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"bel ow. 1@ 1224*Trimethylchlorosilane '

"Dow Cor nizreg20*N-Beiviihoiy)-3-aryinopropgtiimiethbxybilaseCt 1 i C

730[ er r] Z 6040y-glydidokypropyltrimethoxyBiaive 108[ er r ]
. Z 8062"Mercaptopropyitrimethoxysilane

:55 . All of the above are from Dow Coming. They were used as 0.5% solutions in acetone (hexane was used for.

Z 1224). The primers were wiped onto the regenerated cellulose membrane and allowed to dry at 60°C for

" 15 minutes prior to coupon fabrication (see Example 1). The fabricated coupons were cured ovemight at o

Table 1 Cure. Type

Good

Bond Qual i ty Acet oxy




15 Acet oxy 732[err] o Good “RTV 159[err]:h

‘Pqor. Acet oxy ' 734[ err] Good Al koxy ' 3145[err]

-Poor . - RTV 162[err] rielor ' _ :;-.u,
"RTV 1573[ err] Poor 20 EP 1%%‘;ondensatron 311 O[err] .;. S
Poor - RTV 11 [err] Poor Condensati on LT

RTV 60[6d¢¢ dnd then immersedia ®bth ASKNMP §Ha hot NMPYoil (20% B0ON oil). Only those cotipons employmg RTV M
615[ er rge 108 and GEPOUY in“"cbmbihation @A £i60401@n epéiy Silanbe@idheeied hehformatiBbt NMR( 1). -

one compsistanbond®) - two conponent None of the al koxy condensation or =~ =
‘addi tion conpounds gave satisfactory bonds to the regenerated 30 cel | ul ose,
nenbsad@@mmhe acetoxy silicone adhesives gave good bonds to the regenerated.
cel lul ose. The adhesives per se were not affected by the hot NMP, but the -
adhesi ve Vuius conepniratigptiRbA B840 wra mpxt covgluat. Z 604(-in jpcotapee ploGah. @Jﬁran@ /ey
adhesi \c/gé’!%“@‘ @\Y%H‘ Uh?‘éﬁ?“?dﬁ%éﬂﬁ@dtﬁd?'ws? i°'h efreﬁ “9'1%!915 ceh@ﬁer?ér‘ﬁﬂfe °"‘ -
cel |.ul

..Spewné]qgr ﬂ%ﬂg '% %é%%é}d FFWanﬂ‘ Eq: %w% wgggjrgygﬁ!% Er « ed_
C L g a%rﬁ%( ?r'%gﬁ vsnf "r?f?sf"g i : on

‘evapor aPe¥ dﬁne on the speculatron S
that the evolution of acetic acid during cure had contributed to inproved:
bondjng in Exanple 1. The adhesives 40 evaluated were GE 108, GE 106, DC
732 and DC 734. Coupons were cured for 2, 3 and 6 weeks at room
tenperature as well as for 24 hours at [err] Al'l 4 adhesives gave good
§Evonds with PM 250 regenerated cellul ose. None of the adhesive coupons,
had good bonds at the end of one week in NWP at[err]. Acetic acid
mnprﬂg did not inprove bond quality. This is to be conpared with the .
results of Exanple 1. 45 Exanple 3 GE 106, GE 108 and DC 734, while shomnng
‘resistance to hot NWP, do not form NMP-resistant adhesive bonds to
‘regenerated cellul ose. To overcone this reluctance to form NWP-resi stant
bonds, various 50 organo silanes were enployed to prine the regenerated
cel | #l ose. The materials enployed were: Z 1224*Tri nmet hyl chl orosilane Z
6020* N- ( 2- am noet hyl ) - 3-am nopr opyl tri net hoxysi |l ane Z
6040*[ err]-gl yci doxypropyl tri net hoxysil ane Z
“6062*Nercaptopropyltr|nethoxysrlane 55 Al of the above are fronrDOM/“*~-Mw-_:”
Com n They were used as 0.5% sol utions in acetone (hexane was used for Z- -
1224 The prinmers were wi ped onto the regenerated cellul ose nenbrane and =
_allomed to dry at [err] for 15 mnutes prior to coupon fabrication (see .. ...
Exanpl e 1). The fabricated coupons were cured overnight at .. EP 0 147.137. ..
Bl [err] and then imrersed in both hot NMP and hot NMP/oil -(20% 600N oil). .
Onl yad hose coupons enpl oyi ng GE 106 and GE 108 in conbination with Z 6040
(an epoxy silane) denonstrated the formati on of NWP resistant bonds. 5. - -
Exanp] e 4 Various concentrations of Z 6040 were next evaluated. Z 6040 in. -
acef®ne ‘at 0.25, 0.75 and 1.0% concentration |evels in acetone were tested .
as prrners for the regenerated cellul ose, as were roomtenperature priner
dryifg times of 1 minute, 5 minutes, 15 mnutes, 30 minutes, 1 hour, 6
.hours, and 24 hours. A control of 15 m nutes oven dry at [err] was also
used Coupons were evaluated in both NWP/ oi

.50

55

“* trade ‘name or trade mark



.[:er-r*-.]..-. (Ta-bl.e 2) and in NNP'[er.r] :(Tabl e-3)'. The effect of. véfyi ng- t he
concentration and dry tine of the epoxy silane on bond durability-in the
hot _.NWP test solvent is presente I 25 30 35 40 45 50 55 * trade
nane or ‘trade mark 6 EP O 147%@@13{\/1?%%] [err] [err] [err] 20° o
[err] [err] [err] 25 [err] [err] [err]: 0 [err] [err] .
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[err].,0 [err] 15 [err] [err] 20 ' O [err] [err] [err] [err].
25 [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err] [err]
. [érr] [err] [err] [err] [err] 45

[err]:[err] 50 Exanple 5 55 Sil |Egodngs7r1]§\7-éal1l abl e from Dow Cor ni ng as DC- 31.
10 and DC-31 20 were evaluated for bond formation to spiral-wound- el enent ... .
end- pi eces (U-cup carrier and anti-tel escopi ng devices) that. were
fabricated from Nylon 6. Spegi nens of nylon were prined by ®ping the:
surface with Z-6040 pri ner d with substances which are knﬁvvn_to be

solvents (etching) for nylon,f Wen the? primed o et ched surfaces were dry,
the & EP 0 147 137 Bl adhesives were applied, allowed togure, and the
adhesive bond to the nylon vvas eval uated. The resul ts gre pgesent ed bel ow: -
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. 56 Silicones available from Dow Corning as DG-3110 and DG-31 20 were evaluated for bond formatlon to

spiral-wound element end-pieces (U-cup carrier and anti-telescoping devices) that were fabricated from =
Nylon 6. Specimens of nylon were primed by wiping the surface with Z-6040 primer and with substances: .
which are known to be solvents (etching) for nylon. When the primed or etched surfaces were dry, the . .-




5 EFFECT OF NYLON END- CAP PRETREATMENTON: ADHES| VE BOND QUALITY Pr et reatrrent._“____ ;

:Bond* - None - None 10" ;

Det ergent wash, acetone rinse, OVl o 4hY 1 731 None Abr asi on W|th o
- sandpaper and repeat above l\%ne Phenol wipe, 5 mindry ..~ ~ .7
None Formic acid (conc.) wipe, 5 mn dry ° ~ None HCI W|pe o
H20 ri ns eghesiceetwarecapplion Saliowed\ie ture]lapd the adhesive Biam® th HyRROVESSADated) Taa:eétmaerp -

