- 1 - WATER TREATMENT METHOD AND WATER TREATMENT FLOCCULANT Fi el d of

I nvention [0001] The present invention relates to a water treatnent
fl occul ant contai ning an al kaline solution of a phenolic resin and a water
treatment nethod involving the use of the water treatment floccul ant. Mre
particularly, the present invention relates to a water treatnent fl occul ant
that contains an al kaline solution of a phenolic resin, the phenolic resin
having a nelting point in the range of 130C to 220C, which is nmuch higher
than the nmelting points of conmmon novolak phenolic resins in the range of
50C to 100C, and suffering fromless secondary contam nation wth

floccul ation residues, and a water treatnent nethod for treating water to

be treat gdmt,0 i e rea | ant _has been added, by
nenbraneﬁggggrgﬁggﬁﬂFﬁga ﬁ@h@b %ﬁﬁth@ﬁﬁér&%géﬁﬁéﬁgrFPPE&P&%HF net hod
effectivp;fon waten Lreappgent utilizing reverse osnosis (RO nenbrane
separation treatnent. The present invention also relates to a nethod
for produghpgjthe water treatnent flocculant. Background of Invention

[ 0002] A novol ak phenolic resin is called Bakelite resin naned after

the inventor ®ie tddSsdBsi thvdds: S0 FETd Ve U : L dishes and
then as a fire-ré?%stantf'ﬁgat-%esistanten;?€r€é.a%ﬁgh%¥%é€@§ﬁ§he | i ke that

t akes adgnotegbant boghabhedhgresi s1R8CEnei 88ULRE LAJLRT QPELLLEES i and
mechani cal strength, and has recently been wi dely used as a raw nateri al

resin ofresectandi £ wateri areath®03hethod MPOYRLAL Phen@LkLC Eeshh is
produced by an addition condensation reaction between 1 nol of phenol and
slight| ywdess themtdemol £ bbcdot ant dehyde: ipnttiecylesepcef Fbasidi c
catalyst. In accordance with the reaction principle, a novolak phenolic
resi n hasneenieenli pehsienato | & rkede st tuedtmenyi Al acoel byt epeabond produced
by an addition condensation reaction of fornmaldehyde with one phenol ring.
The chai#igiinhahcbiakipherelitiorsih & hehefiol tchawein, hilgh degree of
freedom As a result, the novolak phenolic resin has a relatively |ow

mel ti ng Rl igenetsin yharinhe membelnd BOM1E 0111 00IG: anaind@OCE at 3@ he

hi ghest. Thus.. it i s easy to heat and soften the novol ak phenolic resin in
a forni g %U%Eé:s's.w}'[%bﬁ]s much hnighrmp| Hiephgio| el ey rpcimishofias no
reactive nethyl ol graqup, is mxed with a curing agent, such as .
hexanet H{A & éﬁvaf%iaﬁ%,p%‘?fb‘ﬂalp%rjéﬁ??%‘f elAukifi 4A)PIRaedr PAI°S fter U C,

of the PEE PUERT Y ARPTAE (POnORLY UGG Hd Toi ng and a heat
curingr ' : r C resi roduct. The resin after the curing
react i orﬁ%%d%%%%lggt%%ﬁé%%ﬂanacney(éfe dtse[raﬁzcréeai%“edg? 6?%‘?% %d t her nal
deconposi. i I ti i C ris various applications of
Bakel i t?rﬁéggpﬁ%ufjgg%ﬁ% Hég)tlfeég;ﬂreﬁpn;%gg‘&}ajt%} E%}eeavf%# attr[,lerh al kal i ne

POt Lo 1%kc N0k BRRAOA LD Wi O A Alla il | Al 85 &1 agen

for the separation and recovery 0 int present 1 n ci 'er for

washi ng paway cRalitl ¢ S Lades: it o 'fﬂétﬂﬂo%) RO LKL Vat er

I ndustries Ltd., trade name "Kuristuck 6310 is agent is
a treat meebtagant wefi 15u6hqa rloRe deh s L& RBP &M L3S %Eéu%%;
circulating water. The agent cannot be used as a water treatnent occul ant
that camnrprowedeé.such a clarity that allows discharge to public waters, and
no actual exanple of using this agent as such a water treatnent floccul ant
coul d not beBmefpuasent 0006:ntion dhks ikslbessuse HsmeBhoansakkal i ne
solution of a novolak phenolic resin in the floccul ation treatnent of

wast ewaPepdpesnpt shenvatkear gecanment dflocemieneénts that are not floccul ated
and remai n_di ssolved in water. The conponents remaining in the treated

wat er i RgFeaseunflecfofareskdgani c carbon (TOC) of the treated water as

conpare?og%E?

A novolak phenolic resin is called Bakelite resin named

after the inventor of this resin, was formerly used as



- 4 - the water before the treatnent, for exanple, as shown in Conparative
Exanple 2 in Table 1 of Patent Docunent 1. This is acconpani ed by an
increase in CODm [0007] The conponents that are not floccul ated and
remain in the treated water have a nol ecul ar wei ght of 1000 or | ess and
particularly contain a dinuclear phenol having a nol ecul ar weight of a
little nmore than 200 in which two phenol skeletons are linked via a

met hyl ene bond. In a thernosetting resin, which is an originally
intended application of a novolak phenglic resin, and its curing process,

t he conponents react as conponents of curing resin and cause no particul ar
probl em [0008] Wi | e studying a technique for renoving nenbrane
contam nants introduced fromraw water in nmenbrane separation treatnent
with a rebdekécodudles amd) therbrane Sirehsepikbanthehpréseasishasht ors
found that the Ikglin sol ution of the novol ak phenolic resin described
above i sP@FFELEFVE i%of@%CEEIEP?nblﬁﬁdthéﬁnvﬁﬁasnﬁﬁﬁﬁaﬁég@oﬁfahiﬁhnts and

inproveshNF , mhicg s a neasrre.of t he menbrane cqontam nation | evel of
treated Water“CFHObdFCes *PSEATLRY DreBeEF1G8f i ARd PRCHRBIRAB802 and SD
defined | D4 .. MFF_has e roposed. as a neasure of the - 5 -
clarity % réﬁ?ﬁ%hb%%%eh?%eﬁ%ﬁ?%ﬁf%zgg?g H%ﬁﬁ%quﬁﬁgzﬁFeﬁ HR¥h a
m crofil j ne- hayi r ize.of 0.45 Rm More specifically,
50 nL ofﬁé?%%g$%gP€%%€}§$sg¥%€€5$%ggt ?gééﬁaQSAAllipore ni trocel | ul ose
menbranerdohier having a pore size of 0.45 Rmand 474) at a reduced
pressure of 66 kPa (500 mmHg), and the filtration time Tl is measured.
Another 500 1 rigy il PrRthdiNder: aGH B I ddie Ry MHINGLy Al the

| cul ated as t it

filtration tine T2 is neasured. MEE is ¢ e ratio of T2/ T1.

Pure wat@nddeeaof o 0 28 N tiSefidSer] | 1 Tnd2 AN P add 097 1 M § equi red
for RO nenbrane supply is less than 1.10. Satisfactory MF Is sal% to be

| ess t haeds Othad 0Dl of fohWE¥SHydd NLOrEes b fEMEEVESF aah ayor@able MFF
of less than 1.1, the amount of alkaline solution of a novol ak phenolic
resin todmlykied mstcherdaciceasdath ahd theqdeerage i¢hd,l geccul ation
residues is high. This markedly increases residual resin conponents in

t r eat ed veat@Erak Iphearelaict uadsin dta srerbnaned tresis isialy Bn IR nenbr ane, t he
residual resin conmponents becone additional nenbrane contam nants that

decr easeargaad ofi & lanmetihulssna Herad ket dchecesdllyy i om add e mvol ak phenol i ¢
resin is inappropriate to prevent a decrease in perneation flux. [0011] As
a net hoFFslEsSiahg s domporidhtf arealdehyin with dneqertled;imRat ent
DocunentEIZ nd 3 propose a nethod for neutraljzing an al kaline sol ution of
a novol 3% n% Gledilte WGPk ahenolier frasithd e pde quaee separ at i on

of a precipitate and 'q?uri ies that remain in water, and redissolving the
precipiﬁ%ﬁiﬁi T RAIKaTTTETB- plifi fi £86Vek, [BGLEPVolak pheRedéE, when the
met hod descri bed i_n_Pat ent cunments 2 or 3 is applied with an _al kaline

S0l L1 off SE0M T "RAREOTITIeL A SOk b A BRI Y s 7, Kl

preci pi a tos, for e fota i.ty. .Thys, .even centrifuygation

yi el ds I-]a:%%/] rey%gomlaél%l %ar%)ur};otboté saéjﬁiarlgte H1 iac%it < gﬂ'rq}}?esr rgguﬁnsf‘ of

| ow nol equl.ar-weig opon hat are nat .floccul.ated are transferred to
the precipit asr‘)é\%t?yﬂtg gorgglt%l %%t%ﬁe(tﬁl gcrhéa gggg@ia&&g R DD UL the

amount ef,,q@ gRt-scelimnated is very small. [0013] In order to
achieve MFF o ess than 1.1 with a small anount of al kaline solution of a
novol ak [pheaql i c resin, decrease flocculation residues, and produce a
purified product that can ensure a stable perneation flux in a flat

menbrane tesA WSTOUaRMNpIEhSENEr 288in] honneNohak ARenghieiLesi n .

concentration nust be less than 0.5% (200-times or nore diluted solution).
methylol group, is mixed with a curing agent, such as
hexamethylenetetramine, and appropriate auxiliary materials

for the intended application, is softened by heating to at

least the melting point of the resin, and is subjected to



[0014] Thus, staring froma 200-times or nore diluted solution - 7 - of a
novol ak phenolic resin, conmercialization of such a purification nethod
requires large-capacity facilities for separation, dehydration, and drying
of a purified product. At the sane tinme, a waste fluid having a high CODnr,
of 1000 ng/L or nore is produced and nust be treated. Furthernore, the
precipitate tends to become a rubber-like nmass and sticks to any portion of
facilities. Thus, the commrercialization of such a purification nmethod is
econoni cal |y and technically difficultq List of Documents Patent Document

[ 0015] Pat ent Docunent 1: Japanese Patent Publication 3-146191 Patent
Docunent 2: Japanese Patent Publication 6-285476 Patent Docunent 3:

Japanese Patent Publication 6-287262 bject and Summary of Invention
predetermined forming and a heat curing reaction to produce

a resin product. The resin after the curing reaction has
high heat resistance (resistance to deformation and thermal
decomposition during heating), which supports various
applications of Bakelite resin.

[0005]

Regarding a water treatment agent, an alkaline solution
of a novolak phenolic resin is commercially available as an
agent for the separation and recovery of paint present in
circulating water for washing away paint residues in an
automobile spray booth (Kurita Water Industries Ltd., trade
name "Kuristuck B310").

However, this agent is a treatment agent of such a type
that can be applied to spray booth circulating water. The
agent cannot be used as a water treatment flocculant that
can provide such a clarity that allows discharge to public
waters, and no actual example of using this agent as such a
water treatment flocculant could not been found.

[0006]

This is because use of an alkaline solution of a
novolak phenolic resin in the flocculation treatment of
wastewater results in a large amount of components that are
not flocculated and remain dissolved in water. The
components remaining in the treated water increase the total

organic carbon (TOC) of the treated water as compared with



Obj ect of Invention [0016] As descri bed above, a novol ak phenolic
resin contains | ow nol ecul ar-wei ght conponents that are not involved in
flocculation and remain in treated water. Thus, an al kaline solution of the
novol ak phenolic resin cannot be used in the floccul ation treatnent of

wat er and wastewater, in particular, as an upstream process of RO nenbrane
separation treatnent in which the residue of the alkaline solution - 8 -
beconmes anot her nenbrane contam nant. [0017] It is an object of the
present invention to provide a water_treatnment flocculant at |ow cost and
high yield that suffers fromless secoﬁdary contam nation with floccul ation
resi dues and contains an al kaline solution of a phenolic resin. It is
anot her object of the present invention to provide a water treatnent nethod
i nvol vi nghehwaiiss befsgehthewarentmenst méptr Ekenplkantsastoanngtnhod for
manuf acturing the water treatnment flocculant. Summary of |nvention [0018]
The presefTPRAEREAVEr BxeMPéE 8 iBsERBleypeosebonensr @ecumeadt ilon Thishi ch an
al dehydé,is added to a novol ak phenolic resin dissolved in an al kal i ne

sol uti ontfo?pEPFBRM-8f RY¥dPRi bRCEBAGENnIAt CORur-eaction. This can provides an
aIkaIine[ggbyﬁion of a phenolic resin at |ow cost and high yield. The

al kal i ne ution of a phenolic resin can reduce the anount of

| ow nol ecul arswei ght conponents, including. a dinpuclear phenol, that remain
in aresin after #ﬁ@ﬁ%&éﬁﬁ?() Fr H TNt gﬁﬁc?ﬁﬁ?E%éea? T Fholht 1Bf

hi gh- nol | ar - wel h i b [ dtl | ati
oi foct s, o8 EEe MR aba b PELRATE L2 haPa e LRtk 58 rdBh8) Bhi 1PBa: i on of a

resin cog@ggﬁg%tééggap§§Ngg#@%gglgi&gﬁﬁcgge%ggﬁgxgmg -:9 - _the nenbrane

cont am nat | ndi cat or equentP§YlPHeaproportion of

f or mal d%ﬂ@cﬁ?&r%éfﬁﬂf eéfygelz‘?@&g@gr{nﬁ%ge?héﬁa%boﬂn &«Hggﬁgg%i on

tenperature, the reaction tine, an actors are studi to produce an

al kal i nepis@heil | 9Re DEtansespA0: OEREH §EaCLI ABLh§SLANBYLAY a nonconventi onal
high nelting point in the range of 130C to 220C, preferably 150C to 200C,

and it was faund thajrridiedd kit inesi50) Wnom cah achhevgidde pbj ects. [0020]
The present invention has been achieved on the basis of such findings and

i s sumetnzectias dobldvstid®02e]a novoldkfphehodspestsPhpvhdasiaswat er
treatnment nethod that involves a flocculation treatnent process of adding a
fl occul anmiring wateres®, behe reatponecnans aesetbsaneosepaeat s oot eeat Agnt
process of treating flocculation-treated water of the floccul ation

tr eat nermeprocEsd dyusenhr apersipalat i pnobidmer ein the fl occul ant contains
an al kaline solution of a phenolic resin having a nelting point in the
range of [OYT to 220C. [0022] A second aspect provides a water
treatment nethod that involves a flocculation treatnent process of adding a
floccul ant t §FhidCeStEHATL Pediesinigme £ Nemanaici emaniare - 10 -

contaminants introduced from raw water in membrane
separation treatment with a reverse osmosis (RO) membrane or
the like, the present inventors found that the alkaline
solution of the novolak phenolic resin described above is
effective in flocculating and removing membrane contaminants
and improves MFF, which 1s a measure of the membrane
contamination level of treated water.
[0009]

Similarly to FI defined in JIS X 3802 and SDI defined

in ASTM D4189, MFF has been proposed as a measure of the



treatment process of treating flocculation-treated water of the

floccul ation treatnment process by nenbrane separation, wherein the

fl occul ant contains an al kaline solution of a phenolic resin produced by a
resol e-type second-order reaction in the presence of an al kaline catal yst
in which an al dehyde is added to an al kaline solution of a novol ak phenolic
resin, the novol ak phenolic resin being produced by a reaction between a
phenol and an al dehyde in the presence of an acid catal yst. [0023] A
third aspect provides the water treagnsng met hod according to the second
aspect, wherein the phenolic resin produced by the resol e-type second-order
reaction has a nelting point in the range of 130C to 220C. [0024] A
fourth aspect provides the water treatnent nethod according to any one of
the firstlaoithi o BOpmenbramhefeedwahermentdr aneusepaiigt meastiredt ment
process is a reverse osnosis nenbrane separation treatnment process. [0025]
A fifth wespece prevpdéstrabioat wembranenbavingt hodoaeceidengtt 8.4y one of
the second to fourth aspects, wherein the novol ak phenolic resin produced
by the riéet iMHroet ltCF?éU@heniﬂ TeindP § hiel Hieiesdy déatier the Pprlkserr? of the
acid catalyst cont ains, 3% by weight_or_nore of a dinuclear _phenol and has
a wei ghtt %ﬁ%?%@ean%F%éhP%FemEFBH?C6¥1?@9960W9W%F@neaﬁélFﬁ€ PRBABHI & resin

produced by the res pe sec rder reagtion contains |ess than 3% by
wei ght of°&° d?hﬁ%l%gr p%é aT%O%%? at a 9@&?%?% %E%%%?r%r%giéés k¥de m;ter

h fth . wh |

or oduced BYD AR BTt 8. SbbbRA bPheF TBatt| b BBACAFRS: 1090y % gh or
| f tsh | ecul f 624
or Tess g‘i%%%f;”% R L N R e e S e S
according; 1 0.1 1,4 1 {1 0> S| XN ASPECK, WieF & D éﬂ%@hag@é”d'acs d N produced

by the resole-type second-order reaciion contaln wel gh or | ess of

a | ow mo}lgeu ag vazgfii CW%télanf& & Al SO R Q*}J}aé)lemﬂ 64 han 624

and 1200 or Iess 28] A el ghth aspect provides the water treatnent

met hod a&x@@rn@rmgofm a@cy ongrofrddig fdd Sfjoxa%a:eqﬁen%pbﬁ@es&ﬁmrﬁ {0 seventh
aspects, wherein the phenolic resin having a melting point i'n the range of

130C t 0 P26 trasn al pod ystouana HdMahal Wweightd avenagea 488 agidar wei ght
in the range of 5000 to 50000. [0029] - 12 - A ninth aspect provides
the water.a5eat nent nethod according to the eighth aspect, wherein the
phenolic resin having a nelting point in the range of 130C to 220C cont ai ns
15% by wEi@Hi] or | ess of a | ow nol ecul ar-wei ght conmponent having a

nol ecul ar wei ght of 1000 or |ess. [0030] A tenth aspect provides the
wat er treat mélotwemvsirhod.- racouiedi rigp techdrveorse Gfvarted fd MEF taf digesh aspects,
wherein the floccul ation treatnment process involves addition of the

f | occul ditan ol wat efhe caieunty eaf exfl smblrebseljuehen a@di 2 i mavoiakn i norganic
floccul ant. [0031] The el eventh aspect provides a water treatnent

f1 occul aenHe:C det i 0 e AddRT sl ke | Brcerasedhertl i €he esi n having a
melting point in the range of 130C to 220C. [0032] The twel fth aspect

provi dePF RIS rat M CH SRR arftSTHERS chhtlad 9l aﬁ%%&ﬁrﬁ‘@d&d ution of
a phenol,ic resin projﬁguga a resole-t e second-order reaction in the
presence S S Sl Kt § %/]sri TR Th-An &l ety o |"§aJ%1%I’6led o 8h

alkallne O|%PI n of a nOVO|qbé$thOJIC re§%$ %ﬂb novoI k phenp |c resin
bei ng produed by a TRt Bh S pHeno? S EH ™ d ?/d%e?Jn
presenC%églﬁﬂEéﬂﬂékéﬁg§ﬂﬁg%dme additicnal membrane contaminants

that decrease permeation flux. Thus, the alkaline solution

of a novolak phenolic resin is inappropriate to prevent a

decrease in permeation flux.

[0011]

As a metheod for removing a component that is not



[0033] - 13 - The thirteenth aspect provides the water treatnent

fl occul ant according to the twelfth aspect, wherein the phenolic resin

produced by the resol e-type second-order reaction has a nelting point in

the range of 130C to 220C. [0034] A fourteenth aspect provides the

wat er treatnent floccul ant according to the twelfth or thirteenth aspect,

wherei n the novol ak phenolic resin produced by the reaction between the

phenol and the al dehyde in the presence of the acid catal yst contains 3% by

wei ght or nore of a dinuclear phenol apnd has a wei ght-average nol ecul ar

wei ght of 2000 or nore, and the phenbl@c'resin produced by the resol e-type

second-order reaction contains |ess than 3% by wei ght of the dinuclear

phenol . [0035] A fifteenth aspect provides the water treatnent

fl occul ahtoaccbadedg Patéte Doouhersts h2 aspecs, pnbeose nathetpbéndbic resin

produced by the resol e-type second-order reaction contains 10% by wei ght or

| ess of methionahbtecul an wel ght icenpohent ohavi ng sovolekublenwkight of 624 or

| ess. [0036] A sixteenth aspect provides the water treatnent

fl occul apesHecHtdl e tacithe poufeorehnd oplidfloenid asparetiohertia the

phenolic resin produced by the resol e-type second-order reaction contains

10% by vieTftPbiatesangfippurigies thak npeeaimatl werht . cadPonent having a

nol ecul ar wei ght of nore than 624 and 1200 or less. [0037] ., .= A

sevent et F-3EDECI"Dr 'ohvF deEcEheibat &r 1fr edt Rk irsc dateudddsiadiiii t o any

one of t@f:ﬁifventh aspect and the thirteenth to sixteenth aspects, wherein

t he phen q esin having a nelting point in the range of 130C to 220C has

a wei ght - average nol ecul ar ight,.in the range aof 5000 to 50000. [0038]

A ei ght eent h}gog“’peevcetr’prwg\?lndé:geet %%e%der F5%: 1 1SE I O B ng to

t he sevent . AS f. in th nol i | 0 having. a. el ting point
en oezenig m%&%ﬁtloe%ﬁé ae_UPQJ? 53 goj:&élg%rtl gonifzglnln

in the range of ains o by wei or ‘ress of a

o Shbgpel Al pomenenio ot TLesul o, el gantier | oos

[ 0039] A ni aspect provides a net a water

treat mendcddpocl @t Pt dOwol ves. E8aF! | RgA PRERY] i a0 Aldeyde in
the presence of an acid catal yst to produce a novol ak phenoli'c resin; and
addi ng an aldiehydestp bl kalduie: sof Wdoar ofe thegnoyol ak Rhenald,e resin to
performa resol e-type second-order reaction in the presence of an al kaline
cat al ystmodt0QH0]1 Av-tiveind d et dx--aspepit pEambslasnt ecwet hoek fe+ producing a -
15 - water treatnent flocculant according to the nineteenth aspect, wherein
t he phemflodculeaaet etd-anvitttartd e mtaehyslecha e psasene opfaddermei sh

catal yst to produce a novol ak phenolic resin that has a di nucl ear phenol
cont ent aofd 3ehyaswiqitest widrte varitka waihglst, - aher ageum] ecul ar wei ght of
2000 or nore, and the resol e-type second-order reaction is perfornmed to

pr oduce cemprersltisc elagiimaiad rg aratinwemaar. phenol content of |ess than 3%
by wei ght. [0041] A twenty-first aspect provides the nmethod for
produci M@% 3dat er treatnent floccul ant according to the twentieth aspect,
wherein the resol e-type second-order reaction_ is perforned to produce a
phenol i c resiR PKIELCERt 8FRdYEWBY Wi dEsSoithpdsd -df wiath a small

| ow nol ecul ar-wei ght conponent havi ng a nol ecul ar wei ght of 624 or | ess.

