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zsuch time 15 as the rejection of the nmagnesi um sul fate dropped bel ow 90
“perment. Preferred enbodi ments of this invention exhibit at |east 90
percent- rej ection of nmagnesium sulfate after 48 hours of exposure to 0.1
“nor mal  sodi um hydr oxi de. Pol yvi nyl al cohol, when used as a wetting agent as
gfaught in U.S. Patent 4,619,767 in formation of menbr anes, has been found
“to*afford a high water qux Pol yvi nyl al cohol wetting agents have been
‘fauﬁd .generally deficient in that the resulting nenbranes have reduced
~eausti c resistance. 20 In preferred enbodi ments of this invention, the
'subj ect nembranes exhibit water fluxes of at |east 0.49 [err] day (12
‘gal l ons per square foot per day (gfd)), preferably at |east 0.82 [err] day
(20 gfd), nore preferably at least 1.22 [err] day (30 gfd) and nost
'pri@rany at least 1.63 [err] day (40 gfd), at standard magnesi um sul fate
stest- conditions. Mreover, said nmenbranes in preferred enbodi nents exhi bit
a_nﬁgneS|un1squate rejectlon of at least 90 percent, preferably at |east
.95 percent, nore preferably at least 25 97 percent, nbst preferably at
Iea&t 99 percent, at the same conditions. The Standard magnesi um sul fate
stest conditions generally used herein are a feed pressure of 1551 kPa (225
pounds per square inch) gauge, a concentration of magnesium sulfate of 0.2
“peréent, a tenperature of [err] to[err] a pHin the range of 6 to 7, a
ifecovery of about 1 percent for flat sheets and a mninumtest tine of at
ilea%®t one hour to permit performance to stabilize. Preferably, the menbrane
~fenoves at |east 80 nole percent of the sulfate salts 30 present in an
jaqueous feed sol ution contacting the menbrane.  The follomﬁng exanpl es are
sPpresented to illustrate the invention. One of ordlnary skill ‘in the art
_Nleaappreciate that the invention described hereinis not limted to the
“gpeci fics presented In the exanples. Al :




"nd per cent ages are by wei ght unl ess otherw se indicated. 35 General -
e Fabri, catidon Procedure used in Exafpl es A pol ysul fone substrate was
red by, di ssol'ving 45 g of g0 yfgds@ye ([err] grade P-3500, a product
ni on Carbide Corporation) in 255 g of dinmethylformanmde to yield a 15
ht percent 'sol ution. The pol ysul fone sol ution was degassed at reduced
'éure and- a bead of the pol ymer solution was placed 40 on a glass plate. .
uantrtythat a 152.4 mcro neter (6 ml) drawdown bar -

.of uni form thickness. The plate was then i Mmersed in
g t'gggel ‘the film Discs of 7.62 cm (3 inch) dianeter of
_-93 af romthe sheet while still wet and kept imersed in

> W smt@ t\e pre«pafred/ A gvlat Fonvwas prepar ed
cgﬁ-t’o i-‘perazi ne by weight and 4 percent triethylam ne by 45
z‘édc ter. An aqueous solution of a wetting agent at a '
D 7,800 ppm on an active solids basis by weight was prepared
ew. To 50 milliliters (nl) of the aqueous solution of the
s gdded 50 m of the piperazine/triethylam ne solution.

& uti@mslwas generally used t he gay°|$ was prepared. The :
oﬁ_ &i | ered andan . 62 ems(3id # ameter sanple of a
HeCsF guppo?t“fl@mwas oﬂmr@e |n the filtered

o Jedlinutes. In a sinilar manner to the piperazine,
vei fRitpercent of ali phatic diam nes or other diamnes with
Ne\- di met hyl pi perazi ng (DMP) as an. acid~acceptor were

sevso%t—-r GRS e-ﬁeralg YNTS addedC ol Reent by wei ght
p

p};t‘tt’i'dhs of 2
wer ght percent

&eﬁ)wt-— ﬁemn-r«umweth mg &yent ~Specified in the

My sul §one Suppoad Was rermv $renthe amne

Igacﬁd‘brﬁ?a‘;blcas? r.'ﬁagem Aosioot-h Jfubber roller was
Seze excess sol uti on™¥ r(’)m t he pol'_ysul fone support. The

p'e'rcent trimegpyl chloride in 1,1,2-trichlorotTi f'Tuoroethane After
nut: esdt he suppor t=vas renoved fromthe trimesoyl chldride 7 EP 0 316
gl - The nmenbrane was allowed to drain off excess liquid, and
air-dried at roomtenperature for ated @ast 12 hours pri.or
pl S -14 Several ionic pQl Wresis wetdd ngd agents were
ure outlined herel nbefore t“o"}bré'pa‘?‘e menbranes from
A i mesoyl chloride with a triethylamne acid acceptor. These
Sakre prepared by conventional vinyl addition polynerization
rs: hydr oxyet hyI net hacpylate (HEMA), vinyl benzyl
DI\B) ‘p- nGhyEphe x‘{?’n@-na-et ony 10 ethyl nethacryl ate
aci d (MAA) and am noet hyl nethacrylate (AEM. The
yI sulfonr um salt used in Exanple 13 to prepare the
: rnvthe hydroxide form but in the oidew exanples was in
e daj ot Be o adii @ Babul ated in Table
rTt%e NJN\leée\g?'gl yahpFes aid ThE water flux and
_rej- ections tabul ated are generally averages, of .t he best
S i nstgnces, subsequent efforts to repeat the8l5 Eexarrpl es
: ed poorer result tbarbtbos:e gepored HUR this is beli ea/e
,}sbut abl e to vari gl ofs T'n*t e experi T ment al procedure and conditions.
water -flux in cubic neters per square nmeter per day ([erry, -3ay) and
"""'per_ square f.oqt per day (gfd) and the magnesium sul fé;ﬂe Eej ection
. ined at the standard magnesi um swl kat e Pesf
4di't i ons out | i ned M@r eirnbef oner Theochus®i ® sTsfunPe Bf | Sanpl es
g magnesium sul f¥te rejections of at |east 90 percent | Eineti al
ine. tests were.tested 20 at the conditions outlined her'ei nbef or e
ne he_ rragnesr um suI fat e rejection dropped bel ow about 90