Wi pe,. 5 piesentbd\below: None Sane as above, oven dry

None 0.50% Z6062 in acetone, wipe, 5 mn dry None Z- 6040
(epoxysilane, full strength), 10 nmin dese4 None Z-6040 (epoxysi l ane

full s&rength), 30 min dry None 20 Z- 6040

DC-3120) were #ppt et ra

|JI LA Z LA LA IVCI CUAl TTreTTt Tty o UurT \%] =T, TIU l \J Lt 600C
‘prior to eval uhtionPBFedPR hond. 26 Exanple 6 GE106 hnd GB¥SB wede also .
evaluated for fhe albdeity to bond to Nylon 6. Two unireatmshesanpiles of

nyl on Mere coafed WDétrgérit @ashyazetond rines 0ed dryespect i vel . | tNe@s sedn that a
‘bond—f or med "when t hAlpksianodh isangsapériand repeet kbové. 35 ) here Need, byt ro bond” ™
“fornmed when thin coBhengigépeviemip dappl i ed. The bonds wefe noMoreval ugted for -~ %7
‘resi-stance -t o INVP - oForiigR¢cid (donc.)wipenP min dfy 35 A nupber Wénesi|idone -
el ast ggers wer ¢ evaHGianirsgHiQyinse Gerone drseeaPdyt o Nyl of 6. Nme734. |cl ear. and.
white) formed q str B BBMA inasetene: Witk 5TindMd GE- 31 cpired W"hin 3 hours,
but _did not folma ﬁﬂ?ﬂ)astaBWP*rﬂé“’" ¥Ylon. GE-61 5 and D1 84°Wid ndt cure,

and as shown ii ‘ Z§°°§T°"f0w'ﬁ?l "q%?'?sl 0 did npt bollU® o nylon. . ,
Al thgugh DC- 734 0 s s“anef rn ¥riide bond {ailed™®n hotf NVP-and -~ -
hot NMP- oI | |an\$‘7'f " Lirs g%{%ger ely we g;\ged the initial
-bond.. Exanple & b-LLa.LAAD-LLDd—A| ement. -
with PM250 (Enké)‘\d'r'@gm%-é!@dD@-§120m<iﬂ%@pLﬁ§|aﬁg t@f@.@ﬂma@ aphawred®de seal and.

DC- 734 as the nyPypatfgtpigtoeralugionsfthasend. Since the DC- 734 does not bond

to Nylon 6 a séries of holes was drilled in the Nylon to form mechanical
anchor®points. The GE 106 was used in conbination with the Z-6040 pri ner

(1.5% soledmpws of the epoxy silane primer in acetone). During fabri cation’

it was discovered that the GE-106 silicone el astonmers possessed a short pot
‘life. The VGEIO®sid GEWE wetecalsocavalnatednior e shittty toolond agp Nglbny 6.t Toropeirested samples of

penet rat inpen wére cortedpriththeative stippnescrospeetively.| lawasppent that adondidumed whivethisl goatings

prevent i figt el 688 mmmetsrused, but nedioed forpd whemthintrgpldgs Ware gpplied: Thesbosdewere pett
1 ong pot: GYQ'LP@df%'e&WaE@é%HMP&TNMP’@F equi site of any adhesive used'to form ==~
“edge seal bonds Exanmpl e 9 Another attenpt was made to fabricate a° B
-sptral - errent u5| ng PM250 (Enka) regenerat ed cel |l ul ose, sinplex: -
(el arvsnefo mal deh d Dacro e cer, ann
oty e w.m?:fﬁ"a‘@ N apé%?% ,,:sa,
,adheS| ve a &sasq g,% ﬁ

 myiblCA ngJ st /fz,%élm.sw e ke ﬁﬁsfapaﬁﬁotmp . wioks “147

_.137 B . nylon wnth acetic acid merely weakened the initial bond

(epoxysi | ane, Fﬁ@wrmam ENBT AR PREPEATOENT ONYORESVEBBRBIQUABTY [C- 31 10, - o=

Ty

- Example 8

An attempt was made to fabricate a spiral wound element with PM250 (Enka) regenerated cellulose
.using GE-106 as the edge seal and DC-734 as the nylon bond/outer wrap resin. Since the DC-734 doss not.
bond to Nylon 6 a series of holes was drilled in the Nylon to form mechanical anchor points. The GE 106
- was used in combination with the Z-8040 primer (1.5% solution of the epoxy silane primer in acetons).

During fabrication it was discovered that the GE-106 silicone slastomers possessed a short pot life. The
viscosity of the resin increased too rapidly to permit penetration of the permeate - ‘spacer matenal at the .
edges thereby preventing the formation of a good edge seal bond. '

Thus, it is seen that long pot life is an essential prerequisite of any adhesive used to form edge seal S
bonds.

. -60.

Example 9 ' | _ | ST R
% Another attempt was made to fabricate a spiral-wound elsment using PM250 (Enka) regenerahed-_ _
icellulose, simplex (melamineformaldehyde coated Dacron) permeate spacer, Vexar feed channel spacer,
. Nylon 6 end pieces and silicone rubber U-cup seal. GE-116 silicone adhesive. (lower viscosity than GE- =
106) was used as the adhesive for the'membrane. DC-734 with a 1.5% solution of Z-8040 in acetone as.

9



_-"prlrrer was used to formthe outer wap. The nyl on was drllled to form: o
-mechani-cal anchor points (1/8 inch (3.175 mm) holes at 1 inch intervals ™

.around the circunference). Ml agp rtﬁ&r{yiléjlehyde coat ed .Dacron si rrpl ex .was
g

used in the experiment, even thou I't "was di scovered that this sinmplex
‘deteriorates rapidly in hot NMP, NWP/oil" 5 The GE-116 silicone was-

used | NprRfRRksbi R Yo 1B oltorSHars The hyichwa i &ORn Borasiad geBor paindI(iAMER fOT .

f or m ngEnEsThmaRolRdga ifedhtelas ddundile tirchifernck).Meldmidbonpidipde Ml Dd6esl 10

bond t hempleaes s ib thetehgbrimibicdverpibough ittwas tisdaeered hatuli shgpl&Edetelitrated iapldlyan/ ol ves o :

~aceti c tNMPONMR/il) cure, precaution should be taken to use the adhesive-
‘unders’ conlihe GBS slicomdeasumod invembinatiat witn 1.5%hlutieied $+60¢0 insacetbrecasimimet for e
sensi t i forningseenthmani @flgsysephbondshH@E-t tSrand BICHEN. primiegvere: used & bapd theusintbmnd i ther'y -
short . p%qel parmesteybe.t i e for this adhesive. Exanple 10 To overcome the -

di T1 cul t Ingsing S&536 whighjovgivesacetic) aeid suing ey papistion whuldibe| takpe foee thg @gdhepive 4ci d o

whi | e cipderfpnditipns qf adgauate, venglation, The; gdhesive s Rlsermeisture segsifvar Fachumidity jrpust by

si | i cprioninlied Highbpraidity fasufi i yery shaspot it/gn! e togfhis spMeE¥: - conponet sil'i cones;
~whi ch: eéol ve EI cohol s, and two-conponent condensation and addition .. . -
silico revi ewed The adhesives are | | sted bel ow and are foll.owed: by

g | :\ll st Maﬁ% j@iﬁw % h5||bgr9te acefic acid while curing’
Wriers was evalyated: sin Ie-
-Descr ! péoh%het silicones, whith Vol lalct onent conden ﬁ Gnd &Y HiB@aQ ué?més

25, 000 drewed. The adhesives are listed belowhricldrefollowsd by a ¥ biithe pridfstvihickwerbtaivated.
Wi te, thixotropic paste DC 3140 Transl ucent, fl owabl e I iquid 35,000

DC-\S—1‘45 Transl ucent, paste 30 Table5 *CGeneral Electric
**Dow Coming Table 6 35 TV\D COVPONENT RTV SI LI CONE ADHESI VES Adhesi ve

Descri ption GE-11* -
White, pourable Ii AIW@WT'AMW@@MH 6HEA?§—E-S5VFS Pi nk, pourabl e
“tiquid - 25,000 Ad@®sivder|sat i on Dscption Rel,Viggerity &8} B | i qui d '

