Sul zer Chemt ech GrbH, D 35440 Linden (Germany) Conposite menbrane for
the separation of water and nethod for its manufacture The invention
relates to a conposite nenbrane for the separation of water, to its
use as well as to a nethod for the manufacture of such a conposite
menbrane in accordance with the preanble of the independent clai m of
the respective category. 15 It is known to use the processes of
pervaporation or of vapor perneation for the separation or deposition
of water fromfluid m xtures which contain organi c conponents.
Menbranes are known for these processes which have at |east one
separation |ayer. A conposite menbrane is, for exanple, 20 disclosed
in EP-A-0 096 339 mhlch i s nmade up of a carrier layer, a porous
support d pol yvinyl al cohol
(PVA) . y carrier |ayer and
has aghigh resistance with respect to chenlcals and tenperature.

Pol yester with a 25 snooth surface on one side is a preferred
material for the carrier layer. A porous support layer which has the
properties of an uItraflltratlon nenbrane S a-plled to the carrier

| ayer. Pde@mpositsnnembrane fordhepssparation elcwaiern orngd der its
pol ysul f one SESE are preferred. 2 The setting of the pore size and
of the p 1 €di stribution can take pl ace by correspondi ng
conditions in the manufacture of the porous support layer. 5 The
separation |layer of such nenbranes is nmade up of crosslinked

pol y¥@inyl al cohol with a high degree of saporification and a nean

mol ecul ar_wei ght between 20, 000 and 200, 000 Dal tons. The crosslinking
oper at i orlhuf inveating) Whaﬁqs t@ac@mpoer‘ce rhemdwpaedor dhel seqparatlakle@f

| ace by esterjfication erificati etal ation or
ponb| n aillvgq.'t { Q HSJ4se ak wel as to a met?l 1ror t%e manufacture oiy such a

composite membrane in accordance with the preamble of the independent

claim of the respective category.
15
It is known to use the processes of pervaporation or of vapor permeation
for the separation or deposition of water from fluid mixtures which contain
organic components. Membranes are known for these processes which
have at least one separation layer. A composite membrane is, for example,
20 disclosed in EP-A-O 096 339 which is made up of a carrier layer, a porous
support layer and a separation layer of crosslinked polyvinyl alcohol (PVA).

A woven cloth or fleece usually serves as a carrier layer and has a high
resistance with respect to chemicals and temperature. Polyester with a
25 smooth surface on one side is a preferred material for the carrier layer. A
porous support layer which has the properties of an ultrafiltration
membrane is applied to the carrier layer. Porous support layers of poly

acrylic nitrile (PAN) or polysulfone (PS) are preferred.



10 processes. After the application of an agueous solution of the
pol yvi nyl al cohol and of the esterification neans, the separation
| ayer is dried, cured and crosslinked a2 a tenperature of 120C to
160C. The process of the application of the aqueous sol ution and of
t he subsequent heat treatnment can take place a plurality of tines,
for exanple twice, after one 15 another. The thickness of the

separati | ayer typigcally anmounts to 0.5 pmtg 10 pm _Such nmenbranes
are opergﬁéﬁ séﬁ“@%ﬁgéﬁﬁt r@ss%%la\ﬂé’e?fm?ﬁe ustgisiribpion gaBrtake
operatin I . tier ' 20.1n

part | cul PR §outbRoRte ST o (R bR FESHEER ety 060
857 to s@jlpp‘@rtt]ayeﬁ_epar ation layer of crosslinked polyvinyl alcohol
to a post-crosslinking operation in a separate process step, with no

acids or acid-rel easi ng conpounds bei ng added. Even if these

post - ¢cross/l i nked rrenbranes@Pave proven thensel ves in practice, they
are, fo separjien 1aver of sueh membyenss ismaadentp of cxesdinksd t he

