2269823 1 1 METHOD OF PREPARI NG VEGETABLE O L- MODI FI ED PHENCOLI C RESI N AND
LAM NATE PRODUCED BY USI NG THE SAME 5 BA?%%
| N\VENTI ON (a) Field of the Invention The present invention

net hdd of preparing a vegetable oil-nodified phenolic resin useful as 10
a material of paper-phenol |am nates and copper-clad | am nates
(hereinafter, they will be given a general nane of "lam nate") and to a

| am nat e which is produced by using the vegetable oil-nodified phenolic
resin and is excellent in |owtenperature punching quality. 15 (b)
Description of the Related Art Paper-phenol |am nates have been pierced or
skhaped by punching using pierce dies or blank dies. In order to mnimze

t he di nensi onal change of printed wiring 20 boards, it has beconme a new
tendency td caMBTHQR GFhPRRRAING WGE E cOperMODLEIRDt RBENOREGL RR§INand
fFexibilized phenolic resins are used for the'groduction of lamnates to

i mprove the pufdf AQAMHIATE PRADUGED | B USING THRSAMEi bi | i zati on of
phenolic resins has nainly been 25 -performed by using tung oil, which
conprises mainly of '

5 ' BACKGROUND OF THE INVENTION

-/ (a) Field of the Invention
The present invention relates to a method of
preparing a vegetgble oil-modified phenolic resin useful as
10 a material of paper—pﬁenol laminates and copper-clad
1aminates-(hereinafter. fhey will be given a'genéral name
of "laminate") and to a laminate which is produced by using
the vegetableloil;modified phenolic resin.and is excellent
in low~-temperature punching quality.
15
(b) Description. of the Related Art
Paper-phenol laminatés have been pierced or
shaped by punching'uSing pierce dies or blank dies. 1In
order to minimize the dimensional change of printed wiring
20 boards, it has become a new tendency to carry out the
punching at room temperatufe without heating, and
flexibilized phenolic resins are used for the production of
laminates to improve the punching.quality of the laminates.
The flexibilization of phenolic resins has mainly been

25 performed by using tung Oil; which comprises mainly of



2 eleostearic acid and is very reactive, or phosphoric esters, such as

tri phenyl phosphate. However, tung oil, which occur in nature, is

i nseparabl e from severe fluctuation of price and is often hardl’y avail abke -
due to 5 natural disasters, such as abnormal weather, floodwater and ?ﬁ
eart hquake, or artificial factors, so that they are difficult to supply
stably. Also, the flexibilization by using phosphoric esters causes
deterioration in the solvent resistance and el ectrical properties of

| am nat es, thereby 10 making it difficult to inprove | ow tenperature
punching quality by using phosphoric eers alone. Sonme exanples of other
veget abl e oils which have been exam ned as the alternatives to tung oi

are linseed oil and soybean oil, which conprise mainly of 15 l'inoleic
acid or linolenic acid. " These vegetable oils however are |ess reactive
wi t h phénol sleosftearder acddseinde ishiveryr giaatiivia. ieas Bhespherdsosed to

al | ow such vegetable oils to react with phenols under severe reaction

condi ti ons, eﬁgleréxaﬁb‘lcé\, aisp tri@hengde OO s a %8 ge HOfRVRYS dong ¢illewni s

aci ds [Japanese_ Pat ent Agglication Kokai Koho (| ai d-open) No. 55-3903 and
Japanese PaPBACHARGICUE adfoRAEIK S Q&h&q@§£%£ﬁﬂiﬁnquﬁ)$§¥9E684141. However.,
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| 5 natural disasters, such as abﬁormallweather, floodwater ahd:
earthquake, or artificial factors, so that they are | {:}
difficult to supply stably. Also, the flexibilization by |
using phosphoric esters causes deferidraiion in the solvent
resistance and electfiéal'propertiés.of_laminates, thereby
10 making it difficult to impro#e low tempeféture punchihg
quality by using phosphorié_ééters,alone. “

Some examples of other vegetable oils which have
been examined_as the alternatives to tuﬁg oil .afe
linseed o0il and soybean oil, which comprise mainly of

15  1linoleic acid or linolenic acid. These vegetable oils
however are less reactive with phenolé. In ordef to solve
this_problém, it has been propoéed to allow such vegetable
oils to react with phenols uhder sevefe.reactioﬁ
conditions, fér example, in the'preéenée_of large amounts

20 of Lewis acids [Japanese Patent Ap§lication Kokai Koho
(laid-open) No. 55-3903 ahd Japanese Patent Application
Kokai Koho (laid-open) No. 55-108414]. However, the use of
large amounts of Lewis acids also causes hydrolysis.of the

.vegetable oils and increases low molecular weight

25 components, thereby causing problems in that, after the .



25 conponents, thereby causing problens in that, after the 31
prodyction of |am nates, the I ow nolecul ar weight conponents and unreacted
veggtiabl e oils ooze out of the |aminates and the large anounts of catalysts
deteriorate the electrical properties of the lamnates. 5 SUMWARY OF THE

| NVENTI ON I n consideration of the stable availability, both 10 in price
and in supply, of the vegetable oils conprising mainly of linoleic acid or
linolenic acid, such as |inseed oil and soybean oil, the inventors thought
that these vegetable oils would be usefulgfor the flexibilization of

| am nates if they could be enabled to react with phenols. 15 As the
result of study based on the above thought, the inventors have found that
using a snmall amount of a perfluorosul fonic acid or an anhydri de thereof as
a catal yst makgodued ipayafallamimdteonthe sloy meletylaf wehghtic acid or

I"i nol enic acid to react with phenols 20 efficiently without causing the
hydrol ysi s of Componepdseans dngiqastethvegriahbecotbaseqrentiy ebnphet ed

the present invention. That is, the present invention provides a nethod
laminates and the large amounts of catalysts deteriorate

the electrical properties of the laminates.

A\t SUMMARY OF THE INVENTION

In consideration of the stable availability, both
10 in price and in supply, of the vegetable oils comprising
mainly of linoleic acid or linolenic acid, such as linseed
0il and soybean oil, the inventors thought that these
vegetable oils would be useful for the flexibilization of
laminates if they could be enabled to react with phenols.
15  As the result of study based on the above thought, the

inventors have found that using a small amount of a

C

perfluorosulfonic acid or an anhydride thereof as a
catalyst makes the vegetable oils comprisiné mainly of
linoleic acid or linolenic acid to react with phenols
20 efficiently without causing the hydrolysis of these
vegetable oilé, and they have consequently completed the
present invention.
That is, the present invention provides a method

of preparing a vegetable oil-modified phénolic resin,

25 comprising allowing a phenol to react with a non-conjugated



of preparing a vegetable oil-nodified phenolic resin, 25 conpri sing v
all owi ng a phenol to react with a non-conjugated 4 drying-oil in the e
presence of a super acid selected fromthe group consisting of a - 5
perfluorosul fonic acid, a perfluorosul fonic anhydride and a m xture thereof*
to forma phenol -added vegetable oil, and allow ng the phenol -added 5 . |
vegetable oil to react with an aldehyde I n the presence of an al kal i ne ¥
catal yst under weakly al kaline conditions to forma vegetable oil-nodified
phenolic resin. The present invention further provides a |am nate

conpri sing plural sheets of paper inpfegnated with a 10 cured product

of the vegetable oil-nodified phenolic resin. In the nethod of the present
invention, the use of a specific catalyst, namely a perfluorosul fonic acid
or an anhydrlde t hereof, enabl es even vegetable oils npLi sin inly of

i nol ei cl aci ArBingi adlehncthei Bregense o e&c?uﬁﬁfhaﬁﬁgngﬁse t?ﬁoggogau5|ng

hydrol ysis of the vegetable oils t lLecul a

Fﬁrther |S|nEEeegéﬂublgﬂﬁFFsﬁﬁﬁgnPgoP PREQ&?P£P§EG¥$&§§EF%ﬁgpggﬁpfilent|y,
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oils phenol-added vegetable 011 and allowing the phenol-added

