x e3err$ &67T{*c2* 7 Cctober 2002 - 1 H GH+ MOLECULAR VEI GHT HI GH ORTHO
‘NOVCLAKMM&H@M&M”MEMIC RESI N The present invention relates to novol ak type
phenol i particularly to high-nolecul ar wei ght novol ak type
phenol i c resbos+ which are very low in content of ionic inpgiodibes:2do2oh in
proportion of 5 nethylene groups bondediat ortho-ortho position, and are
soluble in solvents, and thus are excellent in handleability) curability,
el ectric characteristics) and heat resistance characteristics and suitable
in a wde variety of fields such as nolding materials, epoxy resin 10
curing agents, phdtlSHEHAEGHEHARNEHRE H%&HT@RTM RQVOLAKnBYEE al s,
t hernopl astic resin nodifying agents, rubber conpoundi ng, etc.
Conventional Iy known novol ak typePBEYRICC RESINNs i ncl ude those of random
navol ak type in which 15 nethyl ene groups bond at ortho-position and
par a- position at near et RECSERE ARV AR TfdSdest R JIvRtkate HR®I ak type

i n which t hyl bond dom tl t t ho- ition. Rand
novol ak.typBRBRENSF £ Fabrns SaPe PaL LA o0¥ar e 15 -SRI a phenol
d d 0_al dehyd t, ddi.ti d ti t]
O D U N g N IR T
For sever al chAuEAsURdes cAOLTBnpRCassUEe n il et dhodatiysliy 1 on and

renoval of unreacted nonomers. ~Hi gh-ortho 1nmovo enolic 25 resins

are usuak| ynaphghBRd BYoll 86hida &tPhehtho-ortho posirich OdMPUr002

conpound and an”al dehyde Conpound to addition con sation reaction using a

netal lic sakbigghal Yt sdUvRn2s,ZaRe ARIAkSe lekd 1260itatlie, zinc naphthenate
or the like in weakly acidic state, allow ng the dehydrati on 5 condensation

réacti on tohphagceaBidikect kyrabinitth ,f wilkker iaddharett@irigtiasd d 4id al yst,
and, if necessary, renoving unreacted materials. (See) for exanple,

JP- A- 55- 905B8atJ) PeAis52ald4] 8haxad t&P-1AtG2s? 201 5 suiftad reanidora nade ak type
phenolic resins have 10 the problens that they are low in speed of curing
with e.g. h¥raketiypbéndtetlldgnisich asdmoddimiggmadertice isov @y yrsighenol i c
resins obtained using netallic salt catal ysts have the problens that
netal | i 0 oF¥TARE BERPASneBPPROLRELEEs NOSLRG r LSS THFIEUTRF FHFRAY s of
15 the resins are inferior in_characteristics such as heat resistance,

wat er resi sPAHEE1GLE - etDELFPRARSEASUFES AT MOGd Vi a3 F arftPHe used in
el ectrical and eleggronic fields which hate particularly incorporation of

i onic inpurFPWngn nﬁecgﬁfry, further inprovenent in heat resistance

characteristics, precgﬁgg%n%ggngaa ifﬁ%ﬁﬁmﬁﬁgﬁ%&%%jé%}gﬁgﬁﬁxgkfor vari ous

uses, and as for phencli’'c Tesins, TnCrease o

uni f or mal i ZaLik@RsOf nERLARU AL sBt L¥C an@ AN R k2 : y¢ isf] Gatdan have been
intensively investigated. However, when trifunctional phenol conpounds are

used asithemphagdkeneodROURES bon@v @ltalo rityee pI¥aRAldnC s igier D6 1erby t he
above processes have a wei ght

at nearly the same ratio and those of high-ortho novolak

type in which methylene groups bond predominantly at

ortho-position. Random novolak type phenolic resins are

usually obtained by subjecting a phencol compound and an

20 aldehyde compound to addition condensation reaction using

a known organic acid and/or an inorganic acid as a

catalyst at 100 for several hours under normal

pressures, followed by dehydration and removal of

unreacted monomers. High-ortho novolak type phenolic

25 resins are usually obtained by subjecting a phenol

AR
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- 3,- 7 October 2002 average nol ecul ar wei ght of about 15,000 at the nost.
'Recently, hi gh-ort ho novol ak type phenolic resins obtained by reacting a
trifunctional phenol conpound with an al dehyde conpound for a long tine in
a 5 nonpol ar sol vent such as xyl ene have2been reported. (FPORSSEIID2
JP- A- 6-345837). However, average-nol ecul ar weight of the resulting resins
is about 3, 000-40, 0Q0, ichis still insufficient. As other high-nolecular
vei ght resi nSOBBPHPHe 4R afs iEtgetwideu fmBd Jitelabibounds, there are

k h bt ai ned b ddi . h I . I
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Oho£OML S B SBLENAY SOLNGN ool S st suhon I

meny exangl egofheh8skBnoRaRI IR pr b AP diiSARAr ST

bi functi onal phenol conpounds such as“o-cresol, p- p- nony dﬁ%%ol,
and p-tertbuhykipheRObrahe HeRR aFa1Gd, @XRIPG NasdHdy S ref@y Py
Kagaku Zasshi, Vol. 66, P391-395 1963, "JP- A-50136393, JP—A—Q%-92908,

JP- A- 56- 1032dhredBt8d5hat@f3hl)k .25 sbid ARt 26Qfbh.e angh -5 Hdod2714) .
However, these resins obtained using such bifunctional phenol conpounds
cannot be cooplatebysodnsd ahér gef-en.2-A30BIssont, there are no novol ak
type phenolic - 4 - 7 Cctober 2002 resins which can satisfy the demands
in various uses, for efaeplrandeasynovaidkedlydd tphenoldld neseims Ilesee i oni ¢
impurities and high heat resistance of the cured products in the use of
epoxy redPn thei pgohdems, thadeltheyt a¥ecudioabiiln tspeadl dfi ghutiexa wili st ance
and electric characteristics in the use of nolding materials, conpatibility
Wi th rubber &n@-ghezemetbydgse tetramimer. Mﬁé@s%irghmm Avelidber

conmpoundi ng. . The object of the present invention is to 10 provide resins
whi ch are sut¥BBI BPEBP LIS F6§dNTs P tede L ISINL M ekt iSALt for el ectric

d el ect ic fields, [ f [ | ami nates, b
o ShEE pokeL Man el SAT SR APEIBES oase, o
whi ch are exgelleghohn wakl 88l 9430ee.rIGte thd Sl AIANGS GRS LTI St cs
and el ectrical "irnSul"ation and whi ch can sati sty all of 1 rcrease of

| I 2 bt bLLLt v i Lyent ! it oat
ol ecu aF?“ehﬂQ re?ghg bldel ¥ niFR rS QYR %ﬁ#ﬁﬁ?ﬁéﬁﬂ%ﬁiégi%#Eh.éguheat

uni formal1zation of nol ecul ar structure not be sinultaneously

satisfied byrtheseanvent warar Pevalsdlanl e ARRNAical el distatith present
invention relates to a high nol ecul ar wei ght novol ak type phenolic resin

and particul ahly th@sathieghcanhetulba wsighin kigttarid nowo| skedyishic
phenolic resin which is a condensate of a 25 trifunctional phenol conpound

and an al dehydeldenpatict, halter patreriicnacdnly timatorgdorast isors @& etdn ol ubl e
hi ghnmol ecul ar wei ght novol ak type phenolic resin having a wei ght-average
nol ecul ar weigpurati®8,.000 or nore f - 5- 7 Cctober 2002
20 Recently, further improvement in heat
resistance characteristics, precision and handling
workability is demanded for various uses, and as for
phenolic resins, increase of molecular weight,
uniformalization of molecular structure and high
25 purification have been intensively investigated.
However, when trifunctional phenol compounds

are used as the phenol compounds, novolak type phenolic

resins obtained by the above processes have a weight-



.cal cul ated by pol ystyrene standard; that nethylene bonds at ortho-ortho
position in respect to the phenolic hydroxyl group are 55~ or nore of total
nmet hyl ene bonds; and that it has an extraction water electric conductivity
5 of 10 ~CS/cmor |ess. The wei ght-averade- nol ecul ar wei ghy Qgolsrelgorabl y
100, 000 or nore. The object, features and advantages of the present

i nvention wll be better understqod fraomthe f0||0m‘n%ﬂ$§§ﬁ£i tion taken in

connecti on WRVRTRHE MYlSCHAPaM§-IG tdrdwidRyuth JaniCdP fematical |y
shove one exarmle ol hg BN LaB, St Sh NS S SR (1
Lapeny) of theSfasl ROBREheRkY F R AL R bR AR R O L G
20 H g 4 | scENBEhagaREEh S anBetivat, Honchrid Tdt 20 Ml Ak S ©

the resi nsobhghBedakn sBAOERLC sBcnTad: slchel I HUH WBIgiedl stgdbut | on

chart (accor to t he resin obtalne 4, Flg. 61s a

mol ecul ar - wepghhpdbSt TbhULE0R 488aHY 25 HoAesd 8 dia dPRo Wcd e 1 esi n
obtained in Exanple 6; Fig. 7 is a nolecul ar-weight distribution chart

(according tQeihht 6F the resuntahlp@ireed nish iEXaRdwr B, Fdw-48, 060 2
nol ecul ar -wei ght di stribution chart - 6 - 7 Cctober 2002 (according to
GPC) of the whsth obt aithed hAskf&ipglientQ; and
As other high-molecular weight resins obtained
10 using trifunctional phenol compounds, there are known
those obtained by adding a phenol compound to greatly
excess amounts of hydrochloric acid and formaldehyde (for
example, JP-A-57-177011). However, the resulting resins
have methylol group and are not novolak type phenolic
15 resins in a strict sense, and, furthermore, they are
partially or completely insoluble in solvents, resulting
in severe restriction in their use.
As other high-molecular weight novolak type
phenolic resins, many examples of resins obtained using,
20 as the phenol compounds, bifunctional phenol compounds
such as o-cresol, p-cresol, p-nonyl phenol, and p-tert-
butyl phenol are reported. (For example, Narasaki's,
"Kogyo Kagaku Zasshi”, Vol.66, P391-395 1963, JP-A-50-
136393, JP-A-56-92908, JP-A-56-103215, JP-A-57-187311,
25 JP-A-60-260611, and JP-A-61-12714). However, these
resins obtained using such bifunctional phenol compounds
cannot be completely cured thereafter.

