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directed to a process for dewaxing waxy oil feeds. This invention is
particularly directed to a proces for sol vent dewaxi ng waxy petrol eum oi
fractions and nmenbrane separation of fiitered solvent- 5 oi | m xtures.
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filtered to recover solid wax particles. A filtrate
10 comprising a mixture of oil and solvent is recovered from
the filtration step. At present, dewaxing of waxy feed is
performed by 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
15 temperature required for the precipitation of the wax and
the wax is separated on a rotary filter drum. The dewaxed
oil is obtained by evaporation of the solvent and is useful
as a lubricating oil of low pour point.
This type of dewaxing apparatus is expensive and
20 complicated. 1In many'instances the filtration proceeds
slowly and represents a bottleneck in the process because
of low filtration rates caused by the high viscosity of the
oil/solvent/wax slurry feed to the filter. The high
viscosity of the feed to the filter is due to a low supply
25 of available solvent to be injected into the feed stream to
the filter. 1In some cases, lack of sufficient solvent can
- result in poor wax crystallization and ultimately lower
lube 0il recovery.
The use of solvents to facilitate wax removal from
30 lubricants is energy intensive due to the requirement for
separating from the dewaxed oil and recovery of the
expensive solvents for recycle in the dewaxing process.
The solvent is conventionaliy separated from the
dewaxed oil by the addition of heat, followed by a
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thermodynamic efficiencies. Such membranes are found in
U.S. Patents No. 5,264,166 (White et al) and 5,360,530

10 (Gould et al); and the present invention relates to
improved operation of selectively permeable membranes.
These membranes are found to have a high permeability for
solvent at low temperature, while rejecting oil, and are
suitable for use in solvent recovery from the oil/solvent

15 filtrate mixture.

It has been discovered that the membrane separation
can be improved by solvent washing of the membrane under
pressurized process conditions.

A process has been found for solvent dewaxing a waxy

20 petroleum oil feed to obtain petroleum oil lubricating
stock with improved performance. Waxy o0il feed is treated
with cold solvent to crystallize and precipitate wax
particles, thereby forming a multiphase oil/solvent/wax
mixture containing filterable wax particles, and the

25 multiphase mixture is filtered to remove filterable wax
particles from the cold oil/solvent/wax mixture to recover
a cold wax cake and a cold oil/solvent filtrate stream.

The improvement herein comprises: feeding the cold
oil/solvent filtrate stream containing wax particles under

30 pressure (e.g. ~ at least 2750 kPa) to a selective
permeable membrane for selectively separating the cold
filtrate into a cold solvent permeate stream and a cold
oil-rich retentate stream which contains the dewaxed oil
and the remaining solvent; periodically interrupting flow

35 of the filtrate stream to the membrane; and directing a
warm stream of recovered solvent at process pressure onto
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Fig. 4 is a similar graphic plot depicting permeate
flow rate vs. operating time on stream before and after
solvent washing.

15 DETAILED DESCRIPTION OF THE INVENTION

The following description of the process of the
present invention is given with reference a preferred
embodiment of the invention as depicted in the drawing.
Metric units and parts by weight are employed unless

20 otherwise indicated.

In Fig. 1, a waxy oil feed, after removal of aromatic
compounds by conventional phenol or furfural extraction, is
introduced through line 1 at a temperature of 55 to 95°C
(about 130 to 200°F) and is mixed with MEK/oluene solvent

25 fed through line 2 at a temperature of 35-60°C (95 to
1408F) from the solvent recovery section, not shown. The
solvent is added at a volune 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

30 exchange to a temperature above the cloud point of the
mixture of about 60-~-100°C (140 to 212°F) to insure 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 35-85
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2.0 parts by volume per part of waxy oil in the feed. The

temperature and solvent content of the cooled waxy oil feed
10 stream in line 101 is controlled at a few degrees above the
cloud point of the o0il feed/solvent mixture to preclude
premature wax precipitation. A typical target temperature
for the feed in line 101 would be 5-60°C (40-140°F).
The cooled waxy oil feed and solvent are fed through
15 line 101 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.
20 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 0 to 1.5,
e.g. 0.1 to 1.5, parts by volume based on one part of waxy
25 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 from
solution. The cooled waxy oil feed is then fed through line
30 . 105 and mixed with additional cold solvent injected
directly through line 106. The cold solvent is fed through
line 106 in an amount of 0.1 to 3.0, e.g. 0.5 to 1.5, parts
by volume per part of waxy oil feed. The final injection of
cold solvent at or near the filter feed temperature through
35 line 106 serves to adjust the solids content of the
oil/solvent/wax mixture feed to th:< main filter 11 at a
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wax precipitati A typical tardget tenperature
10 comb ned w1 the solvent in 1ine 106 to adjust the solvent