5 vegetable 0il to react with an aldehyde in the presence of
an alkaline catalyst under weakly alkaline conditions to
form a vegetable oil- -modified phenolic resin. |

The present invention further provides a laminate
comprising . plural sheets of paper impregnated with a
10 cured product of the vegetable oil-modified phenolic resin.
In the method of the present inventlon, the use
of a specific catalyst, namely a perfluorosulfonic acid or
an anhydride thereof enables'eVen yegetable oils
comprising mainly of linoleic acid or linolenic acid to
15 react with phenols without causing hydrolysis of the
vegetable oils to low molecular weight components |
Further, since even a small amount of ‘the catalyst
functions sufflciently. the resulting vegetable oil-
modified phenolic resin does not'deteriorate the electrical
26 properties of laminates. When phenol—added vegetable oils
prepared according.to the present.invention were allowed to
react with.formaldehyde, and laminates were produced by
impregnating paper.with the obtained varnish 1aminating
‘the impregnated paper and compression molding the 1am1nated

25 composite, no low molecular weight components oozed out of



prepared according to the present invention were allowed to react with

f or nal dehyde, and I-am nat.es were produced by inpregnating paper with the
obtaiined varni sh, lamnating the inpregnated paper and conpressi on nol di ng
t hefani nated 25 conposite, no | ow nol ecul ar wei ght conponents oozed out
of 5 the obtained | am nates, and the el ectrical properties of the

| am nates were not deteriorated. This shows -that the conventional problens
are sol ved. DESCRI PTI ON OF THE PREFERRED EMBODI MENT The non- conj ugat ed
drying oil used in the present invention is a vegetable oil conprising
mainly of linoleic acid or linolenic acid and nmay be a drying oil with an
Ifodi ne val ue of nore than 130 or a sem-drying oil with an iodine val ue of
100 to 130. Sonme exanpl es of the non-ébnjugated drying oil include
llinseed oil, safflower oil, soybean oil, sesane oil, perilla oil, henpseed
0il and cotton seed oil. Anmong these, the preferred exanples are |linseed.
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unsaturation. These. oy Cv?él%“%{ e t‘?t}‘i]é’ljafaism I's 1R% Qﬁo%eﬁldﬁnﬁ'i%i dual l'y or
em ep

in a conbination of TWO or nore o onme exanples of t enol whi ch
may be used in tRBgnventional problems are solved. |

DESCRIPTION OF THE PREFERRED EMBODIMENT

The non-conjugated drying oil used in the present
invention is a vegetable oil comprising mainly of linoleic acid or
linolenic acid and may be a drying oil with an iodine value of
more fhan 130 or a semi-drying oil with an iodine value of 100
to 130. Some examples of the non-conjugated drying oil
include linseed oil, safflower oil, soybean oil, sesame oil, perilla
oil, hempseed oil and cotton seed oil. Among these, the
preferred examples are ﬁhseed oil and soybean oil ﬁdﬁch are

4 inexpensive and can be supplied stably. In particular, linseed
oil is preferable because of its high degree of unsaturation.
These non-conjugated drying oils may be used individually or in
a combination of two or more of them.

Some examples of the phenol which may be used in the
present invention include phenol, o-cresol, m-cresol, p-cresol,
xylenols, catecol, resorcin, hydroquinoné, octylphenols, tert-

butylphenols, nonylphenols and bisphenol A.  These phenbls

may be used individually or in a



present invention include phenol, o-cresol, mcresol, p-cresol, xylenols,
catecol, resorcin, hydroqui none, octylphenols tert- butylphenols
nonyl phenol s and bi sphenol A. These phenols may be used individually or Lp
I 6 conbination of two or nmore of ~
them In the present invention, a super acid selected fromthe group
consisting of a perfluorosulfonlc acid and a perfluorosul fonic anhydride
and a m xture thereof is used 5 as a catalyst for catalyzing the reaction
of the phenol and the non-conjugated dry®ng oil. Sone exanpl es of the super:
acid include fluorosul fonic acid, fluorosulfonic anhydride,
trifIFFronEthﬁnesulfonic aci d, trifluoronethanesulfonic anhydri de,
pent af | uaor oet hanesul f oni Cld 10 ent af | uor oet hanesul f oni ¢ anhydri de,
hept af | udr opresiihidat #QRNQ£ZRW91°%é%?£?I%g tﬁ?%panesulfonlc anhydryde

nonaf | uor obut anesul fonlﬁha@{%cq%\g%%%L gmggﬁ{:ggﬁsu%f gﬂ Gpd Mgr!sg?ected

undecafluoropentanesulf ecaf I'uor pen anesu :
oY o et L ST IR ES TR, £ BRPEEQBLBpatrtnte oot anap
super acids qﬁyfffhéFﬁghifghléc%ﬁﬁ&&r?&eiQna 80Pk AL ORhekeb®Ois used
5 as a catalyst for catalfzing the reaction of the phenol and
the non—cdnjugated drying oil.. Some examples of the super
acid includé fluorosulfdnié acid, ‘fluorosulfohic anhydride, i)
trifluoromethanesulfonic acid, trlfluoromethanesulfonic
anhydride, pentafluoroethanesulfonic acid,
10 pentafluoroethanesulfonic anhydride,
heptafluoropropanesulfonlc acld heptafluoropropanesulfonlc
anhydride, nonafluorobutanesulfonic acld
nonafluorobutanesulfonic anhydride,_
undecafluoropentanesulfonic acid.and
15 undecafluoropentanesulfonlc anhydride The preferred.
examples are fluorosulfonlc acid, trifluoromethanesulfonlc s
acid and trifluoromethanesulfonic anhydride. These super ~
acids may be used indi#idually or inia combination of two
or more of them. | |
20 Although the_ratio of the éon-conjugated.drying
oil to the phenol.is noﬁ ﬁafticuiarly limited, the non-
conjﬁgated drying oil and the phenoljare.breferably used in
a nonfqonjugated drying oii:ﬁhenoi weight ratio.of from 2:8
to 6:4, more preferably from 3:7 to 4:6. in order to

25 improve the properties of laminates highly effectively. If



or nore of them 20 Al t hough the ratio of the non-conjugated
drying oil to the phenol is not particularly limted, the non- conjugated
drying oil and the phenol are preferably used in a non-conjugated drying
oi | ¥phenol weight ratio of from2:8 to 6:4, nore preferably from3:7 to
4:6, in order to 25 | nprove the properties of |am nates highly
effectively. |If 71 the ratio of the non-conjugated drying oil to the
phenol is nore than 6:4, curing of the vegetable oil-nodified phenolic
resin in lamnates may be insufficient so7as to make the surface of the

| am nates tacky. If the ratiois 5 | ess than 2:8, the |ow tenperature
punching quality of |lam nates may be insufficient. Al though the anount of
t he super acid used for the reaction of the non-conjugated drying oil with

the phenol “is 188 paticcafathy mom-coniugated sigtigamnil (o e Ihenol tis
aci d por 100 pAPFE BYBRcPor SRTLRE Aon Bon GIRED K AT BILEHed he
ropert i es of PAYRALEs FeajroinarBipsr shomevahe e s arts Sndt For 15
part by “eightmakgethgaghk?gcgagfskﬂg_qgmﬂﬂ@¥%§ryzcky. If the ratio is
5 less than 2:8, the low temperature punching quality of
laminates may be insufficient.
s Although the amount of the super acid used for
the reaction of the non-conjugated drying oil with the
| phenol is not particularly limited, it is preferable to use
10 1 to 0.01 part by weight, particularly 0.0l to 0.5 parts by
weight of the super acid per 100 parts by weight of the
non-conjugated drying oil. If the amount of the super acid
is more than 1 part by weight, the electrical properties of
laminates may be deteriorated, and if it is less than 0.01
15 part by weight, the reaction may slow down and the
industrial productivity may be decreased.