At present, there are no novolak type phenolic



,Fig.,:9 is a nol ecul ar-wei ght distribution chart (according to GPC) of the
resin obtained in Conparative 5 Exanple 2, in which reference nunerals
indicate the following. 1: Turbine type agitating blade; 2: H gh pressure
reaction vessel; 3: N trogen gas introdu¢tton |line; 4: Hi gh @&eBstPE02
metering punp for al dehyde 10 conpounds; 5: Al dehyde conpound injection

oz e r e B Ul At e o e
11 ®H ash vesdere1es” peet R AR Y S AT Y59 ek e T o bhenor |
wni oh have pAURGFEE aAs b iband S e dE v dk el Rf IR
Oroup, such A% SRenare Storasyy asih edniibeds, Qoo b hvdrow!
tri funct! enabuphenqls «goRpRLRLS MGG hakhcdhdd Griphstdduient . al kyl aroup

aryl group, or t avi ng many carbon atons causes no problem but
phenol and/ ognBrakeei st 23 P ¥ hisdd dff B Pt af1urability and
uniformty in structure. That is, when phenol conpounds having a |arge
substituent abfpdte®llTRleeutdy MRIEH drifasas ifdttedde dwinhasberd phenol
nucl ei at the same nol ecul ar wei ght - ~ - 7 Cctober 2002 decreases, and
this | eads t barfinesexdmplthe tee efsaulibdy drampduretjitigral ent nunber or the
subsequent threedi mensi onal curing becones difficult because of the |large
substituent. 5 A feat ufTheofobjestnulfediearpnesiegitt iogfvearitsioresis of t he
present invention is that wei ght-average nol ecul ar wei ght cal cul ated by

pol ystyr éfle prawddedresins, obdchr aner suigadfle fayy vEGULQOD wgeshoruch
Furthernore, depending on use, etc., preferred are those which contain |ess
than 10 1% bpsSwerdRings mateaialsn fogy idecd Tivt and alegixniofielsbd, 000 or
nore, or those which contain 1-10% by wei ght of the portion having a

g
mol ecul ar weFYRENGt 28eHEF, 66F SR TS £ dAUMRTHS b RRAFNFEDMH i s t hat
55% or nore qQf total bonded nethyl en r s are bonded at orfho-oriho 15
posi tion. Wh&RTcTPELPR W%ief 1?5‘52/” (Té'% g:élcﬁ%pr?ﬂ‘-orcioérfﬁo,ur}q.rlrf%ﬂ ab'}ciefcé‘}l? t hat
at | east 60% b .Net e I re . - Ont
Sosi 11 on. TnEoalRts) SEIGHAR RECHSANAUAY, At R b s AR Pl
sol vent s 1§UChe23 skBhRREShaTaPterAGRLUE and electrical insulation and

which can satisfy all of increase of molecular weight,

solubility in solvents, high purification, and

uniformalization of molecular structure which could not

be simultaneously satisfied by the conventional novolak
20 type phenolic resins.

The present invention relates to a high-
molecular weight novolak type phenolic resin and
particularly to a high-molecular weight high-ortho
novolak type phenolic resin which is a condensate of a

25 trifunctional phenol compound and an aldehyde compound,
characterized in that it is a solvent-soluble high-
molecular weight novolak type phenolic resin having a

weight-average molecular weight of 50,000 or more



20 and net hyl ethyl ketone, tetrahydrofuran, and N, Ndi nethylformam de and
easy in handl eabi lity while having the high ol ecular weight which has not
been seen in conventional novol ak type phenolic resins, and, furthernore,
since the para-position high in reactiviby-25is unoccupi e¢,o¢wb@;d2m)20duct S
can be obtained in a very short time with addition of, for exanple,
hexanethylenetetranlne Mor eqver, when the resins are used as curlng agent s

for epoxy reSPASY @GF@Hbﬁi@ﬁ$¥§$yren%3Stqn43ﬁ4ﬂxﬁh§ﬁxﬁ?¢ﬁﬁﬁ?ﬁﬁa.9% § high

gl ass transition n be aqht.ai ned. Further du not her feature
that the contaénpr%?‘ol 8Ff qr"loé"s 4 TGRS C %%r@? f’e§| ns 5 of the
present inveption are su er|or electrlca%flgntMt|(N1q§9 nnlstu

absorption reée 31 cegr ne &Y be eﬁﬁigvgﬁaf us%s
| nol uding_ el gghr i§aAng rehaet Lani ftlidhn W ddie Srasen | QyRaLL yigg &

measure whic OWS conten O organic or rnorganic 1onic su

the phenok Co%ei'o” §P‘cﬁi' §EL§EE CO”‘i‘H‘ét \kxé&%)‘lgo‘cav@ﬁab%cﬂdo‘i'éc‘ﬁﬁ s

enpl oyed. This is talne a dlng po phenolic resin to pure water)

subj ecting t%lghxst Yise phr@ AT 138 U E W nlAldg treat ment) renoving 15
the resin, and measuring the eléctric conductivity of the extraction water.

The hlgher extraction WQEEbuﬁéyﬁrlﬂéégﬁyggndﬁataﬁqgﬁggbégmbfegm@r cont ent
of ionic inpurities in the resin. If the content is large, the resin

readily 20 abgeskntwan®lentidnahEQpibedbeaftarmtiaidemisasd ditenm i i@t i on in
el ectrical insulation or dinensional stability of the resin. The extraction
wat er el ect rifoldomdngt ideistcyr ipft itome takemolic aeesiectofor hel th elstemt | nventi on
is specified 25 to be 10 a S/cmor less, and as a result the resin can have
a hi gh rdPi abccompasydngi dramdngsds ofhigihectric and el ectronic fields in
whi ch small content of ionic substances is especially severely re U|red
and hence the Fig. 1 schematically shows one example of t
production steps of the phenolic resin of the present
invention;
Fig. 2 is a molecular-weight distribution chart
15 (according to gel permeation chromatography (hereinafter
referred to as "GPC")) of the resin obtained in Example
1;
Fig. 3 is a molecular-weight distribution chart
(according to GPC) of the resin obtained in Example 2;
20 Fig. 4 is a molecular-weight distribution chart
(according to GPC) of the resin obtained in Example 3;
Fig. 5 is a molecular-weight distribution chart
(according to GPC) of the resin obtained in Example 4;
Fig. 6 is a molecular-weight distribution chart
25 (according to GPC) of the resin obtained in Example 6;
Fig. 7 is a molecular-weight distribution chart

(according to GPC) of the resin obtained in Example 9;

Fig. 8 is a molecular-weight distribution chart



9 - 7 Cctober 2002 resin can be applied to a wide variety of uses. Content
of Unreacted nononers in the present invention is not especially limted,
but is generally 10% or |ess, preferably 5~ or less, nore preferably 1~ or
5 less. If content of the unreacted nonofrers is great, theygdishéd®02
pessibility of causing problens in environnental health such as offensive

smell in handlin f _the resins, ,_ besi des robl ens such reduction
I rrechani cal SCEPERTE G0 CECad O Gt e oA nRg o FXRRE 1 L0 0 e
resi stance, reduction in dinmensional stability and decrease in yield of
carbon when &8Fbonized. Thus, the content is desirably as small as

possi bl e. The phen0|iCFﬁ$Fi@§i%féjﬁ%ﬂgéﬁ¥yp'd%%§ﬂ¥iéﬁ%géﬁéﬁﬁ%gfu%%$¥t

produced by a process Whi°Ch “compri S€s subj ect'i unctr €no

conpound and (g al-aghyde CamRquRE L AqddiiPT A BohFRELL PPe at
n Ion tor

160- 220 wi thout using~a catalyst and further allowng a reac

i ncreasi ng mpkamphar 2Weligynie PRGN hudfk ey dipd i Ok &t+1R00- 250C. | f
necessary, the resulting resins are dissolved in suitable solvents, and
then pure wagegniewihlae | i ke is added thereto) whereby the resins can be
precipitated. An exanple of a suitable process for the 25 production of the

resins of the present invawiribdme Typedlatjitectiny BYadsletni |IHDgh ow. A
trifunctional phenol conpound and an al dehyde conpound may be
si nul t aneouspyeebatgeteactd opr eested ; 3: Nitrogdtgaerifd@iuction
line; 4: High pressure metering pump for aldehyde
10 compounds; 5: Aldehyde compound injection nozzle; 6:
Discharging valve at the bottom of reaction vessel; 7:
Double-tube type stationary mixer; 8: Multiple-tube heat
exchanger type mixer; 9: Double-tube type stationary
mixer; 10: Pressure regulating valve; 1l1l: Flash vessel;
15 12: Heat exchanger.

