7 FEBRUARY 2006 1 SPECI FI CATI ON Process for produci ng benzoxazine resin 5
Technical field This invention relates to a process for produgi a
benzoxazi ne resin having an oxazine ring. Background Art 10 s&ﬂﬁﬁﬂg%éRXFo%i
benzoxazi ne resin have been reported in Journal of Organic Chemstry (J.
Org. Chem, vol. 30, p. 3423 (1965) (aujhor; Burke), Japanese Provisional
Patent Publications No. 155234/1985, No. 177074/1985 and No. 47378/1974,
and Journal of Polyner Science Part A Polyner 15 Chemistry (J. Polym Sci.

Part A Polym Chem), vol. 32, p (authors; Ishida et al.)
According to these reports, as a %§ %ﬁ%§§%%gé%hod of a benzoxazine resin,

there are disclosed that (1) a nmethod in which formal dehyde is added to a

m xed sol utj_an of co oqﬂg 0] i ngli¢_hydroxyl group and a
primary an%ﬁgfe%f)%gr:ﬁiﬁu) %#Paﬁ%%agég%ggﬁo?%%gﬂydroxyI group is added to
a solution obtained by reacting a primary amne with form al dehyde and (3)

a net hod i i it d. nt hesi zed by a nethod of adding a m xture of a
prinarygan?ﬁ?mg%%aé fgﬁﬁﬁ%nolic hydr oxyl group to fornmal dehyde, and then,

renoving a reacflihds doivesiiiamd ebrdenstei anpnacesspfodupegdacingea tine of
synthesi s wadelxa MedUCEL {1 asSid 8y esxs henboLiRgd . condensation water and

the reaction solvent are renoved under a significantly reduced pressure 30
fromthe start, the tenperature of a reaction solution abruptly drops due to
heat depri wadxlyo@i@tddd zation of the water and reaction solvent, whereby
the tenperature of the reaction solution becones nuch |ower than the

softenthg poi nt S¥PELEART IR RFIEFFZ 1R TRFLNCRRES BPRReTEPRENERS
oxazi ne resnnJhasnQ tdrerospderc schethi sty ot bydr ophiehi ¢- vol. 30, p.

3423 (1965) (author; Burke), Japanese Provisional Patent
Publications No. 155234/1985, No. 177074/1985 and No.
47378/1974, and Journal of Polymer Science Part A: Polymer

15 Chemistry (J. Polym. Sci. Part A: Polym. Chem.), vol. 32,
p. 1121 (1994) (authors; Ishida et al.). According to
these reports, as a synthesis method of a benzoxazine
resin, there are disclosed that (1) a method in which
formaldehyde is added to a mixed solution of a compound

20 having a phenolic hydroxyl group and a primary amine, (2) a
method in which a phenolic hydroxyl group is added to a
solution obtained by reacting a primary amine with form-
aldehyde and (3) a method in which it is synthesized by a
method of adding a mixture of a primary amine and a

25 phenolic hydroxyl group to formaldehyde, and then, removing
a reaction solvent and condensation water produced at the
time of synthesis under a reduced pressure.

When the formed condensation water and the reaction

solvent are removed under a significantly reduced pressure

30 from the start, the temperature of a reaction solution
abruptly drops due to heat deprived by volatilization of
the water and reaction solvent, whereby the temperature of
the reaction solution becomes much lower than the softening
point of a synthesized resin. In this case, since a benz-

35 oxazine resin has neither water solubility nor hydrophilic-

ity, the viscosity of the reaction solution increases, so



ity, the viscosity of the reaction solution increases, so 7 FEBRUARY 2006 2
that stirring of the reaction solution becones inpossible angth t akes
enormous efforts to discard it. The present invention has bee FRRVARY 2006, ¢
these problens. A first object of the present invention is to 5 produce a
benzoxazine resin safely. A so, a second,object of the present invention is
to renpbve generated condensa- tion water and an organi c solvent with good
efficiency. Moreover, a third object of the present invention is to adjust

t he nol ecult%r wei. aght .of an: otbrgeairned benzoxgﬂglealo rggi n w.th

od .-
efficiency. RS £ FEENT St At et ST LT e2Cah IévBFopnrr‘Sﬁt %m&?g’%tl%elepr esent

i nvent or s, anldese prakdsmnafmdbe pfEserns tovénscardnihave been over cone
based on the nov findi d [ O 5:;Di sclgs f i nvention
The present inveﬁjtqeor?r}%e%%%eslr@(;é'%tgleq%?o%e%%%& %J(;))llrll e%?s%&)g ,&B%%gcess for
produci ng @rigdizmeazi e figsitn obdmpti Singhe2Prdrent epsvettiemct#ngoa phenol
corpoung, an A, dehyde Gom, Pound lﬁ%ﬂir? PLEORLY B OQ 1D LhE,PEeSEREEOf an

organic solvent to synthesize a zoxazi ne resin and renoving generated
condensat i &f \ditee P rasethel orepHd @0 sb$ vient r¢Revie adeneaatiedn copdeamaunder

heating ang i@ GAUGRI HELSHISrgAPi MNEE LI dh @ P eRSYLB4l BrERe k@Gt i on system
at the tinme of renoval is set g_{o 260 mmHg or higher. (2) The process of the
above (1), MAFECYET t Ife HHE AR Tt Phet PRI FHANEYIREATPFLO8et St 9 ess t han
260 Mg atadhet e ddiatcding twangn atef ea®f oBtaeAchi BBnAbXEUABeEXCEEdS a

30 mnjpal poi.nt and is hjgher, than a tenperature which is 10' C |ower than
She S0t § enia ot Yo Aib iARER he

As a result of earnest studies and developments by
the present inventors, these problems of the present inven-
tion have been overcome based on the novel findings
mentioned below.