The reaction of the non-conjugated drying oil and
the phenol may be carried out in the absence or presence of
solvents. In consideration of the following reaction with

20 an aldehyde, the reaction is preferably carried out in the
-absence of solvents. The reaction temperature of the
reaction is generally 50 to 200 °C. If the reaction

- temperature is-too high, hydrolysis may occur to generate

low molecular weight components, thereby deteriorating the

25 properties of laminates. In order to inhibit the



I ndustrial productivity may be decreased. The reaction of the
non- conj ugated drying oil and the phenol may be carried out-in the absence
or presence of solvents. In consideration of the follow ng reaction wth gp'
an al dehyde, the reaction is preferably carried out in the absence of '
solvents. The reaction tenperature of the reaction is generally 50 to 200

C. If the reaction tenperature is too high, hydrolysis may occur to
generate | ow nol ecul ar wei ght conponents, thereby deteriorating the 25
properties of lamnates. |In order to inBibit the 8 generation of |ow

nmol ecul ar wei ght conponents, a feaction tenperature of 50 to [err] is
particularly preferable. At theitine of the reaction of the non-conjugated
drying oil and the phenol, xylene resin nmay be added 5 according to

demand. JAddigenenatignepf lewimolecuhar Wepgbiesomponeadisst anceaicsiankal is
and the electrical properties of |amnates. After -the conpletion of the .
reaction of t¥Heuperatenejefabedtar§2fgGi isararticudnsdy preferghdeol - added
10 vegetabl e oil obtained is allowed to react with an_al dehyde in the

- d .
presence of an al kal i neAtatBfysimanaEr theakPFcAiR Ple En PR 6REIUSELS M
resol, nanelydgyyg qéfflgngltﬁe phenql,'xylene resin may be added

5 according to demand. Adding the'xylene.resin further
improves the resistance to alkalis and thé electrical ~
properties of laminates. - S ' Q;
After thg cqmpletion of the reaction of the non-
conjugated drying 911 and the phenol, the phenol-added
10 vegetable oil obtained.is ailowed to react Qith an aldéhyde
in the presence of.an alkaline catalyst under weakly
alkaline condifioné to form resol, namely a vegetable oil-
modified phenolic }eSin. ‘At the time of the reaction for
.fdrming the resol, a phenol may be added. The kind of the
15 phenol added may be identical with or different from that
of the phenol used for thé above reaction with the non-
conjugated drying oil.
After the completion of the reaction for forming
the phenol-added vegetable oil, the phenol-added vegetable
20 may be separated from the reaction solution, or the
reaction solution containing the phenol-added vegetable oil
may be used for the reaction for forming resol by adding
the aldehyde, the alkaline catalyst and, according to
demand, the phenol directly to the reaction solution.

25 Some examples of the aldehyde which may be used



nodi fied phenolic resin. At the tinme of the reaction for formng the resol,
a phenol nay be added. The kind of the 15 phenol added nay be identi cal
mngh or different fromthat of the phenol used for the above reaction with
t henon- conjugated drying oil. After the conpletion of the reaction for
form ng the phenol -added vegetable oil, the phenol -added vegetable 20 may
be separated fromthe reaction solution, or the reaction solution
cont ai ni ng the phenol - added vegetable oil may be used for the reaction for
form ng resol by adding the al dehyde, the al kaline catal yst and, according
to demand, the phenol directly to the reaction solution. 25

Sonme exanpl es of the al dehyde which nmay be used 1 in the present

i nvention include formal dehyde, fornalin, acetal dehyde, paraformal dehyde
and hexandt hyisnéhet pagiseat 1n@9@téb@e@pmiudﬁanKmakﬁﬁhYdﬁﬂ\ﬁahmalgnxn in
- conbi nation of two or nore of them The anmount of the

al dehyde cal carateddgdyden nﬁla@'éffpd'é‘ailsie@éw@r #&nd, hexanethylenefietyamine.
preferably 1.2 to 1.5 nple per one nol e of the total phenol used in the
met hod of theTBP§§eﬁ@dFHV€ﬁ§|8ﬁy FfWﬂﬁgz%ﬂﬂﬁﬁ Biakke of dehyile is | ess
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5 : The amount of the aldehyde calculated as
formaldehyde is generally 1.1 to 1.6 moles, preferably 1.2

N\ to 1.5 moles, per one mole.of the total phenol used in the
method of the present invention. If the amount of the
aldehyde is less than 1.1 moles or more than 1.6 moles, the

.10 punching quality of laminates may be deteriorated.

Some examples of the alkaline catalyst which may
be used for the reaction for forming resol include ammonia,
trimethylamine, triethylamine and triethanolamine. These
alkaline catalysts may be used individually or in a -

15 combination of two or more of them. The amount of the
.alkaline catalyst is generally 0.03 to 0.2 moles,
preferably 0.05 to 0.1 moles, per mole of the phenol. If
the amount of the alkaline catalyst is less than 0.03
moles, the reaction may take a long time, and curability of

20 the product vegetable oil-modified phenolic resin may be
deteriorated, thereby deteriorating the properties of
laminates. If it is more than 0.2 moles, the vegetable

N oil-modified phenolic resin may have an increased molecular

weight, which may cause difficulfy in impregnation, thereby

25 deteriorating the properties of laminates.



Some exanpl es of the al kaline catalyst which may be used for the reaction

for formng resol include ammonia, trinethylamne, triethylamne and

tri et hanol ani ne. These al kal i ne catal ysts may be used individually or iﬁ;}
15 conmbi nation of two or nore of them The amount of the al kaline

catalyst is generally 0.03 to 0.2 noles, preferably 0.05 to 0.1 noles, per
nmol e of the phenol. |f the anount of the alkaline catalyst is less than
0.03 noles, the reaction may take a long tine, and curability of 20 t he
product vegetable oil-nodified phenolicipesin may be deteriorated, thereby
deteriorating the properties of lamnates. If it is nore than 0.2 noles,

the vegetable oil-nodified phenolic resin may have an increased nol ecul ar

wei ght, which may cause difficulty in inpregnation, thereby 25

deteriorlati ng the propEn¢irsactidantempesatureloflthe reaction Tle reaction .
tenperature of the reaction for formng resol is generally 1 to 5 hours, .
preferably aferming oesel Ipegereraldl Lokof Br kongsnedsefenpbdy edoute@ out

5 in the absence of solvents, or in the presence of a solvent, such as

net hanol , ad®@Wf®- or methyl ethyl ketone. The nethod of separating the

resul ti ng-veget abl e :
9 9 The reaction ﬁor forming resol maybe carried out

5 in the absence of solvents, or in the presence of a

solvent, such as methanol, acetone or methyl ethyl Ketone.

.y

The method of separating the resulting-vegetable o/
oil-modified phenolic resin after the completion of the -
reaction for forming resol is not particularly limited, and

10 an appropriate method'is to dehydraté and concentrate. the
reaction solution.at 40 to 90 C uﬁder reduced.pressure.