As the trifunctional phenol compounds in the
present invention, there are used one or more compounds
which have phenolic hydroxyl group and do not have
substituents at the positions other than meta-position in

20 respect to the phenolic hydroxyl group, such as phenol,
m-cresol, and 3,5~dimethyl phenol. Use of trifunctional
phenol compounds which have, as the substituent, alkyl
group, aryl group, or the like having many carbon atoms
causes no problem, but phenol and/or m-cresol are

25 preferred from the points of curability and uniformity in
structure. That is, when phenol compounds having a large
substituent are used, molecular weight increases, but the

number of phenol nuclei at the same molecular weight



resi stant reaction vessel to react themat 160-220C. However, preferably
"the'trifunctional phenol conpound is first heated to 160C or higher,
preferably 180-220C and pressurized to 0.5 MPa or higher, preferably 0.7
MPa or 5 higher with a known inert gas-su@ch as nitrogen gag QdtoBer 2002
pressure-resistant reaction vessel. Then, the al dehyde conpound is

sequential ly ;added to the reactiqn _vessel, preferably fromthe bottom of
Che reacti onIGEEEar SopPRA TR, 10RO dth AU ST 4 e T phenol

conmpound is I [ he _r. e of 10.50-0.85 ef e ../0-0.80, and
nore prefer ag&é@‘&g& %ggﬁgﬁa%%ggd@?m’[bc?% Sorli ﬁ%‘re isﬁ{:brseeai‘gebri%e&rr% %cul ar

weight. If t r.ratiQ i . t §€igio i £ hi gh
nmol ecul ar V\e?gwgﬂlggr?ﬁg ggﬂé'zlpla?)\r%?gn{ee\%r?l%tél%uelgsoe% oféfl ﬁ%géeaiszélﬁ t he
ol ecul ar wekgRls+§%Rleaikned hereinafter, and the yield is reduced. If the
nolar. ratio is higher than 0.85, control of nolecular weight at the step
of increaging the nol equiraia t\Wiedlr ithdinfdliddttaPbidHe FAUSERS resin
acceleration of formation of gelled or partially 20 gell ed products. Wen
the nmol ar rabifothe Présent ineentsod iE0GHA0 wiidiY -avdrafd GRd IeneTage

nmol ecul ar wei ght can be easily obtained. The novol ak type phenolic resins
havi ng 1~ bywegigbkt calch@ated byh®olgstvarersa\d teghdar®dlecB@roo®ight 25 of
1, 000, 000 or nore can be obtained by carrying out the addition condensation
reacti on at morel, apre€leyabdw 1003/000atdr nMoreR) durkieernhrAS, alepemghing
tenperatures and high pressures and carrying out the nol ecul ar wei ght -
11 - 7 Cctoben 2862 efcreapirederced iagre wihdselathidrmtd¢antain 208522018 and
separating and renoving | ow nol ecul ar wei ght conponents fromthe produced
resin usitlg 38| P¥nwWeighf Ofi & PRIFE1ion:daid il MREeGUIQr el grefel abl y
used as dissolving 5 solvents and tol uene and the |ike are §ref erably used

as solvents &d888 P80 S&pHPEE-0RT EHROSFVRIIGR (S PHeno1 1A% R iFRIHNI ng

1-10~ b i t of th t havi | | i gh f 000, 000

nor e cax g/gl ggt §gﬁe3°%§?ggr3r #’%Qﬁé‘%\(;:?? ,lpa&%%maeh%ﬁ{ %d]gﬂ%%q‘i%(go r%’éc? |r on
t | ti f _0.73 0.80 at hiah i d

iy g out PRS- or el Eedeiiel ke MM SIPEALIES AR R B SRR G5 20

220- 250. d i i i t f

Che Do qunag tRERR BrhAdanRE RN G i Re i adlE AN oG T OT

used aboye, 3Bd;kAEnsO! WERNLS HEaBH1MAMtyS SRANAI] A B Ya PO bl Br ¥ €73t hexane
or the like. The al dehyde conpounds used in the present invention include

one or two ORsMprereeieaurtathat N@add acielyde s BihasdGledbylene
f or mal dehyde, paraf or mal dehyde, pol yoxynet hyl ene, and the like. Suitable

one is formbirBupki aktehd®nidedn atr @attem wWrthdK pwdi tion exchange resins or
the like to reduce the content of formc acid to at nost 200 PPM and
anot her one i s paraf or Thledphedelizvinegins of the present invention
are soluble in solvents such as ketones, e.g., acetone
20 and methyl ethyl ketone, tetrahydrofuran, and N,N-
dimethylformamide and easy in handleability while having
the high molecular weight which has not been seen in
conventional novolak type phenolic resins, and,
furthermore, since the para-position high in reactivity
25 is unoccupied, cured products can be obtained in a very
short time with addition of, for example,

hexamethylenetetramine. Moreover, when the resins are

used as curing agents for epoxy resins, cured products



25 purity of at least 80~. Formalin which is an aqueous sol ution of

f or mal dehyde, has a concentration of preferably 37~ or higher, nore
preferably 40~ or higher. Fornal dehyde is - 12 - 7 Cctober 2002 apt to
produce formc acid through Canni zzaro-regaetion at the ting Gdtob&r2002 on of
formalin and during storage. This formc acid nust be renoved to such an
extent that the concentration_is preferably at nost 200 PPM nore 5
preferably afaydsd 50 viemy Heth EH@sottITHSA IR (R E @8R dP®hi ch has not
been able to be deconposed is contained in the resulting resin as an ionic
inpurity, buPPied®&%- acts as an acid catalyst in the addition condensation

eaction of the phenol comaund and fhe 40 ol datde,compound Lp oy

f | deh dd ef I 0~ or_ hj i i | he. it
paralor i denyg 5t Sl Sl A% of el | el Ld Loyt
t hi i 1 f . , i [ 1 lid
(s, 18 noe R gty PTG R AlaLBL dely oy der opagc el |y ol
when it is addech138quentiy | ivﬁttt%fe;o%par & dy a0 Ge [ Calf CVARUSEY M X

a part of the phenol conpoun or mal'dehyde to form a sol ufion

or slurry. A@@i@%@d@ fr I SRAUGIY Ald Yadd® AAERIYOSy COT@OtRIcW | | be

expl ai ned bel ow. xing ratio of parafornal dehyde and the phenol conpound

is not parti galiaehedtronied filbilgd.s preferably 25 the rati o which surely
gives the mxture a fluidity that can be handl ed by a known hi gh-pressure

punp or slurry punp. Fun tlepresdnt titiverchisen, a®uEtimedsdite el
conpound needed for m xing with paraforml dehyde is -1 s - 7 Cctober
2002 regdndeshowsheomteantt off drgarplerot oowmanmic Hserbe substancescinon
vessel and the nolar ratio is cal cul ated accordingly. The sequenti al

addi tion of &heabPhempddccagsdind 8 islezifiedanduesivigtkrfn hi gh pressure
punps such as plunger type and di aphragmtype or slurry punps such_as
rotary posit ie\?‘éréicgiﬂ-loé’c&?é:rﬁr thfp MRAIMRG i ¢ Byl s Bl Y adging MoNO
PUVMP manuf actured by Heishiin Sobi Co., Ltd.) and tube punp, and preferably

the al dehyde POYREE S PReNod G Fefidhtia RYNeIMATSH o SU e pnEil

conpound from.,t he bottom of .a reacii on vessel.
P mixture to meating an& pressurizing treatment, removing

15 the resin, and measuring the electric conductivity of the
extraction water.

The higher extraction water electric
conductivity means the larger content of ionic impurities
in the resin. If the content is large, the resin readily

20 absorbs water and absorption of water causes
deterioration in electrical insulation or dimensional
stability of the resin.

The extraction water electric conductivity of
the phenolic resin of the present invention is specified

25 to be 10 u4S/cm or less, and as a result the resin can
have a high reliability even in the uses of electric and
electronic fields in which small content of ionic

substances is especially severely required, and hence the



It is inportant that the addition rate is in such a range that a sufficient
"addition condensation reaction can be perfornmed while keeping a reaction 15
tenperature of 160-200C and generation of excess reaction heat or excess
increase of pressure due to abrupt reaetbor can be inhibitedy.thReradgpti on
rate whi ch depends on al so the anmount of the al dehyde conpound agded S
usual ly preferably set so that, the addition ting 20 is in the range of 15
mnutes to 2 3fRis.CaN tBe ARPIYIET 2 R HHF (YRRLSFY a08i BF®R- of the al dehyde
conpound, especially preferred is the addition fromthe bottom of the
reaction vessel which #E“&ﬁvghﬁﬂééﬂﬁge?%t% APRRITEE $ ok oF PENBTBFEBEens such
as 25 offensive snell at the pressur eductjon_ste ield, and.stahility
of ol ecul ar MSGHE DY hd e AARTA TG hind ER nofh LacPerehat Emibhe t op
of the reactign.vessel a ibi ontp the |igui [f of . phenol -
T -7 ot obF GO AT CiF dfe Tetier ArveE Rt EaEEy 14 8E
possi bl e. Th eh dged i i t m of the
reaction \?esgeﬁaésld'mrﬁf%J yq}ﬁgg’c?s W t@?%%%%%n@%%ﬁo%%ugg gﬁégg'

simul taneouslphdiehald dleRRled sy PLUARSE | s Pl pioBllent ig the surface of

the reaction mxture ring whi e addition Ctondensation reaction is

conpl eted. OypfigRimiitdi2MBalth (difcase Ofradélivé OsméiPMhhgahaRiAG the

reaction vessel, fornmal dehyde of | ow vapor pressure is vaporized at the

liquid surfaeF ahd esihphed, auies, obrdb Déind eshek adsir Le@igdtignqni Nns in

t he vapor phase part of the reaction vessel, and cannot perform a
sufficient rdachevhamilcglardtimdngtdncdf cdurdd teodaPos ; | dguedionaeibace i s
pronoted and this nakes it difficult to control the nolecular weight. 15
The reactliCon iregsdlsstuwreedagigtenge eseeducttiemt imndimendeogaher al pressure
reaction vessels, but nore preferred are those which have upper and | ower
two turbine tspeiddityatangy dacreasefin iplebtreotli caebenr wWhenwhi ch are

advant ageous for the addition of the al dehyde 20 conpound fromthe bottom
of the reactC@FbRzad, fRais| ddRy Erwpouktl RRIETRPIHNRE hEMBdLt 8F of t he
reaction vessel immediately reacts with the phenol conpound, but a part of
t he al dehyde is vaporized and rises through the liquid reaction

