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separ at edwhieh qupstahabopy zstCerwsr atbbuttatmsiav mr-entTh(sradhdsNe t\herrps destrited agd cldimed i m
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f or mal dehftiRseses piseread)sutiacy chillqra op Pesfipsebby a PHEHILbanivasdascribed ip Sy pray3 e -
nesh) .65 Vesgygaisfedlsedies S\aﬁroeE:&%@h@s@ar%érﬂ@n&iﬂeeﬁl?&wm&q@eS' ve to sandw ch the
perneate cloth into a closed envelope in fluid conmunication with the
perforated central tube |eaving the perforations in the central tube as the
only perneate outlet. The epoxy adhesive will generally conprise a ketone o
resistant resin formulation such as one conprising (1) Epon 828 which |S 2.
reactlon product of bi sphenol A and_epl chl oraldse




agent) (4) Est ane 5707 'F- 1 (a polyurethane fromB. F. Goodrich) and (5)
DVE. sol vent wherein the conponents 1/2/3/4/5 are present in typical
r eld¥i onshi p based on parts by weBgh®5080&bout 100/ 10/ 60/ 4/ 12, whi ch curfe

at about, [ erl ¥ h Y el ARG RAS sYSped Yl kel chi
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m xture ofg ol H.de%eqn&ﬁ r,uaste'i% ?ohr MemblEne'EVste §|.tcet%\t% ot filter
(6) i aatdo&en ev),.t A&l pro8dailirel Shd darétnerespreaﬁessegaﬁed. £oid 1.|Ekéedt Whete othbrviggassed
vi a |1 nendiddeditine raémbreras ive@nestedariHeasmratinn bf kétBne delrexisy sinlvreutt(r:omtsammq fronder

pressur eiewme ol @apds alsas ¢qfeparefl vath % Pl reg fated mu@smr abroR.§¢ membranes

dlffere T’td vh %ﬁ?% @g g 3y e&b‘%lgi‘:ﬁ, 'G“‘inby
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a sol vemeherved:to rpee bmtraepareeoemem@hmzemlnolvam(ié_ﬁt)lvraet(bvsmttecnrmusoilescehetd in

storage r] onan é@ h tqs e y o namerng ( 11)

and sentg feste "é Ef%tn;taﬁ &?t@i? tgrh;m&?rmrramﬁ J%‘Q '%t“érmved
ich

frorft heea ts wéth B SHiy AEK er soRveht! AUAS Bﬂ-—37 oﬁéi‘ﬁ%\/tﬁ‘a"te
r esidual memiraneﬂtzs-r-m) e:emt shoivad tathaem atésﬂ:n&ﬁ olf €iRdle Sdhv@hasg&ers BYIEK) foweaayCl e

whi | e t Ifesmatt adugtion incfaux datquarhendtesied on the Plé@t}?@?@@nmvaemrmﬂé”(@:}) The/\#jtd does

menbr anéd'eﬁ"r'M ‘{‘e"("g "aé"nb'ﬂ’s tye SRELRAPS do feparpie dewaxing IpHGRt CPBBITItkRtgPe from
ewaxed t ood se i

pracfice a Ut ) TF ofr units may be used, in parallel and/or in series,

and that each un|t uAII contain a nultiplicity of nmenbrane 15 elenents in

series. It is to be understood that the nenbrane unit nmay be a spiral wound

unit -or elenent, a tubular unit or elenment, a hollow fiber unit or elenent,

or &plate and frane unit or element. It is also to be understood that in

t he above representation, punps, valves and assorted hardware have been

omtted for the sake of sinplicity, their placenent in practice being

within the scope of those skilled in the art. 20

EXPERI MENTAL Sanpl es of pol yi mi de nenbrane were eval uated in a high

pressure, round nenbrane test cell. The menbranes were cut into 3.0 inch

(7.62 cnm) diameter circles and placed in a test cell having a 2.6 inch

(6.60 cn) opening. The nenbrane sanples are sealed to the high-pressure

sidésof the cell by the use of a teflon Oring. The nenbrane sanples are

supported on a sintered stainless steel disk. The test cells are 25

connected into a recirculating | oop weerein m xture of dewaxed 0|I/deuaX|ng

solvent or pure solvent are contacted with the skin side of the nenbrane to

be tested. Wthin the test cell the mxture is passed over the. surface of -

the nenbrane at a rate of about, 22.3 cnB/sec, a rate great enough to _

: prevent or_ninrnize anﬁmooncentratron poIarization_effect‘_ALI‘nenbrane_ T

|nd| cat ed pressure was 400 psr g (2758kPa gauge) terrperature was [err]
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3l'e 1 Sanpl.es “of polyim de nmenbranes were secured from Menbr ane Systef