Gur at 1 on BVTESTRISERIAE S B Uik of siBorhdtiianttdahdaRe ¢ e
makes thanBRUIAF WeignPBebiaeh 99,000 and 20RI66815RONBOINL (¥¥bslinking

al cohol is known from EP-A-0 436 I n whi € ¢rosslin

( pr e- cr osxidrakied) ofdrdpehywingl aleshot vbske is&baﬂatbdntlhﬁer faledd phicedby
acids or of acid-rel easing substances which act on the PVA over the
vapor ph&séerificghien. seeraficaldon arpecialation enbyan contbinatiam obthesgie
possihl e a the resisi,ance toward i ds and bases. js i reased., |
o1 e lehotis Ak D ARplRA Lo R A actite b itiod: pf Bie poRbitent o
be 5 car r]egh@lind e he' QYLARLaPOHORR rqqélsegéféﬁ%ﬁay?r R affelice,
which in particular gives rise to practical pr ens i'n’larger

product i ausretiaaid icrosslinktedrat otbrhpertitegt afaP0°C & 160307 TSpfsdes T
manuf acture of a conposite nenbrane for pervaporation and vapor

per neat i dhevapplicatinapaf she aqueppsr salation aodyafithel subseshetnt heab t he
ol yvinyl,_al,cohol bei,ng cr.osslinked.with a dialdehyde and an acid as
DOt ol ATERROR AT 186 HIGRE L RLTRNLY of Hinfs ios caBl R, Adcs se
aci dias | t
vor 30 BufithelYPhe tBlciiisd SEAROSEparitih Bl ARSI ARyt ¢4.6.5 ym
vi scosi t yodfQ pihre SetlirhembragiesaBesopdrated it tkhfseratures between 45°C to
95°C.,

To allow higher operating temperatures and to achieve a better resistance
20  in particular toward bases and acids, it is known from DE-A-10 2004 060
857 to subject the separation layer of crosslinked polyvinyl alcohol to a
post-crosslinking operation in a separate process step, with no acids or
acid-releasing compounds being added. Even if these post-crosslinked
membranes have proven themselves in practice, they are, however, subject
25  to the limitation that the duration of the post-crosslinking operation
amounts to 6 to 48 hours, with the duration of 10 to 16 hours being

preferred. This long treatment time makes the manufacture protracted,

A membrane of polyvinyl alcohol is known from EP-A-0 436 128 in which
30 the crosslinked (pre-crosslinked) membrane is post-crosslinked by the



15 application, and in particular a machine application, of the
solution is thereby hardly realizable in practice. It has furthernore
been shown that, when known conposite n8nbranes with a separation

| ayer of crosslinked PVA are used, problens occur in the 20

dewat eri ng of m xtures which contain al dehydes. The selectivity of

t he separation Iayer for water has already di m nished dramatically

after a c atlv |y short, .o ratln eriod. The electlv'ty t he
reror ane SHECLa Al aciarEIes e $f@ﬁacsﬁ B st s dhePYosaver

and 196 nceral Sy HRRES AR ARl s ReRedhl a@‘f’%‘%”?%%f‘%ﬁﬁ%f he

wat er confede dssiblR fedthatesistandeabivaied eidiama&iai BaBés ¥ iréreaskd. Its
therefore an object of the invention to provide a conposite nmenbrane

with a sdpahaweysr) nmleMagnbnywhlwma:i unresthamnhdqpabcsassrshm]ai be
a high selectiyvit stable on.the 4 dewatering
m xt uPes CORtES vﬁ&nﬁdea nga'dpﬂ%l pﬁ%@ﬂé@ﬂ%@a@mﬁeﬁﬁmh@
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menbr ane shoul d be provided by the invention. 5 The subjects of the
I nvention satisfying this object are characterized by the independent
cl ai ms ofA methoskisedisclasedaire EéY § 30?1636cfordhacmamnfmctuim ofny eohiposite
a conposite nbrane is therefore proposed for the separation of

wat er  haVPRPRIANEILE PSEHAPEHAPA vaﬁwépemle@mglswmacﬁe@mvpnyhayer

or ookds” Sl pRARAL Ll (R T B Al itie ode RERE i =
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surprisingly béen shown that a pre- cross I nked separation [ayer which
i s manuf sttrltangdously dialdehydewandpmidses hyaeslyst fér thaisi purpose. Such
etherificahuon or acetal ation of the onV|nyI al cohol or by a

conbi nat SEHHENE [FEE As B TR YeRhMNstahly apdialrepdyegagt at room
R don e St 3R RO o83 A U ShIBRE A 2884 "h Bontrolled
15 application, and in particular a machine application, of the solution is
thereby hardly realizable in practice.