15
Disclosure of the invention

The present invention relates to the following
contents.

(1) A process for producing a benzoxazine resin comprising

20 the steps of reacting a phenol compound, an aldehyde com-
pound and a primary amine in the presence of an organic
solvent to synthesize a benzoxazine resin and removing
generated condensation water and the organic solvent from a
reaction system under heating and a reduced pressure,

25 wherein a pressure in the reaction system at the time of
removal is set to 260 mmHg or higher.
(2) The process of the above (1), wherein the pressure in
the reaction system is set to less than 260 mmHg at the
time that the temperature of a reaction mixture exceeds a

30 minimal point and is higher than a temperature which is
10°C lower than the softening point of the benzoxazine
resin to be obtained, during removal of the produced
condensation water and the organic solvent from the
reaction system under a pressure of the reaction system

35 Dbeing set to 260 mmHg or higher.

(3) The process of the above (1) or (2), wherein an



resin to be obtained, during renoval of the produced condensation water and
the organic solvent fromthe reaction systemunder a pressure of the
reaction system 35 being set to 260 mrHg or higher. (3) The pﬁd@%ggu%BY@H@i
above (1) or (2), wherein an 3 adjustnent of a nolecular weight is carried
out by heating a reaction mxture at .,290.'0 to |ower than 100 C after
predeterm ned anounts of the generated condensation water and the organic
sol vent have been renoved 5 (4) The process of any of the above (1) to (3)

wherein the ..organic solvent is organi£.sol vent _whi.ch has_atfini. to
wat er . (5)aFH@%%PE%E%é’ofatW%}%%gg%r( ?fgﬁﬁe%giﬁafﬁéegrag%igyséfﬁt&eﬁi is an
or gani ¢ solavemtadtahamgniant ereocit opd ¢’ € enpetavarethad WdOhCwatéerof 60 to

100° C. Bes;orrg%%ﬁ:efr(?r{irf:éacf " Yh&Wh OUL £ D lal_» %gﬂ&}a@eh“égﬂﬁe LEE§RhL WAention, a
reacti on of "a phenol " conpound,” an al'dehyde conpound and a primary aerie is
15 carriedamdt the igr gaoTior desmbeenk thavéebeéehn| oainpyedeacti on formula. RS

“Ng, v 3 mheraldb &St aax%;‘?%ﬁ'“@hé NapBL,Eh (an aging,)or Qggr@izﬁs tHeen
renmoved froma primary am ne. 20 A phenol conpound to be used 1 n the present
i nventi on orgaRicorgsolien hal$ R o pfende | echyansxyhighobpsi RERANGRY HAdr ogen
i s banded tQ &l | east one of orthe positions of the hydroxyl group. For
exanple, there may be nentioned a nonofunctional phenol conpound such as

phenol , cresdl TS BEARDE ,o% B¢ uRRPYBNnAf) phBREF S¢BmSBENATSaER CasOL -
L- bi phenol ,veﬁﬂtsmb?% |c_>1°garbic§|p§'t€I1@ént F%@ﬁﬂn@héﬁh?ﬂ@bt§op@bd tamble@adh rfehenol
conpound such_.as a trigsphenol ¢ ound, a phenol -novoac resin, a
styren%gphéﬁ§m'8555?9ﬁ%€;£$4 _flggR%'B nmodi fi ed phenol resin, a
nel am ne- nodi fi ed phenol resin, a 30 xylylene-nodified phenol resin and a
blphenylen%gg¥mgg éif5¥m%g¥r§f§ér5ut the invention
In the present invention, a reaction of a phenol
compound, an aldehyde compound and a primary amine is
15 carried out in accordance with the following reaction

formula.

OH O N—R ]

—@ + r'-ws, + oHCHO — @

wherein R! is a residue in which an amino group has
been removed from a primary amine.

20 A phenol compound to be used in the present invention
is a compound having a phenolic hydroxyl group in which
hydrogen is bonded to at least one of ortho positions of
the hydroxyl group. For example, there may be mentioned a
monofunctional phenol compound such as phenol, cresol and

25 xylenol, a bifunctional phenol compound such as biphenol,
bisphenol A, bisphenol F and bisphenol S, and a polyfunc-
tional phenol compound such as a trisphenol compound, a
phenol -novolac resin, a styrene-phenol copolymer, a xylene-
modified phenol resin, a melamine-modified phenol resin, a

30 xylylene-modified phenol resin and a biphenylene-modified
phenol resin.

As an aldehyde compound to be used in the present



As an al dehyde conpound to be used in the present 7 FEBRUARY 2006 4

i nvention, there may be nentioned, for exanple, formalde- hyde, r e
al dehyde conpound such as benzal dehyde, and a m xture thereo?.l‘ﬂ‘%rsiuf‘sr1lg{;%6d‘S

al dehyde compound, formal de- hyde is preferred. Fornal dehyde may be used in
the formof 5 formalin or paraformal dehyde. As a primary am ne to be used
in the present inven- tion, there may be nentioned, for exanple, an

al i phatic am ne such as nethyl am ne, ethylam ne and propyl am ne, and an

aromati ¢ amine such as_.aniline, .toluidjne ni si di ne 10 phenyl.enedi am ne,
di ani nodi phahA e N R AT FOdIes BhES T of Ror SXPRPIRe AoETERAS
i nventi on, hanid,i reen isronparic cal dehydeoredepabhy ssed asovbgnizhdsehysteeri al s.

