SPECI FI CATI ON METHOD FOR PRODUCI NG POLYAM DE TECHNI CAL FI ELD

[ 0001] The present invention relates to a nethod for producing

pol yam de by the direct polycondensation of a di am ne conponent containing
70 mol % or nore of p-xylylenedi BPBREIRTATON car boxylic acid conponent
containing 70 nol %or nore of an aliphatic dicarboxylic acid having 6 to 18
carbon atons. BACKGROUND ART [0002] Cenerally, in the production of

pol yam de from a di car bpHODAFOR méw?glg@;mgm%%eous solution of a

slat of a dicarboxylic acid and a &m ne n salt) is subjected
to pol ycondensati on by keeping the tenperature at a pol yam de-forrning

t enper at UTECY&MGEAEinEﬂﬂing off water (solvent) under pressure. This
r

production et ho equires a large amount of heat for renoving the water
used as t00803bl vent fromthe reaction systemand an extremely |ong reaction

time. In additisqn, the yield.of | yam de i ch batch reactign .is small,
bei ng poor ecor&ﬁ?reﬁﬁ?ﬁ%’??ugﬁ’ﬁg@%ﬁﬁt@%Fﬁtg?ff?‘l’é(?éo ?C‘Pﬁ@°f¥%%8 bothes

| ar gf}! y Cuirédt@lowﬁ_?ﬁdeﬁ%ﬁhtidﬁ%f d @ﬁnﬁﬁb!ﬂ&boﬁ@ﬂﬂt _ ﬁ%ain@nﬁ hﬁ ﬂl({ln)gro%'\&ﬁ%ﬂe (fff kt Ihe
reaction vessel . e.adher ed,.po { is,partia over heated to be likely
degraded.p'ﬁ@i"e?eé]r‘%‘,m% &i@&fgéﬁq&gﬁd%ﬂﬂ%e?%%%?%agﬁqlﬁ O8f products
wi th uni faere éfhen anpﬂaﬂelaichwomcca@mmih%o@adolm ¢AIBYR abEEh§0ds. [ 0003)

| b elimnate these di sadvant ages, Patent cunents 1 and 2 propose a direct
pol ynmeri zation of a nylon salt of a dicarboxylic acid and a diamne in an

inert at npaprerRoUoMeMVEer. the proposed nmethod cannot be an efficient
nmet hod, because an additional process of isolating and purifying the nylon

salt is r[Q_QQf? ed. Patent Document 3 proposes to directly mx a dianmbae and a
G car oL 28idhdaty 198 BEMASSORSTSAAAMS AL ST RS oo
Document diaminp,cn;eaqﬂgnusi solutioroof e slaéafia dicarbonydicrd oidy aﬁdtaodi&ﬁﬂpb;(smei ght of
vater W LRGN 0ol GVRNAA fo A1) ShrtieEbe 69 ROSHBE B thG pUHARE Ge U0

a polyamide-forming temperature while distilling off water (solvent) under

pressure. This production method requires a large amount of heat for removing

the water used as the solvent from the reaction system and an extremely long

reaction time. In addition, the yield of polyamide in each batch reaction is small,

being poor economy. Further, since the top surface of the liquid moves largely

durning the reaction, the polymer adheres to the inner wall of the reaction vessel.

The adhered polymer is partially overheated to be likely degraded. Therefore,

many disadvantages remain in the production of products with uniform and good

quality by conventionally known methods.

[0003]

To eliminate these disadvantages, Patent Documents 1 and 2 propose a

direct polymerization of a nylon salt of a dicarboxylic acid and a diamine in an

inert atmosphere. However, the proposed method cannot be an efficient method,

because an additional process of isolating and purifying the nylon salt is required.

Patent Document 3 proposes to directly mix a diamine and a dicarboxylic acid

and then polycondensate the mixture under pressure. However, this method

needs an expensive horizontal agitation reactor. Patent Document 4 proposes to

mix a molten diamine containing 2 to 30% by weight of water with a molten

dicarboxylic acid and polycondensate the mixture under atmospheric pressure at



220 C or |lower. However, this nethod cannot be an efficient nethod as
conpared with the direct polynerization of a diam ne and a dicarboxylic acid
wi t hout using water as the solvent, because the renoval of water by
distillat 2%1)1"@ of lowers ﬂ{ooiiwemncthlilemtelghdcp&ﬁfﬂod t be an %fﬁaieﬁﬁhdﬁés&'ﬁlﬁnt s 5 gnd g
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while raising the te rature of reaction system and finall'y continuing the
mel t - pol yIRSMIERS I 2z %fatterrperature equal to or higher than the nelting

poi nt of [pepyJrer. However, if the boiling point of the diam ne conponent is
| ower than the nelting pornt of the polymer being produced, the added
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poi ntof t{zf&ﬁéﬁ L ARG Yo d@&tgﬁnglpélgﬁhﬂge BQ?m fdtgﬂdéi’ﬁa déBzfl]AﬁwE tPr gposed

nmet hod, lamne 1s a Int ta es, € escape of the
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Patent Document 7 proposes a method of producing polyamide by the
direct polycondensation of a diamine and a carboxylic acid under pressure. In
the proposed method, the production of polyamide is conducted at temperature
higher than the boiling point of the diamine by pressurizing the reaction system.
In the proposed method, the diamine is added dropwise in two stages, and the
escape of the diamine component from the reaction system by distillation at the
latter stage of the reaction is prevented by slowing down the dropwise addition in
the second stage. However, the change of the dropping speed in the course of the
synthesis makes the operation complicated. In addition, since it is not clear how
the dropping speed in the second stage is determined, the proposed method still
involves the drawback that the diamine is distilled out of the reaction system and



[ 0007] An object of the invention is to solve the above problens in
prior art and provide a sinple production nethod of polyam de by the direct
pol ycondensati on of a di am ne conponent containing 70 nol % or nore of

p- xyl yl enthti molarer saioddéa i mddibashoidy ie asidl o tHEIPAhidd BiAR Lrbdh&d ;@ SOl vent,
such as water. {0)?)08 As a result of extensive reseg éh oér%qtlﬁe net hod

of econonfFAFRE, S’G%épﬁﬁ Lol yaraide in a short time by the direct

pol ycondefgoaiel on of a di am ne conponent and a di carboxylic acid conponent,

the invengors ve found that the polyam de is easily produced by adding the
di am ne c%ﬂ{%’rﬁgiﬂ"“ﬂ?né W&’t%ﬁilm boxylic acid conponent while mnaintaining

t he react Patent3dcamdnt 2 JPaktsg7agat e under pressure and reduci ng the
pressure }o atnospheric pressure after the addition of the diam ne

conponent ¢ afemddipcument 3- 1840,54fle present invention relates to a method of

produci ”QPE@nXEEHcﬁgge% @J@hg%\%ﬂgl ycondensation of a diam ne conponent and
I'c

a di carboxylic acid conponent’, h includes a step of adding a diam ne
conponent Patemt Dacuneni®: FP689%510829%%r e of wxyl yl enedi anine to a di carboxylic

acid co n ont ai _niJ ( % or nore of stratght-chain aliphatic
di car bog? Cn;go&uwﬁnéﬁn%ﬂ%%g ned in a nolten state by heating to a
nmel ti ng pBatentDrwenerht@ JRRODBB2W$14L nmai ntaining a reaction mxture in a

nolten state under pressure; and a step of reducing a pressure of the
reaction systemto atnospheric pressure over 50 mn or |onger at a pressure

falling sPERCLOSURE OFPTHE INVIENBIONter the addition of the diam ne
corrponent[. h&OlO] The production nethod of polyam de of the present
i nvent i ont%99¢! t he fol I owi ng effects.

