
to 80:20. : '

The total solvent to oil dilution ratio is 6:1 to 1:1,




f.l ui d tenperature in line 107 and fed through line 106 and injected into
the oil/sol ywg %é% Yo M xture in line 105 and/or 107. Light NeRCTWk95/06631
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-12[err] (-10 ;o&+10[err]) The 0|I/solvent filtrate fromthe filter
contains a ratio of 'A(Pi‘}séﬂrd&\é ﬁhlt@été Gsl'fed R{oeft?feamahb&aket Qloauie

The oil/solvent fil rate S nbr ane
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(200 to 1000 psi 9)’1'19&96%("% Yo LI AR ditfe (oocoq-wmw,mms and nore
preferably 3550 to 4§%$ (50 9&#(3 700 %én lee Hg si. de. of
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and more preferab y 3550 to 4930 kPa (500 to 700 psig).
The solvent permeate side of the membrane is typically
20 maintained at a pressure of 172 to 448 kPa (10 to 50 psig).
There is transferred through the membrane module M1l 10
to 100 vol.% of the solvent in the oil/solvent filtrate
‘stream, preferably 20 to 75 vol.%, and more preferably 25
to 60 vol.%. '
25 A sufficient amount of solvent is transferred through
the membrane to add 0.1 to 2.0 parts and preferably 0.5 to
1.9 parts of solvent per part of oil feed to the filter
feed. :
A dewaxed oil is obtained having a pour point of -29
30 to 21°C (-20 to +70°F) preferably =23 to -1°C (=10 to
30°F), and more preferably =21 to -12°C (-5 to +10°F).
A heavy neutral lubricating oil feed boiling in the
- range of 371°C to 704°C (700°F to 1300°F), preferably 427
35 to 621°C (800 to 1150°F), and more preferably 454° to 565°C
(850 to 1050°F) is treated to remove aromatic compounds and
is pre- diluted with solvent, heated to melt wax crystals
‘and cooled. A MEK/tol. solvent is used at a ratio of
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dewaxi ng tmrpatatheedeﬁm1nqpetahpe|§atmr¢)erature of ‘the sel ective nenbrane

15 can be -29 r 0-C (0 to
50[err]), and rrlll)'frlg gééfér a%é ggﬂé&f eégr %tr{é{ﬁﬂ% er rﬂ]e%g% ( !
oi | / sE? venFan; P?r’a? SPdR10f (‘h%O RN & BRETATARI 8 £PdAT ve
pressure rebatovsotp) | hend choretp ﬁl@f ShIie -t'ih'&: rdﬂfﬁl@&f 1482 to

T e X e
transf er r ciaihtaigedt ab ammﬂ#t&twemntﬁssumeJIBI&tﬁKK)tnﬂthb(Hblyhensolvent
in the oi | paphygBe £i4é'S#%the membrane of 1482 to 7000 kPa (200 to
20 1000 psig), preferably 2860 to 14110 kPa (400 to 800 psig),
and more preferably 3550 to 4930 kPa (500 to 700 psig).
There is transferred through the membrane module M1 10
to 100 vol.% of the solvent in the oil/solvent filtrate
stream, preferably 20 to 75 vol.% and more preferably 25 to
25 60 vol.%.
A sufficient amount of solvent is transferred through
the membrane to add 0.1 to 3.0 parts, preferably 1.0 to 2.5
parts of solvent per part of oil feed to the filter feed.
A dewaxed oil is obtained having a pour point of -23
30° to 21°C (-10 to +70°F), preferably -12 to 16°C (10 to
60°F), and more preferably -10 to -1°C (15 to 30°F).
Deasphalted Lubricating Oil Feed Stock- :
A deasphalted lubricating oil feed boiling in the
range of 316 to 1370°C (600 to 2500°F), preferably 482 to
35 816°C (900 to 1500‘Ff; and more preferably 566 to 704°C
(1050 to 1300°F) is treated to remove aromatic compounds
‘and is pre-diluted with solvent, heated to melt wax
crystals and cooled. - A MEK/tol. solvent is used at a ratio



stream preferably 20 to 75 vol.%and nore preferably 25 to 25 60 vol . %
A suf fi ci entywgeRdsgieo of sol vent is transferred through the ne®STaFese63hdd
0.1 to 3.0 parts, preferably 1.0 to 2.5 pardis of solvent per part of oil

feed to the filter feed. A dewaxed oil is obtained having a pour point of

{3 (23?8??] ; 0 gﬁge%]r gﬁx;:g?qo aEObswis)topu[weo abpyefdPabby 145 =35 |tg 110130
refera to 30