30, 000 - CondenSaige®# = 190white odfggg iqu@UT DT E T béagod |+ 45,000 SR

Cond&nsat i on DC- 31 1@E*ga Wi twh,tJngga e liquid 14,000 . Condensati on
45 DCpelag+ | Rewlus, b@tsplelpesd i quil . 30,0p0
Condensation DC 18P pc-3140 arjs| masshicent,ifiéweblb liquid 335600 Dd Addi tion

DC- 184 Tr ansl ucenbclaiqui d  Translucend, paso dition DG 615
Trangl ucent -Iiquid - 00— ~AUdTtTomT - Gemerat—Erectric 50+ - *F .o

Dow. Cor ning Sone of ., y ergéa. If’:ones listed above were inconpatible with DC -

Z- 6040. prinmer or r .t he

manuf acturers' literature. The prinmers eval uated are listed beI ow. 55 10

EP 0 147 137 Bl

: : Tabie 6
.o .' TWO-COMPONENT RTV SILICONE ADHESIVES
T 'Adhesive Description Viscosity (cps) Type Gure

40 GE-11" White, pourable liquid 12,000 Condensation
: GE-21 Pink, pourable liquid 25,000 Condensation
GE-31 Red, pourable liquid '30,000 Condensation
GE-60 Red, pourable liquid 45,000 Condensation
. DC-3110" | White, flowable liquid |~ - 14,000 Condensation
45 DC-3120 Red, flowable liquid 30,000 Condensation

‘ : DC-182 Translucent liquid 3,900 Addition

DC-184 Translucent liquid 3,900 Addition

DC-615 ‘Translucent liquid - 3,900 -Addition

*General Electric

.. 50 =Dow Corning

_ Some of the smcones listed above were incompatible wnth DC Z-6040 primer or. requnred speclal
o prlmers as recommendsd by the manufacturers’ literature. The primers evaluated are listed below
- 56

10
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-Table 7 CANDIDATE PRINERS FOR THE SILICONE EDGE- SEAL ADHESIVE STUDY Prlneff'
Solvent 10 . . DC 1200* (clear) VM & P Napht ha (si.loxane) DC-1200\g
(red) VM & P Napht ha ( 25 30 35 40 45 5055 ~ EP O .
.147 137 Bl DC 1201 S‘lil*e}ﬁ‘-;"i%?gpAcetone Tol uene (sil oxane) '

DC- 1204 - - VM & P Napht ha, 5(sil oxane) _
Tol uene, Butanol, DC 1205 Tol uene Ethyl -
(siticone) ceIIosoxgglgtetate Et hyl ene d ycol - 10
methyl ether GE-SS-AdgQidare prIMERS FOR THE sHLPEORE- MBERassAL
(ethylsilicate) GE—%@?%B%T ADHESIVE sTupiut anol, Tol uene
(polysﬁloxane) —reeee P A ACE B RE— OS54 044

“But'anol ,” .Tol uene (polysil oxane) | PA- Acet one 20 GE—SS—4155 }?i
Mneral Spirits (ethylortho- silicate titanate) 25 - G - -
S5 4179 Pr imer Propgbeyany DC Z- 6020 -
-Met hanol DC Z=6030— = Acetone 30 DC Z- 6032 S .
Met hatfBl DC ZpBQ4900* (clear) VM & P NApRthae 36 R b 2
Z- 6082 {siloxane) Acet one DC Sy| gard - . o e
Fbptane UC A-143 Acet one 40
DPC~-1200 (red) VM & P Naphtha

15 {siloxane) :

20 -

.25

50"

‘a5

o
40

50 .

1



uc A4180_ o - Acetone *Dow Cor ni ng 45 ;
**CGeneral Electric ***Unji on Carbide In eval uating the above- rdentrfled o
adhesi ve/ prinmer. coupons of adhegp\Pi47 1378 Si npl ex sandwi ched 50 between;.
two:pi eces of PM50 (Enka) regenerated cellul ose were enpl oyed. The. couponsF
were allowed to cure for 24 hours at roomtenperature (about 21- [err] and
were post cured f ours at [err]. alesld Sy ein NW [err] and )
NVP/ oi | (20% GOON%(IE):r E?l drle) A nitrogen at rrrg%here év;\lgég mai nt ai ned over the
test solvents to mnimze solvent degradati on. Adhesives were tested first .
for bond formatiopcuitizpainpri ned PMR50.yMOd o andpneisa/ i cones formed 55
bond$ and these bondgiflaisatke) n t he hotrd¥derny, mitadX pil. Al of the
“adhesi ves fornmed bonds to regenerated cellul ose when used in conjunction =
Wi.th one or nore pd-1205 However; a nurisduerie Ethybnes were elininated . .
fromfurther study fEildaanelkety of reasdiesgoe Atetae® age well in . the
hot ‘test solvents, while the paste-conSthydene $1yedkes were too Vi scous
to b& useful 12 EP 0 147 137 Bl and Refd#MFR&Fponent addition cure . -
'silisones were susceptrble to cure |nh|b|t|o Those licones elimnated .
are’listed bel ow. GErfi% BL20%PHESI VES H! 'NBQH‘E&%ERF ' THE SCREENI.NG
PROCESS Adhesi ve (ethylsil1caq?b Reason for

‘El'i mgation DC 18 two conpo dr*a ﬁ ne Cure inhibition 10'
%ﬁ It

DC 184 Cl ear diti ion DC 738
‘Wi t'e, one conponemﬂper oxygﬂangPP oor resrstance* DC 3110 Clear, two

conponent, -condensdgiLg ing)p&)t on bott org @ akét Eﬁbﬁgéﬁe Cl ear, one-

confpgnent, al koxy (poly8EBbLaRt § vrscpggiybéib Wi te, one -
conpanent, al koxy NMP resi stance GE 162 Wiite, one conponent

al koxy Undesiggbés-¥18s0sity GE liMinerdhi §pirivs conponent,

condensati on ppt on pethpnopthean GE 615 Cl ear, two conponent,

addi ti on Cure inhgdlicate* Ailbanave) becane "cheesy" after 5 weeks in NWP-
at [err]. 20 Those silicone adhesives which were further evaluated are - S
i st& bel ow. TablGE9S854179 . Proprietary CANDI DATE EDGE--SEAL -
ADHESI VES Adhesi ve Type V'scosrty (cps) DC
3120 _Red two conP@n®nb92Bondensati on Methapodoo DC 3140 Cear, one . .
conponent al koxy 35,000 30 GE 21 ;Pink, two
"conp%pent condensaPfofi-69395 000 Ge 31 A°®*RBE two conponent, condensation
~30, 000 GE 60 ed, onponent, co on 45,000 35 - O 'these. :
‘5" candi dat es GE-ZEg&ag'gﬁPglnated becauggggggbghysrcal propertres WET e nDre“"”M
-ef fected by the soéﬁegt %an were thosg.@kohlge more pronising- candi-dates.-
GE-60, while a good pertormer, has a very hrgh Vi scosi.ty which nade it :
fdrrrmcult to work bbta_6@§23120 was elrﬁbagbgg because it drd not cure o
we . _ L

