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LUBRI CATHUG-@ L DEWAXI NG USI NG MEMBRANE . SEPARATI ON GQ\kM%
SOLVENT -FROM DEWAXED O L ' The present invention is directed to a
process for dewaxi'ng waxy Oi | feeds1

5 fractions. - b The present invention is speC|f|ca|Iy divectetdto ="
a “ process for thense ' s to
obtain lubricating gigbagh vy Ny a“warm o
waxy oil feed on ong 0 per neapl e nenbrane with a

cold oil/solvent filtratie $tream on the other side of the nenbrane to

sel ectively tranphé&lprese
dewaxing waxy.
5 fractions. : _
The present invention is specifically directed to a
process for the solvent dewaxing of waxy petroleum oil
feeds to obtain lubricating oil stocks by countereurrently
contacting a warm waxy oil feed on one side of a selective
10 permeable membrane with a cold oil/solvent filtrate stream
on the other side of the membrane to selectively transfer
cold solvent from the oil/solvent filtrate stream through
the membrane to the waxy oil feed. The transfer of the
cold solvent to the warm waxy oil feed simultaneously cools
15 the warm waxy oil feed, dilutes the warm waxy oil feed with
solvent and separates the solvent from the cold oil/solvent
filtrate stream. _
In solvent lube dewaxing, solvent is typically added
to a warm waxy raffinate to control crystallization of the
20 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
recovered from the filtrate by a combination of heating,
2 The hot
25 3 §§* ovelQiis then chilled again to the desired
e %\1

oy

ﬂmﬁo mrnt dewax1ng process a waxy oil feed

:ﬁ:}nvention is directed to a process for
“feeds, particularly waxy petroleum oil

30 y ::j:'v*dd-surface, double pipe heat exchanger
against cold filtrate, which is a mixture of -oil and
solvent recovered from a fllter used to separate wax from a
wax containing stream. The_ cold filtrate is a mixture of
oil and solvent. The cooled feed mix is injected with

35  additional cold solvent from the solvent recovery system;
The resultant mixture is further -cooled against vaporizing
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col d solvent fromthe oil/solvent filtrate sirean1throdgh t he nenbrane

to the waxy oil feed. The transfer of the cold solvent to the warm
waxy oil feed sinultaneously cools 15 t i ar m waxy oil feed, dilutes the
warm waxy oil feed with sol vent and separ at es he¢§%fvenf [Jonrthe
cold oil/solvent . filtrate stream In\&oﬁ@eﬁt‘ggpg demaxhng,
solv?nflis typicallyhadded to a warm waxy raffijpate td contrel
crystallizati e ?%&t

“acconpl i shed gPoﬁénE rec%heat excrfange (:;IL al résr%ﬁt%é) !?Ir@r%te from t he
dewaxi ng fil tsc:amd-ma:ﬁac@r Gowblen pipepeyxchanger,s Fig chilled £8eded

fromthe fil téfﬁfr?yié ﬁﬁ.@&d‘%ﬁl‘tﬁﬁm%frehwﬁl%d solvémtfrcsﬁameféowenend
distillation operalions. _The hot % ,I¥so v, SO, I € overed is then chilled

agai n to the HeSPVEXY system tq v the wax filter feed.
'In a typigal sol vemhedawutgqaumnum solvémtedis limitedibydthet h

sol vent f: sol

Txture | s coBtBRcHELeRyPlocne snivsst htbyery. JEide anfceng; 0
doubl e pi pe heapaeityangethe reﬁnygenatmnn($ysﬂemeu8§dv¢¢c¢p¢b thei xture
of oil and rec§%¥~8&t s?ﬁ.%‘fﬂ-{g:%ftti&t d%éizjéu‘ir'ﬁié‘&i&%&&ﬁ‘?és”oma

wax -cont ai ni ng Stream rate Is

|
sol vent. The Thesedlimitatieonss amjthe aplvent I%’ai]eﬁ}!ﬁ%{%}ﬁaﬂ’a’%g*%ﬁgg E?Ent
from, hg sol yREt rERAOYRE T5HE filter since the filter feed (high

viscosity oil plus low viscosity solvent) must have a
sufficiently low viscosity to achieve an acceptable
filtration rate. |
The cold filtrate is sent to an oil recovery section
15 where solvent is removed. from the oil by the addition of
heat, followed by a combination of multi-stage flash and
distillation 6pefations. The separated solvent is warm and
must be cooled prior to recycle to the dewaxing process.
At present, dewaxing of waxy feed is performed by
20 - mixing the feed with a solvent to completely dissolve the
waxy feed at a suitable elevated temperature. The mixture
is gradually cooled to an appfopriate temperature required
for the precipitation of the wax which is separated on a
rotary filter drum. The dewaxed oil is obtained by
25 evaporation of the solvent and is useful as a lubricating
oil of low pour point.
~ The dewaxing apparatus is expensive and complicated.
In many instances the filtration proceeds slowly and
represents a bottleneck in the process because of low
30 filtration rates caused by the hiéh 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
the filter. 1In some cases, lack of sufficient solvent can
35 result in poor wax crystallization and ultimately lower
lube o0il recovery. '
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The resultant mixture is further cool ed agai nst vapori zi ng

-2- ¢ propane, ammoni a, or other refrigerant gas in a second
scraped-surface doubl e pi pe exchanger. The™€hilled feed slurr

m xed with nore chilled solvent fromthe sol vent Y
obtaih a filter feed. 5 The anount of circul THg5§HE§eHlZIs
limted by the capacities of the solvent recovefy se Ltdﬁ% and.-t-he

capacity of the ref‘fﬁ&%é&' sof EHEESEQ EQcEQQ{:aEaewax TemovadV Treth
solvent to the desiTted In ec ion
lubricants is energy 1ntensive since the solvents must be
separated from the dewaxed oil and recovered for recycle in
the dewaxing process.

5 The solvent is conventionally separated from the
dewaxed oil by heating and distillation. The separated
solvent must then be cooled and condensed and further
cooled to the dewaxing temperature prior to recycle to the
process.

lo The heating of the dewaxed oil and solvent for the
recovery of the solvent and subsequent cooling of the
solvent require substantial energy inputs.

The most limiting factors in the solvent dewaxing
process are the cost and size of the filters, the cost,

15 size and operating expense of the distillation equipment
needed to separate the solvent from the dewaxed oil and the
cooling apparatus and cooling capacity required to cool the
warm solvent separated from the dewaxed oil.

The filter capacity could be increased if there were

20 available more solvent by simply further diluting the

' 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
25 of separating solvent from dewaxed oil and increasing the
' cooling capacity to cool the separated warm solvent prior
to recycle. .
The problenms to be solved were to increase the amount
of solvent available to the solvent dewaxing process

30 without increasing the overall solvent inventory and
without increasing the size and capacity of the oil/solvent
recovery distillation systém and the refrigeration capacity
required to cool the warm solvent separated by -
distillation.

35 An additional problem to'be solved was to increase the

' filtration capacity of the process without providing
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These limtatiens on the sol vent availability can restrict 10 the feed
rate to the filter since the filter feed (h eﬁ viscosity oil plus | ow
viscosity solvent) nust have. a sufficie®Tly | ow viscosity to achi eve
an acceptabl e filtration rate, .- The cold filtrate is sent to

an oi[ recovery section 15 where solvent is rennve%f??ﬁﬁffﬁe*off—@yjt i
d e L 3 BN 31 =t .
EPUAGE |

addi tion of heat, foll owed by a conbi nation of
distillation o & [ . EQﬁﬁ rat ed sqQl vent | ma{
: id
cool ed prior tg Pg’%}%ﬁélt ) 2%3: %%téﬁ n
dewaxi ng of wagplvent iinvemtioayned by 20 n1Xing t he feed with a solvent
to conpletely di ssohye igsent : 4B RS i AR o PRiédss for

tenperature. The_m xtur to an ap ropriate

tenperature re§elvent dewaxing l@e"ﬁ’%’m‘ﬁﬂt aEQ% ts QhT@iRh)P%ilFﬁ' Qleyn oil

separ at ted N ?lubrich;tﬁﬁb%’sftkﬂ?ﬁr wwa diqlfvaptgaa caté byI 25
evaporation o sol yent and is usS ybricating ow
pour poi nt. g‘irect Ne COBRAS aﬁﬁ%} filtrate and aﬁﬁﬁ&@? BBt ed.

I n many i nst anwhdchheeduker &heorteﬁimeaﬂﬁ:es Idr/\lﬁhearﬁil to dmwﬂiiﬁe dand
Dot eneck. 0 bPBgiBiEaED LR6"VaR Aorkinlinsd e, Y AL S BHR)
The hi gh dﬂ.reotﬂ.yycohtab&eﬂemit&nqm fadlivent sbajlnbtaira amw suppl y
10 oil/solvent/wax mixture. The directly added cold solvent
also serves to dilute the oil/solvent/wax mixture in order
to maintain a sufficiently low viscosity of the mixture
such that the mixture, when fed to a filter, is readily
separated into a wax/solvent slurry and a cold dewaxed
15 oil/solvent filtrate strean. :

The total amount of solvent added to the waxy oil _
feed, i.e. the solvent oil ratio used, and the temperature
to which the waxy oil feed is cooled are determined by the
boiling range of the feed, the wax content of the feed and

20 the desired pour point of the dewaxed lubricating oil.

The process includes countercurrently contacting a
warm waxy oil feed on one side of a selective permeable
membrane with a cold oil/solvent filtrate stream on the
other side of the membrane and selectively transferring the

25 cold solvent through thé membrane to the warm waxy oil
feed. L
In order to increase the rate of solvent transfer
‘through the membrane to the warm waxy oil feed, the
oil/solvent filtrate stream side of the membrane is
30 maintained at a positive pressure relative to the waxy oil
feed side of the membrane.

The transfer of the cold solvent to the wafm waxy oil
feed simultaneously cools the warm waxy oil feed, dilutes
the warm waxy oil feed with solvent and separates the

35 transferred solvent from the ¢old oil/solvent filtrate
strean.
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of available solvent to be injected into the -feed streamto . the
filtet. |In sone cases, |ack of sufficient §glvent can 35 result in poor
wax crystallization and ultimately | ower | ube oil recovery.

-3- : The use of solvents to facilitate ,
| ubricants is energy intensive since the solvents nugt THE SHEET HAS BEEN
' REPLACGED

The waxy oil feed,.after cooling ant ution,
further cooled in a heat exchanger by indirect heat
exchange with cold filtrate to crystallize and precipitate
the wax in the oil feed to form an oil/solvent/wax mixture.

5 The oil/solvent/wax mixture is further cooled in a heat
exchanger by indirect heat exchange with a cold
refrigerant. The cold oil/solvent/wax mixture is further
diluted with cold solvent to adjust the viscosity of the
mixture and the mixture is fed to a filter which filters

10 and removes the precipitated wax from the ‘cold
oil/solvent/wax mixture. A cold wax/solvent slurry is
recovered and a cold dewaxed oil/solvent filtrate stream is
recovered.

The wax/solvent slurry is treated to recover a wax

15 cake which can be further treated and washed with cold
solvent to remove residual oil from the wax cake. The oil
can be separated'and'recovere§ from the solvent wash stream

and the solvent can be recycled.
The cold oil/solvent filtrate stream is first fed to a

20 heat exchanger to indirectly cool the waxy oil feed and is
then fed to the selective permeable membrane for
countercurrent contact with the warm waxy oil feed to
transfer a significant portion of the solvent from the cold
oil/solvent filtrate to the warm waxy oil feed.

25 The separation and ‘transfer of cold solvent from the
oil/solvent filtrate stream to the waxy oil feed achieves a
substantial reduction in the amount of solvent that must be
separated from the oil/solvent filtrate stream.

The cold oil/solvent filtrate stream, after transfer

30 of cold solvent through the .selective membrane into the
waxy oil feed, is sent to an oil/solvent separation
operation in which the solvent is removed by distillation
from the dewaxed o0il, cooled and recycled to the dewaxing
process and the dewaxed lubricating oil product is

35 recovered.
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separated fromthe dewaxed oil and recovered-for recycle in t he
dewaxi ng process. 5 The solvent is conventionally separated from

t he dewaxed oi|l by heating and distil 8™ on. The_sepatateg==r"

sol vent nust then be cool ed and condensed and furt hér+ s sHERTOHAS BESNt he
dewaxing tenperature prior to recycle to the priocess REROACED The
heating of the dewaxed oil and solvent for the re sol-vent
and subsequent cooljng of th spolvent _requi re.substanti.al, energy

i nput s. fhég“B§Fa gﬁ?%iﬁﬂrgieFo?g Eﬂetﬁgléb éﬁ?nﬁbﬂé&?ﬁﬁg
process are tiEikkratensteear 1§ thansféerred, thiroughsthel Selesitiyeand
operating equ%g&fggn LSk i ON 3 p e the
solvent fromthe emdéggogFﬁaaﬁéé%ﬁggxﬁ Higgge%ﬁgtgpggﬁggﬁgy;%gégbo I ng
capacity requiWady t@ikofeednko a. temperaturecnearscher bukdaboye the dewaxed

oi l . 5 cﬁwcéiiiﬁtféﬂaﬁéﬁ?efeﬁhﬁe beri tRECRARI inf theewRxyed120
avai |l abl e nore_sol vent by sinply Tfurther diluting the oi | / sol vent / wax
m xture feed thP® filter to | ower the viscosity of the feed

However, increasi nggéveraltbehepits carendébtathedbby the solvénitudewaxdngeed
e 1 b Seb TR SO0t R 88, O Seperat g, sol vent From
war m sol vent prior The solvent transferred from the filtrate through the
' 10 selective permeablé membrane into the warm-waxy oil feed
does not have to be either heated in the oil/solvent
recovery distillation system to separate the solvent or
have to be subsequently cooled prior to recycle to the
dewaxing process. More solvent is available to be added to

15 the waxy oil feed since the distillation recovefy and/or .
‘refrigeration bottlenecks are significantly reduced or
eliminated. ' ' '

. The amount of solvent which is made to selectively
permeate through the membrane into the waxy oil feed stream

20 is limited only by the size and permeability of the

' membrane and the hydraulic capacity of the scraped surface,
double pipe heat exchanger and the rotary filters. As a
result of using a selective permeable membrane to separate
and directly recycle cold solvent to the waxy oil feed, the

25 internal solvent circulation rate can be substantially
increased and can be larger than the flow rate of the
solvent recovered from the oil/soivent distillation
recovery operation that is recycled to the dewaxing process
in a conventional dewaxing process. _

30 The reduction in the viscosiﬁy of the oil/solvent/wax
feed to the filter, due to the higher availability of
solvent achieved by the present invention, leads to an
increase in the maximum féed rate to the filters. The
higher solvent/oil ratio also contributes to higher oil

35 . yields on the filters and greater filter feed rates for
heavy stocks which are generally filter area limited.
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to recycl e. The problens to be sol ved were to increase the anount
of solvent available to the sol vent demaX|Q§_process 30 mﬁthout_ﬂﬂ
increasing the overall solvent inventory an ATT ni

size and capacity of the oil/solvent recove deﬁStlI1at §§sten1and
the réfrigeration capacity - requi red to cool |t he m&rﬁféb Vent séparated
by distillation. 35 An addi tional prdﬁFﬁﬁ?to be sol ved was to
increase the frhérsélectivadzenbval bcsBlIenEs fio e RMeddxed'd

oil/solvent filtrate stream can significantly reduce the
distillation capacity required and the cost of removing the
_remaining solvent in the filtrate stream and reduce the

S capacity required and cost of subsequently cooling the
separated distilled solvent to the dewaxing temperature.

A principal advantage of the use of the selective
permeable membrane in accordance with the present invention
is that it provides simultaneously the selective separation

10 of cold solvent from the cold oil/solvent filtrate stream,
direct cooling of the warm waxy oil feed by the cold
solvent, and indirect countercurrent cooling of the warm
waxy oil feed by the cold oil/solvent filtrate stream.

The Figure is a schematic process flow diagram showing

15 the solvent dewaxing process of the present invention
including a selective permeable membrane for countercurrent
contact of the waxy oil feed and filtrate streams,
incremental cooling and increﬁental solvent addition,
filtration of wax and recycle of recovered solvent from an

20 oil/solvent recovery operation.

Wa o ee

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

25 to remove part or all of the wax component.

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.

30 The waxy oil feed to the process of the present
invention is typically waxy' lubricating fractions which
boil in the range of 304°C to 704°C (580°F to 1300°F). The
fractions boiling from 304°C to 454°C (580°F to 850°F) are
generally referred to as paraffin distillates. The

35 fractions that boil from 427°C to 679°C (800°F to 1050°F)
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additional filtration apparatus and w thout i-ncreasing the sol vent

i nventory. The present invention'ia directed to a process for
sol vent dewaxing a waxy oil feed to obtain petrole i ng
stock. The waxy oil feed is sequentially I nd)f r-eqaé layreTHASCBENN W t h
cold filtrate and refrigerant whi.ch reduce th tenp@weﬁauﬁuof t e oi
to crystallize and precipitate the wax consti ==tHe~or T and is

t hen di r eqirley geRitral; x\ﬁféffé&ﬁt Oéyqnéaw ﬂ%ﬁéﬁ@fhc}oou

oi | / sol vent/ wa irectly added col | so
to dilute the §ﬁﬁﬁ£ﬁiﬁ§ﬁ% Wﬁ%ﬁ%?PﬁwYﬂﬁ °1lt€FW%|§§§|ﬂ 59 784-C

sufficiently | quososEotid mm‘o-tme dfeirdferred to'Cds lFedidi€l "dsaspRalean
fed to a fllterills readily separated into a wax/solvent slurry and a

col d dewaxed 18%**%8i1/solvent filtrate stream The total amount
of sol vent5 added t o Thiee disbildiate lubn‘mt,ing il rﬁeed)lmrthoiproae'ss of

used, and the %E%E%@ efltsd are
det er mi ned by Fﬁl@p ol IilnrYger%%ng ghft#e% ﬂ n'E wax éc}?):'r'l ? t he
feed and 20 = twKeaked byd spdyenisiextractian mes;seajm CERNONe oaromatic
The process 'nﬁhudeifcﬂﬁﬂhﬁﬁpUH@EH&DtéHﬁBEEHdﬂEhﬁHs. THE frdmayiei | feed

on one side of a_selective per,neabl
solvent extraction step can be carried out using a

10 conventional phenol or furfural solvent extraction
procedure. Deasphalting processes use phenol and/or light
hydrocarbon solvents, such as propane or butane. The waxy
oil feed to the solvent dewaxing process of the present
invention is, accordingly, relatively free of mono and

15 polycyclic aromatic hydrocarbons.

During the dewaxing process the hydrocarbon feed is
diluted with a first portion of solvent and then heated to
a temperature to effectively dissolve all of the wax
present in the feed. The warm feed is then indirectly

20 cooled with cold water by'conventional cooling means such
as a tubular heat exchanger.