Lubricating O Pnﬁeggrgt85ﬁ9ﬁ¥5gi¥p%§r§é @% %rf%%tlﬁg of?r;ééd EE?FPESlfﬁd

the range of 316 t oTha76ptal] sebeent oto50bl edilytion crakim is /ol ttep 351,

816[err] (900 f Q»%E)Lg 894 gBr&: P! chRaahbye SpPetordPry 81l 40P O

1300[err]) is reat rempve arofmatic conpounds, and is pre-dil uted th
sol vent, hBated to FBet ARWRXiPgstemReERARUES | gde' A%Iﬁ‘?lb?g rature At s\Mused
at a ratio WQi%ﬁ/%ﬁ@lall/solvent/wax mixture is fed to to the filter,

PCT/ US95/ 06631 ,- 21- &BV?%" zpft§5 gé i‘fﬁh ?egef%qexﬁlgo%@ i@ to

70: 30 and nnrelﬁreegr vent to o1l dilution
‘ratio is 6:1 t 50TF), pndfwmoxel preferably: t12ak@ nbr€ P& IPVFE: 1 to 3: 1.

5 The dewaxi pget %rm?l’sal%at fittra’ae ‘EgoRCtRe UEEl bér ontalne a

oi | /sol vent/wax mxture i t

+70F), prePer aBBFio) 8 g0 UFB& %°(89} go%eh F? aﬁu ﬁg?%gfgéigﬁé% &ﬁ@?ztﬁo
-1[err] (10 to23Q] end moréhereiferablyehtlf kbt Bale fromthe filter contains
-a 10 ratio of sol \f?.@t g&?/Q%:EvQBtG hizi‘ai:e %tfpfééeﬁabtue%émbﬁaﬂe Iméddle

nore preferably 5:1 so vent Itrate is fed to the nmenbrane
nodule M -at t M @sndhengdewaxingaterperakiBr8perating tenperature of the

sel ective nenbrane Fhe ahﬁngQthpeﬂikﬁré]ot £het sel€6tive] hembraner abl y
"-18 to 10 5
PR N pueri i AT

de of mal ntai ned_at a
positive pressuioe trels®*iFNe mdt morpepmiteyabéwvehe §pdelof (e RendPahd- of

{0300y gl o8 B enteseet st cdousz st i (0
i s transfer r ed BAMERdinec éﬁglyﬁdEEQSEErfOrglgggget90798ep3e9$ea€ ere
solvent side of the membrane of 1482 to 7000 kPa (200 to
20 1000 psiqg), préferably 2860 to 5620 kPa (400 to 800 psig),
and more preferably 3551 to 4930 kPa (500 to 700 psig).

There is transferred through the membrane module M1l 10
to 106 vol.% of the solvent in the oil/solvent filtrate
stream, preferably 20 to 75 vol.% and more preferably 25 to

25 60 vol.%.
A sufficient amount of solvent is transferred through
' the membrane to add 0.1 to 3.0 parts, preferably 1.0 to 2.5
parts of solvent per part of oil feed to the filter feed.

A dewaxed oil is obtained having a pour point of -23

30 to 21°C (-10 to +70°F) preferably -12 to 16°C (10 to 60°F),
and more preferably -7 to -1°C (20 to 30°F).

Though the process and econonic advantages of the
present invention have been described as they apply to
solvent lube dewaxing using MEK/toluene solvent, the

'35 invention can also be utilized in a similar manner in other
solvent dewaxing systems,. such as in propane dewaxing.

The dewaxed oil can be used as lubricating oil stock.

The present invention is illustrated by the following



to 100 vol.% of the solvent in the oil/solvent filtrate stream preferably -

20 to 75ve9k;zI;end nore preferably 25 to 25 60 vol . % Acgfdospdesnt anmount
of solvent is transferred through the _ngnbrane to add 0.1 to 3.0 parts,

preferably 1.0 to 2.5 parts of solvent per part of oil feed to the filter
feed. A deppxgghés| is obtained having a pour point of -23-30 to 21f[err]
(-10 to +70[err]) preferably -12 to 16[err] (10 to 60F), and nore
preferably -7 to -1[err] (20 to 30[err]). Though the process and econom c
advant ages of tExampbseht invention have been described as they apply to

sol vent | ube d:)ga?jh&gt Lgé' SMEN s |n'§)|gﬂntfﬁé\/é;%&§'eim‘%%‘e%on can

also be utiliz simlar manner her” so iI'Ng Systens,
such as | TRIDDE HEWSR Mf9 “thel RRADLR P4R F)cde Brapkad 4o Inamdveati ng oi |
stc%ck SSgT?gJMﬁﬁﬁzbi@\@fﬁﬂﬁEd Scdﬂﬁdtﬁidsitaiﬂil _ tishs -tﬂﬁéiqln%ﬂ@ia g&th' WO 95/ _|33019
P US95 -22-. EXa es.. Exa 1 A_llght. neut ubri cating ol
feed boi l i%‘gf"?%"fh&%’h%%f "3"4?%[@ i'fd‘f e‘i‘?’ﬁsq‘iaéb‘o "t‘ﬁi gzﬁ)ﬁﬂ"r’ﬁ"al s at ed
to renove waxy wifesfeed|is fshemifed dohhedewaninios prossksstatd avidate

