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P. 7788/ Ke/ Pa Sul zer Chentech GrbH, D- 35440 Linden
(Germany) 5 Conposite nmenbrane for the separation of
wat er and nethod for its manufacture 10 The invention
relates to a conposite nenbrane for the separation of
water, to its use as well as to a nethod for the
manuf acture of such a conposite nenbrane in accordance
with the preanble of the independent claimof the
respective category. 15 It is known to use the
processes of pervaporation or of vapor perneation
the separation or deposition of water fromfIU|dP7788/Ke/pa
m xtures which contain organic conponents. Menbranes
are known for these processes which have at |east one
separation |layer. A conposite nenbrane is, for exanple,
20 disclosed in EP-A-0 096 339 which is nade up of a
Saker iGHerhteodr GnebHO DR B5448Urpdeh (Gaygiarad a separati on
| ayer of crosslinked polyvinyl alcohol (PVA). A woven
cloth or fleece usually serves as a carrier |layer and
has a high resistance with respect to chem cals and
tenperature Pol yester with a 25 snooth surface on one

sit® MePhifld RSt SEh At of BatEARhHShetRYE Tor fis

muhtgfaétider ati on nmenbrane is applied to the carrier
[ ayer. Porous support layers of poly acrylic nitrile
(PAN) or polysulfone (PS) are preferred. 2 The setting
of the pore size and of the pore radius distribution
can take

The invention relates to a composite membrane for the separation of

water, to its use as well as to a method for the manufacture of such a
composite membrane in accordance with the preamble of the independent

claim of the respective category.

It 1s 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,
disclosed in EP-A-0 096 339 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
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.
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pl ace by correspondi ng conditions in the manufacture of
the porous support layer. 5 The separation | ayer of
such nmenbranes is made up of crosslinked polyvinyl

al cohol with a high degree of saporification and a nean
nol ecul ar wei ght between 20, 090 and 200, 000 Dal t ons.
The crosslinking operation of the polyvinyl alcohol of
the separation | ayer takes place by esterification,
etherification or acetal ation or by a conbi nation of
these 10 processes. After the application of an aqueous

Thelsetting offthe i redlivy afv of BA€pOLE radihsOflisth®ution can take
esterifrcation nmeans, the separation |layer is dried,

placedy emdrespondingkeddifions i themannéactiure 20CheopdsaG
The pr.ocess of the application of the agueous sol ution

S%Ho%flaYﬁ’é subsequent heat treatment can take place a
plurality of times, for exanple twce, after one 15
anot her. The thickness of the separation |ayer

Thy BepatdtioR 1Ryt 6f §Qch rReRiBraiesi8 rﬁHﬁe%{f gf ERORYIATIES]

are operated at tenperatures between 45 95C. To

palyvionyl Elghisol witdr athigh degrpe dtsapesifivadidroandhi eveara
bffft(éﬁr resistance 20 in particular toward bases and
maeGeasar welght Rrbyach PEhDBR-and 2002000 Raltongs¥hegrosslinking

Lect ratid aye f crosslinked [,yVvi nyl
ortAURE of ffe, BORRLRM RobBY R 1fi sEharatod 167 EaRes Blacedy
sReAfegton! etheMiititi ' iolf 6k by £!cBaThitht]
¢ corrpoungs beiengla%tégg.&%%}a%thrﬂgggo%gﬁﬁ??%%ﬁqq}I?gglhese
proerbses Mttiatiee ppplieativhenfsan \vegi domspsalatioseof the polyvinyl
however, subject 25 to the limtation that the duration

algehehand o itherestsrificrtion wsans: the sepasation layenis drieg.,
0 A e 41 et R A e proces o
S o e e s QLRI e it et
treatment can take place a plurality of times, for example twice, after one
another. The thickness of the separation layer typically amounts to 0.5 pm
to 10 pm. Such membranes are operated at temperatures between 45°C to
95°C.