R '-W'th the exceptron of Examples 4, 5 and 6, the wetting agents tabulated in Table 1 possess excellent
55 water flux and magnesium sulfate rejection. The reduced magnesium sulfate rejection observed in
Examples 4, 5 and 6 may be due to defects in the membrane or other causes and do not necessarily
indicate that.these wetting agents are not suitable for preparation of membranes. The samples represented
in Examples 12, 13 and 14 possess a particularly desirable combination of water flux, magnesium sulfate




mercent Because the RO test performance,of ,individual sanples of a given ' %’

conposition soneti-nes varied considerably, thé average salt rejections for
Exanples 4-6 were | ess than 90 proaesb2s gxanpl es 4-6 each represent
indi vi dual sanples with rejections greater than 90 percent which nmet the
¢riterion for a caustic resistance test and such tests were conducted on

. said s &iRslieaand apsticradigante resi stance in days and water 25 flux in cubic
meter s _per square nmet er per day and gal | ons per square foot per day are

t aby IaE%EEﬁﬁ_iéBIe . 30 35 45 50 65 8 EP 0316 525 Bl 55 water flux and

nagn S|uqaasu(”q%%m{e'ectlpn The reduced magnesi um sul fate rejection
obset vg el B BX v s %"Pﬁbﬁ@FéﬁF%mPW“FHé“ﬁédﬁWﬂﬂe or

sitlon 'ﬁte compgs Xn oi@
ot her @ 3PP vap ﬁ%? é" RGeR nts
are nopnog%f 2 I&ang %@Fg 'c' sam?r'Brpgrﬁe" S FAELENS %@H‘Fd Bhidd in
Exanpl es 13 and 14 possess a partlcularly desi rabl e conbi nati on of
wat 5 flux, magnesiumsulfate 9 EP 0 316 525 Bl rejection and caustic
Fesi st ance. Exanpl es 15-17H5C=CH In a series of exanples similar to
Exanpl e 1, conposite nmenbranes|were prepared using a wetting agent of a
di fferent conposition. The 00v.05|t|on of this wetting agent was 75.5 nole
percent nethyl nethacrylate 16 nol e percent VBDVS, 5.3 nple percent
of a5 nonomer of the Fornul a 3.2 nol e percent of a nmononer of the
Formula 11: 10 [err] 15 (1) 35 45 The percent wetting agent was
varied from0.1 to 0.4 percent on the baSiGE f active solids. The water 50
flux and magnesi um sul fate rej€Hpion recor in standard test are
tabylated in Table Il for each'nenbrane 55 10 EP 0 316 525 Bl TABLE |

v H3C—T CHy C1-
CH,
|
25 CIH 2
OE-E-CH3
0 CH,
30
CH2=CH
35
N CH, (11)

.,
H3C-N-CH3 Cl1~
45 )

Cq2H25

The percent wetting agent was varied from 0.1 to 0.4 percent on the basis of active solids. The water
50 flux and magnesium sulfate rejection recorded in standard test are tabulated in Table i for each membrans.

55
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‘Exanple . Vetting Agent (Percent) ¢ ., Test ResuItS'S o

Flux:[[err] day (gfd)] Salt Rejection (Percent) 15 - oo 0001
-94 (23) - . 98 16 - EP 0 316 529B? s 2T .89 (22).
97..10 17 : 0.4 o0 1002-(25)
96 It can be seen from Table Il that variations in the |oading of the

vietting agent over a four-fold rang®®RH&d not significantly. change the
‘properties of the resulting menbrane. 15 FExanple 18 In this exanple a-
‘menbkrane was prizpagied wetigeRehiaPérgent)lle sane nameéeResdis Exanple [L5, except”

' I tepqueous phase

That' the concpentrati

n of piperazine d[ﬁé‘)ﬁ%
me

AmEImANp)
W&Si percent] of eachh . The resulting '3{'§"nga%g@5 g of 0.89
~[err] day (2 ' j I percent.
Exanples 19 apd 2 In a nanr®t generdlly si9i®dr to - two

‘drieg at anbient e

conposi te nenpr alfes

re prﬁr’hred. |l Exa 229, 29 th& nenby ane was .
erature®n air flor 121'9%d8s prijor 18 testfng. In

Exanpl e 20 the nenbrane was dried at [err] for 10 m nutes-inStead of air
drying. Tih&nwatsadn tlolUrablaMdhat edritioh€inaies lbadling loBtR¢) Rettratagért 06r b Wur-BRAIVAKE bid

. .refbr ametssigoifiesptiy ehengantth piopiedisls df theaesthinginerhitrame et hods are presented in
‘Table Il as determned at a pressure of 1965 kPa (285 psi ) .and otherw se

at ssarffdemate toonditions. It |Is seen that the nenbrane ‘whi ch was oven dried
possessed a noderately |lower water flux than the one dried in air. 30 TABLE

111 Exanph dhis exggn PrRgMNRRrRGvas prepared in generally the sanfe gianneRas ferpig 45, except that
8
h

i
* Fl Hgpio
1. 63, E?’%@”&%@%@* :

- 98-8 £0°

'zrera{i;m ?ndgg?twqi%in(tp% AQUEPHS ph_al_sg was -1 percent ohpqch . The

anples 21 and 22 Menbranes simlar to those prepared in Exanples

1% and E;% p\%g_qgaﬁqefo_t ed to determ ne both the magnesium sulfate rejection and

~Sodi um

ection for said nmenbranes. The magnesi um sul fate test 45

Vas the shanfate gbaly SaRFt Q%pl@%ﬁ%%fb&ft@msgmﬁlé A6t BRp&E B, Y 8o §b,6Ct i on