[ 0042] @moung ﬂﬁe%t];}( 0 oA d¥ST R it ¥Brrgtidtuci ng a

wat er treatnent fl occul.ant, accordi to the tweptieth or twenty-first
aspect , WW&EFEST THE %el%ﬁeessléﬂ%ﬁd @ﬁﬁ:grpj?oégﬁei Gh BE er§%r med to

pr oduce henoli.c.resin that caontains 10%.hb i ght_.or less o

armo) oBLL AR el o STANE S g Sl AT oS G forekdthan 624

and 120%e%5r%%%§test using an RO membrane, the novolak phenolic

resin concentration must be less than 0.5% (200-times or
more diluted sclution).
[0014]

Thus, staring from a 200-times or more diluted solution



Advant ageous Effects of Invention [0043] - 16 - A water treatnent

fl occul ant according to the present invention that contains an al kaline
solution of a phenolic resin having a nonconventional high nelting point in
the range of 130C to 220C or an al kaline solution of a phenolic resin
produced by a resol e-type second-order reaction of a novol ak phenolic resin
can efficiently floccul ate and renove contam nants that cannot be treated
only with an inorganic flocculent generally used in floccul ation treatnent
of water, such as a nonionic surfactant or an uncharged neutr al

pol ysaccharide. The water treatnent flbcculent can also reduce the

contam nation of treated water with contam nant conponents. [0044] I n
particular, a water treatnent floccul ant according to the present invention
is effecefve hovolsbcelatl bn resanreobmasraipl etathdmear puoness before a
menbr ane separation treatnent process, such as RO nenbrane separation

t r eat nerPUr iptabien tiet hedbrewel cont hatrgat capachdy chtoi LMVEFesf fumt er to be
subj ected to nenbrane separation treatnent, and prevents a decrease in

per meat | PPPFFUKL - LABBFAREON s R 28T BHNRCG freabpantfiadl| pwpdgest abl e and
efficient, nenbrane separation treatnment for a |long period of time. [0045]
Thus, a iNat&re 7Bt © me? RS BR chbt i Aghea bladied prbsle nEOPmy et iLOAOt hat

i nvol ves rane separatio tmfat nt of - 17 - floccul ation-treated
wat er t redted WitHrsuth %r‘?/é‘ﬁ‘é‘? t':'r‘rg%t%'?ﬁ B¢ ottt - addGtdieH S t he

present i,nv fon allows stable and efficient treatnent continuously for a
| ong per#lg%%é%é?%pn%at[%oﬁ& to %??Iﬂ%r?mlf‘g?b%r“ Rd#eF Fdduci ng a

wat er treat t £l . according. 1o the present .invention, in which an
aIdehydéﬁﬁgﬂggdg%Eﬁgfggggﬁﬁgffﬁéq%% u%%%%e%f §%W§VOF§F phenolic resin to
performa,esql 51 VRE ; - r.r ' I ence of an al kaline
cat al ystC:ao can i%c%le%?elﬁﬁ%ﬂ(%ﬁlaarﬁaﬁfgﬁ%ﬂ%ﬁ F@?N—ﬁrrgtﬁelc%l ar - wei ght
conpone&k&nﬁﬁﬂdglyyrgﬂdu%géﬁnyggiﬂy of éf%ﬂhéﬁ | ess, including a dinuclear
phenol, to decrease the percentage “of t%e ow nol ecul ar-wei ght conponents,
whi ch ang 44 eublmsommwen used as a water treatnent floccul ant, convert

t he | ownol ecul ar-wei ght conponents into effective conponents for

fl occul atdtent meatuenit, and i ncrease the nol ecul ar weight and the nelting
poi nt of the phenolic resin. Thus, the nethod for producing a water

treat ment00fllsdccul ant can efficiently produce such a water treatnent

fl occul ant according to the present invention. Thi s net hod does not
pr oduce Beasing |Lcguirgnts uch Jegaare sar Gariemts dlubanitcatainch Gl eglvieve a yiel d
of 100% Thus, a phenolic resin water treatnent flocculent containing a
mar ked| Yadeate docgramburt: ofapamssen|Beddrdr -Badi lgitta icdenpaiter®i76¢ 18 - and
having a high nelting point and a high nol ecul ar wei ght can be produced at
| ow costFa&sd thilgis Wieaitd 3 : Blie@knpesc Hagtardn Fofb IDvcaiimg [OOB7]262 Fig. 1
is a schematic view of a flat nmenbrane test apparatus used in exanples.
Descri pPPafCoHt 2Bfp SYrRaAtYs offodagention Enbodi nents of the present
inventiﬁﬁ,mﬁll %g descri,bed in detail below [0049] In the present

i nvent i 077 SCire o lBZERA“Rei ght or the wei ght - aver age mol ecul ar wei ght is
neasureq §¥6g gel permeation chromatography (GPC) nethod and is cal cul ated
using a 8 i'bration curve prepared with standard pol ystyrenes.

As described above, a novolak phenolic resin contains
low-molecular-weight components that are not involved in
flocculation and remain in treated water. Thus, an alkaline
solution of the novolak phenolic resin cannot be used in the
flocculation treatment of water and wastewater, in
particular, as an upstrean process of RO membrane separation

treatment in which the residue of the alkaline solution



[ 0050] [Water Treatnment Floccul ant] First, a water treatnent

fl occul ant according to the present invention is described with reference
to a method for manufacturing the water treatnent flocculant. [0051] A
wat er treatnent floccul ant according to the present invention contains an
al kaline solution of a phenolic resin that has a nelting point in the range
of 130C to 220C. - 19 - Such a water treatnment floccul ant according
to the present invention nmay be produced by any nethod. Preferably, a water
treatment flocculant according to the Qrgsent invention is produced by a
met hod for producing a water treatnent floccul ant according to the present

i nvention that involves reacting a phenol wth an al dehyde in the presence
of an acid catalyst to produce a novol ak phenolic resin, and addi ng an

al dehydebeoomasabRathae setlotaoa obnthminauwbl ak phenolic resin to performa
resole-t¥8e second-order reaction in the presence of an al kaline catal yst.

[ 0052] 017More specifically, 0.2 to 0.4 nol of a formal dehyde per nol of
phenol ring is added to an al kaline solution of a novolak phenolic resin
and is all onetf ti6° rEa@PHCla Aerpdes RupEenh IHerEme v Mo ide 100C for 1
to 12 hours. The fornmal dehyde bonds to_a phenol ring of |ow nolecul arwei ght
componenf&teF neFedithgta ﬁ%%%%?%%?tpﬁEnéPW tost orRf aligacyioednthayl ol

group. The t hyl ol oup reacts with ap existing phenolic condensation
O odnet T Eere e ron BT Rty | Cef Pt St R e, Hl gesolaeres

hi gh- nol | ar-wei ght _active conponents for floccul ation. ,
Sinultaﬁ%%%%ﬁ%?gf%ébfﬁﬁﬁE?%ﬁFo?nt%gg?%fﬂﬁlﬁ% §E%?ntﬂ£ FPRERPORCOf a

met hyl ol .groyp, and the addition reaction with another condensed pol ymer
conponent _al'so occur in a phenol ring of an existing condensed pol yner

conponent . - 1+S o ases Y e | . wei,ght of the
entire resinaﬁiqé%égggﬁm%?ggg froﬁ%%g¥§%gﬁﬂgﬁﬁgpéﬁgg%g%ﬁﬂfgggetmeen 5000
and 300000t L6 water ThSASGACLHOMEENYRISS, LA BlenglerbrdstLem 2

t wo- di nensi onal structure (linear) having two |inkages to a

t hr ee- diweeiist ofiddatghditct fr e havd g 4k e2 hé ksgetor LSk &Y des{ggsing the
degree of freedom of the polyner chains and increasing the nelting point of
the phentld owdest treatmerk STBddcungfease in nelting point results in an
insufficient decrease in the anmount of | ow nol ecul ar-wei ght conponents. On
t he ot hedunheandy @h Bxcessiote i ncrease in nmelting point or even a
nmeasurenment of no nelting point (at 230C or nore, the onset of
deconposi@dldhi makes the presence of a nmelting point unclear) results in a
nmol ecul ar wei ght of the phenolic resin in the order of one mllion or nore
and, in an edfieeipgesass, lavengoe st fatiathe emtsaletmee issddmked-dex one

mol ecul e, and the resin cannot be dissolved and is precipitated and

sol i di f iZe@CEh i WHel e mldehside 119 jafddet] the mestalAHaphendnicr eased
viscosity and begins to be solidified after several days or several tens of
days andSSihst e lpesetican wlileddns spigtiaon thea ImgEht . [ 0054]
Thus, a phenolic resjin having a nelting point in the range of 130C to 220C,
pr ef er aBIAPISEE (PBEEHEAHST TeRCLIQR e hilfe §2By PEONEARSEd 8@escri bed bel ow
can be appli,ed as wat er treatnent floccul.ant. [.0055 . In a nethod
for pr o&ﬂ@ﬁﬂdnf S5 n@ntprﬁeﬂnd@dﬁ S Ht &r ity ‘]t%%( FEDriveEht

i nvention, -the ol henol i esin that serves as a,raw material in the
resole-8§5g£§ecgﬁ -%?E%ElP%ag ?3 g Bﬁoauggﬁnpﬁl&cESF&&nE@“MrFﬁugeroutine
pr ocedu b I nsati reacti.o e en henal .and an al dehyde
inar eratglteo)réml%rll1 t )é%g rI1 ggg?@el 5 léaﬁtagiél lo@P1 ctbcéaci\?%Oynset%tgs‘rf d lslrlucblsuecchildégnta

dehydr ayi;on aRd .+ eivah ok nuar eagtad, phenol al NUARl,. RESSYIE &Ng, under

reduced pressure.
treatment, can increase the amount of high-molecular-weight

components that contribute to improved flocculation effects,
causes no problem with a product, such as the solidification

of a resin component, and has a large effect of improving



[ 0056] Exanpleé of the phenol for use in the production of the
novol ak phenolic resin include, but are not limted to, phenol, alkyl phenol
such as o-, m, and p-cresols, o-, m, and p-ethyl phenols, and xyl enol

isonmers, polyaromatic ring phenol such as a- and O-naphthols, polyval ent

phenol such as bi sphenol A, bisphenol F, bisphenol S, pyrogallol, resorcin,
and catechol, and hydroqui none. These phenols nmay be used alone or in

conbi nat i on. Anong t hese, phenol, cresols, xylenols, and catechol are
preferable practically. [0057] Exaaneg of the al dehyde include, but are
not limted - 22 - to, formal dehyde, “paraf or mal dehyde, acet al dehyde,
propyl al dehyde, benzal dehyde, salicyl al dehyde, and gl yoxal. The al dehydes
may be used al one or in conbination. Anong t hese, practi cal

subst ancebei membdentornntduhydeiandipdriahtpmaMd@&hyde. [ 0058] Exanpl es
of the acid catalyst for use in the production of the novol ak phenolic
resin i ntPHd8) but are not limted to, inorganic acids, such as
hydrochloric acid, sulfuric acid, and phosphoric acid, organic acids, such
as oxal i c aciePRIRFERG dcheirFoROBRI R ¢hrfarneldehyde béazorc acid, and
p-tol uenesul fonic acid, and organic acid salts, such_ as zinc acetate and

zi nc bor BE8°LTRE¥RE aEFHoRATAF JSF sTRARG L hRNusERCaF6AEL AP AEBBRBAREEFON.

[ 0059] The, novo| ak phenglic resin serving as_a raw materigl in the
Fesol - 158 SERGRUOR: BLPer oahti BRIfEy TRELE-Ang® ReP ERAGSHoF At BTRINGGOI ak
phenol i c_resi avin i gh ltin oi,nt _of 65C or.nore is_agdvant ageous
because ?% %%E g%%% %Og%£+§%s§§ 3n§%ﬁgngfoF§ﬁfn6F38éF8P-ﬁgﬁéﬂtgégﬁﬁgnents,
whi ch ar | e- S -ord reaction .pas a

wi der co%d$$§%§£?%ﬁg£°%%? %ﬁéﬂr@%%?gggygégggcgﬁdﬁé?dg?ngsaggigﬁetﬁat can
provi de t e } I.n bt PA A r:th e -0 reaction
in the fg%g%égféig%%%%%g%% .15@ %3E$ 269 6'A%%gvéﬁaﬁa%hgﬁgﬂgc£g§éin havi ng
a fixed €oaposkil Ofle anh @& Nb9hekn "BELE 8O PRABt oH§SULES 10 a hi gher

nmol ecul ar wei ght of the raw material novol ak phenolic resin, a higher

mol ecul afoeeppht of the resin after the resol e-type second-order reaction,
and an inproved floccul ation effect as a floccul ent. Al t hough the raw
mat eri al novaltak gaenald diwesitidiashd pedd | Ll Bsvappst didigaHis the

mel ti ng point, novol ak phenolic resins are generally used by being nelted
and sof teansd bindiads ngnd fos nedhmaniz&eass cOslowand t heref ore novol ak
phenolic resins having a nelting point of 120C or nore are rarely

i ndustri 031 pbroduced. When the nelting point is nore than 120C, the
softening and flow tenperature is approxi mtely 150C or nore, and the |ocal
tenperature & flrsth@sgeak phenuldes regiatdm treatastrdr nethmithclatgher t han
200C. Thus, the resin may be deconposed or burnt and stick on the reactor
and canrgtvheirs st ablecqiiatign Featperbreropeeaust afdingexcessivel y hi gh
melt viscosity, it is industrially difficult to renove the resin. [0060]
The novdi@CHHet i reatisr s gt Beatted avi it @ riembiane heepasat &0k ype
second-qrder  reacti on nmay have any, nol ecul ar_weight. A resin having a

hi gher rOIEEdISHT AR T Lhricfet B nbtoonti2 beeaukeea ted reateri et not

involved.,in the - 24 - flocculation of a dinuclear phenol and, a conponent
havi ng %qﬁﬂ ?ﬁ%ﬂléiﬁ%ﬂnt%ﬁaﬁﬂﬁﬂﬁnﬁFﬁﬁ%ﬁ% AYRPTER 3FR2F2tH conpl eti on
of the cond-order reacti-on . but_ also because this results in decr eased
anount 3&' ei%[(%vjv‘-nnoqleecu B %%I?rtp%ln%sntasnﬁéfailje%i %ojlrjlhtlon of &

f1 occul afjonsqt.r - t.a4m bhe tr e er. JThus, the
novolak%%%%ﬁhJfgq%%%fﬁngﬁﬁgPSEgﬁggggkgﬁggvybHgg1§%%éga%$-d%%r%€§ %Dlecular
wei ght ef, 0> ©or nore, particularly preferably 2000 or nore.

[0022]
A second aspect provides a water treatment method that
involves a flocculation treatment process of adding a

flocculant to water to be treated; and a membrane separation



Al t hough the novol ak phenolic resin has no particular upper limt of the
nol ecul ar wei ght, the upper limt of the weight-average nol ecul ar weight is
approxi mately 6000 under application and production constraints. [0061]
Such a novol ak phenolic resin even having a wei ght-average nol ecul ar wei ght
of approximately 2000 or nore contains 3% by weight or nore of a dinuclear
phenol having a nol ecul ar wei ght of approximately 200 and a total of 15% by
wei ght or nore of | ow nol ecul ar-wei ght conponents having a nol ecul ar wei ght
of 624 or |ess that are not invol ved ig flocculation and are likely to
remain in floccul ation-treated water. or exanpl e, a novol ak phenolic resin
produced usi ng phenol and formal dehyde as raw naterials generally contains
approximately 3% to 20% by wei ght of a dinucl ear phenol having a nol ecul ar
wei ght oftrappmextnptetys200f artatahgoflappudatihabeltyedb&dt ©add% by wei ght
of low - 25 - nol ecul ar-wei ght conponents having a nol ecul ar wei ght of
624 or |eks fhatcatethon tneatwvedti prétessubatinembradeasephirkeignto remain
in flocculation-treated water, and a total of approximtely 25%to 50% by
wei ght ofh¢reinpteeufbecoel yht conpahent snhavkaginenopbetian wéi ght of 1000

or less that do not have a flocculation effect. [0062] In the present
i nvent i oPheRALAFkBEPTHR REPULTRR BY IuehsalaotvPaksprendrpedessin is first
pr epar ed. Exanpl es of a solvent in_which the novol ak phenolic resin

. np ( [
i s di ssofSRUE PRI taetBguRbeEeRet bt ofd 2bhRAIAPNGRbREYSE 1M0"BtChoRR al kal i
metal or_al kaline:earth netal hydroxjdes, such,as sodi um hydroxi de,
potassidﬁﬁﬁ%%¥%?iﬁ%,a %?%i5%1ﬂ?d?£§? %?eaﬁﬂf%gi?%n? yﬂr%?VégakThis sol vent
al so serves as.an_al kaline catalyst in the.subsequent,resole-t
second: drarS Thact o [Oopato otk mlenRLT PREL e 5% Br &3 MEF P as
t he al kal i Vi i h - e_se - er r tion al so be
a basi caééolf]%%(?]t?{% %F%%e%ngoélgéa%}g %%se?ﬁs%gﬁgha)g&?rll%tﬁ@%a@ng%%ggge
trimethy i 1, 8- di icycl o[5.4.0]undec7-ene (DBU), or
1,5-diafg ﬁ%g%F%%ﬁfgggiﬁ%n-B-ene (DEN), is dissolved in an al cohol, such as
met hanol jo@iHhpnol , propanol, butanol, or ethylene glycol, a ketone, such as
acetone, nethyl ethyl ketone, nethyl anyl ketone, or nethyl isobutyl - 26
- ketone, a geldasel W& pRicta VIR e Siflor UL BNl | 0sol ve,
et hyl cellosolve, or butyl cellosolve, a carbitol or a carbitol ester, such
as net hcesrdid®lto eity | seesid tDdpe®f, aihyte Larthé obhaest 8t exe PIOPY! ene
gl ycol nononethyl ether, or an ester, such as propyl ene glycol nononethyl
et her agetatssedthy|tiactatid e-ofyititydcacetat@er [09644ion has The al kal i ne
solution of the novol ak phenolic resin may have any pH However, an
excessi vt drow pH ntesiul the nrdroye sof ub30 7@ yt@f22MEC novol ak phenolic resin,
and an excessively high pHresults in a waste of an al kali ne substance
added. THUX24l he pH of the alkaline solution is preferably in the range of
approximately 11 to 13. The concentration of the novol ak phenolic
resin in thefalfiearitie asplegti ®F 0T detge they sladie p Hassitimente giathiosl not
particularly |imted. However, an excessively high concentration results in
an i ncr eESOTH DGR i A o3 tihe v EH igkesh 15D AsPeeist MherRimtain the
uniformty of the second-order reaction to which an al dehyde is added and
makes t ﬁéyepﬂ?&‘kf@é’c? TERHE RN Prictffdientt fRTQERTS 1 2RIy | ow
concentration results in a decrease in production efficiency and an
increas@%W?ﬁﬁﬁﬂﬂﬁﬁQﬁfgﬁufqﬁﬁﬁﬁﬁﬁﬁqzﬁﬁ?#%@ﬁﬁﬁsp?ﬂcﬁﬁ%'end product. Thus,
t he nOVﬂgﬁa henolic resin concentration is preferably in the range of
appr oxi tefﬁ 5% to 50% by weight, particularly preferably - 27 -

appr oxi mat el % 10%10.30% by el s L9065L oy Ll Akdshyge fo be added

to the al kal i'ne"so no e novol phenol i ¢ resin € resol e-type

second Qlel HIBRP P RIRYRE dih i Aeluify s fd ot ahayseaerving as the
raw material for the novol ak phenolic resin alone or 1n conbination. Anong
these, theralidehwde devdIactdnald vic s ptpdddidad dp. cfor el dehyde or

par af or mal dehyde. [ 0066] The anmount of al dehyde to be added to the
al kal i Nn@c3olcdli aheOfpHdMR NG| akhPharid a5l s fisdadd igulad ¥
limted. However, an excessively small anount of al dehyde to be added
resul t s aici daraitrgyisfi cGoeitta idecr@ass; ive iidie amuirofod anwvdmlieeldar - wei ght
conponents, such as a dinucl ear conponent, and a small increase in the
melting point of the phenolic resin produced in the resol e-type
second-order reaction (hereinafter also referred to as "second-order
reaction phenolic resin"). On the other hand, an excessively | arge anount
of al dehyde to be added results in the nelting point of the second-order
reacti on phenolic resin close to an unneasurabl e deconposition tenperature,
enhanced cross-1linking, insolubilization, and solidification. The

- . 1 N



t he percentage of | ow nol ecul ar-wei ght conponents having a nol ecul ar wei ght
of 1000 or less, including a dinuclear - 28 - conponent, in the raw

mat eri al novol ak phenolic resin or the type of constituent phenol and is
generally in the range of 0.2 to 0.4 nol per nol of phenol ring in the
novol ak phenolic resin. In practice, however, preferably, a prelimnary
test is perforned in advance to exam ne the relationship between the anount
of al dehyde to be added and the nelting point of the second-order reaction
phenolic resin, and on the basis of _t results the amount of al dehyde to
be added is determ ned so as to achievé the desired nelting point of the
second-order reaction phenolic resin. [0067] The resol e-type
second-order reaction may be performed by any nmethod. For exanple, in a
reacti orPR§ReEn P Ve B ed WRiahanavgraaeorolaceleanvbliohtngfappaPacus, a
reflux condenser, and a tenperature control nmechanism an al kaline sol ution
of a novBPEk: phefofie Pl havieglia predeced prelleeiepotontene and pHis
heated to a predeterm ned fenperature, for exanple, in the range of

appr oxi ETEPYAZORITE FOE bYOR St BHOM HESS arhal dehydl VEL30HeAT(® ¢ he

al kal i ne soluiion, and £ resole-type reaction is perfornmed in the presence
of an al(ﬁ%?lf%ee%]ét%?%? at a tenperature in the range of 80C to 100C for 1
to 12|u%g§égpile the tenperature is naintained at this tenperature. [0068]
- 29 - After the conpletion of the reaction, the reaction solution is

| ed t ield. | i t - i h [ i
Fesi e whi th has BB AR e et S A€ Bk P e er bl y
150C t 0 299Ga GaNtE Nsh@ Heere amoupt - of 5 | %éf%ﬁ&%c & el gt

conponent s having a nol ecul ar weight of 1000 or less, su as a dinucl ear

phenol , wwishihasd ady 1116 easssh nel ghd - aVE5 39S ik £Cb A8+ Woh An e 4 £069] _
The resin content, the pH, the anpbunt of al dehyde to be added, the reaction
t enper at1oe, byanék idie rQactdon 4 e 1div-ihel Seennd-ps dert r eagdd e @r e not
particularly limted and are appropriately determ ned so as to produce a
second- dradeing eaaidlacyhenotd igheseh dwidw Peslesired nelting point. [0070]
The second-order reaction phenolic resin thus produced has a nelting point
in the rigige’ Jof 130C to 220C, preferably 150C to 200C. [0071] The
second-order reaction phenolic resin preferably has a wei ght-average

mol ecul ar we”glseveht50@6 perctmpre v igese theefvertay = rE@0OGdr mamted A

wei ght - aver age nol ecul ar wei ght of nore than 50000 is likely to result in

t he prodRdsH-ref o ardi & heid iy aspasttec Uit revai gite gfhen@00; 000 or
nore, a high viscosity, further cross-linking with the lapse - 30 - of
time, afd3fe Y S A U < ke teecorhusrdeher sagiori or der
reaction phenolic resin preferably has a meight-aver%gf nol ecul ar wei ght of

50000 off eSS nNSHdAs QN aipTEoct0 1559 éxs.a Tow-ngpegekamtweiqiHe
second-order reaction phenolic resin has _a wejght-average nol ecul ar wei ght
appr oxi M &} Lhtazylf"‘lpgvéal OHESHRE Wit éi/fle ndtEt &t aRd ght before

t he rea&bb%nbll at_Is, the weight-average nol ecul ar wei ght of the novol ak

phenol i ¢“resin, i°ch is a raw material for the resol e-type second- order
reactio 00@%372] Preferably, the second-order reaction phenolic resin
contains I'ess than 3% by weight, particularly 2% by weight or |less, of a

di nucl ear phenghoangd 10368y webgbhi.ar chesg ol | ay.mmlecl! aroysioht
conmponent s haV|na a nolecula _melgﬁt of 634 “of I'ess. re preferably, the
per cent age.»9fihewiel ecy) %rn-ewfg{t%ecm@ler%é&v'aaﬂa %H@'ﬁﬁtﬂcﬁ%a’f' ght of

624 or less is gbbby wei ght or less. Preferably, the percentage o

| ow nDI gevlbathWaisghlttegnpereris e RGchJBlEecdan Weikhly of e dhan 624
and 1200 or less 1s 10% by weight or less, particularly 7% by wei ght or

| ess. [POI3k in thel rahbe secandor dey 2eacs ek Rherly L yresid,

| owmol ecul ar - wei ght conponents having a nol ecul ar wei ght of approxi mately
1000 or ehessalient| weinghtaatdieragieeaoleemi@renteight 3h the range of

5000 to 50000.