It has furthermore been shown that, when known composite membranes
with a separation layer of crosslinked PVA are used, problems occur in the

20  dewatering of mixtures which contain aldehydes. The selectivity of the
separation layer for water has already diminished dramatically after a
comparatively short operating period. The selectivity of the membrane has
thus, for example, fallen from an initial 99% to 80% after an operating
period of 47 hours in a mixture of ethanol/water and 1% acetaldehyde.

25 These percentages substantially indicate the water content of the

permeate.

Starting from this prior art, it is therefore an object of the invention to
provide a composite membrane with a separation layer of polyvinyl alcohol

30 which also maintains a high selectivity and remains stable on the



20 conpound serving as a catalyst to a conposite nenbrane which al so
has a very good stability with respect to m xtures contai ni ng

al dehydes at an el evated operating tenpérature. The post-crosslinking
operation provided as a separate step preferably 25 takes place by
means of an aqueous sol ution which contains both the acid or the

aci d-rel easi ng conpound and the di al dehyde. The aci d-di al dehyde

solution s very stable in this connectiaon since i{. does not contajn
2y ol yASyRTET R 68 PoitTes, SORtERNS Sdfivssdnasdibion, the composite
advant a . ' '

prefer agﬁgllé?ﬂrl\%f e rgglﬁgie&%’fs éﬁ)ﬁ%@)&%@kﬁéﬁ%x@ﬁ?@é@{#&fﬁ %ﬁ)gﬁé}@gg%o&%p
from 160Gd p2300Qrubthidtendiy, &l hthel fobehRARhnGTAseire Wi SiciP A Gthpesite
is in particular between one and 30 m nutes, preferably between 5 an
15 mi nut enembrine phetild begmioviddchbydiher imvieniopr. ef er abl y t akes pl ace

by negns of a solution in which the dial dehyde is contained in
quantties between 1% 10 and 30% preferably between 5% and 10%

Qutaric i : 1St icular sui e he dial de e..Wth
reapoct (€ REBIAS drnednPenbot st BRiscabitak g ShRenditrita BV
has 15 prtﬁ%%(ﬁxﬁﬁ%ﬁtlﬂlaﬁﬁs bf%h@%&gﬁéﬁ\?é Eh&?oﬁ‘g. operation takes
pl ace by nmeans of a solution in which the acid 1s contained in
gquantities fromO0.1%to 1% preferably fromO0.3%to 0.6% A preferred
acid for the post-cross|inking operation is sulfuric acid. 20
- In accordance with the invention, a composite membrane is therefore
10  proposed for the separation of water having at least one separation layer of
crosslinked polyvinyl alcohol, with the separation layer being subjected in
a separate process step to a post-crosslinking operation with an acid or an

acid-releasing compound and at least one dialdehyde.

15 It has surprisingly been shown that a pre-crosslinked separation layer
which is manufactured in 2 manner known per se by esterification,
etherification or acetalation of the polyvinyl alcohol or by a combination of
these methods and is not yet thermally post-crosslinked leads by a post-
crosslinking operation with a dialdehyde and an acid or an acid-releasing

20 compound serving as a catalyst to a composite membrane which also has
a very good stability with respect to mixtures containing aldehydes at an

elevated operating temperature.

The post-crosslinking operation provided as a separate step preferably

25 takes place by means of an aqueous solution which contains both the acid
or the acid-releasing compound and the dialdehyde. The acid-dialdehyde
solution is very stable in this connection since it does not contain any

polyvinyl alcohol.



It is furthernore advantageous if the post-crosslinking operation

t akes place by neans of an aqueous sol ution which contains water in
guantities from70%to 95% preferably Brom 85% to 95% 25 The
solution for the post-crosslinking operation can contain up to 30%
al cohol, preferably from5%to 15% al cohol, with the al cohol
preferably being ethanol. In a particularly preferred

enbodi nent, the post-crosslinking operation 30 _takes place using an

aqueous sbNERGSH FesEanking cReration pdyaptagedirly lakes plage phan dlevated

the- acto. (ApeHEEARE i AR fodts ler fom IBOL AP SRR
accor dancgartisiablyt preferatsifrom 180tMab deued he separation of water
fromfluid mxturés which Contalin organi c conponents by neans of