The 1aminaﬁe of the present inventidnzmay be
produced by laminating plural sheets of paper impregnated

- with the vegetable oil-modified phenolic resin and molding -
15 the resulting laminate With heat aﬁd pressure. = |

In the production of;the.laminate of the present - L;
invention, first an organic solvent, such as toluene or ‘ -
methanol, is.addeduunder atmosbheric'pressure to the
vegetable oil-modified phenolic resin obtained in the | -

20 manner as described above, te—form.varnish. Paper is
impregnated with the varnish,.and-the impregnated paper is
‘then freed of solvent'by_heating to bbtain a prepreg. A
desired number of the prepreg,até;laminated'to form a .
- laminated composite, which is then molded by heating ahd

25 pressing to form a-laminaté.i When the laminated composite



oi | -nodi fied phenolic resin after the conpletion of the - reaction for
forn1ng resol is not particularly limted, and 10 an appropriate nethod
i's dehydrate and concentrate-the reaction solution at 40 to [err] under
re ced pressure. The laninate of the present invention may be produced by
| am nating plural sheets of paper inpregnated with the vegetabl e oi
nodi fi ed phenolic resin and nol ding 15 the resulting |lamnate with heat
and pressure. In the production of the lam nate of the present----

i nvention, first an organic solvent, suchlas tol uene or nethanol, is added
under atnDspherlc pressure to the - vegetabl e oil-nodified phenolic resin
obtained in the 20 manner as described above, to-formvarnish. Paper- is

'sSFLEI%{“"‘LJ?hve“six?ﬁb@?oﬁ%‘s{”a?Raﬁ%?g%?@g‘t”ﬂr JE c s e ‘qérlﬂ:f&%;eioéx o
heating and sene’groedel st We”%iﬂ%e%%‘;ﬁ%ﬁé}e"’w%&%“q et Haihsad
further has an?XS tghgnﬁhﬁl Is:m §Bea§agﬁg1% f(%nlpan% one Qe qrfeh%lm de

t hereof, a ne afi nabe i3 produce ng pressing

| ami nat e CO”p?éiiema§h8enﬁbﬁkehow5t &nb%dH§§f¥¥‘Mﬂ*bﬁE1é%ﬁ&*ﬁdﬁid§1fﬁ¥%

side conming into 5 contact with e prepreg.
5 contact with the prepreg.

To the varnish of the vegetable oil-modified
g#- phenolic resin may be added various additives, for example, -
flame retardants which are generally added to phenolic
resins, such as brémo-type flame retardants, phosphorus-
10 type flame retardaﬁts..nitrogen-type flame retardants and
antimony-type flame retardants.

Examples'of the paper which may be used in the
present invention include cotton paper, linter paper, kraft
paper and rayon paper. These paper may be used

15 individually or in a combination of two or more of them.

Prior to the production of the laminate of the
present invention, the paper may be impregnated with a
water-soluble phenolic resin. Paper impregnated with
water-soluble phenolic resins can be easily impregnated

20 with the varnish of the vegetable oil-modified phencolic
resin. The water-soluble phenolic resin can be dissolved
completely in water or in a solvent mixture of water and

- alcohols. Some examples of the water-soluble phenolic

resin include those obtained by allowing a phenol, such as

25 phenol, a cresol, a xylenol, catecol, resorcin or a



To the varnish of the vegetable oil-nodified phenolic resin may be added
various additives, for exanple, flame retardants which are generally added
to phenolic resins, such as brono-type flane retardants, phosphorus- 10 1:}
type flane retardants, nitrogen-type flanme retardants and anti nony-type
flame retardants. Exanples of the paper which may be used in the present

I nvention include cotton paper, linter paper, kraft paper and rayon paper.
These paper may be used 15 individually or in a conbination of two or
nore of them Prior to the production of jighe lam nate of the present

i nvention, the paper nmay be inpregnated wth a water-sol uble phenolic .
resin. Paper inpregnated with water-sol uble phenolic resins can be easily
i npregnated 20 with the varnish of the vegetable oil-nodified phenolic
resin. Thk wanenyiphehbd, phenoeactr gdith dartd8 diclss \ofd fooms letedipde rper
water or in a solvent mxture of water and al cohols. Sonme exanples of the
wat er - sol ubl emphenefi theeBhanphe| dde thisopaegiengenaf 18y cAtiaduisty efq.*;henol
such as 25 phenol, a cresol, a xylenol, catecol, resorcin or a

nonyl phenol , B¥aMBAB: @Mt ﬁrganCBtﬁﬁfté§r€f amd ey cfé’(%éspé;rrlrﬂﬂﬁlydfaqjﬁte

henol, in the presence of a cat
P tr Eet ylamine or tr?e%ﬁaholamine. or an alkaline or

S5 alkaline earth metal hydroxide, such as potassium
hydroxide, sodium hydroxide,.calCIﬁm'hydroxide, barium
- hydroxide or'magnesium hydrokide, at 40 to 90 °C . : \J
Hereinafter, the present invention will be

described in detail referring to the following Examples.

10
EXAMPLES 1 TO 5, REFERENCE EXAMPLE 1
. AND ‘COMPARATIVE EXAMPLES 1 AND 2
15 - EXAMPLE 1

Synthesis of a varnish for the preparation of laminates

In a two-liter three neck flask equipped with a
thermometer and a condenser tube were introduced 200 g of
20  linseed oil, 200 g of phenol and 0.3 g of
trifluoromethanesulfonic acid, and were then allowed to
react at 80 °C for three hours.. After the completion of
the reaction, thereto were added'180 g of phenol, 255 g of
paraformaldehyde, 80 g of methanol and 38 g of 25 % aqueous

25 ammonia and were then allowed to react at 80 °C to form



exanple, an organic tertiary amne, such as trinethylamne, triethylam ne
or triethanolamne, or an alkaline or 5 alkaline earth netal hydroxide,
such ;as pot assi um hydroxi de, sodi um hydroxi de, cal ci um hydroxi de, barium
hydr®xi de or nagnesi um hydroxide, at 40 to [err]. Hereinafter, the present

i nvention will be described in detail referring to the foll ow ng Exanpl es.
10 EXAMPLES 1 TO 5, REFERENCE EXAMPLE 1 AND COVPARATI VE EXAMPLES 1 AND 2 15
EXAWPLE 1 Synthesis of a varnish for the preparation of lamnates In a
two-liter three neck flask equi pped with B3t hernoneter and a condenser tube
were introduced 200 g of 20 | i nseed oil, 200 g of phenol and 0.3 g of
trifluoronethanesul fonic acid, and were then allowed to react at [err] for
three hours. After the conpletion of the reaction, thereto were added 180 ¢
of phenol 1 25Fepad. pArwrigigethresRRCt BN g SAMPELhanwas andr88ed olit 260 %
aqueous 25 ammoni a and were then allowed to react at [err{ to form 13
resol . DurinGQUYRE THAEL t5h s OhGt ke ebrthedreattiongeistureacat hkso

i Ot ' tion _mXture at 16 :
gel ation tlne%gﬂ tm%éﬁﬁ¥he gelation time of the reaction mixture at 160

. C decreased to 6 minutes, the reaction mixture was
5 dehydrated and concentrated by heating at 80 °C under
reduced pressure. When the gelation time of the reaction
Nt mixture decreased to three minutes, the reaction was
terminated, and 200 g of toluene and 200 g 6f methanol were
added to the reaction mixture to form a varnish.

