DESCRI PTI ON Conposi te Sem perneabl e Menbrane and Method for Produci ng
Same TECHNI CAL FI ELD [0001] 5The present invention relates to a conposite
sem perneabl e nenbrane that sinultaneously satisfies high water
perneati on performance and hi gh solute renoval performance, and further
relates to a conposite sem perneabl e nenbrane having a chem cal structure
wi th high sol vent resistance and i&%ﬁ%ﬂﬁg(&gr produci ng sanme. BACKGROUND
ART 10[ 0002] Regar di ng sepa { m xture, there are various

t echni ques for kxenovi.ng substance f.or ex I al3s) dissolved in a
sol vent (for ef%“n(gﬁe e?%@??mgﬁﬁ ?Eﬁg%ggﬁiP%ﬁf&%o%¥ﬁ¥@§?@§ have been
used as a ?ﬁegﬁﬁéARQE eRer gy savi ng and resource saving. Exanples of :
menbranes USEd i n ne#grane separation processes 15include, for exanple, a
nicrofiltrﬁ@bgﬂ menbrane, an ultrafiltration nmenbrane, and a reverse
osnosi s nenbrahe, and in recent years, nenbranes that fall between the
rever se osmosi syyERBIANG. AN Al bRALLLLALLORRIBNanE, [l 0035, RO
menbrine or NF meEnbraner ‘nanot ity rat icon raﬂ%?rﬁge BE ?oped and

uoed, TSy IRIRLANS ol PR DU G B T

sea water, er, n er contal ni ng es, and,

' dditi b . I 1.0 - ' . i ndustri al
ul't Fapur & OB ERLCHBE i & o BRI S Aol ib AR MR B [ So0s)

Wbst of ! NehefilR hditire SR g@&@@g?ﬁ%ﬁ%@g@ thaRd R Br AR ! | Y

25avai | abl e at present .. one ving on~a porous

support negg gﬂgﬁ Iﬁﬁﬁ er and an active layer in which polyners are
cross-1linke ? an‘gt e é?ﬁgr havi ng on a porous support nenbrane an active
Iaye{Oproqgg&g by pol ycondensation of nononers. Above all, a conposite
sem per meabl e ‘'menbr ane obt ai ned by coating a porous support nmenbrane with-

an ul trathin meghrans I&@\é&gifoﬁ%gpgﬁ%a&h&é ﬁa%%hbﬁgﬁ%&:ﬁﬁle%gﬁxgﬁﬁg@%ai ned by

pol ycondensat i on react uncti onal amnes wt onal

aci d hal | depshiacs pRe Bithile! %ibihtioRtadn b QYRLALLRIRR R, ﬁg%gg?@e havi ng

hi gh permeabi ity and selective separation propertie _
However, iherhBrali® QMArdtidatpréces @R %atd BRnGRES AL prBkesd féree%@fg?%aﬂﬁggﬁd S

menbrane with an oxidi zing agent such as hydrogen peroxide, hypochl orous

aci d, or GzQfifee Wing ERaRPASE! HRMbARES TRASH inibrAltseh&ARYRbroelssds Sol ute,
sterilization, or nenbrane 10washing, or with organic matter such as

ethang! _andeluaosoRupil. aohRloIdRGIAERbERE FRMIMARIACLEALIRBSAY

time, and inprovenent in durability has been demanded.
reverse osmosis membrane, and in recent years, membranes that fall between the

IEVErse osmosis membrane and the ultrafiltration membrane (loose RO membrane or
NF membrane: nanofiltration membrane) have been developed and used. These
membranes allow obtaining drinking water, for example, from sea water, brackish
20 water, and water containing harmful substances, and, in addition, have been used, for
example, in the production of industrial ultrapure water, wastewater treatment, and
recovery of valuables.
[0003]
Most of the composite semipermeable membranes that are commercially
25 available at present fall within two types: one having on a porous support membrane
a gel layer and an active layer in which polymers are cross-linked; and the other
having on a porous support membrane an active layer produced by polycondensation
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PRI OR ART DOCUMENTS PATENT DOCUMENTS 15[ 0005] Pat ent Docunent 1

di scl oses that a reverse osnobsis nenbrane that is provided with a

di scrimnating layer induced froma polyner having on average at | east one
primary am no group or a salt thereof and at |east one group reactive with
a diazoniumsalt by reacting a primary amno group or a salt thereof with
a group 20having reactivity with a _?recursor of a diazoniumsalt or with a
di azoni wn SHPEDOMEE, efYOYRAlL AgomPgiteswMipEmeahls membsruspbiamekband hi gh

wat er perneahility, can be obtained., [0096] Pat ent Docunent 2 discl oses a
modi f i ed s@ﬁﬂfa%aﬂéa%ﬁéuw%mawgra?s@ﬁ%% Gathinggemhraps layer ¢pspgsed ofal
transmttance of pol yam de conposite sem perneabl e nenbrane at a

wavel engt hch?S‘I&@@%rﬂ‘?&a?l?k‘rl&ftﬁ’é‘eggﬁB%[YB‘?ndfﬁsaPBn sesehigmet palgiunstiorahs phenol i c

hydr oxyl groups. .. [000Q7] . . Pat ent cunent 3 di scl oses a conposite
senmi per mealil@e mafygu%aﬁ'ﬁpal@tc@fhaﬁ@as b PEFATel 1 gBnr e 9OFSr i ng on
a porous su rt nbrane a separati functi onal pol yam de | ayer conposed -
of poPyf un‘ﬂf‘gﬁe‘g‘f?&? ng&glgil&?&aafﬁﬁ@}@aﬁgelﬁﬁ}‘g?fsal??é?ﬁlww%% hal i des and

that the %g)l ﬁ%'ran de and iodi ne are bonded. Patent Docunent 1: JP 63-175604

A Pat ent Oltent 2: JP 2005-177741 A Patent Document 3: JP 2006-21094 A

SUMVARY OF THE | NVENTI.ON .10PROBLENS TO BE SOLVED BY THE | NVENTI ON [ 0008]
fowever, the maiBYSHES! BIOPSOMNE AORUTEREIE LA B O BFOBPEIOSE hav) ng

? alt gwazgu;\gv%l% %ﬁg!ﬁ‘ﬁ%ﬁ.ll%ge%éﬁgpo \é l_as i}%ﬁ%@%ét{?}(lg&myﬁg&ﬁ Ola.lS Q(i,ig,horiloggner, enoval
which is added for decomposition and removal of a solute, sterilization, or membrane
10 washing, or with organic matter such as ethanol and isopropyl alcohol, degrades the
membrane performance with time, and improvement in durability has been
demanded.
PRIOR ART DOCUMENTS
PATENT DOCUMENTS
15 [0005]
Patent Document 1 discloses that a reverse osmosis membrane that is
provided with a discriminating layer induced from a polymer having on average at
least one primary amino group or a salt thereof and at least one group reactive with a
diazonium salt by reacting a primary amino group or a salt thereof with a group
20 having reactivity with a precursor of a diazonium salt or with a diazonium salt,
thereby having high solute removal properties and high water permeability, can be
obtained.
[0006]
Patent Document 2 discloses a modiﬁéd semipermeable membrane
25 characterized in that the optical transmittance of a polyamide composite
semipermeable membrane at a wavelength of 450 nm is in the range of 10 to 95%

and that it has phenolic hydroxyl groups.



The nenbrane of Patent Docunent 3 had a problem of having a | ow perneate
flowrate while sinmultaneously satisfying a high ion renoval rate and
neutral nol ecule renoval rate. [0010] 20As descri bed above, in conposite
sem pernmeabl e menbranes, there is still a need for nore stable operation
and easy operability in various water treatnents, a viewpoint of pursuing
| ow cost bYOdég]’ins of, for exanple, reducing nenbrane repl acenent
frequency, *and' nenbrane perfornmance stability sufficient to wthstand

mat ter . ospeci ot aa BikaRy WBekbl &t B G i B R PEeS 1) A oby cct
Chat i i CRsArBEg LB of ol P YRS SEFRARI SbSEPaP R "ana i on
ot vent 1o RrgE ARG A o EmpRER R R BBl e ith oty ) 02
vonti on fer P KRR b AP BTSRRI B4R leMulb "

sem per neabl e ”ﬁﬂgﬁ§ﬂﬁ QP] | ' X9 A chRTOUS support menbrane on which a
separating functional pol'yani'de 'l ayer resulting fromthe pol ycondensation

10reaction of pp%&{t LiRRAd. rRERLi7e72nes with pol yfunctional acid
, e

hal ides is fornme rern the separating functional polyam de |ayer has

car boxy groups, i , [ ydr oxyl groups, and azo groups,
wherei n XA, theP@%%?gmgﬁE#ﬁ%Jg%?ﬁg%gp%ﬁ%é (rmol ar equi val ent of the am no

groups / (§BkﬂﬁA§ﬁ“bFQﬁﬁ@hﬂ9 Fﬁﬁéhﬁzo groups + nol ar equival ent of the
ar

phenol i ¢ hydroxyl groups + no equi val ent of the 15am no groups)) on a

f eed; yat erpﬁggﬁﬁﬂs ?Wﬁ%@@)ﬁ\f%]ﬁ@gf‘ggmm@ﬁdwncti onal pol yani de |ayer

(an A surface IS in the range or less, and X5, the ratio of the
am no groupgoéyol ar equi val ent of the amino groups / (nolar equival ent of
the azo groups + nol ar equi val ent of the phenolic hydroxyl groups + nolar

equi val ent of tHEwAR:NRe HeMHRSIe) 0P Pa@nPSETRRENE Bifie ?&H zliﬁig)%leﬁ{ { he

separating functional polyam de 20l ayer (a B surface t he opposite

side tot %Vﬁl%ﬂ)ﬁ@ﬁ\e%traj ﬁoié@uﬁl‘%@&nﬁ?ﬂ]gﬁi& hil€ g‘hi&ﬂnéa Hid b3 kemoval raléie met hod

a
of producing t conposite sem perneabl e nenbrane of The present 1nvention

has the foldiovhp@esiOMeli bt ion, that is, -

15 [0009]

The membrane of Patent Document 3 had a problem of having a low
permeate flow rate while simultaneously satisfying a high ion removal rate and
neutral molecule removal rate.

[0010]

20 As described above, in composite semipermeable membranes, there is still a
need for more stable operation and easy operability in various water treatments, a
viewpoint of pursuing low cost by means of, for example, reducing membrane
replacement frequency, and membrane performance stability sufficient to withstand
washing and sterilization with various oxidizing agents and organic matter, especially

25 with hypochlorous acid and alcohol.

{0011}
An object of the present invention is to provide a composite semipermeable
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t he nethod of producing a conposite sem perneabl e nenbrane conprising a
porous 25support nenbrane on which a separating functional polyam de |ayer
resulting fromthe pol ycondensation reaction of polyfunctional am nes with
pol yfunctional acid halides is fornmed, the nethod involving a nodification
process A in which a solution containing a conmpound that reacts with

primary aromati c am no oups.in the above-descripbed separating functional
ol yan de. TEGBFIS AR ST HER G TP G BAI GG PGP UaP T Ea eV EGTEY <
contacted only with a f.eed water.contact surface (front..surface) of the
_separat i ngs‘ﬁﬁ% STPOYRA PerSmARST 8%({ f”éi@?S'F ﬁasﬂ %’6@1‘13? Sirdctdr? I‘WhtSfH%h E‘gﬁ%ﬂﬁsi te

sem per neabl e, nenbrane of the present invention, it is preferred that I17?"
the rati o €™ azo groups (nol ar equival ent of the azo groups / (nolar

equi val ent ' ps + nol ar equival ent of the azo
groups)) okﬁ%ﬂigEgﬁggaﬁgbﬁgﬁég%%kxgﬂgﬁgge, be larger than lig, the ratio
of thg azo(%gg(oups (nol ar equi val ent of the azo groups / (nolar

equi v Ient[ he phenolic hydroxyl groups + nolar equival ent of the azo

9roups)) o0 < herahave- AR3aHUPEY e BURRRE selIfhmldbie mifipmnl bl 00151 The

conposite sem p ¥ e rame o rnvention 1s preferably

a composi t & som ReLAEARL G RN ARYIAGN AnAGEOUS Suppor - memDr ane
af ?ayer | ? on

wherein a Porous suppor orne heé front-side surface of a
P R B e e e A S
ack s de Sl REEsy BN e BRTARCERA TR o e o b BRLESIRARIAT, o7
ext ongs t o ePRRn Aol ioR R BRC RS, 81 o PRARRE PR RURRREL Y X bort 10
Seni per oAl T A R R e Y ol ves.
I L e e L A R

the composj ﬂp?iﬁx%ﬁ?@{;&v%ﬁtﬁﬁ?ﬁia%ﬁg?&%@ﬂnﬁla& QqliPRentBIdhd dpat | ON

process A or simu neously wt I cation process A EFFECTS OF
THE | NVENTér%bs[ Db equivalent of the phenolic hydroxyl groups + molar equivalent of the

15 amino groups)) on a feed water contact surface of the separating functional
polyamide layer (an A surface), is in the range 0.5 or less, and X, the ratio of the
amino groups (molar equivalent of the amino groups / (molar equivalent of the azo
groups + molar equivalent of the phenolic hydroxyl groups + molar equivalent of the
amino groups)) on a permeate-side surface of the separating functional polyamide

20 layer (a B surface), i.e., the opposite side to the A surface, is in the range 0f 0.5 to 1.
[0013]

The method of producing the composite semipermeable membrane of the
present invention has the following constitution, that is,
the method of producing a composite semipermeable membrane comprising a porous

25 support membrane on which a separating functional polyamide layer resulting from
the polycondensation reaction of polyfunctional amines with polyfunctional acid
halides is formed, the method involving a modification process A in which a solution

4



According to the present invention, a conposite sem perneabl e nmenbrane

5t hat sinultaneously satisfies high water perneation performance and hi gh
sol ute renoval performance and further has a chem cal structure with high
sol vent resistance can be provided. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0018] 10Figure 1 is a schematic cross-sectional view of the porous
support nmenbrane show n e enbodi.pent of the present inven
Figure 2 | ©miapgatemnotnd e gy mwwr%%d% Fperbit ol e

nmenbr ane shoan%H§not sent nventlo and

Foure 3 e A e 158 £RaRatL BED huyfle i af B3 %?8?8‘3%5%%0”
1 d i ST MODE
ToR Caray e %ﬁ#ﬁﬁn fw RIFCR Pogogn € tect te?ﬁ%ﬁe A o P RRER T O

sem per neab, 15 aan g ot 1Q resg a jnvention, a porous support nenbrane
that subst@ ?5ﬂ1§ 46 ?3ﬁ8f HAVE S p Vgilon 20perfornance is coated with a

separ tlngoog tional layer that substantially has separation perfornmance,
wher ei'n th% ggarating functi onal Iayer is conposed of cross-Iinked

pol yani de_obt ai pied, %%&gx%ts&% psﬁ'ﬂﬁfﬁ?ez%is\&%garny %‘ﬁwe p?es%gfﬁwgnn%{{‘ fige with

pol yfuncti onal dcrd’ unctt on aromati c am ne

refers to efe%reﬁrﬁ%}t'ﬁfc \if{ﬁ raffo o DA e %B?Emgﬁf@ lé}l?o?{hg%?é ghdbp@he

mol ecul e, ‘exanpl es of* Pnct are nb
e M FPITRITEIA h S SRAIE ,,
e el LA %@mﬂ%@%&?@ PR o
T R S
e M IR P D aamen o oy e
surface, that is, Y > Yp.
[0015]
The composite semipermeable membrane of the present invention is
15 preferably a composite semipermeable membrane having a porous support membrane
wherein a porous support layer is formed on the front-side surface of a porous
support having a coarse back side and wherein the porous support layer extends into
the above-described porous support, wherein the porous support is a woven fabric,
nonwoven fabric, or net, the density on the back side of the woven fabric, nonwoven
20 fabric, or net being lower than the density on the front side, and wherein the porous
support layer extends to the region from the back-side surface of the porous support
to 50% of the total thickness.
[0016]
The method of producing the composite semipermeable membrane of the
25 present invention preferably involves a modification process B in which a solution
containing a compound having reactivity with a diazonium salt or derivatives thereof

is contacted with the composite semipermeable membrane subsequently to the
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[ 0022] 10An aliphatic polyfunctional amne refers to an aliphatic am ne
havi ng two or nore am no groups in one nolecule, preferably a

pi perazi ne- based anmi ne and derivatives thereof. Exanple thereof include,
for exanple, piperazine, 2,5- dinethylpiperazine, 2-nethyl piperazine,