[0028]



are generally significantly decreased to 15% by weight or |ess, preferably
10% by weight or less, relative to the novol ak phenolic resin, which is a
raw material for the resol e-type second-order reaction. Use of the
second-order reaction phenolic resin in the flocculation treatnment of water
can produce floccul ation-treated water that contains a markedly decreased
anount of residual nonfloccul ated substances, has nmarkedly decreased TCC
and COD, and is preferred as feedwater for menbrane separation treatnent.

[ 0074] The al kal i ne sol uti on of tge phenolic resin produced by the
resol e-type second-order reaction i s & liquid that can be fed by a punp and
can be directly used as a water treatnent flocculant. [0075] The
following are a method for preparing a sanple for nelting point

measur enent , A mietittod Serctmgasurides tttee medtte Mg poi thienta neetied f or
preparing a sanple for nol ecul ar wei ght or other neasurenents, and a nethod
for rreasmd:@ugdim ol el atgheh ghtpect i heheérkenf one apsegohilcordeinreacti on
phenolic resin or a novol ak phenolic resin serving as a raw material for

t he resdlaviypea seebhtnoreleint ebet tlod Fangheopr &3ent tavenadicn. [0076]

<Met hod for Preparing Sanple for Melting Point Measurenent> - 32 -

An al kaw%t%bm%tl%ﬂg%y e 5gRbner of @R PeartlowpRbaenierTesights diluted
wi th ion-exchanged water such that the resin content is_1% by wei ght or

| ess. APFPATEBGHRIEEI BRI 1Ry dROtRFoFRE Beiant sofdHeeC dpBphPSe-to the al kaline
sol ution (i(g Qa,f] ust the pH of the alkaline solution to less than 5 while the
al kal i net$%# % ion is weII stirred with a stirrer or the like. Aresin
preC|p|tated| |on|sf|Iteredthr No. 5A fi paper, is
Rached twi ce A o R R RS RS S bt gﬂ%ﬁ%ﬁﬁ%ﬁﬁ&?%f@%ﬁ her Tilter
paper, aa{‘cgcérsd Itcgle ufngljieed Tﬂf V@l%sge{l aﬁ&? |gtés ried. at normal

1
t enper at ure un vacu over ni g In a deSI ccat OI’ Seve? a‘? r&iays

until thg, Ig%ﬁéfor satl resv cess 1n&@fd§% d&@i@%o@hﬁpqhhg resin

that is a raw rrat e-fype secon feaction not

subj ect egh § Qi eSO der, r@@%f@@ue@ SRS q@éﬁ@%%ﬁb’ i £ LM @f(;??]

al kal i ne solution thereof 1 n the sanme manner as descri bed ove.

<Met hod Fpri 1o VR 4 ngh +Poi nt > A differential scanning
calorinmetry (DSC) manufactured by SII NanoTechnology Inc. is used for the
measur en|Ig3l ] 2 ng of a sanple is heated at 10C/ mn in a DSC nmeasuring

instrunment. The heat flow (/mVv) is neasured as the tenperature is increased
(hori zontal akiesklekehap bempetatiosicfesan endeirhémdatmeeak i s consi dered
to be the - 33 - nelting point. In the present invention, the

mel ti ng Paiguslaoft &hedyadak gilencn allesl imanb huisbeonsE oo dettericaict | on
phenolic resin are neasured in accordance with the sanple preparation

net hod aressirhdawitisnd eyl tiges wadng: tive thed tiangpaihtl AeFeriderk Ghivve.
[0078] <Method for Preparing Sanple for Ml ecular Wight or the Like>

In orderl@@Zder f or m nol ecul ar wei ght neasurement including fractionation,

an alkali netal ion_and water nust be renoved from an al kaline sol ution of

a second- or déRer EWELE6R pRERSL PreFdidsswiet Wele rditserdngintg

| ow rml ecul ar weln%gt conponents, including a dinuclear phenol, in the resin.
Thus, t FeOIE e TETUGBH 0 178! SEdGHERS L4t i O aprf&mqlclq esin is
dlluted such that, the resin content is approxjna 0. 1% ht (1000
i L) G BRI G 6 SR R S SO SRAE e Srtsunt of

hyd hl d I f h f
) ssoci HEEHBhen .canhfé”{?n'gefﬁct&{ot" Saﬁt‘rk%ew‘fﬂolq%%%%% %’?}'ﬁath'e"” o e

di al vzeradd%da't%s'a% SR TR o The, WhioLe oantiont Slnel uel ng. dsposi t

after the alysi's are concentr €ss’in undér Vacuum at a

low t emperat ke 19k MR LEN A¥eing produced by a reaction
between a phenol and an aldehyde in the presence of an acid
catalyst.
[0033]



- 34 - The product is dried under vacuum at normal tenperature and is
di ssolved in tetrahydrofuran to yield a sanple for nol ecul ar wei ght

measur ement including fractionation. A raw material novol ak phenolic
resin before the resol e-type second-order reaction is also subjected to the
sanme operation to standardize error factors that can occur in the
pretreatnment, such as variations in neasured values. [0079] <Ml ecul ar

Wei ght Fractionation and Mol ecul ar Wi ght Measur enent Met hod> The
nol ecul ar wei ght is neasured by gel perjreati on chromatography (hereinafter
referred to as GPC). A tetrahyd uran sol ution of the second-order

reaction phenolic resin is devel oped and eluted with a chromatographic

col utm HLC8022 manufactured by TOSOH CORPORATI ON using a tetrahydrofuran
solvent at a Thewhiatecaitid) Ssphtimnpratides eniperatiee ofedftznResin i s
detected with a detector RI-8020 and UV-8020 manufactured by TOSOH
CORPORATEONcasilagtr efractlive tondekeahwelfthauspeet, aberptinobhat a nmaxi num
absorption wavel ength of 254 nm The results are fitted to a

cal i br at Popnedi¢eresiporystycedebyt Ghtdardsohavingedetrnrad-avtesul ar wei ghts
to assay nol ecul ar weight fractionation and the nol ecul ar wei ght and

per cent afeaetlpRabafopakedtivgi ROéBRpoRehls. rFREepefcéAPalesook20 C.-

| ow nol ecul ar-wei ght conponents are - 35 - calculated by the area ratio
(% baselOBA4i he whol e resin froma GPO nol ecul ar wei ght distribution

ot cou o TR SRHETSHGES, BASEIAAL PR UL, PR o
Lhe. preserl LTvept' Sh-ALe, ! LT AgS, i P he SATDLe.pegparaLien o bod
met hod d§§8£é?Sdtﬁ@°¥SVO£992$$en ic éé%@%eér&&ﬁé%ﬁ?ﬁ&néhgg?%%é@EogcCord'ng

to the préesent i Avention preférably confains an a utron of a
second- r i O ol J i i i j i range of
1300 1o 350t A e rnPeTsnhe, HRS R ead ZncrhS B P R e ey pe
second-ogdey ££agi{ 0P ObnfalQYOobakophEaoLie £eShireassdgsgihhedeapove, and
preferably has a phenolic resin concentration in the range of 10%to 25% by
wei ght amde@oPHhhd LhE £ aNGEgIRf - APRFo¥E MAbBEYuldrOutogd8. 8 2000 ofhis

wat er treatnent floccul ant produces a decreased annun? of

| ow ol efict &) - ¥l bl e CONPOBENE Sré& iR Progutadt beatre mag@LeLt¥€épective of
flocculation and is therefore effective as a water treatnent occul ant for
use in fiocoemdabrdart reattbon Sefivaigsaseas ptieaneadsnent wpt gnessrbeher e
flocculation treatnent, particularly nenbrane separation treatnent, nore
parti cul@ityc R neplesok. - 36 - separation treatnent, of water and

wast ewater. [0081] [Water Treatnment Met hod] A water treatnent nethod
accordi ngP@®d51 he present invention involves adding a flocculant to water to
be treated to performflocculation treatnent and treating the

fl occul at i on& ridditerenidt esaartimanaEirte s dpe atdtor dedtgnaifar acteri zed in
that the flocculent added to the water to be treated is a water treatnent

f1 occul ahtoFEEHIRE RCEOrdhed presee favehtrohh degseeFbedvapbodn T982]
Target substances on which a water treatnent f]occul ant-according to the
present leﬁk%%nrw PREPTLERARY ERRrfePPEeTHHREUPREPBA-RFFREL are

noni oni c_surfactants and ral po] ysaccharides that. cannot be_treated

Wi th CorFRAFT Gt G EATTBOLUT dif ST LR F 1168 B9 of UM AL LSFELEE Such as
pol y(al um.num chl ori de), (PAQ ., and ferrates, such as_i (LL1) chloride.
These ndltiH® Sorfisttiriatng A e fEERt 8h e bimsrde 70 (ot 48T, “ant oni c.
[0083] (40367

A sixteenth aspect provides the water treatment
flocculant according to the fourteenth or fifteenth aspect,

wherein the phenolic resin produced by the resole-type

second-order reaction contains 10% by weight or less of a



I n RO nenbrane separation treatnent, neutral polysaccharides that cannot be
renoved by pretreatnent flocculation with a conmon inorganic floccul ant
remai n and contam nate the RU nmenbrane and reduce perneation flux. Thus, a

water treatnent flocculant and a water treatnment - 37 - nethod according
to the present invention can be effectively used particularly in this
field. [0084] Wen a water treatnent floccul ant according to the

present invention is used in such flocculation treatnment, the anmount of
wat er treatnent floccul ant added to mqter to be treated is appropriately
determined in accordance with the quali‘ty of water to be treated or

i ntended floccul ation treatnment effects. Al though the anount of water
treatment flocculant added to water to be treated depends on the presence
or absentew-afobncuhargasight | coopbastt useding sombiaatien, weight of
substantially the same as the amount of nonionic surfactant or neutral

pol ysacohare dehamho2h asdal200ceul de¢sdn target for a water treatnent
floccul ant according to the present invention. For exanple, when the water
treat mentO®3bkbcul ant is used in a pretreatnent process before a nenbrane
separation treatnment process, such as RO nenbrane separation treatnent, the
anount of watferSSYLHISREHD A& SO ARRY The pradier apfsAiTethe range of
approxinmptely 0.1 to 5.0 pg/L, particularly 0.3 Lo 2.0 mg/ L, based on
phenol i E¥EF R 22 BoBEFOrdIng R A RY viter Ot r g ng ?V?PBEgg?Bﬁ?ta%E rding to
the present invention is used in flocculation treatnment that serves as a
pr ot r eat Tt Ub HeeSR L e br & R Hhcs SRpar &t | BReESLagtne  PASPREAE, i n
particul ar,.using. an RD menbrane,.an ultrafiltratio ape, o
nicrofil??%ﬁ?o aé%%%r%ﬁggP?ﬁ%gm%?%Qtt%%a %%n%a?g%c%glg%?bgcggr%?ggéto t he
present .jnventi i.S_ i L nat i 1 n_gn ni c
flocculékgg ¥ Wgﬂgi§a%%$%§é%$$%ﬁégﬁﬁ%%S%%?@Q#Ioccgﬁgﬁ%éﬁ%glﬂ%eségﬁt are not
limted {0, é%éﬁﬁ num fl occul ants, such as poly (alum num chloride) (PAC,
aluninun1sd? ate, and alum num chloride, and iron floccul ants, such as
iron(lIlpgesgpride, iron(lIl) sulfate, and polyferric sulfate, used al one
or in conbination. The anpbunt of inorganic flocculent to be added
depends on t ke Qupddantdf Rt ta-PaddLaipd Witdhea dddengded quality of
treated water. In the case that the water to be treated is industrial water
and t hatf Idve-d ntgadd:€o f § D¢ Ut ANthé Sse¢rsetit éénBh P4 eh& el enérpincess before
a nenbrane separation process, the anount of inorganic flocculant is
gener al Iphdrmolihe reape ldvappraxnedt chy 20ito 100t/ tandga theldasde t hat
the water to be treated is primary treatnment water of wastewater, such as
bi ol ogi dad 22®H nettavaterl Ehdoy hetligime enotgani of f& otcutmntecslased in a
pretreat ment process before a nenbrane separation process, the anount of

i nor ganiveefdtot cusreprnést derferd |y nolediel aargel ot appr bRPPratel 490 to 400
ng/ L. [0086 - 39 - When a water treatnment flocculant according to
t he preskéht39vention and an inorganic floccul ant are used in conbination
in flocculation treatnent that serves as pretreatnent before nmenbrane
separ ation t Pedi@eieenithe 38MHAY OF O dafe andteihad dgthehiododdlaant

according to the present_jinvention to male%ﬁio be treafed is fol |l owed by
the addi"atiF d?retaﬁ‘%“?%r@a‘?ﬁ%u]fﬁrb%cm%t%n R pERFFE AT 1§, PRFRPErably, a
wat er treatnent floccul ant cording to th resent invention is added to
Wt er {8 Rd AN 14 B TP TH T act Fhrac i SRAELGF bt e, “an

i norganic floccul ant_i.s then added {o the er.and is_al d,to.react for
appr o S & Gt T TR0 h Tabt 0 A TSN SR Sty 3 1o
10 m nutes w sl 0 I i Q I lation-treated liquid

i s subj e g?]{al(ﬁ)ilg{rei \rlrgacfqu/l%%# d&f_ i%ﬂ:iedﬂcg‘zé;%ér]é?ﬁg?)%ﬁ?%fg %%%%FI%% tank, a
pressur el Qhal ion-apparatys, Qcdhe dike: and, secondar vesolhdsbigul d
separation 1n a gravity filltration apparatus, and separated water Is used
as feedwat e fOn ey ang-separation treatnment. [0087] Si mul t aneous
addition of a water treatnent floccul ant according to the present invention
and an imaagani ¢ flocculant to water to be treated, or the addition of an
inorganic flocculant to a portion close to a portion to which a water

treat nent fl aceukamnt catcarspery paovielgy etentmethdd) ford Meerdicdmdas been
added causes a direct reaction between a phenolic resin and the inorganic
flocculent, resulting inlittle effect of the addition of the phenolic
resin. Thus, the anobunts of agents nmust be increased to conpensate for the
agents consuned by the reaction. Except the case that water to be
treated is high-saltcontent water having an el ectrical conductivity of 1000
nS/ mor nore, such as seawater, the addition of a water treatnent

fl occul ant according to the present invention after the addition of an

- 2 R I T o Y 5 L D 1 Y O T T Y 1



The present invention will be further described in the foll ow ng exanples.
In the follow ng description, "% refers to "% by weight". [0089] The
mel ting point, neasured in accordance with <Method for Measuring Melting
Poi nt> descri bed above, of a sanple prepared in accordance with <Method for
Preparing Sanple for Melting Point Measurenent> described above is referred
to sinply as "nelting point". The catal og value of a resin or the nelting
-point of a sanple resin not dissolved in an - 41 - alkaline solution is
referred to as "original resin nelting point". [0090] [Production of

Al kal i ne Sol ution of Second-Order R&aéPi n Phenolic Resi n] RESI TOP
PSM 6358 and PSM 4324 manufactured by Gun Li Chem cal Industry Co., Ltd
were used as raw nmaterial resins. These products are novol ak phenolic

resins pree et byt Mok Yy CONCeRSBAH B Na bed neehig phenthe anthébesatidehyde in the
presence of an acid catal yst and have the follow ng nelting points,

wei ght - ayesage, noheced @archei pidseol ahd +eaeted eeitar vee ght deoygpe nent
contents. [0091] [Table 1] PSM 6358 PSM 4324 Original resin nelting point
CO 67 6hdbbrevenpoint (G Fdid7cavaghst avermgeduce a novolak

phenolic resin that has a dinuclear phenol content of 3% by

weight or more and a weight-average molecular weight of 2000

or more, and the resole-type second-order reaction is |

performed to produce a phenolic resin having a dinuclear

phenol content of less than 3% by weight.

[0041]

A twenty-first aspect provides the method for producing
a water treatment flocculant according to the twentieth
aspect, wherein the resole-type second-order reaction is
performed to produce a phenolic resin that contains 10% by
weight or less of a low-molecular-weight component having a
molecular weight of 624 or less.

[0042]

A twenty-second aspect provides the method for
producing a water treatment flocculant according to the
twentieth or twenty-first aspect, wherein the resole-type
second-order reaction is performed to produce a phenclic
resin that contains 10% by weight or less of a low-
molecular-weight component having a molecular weight of more
than 624 and 1200 or less.

Advantageous Effects of Invention

f0043]



nol ecul ar wei ght 5400 2300 Di nucl ear phenol content 0/0 3.8 7.4 Percentage
of | ow nol ecul ar- wei ght conponents havi ng nol ecul ar wei ght of 1000 or |ess

0/0 29 37 - 42 - [0092] PSM 6358 and PSM 4324 are nminly used as
.epoxy curing agents for electronic material |am nated sheets and are not
used as water treatnment flocculants. [0093] <Exanple I-1> 41 g of

PSM 6358, 146.2 g of ion-exchanged water, and 12.8 g of 48% aqueous sodi um
-hydroxide in a beaker were dissolved while stirring with a magnetic stirrer
to yield 200 g of an al kaline squtLoQGOL a novol ak phenolic resin that
contains 20.5% PSM 6358. This solution had a pH of 12.4. [0094] A 200
mL Erl ennmeyer flask having a stopper was charged with 100 g of an al kaline
sol ution of PSM 6358 and was heated to approximately 60C. 4.43 g of 37%

f or mal dehyde Zagiadeus tswtaiment vidls cridet adrrdinalineisoirtdsant A
condenser, a tube for blowi ng nitrogen gas for_ agitation, and a_ thernoneter
wer e atth%ﬁ%@t%%ﬂtﬁ%a%t%@%@@%nﬁoﬁﬁnﬁbbﬁgﬁéeaﬁ@l@tbﬁnaﬁﬁ popheeplibasat i on of
a resole t%pe were perforned in an oil bath at_a liquid tenperature of 85C

for 8 hoUPSLR ST ESed & (pRCeRERH O aibr N GACHF bhj R0 THEL BRoiM( op |
(ol oo G SIS G2 HERPESS {Rrrheblo SoRTE058 0 408 26 %05 ot
fornald%gxgﬁafié3rgéiﬁ 5@%&uced by a resole-type second-order

reaction of a novolak phenolic resin can efficiently

flocculate and remove contaminants that cannot be treated

only with an inorganic flocculant generally used in

flocculation treatment of water, such as a nonicnic

surfactant or an uncharged neutral polysaccharide. The

water treatment flocculant can also reduce the contamination

of treated water with contaminant components.

[0044]

In particular, a water treatment flocculant according
to the present invention is effective for flocculation
treatment as a pretreatment process before a membrane
separation treatment process, such as RO membrane separation
treatment, improves the membrane contamination indicator MFF
of water to be subjected to membrane separation treatment,
and prevents a decrease in permeation flux of a membrane,
such as an RO membrane, allowing stable and efficient
membrane separation treatment for a long period of time.
[0045]

Thus, a water treatment method according to the present

invention that involves membrane separation treatment of



0.37 = 1.64 g, 1.64/30 = 0.055 nol, thus 0.055/0.193 = 0.28). After
cooling, 4.46 g of ion-exchanged water (ion-exchanged water for
concentration adjustnment) was added to decrease the percentage of

| ow- ol ecul ar - wei ght conponents including a dinucl ear phenol, yielding an
al kal i ne solution of a second-order reaction phenolic resin that has an

i ncreased wei ght -average nol ecul ar wei ght and a high nelting point
(hereinafter referred to as "synthetic product A according to the present

i nvention"). [0095] <Exanple 1-2> An al kaline solution of a
second-order reaction phenolic resinm Hereinafter referred to as "synthetic
product B according to the present invention") was prepared in the sane
manner as in Exanple |-1 except that PSM 6358 was replaced by PSM 4324.
[0096] <ExshphBadiSt-treatedwat&al tPEac8HUILIEN Sficlk ses@pgdrorder reaction
phenolic resin (hereinafter referred to as "synthetic product C according
to the ptesehbtehhVENsEON! AnWasScEsePani@dt b nthdepsasentaimesntsonn Exanpl e

| -1 except that the amobunt of 37% f ornal dehyde aqueous sol ution added in

t he resahkrdypesisaicbndand def ftebett otraatndn® gomnintdaslyhBoanaunt of

i on- exchanged water for concentration adjustnent added after - 44 - the
conpl et i bmofpehiod esbl eittgpe second-order reaction was 4.59 g. [0097]
<Exanpl e 1-4> An al kal i ne solution of a second-order reaction phenolic

resin (hev@tmhfter referred to as "synthetic product D according to the
present invention") was prepared in the same manner as in Exanple |-1
except that tCthesmaref BTG GeMartuHusb s YBIaR iToeaddEy i n t he
resol e-type second-order reaction was 3.2 g and that the anmpunt of

i on- exc IRtera R r SR et ridt® P aAPUSt MRVie R abeRed BP t¥R1ERe2Ronpl eti on

A al Kalt FECES S P 1 S RULHST cHRL POl RHEhat | ROFSLTF (her of naf L er
was pr opl LTI CHE VA ARGt et | L BT WE 8¢ -1 GRbpt Thet t he amount of
- eact | on VEG LT AR TR HES SRBURT HER bR B RaraLt et el for

Cecond orher s AR TRER A ES 4P dfr PR Qe IR R S 211

An al kal g, Salild Al Pind SGROTMLOT HETLLLaEE 198 PhEROLE ciégsi n (her ei naf ter

referre “conparative synthetic product F') was prepared in the sane

manner as,d N, admdeBxcehdhet, the oot s of t137 % d sramd dlgbygde aqueous

solution added in the resol e-type second-order reaction was 2.5 g and that
the amuwHe ofow-Gib RXEITRNGSEE VRt e diffoomeeNt diad tioNa Bsl] tsd BT saldled af t er
the conpletion of the resol e-type second-order reaction was 4.92 g. [01001
<Conpar afriare edple d-wter trdtmdkial f ecswlatt preaiversecloadi ovder
reacti on phenolic resin (hereinafter referred to as "conparative synthetic
pr oduct r&'l)ewasa pivepiarted compidresrstasrel mam nef fast i vie xampdreettd Bxcept t hat
t he anobunt of 37% formal dehyde aqueous sol ution added in the resol e-type
second- dflderculedtitaro it wesined: g amtl ihatedde Brpumlefulon-exthanged wat er
for concentration adjustnent added after the conpletion of the resole-type
second- grdbrthrearglitomavax i of the phenolic resin. Thus, the

method for producing a water treatment flocculant can
efficiently produce such a water treatment flocculant
according to the present invention.