sol vent, i | {1 4V80 N and 4-5; ¢ ah oil feed
I's then feéfg [%,a%ﬁgei, %%bwarmil(tnlg ! rodéeasé? 1?gt]%a) Etdﬁo%%%g%y&al ,"000

barrel s) SPMRIstRRE aratds A MERS ALt £51704 30t | Fhes
MEK/ t1@l . ofotdl blvidret b oiloidllwtnilore Mattio dig 4dil Based o volumed: 1

based on etk ersat ur e, 1. €.:.4 LN i l.vent [ wax
m xtur e f\éféﬂ tr%eﬁ#ﬁﬁdwe{%néﬁ%t uﬁ@uu's‘ﬂfo%ﬁé%ﬁ“%@%’ﬁ PLEFRES | ter
renoves t hHeeedka rde tfid ten tanparature: id 29-8.°CA (3 °F)wax cake is
recovered and arye!filder rédndvied W wad Ifrdnf the AT /sD1vent/waxd:  The

cold oil/solvent filtrate, stream.is fed to the nr ane nodul € ML. The

menbrane SRRy e iFPIR WU SRS i FaopYeratand @ Solhite et al (U'S.
5, 264,5166)Qil fexventatfid tinat®) stresie diencecovEredenitheneold i ncor por at ed

in a spirad; Rl dmd W 6 diatid Setidih S 'R0 ¢ the® nlPYnd’ 2BANRTE! Y fO
The membrane is prepared in accordance with the
procedure of White et al (U.S. 5,264,166), incorporated by .
20 reference. The membrane is incorporated in a spiral wound
' module having high surface area and low propensity for
fouling. The module comprises layers of the membrane wound
upon a perforated metal resistant tube. The membrane
layers are separated by alternate layers df:permeate and
25 retenate spacers sized to provide an acceptable pressure
drop from inlet to outlet of 117 to 172 kPa (about 2 to 10
psig). Adhesives and sealants are used to maintain
separate permeate and retenate flow channels. The modules
are constructed to be 203 mm (8 inches) in diameter and
.30 1220 mm (48 inches) in length and to have a 19 to 28 n*
(200 to 300 ft?) surface area. 1000 modules are used. The
solvent perméate feed rate for each module is 4160 l/date
(1,100 gal/day). ' | A '
'The oil/solvent filtrate stream is fed to the membrane
35 module at a rate of 8,014,000 1 (50,400 barrels) a day of
solvent and 1,670,000 1 (10,500 barrels) a day of dewaxed
oil.




f.oul t ng. The nodul e conprises |ayers of the nmenbrane wound upon a
perforated §Raizse@si stant tube. The nmenbrane | ayers are sepRGEUWG06631
alternate | ayers of perneate and 25 retegmt e spacers sized to provide an
~acceptable pressure drop frominlet to outlet of 117 to 172 kPa (about 2 to
10 psig). Adhesivegnhangdilosbavbatartltsatet straant aide sepathe cmembrane e and

retenate flom/channels hgtggggggit?3§ ﬁﬁgﬁg gtgg 188 ekg93(g§b(5g ig)

i nches) in di &% | eng h and to have™a 19
to 28 [err] (2@ ttheB@ﬁalMen)‘. perneateaside of0 en%ﬁ’ﬂb@nﬁrésu'%%ﬂn tained

sol vent pef”B%[tce %2 % Pa?l(apbit QBCBs §lul e3i §74]660 11 deaboat, wpoqm/day)

The oil/sol ve Itrate stream | rate

of -8, 014, 80O Pa(zml.soe ga¥; of. s)=°égd§9 Kanoﬁeﬁ?fgﬁgl‘Ieggo Bﬁﬂsﬁe’%ﬁ&wo
barrels) a daxhﬁbu@mw&hedmﬁmbrane V0193723000 1 (about 8, 000 barrels) a

PCT/ US95/ 0663 Ea3 e 38 ¥Bkelt bhEBhEnstheavabde plpsExcRahgens | s

mai nt ai ned at p@? flve pressure o g and t he spol vent
permeat e si de whileh@54p000a98d 3,74PnPAPnAd (& 9963R¢a iaBBHt barrels)a