The still warm waxy oil feed is, in accordance with
the present invention, then countercurrently contacted with
a permeable membrane to selectively transfer cold solvent

25 from a cold oil/solvent filtrate stream through the
membrane into the warm waxy oil feed. As the result of
this contact, the warm waxy oil feed in this step is cooled
and further diluted. The warm waxy oil feed is also

_ simultaneously cooled by indirect heat exchange with the

/30 cold oil/solvent filtrate stream that does not permeate
through the selective membrane. The extent of eolvent
transfer, direct and indirect heat exchange are controlled
such that the waxy feed mixture exiting the membrane is _
cooled to a temperature of about its cloud point, but above

35 the temperature at which wax crystals form in solution.
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menbrane with a cold oil/solvent filtrate streamon the .ot her side of
t he menbrane and sel ectively transferringtJELZS col d sol vent through.the
menbrane to the warm waxy oil f eed. | n orrg&fF— tD‘anrease the
rate of solvent transfer t hrough the menbrane to the' marh1gp ;0|I
feed, "the - oil/solvent filtrate stream side of the nenbrane LS 30+
nalntalned at a positive pressure relative to the waxy orT feed S|de ‘

of the merrbrane The waxy! $i1l Faed 9's Thd'eddldl Y ﬁigif&é hfeay@r m

waxy oi'l S|nultaneous cools t he war m waxy eed dllutes

t he war m waxy S?‘ pEge With colde filtrate: and;with r%"]a% refrigaxant ap
sol vent fromtis earther cooledtand dilvted by direstninjection of

recycle solvent from the recovery operation.
5 The waxy oil feed in 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. '
Typical distillate feeds to the process of this
10 invention are:

Approximate
le)

Light Neutral Lubricating 0il Feed Stock 304-454°C
(580-850"°F)

15 Heavy Neutral Lubricating 0il Feed Stock 454-566°'C
(850-1050°F)

Deasphalted Lubricating 0il Feed Stock 566-704°C
' ' : (1050-1300°F)

The term cloud point as used herein is intended to
20 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
quickly turning the tube on its side following a standard
chilling proceduré as set forth in ASTM test method D-97.

25 ewa Selvent
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,
methyl isopropyl ketone, methyl-h—butyl ketone,'methyl

30 isobutyl ketone or other lower aliphatic ketones and
mixtures thereof. The solvent also can include an aromatic
solvent such as bénzene, toluene, xylene and the like. The
preferred solvent is a mixture of methyl ethyl ketone and
toluene. '
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-5- -The waxy oil ‘feed, after cooling and dilution, is
further cooled in a heat exchanger by indirect heat exchange with._
cold filtrate to crystallize and precjpitate th FThe . oid- -f.eed
to forman oil/solvent/wax mixture. 5 The oil/sol vapTri@eX ™ xiyre is |
further cooled in a heat exchanger by indirect heat exCHANge . i-4-h--a

]
col d refrigerant. The col d oil/sol vent/wax nixtur€=1s further

diluted with cold s ad] bS8 O$h t f ' d
the mxture i o f ed (i Agui il olyLe Yasdoth!ing piBBent infention an
preci pi t at ed \RSXrEQXNE tSRVRERY 1mP°rE@¥Fs€¢Q§F2Pﬂﬁx nTReyFelvent,Ailutes

}Nﬁ(i fg!{ \e’ers‘:rzgtiﬂé_ Yedily oil f66QVE&hE&UdP8€oBvés| thdeviledompbhenityecbols

{reated to 1ol Ea8d oS LR Aawreing HeBRSFIFRS, oHA.dPRE R KRS e
with colds  sclibenity oof ebheecwarsinuthe 0oilf r Sornseanwaxc precipisase
can be separaed, 0 4 SCRYSERT) LR LEMCERY BhatoPHcT118ARes sepaBdtiitn

solvent can b
of the wax from the oil and solvent in a filtration step

and maintains a desired low viscosity to facilitate

handling and processing of the oil/solvent/wax mixture
10 through the heat exchangers and filters used in the

process. _

The process of the present invention, in a preferred
embodiment, employs a mixture of MEK and toluene solvents.
The MEK has poor solvent power for wax and relatively good

15 solvency for oil. The toluene is included to increase oil
solubility at dewaxing temperatures and to reduce oil
solution viscosity to improve its filterability;

The use of solvents with high ketone content is
.beneficial because it increases filter rates and it reduces

20 the dewaxing temperature differential between filtration
 temperature and pour point of dewaxed oil.
| The volume percent ratio of MEK/toluene can be 25:75
- to 100:0, preferably 40:60 to 80:20 and typically about
65:35. The preferred ratios depend on the waxy oil
25 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
heavy neutral lube oil feed stock the ratio of MEK/toluene -
can be 50:50.to 75:25, and for dewaxing deasphalted lube

30 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
at a number of injection points in the chilling train. The
. manner of solvent addition affects crystal size and
35 subséquent filtration rates. ‘Large, well defined crystals
result in high filter rates and good washing efficiency
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The col d oi | / sol vent f||trate streamis first fed to a 20 heat exchanger
to |nd|rectly cool the waxy oil feed and is then fed to the selective
per neabl e menbrane for countercurrent %bntact M Lhe-ner Wy Ol
feed to ~ transfer a significant portion of t F?gégg;hF|FV6ﬁﬁﬁﬁb col d
oil/solvent filtrate to the.warmwaxy oil feed. 2% [
and transfer of cold solvent fromthe 0|I/soL_—-——— FErat e Streamto

th i | t f
T ventY Lt nEfth MC6¥FesPonding HIBh  Bbikel Rl]] yiBa and o e'mst'%&;’m
The col d 0||/§auW#ntfV#*rBredBFteanﬁmaiieprt1&Asdefiasd G&Ns&mlysiﬂnmaﬁ

through the SE&&*&'WEtﬂmﬂaéﬁﬂﬁahﬁtﬁobﬂefiltraﬁﬁéﬁ ehhraeeérietﬁagnhmazn@n
oi | / sol vent s at1.on t he sol vent iganDV%F by

S et aon” e ES M over JEHAREA B1L vIBLHS BRAT, WER. Fu LAY BB
dewaxi ng § reduced oill phedaetdsndratbsicating oil product is 35

recovered. All solvent additions made at or below wax .
crystallization temperature should be made aﬁ about the
same temperature as the oil/solvent/wax to which it is
added to avoid shock chilling which promotes formation of

10 fine, difficult filter crystals. .
The Table below shows the dilution schedule for a
light and a heavy neutral distillate stock.

Table 1
| Amount of Diluent Added (2]
15 vent O do Vol.
Light Neutral Heavy Neutral
Addition Lubricating Lubricating 0il
Point (1) 0il Fe tock Feed Stock(4)
Primary (Line 2) 50 : 70
20 Membrane: 7 "100 150
Recycle (Line 104) . 30 . 0
Recycle (Line 106) 100 ' 100

(1) See Figure 1 of drawing.

(2) 'Solvenp addition is based on a 10,000 BD lube dewaxing
25 plant.

(3) Ratio MEK/tol. 75/25

(4) 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 mixture at

30 a desirable low level to facilitate handling and processing
of the mixture through the scraped surface doubie pipe heat
exchangers and the filtration of the wax in the filter
apparatus.
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A’subst anti al portion of the cold solvent in the .

filtrate streamis transferred through the felectlve menbrane to the

war m waxy oi |

feed to directly cool the waxy oil feed to a tenperature

near to but above the 5 crystallization tenperaiﬁqe;qf:;ﬁéﬁ%ﬁk -+ i1 he

waxy oi l
dewaxi ng

f eed. Several benefits arW‘Bﬂfai?' the solvent
process of the present invention. ' __“Lm;fThe Sel-vent

transferred fromthgnti EbEgt eabiyangnalieelln €50bS4! iPkBaPeatn o 'gg.lrienbrane

into the warm
oi | / sol vent

waxy In the

eP?E@oV@r? inxge| extenk opsthm Waxsepatent ofec te

have to be subﬂeﬂueﬂﬁbasseyl 6f EheOfeba afi@ythe Heshiped ﬁou:d@&i)ﬁw@f the

process. More
since the dist
5

10

15

20

25

30

GHHUERS, oFs YRbboke . Bt BB Lok vt Wy | Tt

dilution ratio as used Qereln is intended 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 the nature
and 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
dewaxed oil product. Typical dewaxing temperatures for
light neutral lubricating stocks are =23 to 32°C (=10 to
0°F) and for heavy neutral stocks are -18 to =7°C (0 to
+20°F).

Devaxing Aids _ . :

The filterability of oil/solvent/wax mixtures is
dependent to a great extent on the size and shape of the
wax crystals. Crystals growth can be affected by use of
low chilling rates and high solvent concentrations.
Dewaxing aids or wax crystal modifiers have been found
effective in dewaxing. ‘These can be either nucleating
agents that initiate crystal growth or growth modifiers
that affect crystal growth. The cfystals that are obtained
are compact and are more readily separated from the oil..
The conventional dewaxing aids can be used in the present.
process. -

APPARATUS
Membrane

In the present invention, a membrane module comprised
of either hollow fibers or spiral wound sheets is used to
directly transfer cold solvent from the filtrate to the hot .

This Sheet Has Been Reﬂlaced
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refrigeration bottlenecks are significantly reduced or el i m nat ed.

The armount of solvent which is nade to selggd vely perneat e through
the menbrane into the waxy oil feed stream 20 Sl am{eﬂ any py t he size
and perneability of the . menbr ane and the hydrau pcp@apaglty of t he
scraped surface, doubl e pi pe heat exchangerl-apd—the-t-otary-tiilters. As’
a result of using a selective perneable nenbrane to separate and

glolr \e/gtn It yCIr regﬁ?}ﬁ giﬂ tSfJéd& r&afﬁﬁi@?waam otd EswnterbarPéntlynceoliathe
rate ca sta b

| arger than tﬁ?#ﬁ#ﬂ@?%u c#h$$k9é£ °°r%ﬁ%%ﬁ¥hF%E%§e?é%gﬁron1%ﬁg #ith Ene

glllsplvent dietld |£tltarate. Thnxnn&q/cgn&vgnbnishuransfeuc9@|bﬂ 0 the

ewaxi ng proc 5%$§% q@@aﬁé 0]

reduction in t w%coié&fy of i(')cl'ol s%l ﬁ‘ﬂi@@f&é?ur& 1t:?) H%g ??Fteer

due to thé hi gaffinate ;o |the lpvw-pressurechidecefctie B?mPﬁ@:nﬁrQXent

i nvention, i et Y _
filters. TheQ%iééﬁﬁﬁhﬁgunt vent fzg?gogaggnggﬁ§§3ﬂata on ﬁhé Righ

|
35 yields oPReREUYE t%*@eanoﬁibmb’aﬁ%l?e?‘ﬁt@ Eegt r%?@g F5§nsger ﬁg‘ﬁym
stocks whi ch EdEdts YadrodS tlts afetbraned. Closer temperature -

approach than economically feasible in a conventional heat

10 exchanger is possible due to the significahtly larger
surface area of contact of the membrane. The 6ptimum level
of solvent exchange is a function of raffinate viscosity
and temperature requirements and membrane area. Utility
requirements are reduced and the need for two of the heat

15 exchangers normally present in the conventional plant '
configuration is eliminated. A substantial synergistic
effect is obtained over membrane recovery of solvent from
the cold filtrate alone since'the hot raffinate increases
the effective membrane temperature, thereby imp:oving

20 solvent flux. The present invention allows a significant
increase in waxy oil feed rate to a dewaxing plant by
debottlenecking the refrigeration and oil recovery sections
of the plant.

A preferred membrane module is described as follows:

25 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

_ acetate, polystyrene, silicone rubber, polytetra-

30 fluoroethylene, polyimides, or polysilanes. Asymmetric.
membranes may be preparéd by casting a polymer film
solution onto a porous polymer backing, followed bj solvent
evaporation to provide a permselective skin and
coagulation/ washing. A suitable polyimide, based on 5(6)-

This Sheet Has Been Reﬂlaced




-7- The sel ective renoval of sblvent fromthe dewaxed
oi I /solvent filtrate streamcan significantly reduce the distillation
capacity required and the cost ‘of renDV|ng1t e ey

_ ent in
the filtrate streamand reduce the 5  capaci tly THE&SHERORARGERS] Of
subséquent |y cool'ing the separated distilljed soRé®nacEQ t he dewaxing
tenperg}ure. A principal advantage of the tse—or—the= ective
per neabl e ne ggﬁ&ﬁﬁéy i E£5fétn 1ﬁaahgn ig is that it
provi des si nul neousl he 'se %ﬁie sngfgtlon %ﬂ co d sgm%ent from

the cold oil /Miﬁl]&}f Avwailakleas "Matrimid 5218,
can be configured as either a flat sheet (plate and frame),

hollow fiber, or spiral wound module. For this
5 application, a spiral wound module is preferred due to its
high surface area and lower propensity for fouling.
Pypical construction of such a module comprises layers of
the selected membrane wound upon a perforated metal or
solvent resistant tube. The membrane layers would be
10 separated by alternate layers of permeate and retentate
spacers sized to provide an acceptable pressure:drop from
inlet to outlet of typically 117-173 kPa (2-10 psig).
Appropriate adhesives and sealants designed to maintain
separate perméate-and retentate flow channels and to
15 minimize structural rearrangement upon use complete the
construction. Modules of any size can be constructed, but
typically are 10 inches in'diéﬁeter and 48 inches long
having 18.6 - 27.9 m® (200-300 ft?) surface area. Feed flow
to each module varies according to application but is on
20 the order of 30,400 - 38,000 1/day (8,000-10,000 gal/day);
- the corresponding permeate rate is on the order of 7,600
1/day (2,000 gal/day). Typical trans-membrane pressure
drop is expected to be about 4140 kPa (600 psi). A
: commercial installation will vary in size with application
25 and specific membrane performance but will typically employ
on the order of 500-1000 modules for a lube dewaxing plant.

It is recognized 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

30 arrangement.

Selective permeable mémbranes useful for the present

process are disclosed in Pasternak U.S. Patent No.
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di-r ect cooling of the warm waxy oi | feed by the cold sol vent, and -
I ndi r'ect countercurrent cooling of the war waxy oil feed by the cold

......

oil/solvent filtrate stream The B gur ¢ .3*a~schenatrC“prpcess
flow di agram showing 15 the sol vent dewaxi ng prjo¢ESs®iot’ th? present
i nvention - i ncluding a selective permeabl e mepbrang=Pb Edunt ercurrent

contact of the waxy oil feed and filtrate streams, ~— increnental cooling

and | ncr enent of, gl Vod, AREHILOH) ot a1libISAtbRReRE HBX @]dobsaysle Of

recovered solvent ivoman 20 ol l/ vent recover%p gera { on.
e

Ol Feed . Thompsgpy, feePlo iR p?%%%%% ¥p. the3 12t apdy &nF; Uﬁngaﬁt
conprise any ld1uigl S\ Pttt No £ 05} @67 990 2 0A SSLe¥E£red membranet isl | y

Fo8
of “the wax cofpeed in 4d"WIR Cracs ¥ o Pafont 0Bl IFRELGR bY, E.s”

i nvention5is White)gn(aﬂJa/qntitﬂe@n??atyimiderupmbranafandaPBscebsafoed

fromextracti ?&ﬁrﬂﬁfﬂrldf‘tﬁ grfpﬁgs’&%t {]ﬂ“tess o?sv SHURt over

distillates. he” waxXy ol e pro e present
invention is ByRAé4ald66axy | ubricating fractions which boil in the
range of 304[err]C to 704[err]C (580[err]F to 1300[err]F). The

Scraped-surface Double Pipe Heat Exchangers

The chilled oil/solvent flows through-the scraped-

10 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
heat exchangers. - The cold surface of the heat exchanger is
continually scraped to remove crystallized wax and to

15 maintain the wax dispersed in the oil/solvent liquid.

A second type of scrapedﬁsurface double pipe heat
exchanger that can be used is one in which a vaporizing
propane refrigerant is used to cool the waxy oil feed. The
oil/solvent liquid is further cooled and additional wax

20 crystallized in the later used heat exchangers.  As before,
the surfaces of the heat exchanger are continually scraped
to remove crystallized wax and to maintain the wax o
dispersed in the oil/solvent liquid.

Filter :

25 The wax can be separated from the col& oil/solvent/wax
mixture by filtration or centrifugation.

The cold oil/solvent/wax mixture flows from the double

pipe heat exchangers to an injecfed dilution solvent step
and then to a rotary drum vacuum filter in which a

30 compartmentalized cloth covered drum rotates, partly
submerged in enclosed filter cases in which the wax is
separated from the oil/solvent liquid. |

This Sheet Has Been R
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fractions boiling from304[err]C to 454[err]C (580[err]F to 850F) are
generally referred to as paraffin;distillat The 35 fracti t hat boi
fron1427[err]C to 679[err]C (800[err]F to 18&0 N

are generally referred to as heavy rum&qhﬁﬁfgﬁ°“f‘

dlstlllates The fractions that boil from 566[ &rr AL errlec!
(1050[err]F to 1300[err]F) are referred to as %?%ﬁﬁﬁfgﬁéasphalted

oils. 5 Thead w&&a—lﬂretee diuprsdlaientg siiltrfass doldtiomris el
the Present | NYElough the' $11tr" 06t & W1tk thnks in which a
vacuum which induces filtration is maintained. A wax cake
is deposited upon the drum filter cloth during filtration
5 - 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.

10 The principal features of the dewaxing process of the
' present invention are the large amount of solvent that is
transferred through the selective permeable membrane

directly into the waxy oil feed, the temperature of the
cold oil/solvent filtrate from which the solvent is

15 selectively removed and the total volume of dilution _
solvent to oil, i.e. total solvent/oil ratio available to
carry out the dewaxing process.

The amount of solvent th%t is transferred through the
selective permeable membrane to the waxy oil feed from the

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

25 capacity and refrigeration capacity. '

The direct introduction of the cold solvent from the
filtrate into the waxy oil feed and the indirect
countercurrent cooling by the oil/solvent filtrate through

. the menmbrane provides more efficient heat exchange between

30 the filtrate and waxy oil feed than can be obtained by
conventional indirect heat exchangers. '

The temperature of the oil/solvent/wax mixture feed to
the filter is the dewaxing temperature and determines the
pour point of the dewaxed oil product.
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treated by sol vent-extraction processes to renove aromatic and, if
needed, asphal teni c conpounds. The aromatic sol vent efll;%,;, S
can be carried out using a 10 convention§F75henoIr;,——: UL al; SOER
extraction . procedure. Deasphalting processes u:enmﬁéﬁ5L

yht

¢ ! ) “:Y aoghor 1
hydr ocar bon sol vents, such as propane  or butane. The maxyﬁiggsﬁgFF‘feed-to
t he sol vent dewaxi ng process of the present I NVerA

on 1s, accordingly,
relatively free of 0 eﬂ'g'céfﬂéc ' ?;ﬁ?htl r‘g}ﬁ_s.
During the dewaxin @ggogggge%%éphy rocar%%% ee |¥§h4“6¥8|iute ﬂM%?%%Fnt
first portion §Prsbhgepilangocianthandegongsolvent fapdha Wax+ o The
effectively digepveatalib atidedet@rkhe waxy @3ANifdda e dirbretite pwined eed

is then indirecfly 2 ooled with cold water by conventiaqgnal cooling
means such | alolosthe,ARWRkiag: PiecRssoseduende.”  Thaykotal ARGt GRxy

oil feed iss, |isobventdaddedwishreferriede tor hedein e il totdien

Cranstor col d SSFYSE/98T FESR, andoih SRR At AR ot SRl A b7 olgn

t he "~ nmenbraedventoaddedwkonthex yaxyl oidedfeels aurring:dile degwaxingt his
contact, the ygigb&ggy oil feed in this step is cooled and further
diluted. The rmwaxy oil feed is al so si mul t aneously cool ed by

i ndi rect heat exchaBge #Ptali selyent tol @idi didution matio san he & thent
does not JEr i€ and depends primarily on the type of waxy oil feed and
the desired dewaxed oil pour point.

