SPECIFICATION PROCESS FOR PRODUCTION OF POLYAMIDE 5 TECHNICAL FIELD Woo1]

The present invention relates to a method of producing polyamide by the polycondensation of a
dicarboxylic acid component and a diamine component in the absence of a solvent. More specifically,
the present invention relates to an 10 efficient method of producing a polyamide with uniform quality by
the polycondensation of a diamine componer{isRRpERINYIRPsKlylenediamine and a dicarboxylic acid
component in a batchwise reaction tank equipped with a partial condenser. 15 BACKGROUND ART
[00021 In a common batchwise production method of polyamide using a nylon salt or its aqueous

solution, the aqueous solutigrrafh kst s PRSI HHTeON ]S SUrRHTEANggreaction vessel to

allow the polymerization to proceed in a 20 homogeneous phase while preventing the diamine
component from escaping by evaporation. After fixing the diamine component, the water vapor in the
systenpis greEoMINTI€aased id reduce the pressure finally to atmospheric pressure or reduced
pressure, t reé) completing the polymerization. In this method, since an aqueous solution of nylon
salt with a IQ éﬁj\tration of about 50 wt% is 25 generally used, a large amount of solvent water and
the condensation wiles pitosieatad byntdndeakeiertonushbehrehdyaddllkaiefprdy amodeteyieasure
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of polyamide is low. Therefore, this method involves many technical and econornical problems. These
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condenser.

15 BACKGROUND ART
[0002]

In a common batchwise production method of polyamide using a nylon
salt or its aqueous solution, the aqueous solution of nylon salt is heated under
pressure in a single reaction vessel to allow the polymerization to proceed in a

20 homogeneous phase while preventing the diamine component from escaping by
evaporation. After fixing the diamine component, the water vapor in the system
is gradually released to reduce the pressure finally to atmospheric pressure or
reduced pressure, thereby completing the polymerization. In this method, since
an aqueous solution of nylon salt with a concentration of about 50 wt% is

25  generally used, a large amount of solvent water and the condensation water
eliminated by condensation must be removed. Therefore, a countermeasure
should be taken against various disadvantages, such as foaming, solidification of
polymer due to the evaporation latent heat of water, heat degradation of
polyamide which is adhered to the inner wall of reaction vessel due to a large

30 change of liquid level during the reaction. In addition, this method requires a
large amount of heat energy for removing a large amount of water and the single
batch yield of polyamide is low. Therefore, this method involves many technical
and economical problems. These problems can be fairly solved by the production
method wherein the nylon salt is supplied as the raw material (Patent

35 Documents 1 and 2). However, the proposed method requires additional steps



for isolating and purifying the nylon salt, reducing the production efficiency. [00031 Patent
Document 3 discloses a polymerization method without using a nylon salt or its aqueous solution, in
which the reaction is allowed to proceed by 5 adding a diamine component containing a small amount
of water dropwise to a dicarboxylic acid component at 220 C under atmospheric pressure. Patent
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diamine component to a dica d cornponent under at pheric pressure. Although
technically é@@pé’*&onomically advantageous, 10 these methods involve a problem attributable to the

addition of thel diamf‘h%&@f@@&?ﬂe&@t@%i?ﬁ@ﬁf%@%'%ﬁflﬁéﬁ%ﬂﬁ?ﬂﬁéﬁmﬂ @E@}Rﬁmﬁéﬁgfsssure-_
[00041 Since the malten dicarboxylic acid component is sublimable, the sublimated dicarboxylic
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polymerization apparatus, for example, the inlet for, adding additives, inlet for adding diamine
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when {he 25palymerzalAn APRREALS SILAINS G0l hsunelienlicatRplicagid.compapent and also

during the addition of the diamine component if the fixation of the dicarboxylic acid component is
insufficient. QOO Hete b it b erEdicarisbsgmera arovishentag IORFRSS@YBolymerization
apparatus rgasig with the diamine component brought by the vapor of the condensation water
eliminated by polycagndensation, thereby forming. nylon salt or oligomer. As.compared with the salt of

m-xylylenediamine SHACE Hr BBt Hert RS NAsE Y SomRansiaAti e i aRlaBexylic acid
componentds it seddodeciribaieticThdk toiapghecamaupb it thensehievdaitihdagtshe

15 polymerization apparatus. Also, the sublimated dicarboxylic acid component
adheres to the inner wall of pipes connected to the upper portion of the
polymerization apparatus, for example, the inlet for adding additives, inlet for
adding the diamine component, and the pipe for introducing the vapor mainly
containing the steam of condensation water which is eliminated by the

20  polymerization reaction from the reaction tank to a partial condenser, and
further adheres to the inside of the partial condenser. Most of the adhered
sublimate of the dicarboxylic acid component is washed away in the
polymerization step by the dissolution in the condensation water eliminated by
the polymerization. The dicarboxylic acid component sublimates when the

25  polymerization apparatus contains only the molten dicarboxylic acid component
and also during the addition of the diamine component if the fixation of the
dicarboxylic acid component is insufficient.

[0005]
The sublimate of the dicarboxylic acid component adhered to the

30 polymerization apparatus reacts with the diamine component brought by the
vapor of the condensation water eliminated by polycondensation, thereby forming
nylon salt or oligomer. As compared with the salt of m-xylylenediamine and a
dicarboxylic acid, the salt of p-xylylenediamine and a dicarboxylic acid
component is less soluble in water. Therefore, the amount of the salt which does