10

EXAMPLE 2

Synthesis of a varnish for the preparation of laminates

In the same flask as that used in Example 1 were

15 . introduced 200 g of linseed oil, 250 g of a mixture of m-
cresol and p-cresol and 1.0 g of fluorosulfonic acid, and
were then allowed to react at 90 C for two hours. Thereté
was added 50 g of a xylene resin (Trade name: NIKANOL-H,
produced by Mitsubishi Gas Chemical Co., Inc.), and the

20 mixture was allowed to react at 90 °C for one hour.
Subsequently, thereto were added 100 g of phenol, 177 g of
paraformaldehyde, 60 g of methanol and 21.8 g of 25 %
aqueous ammonia, to carry out a reaction for forming resol
at 80 C. When the gelation time of the reaction mixture

25 at 160 °C decreased to 6 minutes, the reaction mixture was



[err]. Wen the gelation tinme of the reaction mxture at 160 [err]
decreased to 6 mnutes, the reaction mxture was 5 dehydrated and _
concentrated by heating at [err] under reduced pressure. Wen the gelatidﬁ}
tinme of the reaction m xture decreased to three mnutes, the reaction was
term nated, and 200 g of toluene and 200 g of nethanol were added to the
reaction mxture to forma varnish. 10 EXAMPLE 2 Synthesis of a varnish for
the preparation of lamnates . In the sanme flask as that used in Exanple 1
were 15 i ntroduced 200 g of linseed oihga 250 g of a mixture of m cresol
and p-cresol and 1.0 g of fluorosulfonic acid, and were then allowed to
react at [err] for two hours. Thereto was added 50 g of a xylene resin
(Trade nane: N KANOL-H, produced by M tsubishi Gas Chem cal Co., Inc.), and
the 20 In xtdelkydested | amédconcensivated par heaftdngoad BOUrC Smidegquently,
thereto were added 100 g of phenol, 177 g of parafornmal dehyde, 60 g of
nmet hanol and pPddeced obrossuraquebhsnaithtenieglatd odatidpeo decyeasgs: itéh f or

formng resol at [err] . Wen the gelation tine of the reactiaon nixt%[e 25
at [err] decrthmee minwtespnuthe, repetiencFasgn termisadefasand £90 & o |

toluene and 200 g of meqhanol were added to the reaction

5 mixture to form a varnish.

EXAMPLE 3 -

(&

Synthesis of a varnish for the preparation of laminates

10 In the saﬁe flask as that used in Example 1 were
introduced 200 g of phenol, 50 g of a xylene resin (Trade
name: NIKANOL-H, produced by-Mitsubishi Gas Chemical Co.,
Inc.) and 1.b_g of trifluoromethanesulfonic acid, and were
then allowed to react at.loo'T: for one hour. Thereto was

15 . added 200 g of soybean oil, and the reaction mixture was

o

then allowed to react at 100 °C for 5 hours. Subsequently, i-;
thereto were added 180 g of phenol, 255 g of . —
pafaformaldeﬁyde, 80 g of methanol and 38 g of 25 % aqueous
‘ammonia, and the reaction mixture was then. allowed to react

20 at 80 °C to form resol. Wheh the gelation time of the
reaction mixture at 160_1: decreased to 6 minutes, the
reaction mixture was dehydrated and concentrated by heating
at 80 °C under reduced pressure. When the gelation time

decreased to three minutes, the reaction was terminated,

25 and 200 g of toluene and 200 g of methanol was then added



1 dehydrated and concentrated by heating at [err] under reduced pressure.
When the gelation .tinme decreased to three m nutes, the reaction was
terpinated, and 200 g of toluene and 200 g of methanol were added to the
reasftion 5 m xture to forma varni sh. EXAMPLE 3 Synthesis of a varnish
for the preparation of |am nates 10 I'n the sanme flask as that
used in Exanple 1 were introduced 200 g of phenol, 50 g of a xylene resin
(Trade nane: N KANOL-H, produced by M tsubishi Gas Chem cal Co., Inc.) and
1.0 g of trifluoronethanesulfonic acid, an8 were then allowed to react at
[err] for one hour. Thereto was 15 added 200 g of soybean oil, and the
reaction mxture was then allowed to react at [err] for 5 hours.
Subsequently, thereto were added 180 g of phenol, 255 g of

par af or mafldehytee th80 neagftimm riwtunedtasfgrof a2gavnigheous anmoni a, and
the reaction m xture was then allowed to react 20 at[err] to formresol
When the gelation tine of the reaction mxture at 160 C decreased to 6

m nutes, the reaction m xture was dehydrated and concentrated by heating at
80 C under reduced pressure. Wien the g&X8¥PbR ¢ine decreased to three

m nutes, the reaction was term nated, 25 and 200 g of toluene and 200 g
of nmet hanol was then added .

5 Synthesis of a varnish for the preparation of laminates

A varnish was synthesized by the same procedure

< as that of Example 1 with the exception that 0.3 g of
trifluoromethanesulfonic anhydride was used as a catalyst

in place of the trifluoromethanesulfonic acid used in

10 Example 1.
EXAMPLE 5

Synthesis of a varnish for the preparation of laminates

15 A varnish was synthesized by the same procedure
as that of Example 2 with the exception that 1f0 g of
trifluoromethanesulfonic anhydride was used as a catalyst

in place of the fluorosulfonic acid used in Example 2.

20 _ COMPARATIVE EXAMPLE 1

.-Synthesis of a varnish by a conventional method

- In the same flask as that used in Example 1 were
“introduced 200 g of linseed o0il, 250 g of a mixture of m-

25 cresol and p-cresol and 1.0 g of p-toluenesulfonic acid,



151 to the reaction mxture to forma varnish. EXAMPLE 4 5  Synthesis
of a varnish for the preparation of |am nates A varnish was. synthesized by
the same procedure as that of Exanple 1 with the exception that 0.3 g of {7;
trifluoronethanesul foni c anhydri de was used as a catal yst in place of t he ¥
trifluoronethanesul fonic acid used in 10 Exanpl e 1. EXAMPLE 5 Synt hesi s
of a varnish for the preparation of |amnates 15 A varni sh was
synt hesi zed by the same procedure as that of Exanple 2 with the exception
that 1.0 g of trifluoromethanesul fonic anbydride was used as a catalyst in
pl ace of the fluorosulfonic .acid used in Exanple 2. 20

COMPARATI VE EXAMPLE 1 Synthesis of a varnish by-a conventional nmethod In
the sane flask as that used in Exanple 1 were introduced 200 g of |inseed
oil, 2501g ofarad weateirther ail@¥ed toeseactindtp90r ¥soforantiwe. Doyrsf

p-t ol uenesul foni ¢ acid, 16 1 and were then allowed to react at [err]
for two hour SThemrtetvaseaddrlic?0 59 of ob BEYAkgnentesdsi ATradadrangie:

NIKANOL-H, produced by Mitsubishi Gas Chemical Co., Inc.),
and the reaction mixture was allowed to react at 90 C for
5 one hour. Subsequently, thereto were added 100 g of
phenol, 177 g of paraformaldehyde, 80 g of methanol and
21.6 g of 25 %'équeous ammonia, and the reaction mixture -'CJ-
- was then allowed to react.at 80 C to form resol. When a
sample of thenreaction mixture was placed on a plate heated
10 to 160 °C to determine gelétion time, the sample separated'
into gel and oil. After the reactioﬁ was carried out for 7
hours, the reaction mixture was dehydrated and concentrated
by heating at 80 °C under reduced pressure. When the
distillation of distillates stopped, 200 g of toluene and

15 200 g of methanol were added to the reaction mixture to

form a comparative varnish. - : : R
REFERENCE EXAMPLE 1

20 Synthesis of tung oil-modified phenolic resin

In the same.flask as that used in Example 1 were
introduced 200 g of phehol; 50 g of a xylene resin (Trade
name: NIKANOL-H, produced by Mitsubishi Gas Chemical Co.,
Inc.) and 1.0 g of p-tolﬁenesulfonic acid, and were then

25 allowed to react at 100 °C for one hour. Thereto was added



NI KANOL- H, produced by M tsubishi Gas Chemcal Co., Inc.), and the reaction
m xture was allowed to react at 90 C for 5 one hour. Subsequently,
thereto were added 100 g of phenol, 177 g of parafornal dehyde, 60 g of
met#anol and 21.6 g of 25 % aqueous anmonia, and the reaction mxture was

then allowed to react at [err] to formresol. Wen a sanple of the
reaction mxture was placed on a plate heated 10 to [err] to determ ne
gelation time, the sanple separated into gel and oil. After the reaction

was carried out for 7 hours, the reacti ol xture was dehydrated and
concentrated by heating at [err] under reduced pressure. Wen the
distillation of distillates stopped, 200 g of toluene and 15 200 g of
met hanol were_added to the reaction m xture to forma conparative varni sh

REFERENCE! EXARRR EE 1080 tungy Rilfes B dofthel iPasi 119 A G DRI tRER esin 1n
50 0 of a xy) BhEOWED, Fo( TEREE AdndUtN KANAE 1 PR o HhFIM TRsibi S Cab
T oved to r eaeBERPTRaR prr dheo bRt T o Sh Bt B55' D o " 200 g
of tung oil, ﬁan%Q?m5f§8h§8Q.”hét%r%fmﬁiéﬂgﬂﬁl and 38 g of 25 % aqueous
5 ammonia, and the reaction mixture was then allowed to react
at 80 C to form resol. When gelation time at 160 °C
N4 decreased to 6 minutes, the reaction mixture was dehydrated
.and concentrated by heating at 80 °C under reduced
pressure. When gelation time decreased to three minutes,
10 the reaction was terminated, and 200 g of toluene and 200 g
of methanol were added to the reaction mixture to form a

varnish.