pervaporation or vapor permneation. A nmethod is furthernore proposed
by the inventjon for the manufacture of 10 a conposite nmenprane

havi ng at IiR@ siwrabior ke RosbRrossitkisg qrATRiion s i pardrularHeetiserod

i ncl udes e _fallaw n t epsS.,. - |icatiaon o st.arting solution
cont ai ni n@%ﬁ#ﬁﬁ@f@ghgﬁre]ESagﬁ’gﬁﬁ%ﬁn ga%ﬁfl;l%- Hﬂpé‘tt‘?ﬁ'ossl i nki ng
of the polyvinyl alcohol; 15 - application of a solution for the
post -crosslinking of the polyvinyl alcohol, wherein the solution

3‘”‘} Si ES (;Blme pobkt-cpossinkitigdopetatial pgefeoabutkessplaeklbyameineafh one
i al dehyde;
Y solution in which the dialdehyde is contained in quantities between 1%

10  and 30%, preferably between 5% and 10%.
Glutaric dialdehyde is in particular suitable as the dialdehyde.

With respect to the acid content for the post-crosslinking operation it has

15 proven successful if the post-crosslinking operation takes place by means
of a solution in which the acid is contained in quantities from 0.1% to 1%,
preferably from 0.3% to 0.6%.

A preferred acid for the post-crosslinking operation is sulfuric acid.

20
It is furthermore advantageous if the post-crosslinking operation takes
place by means of an aqueous solution which contains water in quantities
from 70% to 95%, preferably from 85% to 95%.

25 The solution for the post-crosslinking operation can contain up to 30%
alcohol, preferably from 5% to 15% alcohol, with the alcohol preferably

being ethanol.

In a particularly preferred embodiment, the post-crosslinking operation

30 takes place using an aqueous solution containing at least one alcohol,



- post-crosslinking of the separation layer. 20 It is advant ageous
with respect to the crosslinking of the PVAif the starting solution
contains at |east one dicarboxylic acidBand in particular a

di carboxylic acid without a double bond and a dicarboxylic acid with
a double bond. 25 GQutaric dialdehyde is a preferred di al dehyde for
t he post-crosslinking operation. The solution for the

post - crossl i nkin eratio referably contajns 30 sulfuric,acid a
Phe. aci 4. With fig Hadbr aealgetuge 35 3ha Sobinms: tosdhs e serie
of the i %{Ttth%rh iasult fromthe dependent clains. 5 The invention

wi |l be explained h nore detail in the followwng with reference to
enbodi nents and to the drawing. There is shown in the drawing Fig. la
schematic sectional representation of an enbodi nent of a 10conposite
menbr ane Ampaticoladyqareférrhd nise ohttencomposiiegmetnbianes in acaordance

e cinS e asi ARt S Bsrbdstes
whol e by {HgH %BS'E&?P&M rc%'mﬂ'()nglqtes 5y ThohS of pervaporation or vapor

permeation.

A method is furthermore proposed by the invention for the manufacture of
10 a composite membrane having at least one separation layer of polyvinyl
alcohol. The method includes the following steps:
- application of a starting solution containing polyvinyl alcohol to a
support layer;
- pre-crosslinking of the polyvinyl alcohol;
15 - application of a solution for the post-crosslinking of the polyvinyl
alcohol, wherein
the solution contains an acid or an acid-releasing compound
as well as at east one dialdehyde; |

- post-crosslinking of the separation layer.

20
It is advantageous with respect to the crosslinking of the PVA if the
starting solution contains at least one dicarboxylic acid and in particular a
dicarboxylic acid without a double bond and a dicarboxylic acid with a
double bond.

25

Glutaric dialdehyde is a preferred dialdehyde for the post-crosslinking

operation.

The solution for the post-crosslinking operation preferably contains

30 sulfuric acid as the acid.