To synt hesiz be ine resin, it J.s Sj.r e to y i
reaction ofantednga P lgﬁto cogr%lp%lfjené, ) prllesmalﬂrhye %gdaerﬁ%ﬁ&ee acn%m%(ﬁ%ﬁydgg%gérggﬁnd
pref erabl y hndeusisngprkferred. 2 Fonglad dahorde mreef drablyed. ¥5 thelformob$ of

the pripgary ] E:;g;l PP?’F’P i ¢ hydroxyl group of the phenol com
pound, gﬁd fﬁ?ﬂ‘%ﬁ%ﬁ? . atingZH?%_ no s%é more preferably 1.8 to 2.2 nols of
t he al dehyde conmfcurid RFdmaiy afinhetprieraisge@0imnthe. pSeaed tt RavVEeni-nary

amne is lighje 1o, MR RANS Rii{Wndde FEACLLONp1aL T QAL QN piast be paid to
reduction in _ the anount of the primary amne in a reaction System
Further, widhH e rSeidt i%h YUt aBIne heS PRY haR{RanfRe Prepytesigfal Rndhart of

pﬂenol [ chhyadur ROEmD iU R Be tél}gcll?Sa@fwfgpiiﬁﬁnp_@@mldiaeﬁai,naﬁu@ri@aglteed,p _slo

t hat suc propertles .as curapjlit n nechani ca strengt, can e easlly

i nprovedl. RSP SDARARR i odrﬂ%fhb%?] l%li‘e?ihjem%wﬁ’éﬁyaaﬁi ¢aminoddsy 54

menti oned agnd;]l astjniest nenh amheé garigedlt dfnvdigsion properinesisan be carri ed

out easily. T & sSane as arbo 8. 3;:0][ canséo(ﬁ a 1|1i eg al so tg tq%lgl dehyde
conpound. = R8T FHgaic T VErtP1h bedsdlrh theShr B8&SE :

To synthesize a benzoxazine resin, it is desirable to

carry out the reaction of the phenol compound, primary

15 amine and aldehyde compound preferably by using 0.5 to 1.2
mols, more preferably 0.75 to 1.1 mols of the primary amine
per mol of a phenolic hydroxyl group of the phenol com-
pound, and preferably 1.7 to 2.3 mols, more preferably 1.8
to 2.2 mols of the aldehyde compound per mol of the primary

20 amine. Since the primary amine is liable to evaporate
during the reaction, attention must be paid to reduction in
the amount of the primary amine in a reaction system.
Further, when a reaction amount of the primary amine
becomes small, part of phenolic hydroxyl groups of the

25 phenol compound remains unreacted, so that such properties
as curability and mechanical strength can be easily
improved. When the formulation amount of the primary amine
is set as mentioned above, adjustment and control of these
properties can be carried out easily. The same as above

30 can be applied also to the aldehyde compound.

As an organic solvent to be used in the present
invention, there may be mentioned, for example, an alcohol
type solvent such as methanol and ethanol, a ketone type
solvent such as acetone, methyl ethyl ketone and methyl

35 isobutyl ketone, an ethylene glycol type solvent such as

ethylene glycol monomethyl ether and an aromatic type



invention, there may be nentioned, for exanple, an alcohol type solvent
such as nethanol and ethanol, a ketone type solvent such as ,

et hyl ketone and nmethyl 35 isobutyl ketone, an ethyl ene glycoﬁggéﬁﬁﬁg%?gé
such as ethylene glycol nononmethyl ether and an aromatic type 7 FEBRUARY
2006 5 sol vent such as toluene. O theseg an organic solvent having an
affinity to water such as an al cohol type solvent, ketone type solvent and
et hyl ene glycol type solvent is preferably used. Here, the ternms of having

an 8 31T LI I Ly TRAN B, 819N 5r SOIVEN! b D LOLIS o8 unkf O

sol ution when mX n"a ra e organic
sol vent tohﬁMxng(ﬁnEBﬂElﬂiﬂYh@¢,waherosgahlessehvehp0haﬁlMynﬁlazeotroplc

tenper at ur & gy a0l AL 001 PLERCLAEO10CCAL LAYRIL S et erably

used. Of 10 these organi c_solvents having an affinity to water, nethanol
and et hyl %ﬂnﬂﬁnﬂ«ﬂﬂnni%ﬁ%f%hlya%$éd5|rﬁﬁrqhe?heatérmﬁeﬁéehéVvégaﬁé have an

azeotropi ¢ dEMRAIE; WE Yiddr NOLEraM 5P§Qniées8'i6feﬁ'i:r GHiANGR &S @ reaction
tenperature. The organic solvent is preferab é used in an anount of 25 15
8

to 80% by Walidirmh kPR Heh g bre€ hiel ERavgearambunat Taftior dweidtdrials to

be reacted.rddidhhepmudtofate 96838h¢e t80LYEBL bg oA SsMaLkthtke an
Vi scosi ty of a reactl on sol ution i Nncr eases, ther eby i ncr easi nq}ﬁ:tl rri ng

stress, whid%gamq tsoheenb 3% e, a’i‘taF%Régongrée@ﬁérrﬁiu&ﬁd i

r ermval 2Q>ﬁafetoe'rc tdre Hiepcd + Oflo fo@e@zoxazw@rr €8l pred@erle1pr adweed by the
foll owi q%?ner Raw mat eri a into a reaction solvent in an
at e

appr op %ﬁﬂorgﬁqﬁﬁi%?lv?%gitP%“l?% ﬁﬂ %gngéFHl&o ¥8te&acti on,
attention mesthdrelpanl troe iy Bbetipyli keteasearn Bempababuméncereﬂﬁnably,

after a phenol GOIROUKLJS & 190LVEH LPedP-Op9RNLEnRRlURMLe 1 @) dehyde

conpound isa
water within the preferred range as a reaction temperature.

