SPECIFICATION COPOLYMERIZED POLYAMIDE RESIN, METHOD FOR PRODUCING SAME,
RESIN COMPOSITION, AND MOLDED ARTICLE FORMED FROM THE 5COPOLYMERIZED
POLYAMIDE RESIN OR THE RESIN COMPOSITION TECHNICAL FIELD [00011 The present
invention relates to a copolyamide resin excellent in 10 mechanical properties, heat resistance,
chemical and physical properties, and moldingiatengffieaaishextremely uniform in its quality; a
production method thereof; a resin composition thereof; and a molded article made of the resin
composition. More specifically, the present invention relates to a copolyamide resin comprising a

dicarb,oxxliceei@%mmzm P@’EYAQVIWE?EEBW“METFI@WP‘R@@'@YWSM,
specific diaming, which has extremeléunlform and stable properties, and an efficient production

method thereofgg%%QQWo@ﬁgﬁl MNQﬂMQFrB@ HQ%&%?M@%EE %ig&ﬁion.
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excellent in toughness, chemical resistance, electric properties, etc. and widely used as the molding
materials for automotive parts, machine parts, electrical or electronic equipment parts, etc. Of the
polyamide régi0HNAemiddprbduced from m- 25 xylylenediamine and adipic acid (may be referred
to as "nylo ") is characterized by its high strength, high elasticity, and low water absorption, as
compared with the conventional polyamide resin, and comes to be used as a substitute for a metallic
material in the prodiittopresefdctromio teopipehetsspar s comb hitondtivespareseehiehtraguire light
weighiand el siaea Thisplate. (e A demanthior pulan AR Sscalaling:JBORGSice the
crystallization speed of nylon MXD6 is low as compared with those of nylon 6 and nylon 66, nylon
MXD6, whertelsBaSprpers @ishi andte ety iy mjsedbharslit:makmgdretiam meathediding

difficult andiBa cytsingRioie M fierfiermatiosr ol mpidath altigle and doywgHp g of raecharical
strength. To use nylon MXD6 as a mog@i material while avoiding such disadvantage, Patent

Document £PRISEES o incdetenpeiradlitAgiBReSEBE AT IBIM N BE i bie AR AAEASE or talc
powder eackfiavigepligih grysdadizaiarspaetiaopipposes thidnprave-the meldalditity ahayton MXD6

by 5i ing th Id t ture. Since th ter.ab ti f I XD iti
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composition thereof, and a molded article made of the resin composition.

BACKGROUND ART
20  [0002]

A polyamide resin represented by nylon 6 and nylon 66 is excellent in
toughness, chemical resistance, electric properties, etc. and widely used as the
molding materials for automotive parts, machine parts, electrical or electronic
equipment parts, etc. Of the polyamide resin, a polyamide produced from m-

25  xylylenediamine and adipic acid (may be referred to as “nylon MXD6”) is
characterized by its high strength, high elasticity, and low water absorption, as
compared with the conventional polyamide resin, and comes to be used as a
substitute for a metallic material in the production of electronic equipment parts
and automotive parts which require light weight and small size. Therefore, the

30 demand for nylon MXD6 is escalating.

[0003]

Since the crystallization speed of nylon MXD6 is low as compared with
those of nylon 6 and nylon 66, nylon MXD6, when used singly, is difficult to
crystallize in an injection mold, making the thin-wall molding difficult and

35  causing problems of deformation of molded article and lowering of mechanical



10 inorganic filler with a copolyamide having a high crystallization speed which is produced by using,
as the main raw material, a mixture of m-xylylenediamine and p-xylylenediamine as the diamine
component and adipic acid as the dicarboxylic acid component. The thin-wall molding, which has been
difficult by the use of a conventional molding material containing nylon MXD6, has been 15 made easy
by the propgsga nigthod, The AaBaseekmBied maliasdMRigYemant Ale Insfiadeninghe molding
cycle, lowering the mold temperature, and preventing the mechanical properties from being lowered
due to watefispEsticRa- Bwtsel Rocopotpdnidsapiones GnifaareRrghthaaityshaliBasionifastto
Obta_ln by QWWBM%Q{&EQQHHE@% %&MU@W%W&VB@WB&%B@%@E‘HQ% hgguse 20 a.hlgh
melting point ggf?ﬁgamlde with a high content of p-xylylenediamine is formed locally, although its

amount is VERSSAIEFAFIRN SRS AhikoRAi e 1 dRBLagIEhedntiadittmehrraisiE%oes not
dissolvg in iheeysiang ahthe Produstion e treraisiiecant grratdarhbdisprisasothuordbaulINe 6
copolyamide being.produced without increasing its polymerjzati egree. A article 25 made
of the resu A RETLHS oA AT S0 R HFE AR L CpBAIEL AU MR Fithe e e
to the dispensechhigicahelkirg pidintpelyantiddyG0dEL lbacaetioman batchwise production method of

polyamide Lﬁ'&gﬂ nylon salt or its agqueous solution, the aqueous solution of nylon salt is heated under
30 pressure in a Single reaction vessel to allow the polymerization to proceed in a homogeneous

phase while prevenﬁ‘n@@h‘eecﬁhm&immm@ﬂ@m,fﬁmmapmw&v%e@iémmsﬁxmblﬂmddiamine
compepent; e WAL YARPWIR NG SYSERPA i aafudily selagsed i sedHes e PipesH & finallydo

atmospheric pressure or reduced pressure, thereby completing the polymerization. In this method,
since 35 anPAqdu6ed ByIUEtRSORNIBE SNt W Bncamtlatom bitarse riso wiylengdarimeused, a

large amougtgf yF}FlEYY@&i‘éﬁﬁﬁé% Qﬁ@%ﬁ%@ﬂ%‘d@lﬁiﬁbﬁ@ﬁﬂ%ﬁ%ﬁl’p@@ﬁ@ﬁ[‘ﬁ@l@fémUSt be
removed. Therefore, a countermeasure should be taken against, various disadvantages, such %s

foaming, soAREBAORIIST FORRIPRARS the EOaBiRo Ihmel hios of ishe hassheer ¢itBarbnbst 5
polyamide whichds afihesatntienahaiol@ihef weaetion wessalaligstaddargeXbane ©biguid level
during the reaction. In addjtion, this method requires.a large amqunt of heat energy for removing a
gt Ll G A N i A A G T
many technadab andskeoteormigat hprahlddisy ghcycliéo foveapoly ahvde ohd [tedimgepa i &y tehediamine is
also difficult to produc thi thod; because the polyamide being praduced adheres to the inner
R R S R e G R S O
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latent heat of evaporation. [00061 As a polymerization method without using a nylon salt or its
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the dicarboylie acid, Jhe. feaction s alowed (o procesd by elevating 28 (e temperatre 30 gs to keep
the reaction sys%ﬁ'l con alni‘ﬁvg AW REEIA Edissean |a}Fy {ifornehoiten’ stafe “Bemdle the

reactidd ratexcebchf 185065 thentenipamngersfahe pebciiondy Stesnisaeesethtehaempkrature equal to
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controlling eaction temperature so as to allow the reaction 30 to’proce ous system
without Iosil[@(l@é}luidity. These methods are characterized in that the diamine is continuously added to

the reaction systemiwtjlednainiaBing i ceastnmievie Tahioh Gepianaligoatide aag palyamide

being formed in uniform molten state. Since the reaction is carried out under _atmosg eric pressure,
the apparatﬁ%ﬁd?%’%s ﬁ@%gﬁaéqgéﬁp@@*ég@tweous solution of nylon salt is heated under

30 pressure in a single reaction vessel to allow the polymerization to proceed in a
homogeneous phase while preventing the diamine component from escaping by
evaporation. After fixing the diamine component, the water vapor in the system
1s gradually released to reduce the pressure finally to atmospheric pressure or
reduced pressure, thereby completing the polymerization. In this method, since

35 an aqueous solution of nylon salt with a concentration of about 50 wt% is



35 is not needed to be pressure-resistant. [00071 As compared with the known production
method of polyamide, this method extremely cuts down the time required for the polycondensation
reaction, because the operation for increasing or decreasing the pressure of system and the 5 removal
of water used as the solvent, which is inevitable in the method using an aqueous solution, are not

needed. In QQHEMH}&%JH?H‘P&'Q%%%%%F@QR%%% tonfae production plengiamidg pecause the

method requires no heat for concentrating the aqueous solution, and the amount of charge for a single

reaction caglbalinatedsey candanaptethe productiomo Hewevrereliosel @ srsticionestapolyamide

including P'%B{M?&%%Hﬂ;@ﬁ@g%ﬁﬁﬁqfﬁﬁo%étﬂi§dﬂ€ﬁ}%g‘$§% 9&%&%‘%@ ﬁ%‘ﬁﬁﬁ%{%&ﬁﬂ%é’ﬁon of
accumulation of a cogolyamlde with a hlag content of p-xylylenediamine becomes more considerable.

[00081 In tHRO5EB6E PrSutrtibh srapdting ladsriorsnt abwatespbrikdersaresiedholten
dicarboxyligatid fepesithien tkextiheredal ehthempelymealizatipsmatiparaiissdnduiedsts Wikedhe
diamine evaporated in the.same nner, to form a nylon salt gr, oligomer. As compared with a salt
betwoon mORRIER SHLITHA EF o B AR RS ol s A B dRS DB SEMEE and a
dicarboxylid e snessnsalfibleait enateryvafod atsadhardiyadissgdvemivuthie dondensaiontivatange
eliminated he reagtion and returning to the reactionsystem, the nylon.saltincludin
oo E VBT AR RS SRIE R S MDA RUE Ay e tne

amidation ifexksoiicht tarel Aedroonverlsiimblamaterdnsoifmie higlelneitindepoictucligemer. If the

accumylated, igamatalin avaylomenalaprkane s ninihereadienlguid atgartier stage of the
25 productioh, the oligomer is derigil%tmerlzed with the reaction |Iq]l;Id before the completion of reaction,

to give a uniYYaiceUeeLeRteriRe Bitharsstionthquimanralstheteradagioahands, eince the
oligor_ner is HQMH%@%‘IV%&VEH@}HQF%&%ﬁ?g‘%&ﬁ%ﬂ@[&ﬁ%iﬁ@@&b@?ﬁiéﬂ%%@ﬂ@d completely,
the oligomer remains in the polyamjde as a high melting, paint faoreign matter. The 30 accumulated
product exasééz&%eﬁé%wedlﬁﬁgsﬂmé%l?@ﬂ%iﬁé%%%mém&%m@gaal@f@r
material whighidseinspldbieria polyasnideaiksly 1o ca¢isensemest ivapertisand Heteriarated properties.
[0009 Of t rts of a polymerization apparatys, the nylo It or oligamer 35 mainly

acourilate SRS STt AUy TE SO A PG e EABEFEHAE water eliminated
by the polydt€@@ition from a reaction tank to a partial condenser and accumulates in the partial

condenser. If contingously accumulated, the,pipe a artial condenser is d ed and.the batchwise
production cannot b%sc%rﬁl?nﬁgl%sﬁi/z?ae%%%{ggﬁr? %g%%og&lfcltllglnng}gan g%/%ﬁ]%ggg %r?]a %ugi%\%ine and a
dicarboxylicabididnisRasniniposamiciat cbdissl dsesnsote dihlethof dlavhiegdhedesictidridgree of

p_ol_ymerizatmlac&aosf@a@mg%pimaw%psﬂaﬁ%sr{%ﬂag ek VaigmBatehJpateh. itis
difficult to control the mole balance precisely. Thus, the production method in which a diamine

compdflent EUNES (9 £ XNl Qe E6HPBARARL A2 o dPHEFCAFBESBRETIS PRRSITBE Many
disadvantagessfor thetBpdediaoseiuniPateanOetistrgten, I eglgiSre of a dicarboxylic acid

and a diamine is subjected to polycondensation reaction under atmospheric
pressure at a reaction initiation temperature equal to or higher than the melting
point of the dicarboxylic acid. The reaction is allowed to proceed by elevating
25  the temperature so as to keep the reaction system containing the raw mixture in
substantially uniform molten state. Before the reaction rate reaches 95%, the
temperature of the reaction system is raised to a temperature equal to or higher
than MP - 30 °C wherein MP is the melting point of the copolyamide being
formed, thereby controlling the reaction temperature so as to allow the reaction
30 to proceed in homogeneous system without losing its fluidity. These methods
are characterized in that the diamine is continuously added to the reaction
system while maintaining the reaction system which contains oligoamide and
polyamide being formed in uniform molten state. Since the reaction is carried
out under atmospheric pressure, the apparatus for the polycondensation reaction

35 1s not needed to be pressure-resistant.



[00101 Patent Document 6 discloses to add a whole amount of diamine to a dicarboxylic acid in
an extremely short time and allow the reaction to proceed 15 under pressure. The proposed method
involves various disadvantages, which are attributable to the addition of a whole amount of diamine in
an extremely short time. Since a large amount of condensation water is eliminated in a short time, a
countermeggjgie,$hould be taken against foaming, change of liquid level, solidification of polymer due
to the evaporation latent heat of water, and escape 20 of monomers bEv] evaporation. Particularly, a

high pressure is neédetPTRaref Ml ih ke KBaBHYRIPGUEt FRAUBE EpolyayordsidWifg the

reactiqn to preeRsd ’eQ_%Pé‘Hx%%ﬂ%%@ ﬁ%%%ﬁetﬁ@Q‘i’fﬁ‘ep?eEﬁﬁ&‘@&Q’d&‘m‘ﬁeﬂfﬁ%ﬂﬂ%ﬁ%ﬂﬂmr%@ﬂﬂﬁhﬁ5
operation, the polyamide is exposed to high temperature for a Iog%me, this prgmoting the gxidative

degradatiorP 8FpeRFarRRIBRARIGINC T REIRAS IS 1AL JRMIAAHG S ADEIBTES A VA Algy atRBUADSE Hhgat
energyss reguitedandd shaditine dossemoviigenlargdiri oyt Sfitad rondensatiothyatasingiemhis

eliminated in a short time and maintajning the reaction system at a temperature enough to keep the
wholo reactSESLELAT ALY BERATbRCRT Dby 1BGUING Ao Lati i fLHS B AL PRSI Siow of
the amountfot ttieeproctcetdqrobfasujddy diid e 3D dbreuprotlos edetiaiti od jguiobgesniarayt fechnical and

economical C%rI?Cbelgmg {%g]t%?]l Patent D&cumen&?t}géscloses aorpejlhod inwhich. a qliamine

t S0l f .
component comprising ?/I%ﬂgg?élrﬁlﬁ%%ng%-%ﬁylenetﬂénrﬂ}ﬁ% iS added fo %ﬁl)iscl% 8 while

decreasing Ihe@meanﬁmmf@ﬁxy&lén@ﬁhme trhmprdthmhiei% cc}ﬁm@m ilﬁfdll@ter. stage of the
reactipp. T%E&%@%‘?Qdﬁﬁ@&%?f%ﬂi@%@ﬁﬁ@@'B%&%ﬁ%?&ﬁﬁ%ﬁ?@@'@ﬁ}giﬁ}?dﬂgwmg In

different proportions, ther%koJél:ncreasmg the number of equipments to be used. In addition, the diamine
componentBé&tip adesgrecshemgelilesaretan tonmy thecrasdahiomiel coroprdxany dsevopBration.

Thus, the prpaseshethetrapnacbe aithas-anesrificent reelbrdideingsadhe concentration of
p-xnyIenengminT in the diamine component used in an earlier stage of the addition is high, the nylon

salt and ol mentioned above are likely to accumulate in the apparatus. Therefore, the uneven
properties due to theninbleisibovef grbitiictieling feid; chpalyenisihEecirr] moip sematkabie. As

d ihed ,ith d ded t ide 10 I i ich i d f

i conBo AT B e e TR AR s BEATHE MR Lo BBIERE A AR excelent
properties anpstatitesquadtye RRIGRIAREDGLIME B dfn Ratant thectimenta 400121 tB dtamh a

D t1: JP 54-3245 tent D t2: JP 7:0416 Patent Doc t 3:.JP 8-259809A 20
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Patent Docu%ent% r4 APatsen cument 5: ocument

6-207004A PdieatrDuotmentd. 9Rce-32xulsbatreIcx O geRE BmERNVENTIOP RROBLEMS
TO BE SOLYEP Bie G IYENNRRr and also hardly dissolves in the condensation water

20 eliminated by the reaction and returning to the reaction system, the nylon salt
including p-xylylenediamine is likely to selectively accumulate. The
accumulated nylon salt undergoes the amidation in a solid state and converts
into a water-insoluble, high melting point oligomer. If the accumulated oligomer
falls away from the wall and enters into the reaction liquid at earlier stage of the

25  production, the oligomer is depolymerized with the reaction liquid before the
completion of reaction, to give a uniform product. If enters into the reaction
liquid at later stage of the production, since the oligomer is not mixed well with a
highly viscous reaction liquid and is not depolymerized completely, the oligomer
remains in the polyamide as a high melting point foreign matter. The

30 accumulated product exposed to heat for a long time after repeating the
batchwise production becomes a gel material which is insoluble in polyamide,
likely to cause uneven properties and deteriorated properties.

[0009]
Of the parts of a polymerization apparatus, the nylon salt or oligomer

35 mainly accumulates in a pipe for introducing the vapor mainly comprising the



[00131 An object of the present invention is to provide a copolyamide resin for molding which
comprises a dicarboxylic acid component and a diamine 30 component containing at least two
diamines inclusive of p-xylylenediamine. The copolyamide resin has extremely uniform and stable
resin properties and is excellent in any of mechanical properties, heat resistance, chemical and

physical propgfies. A6 MO AIARRIES TDRISRAORIBEAon urhaT-ProYidEs A pradystion

method of the copolyamide resin, a resin composition comprising the 35 copolyamide resin, and a
molded artidieréfahecssiapesitiond MEANSIFERISOLY Pect Bl copfaBeEM S [po1anyesialesult of

extengive r%%%ﬁ&ﬁ'ﬁlgléd[“(ﬁﬂtﬁfﬁé@ﬁﬁ wam&d%ﬂ%ﬁgi%%w&%@%}ﬁwﬁﬁ%wef specific
conditions is excellent in any of mechanical properties, heat resistance, chemical and physical

properties, Bﬁ%dM@iH?chﬁFHB@rhés@mE’é@bﬁ%ﬁ%%a%%pr@éél%fd?éﬂ%l%’étwhﬁf& Ymsising two
or morg diafpies alie eeMPASNa decendldoydicraele, of asxydyienediarpiie Whehemsnprsas e mol %
or more of p-xylylenediamine and.a dicarboxylic acid 10 component ¢ rising 70 mol % qr more of a
Straight chal A AR AT e S OB Ao L B LR B, TR S ST ORIRGEG 1
produced uadanmanditionsmwthehrpeeveni the loealrferhatioh tf hatehotaim didfavintpaoimesdased
p-aylenedigmine copisnh e presant inenions based on s, fnding, L9iR0ASE Ths, e present
invention prowcfgs: y:\ coﬁ)olyamld% resin cbmprigmg a diamine componentlw ich comprises two
or more diamhmaﬂutai@médbd@iq dé@dmﬂpbnmmmmhetdmmea@mpphenﬁcmwm 70
mol ¥ 6r matedl 2«20y isnadaming 0 eATBHsEactib el 1 Shmare ol Bapbiisagiamine and

the dicarboxylic acid component comprises 70 mol % or more of a straight-chain aliphatic’dicarboxylic
acid havingIB”Qéll@%arbon atoms, and the copolyamide resin contains particles having a major
diameter of[p@ i or more in an amount of 1000 particles/g or less, the particles comprising a
polyamide having a melting 25 point higher than that of the copolyamide resjn by 20 C or more when

measured by a différéhfaf SAarHMg R RSeeErd W&%%@%H{?&@#ééﬁ%ﬁﬁeﬁuon
comprising dRA¥IES Yy weih vt afithea gepodlamsids tesine 6hel 30 parthbyrweitidhofdgitocrd 10 to 150
parts by weight of an inorganic{iller; 30a moldedarticle cqmprising the copalyamide resin cgmposition;
o 8 AR B i b SRR HES EOFAIA L el R LA WA
comprises e tartmﬁmtdiaa]mm@mmddﬁﬁcgr@bayﬁha_kdmnmumnérﬁiammreimtha dietmeneetpmponent
comprises {9 Mpl 6, or mare gfaal)%%/ enedianyne waigh,compiises 20, MoLe of MRl o short
p-xylylenediamine and the 35 dicar xylic aci componen% comprises 78’ mol % oF more of a
stra_ight_-chdihna_liph;ctwldﬁiam@ww&(hdtﬂdmterr.ﬂTag%i_mirfm@misgaﬁhahéaﬂéthquicb}ﬁmises
subjecting s diamine copmptentdndbesiebodic adhonmaarab o ppalicondansalion.

reaction in the absence of a'solvent in a batchwise reaction tank equipped with a partial con
and C%ﬁdU&ﬁW@%@ﬁ’(ﬂ%@ﬂC@f@%@Wlon Particularly, a high pressure is needed.