To allow higher operating temperatures and to achieve a better resistance
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
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
the crosslinked (pre-crosslinked) membrane is post-crosslinked by the
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30 the crosslinked [pre-crosslinked) nmenbrane is
post-crosslinked by the 3 effect or acids or of

aci d-rel easi ng substances which act on the PVA over

t he vapor phase. Higher operating tenperatures can al so
herewith be nade possible and the resistance toward
acids and bases is increased. It is, however,
problematic in this nmanufacture that the process shoul d
be 5 carried out under reduced oxygen partial pressure
in practice, which in particular gives rise to

effectadr aeitls wrodll &efe-raledsingesulpstasiees ivamehf act 6n tthesPVAAver
method is disclosed in EP 0 307 636 for the manufacture

thet vaperophase t Highemepenading terppevaiiueatdasnatsedhergyith be
per neat i. Wi a separatiqgn |layer .10 of, pol yvi nyl

R oRrsIol: ShEHE 1580 PRY touRe o Ip ankBereLss Ihgesased. It

15%53{@85,‘1%@31 gl ns g?mﬂ taneé‘gs ?/u%l g?édelf%yezgr%cn ga%y Id be

casicd cat ander reduceli pafialgpessuse lintpraesicel &ieh in
a rule very unstable and already react at room

patigidan gives, rigg éo gopctinel prellesis in dargemeprodugtions facilities.
i ncreases. A controlled 15 application, and in
particul ar a machi ne application, of the solution is

A i MM sl §ﬁ|@£ BS%rt%?thl%%ahth@tﬁre of a composite

urthernore been s th VHen "Kniown conposite
meRiyaaRefHr pervAparsesaraid OﬁPbﬂp%i'nﬁhtfb&Pﬁ@ﬂ_H H‘“s%?)aﬁ’é{ﬁon layer
are used, problens occur in the 20 dewatering o
ofmolyviny$ alolvel, wath dhe palyeimyd edcolildeingeabssiinkedfwith a
t separ ati on Igfer for ter has_al ready di m ni shed

di Ccapelanackt ag a ealpdustatinfel YAsIIRtOBperRtaing

. ' B of .. nechas . thu f or,
SRl AeontE, RBISA Ao lcih5, TSIBEOLe 9B ogdsucn
soPRALAL A a8 Té v@f/y HhRaBISahf Aréddy HEetAt room

et hanol /wat er and 1% acet al dehyde. 25 “These percent ages
temprratmre, avhgrébytloaviscosityveft thre salotient imfreabes. A controlled
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
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.
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

which also maintains a high selectivity and remains stable on the
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perneate. Starting fromthis prior art, it is therefore
an object of the invention to provide a conposite
menbrane with a separation |ayer of polyvinyl alcoho

30 which also maintains a high selectivity and renains
stable on the 4 dewatering o& m xt ures contai ni ng

al dehydes. In addition, the conposite nenbrane should
al so be operabl e at hi gher operating tenperatures of up
to 120C. Furthernore, a nethod for the manufacture of
such a conposite nenbrane shoul d be provided by the

dewutningof mixtiees vbheghsn@hldéleydey dataddit®at, ithkioifiposite
this object are characterized by the independent
membraneoshotld alspbe wpesablkt atybighen opaatingteropevatures of up
t javentj.on, a conposjt rane i s therefore 10 )
o, SRS BTGBt ho e DGaPeR Rasi Clioudhdicomposite
' : rassy | ol yvi nyl al cohol ,
o RSB LR S R PRI et i 0 &
separate process step to a post-crosslinking operation

with an acid or an acid-releasing conpound and at
The subjents ofithiedavgntioniSatisfyiag this phjest age yharaotesimnachby

that, a pre- r?ssliggeﬂ separation |ayer which is
ﬂﬁ%ﬁﬁkﬁﬁ%ﬁk%ﬁ‘%%“ﬁs ke TERRBGHV £ALedoTYy

esterification, etherification or acetalation of the

pol yvi nyl al cohol or by a conbination of these nethods

InéA€cdrelan@e with tHeehRRhitiorl s EofiRsHe MepsblAndss H%ergrf]ore

post- crosslinking operation with a dial dehyde an
pragiodedrionthe ceparationsifngatd kavipguatdlieast vinegegpmration layer of

cat al yst tcl) a cmosite menbrane which also has a very
crggskinked palyvipyhaieohads path the seprratien layer hemnggubjected in

a SLOAMEGToRbs§ UterS kS WADES- AP HAL s HIREHRL Yfih an acid or an

acid-releasing compound and at least one dialdehyde.