15 nmenbrane 1 has a carrier layer 2 on which a porous support |ayer 3
is applied. A separation |ayer of polyvinyl alcohol (PVA) is provided
on the support layer 3. The carrier laygr 2 is nmade up in a known
manner froma woven cloth or 20 froma fleece or froma porous
ceramic material. Al materials of sufficient resistance with respect
to the operating tenperature to be expected or ained for and to the
chem cals present in the fluid to be separated can be used as the
material for the support layer 2. The preferred material for the

carrier | 2 i yester with a snpoth.surface o S|

Corthor Javahef adafiadesng vt AR Brbitied B Alaifiscitthe

for exa \V: -k 1dsgiaRd pol yvi nyl i dene

di fl uor ing'g%glggls‘l Iﬁéglgﬁr/gmi# t@%ﬁ%&n@%@r%%i als or ceramc material s
are preferred as the inorganic materials. 8 The porous support |ayer

3 is applied to the carrier layer 2 in a nanner known per se with a
por e @i diFhevinvantien sgllle explained josoont detadin thefpllpwing tyithe

(PAN), polysul fone (P . pol yet h syl fane an ol yet her et herket one
bre br of delainstda RbopBRpE PRt th Bfull TRet o Bharsite
support | f¥eking! f the carrier layer 2 is made of ceramic material,

t he porous support layer 3 is preferably nade of ceramic material.
The porous support |ayer 3 has the properties of an ultrafiltration
menbrane. The separation layer 4 is formed from crosslinked polyvinyl
al cohol figch 10 i@@@b«t@&iﬁ sectpmalee prosemiation phas enbpHamend el

| ayer .3 froman aqueous starting solution. The starii sol ution
cont s crosel | neiGHEIRRSIE MipRaBEdButTordaRe VIR FVEPURD! by
etherification, esterification or acetal ation or by a conbination of
t hese three processes and also nake it insoluble in boiling water.

Aci d can Hig. addrfvd i acseh@hatie sditiotzlsebredaritatibn anembodimehtof a
parti cul ar fornmal dehyde and di carboxylic acids (biacids) are suitable

as crossldompesjitagacmbrane insaqeordange avith thevaventiosuwhieh ise

starting solution contajn fcarhoxylic acid without a douhl e bond,

o mal Sireigtaied 458 Waple Gy heelgasriResrbl p 1 TRPASHS I ¢

bond)5€. gneffirahe AHad a Prrier layer 2 on which a porous support layer 3 is
applied. A separation layer of polyvinyl alcohol (PVA) is provided on the
support layer 3.

The carrier layer 2 is made up in a known manner from a woven cloth or

20 from a fleece or from a porous ceramic material. All materials of sufficient
resistance with respect to the operating temperature to be expected or
aimed for and to the chemicals present in the fluid to be separated can be
used as the material for the support layer 2. The preferred material for the
carrier layer 2 is polyester with a smooth surface on one side. Further

25  suitable materials for the cloth or for the fleece are, for example,
polyphenyl sulfide, polymide and polyvinylidene difluoride. Glass fibers or
carbon fibers, metals or ceramic materials are preferred as the inorganic

materials.



The separation |ayer 4 can be applied in one work step or in a
plurality of work steps. The separation |layer 4 is dried and
crosslinked after every application, whgch advant ageously takes pl ace
at tenperatures between 80C and 190C over a tinme period of 3 m nutes
up to one hour. 25 Tenperatures from 150C to 160C with a duration of
six m nutes have proven to be particularly advantageous. The
separation |layer 4 prepared in this manner is called a "separation

|38y_er of t’ﬁn@p@msslsiupmut rllaygaxl?‘_& riglapgilishts the Icana'cﬁ kﬂ:}ttarlr%énw@ pranng
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an a : ' n f r

201 0 aci FRGSIRHLE RN Kol BB BIPLF A AR anklBolyether
separ at i Gsthlealt€forte 8¥e PEEfeeFRPahidiiEthe Polyineys aslmaberialsortheqisonss

solution for the post-crosslinking operation. The acid serves as a
cat al st support lpyet.-If the dairnier dgyapBriatinade oftdesandc mataridlothe
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particularly preferably at a tenperature in the range from 160C up to
200C. The duration of the post-crosslinking operation anpunts to

bet ween dthee separaticmdaper 4iisdoarnedfSoin cromslinded polywinyltalcohol which
sepai tiqn Iai(er 4 of PVA p st-cIr_éisl it&lﬁed in this magn r maintain