35 not dissolve in the condensation water increases as the content of p-



35 not dissolve in the condensation water increases as the content of p- xylylenediamine in the
diamine component increases. The amidation of the salt proceeds during the repeated batchwise
productions to form oligomer, thereby further reducing the solubility in water. The adhered matter is
subjected to a long-term heat history. If the adhered matter falls into the polymer during its 5
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defects, suc ation. Of the parts of the reaction apparatus, the nylon salt and oligomer adhere
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component.has many disadyantages to preducing polyamide with .uniform and gpod guality. [00061
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diamine component in an extremely short time. Since a large amount of 25 condensation water is

eliminated i3 dpbragiAenaesctinstagsesh reakbugdib 8 ElEH takprostioaeisdy deRegE Bidiquid level,
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evaporation. Particularly, a high pressure is needed. Therefore, it takes a Io%time to reduce the
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many disadvantages to producing polyamide with uniform and good quality.
[0006]
20 Patent Document 6 discloses to add a whole amount of diamine
component to a dicarboxylic acid component in an extremely short time and allow
the reaction to proceed under pressure. The proposed method involves various
disadvantages, which are attributable to the addition of a whole amount of
diamine component in an extremely short time. Since a large amount of
25 condensation water is eliminated in a short time, a countermeasure should be
taken against foaming, change of liquid level, solidification of polymer due to the
evaporation latent heat of water, and escape of monomers by evaporation.
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
30 reduced while preventing foaming. During the operation of reducing the
pressure, the polyamide is exposed to high temperature for a long time, this
promoting the oxidative degradation of polyamide molecules to cause 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

35  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, the proposed method involves many technical
and economical problems. 100071 5Patent Document 6 further discloses a production method of
polyamide by the polycondensation of a dicarboxylic acid component and a diamine component under
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i.e., during the addition of the diamine component to the dicarboxylic acid compgnent. [00091 Patent
Document AEEROSRY Lo WARR diammAcuomperRhts 2ddifdndhg HSanhRERdHiafife and

p-xylylenedimiperisragdded to adipic acid, 35 while decreasing the concentration of p-xylylenediamine
in thelqajam%% 08]

The polycondensation of the dicarboxylic acid component and the diamine
component under pressure involves a problem of taking a long time for
decreasing the pressure while preventing the foaming. To shorten the process
time after completing the addition of the diamine component, it has been known

20  to control the inner pressure of the reaction system so that the pressure at the
time the addition of the diamine component is completed is lowered. However,
in the polycondensation under a constant pressure, to prevent the adhesion of the
nylon salt and oligomer to the reaction system and effectively wash away the
adhered matter with the condensation water eliminated by the polycondensation

25  of the diamine component and the dicarboxylic acid, the polycondensation should
be conducted under the lowest pressure enough to keep the effect of preventing
the adhesion or under a controlled inner pressure of the reaction system. Patent
Document 6 describes nothing about a method wherein the pressure is reduced
while preventing the escape of monomers by evaporation during the

30 polycondensation, i.e., during the addition of the diamine component to the
dicarboxylic acid component.

[0009]

Patent Document 7 discloses a method in which a diamine component

comprising m-xylylenediamine and p-xylylenediamine is added to adipic acid,

35  while decreasing the concentration of p-xylylenediamine in the diamine



component in a later stage of the reaction. The proposed method uses different diamine components
containing the ingredients in different proportions, thereby increasing the number of equipments to be
used. In addition, the diamine component being adding is changed to another during the reaction, this
5 complicating the operation. Thus, the proposed method cannot be said as an efficient method.

Therefore, g eai damander to.aioyids an.effient methogefpradusing pANRRUdS it ypforr

properties bi;_ the polycondensation of a diamine component comprising p-xylylenediamine and a
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Patent Docymesh indPtR8AuAllE batehh Poehnery BelR4B-238 4RiIRMaNt Roawnshts: JP
48-12390A Patent Document 4. JP 1-14925B Patent Document 5: JP 58-111829A 20 Patent

Document 6°THPBRSFFOARPAIHP BT GRS i anethanBAIEIS EROSIREOBEMSE INVENTION
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provide a ba hWiS?T‘I%O%;jC ion method of polyamide, which is capable of producing polyamide with
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partial Condgposoﬁgbing polyamide with uniform properties by the polycondensation of a

diamine component comprising p-xylylenediamine and a dicarboxylic acid

10 component.

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0010]

15  Patent Document 1: JP 33-15700B
Patent Document 2: JP 43-22874B
Patent Document 3: JP 48-12390A
Patent Document 4: JP 1-14925B
Patent Document 5: JP 58-111829A

20  Patent Document 6: JP 6-207004A
Patent Document 7: JP 7-324130A

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
25  [0011]

An object of the invention is to provide a batchwise production method of
polyamide, which is capable of producing polyamide with good quality
economically by the polycondensation of a diamine component comprising p-
xylylenediamine and a dicarboxylic acid component in a batchwise reaction tank

30 equipped with a partial condenser.

MEANS FOR SOLVING THE PROBLEMS
[0012]
The inventors have made extensive research on the batchwise production

35  of polyamide in which the polycondensation is carried out by adding a diamine



MEANS FOR SOLVING THE PROBLEMS [00121 The inventors have made extensive
research on the batchwise production 35 of polyamide in which the polycondensation is carried out by
adding a diamine component comprising a 70 mol% or more of xylylenediamine which comprises 20
mol% or more of p-xylylenediamine into a dicarboxylic acid component in a batchwise reaction tank

equipped witheRatial eondsinstt, A st tetept e veriRanana lowid il adahanste witn
good quality is produced 5 economically by adding the diamine component under pressure while
maintaining™ee v aB B pEa @for sy Liten ¢ i Reaatart daubivnylie grck eonenonend theitime that the

molar .ratio iS00t & sReeiie Fangt &ﬁ]ﬁ'&)ﬁ@ﬂtwwﬂ%tﬁﬁﬁgﬁi%ﬁd@@&l 1@%‘%@@&)@1%@&%§Em
invention relates to a method of producing polyamide by polycondensation of a diamine component

] I (
and a dicarbBSyRYaRiEbRbEh I AienRalermade orithnxkoaduitsdttvenra sareaf condenser in
the absence @ sabaly, iheadi@ininelcompaiient Ganisng 40 dee!kaysmarewfikxylylenediamine
which comprises 20 mol% or morge of p-xylylenediamine, 15wherein the method comprises the
following StZBE Y5 F 15 S o ARG TA oA G G LBR BRI B et tank
and increasingarg itine tprestse tidhaskactiotidankstnldi? MEaGific rghees;, )ik sieptoiadding the
diamine co T gggatlg%ltlhe dicarboxylic acid component continuously or intermittently until a molar ratio