An object of the invention is to solve the above problems in prior art and
provide a simple production method of polyamide hy the direct polycondensation
of a diamine component containing 70 mol % or more of p-xylylenediamine and a
dicarboxylic acid component without using a solvent, such as water.

[0008]

As a result of extensive research on the method of economically producing
polyamide in a short time by the direct polycondensation of a diamine component
and a dicarboxylic acid component, the inventors have found that the polyamide
is easily produced by adding the diamine component to a molten dicarboxylic acid
component while maintaining the reaction system in a molten state under
pressure and reducing the pressure to atmospheric pressure after the addition of
the diamine component.

[0009)

Namely, the present invention relates to a method of producing polyamide
by a direct polycondensation of a diamine component and a dicarboxylic acid
component, which includes a step of adding a diamine component containing 70
mol % or more of p-xylylenediamine to a dicarboxylic acid component containing
70 mol % or more of straight-chain aliphatic dicarboxylic acid which is
maintained in a molten state by heating to a melting point thereof or higher
while maintaining a reaction mixture in a molten state under pressure; and a
step of reducing a pressure of the reaction system to atmospheric pressure over

50 min or longer at a pressure falling speed of 1.0 MPa/h or less after the



(1) Since an aqueous solution of nylon salt is not used as the starting
material, a step of renoving water used as a solvent is not required and the
reaction tine is extrenely shortened. (2) Since water is not used as a

sol vent, additiomefithealiainimé ¢aahpademtge and the yiel d can be increased. (3)

Si nce an ﬁﬁ@?us solution of nylon salt is not used as the starting

mat eri al , foam ng and solidification of polyam de which may be caused

during the renoyaé Q&d\fhdoﬁrxﬂ@th%mli%lﬁfmi\&@fo?’th@f;?es@ﬁ?i&ﬁfé $dn \tehe energy
required ;_ remoy| ng water used as a solvent is saved 4) Since the nol ar

bal ance of°Ho¥PE&HeeRar ge i s exactly reproduced in the pol yami de produced,
the contref) of Sﬂc@%nbﬂ\éﬁﬁé’solhu%n o£59§0n6m£ {%hotQsel DS (HERE

pol ymerization is extrenely e an aqueous solu néof nyl on
salt is nBaterial agstep hér@@a\rmgrvgitnaueed a$ a splvent wndm mqumedsmid the be used

can be le c?i'bﬁstﬂd 85 E;&ﬁ&%yéh&%&gnpar ed with the reaction vessel
Iy the

conventi ona use | essurized nmelt polynerization.
(2) Since water is not used as a solvent, the amount of initial charge and the

yield can be increased.

(3) Since an aqueous solution of nylon salt is not used as the starting
material, the foaming and solidification of polyamide which may be caused
during the removal of a large amount of water are prevented, and the energy
required for removing water used as a solvent is saved.

(4) Since the molar balance of initial charge is exactly reproduced in the
polyamide produced, the control of molar balance, i.e., the control of the degree of
polymerization is extremely easy.

(5) Since an aqueous solution of nylon salt is not used as the starting
material, the reaction vessel to be used can be less pressure-resistant as
compared with the reaction vessel conventionally used in the pressurized melt
polymerization.

(6) Since the addition speed of the diamine is not needed to be changed in
two stages and can be maintained constant, the apparatus and the operation are

simple.

BEST MODE FOR CARRYING OUT THE INVENTION
[0011]

The dicarboxylic acid component used as the starting material in the
invention contains at least one kind of straight-chain aliphatic dicarboxylic acid
having 6 to 18 carbon atoms in an amount of 70 mol % or more, preferably 80
mol % or more, and still more preferably 90 mol % or more (each inclusive of
100%). The straight-chain aliphatic dicarboxylic acid having 6 to 18 carbon
atoms may be at least one kind of dicarboxylic acids selected from the straight-
chain aliphatic ¢, @-dicarboxylic acids, such as adipic acid, pimelic acid, suberic
acid, azelaic acid, sebacic acid, undecanedioic acid, and dodecanedioic acid, with

at least one of adipic acid, azelaic acid, sebacic acid, undecanedioic acid, and



(6) Since the addition speed of the diaraine is not needed to be changed in
two stages and can be maintai ned constant, the apparatus and the operation
are sinple. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON f oonl The

di car boxyﬂoéewdlommgdrbemg pnsaéehed aﬂieastcaretdfw1mtaerd akelalc #41d, hrdent i on

cont ai ns ki nd of [ hai n hati ¢ di carbo yI ic acid
havi ng 6 ?ébAfgcai&? gd{n(gﬁ%pf CElla ﬁ‘fcbaﬁi‘c%‘ah&ng% D}%P@reépéﬁderabl y 80
mol % or [B01@] and still nore preferably 90 nol % or nore (each inclusive of
10099 . The stra ai n_al i phat arboxylic acid having 6 to 18 carbon
atons may be atAg%';‘SF raé‘?"i‘é' bexrhte &b}ﬁéﬁﬁ%ﬂylﬂ@mﬁt‘i efdesscthaa 3¢ mol Sermaye
straight - tiidade Siriighdichfipiph£dd & @ ULichibAg gggga,q,ggd pi el i ¢

P3aclihEs 3
acid,” suberic acid, azelaic acid, acl ¢ acl undec i'ol c acl
dodec2uae@iahs SHER @ siFeinicacid and tglwpélc@rcuhmrpm@nadxmrbazﬂmaa@dasmah as ebaC| c

actd, undesapelaictactt ithoiafdlic JERCORNLMIBEIACHLPELOBALE Shiefly. ot | eas!

one of adi pi'c acid, azel c acl pacl C acl nmor'e préperred and
sebaci ¢ ablpchebﬁldﬁgﬁrbpwlhc m;deaqﬂ dﬂmhedmakb@)ﬂylic acid, suchmt]hé-r di car boxylic

acid usab 0 nclude straight-chain
al i phat i c %begl cg{rzg%ﬂy’? 8¢y 3.*&&?%9%”%#1%@@133?% atons, such as
succinic dmadhxﬁmhrbbxg]mamd,ambltemﬂmﬁédrbox&mmmyI ic acid, such as

t er epht hatd fCi d, isophthalic acid, 2,6-naphthal enedicarboxylic acid, and
4,4'- bip éﬁ9 di carboxylic acid; and alicyclic dicarboxylic acid, such as