k_(Msl) and treated in 35 accordance with the procedure, and.gave th
results presented in Table 1. Iirc&gt QWere otherw se indicated, the

menbranes were tested for the separation of ketone dewaxing solvent (1:1

MEK/ M BK) from dewaxed oil and al so céaPi&ried wi th nmenbranes of regenerated

cellulose (RC ). The RC menb:?anes (and, when i;ﬁﬁﬂ\@@t ed;’K e of the

pol yi m de nenbranes) were precorf@itestodeld t o pass by'® "procedure of -

EP- A- 13, 834 (the 8" nenbranes WEFEYS rst wat erRﬁ&?%P%’t hé}?‘:ﬁg)uccessi vely

permeated 40  wi g net hanol and Wginat 400 psig (2798 kPa gagge) at room

tenperature) but, in the case of polyimde nenbrane such pretreatnent is

not necessary. Th&*9ol yi m de .nenbrade sanpl es secure® fromWBB are. believed

to have been pr epg,{r.gd ugi ngtgﬁﬁ%hn 2080 pol yi m de polymer by the techni que

described in US- A°4, 307, oWl B mi®lied is taught as yiel ding menbranes:
reportedly possessiNng gqesd asabe:pL10&MON and wat er gger neabsdd ty. The
details of the exact pruoeeddeci~aopioyed to produce each nenbrane 45

sanpl e tested below is not known. It is to be noted_that in_a few instances
(see sanples 3-6,%26, 31) the fesults were obtained’t#h a sy§5f°em whi ch

enpl oyed only MEKg@s sol vent. Runs 32-37 denonstr atyged hat nggdranes (26-31)
whi ch showed rather high flux rates on an oil single solvent system ( MEK)
showed a dramati céf®duction in~flux rate when tested?on thed%i|-m xed

sol vent system (MEK/ M BK) . Th ata does clearly de trate at polyi mde
PG 0 KR B

menbr anes do sepa?ate d¥ Yol vent cont ai ni ng r'om 50 dewaxed

oil with good sel geti Vi hwaraPin@ 65 6 0 125 9@sk.elABLE dsdSobvent al
Pr etr eat ment Per meat i on Rej ection. Sanpl e :

Procedur e gne Rawplycgrdi/if wptedairdlyy (04 (A) 197%er #1161 94645

air dry - o 07 . 9.33 [err] air dry _
90 08.33 [&¥r] 1O%AYSIAR "Sﬁeé’%'élﬁae 50: 50 HZO1BA (BF 7)) then 5050
acetone: | PA (30 miqiy 15% glycerol in wdts?ir dry 98. @76TheBo.5x sseek+ pperr] 10 m n)
[err] " (43 hr.) 776 85.0 [err]

' o 1000 90.0 | "

971 97.5 | é?‘r"] 20% glycerol &rv]ﬁ% /:n( fley hr) %55” +287 988 £0.7 48.4 7.2
95.2 3.9 [err] wet/dried in situ 358.6 53.8 98.8
0.7 [err] 5% ghy'€er obs% Giyssdd) 8V viaddriair diyy 43077+ B6.3 18.61+04. 6 4.5

[err] 10% gl ycerol in water/air dr 278 28.7 99.6 0.1 [err]