(3/A) of the diamine component 20 (B) to the charged dicarboxylic acid component (A) reaches 0.60,
while maint&h@ih@]the inner pressure of the reaction tank at 0.2 MPaG or higher and maintaining a

wholeypaction system infiuigi3igie. and £3¥éhti6R PEIeAanG eI &Y ‘B§8H{fcf%{§%f§§ﬁﬁ% tank
to less than 0.2 MPaG during the time that the molar ratio (3/A) of the diamine component (B) to 25 the

charged didayoesdysondrneatponé st (o RInsEMHPRRY 800l sotisarbex vl adithiaiRrReEMe whole

reaction systemia figd alateand adding (bg digpaunesamppaenkiockicidicasbaxviceasid oraranent

continuously or intermittently. 30 EFFECTS OF THE INVENTION
a solvent, the diamine component comprising 70 mol% or more of a

xylylenediamine which comprises 20 mol% or more of p-xylylenediamine,
15 wherein the method comprises the following steps (1) to (3):
(1) a step of charging the dicarboxylic acid component into the reaction tank and
increasing an inner pressure of the reaction tank to 0.2 MPaG or higher;
(2) a step of adding the diamine component to the dicarboxylic acid component
continuously or intermittently until a molar ratio (B/A) of the diamine component
20  (B) to the charged dicarboxylic acid component (A) reaches 0.60, while
maintaining the inner pressure of the reaction tank at 0.2 MPaG or higher and
maintaining a whole reaction system in fluid state; and
(3) a step of reducing the inner pressure of the reaction tank to less than 0.2
MPaG during the time that the molar ratio (B/A) of the diamine component (B) to
25  the charged dicarboxylic acid component (A) is within a range of 0.60 to 0.95,
while maintaining the whole reaction system in fluid state and adding the
diamine component to the dicarboxylic acid component continuously or

intermittently.

30 EFFECTS OF THE INVENTION
[0014]
The process of producing polyamide of the invention has the following
beneficial effects:
@) since the copolyamide resin is produced by the polycondensation reaction

35 of a diamine component and a dicarboxylic acid component without using solvent,



[00141 The process of producing polyamide of the invention has the following beneficial effects:
(Osince the copolyamide resin is produced by the polycondensation reaction 35 of a diamine
component and a dicarboxylic acid component without using solvent, particularly water, the yield of
polyamide per volume is high and the reaction time is short; since the adhesion of nylon salt and

oligomer to ﬁ}@?tﬁ@éﬁéﬁ? Watem %%%%%%B%QM%%WW‘%@ PO H?gtlﬁ(%)ﬁﬁ‘@i%ofégﬁ’{hﬂ{e

prevented, the precise’S control of t alance, I.e., the precise co of the degree of
polymerizatwﬁl@slééésﬂrbolyamide with uniform and good quality is obtained; since the clogging of

partial condgpser agghthe:aeCyMdaiaNeRANMENINHE sERciABeR RIS PrevRIeYsthmbatehwise

production can be repeated cantinyously; 10 (iv)since the time the polyamide is exposed to high

temperaturd18 sr6ARM8f thfedlampitn GURPORERMIAE Y ARRTAEY BT therRYERIs1ithe ReRbitened:
and (v)sincechbighbf presswskenesisiand, AalypesZatenarpaiilHfa Radiescangenser with

complicated design,.and an.excessively large heating means are not needed, the productign
apparatus BN LD P SR AR VR T HERRENTIORY = Dbtaied
(iii))  since the clogging of partial condenser and the accumulation of polymer
in the reaction tank are prevented, the batchwise production can be repeated
continuously;
10 @Gwv) since the time the polyamide is exposed to high temperature is shortened,
the yellowing of polyamide is reduced and the reaction time is shortened; and
(v) since a highly pressure-resistant polymerization apparatus, a partial
condenser with complicated design, and an excessively large heating means are
not needed, the production apparatus is inexpensive.
15
MODE FOR CARRYING OUT THE INVENTION
[0015]
Examples of the dicarboxylic acid component used in the production
method of the invention include an aliphatic dicarboxylic acid, such as succinic
20 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 acid, and 2,6-naphthalenedicarboxylic acid, with
adipic acid being preferred in view of the practical performance of the resulting
polyamide. These acids may be used alone or in combination. From the same
25  point of view, the dicarboxylic acid component comprises preferably 70 mol % or
more and more preferably 90 mol % or more of adipic acid.
[0016]
In view of practical performance of the resulting polyamide, the diamine
component used in the production method of the invention preferably comprises
30 70 mol % or more and preferably 90 mol % or more of xylylenediamine. In view
of the crystallizability of the resulting polyamide, the xylylenediamine comprises
20 mol % or more and preferably 30 mol % or more of p-xylylenediamine. The
xylylenediamine preferably consists of two diamines, i.e., m-xylylenediamine and
p-xylylenediamine. The content of p-xylylenediamine in the xylylenediamine is
35  preferably 20 to 65 mol % and more preferably 30 to 50 mol %. The diamine



[00151 Examples of the dicarboxylic acid component used in the production method of the
invention include an aliphatic dicarboxylic acid, such as succinic 20acid, 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 acid, and 2,6-naphthalenedicarboxylic

acid, with agipigseigkhsianreferradiniaw ofie pradisel edaruanes e6s aying paluaryde.