Therefore, it takes a long time to reduce the pressure for allowing the reaction to
proceed, because the pressure should be reduced while preventing foaming.
During this operation, the polyamide is exposed to high temperature for a long
time, this promoting the oxidative degradation of polyamide molecules to cause
25  the yellowing. In addition, a large amount of heat energy is required in a short
time for removing a large amount of the condensation water which is eliminated
in a short time and maintaining the reaction system at a temperature enough to
keep the whole reaction system in fluid condition, thereby requiring a heating
means excessively large in view of the amount of the produced polyamide. Thus,
30 the proposed method involves many technical and economical problems.
[0011]
Patent Document 7 discloses a method in which a diamine component
comprising m-xylylenediamine and p-xylylenediamine is added to adipic acid,
while decreasing the concentration of p-xylylenediamine in the diamine

35 component in a later stage of the reaction. The proposed method uses different



5 reaction by adding the diamine component to the molten dicarboxylic acid component continuously
or intermittently while maintaining an inner pressure of the reaction tank at 0.1 MPaG or higher and a
reaction system at a temperature which allows a whole reaction system to be kept in fluid state, and by
heating a vapor phase in the reaction tank to a temperature equal to or higher than a 10 melting point

of a nylon sgf ﬁ%‘ﬂ@@%ﬁ%&%ﬂ@?&%‘%ﬁ%@%oﬂ?@ﬁ Hl&gég%mﬁ}fg?e%ig)f Pﬁeﬁ?t B’?é?é%gdding
80% of a total amount of the diamine compdonent. EFFECTS OF THE INVENTION 15[00161 The

copolyamidefsspebigtid mvamabartsetia rsnenindbbaaiad eflactd dHaapgdigdhfgelrssin is

exce!lent inc%ﬁ‘b(ﬁ?frf@ﬁﬁ'% ' hﬁmﬂ%rikeéha%@%d tof ﬁﬁéﬁﬁ@?%&hﬁ@iﬁ% @@&%ﬁifeﬁwrop'erties, and
molding properties and the 20 quality attributable to these proEertleS is very stable; .~ since the

copolyamide’raBGR R ansF 2t iBtholi Rt idif 11 BRtShEHRS BaratliBtigdmer to the
reactiop systgfiaientl theresdapesai dbeldiarpine compioncst Py eMdparatiamane prepentid nifiedprecise
control of the mole balance and the precise control gf the.degree. of po. rization are easy, a 25
copolyamidte RPNt U 4GOS UARS 1 BEAAAAOn 1oahEE ha B RIA P i
produced bylilgepely aondensaticibraaction lok éhe tharodvenndaigonetii@ng paeadicarboRbeedoia,
Compone”tt‘}[%hﬁ’“é&éﬁnﬁ Waleras g solvepth e yield of the Fﬁgﬁ'}@e e re%i%c}peé Vﬁ'“énn%‘afe'arge
and the reaction ime 15 ]fﬁ)r?; ](??iv since the éfogglng of partial con gnsePand the accumulation of
polymer in thecosaetivaranknree brdlentedls thespalutthidepeodubticrbean Bermamdiectéd poavitdsously;
and (since 8GR RERSWRASIS AN AT AAR P ARRRAIE SR BRLHR!inl FaIEpSer With
complicated design, and an excessively large heating means are 35 not needed, the production
apparatus i§YheEasRaing opt FdirecrRNING PrEe RN T ENe[Oe 1 PR EREPREIELCST the
dicarboxyliaeid compgnantysed in the invention 5 include an aliphatic dicarboxylic acid, such as
succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid,
undecanedioic acid, and dodecanedioic acid, and aromatic dicarboxylic acid, such as terephthalic acid,
isophthalic 2¢dOand R B-Daphthsienedigarboxylic acid, with adipic acid and sebacic acid being

preferi; d. 'Iépe,f;e %D'ds ma%Iil e used alone or in combination. 10 The dicarboxylic acid component
comprises Bt i?/o'f&% o or more and more preferably 90 mol % or more of adipic acid or
sebacic acii0012]

Patent Document 1: JP 54-32458B
Patent Document 2: JP 7-041670A
Patent Document 3: JP 8-259809A
20 Patent Document 4: JP 48—12390A
Patent Document 5: JP 1-14925B
Patent Document 6: JP 6-207004A
Patent Document 7: JP 7-324130A

25 DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0013]

An object of the present invention is to provide a copolyamide resin for

molding which comprises a dicarboxylic acid component and a diamine

30 component containing at least two diamines inclusive of p-xylylenediamine. The
copolyamide resin has extremely uniform and stable resin properties and is
excellent in any of mechanical properties, heat resistance, chemical and physical
properties, and molding properties. The present invention further provides a
production method of the copolyamide resin, a resin composition comprising the

35  copolyamide resin, and a molded article of the composition.



[00181 If the dicarboxylic acid component is sebacic acid, the sulfur atom concentration therein is
preferably 1 to 200 ppm, more preferably 10 to 150 ppm, 15 and particularly preferably 20 to 100 ppm.
Within the above ranges, the increase in Y| of the copolyamide resin during its production is
prevented. In addition, the increase in Y| during the melt molding of the copolyamide resin is
prevented, to give a molded article with low YI. [00191 20The sodium atom concentration in sebacic

acid is preferably 1 to 500 é) m, more freferabl 10 to 300 ppm, and particularly preferably 20 to 200
ppm. Witk EBBy &iﬁé@gqt RBRRYRLEMIne synthesis of the copolyamide resin is good,

the moleculgypygight of the copolyamide resin is easily controlled within an appropriate range, and the
amount of an alkali metal 25 compound to be used for controlling the reaction speed of amidation as

described below cafth@ FeduLbal frERituh BieakeRe 488 M VRESSRATHS Wl Ht rAGTARTTH the

copolyamideoigsiiyaeait be psaviestedndeimpeie the nibldakiity. xiFsllaneaushy; dTardusirg@dring
the molding and ing IS prevented, to imgré)r\ée uali% of the gbtained molded article. Also,

the adhero BTt Bo B Fau i TEUATE A e AR ARSI BE PR R BB BN &mide resin is

compoundegropihrtjiess fillag a@ipglyamidcavaiprisi302@ia mindcplancdernted sahacin acidaor

preferably used, Sinog; e plantderived sebagic asid cantaine sy sompeund.and a sqdium
compound as |mpur|t131/1, a fSacopo?ya%ic?e fesin comprising a constititional unit of the plan(f-derived

sebacic ac'(d)l_mafiw Qpeme)ﬂl %im“nmrgwﬁ-pmbyipisaddaa@edmd grdmmnyéiqwi@irticle with low
Yl Thﬂ)seb&ﬁﬁ&ﬁﬁgxg@w&%ﬁgﬁé’ '?@%P'%fgfa}ﬁyrg%?da‘@%%ﬁ?%ﬁgiﬁ'%miﬂlﬁ’é‘ﬁ@%ﬁcé?gli%ﬂ@cthe

production costs. [00211 5The diamine component comprises 7 | % or more and preferably 90 mol

% or more SCHLYRNERS Eidmik crrbrICHREBH: of The XppriHamadeinesBripH R F ORI or more,
excellent meshanicalPiAPRHISS ARt heRt TReistanem s RS OR@IReH AhsiyhAenesiamine comprises

20 mol % or more and preferably 30 mol % or more of p-xylylenediamine. The xylylenediamine 10
preferably CTSASES S XESRELA IR GRS EmInd S T RSy IONEBHERTNE RaRe dcHMRnt of
p-xylylenedfamditigsin the xylylenediamine is preferably 20 to 90 mol %, more preferably 20 to 65 mol
%, ang_still referably 30 to 50 mol %. If the content of p-xylylenediamine in the diamine

comp ﬁent@%%ﬁin the above ranges, the heat degradation due to heating during the synthesis or 15
molding of the copdBlansidiehrepire sam havrdiced @nd tthesmoldability is good. If the content of

p-xylylenediamine is, less than 2Q mol %, the crystallization speed of the resulting,copolyamide resin is
o, thoreby deterica e A (o R R oI RRRRREE
crystallizatiowoapidmedecingrtha eneaithaidac stlemgthc aeddiamipenesmponent may further contain 20

other diamine as loqg,asdfie ficg]ahifie KbaRtoI it BohAstversety aflaciedhSHoRSher diamine is
selected from aliphatic diamines, such as tetramethylenediamine, pentamethylenediamine,
hexar%@thyléﬁ]é’&?&?ﬂﬂ#émlﬂe which comprises 20 mol % or more of p-xylylenediamine and the

dicarboxylic acid component comprises 70 mol % or more of a straight-chain
aliphatic dicarboxylic acid having 6 to 18 carbon atoms, and the copolyamide
resin contains particles having a major diameter of 50 pm or more in an amount
of 1000 particles/g or less, the particles comprising a polyamide having a melting

25  point higher than that of the copolyamide resin by 20 °C or more when measured
by a differential scanning calorimetry (DSC);

a copolyamide resin composition comprising 100 parts by weight of the
copolyamide resin, O to 30 parts by weight of talc, and 10 to 150 parts by weight
of an inorganic filler;

30 a molded article comprising the copolyamide resin composition; and

a method of producing a copolyamide resin comprising a diamine
component which comprises two or more diamines and a dicarboxylic acid
component, wherein the diamine component comprises 70 mol % or more of a
xylylenediamine which comprises 20 mol % or more of p-xylylenediamine and the

35  dicarboxylic acid component comprises 70 mol % or more of a straight-chain



diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane, and 1,10-diamino decane; aromatic
diamines, such as m-phenylenediamine and p- 25 phenylenediamine; and alicyclic diamines, such as
1,3- bistaminomethypcyclohexane and 1,4-bistaminomethypcyclohexane, and is used in an amount of
less than 30 mol % of the total diamine component. [00221 The component for forming the
copolyamidgyfainaiver0ap b pmig Sheareeneahans e rarhpwlicasid gemponent may be.
but not specifically limited to, lactams, such as caprolactam, valerolactam, laurolactam, and
undecalact&rinantbesriiibietbog liteadiasn B KB pongRtinashtle dheachasylimacid component

12ﬂmin0d%%?@%&%ﬂ5@%ﬁﬁ1%&%‘ﬁ s ﬂHéﬁB@e‘ﬁ%@%P@@@l%fﬁ ¢RA bjnation Qb e Qnsmore.
35[00231 o prevent the discoloration during the melt polymerization, a phosphorus compound

may be add@dtotABIEBSEI IR Pasiia EsemmsiRecss s sRBSSHIg EBmBBLsamHnaRtion
hKDODHFmspm@aQUﬁ)ﬁ%pgmﬂmhgsm (ﬁﬁhﬁﬁh@mﬁﬁpbﬁé@u&ha@'ﬂd@ﬂ@h mﬁcltnhaﬁdpbﬁyﬁusﬁ@adt; a |
phosphorous compound, such 5 as phosphorous acid, phpsphorous salt, and phosphorous ester; an
oo COBE LB RS M AP HBIE B BTN CA RSO B R Bk s o
the hypophosphetatiiosathink|ad® gokdBsiGnohpghéo aplite readiuon kypopnosp hitematatabure
hypophosphite, magpesium hosphite, manganese phasphite, nickel ophosphite, and
cobalt hypo%’%%%%]r% e?@grﬁ%l{é?eg “fothe' pﬁ'}]g%% o?&f)se s%%?n%: t?gglgoﬁté%sﬁu%n}éﬁ%’sp %?Z,E)%%éilum
phosphite, calpiumphhssphitdemageiasiutaphdsphitenmeangturesequiad dohite hrgbical Prosphite, and
cobaly ghosphiefexgmiplest of heopnasRnois eets IR eman RSSRIE, Y RRoSPhite.
isopropyl phosphite, butyl phosphite, hexyl phosphite, isodecyl phosphite, decyl phosphite, stearyl
phosphite, éﬁ@ﬁﬁh@whsméW@@;m@wﬁﬁbgf%eowﬂﬁé%%@%@ﬁé sateineoaaporhddia ApRYSShate,
sodium phagihatsh&icium phosphate, magnesium phosphate, manganese phosphate, nickel
phosphate, and cobalt phosphate. Examples of the phosphoric ester include methyl phosphate, ethyl
phosphate, isopropyl phosphate, butyl phosphate, hexyl phosphate, isodecyl phosphate, decyl
phosphate, BleERCAIINIE RN WiENYIp0sphate. These 20 phosphorus-containing antioxidants
may use@%@e%rle or in combination. The phosphorus compound can be added to the raw material of
the copolya esin, i.e., the diamine component or the dicarboxylic acid component or can be
added to the reactidhhsysteolyalthaleggtennt binited ithesataol b psettenfdHevaggy égatidivaflthe
phosphorus ol ound in the copolyamide resin and the abnormal reaction 25 each caused by the
heat degragatlon thereof, an alkali metal compound or an alkaline earth metal compound can be
combinedly(ised. Efzmmoies! ienade inesii dssexiighehydrosiae of alvtahahycrbpite giviasshent
hydroxide, magnesivm bydkoidea At Y alsalmsielge alalingRadhmpiaemeoynd ehearbonic

acid, boric acid, acetic acid, propionic'acid, butyric acid, isobutyric acid, crotonic acid, 30 valeric acid,
capro?é)acidl%@éé(rﬁé‘i&%@f@ﬂ@ﬁéﬁtﬂ&?&%iﬁ?%?ﬁ?ﬁ@ aeipenerAdtic acid, stearic acid,
cycLopentagﬁ¢arb0>sYﬁ@@§ifb @&ﬁlﬁ?ﬁﬁﬁ@%%ﬁé&@ﬂéi%ﬁ?ﬁ%@?l%?cinﬂ%ﬂag%ad@hqh?wbugric zlacid,
p-phenoxybenzoic acid, 0-oxycinnamic acid, otchlorophepyl propionic acid, and m-chloropheny,
propionic a&%ﬁm&%m e Jegomp to the RS UBP SV IR R 6 RR Ghtion
contains patliel@sdiavingcamsjaediahietenpbdltdim ardnate atmict,adrapiseiacalyanidehaving a
melting point hfgi%erlthan thaét% the coPonaijdelrets'n by,20 C ormore when rtneasured bg/ a
differential s{%gnnlnag%%(fgrﬁ%e ry ?[fgﬁs iiT an amout c})lfe 1 %%r%%r |(:PeosJ}E;H(l)errllezsas,1 %np%?e?g K7 800
particls/g eoiedyaamd encrel prefiehablyl Godnpantdtclssid quidsty Withitaimedbove ranges, a
copolyamidg:kgsin ' C C i ' resi ' tain 511In
it paricles ving L po DA LA,
melting poirf lilethdianzim ehearopeend polyaihil dicssihosy o Tisk saprRO NIt @ohtaiegl in the
copolyamidg sesindn 2R AmauN AL 190N RATIEIESS Al iasidinRCANSAL P RAICES hAving,a maior
diameter of 50 to 99 nm is, preferably 500 particles/g or less, the content of particles having a major
diameter ofrf@Gtﬂ@riéglFﬁﬁﬁssb%ferably 500 particles/g or less, and the content of 15 particles having a

majorgdjameitey of 20 s RE (Elogeins prefaraply dsiddeariclesid ehiease i TAGISNRseissTother
embodiment, the content of particles having a afir(%%{i eter of 50 {0 99 nm is 400 pa%icles/g or less,

the content’df P HEREHIVIRGE ARG AP ANHE Y65 R RAHEH P e RfgcaP Rasteshd the
content of paititles dalivigaadnajor diameter of 200 nm or longer is 80

(v) since a highly pressure-resistant polymerization apparatus, a partial
condenser with complicated design, and an excessively large heating means are

35 not needed, the production apparatus is inexpensive.



20 particles/g or less. In a still more preferred embodiment, the content of particles having a major
diameter of 50 to 99 nm is 300 particles/g or less, the content of particles having a major diameter of
100 to 199 nm is 300 particles/g or less, and the content of particles having a major diameter of 200
nm or longer is 60 particles/g or less. 25The content of particles comprising a polyamide component
having a high melting point in the copolyamide resin is determined by, but not particularly limited to,
forming a co o%amide resin melted at a temperature higher than its melting point by 10 C into a cast

film, taking B QR ABRYHIN Y € A in ENMASN A EEera, and image-processing the image

using a softjarez]30[00261 Generally, the synthesis and mold processing of polyamide is carried out,
if not restricted by other factors, at a temperature range of about its melting point to the melting point +

20 C s0 as to allow ¥He'puNenbshs difRERAK)inmatid i@ pRRRtHSALANdOS HUSIBHOM the
producson oh&apeliaimighdtisididabaviitdheidompasiionspesiiies-ia theutwantiand adulyiemide
having a melti oint higher, than that of the intended cppolyamide resin by 20 C ar more is likely to
b by pro it HBGT FP BBl AR FFEESNAFS Syt MR AR G g b
synthesis addducidiadiprocess, heé moldediardcienodloeddrdnstiod hetesogemdoiscprontlct
containing the hi lting 5 poi lyami as deteriorated, uneyen .mechanical properties and
meat resisatl B e R P 2 R e of
molding prosdswis m@b@ngm@saﬁici&hywanimm@hbﬁelltlﬁi;ﬁ@ pbbmpuljamﬂ;tebénad&npletely
homoggneopis.system s difficult 4o ORtpim AL U SAROVARILeBRIN (S Sraessivelidieatifgaraded to

reduce its mechanical 10 properties and heat resistance. 100271 The number and size of the high
melting poirepegtrietertlE 80gankrnioe rain ehadpigaeithmcebycisragisking a molded article,
such as shdpgdgjrticle, film, sheet, and bottle, by a known injection molding or extrusion 15 molding
while setting the temperature of a mgld or touch roll low so as to allow the molten copolyamide resin to

be cooled and solidHidd5arABRONSLS SCit camPoReRliySGrRatAG tHE HsdetidmiekoBy
image-processiag thetinagh aleimold g ediclbliakern e 55D, easterpresngslynage IBCessing
software. The meltin inj of patticles i optained mo article can be determined by DSC 20
el of (R TER EE B BT nRIHA BRfEre o) ERIEP 6o A GBED T ing whether
the particle arerthedighYhelfitigepmipo Foaeig d enetarsdonnog. fiG0281ductionhe pelatetedscodity of the
copolyamid in at 25 C is prefera 80.t0 4.20, e preferably .1.90 ta 3.50, and still mare
oratoraby 188 e B e R B R om o 1
g/100 mL Ifiyeingnitesd fagl 1680 niedded aeiddetivid niee ¥bpolyamide resin has insufficient
mechanical[gtjggpth as well as unfavorably has deteriorated resistance to water absorption, chemical
resistance, and resistance to heat aging. In addition, the melt viscosity is extremely low, likely to cause

die swéling, 30 uneVBA FREKHY, HhserraasrAdIh eIt Bradessmgiaraholding (osme 1.80

or more, theypRidac ritigheyoi the, cre yamidenE parers RHficigRiIasIanioalstienghrand improved
resistance to water %bsorpti n, chemical resistance, and resistance t?é(geat a%iing. [00291 35The
copolyamide resin NAVRE R RARRYGiLASER: oftt ERAGH Y NSt RSP BiRaR &4 ifcontinuing the
melt polymeopatipaniild theireidtysodistositiolecular weight of the copolyamide resin is easily

controlled within an appropriate range, and the amount of an alkali metal

25  compound to be used for controlling the reaction speed of amidation as described
below can be reduced. In addition, the increase in viscosity during the melt
molding of the copolyamide resin can be prevented, to improve the moldability.
Simultaneously, the burning during the molding and processing is prevented, to
improve the quality of the obtained molded article. Also, the adherence of

30 degraded resin to a die, which is caused in the die when the copolyamide resin is
compounded with glass filler, etc., can be avoided.
[0020]