t hei tYhi gh el APy PHTaCE N LheiRPRIIBYER prPm gy gaucous

TR o R T R e
par ti cul alro8SBARE@NYEIGvinyl alcohol by etherification, esterification or
acetalation or by a combination of these three processes and also make it
insoluble in boiling water. Acid can be added to accelerate the crosslinking
15 operation. In particular formaldehyde and dicarboxylic acids {biacids) are
suitable as crosslinking agents. It is particularly advantageous if the
starting solution contains a dicarboxylic acid without a double bond, e.g.
malonic acid, as well as a dicarboxylic group with a double bond, e.g.
maleic acid.
20
The separation layer 4 can be applied in one work step or in a plurality of
work steps. The separation layer 4 is dried and crosslinked after every
application, which advantageously takes place at temperatures between
80°C and 190°C over a time period of 3 minutes up to one hour.
25 Temperatures from 150°C to 160°C with a duration of six minutes have

proven to be particularly advantageous.

The separation layer 4 prepared in this manner is called a "separation
layer of pre-crosslinked polyvinyl alcohol”. In accordance with the

30 invention, a post-crosslinking operation now takes place in a separate



Generally all substances are suitable as the dial dehyde for the

post crosslinki ng operation which have two functional groups which can
each react with an OH group. G utaric d?al dehyde is preferably used
as the 25 di al dehyde. Mal oni ¢ di al dehyde or ot her water-sol uble

di al dehydes are |ikew se suitable. The quantity of dial dehyde in the
aqueous solution for the post-crosslinking operation preferably

anounts to 1% to,30% . 10 the. dial dehyde or t.he dial dehydes,as ,wel

R For "t nEeHRO RSP dsnd s a8 vh b e e i anRatiEia B aRst npe
post - cr osgikhAd operation are in particular: 5 sulfuric acid,

hydr ochl ori c@égﬁcylrt&' hydr obrorni c acid, phosphoric acid, with the
preferred acid being sulfuric acid. The exanpl es explain the

i nvention. 10Exanple 1 A support layer 3 which is nade as a PAN
ul t raf i | tinad iprafarced ceankoditenihithie acddjacid-tel¢asing pempauric andaihg 2
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of ten mnutes. The conposite nenbrane was neasured with a m xture of
10% wat erThisdadotiont feamistbyrossinking, whickapontainsrth2zoacit/aokreleasing
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elevated temperature of 120°C up to 220°C, preferably at at least 150°C
and particularly preferably at a temperature in the range from 160°C up to
200°C. The duration of the post-crosslinking operation amounts to
between one minute and 30 minutes.
15
It has been shown that separation layers 4 of PVA post-crosslinked in this
manner maintain their high selectivity and remain stable. This also in
particular applies when the fluid mixture which acts on the composite
membrane 1 for the purpose of separation from water contains aldehydes,
20  in particular acetaldehyde.

Generally all substances are suitable as the dialdehyde for the post-
crosslinking operation which have two functional groups which can each
react with an OH group. Glutaric dialdehyde is preferably used as the

25 dialdehyde. Malonic dialdehyde or other water-soluble dialdehydes are
likewise suitable. The quantity of dialdehyde in the aqueous solution for
the post-crosslinking operation preferably amounts to 1% to 30%.

A mixture of water (100%-70%) and alcohols such as ethanol, isopropanol,

30 butanol, ethylene glycol and glycerin is preferably used as the solvent for



25 1.7 kg/ nm2h was neasured and 95% water was found in the perneate
after 120 hours operating tinme. 11 A support layer 3 which is nade
as a PAN ultrafiltrati on nenbrane and i ch i s provided on the
carrier layer 2 was coated twice with a 3% PVA solution in accordance
with the prior art. After the first coating, a precrosslinking
operation took place at 150C over a tine period of six 5 m nutes.
After the_second coati ngaa]ea pre-crosslinking gperation_took place at

160C overthg diaideide eg the dpldehyiaseas welledsp fer B asid(sl(@gid-releasing

separation. |l ayer was then coated with a post-crosslinking solution
with O. 5%O§Hﬁ¥ﬂﬂdislaci d, 10%glutaric dialdehyde and 89. 5% water and
was postcrosslinked at 180C for five mnutes. 10 The conposite
menbrane was neasured with a m xture of 10% wat er and 90% et hanol by
means of Seitableoacidsoiorahelfiisl-crdbsklinirgd opetatign e inasartéadared and
99, 0% wat er _was found in the 15 perneate. 1% acet al dehyde was then
addedSt o stHRNIBEsId chydreshlarictasid, hydrebromicaeish ehasphang agibwvith

an endur gpce test at 105C. fl.ow.of 1.4 kg/ n2h was measured and 97%
wat er vvazjl‘fed?ﬁ? e’l’rﬁ%ﬁ(\égg@ﬂéﬁlﬂﬁé@?@rmqm hours operating tine.
Cl ai nms