2, 6-di net hyl pi perazine, 2,3,5- trinethyl pi perazine, 2,5-diethyl pi perazi ne,

2,3,5-triethyl pi perazine, 2-n- 15 | pi i.ne, ..and
> 5. i - - CUOYIBHE sopei A Srumitaepgdy pRUE MoTEaiSEomeady 2, 5.

di met hyl pi ' o bly used in the present invention in

terns of sgﬁéﬁffggﬂTﬁﬁﬁgﬁﬁﬁﬁﬁ@ﬁ%@ exhi bition. [0023] Further, the

pol yfuncti aromatic amne in the present invention nmay be 20used in
!

conbi nati o h an aromati c am ne conpound havi ng phenolic hydroxyl
Prefer.red .exa ar omat conmpounds

"l de- anm dol - ASEHEGR DR PETGHIRS et Lo an o PPt TR B - -
15, B am BB IR yF SRt AT oRtcotol P SR PRI oy
o- ot hoxycHeeaRar ot yag fuites bad BNk By AR ARE “VETRON rea,
jzgg:gPG?Bgéﬁég r%@%%i%&ﬁ@%#:ijgPSRZL?PZﬁLS?LR?he, and salts thereof

[ 0024] B%Hﬁﬁéhséﬁﬁ?f%ﬁﬁgﬁgfﬁé?ﬁtfanﬁ%ﬁﬁples of aromatic am ne conpoundé

i ncl ude 4- prcram ¢ acid, 2-am nophenol,
3-am noph ﬁL] 4- am nophenol , 52-am no-4-chl orophenol, 4-sodi um
aninosali§@ %e, 2-am no- 5-ni trophenol, 2- am no-4-nitrophenol,

1- anj po- 2- naphthol - 4-.sul f.oni ¢ aci d,..3- hydr: i i
2> antho- o or eodiguns LS bR Sic Ml frasciohiiRr AN S pdehmbpane,

am nosalicylic acid, ,5-@m nNo+q-C . o-anjnosalicylic acid,
2-anino-8-¥£ﬁﬂﬁ%ﬁﬂqﬁgﬁmgﬁplbﬁﬁ?w €|%£{§W§%$ﬁ%-5-naphthol-7-su|fonic aci d,

2- et hy1- 4- am rf?lg%r'ﬁ nap ?ES %mﬁti%'cr&sg-%gétfbgﬁﬁ%i_gglr%?ﬁge:]i:zr@l.ﬁstsruBB&'?Hl%lnbrane

2-atni no-4-chlo éno -sul'tonic acl

hydr oxy- 5- éﬁnﬁ%f&ﬁ%?%%&iﬁ%?g%k res%t@?fé%lg 1 niline,

2- am noazo aim noazobenzene, -Ow AB, Disperse Orange 3,

G, PP 0 BRASARL ool BN ol Al ¢,
15anq fobe %89/%&511'0%9 LEEbM P OARE prlBft iffdntidnt her eof [0025]
BEST MODE FOR CARRYING OUT THE INVENTION
[0019]
In one aspect of the composite semipermeable membrmle of the present
invention, a porous support membrane that substantially does not have separation
20 performance is coated with a separating functional layer that substantiaily has
separation performance, wherein the separating functional layer is composed of
cross-linked polyamide obtained by reaction of polyfunctional aromatic amines with
polyfunctional acid halides.
[0020]
25 A polyfunctional aromatic amine refers to an aromatic amine having two or
more amino groups in one molecule, examples of which include, but are not limited
to, m-phenylenediamine, p-phenylenediamine, 1,3,5-triaminobenzene, and the like.
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According to "Fundanental s of Synthetic Menbrane" by Takeshi Matsuura
(Kitam Shobo Co.), p. 9, in performance exhibition of a reverse osnpsis
menbrane, a nmenbrane nost appropriate for a given application can be
desi gned by sel ecting, 20for exanple, the type, the amount, and the
position of ionic groups (functional groups). The present inventors have

by ane: Pt oA PRI Dbl Wil ™
cons iR AR, SRR BB oo T
et ot et e SharhdB 0 Bl PR o ot Reel™ ot

Co0s6) " hengencliy iRl duaR i el h o o SRR e Sulh Rt i ng

two or nor.e hal ogenat ed.ca nyl oups. i n e nol ecul e and i s not
parti u|aﬂpyﬂ&%gg?F%Pgafgeﬁﬁ%%éugﬁ5p?5%§§§P@ﬂﬁf%h t he above-descri bed

amne to gbﬁglpolyanide. As a pol yfunctional 5acid halide, for exanple, an
acid hali % oxalic acid, malonic acid, maleic acid, fumaric acid,
glutaric acid, 5-cycl.ohe j . ¢ Ac] e 3=
cycIohexanedicé%%%§§FW%mggﬁﬁé%%$L%%§%Pg%@%%Hgég%g%g%%gﬁ?gmggw ,bi,S,S-
- benzenetricarboxyli. i.d- - 4- d.car lic acid,
1,3-benzeﬁ%;?8%?%%%§??%rg%?é?%géwﬁ?gﬁﬁgﬁgggg i carboxylic acid can be used.
Anong aciqaﬁggides, acid 10chlorides are preferred, and trinesic acid

[

chl ori de, h is an acid halide of 1,3,5- benzenetricarboxylic acid, is
referred parti i f vai QTR VT o > ility,
Peacfévity? andggﬁg&%¥ﬁgghﬁﬁgﬁgggﬁgﬁ%ggggygg%”g%%@@t%%%%éﬁgﬁggﬁﬁgphaIiées

can be us I I [ i : - rgani c

ol vent -t napt Rl BloufiFi Gt HSEHIL bR R PRAn St a8 980 ©

i mm sci bl e w1k n PR pbrane, and
may -be an¢k@%%€%%?&%éﬁfo%gggﬁﬁ?@8§%§%9%§%q?ﬁﬁ%@ﬁ?&i%OSSyF?g%ed pol yani de

formng re i . _ i o lce%ird . guw flshydr ocar bons and
ha!ogegatéﬁﬁﬁggg%%ggﬁ%ﬁ?ggggkhégxi?|égfﬁﬁgkgﬁhﬁﬂ%%%ggﬁgﬂg,yand_in vi ew of

being a .ngﬁ}eaﬂgﬁgérgﬁbe,%ﬁﬁiéﬂ ] iﬁ%ﬁﬁ&e},ﬁs&h&h F&?azlnﬁ*l/ 8l, availability,

dl eability, "and safety in ha

han i ng, octane, nonane, decane, undecane,

R R o e R L e e

, I ke, or m xtures thereof

are prefer %&Fﬁﬁ%%zdﬁg%g%esﬁ%bﬁfﬁ’{ed ih 1R RERYENISR [ iRednk\Rct i onal

groups can ce y converting am no groups present in the

above-desq&&ﬁﬁgiﬁﬁaﬁﬂﬁk&agggﬁggbﬁanide into phenolic hydroxyl groups or
through the '

azo groups chem cal reaction appropriately selected. For
exanpl e, L groups can be converted i nto phenolic hydroxyl groups by.
using as a reagent dinitrogen tetroxide, nitrous acid, nitric acid, sodium

bi sul fite, sodipmLbyRRCHIPuntGonalhrohidfic hivk® inWl pRs@lRnEkhOMBsbean be
converted into azo groups by, for exanple, azo coupling reaction via
di azghi um gak in EREWREL R WK an aromatic amine compound having phenolic hydroxyl
groups and/or azo groups. Preferred examples of aromatic amine compounds
include amidol, 3,3’-dihydroxy53nzidine, 3-amino-L-tyrosine, 3-amino-4-
hydroxybenzhydrazide, 3-hydroxy-DL-kynurenine, 2,5-diaminohydroquinone, 1,5-
diamino-4,8-dihydroxyanthraquinone, 4,6-diaminoresorcinol, Bismarck brown Y,

25 Bismarck brown R, 4,4"-azodianiling, 2,4-diaminoazobenzene, p-ethoxychrysoidine,
chrysoidine R, Disperse Diazo Black 3BF, Methoxy Red, 4-(5-chloro-2-pyridylazo)-
1,3-phenylenediamine, 4-(3,5-dibromo-2-pyridylazo)-1,3-phenylenediamine, and

7



S5reaction of am no groups with a nitroso conpound. [0029] The
present inventors intensively studied to discover that, for S|nultaneously
satisfying the nmenbrane performance and durability in a conposite

sem per meabl e nenbrane having a separating functional polyamde |ayer, it
is inmportant that 10functional groups related to inprovenent of the
performance of the separating functional polyam de |ayer (carboxy groups,
am no grodﬁ§ 1§'1‘i‘?i’phenollc hydr oxyl groups) and a functional group rel ated
to |nprovenen of the durability (azo groups) both exist and that the

di stri butil¥q? present in the thickness direction of the nenbrane and

that a conposit m per meabl e, nenbrane. t hat, sat.i sfies hi
per meat i on perf%f‘a’ﬁﬁ@éheéﬂ? Fﬁr?jhe %Fﬂ?%ﬂ‘}'élanb‘ﬁ? FYRRYHE ch\l(:‘%& certal n

ox1 a1 21 ng FEe BAPBRObAAE éﬂ%ﬂﬁ%ﬁ“ﬁ*ﬁ&s@ Siapriaol. fodsort.

TCe por ous> ST ﬁ%ﬁéﬁ%ﬁ?ﬂ%&f&@e PGB P S T]ﬁaﬁﬁygﬂloé'ediegygfon
S R A
hydr ophi 11 Sakeince oo 2gealipy-FRes 2583% ?%Pﬂ?{fﬁao? Pghar pmgﬂi de | ayer
Lgﬂgfigﬁc%g@?%ﬁgl Hihos fi%?ié*' et et ARG nd e”? ﬁﬁﬁ%e ot her
prpons MR Zl SR el %)@iéfgf’fv%? Wi cace
wi t ht n oﬂ“ﬂi‘f’? ‘éﬁ ?Plt@ﬁﬁ?{%ﬁ "B ] nlélom ﬂﬁn(g c%{l)f lézu%’lcgg’laél){ %)c%ﬁsi deri ng
L he above ﬁ%HQré) g\%seaﬁsggteve%g g'ptﬁhen)ggzo%ngme rm%?;%'a'z&%lu%ﬂ% 41 gh

merrbrane pos y reducin of am no

functi Onalaggj gaé% el,%%gel rfwgﬁ &P’tﬁ%‘ﬁ)&@b?%%egﬁ%%rﬁ azo groups only on

the front Site sem ane, and preferably by

| ncr easi n tlrﬁg }?érﬁoﬂFé)s J@%@@lﬁ&?ﬁd%fé&ﬁy?elﬂ{& P1-Gnin -+'-| . [0032] 10The

anount of TUuNC e separa |ng u’nc ional polyam de | ayer

analys ZZ(%@%*&V“%%%%ZP ?%gﬁ?mp%i e e 0 St on

specirosco npllfled in "Journal of
Pol y{ r Scﬁ%lﬁggé’nz % s%é%m?ﬁﬁk&ﬁé{ggmﬁﬁgﬁag ? and "Journal of the Adhesion
Soci ety of[Oégﬂan Vol .

According to "Fundamentals of Synthetic Membrane" by Takeshi Matsuura

(Kitami Shobo Co.), p. 9, in performance exhibition of a reverse osmosis membrane,
a membrane most appropriate for a given application can be designed by selecting,

20 for example, the type, the amount, and the position of ionic groups (functional
groups). The present inventors have discovered that, for improving the performance
of a cross-linked polyamide membrane, it is effective to make a phenolic hydroxyl
group, which is a hydrophilic group, exist in addition to carboxy groups and amino
groups constituting the main chain. Further, the present inventors also discovered

25 that, as a means of improving the durability of polyamide, it is effective to make an
azo group, which has a high robustness-improving effect, coexist by applying a

technique for developing a pigment (dye).



15(1991). [0033] The concentration of am no groups such as primary
am nes and secondary am nes, the concentration of phenolic hydroxyl
groups, and the concentration of carboxy groups are determ ned by

gas- phase chem cal nodification nethod using a 20l abeling reagent. As a
| abel i ng reagent, pentafl uorobenzal dehyde is used for primary am nes;
trifluoroaﬁﬁ%if anhydride is used for phenolic hydroxyl groups and am no
groups; an Pl f1 uor oet hanol or di cycl ohexyl car bodi hni de is used for

o oD, R X RS ORI S, P
bacod on « WAOESREH CRPBYEOI BB B BEel P OB ESTISSd b 0Bt od (o
5 P, S o TP A i
et o B e S MR SR EPEE LY. IS PO S0 S phanchr S semmle
0 SR S LS, ) T,
RN TN A A S
s G LN TR e T S
(1995, s 20 Rl a0 RS SRR R 2.,
at 2?6’ . 6 e()(flor&&:g %ZJ preferred, and trimesic acid chloride, which is an acid halide of 1,3,5-
benzenetricarboxylic acid, is preferred particularly in terms of economy, availability,
handieability, reactivity, and the like. = The ébovemdescribed polyfunctional acid
halides can be used alone or may be used in combination.
[0027]
15 An organic solvent that dissolves polyfunctional acid halides, preferably, is
immiscible with water and does not break a porous support membrane, and may be
any solvent as long as it does not inhibit cross-linked polyamide forming reaction.
Representative examples include liquid hydrocarbons and halogenated hydrocarbons
such as trichlorotrifluoroethane, and in-view of being a substance that does not
20 deplete the ozone layer, avatilability, handleability, and safety in handling, octane,
nonane, decane, undecane, dodecane, tridecane, tetradecane, heptadecane,
hexadecane, cyclooctane, ethylcyclohexane, 1-octene, 1-decene, and the like, or
mixtures thereof are preferably used.
[0028]
25 Fﬁrther, the above-described functional groups can be introduced also by
converting amino groups present in the above-described cross-linked polyamide into

phenolic hydroxyl groups or azo groups through the chemical reaction appropriately

9



The integrated intensity [Fig] and [C s] determ ned as nentioned .above is
of Pol yner

Sci ence", Vol. 2026, pp. 559-572 (1988) to determ ne the concentration of

substituted into the follow ng equati on shown in "Journa

car boxy groups based on the total carbon. [0038] [Nuneri cal

Formul a 1]

The

RCOOH (3k Fl's 25[0039] [F1 s] Cis] -(2 + 13m[FIs])r

distribution of, t anmount of. functiona roups.jn the thickness direction
of the sepé&%t?%grﬁﬁﬁ%@?gﬁa?m%@%s&%n La%ve %mb%plae@pé? hyfﬁe‘aylby t aki ng
out only t

separately
front-surf

10

15

20

25

he separating functional polyam.de.layer. fromthe cqnposite
sermi per reaBloUPHERHHLAES § BT AHECS 6% 454

R e R T GRS T RS

PR PF YIS AGide Pitdnagidy SRPRIM ang

azo groups by, for example, azo coupling reaction via diazonium salt formation or
reaction of amino groups with a nitroso compound.
[0029]

The present inventors intensively studied to discover that, for simultaneously
satisfying the membrane performance and durability in a composite semipermeable
niembrane having a separating fun_ctional polyamide layer, it is important that
functional groups related to improvement of the performance of the separating
functional polyamide layer (carboxy groups, amino groups, and phenolic hydroxyl
groups) and a functional group related to improvement of the durability (azo groups)
both exist and that the distribution be present in the thickness direction of the
membrane, and that a composite semipermeable membrane that satisfies high water
permeation performance and high solute removal performance in a certain range and
at the same time is provided with high durability to an oxidizing agent and an organic
solvent can be obtained.
[0030]

| The composite semipermeable membrane of the present invention is provided

on its porous support membrane with a separating functional polyamide layer, and
this separating functional polyamide layer contains carboxy groups, amino groups,
phenolic hydroxyl groups, and azo groups. The presence of carboxy groups, amino
groups, and phenolic hydroxyl groups, which are a hydrophilic functional group, in
the separating functional poljrarnide layer increases the water permeability of the
membrane and enhances the performance of the composite semipermeable membrane.
[0031]

