DEWAXED CLL AND RECYCLE OF COLD SCOLVENT TO FI LTER ‘FEED The prese
invention is directed to a process for 5 dqwaxi ng waxy oil feeds,
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The separated cold filtrate stream is contacted by
indirect heat exchange with warm waxy oil feed to cool the
warm waxy oil feed.

20 In solvent lube dewaxing, cold solvent is typically
added to a hot waxy raffinate to control crystallization of
the wax in the feed. Chilling of the feed is accomplished
by indirect heat exchange against cold filtrate from the
dewaxing filters and with refrigerant. Solvent is usually

25 recovered from the filtrate by a combination of heating,
multi~stage flash, and distillation operations. The hot
solvent so recovered is then chilled again to the desired
temperature for recycling to the wax filter feed.

In a typical solvent dewaxing process a waxy oil feed

30 is mixed with solvent from a solvent recovery system. The
waxy oil feed/solvent mixture is cooled by indirect heat
exchange in a scraped-surface, double pipe heat exchanger
against cold filtrate, which is a mixture of oil and
solvent recovered from a filter used to separate wax from a

35 wax éontaining stream. The cold filtrate is a mixture of
oil and solvent. The cooled feed mix is injected with
additional cold solvent from the solvent recovery system.
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35t max-éGﬁFaining stream The cold filtrate is a mxture of oil and
sol'ygnt: The cooled feed mx is injected with additional cold solvent from
t he solvent recovery system -2- The resugant mxture is further cool ed
agai nst vapori zi ng propane, anmonia, or other refrigerant gas in a second
scraped-surface doubl e pi pe exchanger. The chilled feed slurry is m xed
with nore chilled solvent fromthe solvent 5 recovery systemto obtain a
filter feed. The anmount of circulating solvent is typically limted by
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the filter. Theéﬂéﬂkilter feed (high viscosity oil plus low viscosity
solvent) must have a sufficiently low viscosity to achieve
an acceptable filtration rate.

- 15 At present, dewaxing 6f waxy feed is performed by
nixing the feed with a solvent to completely dissolve the.
waxy feed at a suitable elevated temperature. The mixture
is gradually cooled to an appropriate temperature required
for the precipitation of the wax and the wax is separated

20 on a rotary filter drum. The dewaxed oil is obtained by
evaporation of the solvent and is useful as a lubricating
oil of low pour point. ,
The dewaxing apparatﬁs is expensive and complicated.
In many instances the filtration proceeds slowly and
25 represents a bottleneck in the process because of low
filtration rates caused by the high viscosity of the
oil/solvent/wax slurry feed to the filter. The high
viscosity of the feed to the filter is due to a low supply
. of available solvent to be injected into the feed stream to
30 the filter. In some cases, lack of sufficient solvent can
result in poor wax crystallization and ultimately lower
lube oil recovery.
‘The use of solvents to facilitate wax removal from
lubricants is energy intensive due to the requirement for
35 séparatinq-from the dewaxed oil and recovery of the
expensivé'solvents forfrecycle in the dewaxing process.



vi scosi'ty of the.feed to the filter is due to a | ow supply of avail able

sol vgnt to be injected into the feed streamto 30 the filter. 1In sone
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the warm solvent separated from the dewaxed oil.

The filter capacity could be increased if there were
available more solvent by simply further diluting the

15 oil/solvent/wax mixture feed to the filter to lower the
viscosity of the feed. .

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

20 increasing the cooling capacity to cool the separated warm
solvent prior to recycle.

The problems to be solved were to increase the amount
of solvent available to the solvent dewaxing process
without increasing the overall solvent inventory and

25 without increasing the size-énd capacity of the oil/solvent
recovery distillation system and the refrigeration capacity
required to cool the warm solvent separated by
‘distillation.

An additional problem to be solved was to increase the

30 filtration capacity of the process without providing
additional filtration apparatus.

The present invention is dlrected to a process for
solvent dewaxing a waxy oil feed to obtain petroleum oil
lubricating stock.

35 " _:The waxy o0il feed is diluted with solvent at the feed

temperature, then is sequentially indirectly contacted with
_ £



of 'sol vent available to the sol vent dewaxing process without increasing the
ovetg! | sql-vent "inventory and 25 W t hout increasing the size and capacity
of the oil/sol vent recovery distillation sysigmand the refrigeration
capacity required to cool the warm sol vent separated by distillation. An
addi tional problemto be solved was to increase the 30 filtration
capacity of the process without providing additional filtration apparatus.
The present invention is directed to a process for solvent dewaxing.a waxy
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sel ectively sepa;cgl tv?hzlt.ce él'lxe tvgggye gzt. egeeénx.s cooled are determined by the
boiling range of the feed, the wax content of the feed, and
the desired pour point of the dewaxed lubricating oil.

15 The process includes contacting the dewaxed
oil/solvent filtrate stream with a selective permeable
membrane eo selecﬁively separate the filtrate stream into a
solvent permeate stream and a filtrate stream which
contains the dewaxed oil and the remaining solvent. The

20 solvent permeate stream is recycled to the filter feed
stream. The filtrate stream is then indirectly contacted
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/solveﬁt filtrate stream side.

25 of the membrane is maintained at a positive pressure
relative to the solvent permeate stream side of the
membrane.

The recycle of the solvent permeate stream to the
filter feed stream substantially increases the amount of

30 solvent available to the dewaxing process and increases the

) filter feed rate.

The warm waxy oil feed is cooled in a heat exchanger
by indirect heat exchange with the cold filtrate to
crystallize and precipitate the wax in the oil feed to form

35 an oil/solvent/wax mixture. The oil/solvent/wax mixture is

further cooled in a heat exchanger by indirect heat
. . - E



sol'vent’ perneate streamand a filtrate stream which contains the dewaxed

oi I'=gnd the remai ni ng sol vent. The 20 sol vent perneate streamis recycled
to the filter feed stream The filtrate streaun.is then indirectly contacted
with the waxy oil feed to cool the waxy oil feed. In order to increase the
rate of solvent transfer through the nenbrane, the oil/solvent filtrate
stream side 25 of the nenbrane is naintained at a positive pressure
relative to the solvent perneate stream side of the nmenbrane. The recycle
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the solvent can be recycled.

The cold oil/solvent filtrate stream is fed, at the

filtration temperature, to a selective permeable membrane.
15 The membrane selectively separates the cold filtrate into a
cold solvent permeate stream and a cold filtrate stream
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 .-
20 cold filtrate stream is fed to a heat exchanger to
indirectly contact and cool the warm waxy oil feed.

The separation and recycle 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

25 separated from the oil/solvent filtrate stream in the
oil/solvent separation operation.

The cold oii/solvenﬁ filtrate stream, after the
selective removal of the solvent through the permeable
membrane is sent to an oil/solvent separation operation in

" 30 which the remaining solvent is removed'by distillation from
the dewaxed oil, cooled and recycled to the dewaxing
procéss and the dewaxed lubricating oil product is
recovered.

A substantial portion of the cold solvent in the

35 filtrate stream is transferred through the selective

membrane and recycled directly to the filter feed.
i




The cold oil/solvent filtrate streamis fed, at the filtration tenperature,
to asel ective pernmeabl e nenbrane. 15 The nmenbrane sel ectively separates
the cold filtrate into a cold sol vent perneaLg_strean1and a cold filtrate .
stream whi ch contains the dewaxed oil and the remaining solvent. The cold
sol vent perneate streamat the filtration tenperature is recycled to the
filter feed stream The 20 cold filtrate streamis fed to a heat
exchanger to indirectly contact and cool .the warm waxy oil feed. The -
separation and recycl sevéradl benelfitst akeoobtadned byolthenisdlivienta dewabrizmym
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The amount of solvent which is made to selectively
permeate through the membrane and recycled to the filter
feed is limited only by the size and permeability of the

15 membrane and the hydraulic capacity of the rotary filters.
As a result of using a selective permeable membrane to

separate and directly recycle cold solvent to the filter
feed, the internal solvent circulation rate can be
. suybstantially increased and can be larger than the flow

20 rate of the solvent recovered from the oil/solvent
distillation 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 the filter, due to the higher availability of

25 solvent achieved by the present invention, leads to an
increase in the maximum feed rate to the filters. The
higher solvent/oil ratio also contributes to higher oil
yields on the filters and greater filter feed rates for
heavy stocks which are generally filter area limited.

30 . The selective removal of solvent from the dewaxed
oil/solvent filtrate stream by the selective permeable
membrane can significantly reduce the distillation capacity
required and the cost of removing the remaining solvent in
the filtrate stream and .reduce the capacity required and

35 cost of subsequently cooling the separated dlstllled

solvent to the dewaxing temperature. X
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have to-be subsequent|y cooled prior to recycle to the demaX|ng process.

Mor e oIvent is available to be added to the filter feed since the
distillati’on recovery and/or 10 refrigeratigon bottlenecks are
significantly reduced or elimnated. The amount of solvent which i's nmade to
sel ectively permeate through the nenbrane and recycled to the filter feed
islimted only by the size and perneability of the 15 menbr ane and the
hydraul ic capacity of the rotary filters. As a result of using a selective
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recycle of recovered solvent from an 011/solvent recovery
operation.
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The feed to the process of the present invention can
comprise any liquid hydrocarbon containing a dissolved or
partially dissolved wax component from which it is desired
to remove part or all of the wax component.

20 The feed to the process of the present invention is
typically petroleum lubricating oil raffinates obtained
from extraction of distillates and/or deasphalting of
vacuum tower distillates.

The ﬁaxy 0il feed to the process of the present

25 invention is typically a waxy lubricating oil fraction

' which boils in the range of 304 to 704°C (580°F to 1300°F).
The fraction boiling from about 304 to 454°C (580°F to
850°F) is generally referred to as light lubricating oil
distillate. The fraction boiling from 427 to 566°C (about

30 800°F to about 1050°F) is generally referred to as heavy
lubricating oil distillate. The fraction boiling from
about 565 to 704°C (1050 to about 1300°F) is generally
referred to as residual deasphalted oil.