The organic solvent is preferably used in an amount of 25
15 to 80% by weight based on the sum of the charged amount of
raw materials to be reacted. 1If the amount of the organic .
solvent is too small, the viscosity of a reaction solution
increases, thereby increasing stirring stress, while if it
is too large, it takes extra energy and time for removal
20 after the reaction.
A benzoxazine resin can be produced by the following
manner.
Raw materials may be mixed into a reaction solvent in
an appropriate order. Since the reaction is an exothermic
25 reactibn, attention must be paid to an abrupt increase in
temperature. Preferably, after a phenol compound is dis-
solved in an organic solvent, an aldehyde compound is added
to the mixture, the resulting mixture is stirred well, and
then, a primary amine or a solution obtained by dissolving
30 a primary amine into an organic solvent is added dropwise
to the stirred mixture in dividing into several times or
continuously. The speed of dropping is a speed such that
bumping does not occur. Further, when the reaction is
carried out under reflux, reaction temperature conditions
35 can be stabilized with ease.

A reaction temperature is preferably 60°C or higher,



to the mxture, the resulting mxture is stirred well, and then, a primary
am ne or a solution obtained by dissolving 30 a primary am ne_i tB

organi ¢ solvent is added dropwise to the stirred mxture in 3#1 gﬁ‘ﬁ‘rghﬁfﬁ?‘%?
several tinmes or continuously. The speed of dropping is a speed such that
bunpi ng does not occur. Further, when thg reaction is carried out under
reflux, reaction tenperature conditions 35 can be stabilized with ease. A
reaction tenperature is preferably 60C or higher, and it is preferred to

carry out at d;let ref ux, % rcea%); the sok__v%plt Q o Imetlo uoxtethe
reacti on call be con: |rrre e“fest dmount o unreacet &t A

materi ai s d%rtrsa(&mpll\eent he) remmmummmmteeedeaothencoarpl @Ee@torf: when
99% t t
or DT &4 en{aq Jfoér?é'ch‘ée é@é‘g\f%xﬂguﬁg‘ég@ uflked REGTRLY, LS | ee%'dl, s

react ed corrp]1 S reac Feaction had been conp
condensat i gior wa'taelrplgﬁe,netﬂae edeattibr ipneonkidpmeldesios b@nd:CtﬂtIelaﬂegiani c

S0l vent sar A od mofe o QNEROLERLE D UBIRE Fokodypsth LG pressure s

carried ou ere enzoaX_aZI _ne resin can obt ai ne
concent r at |mmﬁmerarmm€eddwd breksurearsedarpinpdetedty drderednad ng. The

pressure of the el ohsYsd£misn ﬁ&& BeeHecgﬁ 1%@9 Ol S N the
reduci ng degree of 15 pressure is too nper at ure of t he reaction

sol uti on abfajsd ﬁ%%‘iﬁt%da'be’é}éﬁe’él%cﬁgl 8MBFh?ﬁ&ﬁ fRE 6T ARG Doi nt  of

a benzoxazigia deHre 4051 Fehdvde@, obt ai neeoncéhwatsbﬂcan@eberazw@aﬂd@atype
resin |s not di ssolved in cﬁer easi*gﬂsa{;d a e amgunt of water renains
in thel80 RFERTUE bt AT ST PWFs ¥ ¥Ynhé FE B¥RAY G G 1t i Dn
sol uti on betarawsnddo hi gh, whereby the reaction solution is liable to

becone i npossi bl ﬁf Ho sotnl rené/glaenlon n& edum ng degr.ee _of ressure i S, {0 | ow,
it takes too nuc e 10 {1RIChnAchS AP FoR RAFEF ARd e rgant ¢ ~.

out under heatlng. The pressure of the reaction system is
set to be 260 mmHg or higher. When the reducing degree of

15 ©pressure is too high, the temperature of the reaction
solution abruptly drops and becomes much lower than the
softening point of a benzoxazine type resin to be obtained.
Also, since a benzoxazine type resin is not dissolved in
water easily and a large amount of water remains in the

20 reaction solution at this time, the viscosity of the
reaction solution becomes too high, whereby the reaction
solution is liable to become impossible to stir. When the
reducing degree of pressure is too low, it takes too much
time to remove the condensation water and the organic

25 solvent. A benzoxazine type resin obtained by the reaction
has self-curability. Thus, to prevent the softening point
or molecular weight of the benzoxazine type resin obtained
by the reaction from changing due to the progress of self-
curing of the benzoxazine type resin, the temperature of

30 the reaction solution being concentrated under a reduced
pressure 1s particularly preferably not higher than 100°C.

In the present specification, the softening point of

a benzoxazine resin obtained at the time that the conden-
sation water and the organic solvent are removed completely

35 (or when no solution is flown out) is referred to as "the

softening point of the benzoxazine resin".



25 sol vent. A benzoxazine type resin obtained by the reaction has
self-curability. Thus, to prevent the softening point or nol gm g@}
of the benzoxazine type resin obtained by the reaction from 3{%% %o
t he progress of self- curing of the benzoxazine type resin, the tenperature
of 30 the reaction solution being concengrated under a reduced pressure is

particularly preferably not higher than 100'C. In the present
specification, the softening point of a benzoxazine resin obtained at the

tiinme that the cqpden- , satio r and_th rganic sol vent. ar ved
completely 35 (%%etnh%ocos% %I\E'Ai@%ﬁllolg Y?%\?v% gﬁg itéer éfgra(r%ég t%c?eigéa%r}?he
sof teni ng poietregfotdd bedeoxtlzé neboesi nONdI tWoes,t ltbec gredertsam on wat er and