1,4- cycl ohexarPi ¢nkias\bidoashehusch @sﬁﬁé@tﬁ#ﬂ?ﬂﬁ%ﬁﬂ fowmd inveatibs.
decal I ndi car boxyl e quegga and tetralindicarboxylic acid. fools] The

di ami ne ctARS mipe i ap FP’ﬁBnFrﬂ%"tfP’F ¥ 7R ol o vaoRe; BIPrEont ai ns

p- xyl yl enﬁf@f@x@bwso agli% BTRLHe, PEEEEN 2Rdr¥ p}@fe&my%mﬁnom & xidPE Fedehf rably
80 mol % or npre, sti|l nore preferabl'y 90 mdl” % or nore (each inclusive

of 1009 . Inplsive aﬁﬂw)ot ﬁ&w‘ilnmamp saﬁrfbeamameﬁe ipmimecasaplein anount of
| ess t hany 3BufPbf Péggrsyaﬁ)so %soﬂm?&y &t mﬁo&é kiHaPep di&maﬁéf soked i Qi t he

group consi sti ng hati c di am ne, such as tetranet enedi am ne,
pent amet hsh%mupmw@nna@i ahphhgzc dlﬂ;dmnﬂwél a@tntmeﬁ;mm&:ddamme and

nonanet hy, r

pphenyl ené:%lﬂg%deﬁg}%%gd%n% ;ﬁ ene %}eqjg@%&%ﬁ t@g&ﬁtﬁgﬁﬁ | g’fﬁnﬁlém aﬂ%h as 1, 3-

bi s(am nonatimethyténeidxmie; dmbﬂnﬂhmgaranammidy Pagic helpexane.
phenylenediamine and m-xylylenediamine; and alicyclic diamine, such as 1,3-

bis(aminomethyl)cyclohexane and 1,4-bis(aminomethylcyclohexane.
[0014]

Before the polycondensation, the dicarboxylic acid component is charged
in a reaction vessel and kept in a molten state therein. A solid dicarboxylic acid
component may be charged in a reaction vessel and then made into a molten
state by heating to its melting point or higher. Alternatively, a molten
dicarboxylic acid component may be charged in a reaction vessel.

[0015]

The dicarboxylic acid component is made into a molten state when heated
to its melting point or higher and the polycondensation can be initiated by adding
the diamine component. For the substantial proceeding of the amidation, the
temperature of the reaction system is raised to preferably 160 °C or higher and
more preferably 160 to 200 °C. Still more preferably, the temperature is set so
as to make the oligoamide and/or intermediate of polyamide into a molten state,

thereby maintaining the whole reaction system in a uniform flowable state. The



[ 0014 Bef ore the pol ycondensation, the clicarboxylic acid conponent is
charged in a reaction vessel and kept in a nolten state therein. A solid
di carboxylic acid conmponent may be charged in a reaction vessel and then

nmade i nt otempetdtare tilod setly dsa@dthagtaion tHeSwhalk trbAdidiPsyste@inl G rm
Al ternatléelg%/1 a rrgql)ten di.carboxylic acid on]“sgnent may be charged in a
reaction UR¥aBle stafpqan be determiped i a YWQ&M Ganalyatnriaan amixtaee i nto a
mol ten st af theieArdpaaliedcidol hh8$hO Qi d3hirfr col i

Hoaglie deidol p%n@ﬁkb ha Pﬁiéﬁrﬁ% cgilﬂdﬂﬁpeﬁt ?ﬁ'gr%ﬁcgnn tm_oL'q_ror t he

pol ycondensation can be initiated by adding t am ne co

substantié@“‘br oceedi ng of the am dation, the tenperature of the reaction
system i s[geigted to preferably 160 C or higher and nore preferably 160 to
200 C. Still nore preferably, the tenperature is set so as to nake the

ol i goar ai de andTwpradwee artesti ealeredfpolid nyridei hyethienmethmdrflthe inwdmtian, it wer eby

mai nt ai ni e I ' t i I,f Qr | owabl.e _state. .The
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a mxture_of {he, dicarboxylic acid,goiponent..and,the di anjne cogponent in a
Gi ven moi Bespl i TEaRoRGd above, & oLl dRRIDaR] BGd CEBIRGPERE CRATESRIBA by t he
met hod of rddeeionwessilimay be mdde ipteh idlesh ¢t by ﬂnieﬁﬁﬁgttb Yts' Bl bie ok NNEr
at m)spherﬁ, f the reactio vesiel ith an_.inert gas before chargi ng t he

di car boxyPiebexqrlterRgtively: a malten a?%%k?éﬁd\ﬁémn:enw‘ﬁ}kbﬁ?m above, a
sol i d di cafth@dtabfionveskeEONFA RN cﬁbﬁbgﬁfu_ Reid chbRPbhbRlisMsReh ifBY be made
into a nolten state by heating to its nelting point or higher, or

al t er nat | feaciionyeasal the imnenpbonsnheze o€ the reaction yassehis praiexsidy geplaced o a
reacti on yegsgh i | oX¥ i L Chs BB ] in a
reaction vess%%‘ métr%ga Tc' %ﬁ%?gﬁngégheﬁﬂed %19 thﬁhglérigact | %c\}ggg@%g&pirsef erably
repl aced ohatgedantorrereacgian vessels heriper atmosrtheze nbtheereadtionrvessallisc aci d
conmponent _ | ' . e | e e i nner atnosphere of the
reaction Btsggtﬁg‘gﬁé?gﬁgé%énggﬁ gcse§&{v8\n§e[¢1ha§ iier t gas before charging.

[ 0017] [0017Fhe di ami ne conmponent is added under pressure to the nolten

di carboxylic acGhd gonponent in a reagii,on vessel while stirring. During the
addi tion of t helR SHAERES COMBSRERt 1 Adfed Rnder psresirs to. o moliedo ot a

pr edet er ndizasbdxylipachl ¢0neprend Sn laQreBelior aéddel while stirfiplgt € DwEiwg the The

di am ne cogponent hs added to the nolten dicarhoxyli.c,acid conponent either
in a cont AdisteR gfthe dlagime comppnent.iheireaekhion pIXE 18 kept 43t he additi on,

the react pridedrmhined tbmpePdtikéks s tb hatntizh itih bl rbitate UERE dRirhitier ai Si Ng
t he tenperature of, rﬁgc ion mxture. The nelting point of reaction mxture
AR

can be sufQmBBPRETEG & the moltepulicarperein acid rRImpeReRl HERATINA react i on
m xture | &AAldlARhNn&Os ir0An Gitelhitbdrt AahABYS iRy thE adBItidn)ghe Ol Nt Of
reaction mxture to the nelting point of reaction mXture + 20 C. If the

t enper at ureacsionmixtureis maintainediin a melten statadbymeanentinlly safsing the gher, t he
solidificgty ' ), Xt L [¢s QR ' revent ed.
T the t olebdelnd drehBa blinlfer HhE mdluinipol AR - aRAF RRR e kBl %
or | ower, stuiteblyegpnfideed dy DECtrheasugementn Thetemperasurevafirdactiopmixtiret i ne

t he additjon of e diamne n kS _C I Lit ol refer make
the t empettsre bl oA HRIPE PRk b B EleRft plibe bRat FRB ABtere

poi nt of tdthepmejttgpaoint béiergtiononixtert +20i°Ce dfithet empergtutecofireactiomn

mxture | Pni:%tur}glig the xsxfe?ttigg point thereof or higher, the solidification of the reaction

mixture in the reaction vessel is prevented. If the temperature of reaction
mixture is the melting point thexeof + 20 °C or lower, the degradation of the
reaction mixture is avoided. At the time the addition of the diamine component
is completed, it is preferred to make the temperature of reaction mixture equal to
or higher than the melting point of the polyamide being produced, while

maintaining the reaction mixture in a molten state.