- Was MHetyry HbchiRshe Uk e it AMIRLIMpr

+chtori %n@ﬁanelﬁé_lddé@at 11820 1P S }ni_ {e@ﬂﬁm i Binf. TS VeleSiuRr ancPsalt PdjaBsnrbigeC of
lert} lobah&s fod 8kdrd) nlohBrahdSrepards ahd \@ied bli 8ath of Hosd Inlebis depridRABd AMRble Il as

Test Results MySO4 _ ~ NBMBLEM ux Salt Rejection . Flux Salt’
Rej ection (Percent)  (Percent) 72/28/0 1.02 25 97 - 1,14 28
53 PR ' Example { Drying Method TestResults ~ © .~ -+ = | R
e ' Flux [m¥m2day (gfd)] | Salt Rejection (Percent) |
19 | air . | 1632044050 | ere9 v

-

EP- (0316 525 Bl TABLE I'V Exanpl e Ml e Percent Conononer VBDVS/ MAA/ AEM

20 | - oven | 139159(3439) | ~  ese9

Examples 21 and 22

Membranes similar to those prepared in Examples 12 and 13 were fested to determine both the
. magnesium sulfate rejection and sodium chioride rejection for said membranes. The magnesium sulfate test
" 45 was the standard test described hereinbefore. The sodium chloride rejection was' determined using an
aqueous feed solution containing 0.2 percent sodium chloride at 1551 kPa (225 psi) transmembrane
pressure at a temperature -of 20* to 25° C with the test lasting 1 hour to aflow the membrane performance.
to stabilize. The test results obtained for both the magnesium sulfate and sodium chloride. test solutions are
tabulated in Table IV. : ' e T :

11

a water §ux:of §.89 qn>/m? day (22 gfd)) magnesium sulfte gejectionsef 9834.- 39) -

¥tr 18 o Biidt td eBihg Oin ExRFEIE 981 theS 0di UM

. per.f or rBBetnet Qt &tpRlasurd 31965 kra 8% psiy 8 Wihbaviso it sthriiad cbaitioh® iths kdoa thaagBESI um .
sulf-at eneimbtins eltithwas olenakiedigosseasdd aanddeiatelyicvenwater tiimbtidnatheecheidfiedlialar.e | V.. 50..55 .



.4 ¥

he: SOdI um chI ori de reJ ‘ection of both men’br‘anes I's much | ower than the
g_ne3| um sul fate rejection. - Epep W &5 #4 Ux in both cases is conparable
et'Rer the feed sol ution I's a sodiumchloride solution or a magnesi um
.fate solution:” Exanpl.es 23-30 Pol ysul fone substrates were coated with 2
cl.ght. percent. soluti-ons .of an al iTABEEWC di amine, 0.1 percent of a

pol ymer = whieh-i's 71.-4*wei ght percent VBDVS (chloride form) and 28.6 : s
ei I eRmpe n&:eﬁs&mew e VEDMS/VAAER ST ONT PeT Gellellfs DV, The 4] i phatic
a,.m-, nes weje:selected trom 1l . 3- propanedarm-re—{RbBA 4—butared] am ne
A) |- 1; 6- hexanedi ami ne " (HDA), N, N - di|ret hy{aSP«  6- hexanedl"éﬁﬁ’f ne ( DVHDA)
rd NN - di yret hyl -et hyI enedi am ne ( DVEOMux It aejedtierel] FukS|saRReBctoR] €
ontatted wjth 0.1 percent trimesoyl cHloride ¢Percént) chl or of r (Pelcer@y Ot hane

s. descrjbetrhererbefo e oSSt —T14] rom ol a 02 Cent.sotuti on at
371 %;(Zto pSI) an%%ﬁi£ 137 kPa (6001%%% gaugjge an gg% 18 f§3x wer e :

eter 71 ned refuently Lkd tO

ef ect ive marrbr anés, - onl y the best results are tabul ated in Table V Table
Exanpl i& “°teﬁ(ﬁ‘i“ﬁethat mFes@@“'Prq??Eq?r @jectuonwg:qu R@j;@éﬂqso'ﬁ mucfr| 'B‘)@"[t“ﬂ’?/ %e. day

Ta@ssuum sulfa]:egp;ection “The vgg@t; §ux in both-qggps 1s comparable whather the feed solutionisa 15" 4

283/ 11 90 22 S99 98 24 . 62 It is not eworthy t hat

sodpﬂ&hlon 3!35%071 ora magr@elum sulfate solutnon95 71 _25c. BDA o 1379_
e .04 1 - ~~~26' BDA: 4137
1500’ E"a"""es 23'3°04 | .29 7 27 | -1 DA 1379 200

olysulfo ratgs wgre %%Qz with 2% ercent’ sbﬁﬂu%z of a hphgﬁ)(pdlamme 0.1 perc n?g
04 1 co| % is 71.4 wei grcent vBD hloride form) and weight percent metha;gi- 06 26
acu;l\{g eight percéﬂgziQDMP The aftHatic diamines were Sslected from 1,3-propanediamife(PRAEX NPl es

3\/361 A-Butriddigmins GEUAS M1, 60RRAEdhiNe HIDR], INN-dinf X Cd itk digmine MHﬁV’Q{d&mﬁs wer e
7€ Pagifekhy SithyBn@dlaibe [DMEDAN NTnbRbitsd SubBgHRst werd tbiiackBi Wil 0V bicsid 1RERA Was a
0!~y NMEHloriad inttdiviofobifilicnosthiage &B0IREIBdCSheldlBEGRTINS MYSO. Bjectivai of) B DX peOd @siativmt
et hyiit 13T9eHPla 4200 phipsreliof MEAKPa G0 5si) pevge end wakBDvSvdré tetatnined fotlgach etetiiprane3. 9
cethaw;sb heireconting dreaventf led-br defegiiva. menbranesCralyTfhe dest Sesaltshard tabulped indiable of a
ati oW ¢ vinyl surfactant as shown in Formula Il in * OExanpl e 15. The
esul ts are tabulated. in Table VI. 12 EP 0 316 525 Bl TABLE VI Exanpl e
e - Feed Pressure I\/gSOﬁabRe‘f ection Flux [[err].day (gfd)] 5
99