the organi o oQlVell afLe {EHONEHHO0Pho LIS BRAVECARILLT QR of B feact ion
sol uti on does no econe IHDOSSI% e to stir, and a benZz- ~oxazine type
-resin can dreapiroeutyrk sa¢ely . ¢omeher profinced 5atfkd yredievagedegsascef _
presssuee 'éhé M qhd i fKESGFRENGE esEErQrQQUQ%wt,h%tbec%%aHu'?:% liRke resin.
To inmprove this, It Is pre?erred that the pressure of the reaction systemis
adj ust ed t o-? eP MM UIBS hem>udzanporkper ea6val- ofo iRBrevAdER3EL| e wat er

and teh organiorsplvend pProceededptossiPeacterhal B edednies HStdesyd bed
anove, at the tinme_of starting renoval of the condensation water and the

organi ¢ soldBHstedet? ehgsperdrlyr €6 BfMPHE REadt POANSoMR ok SOWers %dnce, and
as the renaad nddesLoOnEiensat & pnanat eheabdghie cOL@aAReR tS@lreriie a0 aaedS,

the tenperature of the reaction solution increases. That is, a mnimal point
(R exEBts 3 FHPIRISRIOTShi p between tine (horizontal axis) and the tem
perature (verticals axdsgriied hebseactaontsel uiimenof TBitarmingnalempeiant i s
often equal,to,or |over, Lhan, the. oLt §RENInROLRLALTE 013 R8 12 PIR7 LG, F esi n.
perature of the reaction solution lowers once, and as the
removal of the condensation water and the organic solvent
15 proceeds, the temperature of the reaction solution
increases. That is, a minimal point (R) exists in the
relationship between time (horizontal axis) and the tem-
perature (vertical axis) of the reaction solution. This
minimal point 1s often equal to or lower than the softening
20 point (8) of a benzoxazine resin.
With regard to a time period at which a reducing
degree of pressure is made large, if it is adjusted too
early, the bumping of the reaction solution occurs and the
temperature of the reaction solution becomes too low.
25 Therefore, it is preferred that the pressure of the reac-
tion system be set to a reduced pressure less than 260 mmHg
when the temperature (A) of the reaction solution has
reached a temperature higher than the temperature 10°C
lower than the softening point (S) of a benzoxazine resin,
30 more preferably 5°C [at (S-10)'C, more preferably at (S-
5)°C], and after passing the above minimal point (R). The
time period at which the pressure of the reaction system 1is
set to less than 260 mmHg may be anytime as long as the
above conditions are satisfied. However, the setting is
35 preferably made at the point that the above conditions are

satisfied or within a time period not so late from the



Wth regard to a tine period at which a reducing degree of pressur eis nade
large. If it is adjusted too early, the bunping of the reactign SRIH§ﬁ99006
occurs and the tenperature of the reaction solution becones t W.
Therefore, it is preferred that the pressure of the reac- tion system be set
to a reduced pressure |ess than 26% nmidggwhen the tenperature (A) of the
reaction solution has reached a tenperature higher than teh tenperature of

| ower than the softening point (SO of a benzoxazine resin nore preferably 5
C (at (5-1 ef er at 5 and af t ng, ve

ni ni mal pm%ﬁ gt ?rraegperl 5478 )CW%I % e S elsssulreed of ﬁéoru dction
systemis szdmscnbltesBrenamrQGDfrmhlg naycbeoan)stwsruenaaﬁ arig asineheofabove
condi tions % i fe A at the
poi nt t hat e A Ot%@%%ﬁdl%QgﬁsﬁéggEggt??% ggrﬁﬁﬁ{ﬁ1n gpﬁiﬁggggrlod not so
| ate from tiespohhe. t bae phesaboeecfotiliet reastdon satsitsfni ds. oY efrAfl Y
absol ut g Pressuis plsdnenifaghh ORnfySEEBAknbNG /Boitfe SONGRII AN under
reduced pressure. may tie as |, aS "possible, the pressure of the reaction
systemis prlefiehengysosetheollibss than 160 mHg from the vi ewpoint of

operation eff'¢'ﬁﬁ@¥é6¥téﬂ§n% BélnIhQS§OEEeQ'BQnQ%&%E:&ﬁD:ﬁgsf% Ranzoxazi ne
duced by the process of the ove Fti) 1s Vb e sss as that of a bent c ar?

m.E- 7AS Tiuged -RASER® RXQCEFY QéQEBéuaBDVe~ (& 16 a?H@\Pest( Hhe Famg he
concentratl&murwﬂraabéleﬁbza_m&e ¥e5€8Sbk¥duced By thd Yl oe.dgdtt cif

U

a can b rollgd by use of the self-curability of t::e resin. To do so,
the uel Yeans.». ~ s :-nuss 15 a heating tenperature of
preferably ti) CAfxdr tmanc0689nt€htiﬁnrgnﬁérGEGEQHMEﬁd:%Méaﬁnﬁh%fiﬁdl,_ t
Qi~e 'l%?é%égf%'s Iom?f th ecu&é% QEibg%r%%S% %%n%%y%zfﬁ%x¥ggfh

can be controlled by use of the self-curability of the
resin. To do so, the benzoxazine resin is heat-treated at
15 a heating temperature of preferably 100°C to lower than
130°C, more preferably 100 to 125°C. 1If thé heating tem-
perature is lower than 100°C, increase in the viscosity
becomes slow, while if the heating temperature is 130°C or
higher, reactivity is so high that the viscosity becomes
20 difficult to control. 1In particular, when the benzoxazine
resin is used in a laminated plate, the melt viscosity at
125°C of the benzoxazine resin is particularly preferably

adjusted to be within a range of 3 to 10 poises.