[ 00181 The addition speed of the diam ne conponent is selected so as
to keep the reaction systemat a predeterm ned tenperature, nanely, a
tenperature sufficient for maintaining the reaction systemin a uniform

mol t en st §@,8]whi | e consi dering the heat generation of amidation, the heat
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struct ur epgdetRDn BN ek i ondensati on
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conponent Pullipignt{ey maintaisingddeireactinn syssermdntaounidonnh axjtah $tate,wohde ages in
t he prese i VERE | ] t ake Qry. in he
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gener al | ytle water ®lénsed hytyodycodesetivn, thehestdsuppdied frére abésting el eased as

t he polyc i c Sels. distillaed o of , the reaction system The
starting r%t}tq g‘?ﬁigt?‘g&g%lgwee‘r%e of ré “3%95‘0‘?@5?‘*2%&3%*‘%BBaFg‘FSd’?Pr‘Bﬁ?% Twat er

rel Sased bgpqratipfgahelmtbl i'(daawdbe yﬁdlgédﬁﬁkints@t;iéxhﬁn?@h@bfdﬁh@ﬁﬁft@ﬁhlﬁ par]ti al
condenser  i.s_prefera used,for t separ ati on e startin terials
and t he wgilﬂ’fng?%f:%‘&g Wﬂﬁ??ﬁfh?&fgﬁ% ﬁﬂadﬂ?inﬁén&at ﬁer”é’ldété%’édg 18

pol ycondenstheaiedito bdi chiainigb@ tin omb stifgek g the peddeabimvenitM diE byt ¥y t hr ough
a total condenser ,]3; 0Q191 Dogche thg, nme] ting point of the paqlyam de

bei ng pr ofRRERY s Thelimetgken donpddipg she diamingicompopept ¥peias ansardinismiger

at nospher {ie §15€86tHetreaktion ¥d6iel 288 19 be ARG PSS HCOTRARERbuisk FFapduct ed
under presgéj.r,e in the production method of "the invention. The inner pressure
of the red@dition thewateryelqasgd asdhe palverrdensationeracesds ae dissilledrnustof| s

pr ef er abl ; I R I kel i | yl enedi am ne
i's hi gher M%eﬁgetr?c%lﬁg%%&e #ng%i&;lafﬁg? %%ﬁg%ﬁbéygﬁeggd Eﬁ?ﬂ&g‘”%?%%%% by 20 C or
nmor e, andsenaratad Zowy thiel watsereleased bepelyc atibn @ndtdetwineid torthepoi nt  of

p- xyl yl enedi an i s hi 10 | t] i.nt . of e i bei ng
by odused foieBghdFstetn ABLAALARbRETE phpREs b o iCseBRUAN b e C
required starting mzteeiads and theowatdrerekéasdd by phlymwndensdtion. acTlek watgronent to be
used and the ki,nd of, the di am ne copnponen her than | yl enedi,am ne to be
opt i onal quﬁ%%g%ya?ﬁ}yf%n Fggté?%bﬁ Sgﬁi P&E J@W&cﬁ% S%%EYB eg?'é’fb ly 0.2 to
0.5 MPa. tHweuphactotslcondessdr. may be pressurized by an inert gas, such as

ni t rogen, Eﬁr j]he wat er rel eased during the pol ycondensation. [0020]

It is rec ded to regulate the inner pressure of the reaction vessel

wi thin the abov@intafee mditigg p6tR o kR pblFaniis BER ol GcaTistléseniaament i nto
the reactjon vessel and before the tepperature of reacti og ?é t em reaches
B E%‘Wé

(boi | i ng Peiing ROtk ofep-AYRiiAncIaTBIRSOMART AIFSPheRIGBE]SHEFS, Ehy pt- 10 C,
pref er abl yh 2§ {a@lin€ RemPoRent 3%oHH LA NN préGiute 6P BRPPFIHuctiDh néthed gfact i on
vessel and before the tenperature of reaction systemTeaches (boiling point
of the di thfi inveatiapon&he inmerpressursiitbe reactioasiegsel)during the dléwnrfé'gm ating
‘he i . g nge - §

e 1 nner g}&f ?%Zﬁié;@ C%ﬁéﬁ%aﬁ?ﬁf%fe‘mblﬁ?% a‘ibddl E{&dfei“ @v)ﬁ&?’f&% hi‘“‘%% CP&Ht?

addi tion I am nt | arted. starting It1on of

t he di ani ofpeyhpemstiamimeis highey thaey thermekingpaint ofither palpamide heimgel is 0.1
MPa or noy, [ r eactel t ' )00 okt of the
di am ne cgﬁ’p(%gcg%%9?%@§F§%§p%£%8;epﬁéegé%$ (133? Xe? t‘ég fééglg‘gﬁ%eés{s‘?ﬂpﬁgh@ i ol ent
evapor at i boiliniz gotimet ofi Ry lyte redigminens hghtrdhdndheimeting pmevefthed, t her eby -
further preventing fhe increase,knA~the amouni of .the_ diam ne _c gRent
eacaped | POVARNGE PeinimronaesLrEnh “Cint A odtal shar ek CHaRCaR S ne
conponent The prE&ure 264 ieed S¥HéLdependi®d up 66l vseHimnsl diberbpsyMentide having a
desired nolar ratio,is oat ai ntig. .Tge ggepént .of the cliam.nne gorrp(_)nent
escaped fSURPRIRAL e LeruasH andbe kind of Hoe diasyng compeReRy O RARA condenser
wi t hout Conididdididine® rishtidrnallyQisell @ndlisPpHehsabRDANSY.6 MPARAR R

c
above. However, a | arge anount of the &m ne conponent returned to the

reacti on Brefexably P@nto0.pMPaal The neration vessel ey be paessimized hyaninertt he
o : ! t P o IR
et eact P oEh ab HifkokEt) Urithlfis e U pilyediffinehbn ™S 120 100

only a paltt28l condenser cannot be an efficient method. [0021] In the
present invention, the inner pressure of the reaction vessel is reduced to
at nospheric pressure (preferably 0.095 to 0.107 MPa) after conpleting the
addition of the diam ne conponent. Although the interval fromthe conpletion
of the addition to the start of pressur® fall is not particularly limted,

the pressure fall is preferably started within 30 mn after the dropw se
~rdAD F D AR L m v oA~
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Al t hough dependi ng upon the size of the reaction vessel and the pressure at
the tinme the diam xi e conponent is added, the tinme taken fromthe conpletion
of the dropwi se_addition to the end of pressure fall (the tinme when the
pressure reacheltiszecarsmended tpremuatectheiinnpr pfeasaiy of the rehction veswet and