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

15 mixture through line 103 to the exchanger 10. The
oil/solvent/wax mixture in line 107 is then fed to rotary
vacuum drum filter 11 in which the wax is separated from
the oil and solvent. -

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

20 be arranged in parallel or in a parallel/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 recovery
operation. The cold filtrate is removed from filter 11

25 through line 108 and at this point contains a solvent to
oil ratio of 15:1 to 2:1 parts by volume and is at a
typical temperature of -23 to +6°VC (-10 to +50°F).

The sold filtrate in line 108 is increased in pressure

by pump 11A and fed to selective permeable membrane module

30 M1 at the filtration temperature. The membrane module M1l
contains a low pressure solvent permeate side 6 and a high
pressure oil/solvent filtrate side 8 with the selective
permeable membrane 7 in between.

The cold oil/solvent filtrate at the filtration

35 temperature is fed through line 108 to the membrane module

Ml. The membrane 7 allows the cold MWK/tol solvent from
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recycled to the filter feed line 107. The removal of cold
solvent from the filtrate and the recycle of the removed
solvent to the filter feed reduces the amount of solvent
needed to be recovered from the oil/solvent filtrate and
15 reduces the amount of heat required to subsequently heat
and distill the solvent from the filtrate in the solvent
recovery operation,respectively. Higher oil filtration
rates and lower oil-in wax contents are obtained as a
result. '
20 The filtrate side of the membrane is maintained at a
positive pressure of 1500-7400 kPa (about 200-1000 psig)
and preferably 2750-5500 kPa (400~-800 psig) greater than
the pressure of the solvent permeate side of the membrane
to facilitate the transport of solvent from the oil/solvent
25 filtrate side of the membrane to the solvent permeate side
of the membrane. The solvent permeate side of the ﬁembrane
is typically at 100-4000 kPa (0-600 psig, preferably 5-50
psig, for example at about 25 psig).
The membrane 7 has a large surface area which allows
30 very efficient selective solvent transfer through the
membrane. The cold filtrate removed from the membrane
module M1l is fed through line 109 to indirect heat
exchanger 9, in which it is used to indirectly cool warm
waxy oil feed fed through line 101 to the heat exchanger 9.
35 The amount of solvent to be removed by the membrane module
M1l is determined, to some extent, by the feed pre-cooling



WO 97/ 39085 PCT/ US97/ 05472 5 rate of 3-10
vol une peW@p1/39085n order to facilitate filtration and r enporElUSINosahe wax
fromthe waxy oil/solvent/wax mxture feed to the main filter 11. The

m xture is then fed through Iine 107 to the main filter 11 5 and the
wax is renoved. The tenperature at whi the oil/solvent/wax mxture is fed
to the filter is the dewaxi ng tenperature and can be (-10 to +20[err]F) -23

to -7 C h t
os 1oa. b odastEnRiTelCnk €oRA B4 FokRte ols 'lfer HEK Aiiat! I
sol vent in 1%%e te0ding 3dSuand; fEnkoFeett @ kﬁ?ﬂ?&ﬂﬁﬂ%ﬁaQQ9ﬂln ecting

the sol vent dpe ﬂaltﬁ%nl(iﬁ whiiehl the #emaiding resBrentoiss demivied Fdome 104 is
i njected int H@F 10? 3 adjust the solvent dilution and viscosity of the
oi | / sol vent/ %éd prior to feeding the 15 m xture through
line $03 to the Thelsolyentids Bepazpartedofyent thenoid isakvent: filkratay is

then fed toirxm:w &Qg%%'ﬂréhﬁ”kébb%&fy éfhmxphd&@ s pyeparated from

the oil and_sol vent

ers 1 %r e used and t hey can
20 be aheatddd ard,xeRPViNg Ehe,sg ﬁ%?%l?%l‘gasﬁ' TS on. A
separ at ed wgepatratedogedventmisheetovéred twarmigind |mdﬂﬂecﬁmhﬁmg}ﬁd to

recovery opaidB gntarnne;dekdx fg pPObUEE; AEEXES bild Moavgne PR
t hrough | i n@ilopredycs: ishrecpvened cand Jused a@%dlmcatﬁng oil stock.
A portion of the solvent from the solvent recovery
operation is fed through line 2 at a temperature of about
35-60°C (95 to 140°F) to be mixed with waxy oil feed fed
through line 1. Another portion of the recovered solvent

15 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 indirect heat exchange against
cooling water and wax/solvent mixture, respectively.
Another poftion of the recovered solvent is fed through

20 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 about the fluid temperature in
line 103 and fed through line 104 and injected into the
oil/solvent/wax mixture in line 103.