COMPARATIVE EXAMPLE 2
15
Synthesis of a linseed oil-modified phenolic resin by using

' a Lewis acid catalyst

In the same flask as that used in Example 1 were
introduced 200 g of ﬁhenol. 200 g of linseed o0il and 3 g of
20 aluminum chloride, and were then allowed to react at 106 C
for three hours. Thereto were added 180 g of phenol, 255 g
of paraformaldehyde, 80 g of methanol and 38 g of 25 %
- | aqueous ammonia, and the reaction mixture was then allowed
to react at 80 °C to form resol. When gelation time at 160

25 °C decreased to 8 minutes, the reaction mixture was



allowed to react at [err] for 5 hours. After the conpletion of the

reaction, 180 g of phenol, 255 g of paraforml dehyde, 80 g aof nethanol and
38 g of 25 % aqueous 5 ammonia, and the reaction mxture was then all owed:
to react at [err] to formresol. When gelation time at[err] decreased to 6
m nutes, the reaction m xture was dehydrated and concentrated by heating at
[err] under reduced pressure. Wen gelation time decreased to three _

m nut es, 10 the reaction was termnated, and 200 .g of toluene and 200 g

of methanol were added to the reaction mii@ure to forma varnish.
COVPARATI VE EXAMPLE 2 15 Synthesis of a linseed oil-nodified phenolic resin
by using a Lewis acid catalyst. In the sane flask as that used in Exanple 1

were introduced 200 g of phenol, 200 g of linseed oil and Sﬁg of 20
al uni num é&hl ord&wd QﬂﬁFQMﬁﬁgtQRﬂF%RqQﬁﬁﬁﬂtQVr%%ﬁFlﬁS pEr 9 CorupfpEe hours.

Thereto were added 180 hen 255 of pa afor | dehyd of

nmet hanol and F&W S ﬁ%%%ﬁplfe'ouy gatla?fg % Ef?%%egnﬁ Fgrﬁﬁs :

then all owed t act 8Q0. Ct esol ge tine 22 60_25

[err] decr easé‘ﬁ‘r{ugt m é'se,a(iﬁeor}’e%% %rtﬂ}r;%/%%\?g V\é & 280 %O}ue_ne
and 200 g of methanol were added to the reaction mixture to

5 form a éomparative varnish.
PRODUCTION OF LAMINATES _ U

After.each vérnish thus 6btained was adjusted to
10 a resin content of'48 % by weight, kraft paper pre-
impregnated-with.a.water—soluble;phénolic resin, which was
prepared by allowing one mole of phenol to react with three
moles of formaldehyde in the pfesence of trimethylamine'at
80 C for 8 hours, was impregnated with the varnish and was
15 then dried, to obtain a prepreg of a vegetable oil-modified
phenolic resin. A predeterminéd number of the prepreg and
copper foil coated with an adhesive_werellaminated SO that‘
the copper foil formed an outermost layer of fhe laminated
composite. The laminated composite was heated and pressed
20 fof one hour at a pressure . of 100 kg/cm® and a temperature
of 160 °C, to obtain a single—sidedicopper-clad laﬁinate.
The insulation resistance, soldering heat resistance and
solvent resistance of the obtained lamiﬁates were measured
in accordance with JIS-C 6481, and the punching quality of

25 the laminates was measured in accordance with ASTM D-617. 



18. 1 dehydrated and concentrated by heating at [err] under reduced
pressure. \Wen gelation tinme decreased to three mnutes, the reaction was

t erny nated, and 200 g of toluene and 200 g of nethanol were added to the
reaction mxture to 5 forma conparative varni sh. PRODUCTI ON OF LAM NATES
After each varni sh thus obtained was adjusted to 10 a resin content of 48
% by weight, kraft paper pre- inpregnated with a water-soluble phenolic
resin, which was prepared by allow ng one nole of phenol to react with
three noles of formal dehyde in the presenge of trinethylamne at [err] for
8 hours, was inpregnated with the varnish and was 15 then dried, to
Obtain a prepreg of a vegetable oil-nodified phenolic resin. A

pr edet er mi ned nunber of the prepreg and copper foil coated with an adhesive’
wer e | anihat eheorehul tshareoppsiteidoiin fTabied lan dhteeramstents/ et dfow he

I am nat ed conposite. The | am nated conposite was heated and pressed 20

for one hour BPlgcplassweéghbt comrrgendiss Whinh Ferengenanatedfif dhg | to

obtain a single-sided copper-clad | aninate. The insul atjon resistance,

sol deri.ng heaFeF§§FQPaﬁgeV858t§8ﬂ@eﬁ@1ﬁe§nﬂxﬂhﬁPQ*stQRQ(ﬂﬁEﬁrﬁﬁPq%ﬁﬁ?%ues
o T e, e 0, B GRS R S8

5 by a liquid chromatography, and the results are listed in

Table 1.
(o
10
15
(o
20

25



19 1 The results are listed in Table 1. The contents of | ow nol ecul ar
wei ght conponents which were generated in the reaction of vegetable oils

and phenols and were contained in the vegetable oil-nodified pheholic resih;.
were neasured 5 by a Iiquid.chromatography, and the results are listed il

Table 1. 10 15 20 25 20 1 - TABLE 1-1
Conditions Unit Ex. 1 - Ex. 2 Ex. 3 Insulation A [err]
8.2x[err] 7.4x[err] 4.3x[err] 5 resi stance - D-2/100 [err] 2. 7x108
3. 1x[err] 2.5x[err] Sol dering heat . 20 A sec 42
39 36 resistance Resistance |In No abnor- No abnor-
No abnor- to boiling - mality . mality mality 10
trichloro- trichloro- for for : for -
1 ' TABLE 1-1
Conditions Unit Ex. 1 Ex. 2 Ex. 3
Insulation A Q '8.2x10*% 7.4x10** 4.3x10*%

5 resistance D-2/100 Q 2.7x10% 3.1x10°% 2.5x10%°

Soldering _ _
heat A sec 42 39 36
resistance
Resistance In ' No abnor- No abnor- No abnor-
to boiling mality @ mality mality
10 trichloro- trichloro- for for for _
ethylene ethylene 30 min 30 min 30 min
. Punching good at good at good at
quality 40 °C 40 °C 70 °C
Content of % 3 4 7
low
molecular
15 weight
components
20