The distillate lubricating oils fed to the process of

35 the present invention, prior to solvent dewaxing, are

treated by solvent-extraction processes to remove aromatic
: ¢



A principal advaptage of the use of the selective per neabl e menbrane in
accofdance with t he present invention is that- it provides the selective -
separatiof of cold solvent fromthe cold oi | /gplvent filtrate streamand 5
recycle of the separated solvent at the filtration tenperature directly to
the filter feed stream The Figure is a schematic process flow di agram
showi ng the sol vent dewaxi ng process of the present invention including

i ncremental cooling and incremental solvent 10 addition to a warm waxy
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typically petrol ggm éd ecat e Ydxy Pl &S LD INdSbIvéne Adwarihgn of
distillates and/ or deasp aIt| ng of vacuum tower distillates,, The. waxy~oil

feed to the procdFecnss af ;ﬁ*&é’fﬁe%‘ InNentiom 18, 135t inalyY naxy
| ubricating oil fﬁa@ﬁmWIm&mﬁ PolydyeEl idnpeomdt 80 hydrdecarbohgerr] to
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deasphal ted oi|. PrRsSenttin | the ﬁ%ﬂfh ca'ghﬂgwmsf%ra i thenpipdizecsiy
cooled with cold water by conventional cooling means such
as a tubular heat exchanger. The still warm waxy oil feed
15 is then cooled by indirect heat exchange with cold filtrate
and with cold refrigerant and is further cooled and diluted
by direct injection of recycle solvent from the recovery
operation. '
The waxy .0il feed is thus sequentially cooled and
20 diluted to its desired wax filtration temperature, which-
temperature is selected to achieve a desired pour point for
the dewaxed oil product.
An oil/solvent/wax mixture is obtained and is further
diluted with solvent to adjust the viscosity of the mixture
25 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
recovered. The cold oil/solvent filtrate is fed to a
selective permeable membrane. The membrane selectively
30 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
stream at the filtration temperature is recycled to the
filter feed stream. The cold filtrate stream is then
35 contacted with the warm waxy oil feed by indirect heat

exchange. . E‘h




35+ the present.invention, prior to solvent dewaxing, are treated by

sol went - extractlon processes to renove aronmatic and, if needed,
asphaltenlc conmpounds. The aromatic solvent gglraction step can be carried
out using a conventional phenol, furfural or n-nethyl-pyrilidone sol vent
extraction procedure. Deasphaltlng processes use 5 phenol and/or |ight
hydr ocar bon sol vents, such as propane or butane. The waxy oil feed to the
sol vent dewaxi ng process of the present invention is, accordingly,
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wax present in twhichecthe Tremakning eﬁmﬂ-‘?@thm removedt fyomctheddewaredopbdl
wat er by Conve”tdtﬁfaéeéy?@iéd‘ clg'saﬁ‘i%en rakiing f&éﬂééraﬂﬁ héxﬁgﬁ”ﬁfée The

still warm waxy o0l eed, 15 I ndi rect heat exchange with
cold filtraPe arkR¥icating ?%4r$E@F%ﬁ?rQ9EPFslﬁuFFﬁEVQESGFed and dil uted
by direct injection ofypfeaT! @iseiVEatef68dsEor EREVREYcEES! 8Fi BRAisThe
waxy oil feed |s t hus fﬁﬁuentlally cooled and 20 diluted to its desired
wax filtration t e3X%hi ch tenperature is selected to achieve a
desired pour point for t he dewaxed oil product. An oi Apprbximateax m xture

is obtained and is further diluted with solvent to adBailinticRangeasi®Cy (3F)

the m xture 25 and the mxture is fed to a filter which renoves the wax
from the oid0 sol kgt Neukral ybubricatingv@ilcake is recovered and a cold -
oi | / sol vent f||trate g??@aﬁFngrecovered The col d oi PP4chB4anE (PBOr3560°F)
fed to a selecti ﬁ%&eeg EgongBFéﬁé 1IN eOMtnbr ane selectlvely

~566°C’ (850-1050°F)
Deasphalted Lubricating 0il
15 Feed Stock 565-704°C (1050-1300°F)

The term cloud:point.as used herein is intended to
mean the temperature at which wax crystallization begins to
occur, and.the term poﬁr point is the minimum température.
at which the o0il will first move in a standard tube after

20 quickly turning the tube on its side following a standard
chilling prodedure as set forth in ASTM test method D-97;
Dewaxing S nt

The dewaxing solvents used in the present invention

can be an aliphatic ketone, such as acetone, methyl ethyl-

25 ketone, diethyl ketone, ﬁethyl n-propyl ketone, 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

30 preferred solvent is a mixture of methyl ethyl ketone and
toluene.

The dewaxing solvent used in the present invention
performs several important functions. The solvent dilutes
the waiy oil feed and dissolves the oil component, cools

35 the o0il feed to the dewaxing temperature and lowers the
solubllity of the wax in the oil, forms a wax precipitate
hav1ng a crystalline structure that facllltat?s separation



30 . separates the cold filtrate into a solvent perneate streamand a cold
filt+ate stream which contains the dewaxed oil- and the remaining solvent..
The col d sol vent perneate stream at the f||tr§§|on tenperature is recycled
to the filter feed stream The cold filtrate STreamis then 35 cont act ed
with the warmwaxy oil feed by indirect heat exchange. After heat
exchange with the warmwaxy oil feed, the filtrate is sent to an

oi | / sol vent separation operation in whi ch t he remai ni ng solvent is renoved

g r orr} t Be_ de\tﬂaxed ogil 'tht%”@l?ﬁﬁﬁginﬁ;iﬂé) dille ahA@e1vent Q.va‘sas @{ﬂﬁ&\fw&?&%éﬁte
upri cating ol St QC roduc |s.rec ere |ca I e Teeds 0
the process of tRNE PIAIDFAINS & desipsd, g's&ﬂy %’?‘?5) 10

Li ght Neutral Luhanditingg afid processing [ceEr mhd:md/ﬁdc&emahimre
Lubricating Ol ] e ud
poi nt as used hert(!}lrcufggl |tne %ear&_'r tec?"lcrlir‘\::a:}{1 aF’err%é‘r%a ureuﬁeet\i/\h"lir?h%x

crystal lizatBPon pP¥gcessi.o occur, and the ternlpour point is the m ninmum

tenperature at which ik Girodlidd Jf r&k% it Anvertdady tf&b%%é&fe@@ed
qui ckly turning the tHbe on its side fol |'ow ng a standard chj |

procedure as set “%W‘?&S‘ﬁmﬂlé%)fs fetHgdFusey PL MEK and, %?ﬂ-‘b%‘?ﬁ mvents-
dewaxi ng sol vent Th¢es MER has guie sollventy Gtivel o0 Wik adnd| r¢lwt iee ket §o6d

et one. ot hyl | SOVGRAY 188 RAL oo T "eﬁmﬁrgﬂd' PR e “é%m%é‘)gﬂ
10 solubility at dewaxing temperatures and to reduce .
oil/solvent solution v1scosxty to improve its
filterability.
The use of solvents with high ketone content is
beneficial because it increases-filﬁer rates by virtue of
15 its lower viscosity and it reduces the dewaxing temperature
differential between filtration temperature and pour point
of dewaxed oil due to its lower wax solution power relative
to toluene.
The volume percent ratio.of MEK/toluene can be 25:75
20 to 100:0, preferably 40:60 to 80:20 and typically about
65:35. The preferred ratios depend on the waxy oil
raffinate feed to be dewaxed.
For dewaxing of light neutral lube oil feed stock the
ratio of MEK/toluene can be 65:35 to 95:5; for dewaxing
25 heavy neutral lube oil feed stock the ratio of MEK/toluene
can be 50:50 to 75:25, and for dewaxing deasphalted lube
0il feed stock the ratio 'of MEK/toluene can be 40:60 to
70:30.
The solvent is added to the waxy oil feed sequentially
30 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
with a corresponding high dewaxed ocil yield and a low oil
35 content wax product. Small or ill-defined crystals form a

cake with resultant poor filtration characteristics which
. £ '



ket-one or otherzlower aliphatic ketones and m xtures thereof. The sol vent
al so~can include an aromatic solvent such as benzene, toluene, xylene and
t he Ilke *The 30 preferred solvent is a mXt«ire of nethyl ethyl ketone
and toluene. The dewaxi ng solvent used in the present invention perforns
several inportant functions. The solvent dilutes the waxy oil feed and

di ssol ves the oil conponent, cools 35 the oil feed to the dewaxing
tenperature and |l owers the solubility of the wax in the oil, fornms a wax
preci pi tat e havifadaterjaver| fawaxed edd: ¥ieAds f REPK WaKe Suadddin ansh

-10- of the maxrgagahahelpl ré&dc%ﬁbﬁe&htbs a filtration step and maintains
a desired | ow viscos

it handl i and ssing of the
oi | / sol vent / wax nlxtﬂii FH;SGB Fﬁgaﬁégpse?@HgnﬁgrQ ﬁ&iﬂﬂ used in the
5 process. Theryseamsizatibhetpmpmtmvsmau benmadpr afteratasit the

enbodi nment npl ] f n poor
sol vent pomg ngéageghéggeur%'3%F§h%b% ve%@%9kbr o q%$f¥%lj eis
i ncl uded to |ncnddsé th| avoid shogk hh;}megd@Wdﬂhn@nnmqﬁgsuﬁnnmatnmhtqf

reduce 0|I/soIvgqhesohgkfgeuitngsEgngé%|dgyg@gqsgts filterability. The use
of solvents with hlg ket on e n%e“q .S benéfici,al _because it |ncreases

filter. rates by virt dBeofak Fhavs, ias fyPicR1, fd Tyt iony fehedyle for

dewaxi ng t enper at Qighti hhar anhieavybeiswarnlf idistdlilate etoaKet ure and pour
poi nt of dewaxed oil due to its |ower wax solution power relative to

tol uene. The volunme percent ratio of MEK/toluene can be 25:75




20 - to0-100:0, preferably 40:60 to 80:20 and typically about 65:35. The
pretefred ratios depend on the waxy oil raffinate feed to be dewaxed. For
dewaxing of |ight neutral |ube oil feed stoclqgdde ratio of MEK/tol uene can
be 65:35 to 95:5; for dewaxing 25 heavy neutral lube oil feed stock the
rati o of MEK/tol uene can be 50:50 to 75:25, and for dewaxi ng deasphal ted

| ube oil feed stock the ratio of MEK/toluene can be 40:60 to 70:30. The
solvent is added to the waxy oil feed sequentially 30 at a nunber of
injection points in the chilling train. Tiabdenaer of solvent addition

affects crystal size and subsequent filtration I fi red
crystals result in high filter rates and good g%ggﬁggOkiiggggﬁg h@%ﬁ% gﬁ
correspondi ng hi gh dewaxed oil yield and a lo

product. sl | laitieflol| NeChEqNE BBLERLT 2 cakAnpd bitt A5uibal .
filtration ghar sty cs “ﬁlﬁ%rzggéﬁﬁﬁbéﬁL_ RibEevedaty © Y BER
wax quality and reduced oil production rates sol vent aooltlons mde at
or bel ow wax cryptihargation tenperature should be nade at about the 5
same tenperature agLihe 2)l/sol vent/waxsoo which it is added t@0avoi d shock

chilling which precptke formation of fine, difficult to filter crystals.
The tabl e bel ow sh{héne L9R)cal diluti d@0schedule for a |ight 28 a heavy

neutral di stQ || aRecycdek. Tabl e 1 Amount of Diluent Added (2)
(Line 104) ' 30
Recycle _
(Line 106) 100 100
St See Figure 1 of drawing.
15 @ Solvent addition is based on a 10,000 BD lube dewaxing
plant.

3 Ratio MER/tol. 75/25
“ Ratio MEK/tol. 60/40
The solvent is added step~wise during the process in

20 order to maintain the viscosity of the oil/solvent/wax
mixture at a desirable low level to facilitate handling and
processing of the mixture through the scraped surface
double pipe heat exchangers and the filtration of the wax
in the filter apparatus.

25 The total solvent dilution to oil feed ratio will
depend to a large extent on the wax content of the feed,
the visdosity of the feed and the desired pour point of the
dewaxed oil product. The term total solvent to oil -
dilution ratio as used herein. is intended to mean the total

30 volume of the solvent that is added to the initial volume
of the oil feed during the déwaxing process.

The total solvent to oil ratio can, accordingly, be
6:1 to 1:1, typically 4:1 to 3:1, depending on the nature
and viscosity of the waxy oil feed.