25 In an alternative embodiment of the present invention
the filtrate stream in line 111 can be fed through valve
15a and line 114 to membrane module M2. The filtrate is fed
to module M2 at a temperature of 15 to 50°C and solvent is
selectively transferred through the membrane 7a and is fed

30 through line 116 and recycled to the dewaxing process. The
membrane module M2 is operated in the same manner as
membrane module M1, except for the temperature of
separation, and can contain the same membrane as module Ml.

The use of the membrane module M2 embodiment allows
- 35 reducing cooling capacity requirements and reducing utility
consumption in the solvent/oil recovery section. However,
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solvent in 18 Ml.the cold filtrate perneates through the nenbrane and is
recycled to the filter feed line 107. The renoval of cold
10 Membranes
' In the present invention, a membrane module comprised
of either hollow fibers or spiral wound or flat sheets may
used to selectively remove cold solvent from the filtrate
for recycle to the filter feed. For the solvent-oil
15 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, polytetrafluoroethylene, polyimides, or
20 polysilanes. Asymmetric membranes may be prepared by
casting a polymer film solution onto a porous polymer
backing, followed by solvent evaporation to provide a
permselective skin and coagulation/washing.
In the preferred embodiments, a polyimide membrane is
25 cast from the polymer based on 5(6)~amino-~1-(4'-
aminophenyl)-1,3,3 trimethylindane (commercially available
as “Matrimid 5218"). The membrane is configured as spiral
wound module, which is preferred due to its balance between
high surface area, resistance to fouling, and facility for
30 cleaning.



solvent fromthe filtrate and the recycle of the renpoved solvent to the
filter fedOPUMIEs the anount of sol vent needed to be reecymwsewbsi2om t he .

oil/solvent filtrate and 15 reduces the anount of heat required to
subsequently heat and distill the solvent fromthe filtrate in the sol vent
recovery operation,respectively. Hghergoil filtration rates and | ower

oil-in wax contents are obtalned as a result. 20 The filtrate side
3 : sl tive pressure of 1500-7400 kPa

(about 200- 1000 a 750- 5500 KPa 400- 800 psig) greater
t han t he pressur@vﬁg tipe éi %Quﬁeﬁﬁﬁane to
facilitate tperformeeame tmatl mlg\tanh fluemtbhe&hei héeﬁinurstlaﬁ of waxltrate

si de of thelgﬁﬁyf tEP p Sk of the nmenbrane. The
sol vent perrteat e si e %ﬁk ?%ﬁeapgﬁ %glcagté at 100-4000 kPa (0-600
L

psi g, pr ef erRBFticien arg g‘aq“é'ﬁléi!aﬁ‘ﬁ%a&!‘eébént pilyratahteerdknin ane 7

has a large a&W&miﬁﬁ\@rdé%émleﬁh bﬁ\/\/&héocondi’lﬁ%t( St tre eé‘én@ﬂfé%
solvent tra f rou the trate renove romthe

nenbr ane no Fﬁgylgglgﬁand?¥BE? ahwax dadings 9, in
which it is nangzh tﬁrqmdmr-eopl ppmovblvvﬁom aaweldi haineaifed fﬂrtsmgh line 101

o o R e Boamany RS S80S BRI
filtrate wax loadings on the order of 1- vol %.

Deposition of the wax within the feed channels of the
module tends to increase axial pressure drop at constant feed
rate as the cross-sectional area available for fluid flow
decreases. The rate of pressure drop increase for an 8-inch

15 diameter x 40-inch long spiral wound module processing a lube
oil filtrate stream containing about 75 ppm vol of 25 micron
diameter and smaller wax particles is shown in Figure 3. Wax
lay-down on the membrane surface also results in a 30%
decrease in solvent permeation rates as shown in Figure 4.