It has surprisingly been shown that a pre-crosslinked separation layer
which is manufactured in a 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
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
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.
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The post-crosslinking operation provided as a separate
step preferably 25 takes place by neans 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 is yery stable in this
connection since it does not Contain any polyvinyl

al cohol. 5 The post-crosslinking operation

advant ageousl y takes place at an elevated tenperature
which is preferably in the range from 150C to 220C and

TRagdstWrassNnRiref 8peRition helhbAed1s1¥Akes pldteat an elevated

duration of the post-crosslinking operationis in
tepaperaturawihishnisepreferablynn the range rom Jo&f Ertab20°C and

between 5 a ] nut Jhe post -crosslinking
pw&@@rlynpmqgf%’ﬁa?rw LRREC P A, noans of

solution in which the dial dehyde is contained in

guantities between 1% 10 and 30% preferably between

ThétRiratitelef Bepasi-erséaimlahydspdration AR paHlidklar between
suitabl e as the dial dehyde. th respect to the acid

oroanen30fmmutes, posferabhsbetwéem apérld minutes.has 15
proven successful if the post-crosslinking operation
takes place by neans of a solution in which the acid

The g3 SbERin BRI Brefefl: (ke bP AL
sdl@sionCiP et ltheq:nakﬂé}gﬁd@ﬁ; eSnEthEd ihqiahiGties BetivkehS1%
furthernore advantageous if the post-crosslinking

arop S086; prefenklely betivaes 596 ardnBO%E an aqueous sol ution
whi ch contains water in quantities from70%to 95%
preferably from85%to 95% 25 The solution for the

GH&%th&%ﬁaéh%é i9ir? %%rr?itch%_]r SGitab 58,‘ itﬁe ucﬁai(f)eh?’y(%f@.

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

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%.

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

takes place using an aqueous solution containing at least one alcohol,
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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 sol ution containing at
| east one alcohol, 6 wth thg water-al cohol m xture
serving as the solvent for the di al dehyde and the
acid. A particularly preferred use of the conposite
menbrane in accordance 5 with the invention is that for
the separation of water fromfluid m xtures which

wittntlee wakegaltcshslampangsiserbind@a the Golvaitviopthetdieidetiyde
vapor perneation. A nmethod is furthernore proposed by

anfidheraaidt i on for the manufacture of 10 a conposite
menbr ane having at | east one separation |ayer of
pol yvi nyl al cohol. The nethod includes the foll ow ng

Ag%aﬁgi@m%pﬁfﬂgg%{eaﬁ%egéf gbe;% gh c{égtyezlgl:e&‘{lb%é B HREO hee
withetti asdrtida f9tieat fdiethrosepydratiorabE (ks frben fluid mixtures

application of a solution for the post-crosslinking of
whidh pohfainngtgarit compponeniss by meaes ob ipsriapoadinraonyapor

an acjid or an acid-rel easing conmpound as well as at
PYAREAHAR. di al dehyde; - post-crosslinking of the

separation layer. 20 It is advantageous with respect

to the crosslinking of the PVAif the starting

Agg!;t%l%d;dalfsairiﬁgh@h%rétprbﬁﬁ%d ®etHE fRfftion kor At thandfddture of
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;

- 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.

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.

Glutaric dialdehyde is a preferred dialdehyde for the post-crosslinking

operation.

The solution for the post-crosslinking operation preferably contains

sulfuric acid as the acid.
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di carboxylic acid without a double bond and a

di carboxylic acid with a double bond. 25 Gutaric

di al dehyde is a preferred dial dehyde for the

post -crosslinking operation. The solution for the

post - crosslinki ng operati on pfeferably contains 30

sul furic acid as the acid. 7 ® Further advantageous

nmeasures and preferred enbodi nents of the invention

result fromthe dependent clains. 5 The invention wl|

be explained in nore detail in the following with

reference to enbodi ments and to the drawing. There is

shown in the drawing Fig. 1 a schematic sectiona
Furhee selvaatt ageows nacaantesdime prefeired ehibodimpasist af the
. menbrane in accordance with the invention. Fig. 1 shows
inyvgntiondeswdl from dheidapendesirdaiingat i on an enbodi nent

of a conposite nenbrane in accordance with the

i nvention which is designated as a whole by the
Tﬂ@hﬁéﬁt&fn Wﬁ%@kxﬁﬁﬂéﬁ R8PS detail tn ffﬁE’%ﬁBﬁnﬂ% R@gha

carrier layer 2 on I'ch a porous support [ayer 'S
ref@iehicedo eimbedimhant® anidatethotirpwinyy.i Tiyéreaiscsthown(iBVidje

is provided on the support layer 3. The carrier |ayer
drawisgnade up in a known manner from a woven cloth or

20 froma fleece or froma porous ceranmic nmaterial. Al

materials of sufficient resistance wth respect to the

Fig.g?r ating, é&@ﬁa@f&é@ctﬁ&ﬁ%ﬁ@?ﬁtﬁ%ﬁ{ of Elg”@rﬂbbﬁim%ﬁ@ of a

the chem cals present in separ at ed
can be composite membrane in accordance with the invention.