p5| 31 PDA ' 4137 600
i 32 ExanBBA Amme "} 4Fedd Pressure 6QOMgSOs Rejection |9 Blux [m3/m2.day (gfd)] .08 2
FIDA - 1379 2Pt — 42 L4 1 34
- 41?7 6pa 2 PST_ 90 08 2 10 35
o 12379 "'PDA_’_"ZO'D' 1379 200 53 95 1.18429 36 DIVHDA
il 203~ ~|-PDA.. 86137 - |- 600 9543 9|15 Ex&Bes 3743 In a
dnerddl I v - BPAi | af- --.,1‘.'"&79Exa Oes| 23- 3083 nenbrlanes w8t & prepared using
u'_e't t%eng BDA:" | . 4137+ 00 94 297
‘"HDA® | 1379 200 55 041
28 I HDA | 4137 600 79 041
‘29, | DMEDA || 1379 | 200 49 1.06 26
30 |'DMHDA | 1379 200 85 338

- Examples 31-36 - .

~*In.a ‘manner generally similar o Examples 23-30, membranes were prepared using another onium
" wetting agent. This onium wetting agent was a polymer of the following monomers (percents are by weight):
'20.9 percent methyl methacrylate' (MMA), 62.5 percent VBDMS (in chloride form), 8.9 percent of the
“ monomer of Formula [ in Example 15 and 7.7 percent of a cationic vinyl surfactant as shown in Formuia Il in
. Example 15. The resuits are tabulated in Table V1.

12



Thl S wetting agent was a pol yner.af the followi ng nonomers (per cents

& : -by viei ght): 55.2 percent MVA, 25 percent of VBDMS (in chloride form,
:lz,ﬁercent of ‘monorer of Formul agp ¢ §ygEs3ER! € 15 and 8.8 20 percent of a _
¢gationi ¢ vinyl surfactant (as shown in For rruI all in Exanple 15). The
results are tabulated in Table VII. TABLE VIl 25 Exampl e Am ne
._Ee_ed Pressure MySO4 Rej ection FAEDE\[IWB/WQ day (gfd)] kPa psi 37
POA™ 1379 200 98 .04 1 30 - 38 -
PDA J 8 P 3 BDA
137 9\/ 20 (])'E-&émple A?HM%E Feed Pressurd Mg.S:?é Rg;ecztllan Fléﬁggm dby (gfd)] 4137
500 90 kPa  1ogpsl 41 HDA 4137 600
73 31 .|Ofbal 43 4137 DYEL¥o 13249 200 205 50
- .81 20 43 BWHDA sDA 134497 60800 96 87 082 43 9

Exa'rrpl es 44| and345 |-HpAa 40| 13ve tlhezogenfer al rmmnner ¢f Exangale 1, cc)rrp05|te
menbra,nes Wer e 3pr egamexd f riom1pr pgr aaoonel and taoi nesoyl chl coside, buf
quaternary MBI urp NEERA g Bgent|s 200r el used.53The wetti ngl-®@ent i n|Exanpl e
44 was a hofrop@PyngrOMiDA/ i ny1BBENnZy1200r i jmet hyl8anmonium chl4€ de ( VBTMAC)
c.and.in Exanple 45 was a copolyner of 71”1 werght percent VBTMAC and 28.9.
wei ght percent MAA. The rejection of 0.2 percent MgSO4 at 1379 kPa (200
psi) gaugempeskbm@ter flux for the best results obtained are tabulated in :
Table ViT.—45 TABLE Vill Exanple MySH4 Rej ection Flux [n8/nR.day (gfd)] .
$0044 In a manner generally similar to Examples 23-30, m&@fibranes were prepared using rbthed Bettirig

~~ agent. This wetting agent was a polymer of-the~#4fowing &nonorfefs (pr@gntsTdie by welgra)nFl. ysorcent
denmonst ridié 25 percert bievEhMSpi@rchiodds for).t1R @ewertt of mepoagrenfi Formmaly | indixample 15Hand 8.8

opki p#oz eRgrepRirof g salonit ivieylpfirclaptales shewn iy Fagrids H irokkample dBinfhet epitearmtabulated & t o
odi Ty higBledBhobi city and charge density. Exanple 46 i:- ~A water-sol uble
polyam ne (sold by D anond Shanrock as FI BRABONO 35) containing a plurality
of 13 EP0316525B1 azeti di ni um gr olff¥cWls used as a wetting agent in the
preparation _of nenbranes otherwise sinmilar to those in Exanple 45. This

pol yn&r is petiaeped tamidae rFeqmeaasjsmg uniMgsopRejbdtien 1 OFIR [Mam?2.ddy (gfd)]
+ CH CH2CH23110 OH 1s The I’e%ﬁétl [remibr ane when tested at 1379 Pq (200
p3|) gauge w-th 0.2 percent 8] Rnn 1s. feed exhibited MypO4
rejections pf 98 pe rRQént gnd'3& wit 00f | jux of 9869 nBjfne dap4017 gfd].
Exanmples 47{5538 | | PRp V‘é‘t‘?? nc Qnts sim%Bar to thoseZP Exanmplle 15
were prepar gd \?/?th noner $8 Thesé * > -12@etting|agents
were used tp pr4 par an;'él 6€0 ner sijpilar fo that Bdescribgd in
Exa'rrple 1. The (¢ tlé fil ux a causlic re Sance \er e
Tht‘%? g e3u
T=Yali faYi pm‘h

14

5,

4
measured as |n4 ar

gnnom;r ratloin ng

Examples 44 and 45

il 4D in the general manner of Example 1, composite membranes were prepared from piperazine and
trimesoyl chloride, but quaternary ammonium wetting agents were used. The wetting agent in Example 44
was a homopolymer of vinylbenzy! trimethyl ammonium chloride (VBTMAC) and in  Example 45 was a
copolymer of 71.1 weight percent VBTMAC and 28.9 weight percent MAA. The rejection of 0.2 percent
MgSO0, at 1379 kPa (200 psi) gauge and water flux for the best results obtained are tabutated in Table VIII.
45
TABLE Vil

Example | MgSOs Rejection | Flux [m3m2.day (gfd)]

50 44 55 53 (13)
45 08 77 (19)

_ These.examples demonstrate that the properties of the wetting agent may need fo be optimized for
specific applications by addition of compatible monomers to modify hydrophobicity and charge density.