3,975,000 1 (%Q@U%r%5499@hﬁéd ahéhaebi andagonhstekbdmspespattivetgl eftivel y
transferred throug@ﬂﬁp nenbr%ﬁél 272 000 1 (about 8,000 barrels) a day
of sol vekP 46 E Ie pi pe exchangers while 954,000 and
1, 749, 000 1 (6, OOOEmm¢e&ﬁﬁO&@cbaemeﬂsﬂ §7Qa90§ré KﬁPeﬁteaoaﬁeadeFrahﬁ)

downstream re;g%go%? ?e&faﬂeﬁ oill 88: adanyl 8 ?bae sbhhhebs +3hana, i after

recovered 1,6 out 10,5 barre a_da d d. ol | baving a
pour point of further cemventignale voﬁap ¥P§ nZﬁ?685g§rﬁﬁ X ?3500
barrels) a dayaaf of agladmmabﬁwmngn ani bitoebatentf o£0100t@52%0vols ¥5

oil. The Broce of the present invention results in substantial savings.in
distillat éﬁéaC|ty to recover solvent fromfiltrate and in refrigeration
capacity to cool t/Therpmnanesseef #hed presentt inventins ¥8FYALE/ &R recovery

20 operati Oyl %qces%'iﬁrxﬁ(;giqwm%&ﬂw&%at ehpacity eddietewvert here
are inprovenments 1 n heat exchan
_ solvent from filté?%e aﬂ% in refrlgeration capacity to cool
the warmed separated solvent from the solvent/oil recovery
20 operation to the necessary dewaxing temperature. 1In
addition, there are improvements in heat exchange rates in
the scraped surface exchangers and significant savings in
solvent inventory requirements. .
_ In order to illustrate the savings achleved by the
25 practice of the present invention, a comparison is made
between the process of the present invention, in which a
‘selective membrane is used, and the prior art process
without the selective membrane.
The process of the present invention, as compared to
30 . the prior art process to obtain the same level of dewaxing
and pour point oil, achieves a 40% reduction in the size
and capacity of the oil/solvent recovery section and a 50%
reduction in‘the heat energy required to carry out solvent
recovery as well as a 45% reduction in the total
35 refrigeration requirements. Waxy 0il feed rate increases
.~ of about 15% are obtained due to greater cold solvent
availability and improved heat transfer rates in the

scraped surface exchangers.



the scraped surface exchangers and significant savings in sol vent inventor-y .
requi re(?(g#s? i?n order to illustrate the savings achi eveg ? . .
practic #R present invention, a cgnparison is nmade ween e process

of the present invention, in whi ch a S8f&ctive nenbrane is used, and the

prior art proc se \Qn_éégciu&e ; %lnv?e{% peﬁ\%ﬁt tr{eig%@éeg of the

present I nventi'on, as conpar e rror ar 0 obtain the

sanme | evelrefirigematiion aeguisied te @ocdi ltheafieed, andacrystrddize waxin t he

size and cHRAFithe Fedd)e L ./,S%\ée&‘eﬁﬁ%‘é‘iﬁﬁo‘heﬁbba@da%ratﬁg% reduction
in the heat energy re urr to ca ry out sol ven recovery as well as a 45%

reduct i on 5F% "r%’(r&'i"% Sn ASqYetdnef Ehe vaxy oil feed rate
i ncred8ses nﬁfxatgaﬁath% anerqu:lrte@ reed cehod tthegwaa'tnedistlidledl selvent

avai | abi | igyy % rgg?'/]_q;%lq._g vh&%n%ia‘e&artfibﬁs tb” th@edé%ﬁﬁﬁg surface

exchangers
PCT/ US95/ (HeMPEratirerhe total ‘refri geration requirenents include the
refrigeratisnpley red to cool the feed and crystallize wax fromthe feed

e.g., the refrig on d I aped-suf.f heat .exghangers,
well as the 5 & ?’rﬁ%rr g&%ﬁﬁ%ﬁ rl&%ﬁ'r %’i?‘ 83'3‘ f?ﬁg %éﬁ'ﬂﬁlagsf'f’l ?’Eﬁ sol vent
f romlOhe snangmtofr e!(ﬁdvémy 566 Cat(i850 to ﬂlﬁéOGE)/axsngrea#pdr &buremo#eanpl e 2
A heavy neid, ?ra@:ie boheeﬁnhe' lahg ien 1ﬁtear 9gg of 454 to

566[ err] (850to 1050 ated to rermv grrabearorratrc
conpounds SHY$E prigyheH 51 Vax crystals: é&dt S EPPLREx cThetal s
and i s cooiaery oﬂhefem(ylsorﬂheherfedr tot the Hlewaxdnghprdeessi ay ar pates at a

t f 1, d
;gl \e/e(r)It confgggi),%%d?odol?lagqq B?bwgkﬁ)reﬁs‘f"’% §§§g§a9$ﬁ0bb gﬁﬁ so%vent to oi I‘3
di | udPon rati o The golvienteFopsisseuns. aTratdonati MK/ ERper a€UFB:36.e. the
feed to thed iddta] SRWRNA #oe oills aildkdon] ratis] esr ]4):1 Blsed on The

filter reqoyes I the wax fromthe oil/sol vent/vvax
_ ‘The dewaxing temperature, i.e. the feed to the filter
temperature, is -12°C (+10°F).