. ' DC Sylgard: Heptane
W -
. vC a-143*** ‘Acetone
40
UC A-180 ~ Acetone

: *Dow Corning
45 . **General Electric
' *+**Jnion Carbide

I evaluating the above-identified adhesive/primer coupons of adhesive filled simplex sandwrched o
-] between two pieces of PM250 (Enka) regenerated cellulose were employed. The coupons were allowed to
© - "cure for 24 hours at room temperature (about 21-23°C) and were post cured for 24 hours at 60°C. Testung
was done in NMP {120°C) and NMP/oil (20% 600N oil, 120°C). A nitrogen atmoshere was mauntamed over
the test solvents to minimize solvent degradation. : -
Adhesives were tested first for bond formation with unpnmed PM250 Only a few silicones formed‘ L
55 bonds and these bonds failed in the hot NMP or hot NMP/oil. o
' All of the adhesives formed bonds to regenerated cellulose when used in conjunctron wrth one or more
-primer. However, a number of silicones were sliminated from further study for a variety of reasons. Some-
- did not age well in the hot test solvents, while the paste-consistency silicones were too viscous to be useful -
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Exanple 11 GE-31 and EK>3140 were then evaluated I n edge-seal coupensin - .
conj unction with the previously Ilsted prinmers (Exanple 10). CGE RTV. 9811 - - .=
paste catalyst (1 part) was used ¥# ;mﬁzgﬁ 31 adhesive (10 parts). The':f"jQ
prinmers which were selected were those I ch had been found to girve - PR
NVP-resi stant bonds with these adhesives. Eval uation of the bonded coupons Lo
in NVP anfd MéPwdi boniiondne latiditionacureC Silidohesdwertl tsubcaptiblOto L uret Tnhibitiom t These bilicohesCh
ti me t estelimigatedbete listsdrtieloat ed because the PM 250 regenerated cel | utose becawer
very fragile. The adhesive and their primers are listed below 60 55 13"
EP0147137 Bl Table 10 GE-31 and DC- 314mbieBGE- SEAL COUPON AG NG TESTS 5

Adhesi e _ Prinmer . No. of Test Mont hs* @[err] o
ggeibgﬁns G&51  Abrestles BUMINATED DURING THE, SCREENINdPROCEss o 2 G
2 Adhosye [ e 31 T0R 5o 4044 Reason for iminalopg, BT
12" GE SS-415DC 182 | Glear, two component, dddition Cure inhibitigh GE- 31 .DC-1200 . .-
(red), DC 184 Clear, hido component, additon 12 |DCurd kiiBition 1. 5% DC Z- 6040i 11

Acet one DC33 | Whits, one compoidéht, Bikoxy 140 Pdor BiMPDESistBnce5040i N Met hanql ' B
28 DC 31100 | CHeal BvodcbPonent, conderisation | ppt on bottofl 6f can C 10 HNbhths

in NVMP and [NRSRUS| | Gleat, opd@Dpo@oliglems wer ef Undssichbld vigepsid | y bet ween NNP and
NVP/: 0i . . Zﬁ GEA61DC{ Nafe. dre cemronel alkeXynous vvﬁequ geisianesi posed. t o NMP/[oi | at

[err] . (exarfpfE162) | dihitescopgorpropent alseect ed| Wpdesraplegbedsition edge seal. | - o i
coupons. THe%ﬁ\%&gm ﬁ?%&%ﬂ:&%ﬁmgﬁw Hptpns:’;gﬂafé’a%eal coupons rdmained
i ntact. GE-3 ' st sp SStronglly o
borwed. 25 Ln géneral. silicones fall | ‘ggﬁsﬁrﬂ@’%‘ﬂeéﬁﬂﬁ Fi7 g‘e ard to

NMP resi stance. These categories are based on the color of the adhesive - - =

rat her t hanThosecsilicerstadbdsixes whinhywersr farther evglialeccamaiitaddalbbw.or t wo conponent

adhesi ves. Wen the silicones are exposed to NMP-o0il at [err] (open - :

exposure) the "white" silicone beconesi@eB8esy in about 5 weeks, the.clear ..

(or translucent) silicone becones gel ati nous in about 5-6 nont hs ‘and the .

red si®icones are v rtually ummm’eegiegx@m_amgw@out 12 npnt hs inthe

hOt SO| vent. 30 +te—at—the—cteat DIII\;UI{ leteriorate in

NWVP at [err]the red| s clear] y'"¥Pe preferr ¢dBBFYHMS) { cating ' ‘

menbr ane el ements f broasIeo | nRéd\iwe corhposanh avrelensetionpll ocedx98. O the red -

si-licopges, GE-31 is|@GHdr Glegrome commonentalixse. Exanp3snod2 3% Spiral - und

el ement's enpl oy cenj rQ8 2iper jrBiak. dwot aohspenentsorsansatjonof f t?ﬁiﬂopermbate pr oduct,

NMP resi stant bonds| fFEY bel Re inoomeangricaendeneatione ior a¥00Ber npat e spacer

‘material "and this cerfi&8 t|uBed wopompgnentcepdepsation Tﬁe $MM8i ng{of CGE-31.:and-

-DC- 3140 to a carbon-steel permeate tube was eval uated in conjunction W|th

‘the pravi oust tiyesh bSarmiatd GR21 Was Ginfrfated Bdatse k8 physiEaprapaitiBORers inbrelefiéctsacy \tRs

: pr epar ed sbiyentsaalinetsthdsa @f thd thorel prumisigy daidida®e.GHIE, whild gdod/performer] has gveryigh. was . .:.:
Rh‘lr/ed tviscdsityewHichbaade dtldifizweth wodk vithyDC 31120 was aliminaiag tedayse dt did rb6cureredl. ( 1. 587 nm

ck coating of adhesive. Curi ng was for 24 hours at room tenperat u_re

'f oI I ovved mpm

. GE-31 and DC-3140 were then evaluated in edge-seal coupons in conjunction with the previously llsted '
primers (Example 10). GE RTV 9811 paste catalyst (1 part) was used with the GE-31 adhesive (10 paris).
_ The primers which were selected were those which had been found to give NMP-resistant bonds with
these adhesives. Evaluation of the bonded coupons in NMP and NMP-oil at 120°C was carried out for 10-12
45 . months at which time testing was terminated because the PM 250 regenerated cellulose became. very
fraglle The adhesive and their primers are listed below: : '

.50

.65
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another’ 24 hours at [err].
For the DC- 3140 adhesi ve,

§ LrEL,

‘NWPLoi | [err].

bet ween t he nenbrane and the tu
DC Syl gard, GE SS-4004,

(red),

nmonths in NWP/ oil

The test speC| mens were then |rmersed in hot ;
six primers promoted a strong: bond
DC- 1200 (clear), e
d CE SS-4155. After .5- 45 6
at[err] the adhesive becane gel ati nous and the test was"

DC-1 200 -

di sconti nued. For the GE-31 adhesiverapidQoparts) with G=E-9811 catal yst (1

m nutes the el enent was con5| dered unsw tabl e. ,
f abri cat edhd BE-BEAQ bedEme delafirohs wiven obenjysexpesad wawngou\pemozm(emmmmmammm& 31.

It fai | egfested syhen tosted

at t ri bugEpPns pmained
wri nRe i ng 1 'bnfn?rﬂ sigpreg ifalgnte tlrtﬁ?ecateaﬂa'ﬂ éegfts’ 13 NMP rerizianee- dRoss satagpsies iy basedh
glpgle \RP'hR?P% %)Z‘”°a§

sthm H‘P ‘Eé’&“ ey
altibre e
VI una e% F Wq mon F
'° wmmmm ratiag

S acer

I n. the .
the reg
causes 9&9

procgss.- r@n@i‘

mat-er I

avoi dedG ¥4 gq, :

%ﬁ“’éf Rﬁh@% 'I" %WH

SIICO

v?lt':tg
for thisl

proj ecting particles. -
el enent gxafglenecat ed from Enka PMLOO regenerated cel |l ul ose 20 errpl oyed GE—31

(10.paArTS) G=-9811 catalyst (1 part).
el'enent s SpiEsa6lina BBmeMOerhidyl @firdl PEMUAS LN 16 E:Biy i (BPBErTeate Prbdata M residtait | UT es
t bantid) estideciotvad dBy@ers @l ménstirdns rprmekts aspidee maBria? Gnd this ceintrad @ubeDIEhi§ OuT
1éxahple,dha hondingiofeGE31 ANVIDCEB14t:tnlarcarhen-gidek parmbato tnby wasfesrigudtesidit ephjundion nwood

ok

intagta GEP b wasApartogiag

aa§

of edgoryesl

negﬁ
Fb b e

arrp e 15 The next set of f our

@UB@Banm 4db

frsioiotver iaPm

erla S

nedstrengtyibe

el B

CGE SS-4044 was the priner.