35 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
dewaxed oil product. Typical dewaxing temperatures for

lfn



Solvent -G | Ratio Vol .% Addition Li ght Neutral Lubri cating Heavy "
Neuttal 5_ Point QI Feed Stock Lubricating-O1l Feed [err] Primary (Line

2) 50 70 Recyeg®s=(Line 102) 100
150 10 Recycle (Line 104) 30 " 0 Recycle
(Li ne 106) 100 100 (1) See Figure 1 of

draw ng. 15 (2) Solvent addition is based on a 10,000 BD | ube dewaxi ng
plant. (3) Ratio MeK/tol. 75/25 (4) Ratio MEK/tol. 60/ 40 The sol vent

i s added st ep-w skighti ngutiralpilubricatingOstockseareo-23i°'6 &on~18eC, and
viscosity of the pob/AghyghieWRial' LhERsLr8 d8-EaRGE Jow.! evel to
o e

facilitate handling an ocessing o m Xt ure through the scraped
surface doubl e pi BewaxindeAdHsngers and the filtration of the wax in the

filter apparatus. 25 mhe f£ilterh®idlhitgobresilfisblvient maxomixtends dls 0
will depend to a

of the feed ahd thglg gggx e%oglgtﬁg%ﬁtm%);ﬁce?‘ﬁ;%%\ﬁg?e%%q = (ﬁ%%evﬂﬁﬁé%%
total solvent to wak Griystalds.r alrystalugrdwithr cam ke iafifeatsd ty neer dfidow.
of | ‘feed during ¢ AELAeHEs: 5 55k, 0EC hilh SEIFENE) ceiteiteditont ! e tily
accordi ngly, be 6aidsoor wax yrvsiialy medifiers have heen fpund wffenttive in
and viscosity of Hag Sy Q¢ deitdiniheavy lubB'®idCWddits ! TR Wah ive
the tenperature at whr ch % he 0|I/331vent/max mxture is fed to the rotang_
filter 10 either nucleating agents that initiate crystal growth or:
growth modifiers that affect crystal growth. The crystals.
that are obtained are compact and are more readily
separated from the oil. The conventional dewaxing aids can
be used in the present process.
15 APPARATUS
Membrane
In the present invention, a membrane module comprised
of either hollow fibers or spiral wound or flat sheets is’
used to selectively remove cold solvent from the filtrate
20 for recycle to the filter feed. The selective separation
of the solvent and the recycle of the permeate solvent to
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
25 feed properties and unit specific operating constraints.
The present invention allows a significant increase in waxy
oil feed rate to a dewaxing plant by debottlenecking the
 filtration, refrigeration and cil recovery sections of the
plant.
30 A preferred membrane module is described as follows:
For the solvent-oil separation of the present
invention, the membrane materials that can be used include,
but are not limited to isotropic or anisotropic materials
constructed from polyethylene, polypropylene, cellulose
'35 acetate, polystyrene, silicone rubber, polytetra-

i
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drum and depends prinmarily on the desired pour point of the dewaxed oi
prodyct. Typical dewaxing tenperatures for .Iight neutral lubricating -
stoCks are [err] to -18 [err] and for heavy_.qptral stocks are [err] to
[err] Dewaxina Aids The filterability of oil/ ol vent /wax mxtures is 5
dependent to a great extent on the size and shape of the wax crystals.
Crystal growmh can be affected by use of low chilling rates and high

sol vent concentrations. Dewaxing aids or wax crystal nodifiers have been

found effective in deppyoPGethyteénbii polpariaéspeopi bosysslianeshese can be
10 either nucleating a enés thaéthltlate crgstal ﬂroméh orﬁgr%#th
nodi fiers that affect Y@%? Fig, Bephranss By b Brepared, BY GREEIRT & e
gonpapt anddare HDLG pokymey £iimr sbidtionmohte ai pordhs poldymelri basking,
ewaxi ng ai ds can be |0t [ S_Menbr ane
In the present invent#%ﬁ?oggﬁeggrgﬁgeggguEgg§§§%F%é§dt8¢Bgﬁ§@§# Rol I ow
fibers or s@ral wourpexmselectiveeskinsandedoaguiation/vweghiageveicol d
solvent fromthe fllté?i?ﬁéggoPngfhgﬁéglEagedt8ﬁ|gkk?eamﬁﬁ@il-(Ehe

sel ective separation i e recyc 0

] t,he perneat,e _sol vent
to the filter feed arémbBPBhS&YFP€&r§GFréPeFH¥1FP¢PBP'téﬁp@%ﬂﬂﬁﬁ?%ﬁlkﬁ
about the filter tenpgvaillableThe ophaitFifmidesahsol Theevmembram dan ded

constraints. The prooERRELAVERR 8% Sithet & 2igh FRERR BIERE,And tme)
oil feed rai@ to a dehelloy FEliker,bprdepiralewoukdnpodudef.i | tFox ithe present
refrigeration and OiIiﬁ@&ﬂ%ﬂﬁ%,s%FE&&E%JPROEQ& Rbldde is preferred due to
its balance between high surface area and resistance
to fouling. Typical construction of such a module
comprises layers of the selected membrane wound upon a
15 perforated metal or solvent resistant tube. The
membrane layers would be separated by alternate layers
of permeate and retentate spacers sized to provide an
acceptable pressure drop from inlet to outlet of
typically 14 - 70 kPa gauge (2-10 psig). Appropriate
20 . adhesives and sealants designed to maintain separate
permeate and retentate flow channels and to minimize
structural rearrangement upon use complete the
construction. Modules of any size can be constructed,
but typically are 254 mm (10 inches) in diameter and
25 1220 mm (48 inches) long having 18 - 27 m* (200-300
ft?) surface area. Feed flow to each module varies
according to application but is on the order of 30,240
-~ 38,000 1/day (8,000 ~ 10,000 gal/day):; the
corresponding permeate rate is on the order of 3800 =
30 7600 l/day (1,000 - 2,000 gal/day). Typical trans-
- membrane pressure drop is about 2800 - 5600 kPa (400 -
600 psi). A commercial installation will vary in size
with application and specific membrane performance but
will typically employ on the order of 500-1500 modules
35 for a world scale lube dewaxing plant. .



30- - A preferred nmenbrane nodule is described as follows: For the
solwent-oil separation of the present :inventi-on, the menbrane materials
that can be used include, but are not linmtedgwo isotropic or anisotropic
materials constructed from pol yet hyl ene, pol ypropyl ene, cellul ose 35
acetate, polystyrene, silicone rubber, polytetra- fl uor oet hyl ene,

pol yi m des, or polysilanes. Asymmetri-c nmenbranes nmay be prepared by casting
a polymer filmsolution onto a porous pol yner backing, followed by sol vent
evaporation to provi dit ds recognized ntkédtca i mel tkplicity cofignembrane
washing. A suit | ydrizde, egls (8) - & N\0s 1ak 43 5

am nophenyl ) -1, 3@@%#*% anue, | sg%gﬂﬁrgr@a#%;?fa%?e?ggalmgr PR gy
5218". The rrerrbr%ﬁ%b%%@" himeteiostage| pmlﬁek |gpitpcwithinathisgng
frame), 10 arPéndéxent per, or spiral wound nodule. For the present

o Sur T ace aren andelsrtrssserBebhle, nembrsnee i=etiL, Pkl Ebe Bressdt o
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separated by altefha ayer pérneate’and fete e Sp dto
provi de an accepThonpsonesetral drGpStPatenn| 1368, bl2| andoIl~FyFavgl e ad .-

70 kPa gauge (2-g¢0gDSpgtent\P6OP5] 86%,890. A praflesbdChemBangaliants
designed taq nalntiln sgg te perneate and retentate fl ow,channels and to

ar )
mini mi ze sthQct utheclesed FNeRe GFBReuL&eCPonBRERRt: ABRPLLIRREARR: i on.
Modul es of any s{(btschostifec0r8289)¢dfibed typacapréntiyendréwinh( By L.s.
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Separation of Solvents from Lube 0il". The above
disclosures are incorporated herein by reference.

.15 Scraped-Surface Double Pipe Heat Exchangers
The chilled oil/solvent flows through the scraped-
surface double pipe heat exchangers and is cooled by
"indirect heat exchange with cold filtrate. The wax
_ crystallization begins in the first of two or more such
20 heat exchangers. The cold surface of the heat exchanger is
continually scraped to remove crystallized wax and to
maintain the wax dispersed in the oil/solvent liquid.
A second type of scraped-surface double pipe heat
exchanger that can be used is one in which a vaporizing
25 propane refrigerant is used to cocol the waxy oil feed. The
oil/solvent liquid is further cooled and additional wax
crystallized in the latetr used heat exchangers. As before,
‘the surfaces of the heat exchanger are continually scraped
to remove crystallized wax and to maintain the wax
30 dispersed in the oil/solvent liquid.
Filter _
The wax can be separated from the cold oil/solvent/wax
mixture by filtration or centrifugation.
The cold oil/solvent/wax mixture flows from the double
35 pipe heat exchangers to an injected dilution solvent step

and then to a rotary drum vacuum filter in which a
. . yf



[err] surface area. Feed flow to each nodul e varies according to
appltgatign but is on the order of 30,240 - 38,000 1/day (8, 000- 10,000 -
gal / day); ‘the corresponding permeate rate | sepg=the order of 3800 - 30
7600 1/day (1,000 - 2,000 gal/day). Typical trans- nenbrane pressure drop
I s about 2800 - 5600 kPa (400 - 600 psi). A comercial installation wll
vary in size with application and specific menbrane performance but will
typically enploy on the order of 500-1500 nodul es 35 for a world
scal e | ube demaxcqupramentalized|glptbogpwgygdtnxnmarpgatepb pamE Lyf
menbrane modul esgfaRebgeliSeH BhbRBEeHN£13kRES cAbel IRAUALLE! the A is

conbi nati on of par a gnlts W th IS arrangement .
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cold filtrat®. TR PAREGE; -0 begins in the first of two or nore
such 20 heat exchang&rswalema}ueolm silvelra aremdved e domtthex dhiditer ¢oth and
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The principal features of the dewaxing process of the
present invention are the large amount of solvent that is.

15 transferred through the selective permeable membrane foxr
recycle directly to the filter feed, the temperature of the
cbld_oil/solvent filtrate from which the solvent is
selectively removed and the total volume of dilution
solvent to oil, i.e. total solvent/oil ratio available to

20 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 represents solvent
that does not have to be recovered from the oil/solvent

25 filtrate by distillation and does not have to be
subsequently cooled prior to recycle to the dewaxing
process, thus resulting in substantial savings in solvent
inventory, distillation capacity and refrigeration
capacity.

30 The direct recycle and introduction of the cold
solvent from the oil/solvent filtrate into the filter feed
provides more efficient use of the available solvent
inventory and refrigeration caéacity.

The solvent performs the functions of diluent, solvent

35 for the o0il, coolant and non-solvent for the wax. The

solvent is added to the waxy oil feed at different points
¢



nalntaln the wax -dispersed in the oil/solvent liquid. A second type of
scraped syrface doubl e pipe heat exchanger that can be used is one in which
a vaporizing 25 propane refrigerant is used7to0 cool the waxy oil feed.

The oil/solvent liquid is further cooled and additional wax crystallized in
the | ater used heat exchangers. As before, the surfaces of the heat
exchanger are continually scraped to rempve crystallized wax and to

mai ntai n the wax _30 di spersed,in the oil/solvent liquid. Filter The wax
can be separate&#ﬂqgnqhﬁaqgﬂ%F%ﬁQ/EEﬂQﬁﬁﬁ/%&ﬁP?H9§urgTB? 7t} Aamewung, of

centr ihf ugat i OE sBiventt dadddd sis Vﬁélfd dmred _rﬁo(tmizl@eiﬁoas fhent:bﬁe:r.]doubl e 35
pi pe heat exchangers t.0 te utlon ol ve en tg a
rotary drum vac ‘ﬁrf‘f/e?a‘r}'r M%ha’é : t%n é%gagl%?*\mﬁﬁvgged
drum rot ates, pacliverstladdeddo rttlmchmeobil Ifeedcdumngntnm déwakingax is
separated fgom [dd solvent liquid. A wax-free oil/solvent filtrate

solution is dra through the filter cloth to filtrate tanks in which a
vacuum whi ch i nduces 'mw tkeEabrselvent ke okl dhlukionakatia gapobet 641ufben

thetdr um f: I ter ﬁptihaitaéﬁ'enaslﬁfﬁhaﬁmdﬁr&?lﬁn?aﬁi@d eg tragyf Jlailefeléh(ighd
continuously and.au sol vent _to produce a | ow oi

cont ent vvaxyprog'tfﬁ é)ﬁ?érﬁéxé‘%‘ﬁ?’éea s°t e?P‘F%nBQ%B{"frgm the filter cloth and
recover ed for f urt herTipes odesaxing temperatureaisfdependentfupbn theadesired.
process of yofie RGREUolANCE 0he s LbEs| B19°AHOYE' rgh1301Y5TY £BE! 1o 19

transferre € SEl ectrve pernmnea Ie e rec rrectly
to the filter fetegreee lpel:gerhberpour point, for example, 2. 8 to 6°C (5 to.