The dewaxing temperature is dependent upon the desired -
pour point of the dewaxéd oil and is typically a few
degrees below the pourlpoint, for examble, 2.8 to 5.6°C (5

15 to 10°F) below the pour point. The pour point is also
dependent on the type of oil feed. o

A detailed description of tlie process of the present
invention is given with referénce to the Figure of the
drawing. A waxy oil feed after removal of aromatic

20 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/tol. 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

25 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 exchanger 3 and heated by indirect heat
exchange to a temperature above the cloud point of the
mixture of 60 to 99°C (about 140 to 210°F) to ensure that

30 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 38 to
82°C (about 100 to 180°F), and then fed to membrane module
M at that temperature. The membrane module M contains a

35 low pressure waxy oil feed side 6 and a high pressure
oil/solvent filtrate side 8 with the selective permeable
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through the sel ective nmenbrane. The extent of sol vent transfer, direct
and i'ndirect heat exchange are controlled such that the waxy feed

m xture exiting the nenbrane is cool ed ?o a tenperature of about its
cl oud, poi nt, but above 35 the tenperature at whi ¢ 22 "ﬂ?ﬁﬁ%l n
solution. - 9- The waxy oil [f eets B! théh Cooie@ by

i ndi rect heat exchange with cold filtrate and fith ooPH‘Véfrlgerant
and i s fuiéfisraseoy eﬂnandtdlahut edabyodir 84l /EBivEROTiltrate i®ad e

sol vent fron1t€€ £&§8Vf£XeOREBa a temperature of -15 to 18°C (5 to

65°F) to the membrane module M. The still relatively warm
waxy oil feed is directly and indirectly countercurrently

5 contacted with cold oil/solvent in the membrane module M.
The membrane 7 allows the cold MEK/tol solvent to
selectively permeate through the membrane 7 directly into
the relatively warm waxy oil feed. The cold solvent that
permeates through the membrane into the waxy oil feed and

10 the indirect cooling cools the waxy oil feéd to an outlet-
(line 102) temperature of 4 to 60°C (40 to 140°F), e.g. a
few degrees above the cloud point of the oil-wax mixture,
such that wax crystals do not form in the membrane module M
and plug the selective permeable membrane 7. The solvent

15 selectively permeates the membrane in an amount of 0.5 to
2.0 parts by volume per part of waxy oil in the feed. The
outlet temperature of the cold filtrate in line 111 is 4 to
57°C (about 40 to 135°F).

_ About 30 to 70%, typically 40 to 60% and more

20 typically 45-55% by volume of the MEK/tol. solvent in the
cold filtrate permeates through the membrane into the waxy
oil feed. The removal of cold solvent from the filtrate
and the warming of the filtrate by indirect heat exchange
through the membrane reduces the amount of solvent needed

25 to be recovered from the-oil/Solvent filtrate and reduces
the amount of heat required to subsequently heat and
distill the solvent from the filtrate in the solvent
recovery operation, respectively. Moreover, the effective
transfer temperature of the permeate is expected to be

30 nearly identical to that of the waxy oil feed at the point
of transfer due_to the high-surface area of the membrane.
The temperature equivalency'significantly reduces the
possibility of shock chilling. " Higher oil filtration rates
and lower oil-~-in-wax contents are obtained as a result.

35 The filtrate side of the membrane is maintained at a
positive pressure of about 1400 - 7000 kPa gauge (200 -
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5 The waxy-oil feed in thus sequentially cool ed and diluted to
Its desired wax filtration tenperature, which tenperature is selected
to achi eve a desired pour point for t he dewaxed oi
Typical distillate feeds to the process of s 10 “
Appr Oxi mat é _ .

Li ght Neutral Lubricating Ol Feed Stock . 304445
(580-850[err]F) 15 Heavy Neutral Lubricating oi

454-566[ err] C1000 psiqBe and_;lareferably 2800 - 5600 kPa (400 - 800 psig)
(850: 1050[er.r]q@e‘ater tha%"xSp ae tper.gesLsut?{'é cg It?lge %éx;egfl S%ggg side of the
566-704[err]C .
(1050- 1300[ er membrane to facilittdts ntié otramsport aof useliventefromsthe
o7 i R ACTEEIES 08 oIV NS 0 LR iRy 0L
whi ch the50i!sﬁd§ dﬁrtnerngnbranebst%hﬂ&ﬂdk!u@blgsi@e of theumerbyaner #i ng
b S, DA O A6 IG5, ko CI90) £80000°BERY;? Bbrocl
example at 1750 kPa gauge (about 250 psig). .
The membrane 7 has a large surface area which allows
very close internal: temperature approach of the waxy oil
10 feed and the oil/solvent filtrate streams within the
membrane module, for example, a temperature approach of
less than 5.6°C (10°F) and more typically less than 2.8°C
(5°F). , '
The temperature and solvent content of'the cooled waxy
15 oil feed stream in line 102 is controlled at a few degrees
above the cloud point of the oil feed/solvent mixture to
preclude wax precipitation in the membrane 7.
A typical target temperature for the feed in line 102
would be 4 - 60°C (40 - 140°F), depending on the viscosity,
20 grade and wax content of the waxy oil feed.
The cooled waxy oil feed and solvent are fed through
line 102 to scraped-surface double pipe heat exchanger 9.
The cooled waxy oil feed is further cooled by indirect
heat exchange in heat exchanger 9 against cold filtrate fed
25 _ to the heat exchanger 9 fhrough 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
line 103 and is injected directly with additional cold
solvent feed through line 104. The cold solvent is
30 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
line 103 to direct heat exchanger 10 and is further cooled
against vaporizing propane in scraped-surface, double pipe
35 heat exchanger 10 in which additional wax is crystallized
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Theldemaxing sol vents used in the present invention can be an
alj-phatic ketone, such as acetone, nethyl ethyl- ket one (MEK), diethyl

ket one,
met hyl -

nmet hyl
n- but yl
ket ories and
aronmatic

n- propyl ket one, met hyk29<s0pr opyl ket one,
ket one, methyl 30 i sobutyl ketone or
-m xtures thereof. The solvent also
sol vent such as benzene, tol uene, xyleng

"_”'THT_ﬁﬁtIC
amii$ Bck-o “*an'”f{ i
and tHY ¥ifka. _Thei

preferred solvent is a mixture of methyl ethyl ketone'and > ~tol uene.

-10-

10

15

20

25

30

35

from solution. The cooled waxy oil feed is then fed
through line 105 and mixed with additional cold solvent
injected directly through line 106. The cold solvent is
fed through line 106 in an amount of 0 to 0.1, e.g. 0.1 to
1.0, parts by volume per part of waxy oil feed. The final
injection of cold solvent through line 106 serves to adjust

' the solids 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 removed. The temperature at which the oil/solvent/wax
mixture is fed to the filter is the dewaxing temperature
and can be -34 to 21°C (=30 to +70°F), e.g. =23 to 10°C
(=10 to +50°F), and determines the pour point of the
dewaxed oil product. The dewaxing temperature will depend
on the particular feed and the desired pour point.

If desired, a slipstream 19 from line 106 can be
combined with the solvent in line 104 to adjust the solvent
temperature prior to injecting the solvent in line 104 into
line 103. The remaining solvent in line 106 is injected
into line 105 to adjust the solvent dilution and viscosity
of the oil/solvent/wax mixture feed prior to feeding the
mixture through line 107 to the filter 11. The
oil/solvent/wax mixture is then fed to rotary vacuum drum
filter 11 in which the wax 1s separated from the oil and
solvent.

One or more filters 11 can be used and they can be

arranged in parallel or in a para;lel/series combination.

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 rhcovery operation. 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 3:1
parts by volume and is at a typical temperature of -23 to
10°C (=10 to +50°F). The cold filtrate is increased in

This Sheet Has Been Reﬂlaced




The dewaxi ng sol vent used in t he pr esent i nventi on perforns several

Jdsportant functions. The solvent dilutes . the waxy oil feed and

di ssol ves the oil component, cools t m8loi | f eed—te—the—dey m
tenperature and lowers the 5 solubility of the w mtSBHeFB?“r“Q 57y a
wax precipitate having a crystalline structure {fhat fii ‘i*t‘a’[_es_ '
separati on of the wax fromthe oil and sol vent FF=a=FiTtration step

and maintains a desired | ow vi sScosi t f |I| at
processi ng of PERESYTR &1 PR \?ﬁéxﬁlﬁdzl‘{ﬁ%e qtbhrlétfb% Jt#wﬁsejajf exlécﬂanger s
and fil ters URedti exchanger 9r dmes&ich it is usEd %o cutirestinecgplsent

i nventi on, Hsg&r 819" r@%d q.llgﬁe sg’l £y .‘p){;o ad.{% )ﬁég@ &c%éf%

t ol uene solve

relatively gomhelaoldstfliﬂéhnagﬁ:a‘ d:s cﬁhlen fﬁﬁ’eﬁfmq}tgib 1%“# rPelQJo"eQi ‘Elbel ncrease

O i on S0 Ulb1kbe ide gagsﬁsamé U Sodi)b 10 fEdieRoplit is
i ScOSIty tO rove its terab e_us
sol vent s wi t hdhkrgetila m cont ivith "IJF%LB’e{] ‘?e?‘icg%%s%g

L;L&g;nr?fﬁfrﬁ?dulb ME EHERughD 11ﬂdu10jqwaX|ng tenperature differential
The vol une pe?ceg? 3 tﬁ‘l?it ur% &#r ¥ nt%fso vvxe/ax‘g ﬁ%ioe%tively
preferably 40péemeatds EHhx&th yohiec alempraimaitdirect BE: ﬁRoTthepn;ty&miah
ratios dgpend.on.the WEM Ura dilute the feed. The remaining cold
filtrate is withdrawn from the ﬁembrane module M through
line 111 and is sent to an oil/solvent separation and
recovery operation, not shown.
The solvent is separated from the oil/solvent filtrate
15 in the oil/solvent recovery operation by heating and
removing the solvent by distillation. The separated
solvent is recovered and returned through line 2 to the
dewaxing process. ‘
A portion of the recovered solvent is fed through line
20 2 at a temperature of 38 to 60°C (about 100 to 140°F) to be
mixed with waxy oil feed fed through line 1. Another
portion of the recovered solvent is fed through line 2 to
line 16 and into heat exchangers 17 and 13 in which the
solvent is cooled to about the dewaxing temperature by
25 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 which it is cooled by indirect heat
exchange with cold refrigerant, e.g. vaporizihg propane, to
30 about the dewaxing temperature and fed through line 106 and
injected directly into the oil/solvent/wax mixture filter
feed in line 105.
L eutral Iubricat o Stoc
A light lubricating oil feed boiling in the range of
35 288 to 538°C (550 to 1000°F), preferably 316 to 482°C (600

Sheet Has Been Reﬂlaced

\\IIlI\I ME



25 raffinate feed to be dewaxed. } - For dewaxi ng of |ight neutral
| ube"oil feed stock the rati o of MEK/tol uene can be 65:35 to 95:5; for
dewaxi ng heavy neutral |ube oil feed=22eck the rati ..

can be 50:50 to 75:25, and for dewaxi ng deasphalte
stock the ratio of MEK/toluene can be 40:60 to
solvent is added to the waxy oil feed sequentially

injection points in the chilling train. ner of soI ent tlon
affects cryst &0 S04 E)namsd m°%%|tB%%|ﬁmb¥Yl34%1t1|'-%n4$ﬁt€s(659a 3e85§e§

gﬁ: : Q?Sng; yst dlep treatdd®Std trdmoveé Crénatis cohsoundas gnddisepperdiluted
with solvent, heated to melt wax crystals and cooled. A
MEK/tol. solvent is used at a ratio of MEK/to. of 25:75 to
5 100:0, 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,
preferably 5:1 to 2:1, and more preferably 4:1 to 2:1.
The dewaking temperature, i.e, the temperature that
10 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 prediluted feed is fed to the membrane module at a
_ temperature of 38 to 93°C (100 to 200°F), preferably 54 to
15 77°C (130 to 170°F), and more preferably 38 to 60°C (100 to
140°F), and is countercurrently contacted with cold
filtrate at a temperature of =29 to 38°C (-20 to +100°F),
preferably =23 to 21°C (-10 to +70°F), and more preferably
-21 to 10°C (-5 to +50°F). :
20 The oil/solvent filtrate from the filter contains a
' ratio of solvent to o0il of 6:1 to 1:1, preferably 4:1 to
2:1.

The effective transfer temperature of the selective
membrane during contact of the feed and filtrate streams is
25 -23 to 38°C (=10 to-+iOO‘F), preferably -12 to 27°C (10 to
80°F), and more preferably -1 to 16°C (30 to 60°F). The
effective transfer temperatﬁre of the selective membrane is
defined as the arithmetic average of the inlet and outlet
filtrate streams temperatures.
30 The filtrate side of the membrane is maintained at a
' positive pressure relative to the feed 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 kPa (500 to 700 psig). The oil
35 feed side of the membrane is typically maintained at a
pressure of 1400 to 1750 kPa gauge (200 to 250 psiqg).
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-11- ' With a correspondi ng hi gh dewaxed oil yield and a low oil

content wax product. Small or ill-defined crystals forma cake with
refultant poor filtration characteristics™f#ch | ead to | ower xed
oil yields, poor wax quality and 5 reduced oil pr @$.BEE

All Solvent additions nmade at or bel ow wax - crys Q$%é§HE§ﬁpﬁ r ture
shoul d be made at about the sanme tenperature as X to

NS S A G Ui e e ceaionn o

dil uti on scheswls ¥ af a:he solviegitt iandhe @bl&rﬁf@tsfaﬂe%ﬂ‘eth’??ﬁ?@’?l-ﬁc@

Table 1 tapf d (2) 15
solvent o | pie 75,Yol,%, and more prefefﬁﬂly'4d)tJ]é@eﬁélf?g? (2) y
Neutral Addi t Bosufficient amount Qf jsplvent is q’t{ﬂﬁg F&9 B‘F“gﬁ

5 the membrane to add 0.5 to 3 parts. and preferably 1 to 2
parts of solvent per part of feed to the feed.
A dewaxed oil is obtained hav1ng a pour point of -29
to 21°C (=20 to +70°F) preferably -23 to -1°C (-10 to
30°F), and more preferably -20 to -12°C (-5 to +10° F).

10 icati il Fe o] :

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 399 to 593°C
(750 to 1100°F) is treated to remove aromatic compounds and

15 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..

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

20 preferably 4:1 to 2:1, and more preferably 4:1 to 3:1l.

The dewaxing tempefature, i.e, the temperature that
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 S0°F), and
more preferably -12 to 7°C (10 to 20°F).

25 The prediluted feed is fed to the membrane module at a
temperature of 38 to 93‘6 (100 to 200°F), preferably 54 to
82°C (130 to 180°F) and more preferably 60 to 79°C (140 to
175°F), and is countercurrently contacted with cold
filtrate at a temperature of -29 to 38°C (=20 to +100°F),

30 preferably -18 to 27°C (0 to 80°F), and more preferably -7
to 21°C (20 to 70°F). o

The oil/solvent filtrate from the filter contains a
ratio of solvent to oil of 6:1 to 1l:1, preferably 5:1 to
2:1 and more preferably 5:1 to 3:1.
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PoLﬁt (1) - Ol Feed Stock(3) Feed- St ock( 4) Primary (Line

2) 50 70 20 Negyxgne 7 100

150 Recycl e (Line 104) 30 : —0 ____Regyele-—=

(Line 106) . 100 100 (1) See|\Frgud©-rofy dram&ng.
(2) Solvent addition is based on a 10, 000 BD | ube dewa i ng 2B oL AGED planh.
(3) Ratio MEK/tol. 75/25 (4) Ratio MEK/tol. 60/ 40 e Fe=sotwert)

i s added st fep w se 'Fl;iélléﬁféaeﬁéoﬁﬁﬁﬁsféro{:éﬁ eraturIeOolthaha:selul&ivle
viscostty of he g lcoluent ves LS Iopeeataraie ol el oo
surface doubl e=-38 peohseatc (0 texmaangp;spaeﬁerhblylFVrab|GB'¢f(QMetmax in
the filter 1o@PP?ra£H§ more preferably -4 to 32°C (40 to 90°F).

5 The filtrate side of the membrane is maintained at a
positive pressure relative to the feed 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 kPa gauge (500 to 700 psig).

10 There is transferred through the membtrane 10 to 100
vol.% of the solvent in the filtrate stream, preferably 25
to 75 vol.% and more preferably 40 to 60 vol.%.

A sufficient amount of solvent is transferred through
the membrane to add 0.5 to 3 parts, and preferably 1 to 2

15 parts of solvent per part of oil to the feed.

A dewaxed oil is obtained having a pour point of =29
‘to 21°C (=20 to +70°F), preferably -18 to -1°C (0 to 30°F),
and more preferably -12 to -7;c (10 to 20°F).

e ubricat oi ed Sto ,

20 ' 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 preferably 510 to 704°C
(950 to 1300°F) is treated to remove aromatic compounds and
is pre~diluted with solvent, heated to melt wax crystals

25 and cooled. 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,
preferably 5:1 to 2:1, and more ﬁreferably 5:1 to 3:1.

30 The dewaxing temperature, i.e, the temperature that
the oil/solvent/wax mixturé is fed to the filter, is -29 to
21°C (~20 to +70°F), preferably -18 to 10°C (0 to 50°F),
and more preferably -12 to =-1°C flo to 30°F).

 The prediluted feed is fed to the membrane module at a

35 temperature of 38 to 99°C (100 to 210°F), preferably 54 to
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-12- The total soIVent dilution to oil feed ratio wll

depehd to a large extent on the wax contepggaf the feed, the viscosity
of the feed and the desired pour point of tﬁ demaxed oi | product The

termtotal solvent to oil 5 dilution ratio as used hereip—issi

mean the total - vol ume of the solvent that is adoFTiﬁﬂgﬁEETHm&ﬁéﬁ
vol une of the oil feed during the dewaxing procegs. Rtb&AGED1]-
total sol vent886cCoi(lL30attioo 16@1F)3C amilmoyley preferabl t.“fj.e--"."" FCT{AC 29 y

41 to 3:1, dfgﬁﬂgzngaﬁﬂ.&Eﬁdﬁﬂﬂéé%au}redﬁl} fﬁﬂééﬁ &ﬁﬁy oi |

f eed. % ature 1's erature at ich
the oil/sol vefilkarte atuae e@pmmet ok r't¥t9arbp f3 t@r(=20 to +100°F),

preferably -18 to 27°C (0 to 80°F), and more preferably -7
5 to 21°C (20 to 70°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 3:1l. '

The effective transfer temperature of the selective

10 membrane during_contact of the feed and filtrate streams is
-18 to 49°C (0 to 120°F), preferably -7 to 38°C (20 to
100°F), and more preferably 4 to 32°C (40 to 90°F).

The filtrate side of the membrane is maintained at a
positive pressure relative to the feed side of the membrane

15 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 kPa gauge (500 to 700 psig).

There is transferred thréugh the membrane 10 to 100
vol.% of the solvent in the filtrate strean, preferably 25

20 to 75 vol.$ and more preferably 40 to 60 vol.%.

' A sufficient amount of solvent is transferred through
the membrane to add 0.5 to 4 parts, preferably 2 to 3 parts
of solvent per part of feed to the feed.

A dewaxed oil is obtained having a pour point of -29

25 to 21°C (=20 to +70°F) preferably -12 to 4°C (10 to 40°F),
and more preferably -7 to =-1°C (20 to 30°F).

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

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

The dewaxed oil can b€ used as 1ubricating;611 stock.

The present invention is illustrated by the following
Examples. :

is Sheet Has Been Reﬁlaced

TR




drum and depends primarily on the desired pour point of the dewaxed

oi | product. Typical dewaxing tenperat ureso,‘I{) 15 | i ght neutral

| ubricating stocks are -23 to 32[err]C (-1 0 O[err]F) and for..
neutral stocks are -18 to -7[err] C (0 to +20F). {7 De xg@gbihwi|
The filterability of oil/solvent/wax m xtures is- 20 p‘éﬁﬁ%pltg;a,great\
extent :on the size and shape of the wax crystals. Eé%ggggézg{ -
be affected by use of IOM/chiIIingEgggggE?gq hi gh sol vent

concentrations. wax|j ai ds. or wax Crys nodi, i ers _hav een found
effective in dewaxing. ﬁh Enn55t€?¥h%Vbﬁ¥€?E Rgngisst eegggﬁﬁégpﬁéﬂn
initiate crysttfie fangd of I4PVES 499 fCe(650 to 8hotFPpf fsctrearedaito
orouth. The COGAlS AFGhaels, SBhBbaRds ana 55 pFRTRIGheRHiR" SR1bRmE, oo
used in t Be pheated to meltbcwax.crystals/aRdReoabed. Thenwaxyecoil feed
In the presentyd Ry | Adh o "B AORLPRAY! fodQIR"4€°8 rate of 2.2 x 109
(14,000 barrels) a day based on oil feed.
The membrane is incorporated in a spiral wound module

-having high surface area and low propensity for fouling.