15% gl ycerol in wa#'ér/ apd% gysprot in Wate’é‘?éf"l [err] 3¥FE*8856%%%0d (43 hr.)
[err] ~ 20%glycerpd i ”13@?%@&4@%%&'&)&3 hrary  439. 376.283d5 9.5+ 0@s 7 (43 hr.)
[err] 25% gl ycerol in water/air dry 426.7 66.3 99.5 0.1 [err]
30% gl ycerol in was%®r/ aing% diyserol in water38BGhrairy 30. 5 980.6+ 399 189+ 0P 15%

| ycerol in water/43 hr dr 276.1 30.5 99.6 _0.0 e 15%
3| icer ol in-water/40 h?wangm' inJueri3 hedry g g9 o 43%° %gf'ir%‘;ﬂ" 20%
glycerol in waterhd3 hr g Yiycerol ifasderAao KGin/ 98. 8 3987 X 8h.gréde + 07 20%

gIW’eroI in water/ 140 hr drey, 392.7 84.3 98.6 0.7 17 Per neati on at
400 S| ( 2758 kPa)17 Permeation at 400 pst (2758 kPa):
P : ‘Methanol — MEK 273 £ 267 . 957 + 2.1
18 MEK ' 547 + 103 93 4.1
19 No pretreatment 471 + 28.5 93 +3
20 Membranes dried from 15%

glycerol in methanol — stored
5 days then permeated at
21 400 psi (2758 kPa) — Methanol then MEK 184 & 7 98.7 £ 0.5

permeated at 400 psi (2758 kPa) MEK 326 £ 214 949 + 3.5
22 no pretreatment 225 £ 5.3 94 + 3
23¢ Regsnerated cellulqse . 571 70
24° PM 100 R.C. {10 pm thick) used wet 867.8 + 52 49 +9
265¢ PM 250 R.C. (17.5 um) used wet 435.7 + 341 646 = 2.0
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Met hanol” - MEK ' 273 26.7 95.7 [err] 2.1 18

547 103 93 4.1 19 No pretreat ment _ 471 28
93~ '3 20 Menbranes dried fro %%erol in methanol - stored By
t hen perneated at’ 21 400 psi rQZ a) - Methanol then MEK ‘
98.7 ?.5 {)errr;aat ed at 400 psi (Zﬁmmléar)tmwk 326 [err] 21. 4 94.9 3 5 22.
no pretreatnen 225 5.3 94 3 err
Regener at ed cel | ul ose - 571 Solvent 7 [ ]J PM 100
(ngi 5( 0 []e;r]s; $k) used WEF:;; 's 52 ﬁi“, '°Epr r&,ﬁk" PM 250 R: C.
err used wet 435 .1 64.6 . 907 TABLE 1
gontl nued Sol VQ,'@EF 25% f&Pmamlde & MSGH ﬁgp,{m, Per meat ion Rejection
rrE) e air dry, (15 min) Procedure 986 sRate (1/n2-d) (%
(A) [epr] 25% formam de in MeOH (15 mn) air dr5¥(15 m_n
986 97.47 10 - [err] 0 77.50
520 77.5Qed err] ' 520
91. 47 15 59 [err] " " 520 N4 484
[95 0]4 5[err] 295F v 484 48904 - 95. 04
err " 843 98.97 20
[err] Menbr A€ 26 after 150N MEK (above) 407 304 93 2 [err]
g/gnb][ ane 27 ﬁ;tﬁ{F 150N/ MEK (above) 274 ga3 68. 0 pbgs7 | Menbr ane
after 150N MEK (above) 305 87.1 25 [err] Menbr ane 29
iggﬁ;f\%ﬁo(w E/EK3Q'a;bOVMeerane 2@ 3ter 150N/MEK (%va [errlaocz MenB¥2ane 30 after
above 84.4 3 [err Menbr ane 31
after 150N/ MEK aﬁbové@embra“ezéﬁgr150“’“"“‘*‘@8‘”6 [erf4 O | lgj “ection = Feed Q|

Chnc. - PerrreatgseOIm;angzslg}g,ﬁggﬁﬁm,(q,govgonc %?El [ errkzdenbrane cannot
be ai#® dried without a permanent | oss of sol vent c. Menbrane was

p:ﬂessure per me&6%d sw;mrmeaw;erwNmmei thenzazEK at 409 psi (2758 kPa),
ambi ent tenperature r n f or ketone/0|l sgparation. c