A plant-derived sebacic acid is preferably used. Since the plant-derived

sebacic acid contains a sulfur compound and a sodium compound as impurity, a

35  copolyamide resin comprising a constitutional unit of the plant-derived sebacic



reaches the predetermined value. However, if the melt polymerization time (reaction time) is
excessively long, the polyamide molecule may be damaged or an abnormal reaction (formation of
three-dimensional polymer), such as non-linear 5 molecular growth, may occur, resulting in the
formation of discolored product and gel. In particular, the abnormal reaction is difficult to avoid when

the relative yizqpity @ﬁg?@ﬁ@%@%ﬂ%@%%{ﬁf&i&éﬂ? shy DigNEIt X IBCES LN RYERRY makes

the molding process e copolyamide resin containing a large amount of the discolored

product anctgerkhsiwdhdesbhbrmbhe cehaesscid trrisddsmyapkipbssaprriesabiitisadhe viscosity

during its hQlding iR BNRNEN.SRIS, thETeRY slaniicantly.dsisrarting dhs moldability, in addition, the
resulting m&l}d@dﬂjrtlcle is poor in the properties, such as resistance to water absorption, chemical

resistance, sistance to heat aging. [00301 15The copolyamide resin is produced by the
polycogdensation ofthe dliamine eompenent anchiiesdicabaxylicsasicheorvpenepiéfdheapsence of a

solventinab wise reactipn tank.equipped. with rtial condenser, in which the diamine
component RALAE B HOSHICARBRME Seic LB SHBRE ARG ECHHRBRy whit
maintainingctia ponenpressiinm of the2threecianddaktcongtanh wiihiprapangesod OdlhdiaaG or higher

and keepincll ethe reactiog S)éste@tat a tempgrature vlvhiclalallows a whole reaxZ‘BorQ1 System to be kept in

. L .
fluid state, an%?h%l%/cgp%r% ase Ih the reaction tank is heated to a ter 1|tf31(=,s=§_3§ture equaf to olpﬂlrgher than

the melting poihpotftia hiyodsalobbmprigingetoé pavy Inkiteridis berore 80be sfiitetotdiamnnt of the
diaming 25 COMAORERLISAPRRDs AP35 Ha mindd tﬁf‘HME%&%‘HSH@QE&S&%@H&H&%%ChW'Se

reaction tank equippéd with a stlrri;]ﬂg device and a partial condenser and desigried to withstand
p

pressure is ¥WdIPEenHt the wHipkratde BrYadsr heaselid eneBe raactisnpeairr ahdypiib to
connecting daeapPos, Rhase prdhea-seastinntask and the padtislisopdeassrdePeisrablyesvipped with

an appropriate heat insulating means or heating means, such as a heating medium jacket. To prevent

the escape BOth& diathiit SRSt XA RS A UATBIYR A B ERPOHPBREFOBRABY L SHE BB heat
transfer surfaeeadbothepariias condhasedisgperiatahly B tenperawedcentwiabley {0083 or The

Raving & oSO DR THLe SF oM ARG TR B DI S Ebfiporot ich
and equimdhe) aant&etHodubddie diemprodustiossniethod (bithk Yhventiory SEnB it haipeeé of raw
rogsthor Wil S L S e e R e Scing
the diaminepeorigonent defoentedeand dadicasitle rhactionrsysidenenhiteysitbirafbie, andunt being
reducing the mechanical strength. The diamine component may further contain
20  other diamine as long as the effect of the invention is not adversely affected.
Such other diamine is selected from aliphatic diamines, such as
tetramethylenediamine, pentamethylenediamine, hexamethylenediamine, 1,7-
diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane, and 1,10-diamino
decane; aromatic diamines, such as m-phenylenediamine and p-
25  phenylenediamine; and alicyclic diamines, such as 1,3-
bis(aminomethyl)cyclohexane and 1,4-bis(aminomethyl)cyclohexane, and is used
in an amount of less than 30 mol % of the total diamine component.
[0022]
The component for forming the copolyamide resin other than the diamine
30 component and the dicarboxylic acid component may be, but not specifically
Limited to, lactams, such as caprolactam, valerolactam, laurolactam, and
undecalactam; and aminocarboxylic acids, such as 11-aminoundecanoic acid and
12-aminododecanoic acid. These components may be used alone or in

combination of two or more.
35 [0023]

10



10 added. The diamine component and the dicarboxylic acid component can be metered by means of
a weighing meter, such as a load cell and a balance. [00331 The method of producing the
copolyamide resin of the invention will be described below in detail. First, the dicarboxylic acid
component is charged into 15 the reaction tank and then the inner pressure of the reaction tank is

raised to a preset Ieyg&ﬁgy?“ot% t&gfj;gi o%d%ﬁ?tﬁ%%@ﬂt&}léhﬁ é\{lﬁ%ﬁo%r, higher. In view of

avoiding the discoloration of the copolyamide resin by oxidation, it Is preferable to replace the inner

atmospherebpiRhpsastsAmBARRA TGNy adtedimere gapolviemideniavigen, Batordetaphittpthe
dicarboxylicpﬁggbme@m;r%ﬁ%Haqmﬁumf@atmﬁeﬁﬁoé&;ﬁ&lwﬂsfﬁmﬁ@ Juels the dicarboxylic acid

in an inert gas atmosphere. The dicarboxylic acid component may be melted in the reaction tank by

heating to it3YASRIRS PBRTOSSHGHE A EBIRARRAT PR Al 3ok PRORPESHPEHEHERRE e #H&ked in a
differens tar&@fph@iﬂmm%mgﬁg?kﬁn@sﬁﬂmmls(@ﬁati%anﬂib@hf mmh ﬂiﬁaf@@%fyﬁe)@ﬂ'ﬁ)?ich
component is 25 charged into the reaction tank, In view. of increasin working efficiency of the
renciion o HRSUBE OB AR FHRTS AL HERP fo030 A1 R RSRUSBIf Raitiod to raise the
inner pressiikeash tesrefictierhtaiplootghpreset prissiufe deepdicnaduahdvwepbelosephitiatingdiven

addition oft}ife di ineh31gec%a onergt}é?)th dic r.l%ox lic acid.co onenil[g?:lst@gtreeaction tank. After

reaching the%?ggeOBPessu’re, IS I|c1)1r e %Sgeépetheﬁiﬁrlllgrs lpurg%sgr%og & reaction tank constant at

the preset messpﬁmﬂplﬁéepmsklﬂdvmﬁldwmehe{lémhﬁﬁ thersathesidu steaitempéeatofe and
the lingar Vﬂ?&%‘l%ﬁ'ﬂ%ﬂ% RATSINEHRERUEE: RS RRHBh G OPARRSEhLAISRY 3o IR IB UgtciiEn

separation 35 ability of the partial condenser between'the condensation water and the raw materials is
reduced, arh@fPBEeapaasAsl vay Phasbike, paaReMIfp tHehaphilte coirldneihespbhena@action

system is diffsuit tpIRISYERE tharghviprking ihdiffikyiiRaeniiddhs meig falanasyl dpisinot
recommende%j};ﬁ raise the inner pressure to the preset ﬁressure_after initiating the addjtion of the 5

diamine cofiPBHEMOTRBIHSn &P PHERTY® RPTRE Hca it Ao A t5e harsdabty sbatR 1 dsRyi&Ahert gas,

such as nitrpﬂ@@ﬁl@ft&&ﬁi@ﬂ;ﬂ@@ﬁﬂfﬁeépﬁe@@we ﬁ%@iﬂféﬁ@d @ﬁ?@lg?ws@ﬁ;oér?aﬁtbe SBithatplesteam

temperature at.the jnner. pressure of the reaction tan ring the addifion of the diamine is 150 C or

owor Lo Blab PPESEUE TR B UG R QBOLbAE AR e LM RLE AT SR Rrboxyii

acid compopkos b bee pseds mexdunis lrespiadty, nlatoc@debtPpla i3l nick efpdrothehintegrapréssure

of the reaction, iaireaghiasdne pasetressie, {ie.diamine sampananys addadipine disgrborylic
AL 1o Ry o Wi RaGng e AR

. 0
acid component continuously 15 or intermittently eeping the inner pressure constant at the

preset presstielapboseivatinisghepidachiospdyienhatd wmpephateelenolgrhts kbepetheadiecid
reaction sysigL i fluid §Lat \RigLpe the aqdill Bﬁﬁﬂﬁ&iﬁ%ﬁ‘gﬂ@ﬁ%@%@sﬂl‘ﬁaﬁj&arm@ acid

component, the dicarboxylic acid is heated.pré?grabl 0 150 C or higher within'which the amidation
reactidfl is ARRFEHWTO PRGBS R Bprifianto iRy, st adonsyetam rordpnsiarrabiihs a

:ﬁmpﬁratur%ﬁﬁﬁggh@l{?%ﬁ?mt@aﬂos@ :Eil!liaemﬁf_ﬁ[@;&‘@&d%ﬁéﬁé%i&%}dﬁﬁmbb?%yl?fﬂ@ﬁegiﬁ{ne|tt,
ereny maintainjng tne wnole reaction system In.1iuid state. e adaiuon Is carried out generally a
180 to 310 beanﬂlﬁké’r%f’aw SPTRIREBHEC @%fgﬂf’xyﬁlc PRELOMRATROL AT CAD Ftﬂfpéeagiﬁa the

diamine coniponenttiotheysielienadibaigixylic doidi cainpanens.in the peactiontiank gorsimumosyfor
intermittently under stﬁrin& while radgalllly ﬁaising tgie ter%erature of trgﬁ re%ction mixture tso as to
maintain thé WHOIS T8action fixtare ih ffw(} StateP 30003 7L 5! %dtemep%ra{]tﬁ%n raaislff?fbcr%ﬁrel depends
upon #%e hestobf camistatiby téactioat thegiatdatioeathofrevd ponatibra bf et ebodepsatioh avater, and the

heat Suppli%ﬁ%ﬁﬁ@&%@tﬂ@ﬁeﬁ%@!ﬂﬁﬁﬁ?g 8&’{&"38@&%&8@%’%@?“ 'TRU AR GALIRIRA so that the

temperature o e reaction mixture a completion
include sodium hydroxide, calcium hydroxide, potassium hydroxide, magnesium

hydroxide, and an alkali metal or alkaline earth metal compound of carbonic acid,
boric acid, acetic acid, propionic acid, butyric acid, isobutyric acid, crotonic acid,
30 wvaleric acid, caproic acid, isocaproic acid, enanthic acid, caprylic acid, pelargonic
acid, stearic acid, cyclopentanecarboxylic acid, cyclohexanecarboxylic acid,
hydrocinnamic acid, y-phenylbutyric acid, p-phenoxybenzoic acid, o-oxycinnamic
acid, o-B-chlorophenyl propionic acid, and m-chlorophenyl propionic acid,
although not limited thereto.
35  [0024]
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35 the addition is preferably equal to or higher than the melting point of the copolyamide resin but less
than (the melting point + 35 C), more preferably equal to or higher than the melting point of the
copolyamide resin but less than (the melting point + 15 C), and still more preferably equal to or higher
than (the melting point + 5 C) but less than (the melting point + 10 C). The melting 5 point referred to

herein is the temperafiure o eak ARSYRIAN, PERK @@&%@%&%&Qﬁ@q@éﬁ{&@'%ﬁ&w@ya%uch s

observed in differential scanning calorimetry (DSC), etc. The melting point of the reaction system can
be determirfigby¢EBCL é@cumoastmmmh@bmwme@ﬁ@mm&dv@@mm wlEpe phase in the

reaction tank;is\@ised {ota e HPaieEB LAl RO Righhan the HelipesRointottha fulen Bgitof raw

materials befgre ad%igf 0% of the total amount of the diamine compgnent, preferably befqre adding

| 8 .
70% of the BHELERBGHSGRIHE BR ARSI SRR RRCARR ATb A sPeRdrabi 00k arRr HELAS B Bkest the
total arpounseffthaB1y diemine sereeenantd9)3IHd moréphadosBseal pdding dbe dinmnaine

component, in addition to the condensation water being eliminated, the ars of the diamine and the
dicarboxylic AR BrdBE A S ERBR BhASE TR PRI AR SIG € L) SR BB the
xylylenediaminpeatib shendidashoxylitséeictate blghaénddan that of water, the xylylenediamine and the
dicarboxylic[éaﬁr%]are easily condensed on the inner wall of the apparatus to form a nylon salt. If the

V

temperature of vapor phase is lower than the melting point of the nylon salt, the solid nylon salt is
accumulated on thelwahepaotintiad thenaponpiasdiaietemiddiid piof ehe2B @enheolaprsiyign salt

restltyn a polyamideAigaELheYing bighimeling. ol meinalhe assumalionislle, e

copolyamide resin having pxylylenediamine in a content higher than intended is formed locally and
enters into #é YeautiBiPhiaurdehng eropratrdion precelimpdheests BT tie sexumrg!

copolyamideygsipasticieas Methaichb RiapRIEs AN iehl S esistance 3 e eemastupeyesp (80401
Since the nylon salt is generally somewhat soluble in water, it may be effective in some cases for

preventing the HEctiniRifs AP mAShrahtidarE a1 de thet R ARG AMbRAT BF RS RaFIhadtsH Water
in the produlitlendpeacess08 310y Me, ithpradeitipiviHoeep anddddtionabisnaher thistigtbat of
temperature are. needed.for re-evaporating the r ed water. In addition,.the pol ide is degraded
by thel part B RGSIRT HUE B8 od B bR H ek h OBl PRSAUEE B 1 B blyamide rosi of
the inventiopartidle Zgntailesp- xityle nediamieteunid cind oglonesdlt ik desmsehtbdd fravtatbrs Therefore,
the 5 incregee,af e [elyrning. ameunt PEaIehis Q! soselestive tnder eeaglion eonditiops for
increasing the rent%rning mount of water, the temperature o#)rerfurnlng ater 1S’lowered to decrease
the water solRibiitiesfayongsalmiierrdakingtimiffid OR to dRQiHhesidtéhpedtediests Phdesforanid has

been difficull,e content of particles having a major diameter of 200 um or longer is 80

20 particles/g or less. In a still more preferred embodiment, the content of particles
having a major diameter of 50 to 99 um is 300 particles/g or less, the content of
particles having a major diameter of 100 to 199 um is 300 particles/g or less, and
the content of particles having a major diameter of 200 um or longer is 60
particles/g or less.

25 The content of particles comprising a polyamide component having a high
melting point in the copolyamide resin is determined by, but not particularly
limited to, forming a copolyamide resin melted at a temperature higher than its
melting point by 10 °C into a cast film, taking an image of the cast film by a CCD
line sensor camera, and image-processing the image using a software.

30  [0026]

Generally, the synthesis and mold processing of polyamide is carried out,
if not restricted by other factors, at a temperature range of about its melting
point to the melting point + 20 °C so as to allow the polyamide to sufficiently melt
and prevent the heat degradation. In the production of a copolyamide resin

35  having the composition specified in the invention, a polyamide having a melting
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to prevent the high melting point polyamide from being accumulated in the 10 apparatus and entering
into the copolyamide resin. In the method of producing the copolyamide resin of the invention, the
temperature of the returning water is increased because the inside of the reaction tank is pressurized,
this in turn increasing the water solubility of nylon salt. However, since the content of water in the
returning ligicie sipal s st sp dissaiisaeaspaR e 1 yign salieniirhyaniy by the
water in the returnln%ll(i?wd. [00411 As a result of extensive research in view of preventing the

accumulatidikebxte Righyneredggrsint porpaile mnettengppairzt o biadnifrs prodition B the

inclusion th@&%_@éﬂﬂ"ﬁ&b%@%%ﬁ@iﬁ% @ﬁ%ﬁhhﬁés?@ﬁﬁ&%%ﬂ@iﬁ%%f@%@s?om ths1aequmulation
can be dramatically and effectively ﬁﬁ;aevented by melting the nylon salt and washing away the molten

nylon salt b Airdeursr 6 didraraitie drtprRRD SAR RIS hersia oD i § i WEAHEBE of
diaming, in plage poiremeathnd casuantionally, empeyethddahicliashipg:aveayathe Rylan salt by the

condensation water bejng returned,to the system. The invention is based 25 .on this.finding,.[00421
Sttt oK e R e A el
temperatureeqpal-isowrehidimeo itarg theorwslsing yzosudé the ghil oo saffictenplisingltheheahighaterials
before 80% 0f the total amount of .30 the diamine component is added, The melting point of the nylon
ol oo bo SR B R R s T R R
of the nyloresalttdrenighelyisefode tres80% exiditor cliyehaadutegiztdddhidore daktensitsramet amecalolten

nylongglt i E%%ig})ﬁ@%tgm%‘g%l}%g%@gmgquuid together with the returning liquid. Since the returned

nylon salt 35 is uniformly dispersed throughout the reaction liquid in the subsequent production steps,
the copolya‘ﬂ%ﬂesin with excellent properties are produced without quality variation. Even if the

vapor phase reache}%tﬁa}%@tu&edem@ldpt%n@gﬁr&{@ﬁﬁ@epa%i%ﬁ@@é@tﬁ%@yion salt after the
80% addition, the effect is obtained to some extent If the addition is still not completed. However, 5

since the viSeBSIEAORIRE FeSIttiEANiGEid Sheraxnsed Ry HEpORBs R Ratse srddelsds it hsadifficult to
uniformly digpgpsel thet Ry i balf.shietetond, loethy/lor sakimiateaniplaicly reakiatkistikalrtoimn

inclu in the resulting. copolyamide resin as the high meli oint polyamide. If reaches. after the
competion BUETRAILE SR e T BHE 6y T e B30 BBt 10 the
viscosity of the realttonchgoiy beidmessaxtte e lyobigh, anakéodi thé edclnsionceptimikigtabeslking point
polyamide ipto the copolyami sin oid 00431 The.condensatio ter which is
B minated e & e R e, oK aon
through a partiail¢ 3detinlbyse (AR trenerzovisreg Phianiageresnperatgreotiiie partih e oneléizer is

preferably gantieligd,ia.diafd CiArRWEH NG 6'30iee FAMRaReRLARd e diaahaxyicagd component

evaporated together with the condensation water are separated from the steam in the partial

condeitser andkettinédhs i ticdesisallaptedipm dhaimmaehrodisdady WHERSIE-tRECinklapreby
temperature aifihe pPRstiARAKONHen RIS 36tathiEPalitiamidfs HReRoyamideRioamesrelot.

dissolved in the condensation water accumulates in the partial condenser. The repeated batchwise
production i Ke85es the amount of the accumulated oligomer in the partial condenser and finally clogs
the partial condensdththerkhiyveakiegsie c6nliouwopslpatehdisa:piodutc2dndifiquitfebiB0@#4130  In

roacion prasebAU o BRI IEHATN LySIat by TGN B TRt ENASAHE 5 o DT

condéXiser ispasfarabinles8GhracobsorCranddritiivaicarge fromdhecsatinstech stbarg/fdipelature to a
If being less than 1.80, the molded article of the copolyamide resin has
insufficient mechanical strength as well as unfavorably has deteriorated
resistance to water absorption, chemical resistance, and resistance to heat aging.
In addition, the melt viscosity is extremely low, likely to cause die swelling,

30 uneven melting, and mold flash during the melt processing and molding. If

being 1.80 or more, the molded article of the copolyamide resin has sufficient
mechanical strength and improved resistance to water absorption, chemical
resistance, and resistance to heat aging.