This method does not produce waste liquid, such as an
organic solvent, and can achieve a yield of 100%. Thus, a
phenolic resin water treatment flocculant containing a

markedly decreased amount of low-molecular-weight components



g- [0101] <Conparative Exanple 1-3> 100 g of an al kaline sol ution of
aresinraw material PSM 6358 was m xed with 5.52 g of ion-exchanged wat er
in - 46 - Exanple |I-1 to produce a conparative preparation product H.
[0102] <Conparative Exanple 1-4> 5.52 g of ion-exchanged water was

m xed wth 100 g of an al kaline solution of a resin raw material PSM 4324
in Exanple 1-2 to produce a conparative preparation product |I. [0103]

.The resin content of each of alkaline solutions of the synthetic products A
to E according to the present inventiqgnp _the conparative synthetic products
F and G and the conparative preparation products Hand | was 19.43%
including resinified formal dehyde in the resol e-type second-order reaction.
[0104] [ Measurenment of Melting, Point, Mlecular \Wight, and .

LowMbl ec@@ar 241 gt 2 Cohpbnent Cpat eat tt and FhbighnipéerelprodaésstA to E
according to the present invention, the conparatjve synthetic products F
and G andthR REAParedi 9k %?%p%?%?i%%dp96g8c¥§e¥ﬁand | were subjected to

nDIecuIa%Bme%ggt fractionat%Oﬁ b%.the met hod descri bed above, and the
phenol (RbhShel§S ot RutPRaPt phea®t®9and | ownol ecul ar - wei ght conponent
contents Y544 assayed and were shown in Table 2. The melting points
wer e neagured by the nethod descri bed above and were shown in Table 2. -

47 - P | ((nnarer ), VRS SERArAL € I i cC ce with JIS
K- 6910- 7. 22. r?%Og] rF‘I[égval uéa{ﬁ on o eg"% aAg% %?@b%?l yrmt}:n er Q%—éa i ng]
50 nL ofaﬁgbﬁglg@éi&@eéoiﬂtég&n e&@ phenolic resin of each of the synthetic
products to E according to the present invention, the conparative

synt het i 5e i pfEL Sn Fo AN BRcht He conparative preparation products H and
| was hernetically sealed in 50-nL pol yethyl ene container. After storage at

60C for fomggP nonths, variations in flowability were visually observed to
exam ne storage stability under heating and were shown in Table 2.
The fol | owi nEniycel ieealtsatdfon ey ideidentf dmwdiiage wiitlabidd tde dbwiasedeat i ng.
0: Excellent with no difference in flowability between before storage and
after stiorafmtail bdtowhen the container is laid down, the liquid surface
noves sl owy. X: Even when the container is inverted, the |liquid does
not dri plOJ4206]
In the present invention, the molecular weight or the
welght-average molecular weight is measured by a gel
permeation chromatography (GPC) method and is calculated
using a calibration curve prepared with standard
polystyrenes.
[0050]
[Water Treatment Flocculant]
First, a water treatment flocculant according to the
present invention is described with reference to a method
for manufacturing the water treatment flocculant.
[0051]
A water treatment flocculant according to the present

invention contains an alkaline solution of a phenolic resin

that has a melting point in the range of 130°C to 220°C.



Table 2 also lists the nolar anmount of fornal dehyde per nol of phenol ring
contained in an al kaline solution of a novol ak phenolic resin subjected to

the resol e-type second-order reaction in each exanple. - 48 - Storage
stability under heating 0CO OD co _C CO4-1 000 41 4- Eu) 00 0 0 0 Ox
00 a) tan ,_-.F., Co "Cc 000 cOP'.EO

_19_

Such a water treatment flocculant according to the
present invention may be produced by any method. Preferably,
a water treatment flocculant according to the present
invention is produced by a method for producing a water
treatment flocculant according to the present invention that
involves reacting a phenol with an aldehyde in the presence
of an acid catalyst to produce a novolak phenolic resin, and
adding an aldehyde to an alkaline solution of the novolak
phenolic resin to perform a rescle-type second-order
reaction in the presence of an alkaline catalyst.

[0052]

More specifically, 0.2 to 0.4 mol of a formaldehyde per
mol of phenol ring is added to an alkaline solution of a
novolak phenolic resin and is allowed to react at a
temperature in the range of 80°C to 100°C for 1 to 12 hours.
The formaldehyde bonds to a phenol ring of low-molecular-
weight components, including a dinuclear phenol, to form a
reactive methylol group. The methylol group reacts with an
existing phenolic condensation product to convert the low-
molecular-weight components into high-molecular-weight
active components for flocculation.

Simultaneously, the addition of the formaldehyde, the
formation of a methylol group, and the addition reaction
with another condensed polymer component also occur in a

phenol ring of an existing condensed polymer component.



000O0O0 <40 0 Percentage of

| ow- nol ecul ar - wei ght conponents a)to to 0OC _COo _a) > " -ccs g .16,

0 >.

50 75 g E8 6.9 8.6 6.8 CCL 1:17 811 9"Z 9'8Z 8.62

- 20 -

This increases the average molecular weight of the entire
resin by several times from between 2000 and 6000 to between
5000 and 30000.

[0053]

This reaction converts the phenol ring from a two-
dimensional structure (linear) having two linkages to a
three-dimensional structure having three linkages, thereby
decreasing the degree of freedom of the polymer chains and
increasing the melting point of the phenolic resin.

A small increase in melting point results in an
insufficient decrease in the amount of low-molecular-weight
components. On the other hand, an excessive increase in
melting point or even a measurement of no melting point (at
230°C or more, the onset of decomposition makes the presence
of a melting point unclear) results in a molecular weight of
the phenolic resin in the order of one million or more and,
in an extreme case, a state that the entire mass is linked
to one molecule, and the resin cannot be dissolved and is
precipitated and solidified. Even if the resin is still
liquid, the resin has an increased viscosity and begins to
be solidified after several days or several tens of days and
cannot be practically used as a water treatment agent.

[0054]
Thus, a phenolic resin having a melting point in the

range of 130°C to 220°C, preferably 150°C to 200°C, as

| ow- nol ecul ar - wei ght conponents (% O her

.> 0to



0 4-Ccw4,52 000 _1-..- 79 21.8 to ti .5 Z .5 ..zt r -5 cr Ecq
017 84" 917 99 9'0 1 6.001 1. OFEZ CO04 CaC 4-CL LI cgOO _oO
4" >0 Gl 0 5ct >5=-550C. 10 117 9'9
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determined by a method described below can be applied as a
water treatment flocculant.
{0055]

In a method for producing a water treatment flocculant
according to the present invention, the novolak phenolic
resin that serves as a raw material in the resole-type
second-order reaction is produced in accordance with a
routine procedure by a polycondensation reaction between a
phenol and an aldehyde in a reactor in the presence of an
acidic catalyst and subsequent dehydration and removal of
unreacted phenol at normal pressure and under reduced
pressure.

[0056]

Examples of the phencl for use in the production of the
novolak phenolic resin include, but are not limited to,
phenol, alkylphencl such as o-, m-, and p-cresols, o-, m-,
and p-ethyiphenols, and xylenol isomers, polyaromatic ring
phenol such as o- and B-naphthols, polyvalent phenol such as
bisphenoi A, bisphenol F, bisphenol S, pyrogallol, resorcin,
and catechol, and hydroquinone. These phenols may be used
alone or in combination.

Among these, phencl, cresols, xzylenols, and catechol
are preferable practically.

[0057]

Examples of the aldehyde include, but are not limited
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to, formaldehyde, paraformaldehyde, acetaldehyde,
propylaldehyde, benzaldehyde, salicylaldehyde, and glyoxal.
The aldehydes may be used alone or in combination.

Among these, practical substances include formaldehyde
and paraformaldehyde.
[0058]

Examples of the acid catalyst for use in the production
of the novolak phenolic resin include, but are not limited
to, inorganic acids, such as hydrochloric acid, sulfuric
acid, and phosphoric acid, organic acids, such as oxalic
acid, acetic acid, citric acid, tartaric acid, benzoic acid,
and p-toluenesulfonic acid, and organic acid salts, such as
zinc acetate and zinc borate. These acid catalysts may be
used alone or in combination.

[0059]

The novolak phenolic resin serving as a raw material in
the resole-type second-order reaction may have any melting
point. A novolak phenolic resin having a high melting point
of 65°C or more is advantageous because it contains a
decreased amount of low-molecular-weight components, which
are targets for the rescle-type second—order reaction, and
has a wider condition range for the resole-type second—~order
reaction that can provide a target melting point of the
resin after the second-order reaction in the range of 130°C

to 220°C.
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A novolak phenolic resin having a fixed composition and
a higher melting point results in a higher molecular weight
of the raw material novolak phenolic resin, a higher
molecular weight of the resin after the resole-type second-
order reaction, and an improved flocculation effect as a
flocculant.

Although the raw material novolak phenolic resin has no
particular upper limit of the melting point, novolak
phenolic resins are generally used by being melted and
softened by heating, formed, and heat cured, and therefore
novolak phenolic resins having a melting point of 120°C or
more are rarely industrially produced.

When the melting point is more than 120°C, the
softening and flow temperature is approximately 150°C or
more, and the local temperature of the novolak phenolic
resin in a reactor is much higher than 200°C. Thus, the
resin may be decomposed or burnt and stick on the reactor
and cannot have stable quality. Furthermore, because of an
excessively high melt viscosity, it is industrially
difficult to remove the resin.

[0060]

The novolak phenolic resin serving as a raw material in
the resole-type second-order reaction may have any molecular
weight. A resin having a higher molecular welght is

preferred not only because the resin is not involved in the
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flocculation of a dinuclear phenol and a component having a
molecular weight of approximately 624 or less after the
completion of the second-order reaction but also because
this results in a decreased amount of low-molecular-weight
components that remain in flocculation-treated water and
contaminate the treated water. Thus, the novolak phenclic
resin to be used preferably has a weight-average molecular
weight of 1000 or more, particularly preferably 2000 or more.

Although the novolak phenolic resin has no particular
upper limit of the meolecular weight, the upper limit of the
welght-average molecular weight is approximately 6000 under
application and production constraints.

[0061]

Such a novolak phenolic resin even having a weight-
average molecular weight of approximately 2000 or more
contains 3% by welght or more of a dinuclear phenol having a
molecular weight of approximately 200 and a total of 15% by
weight or more of low—-molecular-weight components having a
molecular.weight of 624 or less that are not involved in
flocculation and are likely to remain in flocculation-
treated water. For example, a novolak phenclic resin
produced using phenol and formaldehyde as raw materials
generally contains approximately 3% to 20% by weight of a
dinuclear phenol having a molecular weight of approximately

200, a total of approximately 15% to 40% by weight of low-
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molecular-weight components having a molecular weight of 624
or less that are not involved in flocculation and are likely
to remain in flocculation-treated water, and a total of
approximately 25% to 50% by weight of low-molecular-weight
components having a molecular weight of 1000 or less that do
not have a flocculation effect.

[0062]

In the present invention, an alkaline solution of such
a novolak phenolic resin is first prepared.

Examples of a solvent in which the novolak phenolic
resin is dissolved include agueous solutions containing one
or two or more alkali metal or alkaline-earth metal
hydroxides, such as sodium hydroxide, potassium hydroxide,
calclium hydroxide, and barium hydroxide. This solvent also
serves as an alkaline catalyst in the subsequent resole-type
second-order reaction.

[0063]

The alkaline solution also serving as the alkaline
catalyst in the resole-type second-order reaction may also
be a basic solvent in which an organic base, such as
triethylamine, trimethylamine, 1,8-diazabicyclo[5.4.0]undec-
7-ene (DBU)}, or 1,5-diazabicyclofd4.3.0]lnon~5~ene (DBN), 1is
dissolved in an alcohol, such as methancl, ethanol, propanol,
butanol, or ethylene glycol, a ketone, such as acetone,

methyl ethyl ketone, methyl amyl ketone, or methyl isobutyl
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ketone, a cellosolve or a cellosolve ester, such as methyl
cellosolve, ethyl cellosclve, or butyl cellosolve, a
carbitol or a carbitol ester, such as methyl carbitol, ethyl
carbitol, or ethyl carbitol acetate, propylene glycol
monomethyl ether, or an ester, such as propylene glycol
monomethyl ether acetate, ethyl lactate, oxr butyl acetate.
[0064]

The alkaline solution ¢f the novolak phenolic resin may
have any pH. However, an excessively low pH results in low
solubility of the novolak phenolic resin, and an excessively
high pH results in a waste of an alkaline substance added.
Thus, the pH of the alkaline solution i1s preferably in the
range of approximately 11 to 13.

The concentration of the novolak phenolic resin in the
alkaline solution of the novolak phenolic resin is not
particularly limited. However, an excessively high
concentration results in an increase in solution viscosity,
which makes it difficult to maintain the uniformity of the
second-order reaction to which an aldehyde is added and
makes the pump feed of the end product difficult. 2An
excessively low concentration results in a decrease in
production efficiency and an increase in packaging and
transportation costs of the end product. Thus, the novolak
phenolic resin concentration is preferably in the range of

approximately 5% to 50% by weight, particularly preferably
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approximately 10% to 30% by weilght.
[0065]

The aldehyde to be added to the alkaline solution of
the novolak phenolic resin for the resole-type second-order
reaction may be the aldehyde described above serving as the
raw material for the novolak phenolic resin alone or in
combination. Among these, the aldehyde is practically, but
not limited to, formaldehyde or paraformaldehyde.

[0066]

The amount of aldehyde tec be added to the alkaline
solution of the novolak phenolic resin is not particularly
limited. However, an excessively small amount of aldehyde
to be added results in an insufficient decrease in the
amount of low-molecular-weight components, such as a
dinuclear component, and a& small increase in the melting
point of the phenolic resin produced in the resole-type
second-order reaction (hereinafter also referred to as
"second-order reaction phenolic resin"). On the other hand,
an excessively large amount of aldehyde to be added results
in the melting point of the second-order reaction phenolic
resin close to an unmeasurable decomposition temperature,
enhanced cross-linking, insolubilization, and solidification.
The appropriate amount of aldehyde to be added depends on
the percentage of low-molecular-weight components having a

molecular weight of 1000 or less, including a dinuclear



according to the present invention Synthetic product E according to the |
present invention Conparative synthetic product F [Conparative synthetic
product G Conparative preparation product H Conparative preparation
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1Conparati ve Exanple 1-1 Conparative Exanple 1-2 1Conparative Exanple 1-3
Conparative Exanple 1-4 - 49 - [0108] Table 2 shows the foll ow ng.

- 28 -

component, in the raw material novolak phenolic resin or the
type of constituent phenol and is generally in the range of
0.2 to 0.4 mol per mol of phenol ring in the novolak
phenblic resin. In practice, however, preferably, a
preliminary test 1s performed in advance to examine the
relationship between the amount of aldehyde to be added and
the melting point of the second-order reaction phenolic
resin, and on the basis of the results the amount of
aldehyde to be added i1s determined so as to achieve the
desired melting point of the second-order reaction phenolic
resin.

[0067]

The resole-type second-order reaction may be performed
by any method. For example, in a reaction system provided
with an agitator, a steam blowing apparatus, a reflux
condenser, and a temperature control mechanism, an alkaline
solution of a novolak phenolic resin having a predetermined
resin content and pH is heated to a predetermined
temperature, for example, in the range of approximately 40°C
to 70°C by steam blowing, an aldehyde is added to the
alkaline solution, and a resole-type reaction is performed
in the presence of an alkaline catalyst at a temperature in
the range of 80°C to 100°C for 1 to 12 hours while the
temperature is maintained at this temperature.

[0068]



The synthetic products A and Cto E according to the present invention and
the synthetic product B according to the present invention had a
significantly decreased | owol ecul ar-wei ght conmponent content, an increased
.melting point, and an increased wei ght-average nol ecul ar wei ght as conpared
wi th the conparative preparation products H and |, respectively, thus
havi ng physical properties suitable as water treatnent floccul ants.

The conparative synthetic product F, which had a nelting point as | ow as
125C, had poor performance as a water »tgreat ment floccul ant, as shown bel ow
in Table 3. After storage at 60C for 1 nonth, the conparative synthetic
product G which had a nelting point as high as 233C, lost flowability,
formed a solid, and cannot be used as a floccu]ant. [0109] [ Eval uation of
Per f or mance st &t érherGoRimesit o &%Lﬁ%tﬁeacuorﬂtet%?/nﬁr%‘ﬁ%o‘br oducts A to

E accordin to t he present |nvent th arative,synthetic product F,
and the TOMPEFIEi R %?%b%?at?oﬁl%igdﬁﬁt§fFﬁgﬂgelS FelghaP afed as wat er

253?22?2%%@%5%% 3Pt "redeptoh GReBiL ey oot FRLER BAR! BabTORLEF an
i nor gani ﬁgccglgﬁé rgn%gd%ﬁpfggagleot92¢L80c§%a%%9Qbi§régﬁtgty%reatnent.

Represe Tivet'exanpl €5 e T horgani ¢ fl otc i'nct ude pol y(al um num

chl ori dejq éP@‘C) oﬁ%%{%@“@ éé'éiéégeda&ﬁohﬁ{?”é%'i wChb 96! je.arTQSl%H‘ECtI on of

t he |norgan|c £ ocC is to neutralize the charge o a suspensoi d that

I's generaljy,Regal 'H&Jri’n&hérﬂ@ﬁeéﬁ‘ﬂakswéiﬁﬂYOE“ $066S6¢ bysgl eghepstatic

repulsion i'n water to be treated (hereinafter referred to as "raw water")
to coaguiatg @InhdPesyl ghendDe SHEPBASOLE. increasédr RRLERENLRLLYGeSUDSt ance
that is difficult to renove by flocculation with an inorganic flocculant is
a noni onqgl S f @t @t ghtthe noni onic surfactant has no charge and no

el ectrostatic interaction with an inorganic floccul ant and therefore cannot
be coagul@y&d] or flocculated with the inorganic flocculant. [0111]

The eval uation of floccul ation treatnent performance using nonionic
surfactant syhtehetdsdnnasindsatter @ ey waterammasiperf crinbsh e tire el | owi ng
nmet hod. The noni onic surfactant synthetic wastewater contained 20 ng/L of a
noni oni ;added actlent r ot yoxy et dnypenet at &y | phényhe erbact hawi hindi gh
hydrophilicity of HLB 15 (Myoshi 1230) dissolved in tap water of

Nogi - mactie i seqoedn gidey efere¢uien FupleoB particulanbiislinétedsands. [0112]
The synthetic wastewater had a TOG of 16.5 ng/L (subtractlng 0.5 ng/L
responsi e IRPrepiel 3 pl Niedere Fringdi pack? P PEHIIUES 02 nBEECRr@sPEAST bl e f or
the surfactant) and a CODm, of 12.2 ng/L (|jkew se, subtracting 0.4 ng/L
yi el ds JH?%FF&ﬂq.RQﬁﬁRﬁﬁﬁtﬂ%ﬁt%rh%%e“%u?f%%%hﬁ%§ m?%ﬁ&@? Rek@hpies 11-1 to
11- 4> ﬂf synthetic wastewater was taken into a 500-ni beaker, which
was then[%ﬁ kd in a jar tester. 9.7, 19.4, 29.1, or 38.9 ng/L of the

synt heti c praduct ac ord to the sent. . nvention.was added to the
Synthet | ¢ nnaTBnE e s O Jai T IR Oh G TR Ve TGP A R at 160

rpm f or I@agn%g@tmgoqﬁtﬂfcypmhg@ pifed 10 49p-aynt het i c

wast ewat er rapi di'y agi Y%t ed 2 mnutes and

t hen sl e r §or 5 mnutes. After IeaV|ng the synthetic
35'!6} S&%Hfg# 5 S0, rpip 4@

wast ewa or 30 m nutes, the supernatant water was filtered through
No. 5A fiddger; paper to yield treated water. Soluble TOGin the filter paper
had been mashed away wWith pure water. [0114] The TOG of treated water

decr eased “ﬂ@ﬁe@@éd@ﬂaa$ﬁaéﬂ1ﬂé&%ﬁﬂaﬁﬂﬁhéﬂbE%H“ﬂégﬂﬂ\ﬁgéﬁﬂﬁabl A ageor di ng
to the present invention (nelting point 183C) added. en the anount of
a welght—-average molecular weight of 5000 or more, more
preferably 10000 or more. A weight-average molecular weight
of more than 50000 is likely to result in the production of

some molecules having a molecular weight of 1,000,000 or

more, a high viscosity, further cross-linking with the lapse



- 52 - synthetic product A was 29.1 ng/L, the TOO was decreased from 16.0
ng/ L of the synthetic wastewater to the |lowest 3.6 ny/L. As with TOO
the addition of 29.1 ng/L of the synthetic product A according to the
.present invention resulted in the |owest COD of the treated water, 3.4
ng/L. Wth the addition of 38.9 ng/L of the synthetic product A according
to the present invention, the TOO and CODm of the treated water began to
increase. This is because a | ow nol ecul arwei ght phenolic resin fraction in
the treated water gradually increased with the anobunt of synthetic product
A according to the present invention, 38l though the surfactant was al nost
conpletely renoved and the | ow nol ecul ar-wei ght phenolic resin fraction is
small. [0115] <Exanples 11-5 to 11-8> The synthetic product B

accor di ngrto; hde PLeserd Hrventt oon (88! Lhogpel atndO863) . tMasynithetic
product C according to the present invention (nelting point 151C), the
synt het i go 95086+ dE): aESHEE B PPt bR Presenh prweatalohy (hektang point
132C), and the synthetic product E according to the present invention

(el ti ngvpDint -2 gavanel éesled vaidie sAn®0dddner hésshe opti mum anount
of synthetic product A according to the present invention in Exanples I1-1
to 11-4,pdhiatcubkarPP. I00@0 Loxr Ebedis of the synthetic - 53 - products
according to the present invention had a TOC of treated water of 7.4 ng/L
or |ess, whi Glrafes 0%, ortheoreeausteasie hagadtoen Rherad it 19/l aw wat er

16.0 ny/L. The COD m of the treated water was 6.9 ng/L or |ess, which
was 40%lvrs npriee Halet caser 93 dio bpc - hel COphal bf 2RPeCX B Wat Brti2. 8 ny/ L.
[0116] <Conparative Exanple II-1> The conparative s%/nt hetjc product F

(el ti ngt Per reimes heuee 1 @t save RIS AREL MR NEF1ART | RCERBFpeS 11- 5.

Al t hough the TOC and COD m' of the treated water werf | ower than.the TOC
and CODFeaQFihe Fhal wht ertE HESEINer 2V ohIPO IR Lo F It 3 i B 19 EXAnpl es 11-1
to 11-8. [0117] < aratjve Exanples, 11-2. and 11-3> ._JThe copparative
pr epar at 7 %?%)%?%?’?@jﬁt? g p 'htw}ﬂ%}} Ja%datﬂ%wc%%%ﬁl?llvgoﬁr epar ati on
product | | ting point 67C r in the sane manner as in Exanple
|1-5. The" a %&?ﬁ\o%(? ?%%gfrg%%(g%i(\%gter wer e hi gher than the TOC and

CODM  of {aw wat er. [0118] <Conparative Exanple 11-4> A test was
performed’ in the same manner as in Exanple I1-1 with 100 ng/L of PAC al one

W t hout usi ”%’_xtel]gei%}fﬂéﬁetﬂhce (%%_&ngﬂgrp dinPresendsinvention.