85
Example 46
A water-soluble polyamine (sold by Diamond Shamrock as FIBRABON® 35) containing a plurality of

13
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g5 | ‘ TABLE | X Exanple.

_Agent FI ux (nB/ mz day (gf d)l I\/gSO4 Rejection . Caust ic ReS| S.. ,
MVANBDMS/ For nul a | EP 0 316 525 B1 (Days)
30 (Exanpl e 15)/Fornul a 11 (Exanple 15) -47

3791.5/0. 215. 3 .65 16 98.- 4 *, .~ 48

i31{ 82. H#zetidihium Foups was used as a wﬁﬁng]_@ent in the preparation of nimbranes otherw:se similar 4 trzbge
3 176. Sih Exanifics453 This polymer is believ@iito h&ye repeating units of the fo@Rila50

16/ 75.0/3.7/5.3 .73 18 98. _ : 5 51
38152.9/3.8/5.3 .65 16 98 : - 4 52
49145.5/0.2/5.3 —. 65 16 94 "4 53 '
64.5/ 15/ 15. 215. 3 l .81 20 85 . 3 54
75/16/3.7/5.3 .06 726 HCH 80 . B * 55
79.5/15/0.2115.3 . - -8 et 03 4" Not
det e(;m' ned. "In nole percgknt anpl es p6-58 Using the wetting agent

described in Exanple 12, a pdysMl fone substrate was i mmersed in an aqueous —
solution of 1,000, 500, 100 or ppm of the agent The support was.rinsed..

with water and then inmersed i Q50 a 2 percent piperazine/ 2 percent:
‘triethylanmine aqueous sol ution. The coated support was drained and -.

Pr ess etheeduhing! rietlblafd whed HQEDMESEXRL@E0 di)Qdiigd. with 02 (RPROMFSOIRGUORE Red

.£ant acéamitati Mg rejocpeis L8 petdent/#RS & Whter: flux of .69 mihtlday (1d@fd).n S
trifluorotrichloroethane per Exanple 1. The resulting menbranes wer e tested

W th aB@mlepéf-gent ... .. MySO4 sol ution at 1965 kPa (285 psi) and results. .
are tabulated in Table X. The ranges represent spread of duplicate tests.

5. .20  Wetting pgents similar {g thopg iB@mpip 15 yBledpregarmst Mpvaeﬂng retion CEMeRomerso fhase

Vg vi ng’ 'fngeqents wiyp aeod tRB[oBe mapbrangs)ing meza scs*bed in ExampleL. Jhe
1,7000 gSO. rejection, water flux dg)gustlc resistance wer e 1. The r_esulis are
~-500 ‘tabulated in Table IX, as is 'Q? monomer ratio in mole percgtg f02 &a gvgmng agent o 100
30- 50 3.26-3.67 80-90 Oon'lfﬁ'?é'

30-*650 2.44-2.85 60-70 10 t)J‘ata t abul at ed |n Tabl e X suggest
t hat rate -is-effectiy

Exanpl I 15 Wetting Asenifer yeffkeclatin®. davrfufilhy  MgS@oRiplaghion Pausie Reviares

wer-e. pf epar ed|b W@Qg@‘%"@,ﬁbﬂrate in an .~{~aqueous. sol uti dRaxst 2.
j of vali Rlp mulaliol percent DVP and 0.1 percent] (unl-ess |.
. 4 se indicat ef®®Pede of [two wetting agdnts. The diajines are
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DACH),| 1 48- dl ani nezesisesoxy pf opane §1D8HP), i et hyBenet rifmi-ne” (DETA),
bi-pispef i dbthe (BP), 197508758 m npet hyl )-&#8ne (TAEA), B3si(anm nopro@yl ) o
pi.per agi ng; ( BAPP) , 38(52.98.86.3 i n peycl oh@@d&ne (1]. 4- DA?;-I) . The...

LR 49/45.5/0.2/5.3 14
i 53 64.5/15/15.2/5.3 _ 81 20 85 3
ppee 54 7516/3.7/5.3 - 1.06 26 80 .

J 55 79.5/15/0.2115.3 8120 93 4

"Not determined.
* in mole percent.
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Examples 56-58

Using the wetling agent described in Example 12, a polysulfone substrate was immersed in an aqueous’

solution of 1,000, 500, 100 or ¢ ppm of the agent. The support was rinsed with water.and then immersed in

s0 a 2 percent piperazine/2 percent. triethylamine aqueous solution. The coated support was drained and

pressed with a roller to remove excess liquid. The support was then contacted with 0.1 percent trimesoyl

: chloride in trifluorotrichloroethane per Example 1. The resulting membranes were tested with a 0.2 percent

JE=e MgSOs solution at 1965 kPa (285 psu) and results are tabulated in Table X. The fanges represent spread of
~* duplicate tests. o ) U ,
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Ldg agents ‘are those used |n Exanpl.es 23 or 52 I n the hydr oxi de form
di-amines. wer e :cr ossl i nked: wi hO. 1 percent trlnesoyl chloride in: = P
FLuor ot ri chl oroethane and cur i 0 tenmperature for the tine idctdin
Tab%e Xi in hours, except 'in: Ex %%P% 6 § g% I n Exanpl es 61-63, the
HEHbTanes after room 7..5-tenperature cure were heated at 80" C for 2
F-frutes. The- mater flux and rejectioragbxeach nenbrane was 25determ ned