nore prefegy \/ ' The. prgssure.fall.ing,speed is, reco nded to
be 1.0 I\/Pg‘flﬁhérthl%glsbtgggﬁég%r gté&} %154}@ % ﬁletcﬁcafbexxiﬁépﬁd cBmpr?geBF é%té’tﬁgge falling
speed is meadsionheassdl d‘xtx1d\fébﬁ5§e the teh?qraaﬂ'ﬁwfeeéétlidxﬂws_ C@ﬂfrbﬁ(r:]}?ésr(ggﬂ_ hgy i C )
pressure | s. than m n, after e_conpl eti on the, addition, the
non- r eact gg;’%i‘%ﬁ#‘% 1B SPaRonent Fnder Ff%&spgl}g}%d}reﬁéﬁge 530G prefpsakly ¢ o
make it difter chatgihg the dibagboxydicyaidédiep it MBtorthd Yehtish VBIRE Hhahetitbaht in
a good re%ogeum bi | |£%. A pressure fallling speed of Iess than 0.1 MPa/h is
not pref eFPePTPERAERECOf KsagHon sYStem; reachen (botling poipt efithecdismrinani de and t he
pol yar ai deoa8bhéntPaRdeiCaehd de ed ;1%%9 pressure
falling ti?re.? [08122] . ds?’hgﬁgg%%‘geng?bnﬁg ?g%ﬁ\q:lﬁg?@g&;t t he
time the Pressiie el the yeaction yesnsd prkhin chpnbevarangs: thmgdditionafitheat ed after
cont | ! ngiddiheN@hiASE AOGRIAA. | By BaRSSABNCLINERY JPEh Ahilnd | T8 UNder

at nospheric pressure and/or reduced pressure. e pol'ycondensati on may be
cont i nuedcYRPeRERIVhemitheinnet 20esrure of the reaetion aessed im0 MPlai ati hyrergnd he

olyaraid ' U A f.rqQqm t he | t,. ng. poi nt_of the

Dol o e b Bt S pc i o RIS Thoilihe Folalor TR Wil ddthadlent! v | e

L(Eown aquandter a@oﬁp?micrmbh@dehnqer%ﬂawrtthg vidllaate@@@t Eﬁatgqildoﬁ;lﬂiteri ng oft
e conponents in e reagcti m xture, particular i arai ne cqQnponent,

into the gtﬁ%ﬁ”&e“ml’%%&gPgé‘éfami"?ﬁ%fse?ﬁegaﬂw& e%ﬁ’ﬁ[tgﬁgpgp‘@%ﬂ d al so

in the proshreadecin thetdm@ehmd ofithe didwiei dodiponERe ebdaded fréthe @8adtic) appar at us

for the pol ycondepsatjion s preferably equjpped with a partial, condenser.
The t enpef%iiEPe ﬁ%&ﬁ%éi\eméﬁ ¢ digipine compopent griheeeastionisy§temi nt  of

wat er undgy néifiRdubsEand RS polyanfife hACINAAGsdifN MBRIHatitfis GBtdihegONrhe!l | ed
constant to the boiling point + 50 C. By_the partial condenser,

. t he
conponent 3mount RE thediemisg campopert essaped SiomFhe reagtionisystenecanhpadint , is

ffecti i sticllsi . J i th
Feacti on: IR Bl Wby e iRy dncRliide thd RRALLABIINS U | 10 1P

. a charge to be exactly
r epr oducegorrporént aromantipatdabeveof Haweves|a/trzelemonnsoftle diamine degree of

pol yrer | Z@é}ﬁn@@néﬁt z%fﬁ{n%ﬁeéo%h‘é@éé&{on‘?&éwnﬁ'4&9\%;9%%'&& 93‘:’3&411%9 LOfuGE i RR of the
pol yam de having a simlar nolécular weight. en a” pol'yamde having a high
nol ecul ar tempepaturesofthedeaetibibyystém, i dequiring aweabddition ambent of/leedtifon whi | e
e i Bl bl o Ly il o SRR el Brd, TRe HARBR Y T € 21
utilizing only a partial condenser cannot be an efficient method.
[o021]

In the present invention, the inner pressure of the reaction vessel is

reduced to atmospheric pressure (preferably 0.095 to 0.107 MPa) after completing
the addition of the diamine component. Although the interval from the
completion of the addition to the start of pressure fall is not particularly limited,
the pressure fall is preferably started within 30 min after the dropwise addition
in view of shortening the time required for the production of polyamide. The
pressure falling speed is selected so that the non-reacted diamine is not distilled
out of the reaction system together with water during the pressure fall.

Although depending upon the size of the reaction vessel and the pressure at the
time the diamine component is added, the time taken from the completion of the
dropwise addition to the end of pressure fall (the time when the pressure reaches



preferably within 0.990 to 1.010, a polyamde with a small nol ecul ar wei ght
di spersi on. EXAMPLES [ 00241 The present invention will be described in
nore detail with reference to the foll ow ng exanples and conparative

exanpl es. atmespheariapresevtes if prefenablys0 ntin opaterecaitimore gréferdble 50akl owi ng

met hods. Term nal, ani no concentrati o / anoynt of
pol yani dehggc%:%]rn ag el R@F%&J ¥6 F%f@f’?nﬁi‘lr%‘gaél('\%gg’ fh MPB%%TGISEPHEMI =
Obtal nod uhs. cubLeC et Lo Badtr Al L aar o /g dea0e pldre fhAL LoD s

obt ai ne ubj,ected to neutralizatjon titration with a 0.1 no

hyr ochl of o/ BRI BTeRsidt i TROVERS 4 RITHPIRBCTIS BTRG B TEdhe lees Ghen 56026] (2)
Term nal  efihbduer the PN ticH bthe (38N, the non'r%'ac&'a‘ﬁliﬂg:[iig% ﬁ@@b?ﬁﬁ%ﬁ%r ogen

accur at el érlwkﬂ hed s conpl etely dissolved in benzy _
at nospher 8isitledgmtiof thepeactignsystem to makg. 1t dliculsitabroducetpalyamide ned was

ctirring. e fnhhhafeea) SATMAN PERrdductihics 2 pPEsIEC FuR e
titrati onspgedrofdess thanoh1MBadus rot prefeoredpbecaudp lon gey diros igieequiretbteer ni ne
the term Balq el PoRRhids HHaEHe rHiy SMide being produced is thermally degraded

because of a longer pressure falling time.

(0022]

The polycondensation may be terminated at the time the pressure falls to
atmospheric pressure or may be terminated after continuing the
polycondensation for a predetermined period of time under atmospheric pressure
and/or reduced pressure. The polycondensation may be continued preferably
within 120 min at a temperature not solidifying the polyamide being produced,
for example, from the melting point of the polyamide being produced to the
melting point + 30 °C.