The TOC and treated water were substantially the

gi’m‘ as ther £ Ak WA 84 -t AR SUTHRCEANgheOUbsrOtuDErI gDy ey (0149t [Table
' or less, of a dinuclear phenol and 10% by weight or less of
low-molecular-weight components having a moleculaf weight of
624 or less. More preferably, the percentage of low-
molecular-weight components having a molecular weight of 624
or less is 5% by weight or less. Preferably, the percentage
of low-molecular-weight components having a molecular weight
of more than 624 and 1200 or less is 10% by weight or less,
particularly 7% by weight or less.
[0073]

In the second-order reaction phenolic resin, low-

molecular-weight components having a molecular weight of

approximately 1000 or less, including a dinuclear component,



Al kal i ne sol ution of phenolic resin Anount of PAC added (ng/L) Treated

wat er* Type Amount of al kaline solution added (ng/L) Anount of phenolic
resin added (ng/L) TOO (ng/L) CODm (ng/L) Exanple 11-1 Synthetic product
A
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are generally significantly decreased to 15% by weight or
less, preferably 10% by weight or less, relative to the
novolak phenolic resin, which is a raw material for the
resole-type second-order reaction. Use of the second-order
reaction phenclic resin in the flocculation treatment of
water can produce flocculation-treated water that contains a
markedly decreased amount of residual nonflocculated
substances, has markedly decreased TOC and CODw,, and is
preferred as feedwater for membrane separation treatment.
[0074]

The alkaline solution of the phenolic resin produced by
the resole~type second-order reaction is a ligquid that can
be fed by a pump and can be directly used as a water
treatment flocculant.

[0075]

The following are a method for preparing a sample for
melting point measurement, a method for measuring the
melting point, a method for preparing a sample for molecular
weight or other measurements, and a method for measuring the
molecular weight or the like for a second-order reaction
phenolic resin or a novolak phenolic resin serving as a raw
material for the resole-type second-order reaction in the
present invention.

[0076]

<Method for Preparing Sample for Melting Point Measurement>
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An alkaline solution of a second-order reaction
phenolic resin is diluted with ion-exchanged water such that
the resin content is 1% by weight or less. Approximately 1
N hydrochloric acid i1s added dropwise to the alkaline
solution to adjust the pH of the alkaline solution to less
than 5 while the alkaline solution is well stirred with a
stirrer or the like. A resin precipitated in this operation
is filtered through No. 52 filter paper, is washed twice
with ion-exchanged water, 1s transferred onto another filter
paper, and is well dehydrated.

The well-dehydrated resin is dried at normal
temperature under vacuum overnight or in a desiccator for
several days until the weight loss is not observed.

For a novolak phenolic resin that is a raw material for
the resole-type second-order reaction not subjected to the
second-order reaction, a sample is prepared from an alkaline
solution thereof in the same manner as described above.
[0077]
<Method for Measuring Melting Point>

A differential scanning calorimetry (DSC) manufactured
by SII NanoTechnology Inc. is used for the measurement.

2 mg of a sample is heated at 10°C/min in a DSC
measuring instrument. The heat flow (/mW) i1s measured as
the temperature is increased (horizontal axis). A top

temperature of an endothermic peak is considered to be the
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melting point.

In the presentlinvention, the melting points of a
novolak phenolic resin and a second-order reaction phenolic
resin are measured in accordance with the sample preparation
method and the method for measuring the melting point
described above.

[0078]
<Method for Preparing Sample for Molecular Weight or the
Like>

In order to perform molecular welight measurement
including fractionation, an alkali metal ion and water must
be removed from an alkaline solution of a second-order
reaction phenolic resin without discharging low-molecular-
weight components, including a dinuclear phencl, in the
resin.

Thus, the alkaline solution of the second-order
reaction phenolic resin is diluted such that the resin
content is approximately 0.1% by weight (1000 mg/L), and is
introduced into a dialyzer. After a predetermined amount of
hydrochloric acid for neutralization required for the
undissociation of a dissociated phenolic hydroxy group is
a&ded to the solution in the dialyzer, dialysis is performed.
The whole contents including deposits after the dialysis are
concentrated to dryness in a flask under vacuum at a low

temperature of approximately 40°C.
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The product is dried under wvacuum at normal temperature
and is dissolved in tetrahydrofuran to yield a sample for
molecular weight measurement including fracticnation.

A raw material novcolak phenolic resin before the
resole-type second-order reaction is also subjected to the
same operation to standardize error factors that can occur
in the pretreatment, such as variations in measured values.
[0079]
<Molecular Weight Fractionation and Molecular Welght
Measurement Method>

The molecular weight is measured by gel permeation
chromatography (hereinafter referred to as GPC).

A tetrahydrofuran solution of the second-order reaction
phenolic resin is developed and eluted with a
chromatographic column HLC8022 manufactured by TOSOH
CORPORATICN using a tetrahydrofuran solvent at a flow rate
of 0.8 mL/min at a temperature of 40°C. Resin is detected
with a detector RI-8020 and UV-8020 manufactured by TOSOH
CORPORATION using refractive index and ultraviolet
absorption at a maximum absorption wavelength of 254 nm.

The results are fitted to a calibration curve of
polystyrene standards having defined molecular weights to
assay molecular weight fractionation and the molecular
weight and percentage of fractionated resin components.

The percentages of low-molecular-weight components are
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calculated by the area ratio (%) based on the whole resin
from a GPC molecular weight distribution curve.

The weight-average molecular weight of a phenolic resin
and the molecular weight and percentage of low-molecular-
weight components in the present invention are determined
using the sample preparation method and the molecular weight
fractionation and melecular weight measurement method_
described above.

[0080]

A water treatment flocculant according to the present
invention preferably contains an alkaline scolution of a
second-order reaction phenolic resin having a melting point
in the range of 130°C to 220°C, preferably 150°C to 200°C,
produced by performing a resole-type second-order reaction
of a novolak phenolic resin, as described above, and
preferably has a phenolic resin concentration in the range
of 10% to 25% by weight and a pH in the range of
approximately 11.0 to 13.0.

This water treatment flocculant produces a decreased
amount of low-molecular-welght components remaining in
treated water irrespective of flocculation and is therefore
effective as a water treatment flocculant for use in
flocculation treatment serving as a pretreatment process
before flocculation treatment, particularly membrane

separation treatment, more particularly RO membrane



100 15.7 11.6 - 55 - [0120] {Floccul ation Treatnent of Neutral

Pol ysacchari de Synthetic Wastewat er} In separation treatnment with a
menbr ane, such as an RO nmenbrane, nenbrane contam nants include

.pol ysacchari des produced by the netabolism of algae or m croorganisns, such
as activated sludge m croorgani sns. Anong the pol ysacchari des, neutral

pol ysaccharides that are not anionic or are very slightly anionic cannot be
-treated with inorganic flocculants. Thus, it is inportant to develop a

met hod for efficiently renoving neutral polysaccharides particularly by

floccul ation treatnent. The flocé@l ation treat ment per f or mance was
eval uated using tap water containing pullulan as a raw water. Pullulan is
one of neutral polysaccharides. Table 4 shows the results. Pul I ul an

manuf act g&e8r By i Jekype Shesh €Al of NEyséFyafa. wabt guat@s. di ssol ved in tap

wat er of Nogi-machi at a concentration of 5 ng/L to prepare synthetic

wast ewat pp0g8The tap water of Nogi-machi filtered through No. 5A filter
paper had a TOO of 0.45 ng/L and a nmenbrane filtration indicator MF of
1.042. [WatdheTd#€Armént hdetslyodiheti ¢ wastewater containing 5 ng/L of

di ssol ved pullulan was 2.25 ng/L after the TOO of tap water of Nogi-nmach

0. 45 ng/ L washA suditeradtehteant tethod 58ccopmdinr die e tozas$9it i ndi cat or MFF
di sadvant ageously increased to 1.124. [0121] Eval uati on was perfornmed
by neasulnvngnthen TOoives oeddingi anfipeareanti foevabieiaterPand t he
menbrane filtration indicator MET. The procedures are described bel ow
[0122] treated)tqreerkpderbloFeubitineg FasptweRt wBd GHpRkied tBe22c 2c
1100 L of_the raw water was _taken into a peaker. A %g{%test was perfornmed

wi th M SERqant bteur eEedye M vkt FPONSCRREAT 232t #BY £8nditi ons
foll : det i d t of alkal,i ti f h |
e e e T B o LA e STt Phnf il for okt SRSk Bobm T o'
i tes, d 10 /L of PAC t d d
o ovea 18 Faderedrtded viter oEfa LA BIRE0L 0 LANCNRLAL BOTCHES

whil e Sgéf%&gt( rg{(é(n’éf nag%e%;__%?gfag@g:ei_ n Conparative Exanple 111-4).

(2) Aft OCCu fon-trea wat er was settled for approximately 30
m nut es, é@@zyhole contents including flock were filtered through No. 5A
filter p%per. Soluble TOC in the filter paper had been washed away w th

pure water. qgrged PupdAhdds ofn the diesiild g fi A eiech et RS covesardi vi ded
into 500 nL in two cylinders.

according to the present invention can particularly exert
its flocculation effect are nonionic surfactants and neutral
polysaccharides that cannot be treated with common inorganic
flocculants, exemplified by aluminum salts, such as
poly(aluminum chloride) (PAC), and ferrates, such as
iron(III) chloride. These neutral polysaccharides are not
anionic or are very slightly anionic.

[0083]

In RO membrane separation treatment, neutral
polysaccharides that cannot be removed by pretreatment
flocculation with a common inorganic flocculant remain and
contaminate the RO membrane and reduce permeation flux.

Thus, a water treatment flocculant and a water treatment



- 57 - (4) 500 nL of the filtered water was filtered through a
MIlipore nitrocellul ose nenbrane filter having a pore size of 0.45 pm and
474) at a reduced pressure of 66 kPa (500 mg), and the filtration tine T1
was neasured. In the same manner, the other 500 nL was filtered under
vacuum and the filtration tinme T2 was neasured. The | aboratory tenperature
was adj usted such that the water tenperature was 22C 2C at the tine of
-measurenent. The water tenperature at the tinme of measurenment was recorded.
(5) MFF was cal culated as the ratio_of-T2/T1l. Pure water wi thout

contam nants had Ti = T2 and MFF of 1.80. MFF suitable for RO nenbrane
feedwater was | ess than 1.10. Further satisfactory MFF was | ess than 1. 05.
(6) Wth residual filtered water, the ultraviol et absorbance of the

phenol i "¢ERPH HBEOHEERUER Wit PEesO2Emi REe It hen aprbeer pEFont peaky

wavel ength of 280, nm Total organic, carbon (TOC) was neasured. (7)
Pul | ul an*$28 FRT L EHe3F bf et abisb? ptiehdat a wavel ength of 280 nm Thus, the
resi dual @ $€ﬁnents of the phenolic resin are considered to be responsible
for a dif ce between the ultraviol et absorbance at a wavel ength of 280
nm and the ultraviol et absorbance at_.a wavel ength of..280 .nm neasured in
treatnment w tvf]hefbﬁ r‘wﬂgaltl?roftrlg " nc;cneflioﬁjcéér?ﬁgcr g‘fﬁc é:défé;nﬁoe -4 (A280

nm. Th resi o] tjon ) r olic resin
B R i b S M s

concent rigtd = 093) . %@&] < | = - The
addi ti on@%%‘ O%L}n%m{%&% q%r 4. 7tl£rg L o tt %%%/ﬁ%%%l%&%ér%d%%'gw %f:c%? ding to
the presqnttddwed i 0h (gt Ao 01 P83l ASq &1 f 65k &b £Amanept « pr onot ed
the renoval of pullulan, and the renoval rate was 30% 45% or 60%

respect ited Yquality Af s Wanod erpyaded ad€ it 309 d tH1Eo FBRDE @N6h
filtration indicator MFF was 1.033, which was advantageously | ower than the
MFF of ttamanaieatt Jdhfecis. probablyhbetausecititl it heteenhkranandddit rati on
preventing effect -of a pol ysaccharide increases with the nol ecul ar wei ght
of the pulosacchar iadkiedant avgiod iy stae dhaart ickea tpsab hidypandsvem gelee ol ecul ar

wei ght of 1000 or | ess probably has a small nenbrane filtration preventing
ef fect, diwsgrarmval afsguld wWamrbyidfdopoul@tiloocouldnta ydehanc resin

subj ected to the resol e-type second-order reaction is pronoted as the

mol ecul @omksingitiaf, gdl |48 @vhstardbsesly [0l 4dardanpiles andut taf 111- 7>
The synthetic product B according to the present invention (nelting point
153C), A IHIh I gstiediic o 1C neitioral mpisatd ariekoentwhittents oh (nel ting
poi nt 151C), the synthetic product D according to the present invention -
59 - (fEIYGGIadoioR tRIEet Lo & netSmttHeatdgitodiktc adording to the
present invention (nelting point 213C) were evaluated_at an addition |evel
of 3.1|ﬁﬁq3réhHQMﬁQﬁp¥%é%§ﬁﬂﬂﬁﬂﬁQy Gttt  KOZc EFPEPAG t HPCRe thfesent

i nvention_ had excel | ent nbrane filtratipn of MFE 1.024 and a pul | ul an
Foroval TR SRR Ting T e SyhORAS o hrbdla 'S TR BRe a1 eoul t -
the MFF of- treat ter was in.the ran of .1.020 to 1.03 an he
pul | ul ar}?%rfé)n%v%l %gea e Was T J:rﬁ_’lei_'J‘rc’anngtereg(;afecHf’:.efﬂ’}) tporofﬁ’%s’[ ot % arative
Example lLh-1> 0 r.ati Syt ' L.C a

mel ti ngmgg#)r%ngf %eggg-gﬁg% %&ﬂe}@%’ ?ﬁsheh%df‘érpﬁr %%gﬁ%%ﬂ%%¢%%m e-type
second- ti .4Q4 E 2 .1
T o R i e e L s e

pul | ul ap . nemeval, o alge19f pAB%: MG Yas 3 e & gy ianbfed hg, exanpl es.
[0126] <Conparative Exanples 111-2 and 111-3> The conparative

pr epar aphemcarieduelsild _having a nelting point of 71C and the conparative
preparation product | having a nelting point of 67C, which had not been
subj ect g§@08BG ]t he resol e-type second-order reaction, had an inproved MEE as

conpared with Conparative Exanple 111-4, which
When a water treatment flocculant according to the

present invention is used in flocculation treatment that

serves as a pretreatment process before membrane separation



- 60 - involved the addition of 100 ng/L of PAC al one, but did not reach
the MFF | evel of the tap water. Furt hernore, because of a large
anount of residual | owrol ecul ar-wei ght conponents, their TOCs were higher
‘than the TOC of the synthetic raw water. Thus, the conparative preparation
products Hand | were also inappropriate as flocculants for wastewater
purification. [0127] <Conparative Exanple 111-4> Al t hough the
-treatnment with 100 ng/L of an inorganic floccul ent PAC al one inproved MET
as conpared with the raw water, the MEF was 1.162, which was much inferior
to the MFF 1.041 of the tap water conf&ining no pullulan. The pul |l ul an
renoval rate was as low as 4% - 61 - 4- -0 * 1-1- "C»% S Li.a)ao 3170.1
Skr CECIL Zz 0" 1301 ECO L /201 630.1 070.1 140.1 LVO I

treatment, in particular, using an RO membrane, an
ultrafiltration membrane, or a microfiltration membrane, the
water treatment flocculant according to the present
invention is preferably used in combination with an
inorganic flocculant.

Examples of the inorganic flocculant include, but are
not limited to, aluminum flocculants, such as poly(aluminum
chloride) (PAC), aluminum sulfate, and aluminum chloride,
and iron flocculants, such as iron(III) chloride, iron(III)
sulfate, and polyferric sulfate, used alcone or in
combination.

The amount of inorganic flocculant to be added depends
on the quality of water to be treated or the intended
quality of treated water. 1In the case that the water to be
treated is industrial water and that the inorganic
flocculant is used in a pretreatment process before a
membrane separation process, the amount of inorganic
flocculant is generally in the range of approximately 20 to
100 mg/L. In the case that the water to be treated is
primary treatment water of wastewater, such as biological
treatment water and that the inorganic flocculant is used in
a pretreatment process before a membrane separation process,
the amount of inorganic iflocculant is generally in the range
of approximately 100 to 400 mg/L.

[0086]
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When a water treatment flocculant according to the
present invention and an inorganic flocculant are used in
combination in flocculation treatment that serves as
pretreatment before membrane separation treatment, the
addition of the water treatment flocculant according to the
present invention to water to be treated is followed by the
addition of the inorganic flocculant. More specifically,
preferably, a water treatment flocculant according to the
present invention is added to water to be treated and is
allowed to react for 1 minute or more, an inorganic
flocculant is then added to the water and is allowed to
react for approximately 3 to 10 minutes with rapid agitation
and approximately 3 to 10 minutes with slow agitaticn, the
resulting flocculation—-treated liquid is subjected to
primary solid-liqguid separation in a settling tank, a
pressure flotation apparatus, or the like and secondary
solid-liquid separation in a gravity filtration apparatus,
and separated water is used as feedwater for membrane
separation treatment.

[0087]

Simultanecus addition of a water treatment flocculant
according to the present invention and an inorganic
flocculant to water to be treated, or the addition of an
inorganic flocculant to a portion close to a portion to

which a water treatment flocculant according to the present
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invention has been added causes a direct reaction between a
phenolic resin and the inorganic flocculant, resulting in
little effect of the addition of the phenolic resin. Thus,
the amounts of agents must be increased to compensate for
the agents consumed by the reaction.

Except the case that water to be treated is high-salt-
content water having an electrical conductivity of 1000 mS/m
or more, such as seawater, the addition of a water treatment
flocculant according to the present invention after the
addition of an inorganic flocculant results in the presence
of residual nonflocculated phenolic resin, which acts as a
membrane separation inhibitor and increases MFF.

EXAMPLES
[0088]

The present invention will be further described in the
following examples.

In the following description, "&%" refers to "% by
weight".

[0089]

The melting point, measured in accordance with <Method
for Measuring Melting Pecint> described above, of a sample
prepared in accordance with <Method for Preparing Sample for
Melting Point Measurement> described above is referred to
simply as "melting point"™. The catalog value of a resin or

the melting point of a sample resin not dissolved in an
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alkaline solution is referred to as "original resin melting
point".

[0080]

[Production of Alkaline Solution of Second-Order Reaction
Phenolic Resin]

RESITOP PSM-6358 and PSM-4324 manufactured by Gun Ei
Chemical Industry Co., Ltd were used as raw material resins.
These products are novolak phenolic resins produced by
polycondensation between phenol and formaldehyde in the
presence of an acid catalyst and have the following melting
points, weight-average molecular weights, and low-molecular-

weight component contents.

[0091]
[Table 1]
PSM-6358 PSM-4324
Original resin melting point
c) 67 63
Melting point
C) 71 67
Weight—avergge 5400 9300
molecular weight
Dinuclear phenol content
(%) 338 7.4
Percentage of low—molecular—
weight components having 29 37
molecular weight of 1000 or less
(%)




Ec..._. <11001 001 001 001 001 001 001; 001 001 001 001 Al kaline
sol ution of phenolic resin Anount of phenolic resin added (ng/L) 9.1 1T
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[0092]

PSM-6358 and PSM-4324 are mainly used as epoxy curing
agents for electronic material laminated sheets and are not
used as water treatment flocculants.

[0093]
<Example I-1>

41 g of PSM-6358, 146.2 g of ion-exchanged water, and
12.8 g of -48% aqueous sodium hydroxide in a beaker were
dissolved while stirring with a magnetic stirrer to yield
200 g of an alkaline sclution of a novolak phenclic resin
that contains 20.5% PSM-6358. This solution had a pH of
12.4.

[0094]

A 200 mL Erlenmeyer flask having a stopper was charged
with 100 g of an alkaline solution of PSM-6358 and was
heated to approximately 60°C. 4.43 g of 37% formaldehyde
agueous solution was added to the alkaline solution. A
condenser, a tube for blowing nitrogen gas for agitation,
and a thermometer were attached to the stopper.
Formaldehyde addition and polycondensation of a rescle type
were performed in an oil bath at a liquid temperature of
85°C for 8 hours (a resole-type second-order reaction). The
amount of formaldehyde used here corresponds to 28% by mole
based on the phencl ring (molecular weight 106} of PSM-6358

(PSM~-6358: 20.5 g, 20.5/106 = 0.193 mol, formaldehyde 4.43 x



LT LT IT LT LT LT LT 1 Anmount of al kaline solution added (ng/L) 1 1 8 91
173 91 91 91 91 91
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0.37 = 1.64 g, 1.64/30 = 0.055 mol, thus 0.055/0.193 = 0.28).
After cooling, 4.46 g of ion-exchanged water (ion-exchanged
water for concentration adjustment) was added to decrease
the percentage of low-molecular-weight components including
a dinuclear phenol, yielding an alkaline solution of a
second-order reaction phencolic resin that ‘has an increased
weight-average molecular weight and a high melting point
(hereinafter referred to as "synthetic product A according
to the present invention™).
[0095]
<Example I-2>

An alkaline solution of a second-order reaction
phenolic resin (hereinafter referred to as "synthetic
product B according to the present invention") was prepared
in the same manner as in Example I-1 except that PSM-6358
was replaced by PSM-4324.
[0096]
<Example I-3>

An alkaline solution of a second-order reaction
phenolic resin (hereinafter referred to as "synthetic
product C according to the present invention") was prepared
in the same manner as in Example I-1 except that the amount
of 37% formaldehyde aqueous solution added in the resole-
type second-order reaction was 3.9 g and that the amount of

ion-exchanged water for concentration adjustment added after



91 91 ad4i No pullulan Synthetic product A according to the present

I nvention Synthetic product A according to , the present invention
Synthetic product A according to | the present invention | Synthetic
product B according to | the present invention Synthetic product C
according to the present invention Synthetic product D according to the
present invention
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the completion of the resole-type second-order reaction was
4.59 g.
[0097]
<Example I-4>

An alkaline solution of a second-order reaction
phenolic resin (hereinafter referred to as "synthetic
product D according to the present invention™) was prepared
in the same manner as in Example I-1 except that the amount
of 37% formaldehyde aqueous solution added in the resole-
type second-order reaction was 3.2 g and that the amount of
ion-exchanged water for concentration adjustment added after
the completion of the resole-type second-order reaction was
4.76 g.
[0098]
<Example I-5>

An alkaline solution of a second-order reaction
phenolic resin (hereinafter referred to as "synthetic
product E according to the present invention") was prepared
in the same manner as in Example I-1 except that the amount
of 37% formaldehyde aqueous solution added in the resole-
type second-order reaction was 5.0 g and that the amount of
ion-exchanged water for concentration adjustment added after
the completion of the resole-type second-order reaction was
4.33 g.
[0099]



Synthetic product E according to the present invention Conparative
synthetic product F Conparative preparation product H Conparative
preparation product 1 9UON Tap water of Nogi-nmachi Raw water Exanple
111-1 Exanple 111-2 Exanple 111-3 Exanple 111-4 Exanple 111-5 Exanple 111-6
Exanpl e 111-7 Conparative Exanple 111-1 Conparative Exanple 111-2
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<Comparative Example I-1>

An alkaline solution of a second-order reaction
phenolic resin (hereinafter referred to as "comparative
synthetic product F") was prepared in the same manner as in
Example I-1 except that the amount of 37% formaldehyde
aqueous solution added in the resole-type second-order
reaction was 2.5 g and that the amount of ion-exchanged
water for concentration adjustment added after the
completion of the resole-type second-order reaction was 4.92
g.
[0100]
<Comparative Example I-2>

An alkaline solution of a second-order reaction
phenolic resin (hereinafter referred to as "comparative
synthetic product G")} was prepared in the same manner as in
Example I-1 except that the amount of 37% formaldehyde
aqueous solution added in the resole-type second-order
reaction was 5.6 g and that the amount of ion-exchanged
water for concentration adjustment added after the
completion of the resole-type second-order reaction was 4.19
g.
f0101]
<Comparative Example I-3>

100 g of an alkaline solution of a resin raw material

PSM-6358 was mixed with 5.52 g of ion-exchanged water in
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Example I-1 to produce a comparative preparation product H.
[0102]
<Comparative Example I-4>

5.52 g of ion-exchanged water was mixed with 100 g of
an alkaline solution of a resin raw material PSM-4324 in
Example I-2 to produce a comparative preparation product I.
[0103]

The resin content of each of alkaline solutions of the
synthetic products A to E according to the present invention,
the comparative synthetic products F and G, and the
comparative preparation products H and I was 192.43%,
including resinified formaldehyde in the resole-type second-
order reaction.