20 " The filter removes the wax from the oil/solvent/wax
mixture. A cold wax cake is recovered and a cold
0il/solvent filtrate stream is recovered. The cold
oil/solvent filtrate stream is fed to the membrane module
M1. ' '

25 ' The membrane and module are the same as that of .
Exanple 1. ' '

The oil/solvent filtrate stream is fed to the membrane
‘module at a rate of 7,346,000 1 (46, 200 barrels) a day of
solvent and 1,400,000 1 (8,800 barrels) a day of dewaxed

30 oil.

The oil/solvent filtrate stream side of the membrane
- is maintained at a positive pressure of 4590 kPa (650 psig)
and the solvent permeate side of the membrane is maintained
at 276 kPa (about 25 psig). 3,660,000 1 (23,000 barrels) a

35 day of cold solvent is selectively transferred through the
membrane. 1,272,000 (about 8,000 barrels) a day of solvent
is routed through the double pipe exchangers while
1,270,000 and 1,113,000 1 (8,000 and 7,000 barrels) a day



m xture. A cqld wax cake is recoveried and a cold oil/solvent filtrate

streamis rgﬁ?)yﬁsgg The cold oil/solvent filtrate stream i pctresosiossithe
menbr ane nodul e ML. 25 The nenbranezgnd nodul e are the sane as that

of Exanple 1. The oil/solvent filtrate streamis fed to the nmenbrane nodul e

at a rate of 546 Uted HHstdinaind Fowhstdradl respectivaly d£480e000 1
(8,800 barrelsg a day of dewaxed .30 oil. The oil/solvent filtrate stream
side of the i%??ﬁﬁﬁﬁ;ﬂ Xt-a positive pressure of 4590 kPa (650
psig) and the sol verieneerite Mecosiededofl 400 , 9P Lar{éboutngi, 809 bexrgids)7e

kP b 25 ' ' 0 -7 fo
UL 2 ) ol B, e St o o g0 ot

sol vent is sel ively . the nmenbrane. 1,272,00 8about
8,000 bar Bel s)attemfwrthey \canvent ionale Freatyegt « 3204000 & pi(ge20 |

exchangers whipgrdela0 HdWarsk slhbk @k havindg0anaedl7 coftehtr b€l 45 &oday
WD 95/ 33019 PCT/ US95/ 06631 -25- are

I'nj ect ed upstr%énﬁ?ﬂﬂfcﬁ%&%trean1respectively of the scraped surface

chillers. There is Thequaesssl of)Ghe0presemtodnventdony zesules inday of
dewaxed oi | hayige it O iHgLlin didri11e43ow dabatity ®o reboverf urt her

conventional treatnent, 350,000 1 2,200 barrels), a day of, sl ack wa

havi ng adt%i | JHIeRR %‘T°“15€Jt]§1ﬁ?/én.‘§/o’ﬁ%lqﬁ¥@%r°&é’?ﬁa&ét?hgopFé’? nt.

i nvention resuthie warmet Sepiratied aclvemt fumtins tthiel solyentipddi recovery
recover 10 sQl v fdd g, . I.qaraf i ' t @nco0l the
“war med separ at%%ex_ggc])'_f'j\?éeé\ga réc}lré tﬁ&ﬁ%gﬁﬁrﬁg&g?%%%%%i o%nt o the
necessary deweadditiampdhang @are wanfiiderable mavingse i Sel¥eNthl e savi ngs

in solvent i NVERy&ritore el Felientsl> In order to illustrate the
.savi ngs achi eved by_the practic

‘made betvi@en the prU& hoji 1ichei q‘tﬁtté%%{)r Se?ﬁtaa}r*%\éesgtﬁg’gﬁ%gcg&? I?\?Q e

menbrane i s uspractice pf dthemreserde sinventinn, hconpagdsione ise medene.

| ' between the process of the present invention, in which a
selective membrane is used, and prior art process without
the selective membrane. '

20 ‘The process of the present_invention,-as compared to
the prior arf process to obtain the same level of dewaxing
and pour point oil, achieves a 40% reduction in the size
and capacity of the oil/solvent recovery section and a 45%
reduction in the heat energy required to carry out solvent

25 recovery as well as a 40% reduction in the total
refrigeration requirements. Waxy oil feed rate increases
by 12% due to greater solvent availability and higher heat
transfer rates in the scraped surface exchanger.