200 m nes,

ent NaQg : A
’ng agent %argpr]le rﬁ?’nge r}(t)ratlon gf’Weltfjnqu P i flor EBT :ielﬁ&'?ﬂ 5‘1‘ [ﬁ'lﬂ aaly LT of
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. -4 h 58 In Al 1 T100~——~ - 30-50 _ 3.26-3.67 80-90
: aN~ ~ |~ Congol | T 0 30-60 2.44-2.85 60-70
T . N C -
. Q'I'he data\ ﬁbulated in Table X suggest_that pretreatmeﬁ‘tSofhhe substra®)is effective to enhance
dpdmn,u64 (- cm v44 4 4 43411
e ' R R 4% : ;. 1~~~ . . X
*_ -Examples 59-74 ~ . ~ q riJ 0
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4;- 1@ AT
." . 1'@ +* (n a;manger generally sumllar to Example 23, membranes were prepared by sogking a suQ§trate inao_
aqueous solution of 2 percent of various diamines, 2 WrceanMP and Q1 percent (&nless otherwise
indlcated) of one of two wetling agents. The diamines are 4—am|nomethylp|pendﬁwe (4-AMP), 1,3-
cy hexanebls(methylamme) (1,3-CHBMA), 1 2-d|am|noN5ane 1 -DAE), % -dlammocyclohexane {1.2-
a 1,3~ dlammo-2-hydro>%éﬂfopane (DEHP) dlethy|enetnamme (DE b|p| ridin (BP) tns
g}& (ammoe{hyl)amme AEA), bi ng:opropyl) piperazine (BAPP), 1 4-d|ammocyc|ohexa e (1 H) The
. wetting agents are’ %ose §eﬁ)) amples 23 or 52 in the hydroxide form, The dlammes we olsslmked C
FL.2H T with 0.1 percent tri esoz ride in trifluorotrichlorosthane and cured aQroom ternpe?ature for the
- indicated in Table XI in hours, except in B@mbles 61-65. In Ex4nples 61-63, thel membranss™after room
temperatur@cure' were heated at 80° C for 2 minufds. The water flux and rejection of each membrane was™
_determined with separate. adaeous solutions of &3 percent MgSO. and in some cases 0.2 percent NaCl,
 both :at 1379 kPa (200-psij=The results, diamines, wetting agents.add cure timés are sét @orth in Table XI.
'_ . The range of results are tabulated for multiple Guns. -t - .- en
1 41 X .c4 in o~ ~~~1i1n 04in-.Ac; 4 *4 cmi.
 3~~~.44 C (1:0:4 .4 _ C
CIo-SSN" - - *e .-
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w £ separate.” aqueous solutlons of 0.2 percent MySO4 and in sonme cases 0. 2 -
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Coild ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~m7 B The data in Table Xi .. . ...
'ﬁemanstrate that the subj ect wetting agents can.be Used with a variety of
'jdl am nes; 55 to kea gpnposit e nenbranes_having excell ent ‘rejection for =" - -
JVQS@ sal ts. The ftg g egerﬁ d?ecrl. bedwi nExagpI eo23 appear ed to pr oduce-
betfge? nmenbr aneg e a5 1;7 ~° EP' 031§ 5&5 BT Inna c-@ntl nuous process
the surface of & 'créb rous pol ysulfone film coated on a nonwoven '
pol yester web was {saturated with an aqueous sol ution of 1. 25 wei ght per cent
pi perazine, 1.2% \;El ght pegcerd N N - di gt hyd pi perazi nesand 0.3 wei ght
;percgpt of  a pol§/ ri e~vvet,L| ng agent derl‘}'/edﬁrom 25°nol® percent :
‘mét hyl met hacr yleatje, note ercent VBDNB (|:,n cHl or2de. gorr’r) 5.3 nole .
‘percent -of the -c‘bnwpdﬂ'gduofuﬁ ;for gul ail |n Exanmphe 1é angl 1.7 nole percent ..
.of -t he conpound “bf |11 4n Bxanpl e°15 "The spol ysul"tone f| Ilm after -
-renmoval of excess |pi péraque spl ution vvas.,com acged W thH'a 0.2 weight to :
.vol une percent trijresoyl chlofide in 11 ,*2- tr1 chl*or otr.i f3 uor oet hane '
-solution for 1 mnute. The treated filmwas then passed sequentl ally
through an anbi ent vva§ r- bath _and_an aqueous soluti.on of 2 wei ght percent:
.glycerine - and {0. 1 ant ﬁercent $aurcly &Jlfgte at Eﬂ) C and then dried
.for.2 mnutes atgT45- & s SThegresyl tithg g;enbgane-vvagtested at a
t randhenbr ane plge suréeuof 1551 kPa (225 psi) with an aqueous solution of -
_0.\2/vei ght percéht] MySO4 and an aqueous sol ution of 0.2 wei-ght percent .
:NaCI The . -a- 5‘I ux (normali Zved to 25-Ox and- rejection,grespectively, wer e
1.563 nB/ n2. §ay 40 ggd) and 99 percePt g eqtlo‘n f o I\/g:SO4 and 1.79
n8/ ng, day (44 gfdd) an'ﬂng Per Eent rejBct in for ™aclS TI®s nenbrane al so-
(ex

showed i nprovedec ustgedlr esi siance regat i @/e &0 m@nbreanes. made without am: .
zionic pol ymegic t e agent -|*g intws mstanceres-tstlngapH 13
caustic sol ution flor 2 days uq,der the..stetndan:d t@st gond@tions. Cains 1 _A
process for ayakind a conposité& rever sé oshosis nménbrane having a-

“Cr os#l i nked éol yam de - 20 discrimnating |ayer made.by interfacial . .;:
‘;p%)T yrerizat igBn on =ao rous supgporg ofo an wessenti al Iy wat er---soluble . ..
‘r-eactive pol yam ng p sent™ i n~an &quedus ~sol Bti oA andl- aﬁel atively e
iwater-insoluble, Polyfunc- tional acyl halide. having-an:average-acyl halj
sfunctional i ty of .at least 2, said acyl hali de. bei ng. present i'n-an organi c
_';_sol u®® on, said prﬁ)ees char act eri zed by conducting the interfacial
:polymerization i R ghe resegice pf g polynmegi c pet iz ng;ageg-t bearing a -y
+phural | ty of i onlgsgnpl tiasT. 25"‘ Q2.9 TQ aricesg ik g m 1 wherein the:
pelymeric wetti ng 'é@ beaBs 2pl Fal @y Bf &iud rmEeUEs or azetidinium-
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o The data in Table XI demonstrate that the subject wetting agents can be used wuth a varlety of diamines
-, 86 to make composite membranes having excellent rejection for MgSO:, salts. The wettmg agent descrlbed in
Example 23 appeared to produce better membranes.