10°F) below the pour point. The pour point is also
dependent on the type of oil feed.
A detailed description of the process of the present

15 invention is given with reference to the Figure of the
drawing. A waxy oil feed, after removal of aromatic
compounds by convention phenol or furfural extraction, is
‘fed through line 1 at a temperature of 54 to 93°C (about
130 to 200°F) and is mixed with MEK/toluene solvent fed

20 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 ocil feed. The waxy/oil solvent mixture is
fed to heat exchanger 3 and heated by indirect heat

25 exchange to a temperature above the cloud 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 mixture is then fed through line 4 to heat
exchanger 5 in which it is cooled to a temperature of about

30 38 to 82°C (100 to 180°F).

The waxy oil feed in line 101 is then mixed directly

with solvent at a temperature of 4 to 60°C (40 to 140°F)
fed through line 102 to cool the feed to a temperature of 4
to 60°C (40 to 140°F), depending on the viscosity, grade

35 and wax content of the waxy oil feed. The solvent is added
to the waxy oil feed through line 102 in an'apount of 0.5

_ ¢ .



cold oil7solvent filgrate fromwhich the solvent is selectively renoved and
the fatal yolune of dilution solvent to oil, i.e. total solvent/oil ratio
avai l able to 20 carry out the dewaxi ng proedss The anount of sol vent
that is transferred fromthe oil/solvent filtrate through the selective

per neabl e menbrane for recycle to the filter feed represents sol vent that
does not have to be recovered fromthe oil/solvent 25 filtrate by
distillation and does not have to be subsequently cooled prior to recycle

to the dewaxi ng prdckdd Pamks PESYPIRRG Per SRAKE 0F | WX¥a0ihgdni fheofaeds

i nventory, distildd iinsanaehiy ahd E681vener sbhedn€apaCcthy- c8Bled waxy'be1
direct recycle and iptroductipn the cold solvent . fromithe qil/sol vent
filtrate into theéj??‘ft%*rr?%dﬂbrﬁ%ﬁeéomﬁe e??’?ﬂ%}wiegsﬁ oft gﬁ@ grrRB e
sol vent i nvent or yalsone retie i gbsad | pointpeti tlye dik febdfsdlventomixtuire to
functions of dil vV, f t | : nt and non-sol vent for
t he wax. Thépscﬁﬁgéﬁlﬁﬁéé%ﬁ%%gégr?hgsﬁa §e§*+i§%€§&§f different points
-17- along the dewaxi ry fpical taygehctempervature| faxrpthe Seedolincddinedded

is referred to hegshfaaSethe-tghat $2bvenis@*fyratio and is based on the
total volune of solvent added toQ the maxi ol | ¥eed during, the dewaxing
n

X 5
process. The total solTRatcegled waxyupidnfead andafoj¥eptiarg fed fhrough

dependS_prin$riIélﬂﬂethe1tueesafapaaygahtaéeedoanﬂetbepéﬁhéged_ ; xOiol,
pour pol nt . e adewaxl tenpergture | s.depengent on. the deslre
pour point of°the dewa®®d $ Eﬁ de§YtﬁbgchF 55¢ e2”codled %Y indirect

heat exchange in heat exchanger 9 against cold filtrate fed
to the heat exchanger 9 through line 109. It is in heat
exchanger 9 that wax precipitation typically first occurs.
The cooled waxy oil feed is withdrawn from exchanger 9 by

15 line 103 and is injected directly with additional cold
solvent feed throuéh line 104. The cold solvent is
injected through line 104 into line 103 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

20 line 103 to direct heat exchanger 10 and is further cooled
against vaporizing propane in scraped-surface, double pipe-
heat exchanger 10 in which additional wax is crystallized
from solution. The cooled waxy oil feed is then fed
through line 105 and mixed with additional cold solvent

25 injected directly through line 106. The cold solvent is
fed through line 106 in an amount of 0.1 to 3.0, e.g. 0.5
to 1.5, parts by volume per part of waxy oil feed. The
final injection of cold solvent at or near the filter feed
temperature through line 106 serves to adjust the solids

30 content of the oil/solvent/wax mixture feed to the filter

' 11 to 3 to 10 volume percent, in order to facilitate

filtration and removal of the wax from the waxy oil/
solvent/wax mixture feed to the filter 11. The mixture is -
then fed through line 107 to the filter 11 and the wax is

35 removed. The temperature at which the oil/solvent/wax

" mixture is fed to the filter is the dewaxing temperature
¢ .



degrees bel ow t he pour point, for exanple, 2.8 to [err] (5 to [err] bel ow
t he=gour point. The pour point is also dependent on the type of oil feed. A
detail ed description of the process of the pie#sent 15 i nvention is given
with reference to the Figure of the drawing. A waxy oil feed, after renoval
of aromatic conpounds by convention phenol or furfural extraction, is fed
through. line 1 at a tenperature of 54 to [err] (about 130 to [err] and is
m xed with MEK/tol uene sol vent fed hrough line 2 at a.tenperature of

20 t
38 to [err] (100ndocpBrPe r2dnEPne?sS (el tecddlr¥)sand getarRings, fhe The
solvent is addegoat goy,ﬁtuag thel dewaxedd did produeitient per part of waxy

oil feed. The waxy/oLl ol vent. m_ xture is fed. to heat . exchanger 3 and
heat ed by indirect hggtaﬁglre&(cﬁaﬁ é"pﬁg’rf%r?%eérp&r d1ns, hcéar&ﬁ?)%d
poi nt of the ni combinefi ®ithother splivantutinl 4dneo 1o to tadjarsitrthe hsolwent

fals . . : . T > .
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content of the oasuwm gaap dilterdktinahich |the wedd is separabedefrom a

few degrees abougd i 1Claeid dAivEnt®f the oil feed/solvent mixture to 5
precl ude premature wax precipitation.
One or more filters 11 can be used and they can be

arranged in parallel or in a parallel/series combination.

15 A separated wax is removed from the filter through line 112
and is fed to indirect heat exchanger 13 to cool solvent
recycled from the solvent recovery cperation. The cold
filtrate is removed from filter 11 through line 108 and at
this point contains a solvent to oil ratio of 15:1 to 2:1

20 parts by volume and is at a typical temperature of -23 to
10°C (-10 to +50°F).

The cold filtrate in line 108 is increased in pressure
by pump 11A and fed through line 108 to selective permeable
membrane module M1 at the filtration temperature. The

25 membréne module M1 contains a low pressure solvent perméate
side 6 and a high pressure oil/solvent filtrate side 8 with
the selective permeable membrane 7 in between. The cold
oil/solvent filtrate at the filtration temperature is fed
through line 108 to the membrane module Ml. The membrane 7

30 allows the cold MEK/tol solvent from the oil/solvent
filtrate side 8 to selectively permeate through the
membrane 7 into the low pressure permeate side 6 of the
membrane module. The cold solvent permeate is recycled

- - - directly to the filter feed line 107 at the filter feed
35 temperature.




A typical target tenperature for the feed in line 101 would be 4 - [err]

(40 =<[err]). The cool ed waxy oil feed and solvent are fed through |ine 101
to scraped-surface doubl e pi pe heat exchanger=2g«10 The cool ed waxy
oil feed is further cooled by indirect heat exchange in heat exchanger 9
against cold filtrate fed to the heat exchanger 9 through line 109: It is

I n heat exchanger 9 that wax precipitation typically first occurs. The

cool ed waxy oil feed is withdrawn from exchanger 9 by 15 line 103 and is
injected directly withThedseivent selectivedy: permeatersothronghe they memhrane

cold solvent is H?J ent 8fl waaﬂﬂhok' 661196 hNpOphirte BYSvoluAl §@i“$az‘3'.f d¢

to 1.5, e.g. 0.1 to 1.5, _parts by volune based on one part of waxy oil
feed. The waxy 0|VaFEeBi;siPhEhefgﬁeﬂhrough 20 line 103 to direct heat

exchanger 10 and |s fuabbat gootad1ega|ntypiapan@zmmgtprGﬁ%neddﬁmore

cryeral s ped rontLaeLI SonE8, sBkCHI o0 ok d0ef BT CLY Qiihert in
line 105 and ni xethei chldddidtrate pekuestiesethrfigh meemewnaneecand/ is

t hrough |ine 106. 5%%1%%' g S%&e@i %xf %etdhrl(i‘i@ 1d7e JI@I@ %_m%@ ﬁsﬁi

0.1to 3.0, e.g é& per part of “waxy o
final injecti on oﬁmtsmw £ tﬁéé‘le amnd f'-?hﬁ geqysde @rﬂ%t’[ﬁ@"eﬂ

thlr;)uglh Iln/e 106 %emem:]g %aadmstf%mt];erls@ée& r?éauce“s)rﬁwtawl‘uﬂﬁweaf solvent
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sol vent / wax m xt ulzedim tohe hmahdtt af h‘eatTtmeaned eto suhaeqdentllhrmt
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t enper at ure recovery operation, respectively. Higher oil filtration
-rates and lower oil-in-wax contents are obtained as a

15 result. '

The filtrate side of the membrane is maintained at a
positive pressure of about 1400 - 7000 kPa gauge (200 -
1000 psig) end preferably 400 - 800 psig greater than the
pressure of the solvent permeate side of the membrane to

20 facilitate the transport of solvent from the oil/solvent:
filtrate side of the membrane to the solvent permeate side
of the membrane. The solvent permeate side of the membrane
is typically at 0 - 4200 kPa gauge (0 - 600 psig),
preferably 70 - 700 kPa gauge (10 - 100 psig) and more

25 preferably 70 - 350 kPa gauge (10 -~ 50 psig), for example
at 175 kPa gauge (about 25 psig).

The membrane 7 has a large surface area which allows
very efficient selective solvent transfer through the
membrane.