On the other hand, the presence of azo groups increases the durability of the

i
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sem pernmeabl e nenbrane (the A surface), the side contacting feed water,
and on the surface of the side where the perneate water passes through
(the B surface). [0040] X, the ratio of the am no groups in the extracting
functional layer, (nolar 10equival ent of the am no groups / (nolar

equi val ent of the azo groups + nol ar equival ent of the phenolic hydroxyl

groups + nol ar equival ent of the am. no _groups is related to the
Gurabr 1§ tyeBrbaie P men G A T RarHP e &R SoeRES W | ow
t he robustness .of the mepbrane. increases to i rovedthﬁ dﬁrabilﬁté but
the water BERAUBBEMIEY. @ BBt THER SRIPHHARRDPHAZ] Wi O5IiE L o
sem pernmeabl e 15penbr.ane of the present. invention, it is necessary that
Uhe above. RHSELFBAESCHATG HehYPRERIroBF Sphle LATHACrredln E0B%, YRUTAIDN f ace, be
in the range.0.5 or Jl.ess and that the above-described XE3, the ratio of
the anmi no GisTBRCBpliRBs L driiity nEhRR R s RgRet et gt [ooa1)
20Further, Y,. e rati.o of the az roups..in,the extracting functional
Fayers " morespiole i Do emial SsHgP St et ARt or ' Che
phenol i ¢ hydroxyl. gr.oups + nolar uival ent Qf the azo groups is related
Po the vicsimgbiaridisars o or e Bl e e oopals edbBrRRRbILS hos i o
sem per neabl e, nenbr gne. t.he value is | ow.the hydrophil ] ci :

i ncreases ’PSmPWBF’ a&?@ pfﬁ%%[b T HE gllel i Ofljfl w%fuﬁhefl%he%?]gg%y:ljg{eo%lp ge%{rﬁ‘l’)val rate
tends to dectease. For further enhancing the inprovenent of the durability
on the surW@”e contacting treatnment water, an oxidizing agent, and organic

matter, Y. %ge rati o of the azo groups (nolar equival ent of the azo
groups / ( r equival ent of the phenolic hydroxyl groups + nolar

S e T b o RE L PR BrduBE i B UEL RS e LRLRI R, LBEOeT than

YB, e ratio o € azo groups ar equi groups /
nmol ar equi val.ent,of ey i.C 0 gr i val ent of
the azo orSUBL R el R aERRbles B BB che TR 00 S 1T
now be desgii-bhed kN il . : ' ' I
por;anides 5@2@'sﬁgggﬁﬁﬁ?aﬁfigﬁéé%ﬁﬂi2%%%%£@F§§B§@?ﬁ§?%%%%§§FﬁoPﬁe

caubous. ST ET B R L R o e e ook B PP v

aromati C afdq - 1 NIFLS.C) - Qr [ n Loy cont ai ni ng
t he above?#QE??Gﬁgggg%pﬁyﬁ%%?ggﬂgﬁhg%ﬁgﬂﬁgﬁﬁkegﬁg'%ﬁfggggygﬁbﬁﬂ t he porous
supppgt ma(q‘ggﬂne descri bed bel ow. [0044]

[0033]
The concentration of amino groups such as primary amines and secondary
amines, the concentration of phenolic hydroxyl groups, and the concentration of
carboxy groups are determined by gas-phase chemical modification method using a
20 labeling reagent.  As a labeling reagent, pentafluorobenzaldehyde is used for
primary amines; trifluoroacetic anhydride is used for phenolic hydroxyl groups and
amino groups; and trifluoroethanol or dicyclohexylcarbodiimide is used for carboxy
groups. Labeling reaéents are changed depending on the typer of hydrophilic groups
to use the same measurement method.
25 [0034]
An example of the method of measuring the concentration of carboxy groups
based on the total carbon will now be described. A sample is subjected to gas-phase
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15The aqueous sol uti on contai ning pol yfunctional primary aromatic am nes
and the organic solvent solution containing polyfunctional acid halides
may contain, as required, conmpounds such as acylation catal ysts and pol ar
solvents, acid trapping reagents, surfactants, and antioxidants as |ong as

the reaction between the two conponents is not inpeded. 20[0045] In
the present inv ntlo t he por .support nepbrane i s us d to support the
separ at i ng*HeOH F‘Eﬂﬁiétll’]caﬁﬁpyélﬁg&gltle 9%?'&55}@@! Ft“iaﬁtéo%@ﬁ’s }"l'ftﬁitrﬁ"ﬂ)‘ﬁo t he
por ous suppor.t nenb not parti ular tr| refe d exanpl es
of the por§¥dus b%‘i*g ﬁ%’ﬁ%‘?%‘?‘?@g lr‘ié‘tr éem‘f‘ éé&gsb& ?te suppor t
menbr ane relnforcedgﬁggggg%fabrlc g%‘ h ore nd t%&vnunber
of pores ROYHESHAC Wpiﬁ%? &PAYT ﬁrf“t‘ia 9 cted

f d h f t
O acual |y FREEES) gt o g?rﬁegt?%hﬁﬂgt’sﬁ'g F ik Cisohal ‘f%?rﬁg #d havi ng a
t t h that f .th . no t.h 100 t
he str { acBhe) FEvIhE Ter éleer%’%%fsf% ol Lol Rslatafio used in-
th | ect ed. 5f | | | abl
R Eﬁtsfaf%wﬁeg?%: et Conptt LR of PRI bt ane

"Utrafilter, UK 10d Ilable fromToyo Roshi Kaisha, Ltd. and also can be
produced atdsieHPig PB AL AR escribed in "Office of saline Water

Resear ch ﬁggangelopnent Progress Report™, No. 359 (1968). [0047]
10Mat eri al ed in the porous support menbrane i s not particularly

limted, and, r exa f ;pol ysul fone, cellul ose |
acetate, cel I uI R egtegtc%%ﬂoty({ff %/r]}cah 80re|kpe and the like, or a blend
thegf@f qﬁg%ﬁe | i ke can. be used; homever pol ysul fone, which has high
che anical and thernal stability, is preferably used.

al,
Speci fically, 4¥%§¥§?%§q]gmpﬁ&$ﬁﬁggggg Ifone in

15d|nethylforna erre is applied on a

e o e R DR ERR PR LA i R Q{H’\&K}Xcﬂ%ﬂérﬁq%@ﬁe ¢ya substantially

uni form t hi ckness an oag on’n n aqueous sol ution

cont ai ni ng 2@6p% ﬁ%ﬁ ?6k I]W;tereby a preferred porous support
menbr ane havi ng Mm-cr Opor es mi a dianeter of a fewtens of rimor |ess at

nost of the Suﬁﬁ%&%ﬁ&%@n%ﬁnﬁstﬁ%@ﬁgﬁ 520[ 0048] Further, in the porous

support menbr ane, it at a porous support |ayer be forned on

| nt ??EZ Zggegr (E}esc&i %&g’émgqﬁe @bgr}éﬁk §8§86ﬁ BESLUAAT QlSorSRPGNE sdayer extend
284.6¢eV.
[0037]
The integrated intensity [F 5] and [Cy;] determined as mentioned above is
substituted into the following equation shown in "Journal of Polymer Science”, Vol.
20 26, pp- 559-572 (1988) to determine the concentration of carboxy groups based on
the total carbon.

[0038]

[Numerical Formula 1]

P [F1]
0o 3k, [Cls]— (2 +13m)[Fls])r

25 [0039]
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[ 0049] 25Exanpl es of the porous support include, for exanple, a woven
fabric, nonwoven fabric, and net made of pol yester, polypropyl ene,

pol yet hyl ene, pol yam de, or the like, and a nonwoven fabric is suitably
used in terns of filmformng properties and cost. A nonwoven fabric can
be produced, for exanple, by filtering out main fibers and binder fibers
uni formy dispers

paper machi ne, o4 ‘fﬁé‘%}"il te{%\é\mﬁﬁ]gl‘%l%é“ﬁ%g%] %‘é‘f rs?ar'FE?EB‘FS?gFLg%{E‘?[ |h2|rer
e e R AT o
P ohert| es<PEGHGON cﬁonalpﬁﬁf %n@y%'c?w‘f?féi@?fcwnﬁwﬁerfﬁg ?EH%?Pbé%me of
AT iy o LR R A G
thg por ousP¥ ?}B?fri%mémn%ﬁu? tlﬁdﬁ%ﬁéﬁgoﬁ?ﬁé&%%?%ﬁgy MPeSht ai ned by
ot - o des< Bl RS Siegfors e&*(ﬁ'c# el e BN RIRHBR PR Ge eRLSh ST o |

T5pet ut eat SEER 0E e Pk &%ﬁ%%\ﬁ?@%ﬁ%&%‘*ﬁp S por ous

support 2A®§$§FO|Idlfles Consequently, the porous support |ayer la
extends i he porous support 2. As the porous support 2, a porous

PSRRI  E SE AR
0051
B it i

In t e nu e ECESSES 2d are

di sper sedl éﬂeﬁ f 81e hf(laoh%ql%f oxgg oﬁ i?[goq%r%guﬂjalehpgf e %@Hﬁ&wt 2,

and the po por ayer recesses

back- si de surfa&«;0 %Q d%rabﬂh o%fhepgnﬂa‘ﬁné%g&%%nﬁmﬁ{bgaﬂ ‘E’ alﬁé’ t he

recesses e sentence recesses at the

surface ar’&g ldv§ tﬁg%ﬁggt?gss ot tﬁ%]lt%ﬁﬁl%&%é ?rﬁﬁeasggaf%QElgh&% tﬁéﬁ&{ﬁ‘%ﬂl b%é e t he

menbr ane- form’n ough having rea e rec sses 2d, has

not T eachagyth SAMERRALARGR Rl ek RuaT O ShiRRke MM eGRan, the back
appl{ed o %Etgﬁlhahé 8Pl ré’s%n@ﬁ@é}ﬁ%eﬁ 1%&&5&5@211&}1& Mvgﬁieg&ﬂ)%a X hgeporous

support 2 recesses at the back-si
ratio of the amino groups on the A surface, be in the range 0.5 or less and that the

above-described Xg, the ratio of the amino groups on the B surface, be in the range of
0.5to 1.
[0041]

20 Further, Y, the ratio of the azo groups in the extracting functibnal layer,
(molar equivalent of the azo groups / (molar equivalent of the phenolic hydroxyl
groups + molar equivalent of the azo groups)) is related to the Watér permeability and
solute removal performance of the composite semipermeab_le membrane. When the
value is low, the hydrophilicity increases to improve the water permeability, but the

25 soiute removal rate tends to decrease. For further enhancing the improvement of the
durability on the surface contacting treatment water, an oxidizing agent, and organic
matter, Y, the ratio of the azo groups (molar equivalent of the azo groups / (molar
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surface 2b and then solidifies. The nenbrane-form ng solution, as shown in
Figure 1, spreads in the horizontal direction after reaching the recesses
2d, and consequently it can hardly reach the convex surface 2c. [0053]
10l n the porous support 2, if the back-side surface is coarse, the
recesses 2d may be forned also on the front-side surface 2a as shown
schematically in Figu ve when the recesses_are forne on bot h
the front Svelahal &lﬁ B%RH@I?‘ SFPUP%*F‘? deguivalent pfae az @RgPH) 9 t he
porous support 2 decrease rn th st.rengt h of the separatlon

[
menbr ane d f%%gﬁﬁel%ﬁﬁfe? V@”g?’ m¥ &ﬁpe iget &y G H?*?he 15por ous
support 2 |s pre bly snooth 00 urt her t her aspect of
t he porous Yé%ﬁ £ﬁ§@¥%§“%m569P&€ ﬁﬂ%ﬁﬂ?FSEEBQ m@ﬂﬁ$ﬁ gﬁ%??%glly in
Fi gure 3, tinct recegﬁes are nﬁ BRBE on t he back-si de surface 2b,
and the déﬁgaf9¥BW1?H AOSTRPSVLY BGESUH ARG the density on the front

si de. 20qu§%@h an aspect, the sane effect as in the above-descri bed case
wher et he sses are forned can be obtained. [0055] Thus, the
menbr ane- f or m Iled on the.frant .si.de..of the porous support
2 perneat es th?%&él?“ﬁ’l’@“ﬁ‘bp cessviflpoy bedesprisd iR4Eily 2 | ow back- si de

density 25 Oghﬁreinafter referred to as a coarse |layer) and then
sol i di fi est®®FHe menbr ane- forning solution as shown in Figure 3, spreads

consequent |y 1 (EarP e G Bf pobERERINE B SRR i foaliiop 27, .
enbr ane- 157 Iﬁ%ﬂﬁ%ﬁ? e eﬁ‘i@é%ﬂ'éﬂ%‘éﬁ%f%% s S0 pmales by ng

ol i 11 ec v B Pl rab B g e Reniche PR pE’Hﬁ% P ana.
32?2328 Sbgaﬁé%tlgg@%%g 'ta_llllc? water—1mrmscnl§8% }cl S}Slvef’nps%blﬂgo% aﬁlﬂgéaleb et ween the

e porous supp or a er econes At this
time, the gontact .eff f the
above- descr%l()Be'(r:In eml% fpo&yl{é@%“ﬁﬁ%&c%@ﬁ%ﬁ%g? &%gndl%{}%gﬁl}{%e%ogg{lg &%ﬁ ?Iﬁ primry
aromatic 10a foms a dlazonlun1salt or derivatives thereof
is S|gn|f|can y ?ﬁ%ﬂgé%ﬁgg$he reason for this, although not clear, is
bel i eved Hﬁ Eﬁ due to the change in the state of preservation of various
reagents i e functi onal Iayer resulting fromthe change in interna

regibh from ¢ nel skt REe Kha@ihe pilpRAbicha AT B ARRCERL d 1 "
total thi Cdﬁ@g Q@va%hps%flvétﬁ{g cro?l agrggﬁ g?lgfﬁﬁﬁﬁoﬁal gmﬁ%ﬁgdés' nc’% 5(1%92[11?@5 s

preferably e average density In the region

fromthe ' lf(:ﬁﬂ}e St&ﬁ@ﬂm& & fla 8919301992{@@3 ?%ﬁ&%soﬁ&n@%ﬂ%&bﬁ%t ot al

t hi ckness ere erre 0 as t-side régio en the
average delngéeh}.{s, E;Lﬂ'fatc%tsj? gﬁci(arﬁioc}?dants as long as the reaction between the two

components is not impeded.