25 Examples
In the following, the present invention will be
described in more detail with reference to Examples.
Example 1
Into a S5-liter flask equipped with a thermometer,
30 stirrer, cooling tube and dropping device were charged 1040
g of a phenol-novolac resin having a number average mole-
cular weight (measured by use of a calibration curve of a
standard polystyrene in accordance with a gel permeation
chromatography method) of 400 and 560 g of methyl ethyl
35 ketone, and the mixture was dissolved by stirring. Then,

600 g of paraformaldehyde was added to the mixture. Under



becones slow, while if the heating tenperature af16- higher, reactivity is
sa tsigts tttat ttte rc7f5c, tt]- trees 20 difficult to contrg
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was 120°C), the resin was taken out and placed in a tray.
The softening point of the resin was 115°C, and its melt
15 viscosity was 40 poise or higher at 150°C. Incidentally,
the temperature of the reaction solution at the minimal
point (R) was 52°C.
Example 2
Into a 5-1liter flask equipped with a thermometer,
20 stirrer, cooling tube and dropping device were charged 1140
g of bisphenol A and 900 g of methyl ethyl ketone, and the
mixture was dissolved by stirring. Then, 1622 g of a 37%
formalin solution was added to the mixture. Under stir-
ring, 931 g of aniline was added dropwise to the mixture
25 over one hour. The temperature of the reaction solution at
this time was 81°C. Thereafter, the reaction solution was
allowed to react for 7 hours under reflux (80 to 82°C).
Subsequently, the reaction mixture was started to undergo
concentration under a reduced degree of the pressure at 360
30 mmHg under heating. The concentration was continued while
keeping this reduced degree of the pressure, and, at the
time when the temperature of the reaction mixture reached
85°C, the reduced degree of the pressure was raised to 90
mmHg. After confirming the absence of effluent (the melt-

35 ing temperature of the resin at this time was 100°C), the

resin was taken out and placed in a tray.



15 viscosity was 40 poise or higher at 150'C. Incidentally, the tenperature
of the reaction solution at the mnimal point (R) was 52'C. Exanple 2 Into
a 5-liter flask equipped with a thernoneter, 20 stirrer, coolﬂﬁ63 Y4¢po
droppi ng device were charged 1140 g of bisphenol A and 900 g of nethyl

ethyl ketone, and the m xture was dissglyed by stirring. Then, 1622 g of a
37% formalin solution was added to the m xture. Under stir- ring, 931 g of
ani | ine was added dropwi se to the m xture 25 over one hour. The tenperature

of the reaction solution at, this, tjne s 81' C., Thereafter, the r.eaction
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pressure, &ndc.at the tinme when the tenperature of the reaction mxture

reached. 85'C, tQ@ r%ﬂggqp degree of the pressure was raised to 90 nmHg.
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Af ter c%nfirning e rabsence of effluent (the nelt 35 ing tenperature of the

resin at this tifmteas T0AiCer thkaskestnipmgdtukeh suthemtopledead in a
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and its nelt viscosity was 2.5 poise \12°"C)” "one ture of the reaction
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were charged’ g of bi'sphenol A and 920 g of nethanol, and there was
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par af or mal delikde d Adilers Stid rimg, mOeb@re obvant bhit Bbu¥as The tempera-

ture of the reaction solution at this time was 79°C.
Thereafter, the reaction solution was allowed to react for
7 hours under reflux (78 to 80°C). Subsequently, the reac-

15 tion mixture was started to undergo concentration under a
reduced degree of the pressure at 360 mmHg under heating.
The concentration was continued while keeping this reduced
degree of the pressure, and, at the time when the tempera-
ture of the reaction mixture reached 85°C, the reduced

20 degree of the pressure was raised to 90 mmHg. After con-
firming the absence of effluent (the melting temperature of
the resin at this time was 100°C), the resin was taken out
and placed in a tray. The softening point of the resin was
76°C, and its melt viscosity was 2.7 poise (125°C). The

25 temperature of the reaction solution at the minimal point
(R) was 70°C.

Example 4
Into a 5-liter flask equipped with a thermometer,

stirrer, cooling tube and dropping device were charged 1000

30 g of bisphenol F and 920 g of methanol, and the mixture was
dissolved by stirring. Then, 652 g of paraformaldehyde was
added thereto. Then, 930 g of aniline was added dropwise
over one hour under heating. The temperature of the
reaction solution at this time was 79°C. Thereafter, the

35 reaction solution was allowed to react for 7 hours under

reflux (78 to 80°C). Subsequently, the reaction mixture



added dropwi se to the m xture over one hour .The tenpera- ture of the
reaction solution at this time was Thereafter, the reaction on
allowed to react 7 hours under reflux (78 to 81 C~ . Subsequei%&t%qp\;\?@a?c-
15 tion mxture was started to undergo concentration under a reduced degree
of the pressure at 3 ,6,0 nmHg under heat;i ng The concentration was
continued while Keeping this reduced degree of the pressure, and, at the

time when the tenpera- ture of the reaction m xture reached B5 C,. the
reduced 20 degree of the pressure was rajsed.to 50 myg. After con: firmng
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sol ution reached 90C th% reduced degree of the pressure was raised to 90
mHg. After confiPYAR}S e

A resin was synthesized and concentrated under a
reduced pressure according to the process of Example 3.
15 Thereafter, the internal pressure of a flask was returned
to normal pressure. The melt viscosity of the resin at
this time was 2.7 poise/125°C. Subsequently, the resin was
heated at 100°C for 3 hours and then cooled. The melt
viscosity of the resulting resin was 4.0 poise/125°C.
20 Example 6
A resin was synthesized and concentrated under a
reduced pressure according to the process of Example 3.
Thereafter, the internal pressure of a flask was returned
to normal pressure. The melt viscosity of the resin at
25 this time was 2.7 poise/125°C. Subsequently, the resin was
heated at 110°C for one hour and then cooled. The melt
viscosity of the resulting resin was 4.0 poise/125°C.
Example 7
In the same manner as in Example 1 except for
300 changing the pressure at the time of concentration under
reduced pressure to 280 mmHg, synthesis of a resin and
concentration under reduced pressure were carried out.
Thereafter, the internal pressure of a flask was returned
to normal pressure. The physical properties of the resin
35 at this time were the same as in those of Example 1.

