" ; noe3egd6TCGS SPECI FI CATION Process for produci ng benzoxazine resin 5
Technical field This invention relates to a process for producing a

. benzoxazine resin having an oxazine ring. Background Art 10 Syntheses
benzoxazi ne resin have been reported in Journal of Organi mmm"ﬂm
Og. Chem, vol. 30, p. 3423 (1965) (author; Burke), Japa naI
Pat ent Publications No. 155234/1985, No. 177074/1985 and No. 4®»338/ 1974,
and Journal of Polyner Science Part A Polyner 15 Chemistry (J. Polyn1 Sci .
Part A. Polym Chem), vol. 32, p.ggg@irfdfR94dn(authors; Ishida et al.
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primary amne, (2) a nethod in which a phenolic hydroxyl group is added to
a solution obtained by reacting a primary am ne with fornmal dehyde and (3) a
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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



As a result of earnest studies and devel opnents by the present inventors,
t hese problens of the present invention have been overcone based on the
. novel findings nmentioned below. 15 Disclosure of the invention The present

invention relates to the followi ng contents. (1) A process for producing a
benzoxazine resin conprising 20 the step® of reacting a phenol conpound, an
al dehyde conpound and a primary amne in the presence of an organic sol vent
to synthesize a benzoxazine resin and renoving generated condensation water

and the orgad€ $©lMeigféOMtive r L8&EL Don Sys1 el vndeecbrati Mgpesgdipleeduced
pressure, 25 wherein a pressure in %he reaction s¥ ten1at the tine of
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system under a pr sure of € reaction el'ng set
hi gher. (3)tivr wbeesandfar ergdpye QQ}V@ﬂt(‘B}th\Aﬂepél paffhciency. 5 10 15
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reaction m xture at 100" C to | ower ter predeterm ned anpunts
of the gener&iest c%@le!h%h@%hav\/a%%%ﬁm»ﬁh@no@’@hﬁmeéobeéﬁﬁmawebeen

renovedg resin with good efficiency.

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 being set to 260 mmHg or higher.

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



-(4) The process of any of the above (1) to (3), wherein the organic sol vent
is an organi c solvent which has affinity to water. (5) The process of the
.above (4), wherein the organic solvent is an organic solvent having an
azeotropic tenperature with water of 60 to 100'C. Best node for carrying
out the invention In the present inventi®n; a reaction of a phenol
conpound, an al dehyde conpound and a primary amne is carried out in
accordance with the following reaction formula. 0" NR 1 -~ + R--NHZ +

2HCHO wher ea&m%ltmén@ & £54 GH61 & 8u Y Clle 8§10 8N BOCFEPUBaNBELbePNnEGERYGd frOm
a primary am ne. henol conmpound to be used in the gre sent .invention is a

conpound hd%l?ﬁf%ﬁ Ml X eUR§ a2 bxd PO gF obp FAVGRi ER2Ry 4P BgEn2fEebonded to at

| east one %r&iétﬁ'@rr@ﬂ&éd!&ﬁl@uﬂfstbﬁ huélr@éuérgfeapcoEaéngaamahewatbere may
be menti oned $ nof unct | onal heno%el ound such as phenol) cresol and
u

xyl enol , a ¥t ¢ | QrEF phefot VEBRpDRKE RBER HE™BVHHenol, bi sphenol A
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xyl yl ene- nUMhteed phenol resin and a bi phenyl ene- nDdlfied phenol resin. As
an al denyde SPMRUTEEL0o0E YBCthLabBGePIERCinorsid chEVERLLAR: LOELE RY
be nentione for exanpf or ma yde, ah aromatic a e conmpound such
as benzal devsie, l%n@naphﬂﬁmu¢es?h%¢@éfhaﬁénﬂhénaﬁaéﬁyaépéénﬁémﬁérature
formal dehydg; i wieleréedeo Fesnphgeyde may be used in the formof 5
formalin or paraformal dehyde. As a prinmary anmne to be used in the present
invention, there may be nentioned, for exanple, an aliphatic am ne such as
met hyl ani nege &t hyda&i ﬂ@ra@&irﬁj?ﬂﬁg"a{ﬂ:HEheaﬂﬂvéﬂtabﬁmﬁti c am ne such as
aniline, toluidine % ni si di ne | enedi am