20 [0045]

In the present invention, the porous support mentbrane is used to support the
separating functional polyamide layer. Although the constitution of the porous
support membrane is not particularly restricted, preferred examples of the porous
support membrane include, for example, a polysulfone support membrane reinforced

25 with fabric.  Although the pore size and the number of pores of the porous support
- membrane are not particularly restricted, preferred is a support membrane having

uniform micropores or micropores gradually increasing in size from one side to the
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20region is not nore than 90% of the average density in the front-side
regi on, occurrence of defects on the separation nenbrane due to the

menbr ane-fornming solution that has reached the back-side surface and
solidified can be prevented. The average density in the back-side region
is nore preferably not nore than 80% and still nore preferably not nore
than 70% of .t he average density int %ﬁLrQnt-ikde,ZSre ion. \Wen the
average defeisids ap LA %S?%U$ ¢ 8760k the BUCOPHER IS5Mt 810 f8aver age
density in @&e fr nt-s'dej; gionp the strength of the separation nmenbrane
is high ThY 3t fgest @ﬁ§?ﬁ§ PPF & back-side region is nore preferably
not | ess tﬂgﬂ 15% and still nore preferably not |ess than 30% of the
aver age de |§b in the front-side region. [0058] Average density herein
refers to the pgrcentage of a cross-sectignal area of. the or,ous, support
b measur emen N EGP G BBPH GBI SRIh G AreeH ArQe” SR PG

%iof a
cross_sectijon taken per

i cul h. f f th , b
o025 s2°F [ | RSAERBEIhHLA Bl S AR B tegSiotoper
di vi di t he. - i I f t t h f th
RN e S T e e N
th i ti 1 th t | f er.ah t toth
e preen] o REPAL O BB SRR AL BT Pl R L e

total thic t hat | t he back-si de W8] ence "extends to
t he backl-s%éi@&?%%"a@%‘éel‘f%mg:ﬁf%?%scg{%%\%é&é)‘?E%Ur%r’g ir ane-fo;(m' ngS

sol ution, &}hﬂgugh havi ng reached t he back-side region, has not reached
t he 15back-9| surface 2b and has solidified. Wen the porous support

| ay ef o X tends t ﬁa%erﬁ%ls?u%g&fnstihg §(S)lro§g %lg[ﬂ)ro?tfrg&gﬁrgﬂ%) Lsgl'l’)g 8%9&3{1% lin{i{é

adhesiveness between e poro rous s ppor?’layer | a

becomes Nt gl rAW.BBR! ARSmbASHIPL AR RIHRE L AAbIER DI ERAR RPN L he

surface of ve-descri n containing a conpou reacts

W th pri @M@ﬂ@ié&i@ﬂdﬁﬁe 9?{%‘“&% i til&regf%ﬁ tFlggfé% rBe%&;Zrlsotwegér

derivativ I'sS” s gni antly 1 nproved. a pérous

support of ' 1 I . tih i r$8.:Pack side are
used. The %%?ﬁgghgﬁﬁggbgﬁﬁﬁﬁgH%%@ﬁgéﬂ%gfgﬁéLEg%gg%?af%ﬁﬁﬁgf%rabIy, but not

limted to fersg;g%n&ﬁ. i @P%%ﬁsz{;hgg]&gg@ggle?m%n A@%ijs&é fgd to

pressure-h%g rocess a nonwove bric, it is preferable
R T e I A
polyester fabric or a nonwoven fabric to a substantially uniform thickness and
subjected to wet coagulation in an aqueous solution containing 2% by weight of
DMF, whereby a preferred porous support membrane having micropores with a
diameter of a few tens of nm or less at most of the surface can be obtained.
20 [0048]
Further, in the porous support membrane, it is preferred that a porous support
layer be formed on a porous support and that the above-described porous support
layer extend into the above-described porous support.
[0049]
25 | Examples of the porous support include, for example, a woven fabric,
nonwoven fabric, and net made of polyester, polypropylene, polyethylene, polyamide,

or the like, and a nonwoven fabric is suitably used in terms of film-forming
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[ 0061] Exanpl es of the pressure-heat processing include enbossing
and cal enderi ng. Wen cal endering is used, the snoothness of the porous
support can be controlled by adjusting the surface tenperature of two
rolls that sandw ch the porous support, the 5clanping force of these
rolls, and the transfer rate of the porous support, that is, the pressing

time. The high th f t t f t I he..l o th
(e T N AR RS SRSBLNLE Rbhsiokie gt Bhubaprer ("

t. B t t, I th f t t f.t | 1 d
A By TR AT R
th t. | t h , 0 t.,.t hat. i f d
e por o SRR BBk PGS R ARG B 8

bt ai ned tt.jng,th ture of th |1, t hat tacts th
back. 51 de BPFEdbeafeRe R be il poufold s Rt Feebper at ur e of
th Il that s, 1. front-sid f tti h tact ti
of e, rol MOVTREERE Btk o B APk R Mot Rh B LR PP SRR cer
t han the cpptact Ehﬂ% i.t.h %R$f15front-sid ce. en enbossing is

| Movi Or Improv, C a%l“clzrf A55e iW]. .
used, a porous s ort tHAE 'S pr%?erré%m?or {ﬁepggﬁ%g%lte sem per neabl e
menbr ane ?QF present invention can be obtained by contacting rolls
provi ded eir surface with irregularities with the back-side surface
of the porous Sﬂglgr%rlts'ch%(ﬁ%%%# % ds%a{egg?%%ﬁﬁeﬁ%é? ret &t od %%ér%%?l orl'® mbrane of

t he present invertion, ckness us su preferably

the 1 i chnaguapdy dFRESrchaSufiin APALRET, PRBt) AR e BRab ol 8o T he
aehbed. AN A U AREAPEEL AT PO 20 wPBIRLERERARCT T (e
uppor - prayarianPySp: BBk (B0 rRbi2, e Rl b 55110 1

the range rﬁémﬂrahé’l@?btaih@%@&%ﬁ@y{ngfarrh br’iﬁ%rﬂ{?ﬁ%% 0\ tﬁé’}r;&%hé)” not to

reach the convex surface el1ably soli in the recesses 2d by

i ncreasin f k- gi.de
?s#g&%‘t ngxg{:}{]ﬁ Bfthd AEn GEESRERe 9N of ﬂlﬁSBﬂfug EW%& %ﬁ%&eiﬁ%%ire

surface, ness 1s preferably not re ef erably

not nore tPanedshidioddolBRy. P %Wﬁi@e s, ﬁi%tm&ﬂ?ﬁl}é-?&ﬂﬁé%sémi@ the other

hand, in order not to increase t rane thickness dto elimnate the

possidbilit %@p@ r.af BB I anpl e,
dur?%g mﬁﬁ%?%g?&% e |??§§ﬁ?§%®?ﬁ%s on Egﬁﬁ%%gﬁgﬁgﬁgg%gﬁmﬁggEﬁs?de surface

damage t hesoﬂﬁﬁiéﬁ.an@oﬁ\éflﬁ&%%{ @lfe ggnﬁlg@%n@mg;erqar&feﬁaé o ﬁr%?gf&@e’ the

snoot hness 1s preferab s than 1 10nore preferably not |ess

than 3 s, APFLA®St ARGRS SR dipPot 2! L5 obd@lppdrt havib@ A&Bhrse back side is

preferably used. In one aspect of the porous support having a coarse back side, as

shown in Figure 1, a large number of recesses 2d are formed on a back-side surface
20 2b.

[0051]

In the aspect shown in Figure 1, a large number of the recesses 2d are
dispersedly formed on the back-side surface 2b of the porous support 2, and the
porous support layer 1a extends to the recesses 2d at the back-side surface 2b of the

25 porous support 2 and is anchored to the recesses 2d. The sentence "extends to the
recesses at the back-side surface and is anchored to the recesses” means the situation
where the membrane-forming solution, although having reached the recesses 2d, has
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In coating the porous support nenbrane surface wth an agueous sol ution
contai ni ng pol yfunctional primary aromatic amnes, the surface is
preferably coated with the agueous solution uniformy and conti nuously,
and coating may be carried 150ut by known means for coating, for exanple,
coating of the porous support nenbrane surface with the agueous sol ution,

i mrersion of th or . inth | ut.i dth
ke 1 Sl Spmbex SRS deo Rito 8 pHEaiE sBBIE S TredBik MeB adcous

sol ution b%%a gn?ining process. Exanpl es of nmethods of draining the
sol uti on i MSISGEETeEor “exanpl e, hol di ng the nenbrane surface 20vertically
for gravité)g#ﬁma and the |like. After the draining, the nenbrane surface
may be dri 8 renove all or a portion of the water of the aqueous

| ution. Th fter, th boye- ment | d_ofr.gani | yent '
cont ai ni ng pol y PURCEF Bt AR K TS b ERFr AT ALty ROE SRS CUopor

nb t ith t | ut.i t.al.ni ct I
or i ooy ar Qe et vgne aun Sk ORI AR AL 2T g
aqucous. scTtEroth Bk Pa SPGBy T T Er osEiRluie s ARANR TR ", (e

f bly, 0.1 to. 20% b ' 5 . : 9 i ght.
Poo6e] Al haBgrtEnaR ety b e RioEhRh Betbiiot 2 tnd Gyt 7 7
particylarﬂ¥w§&§§1Q%&%ggéCnﬁggkﬁﬂgm%kandpoint of achieving sufficient
formation 6 a separa |ng‘?unct|onal [ayer that serves as an active |ayer

to thereby(ﬁ§3free of defects and, at the sane tinme, avoiding excessive
concentratﬁon:ko t her eby be advantageous also in ternms of cost, preferred

I's apout 0.01 t;g 4l gé’{%esvs %@LHW, ifl e AL EAR SRl uenL tggmagsem 4

removal of the ord% i ¢ sofvent”after the reaction can be carried out,

10t or exa.n[?el ﬁrm?&/ alrsg'gn ! _ARSGEL0E5, ésrkhtlﬁggéieﬁﬁazi%ﬁlfh E?g%gbbe i ke.

Further, it 1s nore preterable to contact t separati'ng tional |ayer

after the I j i 1 | 4td on
Cont ai ni ng AP hARLOLERELE R do i of BAR HORH ARG the Bhcf 21 1

sem per meapl g, FEMAE @G&g&l@HPth%%}o?&ﬁgq 2 B&rdnSURhEH fth AR s@BighBed to the

subsequent treatnent process, eferable to renove unreacted residue

bef or et heysubieftohMembiGhe SXARLE, B MGRMHE G0t §lle WRTRE 2aldf ticS

preferable to renove remal ni ng am no conpounds and the |ike by washing the

nmenby ane w%ﬁgwﬁﬁéﬁ&iﬂhg éﬁﬂgﬁﬁgﬁﬁgg@ of 30, to 100C. The washing can be

per formed by i sing the nmenbrane in the water within the
above-deSCﬁbgﬂd

Further, in another aspect of the porous support having a coarse back side, as
shown schematically in Figure 3, distinct recesses are not formed on the back-side
surface 2b, and the density on the back side is lower than the density on the front side.

20 In such an aspect, the same effect as in the above-described case where the recesses
are formed can be obtained.
{00551

Thus, the membrane-forming solution applied on the front side of the porous

support 2 permeates through the holes 2e to a layer 2f having a low back-side density
25 (hereinafter referred to as a coarse layer) and then solidifies. The membrane-

forming solution, as shown in Figure 3, spreads in the horizontal direction after

reaching the coarse layer 2f, and consequently it can hardly reach the back-side
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20t enperature range or spraying water. When the tenperature of the water
used is in the above-described preferred range, the perneate flow rate can
be mai nt ai ned hi gh because am no conpounds do not rermain in the conposite
sem per nmeabl e nenbrane, and the perneate flowrate will not be | ow because
heat shrink of the nmenbrane will not occur. Further, it is preferable to

thereafter performyarious post-tre nts as 25required. [0068] .Then, by
t he modi fi ¥&RFSHAD-pr DisdereaocqusreReg %ﬂse{'m??ég %‘bﬁ‘ﬁﬁ@?af%l §éﬂ?"g‘%ﬁ4’fég'fﬁ % Peenbr ane
produced by the ahove-nenti.oned t ho h rocess .of fqrm. n_a porous
D pport nebRbReSdos At otk v Paet Updebkannatisyend satdfed R Fom

t he pol ycondensati on reaction of polyfunctional primry aronatic am nes
with pol yfRFEEYEHES acid halides) is then contacted with a sol ution

containing(ﬁ ﬁﬁnpound S5that reacts with primary am no groups in the
separating[ 3kt i onal pol yam de | ayer and forns a di azoniumsalt or

' thes processuriif medig ot iansafiistl Bt eI o ought 1 nt o
cal't or detbitieiagivhof anf ety Bat8IRAPE bselfeomound
R P R
th(rarp whol esl%lgﬁ“po‘gﬁhésqggﬁi %??}}Lg{%% leﬁ%%ﬁgﬁ?%ﬁéﬁ%e@ﬁ%nggﬁn%gﬁns&?@% (%J%n af‘tg er
the back® stprase rPre i FullpindiasoiBbhd befleal MEIFRET sl (T ho
EIERR e M W e R e
weh pri mPraho 1 saReP LG5 Syotlh BRI S RRcd NP 4B EE [ 00e

}[,"hte; gg{/l | gc lfg%%{ n Cﬁlé) Lta )%?%Pésgfvaﬂ%ﬁ LPURAE ké?iﬁ@l?ﬂ irPthe Mctibﬂzlﬁg e; resﬁﬂﬁilga

n an e 'solution used | e present ntion rs

pref er abl ye. a0 AAUERNS: SRl AITIAE 685 AGR hOGuAgueous sol ution of

nitrous acid and rosyl conpound readi [y generate gas and deconpose,
it is pref@bggﬁe to sequentially generate nitrous acid by the reaction,
for exanpl's, nitrite wwth an acidic solution. 25In general, nitrite

genefates nitr gﬂfe %%a%g ﬁg}%é& aenﬂ(’igi%gtﬂdﬁgtﬁ@b%&—gmg LRGRR JrafSporgitd the

generation is Icie en the pH of an aqueous solution is 7

or |over, ﬁ{gg{}‘s? {80 o Ik%rto%:?ﬁg%k Iewef@{aﬁepfe?ébr@dﬁg LY ift HAEKsRMGEg ooV e

all, an aqu ~ solution ot nitrite obtained by the reaction with
hydrochl Orily (fbré’:}&'aglyqﬁ tlﬁ:%lflé{ar 4155 to 90% of the average density in the region from the

front-side surface of the porous support to 50% of the total thickness (hereinafter
referred to as the front-side region). When the average density in the back-side

20 region is not more than 90% of the average density in the front-side fegion,
occurrence of defects on the separation membrane due to the membrane-forming
solution that has reached the back-side surface and solidified can be prevented. The
average density in the back-side region is more preferably not more than 80%, and
still more preferably not more than 70% of the average density in the front-side

25 region. When the average density in the back-side region is not less than 5% of the
average density in the front-side region, the strength of the separation membrane is
high. The average density in the back-side region is more preferably not less than
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acid in an aqueous solution is particularly preferred in ternms of.
conveni ence in handling. [0070] 5In the nodification process A of the
present invention, the concentration of nitrous acid or nitrite in the
above-descri bed conmpound solution that reacts with primary am no groups
and fornms a diazoniumsalt or derivatives thereof is preferably in the
range of 0 tq 1% by weight at 20C., W.,thi his preferred range, a
G ci ent 1 eaR0istl maire Baere “BE%S%?‘QMQ%,&&{‘. VA AEOU R U TR ¢ i 1

not be difficulf 10to handl e the sol uti on because the concentration i s not

t oo hi gh. J€fOFECL The tenperature of the nitrous acid solution is
preferably é? to 45C. Wthin this tenperature range, the reaction wll
not take tid ch tinme, and at the sane tinme the handling will not be

difficult because the,te ratur igh to 15%cc | erate, t he

i,s ot too h
deconposi ti on V‘?ﬁ?%er%?&? atig rf%fﬁﬁ]tﬁe perf’en?aﬁﬁé) ESRPEET MW th T he
L b 2
A short 20t prEdRRer et A R o T Ebu SR B W R The
befor o1 odidh BRI ERe o DSl ol B bl A APt B BaEe,
Co 10, m nuteboiiee B S bR By SrR Sk s b RO ERER ) ot i avent on. i n

addition t 0 bj ecting the conposite sem perneabl e nenbrane to the
above- des |%§d nodi fication process A, subjecting, subsequently or

Si aneously, Lfj | i LGH.L osite
senmqpéer nmeabl e r%tr%%er (%)nqﬁ«;p(}qgg %%%@%%glﬁhgﬁﬁgﬁggf %1? ip\é%%%tgﬁ%%ﬁﬁfl%ggg r eagent
havi ng reactj vit ' di j QL | ound
havi ng poﬂ%?ﬁﬁ%?%%%%Fggﬁ%%%ﬁﬁﬁp%§%?%§§Pﬁaégﬁgéﬁﬁﬁﬂ%ﬁﬁgggggkﬁﬁﬁgg?ne,
al l ows i i i | P enre al

o oper t 1 oand Sy bok TR o MAERRHAERNAC AT e FRIRIEER SRS o

the reactigp .ple ’t&%ng% \ﬁ))étﬁ@ ?)ﬁ(ﬁ%—ﬂgé lr"’%g(ﬁfm' Heink ﬁletsﬂﬁatm?lddvlfléég flel PO PaREess A

with the reagent 1nvo Ification process such as an

aromat i C[ gtggﬁ_s}i\g%gmﬁaﬂj NoBR ¥{HRELehORA P PERAAL P! ot HaOkHASHOT ami no

gr oups.
15 back-side surface 2b and has solidified. When the porous support layer extends to

the back-side region of the porous support, the adhesiveness between the porous

support 2 and the porous support layer 1a becomes high, and besides the contact

effect between the membrane and the surface of the above-described solution

containing a compound that reacts with primary aromatic amino groups and forms a
20 diazonium salt or derivatives thereof is significantly improved.