Sampl es 3-6 werg’ pr eg@(ﬂ%éa ?Fﬁgfégﬁﬁi%aﬁ%"ﬁf’l al | y 288 thgﬁgl t hen MEK at
400 pwi (2758 ) fq,{e"@mgm Ster BORIMERSatRON, ankient temsperature before
being tested for ketone/oil separation. 40 [err] Perneation 1est

conduct ed on 20% I50 VEK at 400 kPa), anbient tenperature.
[err] Per RU4EIPHA" T m&&%@@mﬁ% |8/n MEK at 400 psi (2758 kPa),
anbi et & QERBrAL Birdot deQirdriedRIAVLEASSMSHeRT 186 df Bolveat Mux. pri or to use, had a

rotten eggentbedne waslpressuierpgrnpasd lsdzduentiawmrmtleandlet@rMEﬂ aaﬂ@ocmi (2158 kParambient o n

t est conthumﬂ@t!"@bﬁ@@%"]ﬁ@ﬂ?q far 'PZENF/M Eﬁ&a:fl" at 4309I ¢ Sl q,n}l)g €

r r
t ferrper gt ubigt 2% minute qam%‘ll' Ftptee]rm eér umm%g ml? E) IE hrs
af t eraobe by | JTHE 195 orldUitediah 36 H40R 1 MEK 5 eoaéﬂuaew&a)g we{teﬁmp%ewa ions.

Exanpl e B peiridati b@_}.‘orﬁh&&ﬂ.& o 450N InCIEIDat[200 p<ir2r58I@siedmigent temperature.
5( 6) - am fioMdmifrdries asmrwo'p)hwtyrl prict 18, l@e th’drj reetattyh g @dor indigpting PagsibleenaMp@Ritd as

(-] il 0
218 1. ZQ?{J%?% ”{Estket R :{o SRS RAASE R oal 18 i LRAL b AAL XV
e N 1l dri :i%u br (s f %ﬂl‘\ er"@ﬁrg sédrol 15Ll§|ht'ﬁ& iAt
bhade tidhk gap and an 8 sec. sol vent evaporation
tine. The rrerrbrane was geI I ed in tapEvvater2 The nenbrane is initially
xample
Ciba Geigy XU—218 polyimide a polymer based on 5(6) amino-1-{4’-aminophenyl)-1,3,3-trimethyl-
50 indane was evaluated as a membrane for the ketone/oil separation process. A 20 wt.% solution of XU 218 in
a 4:1 ratio solvent of dioxane/DMF was hand cast using a doctor blade with an 11 mil (27.94 x 10~°m) gap
and an 8 sec. solvent evaporation time. The membrane was gelled in tap water. The membrane is initiaily
insoluble in MEK, MIBK and acetone. The membrane was determined to be insoluble in an unpressurized
: hot mixture of 30 wt% 150N oil in 1:1 MEK/MIBK: A test run was conducted using the ketone oil solution at
55 400 psig (2758 kPa gauge) at ambient temperatures. Three test circles were evaluated which gave an
average permeate flux of 1238 + 187 1/m3-d and an oil rejection of 715 * 6%. The test circles were
examined after use and were found to have wrinkled. This membrane is plasticized by exposure to the feed
“  and deforms under pressure and as presently constltuted is thus unsuitable for use in the present system.

6o o B Example 3
General Electric Ultem 1000 polyethenmlde polymer was also treated to determine its suitability for
use in this separation. It is believed the polymer has the probable structure: .
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ol ubre in" MEK” M BK and acetone. The nenbrane was deternined to be ,~ -
ol.ubl e in an unpressurized hot mixture of 30 w% 150N oil in 1:1
BRFM BK. A test run was conduct eg yagnggizhe ketone oil solution at 55
00 psig (2758 kPa gauge) at anbient ‘tenperatures. Three .test circles were
val uat ed whichp gave an average.perneate flux of 1238 187 1/nR-d and -an
il rejection dF 71 5 6% The test circles were examn d after use and
were found to i nkl ed. s menbr LS plast|C|z d by exposure to

he feed and_ efo er—p( e9 3 Cq]Hg nt S\It | s thus
sunsui tabl e for\u the present syste
wExanmple 3 Gene ] | Electric U tem 1000 pol yet herim al so

.;.:jj-;."treated to deteggymine its suitability for use in this se;ﬂaratlon It is