a

dlanlnodlphenylnﬁﬁ eaﬁﬁeﬁ?%ﬁ1h%ﬁ? Eéﬂél %tﬁ%?thﬂhtﬂg ?rBBBAPLi nventi on,

aniline i s pampownd aray @Ieéhyaélyompednanang ahpsémaryeamahs. igo

synt he isze X ne_r S i y reaction
of theﬁpheH@?ngégoﬁﬁ%)f%r?§%$§d§é gn¥ggﬁa% ?8%§§§g£éoﬁggﬁﬁéggreferably
by using O0.foxmula? nols, nore preferably 0.75 to 1.1 nDIs of the primary
am ne per nol of a phenollc hydr oxyl group of the phenol qpqynd and
preferably 1.7 t .3 mols, more preferably 1.8 to 2.2 nnl@ of Nhé{dldehyde
conpound per nol the primary 20 amne. Since the primary amine is |liable

to evaporate duriiqg the reaction, attention nust be pald!’, glction in

t he amount of {he™iimary ammhe ea system F —when a
reaction am)un he p%-l rra"hy"H %ecghtgasmal all, p part @- enolic

hydr oxyl groups t he 25 phenol conpound remai ns unreacteo, so that such
properties as cur‘f’a}tl)é{étl;{ ﬁ‘ﬂd‘.me t}aéﬂcd"ﬂe .tl'{%g.%crh éarp SI| énipéé)ved
Wien the fornul atlon anount Imary anine i's se oned above,
adj ust nent and cdh@emlrgmovh@sérpmopeprnmsrzaﬂmbeecarr|ed out eaS|Iy The
sane aggpabove 30 &a%hgﬁofp9$$§guﬁésgot9etQgeélgﬁhYHQ ?9399H9d1n@§n990n

organi ¢ sol vent to used in the present invention, fhere g
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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



35 isobutyl ketone, an ethylene glycol type solvent such as ethyl ene glycol
nononmet hyl ether and an aronatic type - 5 solvent such as toluene. O
.these, an organic solvent having an affinity to water such as an al cohol
type solvent, ketone type solvent and ethylene glycol type solvent is
preferably used. Here, the terns of havisg-an 5 affinity to water nean an
organi ¢ solvent which fornms a uniform solution when mxed with water in a
ratio (weight ratio) of the organic solvent to water of 9:1. Further) an

organi ¢ sol ¥epln HEYH N REy 8ZELY T PP ﬁeﬁ@if@ﬁé@t Uf@r%k&miﬁ%er £8km@Qak-or
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since they ai@ & NEXPERNSs VELSRELNAV AN AL 8OId ) de L EIMSE @A) EF S rhan d@t er
wthin theHFr ferred rgggeﬁ&s a reactléﬁg'te erature. The organjc sol yent
is prefera X/gﬁs’e%l BT SRF B untf madsiehy 4 m008% WREGM? bR F MR sum
of the Ghafgwmhéﬂﬁnnﬁr(ﬁaf&&bﬁﬁﬁﬁdéﬁ&@eto be reacted. If the annunt of the
organi ¢ solvent is too syl t he V|SCQ§ %§§ a re ctlon sogutl
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in an organic solvent, an al dehyde conpound Is ad to the mxture, the
resul ting heR¥e eENSY | r (Iad WS IDTRERD Y HEW SRt i90 masi BiRfei®r a sol uti on

obt ai ned bypéitﬁ:ﬁ@thl/éf‘gy:ﬁgréif@féWYu@érdn@mbﬂéotﬁgs@rﬂéﬁb@lﬁQEVent is added
dropwi se to the stlrred mxture in divid JS%%lnto several tine

continuously. The %pﬁ%ﬁl%ﬁshﬁ%p$l?ﬁF???%F et®8th fﬁafsbéﬁﬁﬁﬁ@£38e§°not
occur. Furtderry wheth the reaction 65 therpkenolt comngeundef puimakgacti on
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reaction caﬁg;O{r)emgpngjf gE%,] oibe LEsENH E-PBg :egf tHQrSﬁ%S? Eau-

material s exa e reaction I s” consi onpl eted 5 whe
99% or nDreP@Mn%.tﬁ%@r@%?%%?abbac%rbntan%uhtmélsa EPFﬁHPyeéﬁFﬁélvhén3lt is

reacted conpb ej € Ymd s '&ACERE. aPhéRYad NEoRB8EhE OPebatloReBR €ABPLLRAEYY
condensati on ,

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 systemn.
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



-water generated at the time of synthesis and the organic solvent are
renmoved, i.e., concentration under a reduced 10 pressure is carried out,