Bl ades of “The sane di andiceBRaR S R T bt i BRETT Shot BEFRF A8 1 1
each othgry at, NG AV GHFE LU | L HPSLNES Wl {16 UBRE - 208! Over turbine
subjecting a trifunctional phenol compound and an
aldehyde compound to addition condensation reaction at
160-220C without using a catalyst and further allowing a
reaction for increasing molecular weight to proceed with
20 dehydration at 200-250C. 1If necessary, the resulting
resins are dissolved in suitable solvents, and then pure
water or the like is added thereto, whereby the resins
can be precipitated.
An example of a suitable process for the
25 production of the resins of the present invention is
explained in more detail below.
A trifunctional phenol compound and an aldehyde

compound may be simultaneously charged in a pressure-



.- 15'- 7 Cctober 2002 type agitating blades to forma residence zone,
whereby the rise of the vaporized al dehyde conpound is inhibited to pronote
reaction of the al dehyde conpound) inprove yield of the resin and nake it
easy to control the 5 nolecular weight-tooa-desired |evel. 7ithctaBgét 20@N,
anount of the al dehyde conpound gas in the vapor phase portion decreases
and the problemof snell can be solved. The addition condensatif? pr oduct

obt ai ned by &88itH§20he TEPFEAPTe VESHSIut® FFaHe WIRMATL cHhidudddtas 10
Sever al i nUREEEVE s cPEREETRINYs HHe: e Ios AT, EGTHEL ARITRGWE GrS  he
occurs. the FRREE BRARER: Pe IR0 e el lpb oS00 383 S piiNe LEES AT 180 i <
indbr ar oppi RESSFuEra8a.F8° Pheollr oHhBadheltn mrae it (L e "
broceed. PhonSByeRo Rty kg HCY, ot ol B BN ARCEIES b 1 o

the reacti 0”p¥‘é§§ﬁh:e-hc%s 134 3nta3Radtion QAN Mpild & A Upidehjder eases

inits viscosity upon dehydration and partial renmpval of unreacted
nononers. VhéBmFBﬁnﬁeigtb@&ubﬁ%ﬁ%ﬁ@&u%ﬁdéa|ﬁb“¥héf¥éhé¥¥5i vdese ] s the
possibility of the reaction m xture being 25 solidified in the reaction

vessel . Furtpeefeirablyhgfoih@heeddititoh oEmMeratidaet ohighsgel han 250C,
there is the possibility that the nol ecul ar wei ght increasing reaction
cannot be controll ed, Medalt iragiion ofeltdid Grldehydel Gcompoudnd ofert’2002 The
above steps nay be carried out in the same reaction vessel wthout causing
any problém pbenoilt cogppueideisedstiadilyf dm ithe biange ofeducid-oh. &%, agi tation
efficiency and heat transfer efficiency caused by the 5 increase of
viscosity, theefenabilynOni7RtQr-80i,s angd mayen pRefidrataky Gh %0 r&actn on
vessel fromthe bottom of the reaction vessel after conpletion of addition
of the al dehQ88eEohBoliHItRRH APCELABEnftNEMYaias HFidhtat gehet®® i on no

| onger occurs, _and then is hransferred to 10 the next gggction_vessel or a

fl ashi ng vesB8lafhFREIRe i AG¥ERe tPER O P nitha e i Ro- A 14 whi ch a
i f ! i | | i_ght, i ] d d_.whi |
carrying out Mahy BPIECERA T RE Lok FRRRGF He A TR prter o
mvent1 g et s Uis baiepg It Yan et S Bleve o
repeat edly dhﬁhd@ﬂeaﬁ}@eﬁ‘dxﬁg- r@a&lfc%%r.m&% tHe HRAGSS &Fah 14N LaCE Gk rONONET S

20 are renoved by heating under reduced pressure or by using a known thin

filmevaporaiganob.sBe kbk@rba @Bt aidlexhiahwaidhx taernwValak ghenol ic
resin having a wei ghtaverage nol ecul ar wei ght of 50,000 or nore and

extremely | ownceagihgnthef modeichiliatpwidilghas i 2 ARl dEestl dddgthesin i s
conpletely dissolved in a solvent, then, pure water is added to the
sol uti on underuagst aticedetratpoaciofi tfatrmast rcesicf dedlledvas yarterading t he
solvent to obtain a novol ak type phenolic - 17 7 Cctober 2002
20 gelled products. When the molar ratio is 0.7-0.8, resins
of 100,000 or more in weight-average molecular weight can
be easily obtained.
The novolak type phenolic resins having 1% by
weight or less of the portion having a molecular weight
25 of 1,000,000 or more can be obtained by carrying out the
addition condensation reaction at a relatively low molar

ratio (F/P) of 0.50-0.73 at high temperatures and high

pressures and carrying out the molecular weight



resin having a wei ght-average nol ecul ar wei ght of 100,000 or nore. The

" sol vents used here include preferably organic solvents which are high in
solubility with water, for exanple, ketones such as acetone and net hyl

ethyl 5 ketone, alcohols such as netharoliianrd et hanol, tetrabudyelooep, and
N, N- di et hyl f ormam de, and those which are lowin solubility wth water,
for exanple, toluene, xylene and hexane. These are used each.,alone_or in

admi xture of YEFSHASIRE FeaHan Wt ierydeatiey 2k 4803428 oumndf

100- 1000 ts b i ght 100 ts b i gh f th | ak t

ohenol i o 1 osiSEPaTa Crtar ey B \Bow rafechilad) ur i gnl "sambengi Boei gnt
the d!sso!uti n SH§P i.s d'ffé ul t Iogperfor%% ang the res éting solution is
high in visc s’?c{"i/, and MRS iiTH %Jd?% }‘é? bF - an Brg nfc®88Fvent in

] fiig T _ n B GanPcC85F
necessary 1 o A e autd iy e BATAOE B0 hafhob6) BRFFR kol o

and_use ofg the,SQlmaNtarld) Supfudhd e AIRUN BN CopioeedRaneasasgl yLe! d.

20 Then, pure water or an organic solvent is added I on.

pure water usefl g HE{&E] Ay dBsase fbectric conductivity of 1 a S/cmor
| ess. The organic solvent is selected fromthe solvents which have a

sol vency for phenolfife mRSid1dWepd PHerdBic Ofed 1¥es 2PadbRy e DBO4 i Bped

sol vents used for dissolving the above resin and is added under agitation
in an anount wfightl®BQHd RErtiwi dvide $ahoybedulsedwéoght hefdi ssol ution
of the resins, whereby a resin is precipitated. |If anount - 18 - 7

Oct ober 2002 1ofo0urod onaire mare tden o vetntaised eisg ¢aanyindOotit nehéhat of

t he sol vent used for the dissolution, the resin is not sufficiently

preci pi t dtGed)additiidn iqondenagteiarhare B0t 1omest @ moharesabiyg oEndvad-of | ow
nmol ecul ar reaction 5 products cannot be sufficiently performed. Wen the
sol ution to whi&h glutd gmtt@mraratires eid hioh \eresserepragd pFaBXY It he
resin has been added is left to stand as it is, the solution separates into
2 or 3 |ayer &udde melgprian Kkt ipergasiiatecaot ey Bethenoved,

| eaving the desired | owernost | ayer) or the separation of the desired | ayer
may be carri ?}y&rqtﬁogh fey %%e Gﬁdnge’eé’apfm%éﬂ iSRRI par at or

or a filtrati,on apparat.us such.as a filter éufﬁ%ntgﬂls 0 grat

' b
carried out At TER A HERRe GarRanet SRFRIEPObT RRET
Ther eaf tary 118 SplSYo B, D ETRYRCLAYS 3,385 Y 5y CEne B ahliCabaver . may

be nolten by re-heating evapor a e so he Sol vent may be

removed usi ng KNPy d hiarh&iﬂzﬂ% eé/@sgoétrﬁwru@éaefo%éﬁ ati@ﬁrlﬁgyp%é’ obtain

the desired resin. 20 One exanple o e steps for producing t enolic

resin accor digig-d @dtha pneseie idvepid oniwd | | be explained referring to
Fig. 1, which never limts the present invention. Fig. 1 schematically

illustrates one exams aldehhid onpatiid wsedtapstiod phes@menol ic resin
according to the present invention. A phenol conpound is charged in a high
pressur e readinvenbisssdinqldjdehanerpr viowe ppermene ¢ompounds bhaeibgpe
agitating blades (1) and then heated
20 aldehyde group, such as formaldehyde, paraformaldehyde,
polyoxymethylene, and the like. Suitable one is formalin
which has been treated with known ion exchange resins or
the like to reduce the content of formic acid to at most
200 PPM, and another one is paraformaldehyde having a
25 purity of at least 80%.
Formalin which is an aqueous solution of

formaldehyde, has a concentration of preferably 37% or

higher, more preferably 40% or higher. Formaldehyde is



.- 19'- 7 Cctober 2002 to 160C or hlghel', and an inert gas such as nitrogen
gas is injected through pressurizing line (3) to pressurize the vessel to
0.5 MPa or higher. After the reaction vessel reaches a given tenperature
and pressure, an 5 al dehyde conpound i+ am anount necessary (&obét 2002 t he
desired nol ecul ar weight of the resultinng resin is injected into the
reaction vessel fron1an e|m§ct|on nozz|le (5) at the bottomof the reaction