Fig. 1 shows in a schematic sectional representation an embodiment of a
composite membrane in accordance with the invention which is
designated as a whole by the reference numeral 1. The composite
membrane 1 has a carrier 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
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
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.
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used as the material for the support layer 2. The
preferred material for the <carrier layer 2 is

pol yester with a snooth surface on one side. Further 25
suitable materials for the cloth or for the fleece are,
for exanple, polyphenyl sulf% pol ym de and

pol yvi nyl i dene di fl uoride ss fibers or carbon
fibers, nmetals or ceramc materials are preferred as

t he inorganic materials. 8 The porous support |ayer 3
is applied to the carrier layer 2 in a manner known

TH@ o%@PWsU;)CEﬁn@% qé %Rﬁ%lie‘if‘td ﬁl@%aﬂ‘léf‘ )}Jﬁra} in a manner

ossl b acr rile (PAN), fone

kl(lcE%‘Bn paosy emﬂera p(buref wntétlﬁndnohhs ashamfoaln‘m betsiide aPely
referred armn]g the polyners as materials for the
t

ac‘rm lisuiteles (RN pqlzaglélfonrr f(PShd)QlHﬁh@'rSlIﬂ&%@ and; polygHaer

t&ﬁgg‘é% ér %nﬁhge&e%%%%% f %ﬁte‘magt%frb%%orﬁhe porous
SEpPBR Iy AYEIthE (iafich ayér 2REThhAg AceRBmic material, the

tration e The separation layer 4 15s

pérouesupport ayes S isnpederablywhade ofl ceghnlicwhatdriall Thiesporous
preferably ppl ied to the surface of the support |ayer

suwpelager ddiedtke psoperiies) of snualteriltmiion ragmbsgne.
sol ution contains crosslinking neans which crosslink
t he pol yvi nyl al cohol by etherif‘ication

[ : td
I SEpL AR 11101 RISHAAA L0, ARl IRcARol which
ishmief¢rap yappliedAe thesnrfaecasfder é@p@ﬁtelh?éﬁtiefrbhﬁan aqueous
crosslinking 15 operation. In particular fornmal dehyde

stardng |S@&ub@nyﬂ&1@ et@rdgg(sﬂlutuomqom@ns grosglinking means which

ST b TR RS
C?t%%yf%gugr gggﬁh\j\%&oﬁl o th eﬁg&'e% oﬁﬁc@ss@a}“@ é.lsﬁsmﬁke it

in86luble in boiling water. Acid can be added to accelerate the crosshnkmg
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.

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.
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

invention, a post-crosslinking operation now takes place in a separate
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20 The separation |ayer 4 can be applied in one work
step or in a plurality of work steps. The separation
| ayer 4 is dried and crosslinked after every
application, which advantageously takes pl ace at
tenperatures between 80C andgl190C over a tine period
of 3 mnutes up to one hour. %5 Tenperatures from 150C
to 160C with a duration of six mnutes have proven to
be particul arly advant ageous. The separation | ayer 4
prepared in this manner is called a "separation |ayer
method step assshprkedcitboy wnnydidateledsing. cdmpaaeer andc least one

wth the 30 invention, a post-crosslinking operation

s place in a separate 9 nethod step using an
acid or an acid-rel easi ng conmpound and at | east one
di al dehyde. In a preferred enbodi nent, the

: Yt . . .
LB g g o P aRienC AFRCAIE AER TR ash s LONIRINAT offFine
dintdstyyde hrebpplield tonttansesiuenith ket of prescrbbslinked
post-crosslinking operation. The 'acid serves as a
paviy} stcolok meapamuenuss soivtiom fpoee posberosstinking

oRhliog s arROSTRES Bomsat oh TR PO issinking operation.
T AN s b SR, SRR Roblaf S lig Aelg ggteasing

caphpoand agwelehs Yat &l ealigiverphtdiebeduise i€ 4fes not
preferablévat at | east 150C and particularly

conrteire aalyl VAt Thet pogtecrnsstioking oiperatiopeafiesplace atgn
e Bsro et T Sh b B SRR et 1507
arfll PUr-Buldrly 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.