© Example 75
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3. The process of Claim?2 wherein the polynmeric wetting agent is a vinyl
addition polynmer. 30 4. The process of Claim1l wherein the polyneric
wetting agent bears a pluralitymdsp@sss pfyii oni c and cationic groups. 5. The
process of Claim1l wherein the polyneric wetting agent bears a plurality of

ani oni c g_'roups -7.. .- -W6. The process of Claim1 wherein the
pol yrer i & fgantinu 9% the surtsce o rdeipropdrius polpelignwEiim coated D& BV @B SolyRfteCl @i M’
3 V\?nerﬁ? ‘”%srﬁé‘” @ @aygers sohgioraefclAS weightiperéeptpipdraztnel 1.85yveight parcé@d NI €
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subst | showeidmpryek ChBXARESERE Hidle B méridiss ils WBBG N idicHal e hd g 0 The
pr oseds thisfins@inee msiding\a oH @3 tausttesoRGI forPedal §lGndeSthébtaddBASdst RfAdidsE PEY gen
trimesoyl chloride and a remaining amount of isophthal oyl chloride or
‘teérepHt'®meoyl chloride. 11. The process of Caim 10 wherein the wetting

agent conprises a polyner derived from (a) 5 to 100 56 nol e percent of
n Ib’en H"°‘iTFsaIf°k akigg | F GPMAPAios Everse smdsisy mpwbrand havingyd ervesliskedf miljiamiesal t |
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ion, sai aracterized by conducting the interfacial polymerization in the
: 6~ . '~ b jfﬂ?i?i 2 polymeric wetting agent bearing a plurality of ionic mojeties.
25

‘=*~~~~‘2~ The process of Ci 1 wh ) cont i UOLIS pcess, the
surac ace %t.&..m g,‘ﬁ&g%?‘ou”s" °|5‘§’F fﬁ%@ o§l¥c Vaf}"rﬂ ke Srf'}t% ﬂ’a'%ﬂ{zﬁ\)ﬂhmﬁﬁ"?&t er
.- - Web was saturated with an aqueous sol ution. of 1.25 wei ght percent

:Di. per @2i T, probesiot WRICAheRA $6 Pélybriblworal] SgShY b %ﬂ%&a%h Bﬁy.ﬁé}d 0. 3 wei ght
‘perment of a polyneric wetting agent derived from 25 nole percent A

-met hy 4 nBisharoneyd aft @aim68 whabie tiRepaeitiic WBIIMP agdnt bsdid @ Tpllfity! & bBth: anfnid P! ©
percent estionidgsoupdnpound of 5 Fornula | in Exanple 15 and 1.7 nole percent
g the conpound of Forrmula Il in Exanple 15. The polysul fone film after
rem)v31 Bre recgess 9L Clgimplewhersinribe pelimerntc wettingaagentdréra e pichlitwiof dniodic @rodpsiei ght t o
ol me p rcent trimesoyl chloride in 11 ,2-trichlorotrifluoroethane

st ut on @F°°iss|‘?f ﬁ'ﬁ'f“e‘ Wherpin the polymarc Wpiting agent iy heandpastioedolpeayuent i al |y -

“thr ough ﬁ] ath and an aqueous sol ution of 2 weight percent
:glycering | i jg '"P' ,‘?; "9§8?‘¥§tq§"‘!&‘ fogy: (a5 R e pereant ed f or

12 nutess n t wavgw eyl kyigpe gyifonium
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- 1.563 nBsutddiuthaentyt @ydiality e st 86riz@tikyt cycioalkylone  and
1, 79 nB/trdkytiqugtedndrd agiimdpiurag@ughG percent rejection for s ne F ane
aI SO -- showed i nproved caustic resistance rel atlve to marrbr anes nade

“wi thoft ThA ieraved predeysret any wieChimsgl-8geetein he polyamindliis pipBratia) GEsub&ited | N a

~pH---13 PP asybefititeshpipeiding cdetgising) it Bast tthe rexttve Chviind dreups of @Nslibktinasts -

CI al ns FYcigherang beagag fiénestifukiepdivaarcionprosist e rever se osnpsi s nenbrane havi ng
o,?osI.IJhnked gol xam de --s 20 - discrimnating |layer nade by interfacial

poI yner | %PP{S‘?? %I’”B%IE'" W‘r halidsy is g least §8 enelel perdept timesoyi-chioride and a

aining amount o ophthaloyl loride or terephthaloyl chloride.

11. The process of Claim 10 wherein the wettmg agent comprises a polymer derived from: (a) 5 to 100

_ mole percent of vinylbenzyl dialky! sulfonium salt or vinylbenzyl alkylene sulfonium salt, wherein each
L alkyl is a Ci to C4 alkyl or the alkylene group and sulfonium form a 5- or 6-member ring, (b) 0 to 95
il mole percent C; to C, alkyl methacrylate and (c) a remaining amount of compatible monomers.