The examples explain the invention.
10 Example 1

A support layer 3 which is made as a PAN ultrafiltration membrane and
which is provided on the carrier layer 2 was coated with a 5% PVA
solution in accordance with the prior art and pre-crosslinked at 150°C

15 during a period of six minutes. The separation layer 4 was then coated
with a solution for post-crosslinking with 0.3% sulfuric acid, 5% glutaric
dialdehyde and 24.7% ethanol and 70% water and is crosslinked at 160°C
over a period of ten minutes. The composite membrane was measured
with a mixture of 10% water and 90% ethanol by means of pervaporation

20 at 105°C.

A flow of 1.4 kg/m?h was measured and 99% water was found in the

permeate. 1% acetaldehyde was then added to the water/ethanol mixture

and the membrane was subjected to an endurance test at 105°C. A flow of
25 1.7 kg/m?h was measured and 95% water was found in the permeate after

120 hours operating time.

Example 2



1.

10

15

10

2. 15 3. 4. 20 5. 25
11

A support layer 3 which is made as a PAN ultrafiltration membrane and
which is provided on the carrier layer 2 was coated twice with a 3% PVA
solution in accordance with the prior art. After the first coating, a pre-
crosslinking operation took place at 150°C over a time period of six
minutes. After the second coating, a pre-crosslinking operation took place
at 160°C over a time period of six minufes. The pre-crosslinked separation
layer 4 was then coated with a post-crosslinking solution with 0.5%
sulfuric acid, 10% glutaric dialdehyde and 89.5% water and was post-

crosslinked at 180°C for five minutes.

The composite membrane was measured with a mixture of 10% water and

90% ethanol by means of pervaporation at 105°C.

A flow of 1.1 kg/m?2h was measured and 99,0% water was found in the
permeate. 1% acetaldehyde was then added to the water/ethanol mixture
and the membrane was subjected to an endurance test at 105°C. A flow of
1.4 kg/m?h was measured and 97% water was found in the permeate after

120 hours operating time.



6. 30 A conposite nmenbrane for the separation of water having at

| east one separation |ayer (4) of pre-crosslinked polyvinyl alcohol,
characterized in that the separation layer (4) is subjected in a
separate nethod step to a post-crosslinikl ng operation with an acid or
an aci d-rel easi ng conmpound and at | east one dial dehyde and that does
not contain any polyvinyl alcohol. A conposite nenbrane in accordance
with claiml1l, wherein the post-cross-linking takes place at an

el evat ed perature which is preferably in the range from 150C to
220C and partrcul arly preferably from 160C to 200C. A conposite
menbrane in accordance with any one of the preceding clains, wherein
the duration of the post-crosslinking operation |ies between one and
30 minuteb, prdferapositesacmdnage farthe sepataben of walepdutingrdribasihe
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s oroaance dhi Be88ia 08 100l B BISERY Bk a T ISR AN,
whi chst he di al dedwdectised nttAbReHe isepabafibhilasr OtivaRb;ddcanth 80%

preferably between 5% and 10% A conposite nenbrane in accordance
wi th any one ofepsveipmecididhgtep ti apast-athsshnking dpafatédy sdth en acid
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t akes pl ace bygémaAst ggn@aispéﬁywiﬂyy\/g'[dahdl_he acid is contained in
gquantities fromO0.1%to 1% preferably fromO0.3%to 0.6% 13

10 2. A composite membrane in accordance with claim 1, wherein the
post-cross-linking takes place at an elevated temperature which is
preferably in the range from 150°C to 220°C and particularly
preferably from 160°C to 200°C.

15 3. A composite membrane in accordance with any one of the preceding
claims, wherein the duration of the post-crosslinking operation lies

between one and 30 minutes, preferably between 5 and 15 minutes,

4. A composite membrane in accordance with any one of the preceding
20 claims, wherein the post-crosslinking operation takes place by
means of a solution in which the dialdehyde is contained in

guantities between 1% and 30%, preferably between 5% and 10%.