30 The cold filtrate removed from the membrane module Ml
is fed through line 109 to indirect heat exchanger 9, in
which it is used to indirectly cool warm waxy oil feed fed
through line 101 to the heat exchanger 9. The amount of
solvent to be removed by the membrane module M1 is

35 determined, to some ektent, by the feed pre-cooling

requirements. The cold filtrate is then fed through line
" v F



and can be -23 to.[err] (-10 to [err]) and determ nes the pour point of the
dewaxed oi product"lf desired, a slipstream 19 fromline 104 can be
conmbined with the solvent in line 106 to adLy ?L the solvent 5 ‘tenperature
prior to injecting the solvent in line 106 into line 107. The renai ning
solvent in line 104 is injected into line 103 to adjust the solvent
dilution and viscosity of the oil/solvent/wax m xture feed prior to feeding
the mxture through line 103 to the exchanger 10. The oil/ 10 - sol vent/wax

mhxt ure in i neliﬁl?g.bfs 1ihen #fmd an@ egher l&:ovaexuwmg?rsuwéﬂﬂ @feph]rdﬁldiihl ch
the wax is separate rom,t he sal vent Qr re. fil ters can
be used and the? EaﬁtéenaFFh &éﬁhrﬁﬂﬁaFﬁFﬁéPyﬁg|ﬁ?¥¥ﬁé§)

conbi nati on. 15theAdewpmed @d.]wax is removed fromthe fil ter through line
112 and is fed to ing4 c S%F

the sol vent recover operat I on. ?hé @%%% %ﬁ‘t?gtoeﬁp%e?g;r%oﬁc?]f rom fff"t
through |in® 108natheapilyisolysnt recoverys operation, metyishown, dwf 15 1

to 2:1 20 par h%aﬂn@'éﬂ@ z@%wﬁ:.%g?“th% Bivelt RN Batfon. 23 e[ e ]
(-10 to +50F). The col'd filtrate i,n line 108 js creased | n pressure, b
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solvent fromthe oil/saolvent fi to sel ective y per meat e

t hrough the nent®%afe (PROHS 19R 1348 s 1 B ised wWith vaxy oik feed
nmenbrane nodul e fefhamahugls A M tl perafisitfer parXtion esiE dtlie Ckedovérédie -

filter feed Irne %Lnt fé“%é léﬁgogg (iine 2 to line 16 and into heat
15 exchangers 17 and 13 in which the solvent is cooled to
about the dewaxing temperature by indirect heat exchange
against cooling water and wax/solvent mixture,
respectively. Another portion of the recovered solvent is
fed through lines 2, 16 and 14 to heat exchanger 15 in
20 which it is cooled by indirect heat exchange with cold
refrigerant, e.g. vaporizing propane, to about the fluid
temperature in line 103 and fed through line 104 and
injected into the oil/solvent/wax mixture in line 103.
In an alternative embodiment of the present invention
25 the filtrate stream in line 111 can be fed through valve
15a and line 114 to membrane module M2. The filtrate is
fed to module M2 at a temperature of 59 to 122°F (15 to
50°C) and solvent is selectively transferred through the
membrane 7a and is fed through line 116 and recycled to the
30 dewaxinglprccess. The membrane module M2 is operated in
the same manner as membrane module M1, except for the
temperature of separation, and can contain the same
membrane as module Ml.
The use of the membrane module M2 embodiment allows
35 reducing cooling capacity requirements and reducing utility

conéumption in the solvent/oil recovery section. However,
E .



35 tenperature, .-20- The. solvent selectively perneates through the -
memane 7 in an anount of 0.1 to 3.0 parts by volune per part of waxy oi
in the feed. About 10 to 100% typically 20.48.75% and nore 5 typically
25 to 50% by volume of the MEK/toluene solvent in the cold filtrate

per meat es 't hrough the nenbrane and is recycled to the filter feed |line 107.
The renoval of cold solvent fromthe filtrate and the recycle of the
renmoved solvent to the filter feed reduces the amount of solvent 10

needed to be readinee:the yuddvered /salvent permeatiee imndat calutbghéhe anount

of heat require tly h a he
filtrate int heq"egﬁ%vzﬁt %%C'O\ri}‘eré/y' 'oe'géf at ?’f)bn.(E éspecci i veﬁ n%lﬁer m%
filtration ratesalventowmecayered,- mpduke sl‘narfé'la)tﬂ%lmt atrom 1the

result. The fil &xfeﬁbq-aﬂéi%&ult&mmtarﬁ*el&m@ i“tﬁ.d £ -BePRS| 4L¥&€ in
pressure of _about 1400 - ,7000 kPa gauge (200 - psl and preferably
06 B0 Sy e AaMaiHRE (BRPoRSe A8 FIT (SRS i Bestabeiengars; 15

the nmenbrane to o 17 faard 113 At eThdchighes pmﬁpefaiani-e(.emovﬁéoert h&llows more

oi | / sol vent f||tr f . th e ve neate side of
Che nenbrane.  TIRPLVEI Ko k8 RErEVETeR Brtdund i rels i SREET Potnsots Shee
4200 kPa gauge (cif -tl'&)(hm@ tgnném‘eubtq 9 comrétpatganye (10 - 100
psig) and nore 25 (%>y - /! ,,g .(§£5é150 psig), for
exanple at 175 0 T has a | arge

surface ar @& which aIA %rW#‘F%‘FW adl e%??‘%eb%%l%’é‘it inr thef sangar efigh
the nenbrane. 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

15 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 70230
to 80:20.

The total solvent to oil dilution ratio is 6:1 to 1:1,
preferably 5:1 to 2:1, and more preferably 4:1 to 2:1.

20 - The dewaxing temperature, i.e, the temperatute at
which the oil/solvent/wax mixture is fed to the filter, is-
=29 to 21°C (=20 to +70°F), preferably -23 to -1°C (-10 to
+30°F), and more preferably -23 to -12°C (-10 to +10°F).

The oil/solvent filtrate from the filter contains a

25 ratio of solvent to oil of 6:1 to 1:1, preferably 5:1 to
3:1. )

The oil/solvent filtrate is fed to the membrane module
M1 at the dewaxing temperature.
The operating temperature of the selective membrane

30 can be -29 to 21°C (-20 to +70°F), preferably -23 to -1°C
(=10 to +30°F), and more preferably -23 to -12°C (-10 to
+10°F).

The oil/solvent filtrate side of the membrane is
maintained at a positive pressure relative to the solvent

35 permeate side of the membrane of 1400 to 7000 kPa gauge

(200 to 1000 psig), preferably 2800 to 5600 kPa gauge (400




30 -~ - The cold filtrate renoved fromthe nenbrane nodule ML is fed
through lipe 109 to indirect heat exchanger 9, in which it is used to
indirectly cool warmwaxy oil feed fed througpgli ne 101 to the heat
exchanger 9. The anount of solvent to be renoved by the menbrane nodul e ML
is 35 determned, to sone extent, by the feed pre-cooling requirenments.
The cold filtrate is then fed through line -21- 111 to line 115 and sent
to an oil/solvent separation operation in which the renmaining solvent is
renoved from t hetdedagepsag), ahd morecpreaferablyr 3664 ftoo %A kP4 /ganigesnt

fil 5
iltrate I n t(B%OO‘tU ggbvg peco»ﬁ:‘rey %;e%tstla%a%fgtgg é%ﬁ‘ﬁ% Ay ﬁg@tl ng

and renovi ng the "sol vent llat I on sol vent
recovered and reWWh%u&NPP-Fﬁélﬂ maimtainedagitng pressixe 'Fh% TR Ean3so
solvent free 0||k@%@@ﬁﬁbe'ilbeQQNgbeﬁsﬁﬁﬂ Jused as lubricating oil stock. 10

A portion of _the solvent fr sq] vent ver eratlon s fe hr
line 2 at a ?enperatu&g g§ %5 JSF“ﬁﬁﬁyt§P 4#§%dﬁf
with waxy oil fed flod tvlmﬂ.o&glmfl et lsomun'&lern pma |am1/(s‘owant eRilerate

Z(rjlldvigtl ins\/\/];neght[% 31 :?%%f%gag’c} erhg) to aboﬁ}tdlt ewam ng @r%%fgl%

i ndirect heat exd®affe vedaitnst cool i ng water and max/solvent m xt ure,
respectively. Another peaifsQii@int fé?mdtﬁpevcﬁf %mﬁterits '&ér%'féﬂe&géhfbﬁ&ﬁ

2, 16 and 14 to heat exchanger 15 in which it 1s coo ed ¥'|n i rect
heat exchand® wi tthe Hembrang f& add 99'39 R Hdt iPATP BhguP - Prko
fluid tenperaturea.s gares I8 swlrerag pdr Qe Iomemmzrawl tmjﬁmeﬂil‘béﬁ

t he ml/solvent/vp&(&'nxture in line 103.
A dewaxed oil is obtained having a pour point of -29
to 21°C (-20 to +70°F) preferably -12 to —1°c‘(-1o to
15 30°F), and more preferably -21 to -12°C (-5 to +10°F).
a : i 0il Feed Stoc
A heavy neutral lubricating oil feed boiling in the
range of 371 to 704°C (700°F to 1300°F), preferably 427 to
621°C (800 to 1150°F), and more preferably 454 to 566°C
20 (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
MEK/tol. of 25:75 to 100:0, preferably 50:50 to 70:30 and
more preferably 55:45 to 65:35.
25 The total solvent to oil dilution ratio is 6:1 to 1:1,
preferably 4:1 to 2:1, and more preferably 4:1 to 3:1.
The dewaxing temperature, i.e, the temperature at
which the oil/solvent/wax mixture is fed to the filter, is
-29 to 21°C (=20 to +70°F), preferably ~18 to 10°C (0 to .
30 S50°F), and more preferably -12 to -7°C (10 to 20°F).
The oil/solvent filtrate from the filter contains a
ratio of solvent to oil of 6:1 to 1:1, preferably 5:1 to
2:1 and more preferably 5:1 to 3:1.
The oil/solvent filtrate is fed to the membrane module
35 M1l at the dewaxing temperature.



In an alternative enbodi nent of the present invention 25 the filtrate
streamin Jine ||l cam be fed through valve 15a and line 114 to nmenbrane-
module M. The filtrate is fed to module M 2543 tenperature of 59 to [err]
(15 to [err] and solvent is selectively trans erred t hrough the nmenbrane 7a
and is fed through Iine 116 and recycled to the 30 dewaxing process. The
menbrane nodule M2 is operated in the same manner as nenbrane nodule M,
except for the tenperature of separation, and can contain the same nenbrane

asdnndule M i_The use Thie bberam&hqamem@aduhmuﬁzo@ﬂmmﬁ seliectiivevanedibrane
| )0l | | t t
{he Sol vent/of | FEEOU 75288 a1 Crnadore 9.3 gtdeenabl ¥ S Hq o'

sol vent per neat e (i0s taxt Sw'm)ghcamdt aorer preferably -125 to 69 (18D te» 2@1tF))

than the solvent recoygl£d 1 Rge %1%54}% s_.,cid@rg ey foe
nodul e M2 nust be cool e pr| to belng us ewaxl ng process,
as for exanpPe | maiakained, &Q%Wel?rzﬁﬁf% rﬁ?@%‘tﬁ]@t FelYent -

howeve][ , ﬁ' | ﬁwsh x@éaﬁe/eyirdé @fo&ueewﬁh@wmmftd heodo gbwd pRigeat e
ot o e o0 0B Bt ety oo, 2508 b, 45k g
of 288 to [err] (Eb®@a®m p[sairg)],) gk frersh [preffralil § 3500 (501200 KiPa) gaage
nor e preferably:ﬁ?ﬁ E}# éé% to [err]), is treated to renove aromatic
conmpounds and is uted 'solvent, heated to nmelt wax crystals and
cool ed. A 150 NEK/t o/Thexs \ishttransfaxred threugh the weabrane ghodwlesMio10
100: 0, preferabl wS0igl ¢ W It GdMrént’ B SER®| 91l PsPlrdie 8Pi Plrate
stream, preferably 20 to 75 vol.% and more preferably 25 to'
50 vol.%.
A sufficient amount of solvent is transferred through
15 the membrane to add 0.1 to 3.0 parts, preferably 0.5 to 1.5
parts of solvent per part of oil feed to the filter feed.

A dewaxed oil is obtained having a pour point of =23
to 21°C (~10 to +70°F), preferably -12 to 16°C (10 to
60°F), and more preferably -9 to ~-1°C (15 to 30°F).