(0023]

Like the known aqueous solution method under pressure, the escape and
scattering of the components in the reaction mixture, particularly the diamine
component, into the outside of the reaction system cannot be completely
prevented also in the production method of the invention. Therefore, the
reaction apparatus for the polycondensation is preferably equipped with a partial
condenser. The temperature of partial condenser is preferably from the boiling
point of water under the inner pressure of the reaction vessel which is controlled
constant to the boiling point + 50 °C. By the partial condenser, the components
of the reaction mixture, particularly the diamine component, is effectively
prevented from distilling out of the reaction system during the reaction, thereby
allowing the molar balance of initial charge to be exactly reproduced in the molar
balance of the polyamide. Therefore, the depree of polymerization is extremely
easily controlled to allow the production of the polyamide having a similar
molecular weight. When a polyamide having a high molecular weight is
produced by the production method of the invention while regulating the molar

ratio of the diamine component to the dicarboxylic acid component to nearly 1,



[0027) (3) Gel perneation chromatography (GPC) A solution of 10 ng of
pol yam de in 10 g of hexafl uoroi sopropanol (HFIP) was anal yzed by GPC usi ng
"Shodex GPC SYSTEM 11" nanufactured by Showa Denko K. K. Measuring Conditions

Measur i ngpeeferably Witlkin 0.90Cts | 81024 golamide whifd E’sm%&ﬂfg;ﬂ by Showa
Denko K. K,.(col.um size: 300 x 8.0 nml.D.) Reference colum (x 2): HFIP-800

Colum te E0Pe: 40 C Flow rate: 1.0 nbnin PWA was used as the
standard sanpl e. The obtai ned data were processed by SIC 48011 manufactured
by Showa M@ . to obtain the nunber average nol ecul ar wei ght (M) and
t he wei gh Piég nol ecul ar wei ght (Md). The degree of dispersion (Mv M)
was cal culgieg fromthe follow ng equation: Degree of dispersion ar-
(wei ght average nol ecul ar wei ght)/( nunber average nol ecul ar wei ght)

The present invention will be described in more detail with reference to

the following examples and comparative examples. The measurements for
evaluation were conducted by the following methods.

[o025]

(1) Terminal amino concentration (neq/g)

An amount of polyamide accurately weighed was completely dissolved in
a phenol/ethanol = 4/1 (by volume) solution at 20 to 30 °C under stirring. The
solution thus obtained was subjected to neutralization titration with a 0.1 mol/L
hydrochloric acid to determine the terminal amino concentration.

[0026]
(2) Terminal carboxyl concentration (peq/g)

An amount of polyamide accurately weighed was completely dissolved in
benzyl alcohol in nitrogen atmosphere at 160 to 180 °C under stirring. The
solution thus obtained was cooled to 80 °C in nitrogen stream and added with 10
cc of methanol under stirring. The solution thus obtained was subjected to
neutralization titration with a 0.1 mol/L aqueous solution of sodium hydroxide to
determine the terminal carboxyl concentration. '

[0027]
(3) Gel permeation chromatography (GPC)

A solution of 10 mg of polyamide in 10 g of hexafluoroisopropanol (HFIP)
was analyzed by GPC using “Shodex GPC SYSTEM- 11" manufactured by Showa
Denko K.K.

Measuring Conditions
Measuring column (x 2): GPC standard column HFIP-806M
manufactured by Showa Denko K.K. (column size: 300 x 8.0 mm I.D.)
Reference column (x 2): HFIP-800
Column temperature: 40 °C
Flow rate: 1.0 mL/min

10



100281 (4) Melting point Measured in nitrogen streamat a tenperature
ri sing speed of 10 OC/ m n using DSC (DSC-50 Type) manufactured by Shinmadzu
Cor poation. [0029] EXAMPLE 1 Into a jacketed 10-L reaction vessel

(pressure resi SPMMAwas Qs thRithRAE Mrhpled Thelobtdided A4LE Grepsd Partial
condenser, a cgﬁcg er @érmng vessel , and a_nitrogen gas inlet tube, 2.140
kg (10. 58PFRResend b BIE 480 nifactured byodhowa Denke H.K. ¢6 ehtdin ther gi ng t he
reacti on yoaRh aWekdbein wii : fial, 0 )

ni trogen @\r&d th& te{rgperg{egﬁ%%%%@%?\gggé#%ﬁi%\%%gﬁéﬁ%g?%eo?g}eé%gégﬁaci C
acid. I ntMe Thaderens ofskisparsion (Myg/Me) wancaloulatd from theyfoflowringi am ne
(boiling peusdios 274 C under atnospheric pressure) was added dropw se over
170 min while stirring the contents. During the addition, the inner

t enper at ur e wasDegneeiol diapersgion & (Sedglit wrerd 60 moldcnl @B8eightV/mamdesir oppi ng
step, the L.l ned at 0.5 MPa and the water rel eased by
condensat ?g%ﬁﬁgs%ﬁgxn@\%gﬁ% bfn t he reaction system t hrough the parti al
condenser [0028] t he cool er. The tenperature of the partial condenser was

regul at ed@yi Wi&l%t.h 152 C. After the dropw se addition of

pxyl yl enetf’af ARG PENhr essure was reduced to atmospheric pressure at a rate
of 0.2 MPa/h OVMéaéx&QdﬁhmitQﬁéﬁ BftohREntld ESEPERALAR Haing P ebABENQPEMREK at Ur e
rose to 303 T. B?Fbgaé&gvpt e reaction vva§ further continued for 30 mn
under O. OS?DHF%Q : enapninstuseddy Shimadaa Gerpeatign. dr oppi ng

p- xyl yl engghoa} ai ne was 320 min. The solidification and precipitation of

ol i goi ner _or. polvam de were not noticed at all throughout the whol e reaction
process, ERAMREE bact i on systemwas maintained in a uniformnolten state

Leom o Deg! i aHRRA 30 ReachBATR LA (prElSu R BER L9 Il 12C 2

term nal am no conceéntration of _ a termnal” carboxy
concent r acqwipped wdth 4 stiayige desicayaipartialemndgnsermh ecelkrra dxoipging vedsel,of

L1900, YR A ghs ek UL PUPEFED PPNk 4 bbbl 900 b
After sufficiently purging the reaction vessel with nitrogen, the pressure was
raised to 0.3 MPa by nitrogen and the temperature was raised to 160 °C to
uniformly melt sebacic acid. Into the reaction vessel, 1.443 kg (10.60 mol) of p-
xylylenediamine (boiling point = 274 °C under atmospheric pressure) was added
dropwise over 170 min while stirring the contents. During the addition, the
inner temperature was continuously raised from 160 °C to 283 °C. In the
dropping step, the pressure was maintained at 0.5 MPa and the water released
by condensation was removed from the reaction system through the partial
condenser and the cooler. The temperature of the partial condenser was
regulated within 148 to 152 °C. After the dropwise addition of p-
xylylenediamine, the pressure was reduced to atmospheric pressure at a rate of
0.2 MPa/h over 120 min. During the pressure fall, the inner temperature rose to
303 °C. Thereafter, the reaction was further continued for 30 min under 0.082
MPa. The total reaction time from the start of dropping p-xylylenediamine was
320 min. The solidification and precipitation of oligomer or polyamide were not
noticed at all throughout the whole reaction process, and the reaction system was
maintained in a uniform molten state from the beginning to end of the reaction.
The obtained polymer had:

a termina] amino concentration of 42 (ueq/g),

11



a melting point of 289 C. [00301 EXAMPLE 2 Into a jacketed 10-L
reaction vessel (pressure resistance: 2.5 MPa) equipped with a stirring
device, a partial condenser, a cooler, a dropping vessel, and a nitrogen gas

inlet tube, 2. 14@edtginkl ¢rboSyhavhcOAtratibAGK 81 dtédlgyas charged. After
sufficiently purging the reaction vessel w.th nitrogen, the pressure was

raised to 0.3 MP& .%i%vﬁwamulﬁé%iﬁhb@ﬁa}ﬁﬂ'b% by £RBCanalysi€0 C to
uniformy nelt gqRagh{Cavizhge doﬁ@c‘&léﬁ\@%irgﬁi‘gﬁw&f\iﬁmlbsy ﬁP@gmh?siglo' 60 mol |
4 un p

of pxylyl enedi am ne (boili1hg point = er atno eric pressure) was
added” dr opwi se ®degreens dignensiohi(Mwv/Arofi2i] anide contents. During the
addition, the i . BjfWel opas continuously raised from160 Cto 283 C
In the droppi nng elghg{iﬁg pressgu\r&g was naintained at 0.3 MPa and the water
rel eased 3dndensation was renmoved fromthe reacti on system through the

partial c nd the cooler. The tenperature of the partial condenser
was regul gwgmi{an?n 148t h 152 C. After the dropw se addition of

pxyl yl enedi ami ne, thdnps 8 gacketed\do-1I RAVEEH vesseh (FRasHR resisPAReS BIFEMEHa)a I at e
of 0.15 MPa/h oger. 120 m n. [(in theaien%grature fall, the.inner

t enper at uP@PBS With g @tirEngdeNice, i partial epn PBATh ?GHO]\%SQ dxpppreg vesssli nued
for 30 m andndetrdgeA%as Rt tUbE 2 Mi(Rkg ( 20EBIAA) bf BEbdciCdRid RasstiRrke®f

dr oppi ngng}gél yl enedi am ne was_ 320 mn. The solidification and precCipitation

of ol i gomBites SUFIMSREY purgiBeshp seachion wasgelvithimitromen thr auesavre Witml e
fate fromohe oo e HFnltiReh ) (N e R e A T Ol et hadt:
terninal aiformbomelirrebacicanidof 18t theotgaghion xessel,ni. 443 kgd1h.6Qymol) of p-
Consent kil G po PN LB IRLSEN Bl G OBLACE
GPC anal ydrapwiae degr F&) nifin vl jeestiriring (Heldobbdntef Du¥ingathe additibhj the poi nt of
289 C. [ OPnszle]r temperature was continuously raised from 160 °C to 283 °C. In the
dxopping step, the pressure was maintained at 0.3 MPa and the water released
by condensation was removed from the reaction system through the partial
condenser and the cooler. The temperature of the partial condenser was
regulated within 148 to 152 °C. After the dropwise addition of p-
xylylenediamine, the pressure was reduced to atmospheric pressure at a rate of
0.15 MPa/h over 120 min. During the temperature fall, the inner temperature
rose to 303 °C. Thereafter, the reaction was further continued for 30 min under
0.082 MPa. The total reaction time from the start of dropping p-
xylylenediamine was 320 min. The solidification and precipitation of oligomer
or polyamide were not noticed at all throughout the whole reaction process, and
the reaction system was maintained in a upiform molten state from the
beginning to end of the reaction. The obtained polymer had:

a terminal amino concentration of 37 (neq/g),

a terminal carboxyl concentration of 94 (neq/g),

a number average molecular weight (Mn) of 14,000 by GPC analysis,

a weight average molecular weight (Mw) of 37,600 by GPC analysis,

a degree of dispersion. (Mw/Mn) of 2.7, and

a melting point of 289 °C.

{0031]
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COVI.DARATI VE EXAMPLE 1 Into a jacketed 10-L reaction vessel (pressure
resi stance: 2.5 MPa) equi pped with a stirring device, a partial condenser, a
cool er, a dropping vessel, and a nitrogen gas inlet tube, 2.140 kg (10.58
mol ) of sERRIPARATIVEEBXAMBLEead. After sufficiently purging the reaction
vessel with nit en, the.pressure was rgised to 0.3 MPa _hy nitrogen and the
t enper at ur e vvasf“(r)"gias’éﬁket%dg@ﬁ?’fatcg‘oﬂmeﬁﬁfﬁ@’iﬁsﬁ%ﬁr@&ﬁ%@c 2&5:Mf§)l nto the
reaction vesippbd witk43tisingfavR@, Aplaktigf cmhyéz,e%ébl@ﬂ‘d“&r@?%én%%ﬁﬁp' nt =
274 C under ,at npspheric  pyessure s added dr.opw se over 0 n ile
stirring 8R8 ac‘b‘ﬁ‘f%ﬁ?ﬁasmf% fabe, ﬂzel"\gﬁ& ?]iQﬁIB, moblofi sehacic agidowas chaxgedas
conti nuou 5 L : : i ressure
Akeér sﬁfﬁc‘x"@ntfy E/%éigg éﬁ‘tts %Qac%ﬁ% vYessdl it %éﬂ‘gg tﬁg gﬁ«g?ﬁue% P

was mai ntai ned at O. . e water release con atron was renoved
from t he Faiged tod.3MEPady nitrogey landHbegamperdture wismatsedaod 60HE tool er . The

t enper at ugg,‘_{ﬂ{mﬂkﬁegﬁ?ﬁh&k a‘é@?dgﬁgﬂ%}‘e"ﬂﬁa{i&g Hkﬁ%ﬁﬁhﬂé Qé 3%01&8 RS,\‘& %Eé'd ¥

After the dropw se addition enedl am ne, e pr ure uced to
at nospher kylyprrediammnedbodingpanbt 2048 Ovidaddr axwmspREricpressine)i wags hided

tenperatu | nner .t erature rose to R03. C. .Thereafter, the
reaction g\g@fv\a&% P %éermdoﬁ‘fg W&é@n%%gp%thﬁ qqn?ﬁﬂ}ﬁ'r “5ag ﬁbﬁa??drd’}ﬁ‘én't%al

reiap'é | ](c).n iriree tém@grttﬂmee _ﬂa@rcbnﬁhudﬁ?ppfxthgdm&l)lbeﬁefﬁom;m Viasthe30 ni n. Tge
solidification and precipitation of .oligopmer ar. poly e were not potice

t hr oughou&"’[pﬁén%@ipe&? d itz ‘BF%B’@&@?“M?EQ% M%é a,ngﬂb&ggtqrﬁe 896€¢i scosity
of the repgtbribrsdtibeWAEndvea fisth tROSEARA: sysfids 2hrJuaMRARA WAl EXAMPLE 2

Into a jacketed 10-| reaction_yessel equipped with a stirring device, a
parti al c‘éﬂﬂ!’@ﬁ‘%’r*}n‘t“%@"i@l} &‘L@Hemrgtﬂwp thepaysisl sgndenseswasand a