part), five primers prom)ted a strong. bond betvveen the nenbrane and.-t he -

per neat e t ube] S v 1200 o
(clear), and D months in"
NVP/ @i | at [efr Pdhegigp Exarrple RitneGE- 31 (1 Pactpt i MoniGE@IRYC [ 1 part) was
eval uated for|bonding|to speci nens of Nyl pnSwpcimens (hi ece material . it di d
not :bond to tpegrgpr | rregcnyécqn,d) Primers whi ChpwWer e [Tound#TTectjve in

bondi ng GE-31{to PM 230geeganes at ed cel | ul oseawer e |eval ugged fof "bénding:”

t he adhesi ve 0 nyl on. @alsg.aﬁﬁ SS- 4044 pronot gd 55(an NI\/IPg 0|I r'=S| stant-
‘bondsbet ween ot @4‘3 restve—FHre—port: sttt ot~after 13 -
months in [ NVP .%-?,]ﬁy [ E%E §<arrple 14 14 %P 0|147 1% BL Fpur-inch i
(10. 16 cn) di poeter qri Wornd el enent s wer & ¢ abilcat ed nsing PM 100 e
(Enka) regenef Ged celll OWE@,(redhr bon steel pefzreat¢ tubej2Sinplex style. 139
per te spackrPG-pParfi hE%RT #B04Gie Agatenei npr egPit ed |Dacr oM and Mexar No.
530- V- 400 feefl 5pg@d" | PseDciHedion Metmasd aF ( heg edgd seal @dhesiye. G- ..
SS-4120 primef was usédgﬁgsmzme t he rrenb ane;e and GE SS1¢t044 was used to -
prigre the carbga—steet— at-e—ite were—tested under a

vactm of 750- 7% %{}S’d\“‘{“’é‘d‘a{}?W%@‘E@?W&%%‘"iﬁd&g“aﬁ\fbeE"FPé“é'Mgnent The

el ements were_f 10 bel ow 500 mm Hg in 10

Four of 5 elenents

peiverkoped o theEDEBAtIn fihei pdge-eenl ner e -
el om nmenbr ane

ks

renove
i nch di anet er-

Two *

st yle 8vithGthe prepjpusly liskad 18 mishery (karaple H@)r Theadadbor plgel dybeves @reparbd byCEangilasting
m&aﬂde jmes was anplied, i thettehe. lawrsistp diy. then felawed by e a8 Al |

‘GE- 987 1vinsiag in
el ement &ty ;56

feed- sp
t ube an

adhesi Véle§r¥§£d?ﬁé: 1

oL i

were at ?@Thﬁrﬁdﬂ'é a‘tQ?

edge- se

fabrl ca ?5’ ss?%%g%

&!.. E
lfed). Tifd

50 Example 13

epaing of aehopin. Qurg %
dgpst

ragas, pare the
1r3?r7%o%tq¥}§

h&%r’neﬁ’rﬂ;d

I’OQ]

Cm&?@% flmo S

r 2 hoyrs gSsrooupmppraiitecipiowed 4y | ur es_. | '

%?eédl‘ et MMPh 82086 nenbr ane

onW@%n

NMP/oil at 120°C

tube. .

'GE-31 {10 parts) with GE-9811 {1 part) was evaluated for bonding to spscimens of Nylon 8 end-piece
material. It did not bond to the unprimed nylon. Primers which were found effective in bonding GE-31 to PM

85
: " NMP-oil at

120°C.

- .Example 14 .

14

250 -regenerated cellulose were evaluated for bonding the adhesive to nylon. Only GE 88-4044 promoted
‘an NMP-oil resistant bond beiween the nylon and adhesive. The bond was still good after 13 months m'

hoI es -
t hat e
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‘al l owed to cure over the weekend, then di'sassenbl ed and exam-ned.- |t wagw:>~-
seen that |large Sections of edge seal were unbonded and bonded are€as. .bad... ..
spotty adhesion, the adhesive faikgpggsbqapgyetrate the spacer material
through to the menbrane. There was evidence that the viscosity of the.

adhesi ve: had becone too high to allow good bond formaties during the L
wi ndi Ng of Fobeine (@0TEeNdm) dRieWE spirdBvoutLiblenidntstwoes HiicalsaIUSING.AN 106 Enk:) Gigeneiated -
over cone.cslivlps® qarboin| st périmeatp atbe) Sinplenf styild @3% pbrawity espavas (thakamgteh e:hﬁﬂdehyue
reduci ng imiregnatet Dadrond iindc\ebxarl Nos 5300154900 feeddbrear DE-3149 vea listd\as theredie alhwiBesive.

i ncr eas edBE 41120 Oriner ves dsed fo, prihe thermuamibrase,@nd A5 ISSWe44t was gsedfto prives the carbon steel ™
spacer § mpaimealn dubs. Hhe elements frerg itdsied ppdsr auacuyne oft 7561760 mm fiig dpilied e tispameatecsidehat _
the pri mef thaglamant; B elemegis werorthon ppalasicrad & shegreuumdelifelowesa0 vy HaBdo minstes theng
in a | aclelegentygs gonsiderpgpnsyitablg; 'f*’éb?f lemonts fabreated fejled- e itfywhicki nagaed wasrgjesn =
“diluents af’@%‘g'e"&fa"f erGEC% 'S@”Mg@ﬂ NMP/gil separaliop @ sst%emﬂ‘&)fﬁ'&'?é f?e"‘“ ”it%ar g

1)

wettin 9 ;° fW‘t“PP"ibfﬂQ"H indine; ¥° ni.ne

B was/Ts & Oygaug?iglpﬁmh?%:uu? 8|"T° % obse e diuted g o Was

wi ped’ on : res !5' t"'° %"e Wﬁg‘ﬁ o

DI LUENTS i 7. avoid wrinklin "during ‘the- i
IS’ H'aﬂ mazg s and by §d|cles o

II:—')lolr lrjnesn;[gu &%i@g d @Jn aratlon were a oﬂgmy R || iﬁ%eor nté)f pu er al rials to

Acet : | PA: 4044 § Sone i nprovenent, still poor :

Acet : Neagxmw: 3. 3:2. Poor cover age, puddl es 10

Me@H: 4044—= 37T For med puddl es, caused w i nkl i ng

MeOM-4044 =Th: rdext set of four inch diameter elemeﬁﬁrfamdatmld'dhemka PMiBE Gogefidrard teéligioss
Acet : | BPAehPidyed-GE312(10 parts) GE-9811 catalyst (1 pat)NGE| Spueid| ves tHoFiimd) Zvo slederits passed
‘Wor se t hand vodsdilechibe vdepurd @did (des@ibdd above). Failures were attributable to edgeseblaluent uni fom =~ ™
coverage 15 | PA: MeOH: 4044 = 2:1:1 Forms puddl es - %"
Acet - a&awnielé MEK = methyl ethyl ketone, |PA = isopropanol, MeOH =
met hanol . 4044 = GE SS-4044 pri msr 20 GE SS- 4044 |s mar keted as a solution .:..
of a [:)"’Foprl-@'(egr orgﬂquh.g}ch (“Hp PMgleequ wer abyrigated. Klgrmwood

dil uting B simplox °ﬁ‘p!ﬂﬁﬁ Fte\?Bﬁcﬁ’ ‘3 'V%Ee’fbﬁ?gﬂ@ d
hot -si gni )Viigoin! P'S'F' d ‘@?P P $Pp/Ation of

no 9 rom ‘g '@i r:}?) e S éu ean m mbrane edgg-seal

| sopropa 6 \?3 E?r G o TRz ra'Pe%{' 1OSE° TefbT 3ne *
A test, couporP of PM250 and Hornwood 8415 perrreate spacer vvas prepared .using.
a dye co%dﬂﬁg solutions of GE SS 4044 in three parts | PA "~ The spacer .
materi al -was—drpped in priner and allowed to dry.. The regenerated