20 Both Figures 3 and 4 show that a 30 minute wash with clean
solvent at a temperature of 40°F (4.5°C) restores membrane
performance to baseline values.

' A schematic of the equipment required for solvent
washing of a fouled membrane is shown in Figure 2. In this

25 process flow diagram, the M1l membrane unit from Figure 1 is
depicted as a multiplicity of membrane units operating in
parallel. Membrane Units Ml1-A, M1-B, through M1-N may
represent either a single membrane module or an entire bank
of membrane tubes containing several modules each. Under

30 normal operation, lube oil filtrate is fed to the collective
membrane unit M1 via line 108. The feed is further
subdivided in a feed manifold to supply an individual feed
stream to membrane units Mi-A, M1-B, through M1-N. The
feeds are separated into a collective permeate stream 106 and

35 a combined retentate stream 109.

When it is desired to clean membrane unit Ml-A, valves




WD 97/ 39085 PCT/ US97/ 05472 7
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shown, by heating and renoving the solvent by distillation. The separated
solvent is rmnvemdzmrﬁarwuds@éwrﬁtedgdramghhlé hembriatel #d $RVGEkAEd

. Th duct d d d
e T ubri cat F0%: P06, el dting arkny, el RYBRA peyebic Sookben; 2ea
recovery opetatMbrAivid chines Rk anch@oz by opevipgr yalveso22abantl 23a.
35- 60[ er ] C f98tdip &@&m]& it Rl 63 vk ol peOahylfistte BELLEERUIN

line 1, Another ortlon he recovered solven rough line

2 to I1ne 16th8 *ﬁ%??ﬁe e diemrpsature apd the paximum sgabdel vent s
cooled to abmmpémm\mt r’l(.hé gy raing. € Thye pnrdssﬁeb btathexaaanggowahﬂst -

Fecovered sttt IEERATT puf tay GarkBICEH YReproieen prbfpurs of |

exchanger 15L900w#AQth kRa st'%d\faeﬁ!l @fmﬁtéwsh&aquaxehahgelmgestoivalsh

O st e Oy AT

M xt u in | j_ pe ure amage or 1s sys em, e preferred wash
solvent temperature range of 40-70°F (4.5-21°C) represents an
acceptable balance between wash time and membrane protection.
The wash solvent flow rate is not critical and is selected to
balance wash time requirements and wash solvent pump

15 capacity. The warm solvent sweeps through Ml-A, dissolving
the wax deposits. The wash solvent and dissolved wax is
returned to the dewaxing process via line 205 and slop header
208. Membrane unit Ml-A is returned to service by closing
valves 22A and 24A, then opening valves 20A and 21A.

20 Membrane units M1-B through M1-N can be cleaned in an
analogous manner using the valving and wash/slop lines shown
in Figure 2. Manifolding the wash system in the manner
shown makes it possible to clean a selected portion of the
total membrane unit while continuing normal operation of the

25 balance of the membranes. It is not necessary to Segregate
the normal permeate from the solvent which is expected to
permeate during a wash cycle, although valving may be added
for this purpose as needed to maintain the desired
temperature and purity of stream 106. In a preferred

30 embodiment, the permeable membrane system comprises parallel
banks of spirally wound membrane modules, and
individualmodule banks may be washed while other banks
remain on stream.

The periodic washing step may be effected for a time

35 period of 15 to 60 minutes following wax buildup during

continuous membrane operation. The washing frequency is



25 . - In an alternative enbodi nent of the present invention the
filtrate MOYANWESN |ine 111 can be fed through val ve 15a pemiu$d70847214 to
menbrane nodule M2. The filtrate is fed to nodule M2 at a tenperature of 15
to 50[err]C and solvent is selectively transferred through the nenbrane 7a
and is fed 30 through line 116 and Lecycled to the dewaxi ng process.
The. menbrane nodule M2 is operated in e same manner as nenbrane nodul e

ML, except &%Smsatsmaﬁtwsd%wrﬁmn@dacsﬂwcﬂlit% the same
menbr ane as he use of th nbr ane npdul_e ggp i ment al |l ows
[

35 r eduEFﬁQrégﬁﬁl k9 BPEPCRFE f%*%&ﬁ typicadgperigddc; washing
consunpti ongtept i achdwctédiat rashbrety mnt ifillow hiaev e, 0.0010t87b638885