[0104]
[Measurement of Melting Point, Molecular Weight, and Low-
Molecular-Weight Component Content]

The synthetic products A to E according to the present
invention, the comparative synthetic products F and G, and
the comparative preparation products H and I were subjected
to molecular weight fractionation by the method described
above, and the phenol (monomer), dinuclear phenol, and low-
molecular-weight component contents were assayed and were
shown in Table 2.

The melting points were measured by the method

described above and were shown in Table 2.
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0 4-
2 000

Phenol (monomer) was separately analyzed in accordance

with JIS K-6910-7.22.
[0105]

[Evaluation of Storage Stability under Heating]

50 mL of an alkaline solution of a phenolic resin of

each of the synthetic products A to E according to the

present invention, the comparative synthetic products F and

G, and the comparative preparation products H and I was

hermetically sealed in 50-mL polyethylene container.

After

storage at 60°C for 1 or 3 months, variations in flowability

were visually observed to examine storage stability under

heating and were shown in Table 2.

The following are evaluation critexria for storage

stability under heating.

0: Exgellent with no difference in flowability between

before storage and after storage

A: When the container is laid down, the liquid surface

moves slowly.

X: Even when the container is inverted, the liquid does

not drip.

[0106]

Table 2 also lists the molar amount of formaldehyde per

mol of phenol ring contained in an alkaline solution of a

novolak phenolic resin subjected to the resole-type second-

order reaction in each example.
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al 3 * * - 62 - [0129] {Flocculation Treatnment and RU Menbrane Separ-ation
.Treatnent of Biologically-Treated Water} [Floccul ati on Treat nent] The

jar test, filtration through No. 5A filter paper, MF neasurenent, and the
measur enment of ultraviol et absorbance at 280 nmwere perfornmed in the sane
-manner as in the flocculation treatnment of neutral polysaccharide synthetic
wast ewat er as descri bed above except ylgat biol ogically-treated water of F
factory was used as a raw water and that 400 ng/L of polyferric sulfate was
used as an inorganic flocculant in place of PAC. In the F factory,
wastewater of a liquid crystal manufacturing process was subjected to
bioIogicE@lqﬁkatnent including denitrification and then floccul ati on
treatment with polyiron sulfate d was recovered by RU nenbrane separation
treat ment. TH@*&&%%H@ OWShertsi i %PQmeentratio% was calculatedpin t he

same nanner in._t fl.occul atiqn treat t, of neutral. pol.ysacchari de

synt heti c ma§?5Vé?@E%$§ﬁﬁﬁﬁﬁ%%%qﬁaé%Eﬁ%ggggﬁ QPﬁF%%%fﬂﬁﬁﬁxbﬁéﬁ%lic resin
concentrati i der t e b . part  of
P T o e et L e B o A o BRI IRE oL or ray
be renov | .ation wt i i 3 -

bl o e R AR e A I N PIGHOE] Cad€8Y Nocealid 1of3 © i he

Present fdVeitl O wd Eh S YAUMSSAEn Pr OSEdn € a8€ 01 b A2 £84 L e PLsgent
i nvention, the conparative synthetic product F, and the conparative

prepar atp Oy odue tart] Whered fed apoLgt + of vPhene| hel & &8l Ar agdegh wass changed
to 0.97, 1.36, and 1.94 ng/L and when polyferric sulfate was used al one.
[0131] <dowrgtes wiftH diee |dbfFarative preparation products H and I,
respectively, thus having physical properties suitable as
water treatment flocculants.

The comparative synthetic product F, which had a
melting point as low as 125°C, had poor performance as a
water treatment flocculant, as shown below in Table 3.

After storage at 60°C for 1 month, the comparative synthetic
product G, which had a melting point as high as 233°C, lost
flowability, formed a solid, and cannot be used as a
flocculant.

[0109]

[Evaluation of Performance as Water Treatment Flocculant]

The synthetic products A to E according to the present
invention, the comparative synthetic product F, and the
comparative preparation products H and I were evaluated as
water treatment flocculants.

[0110]

{Flocculation Treatment of Nonionic Surfactant Synthetic



Wth both the synthetic product A according to the present invention
(nmelting point 183C) and the synthetic product C according to the present
invention (nelting point 151C), the treated water had a satisfactory MF

| evel of less than 1.1 by the addition of 1.36 ng/L of the phenolic resin,
and the residual resin caused a very small increase in ultraviolet
absorbance at 280 nm [0132] <Conparative Exanples IV-1 to |1-6> The
conparative synthetic product F (nmelting point 125C), which had been

subj ected to the resol e-type second-order reaction, had a | ow nelting point
and probably contained an insuffici ently-decreased amount of

| ownol ecul ar - wei ght conponents. The conparative synthetic product F had a
hi gher residual phenolic resin concentration than Exanples IV-1 to IV-6. It
was al soygopsi;desed that the - 64 - nolecular weight of the conparative
synt hetic product was insufficiently increased. Wth the addition of 1.36

my/ L of the congaimilMeatsivi het ign prosiugdnifc thecdueatedisvat er coul d not
have a satisfactory MFF | evel of |less than 1.1. The conparative

pr epar at {04 pretsan 14l {oerloagupat idn 746) hateresnbasméntt her inferior to
the results of the conparative synthetic product F. [0133] <Conparative
Exanpl e RépiZesentatTveat xamples t bif 400e niheroénpol Jieccutastl fatbudd one
provided a poor nenbrane filtration indicator M-F of 1.354. - 65 - [0134]
[ Tabl e Spol Al &khhmimumotiitdoondef phedbl i alvesiumAsebhetef aotlyferric sulfate
added (nmg/L) F MF of Treated water )

iron{(III) chloride. The function of the inorganic

flocculant is to neutralize the charge of a suspensoid that

is generally negatively charged and is stably dispersed by

electrostatic repulsion in water to be treated (hereinafter

referred to as "raw water") to coagulate or flocculate the

suspensoid.

A representative substance that is difficult to remove

by flocculation with an inorganic flocculant is a nonionic

surfactant. The nonionic surfactant has no charge and no

electrostatic interaction with an inorganic flocculant and

therefore cannot be coagulated or flocculated with the

inorganic flocculant.

[0111]

The evaluation of flocculation treatment performance

using nonionic surfactant synthetic wastewater as raw water

was performed by the following method. The nonionic

surfactant synthetic wastewater contained 20 mg/L of a

nonionic surfactant polyoxyethylene alkylphenyl ether having

high hydrophilicity of HLB 15 (Miyoshi 1230) dissolved in

tap water of Nogi-machi in Tochigi Prefecture. Table 3



Uv280 absdrba nce Resi dual phenolic resin concentrat ion (reference) (nF/L)
Type Amount of al kaline solution added (ng,/L) Anmount of phenolic resin
added (ng/L)
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shows the results.
[0112]

The synthetic wastewater had a TOC of 16.5 mg/L
{subtracting 0.5 mg/L responsible for the tap water of Nogi-
machi yields 16.0 mg/L‘reSponsible for the surfactant} and a
COPyn of 12.2 mg/L (likewise, subtracting 0.4 mg/L yields
11.8 mg/L responsible for the surfactant).

[0113]
<Examples II-1 to II-4>

The synthetic wastewater was taken into a 500-mL beaker,
which was then placed in a jar tester. 9.7, 19.4, 29.1, or
38.9 mg/L of the synthetic product A according to the
present invention was added to the synthetic wastewater as a
resin component and was rapidly agitated at 150 rpm for 2
minutes. 100 mg/L of PAC was then added to the synthetic
wastewater, which was then rapidly agitated at 150 rpm for 2
minutes and then slowly agitated at 50 rpm for 5 minutes.
After leaving the synthetic wastewater still for 30 minutes,
the supernatant water was filtered through No. 5A filter
paper to yield treated water. Soluble TOC in the filter
paper had been washed away with pure water.
[0114];

The TOC of treated water decreased with an increase in
the amount of synthetic product A according to the present

invention (melting point 183°C) added. When the amount of



Exanmple 1V-1 Synthetic product A according to the present invention 5 0.97
400 1.170 0.187 0.01 Exanple I'V-2 Synthetic product A according to the
present invention 7 1.36 400 1.084 0.188 0.02 Exanple V-3 Synthetic
product A according to the present invention 10
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synthetic product A was 29.1 mg/L, the TOC was decreased
from 16.0 mg/L of the synthetic wastewater to the lowest 3.6
mg/L.

As with TOC, the addition of 29.1 mg/L of the synthetic
product A according to the present invention resulted in the
lowest CODw, of the treated water, 3.4 mg/L. With the
addition of 38.9 mg/L of the synthetic product A according
to the present invention, the TOC and CODw, of the treated
water began to increase. This is because a low-molecular-
welght phenolic resin fraction in the treated water
gradually increased with the amount of synthetic product A
according to the present invention, although the surfactant
was almost completely removed and the low-molecular-weight
phenolic resin fraction is small.

[0115]
<Examples II-5 to II-8>

The synthetic product B according to the present
invention (melting point 153°C), the synthetic product C
according to the present invention (melting point 151°C),
the synthetic product D according to the present invention
(melting point 132°C), and the synthetic product E according
to the present invention {(melting point 213°C) were tested
in the same manner at the optimum amount of synthetic
product A according to the present invention in Examples II-

1 to II-4, that is, 29.1 mg/L. Each of the synthetic



1.94 400 1.062 0.190 0.04 Exanple I1V-4 Synthetic product C according to the
present invention 5 0.97 400 1.187 0.188 0.02 Exanple I1V-5 Synthetic
product C according to the present invention 7 1.36 400 1.090 0.189 0.03
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products according to the present invention had a TOC of
treated water of 7.4 mg/L or less, which was 50% or more
decrease based on the TOC of the raw water 16.0 mg/L.

The CODw, of the treated water was 6.9 mg/L or less,
which was 40% or more decrease based on the CODw, of the raw
water 11.8 mg/L.

[0116]
<Comparative Example II-1>

The comparative synthetic product F (melting point
125°C) was tested in the same manner as in Example II-5.
Although the TOC and CODy, of the treated water were lower
than the TOC and CODy, of the raw water, these were obviously
inferior to Examples II-1 to II-8.

[0117]
<Comparative Examples II-2 and II-3>

The comparative preparation product H (melting point
71°C) and the comparative preparation product I (melting
pdint 67°C) were tested in the same manner as in Example II-
5. The TOC and CODw, of the treated water were higher than
the TOC and CODwn, ©f the raw water.

[0118]
<Comparative Example ITI-4>

A test was performed in the same manner as in Example

IT-1 with 100 mg/L of PAC alone without using the synthetic

product A according to the present invention. The TOC and



Exanple 1V-6 Synthetic product C according to the present invention 10 1.94
400 1.067 0.192 0.06 Conparative Exanple IV-1 Conparative synthetic product
F 5 0.97 400 1.243 0.195 0.10 Conparative Exanple |IV-2 Conparative

synt hetic product F 7

CODyr, 0f the treated water were substantially the same as the

raw water. The surfactant could not be removed.

[0119]
[Table 3]
Alkaline solution of phenoclic resin Treated water®
Amount of Amount of
allkaling | Amountof | PAC
Type solution phenclic resin | added TOC CODy,
added added (mg/L) | (mg L) | (mg.”L)
Synthetic product A :
Example II-1 according to 50 97 100 9.9 15
the present invention
Synthetic product A
Example 1I-2 according to 100 194 100 54 45
the present invention
Synthetic product A
Example II-3 according to 150 291 100 3.6 34
the present invention
Synthetic product A
Examplie fi—4 according to 260 389 100 4.1 4.0
the present invention
Synthetic product B
Example II-5 according to 150 29.1 100 6.0 5.7
the present invention
Synthetic product C
Example [1-6 according to 150 291 100 45 43
the present invention
Synthetic product D
Example 1I-7 according to 150 291 100 1.4 6.9
the present. invention
Synthetic product E
Example [[-8 according to 150 29.1 100 3.0 29
the present invention
Comparative | Gomparative synthetic 150 29.1 100 11.2 10.6
Example {[-1 product F
Comparative Comparative
Example [-2 |preparation product H 150 29.1 100 17.6 16.8
Comparative Comparative '
Example 1I-3 | preparation product I 150 29.1 100 26.9 254
gf::fj;ag‘_’j None 100 15.7 11.6

Note: TOC and GODMn in the table were given by subtracting TOG 0.5 mg/l. and GODMn 0.4 mg/L of
tap water of Nogi-machi.



1.36 400 1.129 0.202 0.17 Conparative Exanple |1V-3 Conparative synthetic
product F 10 1.94 400 1.087 0.211 0.27 Conparative Exanple |IV-4 Conparative
preparation product H5 0.97 400 1.312 0.205 0.20
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[0120]
{Flocculation Treatment of Neutral Polysaccharide Synthetic
Wastewater}

In separation treatment with a membrane, such as an RO
membrane, membrane contaminants include polysaccharides
produced by the metabolism of algae or microorganisms, such
as activated sludge microorganisms. Among the
polysaccharides, neutral polysaccharides that are not
anionic or are very slightly anionic cannot be treated with
inorganic flocculants. Thus, it is important to develop a
method for efficiently removing neutral polysaccharides
particularly by flocculation treatment.

The flocculation treatment performance was evaluated
using tap water containing pullulan as a raw water,
Pullulan is one of neutral polysaccharides. Table 4 shows
the results.

Pullulan manufactured by Tokyo Chemical Industry Co.,
Ltd. was dissolved in tap water of Nogi-machi at a
concentration of 5 mg/L to prepare synthetic wastewater.
The tap water of Nogi-machi filtered through No. 5A filter
paper had a TOC of 0.45 mg/L and a membrane filtration
indicator MFF of 1.042.

The TOC of the synthetic wastewater containing 5 mg/L
of dissolved pullulan was 2.25 mg/L after the TOC of tap

water of Nogi-machi 0.45 mg/L was subtracted, and the



Conparati ve Exanple |1V-5 Conparative preparation product H7 1.36 400 1.187
0.214 0.30 Conparative Exanple IV-6 Conparative preparation product H 10
1.94 400 1.092 0.228 0.45 Conparative Exanple IV-7 - - -

— 5§ -

membrane filtration indicator MFF disadvantageously
increased to 1.124.
f0121]

Evaluation was performed by measuring the TOC of
flocculation—-treated filtered water and the membrane
filtration indicator MFF.

The procedures are described below.

[0122]

(1} The temperature of the raw water was adjusted to
22°C £ 2°C. 1100 L of the raw water was taken into a beaker.
A jar test was performed with MJS-6 manufactured by MIYAMOTO
CORPORATION.

The reaction conditions were as follows: a
predetermined amount of alkaline solution of a phenolic
resin was added to the raw water and was allowed to react at
150 rpm for 3 minutes, and 100 mg/IL, of PAC was then added to
the raw water and was allowed to react at 150 rpm for 10
minutes and at 50 rpm for 7 minutes while stirring (conly the
addition of PAC in Comparative Exampie III-4).

(2) After flocculation—-treated water was settled for
approximately 30 minutes, the whole contents including flock
were filtered through No. 5A filter paper. Soluble TOC in
the filter paper had been washed away with pure water.

(3) 1000 mL of the resulting filtered water was divided

into 500 ml: in two cylinders.



400 1.354 0.186 [0135] [ PD Menbrane Separation Treatnent] - 66 -

The jar test and filtration were repeatedly perforned to produce
approximately 20 L of flocculation-treated water in Exanples |V-2
.(synthetic product A according to the present invention: 1.36 ng/L) and

I V-5 (synthetic product C according to the present invention: 1.36 ng/L)
and Conparative Exanples IV-3 (conparative synthetic product F. 1.94 ng/lL)
~and 1V-6 (conparative preparation product H 1.94 ng/L), each having a
satisfactory MFF level of less than 1.1, and Conparative Exanple |V-7
havi ng an MFF of 1.354 with polyferri &67sul fate al one. Tables 6 to 10 show
the results of the flat nmenbrane test of these exanples. [0136] I n
the flat nmenbrane test, flocculation-treated water (feedwater) is passed

through an actyals D FEMY a9% Hi8GR MROGH LS & i1d dJIRA Wi ough a _
wat er - perneation rate, thus assaying a decrease in perneation flux per unit

menbr angy 1 8,4 A8/ A ) c @B @1 SN Ghd R Dl e tE MBte OndPEndasisod s result,

the cl ogging condition of an RD nenbrane nodul e t hrough which

floccul ad# an-4% qaf echavad By 4 acticdlden fd@ssurd o heg Wl dss00 he
continuous flowtinme can be estimated. [0137] A test apparatus

i |l ustrakdyi n &id. tHe wasl tiseteh orf| ohfel | B i i tiiead wcedat am (HRB manrer ane
feedwater) was supplied to a raw water chanber | A at a constant rate of 0.7
mL/ m n trierough, achpe petHer vBA D L hiagdh P bissted yudgpe 4vadinen, -ay the aw wat er
chanmber | A was disposed in an airtight container 1 under a flat nenbrane
cel | 2, onlwatiorantR@ MEhbranenewmsunedint dihe T dnatardyort esfoatisd urgw wat er
chanber | A was agitated with a stirring bar 5 rotated by a stirrer 3. The

i nt er nalwas exdilrsted sueh dikat gHe cortel neenpesa i asiad 29 ©. 7% MPa with a
pressure gauge 6 and a pressure-regulating valve 7 installed on a

concent raft deheanettigre i s dt YEr et 1.3 Thn & akdtte SRS HRSEULSh dtattdnas
measured under this condition. The RO nmenbrane was a pol yam de

menbr aneE S 2 (PRI 2 FrerRF et ed by Nitto Denko Corp. The flat

nmb 'l _had filtrati f 8.04 cnP. h t
por formed at @)t et A EHNIE 10 For-hs g% &R (57/d ePBAE from the
t t f 25C._The. t t t t _ of
roasur e e HMUOIES S H TRttt | brperactn 4FF 20 L the pbf et on
fl | gul ated i | | - o | 0138
ux v eAlLA QUL 1 desardancecaian the fol | oung farrl gy (0136

Pern”eatisol‘}'il perneati on I’f’i e X uré correction factor.
\(N;soggg @f%ﬂé{;@%&%%%ﬁﬁ ‘ﬁ@u;iedse%ﬁ}élée@sﬁl)%%[ (()%2?]& nafter E\rlgl‘ g?? |egn
E_n? f‘fmem val yg)) At 4eqlde INdikatdy JlemermRAti fJiias a function

absorbance of the phenolic resin was measured with a 50-mm

cell at an absorption peak wavelength of 280 nm. Total

organic carbon (TOC) was measured.

(7) Pullulan has no ultraviolet absorption at a

wavelength of 280 nm. Thus, the residual components of the

phenolic resin are considered to be responsible for a

difference between the ultraviolet absorbance at a

wavelength of 280 nm and the ultraviolet absorbance at a

wavelength of 280 nm measured in treatment with 100 mg/L of

PAC alone in Comparative Example III-4 (A280 nm). Thus, the

residual concentration was determined from a phenolic resin



- 68 - The equation and eval uation of the mvalue are described bel ow
mvalue - (log initial perneation flux - |l og perneation flux at el apsed
time T)/(log initial time (generally 1 h) - log elapsed tinme T) [0140]
The mvalue is a mnus value. The following are the rel ati onshi ps between
the mvalue and the el apsed tine before the perneation flux decreases to
80% of the initial value (20% decrease). m = -0.02: cal cul ated el apsed
‘time before decrease 70000 h (8 years) m = -0.025: cal cul ated el apsed
time before decrease 7500 h (10 nonths) m = -0.03: cal cul ated el apsed tine
before decrease 1700 (2.3 nonths) m 28-0.035: cal cul ated el apsed tine
before decrease 587 (0.8 nonths) m= -0.04: calculated el apsed tine before
decrease 265 (11 days) [0141] In general, in the case that the raw water
i s i ndusgshabnveheiodndbiashbhees Ealiyrsubbectedvéo(pheseuiat tepihreat ment
and gravity filtration treatnment, the mvalue is approximately -0.02. In
t he casectéhatnthettaw =-ABO0/0WaPBy.I S wastewater used once and has been
subj ected to flocculation treatnment and gravity filtration, the mvalue is
roughly {0194] or nore (the absolute value is 0.04 or less). [0142]
When water flows through an RO nenbrane, the perneation flux decreases with
tinme. | <Exapphse IDIthetdetf&ase, the water supply pressure is increased
to maintain the initial permeation flux. In general, with a decrease to
appr oxi mat el Wso®%dditd amtat suppl3- §s &t dhpedrg/dndP§ Herqregintdreis washed.
As this procedure is perforned repeatedly, the degree of_recovery of
per meat i BRCENGK YeRFeasdLNI ahel FhaaPTgsehe Hevidrbheni smeéplagegoint The
cal cul ated el apsed time before a decrease in perneation flux based on the m
val ue retfacts aSdecFeasR FRMBERABAL PERTPILEL L&Gs&fMy i i P tivdiady and
sol ubl e organi c subst%fces associ d wth n?@@ne feedwater, In practice,
urre

ne
the cal ctdt e eFGPLEY tTHES aFRD é%ie %'a%ﬁ Bd PEFRBAtBRIYI ux decrease
factors, for _examl e, the deposition of s >, ch as .ingorganic salts,
from concent IAj:[ eadnpﬁuééﬂbﬁtnerre%}m{% @etpeos?fiaslo@ ’o?cq}r?etr%eﬁ%k?]?a{rbeg produced by
rowi n ] £f [ S,_Ln ti [ i's
9. 02" i FREEATE P cr wn gl et BOFS: oo i teb R BB TS ot

al ways ppssiplen 10 SHPRYr WaE ef o f oo 8o ¥ €2k, RECALSE ably because

while the membrane filtration preventing effect of a
polysaccharide increases with the molecular weight of the
polysaccharide, and a polysaccharide probably having a
molecular weight of 1000 or less probably has a small
membrane filtration preventing effect, the removal of
puliulan by flocculation with a phenolic resin subjected to
the resole-type second-order reaction is promoted as the
molecular weight of pullulan increases.
[0124]
<Examples III-4 to III-7>

The synthetic product B according to the present
invention (melting point 153°C), the synthetic product C
according to the present invention (melting point 151°C),

the synthetic product D according to the present invention



- 70 - the contam nation factors described above and the physical strength
life of the nmenbrane. [0143] <Exanple V-1> When floccul ation-treated
wat er prepared using the synthetic product A according to the present
invention (nmelting point 183C) in Exanple IV-2 was used as RO nenbrane
feedwater, the results were excellent: the mvalue was -0.0282, and the

cal cul at ed nunber of el apsed water supply days before the perneation fl ux
~decreased by 20% was 113 days. [0144] [Table 6] Exanple V-1

(floccul ation-treated water according to Exanple IV-2) Perneation time (hr)
Days Pernmeation flux (nB/nRaday) Perne&tion flux decrease rate (96 based on
initial value) mvalue 1 Initial value 0.922

(melting point 132°C), and the synthetic product E according
to the present invention (melting point 213°C) were
evaluated at an addition level of 3.1 mg/L, at which the
synthetic product A according to the present invention had
excellent membrane filtration of MFF 1.024 and a pullulan
removal rate of 45%. Any of these synthetic products had
excellent results: the MFF of treated water was in the range
of 1.020 to 1.033, and the pullulan removal rate was in the
range of 39% to 47%.
[0125]
<Comparative Example III-1>

The comparative synthetic product F, which had a
melting point of less than 130°C, that is, 125°C, in spite
cf the resole-type second-order reaction, had an MFF of
1.041 at an addition level of 3.1 mg/lL, which was comparable
to the MFF of tap water of Nogi-machi, but a pullulan
removal rate of 26%, which was inferior to any of the
examples.
[0126]
<Comparative Examples III-2 and III-3>

The comparative preparation product H having a melting
point of 71°C and the comparative preparation product I
having a melting point of 67°C, which had not been subjected
to the resole-type second-order reaction, had an improved

MFE as compared with Comparative Exampie III-4, which



5 0.903 21 24 1 0.862 6.5 -0.0212 48 2 0.845 8.4 -0.0225 72 3 0.822 10.8
-0.0268 96 4 0.811

- 60 -

involved the addition of 100 mg/L of PAC alcne, but did not
reach the MFF level of the tap water.