These acids may be used alone or in combination. From the same 25 point of view, the dicarboxylic
acid comportnt @i gtrsadisetehaeiniy oetsitosl it ono el ik o airafeeabioo Aol % or more of
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component used.in the production method of the invention preferably comprises 30 70 mol % or more

and preferaBi§ 9ONAREYEBnbré SragpIeRstiRmide? IR SPIRASS st Ay riHE fesulting
polyansde, Haeasydylaneaiatiing garinyises: 0 aohMpRemae adich praferably 0 mol % or more of
p-xylylenedigmine. The xylylenediamine preferably.consists of two diamines, i.e., m-xylylenediamine
and p-xylyl ed}é({jﬁm%ﬁ. ”88h?é}f{n8'?153%ﬁ§|éﬁ%&g}ﬁﬁﬁgﬂ?%ﬁsxﬁlglenediamine is 35 preferably 20 to
65 mol % ahiktarmprataialc3€dh & mohid The ldistaninm aaetboikntchohytarier contain other
diamine in E[‘BQ?I'?PUN of 30 mol % or less of the total diamine, which is selected from aliphatic

suc

diamines, as tetramethylenediamine, pentamethylenediamine, hexamethylenediamine, 1,7-
diaminoheptane, 1,§kaenimpotane fdr, Jodtimmigamdnans darmd et Glthantine & aecanecanporatict
diamings, SUER aRRAGBYANEIRTIN, HQH?MA%%R%@%&PH&"&?&H&Q@Wﬁﬁﬁiﬁé&@o?s 13-
bis(aminomethyl)cyclohexané and 1,4-bis(aminomethyl)cyclohexane. [00171 The component for

forming polashidesothiethiemiralastime comperastan dedmiagicar eudic adiecebrspome i ay
include, butnghsnesificalyiinitd Qulactams, -suehas sasralasiann valerelastamiirdairetamiand

undecalactam; and aminocarboxylic acids, such as 11-aminoundecanoic acid and
12-aminodctfaflandiG et OFRRLBIYMPURERR S BLPDSERY ARbABPIREBATbRTTEN Bt BFer more.
[00181 15Tmpnesjent the discoloration during the melt polymerization, a

15 To prevent the discoloration during the melt polymerization, a
phosphorus compound may be added to the copolyamide resin. Examples of the
phosphorus compound include a hypophosphorous compound, such as
hypophosphorous acid and hypophosphorous salt; a phosphorous compound, such
as phosphorous acid, phosphorous salt, and phosphorous ester; and a phosphoric

20 compound, such as phosphoric acid, phosphoric salt, and phosphoric ester.
Examples of the hypophosphorous salt include potassium hypophosphite, sodium
hypophosphite, calcium hypophosphite, magnesium hypophosphite, manganese
hypophosphite, nickel hypophosphite, and cobalt hypophosphite. Examples of
the phosphorous salt include potassium phosphite, sodium phosphite, calcium

25  phosphite, magnesium phosphite, manganese phosphite, nickel phosphite, and
cobalt phosphite. Examples of the phosphorous ester include methyl phosphite,
ethyl phosphite, isopropyl phosphite, butyl phosphite, hexyl phosphite, isodecyl
phosphite, decyl phosphite, stearyl phosphite, and phenyl phosphite. Examples
of the phosphoric salt include potassium phosphate, sodium phosphate, calcium

30 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, stearyl phosphate, and phenyl phosphate. These
phosphorus compounds may be used alone or in combination. The phosphorus

35 compound can be added to the raw material of polyamide, i.e., the diamine



phosphorus compound may be added to the copolyamide resin. Examples of the phosphorus
compound include a hypophosphorous compound, such as hypophosphorous acid and
hypophosphorous salt; a phosphorous compound, such as phosphorous acid, phosphorous salt, and
phosphorous ester; and a phosphoric 20 compound, such as phosphoric acid, phosphoric salt, and

phosphoric f 0, It inc ' ite. sodium
hypophospfﬁ?ﬁ:%ﬁmﬁggp%%%{gﬁgﬂ#agﬁgﬁ #ﬁ%@%gﬁé%%%i?e??n%%%%%@ﬁ%gggﬁg%hite, nickel

hypophosphiteteind Fsbar sy pupnosptee tEsestples of the phosphorous salt include potassium
phosphite, $ggiyn phosphite, calcium 25 phosphite, magnesium phosphite, manganese phosphite,
nickel phosphite, and cobalt phosphite. Examples of the phosphorous ester include methyl phosphite,

ethyl phosphite, isoptbPrPAYSHIC bRy BRESISHitec Ay FIstbEp e, absaBes Hrbsphitd ity
phospfste, &tfwﬁ@émﬂhﬁd @caﬁrﬁﬁpﬁﬁlﬁéﬂg@hoiﬂﬂ’@@eﬁﬁiﬁﬂp’cﬁﬁh Qﬂﬁtﬁ@@@‘f@@cﬁl@@ﬁﬂgﬂ@féﬁ%d to
potassium phosphate, sodjum sphate, calcium 30.phgsphate, magnesium phosphate, manganese
P osphate THERLH THEQPRARC R LAE IO AR AL O HSHRE AL BaEr FR B ety
phosphate, difiylphhsphatesnseprbpdqihesp hate,soudy]l phosphate;thedybphdsphffiter idocetidct
phosphate,oc%e&}/é E)Q\gggpate, stearyl phosphate, and phenyl phosphate. These phosphorus

compounds may be Used alone or in combination. The phosphorus 35 compound can be added to the
raw materiaﬂ%ﬂﬁﬂlyamide, I.e., the diamine component or the dicarboxylic acid component or can be

added fp the reactiopgygian}, @ilioual aehlimited foeisie (ROL A fe Riadpplien.ofealvamida i

conducted in the absence of a solvent in 5 view of economical advantage. The term "in the absence of

a solvent" rEY@ecutB e diW Hie snatt tdreand eRegsrandceipi snably sohipr et aBEeh 6evee: sokfent

and also in ﬁ%@ﬁﬁ%ﬁ@%@éa@p@%‘f’%ﬁbiﬁﬁﬂﬁ%'@H%H&RtM%E@Wi@iﬁ%§9ﬁ@£f&@ of the invention.
[00201 10 The batchwise reaction tank used in the invention is,a pressure-resistant type equipped with