10 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
inlet to outlet of 14 to 70 kPa gauge (about 2 to 10 psig).

15 Adhesives and sealants are used to maintain separate
permeate and retenate flow channels. The modules are
constructed to be 254 mm (10 inches) in diameter and 1219
mm (48 inches) in length and to have a 20 to 30 m®> (200 to
300 ft ) surface area. . The number of modules used depends

20 on the total membrane unit feed rate and the specific '
surface area per module. The feed flow to each module is
30,400 to 38,000 1/day (about 8,000 to 10,000 gal/day).

The solvent permeate rate for each module is 5,700 to
9,500, e.g. 7600 l/day (1,500 to 2,500, e.g. 2,000

25 gal/day) . :

The solvent consists of a ratio of MEK/tol. of 70:30.
The total solvent to oil dilution ratio is 4:1 based on
volume. : :

The dewaxing temperature, i.e., the feed to the filter
30 temperature is -21°C (~5°F).

The prediluted feed is fed to the membrane module at a
temperature of 71°C (160'Ff and is directly and indirectly
contacted with a cold filtrate stream which is fed to the
membrane module at a temperature of about 4°C (40°F). The

35 filtrate stream is fed to the membrane module at a rate of
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of either hollow fibers or spiral wound sheets is used to directly
transfer cold solvent fromthe filtrate to the hot '

- 13- waxy oil feed raffinate, and&%" countercu
raffinate by indirect contact through the nmenbrane with fﬁﬁSSHEETéﬁVﬂBEcN
filtrate. The cold solvent is transferred by a conpi_nat i REPACER not |

and hydraulic pressure to the hot 5 raf finate on the NOW préssure sl de
e e ane B 0" BRSOLARO BURRSY, ] !  E dd ' B ot
(10,500 barrels) a day of dewaxed oil. _
The filtrate stream side of the membrane is maintained
at a positive pressure of 5600 kPa gauge (800 psig) and the
5 oil feed side of the membrane is maintained at 1400 kPa
gauge (about 200 psig). About 4 x 10°1 (25,000 barrels) a
day of cold solvent is selectively transferred through the
membrane into the o0il feed side of the membrane.
There is. recovered ébout 1.7 x 10°1 (10,500 barrels) a

10 day of dewaxed oil having a pour point of ~15°C (+5°F), and
5565 1 (3500 barrels) a day of deoiled wax having an oil
content of less than 0.5 vol.% oil.

The process of the present invention results in
substantial savings in distillation capacity to recover

15 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 consideraﬁle savings in solvént
inventory requirements.

20 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
without the selective membrane.

25 - The process of the present invention, as compared to
the prior art'process to obtain the same level of dewaxing
and pour point oil, achieves an about 33% reduction in the
amount of required solvent inventory, a 40% reduction in
the size and capacity of the oil/solvent recovery section

30 and an about 50% reduction in the heat energy required to
carry out solvent recovery as well as an about 45%
reduction in the total refrigeration requirements. The
total refrigeration requiiehenﬁs include the refrigeration
required to cool the feed and crystallize wax from the

35 feed, e.g., the refrigeration needed for the scraped-
surface heat exchangers, as well as the refrigeration
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al so occurs across the nenmbrane. C oser tenperature approach than

econdbm cal |y feasible in a conventional hegf, 10 exchanger is possible .due
to the significantly |arger surface arta of contact oﬁﬂé@; qqnaﬁgéN
The optimm | evel of solvent exchange is a functionjo

viscosity - and tenperature requirenents and nmenbrane z.!th

requi renments are reduced and the need for two of the héat 15 exchangers

normal |y pres 0 t 0 t ie@Bmi &€h
el i m nat ed. Aﬁ?ﬁgﬁ?g%? ? giﬁgrt§§?+%ﬁﬁa&ist%%le& QBLGE?glﬁg Tover menbr ane

|
recovery of:yﬁQA¥ﬁn?r%ﬂ?°verYt%@e€%FH°FlF?rEPB ﬁPUﬁﬁgggngsmPﬁEaﬁHF

raffinate increases the effective nenbrane tenperature, thereby
i mproving 20 solvent flux. The prese ' ntion allows a significant
increase in waxy oil feed rate to a de t by debott | enecki ng

the refrigeration @ucheavy rmewtra) babricating oidf fekd pbiding in the A
pref erredgmenty B4 {ﬁodﬁégg%ﬁﬁestéfibgwsl‘ 29g Ereatﬁgo’i:ot BEmove

sol vent-olI'l separation o . venti
mat eri al s. t hataramagic cempowrdscand is pm@ihu'eedovlthrrspéuep‘éu beatefdi c

or ani sotropi GdTHEIt dhdx ¢ sﬁﬁ‘étéﬁl&tédoié&m Pehychiiyeael pabuPisPthane,
cel | ul ose acetate, po rene sil1cone rubber olytetragz. 3
f I uor oet hyl end@h i th %Ie‘@eg!?ﬁ B | Hedule At a XIhRePf| i 75 % ?rgn]or&?es(’%y
be prepared bbapasdigp @Mmedlém oil feed.
10 The membrane and module are the same as that of
 Example 1.
The solvent consists of a ratio of MEK/tol. of 65:35.
The total solvent to oil dilution ratio is 4:1 based on
volume.
15 The dewaxing temperature, i.e. the feed to the filter
temperature, is -12°C (+10° F).

- The prediluted feed is fed to the membrane module at a
temperature of about 79°C (175°F) and is directly and
indirectly contacted with a cold filtrate stream which is

20 fed to the membrane module at a temperature of 16°C (about
60°F). The filtrate stream is fed to the membrane module
at a rate of 8 x 10°1 (50,400 barrels) a day of solvent and
1.4 x 10°1 (8,800 barrels) a day of dewaxed oil.

The filtrate stream side of the membrane is maintained

25 at a positive pressure of 5600 kPa .gauge (800 psig) and the
oil feed side of the membrane is maintained at about 1400
kPa gauge (200 psig). About 3.18 x 10°1 (20,000 barrels) a
day of cold solvent is selectively transferred through the
membrane into the oil feed side of the membrane.

30 . 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
350,000 1 (about 2,200 barrels) a day of wax having an oil
content of about 1.0 vol.% oil. '
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sQIution_onto'a porous pol ymer backing, fol l-onwed by sol vent
evaporation to provide a pernsel ective sklgggnd coagul ati on/ washi ng.
- 1

A suitabl e polyim de, based on 5(6)- .

- 14-

connércialfy avail able as "Matrimd 5218". The nenbranegl _ i
configured -as either a flat sheet (plate and frame), — hollow fiber, or

am no- | - (4' - am nophenyl )« 1, 3-t ri met hyl i ndapd™i§ §HEET HAS BIEN !

RN |

sgie][ al Wgugd nPdu!Qnngkoh%}s% of thedpresentoinventioniresults nmdul e is
el ot UestiBsthntial slvifgs"in Gis2i13a10n QB U YeedWir

foul i ng.

10

- 15

20

25

30

solvent from filtrate and refrigeration capacity to cool
the warmed separated solvent from the solvent/oil recovery
operation to the necessary dewaxing temperature. 1In
addition, there are considerable savings in solvent
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 inventidn, in which a
selective membrane is used, and prior art process without
the selective membrane.

The process of the present invention as compared to
the prior art process to obtain the same 1eve1-of dewaxing
and pour point oil, achieves an about 30% reduction in the
amount of required solvent. inventory, a 5% reduction in the
size and capacity of the oil/solvent recovery section and
an about 30% reduction in the heat energy required to carry
out solvent recovery as well as an about 40% reduction in
the total refrigeration requirements.

EXAMPLE 3
A deasphalted lubricating oil feed boiling in the

‘range of 510 to 671°C (950 to 1240°F) is treated to remove

aromatic compounds and is prediluted with solvent, heated
to melt wax crystals and cooled. The waxy oil feed is then
fed to the membrane module at a rate of 1,590,000 1 (10,000
barrels) a day based on oil feed.

The membrane and module are the same as that of
Example 1. ‘ E _

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

volume.
. The dewaxing temperature, i.e. the feed to the filter

temperature, is -9°C (15°F).
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Typi cal construction of such a nmodul e conprises |ayers of t he sel ected

menbf ane wound- upon a perforated netal or -30- SOl vent resi stant tube. The
menbrane | ayers woul d be 10 separated by alternate | ay Eéﬁf' Eﬁrﬁn
reteptate . spacers sized to provide an acceptabl e prle o Jf O

inlet to outlet of typically 117-173 kPa (2-10 psig). riate

adhesi ves -and seal ants designed to maintain separate perneate and
retentate flow chamhel preadilutetd fedd nignifed o Wwiie membrane anodubatatipan

e conpl ete const t ted,
bt T typi EARRgTatyER af HAC gt e A HHa Y4 e%éfé‘?@%ec% rﬂzv.eng
18.6 - 27.9 niindirectly sehtiached withca ayadal fiddratestrean tvhich

dul d f 0 -
35,000 1 day {33008 ?&goéf%ﬁ%%ﬂﬁijﬁﬁ% i esap%ﬁlﬂfnzfgﬁén‘ga i%

i's on thebor d¥heofilteate streamids Eedkp ¢he msmbranenedule At %EH%Fﬁne
pressure of' 8P -io@Ip?SbeﬂobObHQréQQNt atd4y bfasoidentsiand A.2 x 10°1

comercial installation w.l q;ﬁsl n si e Wi t plication 25 and

speci fic menbldné BePPEFﬁﬁﬁQe ¥ri9% I | oy on the order
of 500-1000 nDduleThEOEraﬂndte(kt&hammsxdeﬂﬁf the membrane|isimaintaimeded

that a mul tiplici té i IV R sure PSS DSTY A Ui Sif "Bled"s28E' 68

or in paraIIeF
10 the membrane is maintalned at about 200 psig. About 25,000

barrels a day of cold solvent is selectively transferred
through the membrane into the oil feed side of the
membrane.

. There is recovered about 7,800 barrels a day of

15 dewaxed oil hav1ng a pour point of 25°F, about 2100 barrels
a day of deoiled wax having an oil content of less than 1.5
vol.% oil.

The process of the preseﬁt invention results in
substantial savings in distillation capacity to recover

20 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
inventory requirements.

25 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
without the selective membrane.

30 The process of the present invention, as compared to
the prior art process to obtain the same level of dewaxing
and pour point oil, achievés an about 30% reduction in the
amount of required solvent inventory, a 55% reduction in
the size and capacity of the oil/solvent recovery section

35 and an about 30% reduction in the heat energy required to
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conbi nation of nmulti-stage paratlel units wi'thin this 30 arrangenent.

Sel extive perneabl e nmenbranes useful for t?f pr esent process _are .___._.
di sclosed in Pasternak U.S. Patent No. o oA, 985'13 1
Wnston, et al. U S Patent No. 4,990, 275, Thonpsdn Tﬂﬁ‘ﬁﬂb g
Pat ent No. -4, 368,112 and | -F Wang et al. U S. Patent Hd;i

preferred nenbrane is
carry out solvent recovery as well as an about 40%
reduction in the total refrigeration requirements.
Although the invention has been illustrated by

reference to specific embodiments and examples, it will be

5 apparent to those skilled in the art that various changes
and modifications may be made which fall within the scope
of the invention. The scope of the invention is to be
interpreted and construed in accordance with the attached
claims.
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dlsclosed in aid WR Grace & Co. patent appllcatlon by L.S. 5 V%ite et

al.,*entitled "Polymgmﬁakhb acedh Proggss for =

Sol vents from Lube t ent 5,264, 166. ﬂﬂSSHEFTtAoB-EQW
Scraped- Sur f ace Dou%\ changers e chiRERIACED
oil/solvent flows th ough the scraped- 10 surface doubre prpe neat
exchangers and i s cool ed by I ndi rect heat exchange with cold
filtrate. Thegna;ugﬁ crystallization begins in the first of two or nore
such heat exchangers. The cold surface of the heat exchanger is

continually scraped to renove crystallized wax and to 15 mai ntai n the wax
di spersed in fLhe ol processt florgsodlvent dewaxing seomy tojde fised
scraped-surface do&BhSr&E&ﬁ eat exchanger that can be used is one in
whi ch a vapori zing progane refrigerant is used to cool the waxy oi

feed. The oi | / sol veantiacking ithef waxye oidodlesd Aty adempaaiurgeL0
crystalliged in thggl %E:e'éz“%e%%abﬁglwgﬁ a Al (}fa’.\fb semipdiifeable

surfaces of the heat exchanger are continually scrape t o, renove

crystallized wax amembyang, nWich selpstively permaatas idewdielng 1sQbyent:

l'i qui d. and contacting the other side of the semipermeable
membrane with a cold oil/solvent filtrate stream at a
temperature of -15 to 18°C, obtained by filtering wax

10 from an oil/solvent/wax feed fed to a wax filter;

' maintaining the oil/solvent filtrate stream side
of the membrane at.a positive pressure of 1400 to 7000
kPa gauge relative .to a pressure of 1400 to 2100 kPa
gauge on waxy oil feed side of the membrane;

15 selectively transferring 30 to 70% by volume of
the solvent from the fil?rate side of the membrane to
the waxy oil feed side of the membrane to
simultaneously separate solvent from the oil/solvent
filtrate stream, inject solvent into the wéxy 0oil feed

20 stream, dilute the waxy oil feed stream with solvent
and cool the waxy oil feéd stream to a temperature of
4 to 60°C, and at the same time to countercurrently
cool the waxy oil feed by indirect contact with the
cold filtrate;

25 then sequentially indirectly cooling the waxy oil
feed in indirect heat exchangers to crystallize and
precipitate wax crystals;

sequentially directly injecting additional
solvent into the waxy oil fééd stream to further cool

30 and dilute and to obtain a desired viscosity of the
waxy oil feed stream to facilitate handling of the
waxy oil feed stream through the process and to
facilitate filtering crystallized wax from the waxy
oil feed and to obtain the desired pour point of

35 dewaxed oil product, and during the sequential cooling
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In enclosed filter cases in which the wax is separated fromthe
oi | /sol vent |iqui &f the waxy oil feed crystallizing and precipitating

10

15

20

25

30

wax from the waxy oil feed to obtain an oil/solvent/
wax mixture at a temperature of -34 to 21°C;

feeding the oil/solvent/wax mixture to a filter
to remove the wax and obtain an oil/solvent filtrate
stream;

contacting the oil/solvent filtrate stream at a
temperature of -15 to 18°C with the selective
semipermeable membrane in a membrane module; to
selectively transfer solvent through the membrane to
the waxy oil feed:

withdrawing the remaining oil/solvent filtrate
stream at a temperature of 4 to 57°C from the membrane
module and treating the oil/solvent/filtrate stream to
separate the solvent from the oil, and recovering a
dewaxed oil product stream, and a deoiled wax product
stream and recycling the sepérated solvent to the
dewaxing process. '

The process of claim 1 wherein the solvent to oil
ratio in the filtrate stream is 15:1 to 3:1 based on
volume.

The process of claim 1 wherein the dewaxing solvent is
a mixture of methyl ethyl ketone/toluene and the
volume ratio of methyl ethyl ketone to toluene is
25:75 to 100:0.

The process of claim 1 wherein the effective transfer
temperature of the membrane is -7 to 38°C.

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

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

* < L M S *

!
i

m fi lien A JNhI ch_i



A wax-free 0|I/solvent f||trate solunfon I's drawn through t he fllter

clotf to filtrate tafkgShe vac m whi ch induces ‘filteatien=x 5
mai nt ai ned. A wax cak ited up “the dru Jﬂlngqj‘_lgg_m,&'e QBEN )
filtration 5 and is filter cloth conti UOUS|ﬁtﬁﬂdgED
automatically with cold solvent to produce a |low oil |=—=tcoptemt—waR '

pr oduct . The wax cake is then renoved fromthe fllter cIoth and

recovered for furt h'?ﬁe%i?ﬁéé&bngf aQaim 1 whiRRiR the Rdhy Qs?i'flurfé%d)flé he
dewaxi ng process of

I.nvention  are the | arge anD nt
solvent that is 1£?P5n§PBFg€& EHPEBSH Rg &4 5@9@%

directly into the weamgei. bff 8ed, tbheskegper at ure of the cold
oil/solvent filtrate fromwhich the solvent is 15 sel ectively renoved and
the total volune of dilution solvent to oil, i.e. total solvent/oil

rati o avail abl&.to The prace;soof c&aiueﬂawhngepnoﬁhaswaxy oil feéﬁuis a
anount of gol vent t S e |l e
menbr ane E% t he max§é%v¥ ? g?é?O%PﬁgiEgsﬁﬂ Pﬁsofﬁﬁ%&§§*¢§$%1e repr ents

sol vent that does n¥angavef 399 tg 583rgeovered fromthe oil/sol vent
filtrate by distillation and does not have to be subsequently cool ed

prior to recycle to_the dewaxi ng_process us res

substantial sa¥t ngsTh@ BEPGERE gﬁvSﬁP&Pyl HB?FP#Pag%GnW%xY oil feed is a
bright lubricating oil stock having a boiling range of
510 to 816°C.

10 10. The process of claim 1 wherein the semipermeable
membrane consists essentially of asymmetric polyimide
prepared from 5(6)-amino-1-(4/-aminophenyl-i,3-
trimethylindane.

I
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25 capaC|ty and refrigeration capacity. : The direct introduction
of the cold solvent fromthe filtrate i %o t he waxy oil [
i ndi rect countercurrent cooling by the g '/ sol vent fllti_%%S hngqgﬁ

t he nenbrane provides nore efficient heat exchange bet ween 3 the

filtrate and waxy oil fee%ﬁ%ﬁi&ﬂﬁfﬁ S’ -nal .o
i'ndi rect heat .exchanger smpans 'Eb ent / wax
m xture feed to th& Tttt ' T T geter m nes
t he pour point of the dewaxed oil prABSERACT :
-17 -

A process for solvent dewaxing a waxy oil feed to

5 obtain petfoleum oil lubricating stock comprising the steps
of counter-currently contacting a warmIWaxy oil feed with a
selective perméable membrane to selectively transfer cold
solvent from a cold oil/solvent filtrate stream through the
membrane to the warm waxy oil feed. The transfer of the

10 cold solvent to the warm waxy oil feed simultaneously cools
the warm waxy 0il feed, dilutes the warm waxy oil feed with
solvent and separates the solvent from the cold oil/solvent
filtrate stream. The waxy oil feed after cooling and '
dilution is further cooled by indirect heat exchange first

15 -with cold filtrate, then with refrigerant, to crystallize
and precipisate the wax in the oil feed to form an
oil/solvent/wax mixture, the oil/solvent wax. mixture is _
further diluted with cold solvent to adjust the viscosity
of the mixture and the mixture is fed to a filter which

20 filters and removes the wax from .the cold oil/solvent/wax
mixture. A cold wax cake is recovered and a cold
oil/solvent filtrate stream is recovered. The cold
oil/solvent filtrate stream is fed to the selective
permeable membrane for- counter-current contact with the

25 warm waxy oil feed to transfer a portion of the solvent
from the cold oil/solvent filtrate to the warm waxy oil
feed. The cold filtrate, after removal of a portion of the
solvent, is sent to an oil/solvent separation operhtioﬂ in
which the solvent is removed from the dewaxed oil and

30 recycled to the dewaxing process and the wax free
lubricating oil stock product is recovered.
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The §p|veﬁi péqurnE the functions of diluent; solvent for the oil,
cool ant and nongso] vight fofr the wax. solvent is a : WXy
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through;line 2 at a tenperature of 38 to 60[err]C (100 to 140[err] F)
fromihe solvent recovery section, not shown. The 25 sol vent is added at
a vGPune ratio of 0.5 to 3.0 sol vent per part of waxy oil feed.” The
waxy/oi | solvent mixture is fed to heat exchanger 3. and_heated by

I ndi rect heat exchange to a tenperature abovehgh wﬂ@ it tof the
m xture of 60 to 99[err]C (about 140 to Zloierr]F) 10 fﬁsxﬁ hat 30" al
wax crystals are dissolved and in true solufion.: s[he %ﬁ¢0|h/solvent
m xture is then fed through line 4 to heat lexchanger 5. in.whi-ch it is
cooled to a tenperature ofrghkrefriNe or¥2bewikfid Faqut ABdanel80[err] F),

and then fed to nenbrancsEeaRAlrEoN oF ddipt sODVENT FROM&I BEWAXED OI® nenbr ane

nodul e M contains a 35 | ow pressure waxy oil feed side 6 and a high
pressure oil/solvent filtrate side 8 with the selective pernpeable
The present invention is directed to a process for

dewaxing waxy oil feeds, particularly waxy petroleum oil
5 fractions.