[0029]

35 The copolyamide resin having a relative viscosity of 1.80 or more can be
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30 temperature 5 C higher than the saturated steam temperature. If the inner temperature of the partial
condenser is higher than the saturated steam temperature, the returning amount from the partial
condenser decreases and the effect of washing away the nylon salt or oligomer adhered to the partial
condenser cannot be expected. If the inner temperature of the partial condenser 35 is lower than the
saturated stgagt i QRRRIAING W AL ShREAIERSALion BT ARIANEHNATS Icraancd
Since a large amount of the condensatior water returned to the reaction system decreases the
temperaturéesichesrthe e ebetmelnedditidtsl hdaeweardy is thecuedt Paky rasiperbiRRelBR9apor phase
is also decrgased; i make) the.aceummmadion s thenyopasaltiand aligamenayyoarkablsandhs

inclusion of the high melting pog%t polyamide into the copolyamide resin unavoidable. In addition, the

polymer sofiREEHAY MRS URED M Brapsizeniioenat RekIBPNatdchet d16R: igamolten
state cannoingendintainedin, Seme casas ridalpraieiatieddosuwiabilyrsefadisthitdrerbpued ot therd
reaction tank so as to achieye an optimum inner temperatuye, of 10 the partial condenser, If the inner
orossure ofihe A bIAMLSHIAE 5 FPHETIRL THAE I b AN B 6 AR e
regulated witlsitoai targe afdsdd. ZDto 1aehdd {0045 thfterteompleting thematidvtiscositthe diamine
component, the inner 15 pressure of the reaction tank js.Jseduce atmospheric,pressure or lower.
The pressu}len%\rlgaﬁ%éa prae grsagh? {0 ?zcsflsnt%grllﬂoa{:terﬁgsdﬁ?%%%redslé%erecgg(%gat{)n%grgng%sen%he steam in
the vapor ph@B@iﬁdmgI@elwgeth@ysm,ﬁhﬂsdéﬁmil@getﬁ@mdiddti@n(bgal_liﬁmﬂvrst@rﬂiéapmmd side to
furthey incregae.the, degiee ﬁfsBSHw?iH&M- D heiRSSsY 'E%éGxHH&S'&'Eytﬁﬁﬁ?g RELALYIGilS,

maintained 20 so as to keep the whole reaction system in fluid state. The speed of decreasing the

pressure is Sefodtodten stafe aklrgabe seamiigbtindprodaratipsikereel dnbileprarcrddifion; to 0.6

MPa/h, am‘ﬁl&’@?é@%@ﬁﬁ%ﬂ@ﬁd}'@@@ éﬁ*@i&é%%&%@ {ﬁ%ﬁ@ﬁr@ﬁ}i‘[ﬁ%,t@@cﬁr%%ﬁ%ﬁ%@ tedusing. If
higher than Q.6 MPa/h, the liquid surface rises due to foaming and the polymer adheres to the side

wall of the 29 7e5RHEER tshie iR hEeBIatRN G2 BihEesivtA SRR B4R %Hoes not dissolve in the

subsequentpagcijwise production, the adhered amount increases with repeating batchwise production
and the adhered polymer is exposed to heat. If the adhered polymer removes from wall or stirring
piade i enters i THE BHARED e RN B O FEL P EC VAR A BF the string
blade 30 mdyaeihrokem.pbtmme nihd e dMPdhx ihe disabvantpgesn suchlas thegmtiowndrzg of the
polyamide due tq increa eat history, and.the reduction of productivi caused. [00461 After
Completing T e e a0 B B U SRUee, F I e
pressure oftie @@@mim CaRIe keIt ﬂ@p%@tb@d@@t@%ﬂe@r@myﬁbﬁ Bertherneohrgiet more
preferably 10,min {0,006 ReuhwhilsmAINEHRA A ISMRRIAYERARLL feenihe whalg reaction

system in fluid state. At'the initial stage of ‘adding the diamine component, the carboxyl group exists in

large €RcesteRFtHENdiARIOBSHBGNEHEAR G et efidhisMbada o drigheriang kpermaitine diamine

component g LxiaMsiytaigh Sintandpeensiderale-aM POk the 6RrRex¥L BhoUpJeeeonsWBRed at the
time the ad\/%ition,is ﬁomﬁoleted, the fixing speec?@]%f the.diagmine componazﬂ;ris xtremely low as
compared Wit tHZ A Ae iR B 6 AR RS, ke heRsH S okt iS e f8aiBn mixture
decreases wiih pretaasio g gegree of podyeetiiatiorth dhiselfheins wisstbtantagdeausfer the fixation of

the diamine component, The diamine, comnonent e fxgdremains In e eaction mixte or in the
vapor phase in'the reaction system. The diamine componént condensed In the partial condenser
returri3sto tlemgamtientmixtddedBy maintaining at the preset pressure for at least 5 min after
completing qagﬂqdition of the diamine component, the 15 remaining diamine component is fixed and

the mole balance of the initial charge is precisely reflected in the mole balance of the produced

polyamide. The upper tibsitabthectiore foethathefitiylaventivesetdsuredsersttabsdhngly
equipped with a stirring device and a partial condenser and designed to
withstand pressure is used. To control the temperature of vapor phase in the

30 reaction tank, the pipe connecting the vapor phase in the reaction tank and the

partial condenser is preferably equipped with an appropriate heat insulating
means or heating means, such as a heating medium jacket. To prevent the
escape of the diamine component and the dicarboxylic acid component by
evaporation, the heat transfer surface of the partial condenser is preferably

35 temperature-controllable.
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determined because it depends upon the degree of the fixation of the diamine component. However,
no additional effect is obtained by maintaining the preset 20 pressure longer than needed after
completing the fixation of the diamine component, instead, the disadvantage, such as increase in heat
history and reduction in productivity, is caused. Therefore, the preset pressure is maintained generally
for3horle 471 25After reducing the pressure, the produced polyamide is discharged from the
reaction tank preferably under pressure of an inert gas, such as nitrogen. In the present invention,

since the nylon salild¢drefitfohfdpngr dehsainntesl pdacadie ehrraker igischspstfiend lyrbaded.
polyamide, e qaEtppoik s RRAIySsathiane pextRACHYISS seRcHO L IPRIGRY. Snaling tae

continuous 30 batchwise production. The polyamide thus obtained may be subjected to a solid state

polymerizatiSHRRIGRA&HDoIfifBFRAFBHIS TSP ABANIE witherigHeP lablcemdtaveight.
AIt?rn&Sivethfmi?@@@/ﬁijl@ Qb@ﬂiﬁ@ﬁdﬁaﬁ&ﬁlwﬁﬂ'iﬁlﬁtﬁlﬁ&wﬂ@ﬂd ' Uoﬁ%f%mﬁéa?ﬁﬁeamﬁdh aiu? in
molten state for furthe erization to obtain a pplyamide with a higher.molecular weight. 35[00481
The copory STt T LB SRR OF RO Ao BREIE S BEOT A GB el eentioned
above, talc divd thorgadiicilld ohpoinenganigefilier caitlh else leeie thisanmrtkpseganatglivhesed in known
resin compasitions without specific.limitation, for example, selected,from-powdery filler, fibrous filler, 5
araniar G T B e o gt i
properties, énctll_mees@rv@irﬁglzin‘t@mh.&)mheﬁmgaﬁtelﬁﬂIwhﬂﬁ)mfémbngl@&)alﬁck_pm@mg/veight per
100 pes by yelght afibacanehamis esin: (004 3 d akampalenobiha Ihrausdiley iaglusle dlass

fiber, whisker of potassium titanate and calcium sulfate, carbon fiber, and alumina fiber. The powdery
filler has a pagtieredibe srorBafepARyVEIBIREINRISE. ditf hdseageadredl Bolghbatasss; and examples
thereof inclygegolinite, silica, carbonate, such as calcium carbonate and magnesium carbonate,
sulfate, such as calcium sulfate and 15 magnesium sulfate, sulfide, and metal oxide. [00501 The

talc may be added {Bhﬁélm%wmlg&hﬁﬁgﬁﬂﬂ%ﬂwg%é@?&téﬁﬁ@’éﬂ?&aﬂ@a]ﬂ%n. The
talc has a pasticlétsideoel prefarabiyil 00 Pinsor thssdand-hoxig pretedakdyn®men ofdess agetisiiended
preferably in.an amount 20 of 30 parts by weight or less per arts by weight of the copolyamide
s 1P exc LRGSO B by IS B F0 DEHE Ty WOEAL S 2SO e e fwabiity
during moldirgsiktel coat pogitibndopdoghar tthemietdiadl prop drties aof the Mitailded: mgdted article is

poor. (0051, 25Te qoRehamIdayesn maorlionehine uRMIaRmaY e hlendeulth angther
resin, such as nylon 6, nylon 66, nylon 6,66, polyester, and o &fin resin as long as the ogﬁ’ect of the

invention isrudfersble affacielich thaditionr thtntopdhamidd hesinasimpositidnsofifimeantbhiothmay be
blended with, an,addiive, 5951‘%’%7}8{%3&1?%?8%9&{3‘2?14% BLeRa L RRINGH AL dRica, or 30

montmorillonite with an organic compound; an impact strength modifier, such as elastomers; a

nucledfing aBEnthe KptaeR Gk adlhisaisratieteppie fie mal dhfdb e exvita ddidndliphatic
carboxylic 36ighF-aTHIgXkAIHe BHCh PR A HORPSS:GATRAYAGoANRIHAY ;L YW GABIcdaRIAasR
compound, a hindered phenol compound, a hindered amine compound, a hydrazine compound, a
sulfur reaction tank by heating to 1ts melfing point orﬁng er. Af}cernatlvely, the
dicarboxylic acid component may be melted in a different tank for only melting
(melting tank) by heating and then the molten dicarboxylic acid component is
25  charged into the reaction tank. In view of increasing the working efficiency of
the reaction tank, the use of the melting tank is recommended.
[0034]
It is recommended to raise the inner pressure of the reaction tank to the
preset pressure mentioned above before initiating the addition of the diamine
30 component to the dicarboxylic acid component in the reaction tank. After
reaching the preset pressure, it is preferred to keep the inner pressure of the
reaction tank constant at the preset pressure. If the pressure varies during the
reaction, the saturated steam temperature and the linear velocity of the gas
passing through the partial condenser also vary. Therefore, the separation

35 ability of the partial condenser between the condensation water and the raw

15



35 containing compound, and a phosphorus-containing compound; a heat stabilizer; an
anti-discoloration agent; an ultraviolet absorber, such as a benzotriazole compound; a mold release
agent; a plasticizer; a colorant; a flame retardant; an oxygen scavenger, such as a cobalt-containing
compound; and an anti-gelling agent for the copolyamide resin, such as an alkali compound. 5[00521

The COpO'Y%ﬁ%‘E’éﬂrf&@@soféﬁﬁc“e%!?%:}égr@ﬁ@c%%m%%% slinsinieiancanag pade into a

molded article by an injection mol ow molding, an extrusion molding, a compression molding,

a stretchinglAgeriBg, comzPeacin{IoAikG. TReE tiesldas tamicle MbyamdtitameTsemtot Rpegivd article for

10 use as eMRﬁ?é“i‘le?ﬁ_ﬁQﬂ% ?_cpgqﬂ%irtﬂéerfﬁﬂ@ E’iﬁé{'ﬁb&he}i‘ﬁ@@%(}%tfi‘gb%&nﬁﬁgﬁ&éﬂdtwbe-
The molded article of the invention is suitable for used as industrial materials and houseware.

EXAMPLESISf0bB3INTI6E Present st HEe MISHSRFssyTs Afbee Hatning threpdklibion picthe

examphes agih GOMPanatiyeexanpIehcHanEY phdé sheuld tecnaigetibatttheksaapenf tagspeebent
invention is.not limited by the following examples and comparative examples. Each method for
analysis is RGBT HAOOBA L KU E WSO S CA M 1D0RISF S S5 S acid, one

gram of a psiyertéidepaeteratdly sweighbd e dissoteeddisidemstivinpata2Qito 30tGelinmeadiately after
completely dissalvin ¢ of the. solution was. taken in &amno -kenske 25 visc . After leaving
for 10 min i S R B O T T 48 Then the
falling speetbftey.of Flecad®sstifnéssanvid derenmdnsied thetysesd bhantiemThe cefativa eidcosity

was cgieulated frgm {he megswred valies Bbhare 1o Aecrrding o farmyla Ay, Relasive.yiscpsity =

t/to(A). 30[00551 (2) Terminal amino group concentration In 30 cc of a mixed solttion of
phenol/etha¥d!a(/1 by volume, 0.3 to 0.5 g of a polyamide resin accurately weighed was dissolved
under stirrig@s 20 to

After the inner pressure of the reaction tank reaches the preset pressure,

the diamine component is added to the dicarboxylic acid component continuously

15 or intermittently while keeping the inner pressure constant at the preset
pressure and maintaining the reaction system at a temperature enough to keep
the whole reaction system in fluid state. During the addition of the diamine
component to the dicarboxylic acid component, the dicarboxylic acid is heated
preferably to 150 °C or higher within which the amidation reaction is allowed to

20  proceed, and simultaneously, the reaction system is kept preferably at a
temperature which allows the by-produced oligomer and/or low molecular weight
polyamide to melt, thereby maintaining the whole reaction system in fluid state.
The addition is carried out generally at 180 to 310 °C and preferably at 180 to
290 °C.

25  [0036]

The addition is carried out by adding the diamine component to the
molten dicarboxylic acid component in the reaction tank continuously or
intermittently under stirring while gradually raising the temperature of the
reaction mixture so as to maintain the whole reaction mixture in fluid state.

30  [0037]

The temperature raising rate depends upon the heat of amidation
reaction, the latent heat of evaporation of the condensation water, and the heat
supplied. Therefore, the addition speed of the diamine component is suitably
regulated so that the temperature of the reaction mixture at the completion of

35  the addition is preferably equal to or higher than the melting point of the
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30 C. After completely dissolving, the terminal amino group concentration was 35 determined by a
neutralization titration using a N/100 hydrochloric acid under stirring. [00561 (3) Terminal carboxyl
group concentration In 30 cc of benzyl alcohol, 0.3 to 0.5 g of a copolyamide resin accurately 5
weighed was dissolved in nitrogen stream at 160 to 180 C under stirring. After completely dissolving,

the solution g conlesia ARGt pwetinRGaRe sHiEam, Alletddivg Lhes ohmehapn) under

stirring, the terminal carboxyl group concentration was determined by a neutralization titration using a

N/100 aquediisaddRimsrheskedimthiacoaaking postiof4hr gansdy avudgytesiol detideshdignn
Calculated fyo therfolowing farmslecNumber Avatasie (eleraiay Waights SINEHRE tHERPRLIP

wherein [I1X-H2] is the terminal amjno group_concentration (peqg/q) ar_1F 15:%5':” is 15 the terminal
o

|
carboxyl groRE aBERARALBR (St %9@%@13(@)%@%1@% @gynt dinghte 6lkRE03, the
tristimujus yajuespéferrandZiiie XY calonpysiermdust lecteapilngitpropeaaRelietizad spraple

were determined ysin 0 color difference meter. (ZE-2000 manufactured by Nippon Denshoku

clustries OB, 0L ST ARG GOt M bt Gt CRIRY ARl S AR Chlcrimetry

(DSC-60 25 atariufatityr€éD $HY)Shimadih Corphiation)iat afenpecattionisig apeecthdfd 0 C/min in

nitrogen strgam. ;810116(9 b&?bl%r@p ration of nylon salt as raw material of copolyamide resin and
ting

measurement of its me pom’t% A mixture of a diamine and a dicarboxylic acid (1:1 by mole) was
added to  [0038]

10 In the present invention, the temperature of vapor phase in the reaction
tank is raised to a temperature equal to or high than the melting point of the
nylon salt of raw materials before adding 80% of the total amount of the diamine
component, preferably before adding 70% of the total amount of the diamine
component, and more preferably before adding 60% of the total amount of the

15 diamine component
[0039]

In the process of adding the diamine component, in addition to the
condensation water being eliminated, the vapors of the diamine and the
dicarboxylic acid exist in the vapor phase in the reaction tank. Since the dew

20  points of the xylylenediamine and the dicarboxylic acid are higher than that of
water, the xylylenediamine and the dicarboxylic acid are easily condensed on the
inner wall of the apparatus to form a nylon salt. If the temperature of vapor
phase is lower than the melting point of the nylon salt, the solid nylon salt is
accumulated on the wall surrounding the vapor phase. The amidation of the

25  accumulated nylon salt results in a polyamide oligomer having a high melting
point, making the accumulation visible. If a copolyamide resin having p-
xylylenediamine in a content higher than intended is formed locally and enters
into the reaction liquid during the production process, the properties of the
resulting copolyamide resin, such as mechanical properties and heat resistance,

30  becomes uneven.

[0040]

Since the nylon salt is generally somewhat soluble in water, it may be
effective in some cases for preventing the accumulation of nylon salt to increase
the returning amount of the condensation water in the production process.

35 However, the additional heat and additional time for raising the temperature are
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the water in a flask in an amount not saturating the resultant solution and dissolved completely under
stirring while raising the temperature to 80 C, thereby preparing an aqueous solution of nylon salt. The
complete solution was poured into an evaporator and the water was evaporated off in a hot water bath
35 under reduced pressure. The obtained nylon salt was vacuum-dried at 90 C overnight and then

e IREUE Mg BoIY i BRE e oLaTe melna peplthAReoh b emAgatyre of the
peak at higher meltla%lpomt side Is employed as the melting point of nylon salt. 100611 5 (8
[

Measuremehpgatioedhe copsiphhnadingidue to essersmadaristiansderintd %Moy using a
corotating tgi%'cﬁ%%\@r%}f\*ﬂ@%m BTN iR fhle MaRuasikeHibY Biaanfsd- Ltd., screw

diameter: 25 mmO, T-die width: 150 mm) under the foIIowin? conditions. The number and size of

particles in HAOBRGALRIHRL WAL S n Hhiscidesh st iP UsiTgea 1d e EbWAtesenddratstotra Y an image
processing saffwage.of the hempeaigreabhiatef anddrdiendOso bighervbanthedaetirorpainiet

copolyamide resin; Rotatian speed of screw; 40 rpm; Rotation speed of feed screw: 24 rpm;
o TomporatA EBOIRG O S CE it B g O B0 R S OTHERBCREIBh: 3.3 i

Film thicknessubfijug WaEer linéosensoel tatensdv VIHO00QR enaonlifibilitne dfhyylbansiyl; OFiCo., 20 Ltd.

(pixel ”“mbﬁ%é%ogogtcéﬁ%cfﬁ?ﬁ%‘e88¥5f‘19t'}45'.%n§ecaé‘er %"f'fé?& PsfReanefield wding 125 @fﬁx{ﬁﬁo'“tio”
in width direction: 25 pm, resolution in scanning direction: 7/ pm, automati¢ dimmer using halogen

lighting devieehrenent theiiadepedtessive sbimiarenaddeferndetndoreystai @X TOWe |
manufactured by Misuzuerie (tonlid P dele g vars deteciad: Theisyabar.abseryalieniiaken in

advance confirmed that the results were in agreement with the results by visual observation. [00621
(9) Mechani&s epppbraiey & frsidealdhe sesdinpietia samaerd bt winterkttve Do ¢ Witesithan its

melting 30 pRirbasednecliaBRIORM LRING BRJRISstiaMalking pactine: feantril @A) yader the
conditions aof an injection pressure of 600 kgf/cm2, an injection time of 1.0 s, and a mold temperature

of 80 C. Th&PShEaHEE iHRecHG sherBaAHe R WELRMRELe I SRYES: SiPerydietE6 % ffr one hour
and then the, fakleviinghie sta Wweth galideddoly imabkaluie iidtied canditiznl Foeh desihas gariad out

15 nylon salt entirely only by the water in the returning liquid.
[0041]

As a result of extensive research in view of preventing the accumulation
of the high melting point polyamide in the apparatus during its production and
the inclusion thereof into the copolyamide resin, it has been surprisingly found

20 that the accumulation can be dramatically and effectively prevented by melting
the nylon salt and washing away the molten nylon salt by a returning liquid
mainly comprising the diamine before completing the addition of diamine, in
place of the method conventionally employed, i.e., by washing away the nylon salt
by the condensation water being returned to the system. The invention is based

25  on this finding.

[0042]

Thus, in the present invention, the temperature of the vapor phase in the
reaction tank is raised to a temperature equal to or higher than the melting point
of the nylon salt comprising the raw materials before 80% of the total amount of

30 the diamine component is added. The melting point of the nylon salt can be
determined by the method described below. By raising the temperature to the
melting point of the nylon salt or higher before the 80% addition, the
accumulated nylon salt melts and the molten nylon salt is rapidly returned to the
reaction liquid together with the returning liquid. Since the returned nylon salt

35  1is uniformly dispersed throughout the reaction liquid in the subsequent
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35 on ten samples, and the average values and the standard deviation were calculated. [00631
Size of Sample Apparatus and Condition Test Method Bending test Heat deformation temperature 6
mm X 12 mm x 120 mm 6 mm x 12 mm x 120 mm TENSILON UTNI-5T (Orientec) HDT and VSPT
TESTER (Toyo Seiki Seisaku-Sho) ASTNI D790 ASTNI D648 Load: 4.6 kgf/cm2 and 18.5 kg-f/cm2

[00641 EXW(EH‘[Et][on steps, the copolyamide resin with excellent properties are produced
without quality variation. Even if the vapor phase reaches a temperature equal
to or higher than the melting point of the nylon salt after the 80% addition, the
effect 1s obtained to some extent if the addition is still not completed. However,

5  since the viscosity of the reaction liquid increases as the polycondensation
proceeds, it is difficult to uniformly disperse the nylon salt. Therefore, the nylon
salt not completely reacted is likely to be included in the resulting copolyamide
resin as the high melting point polyamide. If reaches after the completion of the
diamine addition, the washing effect by the returning liquid is not obtained and

10  the viscosity of the reaction liquid becomes extremely high, making the inclusion
of the high melting point polyamide into the copolyamide resin unavoidable.
[0043]

The condensation water which is eliminated as the condensation reaction

proceeds is removed out of the reaction system by distillation through a partial

15 condenser and then a cooler. The inner temperature of the partial condenser is
preferably controlled to 150 °C or lower. The diamine component and the
dicarboxylic acid component evaporated together with the condensation water are
separated from the steam in the partial condenser and returned to the reaction
tank. In the continuous production wherein the inner temperature of the partial

20 condenser is set at higher than 150 °C, the polyamide oligomer not dissolved in
the condensation water accumulates in the partial condenser. The repeated
batchwise production increases the amount of the accumulated oligomer in the
partial condenser and finally clogs the partial condenser, thereby making the
continuous batchwise production difficult.