a partial cofABRE AHPIRGHRIANIR ot S6rheg ilibslersHIten Ot e Raterd condansaine

componentgrddhebiiceshmoticcacid eempiniantby evaporation, the heat transfer surface of the partial
condenser E)géitfrably temperature-controllable. 15[00211 The mole balance of raw materials
charged in ction tank is not specifically limited, because a polyamide having any desired mole
balance (inclusive dFdiamiile babaponeritirich midahalky b acid ¢omdoneet cicbn daad kedqsinular) can

be produce(stlpigcti %ﬁﬁ?fdl‘f%{?gdf‘ﬁé'ggﬂs%f ShﬁJI‘y"a?x%i&Q hy\]f?ng any desired mole balance
(inclusive of diamine component rich, dicarboxylic acid component rich, and
equimolar) can be produced in the production method of the invention. The
20  mole balance of raw materials in the reaction tank is controlled, for example, by
metering the molten dicarboxylic acid component together with the melting tank,
supplying the molten dicarboxylic acid to the reaction tank, and adding the
diamine component in the reserve tank to the reaction system while metering the
amount being added. The diamine component and the dicarboxylic acid
25 component can be metered by means of a weighing meter, such as a load cell and
a balance.
[0022]
The method of producing polyamide of the invention comprises the
following steps (1) to (3).
30 Step (1)
In the step (1), the dicarboxylic acid component is charged into the
reaction tank and then the inner pressure of the reaction tank is raised to 0.2
MPaG or higher. By increasing the inner pressure of the reaction system, the
evaporation of the dicarboxylic acid component is prevented. Therefore, the

35 accumulated amount of the dicarboxylic acid adhered to the polymerization



20 mole balance of raw materials in the reaction tank is controlled, for example, by metering the
molten dicarboxylic acid component together with the melting tank, supplying the molten dicarboxylic
acid to the reaction tank, and adding the diamine component in the reserve tank to the reaction system
while metering the amount being added. The diamine component and the dicarboxylic acid 25

component can ie MELRred Y MeANG O & HRIGNIIG MSISE AUERRSB,I0Rd 63! And) Pﬁ?ﬂ)%% {00221

The method of producing polyamide of the invention comprises the following steps (1) to 30Step (1)

In the step @ndiaigraeiostyentidesypdirms is chirgaddntohe s @iorvaidiignthgen the inner

pressure Of&ﬁ%éﬁﬁg’c‘%ﬂ%@‘b!ﬁﬁlﬁ%‘et% &MB&@:PGM@W@@HH%%Q‘QQIQI% inneressure of the
reaction system the evaporation of the dicarboxylic acid comb%onent is prevented. Therefore, the 35

accumulatedtHHASRREER ﬂ#éla?cé?samtéa& sufacsntd MBS SR AR 81 ETRSEteed and
the effect ota@fsy@eh@@ghegfen@aa@gmf)ﬁaﬂlaﬂ@m%@&@aﬂl@hg@mart@@rm&lﬂﬁ)ﬁwatﬁﬁsmﬂs @btained. In
view of avoiding the.dis Io ation olyami OXIda an, it is preferable to repjace th ner
mosa o R R B PR e A e BN D BETGre dhiging the
dicarboxylidaeidloomporzend mm;bmmacﬂmythe kmklis2dl S0 mefmab’rmom tank time}deiammg)d;dm:tamd in
an inert gas atrl‘n ﬁhere Th d| arbox aC| %erg1 elteddln the reactkon ta

heating to |tmme1ﬁ1 d)pontlt%r er. A erna%e]] e dicar oxy i : aC| com on%nlilmayl%eymelted ina
different tarkébiredniy mdmffmmemmgq&nkqw healtmg@hdahengmitﬂe) thip ltera tioarivodytiveacid

compggent if charaag 'Ean% 108 PR mIPIERt & '&95‘%33@%%9%{8 riagedficiansy ofrie

reaction tank, the use of the melting tank is recommended
view of increasing the working efficiency of the reaction tank, the use of the

melting tank is recommended.
[0023]
It 1s recommended to increase the inner pressure of the reaction tank to
15 0.2 MPaG or higher before initiating the addition of the diamine component to
the dicarboxylic acid component in the reaction tank. To decrease the
evaporation of the dicarboxylic acid component, the inner pressure is preferably
increased to 0.2 MPaG or higher immediately after charging the dicarboxylic acid
component into the reaction tank. The inner pressure is increased by
20 introducing inert gas, such as nitrogen, or steam into the reaction tank. From
the view point mentioned above, the inner pressure is increased preferably to 0.2
to 0.4 MPaG, although depending upon the diamine component and the
dicarboxylic acid component to be used.
[0024]
25  Step (2)

In the step (2), the diamine component is added to the dicarboxylic acid
component continuously or intermittently until the molar ratio (B/A) of the
diamine component (B) to the charged dicarboxylic acid component (A) reaches
0.60, while maintaining the inner pressure of the reaction tank at 0.2 MPaG or

30  higher, preferably within a range of 0.2 to 0.4 MPaG and maintaining the whole
reaction system in fluid state. After increasing the pressure in the step (1), the
inner pressure is maintained at 0.2 MPaG or higher, as mentioned above. To
prevent the escape of the diamine component from the reaction system in a large
amount, the inner pressure reached in the step (1) is preferably regulated within