“bel i eved t he pol yner has the probable structure: 658 ©O0 125 907 [ERR] O

£10 seé USP 4,156, 547 and 4,073,773. A series of casting solutions was

f"'prepareqeem{;pn@{seena\m4%mbyner was mixed into solutions of 0:1; 1:3 and .~

- 1.1 di oxanesdoies-of c@tipy selgtionawadxyedzeaddNingpengytde d@meywvathQ'm iqmt'a"sl@ O |

. (25.4 xﬂ%ﬂ#ﬂﬂ;&% /DMEnCapting was 6?%%52699%*’% g‘%@i i 1A ERAR er

- gel Bt FvaReeHe SR T°anes 2Phip RRIGELL BYN WeIPdSe rane g emTT £°°0. 3 (10. 16
X [err]m @762 gp hird 3511036 3 10-*m3e 8760 % S0+ 2 (7.87 x [err]m 0.508 x
[err]m) 1:13 33.rlilsnd 0.3 (7.80.>210(% 80.588 kaohim 0. 508 x [err]nm) 20 The
menbr anes Mre é\ﬁahlbat!t @%I('ffsérx 10etron &/568% K 19€mar at i on capability on a sol ution

of 36% 150N in 1: condi tion S psi
( 2758 kPa,) elgéle@irane }rﬁua {jg/gor ketonéorl segggnon ca EIIV\%FI% sEIE—eia O\Zi 'tiﬁ"ﬁ Sgﬁﬁag
al . bASHance is as beqow / err Rej ect | on %0 -2090

25 13. fll 2279 150
33.6#%#1 1:1 0 150 60. menbr anes were seen
to undergo plastic C?A?nob}a]nqétlnn “Fle p”&h‘%_t.e.gpe..%ﬁ ons. The pol yrrer 35
menbrane al so plasticieed i n MEK 2880 £ 610m t enperwtour €. The nenbrane is not
suitable for ketone/oil separation. In this patent speC| fication, inches =
2.54¢mml| = 10-3 inchd= 2. 54 x 250 {38+ L 30.48 cm square f oot
929 cn? psi = 6.895 kPa,psig = 6.88p. kip gauge grgesgure inch Hyg = 3.377 kPa
45 gall on (U. SA—=3-785++tremecronand—terri—= 1 x [err] m USP
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50 “Teflon” is a registered Trade Mark. The followmg are also Trademarks: ““Simplex’’; “Dacron”;
“Vexar’'; “Carbosil”’; “Versamide”.

The adhesive system described and claimed in copending USSN 494,409 (published as
US—A—4,464,494) referred to supra is described and claimed in our European Patent Application No.
84303215.2 filed on or about the same date as the present application under the title “Adhesive System for

55 the Production of Spiral Wound Membrane Elements for Use in Organic Fiuid Mixture Separations”
{inventors: William M. King and William W. Wight).

Claims

60 1. A process for separating hydrocarbons from a solution comprising hydrocarbons and a solvent by
selective permeation through a membrane, characterized in that the solution is a solvent and oil stream
separated from a wax-oil dewaxing solvent slurry and in that at least part of the separation of solvent and
oil is achieved by reverse osmosis through a selective permeable asymmetric polyimide membrane under
reverse osmaosis conditions, the asymmetric membrane Being made from an aromatic, fully imidized

65 polyimide whereof the dense side is contacted by the solvent and oil stream.
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The adhesive system described and claimed in copending USSN 494,409 (published as
US—A—4,464,494) referred to supra is described and claimed in our European Patent Application No.
84303215.2 filed on or about the same date as the present application under the title “Adhesive System for
55 the Production of Spiral Wound Membrane Elements for Use in Organic Fiuid Mixture Separations”
{inventors: William M. King and William W. Wight).

Claims

60 1. A process for separating hydrocarbons from a solution comprising hydrocarbons and a solvent by
selective permeation through a membrane, characterized in that the solution is a solvent and oil stream
separated from a wax-oil dewaxing solvent slurry and in that at least part of the separation of sofvent and
oil is achieved by reverse osmosis through a selective permeable asymmetric polyimide membrane under
reverse osmaosis conditions, the asymmetric membrane being made from an aromatic, fully imidized
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