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,

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
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,

butanol, ethylene glycol and glycerin is preferably used as the solvent for
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It has been shown that separation |layers 4 of PVA
post-crosslinked in this manner nmaintain their high
selectivity and remain stable. This also in particular
applies when the fluid m xture which acts on the
conposite nenbrane 1 for thqcpurpose of separation
fromwater contains al dehydes,” 20 in particular
acet al dehyde. Generally all substances are suitable as
t he di al dehyde for the post- crosslinking operation
whi ch have two functional groups which can each react
the dialéehRie oF QUB.difdEIdes at aleliehy f6r tise RERI(S)/aid-releasing
used as the 25 di al dehyde. Mal oni ¢ di al dehyde or ot her
comapeunslfs)ubl e di al dehydes are |ikew se suitable. The
quantity of dialdehyde in the aqueous solution for the
post -crosslinking operation preferably anobunts to 1%to

9 g Xt f t 009 v 0 as
A B e L e e L
sullhvaerdcid | By@fsdtabaiel acids B dasbEdific abNE Phdsphoi¥c abl® with

di al dehyde or the dlaldehydes as well as for 'the
thegyrfeiredcaddriztingsiulfiricmmpdund(s) . Suitabl e acids for
the post-crosslinking operation are in particular: 5

sul furic acid, hydrochloric acid, hydrobromc acid,

' ' 1§ e preferred acid being
T@%?%%ﬁ]%égggﬁiﬁ%@ee@%qgﬁexpI ain the invention. 10
Exanple 1 A support |layer 3 which is nade as a PAN
ultrafiltration nenbrane and which is provided on the
carrier layer 2 was coat eBxairtplea 5% PVA solution in

accordance with the prior art and pre-crosslinked at
150C 15 during a period of six mnutes. The separation

A Eﬁiﬁ%ﬁrﬁ la\.l\)l%sr 3 IQV ncﬁolgtrggde 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
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

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
1.7 kg/m?h was measured and 95% water was found in the permeate after

120 hours operating time.

Example 2
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with a solution for post-crosslinking with 0.3%
sulfuric acid, 5%glutaric dial dehyde and 24. 7%

et hanol and 70% water and is crosslinked at 160C over
a period of ten m nutes. The conposite nmenbrane was
measured wth a m xture of g)lq% wat er and 90% et hanol
by neans of pervaporation 20 at 105C. A flow of 1.4
kg/ n2h was neasured and 99% water was found in the
perneate. 1% acet al dehyde was then added to the

wat er/ et hanol m xture and the nenbrane was subjected

A sappore tardra® eehichsis madeGedCa FAN hdveadiltiadioh hdésgbe@the and
was neasured and 95% water was found in the perneate

whiateis praddad s the eamiendpyan? wasepplcd twice with a 3% PVA
solRBR i ETaaatC it BERG AT A EREhE ek pafiRe Bre-

SR CPHAST YObR iasE AP ech e B0kt gy e

Ior art. e Irs

miess. IAfldMhogesdid esatingk aphiecerdislibiihp AfRirationl vk place
period of six 5 mnutes. After the second coating, a
atpl @0W: oysr anfiiinegporned aifisix mirukiesl Abe pra-creEtndest separation

lage 3 5% chenicanled AUBS PRat Loabi g Splton With 0.5%
- Nk | it i ; . Bbzo . _ ]
sUIBBHE BRI ORUARARE ot e Ak 008 o lst i B post

crossiskéed ke d 80°CL B Giv@ miphitesm nutes. 10 The conposite
menbrane was neasured with a m xture of 10% wat er and
90% et hanol by neans of pervaporation at 105C. A flow
of 1.1 kg/ n2h s nmeasured and 99, 0% wat.er was E&wwd in
The,gomposite membrane was measured with a ure of 10% water and

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

A flow of 1.1 kg/m2h 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.
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15 perneate. 1% acetal dehyde was then added to the
wat er/ et hanol m xture and the nenbrane was subj ected
to an endurance test at 105C. A flow of 1.4 kg/n2h was
nmeasured and 97% water was found in the perneate after
120 hours operating tine. 12 . Clainms 1. A conposite
menbrane for the separation wat er having at | east
one separation |ayer (4) -of pre-crosslinked polyvinyl
al cohol, 5 characterized in that the separation |ayer
(4) is subjected in a separate nmethod step to a
CR@fts crosslinking operation wth an acid or an
acl d-rel easi ng conpound and at | east one dial dehyde. 2.
A conposite nenbrane in accordance with claim1,
wherein the 10 post-cragss-linking takes place at an