[0060]

As a porous support of the present invention, those having a coarse back side
arc used. The method of producing such a porous support is preferably, but not
limited to, a method in which a porous support is subjected to pressure-heat

25 processing. When using a nonwoven fabric, it is preferable in terms of productivity
and cost to coarsely process the back side by pressure-heat processing during the
production of the nonwoven fabric.
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10Further, in the present invention, the desired effect can be obtai ned

al so by perform ng the above-described nodification process B in advance
to hold by adsorption an aromati c conpound havi ng pol yfuncti onal phenolic
hydr oxyl groups or am no groups onto a conposite sem perneabl e nmenbr ane,
and then performng the nodification process Ato react the diazoniumsalt
formed with the adsor bi ng reagent 15having reactivity with the diazonittm
sal't, suchl%8&lhn aromati c conpound having pol yfunctional phenolic hydroxyl

groups or an ar natlc am ne. [0075 . The pres nt i nvent or
Pntensi vel y st UHEBPIELOIINE Bisg -?ﬁ%ttpm%ﬁs%mallﬁ B AR ORSHAG € wo

I h , ef th
SBpZF;?uﬁc SharIcaRamaIY bsch, B Sippl %ﬁ%ﬁﬁ qmasr%%p&? 0T emdielsd Brat i ¢
am ne, osite se er meabl e a const ant ate flo
fate due t ﬁ?@%ﬁwf%fﬂ}cgwr&ﬂewt IS BN iR S RBBRTE T ar ony
t I I bet
Pemoual pr Oibiedsies? %wﬁgﬁﬁtﬁ?ﬁm at e Ry BPBTEAS e e

b d. 25 f th h

"rvent - on FRevtEneonTERAE G ot RO iR e oo
h | d

S et hyl pyFGHAT I‘%I%S""Olﬂﬁ'%hgg%lbﬁ R %I&%"ﬁff?fepﬁf W B3R P 2

di met hyl phl eth | |

gl ate, p. @%ﬁ%p%'lﬂ‘%ﬁ ih?awfa&‘é%%ﬁpegﬂﬂ 8RB i ibe Sl ool ot

i soanyl at e trih nzao non

23 4 trim ?&%ﬁ%{%’rﬁh@ﬁaﬂ er%f*’%?%%cgfbfﬁw&r%wm%I dBihgs words. a

j got ;: I’ﬁ} ‘6%(%;‘ %Iﬁ%geh df%i‘rﬁggor[{g% ?(ﬁrhf;,(p drsgn),(%)benz ideh grahe of the
rfhgd? SR Ty R R S s seiblp R R PURERTT R ralt Gl BBt > 4
j 6- tr Itggg? qﬁx%h‘? l%lrJFa% of He QRS saﬁ[? %ﬁgﬁ} thgﬁ ﬁieQetfifyérQ%ger FHogsroat e,

odi oglhucin oxy

1
e hal oERed c{‘s%afrﬁffrgs‘iéfnapﬁa[ ok b rﬂag@h% ﬁn&att{nm%@mmmpehenone

| enétri o
triRydr oxvrd an Hﬂﬁh@ Groud s n%ugﬁ&ﬁ99¥ﬂ_ X YRR LRRGNEhe

1,2, 3-anthraceénetrio nar n (E,‘I’]Ilﬁj,p nari ng enl nc %/COI’]E,‘ quer cetin,

I i di
beon in. el S‘MI@%IO V*efﬁ%fﬁ%hac. i H%Idah gious St %‘III*IQII‘%@I%;I‘I. din,
cat echin, il ﬁﬁh@ﬁ pm%p%mqgagé &%%?&Iydm &i{ ﬁl%gh I%Inlb%to%

eplgalloca aronatlc ‘am es such as opheny ene anine,

h I
N Al Ky at SO %%Hs%r‘ﬁI’?any FRgH g ﬁ‘%)f?’eg?{%‘l?*%?‘h@ﬁ’mx%%éhﬁz.ﬁ.r ne,
3- am no- L'%%ﬁgébﬂﬁﬁﬁgﬁﬁgkgﬁﬁ dhydroxybenzhydra2|de 3-

20hydr oxy- ynur eni ne i am nohydr oqui none, 1, 5-di arni no-4, 8-
dihydroxyggg@iPQU|none 4, 6-di am noresorcinol, Bismarck brown Y, Bisnmarck
brown R azodi aniline, 2,4- dlanlnoazobenzene p- ethoxychrysoidine,

chyag,ne 1. 8005 ¥y kB gL et R venion e
4 ( 3, 5- di b, AfiResg P Yile! ﬁ%&lﬁzs(ﬁ%)p(;rt i)é ]_‘Rgli%%ll)efﬁetﬂé ?zﬂg@ &f 4t fum to 150 pm, and

more preferably 40 um to 80 pm.  When the thickness of the porous support is in

3,
3,
2
t
2,
2,
6-
n
1,

bro
apht
3, 8-

this range, the strength of the separation membrane is high, and besides thinning of
| mérnbranes can be achieved. The thickness of the porous support is more
25 preferably in the range of 40 pm to 80 pum.
[0063]
The back-side surface of the porous support preferably has a smoothness,
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25am no- 2-ni trophenol, picram c acid, 2-am nophenol, 3-am nophenol,

4- am nophenol , 2-am no-4-chl orophenol, 4-sodi um am nosali cyl at e,

2- am no- 5-ni trophenol, 2- am no-4-nitrophenol,

1- am no- 2- napht hol - 4-sul foni ¢ acid, 3-hydroxyanthranilic acid,

2-am no- p-cresol, 2-hydroxy-4-methoxyaniline, 3-am no-2-naphthol, 4-
am nosalicylic acid, 5-am no cresol, 5-amnosalicylic acid,

2- ani no- 8- mafpfﬁf@cﬂcc‘@dﬁwpﬂlﬁ?@lb%ll@theﬁ%ﬁQfd-‘B—thaﬁphi%B‘f der7fog {1 oni ¢ aci d,
2-met hyl- 4- am no- 1- napht hol, 2- am no-4-chl oro 5-ni tro(?henql

2-ami no- 4- BAMbFAGEHRmERE solalion Befite reash dhe @Héfﬁ?f pfage 2c and to reliably
Shydroxy-5-ni trobenzenesul fonic acid, p-p ﬁ | azoani | i ne

2- ani noaz otobifE i thegecesias ey dpurasiitethe dept ?éfhedﬁFeA@S Oﬂt@‘b%‘l’f%s Orange 3,

4- (4' - am nophenyl azq) phenyl arsoni ¢ aci.d, %oiﬂﬂant Yel I , 4-am no-4' -

di met hyl anﬁlﬁﬁ@%éb@ﬁ%éﬁ@ﬂf%ﬁﬂhﬁ&ﬁ?ﬂ e%Sé%lee BAY Iaﬁfﬁt %ﬂl?ﬂi?am' ne,

sodi um 4- am_ngbenzene- 4 -sul fon g %ﬁ)l’t s thereof. Fur g}rﬁ haddl ng

sul fiPe t hefesably et ered @Opefaéé fn%%re erahly PRinors thpny ot qrrrpr oves

the reactivity of the reagent iLOO?

sol ubi | i t yhand: ierrder ngh tp ingesass Wm&x@g&h@#ﬂ%&ﬁtﬁﬁ%pﬁq rﬁ‘gﬁ%al | ol ,

phl orogl ucinol, gallic¢c acid, nmeth I al | et h al |l ate,
2,3, 4-t ri HarEhsy I5epREpR meRibgancs : Wﬂﬁ‘ygﬂi‘&%wﬁlén ing ‘alefiﬁl% they 4. 1

i o (e 6 O g s
oo o B S BRLA 20, 200 B8 B GE SE\afth
1,3, 5-1 b 4, 6-di k b Y,
et 0 S e o

20am nophefbﬁgﬂv4 sodi um am nosal i cyl ate, and der| vatives thereof are

preferred e all, mphenyl enedi am ne, 1, 3,5-triam nobenzene, and

b o e PR r%%?'s“ U b

Pe Used corprEnGRaap T At ey BRe s A FRADRRTL Feslll Figf " * =
pol yf unct | SRAPGRgRa B GR AR ERY Spa Py ea% Wﬁf*’%@ﬁ%#ﬁée?sa%a

oy bl L2 e, RS i, o 5
0 00eSe, B Mg g AT A TP S et U5 SLTARR, 2 10
o e B WSRO AL TR A B 9o ==
component Sex%)éstsgvae 3} e?p%h\é“d %&ueeotug g&gju()n {)39 9 ZI?eJmmg process. Examples of methods
| of draining the solution include, for example, holding the membrane surface
20 vertically for gravity flow, and the like.  After the draining, the membrane surface
may be dried to remove all or a portion of the water of the aqueous solution.
Thereafter, the above-mentioned organic solvent solution containing polyfunctional
acid hatides is applied to the porous support membrane coated with the aqueous
solution containing polyfunctional primary aromatic amines to cause a reaction for
25 forming a separating functional layer of cross-linked polyamide.
[0065]

The concentration the aqueous solution containing polyfunctional primary
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In general, a diazoniumsalt and a conpound havi ng phenol hydroxyl groups
react efficiently under neutral to al kaline conditions. In the present
invention, it is 10preferable to carry out the reaction under conditions
of pl4 7 or nore, and further, it is preferable to carry out the reaction
in an aqueous solution in order to obtain a stable perfornmance exhibition
effect. [0080].In the.nodifica n ess in the t ion, the
met hod of HBBHT ABIERG Ig&%?ﬁ"@f@&ﬁ QJ/‘&H' W%{ﬁlgv%ndd‘gg?rq%%%@%@' ?rtk) ﬁg(}%l n the
conposite senlggrneable menbrane is not particularly limted For exanple,
i mrer si on Bf whol e conposite sem perneabl e nmenbrane .in the solution of
t he conpog%ﬂ‘%r spraying of the solution of the conpound may be used, and
the met hod"P&hot limted as | ong as the diazoniumsalt in the conposite

i bl d .20 d
Eg;ﬂp(rfg%gz ﬁgei‘ Bl gt :EPYE In hae rﬂiéfl??ﬁg%eﬁdg §:Péﬂ‘.%ﬁ‘iq%%5’f o
er f or mance,
WPS pr ef'GPEBI 1Ilog g%“?%%?%ﬁ?ﬁé’%%ﬂ?? h l?le{l%gr%%tﬁo%ouﬁe ér?lpn romthe
front surf¢Cﬁx§%£b§%65§ngo§é%§ Se?%eii”F&the EPE%QSfd&ggerék%ﬁﬂge

concent r at'"8 aqu ous roni1s pre not | ess
than 001% and t he. te t t han 15C.
| Cases tedtday elgwgeemcess Y STRERGhtibEd tﬁarf@%féeeé%r Anfhglfls i | 000

I ffi t ff t o t h
the above- %ﬁg S bepdfe %%wﬁ@[@otﬁq?%f?%%? 5‘*‘5%?%% R ot orrod
for . obt ai m S L Itgnll(()avr%l 81%%& fl\ffe%?ﬁft r[ﬂ%)t%al,tlo 8 t %t

sen use

senlperneéﬁ ne of I'nvention can for exanpl e,

tor fgg%}mm e U é%}% e%l &Hﬁh)eashg !115‘95 TMG: éftﬁé llﬁgd %PIIPI nmatter

and ECUF nces ereo alne wat er at an operatlng

pressure of 9. p%ef%&bﬂeqo Rfiract BOS3ard dhot ti%ﬁsi kol tetg,e&érﬂ&a; fifae form of

t he conp05|?e Sem ernea rane 'S not and 1t may be a
hol Fow i b m{{sgﬁmﬂﬂe&fr b@dBL@J R A06on EHiAiRRE pob/iindiBiAildnflesc OMPOS { &
sem per nea FRNDbY ane obt ai hed by the present v tion forns an el enent .
and a nDdHL ﬁwen used for liquid separation, and the formmy be, for
exanpl e, t not limted to, nodular or spiral. Exanples

Although the composite semipermeable membrane thus obtained may be

15 subjected as obtained to the subsequent treatment process, it is preferable to remove
unreacted residue before the subjection, for example, by washing with water. Itis
preferable to remove remaining amino compounds and the like by washing the
membrane with water within the range of 30 to 100°C.  The washing can be
performed by immersing the membrane in the water within the above-described

20 temperature range or spraying water. When the temperature of the water used is in
the above-described preferred range, the permeate flow rate can be maintained high
because amino compounds do not remain in the composite semipermeable membrane,
and the permeate flow rate will not be low because heat shrink of the membrane will
not occur. Further, it is preferable to thereafter perform various post-freatments as

25 required.

[0068]
Then, by the modification process A, in which the composite semipermeable
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15[ 0084] The present invention will now be described in nore detail
by way of exanples, but the present invention is not limted to these
exanpl es. Each evaluation data of the nmenbrane was determined fromthe
foll owi ng equati on by neasuring the salt concentration of perneate water
when the sea water adjusted to a 20tenperature of 25C and a pH of 6.5

Tot al Di I dSI'd TDS t.rat t 3.5%..b

Concont r at PEROTE S@b%ﬁﬁ%ab&gé‘%%ﬁa&%@'rﬁ%h%cﬁﬁv"%wwﬁegs gcg%ﬁ.é’g@orm 5.5 MPa.

[ 0085] Salt .renoval lﬂg'@ ! amé%tlt con at |ﬂon in

per meat e wWaEry Supp?gﬂefnbf%‘teo%%@é’ 18% ippa fp«glé’ aYgrye %2‘ g e The

Vet per meBOEPae B SALIOTO Lo Pt REP e R pR et (g O

n8/ n2/ d 0086 det d f

ol l owi @%ﬂx@%ﬁma&m%@r@"ﬁgﬂﬁ ?‘l‘éagfgnm?mo S%%nﬁaﬁﬂ”w%efcgg@% er and
t | CP ) Bor

Penoval r et eosts WA o s aoi SRk mRiba R, hier el Pskmids 59 bor on

concentratélugjfr}ol n feed water out relative

eval uati on AS? pRFY PRt }§é8’?vagwg§gle]f‘?é’ﬁbarua%§“m% ﬁ%é)% C%ﬁlgg't“éesf low ratio
dth { t { 10 f
an ¢ ey ng"% Sndd? %g{li?g%ﬁ' Ve LG ful 80?18% E:%ﬁ‘peen?lgéblé’*gn@%%?ﬁl% 0

Ref er ence té%% re use ormance

conpari son, &)g? gﬁ fn'h ggcl)nllg%jlc’t %ﬁﬁ]ﬂ@ ?(?hrlrg@ﬁ gontzh&*% aacto}n?)S@tg(gﬁhtap]%rﬁﬁ gDvaI rate

ratio were ovmngeua

E’SEO”ﬁS‘a?aI G & PR TRt Pr iR b R B R Gl 2"
Gl | vietudeifu i %zelfes%mr SR APE Ppletof Rl e@ﬁﬂﬂi‘@e"hﬁ&‘iﬂw The
at Zeﬁhinf AR eorr Rl ?@gmg’b?réﬁflﬁégﬁﬁ eoofhd Sor%gﬁ‘?%&?ﬁ@?%‘c?eé' to
various 2001 Gal IR Sl Pt We ki N REGP Aetuld QU A0 sl Biplufablir €, 11

means t hat e per rrea ow Tat en I NCrea e renoval rate

ratio s a,eNandein FERORRSAC S Ald: A blddt fEIRYAL b SiaaRRAubAt reat ed.