FSILgEgZL?gﬁéﬁ %Lnﬁg %% é§§q¥ec§%§%§%¥ ronlnﬁg??kﬁﬁkﬁpgé soPLgESrfron1the

menbr&ne nopuefexgbhyisiess han & ¢4 HIAMLN/M2g used in the dewaxing
process, as for exanple in heat 5 exchangers 15 or 17 and 13. The .
hi gher tenperature, however, allows nore solvent to be recovered because of
t he hi gher permeate rate of the higher tenperature as conpared to ML. 10
Menbranes In the present invention, a nmenbrane nodul e conprised of either
hol | ow fi bers or spiral wound or flat sheets may



used to selectively Lﬂﬁﬁve cold solvent fromthe filtrate for recycle to

the fil tEWOI3B9P8S For Lm&ﬂ MJlS separ ati on of PGTESYBOSETR N
i nvention, the nenbr et BHt can be used include, but are not

limted to isotropic or anisotropic materials constructed from

pol yet hyl ene, pol ypropyl ene, cellul osgqacetate, polystyrene, silicone
rubber, polytetrafl uoroethyl ene, polyi'mdes, or 20 pol ysi | anes.
Asymetric nmenb ray be prepared by casting a polyner filmsolution
onto a porous polynmer backing, followed by sol vent evaporation to provide a
pernsel ective skin and coagul ati on/washing. In the preferred enbodi nents, a
pol yi m de nenbrane is 25 semicoattiniivus) precpskyfer sabeenvndewaxing a

R S g | | : 4 ;
a\(/ai)IZlTI goa‘gaéf/ﬁ??%%lg;:)?fﬁdz%e i ane #5’%%%9?5&%2 aég!sg%lr;zll wound
nodul e, which is préiBiting afe the waxyhQidnhLfeedesfreamhvihsaplventar ea,

resi gfance to foul iguol Byl HhaCiWabdyy diQr £3ed strehd@ihNSucces¥y87Hhagess
PCT/ US97/ 05472 9 nbrane, C eani ng Procedure Over tine the nenbrane nodul es

will foul and pB¥FBRNARCELIFST’ degrade due to the accumul ation of wax
particles wthin theeddiady dmnredll/sédwent/wax mixture to a filter to

remove the wax and obtain an oil/solvent filtrate stream,
contacting the oil/sclvent filtrate stream at a temperature

10 of -35°C to +20°C with one side of a selective semipermeable
membrane in a membrane module to selectively transfer
solvent through the membrane to obtain a solvent permeate
stream on the other side of the membrane, the o0il/solvent
filtrate stream side of the membrane is maintained at a

15 positive pressure relative to a pressure on the solvent
permeate side of the membrane, and wherein the volume ratio
of solvent in the permeate stream to retentate stream is 1:1
to 3:1:

selectively transferring a major amount of solvent

20 from the filtrate side of the membrane to the solvent
permeate side of the membrane, and recycling the solvent
permeate at a temperature of -35°C to +20°C to the filter
feed:;

withdrawing a solvent-lean filtrate stream containing

25 the remaining solvent from the filtrate side of the membrane
module, contacting the filtrate stream by indirect heat
exchange with the warm waxy oil feed:;

treating the withdrawn filtrate stream to recover the
remaining solvent from the oil;

30 recovering a dewaxed oil product stream and a wax
product; and periodically directing a warm stream of
recovered solvent onto the membrane surface to wash the
membrane and remove impurities therefrom.



5° particles aren jped in the filtrate feed in an anount
dependent YPIH3082 C MEMMY“HDMﬂH anvasses on the NEK BemUShTMB4INI t

rotary filters. Typi range from 10-300 ppmvol for a well
mai ntained filter canvas. Even a small tear in a filter canvas can result
in 10 filtrate wax | oadings on the ordqg of 1-2 vol % Deposition of the

wax within the feed channels of the nodule tends to increase axial pressure
drop at conszantrﬁeeﬁréaéesa@ftdl%iaf Qs yhegelinOtdl ab%x%a' Ea?bﬁném fluid

fl ow decreases. The rate of ‘éres uretﬁgg tﬂ 5‘ gg or | nc

di ameter x 4°TREHTDR BHTES RSuR Pt ote gf‘ﬁgaﬁdlﬁ%“ﬂ? filtrate
stream cont a(MER(tebdutamd themrasioopt 2BEK: toda 5260t 40 tod8GNZ0 | PAry@X
particles 'Sb% A¢), Figure 3. Wax lay-down on the nenbrane surface also
results in a’'30% decrease in solvent perneation rates as shown in Figure 4.
20 Both Figures 3 and 4 show that a 30 m nute wash with clean sol vent

at a tenperayurerid piftjeusd lof( 41afimr L] Whereshothe wWa#Pr6iE fwsd ofdmayice to |

basel i ne valﬁ% %mt 'n%r(ﬂ:a]i:gﬁaegfi PLE ékr ixrﬁdaf orbf,%&%\{ent vvashl ng

of a foul ed ane 1s shown'1n ure 2.