Example 3 '

30 A deasphalted lubricating oil feed boiling in the
range of 566° to 671°C (1050 to 1240°F) is treated to
remove undesirable aromatic compounds and is prediluted
with solvent, is heated to melt wax crystals and is cooled.
The waxy oil feed is then fed to the membrane module at a

35 rate of 1,600,000 1 (10,000 barrels) a day based on oil
feed.

The solvent consists of a ratio of MEK/tol. of 50:50.
The total solvent to oil dilution ratio is 5.5:1 based on



20 The process of the present invention, as conpared to the prior

art progegssdsgiebtain the same level of dewaxi ng and poupcpRisidinsstl
achi eves a 40% reduction in the size ggg_capacity of theﬁg?lfs&ﬁggnt

recovery section and a 45%reduction in the heat energy required to carry
out sol venjoime. recovery as well as a 40%reduction in the total '
refrigerationr WA oil feeq rate_increases by 12% due to

qui Jenents. X , )
greater sol vent'ﬁ"%/é{qv%llqgt )".’%rﬁt&ﬁ&ﬂ Heg thenfeed tot £Be filkerscraped
surface exmmpeyatureans e93C3(15°F). A deasphalted Jubricating oil feed

boiling in the ) 6 e (1Q30. r Is treated
to renove qndegﬁggb ég%?€%%%§§%%o%%ghn % g% migﬂgregﬁ(égggga%{k;§olvent, S
heat e t o Migtungax & Pl ¥axhFake dsoregoveredy\argd 8i colded is then fed to

the nenbr ajig /Eyiventiifia tate streadf ik €880082ed. ( 18n808ckar rel s) a day

based on oiJ, feed. The.sqlvent consists qQf .a.rafjo of K/tol. of 50:50.
The tot al °s’81/\7é’ﬁt"el"‘§ FlEAES sEEeRm i3 Pedots: ifi‘ﬁag‘ﬁﬂygﬁ“e 1_‘_'9\5“@8/ 33019
PCT/ USO5/ 08631 -26- vol une. The dewaxing tenperature, i.e. the feed to the
filter tenper aiye membrafleCan %?F%e abe Efght-saniéeaQVEﬁaghst fromthe

oi I /sal vent/wax 5 m xture. A wax cake 1s recovered and a cold
oi | / 481 verf*a®™B& dt-e streamis recovered. The cold oil/solvent filtrate
streamis fed tThe kbdlyssivent fidtiratblstFeammtsbraedaetanthavienbrane -t he

sanme as t f I : e Rl A4S ephafi streamig fed to

t he nenbrgﬁ%hﬁﬁhuqéaaﬁé%g$§?é§desgf588,éoggx'?ég,%%%£§;§?e?s§a§ ﬂgy of

sol vent arf®lvento amdo 11 2¢90,9900 Bal7<B9P baunels) acdayecdfodewaxed The
oi |l /sol vergif.iltrate stream side of the nmenbrane is maintained at a

e ; : {
POl fhre PSS Urse0tyihe (O30RRL by Rata, DS S b e RaBRL RS 02,01
24, 000 is maintained at a positive pressure of 4600 kPa (650 psig)

and the solvent permeate side of the membrane is maintained
at 276 kPa (about 25 psig). 3,820;000 1.(about 24,000
barrels) a day of cold solvent is selectively transferred
20 through the membrane. 1,600,000 1 (about 10,000 barrels) a
‘day of solvent is routed through the scraped surface -
exchangers while 2,226,000 1 (14,000 barrels) a day are
injected upstream of the scraped surface chillers.
There is recovered 1,240,000 1 (about.7,800 barrels) a
25 day of dewaxed oil having a pour point of -3.9’c (25°F)
and, after further conventional treatment, 334,000 1 (about
2100 barrels) a day of slack wax having an oil content of
10 to 15 vol.% oil. _ '
The process of the present invention results in
30 substantial savings in distillation capacity to recover
solvent from filtrate and in refrigeration capacity to cool
the warmed separated solvent from the solvent/oil recovery
operation to ‘the necessary dewaxing temperature. In
addition, there are considerable savings in solvent
35 inventory requirements. -
In order to illustrate the savings achieved by the
‘practice of the present invention, a comparison is made
" between the process of the present invention, in which a



barrel s). a day of cold solvent is selectively transferred 20 t hrough t he
menbrane. iy@®9i3@0 1 (about 10,000 barrels) a day of sol veRCTUSISs681ed
~through the scraped surface exchangers whij¢-2, 226,000 1 (14,000 barrels) a
- day are injected upstream of the scraped surface chillers. There is

Lecovered 1, 2%1%@%13:4 M3 ra?aeBQ.Gzhaeael ahdatfe prdey attdpwezessoil

avi ng a pour l.n - err and, after further conventional
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content of 10 to 1a-heo|pzfmss ofh&her presentf invenpienenasi aownered kesults
in 30 substand 3l,i33Yial4S prdcdisst kbl éb'taﬂncﬁﬁécbhﬁet Qe{remoaeraeaaﬁﬁg
fromfiltrate and In refrigérgtion capacit g gpse arated
sol vent fBom and RAWFeRIINY QdeoRpSh)eyBsr ét Pgﬁ FSd’f'ﬁ 1ﬂBcé§s geﬁﬁm ng
tenperature. Iamﬁdﬁ;iaain;y tdfelmeabalysmNaltalnleeoyaryngectmonoanéna 36%
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distillation recovery and/or refrigeration bottlenecks are
20 significantly reduced or eliminated.