COI’TpOSI te sem per nea ane 1's su j ect rious treatnents, and

when the rgompy a{el@@ah%ofuﬁbh o I HacPSurtRs $the 'H sd?ﬁ@é)sslciehﬂﬁy bdEscteimMaE rate

has been increas
15 method is not limited as long as the compound solution contacts only the front

surface of the separating functional layer.
[0069]
Examples of the compound used in the modification process A of the present
invention that reacts with primary amino groups and forms a diazonium salt or
20 derivatives thereof include, for example, nitrous acid and a salt thereof, and a nitrosyl
compound, and the solution used in the present invention is preferably an aqueous
solution thereof.  Since the aqueous solution of nitrous acid and a nitrosyl
compound readily generate gas and decompose, it is preferable to sequentially
generate nitrous acid by the reaction, for example, of nitrite with an acidic solution.
25 In general, nitrite generates nitrous acid (HNO») by reacting with hydrogen ions, and
the generation is efficient at 20°C and when the pH of an aqueous solution is 7 or
lower, preferably 5 or lower, and more preferably 4 or lower. Above all, an aqueous
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25[ 0089] The amount of functional groups in the separating
functional polyam de |ayer was quantitatively determ ned by using the

el ectron spectroscopy for chem cal 30 anal ysis (ESCA). The concentration
of am no groups such as prinmary am nes and secondary am nes, the
concentration of phenolic hydroxyl groups, and the concentration of ,
carboxy groups were determ ned, b - phase chem cal .nodi ficati.en nethod
using a |l a ‘ﬁ#ﬁdﬂﬁééﬁgﬂpﬁnﬂggﬁﬂpéﬁgﬁﬁﬁ%a 85@?@%&“@8@%@5%?% P%%%ﬁ?ﬁldehyde
was used for_primary am pes, .and .trifl uoroacetic anhydride was used for
phenol i ¢ H%H#gkyﬁa %ﬁﬁﬁ@ﬂgﬁa1%WFH8ﬂ§¢%B§§?“%GB§@PSﬁ£¥3‘W&wﬂgﬁgurenent of

the distriputjon of the amount of functional groups in the thickness
directionJ%¥ﬂLﬂ% separating functional polyan de |ayer, only the
1OSeparati@ﬂ 6unctiona| pol yam de | ayer was taken out fromthe conposite
sem per nea &henbrane to provi de an extracting fiunctional |ayer, and the
nct i onal urface idefof t he

ti f ti cul f t f {-
ERN NI I TR R R e
OEPOST & Ll 7B PRl SRR RO R o ke

det er mi nat' U nyl enédi an ne in the

T in 50 goapeeeRiorrer sty & et BERP RE TR Mt Kb BT R OF
Lt cknoss BPS RBERLE G0k & iAar PO Ra pQecr W SRR ogpe p'60 15 o
cur f aces. vag gEpdeTRl T Eh he BblaRg, A A e I SN Tp B FRARP

Gl hke w OheR Al o fordhe RS e B oM 00 GTBELE0E T, e m o omet o7

was placedﬂ)ggﬁ vi bration-proofing horizontal plane, and a neasurenent
sanpl e was §| ed between the pressing surfaces of the mcroneter. The

movabl e pressi est'é{ll];)%%ﬁlrg\@Pth%%%&IS%@%(%OI&EJH%& ﬁreg%atklgég‘é /A5 001 | over, and

the pressure betweeén‘the pressing surfaces was 1
Within this temperature range, the reaction will not take too much time, and at the

same time the handling will not be difficult because the temperature is not too high to
15 accelerate the decomposition of nitrous acid.
[0072]

The contact time with the nitroﬁs acid solution is preferably the time during
which a diazonium salt is generated; the treatment can be carried out in a short time
at a high concentration, but it requires a long time at a low concentration. A short

20 | time treatment at a high concentration is desirable from the standpoint of preventing
the diazonium salt from reacting with water before reaction with a compound
reactive with the diazonium salt. For example, in the case of a nitrous acid solution
of 2000 mg/L, 30 seconds to 10 minutes is preferred.

[0073]

25 Further, in the present invention, in addition fo subjecting the composite
semipermeable membrane to the above-described modification process A, subjecting,
subsequently or simultaneously, to the modification process B in which the
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Upon confirm ng that the neasurenent sanple was hel d between the pressing
surfaces, the value was read out imedi ately after stabilization.
Measurenents were nmade at 20 points, and the nean val ue was taken as.the
t hi ckness. 5[ 0093] The average density in the porous support was
measured as described bel ow. The porous support was cut perpendicular to

t he surface, and a photograph of the cross section was taken with a |ight
ni cr oscopecarpasiteragmiptinesgbleonembrage Fowntacked it SPHEIpERRNE dken, an

i mmge of the porous support was transferred to a sheet of 10pl ain paper by
traci ng. |¥agdnéhiviagecacvity With arliaspaamssalt sicd a5 Al ANRAISLORPSIRE sur face of
t he porous support were sandwi ched between two parallel straight |ines.
The two pakavingpolyfupeionahpfieaglic Aydrord sowistor an gongiicpauee. 3H8VE he back- si de
surface were drawn so as to contact the nost projecting portion of the
front - si delMIPYIAS EOMREMOVHPRRRIRSS i nsybrlapelecle spusial papgrticerlich fswo
parallel |ines were drawn perpendi cul to the 15t arallel lines

i ndi cat i ngPreksgrely ohhisds %ngﬁﬁdée&eéﬁﬁﬁrﬁﬁé’%m@@w&g%é@rélwlgﬂdaif n such a
manner that the space therebetween wa hree ti.nes the space. between the
two par al | ®rmed jeide modificatiph gracass fémﬁ&éﬂgrﬁ’&ge@m@‘@@ g ‘E’Hg‘ﬁgﬁ%‘?& si de
surface. The rectangul ar regi.on encl osed.b se, four strajght Lines was
t aken as tﬁécﬁ&wgﬁ%?ﬂ arpo, 18ﬁ9mPﬂ‘énC€]fi"<¥b‘Eg @’r?n?@e ﬁﬁgh%gPWli nes
indicating the front-side surface and 20 the back-side surface was taken
as the tot#PURHTAHESEYP5t he porous support. Then, right in the mddle of

t he above-ﬁ)ﬁ%&ri bed two parallel lines indicating the front-side surface
and the balck‘si de surface, a straight Iine parallel to the surfaces, that

is, th t i A d . In th eAas. )t i .t i f
the 190nt o de Sieraa Degringt insrrdsrs Ao R odvdd tingd g 651 on 1 om
the f t-si t 25.50% of. .t t ot al hi " that is, "th
front - of derBEmie he shaerissrirdmp it EReess b SR8 necent or

i ne was defi ned as "th?. reg{pﬁn %gomth?e}gpactk-s' dﬁ Sr}l‘é_‘a e tlo 59%)0(%f_the
total thickiewdon apgmalic compoung, BaYne PHLPERTBRPIPPHC PREOFY it “P® “si de

i , th t bt ai d by. di vi di t t e, 0f . t

o osor s cet TRRGETS 1 TP REs sttiE I Aok ERE AT M B0l ¢ ar ea
f th i t ak th . .d i int f -.Si i on.

o 1o |y mpeE R TR Aoke iy BT ARRLST IR L otk ol e SRR RGeSR Y D

th t f otk - ti f the. 5 toi th
egi b by WRERRRI A BF GraninBrl, Nehds i pronastphPodad BB (L%

t he back-sjide.region., [ 009 The thn .0f the porous support
was rreasur%ogyfg]é‘%tg(‘?”arwb%f’gc ﬂ'cgoylégfl a8 esoét?i}tﬁzagl ge’l ow. A test piece of

t he porous @zglﬁnort was placed on an optically 10fl at-fm shed ri ng-shaped
gl ass surf[g ith an outer dianeter of 37.4 mm 0.05 mm and an effective

connect o (o a VadEERARRER aehiFed AR A R0 fr R Bl Y 00 ©
hi ckness oty o6 5P 16l AbRe Ml AT Sl faodsllec 02 2
rasi 11 amc SeBAta MRl syl Eo Rh iy AR IHC
Perng conratvgats s5oBsebfmaHbyAEEahEd b B RatodpyPThcla BT =1
Foet i eca RO RS ARl el R AR eSS T U e bR T,
ovor ¢ naniatgo R s iR pERfe bl ke (EARRFRRINA SRR REUGTT 0 oo

surface an%ofe@&letrglgBV#}RFO%%ﬁie\Q’%%EQ?%EB gPressure in the vacuum chanber
gradual | y increases. e‘tinme untrl the pressure in the vacuum chanber

changgd fr@@y@&? kPa to 48.0 kPa was neasured, and the tinme was taken as
t he Shoot hness.

Examples of the compound used in the present invention include compounds
having polyfunctional phenolic hydroxyl groups, such as resorcinol, hydroquinone,
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25(Ref erence Exanple 1) A fabric-reinforced pol ysul fone support nenbrane
(ultrafiltration nmenbrane) which is a porous support nenbrane was produced
by the follow ng nethod. Specifically, a wet nonwoven fabric having an
air perneability of 0.7 cnB/cnR/sec, an average pore size of 7 umor |ess,
and a size of 30 cmlong and 20 cmw de was fixed onto a glass plate, the
wet nonwoven fabric being nade of a m xed fiber of polyester fibers with a
si ngl e yarpyregaivhesmedylpyrepaliel phlexogdpdnds 2-methydeidoroghicall 28*-bei ng a

pol yester nonwoven fabric (basis weight: 65 g/nR2, thickness: 72 pm w dth:
250 nm snéseHyélonalucinel.fsallistacid methyl eplipte ctivd pallate mippyhedidhess on the
backsi de surface: 5 s) controlled, when cal endered, such that the average
densi ty i niseprepylragHateshuie gedlatcoisolgsl wdlateapiaylgellatet iseaayleakige. Hddsity in

t he back-side region was 45% that is, that the average density in the
back- si de ibyilionyhmmzomBopes. 2t tiydrayaceiophsseng €3%.4-n t he front-si de
region by setting the tenperature of the roll at the back side at | ower

t han $hat hydeeyhesraldetydenkdHrighydrexrenzatdeydeoht- a sol ution (2.5 poi se:
20C) having_a polysul fone concentration of 15% by wejght with =

di met hy! f dffEdoREbeppndyhydes) 3battriedrory Benzogmide; %gdrtﬂﬂlﬁ‘iif@l%)ﬁé%%mtﬁ acpho pm
The resultant was imedi ately inmersed in water tq obtajin a porous support
menbr ane of-*HdrPEdipry henzeis ackt: didtfthyidrobeiiens ehlee-P54suppor t

menbr ane). [ 0095] Next, this PS support menbrane was jpmersed in a
3. 4% by wetr‘g‘h‘?mé&l?fé’éﬂ@ LRI utmopﬁf%nigéﬁ@éy%rﬁmglww #9 nut es, and
then a decane solu{ion jn which trinesi ci.d chlori de s dissolved in an
amount of HPIGOKHURES: f%%‘leaB‘ﬁF'}Ygg»%“ drosyBergpals, 43t e of 160 ni/ne

2ol ulf o, FREHRHON B b PhEgRsE e e RUNYERDIEHA ned on t he
it 0§ n AGBHOR i St RSEREO R AP EFoud BRE PRSP e e ur  ace was 8
Na200R. 201 P RRIChI I e PP G e A A oM HHER vt or ot
Composi t o GbmBOFHEAEFaL BB TBOAT et A RErHBAL BB at e of 0. 81
T 0 90 BRI R St B BOAT TR e
R LI LT T NC T AR RN £ N
e A A TN R T M B TR R
Bxanpl e 3),A Gorpesite SeRRALIGAR] S TPIRLSNR-NRR:QP] giqied i n he same
triaminobenzene, or N-alkylates thereof, sulfanyl acid, amidol, 3,3'- |
dihydroxybenzidine, 3-amino-L-tyrosine, 3-amino-4-hydroxybenzhydrazide, 3-
20 hydroxy-DL-kynurenine, 2,5-diaminohydroquinone, 1,5-diamino-4,8-
dihydroxyanthragquinone, 4,6-diaminoresorcinol, Bismarck brown Y, Bismarck
brown R, 4,4'-azodianiline, 2,4—diaminoazob'enzene, p-ethoxychrysoidine,
chrysoidine R, Disperse Diazo Black 3BF, Methoxy Red, 4-(5-chloro-2-pyridylazo)-
1,3-phenylenediamine, 4-(3,5-dibromo-2-pyridylazo)-1,3-phenylenediamine, 4-
25 amino-2-nitrophenol, picramic acid, 2-aminophenol, 3-aminophenol, 4-aminophenol,
2-amino-4-chlorophenol, 4-sodium aminosalicylate, 2-amino-5-nitrophenol, 2-
amino-4-nitrophenol, 1-amino-2-naphthol-4-sulfonic acid, 3-hydroxyanthranilic acid,
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110 in Reference Exanple 1 except using a wet nonwoven fabric having an
air perneability of 0.7 cnB/cnR/sec, an average pore size of 7 gmor |ess,
and a size of 30 cmlong and 20 cm wi de, the wet nonwoven fabric being a
pol yester nonwoven fabric with a snooth back side (basis weight: 65 g/ng,
thickness: 72 1.tm and width: 250 mm) controlled, when cal endered, such
that the average density in the front-sjde_15regi on was 45@6and that t he
aver age de%@ﬂ%%PIh¢“§ﬁb2ﬁaéﬁm§ﬁh€mﬂ@§Y%%hMb§*ﬁ@@&zﬁﬁ@Pth “that the average
density in the back-side region was 152% of the average densi t n the
front-si dea“ﬁ‘é’ﬁ?’%ﬁy gtwlﬁal%éreﬁ@n%é%@%ﬁ%cw etk KNS R A8 fb%ck si de

at higher than tha of the ro e front_si The. conposi
sem per maaﬁb‘l1 %BLQF@UBB‘I%? g@“’ﬂ'«%\' “gmb‘éra gém?]?%vef Ra:in-g gg P%‘ hf’g’ 2-
n8/ n2/ day, a salt val rate of nd .a val. rate of

88. 9% ( ExHPBPE- l)lomr'?'mtm? epqlel- glﬁﬁ?g ‘Z 118?" Olsﬁégﬁ%{]‘i alr’ngTBLﬂ?&'PP' Aal

Dot b Bnco SO B DHIQREREDAREGHIC 1510 RERY PSRBT AB RO ALeRB D ane: 100
v 0 uifagﬁmg%m@e%ep%”%@%ﬁw?é RO Qéd%?bt%( D o are ot 00 s
Ther oat ¢ or Ry @é@%@%ﬁ%@%g %’\ﬁ@%@%&tﬁslﬂwfx?f%g%ﬁi& drad wator Cang
hor U for et T B pis et B Ok ¢ eniisat nehFuS Rt iaheb 11$ﬁ2
gﬁmi? gy %”%E%eiﬁ'rsal R lEReGet - e Aodhk SO o bR ad’ |

o oFbnce TBSEID At bt TR ERd P oS ATaote B e BIEdRIERY o ool ut on

was appllgﬁ 'ﬂ t he nonwoven fabrlc surface (corresponding to the back side
i n Exanpl 9% of the conposite sem perneabl e menbrane. The nenbrane

f i 10i n_ Tabl t
Cerm per moabl e roMAhANE it ot 4 rlePT Petbuatd R felhibiEsanpr e 1
t that th t
Exanpl ¢ 1 W4 o@u%og{gggﬁbgamr HEARGHTERR! G TERE REFERRRE i Dl 70n

15f or 45 %ggﬁgﬁ dro béﬂ%”? cFZQFé Lﬁ%eqehgmﬁggw %Q Tabl e 1. (Exarrpl €

fuanc ayer o e conposite

cem per me atph¥dlgﬁfme@ae Ik '}Fa% d&qfcﬁrasﬂ&ff@ﬂﬁg{ac&g%@aﬂeous sodi um

nitr i Was ap e e sanme nan L. The
excess T ealg{%ofm T ﬁnvﬁﬁlggen% Lcnd catechin, epicatechin, epigallocatechin, epicatechin

gallate, and epigallocatechin gallate, o-phenylenediamine, m-phenylenediamine, p-
phenylenediamine, 1,3,5-friaminobenzene, amidol, 4,6-diaminoresorcinol, Bismarck
brown Y, Bismarck brown R, picramic acid, 2-aminophenol, 3-aminopheuvol, 4-

20 aminophenol, 4-sodium aminosalicylate, and derivatives thereof are preferred.
Above all, m-phenylenediamine, 1,3,5-triaminobenzene, and phloroglucinol are
particularly preferred in terms of the stability in performance exhibition.