di agram t heefi4afents Hiee 966 t'Chrom Figure 1 is depicted as a nulti pI i CI ty
of nmenbrane units operating in paral l el . Menbrane Units ML-A, ML-B, through
ML- N may represent either a Ie nenbr ane, nodul e or an_entire bank of
menbr ane t utfes (ﬂ’?‘ﬂcﬁj‘ss 1’1%?1 ereinthe,waxy @il feedim|a
operation, |dezsphialtied tlmm'ecasmgdoib stack dhaeing ve veibimadiyd d¢ Vi a

l'ine {h08. Thed q._%dfoi.fdj.rt her

5. In the process for solvent dewaxing a waxy petroleum oil
feed to obtain ﬁetroleum oil lubricating stock wherein waxy
oil feed is treated with cold solvent to crystallize and
precipitate wax particles, thereby forming a multiphase
15 oil/solvent/wax mixture containing filterable wax particles,
and wherein the multiphase mixture is filtered to remove
filterable wax particles from the cold oil/solvent/wax
mixture to recover a cold wax cake and a cold oil/solvent
filtrate stream; the improvement which comprises: feeding
20 the cold oil/solvent filtrate stream containing wax
particles under operating pressure of at least 2750 kPa to a
selective permeable membrane for selectively separating the
cold filtrate into a cold solvent permeate stream and a cold
oil~-rich retentate stream which contains the dewaxed oil and
25 the remaining solvent; and -

periodically interrupting flow of the filtrate stream to
the membrane; and

directing a warm stream of recovered solvent onto the
membrane surface to wash the membrane and remove impurities

30 therefrom. '



subdi vided in a feed I y an individual feed streamto
menbr ane W& Y789088- A “N“H“I““Ilumﬁn N. The feeds are sepea/oswmssmto a
col l ective perneate streamt08 afd 35 a conbined retentate stream 109
When it is desired to clean nenbrane.unit M-A valves WD 97/ 39085
PCT/ US97/ 05472 10 20A and 21A are .cl osiep to isolate the nenbrane to be
washed fromthe operating system Warm clean solvent is then fed to M-A

via lines 1 afﬁ% [ I o ﬁémh e of the
wash solveﬁg can égﬁﬁyjieggpéggmégﬁyeﬁi nﬁe filtrat ﬁ%eggﬁggguérature
and the maxesseRtiabie Afihe RS THde ROLymes; i’ﬁ@edTHE Br(éésaménef-lr he

wash sol venfsi-samidiopheriy)adl,, 3, tyimethylipdanel.he process pressure of
1500- 7400 kPa. Low wash tenperatures require the |ongest wash tines, but
af ford maxi mum protection of the menbrane from 10 hi gh-t enperature

damage. For7¢ hitheprragess (@f Glariay 5o ¥hereins Sheespldenpéraiche range of

40- 70{ er r | Rrdtderitakld Htiddam (RRNAINHY Acwaxtacelhabha Baheane Pt vween wash
time and ne owrate is not critical

t ect t
and is sel é%%%‘iil]t]cé)‘{)?ﬁércﬁelé‘%h% e%esql\r/gnr?@m’g taARdnEehTeEPYeE: thenp 15

capacity. ﬂ&tm\uulvenﬂ\shneammﬁapswhhmdmgh ML- A, dissol ving the wax
deposits. The wash sol vent and dissolved wax is returned to the dewaxing

process via |line 205 and sl op heade
8. The process of Claim t herein the dewaxing solvent

comprises MEK and toluene in ratio of 60:40 to 80:20 parts
10 by weight and wherein the warm solvent stream is recovered
at a temperature of 10°C to 50°C.

9. The process of Claim 8 wherein periodic washing step is
effected for a time period of 15 to 60 minutes following wax
buildup during continuous membrane operation.