vessel by a RP§h Br@§?§P€ P& 35t W uQﬁ)Gﬁﬂ?*?ﬁ%ﬁﬂeﬁ?%ﬁ?&ﬂ&d%t

d and h I nd d d
eaction i n thE SiAECo e%[o?‘é\a A6 Sfé#qaéﬁbe ARG G StRe or i gher
while the i t | deh d I d f Af t
Compl et on oF itfc SHULE! B Lis TR & RE E%Eq?vy%éﬁ D AT 591 br CRBh | 1 ng

that no sel f thEaLolRaRkaLan 06y e sl ablial o ercLVte 480 Ay 15 ot t om of

the reacti on vessel 'S gradu pene e reaction ure to
stati onar d a ated by
a heati ngY)an%ggléﬁ%q%ilfFedmto%r{aSﬁorgbslilbpvegsé ggggehé) igiarrperature

of the react heRaTWKiRHCHaR HRR ekl A W%ééoxﬁiﬁ%e@tlgoo 250 to
al l ow the nol ecul ar wei ght increasing reaction to proceed, while the

pressure is geRthehkadiby thee oA tioH gty aslate {dllc Brplidiey,
contained in the reaction mxture is inmedi ately evaporated at the inlet of

the flash vebael @lsp, ieoadessad Ry Redld eatwEngs inlHhe aggiiteigyed out of
the system Only the dehydrated novol ak type - 20 - 7 Cctober 2002
phenol i ¢ r escondensiatd onn riehe tfiloms o fv adee lpHehld) combdund dddstheressel is
al so heated so that the resin is not solidified. Thereafter, the pressure
i nside thké fhiadeh§deeccomipobl) tios caerhec @b cedrerathion asfi rbarsding tdfer heat ed
to renove unreacted nononers. The resin is taken out of the vessel and
sol i dified bypetbylPRg B&OERt &itn PAraciPOg Hilgh-or t ho novolak type phenolic

resin having a high nol ecul ar wei ght and containing little ionic
i mpurities. 10 TheTPSIPéﬁ?ﬁ@r@?&QﬁP§§eaH&e@bﬁﬁh i A e i nt ended

to further hlu trate the . present ventiaqn and are not .intended to imt
the inventio eZny kG Y'Alg "t§ﬁ *k¥ Adower, the degree

methylene bonding at ortho-position decreases and this is
15 not preferred. Furthermore, paraformaldehyde is
generally solid and is suitable to be added
simultaneously with the phenol compound, but when it is
added sequentially, it is especially desirable to
previously mix a part of the phenol compound with
20 paraformaldehyde to form a solution or slurry.
An example of adding sequentially the aldehyde
compound will be explained below.
Mixing ratio of paraformaldehyde and the phenol
compound is not particularly limited, but is preferably
25 the ratio which surely gives the mixture a fluidity that
can be handled by a known high-pressure pump or slurry
pump. Furthermore, in this case, amount of the phenol

compound needed for mixing with paraformaldehyde is



15 Exanple 1 22.0 kg of phenol was charged in a high pressure reaction

" vessel of 50 1 in volunme equipped with a heat exchanger, a heating device,
and two-stage turbine type agitating blades of the same diameter, which was
20 heated to 180'C, and pressurized to-013 MPa with nitroggrp&aber 206N,
13.1 kg of 40~ formalin previously reduced to 50 ppmin its formc acid

content by the treatnent with ion exchange resin was sequential |l.y added
from the bot FEPATASEhE S S5 GR Mool LR RRSRGh F P HIROhRARE edBby a 25

di aphragmty hi_gh pr.essure teri u and_an. addition condensation
reaction of %ﬁlg‘n I aﬁd'ofnorvrﬁﬁ \ﬂigd.'gﬁ%f’ ir}g%l%tr.a ?i%ﬁ ?ﬂchgagF on,
tenperature Qf, j t - 21 - 7 Cctober 2002 portion of the reaction
vessel and a &C{Oﬁ\gﬁ%rg&lye’ of the formalin were adjusted so that the reaction

t enperature was kept i r;l._hteh%e;qq:{%etiog d%ﬁ?ﬁoan?% éalfr@fagﬁgég ‘%ﬁ‘sgﬁﬁh for

5 mnutes after conpletion o e’'a n ter confrrmn at no

sel f - heat sgener abirgn ¢QC G’ &1 rid kRt tr Qgh %&%&é";@mﬁb@j £GLRUALO

dehydration reaction ile heati'/ng so as to ep 220-230 and restoring the

pressure 10 RAuRle PRI AR W aphdfin O P N ukteSphiipeughichhgsheat

exchanger. 10 Furthernore, the pressure was reduced to 1.3 KPa to renove

unreact ed phed@lariopodd tivieUldESp 1dtbniditt regd Uscy@st £ 2k esi fgle 08cew00! ed
vat to obtain 20.0 kg of a solid novol ak type phenolic resin. Fig. 2 shows

a nol ecul ar - pampht( edigst,r MONO @UMES namrfacfurdie besHeisiionr&sbh geasured by
GPC. Exanple 2 27.0 kg of a novol ak type phenolic resin was obtained in the
sane manner agdi.nn BEndmtubel pumpce@ngd atefZxdbky tlie phbdethydascaospdung. 1 kg
of 88~ 20 paraf ormal dehyde was used as an al dehyde conpound, total anount
of this P&rafisr Feldd anpad ivad iyedw dusiy aniheated tphenol kgompophdnbromo
prepare a suspension, the suspension was fed fromthe bottomof the

reacti on vesd&e Bption @fgér neasd A gHisskure nmetering punp, and renoval
of 25 unreacted phenol _under reduced pressure was_not carried out, Fig. 3
shows a mol ecul ar - wei gt diSsMBRRY thatthe AR B@Be tRatP of the

resul ting resin. neasured C. E)gﬁ.agrp. le 3 s .
9 such a range Q%a%Pa sufficient addition condensation

reaction can be performed while keeping a reaction
15 temperature of 160-200C and generation of excess
reaction heat or excess increase of pressure due to
abrupt reaction can be inhibited. The addition rate
which depends on also the amount of the aldehyde compound
added is usually preferably set so that the addition time
20 is in the range of 15 minutes to 2 hours.

With regard to the position of addition of the
aldehyde compound, especially preferred is the addition
from the bottom of the reaction vessel which is
advantageous in consideration of the problems such as

25 offensive smell at the pressure reduction step, yield,
and stability of molecular weight of the resulting
resin , although addition from the top of the reaction

vessel and addition onto the liquid surface of phenol



20.0 kg of the novol ak type phenolic resin obtained in Exanple 2 was
"dissolved in 50.0 kg of 5 acetone. To the solution at 30~ was added 10.0 kg
of pure water over a period of 10 mnutes, followed by mxing themfor 5

m nutes. The m xture was filtered throtgh4a-filter cloth, a.thber2ge due
was treated for 2 hours by a vacuumdryer to renove the solvent, thereby 10
obtaining 12.5 k% of . a_solid novol ak type phenoli¢ resin, Fi shows a

. 4,
mol ecul ar - we FGRPOYRS WG AT S IeeTH L h £TIRQNGT RS 23150 iRAS8EREe by GPC.
Exanple 4 30.0 kg of a

| | i 15 obtajned_i h
sane manner as in Exan{)[{]hg’v%,lad(lé)ptéyxﬁp chrﬁ'%soouiﬁi%‘s fshﬂi%% iﬁrf]\}gsfjlégfﬁﬁ ggd in
th ti | ] 7. f.88~
bar af o mal efi5e D5 36 RRE r RiTHRAD Ve £ nedl FoFly fedodfe oy Fis
ti . Ei.Q. : l.ar - wel i i i hart of
he resul t | ngFeBRnEAS comp e "R Gk S, § SAH CHLPIE TR 2
Lype cresel ugsiuan QRAinal b b ST SRS B5¢ | nEXAERLEL Sy excep!

25 that 20.0 t he novol ak type cresol resin obtained In - 23 -

Cct ober 2002pmExaiRke ghridy Hhaz® (el idud tHoPt e &eddt LONPFe 8&0HoA0. O kg
of acetone and 10.0 kg of tetrahydrofuran. Exanple 6 The procedure of

Exanpl e 1 untisl compilegledaan @n TH &t tHaait Ofind henal sledy def caaROtén Was
repeat ed) except that anount of 40$% formalin was 12.4 kg. After confirm ng
t hat no sel f fireat thenaont iodN thec Weaet i drhergssacl | dformal deleyd@sof eTow o a
doubl e-tube type primary stationary m xer having an inner dianeter of 10 mm
and a 10 t ot ¥apbengtiessurk5AE0 vapcaric dth\d thg-Hen siquibd bdadesce hef etlme Then,
the reaction m xture was passed through a nmultiple tube heat exchanger type
m xer coR8i sphegodf cemponipidnafi drialf temperaiiune and yrenxts avilkeg an

inner dianeter of 8 nmand a total |ength of 1860 nm and_having 15 tw sting
bl ades t her eVAPOENBNAGE Paditalofy thesqentddign eI+ i Y S»RPbnary ni xers
havi ng the sane _construction as that of, thedfﬁri mary stati onargllbm' xer, where

addi ti on conBEREQEMOAR FELLHC P Ve L S BG Wy Paf 1Ak eSACHIOH 2% stRe and
adj ustment of _heating aqf, tthe stationary 20 mxers and I he |tip]e tube
heat exchangé’pr)§5&l%i‘1>%gr J\Kﬁ"lﬁgf%&?ddtﬁ @Jo%org?fgtaqcﬁeg?%%é?%%st {Tperature
was kept in EQ?fE?ﬂg% (%fo %% t%jo q: rei 1t faexa%éf tThe reaction m xture
was continuousSly Ted to the fTash vesse 0 carry dehydrati on.