20 Deasphalte icati (o] eed Stoc

A deasphalted lubricating oil feed boiling in the
range of 316 to 1371°C (600 to 2500°F), preferably 482 to
816°C (900 to 1500°F), and more préferably 566 to 704°C
(1050 to 1300°F) is treated to remove aromatic compounds

25 and is pre~diluted with solvent, heated to melt wax
crystals and cocled. A MEK/tol. solvent is used at a ratio
of MEK/tol. of 25:75 to 100:0, preferably 45:55 to 70:30
and more preferably 50:50 to 60:40.
The total solvent to oil dilution ratio is 6:1 to 1:1,
30 preferably 5:1 to 2:1, and more preferably 5:1 to 3:1.

The dewaking temperature, i.e, the temperature at
which the oil/solvent/wax mixture is fed to the filter, is
-29 to 21°C (-20 to +70°F), preferably -i8 to 10°C (0 to
50°F), and more preferably ~12 to =-1°C (10 to 30°F).



The total solvent to oil dilution ratiois 6:1 to 1:1, preferably 5:1 to
2:1,~and mgre preferably 4:1 to 2:1. 20 - The dewaxi ng tenperature,
i.e, the tenperature at which the oil/solventjwax m xture is fed to the
filter, is -29 to 21-C (-20 to [err]) preferably -23 to [err] (-10 to [err]
and nore preferably -23 to [err] (-10 to [err]). The oil/solvent filtrate
fromthe filter contains a 25 ratio of solvent to oil of 6:1 to 1:1,
preferably 5:1 to 3:1. The oil/solvent filtrate is fed to the nenbrane

rmldul te M at m[t) he de\ggmagotm aieutez f -f[ilﬁaﬁ(;&efzﬂdw't g:xieel Wﬁwrafbﬁailﬁhe 3.
sel ectl ve nenprane an.pe - 0 .|4Eerr - err r er -

to [err] (-10 t oFREAD ff‘;ﬁgm Bﬁpefoélalﬂgy Gﬂe%%qlfzcégﬁ%ﬁoﬁ%l[%?ﬁ/t%e
oi I /solvent filtRalleanddmonfe tpreferdllynd: ils toaidttlai ned at a positive

Do 7000 kPa gauge ( 000, Sgygilvihe SNGEES i Jded Hénd podite
(400 -23-5t0 ¥d0aksite dewawine q_’amaanaa:mr)e-%oo to 4900 kPa gauge (500
to 700 psig). The sol weyy 7m0 t Jﬂ;;&éiﬂ:éif tdie B Ssd Fedti € Ahdnbrane

mai nt ai ned at a -pressure Q , 350 kPaagau e (10 to 50 psig). 5
There is transfeFRRdbBeh ARt it Henbsizh &g M H’EF@?FM vor8 ok 19 he
solvent in the oi(lo/ 2 \BOMF), |drnidhimord rpeferaisiiyer<id ye@0-1vc 7510/ oto %50 BF)l.

o o ,

(ransferred thiough 1008 RE/aokyat {1 GRrE R4y, & Bfs Flhnggne is

preferably 005 t aairdained aff apositivepyessurd melative to the perneate
solvent side of the membrane of 1400 to 7000 kPa gauge (200
to 1000 psig), preferably 2800 to 5600 kPa gauge (400 to
800 psig), and more preferably 3500 to 4900 XPa gauge (500
to 700 psig). _

15 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
50 vol.%. | '

A sufficient amount of solvent is transferred through

20 the membrane to add 0.1 to 3.0 parts, preferably 0.5 to 1.5
parts of solvent per part of oil feed to the filter feed.

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

25 Though the process and economic advantages of the
present invention have been described as they apply to
solvent lube dewaxing uSing MEK/toluene solvent, the
invention can also be utilized in a similar manner in other
solvent dewaxing systems, such as in propane dewaxing.

30 The dewaxed oil can be used as lubricating oil stock.
The preseht invention is illustrated by the following
Examples.
Example 1

A light neutral lubricating oil feed boiling in the
35 range of 343 to 449°C (650 to 840°F) is treated to remove
undesirable aromatic compounds and is predilu?ed with



feed. A dewaxed ojl is obtained having a pour point of -29 to [err] (-20 to
[err}la. preferably -12 to [err] (-10 to 15 [err] and nore preferably -21

to[err] (-5 to [err]. Heavy Neutral Lubmcatgﬁ Feed Stock A heavy
neutral lubricating oil feed boiling in the rarge. of 371 to [err] [err],
preferably 427 to [err] (800 to [err]) and nore preferably 454 to [err] 20
(850 to 1050F) is treated to renove aromati c conpounds and is pre-diluted
with solvent, heated to nelt wax crystals and cooled. A MEK/tol. solvent is

used at a ratio @ol'\@ﬂtt Olig Q{ea%rhciﬁ:é Gnel 0 vax R’fﬁﬁﬁ%k&@ P8 £68018330 The
and nore preferabl%‘y?5 45 t o , otal, solvent to ol

dilution ratio i ¥ qid 1fePd &%f%‘?%lgﬁd& %o tft;‘ez Waxing PECGPER AR LRy rate
4:1 to 3:1. The defvexizge tXDFPAr 4N, @00 barrbb.S)tanﬂ@YaWﬂ(ﬁbmﬂh fewl.

oi I /sol vent/wax m xturg is, f | S t O

[err]) preferably -18 e[e?ﬁfl 'E%é E%{Fté[eﬁ r?)raa'%%p n%? ﬁ%# Fé?'ab?% 79339,
[err] (10 to9 errfhe thhabisokwmenentofoil rdtlutyem rakidiises:tohasedson
rati o of solvent ‘%& of 6:1to 1:1, preferably 5:1 to 2:1 and nore
preferably 5:1 to 3: The oil/solvent filtrate is fed to the nmenbrane

nodul e 35 ML at t he ThewSevaxingpeemperature, bee. rhehepaidb(sagvent/vax
tenperature of thejmahastfasd rwbemefmﬂeiaecei&ei&t@ﬁeclé 291te esﬁbi’

preferably 12 0 Tt (hdpel Lildyad Bhd e e 8l csdoc e
at a positiu® pram's:ma:eel.aklaeldowaiaecahévmtrmveneé andeaotolle
menmbrane of 1400 40 /00R, &k PP1@Fate stream is recovered. The cold
oil/solvent filtrate stream is fed to the membrane module
Ml. '
The membrane is incorporated'in a spiral wound module
15 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 of permeate and retenate
. . spacers sized to provide an acceptable pressure drop from
20 inlet to ocutlet of about 14 to 70 kPa gauge (2 to 10 psig).
Adhesives and sealants are used to maintain separate
permeaté and retenate flow channels. The modules are
constructed to be 254 mm (10 inches) in diameter and 1220
- mm (48 inches) in length and to have a 18 to 27m® (200 to
25 300 ft?) surface area. 500 modules are used. The solvent
permeate feed rate for each module is 4,160 l1/day (1,100
gal/day) .
The oil/solvent filtrate stream is fed to the membrane
module at a rate of 8.0 x 10° 1 (50,400 barrels) a day of
30 solvent and 1.7 x 10° 1 (10,500 barrels) a day of dewaxed
oil.
The oil/solvent filtrate stream side of the membrane
is maintained at a positive pressure of 5600 kPa gauge (800
psig) and the solvent permeate side of the membrane is
35 maintained at 1400 kPa gauge (about 200 psig). About 1.9 x
10°1 (12,000 barrels) a day of cold solvent %s'éelectively '



(200 to’ 1000 psig), preferably 2800 to 5600 kPa gauge (400 to 800 psig),
and=Twre preferably 3500 to 4900 kPa gauge (500 to 700 psig). 10

There is transferred through the nmenbrane me@@+e ML 10 to 100 vol . % of the
solvent in the oil/solvent filtrate stream preferably 20 to 75 vol . % and
nore preferably 25 to 50 vol . % A sufficient anount of solvent is
transferred through 15 t he nenbrane to add 0.1 to 3.0 parts, preferably

0.5 to 1.5 parts of solvent part of oil feed to the filter feed. A
dewaxed oi |l is &ERRSkEETRIVE °&9|5'0G|h°p6ﬁ'ﬂbwe= 204G d5 gaqyeled a% Jerr))

preferably -12 temperakufrélolfo-2AF)c (5t M0 dectily ald hed il Heaf rfedd S tO
[err]). 20 %%ghalted Lubricating G| Feed Stock A deasphal t ed
| ubricating oil 0|Iing in the range of 316 to [err] (600 to [err]),

preferably 482 to [efhereods wedoveried abartidr.d pr &iosr 2bl$05660t barels)

1050 t [ .
Croodi | ot b | ¢ Bay B2 Avadd S AT o SUPHAME F ~THE | feser)
MEK/ tol . sol ven@nds @afierafurthern canventdqnal tyeatment, S5H@PQ0 1 (3500

preferably 45: 5%ar-e1&)3@ aaq- E %m@é aradb lnavilti Qi @180 d’dht&le é@tfé to
solvent to oil dlluEgP% ratio is 6:1 to 1:1, 30 preferably 5:1 to

and nore preferéﬁ 1. The deMBX|ng tenperature, i.e. the
t enperature at whi ch'mfeepmddesﬂ e tthepresdnt cinverteibn rddwlts | invr, is

2508 b b, i) RN asfiRAEia) (AOLed, AogRES
fromthe filter salventhEron aﬁi;lct:z#t%@n@mn txefrigeratsion teapagity to cool
preferably 5:1 t§e warmed separated solvent from the solvent/oil recovery
operation to the necessary dewaxing temperature. In
addition, there are considerable savings in solvent
15 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
selective membrane is used, and the prior art process

20 without the selective membrane. _

The process of the present invention, as compared to
the prior art process to obtain the same level of dewaxing
and pour point o0il, achieves an about 40% reduction in the
size and capacity of the oil/solvent recovery section and

25 an-abbut 50% reduction in the heat energy required to carry
out solvent recovery as well as an about 45% reduction in
the total refrigeration requifements.

The total refrigeration requirements include the
refrigeration required to cool the feed and crystallize wax

30 from the feed, e.g., the refrigeration needed for the
scraped-surface heat-exchangers,'as well as the
refrigeration required to cool the warm distilled solvent
from the solvent recovery operation to the dewaxing
temperature. '



2:1 and nore preferably 5:1 to 3:1. The oil/solvent filtrate is fed to the
menfir-ane nodul e 5 ML at the dewaxing tenperature. The operating
tenperature of the selective nmenbrane can be.2g@9:to [err] (-20 to [err])
preferably -18 to [err] (O to [err]) and nore preferably -12 to [err] (10
to [err]). The oil/solvent filtrate side of the nmenbrane is 10 mai nt ai ned
at a positive pressure relative to the perneate solvent side of the
menbrane of 1400 to 7000 kPa gauge (200 to 1000 psig), preferably 2800 to
5600 kPa gauge (400 to 800 psig), and nor Example 2bly 3500 to 4900 kPa

gauge (500 to 700 pSiﬂ)he%gg neutrthiﬁﬁriéaE&ﬁﬁsbﬁir?@eﬁhb ?ﬁ ﬁn the

menbr ane nodule ML 10 toQ e sol ve he o
filtrate stream *RRERePRLAF4280 8655C, §P5, £RJ 1RE0SF)r dfectxBAFess WR)¥R¥°V3

volrTb o A fuf f idgi andesliipableohronhttst ]E:bﬁpbfmagf ghtaecilst bﬁ:&dﬁ.{].uﬂ%d vi:hﬁx t
menbr ane to ef er Q r of s n

per part of ?E%Hgﬁﬁ't ﬁgpﬁp%?sppf:geaeiiﬁ BRa &S s&allsl %8bt§§ ﬁ"@d’ n(jmhe '
pour poi nt of -Zﬁaxg pdidr feedldst thpar £l toefthealdeyaxingt priccess (@) a arate
[err] and nmore p&%fifagvan getp éfit% 62ghf9e%§ rL)d?f aged oBTBQEQthhg

process and econom C a ages € presen nven

descri bed as they appfhet §°§-UPM§-nF°F§§§t§e\9£xmgaﬁ-m&ﬂvﬂﬂ/&q}en@%(ﬁ@@ﬁ

the invention capnal &etba 4bilen®d thh o3 1S g1 icih Haid 1Ol Bede® ¥n
dewaxi ng syst ens, as in propane dewaxi ng. 30 The dewaxed oi

can be usedt®s | ¥ iP@Erlng oil stock. The present invention is illustrated

by the foll ow ng Exarm‘lmdeﬁaamﬂgetbm@dnagﬂurd}elﬁ.ral thebrfiemat ity the fikter

boiling in the 3@&@1&9&&&,&%4% 2erd] glsq,dto [err]) is treated to renove
i S

undesi rabl e aromati ourlds an t'ed with
The filter removes the wax from the oil/solvent/wax

mixture. A cold wax cake is recovered and a cold
15 oil/solvent filtrate stream is recovered. The cold
oil/solvent filtrate stream is fed to the membrane module