The present invention is specifically directed to a
process for the solvent dewaxing of waxy petroleum oil
feeds to obtain lubricating oil stocks by countercurrently
contacting a warm waxy oil feed on one side of a selective

10 permeable membrane with a cold oil/solvent filtrate stream
on the other side of the membrane to selectively transfer
cold solvent from the oil/solvent filtrate stream through
the membrane to the waxy oil feed. The transfer of the
cold solvent to the warm waxy oil feed simultaneocusly cools

15 the warm waxy oil feed, dilutes the warm waxy oil feed with
solvent and separates the solvent from the cold oil/solvent
filtrate stream.

In solvent lube dewaxing, solvent is typically added
to a warm waxy raffinate to control crystallization of the

20 wax in the feed. cChilling of the feed is accomplished by
indirect heat exchange against cold filtrate from the
dewaxing filters and with refrigerant. Solvent is usually
recovered from the filtrate by a combination of heating,

. multi-stage flash, and distillation operations. The hot

25 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
is mixed with solvent from a solvent recovery system. The
waxy oil feed/solvent mixture is cooled by indirect heat -

30 exchange in a scraped-surface, double pipe heat exchanger
against cold filtrate, which is a mixture of oil and
solvent recovered from Hffilter used to separate wax from a
wax conte}plng stream. T?e olgafiltrate 1iﬁa mixture of
0il and s: '-vent. cooleﬁfee’d nix §‘:|.s 1njected with

35 additiona 'dold solvent from_the solvent recovery system.
The resultant mlxture is further cooled against vaporizing




” :
menbrane 7 in between. A cold oil/solvent filtrate is fed t hr ough
line 1T0 at a tenperature of -15 to 18[err]C (5 to 65[err]F) to the
menprane nodule M The still relatively warm waxy oil feed is directly
‘and indirectly countercurrently 5 .contacted with cold oil/solvent in the
menbr ane nodul e M The menbrane 7 allows the cold MEK/tol solvent to
sel ectively perneate through the nenbrane 7 djr ety thto- f

rel atively warmwaxy oil feed. The col d sol veht tﬁ%éLACEME¥@§H§§Te t hr ough
the menbrane into the waxy oil feed and 10 thg iqdif%cw,go&b'bng ool s the
waxy oil feed to an outl et (l'ine 102) terrpe_r_%ﬁﬁj-_g;o__-____;__-_-_-_______@_Q_:J rr]C (40
to 140[err]F), e.g. a few degrees above the Tlroud poirnt—of The oil -wax
m xture, suchP¥epaneyarmpensa alar dbhentrdfinigeranthgasreithrasecomdiul e M
and plug the sel eckiw¥spdpisiRehle &Eﬁiﬂ@&age%z -exthangekYeMne Thi1364 efdda/el ¥

bart of waxy of I ALETE AeoBiRaden nogs piflneg sefuent chusm he SorePnt
filtrate in |line 148c9¥ery isystem to obtain a filter feed.
S The amount of circulating solvent is limited by the
capacities of the solvent recovery sections and the
capacity of the refrigeration system used to cool the
recovered solvent to the desired injection temperatures.
These limitations on the solvent availability can restrict
10 the feed rate to the filter since the filter feed (high
viscosity oil plus low viscosity solvent) must have a

sufficiently low viscosity to achieve an acceptable
filtration rate.
The cold filtrate is sent to an oil recovery section
15 where solvent is removed from the oil by the addition of
heat, followed by a combination of multi-stage flash and
distillation operations. The separated solvent is warm and
must be cooled prior to recycle to the dewaxing process. '
At present, dewaxing of waxy feed is performed by
20 mixing 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 which is separated on a
rotary filter drum. The dewaxed oil is obtained by
25 evaporation of the solvent and is useful as a lubricating
oil of low pour point.
The dewaxing apparatus is expensive and complicated.
In many instances the filtration proceeds slowly and
represents a bottleneck in the process because of iow
30 filtration rates caused by the high viscosity of the
oil/solvent/wax slurry feed to the filter. The high
viscosity of the feed to thé filter is due to a low supply
of avail;gidf%olvent to be injected into the feed stream to
the filten% z+In some cases; lack of sufficient solvent can
35 result in poor wax crystallization and ultimately lower
lube o0il recovery. .



57 C (about 40 to 135[err]F). About 30 to 70% typically 40 to
60% and nore 20 typically 45-55% by volunme of the MEK/tol. solvent in the
cold filtrate perneates through the menbrane into the waxy oi | feed.
The renoval of cold solvent fromthe filtrate and the warm ng of the
filtrate by indirect heat exchange t hrough t he nmenbrane reduces the
anount of sol vent needed 25 to be recovered fromthe oil/solvent filtrate
and reduces t he anmount of heat required to subsequently.heat...and
distill the solvent fromthe filtrate in the.fol Veptr, ;~=recOMEry i
operation, respectively. Mreover, the effectivel| fgagﬁ; n;genp’;{erature
of the perneate is expected to be 30 nearly idén@hgahﬁpﬁﬂﬁﬁgfﬁgi ﬁhe waxy
oil feed at the point of transfer due to thé:high-surface-aned of the
menbr ane. The tenperature equival ency significantl reducef he

possi bility of shock chi®® Pfg.°T HYYertsi to riaititarbs Y%%(i?m°va éﬁﬁ? | ower
oi | -i n-wax cont ent $ubricantsaiseshaxgyyaintensive 35nce the skigehtstmuste be de

of the nenbrane isSsaBi HdaNedoftere dewaxB®Sdil URaPLESSHE RO oRDPMych40qn-

7000 kPa gauge (zoghé dewaxing process.

5 The solvent is conventionally separated from the
dewaxed oil by heating and distillation. The separated
solvent must then be cooled and condensed and further
cocled to the dewaxing temperature prior to recycle to the
process. .

10 The heating of the dewaxed oil and solvent for the
recovery of the saolvent and subsequent cooling of the
solvent require substantial energy inputs.

'The most limiting factors in the solvent dewaxing
process are the cost and size of the filters, the cost,

15 size and operating expense of the distillation equipment
needed to separate the solvent from the dewaxed oil and the
cooling apparatus and cooling capacity required to cool the
warm solvent separated from the dewaxed oil.

The filter capacity could be increased if there were

20 available more solvent by simply further diluting the
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

25 of separating solvent from dewaxed oil and 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

30 without increasing the overall solvent inventory and
without increasing the size and capacity of the oil/solvent
recovery distillation system and the refrigeration capacity
required to cool the warm solvent separated by
distillation.

35 An additional problem to be solved was to increase the
filtration capacity of the process without providing



-19- 1000 psig) and preferably 2800 - 5600 kPa (400 - 800 psig)

greater than the pressure of the waxy oil feed side of the menbrane to
faciplitate the transport of solvent fromthe oil/solvent filtrate side
of the menbrane to the waxy oil 5 side of the nenbrane. The waxy oi

side of the nenbrane 7 Is typically at 1400 to 2100 kPa (200 to 300
psig), for exanpl e at 1750 kPa gauge (about ; —— || The
menbrane 7 has a | arge surface area which all ows RE yMéwaéﬁﬁ#ﬁ r nal

t enper ature approach of the waxy oil 10 fed4~and| t he 01 / pkv g fijll trate
streans within the menbr ane nodul e, for exanp) &atex-t- eré@g"
approach of | ess than 5.6[err]C (10[err]F) and more typically |ess

than 2.8[err]C
additional filtration apparatus and without increasing the

solvent inventory.

The present invention is directed to a process for

solvent dewaxing a waxy o0il feed to obtain petroleum oil

5 lubricating stock. The waxy oil feed is sequentially
indirectly contacted with cold filtrate and refrigerant
which reduce the temperature of the oil to crystallize and
precipitate the wax constituents of the oil and is then
directly contacted with cold solvent to obtain an

10 oil/solvent/wax mixture. The directly added cold solvent
also serves to dilute the oil/solvent/wax mixture in order
to maintain a sufficiently low viscosity of the mixture
such that the mixture, when fed to a filter, is readily
separated into a wax/solvent slurry and a cold dewaxed

15 oil/solvent filtrate stream.

The total amount of solvent added to the waxy oil
feed, i.e. the solvent oil ratio used, and the temperature
to which the waxy oil feed is cooled are determined by the
boiling range of the feed, the wax content of the feed and

20 the desired pour point of the dewaxed lubricating oil.

The process includes countercurrently contacting a
warm waxy oil feed on one side of a selective permeable
membrane with a cold oil/solvent filtrate stream on the
other side of the membrane and selectively transferring the

25 cold solvent through the membrane to the warm waxy oil
feed.

In order to increase the rate of solvent transfer
through the membrane to the warm waxy oil feed, the
oil/solvent filtrate stream side of the membrane is

30 maintained at a positive pressure relative to the waxy oil
feed side of the membrane.

Tpé-transfe?éoffthé_é%ii;%d@%eﬁf to the warm waxy oil
feed simultaneously cools" the “wazn %&xﬁ’oil feed, dilutes
the warm waxy oil feed with solvent and separates the

35 transferred solvent from the cold oil/solvent filtrate
stream.



(5[err]F). The tenperature and sol vent content of the cool ed waxy
15 0oil1 feed streamin line 102 is controlled at a few degrees above
the;cl oud point of the oil feed/solvent mxture to precl ude wax
precipitation in the nenbrane 7. A typical target tenperature for
the feed in line 102 woul d be 4 - 60[err]C (40 - 140[err]F). _dependi ng
on the viscosity, 20 grade and wax content of tjpe=Wwaxy . eeqq.ﬂ

The cool ed waxy oil feed and sol vent are fed shrquﬁ””““”hrne*TOQ t.0
scraped-surface doubl e pipe heat exchanger 9 | ed Waxy oi
feed is further cooled by indirect heat excﬁamge imheat. eXchanger 9
against cold filtrate fed 25 to the heat exchanger g through line 109.

It is in heat exch te Jjon_t first
occurs. The cooledeﬁgiix% FE? e sg%?§#m#°° 8ﬁ¥ éé%%%* B bsby
line 103 and is i nj"BCtREF FFiaded| ynvﬂtmaﬁdewhwr @al dndirectsppetnt feed
through line 104. ®xehanjyel wethvesld ifiliPatei € antyedtal i pelGhd pracifficaty o

line 103 in an amoghb QixCin the 5?1 ]feig @gf_gfo:Qn L %1#/%&%@’[’:{%?%%% :?'L%&.[ree

based on one part he, waxy

t hr ough I | ne 193 ?bI/cﬁvﬁgéP%‘éa&f TEXEHRR gkt fI’G"'-&ﬁH Faokes iRep RRAFT ed
agai nst vapori zi ngeprbpagex iby sndimeat heatacechameblvétpi Pecold heat
exchanger 10 in whirgRrdgidntONabndab1us o8l YSd AldritdRdx mixture is further
diluted with cold solvent to adjust the viscosity of the
mixture and the mixture is fed to a filter which filters
10 and removes the precipitated wax from the cold
0il/solvent/wax mixture. A cold wax/solvent slurry is

recovered and a cold dewaxed ocil/solvent filtrate stream is
recovered.
. The wax/solvent slurry is treated to recover a wax
15 ' cake which can be further treated and washed with cold
solvent to remove residual oil from the wax cake. The oil
can be separated and recovered from the solvent wash stream
and the solvent can be recycled. -
The cold oil/solvent filtrate stream is first fed to a
20 heat exchanger to indirectly cool the waxy oil feed and is
' then fed to the selective permeable membrane for
countercurrent contact with the warm waxy oil feed to
transfer a significant portion of the solvent from the cold
oil/solvent filtrate to the warm waxy oil feed.
25 The separation and transfer of cold solvent from the
' oil/solvent filtrate stream to the waxy oil feed achieves a
substantial reduction in the amount of solvent that must be
separated from the oil/solvent filtrate stream.
The cold oil/solvent filtrate stream, after transfer
30 of cold solvent through the selective membrane into the
waxy oil feed, is sent to an oil/solvent separation ,
operatjon in which the solvent is removed by distillation
from tub.dewaxed oil, cooled and recycled to the dewaxxng
process and the dewaxed lubrlcatlnq 011_product is
35 recovered.



- 20- REPLACEVENT SHEET from

solution. The cool ed waxy oil feed is then fed t hrough |ine 105 and
m xed with additional cold solvent injected directly through Iine 106.
The col d solvent is fed through Iine 106 in an anount of 0 to 0.1,

e.g. 0.1 to 5 1.0, parts by volume per part of waxy oil feed. The final

i njection of cold solvent through Iine 106 serves sol i ds
content of the oil/solvent/wax n xture feed <6 ﬂﬂcgmﬁwkﬁhﬂﬂTt 3to
10 vol une percent, in order to facilitate f Itratldh2a ;w% | of
the wax fromthe waxy 10 oil/sol vent/wax m xtufiepfiged..t.0.. the*‘w‘ r 11
The m xture Is then fed through line 107 to -t he wax

A substantial portion of the cold solvent in the
filtrate stream is transferred through the selective
membrane to the warm waxy oil feed to directly cool the
waxy oil feed to a temperature near to but above the

5 crystallization temperature of the wax in the waxy oil
feed.’

Several benefits are obtained by the solvent dewaxing
process of the present invention.

The solvent transferred from the filtrate through the

10 selective permeable membrane into the warm waxy oil feed
does not have to be either heated in the oil/solvent
recovery distillation system to separate the solvent or
have to be subsequently cooled prior to recycle to the
dewaxing process. More solvent is available to be added to

15 the waxy oil feed since the distillation recovery and/or
refrigeration bottlenecks are significantly reduced or
eliminated.

The amount of solvent which is made to selectively
permeate through the membrane into the waxy oil feed stream

20 is limited only by the size and permeability of the
membrane and the hydraulic capacity of the scraped surface,
double pipe heat exchanger and the rotary filters. As a
result of using a selective permeable membrane to separate
and directly recycle cold solvent to the waxy oil feed, the

25 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
recovery operation that is recycled to the dewaxing process
in a conventional dewaxing process.

30 The reduction in the viscosity of the -oil/solvent/wax
feed to the filter, due to the higher availability of
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

35 yields on the filters and greater filter feed rates for
heavy stocks which are generally filter area limited.



I's renmoved. The tenperature at which the oil/sol vent/wax m xture is

fed to'the filter is the dewaxing tenperature and can be -34 to
21[err]C (-30 to +70F), e.g. -23 to 10[err]C 15 (-10 to +50[err]F), and
determi nes the pour point of the dewaxed oil product. The dewaxing
tenperature will depend on the particular feed and the desired pour

poi nt .

conbined with the solvent in line 104 to adjust the~so1venr?26
tenperature prior to injecting the solvent id4gdin

If desired, a slipstream 19 fromline 106 can be

hlcw f" ; 5|'- ine 103.

The remaining solvent in line 106 is injected A to'adjust
the solvent dilution and viscosity of the 0|_/¥' I'xture feed
prior to feeding the m xture through |ine 107" tﬁe fllter 11. The 25

oi | /sol vent/wax m xtur fed tor cuum drum filter 11 in
whi ch the wax is separ Epgds?reo%ltvﬁer(??’?v%# 14 s°fv§‘b the dewaxed 5.

more filters 11 ca?#lﬂ§°&§eutaﬁkiﬂﬂm§9 shredm can SlqnxﬁmqyaaanrgﬁuQEIﬁNe or in
a parallel/series @m’dmllatj.&ﬂ c1t SERANRGE ndothd Tos@NBY Efetd Wiyt RBe

filter th h | d t_heat h 3t
ol 5ol vemr " ”feengai/ic rom sggve lltrl’%& %S%?V%g@f’gi(%%n&rﬁé’e ol 8

cool sol vent

filtrate is reﬁnve@PHQQ}#VfF?%Q%r¢ﬂiapﬁr6€@ﬁ1qﬁ Fabsepientd yacooling t4hies poi nt

contai ns a sol ventséparaitkdr@éistildfedlBoivért oltRE dewdding B¥myédatdeand i s
tenperatu&?p?inéfggf‘gdvantage of the use of the selective

at a typica
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35

permeable membrane in accordance with the present invention
is that it provides simultaneously the selective separation
of cold solvent from the cold oil/solvent filtrate stream,
direct cooling of the warm waxy oil feed by the cold
solvent, and indirect countercurrent cooling of the warm
waxy oil feed by the cold oil/solvent filtrate strean.

- The Figure is a schematic process flow diagram showing
the solvent dewaxing process of the present invention
including a selective permeable membrane for countercurrent
contact of the waxy oil feed and filtrate streams,
incremental cooling and incremental solvent addition,
filtration of wax and recycle of recovered solvent from an
oil/solvent recovery operation.

Wa 0il Feed

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.

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 waxy oil feed to the process of the present
invention is typically waxy lubricating fractions which
boil in the range of 304°C to 704°C (580°F to 1300°F). The
fractions boiling from 304°C to 454°C (S580°F to 850°F) are
generally referred to as paraffin distillates. The
fractions that boil from 427°C to 679°C (800°F to 1050°F)



10[err]C (-10 to +50[err]F). The cold filtrate is increased in

-21- pressure by punp 14 and fed through l'ine 109 to indirect

heat exchanger 9, in which it is used to indirectly cool waxy oil feed
fed through line 102 to the heat exchanger 9. . The cold filtrate is
then fed through line 110 to the 5 selective perneable nmenbrane nodule M
in which it is directly and indirectly cont 'feed

fed to modul e M through line 102. -8~ REPLACEM“NTSHE:T
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are generally referred to as heavy lubricating oil
distillates. The fractions that boil from 566°C to 704°C
(1050°F to 1300°F) are referred to as residual deasphalted
oils.

5 The distillate lubricating oil feed to the process of
the present invention, prior to solvent dewaxing, are
treated by solvent-extraction processes to remove arcmatic
and, if needed, asphaltenic compounds. The aromatic
solvent extraction step can be carried out using a

10 conventional phenol or furfural solvent extraction
procedure. Deasphalting processes use phenol and/or light
hydrocarbon solvents, such as propane or butane. The waxy
oil feed to the solvent dewaxing process of the present
invention is, accordingly, relatively free of mono and

15 polycyclic aromatic hydrocarbons.

During the dewaxing process the hydrocarbon feed is
diluted with a first portion of solvent and then heated to
a temperature to effectively dissolve all of the wax
present in the feed. The warm feed is then indirectly

20 cooled with cold water by conventional cooling means such
as a tubular heat exchanger.