Thereaftgg, the pr essurlaieleofre%%ttitz,ef1 f\}e?gﬂsesﬁeé%v%s £ Lgfglsérgt 1.3 KPa to

renove unreacted phenol for m nut es. en, 2 of acetone was added

therein and gagBhetehy canXed Yendrdie gresidrddFreact forft veds&Fd Obgit 2002

more preferred are those which have upper and lower two

turbine type agitating blades of the same diameter and

which are advantageous for the addition of the aldehyde
20 compound from the bottom of the reaction vessels.

The aldehyde compound added from the bottom of
the reaction vessel immediately reacts with the phenol
compound, but a part of the aldehyde compound is
vaporized and rises through the liquid reaction mixture.

25 In this case, by using the two-stage turbine type
agitating blades of the same diameter, the respective
agitated flows collide with each other at the

intermediate position between the upper and lower turbine



resin, and then 30 kg of toluene was added to the m xture at 30C over a

" period of 30 mnutes, followed by filtration through a filter cloth and
treating by a vacuumdryer for 2 hours to obtain 8.6 kg of a solid 5

novol ak type phenolic resin. Fig. 6 shewd5a-nol ecul ar-wei ghtogiobkF DOg2 | ONn
chart of the resulting resin neasured by GPC. Exanple 7 27.0 kg of a
novol ak type cresol .resi.n O obtained in the sane manner as i n Exanpl e
6y except | P30 A9 HE P ILAES Gad CHCES HHEe (20RE| OIGESRE a5 o
phenol conpoynd and a g xture of 7.1 88% par af or mal dehyde. nﬁ% 0.0 kg
b v cr eso BE FAFET Phmitie VBT RS P RT of S YRR iRete 5
18.0 kg of a_noyol t i G resi I .0, the manner as
i n Exanpl e 1,t%e¥’gé’§1t tteyh%?%a%gan orc’(rg{fwaltﬁhné vr:afaié@e}d‘&g%a%%oéﬂ%’ Illraéxl’?l‘g&%urface

fromthe top g_ffeltdh%fr gaGt QR YesSE - L Eﬁgr%)gsey %goc%%g% ppggol and 5.7

kg of 88% parat or mal dehydé were sinultaneously “charge he Sanme reaction

vessel as JUSq QPR hialtd, AL AT N £ 1 HEB | Nindn 220C

in sealed state. confirmng that no self-heat generation occurred,
the - 25 - of GhORAWAYHE 'RAMPIRE Had Uif MRS J&sbst gplﬁaéjé’up&ftié'ﬁe type
primary stationary m xer "having an inner dianeter of 10 nmand a total

l ength of 15@@eredsard ahavithe pHcHlidy dF ahesit hedreive dbBRedt he reaction
m xture was passed through a 5 nultiple tube heat exchanger type m xer
consi sting of a conbi nahieoaddi tSiee rcaiddn sanaion nNpxedisc hayb t@ined i Byper
dianeter of 8 nmand a total length of 1860 nmm and having tw sting bl ades
t herei n, andadddng dhal lay dehyeeombmpownitl terthearpherial | cvmepgumd x&s s havi ng
the sane construction 10 as that of the prinmary stationary m xer, where
addi ti onl@ontengdoned ebave dis WAy ter ikeptoutndew| tthe nkenperapuessané and
adj ustment of heating of the stationary m xers and the nmultiple tube heat
exchanger typ&esgisyuge kore s€yedadt LMY @0 tIRVETBL RIS edpe® Bt ure was

kept 15 in the rangg of 230-240 during the reactjon. The reaction m xture
was cont i nuoG&Mpleddofo ofhdhe Addieiin|o% Fhey G LAY FRIR ARG, and

omove unr eaBtetTpRERdraned At S e Rt PRI A C L TS0y vBRS added

N hexane. was LAA05d oo RS b destted @ 200408, 0 1B Wabaind(d ©f

dryer 1oros KBUFs CHLSECa n I Bl oT oS h e e Ty e

Fosi n measur 68 By tepc YRR o ity MRS Sh Sy BietgRaTIng
heat exchanger provided in the reaction vessel to allow

the molecular weight increasing reaction to proceed,
thereby to obtain the desired resin, which is taken out

20 from the reaction vessel. In this case, the reaction
mixture abruptly increases in its viscosity upon
dehydration and partial removal of unreacted monomers.
When the reaction temperature is lower than 200C, there
is the possibility of the reaction mixture being

25 solidified in the reaction vessel. Furthermore, when the
reaction temperature is higher than 250C, there is the
possibility that the molecular weight increasing reaction

cannot be controlled, resulting in gelation.



. 9.0 kg of a novolak type phenolic resin was obtained in the sane manner as
in Exanple 9, except that 50 kg of toluene was used as a solvent for
precipitation 5 of the resin. Fig. 8 shows a nol ecul ar-wei ght distribution
chart of the resulting resin neasured byl&PE€ Conparative Ex@spber2082. 0 kg
of phenol and 0.22 kg of oxalic acid 10 which is a representative catal yst
for obtaining novolak type resins, were charged in the reaction vessel as
used in Exanple 1, whi CREEPIHEHERD M0 R AT dePUbr LR stR®. Sahen,
13.1 kg of 40~ f%hnalin maﬁigg. ual |y added thereto over 90 Ein tes,

fol l owed by CERETASINYSSFEL FLIQUT GRYGIDBAN RERRLGhi | B2 e%gi hg 100.

F h , th |t i hy d d il i 130" C
Furenor € shgerSal Ui sl AR QSN AL ALY S Rt 5y 130
remove unr eagled NG WY iHled ETAIALALS e d A dSPCLLOL T i Ufe T eached

20 180. The résidue €n out "on a cooling va kg of a

novol ak t ype ;pleRalJC JEeSiikcd Wf a&Lé’ T AL i ftale ks AFed pOVE! ak

type phenolic resin was obtalne n the same manner as i n Conparative

Exanpl e 1) 2518%q@Rlarihati AOUEadfi dh&r e f OF B | tha@Soddod 8. tFbY. 9

e
shows a nol ecul ar-wei ght distribution - 2 ~ - 7 Cctober 2002 chart of the

resul ting reseRctRasURREdN FHGe Rt 36 OB ® 81 @R Ok kenef phenol
4.8 kg of 88~ parafornal dehyde and 0.22 kg of zinc acetate which is a 5

represent at i 4w déhydlec ompRivld Eld rer i MSiid@Prtiobt ai $1ng-hegh- ort ho
novol ak type resins) were charged in the reaction vessel as used in Exanple
1, whi ch was geeatradion H@0 lwndesr rayewats praasburheen Thentrameferaedi o was
continued for 3 hours while keeping 100C. 10 Then, the reaction m xture was
once cooll@d theddextamgaction vessel or a flashing vessel while
heating the reaction mixture to 200-250C, in which a
reaction for increasing molecular weight is allowed to
proceed while carrying out dehydration.
| The stationary mixers used in the present
15 invention are those which have a mixing blade such as
twisting blade or turning blade in piping, and when a
fluid passes therethrough, the fluid 1s repeatedly
divided and mixed.
Furthermore, if necessary, unreacted monomers
20 are removed by heating under reduced pressure or by using
a known thin f£film evaporator or the like to obtain a
high-ortho type novolak phenolic resin having a weight-
average molecular weight of 50,000 or more and extremely
low in content of ionic impurities.
25 The resulting resin is completely dissolved in
a solvent, then, pure water is added to the solution

under agitation to precipitate a resin, followed by

removing the solvent to obtain a novolak type phenolic



_thereto was added a m xture of 0.11 kg of oxalic acid and 0.33 kg of water
as a condensation reaction accelerating catalyst. They were m xed for 30

m nutes, and the m xture was again heated to 100C to carry out the 15
reaction for 1 hour. Furthernore, the ¥enzt+on m xture was7q®dtygbec2EdR under
normal pressure until the tenperature reached 130g) and then the pressure
was reduced to 1.3 KPa to renmpve unreacted phenol_ until tenperature of the
reacti on mi xTG&F&Dr BEYABY BaWeighite D enags dird eBblamsi th oh 40808PPng
vat to obtain 20.0 kg of a nqvol ak type phenolic resin. Conparative Exanple
4 20.0 kg of O% RB¥EI ak ThEp&OLVEDds % hexe it BrekseaRt¥e nanner as
I n Conparative Exanple. 1, 25 except that 22 kg of mcresol, 11.5 kg of 40~
formal | n and 8939 RySBRVERER Bhdehy Vs Diited D ToTBE 6 wBheyOe8
Conpar ati ve Exanpl The reaction as i mar.at | v, anple. 1 was
carried out, E)é%-gg}p{%“g%gt’ g%l?trﬁgﬁtesofs cl)lr%a iar?e\%é)s 45 %etglrﬁt%%hfleact I on
time at 1Q0 th I.ti1.0 | N As a result, the
reaction %ixg%%gﬁgélﬁégggFl?hgu%%égsgﬁkgg%%@% o¥§unreé€:%6 phenol .

Conpar ative Fﬁ@gah§g§o%ﬁrgnggaﬂh X %mdqﬁéﬁﬁﬁﬁfﬂﬁﬂa Shenpy i ghssi n was

obt ai ned in e sa nmanner ‘as in Exanp e 1 except 1 that a ter
conpl etion o{htBg a¢dl HbeN 18l sbaumhiit@hikd0 v, IfoMaschppisr med that

sel f-heat generation did not occur, and inmmedi ately thereafter the reaction
m xture was €e@heflet Ox¥28GeaBRdt hekatRNYdimead d¥OPRAIdd @Sacdi dhéndoypl ak
type phenolic resins 15 obtained in the above exanpl es and conparative
exanpl es areiahadmikfurabb€ two ofahlorel These solvents are used in

10 an amount of 100-1000 parts by weight per 100 parts by
weight of the novolak type phenolic resin. If amount of
the solvent is less than 100 parts by weight, the
dissolution step is difficult to perform, and the
resulting solution is high in viscosity, and mixing with

15 pure water or an organic solvent in the next step becomes
difficult. From the point of efficiency, it is not
necessary to use the solvent in an amount exceeding 1000
parts by weight, and use of the solvent in such a large
amount may cause decrease of yield.