cel l.ul ose R Voo ROE didRsterdidaRe Wstfgbn&[té(ﬂ%\’ngw £2:7:) (Enl@ﬁ@ﬁéneﬁa@&%“ulo@f‘vgﬂar éﬁ'ﬁ - '
parts) waso-Vosgddestl spacerEHonivbdd BHBL8315 Bdrmbates patet, daioh Sted@mwal | tidthnll GEfdiEe: -
menbr ads e -with BECS1 Teatklysh (10/1 5 AI0NE SE-40441prifbr AM6dIve Sy QeI Alogfabricktion tmt/ﬂaswas :
st rongl y- atowed &l curé’evee itteadekend Othert ticassskibibdi ané ekdiindd Ol wadsbes AL Rrge\GastiodHof
Ggl{/l entedgeEseaihpére uilndédnand bohded rardad Badl Spottyradtasionytiiecadhesive rfaiig So \perebate the - -
consStr uctseater @atgiel tedughrde the meralnanP)\Pisds wam svideacectip! thy eiscopiM df0iBe adijebive had - .
el enent s besppiedge tigiHier 2¥w @codSeopd! dorgalies, dyring eaviedingnef dker slemant Hyrimex \yQt'@Ut of the
5305- 0% Q-membrane was poor.
To overcome these problems the pot lifeé of the adhesive was lerigthened by reducmg the amount of
catalyst used. Adhesive to catalyst ratio was increased from 101 to 19/1.
~ To improve primer wetling of the spacer-membrane a series of diluents was tested. R had been.,
observed that the primer had a tendency to form puddles on the primed surface resulting in a lack of
" 45 uniformity, directly contributing to bond failure. The diluents tested for GE $S-4044 primer in an attempt to ™
improve the primer's wetling powers are listed below, along with the observed results. Rhodamine B was R
used as a dye stain to facilitate observation. The diluted primer was wiped on to PM250. )

&6
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'07-0700 feed spacer, carbon steel pernmeate tube (3/4 inch (1.905 cim  I'D; "
inch (66.04 cm length), nylon end pi eces CGE- 31/ GE-9811 (19/ 1) adheS| ve'
system and 25 vol ume percent solggt ddp,ﬁ g€ SS-4044 in 1PA as priner. The .
‘ei-ght el enents using PM 250 passe e’ vacuum-test, but the el enents usi ng
"PM 100 failed the vacuumtest Al elenents, however, appeared to possess
good edge seal bonds on visual inspemblean. One of the el ements has . . .

per formed for over 6 vveeks |n the test separ atlon of NWP from 0|I Exanpl e
19 An- ei ght -y ra)apyy = was
fabricated : = =TI Hl aurate- -
(DBT) | i qui d caneytsFtﬂmertfPRetnplmm)d cat al ystFO"gﬁ\Peddé?ﬁ adhesi ve pot liffe of up =~ &
to-two houts. Tﬁ?%"f%&s’?éqw red sincg ei gfit™MsReddlegi amet er el enentd require:---
a | onger agsenbf [“?ﬂe?han four-| nch (10':3’6‘3(9%‘“9& arret er elementd, and the &
longer pot {Iife’8y gehi eved usi g“Q'E'pWQ!)‘ pﬁ%(ste cat gl yst. The ..
materials ¢f co '?4?) the ei ght-i ach.° “25’% pu L ameer el errent are,_-,,j;';'f;'_,'__
as T8 1ows] 50 E>o 147 137 |B1 TARES RE KRR w":k,::g o
1@,]1 2485-10 (Enk.'a_.zrmeg T E%i pacer.d |Hornwood -

-eXperl ment @l si Bﬂ Ie 8415 Feeq Spa 'fcetone Amoco Vexail, Style - i
g Vaoe

5305- 040- 07- 007 rr|er fgrpga HSn 6 U-Cup Seal : .
For mggd from red,ﬁi{ﬂéoﬁl.;bwgae 4Antit el éscopy:ag,s Chl ned frjom Nylon- - '
6 Perneat e} Carbor—st+eet FA—0e——erdg, 1.25-in

(3.175 cm W%Q?‘%&ﬂEﬁﬂwwy'“‘%'% +3°Eii°l?ﬂ5‘f"yl Tin D I'aurate [cat al yst
(0..10 wt . 9% MaQHT mafharpl-Adhesi ve Sane as edge-seal 15
Qutier’- W ap | Fffe= GE SS-404%priress- i nch wi de woven- gl ass tape Pri mer Syst em

GE S& 4044 25 volunme percent 1n TPA (2-4 days Rhodamn B dye —(_lU%I n .
Met hanol ) GARRY-4h IBh&kefed #0a BaNES oM\ pBprieRFMprin®H irf Bdprdplifdl: \bdishe ;ﬂ) 5b§ Ash@
el enment seed, ¥futivg & TS-40¥4 Qfth ddaRorRMNUREIoY Bf IRR/acotony 0flacéiohd didl ndt AR .
range dphivien Gertofhhdnce) @niyOdilutioh [with Gdopriopenbl inpibvedn@ABRE Wwetdbut dfahd @bén@tbteﬂ@ani:wye The_ .

‘el emrentmgaisaed t he vacuum test and the edge-seal bonds were excellent.
Exanfl e 2@ &% cdupen bioPM250@nd Ho@Red@ 1841 Hparineate spanerwas pepabdiodingch dy@tooBtdining t h.

-0.- 10 -wesolyions (96 SE SISt 40BBIT trest pdrip 4RA. Whesspagay Iniatedal twes dingedi imprines landhallawed to dty.-di d -

not bonthe rageseriiedl celluiosrymprnbransy was\wiped withdimen/usingzgt papen towel B h{lA aity) wehey

woul d p‘F‘?s?Fb‘t'i@ GE-980 h Bastecasialyst{1 aart) Anchaprlied teithe MembrarrospaeeE membrane sandwich. After

TABLE, 18ritg-ovemightythg adhegive yasgsglvonghysionded. Ppoejration st the. gghepive drough | th?l%"*" WEJE:

z- 60 0 telied. 1179 DC Z-6040 UC A-143 DC Z- 6075

: Example 18

T . 'Nine 4-inch (10.16 cm) diameter elements were constructed. Eight elements used PM250 and one. . - ;
"% employed PM 100. All slements employed Horwood Style 8415 permeate spacer, Vexar Style 5305-040- R
o 07-0700 feed spacer, carbon steel permeate tube (3/4 inch (1.905 cm) ID, 26 inch (66.04 cm) length), nylon o
~, end pisces, GE-31/GE-9811 (19/1) adhesive system and 25 volume percent solution of GE SS-4044 in IPA . '
* \—/ - as primer. The eight slements using PM 250 passed the vacuum test, but the slements using PM 100 failed
: the vacuum test. All elements, however, appeared to possess good edge seal bonds on visual inspection.
One of the elements has performed for over 6 weeks in the tost separation of NMP from oil.