N ogen ganhlickibess b PO K8B: B8, aRbluigl aakbpel paci . 2324 kg

(20.00 mol I” of pxylyl enedi am ne, 1 stil ter (charged
wat er) wexdylemediprainea the prassuveavas seduced $e ptmaspharic prsissvrel at pratged wi t h
ni t rogen. rat S et g

Cont ont o SaatPaRERt AFplf® DERER BER SRR IP Hle iifer R ANHGARE,
2.5 MPa, th30XMar gEhernsafter, thadeadtionmase funthéremsinued foo S30emmaunder wer e

distilled th : OV, ne r i mak nt ai ni ng the reaction
pressure g@ﬁgtl\g%?‘. %1?%5?%%%Pglr%’%‘ﬁlgm&?Qﬁ%gta\\%g?t&,optph%gPeact i on tenperature
was rai sexylylen2@thrfine Mogs 28 odihoNThe eskdifieaties andurecigitatioatofobigbmier
pressure over, one,hour while.cantinuqusly distilling off the water. During
Phe. pr es st Bolyamide piEe RRbpRticH BEmigiot the Whale reattion Rrgcossot hereds

Ther eaf t ethe fnldfedsaif the VRt EoOihel a8 ctiAREFtOM wASARBINMBBbS&RaENUOUS] Y
reduced tﬁ)@%'zﬁB MPa over 10 mn, and then, the reaction was allowed to

conti nue O rain, while continuously raising the tenperature to 300 C

The tinme CoOMPARATIVESERAMPIERO rai se the tenperature of p-xylyl enedi am ne
was 510 mn. The solidification and precipitation of oligomer qr polyam de

were not not i cedtae jathetedBilgrragtion vessph sneinped it A siaingsdevieh@ the
reaction sySiAoRASHJER! NEICY thBromBtdrO4 m@igem&eq}ﬁd h QtroBen g1 NNi ng
to end of the reaction. The obtained polyner 'had: a term nal anino

concent r ainlentube, 2046k @§/09) mol of sebacicacid a2.084 g (20:09ameb af pon of 92 _
e ght” av Y SNERALLANE 2R IO G RRUE ALy GHBledlwddor R b FRRITRALY S S
di sper si othe(ddactiby vessel was safificiently purged with nitrogen. The apparatus was
hermetically sealed and the temperature of contents was raised to 230 °C over
one hour under stirring. After reaching 2.6 MPa, the charged water and the
water released by condensation were distilled out of the apparatus over one hour
while maintaining the reaction pressure constant. During the removal of the
water, the reaction temperature was raised to 250 °C. The reaction pressure
was reduced to atmospheric pressure over one hour while continuously distilling

off the water. During the pressure fall, the reaction temperature was raised to
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a nmelting point of 287 C. | NDUSTRI AL APPLI CABI LI TY (00331 By the

met hod of the invention, the problens in the known nethods of producing

pol yam de under pressure are solved, and polyamde is directly produced from

a di car boR90r€. a remfehrathatllanenpteﬂsdmom&@uémmhydwmmwb&iﬂuoﬁyryttl ng

t he use of ch 2 wat er chni cal adva such as the

reducti on" 8 “"?gé%t {BO%N@:U tsthem%nd\ﬂ"r‘}gt P e‘?eﬁﬁtl?’éﬁiﬁsr%“\gﬁ'W&WHQQ ng of f

wat er usefbra0 mﬁﬁbhﬂ@bonﬁﬂi@dsl!ﬁfﬁﬁﬁ@dh@ PErzﬂiu@'B@BG@ °gndThaenmesed yi el d,
nmol ecul ar wei ght di spersi on,

and the pﬁﬂ}?@&gﬁ?n of 8 amd with a snal

are si mul L 3taEt, tpise the, temperatye of p¥ylyiesediammng wes G ming
CLAI MED | Bhe sohdlﬁciuoﬁ‘ aﬁﬁtﬁ}@EhthfathQﬁHﬁlgmePQ} ﬁ@%ﬂﬁd@%eﬁe% Eﬁgﬁced at
pol ycondensat i on o n1 ne caonponent and a di Car boxyl onent,

whi ch confH theaughout fhe y@e wasnen@mms.mdpmmc@mystgmgaso m)l % or
nore of  pxwliNiaPRES &pggﬁ eIyl 70 nol
% or nore_of stral gﬁ{p C glilﬁlg g!tsalq% c#n?:glrlﬁﬁé%nﬁﬁgg)am [ chelagé 8rr’gl nt ai ned
in a nol t Che obtaipe yom;mnh@ito a nmelting point thereof or higher while

mai nt ai ni ng a rz??e‘ﬁzlﬂ?l: Md'Ednd Hu%u%B' (ts“%@,gf under pressure; and
reducing a pressure o e reac on sy $ 'nospheric pressure over 50
mn or | onger aata'npneheaxbeleadohcmmtpmdf%(p’leqﬁg)l\/Pa/h or less after the
addi tion of the di agi ne_co

a number avera né% mglecular weight (Mn) of 13,200 by GPC analysis,
a weight average molecular weight (Mw) of 75,400 by GPC analysis,
a degree of dispersion (Mw/Mn) of 5.7, and

a melting point of 287 °C.

INDUSTRIAL APPLICABILITY
(0033]

By the method of the invention, the problems in the known methods of
producing polyamide under pressure are solved, and polyamide is directly
produced from a dicarboxylic acid and a diamine under pressure while completely
omitting the use of a solvent, such as water. The technical advantages, such as
the reduction of reaction time, the saving of energy required for distilling off
water used as a solvent, the increased amount of charge and increased yield, and
the production of polyamide with a small molecular weight dispersion, are

simultaneously achieved in the present invention.
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2. The nmethod according to claim 1, wherein the diam ne conponent is added
continuously or intermttently, and the reaction mxture is maintained in
the nolten state by regulating a tenperature of the reaction m xture within
a range froma nelting point of the (gadM®n mi xture to the nmelting point +
20 C. 3. The nmethod according to claim1, wherein the pressure falling
speed is 0.1 to 1.0 MPa/h. 4. The method according to claim1, wherein

the strai ghyATS OLADVMIRISC di carboxylic acid having 6 to 18 carbon atomns
i's sebacic acid.

1. Amethod of producing polyamide by a direct polycondensation of a
diamine component and a dicarboxylic acid component, which comprises:

adding a diamine component comprising 70 mol % or more of p-
xylylenediamine to a dicarboxylic acid component comprising 70 mol % or more of
straight-chain aliphatic dicarboxylic acid which is maintained in a molten state
by heating to a melting point thereof or higher while maintaining a reaction
mixture in a molten state under pressure; and

reducing a pressure of the reaction system to atmospheric pressure over
50 min or longer at a pressure falling speed of 1.0 MPa/h or less after the
addition of the diamine component.

2. The method according to claim 1, wherein the diamine component is
added continuously or intermittently, and the reaction mixture is maintained in
the molten state by regulating a temperature of the reaction mixture within a
range from a melting point of the reaction. mixture to the melting point + 20 °C.

3. The method according to claim 1, wherein the pressure falling speed
16 0.1 to 1.0 MPa/h.

4. The method according to claim 1, wherein the straight-chain aliphatic
dicarboxylic acid having 6 to 18 carbon atoms is sebacic acid.
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