25  [0044]

In view of the efficient removal of the condensation water which is
eliminated as the condensation reaction proceeds out of the reaction system by
distillation, the inner temperature of the partial condenser is preferably less than
150 °C and within a range from the saturated steam temperature to a

30 temperature 5 °C higher than the saturated steam temperature. If the inner
temperature of the partial condenser is higher than the saturated steam
temperature, the returning amount from the partial condenser decreases and the
effect of washing away the nylon salt or oligomer adhered to the partial
condenser cannot be expected. If the inner temperature of the partial condenser

35 1s lower than the saturated steam temperature, the amount of the condensation
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5An oil-jacketed 50-L stainless reaction tank was used for the synthesis of the copolyamide resin,
which was equipped with a partial condenser through which an oil with its temperature regulated was
to be passed, a total condenser, a stirring device, a nitrogen gas inlet, and an opening for dropping
diamine. To control the temperature of vapor phase in the reaction tank, the wall surrounding 10 the

vapor phase, i ek B eAh AN e AN e el B AMOMABIAR B D %ARERGIGeater for

temperature control which was disposed on the outer wall of the reaction tank not equipped with the oil

jacket and arpéfydekEraRpbRaOHMEIIN SR cleereatee Partiarepatiiye olntbaeaetietion tank,
15.000 kg of,agipiccagiddiiitg $280M0-pcewatabawerghed was«shagehand J& the 8088

atmosphere of the reaction tank was thoroughly replaced with nitrogen. The temperature was raised
by passing alRR&HTEERRRSHH mtbet%&ﬂéwﬂ?gj%l&fttt]&erﬁahﬁééﬁiﬁiﬁ%&ﬂﬂ%‘f’&eﬁuid state under
stirrings Durigghtheé msina.dhi s upfliysobnivogeningd the: Fdactips fankolassidstesttotinerease the
inner pressure t? 0.4 MPaG. When the t perfturﬁéeacheghl% , 13.909 kg of a 20 mixed
xylylenediaffiH& YAUPt) 9§95 WiE)y B olob bR AR e ABGIRATIHE EhtP 36 THERA BE
p-xylylenediammimeulas: adhledtdrdpywise pyex t2om Watiten stiveing dher atelteth adifoe @ citle Rooingrihe

addition, the temperature was contlnueoa:%/ raised bg/e%ontfglhrég ﬂ}%ﬂﬁ)&}g S igﬁg}lasllﬁ\évcg} inner

0
temperatures%%t?e%%%n% &%]tat]ﬁléc%lrrrlle he ?%%?ge addition of the mixed xy?y enediamine was 25

completed, mmmﬁéhww@@wéa@go as0ta Mhme‘ﬁmqpa:lmtbeih@wdmnmm i@fmoved
from tye reqgiion.syatemy NG the partial GadeRser havingis 1BREG HMRGIaiNre kepipd S0 C and

5
the cooler. The temperature of vapor phase in the reaction tank was gradually raised during the
addition andhteaBRed teterfiaiattecohidiepartiatirondemipgr saintie reay) afafevithon aaipage of
composed qisthemiyedigylenediamine and adipic acid when 70% of the total amount of diamine was
added dropwise. After completing the dropwise addition of the mixed xylylenediamine, the inner
pressure w g t at 0.4 MPaG for 15 min by raising the temperature at a temperature raising rate of
0.2 C/min while conftgngdhe EitTingtHd e dditopressheadivas iiesusathth 80tk Fad iatrerate of 0.6
MPa/hfnd kegt at 80 kPaA for %.mm. Then, tha he%g@?(%lly‘as stC}Eged and 5 thePpr duct w.
dischdfyed BT A Ti02 0 AT §A6WEP SBRIoA Jhac ShEN SRR I e RERTEBF §tPAHA Uiter pPSssure of
nitrogen, wipckssias theredatett qoelfed g pelletizet 4n abtais pheamqrpdssus espalyadmicenresin. The
obtained copolyamide resin had a relative viscosity of 2.12. a number aver mQo lar weight of
19800, 2 molt PaTa ] T A S e N e i s oinc of 258 .
The batchwigeirsdatnre wadibohtimusushe repehiet] siddimdstinheminTrra rel dhivedeigosioy was 2.06 to
2.14, the nypper averags molpeiaransiohtwas,14.800.19:16,090. the.malsibalancawas 8993 to
0.995, and YT was -6 to -3, showing a good stability. After 10 continuous batchwise reactions, no solid
mattefYvas HetsctedkpehEe 18RS taacnn ryshepanrifig shidensEReTHe sl st aRAmMIde

resin was made,iigsiile, \whigk wées foers measuiad her larielas of feyrphated parielss detacted
was 104 particles/g foélparticles havin 5 si% f 50 nm or more, 53 partjcles/g for, particles having a
c

size of 50 t0S9F R AP &ctodPrdl Ay A RERARE S 1SS e M F PRy for
particles hasamk asizelaf poessurebatore, wdwiding a Poegln dthappeakdPachwilieelitiaidely small

amount of parltpifcles. The %aréigéloe? taken bé%l#t{ﬁ]g of{ from th§,hfilm were mea uredltlo(g ftﬁ}ﬁ melting

point. In addition %6 ]fﬁsee?neﬂilng pglehrtr%gg € 8866 y%]FnE} eergglsnifoanoet‘hselr ?n‘évl%lng point was

obser®ed ar282OnThakbsdinectgdielamide résinceabarmaltiedeadtpdymalidedestivie dadrichvevas then

evaluated fop RIS %%%Q%PEQ%Q%E%%; Wﬁ%&%ﬁ@%ﬁ%&?ﬁ%&&%ﬁ?g@ Oga%Sé’i%H‘Bﬂ of 18, the

bending strength was 174 MPa wi deviation o rmation temperature
was 174 C repeating batchwise production and the adhered polymer is exposed to heat. If

the adhered polymer removes from the wall or stirring blade and enters into the
polymer, the quality of the resultant copolyamide is reduced or the stirring blade
30 may be broken. Iflower than 0.1 MPa/h, the disadvantages, such as the
yellowing of the polyamide due to increased heat history and the reduction of
productivity, are caused.
[0046]
After completing the addition of the diamine component and before

35  decreasing the pressure, the inner pressure of the reaction tank is kept at the
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with a standard deviation of 1, showing that the molded article had excellent mechanical properties
and heat resistance and good quality stability. [00651 30 EXAMPLE 2 A copolyamide resin was
synthesized using the same reaction tank under the same conditions as in Example 1 except for
keeping the inner pressure at 0.2 MPaG and removing the evaporated water from the reaction system
through Ine fadial saNdRTses ARSNGB pEARIE KERLAL 130 /GABA G Ghife, Bheooler The
obtained copolyamide resin had a relative viscosity of 2.09, a number average molecular weight of
15300, a mblUsarshte mrimtaendraibhexisimnerntore s0as ¥o deep thel whhedtirkppori 679881C. The

batchwise rgaetig %&Onmtﬁ@hfﬁ&%ﬁﬁgégﬂﬁ”ﬁﬁﬁig E%@Hfﬁ@ﬁif@%ﬁﬁ@ﬁ%@ﬁi,tﬁm@s 2.0510 2.12,
the number average molecular weight was 14,700 to 15,3800, the mole 5 balance was 0.993 to 0.995,

and YT wa$2816x8! SHIRMES Godklakas fcatteiortd e sHamis ROMNRRt rRR I rPREEOR matter
wazI daiECtﬁ%@édhe.ﬁgaﬁi@%i@ﬁlg gﬁ@bmghfe}@ﬂﬂahmmﬁl' i @bﬁregﬁ @&;t@iml quxid amidesigsmavas
made into film, which was then me re r particles. The number rticles detecte 147
closly SO AU b B s ST TP SO GARaads 106 R G A stac of
ﬁo to 99 pr_risfm?;ngg;gmmeelfbaﬁ'g;mﬁbd\dﬂg}mzlﬁmiﬂé)@oﬁaﬂ&%pﬂniaaﬂtﬂ&m?&i%/gsfor parti?les
aving a size o m-of MOor rqQviaing -a9o00da 1l earance wit Xtr ely sm mount o
et oSG EE MolEPIRA B 0000 B0 ARP ARG, R RECh R ARl
addition to ﬁﬂmW@ﬂh@pMZB&d@M@emyhdﬂdpeﬂsir@ﬁ@mhémdemiQQHh@wdél&bserved at
280 Gy hephiaingd £opMARING Sa5inas;malded Jrin 8 molded-atinloonkich wag dhen fyaliated

for properties. The bending modulus was 4265 MPa with a standard deviation of 15, the bending
strength waPITRPRPY With Bxedramraiasviatids seactpd mehare aefertleisarempeastiia Wie 175

C with a standatsodesiation of Trrhaningtbaldht midedlaricls hadiexpalient mahanical
properties and heat resistance and good quality stability. [00661 EXAMPLE 3 A copolyamide resin

was syntheSFEaR it SAHRBHEN SNk (HURIPIBIHE W BRAMBARL AT AP EIEMNAE except
that a mixedosdy e nediaise dpuiilstPOhwivdofien sfalle dimmxulylenadianeins anel 40 mol% of
pxylylepediamine was used;.the temperature of the reactjon liqujd continuously.raised during the
bldition of SHETHHRAT e U5 RS SHB IS s 1B BAPIIAS SRS e o e WHAAT e Suise
addition of tisepmeizxee 130r&flyttad diantinenwds lcalapteted thadiivd waitl uotpandityg thEhappphase
was kept at;240 to allow the temperature, of vapor phase in the reaction t 0 reach a
tomperatr o e e R B R e e SRRy o

xylylenediagtteranaedibicacie Whéepeo%s ofthe thraldagmmebtlitaiat evasfddidedi aropwise. The

obtained copalyamids: resifdiac 8,33 selative Yinposty Afi2 S AMUIMBE haYeIRERNe aculaFaeight of
15500, a mole balance (diamineidicarboxylic acid) of 0.994, Y| of -3, and a melting point of 269 C. The
batchdflse rRERIIH irnEsHHRasLBReRgshatter romhtdingdte metremaléhasdsamiifas 2.07 to 2.13,

the numberyepaae MOolBcUAHIVEIGNAWAS vk IPR:L0: o100 i the dnslei RalanetY¥as§- 993 to 0.995,
and Ylwas-5t0-1, 5 showigg a good stability. ftejé}io continuous batchwise reactjons, no solid
e

matter was (RABERPIATRY PEHEGDA Rk SALSH Pl Vs dBRgTe LB Bopolyamide resin
was made intaifitainddgienasibefomsdsvickdder particles. The number of particles detected was 261
particles/g fﬁ{ogla{]ticles having a size of 50 Jim or more, 133 particles/g for particles having a size of 50
to

25 After reducing the pressure, the produced polyamide is discharged from
the reaction tank preferably under pressure of an inert gas, such as nitrogen. In
the present invention, since the nylon salt and oligomer little remain in the
reaction tank after discharging the produced polyamide, the reaction tank is
readily used for the next batchwise reaction, thereby enabling the continuous

30 batchwise production. The polyamide thus obtained may be subjected to a solid
state polymerization for further polymerization to obtain a polyamide with a
higher molecular weight. Alternatively, the polyamide obtained may be supplied
to a continuous polymerization apparatus in molten state for further
polymerization to obtain a polyamide with a higher molecular weight.

35  [0048]
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10 99 pm, 102 particles/g for particles having a size of 100 to 199 pm, and 26 particles/g for particles
having a size of 200 pm or more, providing a good film appearance with extremely small amount of
particles. The particles taken by cutting off from the film were measured for the melting point. In
addition to the melting point 269 C of the copolyamide resin, another melting point was 15 observed at

293 C. The Obtai”eQ‘ﬁB%%%/&’yéqﬁiEFesﬂ%ﬂf}%B%?’g!%‘js%i%@@f%%qﬁ@ea}ﬁiﬁlﬁ’é?fﬂlﬁ'}i\é"&sﬁ@&” evaluated

for properties. The bending modulus was 4270 MPa with a standard deviation of 23, the bending

strength watPR7LY MPHlgvithsinstABaienge adsdie ofelc andl torsan elfdleratiorhe vseaie was 179

C with a stangard 4 atinRted shawitgdfiab themalded adticlapad axcallent AR ppsrhgnical
properties and heat resistance and good quality stability. 100671 EXAMPLE 4 A copolyamide

resin was syFHsats sRerding Heisanrn daEr taRkcunglscisd Supre ROWdHORS HS infEkqMm fller:
exceptshat @-arixadviltianadiaminey 28 (puritT129i9mie) ofi Bermalle bé msudiievedibmiatand 50
mol% of pxylylenediamine was used; the temperature of the reaction liqujd was continuously raised
Guring the SAATET S8 G GRATRIRE 46 AR5 o o A FEA ARt AR AR e the
dropwise addliticef@fdhbrixed x§iypasdibniveighs pormidéted;-andthecigiitsafrthiending the vapor
phase was 30 kizppzt1 at. &g(% %.so as to allow the temperature of vapor phase in the reaction tank to

reach a temcp())groa urrenhlgheer than the melting point (238 C) of the nylon salt composed of the mixed
xnyIenedialﬁﬁ)iﬂé%nd adipic acid when 75% of the total amount of diamine was added dropwise. The

obtainied copolyamigie resin had aifelatiysdseRsin ofiddd oRURBEF, avRTage BeissRL Rioht of
15700, a mole 35 balance (diamineidicarboxylic acid) of 0.993, Yl of -1, and a melting point of 278 C.

The batchwitéredet @BRYSUbEdK b dihorimrd Mustinarfbaelatilee/peBdrysnader 06 to
2.16, the numbey BYBIRUE MRIAYREREIZN,WaD 1d:B0P 11 6.390n e pRRRARPWAS Hr9828t0

0.994, and Yl was -3 tg 1, showing a good stability. After 10 continuous batchwise reactions, no solid 5
matter was YeteRtednR tretheren ﬁr%&%\%iﬁﬁﬁﬁm%%aﬁ%ﬂacdiﬂgﬁgéﬁ%ﬁg%%ﬁ%%Iyamide resin

was made ips@Htia twhiell wascthesiwine asautemh fae paiifies, Jhehnkadsiohparidias deigcted was 632

particles/qg for particles havipg a size.qf 50 jun or more, 319 particles/g for particles having a size of 50
to 901, 278 BRATREG A RILL 5 iNg €5 8556 0 199 jun, and 35 10 particlesig for

particles hald0§@l size of 200 pm or more, providing a good film appearance with extremely small

amount of particles.the, particles take (ééé tti ff from. tha film were measured forthe melting
point. In addition to'%:k%3 r%ge%ir%ago%)r?t az&; %# %E{eg gggg%ar%&er%%slﬁ} 5%1& (g?lrlgﬁeﬁir{é] fp{)lc}fi%r1}t§%1\;as

observed a%@ﬂ@a%émmwédlﬁ@p@iyamidﬂl@é&imrﬁmdﬁh@c@zmﬁd&@f%@m@ﬁmm was
then evalugged o RPRP%H?&F]EQ%PM% WWHPE&%@@%@M%%%%@% ehaeyiation 228

the bending strength was 171 MPa with a standard deviation of 2, and formation

temp&Atur@ivil RBYChY e AN AP URSaliBR BRYtShaWiRtRHapkkB hromely amide Keslexcéfient

mechanicaldyQraigs angheatiye sisianae i gogshatally S@bilito LU IEXAMBLESN, A
copolyamidgl}re in sz’i)? sglg:esized using the same reaction tank under the same, conditions as in
Example 1 eeﬁff hEy 981l G EPIPRY 807 RS, aifuadRFERABK R ation: 30
ppm, sodiufrajrtkencttiietibaind @ mppdedwasichaiged@s the dicarboxylic acid component;
10.100 kg j;%ﬁj(ed xylylenediamine (purity: 99.95 wt%) of 70 mol% of m-xylylenediamine and 30
mol% of p- 0Iy enediamine was added dropwise as the diamine component; the temperature of the
reacti®b liquid was ddreinoioelsiyraide desimirg rigoadditionf dhih éndientioa snaaske hliovddevintier

temperatur%ﬁ%ggg%@&?Q,%%ﬁ@quFOW%’ nylon 66, nylon 6,66, polyester, and olefin resin as
long as the object of the invention is adversely affected. In addition, the
copolyamide resin composition of the invention may be blended with an additive,
for example, a plate inorganic filler prepared by treating kaolinite, mica, or

30 montmorillonite with an organic compound; an impact strength modifier, such as

elastomers; a nucleating agent; a lubricant, such as an aliphatic carboxylic acid
amide and a metal salt of aliphatic carboxylic acid; an antioxidant, such as a
copper compound, an organic or inorganic halogen compound, a hindered phenol
compound, a hindered amine compound, a hydrazine compound, a sulfur-

35  containing compound, and a phosphorus-containing compound; a heat stabilizer;
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30 dropwise addition of the diamine was completed; and the wall surrounding the vapor phase was
kept at 230 C so as to allow the temperature of vapor phase in the reaction tank to reach a
temperature higher than the melting point (191 C) of the nylon salt composed of the mixed
xylylenediamine and sebacic acid when 35% of the total amount of diamine was added dropwise. The

obtained 35,¢co ' B lati ' n e r weight of
14900, & s R B B S e 14 C. The

batchwise recieismpdsecamidusishseepecnsdalplastee 18 totasolora rdiaiftavsceiar dart2 oD to 2.13,
the number ayerage MeIeRURr Weig Ak WA h4ROLIR ARA0Q. dhm Pirle dakare was Q- 981iin;0.995, and