Incidentally, the temperature of the reaction solution at



absence of effluent (the nelting tenperature of the resin at this tinme was
100C), the resin was taken out and placed in a tray. The softeni n% Qi nt of
the resin was 78C, and 10 its nelt viscosity was 3.0 poise (1@5 R 2006
tenperature of the reaction solution at the mnimal point (R} was 72C
Exanple 5 A resin was synthesized and _cgpcentrated under a reduced pressure
according to the process of Exanple 3. 15 Thereafter, the internal pressure
of a flask was returned to normal pressure. The nelt viscosity of the resin

at this ti was ,2. oi,se/ 125C. Subhsequently, the resin was heated at
100C for StH%uF%néﬁ'&zt %é’ﬁng:oo(l%zd.waﬁg’s%g#lt viscosity of the resulting resin
was 4.0 poise/ 1286GmpaGaExarplBxampA & €@si n was synt hesi zed and concentr at ed

under a reduced.pressure.accaordi.ng.to the process of I
Thereafter, the Fﬁtteor ﬁals'ﬁrlcets?su%lel okaec‘mlap em%lt%et%r%%rm?rgeﬁ%¥hal
pressure. Fhermelt woeddgiat yudfe tdred rasipp g 28etids verme ehsrg@ed 1040
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Exanpl e 7 Enlehle wedgdtnmind0OCasiridh 56l &f Ineideebteflyl 30etenangtng t he
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synthesis of a resin and concentration under reduced pressure were carried
out. Ther édfledr 16@Re gi Pfernadl” pricygialel bfs@ ¥ ek wdhdet ek itD nor mal

pressure. 3he Bhysi Gali 1RNRP&SEd edq tdiogesid 85 @te thiSthi8EoveECohRE sane
as in those of Exanple 1. Incidentally, the tenperature of the reaction
sol utibh afoPTFEBRIRRYe®BBE2LUTS Oofh&hg FieRgtipd Mo imL Bdd s

Conparati veim¢amalse 8L °c. Then, the reaction solution was allowed to
react for 7 hours under reflux (80 to 82°C). Thereafter,
the reaction mixture was started to undergo concentration
under a reduced degree of the pressure at 210 mmHg under

15 heating. The viscosity of the reaction mixture increased
during reducing pressure, and eventually the reaction
mixture became impossible to stir.

Comparative Example 2
Into a 5-1liter flask equipped with a thermometer,
20 stirrer, cooling tube and dropping device were charged 1140
'g of bisphenol A and 900 g of methyl ethyl ketone, and the
mixture was dissolved by stirring. To the mixture was
added 1622 g of a 37% formalin solution. Under stirring,
931 g of aniline was added dropwise to the mixture over one

25 hour. The temperature of the reaction solution at this
time was 81°C. Then, the reaction solution was allowed to
react for 7 hours under reflux (80 to 82°C). Thereafter,
the reaction mixture was started to undergo concentration
under a reduced degree of the pressure at 210 mmHg under

30 heating. The viscosity of the reaction mixture increased
during reducing pressure, and eventually the reaction
mixture became impossible to stir.

Comparative Example 3
A resin was synthesized and concentrated under a
35 reduced pressure according to the process of Example 3.

Thereafter, the internal pressure of a flask was returned



Into a 5-liter flask equipped with a thernonmeter, stirrer, cooling tube and
dr oppi ng device were charged 1040 5 g of a phenol -novol ac re

nunber average nol e cul ar wei ght of 400 and 560 g of nethyl fh@?ﬂgﬂ’e&
and the mxture was dissolved by stirring. To the m xture was added 1622 g
of a 37%formalin solution. Under stirrijng,. 931 g of aniline was added
dropwi se to the m xture over one 10 hour. The tenperature of the reaction
solution at this tine vvas 81C Then, the reaction soI ution was allowed to
react for 7 hours der re ('Ig“h Ther eaf gr t he reactlon
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pressure at 210 mrHg under 30 heating. The viscosity of the reaction mxture
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Test Example
15 A resin was synthesized and concentrated under a

reduced pressure according to the process of Example 3.
Thereafter, increases in heating temperature and melt
viscosity were examined. The results are shown in Table 1.
It is understood from Table 1 that when the heating
20 temperature is lower than 100°C, an increase in melt
viscosity is slow, while when it is 130°C or higher, an
increase in melt viscosity is significantly accelerated,

thereby making it difficult to control the melt viscosity.

25 Table 1
Melt viscosity
Heat treatment increased rate (/h)
temperature (Viscosity measured
at 125°QC)

80°'C 0.1p

100°C 0.4p

110°C 2p

120°C 7p

130°C 24p




7 FEBRUARY 2006 - 13 to normal pressure. The nelt viscosity of the resin at
this time was 3.0 poise/125C. Subsequently, the resin was heated at 80C f