. Whereby a benzoxazine resin can be obtained. The concentration under a
reduced pressure is carried out under heating. The pressure of the reaction
systemis set to be 260 nmmHg or hi gher- 3Wen the reduci ng degree of 15
pressure is too high, the tenperature of the reaction solution abruptly
drops and becones nmuch |ower than the softening point of a benzoxazine type

resin to bedbiditafhc NS0, cSivite 2 RENZWAA Nard IR sdisreitf di ssol ved
in water ea5|ly and a | arge anount of water remains_in the 20 reaction
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hi gher than I'n speci fication, e softening point of a

benzoxazi nef &0 'If 1t a’ﬂ?ét?féttct el & 1 Gree® hh?w?ﬁeléohﬁéﬁ%é@bﬁ waeer &d the
or ganl £0SOl ptide fﬂz%arrﬁ@vﬁdlm Q{ﬁﬂng’ﬁaﬁ %ff@‘?ﬂt%%@%é‘ﬁé?n is fl OWn

out) is referred to as._"the softeni ng?pm nt of the, benzoxazi ne resin"
When the cORidRaal GRABEhEhE el Fyrne 25¢ vani tabte r 8iRGRdERAYer t he

above condlatﬁe)rﬁn)eﬁmglaaé:tam rs@elta:oraﬂ@@erdspic beez@p@raa@@éswbtp to stir,
and a benzox Zi ne t%{) 5| n c roduced safe since 5 the

reduci ng dé’gar & ot E‘e Fi% e tri%%%sa%u%hr%/?ﬁgo% b?‘B‘aﬁ’(:%t‘f’ﬁ%
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rermvaiL on water and the organi c solvent procee ed to 10 a
certain deg‘iraée mate iasl  edaracted . t HE tihfe agfounttaraf e eaitgaiiof the
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solution | owers once, and as the renoval of the condensation water and the
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i ncreases. {Ehalod Slarfydll NitTedaied dx € exés§y amat bemé eteti pardy 1 bet ween
time (gﬁrlz t al ﬁ'lxena‘l) and, the tenperature (vertical axis) of the reaction
sol uti 1rﬂn1s often equal to or lower than the softening
20 point (9S) of a bmmoaazzm resdim A hbe egesdhded cby i tike ps 1 Delw g Whi ch
a reduci ng e e.g.[ of pressure is made large, if it is adjusted too early,
t he bunping © She reaction sol ution occurs and the tenperature of the
reaction sol uti oRayedmier tads 1Ay, 26 Minedfneo atreachpiehepebrenrthaint he

pressure ofad hgdeantipne %’ﬁ&@fﬂ b i$Rle thed FRAUGRIH LIS @ Stian 260
when the tenperature (A) of the reaction solution has reached, a

t enper &P ur & SRR ¢ IRt ATHe! Q7 et ttRE PADA P ot r 2P FaRt t HecEBR88niRg poi nt
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Hovever, trgiéﬁﬁtérg%fﬁﬁry 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,



- 35 preferably nade at the point that the above conditions are satisfied or
within a tinme period not so late fromthe g _ point that the above

. conditions are satisfied. Although an absolute pressure of the reaction
systemat the tinme of concentration under reduced pressure may be as | ow as
possi ble, the pressure of the reaction $ystemis preferably 5 set to | ess
than 160 mMHg from the vi ewpoi nt of operation efficiency or the like. The
softening point (S) of a benzoxazine resin produced by the process of the
above (1) anadalifosls phereaRa@Td RAlr@f o theiz ez ing N8sitenyaduand by the
process of the 10 ahove ( % ) . Afier,theagonﬁentration under a reduced
pressure, Cfie WesEQIVEPL Sle.  CABPLEREGP QEi GAE GPAStBER-G6282PReCPBSin can

be control Eedmey Bye thfe tres idvlafl- Guoalntd idfy wWirddtrd®esdaw mEr gl 8%. t he
benzoxazine resin ig heat-treated at .15 a heating tenperature of preferably
100 O to | 888r SRRER1ES0EEE FoAS H3Adr dEaBPIgE Ty £R5Re GOPRIREStbat | ng

t enper a ur @hiea BO%eprt harel @F G throreaseadln rdw tliar esiduyhtbaedores sl ow,
while if the.heati te rature.is 130'.C or higher,,.reactivity js so high
that “the vPEBERY, TabEnERgo U et et 1o g, T AsAdRed T When Ce
benzoxazi ne resi Afiterusbe ireagtliam hadedesnatcomplied el tcondsmesittiyprat 125' C
of the benzaxazi Benesivdd P G Iof RAfts{all o A UHLbAQME Within a
range of 3 to 1oapgfse§. 25tExaanes In théﬁ¥§#ﬁgﬁ%ﬁgﬂiﬁﬁ£ S?é%%nt