35 the above range and also within a range not adversely affects the operation and
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It is recommended to increase the inner pressure of the reaction tank to 15 0.2 MPaG or higher before
initiating the addition of the diamine component to the dicarboxylic acid component in the reaction
tank. To decrease the evaporation of the dicarboxylic acid component, the inner pressure is preferably
increased to 0.2 MPaG or higher immediately after charging the dicarboxylic acid component into the

reaction tarj T RS PIASSYIE i JELeased iy A0 AYOMENGRH dpmuSHOhas, DRgeD, o steam

into the reaction tank."From the view point mentioned above, the inner gressure IS Increase

preferably t5102he DraimRacs hivsigh e pAhthE dFeA B diaMiA ondnehat RdkrcaivpXylic
acid compongnt 1t beisesr d00ZAL A2 1RIGR 4)ibh IRenKeR (Zhihasiamine SRRt S Afdegd o the

dicarboxylic acid companent continuously or intermittently until the molar ratio (B/A) of the diamine

component{8} e A BHE G ES SBMEAEIIH SO FOSHAS Y chEd ot s SHHiRFHAR MY the
inner pressyke Yirthelieactigedankdin thdEre () e sighrid patarablretbira rangmeithddo 0.4
MPaG and maintainin tt%egwgr%le reactiogé}sg/stem in fluid state. After increasin thek;%ressure in the
Step (1), thE TSR BreCELE R FO M IELOSED DHIBEES ATOAP <AL A HHEIB O REPEnt the
escape of tadshamirig congpanenifidirhthpreactiensystearinta knge axtemwttathinnes phessure

reached int s%e{%gﬁ?eis refecri%lﬁg( reggéall}led within 35 the above range and also within a range not

adversely a ects the opéré’t?gn and the qua‘ﬁ y. The inner pressure reached in the step (1) within the

fabove rangﬂ)ﬁ%@ﬂ be main'gained cqnstant. After increasing tq Q.2 MPaG or higher in the step (1), the
inner pessure of thgreaction ﬂﬁ&{ﬁf?éﬁ?%gfgﬂifé’B?‘M&'%Q&i@{‘%s@@ﬁl?‘%}ﬁ%rﬁ%éﬁ%tﬁ the

operation and the quality or maintained constant until 5 the pressure is feduced in the step (3).
described bdlewliamane eamnantainaadohedinarbasylg as1eramrI A RNBEEHRINHRAMS to

maintain th%&{ﬁé?é&,r %lﬁ@%@&tﬁ!ﬁl%oﬂfé%b@@%&]@ci@fﬁ%ﬁ%’ﬁ‘erﬂi’e\/ﬁﬁ% %Mﬁ&i@%@fcﬁﬁi@ng as the
effect of the invention is obtained. [00251 10By increasing the inner pressure, of the reaction system,

the amountBEAE UAHGREE ANBREREBhAHE IEAPEE B IiR seci dahib et §aia d My aporated is

accumulated amount of the nylon salt and oligomer adhered to the reaction tank.
15 In addition, since the temperatures of the vapor phase and the liquid mainly
including the diamine component and returning to the reaction system are
increased, the oligomer is melted and effectively washed away with the returning
liquid, thereby further reducing the accumulated amount of the adhered oligomer.
Father, the dew point of water is increased because the saturated vapor pressure
20 of water is increased, thereby increasing the solubility to water of the nylon salt.
Thus, in the present invention, the adhesion of the nylon salt and oligomer to the
reaction system during the reaction is reduced and the adhered salt and oligomer
1s effectively washed away by the condensation water eliminated by the
polycondensation of the diamine component and the dicarboxylic acid component,
25  thereby preventing the adhesion.
[0026]

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 proceed, and simultaneously, the by-

30 produced oligomer and/or low molecular weight polyamide is preferably in molten
state to maintain the whole reaction system in fluid state. The addition is
carried out preferably at 180 to 340 °C.

[0027]
The temperature raising rate depends upon the heat of amidation

35 reaction, the latent heat of evaporation of the condensation water, and the heat
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reduced, this reducing the molar fraction of the diamine component and the dicarboxylic acid
component in the vapor phase and also reducing the accumulated amount of the nylon salt and
oligomer adhered to the reaction tank. 15 In addition, since the temperatures of the vapor phase and
the liquid mainly including the diamine component and returning to the reaction system are increased,

he oligomerp pILES AffLedGGLL ehe ARl 2 AN H s (RING Lo, HTIGTEby Juttagiyeducing

the accumulated amount of the adhered oligomer. Father, the dew point of water is increased because

the saturaté@®akiepreashbat dheterapst il e ohsbe npreblon indrdadio g tHassrmintytiowater of the
nylon salt. Thus dathepiessritweNiQyhrediesiondl thanyion saltang plganenijhsseaction

system during the reaction |s reduced and the adhered sal%and oligomer is effectively washed away

by the condéidatiitietetRAMHARIEIHRE POGhdehsation SramE ity LeinsbAenthRd the
dicarboxyligmasith e mpeitent] 25heselly piaveniagikéadbbsieuid@3ek high&utingtighaddition of
the diamine ¢ onent to the dicarboxylic gcid ponent, the dicarbpxylig acid.is heated preferably
10150 C or FRA R s PR PR SRS GBS proted). PG AU busly. e
by 30 prodysed toliglemerdatachordonvimthectdatpeeighirpaly dridenissprefecabhekmotieb statddo
maintain th%ov%%%l%ég%%mg%%eo in fl iq stggehTQe g\ddition I (g{:iel% I(l)ut Prs%ferag)rl}/ at 180 to 340 C.

d
100271 The temperature raising ra ecﬁéspgn& u%orll the heat of amidation té% rea%lillgn, $he latent heat of

evaporatiorcalahiensondéRsitibreteatel et heatosupplithic Thastione;theeatditivhspeed of the
diaming CO@Q@}%H@&H@%XI r&gﬁla[;?q)sgtthgtt/&he temperature of the reaction mixture at the

completion of the addition is preferably equal to or higher than the melting point of polyamide resin but
less than (th&0#lting point + 35 C), more preferably less than (the 5 melting point + 15 C), and still

more preferably equal do,qaiigieidhamiiie suelpc pains+ i s dapdiaa Mmeling point + 10

C). The melting?point_ referred to herein is the temperature of heat absorption peak attributable to the

heat of fusioRCSFHSEAIAERIE BHEEFORPRIGIREFBATS SRARTRTY NG AR IOYEY ¥c. The melting
point of the iigretiert sysiBnwtdieheit detennipeciataly el B gie. whole reaction