20 Then, pure water or an organic solvent is added
to the solution. The pure water used here preferably has
an electric conductivity of 1 u#4S/cm or less. The
organic solvent is selected from the solvents which have
a solvency for phenolic resin lower than that of the

25 above-mentioned solvents used for dissolving the above
resin and is added under agitation in an amount of 1/10-
30 times that of the solvent used for the dissolution of

the resins, whereby a resin is precipitated. If amount
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and conparat %\é%dﬁéqrgplc%%nwaﬁmsﬁg@n@tfﬁ%&%&@g%&g nmet hods. 1. The

wei ght - avéra nolecular wei as per neati on

chr omat ogr aphy (GPC) V\/thh%[g Ifgtsrc?i‘ﬂﬁlzc% ﬁ%wﬁt‘ﬂ SR Um detggLor using

p0| ystyrene as a st andar ubst ance. unr eact ed nononer cont en_t was
measured by eaRiahlidf %8N IR LAY AW a tibh - tHber 851 Hon s t HeeRONdi g

proportion in fovol ak type phenoliic resin was cal culated by putting a
bondi ng anouaiggeld ARt hernadrsighPainedidy thé MRicpst separetded in

the foll ow ng equation. The orthoortho bonding proportion in novol ak type
cresol resinina® 125 ogaliculadieass byardittheahippdomhyer papuih ohisestytene
group obtained by Fourier-transforminfrared spectroscopic analysis in the
fol | ow ndOequatyi de. ré@mdvedar tleaviorylittie plepioréed alowefriosb layer, or
the separation of the desired layer may be carried out in
suspended state using a known centrifugal separator or a
filtration apparatus such as a filter press. This
operation may be carried out once or twice or more times

15 without causing problems. Thereafter, the solvent may be
removed by a vacuum dryer, or the layer may be molten by
re-heating to evaporate the solvent, or the solvent may
be removed using a known thin f£ilm evaporator after
melting, thereby to obtain the desired resin.

20 One example of the steps for producing the
phenolic resin according to the present invention will be
explained referring to Fig. 1, which never limits the
present invention.

Fig. 1 schematically illustrates one example of

25 the production steps of the phenolic resin according to

the present invention. A phenol compound is charged in a

high pressure reaction vessel (2) having two upper and

lower turbine type agitating blades (1) and then heated
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" nmet hyl ene groups bonding at ortho-ortho position o-p bond: the nunber of
met hyl ene groups bondi ng at ortho-para position p-p bond: the nunber of
net hyl ene groups 2S bonding at para-parailposition 4. The exthaghbPpoyat er
el ectric conductivity is an itemwhich indicates content of 1onic
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can be seen fromthe results of t exanpl es arati1ve exanpl es,

the novol ak e cplanalits iBel e RRUAIMaRhddLt NPl Srjdeiygry high

nol ecul ar wei ght, while they h solubility 1 n solvent and they were

hi gh-ortho nevelzale tyhe atham@l ivottesm e NAd Nkt D PESPOT thPna High
met hyl ene bonding at ortho-ortho 20 position. Furthernore, they were

phenol i ¢ resipites@xirecfityerdmy lpunp i@ C i nmpurity content and thus were
excellent in electrical insulation and noisture resistance. As expl ai ned
above, thA® novol ak typ&hghdmgleatedb alexhniofcdimpoynrésend e ephenmml ar e
hi gh- nol ecul ar wei ght hi gh-ortho novol ak type phenolic resins of
trifunctionakcopipeunid eaepswideated thaddisolahidandensatidyeneachitomhi ch
have not been present up to now, and furthernore - 33 - 7 Cctober, 2002
whi ch have sl [thieosit@ tienk@bt: iads aarpac i tmRRratwre 3f nte hiy? &h
bondi ng at ortho-ortho position. Furthernore, the cured products are
excel | ent i nOkeddohes theaddpiested ialdehyde (39RRAURG ST 88T 0P 5 and

noi sture resi stance _qwi to hi gh nol.ecul ar wei_ght
to %ge fqul sur é%e. After compfgkion of the addition

15 of the aldehyde compound and after confirming that no
self-heat generation occurs, discharge valve (6) at the
bottom of the reaction vessel is gradually opened to feed
the reaction mixture to stationary mixers (7, 8,9), and
the reaction mixture under being heated by a heating

20 medium is fed to a flash vessel. In this case, the
temperature of the reaction mixture in the stationary
mixers is kept at 200-250C to allow the molecular weight
increasing reaction to proceed, while the pressure is
controlled by pressure regulating valve (10).

25 Water contained in the reaction mixture is
immediately evaporated at the inlet of the flash
vessel(1l1l), condensed by heat exchanger (12), and removed

out of the system. Only the dehydrated novolak type



cand less ionic inpurities of the present novol ak type phenolic resins.
Therefore, they can be applied to a wide variety of uses such as electric
and electronic fields and thus are suitable as industrial novolak type 10
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hi gh- mol ecul ar wei g gh-ortho novol ak type phenolic resin according to

claiml1, 2, %ﬂghf%rﬁHBﬂﬁﬂﬁbiéE3Eiﬂélﬁﬁéﬁéi¥% f@@fﬂ'h&GﬂRBUEdhh§hphenm
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and are not intended to limit the invention in any

manner. All “%"

are by weight.

15 Example 1
22.0 kg of phenol was charged in a high

pressure reaction vessel of 50 1 in volume equipped with
a heat exchanger, a heating device, and two-stage turbine
type agitating blades of the same diameter, which was

20 heated to 180C, and pressurized to 0.7 MPa with nitrogen
gas. Then, 13.1 kg of 40% formalin previously reduced to
50 ppm in its formic acid content by the treatment with
ion exchange resin was sequentially added from the bottom
of the reaction vessel over a period of 60 minutes by a

25 diaphragm type high pressure metering pump, and an
addition condensation reaction of phenol and formalin was

carried out. During the reaction, temperature of jacket
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27.0 kg of a novolak type phenolic resin was
obtained in the same manner as in Example 1, except that
20.0 kg of phenol was used, 8.1 kg of B88%
20 paraformaldehyde was used as an aldehyde compound, total
amount of this paraformaldehyde was previously mixed with
8.0 kg of phenol to prepare a suspension, the suspension
was fed from the bottom of the reaction vessel by a
plunger type high-pressure metering pump, and removal of
25 unreacted phenol under reduced pressure was not carried

out.

Fig. 3 shows a molecular-weight distribution
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20.0 kg of the novolak type phenollc resin
obtained in Example 2 was dissolved in 50.0 kg of
5 acetone. To the solution at 30C was added 10.0 kg of
pure water over a period of 10 minutes, followed by
mixing them for 5 minutes. The mixture was filtered
through a filter cloth, and the residue was treated for 2
hours by a vacuum dryer to remove the solvent, thereby
10 obtaining 12.5 kg of a solid novolak type phenolic resin.
Fig. 4 shows a molecular-weight distribution

chart of the resulting resin measured by GPC.

Example 4
30.0 kg of a novolak type cresol resin was

15 obtained in the same manner as in Example 1, except that
20.0 kg of m-cresol was charged in the reaction vessel as
a phenol compound and a mixture of 7.1 kg of 88%
paraformaldehyde and 10.0 kg of m-cresol was fed from the
bottom of the reaction vessel.

20 Fig. 5 shows a molecular-weight distribution

chart of the resulting resin measured by GPC.

Example 5
12.0 kg of a solid novolak type cresol resin
was obtained in the same manner as in Example 3, except

25 that 20.0 kg of the novolak type cresol resin obtained in
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confirming that no self-heat generation occurred, the
reaction mixture was fed to a double-tube type primary
stationary mixer having an inner diameter of 10 mm and a

10 total length of 15000 mm and having twisting blades
therein. Then, the reaction mixture was passed through a
multiple tube heat exchanger type mixer consisting of a
combination of seven stationary mixers having an inner
diameter of 8 mm and a total length of 1860 mm and having

15 twisting blades therein, and additionally a secondary and
tertiary stationary mixers having the same construction
as that of the primary stationary mixer, where addition
condensation reaction was carried out. Adjustment of
pressure and adjustment of heating of the stationary

20 mixers and the multiple tube heat exchanger type mixer
were conducted so that the reaction temperature was kept
in the range of 200-210C during the reaction. The
reaction mixture was continuously fed to the flash vessel
to carry out dehydration. Thereafter, the pressure of

25 the flash vessel was reduced to 1.3 KPa to remove

unreacted phenol for 30 minutes. Then, 20 kg of acetone

was added therein and completely mixed with the resulting



109 10g 109910%& ()-?7X88q99)::z[9~\=0 1!;", 2

"10%&T() gSLO10%&' ()-!D #"10%&T()-'!D\#"lo%&f()-'s"10%&f()-3 I's"10%& ()-3
;> ?, @V, 2<nk<uV70 1Y10% & ()- f!10%& ()- 10%& ()-SF10%& ()- 10 10

10! |, 2 " 100& () -9<<<&=b=:>r>dEuV70 1YL!2410%& ()- @ 7 October 2002

10%&&f()-'10%&&f() 10%2 & ()-ml0%& ()-9ML0% & ()-r>>>>+?f ?2?2dEUV/0 1Y, S

10%& ()-*:110%& () - (10@&&f@? &10% & ()-W1l0% & ()-,#310% & () - ?@0h CaoaoD
dE:/ 10z 102§e51n and then 30 kg of tdluene was added to the mixture