i nvention ®PRVep&E Géfcrﬁeﬁ@ﬁeidn oI%e 'd@toa‘iq_e%rtaﬁ—lf% SR & d“ﬂéﬁiﬁﬂ es.
Exampleg 1 bRle@sare lilst @ardiask caui MpREaby i & dhiBiEmes3t ddd Y
cool i ng tube and dropping device were charged 1040 g of a phenol - novol ac
resin havi R§t3iRGMer average nol ecul ar wei ght (measured by use of a

cal i bration curvehef cangseandard opouydley’ ane dducReC Prédyis eMitd) cargdled

pernmeati on _chronat ogtaphy _nmeth of 400_and_5 g_of nethyl ethyl ,35

Kot one.  angUenaRRety BB MG i 1261 SERSBYTE, PE, tA- Z9RGHIoBVGYE AR 15

par af or nal deltyde was 2a&ddethHigo orhé igihetrur ewhendehe redgciagi degige 831 g of
ani | i wa dr.Qpwi se+t:a.t h 1 Xt ur \ 0 . !Rg-t erature of
the r ggscti ﬁgggﬁgtei (::)L(r%' \gtO%t r}ﬁ %htl %élrgv\gs?%g%%t‘?{rﬁe%gaf %(La% ,ret e lrogggti on

sol uti on waslaltione@bryptdacidriops Ao dpresanede muddf (LpWgBEIRR ¢e2' C) .

Subsequent k¢ A€ nge@elin@N JF 4! Wed 20B% AR (8 d G dHIGENIP FOUHHY irAdd On
under a reduced degree of the pressure at 360 nmmHg under, heatle(rjlifg.jﬂt The

concent r at PofOwa$ 1868t iBn HEP 2RFFA2d Nite SFPFg AFRID e R Hetide The
pressure, glderalealshae vt iafd whanrghe anpar fuve tdfr tdendigactimdnthe

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 is 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".



10 m xture reached 110'C, the reduced degree of the pressure was raised to
90 mmHg. After confirmng the absence of effluent (the nelting tenperature
- of the resin at this tine was 120'C), the resin was taken out and placed in
a tray. The softening point of the resin was 115 C, and its nelt 15
viscosity was 40 poise or higher at 150'7C.- Incidentally, the tenperature of
the reaction solution at the mniml point (R was 52'C. Exanple 2 Into a
5-liter flask equipped with a thernoneter, 20 stirrer, cooling tube and

droppi ng device waed ¢har @eadbh4t@tdoaf waitsihend vheantd g Lfivaityl
et hyl ketone, and the m xture was _dissolved hy stirring. Then) 1622 g of a

37% f or mal 2% SsSIETVER SXddPE EENFe SARE PR Unddte si§aTi it 931 g of
ani l i ne wasocaddddnddoRsi 2@ tt O elcomem Diipdrss i3 oy afier haittd alteerdznper at ure

of the react iaoq soltuti on at, this tbi?rre was C8]a'dC.a T(I}Ter eafter, .l he riea%ti on
sol uti on WREBAPEWEI P B4R POy BF RIS RS 1%y ux BP86VES 831 8F
Subsequent Ithe trieducdagt ideg reiex ofr @ rwaes uxtearitsed dwo  Uind eregoe scomoEntiriateé on
under a regquc e f & r 030 myptg . heat.i_ng. .The
concentr at iq%n%\%gg%%%nfﬁh%ug&r}‘\%ﬁg{%%%eegﬁ%e Sﬁ?elssl%r'educed%%g%&ge%g St h%t
pressure, &amndpraferired ithe twdre mivessemrercfl trhe ofeadtsl grecayts em it ure
eached 8546, afhed @duael 1egse o Wil Pl i RS Whifl? Sfbrd 20 JETTE.