The still warm waxy oil feed is, in accordance with
the present invention, then countercurrently contacted with
A permeable membrane to selectively transfer cold solvent

25 from a cold oil/solvent filtrate stream through the
membrane into the warm waxy oil feed. As the result of
this contact, the warm waxy oil feed in this step is cooled
and further diluted. The warm waxy oil feed is also
simultaneously cooled by indirect heat exchange with the

30 cold cil/solvent filtrate stream that does not permeate
through the selective membrane. The extent of solvent
transfer, direct and indirect heat exchange are controlled
such that the waxy feed mixture exiting the membrane is
cooled to a. temperature of about its cloud point, but above

35 the temperature at which wax crystals form in solution.



A substantial portion of the cold solvent selectively per neat es
t hrough the nmenbrane directly into the waxy oil 10 feed to cool and

dilute the feed.

The remaining cold - filtrate is withdrawn fromthe

menbrane nodul e Mt hrough line 111 and is sent to an oil/sol vent

separation and

recovery operation, not show: . The_sol vent

separated fromthe oil/solvent filtrate 15 _in dhagpﬂ@¢g@iyg@g;5?d%very
operation by heating and renovi ng the so?Vegt by distillation.||The
separ at ed solvent is recovered and returned! throudh? |ARR 1898 0 it he

dewaxi ng process.
t hrough line 20
140[err]F) to be

refrigerant, e.g.

tenperature and feHTPETATGR® Lhesalrrtaddto achieyecat dasinadeBORy PRARE tirr

A portion of the recétvered=selvent-i.s-fipd
2 at a tenperature of 38 to 60[err]C (about 100 to
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Typical distillate feeds to the process of this
invention are:
Approximate
Boiling Range

Light Neutral Lubricating 0il Feed Stock 304-454°C
(580-850°F)

Heavy Neutral Lubricating 0il Feed Stock 454-566°C
(850-1050°F)

Deasphalted Lubricating 0il Feed Stock 566-704°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 pour point is the minimum temperature
at which the oil will first move in a standard tube after
quickly turning the tube on its side following a standard
chilling procedure as set forth in ASTM test method D-97.

Dewaxing Solvent

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,
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
toluene. '



feed in Iine 105. Li ght Neutral Lubricating G| Feed Stock

Alight lubricating oil feed boiling in the range of 35 288 to H38[err]C
(550 to 1000[err]F), preferably 316 to 482[err]C (600 :
to*900[err]F) and nore preferably 343 to 454[err]C (650 to 850[err]F),
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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

5 solubility of the wax in the oil, forms a wax precipitate
having a crystalline structure that facilitates separation
of the wax from the oil and solvent in a filtration step
and maintains a desired low viscosity to facilitate
handling and processing of the ocil/solvent/wax mixture

10 through the heat exchangers and filters used in the
process.

The process of the present invention, in a preferred
embodiment, employs a mixture of MEK and toluene solvents.
The MEK has poor solvent power for wax and relatively good

15 solvency for oil. The toluene is included to increase oil
solubility at dewaxing temperatures and to reduce oil
solution viscosity to improve its filterability.

The use of solvents with high ketone content is
beneficial because it increases filter rates and it reduces

20 the dewaxing temperature differential between filtration
temperature and pour point of dewaxed oil.

The volume percent ratio of MEK/toluene can be 25:75
to 100:0, preferably 40:60 to 80:20 and typically about
65:35. The preferred ratios depend on the waxy oil

25 raffinate feed to be dewaxed.

For dewaxing of light neutral lube o0il feed stock the
ratio of MEK/toluene can be 65:35 to 95:5; for dewaxing
heavy neutral lube o0il feed stock the ratioc of MEK/toluene
can be 50:50 to 75:25, and for dewaxing deasphalted lube

30 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
at a number of injection bointé in the chilling train. The
manner of solvent addition affects crystal size and

35 subsequent filtration rates. Large, well defined crystals
result in high filter rates and good washing efficiency



Is treated to renove aromatic conpounds and is pre-diluted W t h-
solvent, heated to nelt wax crystals and cooled. A MEK/tol. solvent is
used at a ratio of MEK/to. of 25:75 to 5 100: 0, preferably 60:40 to
9010, and nore preferably 70: 30 to 80: 20. The total sol vent
to oil dilutionratiois 6:1to 1:1, preferably 5:1 to 2:1, and nore
preferably 4:1 to 2:1. The dewaxi ng tenperature, i.e, the
tenperature that 10 the oil/sol vent/wax migture IS~£ﬁd—F€Ffﬁé:T]|Ter S
-29 to 21[err]C (-20 to +70[err]F), préferabl MEFQ&&MUQ ﬁf ci(-10 to
+30[err] F), and nore preferably -23 to -12[e;rr]C(‘$20Hro d[ekr]F)
The prediluted feed is fed to the nenbrane nodul g} agitea........-- tequr_;ure of
38 to 93 C (100 to 200F), preferably 54 to 15 &geFF¥EFT' o]

170[err] F), and nBith fr cPEFasPonding &igh[ devyred 06 yield andl&o?@f'r?% and
i S count er current byntant sakepradidt.Colsthall or fill-dafined axrytstaper foxm e of
-29 to 38 C (-20 SYANEIT AL e to
+70[err] F), and n%gggprq%éraﬁﬁitant poo%r§§f£ é?r% ﬁéb to%&gsfgrhfé% 20
The oil/sol vent fHFPRe % LOHEH ?f'éa"Fefq Ol ¥dehdfnmeogr wax qualify téol vent
to oil of 6:15t0 teduced efidr phdduektibrt arates. 2: 1. The effective

transfer tenperature ofjjt Q%l@éﬁ@céddﬁecmns n age gléuﬂvng,aqpnt act of the

+
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same temperature as the oil/solvent/wax to which it is
added to avoid shock chilling which promotes formation of
10 fine, difficult filter crystals.
The Table below shows the dilution schedule for a
light and a heavy neutral distillate stock.

Table 1

amount of Diluent Added (2)
15 Solvent 0il Ratio Vol.%
Light Neutral Heavy Negtral.
Addition Lubricating Lubricating 0il
Point (1) 0il Feed stock(3 Feed Stock(4
Primary (Line 2) 50 70
20 Membrane 7 100 150
Recycle (Line 104) 30 o
Recycle (Line 106) 100 100

(1) See Figure 1 of drawing.

(2) Solvent addition is based on a 10,000 BD lube dewaxing
25 plant.

(3) Ratio MEK/tol. 75/25

(4) 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 mixture at

30 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.



80[err]F), and nore preferably -1 to 16[err]C (30 to 60[err]F). The

ef fective transfer tenperature of the selective nenbrane is defi ned as
the arithnmetic average of the inlet and outl et filtrate streans
tenperatures. 30 The filtrate side of the nmenbrane i s maintained at
a positive pressure relative to the feed side of the nenbrane of

1400 to 7000 kPa gauge (200 to 1000 psig), preferably
A ERAOs T
gﬁgg] I nt

gauge (400 to 800 psig), and nore pref eny3hl y. 3500 T
700 psig). The oil 35 feed side of the nmenbrane: it SIC
at a pressure of 1400 to 1750 kPa gauge (200 tgatg:S'_-__?p

The total solvent dilution 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 to oil

5 dilution ratio as used herein is intended to mean the total
volume of the solvent that is added to the initial volume
of the o0il 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 the nature

10 and 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
dewaxed oil product. Typical dewaxing temperatures for

15 light neutral lubricating stocks are -23 to 32°C (-10 to
0°F) and for heavy neutral stocks are -18 to -7°C (0 to
+20°F).

Dewaxing Aids
The filterability of oil/solvent/wax mixtures is

20 dependent to a great extent on the size and shape of the

wax crystals. Crystals growth can be affected by use of
low chilling rates and high solvent concentrations.

Dewaxing aids or wax crystal modifiers have been found
effective in dewaxing. These can be either nucleating

25 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. '

30 APPARATUS
Membrane
In the present invention, a membrane module comprised
of either hollow fibers or spiral wound sheets is used to
directly transfer cold solvent from the filtrate to the hot



-23- There is transferred through the nenbrane 10 to 100

vol . % of the solvent in the filtrate stream preferably 25 to 75
vol . % and nore preferably 40 to 60 vol. % A sufficient amount of
solfvent is transferred through 5 the nenbrane to add 0.5 to 3 parts and
preferably 1 to 2 parts of solvent per part of _j__e_@_d to the feed.

A dewaxed oil is obtained having a pour poi n¥3of -2 T ooror2ifer g (- 20
to +70[err]F) preferably -23 to -1 C (-10to Nﬁ “)“and frore- pref[erably
-20 to -12[err]C (-5 to +10[err]F). 10 Heavy utraie L& ing ; O |
Feed Stock A heavy neutral |ubricating all”*f ¢ é i'n’'t he

g ggge of C3751305 0t7 b & (:Zéli)[ﬁrfﬂﬁaw @Qgﬁ:gréaaﬂteﬁx?frﬁhﬁWYCG&?ﬂhe
(750"t o 11000 or 1| BETEARERLPY Rl el Salars, Eoreder) Thel AeHBEaE itn ene
pre-diluted with sefdfefiltretacdThe aeld m}verx‘ysmfsransferaﬂﬂ RHA ed. A
MEK/ tol . sol vent igonbi®@tabndof dsmOtOE and hyNEKGL O¢ . pridfsstire7bo tthel G0,
preferably 50: éx)té%fg%ﬂggeagg the low-pressure side of the membrane by
imposing countercurrent flow of cold filtrate on the high-
pressure side. Simultaneous indirect heat transfer thus
also occurs across the membrane. Closer temperature
approach than economically feasible in a conventional heat

10 exchanger is possible due to the significantly larger
surface area of contact of the membrane. The optimum level
of solvent exchange is a function of raffinate viscosity
and temperature requirements and membrane area. Utility
requirements are reduced and the need for two of the heat

15 exchangers normally present in the conventional plant
configuration is eliminated. A substantial synergistic
effect is obtained over membrane recovery of solvent from
the cold filtrate alone since the hot raffinate increases
the effective membrane temperature, thereby improving

20 solvent flux. The present invention allows a significant
increase in waxy oil feed rate to a dewaxing plant by
debottlenecking the refrigeration and oil recovery sections
of the plant. '

A preferred membrane module is described as follows:

25 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
acetate, polystyrene, silicone rubber, polytetra-

30 fluoroethylene, polyimides, or polysilanes. Asymmetric
membranes may be prepared by casting a polymer £ilm
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)-



nore preferably 55:45 to 65: 35. The total solvent to oil dilution
ratiois 6:1 to 1:1, 20 preferably 4:1 to 2:1, and nore preferably 4:1 to
3:1. The dewaxi ng tenperature, i.e, the tenperature that - 't he™
oi '/ sol vent/wax m xture is fed to the filter, is -29 to 21[err]C (-20
to 70[err]F), preferably -18 to 10[err]C (O to 50[err]F), and nor e
preferably -12 to 7[err]C (10 to 20[err]F). 25 —The-predil
is fed to the nenbrane nodule at a tenﬁé-r‘at"rwgmf;\qaﬁ oy 83=& (JLOO to
200[err]F), preferably 54 to 82[err]C (130 to 180&,@2 LE& and
preferably 60 to 79 C (140 to 175[ err] F), afjddits: colnhBRIBYB ent 1 y
contacted with cold filtrate at a tenperatu 204038 L 20 to
+100[ err]F), 30 anfﬁdyxﬂqhy-aﬂfhéphéﬁbhgLnlﬁ;ﬁﬁldéahﬁﬂiﬁdadéﬂ,isanq mor e
preferably =7 o poiadHigial Geeh i o/ detid Binia sprer,  THICnBhbagl vent

filtrate fromthe er con vent to oil oé 6:1 to
1:1, preferably 5: Ta? Pe configyred, As,Hisher e flak pheet (Rlafeand frame),

hollow fiber, or spiral wound module. For this

5 application, a spiral wound module is preferred due to its
high surface area and lower propensity for fouling.
Typical construction of such a module comprises layers of
the selected membrane wound upon a perforated metal or
solvent resistant tube. The membrane lajers would be

10 separated by alternate layers of permeate and retentate

spacers sized to provide an acceptable pressure drop from
inlet to outlet of typically 117-173 kPa (2-10 psig).
Appropriate adhesives and sealants designed to maintain
separate permeate and retentate flow channels and to

15 minimize structural rearrangement upon use complete the
construction. Modules of any size can be constructed, but
typically are lolinches in diameter and 48 inches long
having 18.6 -~ 27.9 m? (200-300 ft?) surface area. Feed flow
to each module varies according to application but is on

20 the order of 30,400 - 38,000 l/day (8,000-10,000 gal/day):
the corresponding permeate rate is on the order of 7,600
l/day (2,000 gal/day). Typical trans-membrane pressure
drop is expected to be about 4140 kPa (600 psi). A
commercial installation will vary in size with application

25 and specific membrane performance but will typically employ
on the order of 500-1000 modules for a lube dewaxing plant.

It is recognized that a multiplicity of membrane
modules can be used either in series or in parallel or any
combination of multi-stége parallel units within this

30 - arrangement.

Selective permeable membranes useful for the present

process are disclosed in Pasternak U.S. Patent No.



- 24- The effective transfer tenperature. of the selective
menbr ane during contact of the feed and filtrate streans is -18 to
49[err]C (0 to 120[err]F), preferably -7 to 38[err]C (20 to -
100[err]F), and nore preferably -4 to 32C (40 to 90[err]F). 5 The
filtrate side of the nenbrane is maintained at a positive pressure
relative to the feed side of the nenbrane of 1400 to 7000 kPa gauge

(200 to 1000 psig), preferably 2800 to 5600 kPB g? Uge g4uu LQJSbO
psig), and nore preferably 3500 to 4900&RPa % 506 0 700 p‘5| g).
el

10 There is transferred through the nenbr a 04t . % of
the solvent in the f||trate stream preferably 2511 D’}"‘iftgl\];go\;%%ﬁ %dhd nor e

preferably 40 to 60 vol. A sufficient drount of sol vent is
transferred through,985, 13t8hewimsﬂmanett aladi sl. Patent Mmr t45.99and7py ef erabl y

1to?2 Thompson, et al. U.S. Patent No. 4,368,112 and I-F Wang et
al. U.S. Patent No. 5,067,970. A preferred membrane is
disclosed in and W.R.Grace & Co. patent application by L.S.
5 White et al., entitled "Polyimide Membrane and Process for
Separation of Solvents from Lube 0il", now US Patent
5,264,166.

Scraped-Surface Double Pipe Heat Exchangers

The chilled oil/solvent flows through the scraped-

10 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
heat exchangers. The cold surface of the heat exchanger is
continually scraped to remove crystallized wax and to

15 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
propane refrigerant is used to cool the waxy oil feed. The
oil/solvent liquid is further cooled and additional wax

20 crystallized in the later used heat exchangers. As before,
the surfaces of the heat exchanger are continually scraped
to remove crystallized wax and to maintain the wax
dispersed in the o0il/solvent liquid.

Filter

25 The wax can be separated from the cold oil/solvent/wax
mixture by filtration or centrifugation.

The cold o0il/solvent/wax mixture flows from the double

pipe heat exchangers to an injected dilution solvent step
and then to a rotary drum vacuum filter in which a

30 compartmentalized cloth covered drum rotates, partly
submerged in enclosed filter cases in which the wax is
separated from the oil/solvent liquid.



15 parts of solvent per part of oil to the feed. A dewaxed oi |
I s obtained having a pour point of -29 . to 21[err]C (-20 to +70[err]F),

preferably -18 to -1[err]C (0 to 30[err]F), and nore preferably -12 to ™

-7[err]C (10 to 20[err]F). : Deasphal ted Lubricating Ol Feed Stock 20
A deasphal.ted lubricating oil feed boiling in the range of 316 to
1371[err] C (600 to 2500[err]F), preferably 4 816[err] C (900 to

_.% to
1500[err]F), and nore preferably 510 to 704[§rf}p _ 1300[err] F)
is treated to renove aronmati ¢ conpounds and ! PE%’%‘B%?REE&'@ tth

sol vent, heated to nelt wax crystals 25 and c 'Ebegl.,“l ABR/1888. $Hol vent
is used at a ratio of MEK/tol. of 25:75 to g€q:- ﬁrﬁraﬁﬁﬁrg' 5:55 to
70: 30 and nmore pr ehevabifyesOo blY salvept4eiltrate solutinn iSHERRWRo| vent

to ]9i ! g: lution rattihQ'oﬁghGEh]e tf@léé%,clotn tBr ei pfadtley tanks tin Ahlichaad nore
Penporature that . VACTRACE SBFUERY ARFERLIPhr & B Thatiet| 2 pif, cake, |
-29 to 21[ err iS @eposited:popr e drumy SLbkem|glothgduring fddriratien: o
?ﬁ[ err] g_)i t dsf 22%&0&@ w?fea{ ahl ¥he Jfraltt@r a:i.eil‘.lﬁ]cﬁxitlﬁubmsﬂ?[aﬁdr] Z% o o
38 to 99 Cu( 100 to%‘ﬁf‘éﬁ%ﬁq}f B?%?E‘?gébﬂa%%%ﬁg?% €o Proluds a IARANAY
content wax product.
The wax cake is theh removed from the filter cloth and
recovered for further processing.

10 The principal features of the dewaxing process of the
present invention are the large amount of solvent that is
transferred through the selective permeable membrane
directly into the waxy oil feed, the temperature of the
cold oil/solvent filtrate from which the solvent is

15 selectively removed and the total volume of dilution
solvent to oil, i.e. total solvent/oil ratio available to
carry out the dewaxing process.

The amount of solvent that is transferred through the
selective permeable membrane to the waxy oil feed from the

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

25 capacity and refrigeration capacity.

The direct introduction of the cold solvent from the
filtrate into the waxy oil feed and the indirect
countercurrent cooling by the oil/solvent filtrate through
the membrane provides more efficient heat exchange between

30 the filtrate and waxy oil feed than can be obtained by
conventional indirect heat exchangers. '

The temperature of the oil/solvent/wax mixture feed to
the filter is the dewaxing temperature and determines the
pour point of the dewaxed oil product.



.25

88[err]C (130 to 190[err]F), and nore preferably 60 to

82[err{C (140 to
filtrate at a tenperature of -29 to 38C (-20 to +100[err}F),

préferably -18 to 27[err]C (0 to 80F), and nore preferably -7 5 to

cold

21[err]C (20 to 70[err]F).

filter
5:1to

contains a

2:1 and nore preferably 5:1 to3yl. =~

10

15

20

25

30
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180[err]F), and is countercurrently contacted with

The oil/solvent filtrate fromthe
ratio of solvent to oil of 6:1 to 1:1, preferably

j REPLAGEMTNT GHER ;
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The solvent performs the functions of dlluent, solvent
for the oil, coolant and non-solvent for the wax. The
solvent is added to the waxy oil feed at different points
along the dewaxing process sequence. The total amount of
solvent added is réferred to herein as the total
solvent/oil ratio and is based on the total volume of

solvent added to the waxy oil feed during the dewaxing

process.

The total solvent to oil dilution ratio can be 6:1 to
1:1 and depends primarily on the type of waxy oil feed and
the desired dewaxed oil pour point.