5 Yl was -7 to -3, showing a good stability. After 10 continuous batchwise reactions, no solid matter
was detect@@FHETRSHRAPLIRR BILLIFEHE parGR 28 ideh B enERNaREd copolyamide resin was
made ipto filpnsehich was then measured for particles. The number of particles detected was 198
particles/qg for partiqﬁ havipb%,a Siz.“f of 50 pm i{ more, 102 E(grticles/g f%}ggrtjccles ing a 10 size of
50 to 99 pm, 75 parti %§f§p ﬁgﬁ ?e%eﬁgb%t %i%%p(?})ﬁ)@ ef@‘@%,o pa lﬁgrf? I ?g for particles
having a siZe w1 200rpea s ate dprovidingreobbat] fithicip pearanogestibre xivaohely, smalbamount of
partcles. The paieles.iaken, oy sinaaflram he fimwere measured forths meling paint, I,
addition to the mé}l%hg poin 2T4°C otthe c%’polyan#&e resin, ano hermel ing pom‘%was Eobsetved at
250 C. The uitainedfeopotyamidéecsiol ded anbiclecniat leero|tleel fartivlef whinredas tiiede fovaluated
for progerties, The hending Modius was 7320 Mba witha slandars dewiation i dd- dhscaeRding

strength was 135 MPa with a Standard deviation of 1, and the heat deformation temperature was 145
C with a statirdedslfathsn ofthesmnisieg it ehe ofudiry R¥SHIRgWisSsSHIKE RA {02 01§88 & 5[00691
EXAMPLE §,dustAAoRyaiiieJ88IRWaS wWHhesized using the same reaction tank under the same
conditions as in Example 5 except that a mixed xylylenediamine 25 (purity: 99.95 wt%) of 60 mol% of
m-xylylenediamine and 40 mol% of pxylylenediamine was used; and the wall surrounding the vapor
phase was KepARMIRBEE so as to allow the temperature of vapor phase in the reaction tank to reach a
temper turm%gir than the melting point (197 C) of the nylon salt composed of the mixed
xylylenediami nd sebacic acid when 40% of the total amount of 30 diamine was added dropwise.
The obtained copol{ldmigeesesin hacatielativelviscdsity of 07e aewariberthverfigemelectilas weight of
15100, a mele, alanee (diamins/dicathoxyli.agidh o294, ofl 81 B A e melina.paintpf 223 C. The
batchwise reaction was con mtrl)ous y repeate times Intotal. %e relative viscosity was 2.04 to 2.10,
the numbersaveragiethwletttenveiyanives 1700 iendtd3500h ehio Hesterizatsace Mes D993 to 0.995,

and Y1 was 7,193, shwinga,9e0d séabilitnAfisn $SaninueushalchwissIgaRsions, no solid matter

was detected in the reaction tank and in the partial condensér. The obtained copolyamide resin was
made3fto fiﬁﬂQ%lLich was then measured for particles. The number of particles detected was 217
particles/g for) mstisieschA@vinga,size of 50 um or 5 more, 114 particles/g for particles having a size of
50 to 99 um, 79 pagicles/ for particles ;}%\Qng a si]ﬁ of 100 to 199 um, and 24 particles/q for particles

having a size of 20070 Wlo?é 2oT Vit 4 3o 84 in? Ap sEararie Rt a iRty Sl Rmount of
particles. Thecpsitidesadakiessblvedttmgl off Stamitigesftlmoversont€asuradchiediheciyedting  point. In
addition to the m?ltcin%%oint 23 C gf thef.'lt%cop%l%amide regir;(, another eltinl%f\oint was observed at
260 C. The ObtdIned op%sﬁ/%r‘r]]lila%’ réSin Wasd moldedihtd A nidided ‘Arficte Whith was ]ﬁ?en evaluated
for pr@pertiessddmediendingfteodedus vgafo2 900nMR annait hlee staostard dleatdtion 25 1€, e HeHdiey

swength was 194 NP WD & sjengedddeviaton ent. s et deormaiendemparai g as 152

C with a sta viation of 2, 15 showing that the quality sta SO very good.
sulfuric acid was measured in the same manner. The relative viscosity was

calculated from the measured values of t and to according to formula (A):
Relative Viscosity = t/to A).
30  [0055]
(2) Terminal amino group concentration
In 30 cc of a mixed solution of phenol/ethanol = 4/1 by volume, 0.3t0 0.5 g
of a polyamide resin accurately weighed was dissolved under stirring at 20 to
30 °C. After completely dissolving, the terminal amino group concentration was

35 determined by a neutralization titration using a N/100 hydrochloric acid under
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[00701 EXAMPLE 7 A copolyamide resin was synthesized using the same reaction tank under
the same conditions as in Example 5 except that a mixed xylylenediamine 20 (purity: 99.95 wt%) of 40
mol% of m-xylylenediamine and 60 mol% of pxylylenediamine was used; and the wall surrounding the
vapor phase was kept at 230 C so as to allow the temperature of vapor phase in the reaction tank to
reach a temperatyre higher than the melting point (202 C) of the nylon salt composed of the mixed
xylylenediamine and sebacic acid when 50% of the total amount of 25 diamine was added dropwise.
The obtain Q}‘é@blyamide resin had a relative viscosity of 2.11, a number average molecular weight of

15600, a mele pajanee: (diamine/ticasipdiccanith-@{th994, Y1 of -4, and a melting point of 242 C. The
batchwise reaction was continuously re&eated 10 times._in total. The relative viscosity was 2.05 to 2.16,

the number average et PirRABHH HERNPACHE 9 36518 PO ERBIHAS BATIREMALCH I8 0.995,
and Ylavas weishdd stewviigsalgead ;staliidgohltarddnenting@ys batch@yisadeastnnsnpo saligbmatter

was detected in reaction tank and in the partial condenser. T btained copolyamide resin was
macie nto MR AT Wi AS6rEt Rl G EREOTRE 1L Aet S IS B was 25
particles/g fatrrparticles ftavind disiyé ©tb0fmedbh83hohare] 26t paitigletig fenpanicles Haviyd a size of
50 to 99 um, 53 pariclesla. ol particlen having aiize.of 100.10,488 bini; a0 22 nailesia fpp particles
having a 92% 01260 pm or more, provuﬁllng a good film appearance with extremeﬂl shiall amount of
particles. Thapeoticiesltakien b§ sadiimm dff frovridhe film were measured for the melting point. In
additigg to gaﬁlting point 242 C of the 5 copolyamide resin, another melting point was observed at
281 C. The obtained copolyamide resin was molded into a molded article, which was then evaluated
for propertiéé? M@WWW&G&@W@%@Q@@% with a standard deviation of 15, the bending

strength was 136 MPaw(ih @ stapdard, deviatiemef hrafd she heat deformation temperature was 170
C with a standard deviation of 1, 10 showing that the uaﬂ%@abilﬁ/_\g@ also ﬁery good. [00711
' a

EXAMPLE 8 ARG EmE R8RS WSS Teir the RAHiBn tank under the same
conditions aghbrekaipie.b xdepténatiaaixad xylylengdizmeea tha o iGe§ A D a mi%Q O] mol% of
m-xylylenediamine and 80 mol% of pxylylenediamine was used; and the wall surrounding the vapor
phas \%as %tt%f%agCsaornh%%%?&%ﬁ/ﬁg%ﬁ{b%?gtﬂﬁﬁwﬁqm phase in the reaction tank to reach a
temperaturgédtigBér than the melting point (207 C) of the nylon salt composed of the mixed

xnyIenediaggmem)qv%%%ac&ﬁcid when 55% of the total amount of 20 diamine was added dropwise.
The obtained copo yamldse resin had a relative viscosity of 2.10, a number average molecular weight of

15500, a mole baladsequiansrie/dibakaiic deidins0rooduy vetuds dhdaandlithgfpbietoY263 C. The

batchwise reaeiian \yas.coRuRY AR teReRisH 49 Arpefdn seipk Ahpielatve (Reosibh@s &g 1o 2-14,
the number averaége molecular weight was 14400 to 25 16000, the mole balance was 0.993 to 0.995,

and Y3Wascel9s Difereniaguebgo &R maeniartarmhis Niprenileaseakiold vt a6 matter

was detectquhin thg heaction tank and in the partial condenser. The obtained copolyamide resin was
made into film \g/)rtjzich was then measured for particles. The number of particles detected was 283
particles/g Ibrdp:’ icles having a size of 50 pm or 30 more, 145 particles/g for particles having a size of
50 to 99 pm(pl Mdptifiiglpsigfor particles having a size of 100 to 199 pm, and 26 particles/g for
particles having a sige of 200,pm.or mo rovjding a good film appearan ith,extremely small
amount of particles&ﬁﬁ%sﬁg?t(iic e5511%§k%ﬁ{ %/%ﬁﬂléﬁalc%ﬁr%% é:r%]illcr)hﬁ\?\l/leerer %@%ﬁ%’g for the melting
point.2h additioruta¢heratelin boim @63 Cooptire t36riaxoly tenige retimean sthe rsprdtingf point was

observed a - obtaj C lvamide resin was molded into a molded article, which was then
Y i ' %& SRR

evaluated for properties. The ending modulus was 2950 MPa with a standard deviation of 12, the
bending stré@@@@ as 135 MPa with a standard deviation of 1, and the heat deformation temperature

was 191 C )" aPSAHIRUSR B4 IR A Gl AR AR fhop very good
[ measurement of its melting point

30 A mixture of a diamine and a dicarboxylic acid (1:1 by mole) was added to
the water in a flask in an amount not saturating the resultant solution and
dissolved completely under stirring while raising the temperature to 80 °C,
thereby preparing an aqueous solution of nylon salt. The complete solution was
poured into an evaporator and the water was evaporated off in a hot water bath

35 under reduced pressure. The obtained nylon salt was vacuum-dried at 90 °C
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COMPARATIVE EXAMPLE 1 A copolyamide resin was synthesized using the same reaction tank
under the same conditions as in Example 3 except for changing the inner pressure of 10 the reaction
tank to atmospheric pressure and removing the evaporated water from the reaction system through
the partial condenser having its inner temperature kept at 100 to 104 C and the cooler. Since the
viscosity didgifioheanc 0010, e 3 RIIAG IRIGHR SYaIPRNANACO thedglgaded pplecular
weight, the reaction was continued for 30 min under reduced pressure to obtain 15 the copolyamide
resin. The dbedided pepblarngatcdis hamperahvve oiddssivpdk 2bhighsumisdiagepaget misledtlar
weight of 1430017600l brlanca diapinaidigatbmylic acid) of 0.988, YI of -1, and a melting point of
269 C, showin \iﬁuat the relative viscosity, the number average molecular weight, and the mole
balance we\/t/QQ% . After the reaction, a large amount of the nylon salt 20 or polyamide oligomer

adheresl to (B Mal sursarneing therviaRey Rhessoly e Racdign tank, and the inside of the partial
condenser was partly clogged with white, solid matter.. After washing the clogged portion, the batchwise
Feaction was coninti S NEHBLE M dRIGRAH 0L A TEAVRR I COLH G F BIPHOCY e
number average deelédddelVBIHN: &S 232600 toakh S uthel hel @26 baldocd wdis &286 to 0.995, and
Yl was -4 to,-5, showing a large-variation,. -Th tained. capolyamide resin was made into-film, which
was then R o e TR T 2 R S R M, s
having a sizemhbelr\ﬁmdoﬁﬂ_ﬂ)oé,p?@@@lﬁadmlﬁwg)hﬁameﬁbfé@hmﬁ@a'@e demmiggdwnﬁimg&a
particies/g foiRRHAIeSRIPY meizs AhHOHIH I BhoR0dan2 JRartigles/g for particles having a

size of 200 nm or more, providing a poor film a ';I)‘earance with an extremely rough surface due to a
large amount of parfiereper ﬁ@ﬁé@ﬁ&@f@ﬂ(@ﬁlé@ ctendbiGrorahae ‘fhﬁﬁﬂ/\fgr‘é RRIARESRPIBE Ple
melting poira;g;m:j\gg;lii@@ tedhe melting point 269 C of the copolyamide resin, another melting point
was observed at 300 C. The obtained copolyamide resin was 35 molded into a molded article, which
was then evaluated 6t pspeshes e Benaitl FRdulus was 4246 MPa with a standard deviation of
94, the bending streRethtvvasshbe MiTdawtsarstandarepaeyiation of 7, and the heat deformation
tempﬁg ture was 183 C with a standar deviaojl?,n ﬁf 9, showing that the mechanical properties and
heat reSistance varied Targely B the Uity Stasility s was poor. [00731 COMPARATIVE EXAMPLE
2 A copolyami@peedinficaslsygthaldize@ usingtihe same reaction tank under the same conditions
as in Example 3 exgept for emitting to haa tl%e all 10 surrounding the vapor phase in the reaction
tank. The temperatljseré)e gfg? v%%%ké]]%ger\(?vﬁds% Wwhen 80% of the total amount of diamine was added
dropwise and 227 d'Whethivkdespwideaddition of the diamine was completed, thus being lower than
the melting point (23Q-6) phihe.RuansalGamRasediohe,mixadxyivenasiamingsadsiels acid.

Thereatfter, the temperature reached hr;iher 15 than 230 C in the course of maintaining the inner

presséfe atled- NmpzeleBbeinefAbsdarknirea vesievh4Q Abmativeavidassil df psderanniigiber

average majgauyiar weighhof basdAtiennalekalante deinninesdicarhexylic i ptea99An¥! of -6, and
a melting paoint of 269 C. The batchwise reaction was continuously repeaé?jé%ti%we%in total. The
NRUECRE

relative viscUSRG MY 2 Bio™tiomafle PO DS AGoRIe B e 00 to 16,000, the
mole balance was Q993 t0pRR5sandsvitmase? daledeshduting R gegdtsi@bii7aWer 10 continuous
batchwise reactiops, no splid matter was dete in the reaction tank and in the partial condenser.
The obtaimei S 1SN S A i i, DA G b SR Pt r pAR IS e
numb2b of phrtiotes detetiddnvas 44826 pantivlesid fdrapattic esshitdngeaesizeagr80mpamomtire, 572

particles/g fﬁ{ PR ﬁﬁgﬂ?‘@}"ﬁﬁﬁ%‘% &fv%QhB%gg pm, 493 particles/g for particles having a size of 100
g

to 199 pm, and 83 particles/g tor particles having a size of 200 pm or more, providing a poor film
appearance[%ﬂ?hn extremely rough surface due to a large amount of particles. The particles taken by

cutting off froyhe film;were 30 mersued.uthe paltiag point. In addition to the melting point 269 C

of the copolyamide resin, another melting point was observed at 290 C. The obtained copolyamide

resin was molded it FHIRI SRS Rt aRER R RRER B ZRe & Bt gtep Shes ItrHa 9lEHEng modulus
was 4868 MBanwilhh @ siandesd-aeyiatianshil athenhensinombriah washth3 MRawithowgiandard
deviation of 4, and the ... . . :

under the conditions of an injection pressure of 600 kgf/cm?2, an injection time of

1.0 s, and a mold temperature of 80 °C. The obtained injection-molded article

was annealed in an hot air dryer at 160 °C for one hour and then the following

tests were carried out in absolutely dried condition. Each test was carried out

35 on ten samples, and the average values and the standard deviation were
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35 heat deformation temperature was 184 C with a standard deviation of 4, showing that the
mechanical properties and heat resistance varied largely and the quality stability was poor. [00741
COMPARATIVE EXAMPLE 3 5Into an oil-jacketed 50-L stainless reaction tank equipped with a partial
condenser through which an oil with its temperature regulated was to be passed, a total condenser, a
stirring devige, .aitiegen gas inlet, and an opening for dropping diamine, 10.000 kg of adipic acid
(purity: 99.85 wt%), 9.270 kg of a mixed xylylenediamine (purity: 99.95 wt%) of 60 mol% of
m-xnyIenedQQﬁ' and 10 40mol% of p-xylylenediamine, and 19 kg of distilled water were charged,
and the inner atmosphere of th8ireadtfamisdnk was thgrpuglnlys eepldtedivipmitrog@astMMethedction tank
was sealedlger}lqdltrkll tthSmpE;r%turg yas raL?EQOt% 207 C QUeXNSIZONVHTdIsifring theAWB%OWhen the
reaction pressure reache 1.51MPa,t ec

argela water andfPiealipainated water were removed from
the reactionteitk 15 over one hour while keeping thepasessuerepnsianirBrring the ThidAd of the
water, the té&% wasaisedaa9n s BOrre reactign PrESSSERAMASIIRIUC 19 & BaHHBYi
pressure overah-white-continuing-theremoval-of- the-water—At-the-same-time
temperaturéQ)Qﬁé]raised to 277 C. Thereafter, the inner pressure of the reaction system was
continuouslyyedygedto;20 600 mmHg over 10 mm and the reaction was continued for 5 mm. The
product was made into pellets in the same manner as in Example 1 to obtain a copolyamide resin.

The otRained copolydhiitle AskirtAdPY feritvBlRtsergteM aka Mampee i dhe rigEResds Meight of
151108, ahmellfé b@kﬁﬂ?ﬁﬁﬁﬁé@&@@iﬁi@&ﬁ?ﬁyﬂ@a@ngﬁ&i%%,aY;ballftiil aat?@a&lfi BEeRIShOf 269 C.
The batchwisg.reaction was.continuously repeated 10 times in total. The relative viscosity was 2.04 to
216, the maRIE AUbPALE THARE BT B HEoEd FO600VE SO0 RATAER: B Ve a8 do
0.995, and ¥iwasg 6léeids, shawing ergges isthhiliyn Aitarc@eongifimodsdpatinhyvika meactioriBp no solid
matter was deteciedtin {ne teaction tapk 30 andn.the partial condenser, The obialned copolyamide
resin was made inﬁo ﬁm, WRICH was then meaSured for partlc‘_T‘es.]'?He nuniber o‘?partqiclgs %eé&%d

was 1U22 pertictesigrfohpativles hewtngt 281280 1B0p® &mmhmismfrﬁh@swﬁymrﬁﬂesming a
size of 50 t‘?)?%ﬂ%ﬁ_e@ﬁqcpﬁ%éqgﬂglf%Hﬂf@?&%ﬁf@t‘ﬁ?ﬁ%?%f&fﬁlll\g%%ls%%géﬂ’ AN RAHcles/g for

particles having a size of 200 pm or 35 more, providing a poor film appearance with an extremely

rough surfad@du tha rreed antoudk bebamtipred e Padaslianere by ediangosi Adatthe film were
measured fe{stfaéseaeB'&Qglﬂomé%%ﬂ@&@&qé%ﬂsgmmpem{m&of the sopolyarpided esink another

melting point was observed. at 295 C, The obtaine cog}é)lyamide resin was molded into a molded

article, whictPrl ther badhmAtRF SO BrEpe AR EOTHE bentiHEaTRIaUN R shesl 2583 qApEegitad
standard deviatiomef 8bmihsphendinltbisangidtivasddB Miatlihoa siandaisl sexdaiiorh afidranchthe
heat deformation temperature was 173 C with a standard deviation of 4, shoywing that the mechanical
oropertics A A RECRANE 8 Ve ot STy PARTIRE Bsit) CeaBRg el Bo e ion 7S h (Pe
production ¢ariditidnsaeld themkiipf(ea{aildéﬂm ﬂmdemﬂze_ mﬁﬁmmﬁlﬂs&r_igto_ Shnﬂr@dm@m_aﬂiﬁag,
Examples 1103816 SR TR futo AR RAN RS RS BTINS 0L RD AR
m-xylylenediamine.:

pressure to 0.4 MPaG. When the temperature reached 190 °C, 13.909 kg of a

20  mixed xylylenediamine (purity: 99.95 wt%) of 70 mol% of m-xylylenediamine and

30 mol% of p-xylylenediamine was added dropwise over 2 h while stirring the
molten adipic acid. During the addition, the temperature was continuously
raised by controlling the heating so as to allow the inner temperature to reach
265 °C at the time the dropwise addition of the mixed xylylenediamine was

25  completed, and the inner pressure was kept at 0.4 MPaG. The water being
evaporated was removed from the reaction system through the partial condenser
having its inner temperature kept at 150 °C and the cooler. The temperature of
vapor phase in the reaction tank was gradually raised during the addition and
reached a temperature higher than the melting point (227 °C) of the nylon salt

30 composed of the mixed xylylenediamine and adipic acid when 70% of the total

amount of diamine was added dropwise. After completing the dropwise addition
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Table 1 Examples 1 2 3 Diamine component Dicarboxylic acid component PXDA 30 mol% MXDA
70 mol% adipic acid PXDA 30 mol% MXDA 70 mol% adipic acid PXDA 40 mol% MXDA 60 mol%
adipic acid Melting point of nylon salt 227 C 227C 230C Production method Reaction pressure
Temperature of vapor phase Apparatus after 10 batches

10

15

20

25

30

35

of the mixed xylylenediamine, the inner pressure was kept at 0.4 MPaG for 15
min by raising the temperature at a temperature raising rate of 0.2 °C/min while
continuing the stirring. The inner pressure was reduced to 80 kPaA at a rate of
0.6 MPa/h and kept at 80 kPaA for 5 min. Then, the heating was stopped and
the product was discharged from a nozzle at a lower portion of the reaction tank
in the form of strand under pressure of nitrogen, which was then water-cooled
and pelletized to obtain an amorphous copolyamide resin. The obtained
copolyamide resin had a relative viscosity of 2.12, a number average molecular
weight of 15800, a mole balance (diamine/dicarboxylic acid) of 0.994, YI of -5, and
a melting point of 258 °C. The batchwise reaction was continuously repeated 10
times in total. The relative viscosity was 2.06 to 2.14, the number average
molecular weight was 14,800 to 16,000, the mole balance was 0.993 to 0.995, and
YI was -6 to —3, showing a good stability. After 10 continuous batchwise
reactions, no solid matter was detected in the reaction tank and in the partial
condenser. The obtained copolyamide resin was made into film, which was then
measured for particles. The number of particles detected was 104 particles/g for
particles having a size of 50 um or more, 53 particles/g for particles having a size
of 50 to 99 um, 42 particles/g for particles having a size of 100 to 199 pm, and 9
particles/g for particles having a size of 200 pm or more, providing a good film
appearance with extremely small amount of particles. The particles taken by
cutting off from the film were measured for the melting point. In addition to the
melting point 258 °C of the copolyamide resin, another melting point was
observed at 282 °C. The obtained copolyamide resin was molded into a molded
article, which was then evaluated for properties. The bending modulus was
4280 MPa with a standard deviation of 18, the bending strength was 174 MPa
with a standard deviation of 1, and the heat deformation temperature was 174 °C
with a standard deviation of 1, showing that the molded article had excellent
mechanical properties and heat resistance and good quality stability.
[0065]
EXAMPLE 2