After confirmng the absence of effluent” (t i I ng tenperature of
the resin &het KoRdemsd tiRs WIFeE) anchdheAPafs tseeHutPEaregdetdP in a

tray. 10- 10cebh@inofdedeag poi nt of the obtained resin was 75'C, and its

melt viscosity was 2.5 pqis 25' C). The tenperature of the reaction
solution at the ﬁisni%r‘?élcrﬁ%’leﬁt(a ﬁ)vewa§t67b%(§ S me S aF YIRS TeMPYaL of

flask equi pedhs idond ensartioieivarterstand athe caafdmigs tadlereitd, driop i eng-

devi ce were _charged 11 of  hi.sphenal A and 920 of et hanol nd the

mi xture wa® 4ics é‘%levé)gf' %%egtﬁerarﬁl%ﬁg 5 ﬁ?q'tuhtel ah gﬁotﬁeer%a%nca%’dea&laégﬁ gt%o? 10

par af or nal dempdra.l Wrfdarhestdondienga tddh vadferarsnd nehevasr gaddied sirlopuitse t o
the m xt ur I.qane ur,. eImer, i.an solution at this
tine V\ggs YS?'r%?é%ﬁ?%r'eé: %ert,em %gaﬁteaqt i.o?nq:;rgﬁ (t}{el%r}ﬁv\c/;algasgﬂlg‘\{/\&e to react for 7
hours undedncaeages-78Thatgdsc) a Bipimadeneipt t(Re ©&dEtB5in dBeni xture was

started toAdNderigs sHARF lthaldOn iWdem A rAadeed degdead dhe duessure at

360 mmHg under heating. The concentration was continued while keeping this
reduced de§eZétdfre HYSHtdSadr @*ifid ofatthh & 43 5tet AthetP tHet Werpdhdtur e of
the reacti @inimallupd intaGhed eCeduia raduned dketegiae the tdver gureiasgr e

was r 'éed tQ g:([) % After confirnming the absence of effluent (the

el ti ?#g t eRPard £he FESHT 2 t#'ss’ﬁ‘rre was 1000C), the resin was
taken out and pl &det iregartd ay. aThemeofttesniiody uoiwitiad & heedwsing was 76' C,
R T
5-liter fl&¥lyquitiseduminimda dthdhomaadtion selartieborgenyrs and die
droppi ng dewnrgzR e Lha 39 XA tion 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 is
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



-30 g of bisphenol F and 920 g of nethanol, and the m xture was di ssol ved by
stirring. Then, 652 g of parafornml dehyde was added thereto. Then, 930 g of
-aniline was added dropw se over one hour under heating. The tenperature of
the reaction solution at this time was 79' C. Thereafter, the 35 reaction
solution was allowed to react for 7 hodrg under reflux (78 to 80'C).
Subsequently, the reaction m xture - 11 was started to undergo
concentration under a reduced degree of the pressure at 360 nmHg under

heati ng, Thﬁo?HECEHSEaEhQ“aﬂ@%eceehhﬁﬂ§9nﬂhhké kaeRis?q <N Saiedyced Sgoree
of the pressure) and, at the tinme when the tenperature of the 5 reaction

sol ution redeheyude’ EFeFﬁBrFeEGCEHedégﬁééleﬁ eHetgRedsutdenddmearded to 90

mTHg. ﬁdtercsﬁeéhﬁﬂhesohhanaE§e9§aueEdebébgga&e(ha9 gRl bisnd owerper at ure of
the resin at this_tinme was 100' C), the resin was taken out, and Iacgd in a

tray. The sBPEEHPAHE: pBPﬁtPBFSFHéer8§|ﬁhﬁa§e?8t€°naﬁﬁsf6mlﬂ§ pErL eFRO sty

was 3. 0spoi set(ta351&ps thant espemaliyr Erom the Keaabban tselfubiperaitionhe
m ni mal poin le 5 A resin was synthesized and

R
concentrateﬁ%ﬁgﬁ ?nﬁyr8au588EﬁFEESUre according to the process of Exanple
3. 15 Thereafter,Thaesofitenhay poéssurs) obfaaf baskowaginet sreséd peonor mal

pressure. T I % o] el.1250C.
Subsequentl@?cgﬁ LYegﬁ% gﬁéxﬁggtég tbg bgp%% ég) %ogﬁg%%ﬁd P%e%gggoﬁ%

The nelt vitbBati 0§ af beheoragihei ngsissbnodused. Pypsheepr2secs 20 E%anple 6
A resingvas,gyfPLheg) zed and concentrated under a reduced pressure according
to the process of Exanple 3. Thereafter, the internal pressure of a flask

was returned to nBERGF BREsSOREEnFRRLABRt UDASE0I FRIYFefhaTLESIACat DS this

time was 2,vipebset$259Ce. SUHS@QHQ@EEYweEBﬁtr8$|E ﬁ@%z@&%&&%ea&e%lQ C fox
one hour and t hen cool ed, _The, melt vi ty of the resyltin sin was 4,0

p0|se/1250C93Ex3ﬁpF8n§rPﬁ1Fﬁeb¥aH§enﬁ né easeif - E%ﬁﬁ%P 1tYe R e ® or 30
changi ng t heepifssure &b dde therbaizexactmé rnésbn tsdreateduegtie@r&ssure