Furthermore, because of a large amount of residual low-
molecular-weight components, their TOCs were higher than the
TOC of the synthetic raw water. Thus, the comparative
preparation products H and I were also inappropriate as
flocculants for wastewater purification.

[0127]
<Comparative Example III-4>

Although the treatment with 100 mg/L of an inorganic
flocculant PAC alone improved MFF as compared with the raw
water, the MFEF was 1.162, which was much inferior to the MFF
1.041 of the tap water containing no pullulan. The pullulan

removal rate was as low as 4%.



12.0 -0.0281 168 7 0.798 13.4 -0.0282 240 10 0.790 14.3 -0.0282 Cal cul ated
el apsed tine before perneation flux decrease rate reached 20% (days) 113

the results

the mval ue was -0.0294, and the cal cul ated nunber of

i nvention (nmelting
el apsed wat er supply days before the perneation flux decreased by 20% was

When fl occul ati on-treated water prepared

Exanple V-2 (floccul ati on-treated water according

in Exanple IV-5 was used as RO nenbrane feedwater,
to Exanple |1V-5) Perneation

usi ng the synthetic product C according to the present
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time (hr) Days Perneation flux (nma/nR-day) Perneation flux decrease rate (%
based on initial value) I mvalue 1 Initial value 0.941 5 0.922 2.0 24
1
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[0129]

{Flocculation Treatment and RO Membrane Separation Treatment
of Biologically-Treated Water}

[Flocculation Treatment]

The jar test, filtration through No. bA filter paper,
MFF measurement, and the measurement of ultraviolet
absorbance at 280 nm were performed in the same manner as in
the flocculation treatment of neutral polysaccharide
synthetic wastewater as described above except that
biologically-treated water of F factory was used as a raw
water and that 400 mg/L of polyferric sulfate was used as an
inorganic flocculant in place of PAC. 1In the F factory,
wastewater of a liquid crystal manufacturing process was
subjected to biological treatment including denitrification
and then flocculation treatment with polyiron sulfate and
was recovered by RO membrane separation treatment.

The residual phenolic resin concentration was
calculated in the same manner as in the flocculation
treatment of neutral polysaccharide synthetic wastewater
described above. However, the residual phenolic resin
concentration was considered to be a reference value because
part of components having absorbance at a wavelength of 280
nm in the raw water may be removed by flocculation with the
phenolic resin.

[0130]



0.884 6.1 -0.0197 48 2 0.863 8.3 -0.0224 72 3 0.846 10.1 -0.0263 96 4 0.822
12.6 -0.0296 168 7 0.809 14.0 -0.0295 240 10

- 653 -

Table 5 shows the results for the synthetic product A
according to the present invention, the synthetic product C
according to the present invention, the comparative
synthetic product F, and the comparative preparation product
H when the amount of phenolic resin added was changed to
0.97, 1.36, and 1.94 mg/L and when polyferric sulfate was
used alone.

[0131]
<Examples IV-1 to IV-6>

With both the synthetic product A according to the
present invention (melting point 183°C) and the synthetic
product C according to the present invention (melting point
151°Cc), the treated water had a satisfactory MFF level of
less than 1.1 by the addition of 1.36 mg/L of the phenolic
resin, and the residual resin caused a very small increase
in ultraviolet absorbance at 280 nm.

[0132]
<Comparative Examples IV-1 to IV-6>

The comparative synthetic product F (melting point
125°C), which had been subjected to the resole-type second-
order reaction, had a low melting point and probably
contained an insufficiently decreased amount of low-
molecular-weight components. The comparative synthetic
product F had a higher residual phenolic resin concentration

than Examples IV-1 to IV-6. It was also considered that the



0.801 14.9 -0.0294 Cal cul ated el apsed tinme before perneation flux decrease
rate reached 204 (days) 83 - 72 - <Conparative Exanple V-1> When
floccul ation-treated water prepared using the conparative synthetic product
‘F (nmelting point 125C) in Conparative Exanple 1V-3, which had a |l ow nelting
point in spite of the resol e-type second-order reaction, was used as RO
menbrane feedwater, the mvalue was -0.0351, and the cal cul ated nunber of
-el apsed water supply days before the perneation flux decreased by 20% was
24 days. These values are distinctivelgy different fromthe values in

Exanpl es. [0148] [Table 8] Conparative Exanple V-1 (floccul ation-treated
wat er according to Cbnparative Exanple | V-3) Perneation tinme (hO Days

Perneation_flu ﬂ Perneation flux decrease rate - (% based
on InltI%? 9%PE@ wel ht o e comparative synthetic product F was

insufficiently increased. With the addition of 1.36 mg/L of
the comparative synthetic product F, the treated water could
not have a satisfactory MFF level of less than 1.1.

The comparative preparation product H (melting point
71°C) had results further inferior to the results of the
comparative synthetic product F.

[0133]
<Comparative Example IV-7>
Treatment with 400 mg/L of polyferric sulfate alone

provided a poor membrane filtration indicator MFF of 1.354.



m val ue 1
0.844 9.3 -0.0253 72 3 0.817

Initial

val ue 0.931

5 0.913 1.9 24 1 0.867 6.9 -0.0224 48 2
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[0134]
[Table 5]
, . . . Residual
Alkaline solution of phenolic resin Amount phenolic
Aot of | o —— oly‘;zrﬁc MFF of | UV280|  resin
alkaline " . P Treated |absorbaj concentrat
. . phenolic resin | sulfate .
Type solution water nce ion
added added
added (me L) (me/L) (reference)
{rme~L) g {me/L)
Synthetic product A
Example V-1 according to 5 0.97 400 1170 | 0.187 0.01
the present invention
Synthetic product A
Example [V-2 according to 7 1.36 400 1.084 | 0.188 0.02
the present invention
Synthetic product A
Example IV-3 according to 10 1.94 400 1.062 { 0.19¢ 0.04
the present invention
Synthetic product C
Example V-4 according to b 0.87 400 1.187 | 0.188 0.02
the present invention
Synthetic product C
Example IV-5 according to 7 1.36 400 1.080 | 0.189 0.03
the present invention
Svnthetic product G
Example IV-6 according to 10 1.94 400 1.067 | 0.192 0.08
the present invention
Comparative | Comparative synthetic
Example V-1 product F 5 0.97 400 1.243 | 0.195 0.10
Comparative | Comparative synthetic
Example V-2 product F 7 1.36 400 1.129 | 0.202 0.17
Comparative | Comparative synthetic
Example IV—3 product F 10 1.94 400 1.087 | 0.211 0.27
Comparative Comparative
Example IV—4|preparation product H 5 0.7 400 1312 1 0.205 0.20
Comparative Comparative
Example IV-5|preparation product H 7 1.36 400 1.187 | 0.214 0.30
Comparative Comparative
Example V-6 |preparation product H 10 1.94 400 1092 ( 0.228 0.45
Comparative _ _ _
Example V-7 400 1.354 | 0.186
[0135]

[RO Membrane Separation Treatment]



12.2 -0.0305 96 4 0.803 13.7 -0.0324 168 7 0.779 16.3 -0.0348 240 10 0. 768
17.5 -0.0351 Cal cul ated el apsed tinme before perneation flux decrease rate
reached 20% (days) 24 [ 0149] <Conparative Exanple V-2>

.._66_

The jar test and filtration were repeatedly performed
to produce approximately 20 L of flocculation-treated water
in Examples IV-2 (synthetic product A according to the
present invention: 1.36 mg/L) and IV-5 (synthetic product C
according to the present invention: 1.36 mg/L) and
Comparative Examples IV-3 (comparative synthetic product F:
1.94 mg/L) and IV-6 (comparative preparation product H: 1.94
mg/L), each having a satisfactory MFF level of less than 1.1,
and Comparative Example IV-7 having an MFF of 1.354 with
polyferric sulfate alone. Tables 6 te 10 show the results
of the flat membrane test of these examples.

[0136]

In the flat membrane test, flocculation-treated waterx
(feedwater) is passed through an actual RO membrane plece
undexr pressure to measure water-permeation rate, thus
assaying a decrease in permeation flux per unit membrane
area (m°/m?-h) as a function of time. On the basis of this
result, the clogging condition of an RO membrane module
through which flocculation-treated water practically flows,
in other words, the continuous flow time can be estimated.
[0137]

A test apparatus illustrated in Fig. 1 was used.
Flocculation-treated water (RO membrane feedwater) was
supplied to a raw water chamber 1A at a constant rate of 0.7

mL/min through a pipe 11 with a high pressure pump 4. The



- 73 - When floccul ation-treated water prepared using the conparative
preparation product H (nelting point 71C) in Conparative Exanple |V-6,

whi ch had not been subjected to the resol e-type second-order reaction, was
used as RO nenbrane feedwater, the mvalue was -0.0375, and the cal cul ated
nunber of el apsed water supply days before the perneation flux decreased by
20% was 16 days. These val ues are better than Conparative Exanple V-3 with
-polyferric sulfate alone but are distinctively different fromthe values in
Exanpl es. [0150] [Table 9] Conparative Exanple V-2 (floccul ation-treated
wat er according to Conparative Exanpl €71v-6) Permeation time (hr) Days
Perneation flux (nB/n2. day) Perneation flux decrease rate (96 based on
initial value) mvalue 1 Initial value 0.942 5

raw water chamber 1A was disposed in an airtight container 1
under a flat membrane cell 2, on which an RO membrane was
mounted. The interior of the raw water chamber 1A was
agitated with a stirring bar 5 rotated by a stirrer 3. The
internal pressure of the airtight container was adjusted to
0.75 MPa with a pressure gauge 6 and a pressure-regulating
valve 7 installed on a concentrated water discharge pipe 13.
The water-permeation rate was measured under this condition.

The RO membrane was a polyamide membrane ES-20 (product
name) manufactured by Nitto Denko Corp. The flat membrane
cell had a filtration area of 8.04 cm’.

The test was performed at a temperature that was not
significantly different from the room temperature of 25°C.
The water temperature t of permeated water was measured.
With conversion into a water temperature of 25°C, the
permeation flux was calculated in accordance with the
following formula.

[0138]

Permeation flux = Water-permeation rate x Temperature
correction factor (1.024%%Y)/Flat membrane area (unit:
m®/m?- h)

[0139]

Evaluation was performed by calculating the flux

decline slope (hereinafter referred to as "m value™) as a

decline indicator for permeation flux as a function of time.



0.922 2.1 24 1 0.868 7.9 -0.0257 48 2 0.836 11.3 -0.0308 72 3 0.813 13.7
-0.0344 , 96 4 0.798 15.3 -0.0363 168 7
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The equation and evaluation of the m value are
described below.

m value = (log initial permeation flux - log permeation
flux at elapsed time T)/{log initial time {generally 1 h) -
log elapsed time T)

[0140]

The m value is a minus value. The following are the
relationships between the m value and the elapsed time
before the permeation flux decreases to 80% of the initial
value (20% decrease).

m = -0.02: calculated elapsed time before decrease
70000 h (8 years)

m = -0.025: calculated elapsed time before decrease
7500 h (10 months)

m = -0.03: calculated elapsed time before decrease 1700
h (2.3 months)

m = -0.035: calculated elapsed time before decrease 587

h (0.8 months)

m = -0.04; calculated elapsed time before decrease 265
h (11 days)
[0141]

In general, in the case that the raw water is
industrial water and has been fully subjected to
flocculation treatment and gravity filtration treatment, the

m value 1s approximately -0.02. 1In the case that the raw



0.778 17.4 -0.0373 240 10 0.767 18.6 -0.0375 Cal cul ated el apsed tinme before
perneation flux decrease rate reached 20, (days) 16 [0151] <Conparative
Exanmple V-3> - 74 - When fl occul ati on-treated water prepared using
t he Conparative Exanple IV-7, which included polyferric sulfate al one
wi thout the addition of an al kaline solution of a phenolic resin, was used
as RD nenbrane feedwater, the mvalue was -0.0451, and the cal cul ated
-nunber of el apsed water supply days before the perneation flux decreased by
20% was 6 days, indicating a high nen%raqe contam nation | evel. [0152]
[ Tabl e 10] Conparative Exanple V-3 (flgcculation-treated wat er according to
Conparative Exanple I1V-7) Perneation time (hr) > co O Perneation
water is wastewater used once and has been subjected to
flocculation treatment and gravity filtration, the m value
is roughly -0.04 or more (the absolute value is 0.04 or
less).
[0142]
When water flows through an RO membrane, the permeation
flux decreases with time. In response to the decrease, the
water supply pressure is increased to maintain the initial
permeation flux. In general, with a decrease to
approximately 80%, the water supply is stopped, and the
membrane is washed. As this procedure is performed
repeatedly, the degree of recovery of permeation flux
decreases, and finally the membrane is replaced.
The calculated elapsed time before a decrease in
permeation flux based on the m value reflects a decrease in
permeation flux caused by fine particles and soluble organic
substances associated with membrane feedwater. In practice,
the calculated elapsed time also reflects acquired
permeation flux decrease factors, for example, the
deposition of scale, such as inorganic salts, from
concentrated feedwater or the deposition of metabolites
produced by growing microorganisms.
Thus, in practice, even if the m value is -0.02 and the

calculated elapsed time before decrease is 8 years, it is

not always possible to supply water for 8 years because of



flux (nB/nR.day) Perneation flux decrease rate (% based on initial value) m
value 1 Initial value 0.972 5 0.942 3.1 24 1 0.856 11.9 -0.0400 48 2
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the contamination factors described above and the physical
strength life of the membrane.
[06143]
<Example V-1>

When flocculation-treated water prepared using the
synthetic product A according to the present invention
(melting point 183°C) in Example IV-2 was used as RO
membrane feedwater, the results were excellent: the m value
was —-0.0282, and the calculated number of elapsed water
supply days before the permeation flux decreased by 20% was
113 days.
[0144]

[Table 6]

Example V-1 (flocculation—treated water according to Example IV-2)

Permeation Permeation Permeation flux
. decrease rate
time Days flux s es m value
(he) (m/m?~day) (% based on initial
m"/m"-day value)
’ Initial 0.922
value

5 0.903 2.1

24 1 0.862 6.5 -0.0212
48 2 0.845 84 ~-0.0225
72 3 0.822 10.8 -0.0268
96 4 0.811 12.0 -0.0281
168 7 0.798 134 -0.0282
240 10 0.790 14.3 -0.0282
Calculated elapsed time before permeation flux 113

decrease rate reached 20% (days)




0.822 15.4 -0.0433 72 3 0.807 17.0 -0.0435 96 4 0.792 18.5 -0.0449 168 7
0.772 20.6 -0.0450 240 10 0.759 21.9 -0.0451 Calcul ated el apsed tine before
perneation flux decrease rate reached 20% (days)
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[0145]
<Example V-2>

When flocculation-treated water prepared using the
synthetic product C according to the present invention
(melting point 151°C) in Example IV-5 was used as RO
membrane feedwater, the results were excellent: the m value
was -0.0294, and the calculated number of elapsed water
supply days before the permeation flux decreased by 20% was
83 days.
[0146]

[Table 7]

Example V-2 (flocculation—treated water according to Example [V-5)

. . Permeation flux
Permeation Permeation
. decrease rate
time Days flux (% based on initial m value
(hr) (m3 /mz' day) ased on initia
value)
] Initial 0.941
value

b 0.922 20

24 1 0.884 6.1 -0.0197
48 2 0.863 8.3 -0.0224
72 3 0.846 10.1 -0.0263
96 4 0.822 126 ~-0.0296
168 7 0.809 14.0 —-0.0295
240 10 0.801 149 -0.0294
Calculated elapsed time before permeation flux 83

decrease rate reached 20% (days)

[0147]



6 [0153] - 75 - of Industrial Water) [Floccul ation Treatnent] <Exanples
VI-1 and VI-2, Conparative Exanples VI-1 to VI-5> | ndustrial water of
the Kashima district in Ibaraki Prefecture was subjected to flocculation
treatment with the synthetic product A according to the present invention
(nmelting point 183C), or its raw material, that is, the conparative
preparation product H (nelting point 71C), and PAC, or PAC al one. The
-menbrane perneability indicator MFF, the TOC of treated water, and the

ul travi ol et absorbance were evaluated. Table 11 shows the results. The
source of the industrial water is a-cll@dgsed water area Kitaura, which
bel ongs to a high-level pollution group. The eval uati on net hods of the

fl occul ation test, MFF, and ultravi ol et absorbance are the sane as in the

fl occul at4d ' Lcally-treated water described above except
a%d&ﬁé%%@ipﬁ@ rﬁxél{%f’é of- O

that 100 ng ~PAC was “used as an inorganic flocculant in place of 400
ng/ L of pol yfgidd Cfl%&%%,taicioﬂ—t&%gtedT%ﬂa‘r ey adalamd md) 69 1.

89.1 1 8El1l 981. LE I. 991 Resi dual phenolic¢ resin

comparative synthetic product F (melting point 125°C) in
Comparative Example IV-3, which had a low melting point in
spite of the resole-type second-order reaction, was used as
RC membrane feedwater, the m wvalue was -0.0351l, and the
calculated number of elapsed water supply days before the
permeation flux decreased by 20% was 24 days. These values
are distinctively different from the values in Examples.

[0148]

[Table 8]

Comparative Example V-1 (flocculation—treated water according to
Comparative Example 1V-3)

Permeation Permeation Fermeation fiux
. decrease rate
time Days flux (% based on initial | ™ value
(hr) Ona/nf-day) ased on initia
value)
1 Initial 0.931
value
5 0.913 1.9
24 i 0.867 6.9 ~(0.0224
48 2 0.844 9.3 -(.0253
72 3 0.817 12.2 —-(0.0305
96 4 0.803 13.7 —(.0324
168 7 0.779 16.3 —0.0348
240 i0 0.768 175 -(.0351
Calculated elapsed time before permeation flux 24
decrease rate reached 20% (days)

[01.49]

<Comparative Example V-2>



concentration (ng/l-) 10.0 300 1.0 ETO Il | | UWv280 absorbanc 01.0 1701.0
1.1.0 SZvO zO . 0 L60.0 17600 MFF of treated water 3L0.1. 31701 80 11
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When flocculation-treated water prepared using the
comparative preparation product H (melting point 71°C} in
Comparative Example IV-6, which had not been subjected to
the resole-type second-order reaction, was used as RO
membrane feedwater, the m value was -0.0375, and the
calculated number of elapsed water supply days before the
permeation flux decreased by 20% was 16 days. These values
are better than Comparative Example V-3 with polyferric
sulfate alone but are distinctively different from the
values in Examples.

[0150]
[Table 9]

Comparative Example V-2 (flocculation—treated water according to
Comparative Example IV-6)

Permeation Permeation Permeation flux

. decrease rate
time Days flux (% based on initial | ™ value
(hr) (m3/m2.day) ased on ina

value)
i Initial 0.942
value

5 0.922 21

24 i 0.868 7.9 -0.0257
48 2 0.836 113 —-0.0308
72 3 0.813 13.7 -0.0344
. 96 4 0.798 15.3 -0.0363
168 7 0.778 174 —-0.0373
240 10 0.767 18.6 -0.0375

Calculated elapsed time before permeation flux 16

decrease rate reached 20% (days)

[C151]

<Comparative Example V-3>



11711 -0, :1: .1=<a)0Q -0lao < o, 001 001 001 001. 001
-13.1. 081 Anmount of phenolic resin added (neL) 090 LEO 090 L6.0 I |
Anount of
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When flocculation-treated water prepared using the
Comparative Example IV-7, which included polyferric sulfate
alone without the addition of an alkaline solution of a
phenolic resin, was used as RO membrane feedwater, the m
value was ~0.0451, and the calculated number of elapsed
water supply days before the permeation flux decreased by
20% was 6 days, indicating a high membrane contamination
level.

[0152]

[Table 10]

Comparative Example V-3 (flocculation—treated water according to
Comparative Example IV-7)

Permeation Permeation Permeation flux
time Days Aux (%dl?:;ee?:nr?:;ia] m value
(hr) (m’/m"+day) value)
1 3:&3 0.972
5 0.942 3.1
24 1 0.856 119 —0.0400
48 2 0.822 15.4 -0.0433
72 3 0.807 170 —-0.0435
96 4 0.792 185 -0.0449
168 7 0.772 20.6 —0.0450
240 10 0.759 21.9 -0.0451
Calculated elapsed time before permeation flux 5
decrease rate reached 20% (days)

[0153]

{Flocculation Treatment and RO Membrane Separation Treatment



al kal i ne sol uti on added (ng/L) Lo in edAl Synthetic product A
according to the present invention Synthetic product A according to the
present invention Conparative preparation product H Conparative preparation
-product H I | |
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of Industrial Water}
[Flocculation Treatment]
<Examples VI-1 and VI-2, Comparative Examples VI-1 to VI-5>
Industrial water of the Kashima district in Ibaraki
Prefecture was subjected to flocculation treatment with the
synthetic product A according to the present invention
(melting point 183°C), or its raw material, that is, the
comparative preparation product H (melting point 71°C), and
PAC, or PAC alone. The membrane permeability indicator MFF,
the TOC of treated water, and the ultraviolet absorbance
were evaluated. Table 11 shows the results.
The source of the industrial water is a closed water
area Kitaura, which belongs to a high-level pollution group.
The evaluation methods of the flocculation test, MFF,
and ultraviolet absorbance are the same as in the
flocculation treatment of biologically-treated water
described above except that 100 mg/L of PAC was used as an
inorganic flocculant in place of 400 mg/L of polyferric

sulfate.