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
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
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/tol. 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 exchanger 3 and heated by indirect heat
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 38 to
82°C (about 100 to 180°F), and then fed to membrane module
M at that temperature. The membrane module M contains a
low pressure waxy oil feed side 6 and a high pressure
oil/solvent filtrate side 8 with the selective permeable



The effective transfer tenperature of the selective 10 menbr ane during

contact of the feed and filtrate streans is -18 to 49[err]C (0O to
120[err]F), preferably -7 to 38 C (20 to 100[err]F), and nore
preferably 4 to 32C (40 to 90[err]F). The filtrate side of the
menbrane i s nmaintained at a positive pressure relative to the feed
side of the nenbrane 15 of 1400 to 7000 kPa gauge (200 to 1000 psig),
preferably 2800 to 5600 kPa gauge (400 to 800 psig), and nore

preferably 3500 to 4900 kPa gauge (500 to 700 psig).
transferred through the nenbrane 10 to 100 ~ 18= v@d@eﬁ-‘-‘f‘ﬁ'
filtrate stream preferably 25 20 to 75 vol . % &
60 vol . % : A sufficient amount of sol vefjt
the menbrane to add 0.5 to 4 parts, preferably 2|tat8: parte
per part of feed tmenbrante®din between. M aiddard

pour . poi nt of -29 3 qy Egolgﬁéeﬁd Gel 220uhfhrTALET 63 108 88961 45 42 10

4 C (10 to 40 /
B0[erT ). 63 P bagthe meRhesDgcBobHE Meonbif SSiNaRE ALY FlEh”

present invention weage cidefieeld sy idigdchdy tamsly ingprectly ¢°unt§§¢‘%‘@?ﬁ“tllﬁbe

dewaxi ng usi ngs NE'QJ:&!a‘éQQ& SOty &f¥1a BQQ/?’leen‘tnYSn’Ehé)fhﬁ&aﬁéS@ochﬂ.eum.| i zed
in a simlar nmann

| h
propane dewaxi ng. d rl]“e(’?'i”"'an"rhe %Sﬁ/glf\e/gg%|?° \é\{aﬁhg/gt Useq (i% nf g‘?I Cgfl Inn oi |

st ock. selectively permeate through the membrane 7 dlrectly int

the relatively warm waxy oil feed. The cold solvent that
permeates through the membrane into the waxy oil feed and

10 the indirect cooling cools the waxy oil feed to an outlet
(line 102) temperature of 4 to 60°C (40 to 140°F), e.g. a
few degrees above the cloud point of the oil-wax mixture,
such that wax crystals do not form in the membrane module M
and plug the selective permeable membrane 7. The solvent

15 selectively permeates the membrane in an amount of 0.5 to '
2.0 parts by volume per part of waxy oil in the feed. The
outlet temperature of the cold filtrate in line 111 is 4 to
57°C (about 40 to 135°F).

About 30 to 70%, typically 40 to 60% and more

20 - ﬁypically 45-55% by volume of the MEK/tol. solvent in the
cold filtrate permeates through the membrane into the waxy
0il feed. The removal of cold solvent from the filtrate
and the warming of the filtrate by indirect heat exchange
through the membrane reduces the amount of solvent needed

25 to be recovered from the oil/solvent filtrate and reduces
the amount of heat required to subsequently heat and
distill the solvent from the filtrate in the solvent
recovery operation, respectively. Moreover, the effective
transfer temperature of the permeate is expected to be

30 nearly identical to that of the waxy oil feed at the point
of transfer due to the high surface area of the membrane.
The temperature equivalency significantly reduces the
possibility of shock chilling. Higher oil filtration rates
and lower oil-in-wax contents are obtained as a result.

35 The filtrate side of the membrane is maintained at a
positive pressure of about 1400 - 7000 kPa gauge (200 -




The present invention is illustrated by the follow ng Exanpl es.

-26- .
neut r al

(650 to 840[err]F)
prediluted with solvent, 5 heated to nmelt wax crystals and cooled. The

waxy oi l

EXAMPLE 1 A light
| ubricating oil feed boiling in the range of 343 to 449 [err]C_
is treated to renove aromati c conpounds and is
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1000 psig) and preferably 2800 - 5600 kPa (400 - 800 psig)
greater than the pressure of the waxy oil feed side of the
membrane to facilitate the transport of solvent from the
oil/solvent filtrate side of the membrane to the waxy oil
side of the membrane. Thé waxy oil side of the membrane 7
is typically at 1400 to 2100 kPa (200 to 300 psig), for
example at 1750 kPa gauge (about 250 psig).

The membrane 7 has a large surface area which allows
very close internal temperature approach of the waxy oil
feed and the oil/solvent filtrate streams within the
membrane module, for example, a temperature approach of
less than 5.6°C (10°F) and more typically less than 2.8°C
(5°F).

The temperature and solvent content of the cooled waxy
0il feed stream in line 102 is controlled at a few degrees
above the cloud point of the oil feed/solvent mixture to
preclude wax precipitation in the membrane 7.

A typical target temperature for the feed in line 102
would be 4 ~ 60°C (40 - 140°F), depending on the viscosity,
grade and wax content of the waxy oil feed.

The coocled waxy oil feed and solvent are fed through
line 102 to scraped-surface double pipe heat exchanger 9.

The cooled 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 in heat

exchanger 9 that wax precipitation typically first occurs.
The cooled waxy oil feed is withdrawn from exchanger 9 by
line 103 and is injected directly with additional cold
solvent feed through line 104. The cold solvent is
injected through line 104 into line 103 in an amount of O
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
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



isThen fed to the nmenbrane rmdule at a rate of 2.2 x 10[err] (14, 000
barrels) a day based on oil feed. The nmenbrane is incorporated in
a spiral wound nodul e . having high surface area and | ow propensity for
fouling. 10 The nodul e conprises |ayers of the nmenbrane wound upon a
perforated netal resistant tube. The nmenbrane | ayers are separ ated by
alternate | ayers of perneate and retenate -2¢-Spasers—sized-4+o-prgvide an
accept abl e pressure drop from inlet to outlnhEpLAééuthEmg@Ra gauge
(about 2 to 10 psig). 15 Adhesi ves and seal antjs sed to maintjlai n
separate perneate and retenate fl ow channel >Dat‘5ﬁei][ﬁﬁﬂ4ﬂm are

—= 48
g Is thepFeR )

constructed to be %‘é_ %],EO} i_nch ﬁ% i n d| arreter

inches) in length an ™ 3° S| Zg ﬂ

surface area. The ﬁ@iﬁﬁﬁghdl%égﬁeénils@dtedeﬁéﬁblsa@}tl%ﬂlt‘F\%lci &e3VeREnbr ane
unit feed rate and lhbecﬁa@Cdﬂ‘ﬁeetl tnﬁd»ifgfhamnarm.pel'rhaodui@ sollventegd fl ow
to each module is £oq ¢R0nd: 1&8e3§0900%£@g§>50&€€ 808, 12 &8.08%:1 o

gal / day). The "sol vén erireat e r
9,500, e.g. 7680 1/1d3y PArtH vt U°Qu15%)(PerePQrt2°©O@’Q’5°llgﬁ??‘%i-ay)'rhe final
The sol vent consi stinjettion aif @olf $4I/dmd thobugl): 1ithe 106 sdiveed dbahdjust

sol vent to oil dil%hhogoifﬁé ont étlof 021 /so1vertPd¥tnixture feed {4
dewaxi ng tenperature, Qh ? qﬁ%%e ? f?

the ther 11 to 3 to 10 volume percent, in order to
facilitate filtration and removal of the wax from the waxy

10 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 removed. The temperature at which the oil/solvent/wax
mixture is fed to the filter is the dewaxing temperature
and can be =34 to 21°C (-30 to +70°F), e.g. =23 to 10°C

is (=10 to +50°F), and determines the pour point of the
dewaxed oil product. The dewaxing temperature will depend
on the particular feed and the desired pour point.

If desired, a slipstream 19 from line 106 can be

combined with the solvent in line 104 to adjust the solvent

20 temperature prior to injecting the solvent in line 104 into
line 103. The remaining solvent in line 106 is injected
into line 105 to adjust the solvent dilution and viscosity
of the oil/solvent/wax mixture feed prior to feeding the
mixture through line 107 to the filter 11. The

25 oil/solvent/wax mixture is then fed to rotary vacuum drum
filter 11 in which the wax is separated from the oil and
solvent.

One or more filters 11 can be used and they can be

arranged in parallel or in a parallel/series combination.

30 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 operation. The cold
filtrate is removed from filter 11 through line 108 and at
this point contains a solvent to o0il ratio of 15:1 to 3:1

35 parts by volume and is at a typical temperature of -23 to
10°C (-10 to +50°F). The cold filtrate is increased in




30 tenperature is -21[err]C ( 5[err]F) The prediluted feed is

fed to the nenbrane nodule at a tenperature of 71[err]C (160[err]F)
and is directly and indirectly contacted with a cold filtrate stream
which is fed to the menbrane nodule at a tenperature of about 4[err]C 7~

(40[err]F). The 35 filtrate streamis fed to the nenbrane nodule at a
rate of :

| AEPLACEMENT BHEET
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pressure by pump 14 and fed throu lIne 1097 ¢5" indlrect
heat exchanger 9, in which it is used to indirectly cool
waxy oil feed fed through line 102 to the heat exchanger 9.
The cold filtrate is then fed through line 110 to the
5 selective permeable membrane module M in which it is
directly and indirectly contacted with waxy oil feed fed to
module M through line 102.
A substantial portion of the cold solvent selectively
permeates through the membrane directly into the waxy oil
10 feed to cool and dilute the feed. The remaining cold
filtrate is withdrawn from the membrane module M through
line 111 and is sent to an oil/solvent separation and
recovery operation, not shown.
The solvent is separated from the oil/solvent filtrate
15 in the oil/solvent recovery operation by heating and
removing the solvent by distillation. The separated
solvent is recovered and returned through line 2 to the
dewaxing process.
A portion of the recovered solvent is fed through line
20 2 at a temperature of 38 to 60°C (about 100 to 140°F) to be
mixed with waxy oil feed fed through line 1. Another
portion of the recovered solvent is fed through line 2 to
line 16 and into heat exchangers 17 and 13 in which the
solvent is cooled to about the dewaxing temperature by
25 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 which it is cooled by indirect heat
exchange with cold refrigerant, e.g. vaporizing propane, to
30 about the dewaxing temperature and fed through line 106 and
injected directly into the oxl/solvent/wax mixture filter
feed in line 105.
t Neutr ubricating 0il Feed Stoc
A light lubricating oil feed boiling in the range of
35 288 to 538°C (550 to 1000°F), preferably 316 to 482°C (600



8 X I0[err] 1 (50,400 barrels) a day of solvent and 1.7 x 10[err]

(10,500 barrels) a day of dewaxed oil. " The filtrate stream side
of the nmenbrane is maintained at a positive pressure of 5600 kPa gauge
(800 psig) and the 5 oil feed side of the nenbrane is nmaintained at 1400
kPa ‘gauge (about 200 psig). About 4 x 10[err] (25,000 barrels) a

day of -cold solvent is selectively transferred through the nenbr ane
into the oil feed side of the nenbrane. -22- FHere—+s 1 ecC g_e]t about
1.7 x 10[err] (10,500 barrels) a 10 day of de x%EPld’in“ﬁﬁ\‘/Tﬁé ur
point of -15[err]C (+5[err]F), and 5565 1 (§500 barr rsz)lg@ dayj| of

deoi | ed wax having an oil cont ent of | ess thakate: 5 o501 1

The process of the ention.r S ifgs in
di stillation capaC| ﬁfoarpr)e% 5% pr 3%?1‘( 3;lrsom f| tca%to SL’ sIUIEY
refrigeration capaé$t'§r%a(3'-eéo§1° remove hé'OMH\%d:@@ﬁaﬂﬁ? e%P%o‘I%@HF"FPo‘Fﬁ%"ne
sol vent/oi | recovewyth solveRe| dhéfted ®ol RE1EaRAS TRy LaES BN Gobdaper 2R Ur e.

In addi ti on, - {.bef1ar Sofol Ul YUe§ 584 MRILNS KRN o 25 HENP! Y

requirenents. e savi nds achi ey
practice of thé pr &9, PFRERTRIBIY &P: é@nﬁar?%d‘ﬁ'l angpher prefﬁé?ﬁg%n ‘%/"r?é’

process of the presemoiaovention, in which a sel ective nenbrane is
used, and the prior artmfy QEESS solverl OH11 (418 REbACEAYE, ITRLANEs 1:1,
preferably 5:1 to 2:1, and more preferably 4:1 to 2:1.
The dewaxing temperature, i.e, the temperature that
10 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 prediluted feed is fed to the membrane module at a
temperature of 38 to 93°C (100 to 200°F), preferably 54 to
15 77°C (130 to 170°F), and more preferably 38 to 60°C (100 to
140°F), and is countercurrently contacted with cold
filtrate at a temperature of -29 to 38°C (-20 to +100°F),
preferably =23 to 21°C (-10 to +70°F), and more preferably
-21 to 10°C (-5 to +50°F).
20 The oil/solvent filtrate from the filter contains a
ratio of solvent to oil of 6:1 to 1:1, preferably 4:1 to
2:1.

The effective transfer temperature of the selective
membrane during contact of the feed and filtrate streams is

25 -23 to 38°C (-10 to +100°F), preferably -12 to 27°C (10 to
80°F), and more preferably -1 to 16°C (30 to 60°'F). The
effective transfer temperature of the selective membrane is
defined as the arithmetic average of the inlet and outlet
filtrate streams temperatures.

30 The filtrate side of the membrane is maintained at a
positive pressure relative to the feed 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 kPa (500 to 700 psig). The oil

35 feed side of the membrane is typically maintained at a
pressure of 1400 to 1750 kPa gauge (200 to 250 psig).
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25 The procesé of the'present I nvention, as conpared to t he

prior -art process to obtain the sanme | evel of dewaxing and pour point

oi |, achieves an about 33%reduction in the anount of required sol vent

i nventory, a 40%reduction in the size and capacity of the oil/solvent _.._
recovery section 30 and an about 50%reduction in the heat energy

required to carry out solvent recovery as well as an about 45%

reduction in the total refrigeration requirenents..The .. ..:--tetal—3

refrigeration requirements include the refrhgeﬁaig@pLAggmﬁﬂﬁﬁﬁi%ﬁEko c00
the feed and crystallize wax fromthe 35 feed, le.g., the refrigeriation
needed for the scraped- surface heat exchangegse 14 ARR 1888s -t hie

refri ger ation i;-:::L:TJI-T—-*---'5"; B o

There is transferred through the membrane 10 to 100
vol.% of the solvent in the filtrate stream, preferably 25
to 75 vol.%, and more preferably 40 to 60 vol.%.

A sufficient amount of solvent is transferred through

5 the membrane to add 0.5 to 3 parts and preferably 1 to 2

parts of solvent per part of feed to the feed.

A dewaxed oil is obtained having a pour peint of -29
to 21°C (-20 to +70°F) preferably -23 to -1°C (-10 to
30°F), and more preferably -20 to -12°C (-5 to +10°F).

10 Heavy Neutral Tubricating 0il Feed Stock

A heavy neutral lubricating oil feed beoiling 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 399 to 593°C
(750 to 1100°F) is treated to remove aromatic compounds and

15 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.

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

- 20 preferably 4:1 to 2:1, and more preferably 4:1 to 3:1.

The dewaxing temperature, i.e, the temperature that
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 50°F), and
more preferably =12 to 7°C (10 to 20°F).

25 The prediluted feed is fed to the membrane module at a
temperatﬁre of 38 to 93°C (100 to 200°F), preferably 54 to
82°C (130 to 180°F) and more preferably 60 to 79°C (140 to
175°F), and is countercurrently contacted with cold
filtrate at a temperature of -29 to 38°C (-20 to +1l00°F),

30 preferably -18 to 27°C (0 to 80°F), and more preferably -7
to 21°C (20 to 70°F). :

The oil/solvent filtrate from the filter contains a
ratio of solvent to oil of 6:1 to 1:1, preferably S5:1 to

' 2:1 and more preferably 5:1 to 3:1.



- 28- required to cool the warmdistilled solvent fromthe

sol vent recovery operation to the dewaxi ng tenperature.

EXAMPLE 2 - A heavy neutral lubricating oil feed boiling in-the 5
range of 413 to 566[err]C (775 to 1050[err]F) is treated to renove -
aromatic conmpounds and is prediluted with solvent, heated to melt wax
crystals and cool ed. The waxy oil feed is then fed to the menbrane
nodule at a rate of 1.75 x 10[err] (11,000 par-ets)y—-a-day-—baseld on oi
feed. 10 The menbrane and modul e are e b ARPLAGEMERT SHEET
Exanpl e 1. The sol vent consists of a rfatio off Wnggﬁ ofi 65: 35.
The total solvent to oil dilution ratio is 4:1 badse on-- vorung. 15
The dewaxing tenperature, i.e. the feed to the friver tenperature, is

-12[err] C (+10[err]F). The effectivdcrinddiekUt&sbdraedreSof athd gelbetieabr ane
mdule at a  t IRELAdGr0hg WG OLE EAE 4ebObRA" He AN Lerdihgctd Y
-18 to 49°C (0 to 120°'F), preferably -7 to 38°C (20 to
100°F), and more preferably -4 to 32°C (40 to 90°F).

5. The filtrate side of the membrane is maintained at a
positive pressure relative to the feed 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 kPa gauge (500 to 700 psig).

10 There is transferred through the membrane 10 to 100
val.% of the solvent in the filtrate stream, preferably 25
to 75 vol.% and more preferably 40 to 60 vol.%.

A sufficient amount of solvent is transferred through
the membrane to add 0.5 to 3 parts, and preferably 1 to 2

15 parts of solvent per part of oil to the feed.

A dewaxed oil is obtained having a pour point of -29
to 21°C (=20 to +70°F), preferably -18 to -1°C (0 to 30°F),
and more preferably -12 to -7°C (10 to 20°F).

Deasphalted Lubricating 0il Feed Stock
20 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 preferably 510 to 704°C
(950 to 1300°F) is treated to remove aromatic compounds and
is pre-diluted with solvent, heated to melt wax crystals

25 and cooled. 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,
preferably 5:1 to 2:1, and more preferably 5:1 to 3:1.

o The dewaxing temperature, i.e, the temperature that
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 50°F),
and more preferably =12 to -1°C (10 to 30°F).

, The prediluted feed is fed to the membrane module at a

35 temperature of 38 to 99°C (100 to 210°F), preferably 54 to



indirectly contacted with a cold filtrate streamwhich is 20 fed to the

menbr arte nodul e at a tenperature of 16[err]C (about 60[err]F). The
filtrate streamis fed to the menbrane nodul e at arate of 8 x -10[err]
(50, 400 barrels) a day of solvent and 1.4 x 10[err] (8,800 barrels) a

day of dewaxed oil . :
at a positive pressure of 5600 kPa gauge (800 psig) and the

mai nt ai ned 25
feed side of the nenbrane is maintained at about 1400........:kPa: gauge

oi |

(200 psig).

The filtrate stream side of the nenbrane is

About 3.18 x 10[err] (20,000 barrgls) é#w s fay: oi £vlid

solvent is selectively transferred through t g . ane., | th@ oi
There is rec@vgr n%a %xﬁ

feed side of the nmenbrane. 30
(8,800 barrels) a

(20[err]F), and
content of8&Kod239. €0 A0 E)oi And more preferably 60 to 82°C (140 to

oi |
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.”%Qﬁiﬂ; x doferr]
day of dewaxed oil having ”ﬁlggi ~4TErr]C

350,000 1 (about 2,200 barrels) a day of wax having an

180°F), and is countercurrently contacted with cold
filtrate at a temperature of ~-29 to 38°C (-20 to +100°F),
preferably -18 to 27°'C (0 to 80°F), and more preferably -7
to 21°C (20 to 70°F).

The o0il/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 effective transfer temperature of the selective
membrane during contact of the feed and filtrate streams is
=18 to 49°C (0 to 120°F), preferably -7 to 38°C (20 to
100°F), and more preferably 4 to 32°C (40 to 90°F).

The filtrate side of the membrane is maintained at a
positive pressure relative to the feed 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 kPa gauge (500 to 700 psig).

' There is transferred through the membrane 10 to 100
vol.% of the solvent in the filtrate stream,.preferably 25
to 75 vol.% and more preferably 40 to 60 vol.$%.

A sufficient amount of solvent is transferred through
the membrane to add 0.5 to 4 parts, preferably 2 to 3 parts
of solvent per part of feed to the feed.

A dewaxed oil is obtained having a pour point of -29
to 21°C (-20 to +70°F) preferably -12 to 4°C (10 to 40°F),
and more preferably -7 to -1°'C (20 to 30°F).

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.

The dewaxed oil can b€ used as lubricating oil stock.