to 280 % EXHEhESI of a_resin nd c nce ?raéog unde& redu%%q pressure
wer e carrle l?ﬂe ERPFER S t Re® nPeF SFag &s e of-%a &4k WAL r et ur ned
to nor nal plégsqremofhepphﬁsrebﬂypﬂcpemp|éQSOE t hefrebenh8atangt hes-ti ne
were the sagg,gsyip &QO§8w8§ Eﬁéﬂph6olc I pakdental by chie JLigmeiature of

the reaction solutio
becomes slow, whlle if the heating temperature is 130°C or

higher, reactivity is so high that the viscosity becomes
20 difficult to control. In 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 5-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



-the mnimal point (R was 50'C. Conparative Exanple 1 Into a 5-liter flask
equi pped with a thernoneter, stirrer, cooling tube and droppi ng device were
: charged 1040 5 g of a phenol -novol ac resin having a nunber average nol e

cul ar wei ght of 400 and 560 g of nethyl ethyl ketone, and the m xture was
di ssolved by stirring. To the m xture was added 1622 g of a 37% formalin
solution. Under stirring, 931 g of aniline was added dropw se to the

m xture over one 10 hour. The tenperature of the reaction solution at this

tine was 813Gy dhen, §9e 4 edetdom Sod Ubd O aBSa bt O¥RHsLOcbepst fi9%. 7 hours

under reflux (80 to 82'C). Thereafter, the reaction mxture was started to

under go corf¢Eit rAfsOPIMARVE: r Fhfc sETREFRA TS athehn extafteler 210 mrHg
unger_ 15 he@didlgiormcdvmic@fﬁw? O&attéhr@l r@aftﬁmqﬁfi@w,e 11 reased '&lwiolng t
reduci ng pressure, and eventua e reaction mxture bhecane_j npossible to
T o eaRt bl DTSR (20 B¢t ehoT | hRORE ] PRUGEn ERIE (80

t her mt;mat ﬁrto l23)z‘sct)i {jrsnms@wfeinrtgyhu:meaﬁai{(ﬂmm‘ mgudmmd'e:ﬁnamersata}dfwged 1140
g of bispheno and 900 of met e etone, .apd the nixfure was

di ssol ved b s‘frﬁ?ﬁr%og.c%g?rh‘érﬁ&?%r‘én‘é\%% AdtR u‘i%‘hgﬁgﬁ?eagg?g/og?or mal i n
sol ution. Unteyswate rat nIp0 IBiHg wideni heaein@gs artce b it et fan tvees

m xture ove . The er.at ur e {i | ug | at this
time was 81$°6?ﬁ$}1%% ehaie)g%?é %E?soﬁj%iﬁ%gé\c/aésga#%%% ?g ?feggc’t%ggf 7 hours
under refl BuY80 ad A C)thaheireafvken the temperaburexeolir theaseschiord to
under gg oCoONncHtYAL I 100k AT Ao f@€dUCRE AEE 883 Ode P PEESEHE €p Ak s £dPe MTHY

under 30 heating., The viscosity of the reaction m xture increased during
reduci ng pre&ssureisethdEvEhtiRigy Afd are £Ondrming e RRSARCe Rfossible to

st i3r- Cgrrpae(tjﬁﬁiu/an’ﬁxm Qn@ldﬁrl§stiémﬂ@§ah SYhé hesi %Eeéxaégiliﬁogee%iat e]glmemder
a 35 reduced pressure according to the process o : ereafter,
the internadl®Hreed e och% ’f?sa’%k V2% TR Yyt and 1%?g¥88nb’?nﬁl thr¥ssure.
The melt vint®ssdirtadindepdiast oattidi sedimewadmsi Bs Ocpoasd/ 12500elt
Subsequent |y, the resin heat ed at, 8Q' C for hqur The nelt. viscosity
of thegrgesu 1FE TSI Viézfcblsp%i%’é/}l T At C%fe%aﬁgat ?R)'éc’e‘ied%aflehﬁ' In the
sane mannertlss tempgeatplre lofxceptréart tdangp gt ibe ptesbermwiniméhe time of

concentratiﬂg&wd@f{) dgdced pressure to 240 mmHg, synthesis of a resin
and concentration under a reduced pressure were carried out. 10 However,

simlarly to Conpgafatid®e %xanple 1, the viscosity of the reaction mixture
i ncreased during irBIG NG 10 €5 U Ba siaNsineMse dlab 1 yh thec K 8arémOPe A] Xt Ur e