15 10. The process of Claim 5 wherein periodic washing step is
conducted at a solvent wash flow rate of 0.001 to 0.03
kg/min of solvent per square meter of membrane area.

11. The process of Claim 5 wherein the permeable membrane
comprises parallel banks of spirally wound membrane modules,

20 and wherein individual module banks are washed while other
banks remain on stream.

12. The process of claims 1 or 5 wherein the warm stream of
recovered solvent is directed onto the membrane surface at a
process pressure of at least 2750 KkPa.

25 13. The process of claims 1 or 5 wherein the temperature of
the warm stream of recovered solvent is from 4.5 to 21°C.



208. Membrane unit M-A is returned to service by closing val ves 22A and

24A, thenwspewsoesy val ves 20A and 21A. 20 . Menbr anePCIrUss/osdrz B
t hrough ML-N can be cl eaned in an anal ogous manner using the val ving and
wash/ sl op |ines shown in Figure 2. zhfol ding the wash systemin the
manner shown nmakes it posm%} to'c a selected portion of the total
menbrane unit while continu %normal operation of the £ "‘>' bal ance of
the nenbranes. It is not n %ary to segregate the norm rma-ate from
the sol vent which is expect@So perneate during a was hex: , shough
valving may be added fe# thijsibtgpose as needed to maint{ (mﬁﬂhe red
tenperature and purity«ef_sfrea 6. In g.preferred 30
per neabl e menbrane systern conpriSses ral Ivel\ banksweof Spl ra Iy d
menbr ane nodul es, and |nd LqualtidBui® ayks) my be washqd mhllaﬁher
banks remai n of—s %€ perroc e g oterT ey tegd for a
time 35 peri od of 1By tOTOS M nutes fol OV ngxerbwldup ufT ng
conti nuous nenprane opefati §n. The washi ng frequendy,is W 97, 390§5
PCT/ US97/ 05472 1 i ct at edy anes gnedw | IT vary
according to procEpss conftijons.® A typical p riodi ng-\J S
conducted at sol vieght wasiT f Iy o of 0.001|to O. 3y ~
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kg/mn of solvent per square neter of menbrane area, preferably |less than
0. 004 kg/ nwme 9vmeoss WO 97/ 39085 PCT/ES97/05452 7/ 05472
12 1. A sem continuous process for solvent dewaxi ng a waxy petrol eum oi
feed stream conprising the steps of: uting of the waxy oil feed stream
wi th solvent; 5 cool i ng ?he waxy oil feed streamin successive
heat exchange stages; feeding the oil/solvent/wax m xture to a filter to
renove the wax and obtain an oil/solvent filtrate stream contacting the
oil/solvent filtrate streamat a tenperaturfe 10 of -35[err]f€to
+20[err]C wth one side of a selective agmiperneabl e nenbrane i p a nenbrane
modul e to selectively transfer solvent &rqugh the menbrane @ pbtain a

sol vent perneate streamon the other sid f the nenbrane, tIf¥ pil/sol vent
filtrate stream side of the nenbrane is nmaijntained at a 15 km)sitive
pressure relative to a pressure on the sol yent perneate side ofthe
menbrane, and wherein the volume ratio of golvent in the pernmeaje streamto
retentate streaf\)s 1:1 to 3:1; g a maj of anount of

sol vent 20 fromthe filtratle side of the nmenbrane fo the so|vent
perneate side of tehe nenbrane, {and recyclifg the sol vept
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perneate. at a tenperature of -35[err]Cto +20[err]C to the filter feed,

W t hdr awi ngvoeomobssent -1 ean filtrate stream contai ning 25 per/isanse£aai ni ng.
solvent fromthe filtrate side of the nenbrane nodul e, contacting the
filtrate stream by indirect heat excgz]nge wi th the warm waxy oil feed,
treating the withdrawn filtrate stre o recover the remaining sol vent
fromthe oil; 30 recovering a dewaxed oil product streamand a wax

product; and periqdigcally directing s® vent onto
t he menbrane surflace to wash the nmenbrane and renpve inpuritieq &erefrom
WD 97/ 39085 PCT/ US97/ 05472 13 2. The process of claim1l rein the

dewaxi ng sol vent |conprises a mixture of methyl ethyl ketone and tol uene
(MEK/tol.) and the ratio of MEK:tol. is 60:40 to 80:20 parts byl weight. 5
3. The process qf claim1l wherein the waxy oil feed is a heavy neutral