15 mixture in fluid state by gradually raising the temperature of the reaction

mixture to the temperature mentioned above.
[0029]

When adding the diamine component continuously, the addition speed of
the diamine component is suitably selected so as to prevent the foaming due to

20  the condensation water eliminated by the polycondensation, and the diamine
component is added preferably over 30 min to 4 h and more preferably over 60
min to 2 h. Although the addition in excessively short period of time is
economically advantageous, the liquid level is elevated by the foaming caused by
a large amount of condensation water eliminated in short period of time and the

25  polymer adheres to the side wall of the reaction tank and the stirring blade. The
adhered polymer does not melt in the subsequent batchwise productions, and
therefore, the adhered amount is increased and the adhered polymer is subjected
to heat history longer with increasing number of repeated batchwise productions.
If the accumulated mass of adhered polymer falls and enters into the polymer,

30 the quality of the resulting product is deteriorated and the stirring blade may be
broken. If the diamine component is added over extremely long period of time,
the problems of increasing heat history and reducing the productivity may be
caused. Therefore, it is generally preferred to complete the addition within 4 h.
When adding the diamine component intermittently, the total time of the

35 intermittent addition is preferably selected from the range as mentioned with
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[00281 The addition is carried out by adding the diamine component to the molten dicarboxylic
acid component in the reaction tank continuously or intermittently while stirring and preferably
maintaining the whole reaction 15 mixture in fluid state by gradually raising the temperature of the
reaction mixture to the temperature mentioned above. [00291 When adding the diamine

component&%%téw%stlyetg&@ﬂgﬁ% %en ﬂé)ﬁ the diamine component is suitably selected so as to

prevent the foaming due to 20 the condensation water eliminated by the polycondensation, and the
diamine con&ﬂ%’rﬂint is added preferably over 30 min to 4 h and more preferably over 60 min to 2 h.

Although the additiopyjg W@ﬁ@é@dﬁbﬁ@ﬁt@?%%ti@&iﬁl?ﬁ&%%@%%%ﬁl&ﬁ% f@&clt?dhd level
is elevated by the foaming caused by a large amount of condensation water eliminated in short period

of time and RERCO8G5015 e RRIERSEGE gt QhiEhR AP astinR raattesn thrRUsY aHA SR e BdeResethe
adheregl pohdmeﬂ@@% e@@lmelt Mothe subgeaueahbidcivisecadbicinnhapartigrenidetheadhered

amountis in sed an ered meris s o heat history longer with increasing

momber of o EPARNURSE. gl SR S HEL T R QA L B A b BIAFH il amcl

enters into t’rmm@iyménpismmé(hualltyvm‘ﬁhe’]?hmﬂang)pradum isf dbteriaratedidedtitdestiging blade

may be broken, If tk@ dégn NG CMp %%”I ed oV ng}{%ﬁ‘eg{ n% ntaddqf tlm the gﬁoblems of
F%ls pro ere

increasing hea reducing Vity may be caused ore, it is general
preferred toatfmmblmesthe &diditivh mqmrmd‘fewhbnmdmlﬂﬁbtéléﬁ%@c@rdpmwmmmttently the

total tyge Oﬁrﬁ}?gé%frﬁ%ﬁ?'ﬁ%‘ﬁ%%%ﬁ% P"x%ecr@xb% seleaisd enrine sange RS eRRNANRAIN

respect to the continuous addition. [00301 The condensation water which Is eliminated as the

condensati®®¥ebctidhpbesateisVREBRRE ¢ GHPoLR bidHegeteb W Esidin earsippsatinnupter
condenser 30dHbam pROARr dIQ PrEXeNLthe Aidaiondeagtionép 48 feartial conde 888 m in

the partial condenser and returned to the reaction tank. In a continuous
production with a temperature of the vapor-side outlet exceeding 155 °C, the

15 nylon salt or oligomer which is not dissolved in the returning liquid
(condensation water and diamine component) is subjected to amidation into
polymer in the partial condenser, to further reduce the solubility. The amount of
the polymer accumulated in the partial condenser increases with increasing
number of repeated batchwise productions and the partial condenser is finally

20 clogged, thereby making it difficult to continuously repeat the batchwise
production. To effectively evaporate off the condensation water, which is
eliminated as the reaction proceeds, from the reaction system, the temperature of
the vapor-side outlet of the partial condenser is preferably controlled to 155 °C or
lower within a range of from the dew point of water to a temperature 5 °C higher

25 than the dew point. If the temperature of the vapor-side outlet is excessively
higher that the dew point of water, since the amount of returning liquid formed
in the partial condenser is reduced, the effect of washing away the nylon salt and
oligomer adhered to the partial condenser may be not expected. In addition, the
escape of the diamine component out of the reaction system in a large amount is

30  difficult to avoid, making it difficult to control the mole balance in some cases.
Therefore, it is recommended to suitably select the reaction conditions so as to
regulate the temperature of the vapor-side outlet within a preferred range. For
example, the temperature of the vapor-side outlet is controlled within a range of
143 to 148 °C when the inner pressure of the reaction tank is 0.3 MPaG.

35 [0031]
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the temperature of the vapor-side outlet of the partial condenser is preferably controlled to 155 C or
lower. The temperature of the vapor-side outlet is preferably controlled to 155 C or lower also in the
step (3) and the reaction step after the step (3) and more preferably controlled to 155 C or lower within
a 10 range of from the dew point of water to a temperature 5 C higher than the dew point. The diamine
componentgy, e;)ated together with the condensation water and the vaporized dicarboxylic acid
component are separated from the steam in the partial condenser and returned to the reaction tank. In

a continuous produéidhvitten {Shpbeatnrebirrsvaporkide saaetienceing Teducethtol1sssylon salt
or oligomeryhighyis N@Qﬁ%ﬁh\@?ﬂ@fé‘}%ﬁttﬁm e Padich{CRRfsngata ARG Garing sosmpenent)