becarreziorrposstsi'rbl[eer't Ocoscgli.irﬁg Tt?us}ge Eé(r?gptlir?opping 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 Aresin
accordi ng

tenperature and nmelt viscosity were exam ned. The results are shown in

Table 1. |

s lower than 100" C, an increase in neltoviscosity is slow, while when it

was synt hesi zed and concentrated under a reduced pressure

to the process of Exanple 3. Thereafter, increases in heating

t is understood from Table 1 that when the heating 20 tenperature

Is 130" C or higher, an increase in nelt viscosity is significantly
accelerated, thereby making it difficult to control the nelt viscosity. 25

Table 1 Heat ”@ﬁEWEBEtEﬁETH rgb'ih%'v%'ft t¥leS 68Tl i eliN @39 dals? 78 + ([ N)

(Vi scosity

nmeasured at 12 Q0. 1p100' C0. 4p110' C2p120° C/p130 " C24p

14

Utilizabil PB§ FﬁS|HG&§tV9SR€@éF§'HQSt8 Ph@OﬁF@Séﬁ@5|ﬁVentFBﬁ tgmBeRZoxazi ne
resin can karpreduesd sahekoandotatiloy Witt R maAMd mANORARE dW)i RGid he

producti on
benzoxazin

out after
pr oduci ng
conpound,

10

15

20

25
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35

9f the resin. Also, accord s ing to the present invention,

&
Conple&n 0 Of t??t%%agﬁhgﬂ Fﬁ&lPﬁgdsﬁéghnB t}e&gp%hg gss for

a benzoXaZi fie”r 85 cOnpri's
atizkdehydeoddémg tube and dropping device were charged 1140
g of bisphenol A and 920 g of methanol, and the mixture was
dissolved by stirring. To the mixture was added 652 g of
paraformaldehyde. Under stirring, 930 g of aniline was
added dropwise to the mixture over one hour. 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-
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
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
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
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
reaction solution was allowed to react for 7 hours under

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

a

2L phenol

rEsin can be produced efficiently) and the nol ecul ar melght of
the resd n can beeramplel Bed accurately by neans of heat treatnent carried



5 pound and a primary amine in the presence of an organic solvent to
synt hesi ze a benzoxazine resin and renovi ng generated condensati on water
. and the organic solvent froma reaction systemunder heating and a reduced
pressure, wherein a pressure in the reaction systemat the tinme of 10
removal is set to 260 mmHg or higher.-211The process according to Claiml,
wherein the pressure in the reaction systemis set to | ess than 260 mmHg at
the tine that the tenperature of a reaction mxture exceeds a 15 m ni nmal

poi nt and ashgghektelih@B antieFger abhc@nWHadh ons uh@e® l20WRIGUdEd ddigree
sof t eni ng p0|g%ﬁof t he benzoxazine resin to %? ohtained, durin reanaI of

the producBf dBRESEIER ft &f DaRAHEhETEETa eatddyenther GRAPERBEFBACt i on

system undetoa waes&um:mﬁeahehﬁaacikb@@mxgsttamsb@erd@c%@t degyr&e 200 gREHg or
hi gher. 3. The process acco ghng to # wherein aqh%glustnent of
€a

O 2
a ol ecul aPTREFYRE i §ngarP Sut 1By W CENREE AN TR €t 100'C to
| oner thanréd0'tfoaf teluZiopr edached 96d Canthet 3 edfuctede dpenrereatodd the

condensat i r £1e) I §nS nt b : The
process acg ggﬁg tgggnt‘:g%8 ggcﬁgi%ém§'togg¥gﬁhgggfgggﬁ orgénlc sol vent
i's an orgaabeesgkvefit e\ﬂﬁﬂ@hnmas( t3e akflitdingy tegpraadur e o fTHd e meedss

accor ding 4o ChakM4nciiRbeifor By OkBANEIA VAR dakell RIS PRt

havi ng an azeotropic tenperature, with water of 60 to 100" C.
CAS. AfU, . Aln. A frageh, The pAco R pehpopnt AoR, the nesin R9§{|7§l FxsaPd _Z]calc
a] ca] o caleg] ﬁéh@abﬁ%b%&ébc&akc&abcgéh%@ qabealcgal ceheakeapeaheakeal caj ca

]ca] ca]ca] ca]ca] c: a] ca],cRa! I'! ##&$&4&
= @DEEFFGFB&p EPEDF ERFF39F) FPASAIANZPEA]tEE) F4PdaPdaPOiPta) &) Mt A% f ca] cal
ca]ca]ca]ca]ca]cakaabma]sa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal)J L5LO0CAPBPI (X