. Example 19

: An eight-inch (20.32 cm) diameter spiral-wound PM 250 membrane was fabricated using GE-31 with

45 0.10 weight percent dibutyl tin dilaurate (DBT) liquid catalyst. The liquid catalyst gave an adhesive pot life -

of up to two hours. This was required since eight-inch diameter elements require a longer assembly time Ceeah M

than four-inch (10.16 cm) diameter elements, and the longer pot life could not be achieved using GE RTV .
9811 paste catalyst. The materials of construction for the eight-inch (20.32 cm) diameer element are as e

follows: .
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‘UC A-186 - DC Z-6082 40 O the above series, only GE SS-4044 and GE
' SS- 4155 pronpted a strong bond between the GE-31 adhesive and the al- um num T
These were still strongly bonded 6%7 yeeks in NVP/oil at [err]. -
Exanpl e 21 45 Two four-inch (10 d| aneter spiral - vvound-PI\/I_250:-_,
menbr ane el enents were fabricated enploy- ing alum numend-pieces instead:

of Nylon 6. The adhesive/primer systemsespt oyed was GE-31 with 0.10 wei ght'-
per cent DBT cat al yst. GE SS-4044 was used to pr| me the al umi num end- pi-eces;~—
and. a 25%so|utioW‘S§‘-¢m ri ne other
conmponents for bonhglnd. %;,%QP adh %bfrgi;drlgz& ontN"aiL)§ %%éé‘(ég |l ent vacuum
‘test values. 50 ( @ cer- }fc usle in the
recovery of extrag Uémcggi@/ents fr raffl nate str
in éxtraction profesgup\aglein the e%gaﬁgm@gmgm&m recovery s effected -
enpl oying a 55 ARROIGRbIINGDNBSTDY Mahindd HorRbies N t he el enent jconprises a- -~ .-
pernmeat e .product | PekneatsTilitt ane | [agarbeh stedEbIRA #BinS(.067aH) dngy er |, f eed spacer il
I'ayerd? and end p|]eces and an antf 12®ingssempgpodevi ce, arranged In a- - © ..
spiral -wound el enfEtigesSnaf Adpesivat i ojn GEBe- Digdtyl Otk Diaungws tasailystjo.aalihelsi vel y

bondi ng the materfals of nenbranel et%yent construction togethgr by the

ans produc':éd'

‘application of an| &dleeWrapddpesiveer| Sged asredgesssBlor mt he 17 EP |0 147 137 B1°

111127111 111111 Plg@ftwﬂ.apfﬁﬂ.e:'lll 1 ThrgeaipthEvidepwoven-glass tape  * ClL M S x
Menbr ane: PrimerSyp#P®phan 3!\@@1%‘4014@?5 yolyme @ercomt B34PA @-4 Enlka) Per neat e
Spacer : Homood exper i ment ajl day Rppdanin Byivp (0% MethanoBd  Splacer : :

Ampco. Vexar, Style 5305-040-07-0070 U-Cup Carrier: . Machi ned from

NylYerl 6 U- QpproSeably two hours were reqiigiierdiné widing eicdhd-BiMent. | The Ois@siNdtitiecddnesie pi ng o

Devi cev stapdaciithin @ goddrvaxRingyringa darinpenatpesioce Tube: Car bon steel tubing,
42-1n. (1. OBF elejnentovag jnsdedted Iis-follawif ddy/ ThecolgmeBipassky sheSaealum/tddt @ad the edge-sefiE- 31
+ -Di but ybonfis werBiekeallanht e cat al yst (0.10 wt. % Quter-Wap Adhesive ‘Sane as
edge-seal Quter-Wap Tape: Three-inch wi de woven- gI ass tape Priner
Syst em -Example 20GE SS- 4044, 25 vol une percent in | PA (2-4 days Rhodanin B

~dye (9% in Methanol) pI‘OXI mat el two hours were required for the WI nd| ng
of the eleq E‘Qm e bER i 8 i we%a S b g%g%gg%gm{) o i

kin n
\c/i\g; ITﬁeG‘@Y ?dwg"'ﬁr?rgggq%{%&ve%% t a‘ar"il e edge-seal bonds were g

excel lent. Exanple 20 25 The bond| ng %31 to al um num was eval uated:
GE-31 Sith 0.10 wei ght percent DBT cat af’ys was applied to unprinmed
aluminum It did not bond. The, wer e t hen eval uat ed to

determine if they would pronotg GE $o#44b 394G lumi num and t he adhesive:
_30 o | GE 854120 | DCZ-603B)(F 13 GE'SS-4044.° DC . ..
' . GE S$8-4179 | DC Z-6040
: : UC A-143 DC Z2-6075
' ' UG A-186 _ DC Z-6082
40 . Of the above series, only GE S$S-4044 and GE SS-4155 promoted a strong bond between the GE-31
.adhesive and the aluminum. These were still strongly bonded after two weeks in NMP/oil at 120°C.
Example 21
45 Two four-inch (10.16 cm) diameter spiral-wound PM 250 membrane elements were fabricated employ-

-ing aluminum end-pieces instead of Nylon 6. The adhesive/primer system employed was GE-31 with 0.10.
weight percent DBT catalyst. GE $S-4044 was used fo prime the aluminum end-pieces, and a 25% solution -

of GE $8-4044 in isopropanol was used to prime other components for bonding to the adhesive. Both

elements had excellent vacuum test values.
50
' Claims

1. A method of making an element for use in the recovery of exiraction solvents from extract and rafﬁnate. o
streams produced in extraction process wherein the exiraction solvent recovery is effected employing a
65 . selective membrane and wherein the element comprises a permeate product tubs, membrane. layets,
permeate spacer layers, feed spacer layers, and end pieces and &n anti-telescoping device, arranged in
a spiral-wound element configuration, the method comprising adhesively bondmg the materials of -
membrane element construction together by the application of an adhesive/primer system to form the
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GE SS- 4120 DC Z- 6032 GE SS-4155 DC :Z- 6020 GE SS-4179 DC Z- 6040 UC o
A- 143 DC Z-6075 UC A-186 DC Z-6082 40 O _the above series, only GE :i

SS-4044 and GE SS-4155 pronot ed Posg_ﬂ%gﬁnd bet ween the GE-31 adhe5| ve
and the aluminum These were stFl| r y bond m S :
" NWP/oil at [err]. Exanple 21 45 Two four-i ncﬁ |IH“"1\ﬂlnﬂ ter

spi ral -wound PM 250 nenbrane el enentasmesze fabri catet enpltoys 1 ng aI um num -
end- pi eces i nstead of NyI on 6 The adhesi ve/pr| mer system enpl oyed was- e
GE-31 with 0. 1g—retgh =: . .,, ‘?'. wpzagmyrs sed to prine
t he al um num en-"&’ 1’1 | ‘{" 't '%?rt '“' sopr opanol

. 1 Pe Sp wo o en I l Sty
was sised to pri o aceré%effpone t ej;ﬁ o eS| ve. Both .
el enents had exq qj meacuum t ¢ ﬁ" al m; 8 A method of maki ng

ach
an el enment for St?céplk ne recovg r%,,pfd rg@ﬁﬂ,gn,oﬁepl vents from extract and

raffinate streafms ﬁfoévﬂ,ee tMRKihbPRonPKRAGESS Wherein the pxtraction:
sol vent recover #eﬁne‘iiefﬁ:ﬁ ed empl Qion Gtedl tiing, 42-inJebETah)iiong, menpr ane and
wher’@in the el efrent conpri ses a|pefsar@i®es phpobict tube, nenbrape | ayers,

per meat e spacer ||ege6sal AdiR6idh: SPJOGE-31 &)mRsusy) TiaDilaveataicagalyst(@30 and an

anti-tel escopi ng device, arrangedwtl#) a spiral -wound el ement cpnfiguration,
t he nmet hod conpiiGiteagvragihdhesivee| | $xowedisiedgetdea mat eri al s of nenprane el enent
construction todwm-rWrbyTaphe app! Theestinahrwidgfwoxen-gla#h &8P ve/ pri mef systemto
formthe 17 FRPrim@r Sysiemi 37 Bl | @R B$-404d. %@E‘"‘Q@&’F%“t'"v!%&eﬁ he said
adhesi ve primer |system conpriseq 423 Repdpmig Bt%“@&fﬁ?ﬂ?@ﬁ?”cond bnsat i on
sihicone in conbrnation wth a catalyst and wherein the surfaces to be
adhered ag@raRiniatlOwdinblis vefel reqiived & tisi WIBdiG 6 toy elahémy.| Tha vistrsity bfi theiedhesive

ti t 2 atstyedwithin®) godd wbritiag raRgediking tarpeds2nt room t enper at ure vul cani si ng
(RTV) si | Treasenentessanspedtitithe filohinguddy aTesplemost passadale vaceum test 20 #ieyedge-pashe,
et hyl %onds wereoaxtdllorsti | i cate titanate or ethylsilicate prinmer; or (c) red or
cl ear single conponent acetoxy RTV si.litone in conbination with an epoxy
si | ane GxampieP0 2. The nethod of claim 1l wherein the per maate pr oduct t ube