The amount of solvent which is made to selectively
permeate through the membrane and recycled tb_the process
is limited only by the size and permeability of the
membrane and the hydraulic capacity of the rotary filters.

25 As a result of using a selective permeable membrane to
separate and directly recycle cold solvent to the process,
the internal solvent circulation rate can be substantially

~ increased and can be larger than the flow rate of the
solvent recovered from the oil/solvent distillation

30 recovery operation that is recycled to the dewaxing process
in a conventional dewaxing process.

The reduction in the viscosity of the oil/solvent/wax
feed to exchidngers 93, 9B, and 10, and the filter, due to
the higher. availability of solvent achieved by the present

35 invention, leads to an increase in the heat transfer rate
to the feed and an 1ncrease in the maximum feed rate to the
filters. The higher solvent/oil ratio also contrlbutes to
higher oil yields on the filters and greater filter feed



available to be added to the filter feed since the distillation recovery -

and/ or fLi ation bottl enecks are 20 significantly
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an incre {458 her
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greater frepkraneccan signbticanfly reduce the di tlllatlon capacity
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recycle of the separated solvent at the filtratxon
temperature directly to the filter feed stream.

20 The incremental cooling and concurrent solvent
addition can be programmed by stream sampling and flow
control techniques, and controlled by conventional
industrial instrumentation. Lihear'er non-linear recycle
solvent injection rates can be embloyed{"Prdportional

25 control of fluid handling equipment is effective for
achieving optiﬁum efystalliztioh and phase separation.

It is preferred to inject the cold recycle solvent
into the waxy feestrock stream by increments of less than
50 volume percent (volg) of total cold solvent permeate

30 recycle. By Splitting the cold reeycle_permeete strean
into multiple injection streams (ie, at least three
portions of equal or unequal flow rate), incremental
cooling and controlled crystallization is achieved. For
light oil stocks, it is preferred to add 15-25% of total

35 cold recycle solvent in the initial injection stage;
however; heavier stocks may be injected with 25-50 vol% or
more of the internally circulated cold solvent permeate.

Advantages'are'obtained by the preSent'process in
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separated sQlyegizopf the filtration tenperature directly to POEUSIS0S61 feed
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Increased sol vent t Mﬁ’éﬁ it feréit Alc BéthRe Mt thle HAkyeBtream
remain . in the retantate to rr%‘I)ntie;Eln fluidity, This regl I tssi, etter heat

exchange in t hand5cold ERRYG& SRIVENHy shouwld ke ( exanpl e, a
typical (preferably AT<3°C) in the first cold solvent injection

20 stage. This controls crystallization rates and prevents
formation of an excess number of sm_all wax crystals, thus
assuring growth of easily filtered large wax particles.
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fromthe way feed to obtain _an oil/Solvent/wax 'm xture at a
t enper at ur@ fge%‘il ?Vﬂ&?]ﬁa%r@Q%é didgteandbe @btaked o a
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oil feed crystalllzlng and precip:.tat:.ng wax from the waxy
oil feed to obtain an oil/solvent/wax mixture at a
20 temperature of -34 to 21°C;
feeding the oil/solvent/wax mixture to a filte_r to
remove the wax and obtain an oil/solvent filtrate stream,

contacting the oil/solvent filtrate stream at a temperature:
of =34 to 21°C with one side of a selective semipermeable

25 membrane in a membrane module to selectively transfer
solvent through the membrane to obtain a solvent permeate
stream on the other side of the membrane, the oil/solvent
filtrate stream side of the membrane is maintained at a
positive pressure relative to a pressure on the solvent

30 permeate side of the membrane; and wherein the volume ratio
of solvent in the permeate stream to retentate streanm is
1:1 to 3:1; °

selectively transferring a major amount of solvent

from the filtrate side of the membrane to the solvent

35 permeate side of the membrane, and recycling the solvent
permeate at a temperature of -34 to 21°C to the filter
feed, withdrawing a filtrate stream containing the