10 hours. The nelt viscosity of the resulting resin was 4.0 ?)EFQBPH@@OOQ
Conpar ative exanple 4 In the same manner as in Exanple 1 except for

changi ng the pressure at the tine of congentration under a reduced pressure
to 240 mmHg, synthesis of a resin and concentration under a reduced
pressure were carried out. 10 However, simlarly to Conparative exanple 1,

t he vi sc05| .of th]g reacti on 4 m;ture i ncreased during reducing pressure,
and eventu VAP i bh MREEFEY became i npossible to stir. Test Exanple
15 Aresin Was sytdres ized mdthanpea‘seatednuadenoa taedxm«bmrzasmjre
accor di ng txoeégn c‘%{ Cbes P&d@%ggpégfél Iﬁﬁrgés 53585, N heating

t enper at ur e an RS y were examn 'T'hé’ res %s &g shown in
Tabl e 1. Itpn®thr®unvdgftbm Fabfiectiohabfwhbe tiesimeat Rhgo,2@ckcerder at ure
is |oweg t S i ghen it is
130C or h| gq{ébr qbg%h(?rr}é%%é%@ §nbg?%é§scés?:§;ﬂ/§| é‘%ﬁé‘m fr%\(lzgalr?wyérgccel er at ed,
t her eby rraléilﬁgiqqefbllﬁﬂ:@i@n'@bycoml@oth@héoﬁﬁpvlﬁlrs@@glgwi of5 fﬂ'eﬁall%esllwblt
viscosity Heal gd P@éﬁ@fﬁlié‘&@@é@ga{iéiﬁ bihhekBEPRFALWLE( VI ReASidnt Measur ed

at 125C) 80C0.1p 100C0. 4P
carried out after completlon of the reaction.



120C7p 130C24p 7 FEBRUARY 2006 - 14 Uilizability in industry According to
the present invention, a benzoxazine resin can be produced safely and
easily without any problems during the production of the rediFFBRAARY 2006
accord 5ing to the present invention, a benzoxazine resin can be produced
efficiently, and the nol ecul ar meight:ﬁg the resin can be controlled

accurately by neans of heat treatnent ~“carried out after conpletion of the
reaction. 7 FEBRUARY 2006 -15 Clainms: 1. A process for producing a
benzoxazine resin conprising the steps of reacting a phenol conpound, an

al dehyde canmpeund and a primary amne in the presence of an organic sol vent
to synthesize a benzoxazine resin and renoving generated condensation water
and the organic solvent froma reaction system under heating and a reduced
pressure, wherein_a pressure . in the reaction systemat the tine of renova
is set to l260 (r:Anﬁd:oc?%sﬁ g Ter ,pré)r#dml\f\}?e%eibr?qﬁoe apzrlg-lsesurreeéllrh the reaction
system i s sgiprti@iles s Hhant 260 girHgaadt itrfie 4 ipreridiatcdndrehpesrat ure of  a
reaction m._xture exceeds a mninmal point and is higher than a tenperature
which is POCIRS QATRPUIE B teMgePoidR it The e PBE1 R Yfsin to be

obtai ned, urdng fiemaalyfe the Rradiead Londensanion yatals andde  organic

solvent fromthe reaction system’under a pressure the reaction system
bei ng set rtemcGMhamyidgenra tridyhemdehsafhierpredess aact ortd mrdaniC ai m 1
wherein a ns o l%dein%s tfr}%rr]ﬁ[ aO fr ea}a crEDll oenC usl yasrt eV\mle iLglrge rI ﬁlecaa}:rirrilge danoéJ ta by
reduced pressure,
wherein a pressure in the reaction system at the
time of removal is set to 260 mmHg or higher, and
wherein the pressure in the reaction system is set
to less than 260 mmHg at the time that the temperature of

a reaction mixture exceeds a minimal point and is higher
than a temperature which is 10°C lower than the softening
point of the benzoxazine resin to be obtained, during
removal of the produced condensation water and the
organic solvent from the reaction system under a pressure

of the reaction system being set to 260 mmHg or higher.

2. The process according to Claim 1, wherein an
adjustment of a molecular weight is carried out by
heating a reaction mixture at 100°C to lower than 130°C
after predetermined amounts of the generated condensation

water and the organic solvent have been removed.

3. The process according to Claim 1, wherein the
organic solvent is an organic solvent which has affinity

to water.



heating a reaction m xture at 100C to | ower than 130C after predeterm ned
anounts of the generated condensation water and the organic sol vent have
been renoved. 3. The process according to Claim1, wherein th%FEEBHéHiYCZO%
solvent is an organic solvent which has affinity to water. 7 FEBRUARY 2006
-16 4. The process according to Caim 36 wherein the organic solvent is an
organi ¢ sol vent having an azeotropi c']te?rperature wth water of 60 to 100C.
5. The process according to Caim3, wherein an adjustnment of a nol ecul ar
weight is carried out by heating a reaction mxture at 100C to | ower than

130C af t erg pr edgiergiHeds anpard 83 ohg the @ENAH al edycondensahbon  water and
t he organi c sol vent have been renoved. 6. The process according to Caimb5,

wher ei n t hergdtiyarsel solveht &8 ergarjaniel solvemviagi dg an  azeotropic
tenperature with water of 60 to 100&3 7. The#)rocess according to Claiml,
wher ei n t RPEArPEmT SR 1S sBH et 84 FT ot the §r ot Consi sting of

nmet hanol and net hyl ethyl ketone. 8. The process according to Claiml,
wherein the reaction systemis heated to a tenperature not higher than
100C duri ng. saithe emydegs gehedrad Bao condehsati Dn whetreinaad t he organic

| vent . . . . .
sol vent adjustment of a molecular weight is carried out by

heating a reaction mixture at 100°C to lower than 130°C
after predetermined amounts of the generated condensation

water and the organic solvent have been removed.

6. The process according to Claim 5, wherein the

organic solvent is an organic sclvent having an

azeotropic temperature with water of 60 to 100°C.

7. The process according to Claim 1, wherein the
organic solvent is selected from the group consisting of

methanol and methyl ethyl ketone.

8. The process according to Claim 1, wherein the
reaction system is heated to a temperature not higher
than 100°C during said removing generated condensation

water and the organic solvent.