| ubricating oil dqtock having a boiling range of 4 [err]Cto H66 [err]C
4. The process off claim1 wherein the waxy oil fégj is a deasplial ted

| ubricating oil dqtock having a boiling range of 10 $66 tg 7-04[err]C.
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5. In-the process for solvent dewaxing a waxy petroleumoil feed to obtain
petrol eumwobrbgels i cating stock wherein waxy oil feed is pepaisfhsipt h col d
solvent to crystallize and precipitate wax particles, thereby formng a

mul ti phase 15 oi I / sol vent / wax nlzép e containing filterable wax
particles, and wherein the nultipha ﬁixture is filtered to renove
filterable wax particles fromthe cold 0|I/solvent/max nlxture tearecover a
col d wax cake ang ovEdent whi ch
conpri ses: feedi ng 20 the cold 0|I/solvent flltrate stred ont ai ni ng
wax particles under operating pressure of at |east 2750 kPa toja Sel ective
per meabl e nenbrape for selectively separating the cold filtratg into a cold
sol vent perneate{streamand a cold oil-rich retentate stream whji ch contai ns
t he dewaxed oil and 25 t he remai ni ng sol vent; and periodic3lly

interrupting floy of the filt e streamto the nenbrane; and qirecting a
war m stream of recovered sol t onto the nenbrane surface to gash the _
menbrane and renpve inpuriti 30 t heref rom s WO Q7/3908%

PCT/ US97/ 05472 14 6. The process of ai® 5 wher@® n the menbrage consists

essentially of the polyimde polx' ws bangd on 5(6)-am no- 1-
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(4'-am nophenyl)-1,3,3, trinethylindane. 7. The process of C g
the cold oil-rich 5 retentate stream contai ns dewaxed oil g

“is distilled tBQTFcover deWb‘H‘W@W RTY | QHOANIZATION OV e t h& S
stream for_washin ocess 0 herei n the dewaxi ng sol vent

Somor s P ERNATORRL APRLIGATIGN PUBLISHED WHOHS THE RATENT CORRARON TREATY (BEBh:

m sol vent

and IntdeatidnaiEPatb@tIONssioatéR it St ream i s (lgmﬁ{ﬁg,gl Plblicidn RIRGEAT U € 97/39085

10[ grr] R C. 9. The procegsapf G aim8 wherein peri odi ¢ washi ng
step iseel?gect e’gi:?jor a tine period{of {1@3)fwergdionsi PubilicationDaded ommwwxmas 10.97)

bui | [dop—durTmg——ConNt T TOoUS MENDr arne. oper gui on. 15— tO—Ftre—process—of
d ai mISIIlM’mmhlmpﬂutiomdiuﬁbcmshi ROT/S39DN54725 (B1DDGigated Stagd: AL, S0IBACEE, BGABR) BY) CA)VCN,
ratg of 0.001 to 0.03 kg/mn, of ggﬂl#‘%gﬁn per ¢CErHP oI, ’éfmnﬁrﬂﬁam LR/ LV,

11. E'“ﬁf"dﬁ‘@%'@mnﬁ aim5 GAEY L erme % G, 81, SK, TR,

LS, MW, SD,
pardl I el banks of spirally wound rrenbrare rmdsz[e@), an patent @ Rz, MD.RU,
i ndi}\dopierivkitymetiil € banks are washed whil ¢ ot heW, m mﬂAurBEscmemrmx,.‘Bé F,
The {pr oc8433g65 c| ai miS APrib1I( 1648 ei n (Ufq vvar &%& OLERT, SR QAP patent
is directed onto.the nenbrane surface at| a prﬂgesS DT e e TS AnEN ML, MR NE, SN, TD,

2750 (MPepplicalns: MOBIL30I. COReORNTION BS/USH; 3¢d53i s 1 or 5 wherein the tenperature

of tlhe wdPafews Rpadchisiefed VA QBT ABRWRGRIGEE& |is from 4.5 to 21[err]C
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(57) Abstract

A waxy oil feed is introduced through line (1) and is mixed with MEK/toluene solvent fed through line (2) and is fed to heat exchanger
(3) to dissolve all crystals. The waxy feed in line (101) is mixed directly with solvent and fed thmugh line (102) to cool the feed. The
cooled waxy oil feed is further cooled by indirect heat exchange in heat exchanger (9).