A copolyamide resin was synthesized using the same reaction tank under
the same conditions as in Example 1 except for keeping the inner pressure at 0.2
MPaG and removing the evaporated water from the reaction system through the
partial condenser having its inner temperature kept at 120 to 124 °C and the

cooler. The obtained copolyamide resin had a relative viscosity of 2.09, a
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addition under pressure 0.4 MPaG 227C at 70% addition good addition under pressure 0.2 MPaG 227
C at 70% addition good addition under pressure 0.4 MPaG 230 C at 70% addition good Relative
viscosity n=10 Number average molecular weight n=10 Mole balance n=10 YI

10

15

20

25

30

35

number average molecular weight of 15300, a mole balance (diamine/dicarboxylic
acid) of 0.994, YI of -4, and a melting point of 258 °C. The batchwise reaction
was continuously repeated 10 times in total. The relative viscosity was 2.05 to
2.12, the number average molecular weight was 14,700 to 15,800, the mole
balance was 0.993 to 0.995, and YI was —6 to —3, showing a good stability. After
10 continuous batchwise reactions, no solid matter was detected in the reaction
tank and in the partial condenser. The obtained copolyamide resin was made
mto film, which was then measured for particles. The number of particles
detected was 147 particles/g for particles having a size of 50 um or more, 75
particles/g for particles having a size of 50 to 99 um, 57 particles/g for particles
having a size of 100 to 199 pum, and 15 particles/g for particles having a size of
200 pm or more, providing a good film appearance with extremely small amount
of particles. The particles taken by cutting off from the film were measured for
the melting point. In addition to the melting point 258 °C of the copolyamide
resin, another melting point was observed at 280 °C. The obtained copolyamide
resin was molded into a molded article, which was then evaluated for properties.
The bending modulus was 4265 MPa with a standard deviation of 15, the bending
strength was 174 MPa with a standard deviation of 1, and the heat deformation
temperature was 175 °C with a standard deviation of 1, showing that the molded
article had excellent mechanical properties and heat resistance and good quality
stability.
[0066]
EXAMPLE 3

A copolyamide resin was synthesized using the same reaction tank under
the same conditions as in Example 1 except that a mixed xylylenediamine
(purity: 99.95 wt%) of 60 mol% of m-xylylenediamine and 40 mol% of p-
xylylenediamine was used; the temperature of the reaction liquid was
continuously raised during the addition of the diamine so as to allow the inner
temperature to reach 275 °C at the time the dropwise addition of the mixed
xylylenediamine was completed; and the wall surrounding the vapor phase was
kept at 240 °C so as to allow the temperature of vapor phase in the reaction tank
to reach a temperature higher than the melting point (230 °C) of the nylon salt
composed of the mixed xylylenediamine and adipic acid when 70% of the total
amount of diamine was added dropwise. The obtained copolyamide resin had a

relative viscosity of 2.10, a number average molecular weight of 15500, a mole
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n=10 Melting point( C) 2.12 2.06 to 2.14 15800 14800 to 16000 0.994 0.993 to 0.995 -5 -6 to -3 258
2.09 2.05 to 2.12 15300 14700 to 15800 0.994 0.993 to 0.995 -4 -6 to -3 258 2.10 2.07 to 2.13 15500
14900 to 15900

balance (diamine/dicarboxylic acid) of 0.994, YI of —3, and a melting point of

269 °C. The batchwise reaction was continuously repeated 10 times in total.
The relative viscosity was 2.07 to 2.13, the number average molecular weight was
14,900 to 15,900, the mole balance was 0.993 to 0.995, and YI was =5 to -1,

5 showing a good stability. After 10 continuous batchwise reactions, no solid
matter was detected in the reaction tank and in the partial condenser. The
obtained copolyamide resin was made into film, which was then measured for
particles. The number of particles detected was 261 particles/g for particles
having a size of 50 um or more, 133 particles/g for particles having a size of 50 to

10 99 um, 102 particles/g for particles having a size of 100 to 199 pm, and 26
particles/g for particles having a size of 200 pm or more, providing a good film
appearance with extremely small amount of particles. The particles taken by
cutting off from the film were measured for the melting point. In addition to the
melting point 269 °C of the copolyamide resin, another melting point was

15 observed at 293 °C. The obtained copolyamide resin was molded into a molded
article, which was then evaluated for properties. The bending modulus was
4270 MPa with a standard deviation of 23, the bending strength was 172 MPa
with a standard deviation of 1, and the heat deformation temperature was 179 °C
with a standard deviation of 2, showing that the molded article had excellent

20  mechanical properties and heat resistance and good quality stability.

[0067]
EXAMPLE 4

A copolyamide resin was synthesized using the same reaction tank under
the same conditions as in Example 1 except that a mixed xylylenediamine

25  (purity: 99.95 wt%) of 50 mol% of m-xylylenediamine and 50 mol% of p-
xylylenediamine was used; the temperature of the reaction liquid was
continuously raised during the addition of the diamine so as to allow the inner
temperature to reach 285 °C at the time the dropwise addition of the mixed
xylylenediamine was completed; and the wall surrounding the vapor phase was

30 kept at 250 °C so as to allow the temperature of vapor phase in the reaction tank
to reach a temperature higher than the melting point (238 °C) of the nylon salt
composed of the mixed xylylenediamine and adipic acid when 75% of the total
amount of diamine was added dropwise. The obtained copolyamide resin had a
relative viscosity of 2.11, a number average molecular weight of 15700, a mole

35 balance (diamine/dicarboxylic acid) of 0.993, YI of -1, and a melting point of
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0.994 0.993 t0 0.995 -3 -5 to -1 269 High melting point polyamide particles Melting point <50 gm 50 to
99 gm 100 to 199 gm <200 gm 282 C 104 53 42 9 280 C 147 7557 15 293C 261 133 102 26
Properties of molded article Bending modulus (MPa) Standard deviation Bending strength (MPa)
Standard deviation Heat deformation temperature (C) Standard deviation
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278 °C. The batchwise reaction was continuously repeated 10 times in total.
The relative viscosity was 2.06 to 2.16, the number average molecular weight was
14,800 to 16,300, the mole balance was 0.992 to 0.994, and YI was -3 to 1,
showing a good stability. After 10 continuous batchwise reactions, no solid
matter was detected in the reaction tank and in the partial condenser. The
obtained copolyamide resin was made into film, which was then measured for
particles. The number of particles detected was 632 particles/g for particles
having a size of 50 pm or more, 319 particles/g for particles having a size of 50 to
99 um, 278 particles/g for particles having a size of 100 to 199 pm, and 35
particles/g for particles having a size of 200 pm or more, providing a good film
appearance with extremely small amount of particles. The particles taken by
cutting off from the film were measured for the melting point. In addition to the
melting point 278 °C of the copolyamide resin, another melting point was
observed at 302 °C. The obtained copolyamide resin was molded into a molded
article, which was then evaluated for properties. The bending modulus was
4263 MPa with a standard deviation of 28, the bending strength was 171 MPa
with a standard deviation of 2, and the heat deformation temperature was 189 °C
with a standard deviation of 2, showing that the molded article had excellent
mechanical properties and heat resistance and good quality stability.
[0068]
EXAMPLE 5

A copolyamide resin was synthesized using the same reaction tank under
the same conditions as in Example 1 except that 15.135 kg of sebacic acid (purity:
99.70 wt%, sulfur atom concentration: 30 ppm, sodium atom concentration: 54
ppm) was charged as the dicarboxylic acid component; 10.100 kg of a mixed
xylylenediamine (purity: 99.95 wt%) of 70 mol% of m-xylylenediamine and 30
mol% of p-xylylenediamine was added dropwise as the diamine component; the
temperature of the reaction liquid was continuously raised during the addition of
the diamine so as to allow the inner temperature to reach 250 °C at the time the
dropwise addition of the diamine was completed; and the wall surrounding the
vapor phase was kept at 230 °C so as to allow the temperature of vapor phase in
the reaction tank to reach a temperature higher than the melting point (191 °C)
of the nylon salt composed of the mixed xylylenediamine and sebacic acid when
35% of the total amount of diamine was added dropwise. The obtained

copolyamide resin has a relative viscosity of 2.05, a number average molecular
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weight of 14900, a mole balance (diamine/dicarboxylic acid) of 0.994, YI of -5, and
a melting point of 214 °C. The batchwise reaction was continuously repeated 10
times in total. The relative viscosity was 2.00 to 2.13, the number average
molecular weight was 14200 to 15900, the mole balance was 0.993 to 0.995, and
YI was =7 to =3, showing a good stability. After 10 continuous batchwise
reactions, no solid matter was detected in the reaction tank and in the partial
condenser. The obtained copolyamide resin was made into film, which was then
measured for particles. The number of particles detected was 198 particles/g for
particles having a size of 50 um or more, 102 particles/g for particles having a
size of 50 to 99 um, 75 particles/g for particles having a size of 100 to 199 um, and
21 particles/g for particles having a size of 200 um or more, providing a good film
appearance with extremely small amount of particles. The particles taken by
cutting off from the film were measured for the melting point. In addition to the
melting point 214 °C of the copolyamide resin, another melting point was
observed at 250 °C. The obtained copolyamide resin was molded into a molded
article, which was then evaluated for properties. The bending modulus was
2920 MPa with a standard deviation of 14, the bending strength was 135 MPa
with a standard deviation of 1, and the heat deformation temperature was 145 °C
with a standard deviation of 2, showing that the quality stability was also very
good.
[0069]
EXAMPLE 6

A copolyamide resin was synthesized using the same reaction tank under
the same conditions as in Example 5 except that a mixed xylylenediamine
(purity: 99.95 wt%) of 60 mol% of m-xylylenediamine and 40 mol% of p-
xylylenediamine was used; and the wall surrounding the vapor phase was kept at
230 °C so as to allow the temperature of vapor phase in the reaction tank to reach
a temperature higher than the melting point (197 °C) of the nylon salt composed
of the mixed xylylenediamine and sebacic acid when 40% of the total amount of
diamine was added dropwise. The obtained copolyamide resin had a relative
viscosity of 2.07, a number average molecular weight of 15100, a mole balance
(diamine/dicarboxylic acid) of 0.994, YI of =5, and a melting point of 223 °C. The
batchwise reaction was continuously repeated 10 times in total. The relative
viscosity was 2.04 to 2.10, the number average molecular weight was 14700 to
15500, the mole balance was 0.993 to 0.995, and YI was -7 to —3, showing a good
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4 5 6 Diamine component Dicarboxylic acid component PXDA 50 mol% MXDA 50 mol% adipic acid
PXDA30mol% MXDA70mol% sebacic acid PXDA40mol% MXDA60mol% sebacic acid Melting point of
nylon salt 238 C 191 C 197 C Production method Reaction pressure Temperature of vapor phase
Apparatus after 10 batches addition under pressure 0.4 MPaG 238C at 75% addition

stability. After 10 continuous batchwise reactions, no solid matter was detected
in the reaction tank and in the partial condenser. The obtained copolyamide
resin was made into film, which was then measured for particles. The number
of particles detected was 217 particles/g for particles having a size of 50 um or
5 more, 114 particles/g for particles having a size of 50 to 99 um, 79 particles/g for
particles having a size of 100 to 199 um, and 24 particles/g for particles having a
size of 200 pum or more, providing a good film appearance with extremely small
amount of particles. The particles taken by cutting off from the film were
measured for the melting point. In addition to the melting point 223 °C of the
10  copolyamide resin, another melting point was observed at 260 °C. The obtained
copolyamide resin was molded into a molded article, which was then evaluated
for properties. The bending modulus was 2900 MPa with a standard deviation
of 12, the bending strength was 134 MPa with a standard deviation of 1, and the
heat deformation temperature was 152 °C with a standard deviation of 2,
15 showing that the quality stability was also very good.
[0070]
EXAMPLE 7
A copolyamide resin was synthesized using the same reaction tank under
the same conditions as in Example 5 except that a mixed xylylenediamine
20  (purity: 99.95 wt%) of 40 mol% of m-xylylenediamine and 60 mol% of p-
xylylenediamine was used; and the wall surrounding the vapor phase was kept at
230 °C so as to allow the temperature of vapor phase in the reaction tank to reach
a temperature higher than the melting point (202 °C) of the nylon salt composed
of the mixed xylylenediamine and sebacic acid when 50% of the total amount of
25 diamine was added dropwise. The obtained copolyamide resin had a relative
viscosity of 2.11, a number average molecular weight of 15600, a mole balance
(diamine/dicarboxylic acid) of 0.994, YI of -4, and a melting point of 242 °C. The
batchwise reaction was continuously repeated 10 times in total. The relative
viscosity was 2.05 to 2.16, the number average molecular weight was 14600 to
30 16100, the mole balance was 0.993 to 0.995, and YI was —6 to —2, showing a good
stability. After 10 continuous batchwise reactions, no solid matter was detected
in the reaction tank and in the partial condenser. The obtained copolyamide
resin was made into film, which was then measured for particles. The number
of particles detected was 225 particles/g for particles having a size of 50 um or

35  more, 120 particles/g for particles having a size of 50 to 99 um, 83 particles/g for
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good addition under pressure 0.4 MPaG 191 C at 35% addition good addition under pressure 0.4
MPaG 197 C at 40% addition good Relative viscosity n=10 Number average molecular weight n=10
Mole balance n=10 YI n=10 Melting point( C) 2.11 2.06 to 2.16 15700

particles having a size of 100 to 199 um, and 22 particles/g for particles having a
size of 200 pum or more, providing a good film appearance with extremely small
amount of particles. The particles taken by cutting off from the film were
measured for the melting point. In addition to the melting point 242 °C of the
5 copolyamide resin, another melting point was observed at 281 °C. The obtained
copolyamide resin was molded into a molded article, which was then evaluated
for properties. The bending modulus was 2930 MPa with a standard deviation
of 15, the bending strength was 136 MPa with a standard deviation of 1, and the
heat deformation temperature was 170 °C with a standard deviation of 1,
10 showing that the quality stability was also very good.
[0071]
EXAMPLE 8
A copolyamide resin was synthesized using the same reaction tank under
the same conditions as in Example 5 except that a mixed xylylenediamine
15  (purity: 99.95 wt%) of 20 mol% of m-xylylenediamine and 80 mol% of p-
xylylenediamine was used; and the wall surrounding the vapor phase was kept at
230 °C so as to allow the temperature of vapor phase in the reaction tank to reach
a temperature higher than the melting point (207 °C) of the nylon salt composed
of the mixed xylylenediamine and sebacic acid when 55% of the total amount of
20 diamine was added dropwise. The obtained copolyamide resin had a relative
viscosity of 2.10, a number average molecular weight of 15500, a mole balance
(diamine/dicarboxylic acid) of 0.994, YI of —4, and a melting point of 263 °C. The
batchwise reaction was continuously repeated 10 times in total. The relative
viscosity was 2.04 to 2.14, the number average molecular weight was 14400 to
25 16000, the mole balance was 0.993 to 0.995, and YI was —6 to —2, showing a good
stability. After 10 continuous batchwise reactions, no solid matter was detected
in the reaction tank and in the partial condenser. The obtained copolyamide
resin was made into film, which was then measured for particles. The number
of particles detected was 283 particles/g for particles having a size of 50 um or
30 more, 145 particles/g for particles having a size of 50 to 99 pm, 112 particles/g for
particles having a size of 100 to 199 um, and 26 particles/g for particles having a
size of 200 pum or more, providing a good film appearance with extremely small
amount of particles. The particles taken by cutting off from the film were
measured for the melting point. In addition to the melting point 263 °C of the

35  copolyamide resin, another melting point was observed at 292 °C. The obtained
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14800 to 16300 0.993 0.992 t0 0.994 -1 -3to 1 278 2.05 2.00 to 2.13 14900 14200 to 15900 0.994
0.993 t0 0.995 -5 -7 to -3 214 2.07 2.04 to 2.10 15100 14700 to 15500 0.994 0.993 to 0.995 -5 -7 to -3
223

copolyamide resin was molded into a molded article, which was then evaluated
for properties. The bending modulus was 2950 MPa with a standard deviation
of 12, the bending strength was 135 MPa with a standard deviation of 1, and the
heat deformation temperature was 191 °C with a standard deviation of 2,
5 showing that the quality stability was also very good.
[0072]
COMPARATIVE EXAMPLE 1
A copolyamide resin was synthesized using the same reaction tank under

the same conditions as in Example 3 except for changing the inner pressure of

10 the reaction tank to atmospheric pressure and removing the evaporated water
from the reaction system through the partial condenser having its inner
temperature kept at 100 to 104 °C and the cooler. Since the viscosity did not
increase enough to give a stirring torque corresponding to the intended molecular
weight, the reaction was continued for 30 min under reduced pressure to obtain

15 the copolyamide resin. The obtained copolyamide resin had a relative viscosity
of 2.01, a number average molecular weight of 14300, a mole balance
(diamine/dicarboxylic acid) of 0.988, YI of —1, and a melting point of 269 °C,
showing that the relative viscosity, the number average molecular weight, and
the mole balance were low. After the reaction, a large amount of the nylon salt

20  or polyamide oligomer adhered to the wall surrounding the vapor phase in the
reaction tank, and the inside of the partial condenser was partly clogged with
white solid matter. After washing the clogged portion, the batchwise reaction
was continuously repeated 10 times in total. The relative viscosity was 1.96 to
2.18, the number average molecular weight was 13,700 to 16,500, the mole

25  balance was 0.986 to 0.995, and YI was —4 to -5, showing a large variation. The
obtained copolyamide resin was made into film, which was then measured for
particles. The number of particles detected was 3230 particles/g for particles
having a size of 50 pm or more, 1592 particles/g for particles having a size of 50
to 99 um, 1386 particles/g for particles having a size of 100 to 199 um, and 252

30 particles/g for particles having a size of 200 pm or more, providing a poor film
appearance with an extremely rough surface due to a large amount of particles.
The particles taken by cutting off from the film were measured for the melting
point. In addition to the melting point 269 °C of the copolyamide resin, another
melting point was observed at 300 °C. The obtained copolyamide resin was

35 molded into a molded article, which was then evaluated for properties. The
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High melting point polyamide particles Melting point <50 gm 50 to 99 gm 100 to 199 gm <200 gm 302
C 632 319 278 35 250 C 198 102 75 21 260 C 217 114 79 24 Properties of molded article Bending
modulus (NAPO Standard deviation Bending strength (NAPO Standard deviation Heat deformation
temperature (C) Standard deviation 4263 28 171 2 189

10

15

20

25

30

35

bending modulus was 4246 MPa with a standard deviation of 94, the bending
strength was 172 MPa with a standard deviation of 7, and the heat deformation
temperature was 183 °C with a standard deviation of 9, showing that the
mechanical properties and heat resistance varied largely and the quality stability
was poor.
[0073]
COMPARATIVE EXAMPLE 2