is of steel and the adheswe system for bhondi r1 aves, o B gsto
T of; !u ) 2 1 Wl ig BT ca w

t he steel Therkendieg ok asé?’)a rﬁ% 3 th EB EE

si | i corfepliogi ’éﬂ"ﬁ‘e‘? 'f' 8 °tatf° g grﬁners ETRoxy egl ane or

or t hosifgYvepd pfq"i°§rﬁa ?tl"?reé'r S‘r'"”('b "d thea QeP°!"%o- conponent condensat i | on

sil |§,one I n conbination with a cat aI%ﬁE@gd wherein the surfaces are prined

Wi th™a sil oxane or ethyl orth03|I|cate titanate prinmer. 3 The nethod of

claim1 or claim2 wherein nepbahre—to—preH b+arenadhesi ve bonds are forned

usi ng 15 an adhesi ve syst 8 red, two-conponent

condensation silicone in conb al yst and wherein the

surfgces to be bonded are pril i

titanate, or (b) a clear, sin y ©Xy RTV silicone wherein the-
surfaces to be bonded are pri ' D%%@&Si | ane or et hyl
orthdsilicate titanate or et hy | 2 or (c) a clear or red

-acetoxy silicone in conbinati on with an poxy silane prinmner, %‘é?%

‘et hed of Ohtep abeue sefiescpnly FE SB-406¢ and,Fle SE1HSHAHR
{nﬁ e el e#%\‘é?ﬂ"t:?asd @PP@E‘t"g’B Bepn were Al %?W@"deﬁff"'éw‘g?%"? Wﬂ\gﬁggz‘g@onent

‘al koxy RTV silicone and the surfaces being bonded are prined with a
sHoxanEf‘_BlP_'_ﬁhyl orth03|II|cate tltanate primer, or (b) a red

t wo- conmpopen ,.m&dﬁ g?@ )Oé]ar%tér s %MM&B Wrohts FefothiHetSd ehIS)-E1 N
the Surfacls f E a8 bENJIGH imer systbremgiey3H %a® GERH Mith 0.10
ort hosi f E&c n't yé? 'dE84-4044 was used to prime the aluminum end-pieces, and a 25% solution

of GE SS-4044 in isopropanol was used to prime other components for bonding to the adhesive. Both
elements had excellent vacuum test values.

50
Claims

1. A method of making an element for use in the recovery of extraction solvents from extract and raffinate
streams produced in extraction process wherein the extraction solvent recovery is effected employing a

55 selective membrane and wherein the element comprises a permeate product tube, membrane layers,
permeate spacer layers, feed spacer layers, and end pieces and an anti-telescoping device, arranged in

a spiral-wound element configuration, the method comprising adhesively bonding the materials of
membrane element construction together by the application of an adhesive/primer system to form the
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-5, The . met hod of -any one of claims 1 to 4 wherein rises
.....nyI on.or alum nium end-pi eces, and the adhesive s“ Hﬂ ﬂﬁ bond . the_

‘nyl-onh or al unm ni um end- pi eces , an out er* wap LCORpr$ (a)
red condensation silicone pol y:ﬁp&?gﬁg&{l]% conbi nati on with a catal yst and
30 wherein the surfaces being bonded are prined using a polysiioxane *

pI’II'TEI’ in_ t ra"%%g

or ethyl @on'g
to dry prigl atl QineP®s %mbdecat bifiy) hodiiBate aichas,i are(b) @. clger pinglecepmpprant room

als WhePlin 8 saiti RdHebife Siser sptertibanipristis ala red bvesomponsitl ox ane f}
SinlobrhskBbEwiBal ARy st adiaherdirethe sunfacel ¢ beradhased dre pringdo e d - o

recoverin v lvligdnis) kilicdRé wﬁdferrnﬁamlceatfa@sBrea?ﬂ'dN)‘ﬂ'“‘raaPP‘?"Mei'faée'ﬁhy'eam
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nenbr ane. Tie méthéd Gices 1agherein thé aprmede Redyc |“ﬁ’°t'~’n§' %‘?ﬂ
pyr r ol i dopending Gealies/of rtiet meribrane tp thecetast predudt H‘baﬁ (({;h ?& tg ariats
-vvhenel n t ko E@T¥clicone, whetelythesurfaces ?'SPH'EQF Yithdh ?3% T Vfgﬁ

Pat €Nt ans priralertoe (b1 5 retl, twoypqanpgeRet sanlengglipn ¢l é’P’FﬂéE oiilick

bei der Rswlegearaprined witha siioxane ket pthoglica

claims 1 to 5 and recovering extraction sol vent which at LS tlérogg,gh the-

n?'f"f eI n aus Extrakt- und-

‘Raffinpatstrémen, die in e| ne trakt | ﬁ%tghgﬁ%mﬁéﬁﬂ%ﬁﬁrab 86ried @ing bEi ..

der di e>EXb? awpq)?magga gon Stion ¥%H€ﬁdﬂdﬁ8nﬁbrﬁ1®ith a

sel et i verd RERBI RIS IS| )Ga r bre Alimedr wRABN4ilokhé) or ethyl orthosilicate
Per meat pr Gﬂ'ﬁﬁ‘raﬂ ‘"he,;,ea, .,. (ﬁ e ﬁfﬁ r?m.e&ﬁlv%.amm;:hmdas enbe Bidded are
E| nsat z pr 5 SHo4lS titarecCor Wi Sickate phfaerr ordbitaciepr gergédn

h
ei-riande §E gﬁ%a oH\ ﬁﬁﬁwnﬂd&n@pbﬁsﬂ%bﬁhwg gewundener
E' errent ko T'gl guration angeordnet sin wobei di e Methode das klebende

Ver bithdgn M brfaNof GRimsME D4 @hebie anting @h stembiand tormelel i theglement is
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Ei nkowms i ponent en- Al koxy- RTV- | ko Goh Elakibhsichen
mt einef- Br¥ege pyraiprsteing erbr‘#ﬁEQbJﬁﬁrﬁﬂ
grundi er ungs“@qsl]‘ﬁ‘ﬁ'Pél‘iE F‘ﬂo""

Konbi nat i orf! °f“°"° %‘F% des kgt aat.ma Nﬂfn%ﬁschnénten[\/bérhﬁddstmsdhncbtamem
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20 Qoerfl ~chen, die verbunden werden,” mt einer Siloxan- odor
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5. Procédé selon l'une quelconque des revendications 1 3 4, dans lequel I'élément comprend des pidces - '
extrémes en nylon ou en aluminium et le systtme adhésif employé pour coller les pidces extrémesen
25 nylon ou en aluminium et former I'enveloppe extérieure comprend : {a) une silicons de condensation
polysiloxane rouge en combinaison avec un catalyseur, les surfaces collées étant mastiquées avec un
mastic polysiloxane dans le cas du nylon ou, dans le cas de 'aluminium, soit un mastic siloxane soit un
. mastic titanate d'éthyl-ortho-silicate, et dans lequel on laisse sécher lo mastic avant d'appllquer' .

. I'adhésif.
- 6. Procédé de récupération d'un solvant d'extraction dans un courant d'extrait et/ou. de raflmat résultantf__' :
* d'un procédé d'extraction, comprenant le passage du courant au contact de ia membrane de I'6lément '
fabriqué par le procédé selon I'une quelconque des revendications 1 & 5 et la récupération du soivant
- d'extraction qui traverse la membrane par perméation.
- 36

_ 7. " Procédé selon la revendication 6, dans lequel le solvant est la N-méthyipyrrolidone. | SR o

\_ 8. Procédé selon I'une quelconque des revendication 1 & 7, dans lequel la membrane sdlactive est .
formée 3 partir de cellulose régénérée.
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