[0078]
Further, at least a portion of polyfunctional aromatic amines present as an

25 unreacted residue can also be used complementarily as a reagent used in the above-
described modification process B.  For example, when m-phenylenediamine is used
as a polyfunctional aromatic amine, the residual amount in the membrane is in the
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20w th purified water, and the nenbrane was i mmersed in an aqueous

phl or ogl uci nol (1, 3,5-tri hydroxybenzene) solution (1000 ng/L) for 3

m nutes to obtain a conposite sem perneabl e nenbrane. The nmenbrane
performance is shown in Table 1. (Exanple 3) A conposite sem perneabl e
menbr ane was obtained in the sanme manner as 25in Exanple 2 except that an

aqueous sodi um solqtl was ied.in the s manner as in
Exanpl e 1 f392¢ ﬁ@ M@ tﬁﬂteft%%tﬁlp aﬁwb‘ﬁwatmﬁ%ga%%&gi te

sem pernmeabl e nenbgan obtalned i.n fer Ie 1 an t an aqueous
phl or ogl ucFRPEPPI{ALE fée‘ﬂ?‘?t‘r‘fv&? é?ﬁ‘igh%)“gg‘gfftﬁ‘gﬁafﬁ %Em&ﬁﬁq? Caf ter
washing, to th nonmnv fabri.c satface of conmposite sem abl e

er
merbr ane  ateSiguplame FHAP Y Vdafeﬂgeeéh&gu“%éh%ﬁebeﬁel %ﬂ@%m ance

is shown inp Table 1., the ce o the separating
funct | onal bGPy aRPE néave%&ot%%ﬂﬂeb%@we Suf b eoe THOHBFBHL
merbr ane: AR ¥ Exa”phmatéé“ 9&@%@2@@9@@3@;9@@@&; lon
(300 mhos H. was a with sulfuric, aci. s applied at a rate
o 500" TeoPn s LabSiriio Shibeompere PR R e eat ter, e
10excess rﬁﬁgﬁnt was washed off with purified water, and the nenbrane was
i mrersed | aqueous sodiumsulfite solution (1000 ng/L) for 3 mnutes

b nb h f i
o T SRS ST %S%O&ip%ﬁﬁ%h%’éﬁ%BlﬁnPéﬁ@%ﬁriét"%@ﬁﬁ|”Ze :
nb d .that th
e ane R OB RIS TSRS R 2L L

and 1 hat eRHBFOLS a?ro% e%acltmltl v ge(%lcgﬁ{l( aonéﬁsp}fu? Fél( Ifratnre(r)%? t Oi%m‘ﬁ}en qpwoven

fabri'c surface (corres pon ng to the” fac

composi t e Semf&amg oca@mﬁreggn% I R shown 20in

1 TC
Table 1. (‘08 ive e sem p rane was

obt ai ned |n n Exanple 1 except that t he conposite
sentperneéﬁf ﬁ%%% an‘é‘36 épﬁéﬁﬁln Ref erence Exanple 2 was used and

i mrersed i aqueous sodiumnitrite solution 25for 45 seconds. The
menbr ane d@ rmance is shown in Table 1. (Exanple 5) A conposite

!
seni per neabl e Th %rlﬁgﬁﬁ%ﬁof%%sg %dinitﬁ'e fnjggen% ﬁ{{}%nﬁﬂﬂ ¥ m8hod of

15 contacting a solution of the above-described compound in the composite
semipermeable membrane is not particularly limited. For example, immersion of
the whole composite semipermeable membrane in the solution of the compound or
spraying of the solution of the compound may be used, and the method is not limited
as long as the diazonium salt in the composite semipermeable membrane and the

20 - compound are brought into contact.  For suppreésing the excesstve progress of the
reaction and obtaining a composite semipermeable membrane with higher water
permeation performance, it is preferable to contact the solution of the compound only
from the front surface of the composite semipermeable membrane.

[0081]

25 The concentration the above-described aqueous solution is preferably not less
than 0.01% by weight, and the temperature is preferably not less than 15°C. In
cases where the concentration and temperature are less than these values, a sufficient
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in Exanple 1 except that the conposite seni perneable menbrane obtained in
Ref erence Exanple 3 (the anmpunt of m phenyl enediam ne in the nenbrane: 137
ng/ m2) was used. The nenbrane performance is shown in Table 1. [0096] 5
10 15 20 25 co >" | tt- 6 le- 6 0to 6 t0 F

effect cannot be obtained. Further, the contact with the above-described aqueous
solution for 30 seconds or more is preferred for obtaining a sufficient reaction effect. .
[0082]
The composite semipermeable membrane of the present invention can be used,
5 for examiple, to remove harmful substances such as inorganic matter and organic
matter and precursor subétances thereof contained in feed water at an operating
pressurer of 0.1 to 10 MPa.
[6083]
In the present invention, the form of the composite semipermeable membrane
10 is not limited, and it may be a hollow fiber membrane or a flat membrane. Further,
the modified composite semipermeable membrane obtained by the present invention
forms an element and a module when used for liquid separation, and the form may be,
for example, but not limited to, modular or spiral.
Examples
15 [0084]

The present invention will now be described in more detail by way of
examples, but the present invention is not limited to these examples. Each
evaluation data of the membrane was determined from the following equation by
measuring the salt concentration of permeate water when the sea water adjusted to a

20 temperature of 25°C and a pH of 6.5 (Total Dissolved Solids (TDS) concentration;
about 3.5%, boron concentration; about 5.0 ppm) was fed at an operating pressure of
5.5 MPa.
[0085]}
Salt removal rate (%) = {1 - (salt concentration in permeate water) / (salt
25 concentration in feed water)} x 100

The volume of permeated water was determined as a permeate {low rate of

water that permeated a membrane in a unit time (day) per unit area (m®) (m’*/m?/day).
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[0086]

Boron removal rate was détermined from the following equation by analyzing
the boron concentration in feed water and permeate water using an ICP emission
spectrometer.

[0087]

Boron removal rate (%o) = {1 - (boron concentration in permeate water) /
(boron concentration in feed water)} x 100

In the Examples, to carry out relative evaluation of the performances of these
membranes, the permeate flow ratio and the removal rate ratio relative to the
membrane performances of Reference Example for comparison were used to carry -
out performance comparison. Specifically, the permeate flow ratio and the removal
rate ratio were determined by the following equation.

[0088]

Permeate flow ratio = permeate flow rate in each Example and each
Comparative Example / permeate flow rate in Reference Example

Removal rate ratio = (100 - removal rate in each Example and each
Comparative Example) / (100 - removal rate in Reference Example)

The permeate flow ratio is a change, expressed as a ratio, in permeate flow
rate when an untreated composite semipermeable membrane is subjected to various
treatments, and when the permeate flow ratio is 1 or more, it means that the permeate
flow rate has been increased. The removal rate ratio is a change, expressed as a
ratio, in removal rate when an untreated composite semipermeable membrane is
subjected to various treatments, and when the removal rate ratio is 1 or less, it means
that the removal rate has been increased.

[0089]

The amount of functional groups in the separating functional polyamide layer

was quantitatively determined by using the electron spectroscopy for chemical
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analysis (ESCA). The concentration of amino groups such as primary amines and

secondary amines, the concentration of phenolic hydroxyl groups, and the

concentration of carboxy groups were determined by gas-phase chemical
modification method using a labeling reagent.  As a labeling reagent,
pentafluorobenzaldehyde was used for primary amines, and trifluoroacetic anhydride
was used for phenolic hydroxyl groups and amino groups.

[0090]

For the measurement of ﬂle distribution of the amount of functional groups in
the thickness direction of the separating functional polyamide layer, only the
separating functional polyamide layer was taken out from the composite
semipermeable membrane to provide an extracting functional layer, and the ratio of a
particular functional group on the front-surface side of the original composite
semipermeable membrane (the A surface) and on the oppqsite side (the B surface)
were separately measured by ESCA to make a determination.

[0091]

The amount of m-phenylenediamine in the membrane was determined by
cutting the membrage into 10 x 10 cm, immersing it in 50 g of ethanol for 8 hours,
and performing photometric titration of the components extracted with ethanol (288
nm).

[0092]

The thickness of the porous support was measured according to JIS P 8118 as
described below. A micrometer having two parallel circular pressing surfaces was
used, the pressing surfaces being composed of a fixed pressing surface with a

diameter of 16.0 mm or more and a movable pressing surface with a diameter of 16.0

mm that moves vertically. The micrometer was placed on a vibration-proofing

horizontal plane, and a measurement sample was placed between the pressing
surfaces of the micrometer. The movable pressing surface was operated at a rate of
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3 mm/sec or lower, and the pressure between the pressing surfaces was 100 kPa.
Upon confirming that the measurement sample was held between the pressing

surfaces, the value was read out immediately after stabilization. Measurements

‘were made at 20 points, and the mean value was taken as the thickness.

[0093]

The average density in the porous support was measured as described below.
The porous support was cut perpendicular to the surface, and a photograph of the
cross section was taken with a light microscope at a magnification of x 700. From
the photograph taken, an image of the porous support was transferred to a sheet of
plain paper by tracing. In the image, the front-side surface and the back-side surface
of the porous support were sandwiched between two parallel straight lines. The two
parallel lines indicating the front-side surface and the back-side surface were drawn
so0 as to contact the most projecting portion of the front-side surface and the back-
sitie surface, respectively. Next, two parallel lines were drawn perpendicular to the
two parallel lines indicating thé front-side surface and the back-side surface and in
such a manner that the space therebetween was three times the space between the two
parallel lines indicating the front-side surface and the back-side surface. The
rectangular region enclosed by these four straight lines was taken as the measurement
region. The space between the parallel lines indicating the front-side surface and
the back-side surface was taken as the total thicknéss of the porous support. Then,
right in the middle of the above-described two parallel lines indicating the front-side
surface and the back-side surface, a straight line parallel to the surfaces, that is, the
center line was drawn. In the measurement region, the region from the front-side
surface to the center line was defined as "the region from the front-side surface to
50% of the total thickness", that is, "the front-side region". The region from the
back-side surface to the center line was defined as "the region from the back-side
surface to 50% of the total thickness", that is, "the back-side region”. In the front-
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side region, the percentage obtained by dividing the percentage of the cross-sectional
area of the porous support in the region by the whole area of the region was taken as
the average density in the front-side region. Similarly, in the back-side region, the
percentage obtained by dividing the percentage of the cross-sectional area of the
porous support in the region by the whole area of the region was taken as the average
density in the back-side region.
{0094]

| The smoothness of the porous support was measured according to JIS P 8119
as described below. A test piece of the porous support was placed on an optically
flat-finished ring—silaped glass surface with an outer diameter of 37.4 mm + 0.05 mm
and an effective flat area of 10 ¢cm? + 0.05 cm?, the glass surface having a circular
hole connected to a vacuum chamber at its center.  On the test piece, placed were a
ci;’cular rubber presser plate with a diameter of 45 mm or more, a thickness of 4 mm
+ 0.2 mm, a maximum thickness change of + 0.05 mm, a hardness according to ISO
48 of 40 IRHD + 5 IRHD, and a rebound resilience according to ISO 4662 of 62% or
more, and a metal pressure plate having a circular flat surface with a diameter of 45
mm or more and being connected to a pressure device, and a pressure of 100 kPa was
applied to the pressure plate by using the pressure device to press the test piece
against the glass surface. When the above-described vacuum chamber was left to
stand after the pressure therein was reduced to lower than 50.7 kPa, air is drawn |
through the contact surface of the glass surface and the test piece, whereby the
pressure in the vacuum chamber gradually increases. The time until the pressure in
the vacuum chamber changed from 50.7 kPa to 48.0 kPa was measured, and the time
was taken as the smoothness.
(Reference Example 1)

A fabric-reinforced polysulfone support membrane (uitrafiltration membrane)

which is a porous support membrane was produced by the following method.
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Specifically, a wet nonwoven fabric having an air permeability of 0.7 em’/em?/sec,
an average pore size of 7 um or less, and a size of 30 cm long and 20 cm wide was
fixed onto a glass plate, the wet nonwoven fabric being made of a mixed fiber of
polyester fibers with a single yarn fineness of 0.5 decitex and of 1.5 decitex and
5 being a polyester nonwoven fabric (basis weight: 65 g/m?, thickness: 72 pm, width:

250 mm, smoothness on the front-side surface: 10 s, and smoothness on the back- |
side surface: 5 s) controlled, when calen.dered, such that the average density in the
front-side region was 69% and that the average density in the back-side region was
45%, that is, that the average density in the back-side region was 66% of the average

10 density in the front-side region by setting the temperature of the roll at the back side
at lower than that of the roll at the front side. Thereupon, a solution (2.5 poise:
20°C) having a f)olysﬁlfone concentration of 15% by weight with dimethylformamide
(DMF) solvent was cast to a total thickness of 200 pm. The resultant was
immediately immersed in water to obtain a porous support membrane of polysulfone

15 (hereinafter referred to as PS support membrane).
[0095]

Next, this PS support membrane was immersed in a 3.4% by weight aqueous
solution of m-phenylenediamine for 2 minutes, and then a decane solution in which
trimesic acid chloride was dissolved in an amount of 0.15% by weight was applied

20 thereto at a rate of 160 mL/m>. Then, the membrane was made upright to drain and
remove the excess solution, and then, in order to evaporate the solvent remained on
the membrane surface, air at a temperature of 30°C was blown thereon for 1 minute
in such a manner that the wind speed on the membrane surface was 8 m/sec. The
remaining acid halide groups were hydrolyzed with a 1% aqueous Na2C03 solution.

25 Thereafter, the membrane was immersed in hot water at 90°C for 2 miinutes to obtain
a composite semipermeable membrane. The composite semipermeable membrane
obtained had a permeate flow rate of 0.81 m /mzfday, a sait remo§31 rate of 99.8%,
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and a boron removal rate of 90.0%.
(Reference Example 2)
The composite semipermeable membrane obtained in Reference Example 1
was immersed in a 10% aqueous isopropyl alcohol solution for 60 minutes at room
5 temperature to wash off the excess reaction residue.  The amount of m-
phenylenediamine in the composite semipermeable membrane obtained was 4.8
mg/m?.
(Reference Example 3)
{ A composite semipermeable membrane was obtained in the same manner as
10 in Reference Example 1 except using a wet nonwoven fabric having an air
permeability of 0.7 cm’/cm?/sec, an average pore size of 7 pm or less, and a size of
30 cm long and 20 cm wide, the wet nonwoven fabric being a polyester nonwoven
fabric with a smooth back side (basis weight: 65 g/m?, thickness: 72 pm, and width:
250- mm) controlled, when calendered, such that the average density in the front-side
15 region was 45% and that the average density in the back-side region was 69%, that is,
that the average density in the back-side region was 152% of the average density in
the front-side region by setting the temperature of the roll at the back side at higher
than that of the roll at the front side. The coniposite semipermeable membrane
obtained had a permeate flow rate of 0.78 m*/m*/day, a salt removal rate of 99.7%,
20 and a boron removal rate of 88.9%.
(Example 1)
To the surface of the separating functional polyamide layer of the composite
semipermeable membrane obtained in Reference Example 1 (the amount of m-
phenylenediamine in the membrane: 100 mg/m”), 2500 mg/L of an aqueous sodium
25 nitrite solution (30°C) whose pH was adjusted to 3 with sulfuric acid was applied at a
rate of 500 mL/m? for 45 seconds (the modification process B — the modification
process A). Thereafter, the excess reagent was washed off with purified water, and
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the membrane was immersed in an aqueous sodium sulfite solution (1000 mg/L) for
3 minutes to obtain a composite semipermeable membrane. The membrane
performance is shown in Tﬁble 1.