S&EWHZ[ [ ° + 2 ef i Z
e L bl kesin  wBPo gy LTEAT Ret- Eha ek Sk el Sl 22l ool AL ey
%QQQQSS&V\HE@EJE:EE&[ pp:}ess’aré azzoréfiighx s dthé] eajoc]|seajodalEcagd]ec &) .ca] ca] ca] ¢

s celcd aksghyglostest gl solabaal uabanlon ol selagpeliy slsalaa 2

@0%&' 0)- V\Awuabsgﬁiown&spre% sglnfeomlc)v%t:bsg#xowm&he) repligoat0%>& () -

'89#10%>a>%ﬁ1@)t%%%saggo%HH&Pﬁhsé? Subse uently, the resin was
rP'SQ#lO%WN&f't\f 109&' 0%&' 1

1 10"~ 10°
10° ||59#159§t&d(?t%}P@ % | EoF1 30 QQS(fnd g%é?o J?ed The melt

viscosity of the resulting resin was 4.0 poise/125°C.
20 Example ©
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
30 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



C & ()-; kF10%&' ()-!y[f @109%& () - Ff @10%
& ()-Flyf @10%& ()- F2@wWwwX6P! ! f #109% ][] & ()-; f#10%J & ()-; ! xf #10%-0+0& () -
1 TH#109008& () - 1} #109B&S () - ! F#109%&' () -;
XY:11,)10%& ()-, YLO%& ()-, 910%&' ()-s10%& ()-, 10%& ()- 10[][] 10[][]
10[ ][] dEXY: ', s109%&' ()-M@! 10%& ()- @!199%&' ()- @'!10%& ()- ,F7 10%& () -
109& ()-zswXMB7!! 10 10 10
 10%& ()-!" &M 10%& () - m d&M 10%8z8z& ()-m 3& 10%& ()-!ns10%& ()- MDzX6MB7! !y
, @F1090MK Ehe%&a@ﬁl@%gb&h@ () ~w@1eWRRE () - 2! Q @10%\ & ()-2!, @10%h& ()
-2, 109% ()-6zXJ</[!
10" 1't, @10% & (—‘?meaea@tre%é&me)lﬁz 1@10%& ()-2!}, @109 () - 2! ~, @LOYRR

& ()- 29 Into a 5-liter flask equi ed with a thermometer
I"0|\/l7 @109& -1 ~@10%>& ( % @ 1.0%CCE! 10W )-8710%&' -, , 10%&
'()- 10° E: F#ﬁ {&289? }ng tube and dropp v1c were charged 1 40

10! @&ﬁ!ﬂ.p‘yﬁ 6¥- @6&#&6%’& ﬁbvb@&#l*@%ﬂhHh&v(lhg' @ &MY @verage mole-

1011} @ 109BBAAT) 51 epEodE: £F SoPRALGRE B) o BRIV Oiodissopr: 759
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

10 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

15 Theating. 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-liter flask equipped with a thermometer,

20 stirrer, cooling tube and dropping device were charged 1140
g of bisphenol 2 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
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changing the pressure at the time of concentration under a
reduced pressure to 240 mmHg, synthesis of a resin and
concentration under a reduced pressure were carried out.
10 However, similarly to Comparative example 1, the viscosity
of the reaction mixture increased during reducing pressure,
and eventually the reaction mixture became impossible to
stir.
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)

g80°C 0.1p

100°C 0.4p

110°C 2p

120°C 7p

130°C 24p
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can be controlled accurately by means of heat treatment

carried out after completion of the reaction.
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the steps of reacting a phenol compound, an aldehyde com-

5 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,
wherein a pressure in the reaction system at the time of

10 removal is set to 260 mmHg or higher.

2. The process according to Claim 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
15 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 con-
densation water and the organic solvent from the reaction
system under a pressure of the reaction system being set to
20 260 mmHg or higher.

3. The process according to Claim 1 or 2, wherein an
adjustment of a molecular weight is carried out by heating
a reaction mixture at 100°'C to lower than 130°C after

25 predetermined amounts of the generated condensation water

and the organic solvent have been removed.

4. The process according to any one of Claims 1 to 3,
wherein the organic solvent is an organic solvent which has

30 affinity to water.

5. The process according to Claim 4, wherein the organic
solvent is an organic solvent having an azeotropic tempera-
ture with water of 60 to 100°'C.
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