25



ethyl ene  ethyl ene 30 min 30 nmin 30 min Punching

good at good at - good at quality [err]
[err], [err] Content of % 3 4 7
| ow™rfol ecul ar 15 wei ght conponents 20 25 21 1
TABLE 1-2 Conditions Unit Ex. 4 Ex. 5 Com Ex. 1 Insulation
A [err] 3.4x[err] 2.1x[err] 3.8x][err] 5 resi stance D 2/100
[err] 1.6x[err] 9. 6x[err] 6. 4x[err] Sol dering heat A
sec 29 35 2 resistanc@lResi stance In No
abnor- No abnor- Surface to boi l'i ng mal ity mal ity
whi teni ng 10 trichloro- trichloro- for for i n
et hyl ene 1ethylene | 30 mn f%%EéNflz one mn
Conditions Unit Ex. 4 Ex. 5 Com.
" Ex. 1
Insulation A Q@  3.4x10*°® 2.1x10*° 3.8x10*°

5 resistance D-2/100 Q 1.6x10° g.6x10°% 6.4x10°

Soldering
. heat A sec 29 35 2
Nt resistance
Resistance In No abnor- No abnor- Surface
to boiling mality "mality whitening
10 trichloro- trichloro- for for - in
ethylene ethylene 30 min 30 min one min
Punching Good at Good at Bulging ~
quality 40 °C 40 C
Content of % 4 5 : 3
low '
molecular
15 weight
components
&;
20

25



Punchi ng Good at Good at Bul ging quality
4 , 5

(€

[err] [err] Content of : - %
3 |l ow nol ecul ar 15 wei ght _conponents 20 25 = 22 TABLE 1-3 Conditions #
Unit Ref. Com Ex. 1 . Ex. 2 Insulation A o
5.9x[err] 5.1x[err] 5 resistance D-2/100 [err] - 5.7xl[err]
2.4x[err] Soldering heat . A sec 45 16 resistance
Resi stance 1In .-No abnor- Surface to boi l'i ng
mal ity whi t eni ng 10 trichloro- tegchloro- for ' in
et hyl ene et hyl ene .30 mn one mn Punchi ng
Good at Bul gi ng -
1 | TABLE 1-3 .
Conditions Unit Ref.  ° Com.
' Ex. 1 Ex. 2
 Insulation A @  5.9x10°% 5.1x10%°
5 resistance D-2/100 Q 5.7x10°%° 2.4x10°
Soldering
heat A sec 45 16
resistance - ' ' '
Resistance In No abnor- = Surface
to "~ boiling mality whitening
10  trichloro- trichloro- for - in E
ethylene ethylene 30 min - one min
Punching ' Good at  Bulging *
quality 40 °C
Content of % 5 "~ 28
Jow
molecular
;5 weight
components

Bulging * : Fine delamination around holes

20

25

e



quality ' [err] Content of % 5
28 | ow nol ecul ar 15 wei ght conponents Bul gi ng - Fi ne del am nati on
arQund hol es 20 25 23 1 ' As apparent fromthe results listed

i n~fabl e 1, the copper-clad | am nates that were produced by using the
vegetabl e oil -nodified phenolic resins prepared in Exanples 1 to 5 are
excellent in insulation resistance, soldering 5 heat resistance, solvent
resi stance and punching quality, which stand conparison with those of the
copper-clad | am nate that was produced bg3usi ng the phenolic resin prepared
in Reference Exanple 1 by using expensive tung oil. Further, the vegetable
~0i | -nodi fi ed phenolic resins 10 prepared in Exanples 1 to 5 have contents
of | ow nol ecul ar wei ght conponents which are as snall as that of the tung

oi | - nodi fi ed phenol i c rssiaPRALYRE cfiroR e cresubtexhipted 1inThablaedns
“that the Cat%ﬁ§n03§§§¥Jé&é&miéﬁfﬁﬁigs that were produced by using the
vegetable oil-modified phenolic resins prepared in Examples
1 to 5 are excellent in insulation resistance, soldering
5 heat resistance, solvent resistance and punching quality,
which stand comparison with those of the copper-clad
\ laminate that was produced by using the phenolic resin
prepared in Reference Example 1 by using expensi#e tung
oil. Further, the vegetable oil-modified phenolic resins

10 prepared in Examples 1 to 5 have contents of low molecular
weight components which are as small as that of the tung
oil-modified phenolic resin prepared in Reference Example
1. This means that the cataiyst used in the present
invention effectively catalyzes the reaction of non-

15 conjugated drying oils with phenols without. causing the
hydrolysis of the non-conjugated drying oils, and that the
phenolic-added vegetable o0il resulting from the above ‘
reaction effectively flexibilizes phenolic resins. To the
contrary, the insulation resistance, soldering heat

20 resistance, solvent resistance agd punching quality of the
lgminates that were produced by using the vegetable oil-
modified phenolic resins prepared in Comparative Examples 1
and 2 by using conventional catalysts were inferior to
those of the laminates of the present invention.

25 Particularly, the vegetable oil-modified phenolic resin



invention effectively catalyzes the reaction of non- 15 conj ugated dryin
oil's with phenols w thout causing the hydrolysis of the non-econjugated

drying oils,

and that the phenolic-added vegetable oil resulting fromthe

above reaction effectively flexibilizes phenolic resins. To the contrary,
the insulation resistance, soldering heat 20 resi stance, sol vent

.resi stance and punching quality of the | am nates that were produced by
using the vegetable oil- nodified phenolic resins prepared in Conparative
Exanpl es 1 and 2 by using conventional catZ2#l ysts were inferior to those of
the lam nates of the present i'nvention. 25 Particularly, the vegetable
oil -nodi fied phenolic resin 24 1 prepared in Conparative Exanple 2 by

using a Lewis acid contains a ver I e anDunt of IOM/nDIecuIar wei ght
~ conponent st ThPEeRRERL %Ha?mPHérE ¢ Y ESRE & LRy a’r?dide
3 caused hydr0|y5|3tg{nélnssggyoiarge amountZ%fziow molecular weight

10

15

20

25

components. This means that the Lewis acid used in

Comparative Example 2 caused hydrolysis of linseed oil.

g

\f

%



25 CLAIMS: 1 1. A met hod of preparing a vegetablé\BTT?hdeiL\\\\\\\\
phenolic resin, conprising allowing a phenol to react wt

noQ-conj ugated drying oil in the presence of a super aci Mlgﬂmm he
grodp consisting of a perfluorosul fonic acid, a perfluorosu &gﬁ
and a mixture thereof to forma phenol -added vegetable oil, and al ow

t he phenol - added vegetable oil to react wwth an al dehyde in the 10

presence of an al kaline catal yst under weakly al kaline conditions to forma
veget abl e oil -nodi fied phenolic resin. 2. The nethod as clainmed in

claim1, wherein the reaction of the ph&hol -added vegetable oil with the 15
~al dehyde is carried out in the presence of a phenol and the al kaline

cat al yst undEAIMB=akly al kaline conditions. 3. The met hod as cl ai ned
in claim2, wherein the phenol used in the reaction of the phenol - added
-vegetabl® 20 oil is selected fromthe group consisting of phenol, a

cresol, a xylenol, catecol, resorcin, hydroqui none, an octyl phenol, a
tert-butylphehol, a nonyl phenol , bisphenol A and a m xture thereof. 25 4,

The et hod gf.clalned Anmgkﬁbg1%f E@gég%ynéh vegetable oil-modified

phenolic resin, comprising allowing a phenol to react with
5 a non-conjugated drying oil in the presence of a super acid

selected from the group consisting of a perfluorosulfonic

acid, a perfluorosulfonic anhydride and a mixture thereof

to form a phenol-added vegetable oil, and allowing the

phenol-added vegetable o0il to react with an aldehyde in the
10 presence of an alkaline catalyst under weakly alkaline

conditions to form a vegetable oil-modified phenolic resin.

2. The method as claimed -in claim 1, wherein the
reaction of the phenol-added vegetable oil with the
15 aldehyde is carried out in the presence of a phenol and the

= ' alkaline catalyst under weakly alkaline conditions.

3. The method as claimed in claim 2, wherein the
phenol used in the reaction of the phenol-added vegetable
20 oil is selected from the group consisting of phenol, a
cresol, a xylenol, catecol, resorcin. hydroquinone, an
octylphenol, a tert-butylphenol, a nonylphenol, bisphenol A

and a mixture theréof.