Ml.
The membrane and module are the same as that of
Example 1. _ ,
20 ' The oil/solvent filtrate stream is fed to the membrane

module at a rate of 7.3 x 10° 1 (46,200 barrels) a day of
solvent and 1.4 x 10° 1 (8,800 barrels) a day of dewaxed
oil.
“The oil/solvent filtrate stream side of the membrane
25 is maintained at a positive pressure of 4900 kPa gauge (700
.psig) and the solvent permeate side of the membrane is
maintained at about 700 kPa (100 psig). About 2.4 x 10° 1
(15,000 barrels) a day of cold solvent is selectively
transferred through the membrane and is recycled at a
30 temperature of ~12°C (+10°F) directly to the filter feed
stream. '
There is recovered about 1.4 x 10° 1(8,800 barrels) a
day of dewaxed oil having a pour point of -7°C (20°F) and,
after further conventional treatment, 350,000 1 (2,200
35 barrels) a day of slack wax having an oil content of 15 to
35 vol.% oil.



-26- sol'vent, is heated to nelt wax crystals and is cool ed. The waxy oil
feed¥s then fed to the dewaxing process at a-rate of 2.2 x [err] 1 (14, 000
barrels) a day based on oil feed. The sol vem@9eonsi sts of a ratio of '
MEK/tol. of 70:30. 5 The total solvent to oil dilution ratio is 4:1 based
on vol ume. The dewaxing tenperature,-i.e , the oil/solvent/wax m xture feed
to the filter tenperature is [err] [err] The filter renoves the wax from
the oil/sol vent/wax 10 m xture. A _cold wax cake is recovered and a cold
oi | /sol vent filtratehe @Faqess &fotdieprepantnventian xesules inate

st _realm S fgd t?@fmﬁ#arﬁvmﬁd %MisBQIWrﬁa&alﬂéciwoﬁé‘%}?é@?ef“ a
spiral wound nodul.e havi | surfacearea and. | ow propensi or

. 1 : tg cool
Toul ing. The modeh f SHiLrake Hd FER Ao FAPECHY o
plerfor at edI net althecsiaamed saperatit stlvenhdtay che asel\sexpejai_.]caidrbgovery
alternate | gyer r &E% %gg w%F |%&$ i dexgn
accept abl e %r es%%:ggﬁéﬁﬁm r{é“'Ttn etljzﬁo Otléli %’%&o. %ﬁ?ﬁiﬁifo . kPa
gauge (2 to 10 -100h 518 arRl CANSHREAKR SAEHNYD 1R $eLyeNSepar at e
permeate and retjgRaftdiP Wedipi¥idhénts e modul es -are constructed to be 254

10 inch in di t and 1220 48 i nch jn | t dtoh
I3 to [err] (200 to 2 STRF (6 {yLuthrate, theSaviigs Hoe eeed bV te8.
Thﬁlzolyent permmﬁaticéﬁbfgﬁhefpre5§ntlihyhﬂti¢m,4aIGGMﬁéﬂﬁsoﬂli§Ogade
gal / day) . e Oi v i S i 0, rap ul e_at
arate of 80 x1&%§a%”fggy%d%}éé§é%ﬂé$Eﬁﬁ%kékéééé$)152%?€§ﬁ$’aﬁ§ QB?°§ a
[err] 1 (10,500 sekective menhrane disaused, and prior art process without
the selective membrane. '

The process of the present invention, as compared to
the prior art process to cbtain the same level of dewaxing
15 and pour point oil, achieves an about 40% reduction in the
size and capacity of the oil/solvent recovery section and
an about 45% reduction in the heat energy required to carry
out solvent recovery as well as an about 40% reduction in -
the total refrigeration requirements.

20 | Example 3
- A deasphalted lubricating oil feed boiling in the
range of 565 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
25 waxy oil feed is then fed to the membrane module at a rate
of 1.6 x 10% (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
volune. '
30 The dewaxing temperature, i.e. the feed to the filter
temperéture, is =-11°C (15°F)..
The filter removes the wax from the oil/solvent/wax
mixture. A cold wax cake is recovered and a cold
oil/solvent filtrate stream is recovered. The cold



oil. The oil/solvent filtrate streamside of the nenbrane is maintained at
a pusitive pressure of 5600 kPa gauge (800 psig) and the sol vent perneate
side of the nenbrane is 35 mai nt ai ned at -3480 kPa gauge (about 200 psig).
About 1.9 x [err] (12,000 barrels) a day of cold solvent is selectively
-27- transferred through the nenbrane and is recycled at a tenperature of
[err] [err] directly to the filter feed stream There is recovered about
1.7 x [err] 1 (10,500 barrels £ a day of dewaxed oil having a pour point
of [err] [err] cddd scdvent ik mt%@ﬁmmmlf@de%em nembrane modsieo

barrels) a daypgf, sl ack wax having an oil content of 10 to 25 vol . % oi

The process of the present |nvent§Q£ 95 i I n substanﬁh g vings I n
distillation capaci t§p8 & VB ?dﬁ??l? ?a?%m%nﬁs REf PFgerati on
capacity to co@xdrpievaxrred separated solvent fromthe solvent/oil recovery
operation to the ne ssar u d o] r Gelib
conS|derab%e saV|ng %}é%#ﬁ%%ﬁg £§g€§%€% s€ e%ﬁl?%ﬂ%%é fo Eﬂ% g ? ne
illustrate the mﬂulgsatmmlm of 8he prieil d@lofGQQ"lé?amIE@eﬁﬁ arﬂ%YIt¢5n a
conparison is nBde,Hat Wesd ihfdﬂt gesls atdya BASA) Id’l\@éﬁ}l&ﬁ dévaybhch a

sel ective nenbrane 1's used, e prior art process 20  "without the
sel ective nenbr@dks The process of the present invention, as conpared to

the prior art procesphé GofDysSbIvéRit ﬁmre:heaektﬁéaﬂemen@fandepﬁmmat

8: : ; ngcgﬁ;’efegfﬁ,aﬁbiofété%{?g% egﬁgé 8855 0140°p2E8uR95£2886b" ¥rY' ghlige (300

psig) and the solvent permeate side of the membrane is
maintained at about 1400 kPa gauge (200 psig). About 2.1 x
10°1 (13,000 barrels) a day of cold solvent is selectively
transferred through the membrane and is recycled at a

15 temperature of -9°C (15°F) directly to the filter feed
strean. _ |

There is recovered about 1.2 x 10° 1 (7,800 barrels) a
day of dewaxed oil having a pour point of -4°C (25°F) and,
after further conventional treatment, about 334,000 1

20 (2,100 barrels) a day of slack wax having an oil content of
10 to 15 vol.% oil.

The process of the present invention results in
substantial savings in distillation capacity to recover
solvent from filtrate and in refrigeration capacity to cool

25 the warmed separated solvent from the solvent/oil recovery
operation to the necessary dewaxing temperature. In
addition, there are considerable savings in solvent
inventory requirements.

‘In order to illustrate the savings achieved by the

30 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

35 the prior art process to obtain the same level of dewaxing

and pour point oil, achieves an about 35% reductlon in the
E



25  an about 59%reduction in the heat energy required to carry out

sol femt recovery as well as an about 45%reduction in the total
refrigeration requirenments. The total refrigggati on requirenents include
the refrigeration required to cool the feed and crystallize wax 30 from
the feed, e.g., ‘the refrigeration needed for the scraped-surface heat
exchangers, as well as the refrigeration required to cool the warm
distilled solvent from the solvent recovery operation to the dewaxing

t enper at ur e. ize apdaeppacitx wfafhenaily/solvent mqvgzm |seqtsibmnd ng
in the range of aﬂﬁébbad 904 redultion e ]t)né helat® d to carry
undesirabl e aromati ¢ conpounds and Is pred | uted with so vent, |s

heated to nelt RRE SoJ¥ents rRFOVETXYCAS &Mell AR apyAabPaRt 30% Feauetion in
to the dewaxi ngm@oq;mlatre@rr;g@e-a@‘ioh 1@ ;[;@ﬁdnth (11,000 barrels) a day_

based on m% f eed. I&& ol onsi s o of, K/tol f. 65: 35.
The total | vent t t?‘ ﬁﬁ:‘h&h “r’?ﬁ B’ %%R% The
dewaxi ng t enper aefierencee to lspelcddia @mhudﬂmdrﬂzsr amhmxamplres. i 5t [will.be
The filter reno tr%’?: - Hgtur |

cake is recover\eé an t coi g:(h%’?et venﬁﬁ# a{Ee str‘gaar%b?‘ggr%éov red

The col d oi | / solapghmodificatdons m |bﬁ made cyﬂumb iy St ke Nacopae

menbrane and NMO@f &hd ArivEntIdE aTHdalcdie @M fhvetition is €6Cpe -

oi |/ sol ven f||tr te stre fed to the penbrane
interprete %nand cons‘l:ruer:le in accordance with the attached

claims.



nodul e at a rate of 7.3 x 10" 1 (46,200 barrels) a day of solvent and 1.4 x
10[err] 1.8,800 barrels) a day of dewaxed oil. The oil/solvent filtrate-

stream side of the nembrane 25 is naintai seg=at a_pg§LLLM§_ELE§%%LE_Of

4900 kPa gauge (700 psig) and the solvent perneate side of the nenbrane is
mai nt ai ned at about 700 kPa (100 psig). About 2.4 x Bmuu"mlnljﬁ ﬂﬁ
barrels) a day of cold solvent is selectively transf u

menbrane and is recycled at a 30 tenperature of [erf] Jerr]®difectly to
the filter feedClaimae There is recovered about 1.4 x [err] 1(8, 800

barrels) a day qf devaxhdedids W%ﬁmw&r&ﬁn fa  £8&4 €'
further conventi onal t eat ment , 350 000 1 (2,200 *#els aé%a of

sl ack wax having an GBRIR qupriaing ok qE?QQ)?ﬁF\Hﬁxﬁé i1 feed EﬁeqﬂeWbFBcess
of ‘the present inventds¥vefts dric ctcrblsmz;tﬂmrwéxpadingﬁeew Stpéan! 8o QN
capacity to recover ol vent fron1f¢ %rate @qg ref er tion c gcitx to
cool the waPrmed separ rafuRe © 1 VA ?*Ehiﬁoﬁggg By the waxy
operation to the necesthrfeattvari indixegercontact Wi:rtladaiid:d:m fiktrataje
consi derabl e savi ngs £E5E o]
illustrate the savi ng%ﬂ%c%r %&EJ:% 'ﬁ’}éoﬁr[%%t | ceigr@%fim#gtsg%?‘grgn OH'oﬁ"eed
conparison is made 10in indixest r%%@%%niﬁrﬁhE°p¢§%%ﬁ%llh%%n@P€n in