A copolyamide resin was synthesized using the same reaction tank under
the same conditions as in Example 3 except for omitting to heat the wall
surrounding the vapor phase in the reaction tank. The temperature of vapor
phase was 208 °C when 80% of the total amount of diamine was added dropwise
and 227 °C when the dropwise addition of the diamine was completed, thus being
lower than the melting point (230 °C) of the nylon salt composed of the mixed
xylylenediamine and adipic acid. Thereafter, the temperature reached higher
than 230 °C in the course of maintaining the inner pressure at 0.4 MPa. The
obtained copolyamide resin had a relative viscosity of 2.09, a number average
molecular weight of 15300, a mole balance (diamine/dicarboxylic acid) of 0.994, YI
of =6, and a melting point of 269 °C. The batchwise reaction was continuously
repeated 10 times in total. The relative viscosity was 2.07 to 2.14, the number
average molecular weight was 14,900 to 16,000, the mole balance was 0.993 to
0.995, and YI was —7 to —3, showing a good stability. After 10 continuous
batchwise reactions, no solid matter was detected in the reaction tank and in the
partial condenser. The obtained copolyamide resin was made into film, which
was then measured for particles. The number of particles detected was 1148
particles/g for particles having a size of 50 pm or more, 572 particles/g for
particles having a size of 50 to 99 um, 493 particles/g for particles having a size of
100 to 199 pm, and 83 particles/g for particles having a size of 200 pm or more,
providing a poor film appearance with an extremely rough surface due to a large
amount of particles. The particles taken by cutting off from the film were
measured for the melting point. In addition to the melting point 269 °C of the
copolyamide resin, another melting point was observed at 290 °C. The obtained
copolyamide resin was molded into a molded article, which was then evaluated
for properties. The bending modulus was 4268 MPa with a standard deviation
of 51, the bending strength was 173 MPa with a standard deviation of 4, and the

heat deformation temperature was 184 °C with a standard deviation of 4,
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22920141351 1452290012 134 1152 2 Table 1 (contd.) Examples 78 Diamine component
Dicarboxylic acid component PXDA60mol% MXDA40mol% sebacic acid PXDA80mol% MXDA20mol%
sebacic acid

showing that the mechanical properties and heat resistance varied largely and
the quality stability was poor.
[0074]
COMPARATIVE EXAMPLE 3
5 Into an oil-jacketed 50-L stainless reaction tank equipped with a partial
condenser through which an oil with its temperature regulated was to be passed,
a total condenser, a stirring device, a nitrogen gas inlet, and an opening for
dropping diamine, 10.000 kg of adipic acid (purity: 99.85 wt%), 9.270 kg of a
mixed xylylenediamine (purity: 99.95 wt%) of 60 mol% of m-xylylenediamine and
10  40mol% of p-xylylenediamine, and 19 kg of distilled water were charged, and the
inner atmosphere of the reaction tank was thoroughly replaced by nitrogen. The
reaction tank was sealed and the temperature was raised to 207 °C over 5.7 h
while stirring the contents. When the reaction pressure reached 1.9 MPa, the
charged water and the eliminated water were removed from the reaction tank
15 over one hour while keeping the pressure constant. During the removal of the
water, the temperature was raised to 212 °C. The reaction pressure was
reduced to atmospheric pressure over 4 h while continuing the removal of the
water. At the same time, the reaction temperature was raised to 277 °C.
Thereafter, the inner pressure of the reaction system was continuously reduced to
20 600 mmHg over 10 min and the reaction was continued for 5 min. The product
was made into pellets in the same manner as in Example 1 to obtain a
copolyamide resin.
The obtained copolyamide resin had a relative viscosity of 2.08, a number
average molecular weight of 15100, a mole balance (diamine/dicarboxylic acid) of
25 0.994, YI of -3, and a melting point of 269 °C. The batchwise reaction was
continuously repeated 10 times in total. The relative viscosity was 2.04 to 2.16,
the number average molecular weight was 14,700 to 16,300, the mole balance
was 0.993 to 0.995, and YI was —6 to —1, showing a good stability. After 10
continuous batchwise reactions, no solid matter was detected in the reaction tank
30 and in the partial condenser. The obtained copolyamide resin was made into
film, which was then measured for particles. The number of particles detected
was 1422 particles/g for particles having a size of 50 pm or more, 721 particles/g
for particles having a size of 50 to 99 um, 610 particles/g for particles having a
size of 100 to 199 um, and 91 particles/g for particles having a size of 200 pm or

35  more, providing a poor film appearance with an extremely rough surface due to a
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Melting point of nylon salt 202 C 207 C addition under pressure 0.4 MPaG 202 C at 50% addition
good addition under pressure 0.4 MPaG 207 C at 55% addition good Relative viscosity n=10
Number average molecular weight n=10 Mole balance n=10 Y| n=10 Melting point( D)

10

large amount of particles. The particles taken by cutting off from the film were
measured for the melting point. In addition to the melting point 269 °C of the
copolyamide resin, another melting point was observed at 295 °C. The obtained
copolyamide resin was molded into a molded article, which was then evaluated
for properties. The bending modulus was 4251 MPa with a standard deviation
of 65, the bending strength was 173 MPa with a standard deviation of 4, and the
heat deformation temperature was 173 °C with a standard deviation of 4,
showing that the mechanical properties and heat resistance varied largely and
the quality stability was poor.
[0075]

The production conditions and results of evaluating properties of
Examples 1 to 8 and Comparative Examples 1 to 3 are shown in Table 1. In

Table 1, PXDA is p-xylylenediamine and MXDA is m-xylylenediamine.
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2.11 2.05 to 2.16 15,600 14600 to 16100 0.994 0.993 t0 0.995 4 6to -2 242 2.10 2.04 to 2.14 15,500
14400 to 16000 0.994 0.993 t0 0.995 4 610 -2 263 High melting point polyamide particles Melting
point <50 gm 50 to 99 gm 100 to 199 gm

Table 1

Examples

1

2

3

Diamine component

Dicarboxylic acid
component

PXDA 30 mol%
MXDA 70 mol%

adipic acid

PXDA 30 mol%
MXDA 70 mol%

adipic acid

PXDA 40 mol%
MXDA 60 mol%

adipic acid

Melting point of nylon
salt

227 °C

227°C

230 °C

Production method

addition under

addition under

addition under

pressure pressure pressure
Reaction pressure 0.4 MPaG 0.2 MPaG 0.4 MPaG
Temperature of vapor 227 °C at 70% 227 °C at 70% 230 °C at 70%
phase addition addition addition
ﬁx;iiiztus after 10 g00d g00d g00d
Relative viscosity 2.12 2.09 2.10
n=10 2.06 to 2.14 2.05 to 2.12 2.07 to 2.13
Number average 15800 15300 15500
molecular weight
n=10 14800 to 16000 14700 to 15800 14900 to 15900
Mole balance 0.994 0.994 0.994
n=10 0.993 to 0.995 0.993 to 0.995 0.993 to 0.995
YI -5 -4 -3
n=10 -6 to -3 -6 to -3 -5 to -1
Melting point( °C) 258 258 269
High melting point
polyamide particles
Melting point 282 °C 280 °C 293 °C
<50 pm 104 147 261
50 to 99 uym 53 75 133
100 to 199 pm 42 57 102
<200 pm 9 15 26
Properties of molded
article
g\jﬁiil)ng modulus 4280 4265 42170
Standard deviation 18 15 23
g\f’[;‘;l)ng strength 174 174 172
Standard deviation 1 1 1
Heat deformation
temperature (°C) 174 175 179
Standard deviation 1 1 2
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<200 gm 281 C 225 120 83 22 292 C 283 145 112 26 Properties of molded article Bending modulus
(MPa) Standard deviation Bending strength (MPa) Standard deviation Heat deformation
temperature (T) Standard deviation Table 1 (contd.) Comparative Examples 1 2 3 Diamine
component Dicarboxylic acid component PXDA40mol% MXDA60mol% adipic acid PXDA40mol%
MXDAG60mol%

Table 1 (contd.)

Examples
4 5 6
Diamine component PXDA 50 mol% PXDA30mol% PXDA40mol%
MXDA 50 mol% MXDA70mol% MXDA60mol%

Dicarboxylic acid
component

adipic acid

sebacic acid

sebacic acid

Melting point of nylon
salt

238 °C

191 °C

197 °C

Production method

addition under

addition under

addition under

pressure pressure pressure
Reaction pressure 0.4 MPaG 0.4 MPaG 0.4 MPaG
Temperature of vapor 238 °C at 75% 191 °C at 35% 197 °C at 40%
phase addition addition addition
ﬁx;}:;iiztus after 10 g00d g00d g00d
Relative viscosity 2.11 2.05 2.07
n=10 2.06 to 2.16 2.00 to 2.13 2.04 to 2.10
Number average 15700 14900 15100
molecular weight
n=10 14800 to 16300 14200 to 15900 14700 to 15500
Mole balance 0.993 0.994 0.994
n=10 0.992 to 0.994 0.993 to 0.995 0.993 to 0.995
YI -1 -5 -5
n=10 -3to1l =7 to -3 =7 to -3
Melting point( °C) 278 214 223
High melting point
polyamide particles
Melting point 302 °C 250 °C 260 °C
<50 pm 632 198 217
50 to 99 um 319 102 114
100 to 199 pm 278 75 79
<200 pm 35 21 24
Properties of molded
article
g\f[%‘;l)ng modulus 4263 2920 2900
Standard deviation 28 14 12
g\f[gil)ng strength 171 135 134
Standard deviation 2 1 1
Heat deformation
temperature (°C) 189 145 152
Standard deviation 2 2 2
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adipic acid PXDA40mol% MXDAG60mMol% adipic acid Melting point of nylon salt 230 C 230 C 230 C
Production method Reaction pressure Temperature of vapor phase Apparatus after 10 batches
addition under atmospheric pressure 0.0 MPaG 230 C at 70% addition poor addition under pressure
0.4 MPaG 230 C after addition good nylon salt under pressure

Table 1 (contd.)

Examples
7 8
Diamine component PXDA60mol% PXDA80mol%
MXDA40mol% MXDA20mol%

Dicarboxylic acid

sebacic acid

sebacic acid

component
Melting point of nylon 902 °C 907 °C
salt
Production method addition under addition under
pressure pressure
Reaction pressure 0.4 MPaG 0.4 MPaG
Temperature of vapor 202 °C at 50% 207 °C at 55%
phase addition addition
ﬁx;}:;iiztus after 10 g00d g00d
Relative viscosity 2.11 2.10
n=10 2.056t0 2.16 2.04t0 2.14
Number average 15,600 15,500
molecular weight
n=10 14600 to 16100 14400 to 16000
Mole balance 0.994 0.994
n=10 0.993 to 0.995 0.993 to 0.995
YI -4 -4
n=10 —6 to -2 —6 to -2
Melting point( °C) 242 263
High melting point
polyamide particles
Melting point 281 °C 292 °C
<50 pm 225 283
50 to 99 ym 120 145
100 to 199 pm 83 112
<200 pm 22 26
Properties of molded
article
g\f’é‘;l)ng modulus 2930 2950
Standard deviation 15 12
g\jz[rliil)ng strength 136 135
Standard deviation 1 1
Heat deformation
temperature (°C) 170 191
Standard deviation 1 2
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1.9 MPaG good Relative viscosity n=10 Number average molecular weight n=10 Mole balance n=10
)(I n=10 Melting point( C) 2.01 1.96 to 2.18 14300 13700 to 16500 0.988 0.986 to 0.995 -1 -4 to 5 269
2.09 2.07 to 2.14 15300 14900 to 16000

Table 1 (contd.)

Comparative Examples

1 2 3
Diamine component PXDA40mol% PXDA40mol% PXDA40mol%
MXDA60mol% MXDA60mol% MXDA60mol%

Dicarboxylic acid
component

adipic acid

adipic acid

adipic acid

Melting point of nylon
salt

230 °C

230 °C

230 °C

Production method

addition under

addition under

nylon salt under

atmospheric pressure pressure pressure
Reaction pressure 0.0 MPaG 0.4 MPaG 1.9 MPaG
Temperature of vapor 230 °C at 70% 230 °C after _
phase addition addition
ﬁx;}:()}iiztus after 10 poor g00d g00d
Relative viscosity 2.01 2.09 2.08
n=10 1.96 to 2.18 2.07 to 2.14 2.04 to 2.16
Number average 14300 15300 15100
molecular weight
n=10 13700 to 16500 14900 to 16000 14700 to 16300
Mole balance 0.988 0.994 0.994
n=10 0.986 to 0.995 0.993 to 0.995 0.993 to 0.995
YI -1 -6 -3
n=10 —-4tob =7 to -3 -6 to -1
Melting point( °C) 269 269 269
High melting point
polyamide particles
Melting point 300 °C 290 °C 295 °C
<50 pm 3230 1148 1422
50 to 99 um 1592 572 721
100 to 199 pm 1386 493 610
<200 pm 252 83 91
Properties of molded
article
g&%‘;l)ng modulus 4246 4268 4251
Standard deviation 94 51 65
g\f[gil)ng strength 172 173 173
Standard deviation 7 4 4
Heat deformation
temperature (°C) 183 184 173
Standard deviation 9 4 4

INDUSTRIAL APPLICABILITY

[0076]

The copolyamide resin of the invention is excellent in mechanical
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0.994 0.993 t0 0.995 -6 -7 to -3 269 2.08 2.04 to 2.16 15100 14700 to 16300 0.994 0.993 to 0.995 -3
-6 to -1 269 High melting point polyamide particles Melting point <50 gm 50 to 99 gm 100 to 199 gm
<200 gm 300 C 3230 1592 1386 252 290 C 1148 572 493 83 295 C 1422 721 610 91

properties, heat resistance, chemical and physical properties, and molding
properties, and its properties are very stable, therefore, suitably used in a wide

application field, such as molded article, film, sheet, and fiber.
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Properties of molded article Bending modulus (NAPO Standard deviation Bending strength (NAPO
Standard deviation Heat deformation temperature (C) Standard deviation 4246 94 172 7 183 9 4268
511734184 442516517341734

CLAIMS

WHAT IS CLAIMED I§S:

5 1. A copolyamide resin comprising a diamine component which

comprises two or more diamines and a dicarboxylic acid component,

wherein the diamine component comprises 70 mol % or more of a
xylylenediamine which comprises 20 mol % or more of p-xylylenediamine and the
dicarboxylic acid component comprises 70 mol % or more of a straight-chain

10 aliphatic dicarboxylic acid having 6 to 18 carbon atoms, and

the copolyamide resin contains particles having a major diameter of 50
Hm or more in an amount of 1000 particles/g or less, the particles comprising a
polyamide having a melting point higher than that of the copolyamide resin by

20 °C or more when measured by a differential scanning calorimetry.

15
2. The copolyamide resin according to claim 1, wherein a relative
viscosity of the copolyamide resin is 1.80 to 4.20 at 25 °C when measured in a
concentrated sulfuric acid at a concentration of 1 g/100 mL.
20 3. The copolyamide resin according to claim 1, wherein 70 mol % or

more of the straight-chain aliphatic dicarboxylic acid component comprises adipic

acid or sebacic acid.

4. The copolyamide resin according to claim 1, wherein the
25  xylylenediamine is a two-component composition of m-xylylenediamine and p-

xylylenediamine.

5. The copolyamide resin according to claim 1, wherein a cast film
produced by melting the copolyamide resin at a temperature 10 °C higher than
30 the melting point of the copolyamide resin contains particles having a major
diameter of 50 um or more in an amount of 1000 particles/g or less, the particles
comprising a polyamide having a melting point higher than that of the
copolyamide resin by 20 °C or more when measured by a differential scanning
calorimetry.
35
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INDUSTRIAL APPLICABILITY [00761 5The copolyamide resin of the invention is excellent in
mechanical properties, heat resistance, chemical and physical properties, and molding properties, and
its properties are very stable, therefore, suitably used in a wide application field, such as molded
article, film, sheet, and fiber. CLAIMS WHAT IS CLAIMED IS: 51. A copolyamide resin comprising a

diamine componenywhigh cagUISeR e PLmPie dlpmineeANdadicathords add dompenent.
wherein the diamine component comprises 70 mol % or more of a xylylenediamine which comprises

20 mol % oPFrErcet hxyntdHadidhfmepely el dicsebbxiciatsanaswidornent € Smprigksr7daivl % or
more of a siiaighithalp 18 aliBbatic disRemiaasid having £1Q 18.98cRaNRlems. Afthjor the

copolyamide resin contains particles having a major diameter of 50 nm or more in an amount of 1000

particles/g SH7EBSteROHZRAILINS BPIRSHG & BAaRHIRE Hal P st Brdine g hRE tRRHRSEof the
copolygmideoiapiridin 20 Gl maigaien measteed by posiftaiesitiar sbannihg cafamiwetry. 15 2. The

copolyamide resin according tq clajm 1, wherein a relative viscosjty of the.copolyamide resin is 1.80 to
430 ot 25 GBI ATE A P Loreto i ARG R MBS0 & LA B ALAERGI GAGOTRE. 205
The copolyaniideresiryaccording to claim 1, wherein 70 mol % or more of the straight-chain aliphatic
dicarboxylic acid component comprises adipic acid or sebacic acid. 4. The copolyamide resin

according to claim 1, wherein the 25 xylylenediamine is a two-component composition of
m-xylylenediamine #&nd fxdypldyenitainesin corspasidicopwiyamidmedPMasevtsling wewdhitof,

wherej a cast limaadiced bumeling e.admolRMide BRMALA PRl Gihigher than 30

the melting point of the copolyamide resin contains particles having a major diameter of 50 Jim or
more in an At & tedooapattéldsrd o Rastamy Feptrid<oEsanIgainl 4186Kamide having a melting
point higher than that of the copolyamide resin by 20 C or more when measured by a differential

scanning calorimetrg. 35 ) ) ) )
. A molded article produced by molding the copolyamide resin as

defined in any one of claims 1 to 6.
15
9. A molded article produced by molding the copolyamide resin

composition as defined in claim 7.

10. A method of producing a copolyamide resin comprising a diamine
20 component which comprises two or more diamines and a dicarboxylic acid
component,
wherein the diamine component comprises 70 mol % or more of a
xylylenediamine which comprises 20 mol % or more of p-xylylenediamine and the
dicarboxylic acid component comprises 70 mol % or more of a straight-chain
25  aliphatic dicarboxylic acid having 6 to 18 carbon atoms, and
the method comprises subjecting the diamine component and the
dicarboxylic acid component to a polycondensation reaction in the absence of a
solvent in a batchwise reaction tank equipped with a partial condenser, and
conducting the polycondensation reaction by adding the diamine component to
30 the molten dicarboxylic acid component continuously or intermittently while
maintaining an inner pressure of the reaction tank at 0.1 MPaG or more and a
reaction system at a temperature which allows a whole reaction system to be
kept in fluid state, and by heating a vapor phase in the reaction tank to a
temperature equal to or higher than a melting point of a nylon salt comprising

35 the diamine component and the dicarboxylic acid component before adding 80%

44



6. The copolyamide resin according to claim 1, wherein a cast film produced by melting the
copolyamide resin at a temperature 10 C higher than the melting point of the copolyamide resin
contains particles having a major diameter of 200 jun or more in an amount of 100 particles/g or less,
the particles 5 comprising a polyamide having a melting point higher than that of the copolyamide resin
by 20 C or Wé%&g?ﬁﬂ@&ﬁt‘?ﬁqﬂéf &Qlﬁ?ﬁ%’?lﬁh@%@ﬁ@lﬂg calorimetry. 7. A copolyamide resin
composition comprising 100 parts by weight of 10 the copolyamide resin as defined in any one of
claims 1 to 6, O to 30 parts by weight of talc, and 10 to 150 parts by weight of inorganic filler. 8. A

molded article prodqqed '@Ylmgﬂﬂgd@ﬁﬁ&ﬂﬁb@m@a{ﬁﬁiﬁ@%@f@ﬁ ié?. FHIAQ0E Qifs(%l?é{f'? éft_ﬁh@- 15
9. A molded article produced by molding the cogc%%?mlde resin composition as defined in claim 7.

10. A methGaRS RIS 1R dp diyAiMiné réintetnfridity B MSATHECSO RGhoBsERt AiRh comprises

two or poresdiaarices.aned ttacisateaxyti€iaaidfcomnonem.wherein the diamine component comprises
70 mol % or more of a xylylenediamine which comprises 20 mol % or more of p-xylylenediamine and
the dicarboxylic acid component comprises 70 mol % or more of a straight-chain 25 aliphatic
dicarboxylic acid havihg @'tee I8 atddba @@ @and claimié nvelleodi aoropmisd $subjeatirgothehdiamine
component gnd; e dicarborlis A6 eemaanenL e a palycondensaiantaaction nihe hsgnce of a
solvent in a batchwise reaction tank equpeéle h'a par ialrcon enser,pan condllﬁ)cﬁng the
polycondensetiasicegetion by adding the diamine component to 30 the molten dicarboxylic acid
compggent continuously or intermittently while maintaining an inner pressure of the reaction tank at
0.1 MPaG or more and a reaction system at a temperature which allows a whole reaction system to be
kept in fluid state, ahd-byHeatrrfRoshpergsHERe 18 Balmakfiowharrin R ecrpeleneaging ts 6
higher thang,geling aeint bapdorisalbe PRy ihg Hiaming sarppargelandthe dicarboxylic
acid component before adding 80% of a total amount of the diamine component. 11. The
method according to claim 10, wherein a relative viscosity of the copolyamide resin is 1.80 to 4.20 at
25 C when measured in a concentrated 5 sulfuric acid at a concentration of 1 g/100 mL. 12. The
method according to claim 10, wherein 70 mol % or more of the straight-chain aliphatic dicarboxylic
acid component comprises adipic acid or sebacic acid. 13. The method according to claim 10,
wherein the xylylenediamine is a two-component composition of m-xylylenediamine and
p-xylylenediamine.
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