Lol evhcompesite mambsanaifen the sepperidenmiyvaterhhavipgmjdeast

fro 2 nd, particul arl v referably firom

160076 Ssberatay ol e B ln BT Iy AlhA

Wi t hopiba cPedzed irh RRaPiRE %@pﬁgiméﬁ 1aV& B:ishifijekted fifa
duration of the post-crossiinking operation |Ires

bet vesparate naetthod0stepniat & postrabsshhkingd epeestion vabld aibacid
mnutes. 4. A conposite nmenbrane in accordance W th any
one ¥faRpeigreleaping commpewsd amd aéileastene dialdehyde.

post - crosslinking operation takes place by 20 neans of

a solution in which the dial dehyde is contained in

2.9Uark ehhfSodifd WrGHbrIAEH RRYrdRNEE itk 'cyaigﬁtﬁ“’%ﬁ@e{eh“{ﬁ the

and 10% -~ 5. A conposite nenbrane I n accordance w
any post-ciostHinlpingcediesgplalcai atsan elevited tehepatadhideivtdeh is
is glutaric dialdehyde. 25

preferably in the range from 150°C to 220°C and particularly

preferably from 160°C to 200°C.

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
claims, wherein the post-crosslinking operation takes place by
means of a solution in which the dialdehyde is contained in
quantities between 1% and 30%, preferably between 5% and 10%.

5. A composite membrane in accordance with any one of the preceding
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

from 0.1% to 1%, preferably from 0.3% to 0.6%.
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6. A conposite nenbrane in accordance wth any one of
the preceding clains, wherein the post-crosslinking
operation takes place by means of a solution in which
the acid is contained in quantities fromO0.1%to 1%
preferably fromO0.3%to 0.6%;,30 13 7. A conposite
menbrane in accordance with any one of the preceding
claims in which the acid for the post-crosslinking
operation is sulfuric acid. 5 8. A conposite nenbrane
i n accordance with any one of the preceding clains,

7. whergiconipesitoaiernbose iinkictordpecatvit argkese pf @he preceding

nmeans of a solution which contains water in quantities
f r orglaos iv whBd thye aeid ki ther post-esysslimkdpgoprrabionas
con‘pégﬂ*te rren&r ane in accordance with any one of the
pr ecBHMYC 9% ns, wherein the post-crosslinking
operation takes place by means of a solution which
contains up to 30% al cohol, preferably from5%to 15%

8.al cebmppdteitiiibraid en 2lceoR@ints vatle gfyabhe of the preceding

et hanol. 15 10. Use of a conposite nenbrane in
accalabnsewhicrtinathe past-cfosslinkipgeapatiatipretaiassplase by
t he se%gration of,vvatﬁ_é romfluid mxtures whic

contBFANS f Anslutinmh Biieh copfains water In Supsidics Preﬁr-l di0% to
vap@jsope Fa%%éﬁﬁ%fﬁféﬁl 33?50/ ﬁ)%o}a_od for the manufacture
of a coh%’o& € h

rane having at
A composite membrane in accordance with any one of the preceding
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

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

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:

- application of a starting solution containing pelyvinyl 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
compound as well as at least one dialdehyde;

- post-crosslinking of the separation layer (4).
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| east one separation layer (4) from polyvinyl alcoho
including the followng steps: - application of a
starting solution containing polyvinyl alcohol to a 25
support |ayer (3) - pre-crosslinking of the polyvinyl
al cohol; - application of a lution for the
post -crosslinking of the polyVvinyl alcohols, with the
sol ution containing an acid or an acid-rel easing
conmpound as well as at |east one dial dehyde; 30 -
post -crosslinking of the separation |layer (4). 14 12.
A nmethod in accordance with claim 11, wherein the
starting solution contains at |east one dicarboxylic
12aci A ngethdd i aecdmatarice wittocladamc b1 wivtteroiretlod stamting solution
clainms 11 or 12, wher the starting solution
contCatains af mcﬁl}ﬁ 85—33{59P§Y1&F t a double bond and
a dicarboxylic acid with a double bond. 14. A nmethod in
accordance with any one of the clains 11 to 13, 10
IWeWhEEtH(‘)%l # ateshdfe withl cb‘ﬁé‘b'f‘ih@'é}éﬂﬁg‘ﬂqeor 12, wherein
met hod i n accordance with any one of the claims 11 to

14, therstastingtsodutionutomtainen dicarposylic aokbitiioutga double

operation contains sulfuric acid. 15
bond and a dicarboxylic acid with a double bond.

14. A method in accordance with any one of the claims 11 to 13,
wherein the dialdehyde is glutaric dialdehyde.

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

sulfuric acid.