Wh: ch a sel e% ive nme iﬁaﬁ@eﬁaxaéﬂyﬁtapé.aééq@éﬁeféﬁlw afpaetipe
the prior 40 L?Bﬁ'essuezé’%frié?#%@ L6nhl SeLyent  akanfrg C°”B?ie%ee3
stream to further cool and dilute and to obtain a
desired viscosify of the waxy oil feed stream to
facilitate handling of the waxy oil feed stream
through the process and to facilitate filtering
15 crystallized wax from the waxy oil feed and to obtain
the desired poﬁr point of dewaxed oil product; and
during the sequential cooling of the waxy oil feed,
crystallizing and precipitating wax from the waxy oil
feed to obtain an oil/solvent/wax mixture at a
20 temperature of -34 to 21°C; filtering the oil/solvent/
waxX mixture 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 membrane in a
25 membrane module to selectively transfer solvent
through the membrane to obtain a solvent permeate on
the other side of the membrane, the oil/solvent
filtrate stream side of the membrane being maintained
at a positive pressure relative to the pressure on the
30 solvent permeate side of the membrane; selectively
transferring 20 to 75% by volume of the solvent from
the filtrate side of the membrane to the solvent
permeate side of the membrane; recycling the solvent
permeate at a temperature of -34 to 21°C to the filter
35 feed; withdrawing a filtrate stream containing the
remaining solvent from the filtrate side of the
£




15 - and pour point oil, achieves an about 40% reduction in the size and
capacity Qf the oiT/solvent—recovery section and an about 45% reduction in

t he heat energy r.egugi carry out solvem33=ecovery as well as an about
40% reduction in twwl@mﬂm’lf [ﬁ'ﬂat ion requirenents. 20

Exanpl e 3 A deaspha LT My oil feeed boiling in the range of 565 to
[err] is treated to renpve undesirable aromatic conpounds and is prediluted

with solvent, is heated to melt wax crystals and is cooled. The 25  waxy

oil feed is then fed RSRRFANGRPARIR: nEomFacking thecfiltrateystrpap by
(10,000 barrels) a dajndipest chedt! exeldéngd Witk vRat wapRSVake 6ilarfeeldl and

of MEK/tol. of 50:50._The, total, solv t 0_ 0] lutiop ratip is 5.5:
based on vol une. 30 treatiﬁﬂeL%%wﬁkéﬁér?%ﬂptiﬁgﬁ?g? ?Eﬁ?thg°f§883F8%Fh§he
filter tenperature, ixepainingTselventefromnthesoile wesoVevingha dewaxed

o |50l ventjgax i xt usey ArG@hdeBraalicahd 4 °5RAEK R rockifk Istrean and

oil/solvent filtrate streamis recovered [solv
filtrate streamis fcBec¥clivantheraaparabedcspiventthe shepdiduting stew.c

are the same as that of Exanple 1. 5 Thé oil/solvent filtrate stream
is fed to the nmepgbrane nodul e at a

rage,of 8.% X 106§ g51,300 arreli a
day of solvent aftl 1.28% PEPFPSE PF &hBiBal, ¥pereln ihe pof¥fnteforotl The
oil/solvent filtrate satkemini theobiljisolkvehtatdltate streant dsnad:al to
positive pressure of §§90b552d98H9$o&§88.

10 3. The process of claim 1 wherein the dewaxing solvent
comprises a mixture of methyl ethyl ketone and toluene
at a ketone:toluene ratio of 25:25 to 100:0 by volume.

4. The process of claim 1 wherein the membrane transfer
temperature is -34 to 21°C.

15 5. The process of claim 1 wherein the total solvent to
oil dilution ratio is 6:1 to 1l:1.

6. The process of claim 1 wherein the pour point of the
dewaxed oil obtained is =29 to 21°C.

7. .The process of claim 1 wherein the oil content of the
20 slack wax obtained is 5 to 35 voli.

8. The process of claim 1 wherein the waxy oil feed is a
light neutral lubricating oil stock having a boiling
range of 304 to 454°C; a heavy neutral lubricating oil
stock having a boiling range of 454°C to 566°C; or a
25 deasphalted lubricating oil stock having a boiling
range of 566 to 704°C. .



psig) and the sol vent .perneate side of the nenbrane is maintained at about

1400~kPa gauge (200 psig). About 2.1 x [err] (13,000 barrels) a day of

solvent is selectively transferred through t43#=nenbrane amq-Hc'ig SHEEY HASOBEEN

a 15 tenperature of [err] [err] directly to the filter qee shﬂqgﬂEDThere
Vo M-t |

is recovered about 1.2 x@*err 1 (7,800 barrels) a day of k =
havi ng a pour poi nt LE® ?;N 0QI}) DENAXING USING, RANE, SEPARATION OF -
treat nent, about 334, 00 L

FRAN, D, Q xORavi n
an oil content of 10 to 15 vol.?9 BFP.Sﬁﬁzégggggzélggzgﬁgg esent inventign

results in substantial savings in distill gl acity to recover solvent
fromfiltrate and in refrigeration capaci | 25 t he war nmed

separated sd@ vent froinphecessvior/ solvent odewyxingrat wanyt oilhfeerdctosary
dewaxi ng tenper I 4 L0NA 3§ heLEs S| b ' '
0 Lo MGy Godil bl lo1 1 S0Be FeGv R0 BSE0LEnBRLL005 Lo stope

solvent inventory requitenents. In or ] .the"savindgs ac
by the 30 prac®fceontaching as¥arn; Waxvit Pbh, faedohyainddrerts heat bet ween

the process of téﬂcﬂ&ﬁienfifgteﬁitancola il ehatesctRéhl WEtHEFREFIGer@nt to
r
2

sred o0d (he PLeEuT PLOCSs MARRHLALS SRLOGLYBpTERR! BT, DA Ui

ob:j ain the marrﬁ anvellpsolivantywgxandxpone. p](c)"['he ol /selwentywazn nilstuire3 3%
O ot S . . .
reauction i1n egiﬁ?téé@gigéecéﬂﬁ gg&g%h%yﬁga?aﬂﬁggébﬁaog!§E533?§O%&r¥h°

section and an abo uction I'n the _ require carry out
sol vent recover ymixtyuse| and theapiwtuzerisecfidtrrrd andhsemgves the wax

refrigeration regppnefRAt éo0ld oil/solvent/wax mixture. A cold wax cake is

recovered and a cold oil/solvent filtrate stream is

15 recovered. The cold oil/solvent filtrate stream is fed, at
the filtration temperature, to a selective permeable
membrane. The'memb:ane selectively separates the cold
filtrate into a cold solvent permeate stream and a cold
filtrate stream which contains the dewaxed oil and the

20 remaining solvent. The cold solvent permeate 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. After
heat exchange with the warm waxy oil feed, the filtrate is

25 sent to an oil/solvent separation operation in which the
remaining solvent is removed from the dewaxed oil and

recycled to the dewaxing process and the wax free
lubricating oil stock product is recovered.
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5 s""‘Although the invention has been illustrated by reference to

spectfic enbodi ments and exanples, it will be apparent to t hos. hd EEEN
the art that various changes and modi fi cat i ons may be nmade e 9
wi thin the scope of the invention. The scope of the inventio |s REP @CF{},

interpreted and construed in accordance with the attached cl - - 32-
Cains: 1. A process for Ivent dewaxi ng a waxy oil feed corrprl si ng

di luting the waxy oil feeaégtreamvmth sol vent and cool kg the waxy oil
feed streamto a 5 ©merature of 4 to [err] ang®urther cooling the
waxy oil feed by indirect tact with a cold filtra hen sequentially
indirectly cooling the maky%u feed in indirect hea hangq.u;s to
crystallize and precipitgjé \/\gﬁcrystal s; sequenti al gogrect

i njecting additional sol == o the waxE oi l.- feed mto ther cool
and dilute and to obtalnae%geddéis y of thg wa Nbi | %gstreamto
facilitate handling of the&-w oi | " fee ream t hTpugh the p ss and to
facilitate filfferrng 154 crystalTi -_-_QH feed and

to obtain the [desired pU'ur " dewaxed
sequential co Ilngrof t he

; rl(E:]the.
a pr @ci pift ati ng
wax fromthe y Wi| fesd wj

ufe atf a 20

OgPptaln an o1l

t enper at ure of At'lto[err] Hitering the i vvax mixturle to
renove the an Oi] ol vent f onpt actli ng t he
oi | / sol vent mper aflur i 4=
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one’ sl de of a selective sem perneabl e menbrane in a 25]
nodui e to sel ®ctively transfer solvent through the ne
sol vent permeate on the other side of the menbrane, th i1 /sol vent

filtrate stream side of the menbrane being maintained gt }a pdARR 1996
pressure relative to the pressure on the 30 : sol Jent perneate sifle}of
t he menbrane; selectively transferring 20 to 75% by voljune of the sol ven
fromthe filtrate side of the menbrane to the sol vent fderngeate side of.the
menbr ane; recycling the solvent perneate at a~3®nperature of -34 to [err]

to the filter 35 f eed; withdrawi ng a filtrate stream containing the

remai ni ng sol vent from d nbr ane 1m
contacting the filtrat & é%{s% 0 ;Né & séggﬁ%@pn?ﬁaxy
' W dra 5

oil feed and treating the E‘a

remai ni ng solvent fromthe oil; recover| ng a dewaxe oi | product
stream and a sl ack wax product stream and r ggyekad® t he separated sol vent
to the dilutinggtep. 2. The pr g Of alm 1. vvherelnthe soIv nt to
oi | rat|0|nthe0|llsol° DL . §e8 0

volume. 10 3. 2 ik jgadii feveouo sd
conprises a mxture @ﬁ dgg,ttmg{._l ra/lwalgat@ﬂe! zy]_cj_ tfegaeg fla; é&%t gggttol uene
rati o of 25 25 to 10 _une ' |nthe
menbr ane/t r ansf er tem : to
claim1 Wherein the ¢ugstalideecand tnresipl@ﬁ#%ttlh@nwﬂat in tlse 6::.1 tEeed ﬁo forn
The process of xg ai nagl mieswea@ﬁla@puax@@at ghe! B¢1d8YPX&LE Rlale RRLELPES
Is -29 to [err] diluted with cold solvent to adjust the viscosity of the '
mixture and the mixture is filtered and removes the wax
from the cold oil/solvent/wax mixture. A cold wax cake is
recovered and a cold ocil/solvent filtrate stream is
15  recovered. The cold cil/solvent filtrate stream is fed, at
the filtration temperature, to a selective permeable )
Rembrane. The membrane selectively separates the cold
filtrate into a cold solvent permeate stream and a cold
filtrate stream which contains the dewaxed ¢0il and the
T 20 remaining solvent.

[FPigure (1))
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7. The process of claim1l wherein the oil content of fhe=20 sl ack
wax obtained is 5 to 35 vol % 8. The process of claim hsﬂmcgi&ﬁm@é@gx%
oil feed is a light neutral lubricating oil stock having a boiling range @
304 to [err] a heavy neutral lubricating oil stock havi,ﬁw&ﬂ'gﬂ_!.},ﬂ[{g_}gﬁge!i
of [err] to [err]; or a 25 deasptral t ed | ubri cat i g=sit=—=st-eck-_having

a boiling range of 566 to [err]&
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