25 4. The method as claimed in claim 1, wherein the



26 reaction of the phenol with the non-conjugated drying oil is carrled out
in the presence of a xylene resin and the super aci c“l!ﬂl]l"ll]l“mlmumg
clainmed in claim1, whereinthe non- conjugated dryi d froﬁ;.
the group consisting of linseed oil, safflower oil, SoyBeah ofl,® sesane k
oil, perilla oil, henpseed oil, cotton seed oil and a mixture thereof t he
super acid is selected from't he group consisting of fluorosulfonic aC|d
fluorosul fonic anydride, trifluoronmethanesul fonic acid, trifluoro-

met hanesul foni ¢ anhydride, pentafluoroethanesul fonic acid,

pent af | uor oet hanesul f oni c anhydrlde hept af | uor opr opane- sul fonic aci d,
hept af | uor opr opanesul foni ¢ - anhydri de, éﬁgnafluorobutanesulfonic aci d,
nonaf | uor obut anesul f oni ¢ anhydri de, und f I uor opent anesul fonic acid,
undecaf | uoro- pentanesul fonic anhydride and a mixture thereof. 6. The

met hod as clained in claimb5, wherein the non- conjugated drying 0|I IS

ot ar ot her aof | HGEPR SR Pt Sl o S BroghB MR 00 ng

of trifluoronet haggasils Qi tl?é‘bl%sence ' xylene resin and the super acid.

5. The method as claimed in claim 1, wherein the non-
conjugated drymg oil is selected from the group consisting of
linseed oil, safﬂ'owgr oil, soybean oil, sesame oil, perilla oil,
hempseed .oil, cotton seed oil and a mixture thereoﬁ the super
acid is selected from the group consistin_g of fluorosulfonic acid,
fluorosulfonic anydride, trifluoromethanesulfonic acid, triftuoro-
methanesulfonic  anhydride, - pentaﬂuproeﬂnanesulfonic acid,
pentaﬂuofoethanesulfonic anhydride, heptafluoropropane-
sulfonic  acid,  heptafluoropropanesulfonic =~ anhydride,
nonafluorobutanesulfonic -. acid,  nonafluorobutanesulfonic
anhydride, unde.caﬂuoiope_ntanesulfonic acid, undecafluoro-
pentanesulfonic anhydride and a mixture thereof.

6.  The method as claimed in claim 5, wherein the non-
conjugated drymg oil is selected from the group consisting of
linseed oil, soybean Qil and a mixture theréof, and the super acid
is selected from fhe group cdnsisﬁng of 'triﬂuorpmethanesulfonic

acid.



1 trifluoronethanesulfonic anhydride, fluorosul fonic aci L Xt ure
‘thereof. 7. » The-method as clained in claimb, mher
NoR- eonj ugat ed dry| ng oil and the phenol are used in a no EI ﬂmljmtfm
dryrhg oil:phenol weight ratio of from2:8 to 6:4, and thex ,’”w
used in an amount of from1l to 0.01 part by melght per 100 parts by' weéi ght
of the non- conjugated drying oil. 10 8. The nmethod as clainmed in
claim7, wherein the phenol is selected fromthe group consisting of
phenol, a cresol, a xylenol, catecol, re&drcin, hydroqui none, an
octyl phenol, a tert-butylphenol, a nonylphenol bi sphenol A 15 and a
#¢m xture thereof, the al dehyde is sel ected fronlthe group consi sting of
f or mal de lin cetald af.ormal d de, .
exanet byt encFbiF P FaneRESAeRRELIRLe, RBhEoR 1 BB a BLHET pmditond cc st and
sel ect ed fron1t roup nsigting of amonia., trinethylam ne,

it

trlethylanlne am ne and a nixture t hereof. 9. The
nmet hod as clainmed in claim8, wherein the non-conjugated drying oil is
linseed oil or soybean oil, the phenol is selected fromthe group

consi sting ofgphenol, 2phe Heth880hs B18imeq! 1aNd18 1M B, UkBekR§neehe the
super acid is : _ _
5 non-conjugated drying oil and the phenol are used in a non-
conjugated drying oil:phenol weight ratio of from 2:8 to
LJ 6:4, and the super.acid is used in an amount of from 1 to
0.01 part by weight per 100 parts by weight of the non-
conjugated.dryihg oil. .
10 |
8. The method as claimed.in claim 7, wherein the
phenol 1is selected from the group consisting of phenol, a
cresol, a xylenol, catecol, resorcin, hydroquinone, an
octylphenol, a tert-butylphenol, a nonylphenol, bisphenol A
15 and a mixture thereof, the aldehyde is selected from the
group consisting of formaldehyde, formalin, acetaldehyde,
paraformaldehyde, hexamethylenetetramine and a mixture
thereof, and the alkaliné'catalyst is selected from the

group consisting of ammonia, trimethylamine, triethylamine,

20 triethanolamine and a mixture thereof.

9. The method as claimed in claim 8, wherein the
non-conjugated drying oil is linseed o0il or soybean oil,
the phenol is selected from the group consisting of phenol,

25 m-cresol, p-cresol and a mixture thereof, the super acid is



* C L M S * 28 selected fromthe group_consisting of
trifluoronethanesul fonic acid, trifluoronethanesul fonic anhydride and

fluorosul fonic acid, the aldehyde i s parafornmal de line ’f”
catalyst is amonia. 5 10. The met hod as cl M“m(llllgmmmr\/\Mer ei n
the reaction of the phenol -added vegetable oil wth*tHe &l d8hyde 4s carried
out in the presence of a phenol and the al kaline.catal yst under weakly

al kaline conditions. 10 11.. - The met hod as clained in claim 10,
~wherein the reaction of the phenol w th t28 non-conjugated drying oil is
carried out in the presence of 'a xylene resin and the super acid. 15 12.

A lam nate conprising a plural sheets of paper inpregnated with a cured

product of the vegetable oil--nodified phenolic resin prepared by the
met hod of 1cl asmiected from the groppe qopsikin®oL| ai m 12 further
conprising a sheet of netal foil on a side of the |am nate. The

| ami nate of clrELALESrofgdnenssudd ondicagisy qggﬁ}ﬂﬁﬁgmqqﬂqnqu}fonlc
anhydride and fluorosulfonic acid, the aldehyde is

paraformaldehyde, and th alkaline catalyst is ammonia.

10. - Thé.method as claimed iﬁlclaim 9, wherein the
reaction of the phenol-added vegetable oil with the \o/
aldehyde is carried out in the presence of a phenol and the
alkaline catalySt under weakly alkaline conditions.

10
i1. | The method as claimed in claim 10, wherein the
reaction of'the.phendl ﬁiﬁh the non-conjugated drying oil
is carried out in the pfesence of a xylene resin and the

- super acid.
15

12. A laminate comprising'a plural sheets of paper

impregnated with a cured product of the vegetable oil-

modified phenolic resin prepared by the method of claim 1.

20 13. The laminate of claim 12 further comprising a

sheet of metal foil on a side of the laminate.

14. The laminate of claim 13, wherein the metal foil
is copper foil.

25

h



* C L M S * 29 15. The nmethod as clained in claim 1,

wherein the non- cenjugated drying oil is selected fromthe group

congirsting of linseed oil, safflower oil, soybean oil, se ' '

oi | ;~*henpseed oil, cotton seed oil and a m xture ther eof mlmlmlllllﬂml I m
* [+ L M s *

, 29

15. The method as claimed in claim 1, wfnerein the non-
conjugated drying oil is selected from the group consisting of
linseed oil, safflower oil, soybean oil, sesame oil, perilla oil,

hempseed oil, cotton seed oil and a mixture thereof.