Exanmple VI-1 Exanple VI-2 Conparative Exanple VI-1 Conparative Exanple VI-2
Conparative Exanple VI-3 Conparative Exanple VI-4 Conparative Exanple VI-5
- 77 - [0155] Table 11 shows the foll ow ng. I n Conparative Exanple
V-3 with 100 ng/L of PAC al one, the MFF was 1.141, which was
unsatisfactory as RO feedwater. In Exanples VI-1 and VI-2 in which the
synthetic product A according to the present invention was al so used had
MET of less than 1.10. Wth an increase in the anobunt of synthetic product
AfromO0.50 to 0.97 ng/L, the MFF is inproved from1.072 to 1.042. [0156]
Wth the conbined use of the raw naterg al of the synthetic product A
according to the present invention, that is, the conparative preparation
product H, at an addition |level of 0.50 ng/L, the MET was 1.108, which is

i nappropriate as feedwater for RO nenbrane. In Conparative Exanple V-2 with

an addition le el_oufhu.::ﬁ o/t e WFF S I O74. However, the ultraviol et
absorbance at 2 S nceeapedot q & Zé ei iavyg t0|0.102 of Conparative
Exampl e VI -3, 8 | Syefl BAC|aloneZi h Ehietrleat frent, and TOC al so
i ncreased. The|FesSidddl | owt nol equl af - we| ght| conpongnts including a
di nucl ear phengl Ln_THe novpl ak ghen¢lrclresfn vas é¢stinmated to be 0.23
ng/ L. Wt]..ﬂ_ng@a.l one, | n spijte ¢f ap ingcregse iln addition |evel, MET
of 1.102 at 14paf/Efas~t he ldhmift e | OR5Y], | |78 | [[HO Menbrane Separation
Tr eat nment | <Exa"'=e§\@ -g, Corgar|atd yecsEkahpj es [VI'I 41 and VI -2>
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The floccul ation-treated water of each of Exanple VI-1 and Conparative
Exanples VI-2 and VI-4 was used to performa flat nenbrane test using an HO
menbrane in the sane manner as in the HO nmenbrane separation treatnent of
the flocculation-treated water of the biologically-treated water. Tables 12
to 14 show the results. [0158] [Table 12] Exanple VII-1 (Exanple VI-1
treated water: MFF 1.072) Perneation tine (hr) Days Perneation flux
(nB/ nR2. day) Perneation flux decrease rate (% based on initial value) m
value 1 Initial value 0.954 5 0.93%71.7

[0155]

Table 11 shows the following.

In Comparative Example VI-3 with 100 mg/L of PAC alone,
the MFF was 1.141, which was unsatisfactory as RO feedwater.
In Examples VI-1 and VI-2 in which the synthetic product A
according to the present invention was also used had MFF of
less than 1.10. With an increase in the amount of synthetic
product A from 0.50 to 0.97 mg/L, the MFF is improved from
1.072 to 1.042.

[0156]

With the combined use of the raw material of the
synthetic product A according to the present invention, that
is, the comparative preparation product H, at an addition
level of 0.50 mg/L, the MFF was 1.108, which is
inappropriate as feedwater for RO membrane. In Comparative
Example V-2 with an addition level of 0.97 mg/L, the MFF is
1.071. However, the ultraviolet absorbance at 280 nm
increased to 0.125 relative to 0.102 of Comparative Example
VI-3, which employed PAC alcne in the treatment, and TOC
also increased. The residual low-molecular-weight
components including a dinuclear phenol in the novolak
phenolic resin was estimated to be 0.23 mg/L.

With PAC alone, in spite of an increase in addition
level, MFF of 1.102 at 140 mg/L was the 1limit.

[(0157]



24 1 0.906 5.0 48 2 0.892 6.5 72 3 0.883 7.4 96 4 0.873 8.5 168 7 0.862
9.6
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[RO Membrane Separation Treatment]
<Example VII-1, Comparative Examples VII-1 and VII-2>

The flocculation-treated water of each of Example VI-1
and Comparative Examples VI-2 and VI-4 was used to perform a
flat membrane test using an RO membrane in the same manner
as in the RO membrane separation treatment of the
flocculation-treated water of the bioclogically-treated water.

Tables 12 to 14 show the results.

[0158]
[Table 12]
Example ViI-1 (Example VI-1 treated water: MFF 1.072)
Permeation . Permeation flux
time Days Perns':eazlon flux  decrease rate m value
(hr) (m°/m*=day) .(9_6 Pased on
initial value)
Initial value 0.954
5 0.938 1.7
24 1 0.906 5.0
48 2 0.892 6.5
72 3 0.883 7.4
96 4 0873 . 8.5
168 7 0.862 9.6
240 10 0.855 104 -0.0200
Calculated elapsed time before permeation flux 9920
decrease rate reached 20% (days)




240 10 0.855 10.4 -0.0200 Cal cul ated el apsed time before perneation fl ux
decrease rate reached 20% (days) 2920
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[ 0159]
Exanple VI1-1 (Conparative Exanple VI-2 treated water

[ Tabl e 13]

Conparative

MFF 1.071) Perneation

time (hr) Days Perneation flux (nB/nR-day) Perneation flux decrease rate (%

based on initial

[0159]
[Table 13]

Comparative Example VII-1
(Comparative Example VI-2 treated water: MFF 1.071)

val ue) m val ue

- 79 -~

Permeation _ Permeation flux
time Days Perr;leaglon flux|  decrease rato m value
(hr) (m°/m*~day) .(% based on
initial value)
1 Initial value 0.945
5 0.921 25
24 1 0.868 8.1
48 2 0.850 10.1
72 3 0.838 11.3
96 4 0.825 12.7
168 7 0815 13.8
240 10 0.807 14.6 -0.0288
Calculated elapsed time before permeation flux 96
decrease rate reached 20% (days)
[0160]
[Table 14]
Comparative Example VII-2
(Comparative Example VI-4 treated water: MFF 1.102)
Permeation _ Permeation flux
time Days Perr?ea'glon flux)  decrease rate m value
(hr) (m°/m” = day) _(9_6 based on
initial value)
1 Initial value 0.958
5 0.937 22
24 1 0.883 6.8
48 2 0.867 95
72 3 0.851 11.2
96 4 0.841 122
168 7 0.827 13.7
240 10 0.819 14.5 -0.0273
Galculated elapsed time before permeation flux 102
decrease rate reached 20% (days)




1 Initial value 0.945 5 0.921 2.5 24 1 0.868 8.1 48 2 0.850 10.1 72 3
0.838 11.3
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[0161]

Tables 12 to 14 show the following.

In Example VII-1, which included the flat membrane test
of the flocculation-treated water of Example VI-]l treated
with a combination of 0.50 mg/L of the synthetic product A
according to the present invention and 100 mg/L of PAC, the
permeation flux decrease rate in continuous water supply for
10 days was 10.4%, and the m value was -0.0200. The
calculated number of elapsed days before the permeation flux
decrease rate reached 20% based on the m value was 2920 days.
[0162]

In Comparative Example VII-1, which included the flat’
membrane test of the flocculation-treated water of
Comparative Example VI-2 treated with a combination of 0.97
mg/L of the comparative preparation product H and 100 mg/L
of PAC, the permeation flux decrease rate in continuocus
water supply for 10 days was 14.6%, and the m value was -
0.0288. The calculated number of elapsed days before the
permeation flux decrease rate reached 20% based on the m
value was 96 days.

The flocculation-treated water of Comparative Example
VI-2 had an excellent membrane permeability indicator of
1.071 but substantially the same flat membrane evaluation

results as the flocculation-treated water of Comparative



96 4 0.825 12.7 168 7 0.815 13.8 240 10 0.807 14.6 -0.0288 Cal cul at ed
el apsed tinme before perneation flux decrease rate reached 20% (days) 96
[0160] Tabl e 14] Conparative Exanple VII-2 (Conparative Exanple VI-4
treated water: MFF 1.102) Perneation tine

- 81 -

Example VI-3, which was treated with 140 mg/L of PAC alone
and had a membrane permeability indicator of 15102. This is
because low-molecular—-weight components including a
dinuclear phenol remained in the treated water.

[0163]

In Comparative Example VII-2, which included the flat
membrane test of the flocculation-treated water of
Comparative Example VI-4 involving flocculation treatment
with 140 mg/L of PAC alone, the permeation flux decrease
rate in continuous water supply for 10 days was 14.5%, and
the m value was -0.0273. The calculated number of elapsed
days before the permeation flux decrease rate reached 20%
based on the m value was 102 days.

[0164]

Although the present invention has been described in
detail with reference to particular embodiments, it is
apparent to a person skilled in the art that various
modifications can be made without departing from the spirit
and scope of the present invention.

The present application is based on Japanese Patent
Application (Japanese Patent Application No. 2009-186348)
filed on August 11, 2009 and Japanesé Patent Application
(Japanese Patent Application No. 2010-081078) filed on March
31, 2010, which are incorporated herein by reference in

their entirety.



(hr) Days Perneation flux (nB/n2. day) Perneation flux decrease rate (%
based on initial value) mvalue 1 Initial value 0.958 5 0.937 2.2 24 1
0.893 6.8 48
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CLAIMS

1 A water treatment method, comprising: a flocculation
treatment process of adding a fleocculant to water to be
treated; and a membrane separation treatment process of
treating flocculation-treated water of the flocculation
treatment process by membrane separation,

wherein the flocculant contains an alkaline solution of
a phenolic resin having a melting point in the range of

130°C to 220°C.

2 A water treatment method, comprising: a flocculation
treatment process of adding a flocculant to water to be
treated; and a membrane separation treatment process of
treating flocculation-treated water of the flocculation
treatment process by membrane separation,

wherein the flocculant contains an alkaline solution of
a phenolic resin produced by a resole-type second-order
reaction in the presence of an alkaline catalyst in which an
aldehyde is added to an alkaline solution of a novolak
phenolic resin, the novolak phenolic resin being produced by
a reaction between a phenol and an aldehyde in the presence

of an acild catalyst.

3 The water treatment method according to Claim 2,



2 0.867 9.5 72 3 0.851 11.2 96 4 0.841 12.2 168 7 0.827 13.7 240 10
0.819 14.5 -0.0273 Calcul ated el apsed ti nme before perneation fl ux
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wherein the phenoclic resin produced by the resole-type
second-order reaction has a melting point in the range of

130°C to 220°C.

4 The water treatment method according to Claim 1 or 2,
wherein the membrane separation treatment process is a

reverse osmosis membrane separation treatment process.

5 The Qater treatment method according to Claim 2,
wherein the novolak phenolic resin produced by the reaction
between the phenol and the aldehyde in the presence of the
acid catalyst contains 3% by weight or more of a dinuclear
phenol and has a weight-average molecular weight of 2000 or
more, and the phenolic resin produced by the resole-type
second~order reaction contains less than 3% by weight of a

dinuclear phenol.

6 The water treatment method according to Claim 5,
wherein the phenolic resin produced by the resole-type
second~order reaction contains 10% by welght or less of a
low-molecular-weight component having a molecular weight of

624 or less.

7 The water treatment method according to Claim 5 or 6,

wherein the phenolic resin preoduced by the resole-type



decrease rate reached 20% (days) 102 - 80 - [0161] Tables 12 to 14 show
the foll ow ng. In Exanple VII-1, which included the flat nenbrane
test of the flocculation-treated water of Exanple VI-1 treated with a

conbi nation of 0.50 ng/L of the synthetic product A according to the
present invention and 100 ng/L of PAC, the perneation flux decrease rate in
conti nuous water supply for 10 days was 10.4% and the m val ue was -0.0200.
The cal cul ated nunber of el apsed days before the perneation flux decrease
rate reached 20% based on the mval ue was 2920 days. [0162] In
Conparative Exanple VII-1, which incl 8ded the flat menbrane test of the
floccul ation-treated water of Conparative Exanple VI-2 treated with a

conbi nati on of 0.97 ng/L of the conparative preparation product H and 100
g/ L of PAGnaherHeF MEalbotoh | 8¥nd8cheasesrByewbNgEONbNUeYs watgr supply
for 10 days was 14.6% and the mval ue was - 0.02%8. The cal cul at ed nunber
of el apsesidaysebef of ewd hghpecomabhent f haxifdgcsenstetal &rreachrd 36% based
on the mval ue was 96 days. The floccul ation-treated water of

Conpar atmees Exlaamp| €2 4/1 a2d ha2I0@noextessent nmenbrane perneability indicator

of 1.071 but substantially the same flat nenbrane evaluation results as the
floccul ation-treated water of Conparative - 81 - Exanple VI-3, which was
treated with 140 ng/L of PAC al one and had a nenbrane perneability

i ndi cat of of Thelg&tephityrqarnsadamaheiv-arteedi s -tei G it ohponent s

i ncluding a dinuclear phenol renmained in the treated water, [0163] In
Conpar aﬂi%weér@%rfﬁp% A0l iGhFRPL P nBrVidRd #hBeitaRInBabRrandnt BB® of the

fl | ation-t L wat . Co tive Exanple VI-4 i i

] ocoul S (Toat Rort b1 PP o Lo obS EHEE RTORE, CERLY BLPREAFPANFI ue

d te | i ter, ly for 10_d g dth
val e werr Str T Ll L et S e Rubbe) T87081 apsat0dacs 9806 the |

perneation flux decrease rate reached 20% based on the m val ue was 102

days. [0164] Al t hough the present invention has been described in
detail with referenc I Gul kﬁﬂp LI Shg 4o iG1 2RpPag ent to a person
skill edV% n trlllgleart tq:atth:vegcfclrr%él?gé]nngédtl I c%ﬂ% ons ca% %Oe made \?\Eng't hout departi ng

fromthe spidid and Oﬁl@@rﬁ’@l% 1hei pPriesentqi SVRBIE PRy point THE BhESENt
application i s based on Japanese Patent %ppllcatlon (Japanese Pat ent

Appl i catipydNas s 2099°d 86348)0 1 ¢ | €shoniAWILss B, wa0§R: apd JapangseaPat ent
Application (Japanese Patent Application No. 2010-081078) filed on March
31, 2010LowiEhe@lBat-heor @iof at@tbbeset nhayingf ereatecibatheefigebtbfety. -
82 - CLAIMS 1A water treatnent method, conprising: a flocculation treatnent
process jo@dsi nesas f | occul ent to water to be treated; and a nenbrane
separation treatnent process of treating flocculation-treated water of the
floccul ation treatnment process by nenbrane separation, wherein the
floccul ant contains an al kaline solution of a phenolic resin having a

mel ti ng i niThien wette It fige tofen3 0@ thy R ZoC o vatter Glrasit e T ridt hod,
conprising: a flocculation treatnent process of adding a flocculent to

wat er t oREFedth); ferr el aielen dnecaeparbt PHPCEF 2at MEAL VHF oREdst Hpn

treating flocculation-treated water of the flocgulaéion treat nent process
by nenbﬁ&ﬁéjgéﬂayﬁﬁqQﬂ?nt to water to be treated and subsequent

addition of an inorganic flocculant.
11 A water treatment flocculant, comprising an alkaline
solution of a phenolic resin having a melting point in the

range of 130°C to 220°C.

12 A water treatment flocculant, comprising an alkaline



wherein the floccul ent contains an al kaline solution of a phenolic resin
produced by a resol e-type second-order reaction in the presence of an

al kal i ne catal yst in which an al dehyde is added to an al kaline sol ution of
-a novol ak phenolic resin, the novol ak phenolic resin being produced by a
reacti on between a phenol and an al dehyde in the presence of an acid

catal yst. 3The water treatnent nmethod according to Caim?2, - 83 - wherein
t he phenolic resin produced by the resol e-type second-order reaction has a
melting point in the range of 130C to 220C. 4The water treatnment nethod
according to laim1 or 2, wherein thé3menbrane separation treatnent
process is a reverse osnosi s nenbrane separation treatnent process. 5The
wat er treatnent nmethod according to Claim?2, wherein the novol ak phenolic
resin producedoRyothe prassi o8 betyeeprbhecohenyl aandsbhe-algehyde in the
presence of the acid catal yst contains 3% by wei ght or nore of a dinuclear
phenol agd-bag-ardet ohtadvesagen mohecutasenetgbt af 20RQ1dnenore, and the
phenolic resin produced by the resol e-type second-order reaction contains

| ess t hana 8% byt weh gliti of an dahdehede pheadiied 6Tbeamattkalirat nent met hod
according to Caim5, wherein the phenolic resin produced by the

resol e- t ypeuskenndf on deevobakt Phencbhtarasinps%hy mevghakopheretiof a

| ow nol ecul ar-wei ght conponent havi ng a nol ecul ar wei ght of 624 or | ess.
7The wateesipdatient Predhedd dek o di pgctbol BehvecnraePhanet efRdt 82 phenol i c
resin produced by the resole-type - 84 - second-order reaction contains
10% by wel@pRyde ieskhofPBeRcaoPEcal arciRi ghE2L¥Fbonent having a

nol ecul ar wei ght of nore than 624 and 1200 or |ess. 8The water treatnent
met hod according to Caim1, wherein the phenolic resin having a nelting

point in_ the range of 130C to 220C has ol yst yrene ui val ent i ght

aver age %%I e %g’“%%ﬁirqantqeﬁgt range ar&(%xf%r%d}ﬁ)gt.ab9 "’lellr(l/va]tét’a'v‘r3

treat ment. net hod,_accordi ng.to i ej L sin having a
nel ting %%?ﬁ?l?nt?%epr%%%gl%fr%%%%ﬁ%g°3§%§§c%2t%ﬂ%spgggggyexggght or |ess
of a low ul ak - wej n j Lecul arnuel.ght.cof £ 1000 or

| ess. 105#%%E§a €§e¥€%§%%%%§ﬂﬁg$ﬁo% §§¥E$§?ﬁ%g?o Caiml or %? wherein the
floccul af y@n-tfgasppat process involves addition of the flocculant to water
to be treated and subsequent addition of an inorganic flocculant. 11 A
water treatnent flocculant, conprising an al kaline solution of a phenolic

resin having a nelting point in the range of 130C to 220C. 12 A water
treat nent4f | ogrihaiter corgrtingdity Biv@dkKadntheaccording to Claim 12,

wherein the novolak phenolic resin produced by the reaction
between the phenol and the aldehyde in the presence of the
acid catalyst contains 3% by weight or more of a dinuclear
phenol and has a weight-average molecular weight of 2000 or
more, and the phenolic resin produced by the resole-type
second-order reaction contains less than 3% by weight of a

dinuclear phenol.

15 The water treatment flocculant according to Claim 14,
wherein the phenolic resin produced by the resole-type
second-order reaction contains 10% by weight or less of a

low-molecular-weight component having a molecular weight of



- 85 - solution of a phenolic resin produced by a resol e-type second- order
reaction in the presence of an alkaline catalyst in which an al dehyde is
added to an al kaline solution of a novol ak phenolic resin, the novol ak
phenolic resin being produced by a reaction between a phenol and an

al dehyde in the presence of an acid catalyst. 13 The water treatnent

fl occul ant according to Caim12, wherein the phenolic resin produced by
‘the resol e-type second-order reaction has a nelting point in the range of
130C to 220C. 14 The water treatnent flocculant according to Caim12,
wherein the novol ak phenolic resin pr8&uced by the reaction between the
phenol and the al dehyde in the presence of the acid catalyst contains 3% by
wei ght or nore of a dinuclear phenol and has a wei ght-average nol ecul ar

wei ght of>2000 pessore, and the phenolic resin produced by the resol e-type
second-order reaction contains |ess than 3% by wei ght of a dinuclear

phenol . 15 The water treatnent floccul ant according to Claim 14, wherein

t he phenolic resin produced by the resol e-type second-order reaction

cont ai ns1d0%The weitght toredtessntoff laodovirars] ecudaardimeg ght Cloatporieht havi ng a
nol ecul ar weight of - 86 - 624 or less. 16 The water treatnment floccul ant
accor di ngheweh ailme Idhemhbi @i retiie phedoted besthe progdotedipyet he

resol e-type second-order reaction contains 10% by weight or less of a

| ow nol eztdendveidit Tonpohent corRvE s al Obl e WarIkei ght Lefsndfe2t han 624
and 1200 or less. 17 The water treatnent fl|occulant according to any one of
O ai m 111 Wrona e wsa 1 IVe o, Comee Rt t PRV ERE nd I PRl et AL NEeTHat aFel ting
point in the range_ of 130C:£ 220C has a wei ght -average nol ecul ar weight in
the rand®%f Beld %o svdol (g% Fhel$®Fer treatment floccul ant according to
Claim 17, wherein the phenolic resin having a nelting point in the range of
130C to 220C contai ns 15% by wei ght or |ess of a | ow nol ecul ar-wei ght

conpone having.a.ml ecul ar i ght ...1000 ; + 19 for
pr oduci ang7 a \\/%jtegrw attreeratec r?éer?tacr?ﬁ\quccu Oac(r)l Uflacrgotrrrc)glrciés)olrrr?{gl:\:i%fetaczzlt'all %@%ﬁ%nol W th

| d C i | ak
an a .e*tvfaeuhnlfgaglch; cﬁggaﬁa deﬁ%%}?@%é‘iﬁﬁﬁ%ﬁ;ﬂéﬁ@ﬂf@ feBpyol a

phenolic resin, e to an a ne solution of the

novol ak m{\%wii £ FEB Thd bpeif Of M Bnd €59 S tyPE1 5620NEL 058P nadTa-
reaction in the presence of an al kaline catalyst. 20 The nmethod for

produci g fyiel Sfe 4 LAY (i1 H€ G 8k & AL OF ikt NBai@e G ai HDAY, tyherein the
phenol is reacted with the al dehyde i1 n the presence of the acid catalyst to
produce spgmyol ak phenolic resin that has a di nucl ear phenol content of 3%
by wei ght or nore and a wei ght-average nol ecul ar wei ght of 2000 or nore,
and the resol e-type second-order reaction is perfornmed to produce a
phenolic resin that has a dinucl ear phenol content of |ess than 3% by

wei ght . 8 ThHaenetahed frore gomeohici g ccwilangr aawatdierg fd dElculnant? accor di ng
to G aim20, wherein the resol e-type second-order reaction is perforned to
produce vwhepteeiol e rwne thatrevht diavingos bye el ght oint ety Blhe g

| ow- nol ecul ar - wei ght _conponent having a npol ecul ar wei ght of 624 or less. 22
The net HaNGOrohrotUd g L4ftercenreatment ST 1R e bmet ajEot P RhgPf @A ai m 20
or 21, wherein the resol e-type second-order reaction i erforned %o
produce EPHNRFE F eI H IHat CTRREENs AV BY ITGheCoraf edel ot &°

| ow nol ec r- }9ht conponent having a nol ecul ar wei ght of nore than 624
and 1200010 | LE5S.

19 A method for producing a water treatment flocculant,
comprising: reacting a phenol with an aldehyde in the
presence of an acid catalyst to produce a novolak phenolic
resin; and adding an aldehyde to an alkaline solution of the

novolak phenolic resin to perform a resole-type second-order
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reaction in the presence of an alkaline catalyst.

20 The method for producing a water treatment flocculant
according to Claim 19, wherein the phenol is reacted with
the aldehyde in the presence of the acid catalyst to produce
a novolak phenolic resin that has a dinuclear phenol content
of 3% by weight or more and a weight-average molecular
weight of 2000 or more, and the resole-type second-order
reaction is performed to produce a phenolic resin that has a

dinuclear phenol content of less than 3% by weight.

21 The method for producing a water treatment flocculant
according to Claim 20, wherein the resole-type second-order
reaction is performed to produce a phenolic resin that
contains 10% by weight or less of a low-molecular-weight

component having a molecular weight of 624 or less.

22 The method for producing a water treatment flocculant
according to Claim 20 or 21, wherein the resole-type second-
order reaction is performed to produce a phenolic resin that
contains 10% by weight or less of a low-molecular-weight
component having a molecular weight of more than 624 and

1200 or less.