The present invention is illustrated by the follbwinq
Examples. '



- 29- The process of the present invention results in

substantial savings in distillation capacity to recover sol vent from
filtrate and refrigeration capacity to cool t he war med separat-ed

sotvent fromthe solvent/oil recovery 5 operation to the necessary —
dewaxi ng tenperature. In addition, there are considerable savings in

sol vent I nventory requirenents. In order - to illustrate the
savi ngs achi eved by the practice of the present inventj-op——g===
conparison is nade 10 bet ween the process-as-t he R&?ﬁg@EMgNmﬁﬁE%h,'in

whi ch a sel ective nenbrane is used, and priorjar prpgegPmegﬁo

t he sel ective nenbrane. The process of t eD§é§§§anLnMean as

conpared to the prior art process to obtain t

15 and pour point oil, achieves an abou%xiél%zr qdﬁgtion in the anmount

of required solvent inventory, a 5% reduc ) ! . ‘s .
A light neutral lubricating oil feed boiling in

the range of 343 to 449 °C (650 to 840°F) is treated to
remove aromatic compounds and is prediluted with solvent,

5 heated to melt wax crystals and coccled. The waxy oil feed
is then fed to the membrane module at a rate of 2.2 x 10°
(14,000 barrels) a day based on oil feed.

The membrane is incorporated in a spiral wound module
having high surface area and low propensity for fouling.

10 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
inlet to outlet of 14 to 70 kPa gauge (about 2 to 10 psig).

15 Adhesives and sealants are used to maintain separate-
permeate and retenate flow channels. The modules are
constructed to be 254 mm (10 inches) in diameter and 1219
mm (48 inches) in length and to have a 20 to 30 m? (200 to
300 ftz) surface area. The number of modules used depends

20 on the total membrane unit feed rate and the specific
surface area per module. The feed flow to each module is
30,400 to 38,000 l/day (about 8,000 to 10,000 gal/day).

The solvent permeate rate for each module is 5,700 to
9,500, e.g. 7600 l/day (1,500 to 2,500, e.g. 2,000

25 gal/day) .

The solvent consists of a ratio of MEK/tol. of 70:30.
The total solvent to oil dilution ratio is 4:1 based on
volume.

The dewaxing temperature, i.e., the feed to the filter

30 temperature is -21°C (-5°F).

The prediluted feed is fed to the membrane module at a
temperature of 71°C (160'Ff and is directly and indirectly
contacted with a cold filtrate stream which is fed to the
membrane module at a temperature of about 4°C (40°F). The

35 filtrate stream is fed to the membrane module at a rate of



size and capacity of the oil/solvent recovery section and an about 30%

reductsion in the heat energy required to carry’ out solvent recovery as
wel | as an about 40%  reduction in 20 the total refrigeration

requi renents. . _ EXAMPLE 3 A
deasphalted lubricating oil feed boiling in the range of 510 to o
67[err] C (950 to 1240F) is treated to renobve aromati ¢ conpounds and is
prediluted with solvent, heated 25 to nelt wax crystals and.cool-ed. The
waxy oil feed is then fed to the nenbrqgg_nﬂﬁ@%éj@br atg.ofr |

1,590, 000 1 (10, 000 barrels) a day base onl¢i"F§ed._ “ il The
menbrane and nodul e are the sane as that of F%ﬁ%?linkfggﬁﬁﬁ ______ ' The
sol vent consists of a ratio of MEK/tol. of 50:50.ll——_The- total=setvent to
oil dilution ratio is 5.5:1 based on vol une. - The dewaxi ng
tenperature, i.e. 8h¥ ¥I¥ed (F0499 barrels) a dayeppesaiivent, and 1.9] & Ap8
(15[err]F). (10,500 barrels) a day of dewaxed oil.

The filtrate stream side of the membrane is maintained
at a positive pressure of 5600 kPa gauge (800 psig) and the
5 oil feed side of the membrane is maintained at 1400 kPa
gauge (about 200 psig). Aabout 4 x 10°1 (25,000 barrels) a
day of cold solvent is selectively transferred through the
membrane into the oil feed side of the membrane.
There is recovered about 1.7 x 10°1 (10,500 barrels) a

10 day of dewaxed oil having a pour point of -15°C (+5°F), and
5565 1 (3500 barrels) a day of deoiled wax having an oil
content of less than 0.5 vol.% oil.

The process of the present invention results in
substantial savings in distillation capacity to recover

15 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
inventory requirements.

- 20 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

~ without the selective membrane.

25 The process of the present invention, as compared to
the prior art process to obtain the same level of dewaxing
and pour point oil, achieves an about 33% reduction in the
amount of required solvent inventory, a 40% reduction in
the size and capacity of the oil/solvent recovery section

30 and an about 50% reduction in the heat energy required to
carry out solvent recovery as well as an about 45%.
reduction in the total refrigeration requirements. The
total refrigeration requirements include the refrigeration
required to cool the feed and crystallize wax from the

35 feed, e.g., the refrigeration needed for the scraped-
surface heat exchangers, as well as the refrigeration



30 -

The prediluted feed is fed to the nmenbrane nodule at a

t enperrature of 82[err]C (about 180[err]F) and is directly and

indirectly contacted with a cold filtrate streamwhich is fed to the
menbrane nodule at a tenperature of 18[err]C (65[err]F). 5 The filtrate
streamis fed to the nenbrane nodule at a rate of 8 x 10[err]).

(50, 400 barrels) a day of solvent and 1.2 x 10[err]
day of dewaxed oil.

mai nt ai ned

10

10
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30

at a positive pressure of 8QQgRSi ﬁ@ﬁLAé&Mgwfsgged
t he menbrane is maintained ‘at about 200 psigl| About 25,000

(7,800 barrels) a
The filtrate streamside of the
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required to cool the warm distilled solvent from the
solvent recovery operation to the dewaxing temperature.

EXAMPLE 2 _

A heavy neutral lubricating oil feed boiling in the
range of 413 to 566°C (775 to 1050°F) is treated to remove
aromatic compounds and is prediluted with solvent, heated
to melt wax crystals and cooled. The waxy oil feed is then
fed to the membrane module at a rate of 1.75 X 101 (11,000
barrels) a day based on oil feed.

The membrane and module are the same as that of
Exanmple 1.

The solvent consists of a ratio of MEK/tol. of 65:35.
The total solvent to oil dilution ratio is 4:1 based on
volume.

The dewaxing temperature, i.e. the feed to the filter
temperature, is -12°C (+10°F).

The prediluted feed is fed to the membrane module at a
temperature of about 79°C (175°F) and is directly and
indirectly contacted with a cold filtrate stream which is
fed to the membrane module at a temperature of 16°C (about
60°F). The filtrate stream is fed to the membrane module
at a rate of 8 x 10°lL (50,400 barrels) a day of solvent and
1.4 x 10°1 (8,800 barrels) a day of dewaxed oil.

The filtrate stream side of the membrane is maintained
at a positive pressure of 5600 kPa gauge (800 psig) and the
0il feed side of the membrane is maintained at about 1400
kPa gauge (200 psig). About 3.18 x 10°l (20,000 barrels) a
day of cold solvent is selectively transferred through the
membrane into the oil feed side of the membrane.

There is recovered about 1.4 x 10°lL (8,800 barrels) a
day of dewaxed oil having a pour point of -7°C (20°F), and
350,000 1 (about 2,200 barrels) a day of wax having an oil
content of about 1.0 vol.% oil.




barrels a day of cold solvent is selectively transferred t hrough t he

menbrane into the oil feed side of the menbr ane. There is
recovered about 7,800 barrels a day of 15 dewaxed oil having a pour point
of *25[err] F, about 2100 barrels a day of deoil ed wax having an oi
content of less than 1.5 vol . % oi | . The process of the
present invention results in substantial savings in distillation
capacity to recover 20 solvent fromfiltrate and in refriqeration
capacity to cool - the warned separated sabw n pg%-ﬁ oL %ﬁ /0|
recovery operation to the necessary dewaxi enpar AV s

addition, there are considerabl e savings in sol e . ARy agory

requi renents. 25 In order to illustrate SAViHgs achHI eveld by the

pract]ce of Lhe Presenimid L ERho o (SATBALIR shinilBlly resurbelyen {he

process of the present |nv I ve menbrane is

used, and the priofuBFantiadesavings if distillatdoReFARATIY FOnBERSTVET 30

The process of thesplwamnttronveiltite andCramrgedation capaicieypto orocds t

process to obtain ¢ /lfag:?&dl g¥ﬁérﬁecﬂ§%5é:@l9 from tﬁstMntPQ!Lﬂtré&Avery
0

achi eves an about 3 t1o anoynt qglred S Ivent
i nventory, a 5%% r2RRkaA5iGR FR the nec‘??é*"éﬂe"%‘&ﬁp‘éﬂ? 2 *Phe OF | / sol vent

recovery section addition, there are considerable savings in solvent

inventory requirements.
In order to illustrate the savings achieved by the
practice of the present invention, a comparison is made
10 between the process of the present invention, in which a
selective membrane is used, and prior art process without
the selective membrane.
The process of the present invention as compared to
the prior art process to obtain the same level of dewaxing
15 and pour point oil, achieves an about 30% reduction in the
amount of required solvent inventory, a 5% reduction in the
size and capacity of the oil/solvent recovery section and
an about 30% reduction in the heat energy required to carry
out solvent recovery as well as an about 40% reduction in
20 the total refrigeration requirements.

: EXAMPLE 3
A deasphalted lubricating oil feed boiling in the
range of 510 to 671°C (950 to 1240°F) is treated to remove
aromatic compounds and is prediluted with solvent,'heated
25 to melt wax crystals and coocled. The waxy oil feed is then
fed to the membrane module.at a rate of 1,590,000 1 (10,000
barrels) a day based on oil feed.
The membrane and module are the same as that of

Exanmple 1.

30 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
volume. )

The dewaxing temperature, i.e. the feed to the filter
temperature, is -9°C (15°'F).



35 and an about 30% reduction in the heat energy required to

-31- * carry out solvent recovery as well as an about 40% reduction in the
total refrigeration requirenents. Al t hough the invention has been
illustrated by reference to specific enbodi ments and exanples, it will be
apparent to those skilled in the art that various changes and nodifications
may be made which fall within the scope of the invention. The scope of the
invention is to be

The prediluted feed is fed to the membrane module at a
temperature of 82°C (about 180°F) and is directly and
indirectly contacted with a cold filtrate stream which is
fed to the membrane module at a temperature of 18°C (65°F).

5 The filtrate stream is fed to the membrane module at a rate
of 8 x 10°1 (50,400 barrels) a day of solvent and 1.2 x 10°1
(7,800 barrels) a day of dewaxed oil.

_ The filtrate stream side of the membrane is maintained
at a positive pressure of 800 psig and the oil feed side of

10 the membrane is maintained at about 200 psig. About 25,000
barrels a day of cold solvent is selectively transferred
through the membrane into the o0il feed side of the
membrane.

There is fecovered about 7,800 barrels a day of

15 dewaxed oil having a pour point of 25°F, about 2100 barrels
a day of deociled wax having an oil content of less than 1.5
vol.% oil.

The process of the present invention results in
substantial savings in distillation capacity to recover

20 solvent from filtrate and in refrigeration capacity to cocol
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.

25 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
without the selective membrane.

30 The process of the present invention, as compared to
the prior art process to obtain the same level of dewaxing
and pour point oil, achieveés an about 30% reduction in the
amount of required solvent inventory, a 55% reduction in

_ the size and capacity of the oil/solvent recovery section

35 and an about 30% reduction in the heat energy required to



interpreted and construed in accordance with the attached cl ai ns.

-32- - CLAI VE: 1. A process for solvent dewaxing a waxy oil
feed conpri si ng: contacting the waxy oil feed at a
tenperature of 5 38 to 82[err]C with one side of a selective

sem per neabl e

-31~ || REPLACEMENT SHEET |

RIS

4

Date

carry out solvent recovery as well as an about 40%
reduction in the total refrigeration requirements.
Although the invention has been illustrated by

reference to specific embodiments and examples, it will be

5 apparent to those skilled in the art that various changes
and modifications may be made which fall within the scope
of the invention. The scope of the invention is to be
interpreted and construed in accordance with the attached
claims.



menbrane, which sel ectively perneates dewaxi ng sol
contacting the other side of the sem perneabl e

vent and
menbrane with a

cold oil/solvent filtrate streamat a tenperature of -15 to 18 C
obf'ai ned by filtering wax 10 froman oil/solvent/wax feed fed to a

wax filter; mai ntai ning the oil/so
of the nenbrane at a positive pressure of 1400 to
relative to a pressure of 1400 to 2100 kPa 32~
side of the nmenbrane; 15 selectively t
vol ume of the solvent fromthe filtrate
the waxy oil feed side of the nenbrane to

sol vent from the oi ELARNSz2nt. filtrate st

vent filtrate stream side

o606 kPa-gauge
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ansf g¢ry i o 10% by
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—sthol-taneousl y-separat e
ream inject solvent into

the waxy oil feed 20 stream dilute the waxy oil feed streamwth

sol vent and copl_the wa
4 to 60[err]C, and gf t %ﬁgﬁss?iﬁ%F
waxy oil feed by indireconpaisaag: with the

then sequential ly indirect|yceftaétithd RieViay Vil
i ndirect heat exchangers;d QCRYSE I’JI ,.ze_and
crystals; sequentTa

eed. streamto a teq&g&gggre of
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cool the
cold filtrate; 25

feed at a tedRdrhbure of

§F BrBories, oo aet Aot At epoRefieable

sol vent into the waxy oilemoZagestvhigh selegtivedy peomeates dewaxing solvent
and contacting the other side of the semipermeable

membrane with a cold oil/solvent filtrate stream at a
temperature of -15 to 18°C, obtained by filtering wax

10 from an oil/solvent/wax feed

fed to a wax filter:

maintaining the oil/solvent filtrate stream side
of the membrane at a positive pressure of 1400 to 7000
kPa gauge relative to a pressure of 1400 to 2100 kPa
- gauge on waxy 0il feed side of the membrane;

15 : selectively transferring 30 to 70% by volume of
the solvent from the filtrate side of the membrane to
the waxy oil feed side of the membrane to
simultaneously separate solvent from the oil/solvent
filtrate stream, inject solvent into the waxy oil feed

20 stream, dilute the waxy oil feed stream with solvent
and cool the waxy oil feed stream to a temperature of
4 to 60°C, and at the same time to countercurrently
cool the waxy oil feed by indirect contact with the

cold filtrate:

25 then sequentially indirectly cooling the waxy oil
feed in indirect heat exchangers to crystallize and

precipitate wax crystals;

sequentially directly injecting additional
solvent into the waxy oil feed stream to further cool
30 and dilute and to obtain a desired viscosity of the
' waxy oil feed stream to facilitate handling of the

waxy oil feed stream through

the process and to

facilitate filtering crystallized wax from the waxy
oil feed and to obtain the desired pour point of
35 dewaxed oil product, and during the sequential cooling

R 0 A VA



30 and dilute and to obtain a desired viscosity of the

waxy oil feed streamto facilitate handling of the waxy oil feed
stream through the process and to facilitate filtering -
crystallized wax fromthe waxy oil feed and to obtain the desired
pour point of 35 dewaxed oil product, and during the sequenti al
cool i ng -'33- i of . the vaxy oi
feed crystallizing and precipitating -33=-Wa x,i, hnihe waxy,9|I feed
to obtain an oil/sol vent/ wax m xture ht A tenperature of{l-34 to
21[err] C | feve

{! 42 AP 1986

__._...

" of the waxy oil feed crystallizing and preclpltatlng
wax from the waxy oil feed to obtain an oil/solvent/
wax mixture at a temperature of -34 to 21°C;
feeding the oil/solvent/wax mixture to a filter
5 to remove the wax and obtain an oil/solvent filtrate
strean;
contacting the oil/solvent filtrate stream at a
temperature of -15 to 18°C with the selective
semipermeable membrane in a membrane module to
10 selectively transfer solvent through the membrane to
the waxy oil feed:
withdrawing the remaining oil/solvent filtrate
stream at a temperature of 4 to $7°C from the membrane
- module and treating the oil/solvent/filtrate stream to
15 separate the solvent from the oil, and recovering a
dewaxed oil product stream, and a deociled wax product
stream and recycling the separated solvent to the
dewaxing process.

2. The process of claim 1 wherein the solvent to oil

20 ratio in the filtrate stream is 15:1 to 3:1 based on
volume.
3. The process of claim 1 wherein the dewaxing solvent is

a mixture of methyl ethyl ketone/toluene and the
volume ratio of methyl ethyl ketone to toluene is
25 25:75 to 100:0.

4. The process of claim 1 wherein the effective'transfer
temperature of the membrane is ~7 to 38°C.

5. The process of claim 1 wherein the total solvent to
0il dilution ratio is 6:1 to 1:1.

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

HIIIlIl I II||| ||I|I || I



feeding the oil/solvent/wax m xture to a filter 5 toirenoye the wax

and obtain an oil/solvent filtrate stream :
contacting the oil/solvent filtrate streamat a t enper ature of
-15 to 18[err]Cwith the selective sem pernmeabl e nenbrane in a
menbr ane nodule to 10 selectively transfer solvent through the
menbrane to the waxy oil feed; . W t hdrawi ng t he
remai ning oil/solvent filtrate streamat a tenperature of 4 to
57[err]C fromthe nenbrane modul e and treating the. . .co==
oil/solvent/filtrate streamto 15 separate, thedigiyyuyémiﬂmt e oil,
and recovering a dewaxed oi |l product st | &R wax
product - stream and recycling the separatied sdlaeﬁERI ....... he
dewaxi ng process. 2. The process of ¥4a m|1P#Rerain nt to
oil 20 ratio in the filtrate streamis 15: 0 3:1 based on _
vol une. 3. The process of claim1l wherein the dewaxing solvent is

a mxture of nmethyl ethyl ketone/toluene and the
' 7. The process of claim 1 wherein the waxy oil feed is a

light neutral lubricating oil stock having a boiling
range of 343 to 454°C.

8. The process of claim 1 wherein the waxy oil feed is a
5 heavy neutral lubricating oil stock having a boiling
range of 399 to 593°C.

9. The process of claim 1 wherein the waxy oil feed is a
bright lubricating oil stock having a beoiling range of
510 to 816°C.

10 10. The process of claim 1 wherein the semipermeable
membrane consists essentially of asymmetric polyimide
prepared from 5(6)-amino-l1-(4‘/-aminophenyl-1,3-
trimethylindane.

R O AR



vol unme'ratio of nmethyl ethyl ketone to toluene is 25 25:75 to 100: 0.
4. The process of claim1l wherein the effective transfer

tenmperature of the nmenbrane is -7 to 38[err]C . 5. The process of -

ckaim 1l wherein the total solvent to oil dilutionr ratiois 6:1 to

1:1. 30 6. The process of claiml mhereln t he pour p0|nt of the
dewaxed oil obtained is -29 to 21f[err]C S

-35-
LUBRICATING OIL DEWAXING USING MEMBRANE

et e e e e et e

SEPARATION OF COLD SOLVENT FROM DEWAXED OIL

ABSTRACT

A process for solvent dewaxing of waxy petroleum oil feeds to obtain lubricating

gil stocks by countercurrently contacting a warm waxy oil feed on one side of a

selective permeable membrane with a cold oil/solvent filtrate stream on the other

side of the membrane to selectively transfer cold solvent from the oil/solvent filtrate

Stream throygh the membrane to the waxy oil feed. The transfer of the cold

solvent to the warm waxy oil feed simultaneously cools the warm waxy oil feed,

dilutes the warm waxy oil feed with solvent and separates the solvent from the cold

gil/solvent filtrate stream.

[FIGURE 1 IS SUGGESTED FOR PUBLICATION]
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pf eépar ed from 5(6) - ani no- 1- ( 4' - ami nophenyl - 1, 3-

trinethylindane,
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