10928 () - 71098 ()}~ 610% & 0%z &' ( 210 0% - @A) BBVCCr P. /
l(iiw(é%i& ) 3 WYG&&""(%"*F’%Q@ ?SO/QO )fLC&]]@I%( () - y) F10%&: () -
10zo*DD$ESEu|;F)Al%f/Sa;F|s%h(ro qét%&' 'Ia%?‘?}gw 0D 2o d0YE, (3554#M 10%: () -
T! 1s, #M 109&5¢ F‘g&é\?@

10% & 109 ot )

a9 100/«&6%’)<8 b YRR, (oS %%ﬁ )1"(5%/;‘%‘%301-'10%/(2%: %9 0% 1Bos¥H Y- v

10%" & JcIIAEUVT! (i 109%8& () - &

1ocy§&' (§ )5 Syé&é’??a%) (H)Yf%&g’%‘ﬁ]) 100%5 (ioc%z&'u() SHJ(lﬁaKKK%EUS/)W(%/ 4
10%¢ (), 210%& ()-LOYAYE d Jrloudel Wtk Ao OMESN1 - 47202080 Lo

LqLr LsLt LLLbC! (i 10%&: () 10%& () - 10z
1029910%& (LnatdVel (W HUER (g MéHWN%e{sﬁﬁ%dlﬁyl@ﬁ@ ()-@6s"10% ()- @

s "10%&' ()-!6hs "10%& ()-!Ds
"109%& ()-f109& ()- OPPQ RkRI RmMRRzl "P1! S310%&' ()- 10-- 10--
Example 7
27.0 kg of a novolak type cresol resin was
10 obtained in the same manner as in Example 6, except that
20.0 kg of m-cresol was charged in the reaction vessel as
a phenol compound and a mixture of 7.1 kg of 88%

paraformaldehyde and 10.0 kg of m-cresol was fed from the

bottom of the reaction wvessel.

15 Example 8
18.0 kg of a novolak type phenolic resin was
obtained in the same manner as in Example 1, except that
40% formalin was added onto the liquid surface from the

top of the reaction vessel.

20 Example 9
20 kg of phenol and 5.7 kg of 88%
paraformaldehyde were simultaneously charged in the same
reaction vessel as used in Example 1 and reacted for 30
minutes by heating to 220C in sealed state. After

25 confirming that no self-heat generation occurred, the
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r Cr dEM?1! 1Q:w1st1ng blades therein, and additionally a secondary and
tertiary stationary mixers having the same construction
10 as that of the primary stationary mixer, where addition
condensation reaction was carried out. Adjustment of
pressure and adjustment of heating of the stationary
mixers and the multiple tube heat exchanger pype mixer
were conducted so that the reaction temperature was kept
15 in the range of 230-240C during the reaction. The
reaction mixture was continuously fed to the flash vessel
to carry out dehydration. Thereafter, the pressure of
the flash vessel was reduced to 1.3 KPa to remove
unreacted phenol for 30 minutes. Then, 20 kg of acetone
20 was added therein and completely mixed with the resulting
resin, and then 20 kg of n-hexane was added to the
mixture at 30C over a period of 30 minutes, followed by
filtration through a filter cloth and treating by a
vacuum dryer for 2 hours to obtain 14.6 kg of a solid
25 novolak type phenolic resin.
Fig. 7 shows a molecular-weight distribution

chart of the resulting resin measured by GPC.
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Fig. 8 shows a molecular-weight distribution

chart of the resulting resin measured by GPC.

Comparative Example 1
22.0 kg of phenol and 0.22 kg of oxalic acid
10 which is a representative catalyst for obtaining novolak
type resins, were charged in the reaction vessel as used
in Example 1, which was heated to 100C under normal
pressurel Then, 13.1 kg of 40% formallin was gradually
added thereto over 90 minutes, followed by continuing the
15 reaction for 60 minutes while keeping 100T.
Furthermore, the resulting resin was dehydrated while
heating to 130°C under normal pressure, and then the
pressure was reduced to 1.3 KPa to remove unreacted
phenol until temperature of the reaction mixture reached
20 180T. The residue was taken out on a cooling vat to

obtain 21.0 kg of a novolak type phenolic resin.

Comparative Example 2
23.0 kg of a novolak type phenolic resin was
obtained in the same manner as in Comparative Example 1,
25 except that amount of the 40% formalin was 14.7 kg.

Fig. 9 shows a molecular-weight distribution
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22.0 kg of phenol, 4.8 kg of 88%
paraformaldehyde and 0.22 kg of zinc acetate which is a
5 representative divalent metal salt as a catalyst for
obtaining high-ortho novolak type resins, were charged in
the reaction vessel as used in Example 1, which was
heated to 100C under normal pressure. Then, the
reaction was continued for 3 hours while keeping 100T.

10 Then, the reaction mixture was once cooled to 90C, and
thereto was added a mixture of 0.11 kg of oxalic acid and
0.33 kg of water as a condensation reaction accelerating
catalyst. They were mixed for 30 minutes, and the
mixture was again heated to 100C to carry out the

15 reaction for 1 hour. Furthermore, the reaction mixture
was dehydrated under normal pressure until the
temperature reached 130°C, and then the pressure was
reduced to 1.3 KPa to remove unreacted phenol until
temperature of the reaction mixture reached 180C. The

20 residue was taken out on a cooling vat to obtain 20.0 kg

of a novolak type phenolic resin.

Comparative Example 4
20.0 kg of a novolak type cresol resin was
obtained in the same manner as in Comparative Example 1,
25 except that 22 kg of m-cresol, 11.5 kg of 40% formalin

and 0.22 kg of oxalic acid were used.
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5 formalin was 5 hours. As a result, the reaction mixture

gelled at the step of removal of unreacted phenol.

Comparative Example 6
18.0 kg of a so0lid novolak type phenolic resin
was obtained in the same manner as in Example 1, except
10 that after completion of the addition of formalin at 180-
200C, it was confirmed that self-heat generation did not
occur, and immediately thereafter the reaction mixture
was cooied to 150C and then dehydrated.
Properties of the novolak type phenolic resins
15 obtained in the above examples and comparative examples

are shown in Table 1.
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310%&'E§-SF 310%&'%3 sghe properties of tég resins obéglned in ()

examples and comparative examples were measured by the
feollowing methods.

1. The weight-average molecular weight was

5 measured by gel permeation chromatography (GPC) with an

ultraviolet absorption spectrum detector using
polystyrene as a standard substance.

2. The unreacted monomer content was measured
by capillary gas chromatography.

10 3. The ortho-ortho bonding proportion in
novolak type phenolic resin was calculated by putting a
bonding amount of methylene group obtained by !°C-NMR
spectrum method in the following equation. The ortho-
ortho bonding proportion in novolak type cresol resin was

15 calculated by putting a bonding amount of methylene group
obtained by Fourier-transform infrared spectroscopic
analysis in the following equation.

Ortho-ortho bonding proportion = [(0-0
bond)/{(o-o0 bond)+(o-p bond)+(p-p bond)}] X 100
20 0-o0 bond: the number of methylene groups
bonding at ortho-ortho position
o-p bond: the number of methylene groups
bonding at ortho-para position
p-p bond: the number of methylene groups
25 bonding at para-para position
4. The extraction water electric conductivity
is an item which indicates content of ionic impurities in

the resin, and the smaller value means the less ionic
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impurity content. Six grams of ground solid resin and 40

ml of pure water were charged in a pressure cooker, which

was sealed and heat-treated in a thermostatic chamber at

125C for 20 hours. Thereafter, electric conductivity of

5 the extraction water was measured by a conductivity meter

(CM-2A manufactured by Toa Denpa Kogyo Co., Ltd.).

5. The solubllity in solvent was judged in the
following manner. Ten grams of the resin was introduced
into 100 ml of acetone and 100 ml of tetrahydrofuran

10 respectively and they were mixed at room temperature for
24 hours respectively, and the solubility in solvent was
evaluated by the presence or absence of insoluble matters
in the respective solutions.

As can be seen from the results of the examples

15 and comparative examples, the novolak type phenolic
resins obtained in the examples had very high molecular
weight, while they had solubility in solvent and they
were high-ortho novolak type phenolic resins having a
high proportion of methylene bonding at ortho-ortho

20 position. Furthermore, they were phenolic resins
extremely small in ionic impurity content and thus were
excellent in electrical insulation and moisture
resistance.

As explained above, the novolak type phenolic

25 resins of the present invention are high-molecular weight
high-ortho novolak type phenolic resins of trifunctional

phenol compounds which have solubility in solvent and

which have not been present up to now, and furthermore
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WHAT IS CLAIMED IS:

1. A high-molecular weight high-ortho novolak type
phenolic resin which is a condensate of a trifunctional
phenol compound with an aldehyde compound, wherein said
phenolic resin is soluble in solvents, has a weight-
average molecular weight of 50,000 or more calculated by
polystyrene standard, has methylene bonds at ortho-ortho
position in respect to phenolic hydroxyl group in an
amount of 55% or more based on total methylene bonds, and
has an extraction water electric conductivity of 10 &
S/cm or less.

2. A high-molecular weight high-ortho novolak type
phenolic resin according to claim 1, wherein the weight-
average ﬁolecular weight is 100,000 or more.

3. A high-molecular weight high-ortho novolak type

phenolic resin according to claim
portion having a molecular weight
less than 1% by weight.

4. A high-molecular weight
phenolic resin according to claim
portion having a molecular weight
1-10% by weight.

5. A high-molecular weight
phenolic resin according to claim
the trifunctional phenol compound

cresol.

1l or 2, wherein a

of 1,000,000 or more is

high-ortho novolak type
1l or 2, wherein a

of 1,000,000 or more is

high-ortho novolak type

1, 2, 3 or 4, wherein

is phenol and/or m-