-

|



30 -« perneate side of the nenbrane; and wherein the volune ratio of solvent
in the perneaigsaseweamto retentate streamis 1:1 to 3:1; sePetPPRpOpepl
transferring a major anount of solvent fregn+¢he filtrate side of the
menbrane to the solvent 35 permeate side of the nenbrane, and recycling.
t he sol vent peeiadndnat solvemte fabnr thef £idttrate2sider pft thehwepbranbe feed,
w thdrawi ng a_fid trat ntal pis 954{;3 heat
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separate the 5 ren@i ni nq_sol vent f oLl ren xed
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to 3:1 based g% 01&' ,qgkﬁ g?gin t he dewaxi ng sol vent isgNEK/toI. and
the ratio of MEK to tol. is 25:75 to 100:0. 3. The process of claim1l

wherein the menbrars t e fprodemspefacladm 4 wBéredn2ther splvehtr sbnothe

total solvent tq.oil, diJuti 11,9 S £ 1.1 etei RghheggoyL 4 poi nt
of the devvaxe(f%lllo M%%e@giq!sj%}g%{% ﬁ'[ltla:fr%]%e g%geé‘ﬂ E"'\‘%/ngrsé!'i]"ntah(ga'\:}vgxy oi |
feed is a |igthasesiitom|valume,c andyhereiy sbe Agvaxdng BOLVPRY Afnge of 304

to 454[err]. ARSI WGRETHY rdtdionck MER €ontblle Wwaxpse7b teedobsoa heavy
neutral lubricating oil stock having a boiling range of 454 to 566[err]. 5.
The process of claiml1 wherein the waxy oil feed is a deasphalted

| ubricating oil stk [he process ldfh¢ladimgd vherednt $heomembranes, A

process for sq{yﬁ%%%e%&dwxgoelﬂol&u@loa, Wedein ehkeaikdtagt rol eum

oi | lubricating r1sing the ste s,Qf:cqntg&tha a ggranaéé oi
feed by indireQlvrnk % dh gt ntiem &% &F 1o &P 1edrt MAPECARISB®  with
refrigerant tgdjy Point 26 ae Featixpd aiid obtadmed dst k29oitb 23¢¢, ahdreby
form ng agﬂ“t& é?%%%‘%ﬂéfﬁﬁﬁ§”3{1M¥§ea is a light neutral lubricating

oil stock having a boiling range of 304 to 454°C.

4. The process of claim 1 wherein the waxy oil feed
is a heavy neutral lubricating oil stock having a boiling
range of 454 to 566°C.

5. The process of claim 1 wherein the waxy oil feed
is a deasphalted lubricating oil stock having a boiling
range of 566 to 704°C.

6. A process for solvent dewaxingla waxy pet:oleum
oil feed to obtain petroleum oil lubricating stock
comprising the steps of:contacting a warm waxy 0il feed by
indirect heat exchange with a portion of cold filtrate and

5 with refrigerant to crystallize and precipitate the wax in
the oil feed, thereby forming a multiphase oil/solvent/wax

mixture;
diluting the oil/solvent/wax mixture with cold solvent

to adjust the viscosity of the mixture and feeding the
10 mixture to a filter for removing the wax from the cold

0y -



m xt ure; diluting 0|I/sol vent/wax m xture with cold solvent to adj.ust -
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cool the warmvvasz by I'n rect

exc passi ng
the ret ent$R¥ Qikmichrete SEHeATy &hi %Wi%aﬁnﬂmﬁweﬂeed to
an oi l /soldﬂltaxﬁrm{atrmmﬁrgats'mdnt-M| ch residual solvent is renoved

| UbrLcat i ng. o RN SRECAIE el yalt PRUEAHL BeResn® ad iing o he now
war mifol v 1@!&% fesmpanatarediinka an fd-frshaﬁplfl&estréam fbr t he process

for sol veng ﬂwlg}g Fhjeeh dif i ke £q Ii.@lagl ai m 6;
wher ei n thee 0|I feed is cool e%;'*_nd di If&tllggfreﬂgacggt %?‘. (c)jﬁ of cold

recycl e sci®RAMd Yain pEPAAi on; and
wher ei n t i litratenlstomdaoh rtec ywalod smlevmatm wabdy] etitl.ed’e&ti byt ¢fBgFatyr e

differentLﬁgaé(;ﬁE&JHHE;S[err] to control crystal formation. . {
15 paSSing'fhe retentate stream, after heat eXchange'with'
the warm waxy oil feed, to an oil/sdl#gnt.sepéfatioh
operation in which residual solvent is removed from the
dewaxed oil and recycled to the dewaxing process and the
wax free lubricating oil stock product is recovered; and
20 employing the now warm solvent stream for direct
dilution of waxy feed. '

7. In the process for solvent dewaxing a waxy
petroleum oil feed according to Claim 6; wherein the oil
feed is cooled and diluted by direct injection of cold
recycle solvent permeate from the membrane recovery

5 operation; and wherein the initial cold recycle solvent is
injected at a temperature differential less than 5°F to
control crystal formation. '