{Comparative Example 1)

5 A composite semipermeable membrane was obtainéd in the same manner as
in Example 1 except that the composite semipermeable membrane obtained in
Reference Example 1 was used and that an aqueous sodium nitrite solution was
applied to the nonwoven fabric surface (corresponding to the back side in Example 1)
of the composite semipermeable membrane. The membrane performance is shown

10 in Table 1.
(Comparative Example 2)

A composite semipermeable membrane was obtained in the same manner as
in Example 1 except that the composite semipermeable membrane obtained in
Reference Example 1 was used and immersed in an aqueous sodium nitrite solution

15 for 45 seconds. The membrane performance is shown in Table 1.
(Example 2)

To the surface of the functional layer of the composite semipermeable
membrane obtained in Reference Example 1, an aqueous sodium nitrite solution was
applied in the same manner as in Exampie 1. The excess reagent was washed off

20 with pu;riﬁéd water, and the membrane was immersed in an aqueous phioroglucinol
(1,3,5-trihydroxybenzene) solution (1000 mg/L) for 3 minutes to obtain a composite
semipermeable membrane. The meml;rane performance is shown in Table 1.
(Example 3)

A composite semipermeable membrane was obtained in the same manner as

25 "in Example 2 except that an aqueous sodium nitrite solution was applied in the same
manner as in Example 1 to the surface of the functional layer of the composite
semipermeable membrane obtained in Reference Example 1 and that an aqueous
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phloroglucinol (1,3,5-trihydroxybenzene) solution was applied, after washing, to the
nonwoven fabric surface of the composite semipermeable membrane at a rate of 500
mL/m? for 45 seconds. The membrane performance is shown in Table 1.
(Example 4)

5 To the surface of the separating functional polyamide layer of the composite
semipermeable membrane obtained in Refereﬁce Example 2 (the amount of m-
phenylenediamine in the membrane: 4.8 mg/m?), 2500 mg/L of an aqueous sodium
nitrite solution (30°C) whose pH was adjusted to 3 with sulfuric acid was applied at a
rate of 500 mL/m” for 45 seconds (the modification process A). Thereaﬁer, the

10 excess reagent was washed off with purified water, and the membrane was immersed
in an aqueous Sodium_ sulfite solution (1000 mg/L) for 3 minutes to obtain a
composite semipermeable membrane. The membrane performance is shown in
Table 1.

(Comparative Example 3)

15 A composite semipermeable membrane was obtained in the same manner as
in Example 1 except that the composite semipermeable membrane obtained in
Reference Example 2 was used and that an aqueous sodium nitrite solution was
applied to the nonwoven fabric surface (corresponding to the back side in Example 1)
of the composite semipermeable membrane. The membrane performance is shown

20 in Table 1.

{Comparative Example 4)

A composite semipermeable membrane was obtained in the same manner as
in Example 1 except that the composite semipermeable membrane obtained in
Reference Example 2 was used and immersed in an aqueous sodium nitrite solution

25 for 45 seconds. The membrane performance is shown in Table 1.

{Example 5)
A composite semipermeable membraite was obtained in the same manner as
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in Example 1 except that the composite semipermeable membrane obtained in
Reference Example 3 (the amount of m-phenylenediamine in the membrane: 137
mg/m”) was used. The membrane performance is shown in Table 1.

[0096]

10

15

20

2b

38



--0

‘Ajaanioadsar ¢ ojdwex i aouareyar o paleduios sonul usstz ¢ o7durexs Jo SONRI $)BI [BAOUIAI PUE GIJB1 MO[J SJBAUEIS] 3

m phenyl enedi am ne,

SUI’_f ace Perneate water

phl or ogl uci nol
phl or egl uci nol

Feed wat er

m phenyl enedi am ne,

QO O0OO0OO0OO0OO0O00VUPP.I

surface

m phenyl enedi am ne m phenyl enedi am ne,

phl or ogl uci nol

1o | oo y . . . . . . . 0RLMS Teurenj3osoiyd QJBLINS v ardutc
i 9'0 | 2670 | €20 96'0 £06 orn 866 101 080 sofEs pad | ‘ourmerpaus|Ausyd-w | Jejem pesy & arduwexy
00 | 010 | €270 1 V20 901 L'06 081 L'66 01 €80 - — (posrawnury | p ajdwexg
- $20BYINS (jog foanemedurc)
. . . . . ) i ) ) . soeans Jejem | ¢ oapdwexy
U0 { 010 | 8170 | 820 SO'T 806 0¢'1 L'66 760 8L°0 - - apoueg  [saneiedwar)
. . . . . . . . o . 208}INS .
80 o_ STO LSO [ 910 L60 16 00’1 8'66 LO0°1 680 - - 139eM P39 i a[dwexy
. . . " i . - . . . aoRLINg joutanjdotoryd 20BIINS
€170 [ ¢80 | 08°0 | 60°0 FL0 §'€o 00'1 866 10°1 80 oem paag | suwepsusfusyd-mz | 197em Pasg ¢ orduwexy
] . . . ) . i i . {passuL) Jjousonjgooryd QOBLING
OT°0 | 9470 | L9°D | 60°C 89°0 0t6 001 866 86°0 180 saoepns Yrog | ‘suieipousiKusyd-w | 19yem paa, z ayduwexy
) . i . . . . . . . {PosISLILLL) 5 (passow) | zordurexy
050 1 6F°0 | S€°0 [ 820 890 0't6 001 866 ¥6°0 8L°0 . Sa0ELIMS Yj0g sunweipsus[Ausyd-w sapis g |aaneredwan
. ) . . . . . ) . . (pesisewr) < o | eoupns ajem | | ojduwexy
L0 | 970 | BE0 | 1870 £8°0 €6 051 L'66 260 9L0 saoepms glog aunueIpauajAUayd-t seswiog  |eanereduwon)
. . . . . e o s . L QUOEQEEC . J0BTINS .
LU0 140 | 840 1 0T°0 69°0 6€6 00'1 8'66 86'0 18°0 sooepms gog | CUTUEIPRURMERUdUL | poag | 21
S I R _ . _ : _ . _ _ _ I ojdwexy
le 866 £8°0 20UBIRIAY
1 B.n_mem
1 ordwexyg : T apdwexy
SR IRN (%) #1el| 20udITaY (%) BOUMISY (et ) & ssa00xd g v ssao0id
0] patedwoo o1es : Jojem ssadord uorjeszipow | uonESIIpOW
g ¥ Iy vy , [eACWIT 0] pateduwon 0} EH&ES UonEdFIpOW Jo !
onjer [eaowal JO 212L MO[] : - u1 pasn (s)punodwos [ Jo soelans
18X [BAOIST uosog o181 2%el e orel MojJ aoepms peuoy | - _
! [esowar g o5 JIEIULID J SRl [BOIUaED 180D
U010 e
[1 #1qex]

39




Both sides (inmersed) Feed water surface Feed water surface Feed water
surface Perneate water surface Both surfaces (imersed) Feed water surface
Ref erence Exanple 1 Exanple 1 Conparative Exanple 1 Conparative Exanple 2

10

15

20

25

[0097]

As can be seen from Table 1, in Comparative Examples which are well
known in the art, it is difficult to simultaneously achieve a high permeate flow rate
and high solute removal properties. On the other hand, in Examples in which X4,
the ratio of the amino groups (molar equivalent of the amino groups / (molar
equivalent of the azo groups + molar equivalent of the phenolic hydroxyl groups +
molar equivalent of the amino groups)) on the A surface, is in the range 0.5 or less;
and Xp, the ratio of thg ainino groups (molar equivalent of the amino groups / (molar
equivalent of the azo groups + molar equivalent of the phenolic hydroxyl groups +
molar equivalent of the amino groups)) on the B surface, is in the fange.of 0.5t0 1.0,
a high permeate flow rate and high solute removal properties were achieved.

Further, it was shown that Y s, the ratio of the azo groups (molar equivalent of the
azo groups / (molar equivalent of the phenolic hydroxyl groups + molar equivalent of
the azo groups)) on the A surface, is larger than Y, the ratio of the azo groups
(molar equivalent of the ézo groups / (molar equivalent of the phenolic hydroxyl
groups + molar equivalent of the azo groups)) on the B surface (that is, Yo > Yg) and
that the durability to an oxidizing agent and organic matter improves with increasing
value of Ya.

INDUSTRIAL APPLICABILITY

[0098]

The composite semipermeable membrane of the present invention has high
permeability and selective separation properties, allows obtaining drinking water
from sea water, brackish water, and water containing harmful substances, and, in
addition, can been used, for example, in production of industrial ultrélpure water,
wastewater treatment, and recovery of valuables.

DESCRIPTION OF SYMBOLS
[0099]
40



1 z al dwaxg Exanpl e 3 Exanple 4 Conparative Exanple 3 Conparative Exanple
4 | Exanple 5 [0097] As can be seen from Table 1, in Conparative
Exanpl es which are well known in the art, it is difficult to

si mul t aneously achi eve a high perneate flow rate and high solute renoval
properties. On the other hand, in Exanples in which XA 5the ratio of the
am no groups (nplphoRGupydt BRmbeinet he am no groups / (nolar equival ent of
the azo groups + nol ar equi val ent of the phenolic hydroxyl groups + nolar
equi val ent of thepaulQuPtigger) on the A surface, is in the range 0.5 or

| ess; and XB, the ratio of the am no groups (nolar equivalent of the am no
groups / (nol arjieoic&igpor@bnt he azo groups + nol ar equival ent of the
phenol i ¢ hydroxyl groups + 10nol ar equival ent of the am no groups)) on the
B surface, is inpohsusisapagtof 0.5 to 1.0, a high pernmeate flow rate and
hi gh sol ute renoval properties were achieved. Further, it was shown that
YA, the ratio ofs Fheaze sgrmes (nol ar equi val ent of the azo groups!
(rmol ar equi val ent of the phenolic hydroxyl groups + nolar equival ent of
the azo groups)ib:- Mack-b@eAuSidef ace, is larger than YB, the ratio of the azo
groups 15(nol ar equi val ent of the azo groups / (nolar equivalent of the
phenol i ¢ hydroxyd: cgh@ps + nol ar equival ent of the azo groups)) on the B
surface (that is, YA > YB) and that the durability to an oxidi zing agent
and organi ¢ matdi®eRetdger oves with increasing value of \LA | NDUSTRI AL
APPLI CABI LI TY 20[ 0098]

2e: Hole

10 2f: Coarse layer
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The conposite sem perneabl e nenbrane of the present invention has high
pernmeabi lity and sel ective separation properties, allows obtaining
drinking water fromsea water, brackish water, and water containing
har nful substances, and, in addition, can been used, for exanple, in
production of industrial ultrapure water, 25wastewater treatnent, and
recovery of wval uables. DESCRIPTI ON @ SYMBOLS [ 0099] 1: Porous support
menbrane | a: Porous support |ayer |b: Anchoring portion 2: Porous support
52a: Frontgside . =151 26 Gort R 2e:
1.51 des SHELBGR LhhipdtiekbIS nilgn st dhfprid Y&supfort Recess 2e
Hol e 102f: Coarse ﬁ%yer %@%INB 1. A conppsi{eﬁggﬁ?gernggble nmenbr ane
COMPY | S1 NGy BrrBAAE YA vHAPRpa R TENEOAR P BRIl SERBIM dNGoHURE! T Onal
pol yam de Tayer resulting fromthe polycondensation reaction of
pol yfunct i onalonabQiBbl feadBi@SoMhictRRhYiUnGt! ARfks RAGIHRIadides s
f or med, W%§5§$gtﬁ% sepgratipgﬁﬁnmtionaf polyanid% Iafgghhas car boxy
groups, amdPhldey RSrorREE Mtetdn Me?é%!h’;@ftﬁh‘ﬂ?&lai JaBiR 19/cPURS, Wherein

)(A, the ratio of the am no groups (nolar equival ent of t'he am no groups /

(ol ar - equiygh8iro@ls, dfifoa%Su Rl AhRSIid hjdLRY1 g%&kﬂsy;ﬁid%b)g?ctupts,h@héigﬁnm ic

r
hydroxyl groups + nolar equi vai ent of the am no groups on a feed water

contact sugf aperffo Irige AHE G (RB1dr vhskhIeHAdSf (ROINMMBI gheudsaY@blac an A
~surface), is in the range 0.5 or less, and XB, the ratio of the am no

groups ( ModRlivaBid b¥ e @b gRfupt hanala aiaiial pStie phemdlRhyaenkyy sloaps +of the
azo groups + nol ar equival ent of the phenolic hydroxyl groups + nolar

equi val entygfar EREvABRN (19 SHRS oo @R)) dnREREE FhRr Shiflett SEiReE tiRf t he
separating functional polyan de |layer (a B surface), i.e., the opposite

si de1o t hRphrafing fideBondl polyBmidt Bger @ 8subthed), i9 i thetange 0.5 or less, and

Xg, tf‘ie ratio of the amino groups (molar equivalent of the amino groups / (molar
equivalent of the azo groups + molar eéquivalent of the phenolic hydroxyl groups +
molar equivalent of the amino groupsr)) on a permeate-side surface of the separating
functional polyamide layer (a B surface), i.e., the opposite side to the A surface, is in .
15 the range of 0.5 to 1.
2. The composite semipermeable membrane according to claim 1, wherein Ya,
the ratio of the azo groups (molar equivalent of the azo groups / (molar equivalent of
the phenolic hydroxyl groups + molar equivalent of the azo groups)) on said A
surface, is larger than Yg, the ratio of the azo groups (molar equivalent of the azo
20 groups / (molar equivalent of the phenolic hydroxyl groups + molar equivalent of the
azo groups)) on said B surface.
3. The composite semipermeable membrane according to claim 1 or 2, said
composite semipermeable membrane having a porous support membrane wherein a
porous support layer is formed on the front-side surface of a porous support having a
25 coarse back side and wherein the porous support layer extends into said porous
support, wherein the porous support is a woven fabric, nonwoven fabric, or net, the
density on the back side of the woven fabric, nonwoven fabric, or net being lower
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2. The conposite sem perneabl e menbrane according to claim1, wherein YA,
the ratio of the azo groups (nolar equivalent of the azo groups / (nolar
equi val ent of the phenolic hydroxyl groups + nolar equivalent of the azo
groups)) on said A surface, is larger than YB, the ratio of the azo groups
(rmol ar equi val ent of the azo 20groups / (nolar equival ent of the phenolic

hydr oxyl 911AH e &'eng}g)l{ %% Fh%ecfg%q\f g’dﬁ,ga}r%%herraﬁ t}?ezoéjodgﬁsoﬁ!ﬁggg% Eagrlgr ésx? q}s ?(},ﬁl%r face.

H T .
3. The conpoésite sé rane accor di ng m 1 of said

conposi t e 361 ARGEADL I RIS DKL RSrofls BR18HS, SHARRhe HRTRTAEspner e n
a porous support |ayer I's torned on the Tromnt-sidé surface of a porous
suppor thayi ng & 2860RLSSRAGK, Safpand JRRLERDIERRAEAUSSHARREL | aver
extends into sald porous support, erein the porous sUpport 1s a woven

fabric, noguaNel, LAk Smordhe AFhbichAScARNSH! Mnflul SobaGHeSiE Qe woven

fabric, nohwoven rrc, or net being ensi'ty on e front
si de, -and rel : . i fromthe
o1 de: gand HASIEL Bol T RAGRYS SRBREEpAIPNAL Gl SR, Lany AR TRAHRA, TTom the
A et hod Ofci PLAHKSiWred HPARIHOR iSIHREL HRAMCuITR TRIANCA SOMBIchS! Ng 2

por ous support nenbrane on Ich a separating tunctional polyanide |ayer

w e pol yf e sar R RPAIRENH Ry BE Py aR ol AN PO A °°

modi fi cati ofy RILOLERS fﬁ&i@n&l‘;ﬂo?%nﬁdéﬁ QMo & ﬂ?&n%al?.gmwagvéshat

reacts with primary-aronati 0 groups I n said separating functional

pol yam de #,ay%ef stk Thyewih 3701 - S@ntacPiurBiet 'Eﬁ‘é}& isﬁﬁ?&e? ?Pt'h@o‘c I's
I h fee ac

contacted only with a wat er contact surface (front su e) of the

10separ at | RPafhHAE hlfeNshal RBIMATALEydayer . 5. The method of producing the
conposite sem perneabl e nertbrane according to claim4, which involves a

nodi fication progesshbd iofpwah@ih% TSRk s GAPERADRINGGINPRADRNAVI N
reactivity with a diazoniumsalt or derivatives thereof is contacted with

t he conposiptcaiselvagiimabives MBpaifRAg0S PRTEHUEDE Wiich @ sbRBoreshihinfatd on
15process A or simultaneously with the nodification process A
compound having reactivity with a diazonium salt or derivatives thereof is contacted

with the composite semipermeable membrane subsequently to the modification

15 process A or simultaneously with the modification process A.
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