LaaE . soluble reactive polyam ne present. In an aqueous sol ution and
& rel at i'vely water-insoluble, polyfunc- tional acyl hal.ide having an
average acyl .halide functional igpyp §fe stis Beast 2, said acyl halide being
present in an organic solution, said process characterlzed by conducti ng
the interfacial polynerization in the presence of a polynmeric wetting agent
bearing 4 ptantinibystppocess, the nirlacassiagticremrous polisutionp filgcesied o a @narbven bolvdstsr ei n
THe: poiehressi setugted iwith gn agusnus solutignsof 425 [weighl Reropntafipersaine; rh2yieight reecentrNN'- - B
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pr: Ocesgwfl? percent %ylgll W% ? n_dn ed‘?% 1 iu oél . Welg é)ercg 8‘%{%6“3? lon
e B s
vitaylb %}Z@Qr VAN c@%ﬂ@% t s‘ecqsawwae Llpe&za/, W) al;yv(ﬁseea) Sk 69 Bordd Sal t,

b
V\'h rei Fbe@ﬁ)‘ﬁﬁ:) ahld PP mb/f2 éd?ctﬁpﬁa)dﬁ Bbeée@rej&@on% R&A{YhisGhentbdpe Als&Y| ene
gr.oup %decﬁ#”pfo@éﬂ dalBtic resistance rbIvEtPmeémbrates AmlE Rt ah idAG . po@tﬂ&uc(vkb)tm@a%eﬂfm| ni ng
anoyt inaflis MsERRatsiing aPANG FBUstc soflition K2 |y 9 GRIBSth@§tardhrditedt cbniitias.ei N t
pol-ynmeric wetting agent bears a plurality of benzyl dialkyl sulfonium
‘benzyl Claied oal kyl ene sul fonium benzyl alkyl cycloal kyl ene quaternary
aAmoni-um or benzyl * 45 trial kyl quaternary amoni um groups. 9.. The
. rpr ovéd A peess Joromakingy a shmzsitg mayerse Psmpris aembratre hfm‘lgyﬁmoﬁ%rlﬁeggiyp@ﬂam ne,
HsEbst i tdipedreinging, ey Anada by Anterfagial polymedzatios ones P@FPWUBMtQilamSPﬁ% ly walgist two
reU I ve saH?'ﬁéeagtwwﬁ'sa%@e grosephig taf‘taﬂ'ﬂ"@EF E@‘E‘P’bﬁ@x"af?@“‘f?b’a‘?’ﬁt?‘i selyble, @alifuncr o
teacti ve U9l ARY! §'"9 ?I'Oa"e’agel"lﬁy' "?'ﬁ‘@ Brcof gt legst 2,53 acvlalideiejpoprpsent oy |
hatide i 4" &} o9is polutien. 53 gg FUCE'P?I 17 intedeci golymerizerar i Hig
armu nt of”T°EHBR Hrghvgyric E‘?ﬁ'"&r"? YL begring %P‘%’B'ﬁ‘f 'é?"mmeéﬁi oride. * 11. The

pro I the .derived
from faymen F%és @&Qg@@‘? Rl e i W0 Sl GOIE SRy & Hol Bt
Sal t or Vi ny al-kyl ene suI foniumsalt, wherein each - “al kyl is
B C .19 Ghe aiokaek omna..h fz%a.biﬁydeeda@mga%nala 5idla fvﬂ?\'aﬁ&ﬁicfn%mn@r 5. or 6-menber
‘r'l"ng, (b) O to * nol e pefcent C to al kyl nmethacrylate and (c) a
feémai N, ngrharﬁmaés dafcuaﬁﬁ) r’fpaterdm o [FORABRY Wotting a%ent bears & phurdiitylds Iobibl dnidnic dneni
Fktfal | caionkGrovpss ~~~~~"" | -~~~

P~~~ L111 ITEELT - oL . EP 0 316 525 Bl 12.

_-r, uc ethg potesa pfyClaih 1 @thabmegnowmemttmu AgdnhieasGl phaatityrmé anignic groups.

1§ honet hyl pi peridine. 13. The process of Caim2 wherein the polyneric
Wott-i n§ e riocese af Gaim 1 herela thetpplvipriceativg vgantis & Ceﬁdemﬂq“d’ﬁmﬂef groups. 14. A
£AnNposi te_reverse osnosts menbrane conprising a p am de d| scrl m nati ng
Layer. &n Taem ‘? of E'G'F'o%‘gheﬁ!b B PRIYRIE Wefting pgpat ?{9 Iayer
i:s..deri v [y fuliggiurg, o ‘é’fVéP?'i‘%‘f “‘a'%' 'ﬂ@g"t' "E f°“'”
Hiiberi t ut2l e’B‘" °a%‘ ' 98 03(9? y ! ;°§ e '°“He“‘“% rs‘bﬁ'b“é“‘ or a :
-.a.---substlrf"u ear 'me ohEAAE BEHrI n a'"'"ga?m(f"" °f° l"\’/?/5breac Ve amine groups with
an_ ar ogat sp%cegsysf' i) BVA e bo y;gemaéeggea BRIEAD U0 bofgPlibidd an
aver age CR’ ftum, GRS c;emaukylafacsmo\«ﬁm 2“ % a&@maeemarg&aneﬁ.aﬁ Gh6GRT an

F-0Ni g poltymr(?ugtemg,pra;na.gn,@gg,@gps eari ng a l'draltty of onium groups wherein
elther t he pol yam ne or

'9.. The improved process of any of Claims 1-8 wherein the polyamine Is piperazine, a substituted
* ' piperazine, a substituted piperidine containing at least two ‘reactive amine groups or a substituted
cyclohexane bearing at least two reactive amine groups.

." The process of Claim 9 wherein the acyl halide is at least 50 mole percent trimesoyl chloride and a
* remaining amount of isophthaloyl.chloride or terephthaloyl chloride.

"~ " 11. The process of Claim 10 wherein the wetting agent comprises a polymer derived from: (a) 5 to 100

" mole percent of vinylbenzy! dialkyl sulfonium salt or vinylbenzyl alkylene sulfonium salt, whersin each

“alkyl is a Gy to G4 alkyl or the alkylene group and sulfonium form a 5- or 6-member ring, (b) 0 to 95
mole percent C to G, alkyl methacrylate and (c) a remaining amount of compatible monomers.
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-t_-'-f;h'e;f-ac-yl- hal.ide bears an average of nmore than two of their respective
#acti've functional noieties. 15. The nenbrane of C aim 14 wherein the
-pDI yiveric wetting agent bears a pby sy gqf dial kyl sulfoniumis

groups. 16. The menbrane of Caim 14 or 15 wherei-n the polyam ne reactant
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