5. A composite membrane in accordance with any one of the preceding
25 claims in which the dialdehyde is glutaric dialdehyde.
6. A composite membrane in accordance with any one of the preceding

claims, wherein the post-crosslinking operation takes place by
means of a solution in which the acid is contained in quantities
30 from 0.1% to 1%, preferably from 0.3% to 0.6%.



A conposite nmenbrane in accordance with any one of the preceding
claims in which the acid for the post-crosslinking operation is

sul furic acid. A conposite nenbrane in accordance with any one of the
precedi ng clai ns, wherein the post-crodslinking operation takes place
by neans of a solution which contains water in quantities from70%to
95% preferably from85%to 95% A conposite nenbrane in accordance
with any one of the preceding clainms, wherein the post-crosslinking
operation takes place by neans of a solution which contains up to 30%
al cohol, preferably from5%to 15% al cohol, and wherein the al cohol

is preferably gtdoamebsitd/sgedibrane dARATrEaABRERViEN @y0RE G tHa fsechliiny
any one of the preceding clains for the separation of water from
fluid m xturesclagimstincshich the egithier Gonponkaresyinkingmpesation is
pervaporation qg vgﬁoriﬁerneation. A method for the manufacture of a
conposite nenﬁ?]ﬁé &A y at | east one separation |ayer (4) from

pol yvgnyl al cohol including the follow ng steps: - application of a
starting solution containing polyvinyl alcohol to a support |ayer (3)
- pre-crddsli rkicegnpésithmemmbyenayh atdcovianhce witppinycant oh the mreceding
solution for the.post-crosslinking of the polyvinyl alcohols, with
The sol uti on CURIBnFFER tf Bobf TR o P B as
vel | as at | eaglanleoidi abHANEIRRH dAIRhigk oM tBPin CRRIRI e Mbm 70% to
pol yvi nyl al cohol ; -post-crosslinking of the separation layer (4). 5
12. A net hod i95%c¢ pueftanbly fliomh 88%itmn A%, wherein the starting

sol u:l' on contains at |east one dicarboxylic acid. 13. A nethod in
accordance with one of the clainms 11 or 12, wherein the starting

sol ution @ont a4 RenEHEHIEAERGNBrbRe ‘iﬁgﬁd&&ﬂﬂé‘é vt A 6nd BPPRE FRdeding

di carboxylic acid with a doubl e bon
claims, wherein the post-crosslinking operation takes place by

means of a solution which contains up to 30% alcohol, preferably
from 5% to 15% alcohol, and wherein the alcohol is preferably
15 ethanol.

10. Use of a composite membrane in accordance with any one of the
preceding claims for the separation of water from fluid mixtures
which contain organic components by means of pervaporation or

20 vapor permeation.

11. A method for the manufacture of a composite membrane having at
least one separation layer (4) from polyvinyl alcohol including the
following steps:

25 - application of a starting solution containing polyvinyl alcohol to a
support layer (3)
- pre-crosslinking of the polyvinyl alcohol;
- application of a solution for the post-crosslinking of the polyvinyl

alcohols, with the solution containing an acid or an acid-releasing



14. A method in accordance with any one of the clains 11 to 13,
wherein the di al dehyde is glutaric dialdehyde. 15 15. A nmethod in
accordance with any one of the clains 11 to 14, wherein the solution
for the post-crosslinking operation cortdains sulfuric acid. 20

5 12.
13.

10
14.
15 15.

20

compound as well as at least one dialdehyde and that does not
contain any polyvinyl alcchol;

- post-crosslinking of the separation layer (4).

A method in accordance with claim 11, wherein the starting solution

contains at least one dicarboxylic acid.

A method in accordance with one of the claims 11 or 12, wherein
the starting solution contains a dicarboxylic acid without a double

bond and a dicarboxylic acid with a double bond.

A method in accordance with any one of the claims 11 to 13,

wherein the dialdehyde is glutaric dialdehyde.

A method in accordance with any one of the claims 11 to 14,
wherein the solution for the post-crosslinking operation contains

sulfuric acid.