is subjected to amidation into polymer in the partial condenser, to further reduce the solubility. The
amount of tﬁ%tﬁbfﬁ@r akEbfrthatsens %H@%ﬂ?&}%ﬁ%&%@? iHleraged T hocpdas g humber of
repeated baishwiseeprotuctionstiig thespaidial pdasseos, ially 20:610g6ath ghereyhsieking it
difficult to continuously repeat tﬂe b(gt%hﬁise %ro ctiorﬁ}To effectively evag}%raﬁ%o the condensation
water, Whicﬁ%%}f?ﬂiﬁgtsécalﬁsl% YERELD er?rB S i) (?Hjéef’g&&?oﬁoé?lg? et perature of the
vapor-side dutlethofthlecparithcoonsansetr copraierabliyoanirdiéedhiot2bblC ofllbweredstinea range of

from the dew goint of wat(%{ o a t?énﬁg)%r%r?gtc Jwi héesr 25,than the %e,e/yl goint. If the temaperatture of

the vapor-src?e outlet i ekcessive e dew p%%ttgfev)\(/g\ gr, smcgot%%eélr%%{%ﬁ o?grlghﬁning

liquid formeef ithmpqmtﬂékzoqud@eﬁser idfébeceshereffecedinedhing agmdthmﬁytﬁmgahand o
oligomgr adhered 19 e R H@L?%Qﬁ%ﬁ%‘lﬂ%’( D5ARLEEREGIE Lo tition. (6 SRGPBE @fehe diamine

component out of the reaction system in a large amount is 30 difficult to avoid, making it difficult to

control the RRIEBLARCERF DM eadeedTHoPafdve thescrsedn plcied tnsmeenaBentheteattion

conditions %%é‘%é@dﬁ%'@&%ﬁ@&tﬁm%@g@ & ebihs \@PRESIH e PASTMtNINA e TRt EECh FRREE o f-OF
example, the temperature of the vapor-side outlet is controlled within a range of 143 to 148 C when the

inner presstié BRofe Palrmien GAICIH 6B RABAGCaDO3T DedrReryTessuRf i the Feastion iRk
pressure ofithpricfaetiblytasiisa@avictid thdessolhan£id NP aGiand thefesakin e loMPaG tor dcower

du_rinq éhe tirgﬁghatﬁhf me%ar ratio %B/At\i]f%sthe d%r%inlg com onenciﬁ(Bhéo héa charéq}ed 'di_cggpboxylic _
acid 5 BomBoHERHER) RGNS HHRYL BFo3sER 8" 0 18 FRife M WhOTE FeScti tem in
fluid state aticbadding thaeidifRikkisdaypahent thahetticarboxdic teiddiampon enbqaonienioasky or
T L
Therefore, if the reduction of the pressure is started when the molar ratio (B/A) is
less than 0.60, the evaporated amounts of the diamine component and the
20  dicarboxylic acid component are increased to increase the molar fractions of the
diamine component and the dicarboxylic acid component in the vapor phase, this
in turn unfavorably increasing the accumulated amount of the adhered nylon salt
or oligomer in the reaction system. If initiating the reduction of the pressure
when the molar ratio (B/A) is higher than 0.95, the liquid level is elevated largely
25  due to the foaming because the molten polymer is highly viscous, and the
polymer adheres to the side wall of the reaction tank and the stirring blade. The
adhered polymer remains in the reaction tank not melted in the subsequent
batchwise productions, and therefore, the adhered amount is increased and the
adhered polymer is subjected to heat history longer with increasing number of
30 repeated batchwise productions. If the accumulated mass of adhered polymer
falls and enters into the polymer, the quality of the resulting product is
deteriorated and the stirring blade may be broken. Since the dew point of water
1s decreased with decreasing inner pressure, it is preferred to control the
temperature of the vapor-side outlet of the partial condenser within a range from

35  the dew point of water to a temperature 5 °C higher than the dew point.
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10 condensing capacity of the partial condenser, the separating efficiency of the partial condenser is
reduced, to make the escape of the diamine component out of the reaction system in a large amount
difficult to avoid and make the control of the mole balance difficult in some cases. The inner pressure
of the reaction tank is preferably reduced while the molar ratio (B/A) is within a range of 0.60 to 0.95,
15 althougi'[gﬁemding upon the size of the reaction tank and the pressure. When the molar ratio (B/A)
is less than 0.60, the non-reacted diamine component and dicarboxylic acid component remain in the
reaction system in l&dgerstasumesimadhdadditipe e dhetibin BrEfecprapOms ShartREPAMES e molar

rgtio B/ A). iﬁi@&%&f@fh@-é@dﬁ'ﬂﬁ)ﬁ‘i@%ﬁﬁﬁﬂ@@@%’ 'R‘é&f%?@f%miﬁ ?&%@ﬂ%ﬁté‘iﬂdam Bore
dicarboxylic acid component are increased to_increase the molar fractions of the diamine component

and the dicREAR I BipsHeERe RARE Vepde prakdaimig thawhekedreanioncryatsng the

accumglatefhadetuieof the abergel alyionsabfoldlignmaeidithe ieachomnssysan tHdnitiabogythe
reduction of the pressure. when the molar ratjo (B/A) is higher than (%\./95, thg lﬁlﬁjiiid level is elevated
largely 25 dftle tﬁélf’iﬁ FRCEHEShE vk ad%i%??%‘ﬂ?é‘rﬂ? LR TP PoipRsh dheres

to the side wiadl fikthg peeiiborf tehnk duiadihes stinmipg héades Tdxe redhele thpdlymBinesnains in the

reaction tank not mel %d in the subsequent batchwise productions, and therefore, the adhgred amount
IS increasetf %Iﬁsciiggago Rérer %%Fyﬁzg%csaurbj%%gdgfgl}‘?%é? Ris cs)lrlyﬂfg@g%trq\%l?h }r%?eglsefnag&%l% mber of 30
repeated batctwisd ghredtiudtio fisifahoextwithatdthmans ob audiverent polynieefadlydow ersters into the

polymgy, th‘éo%?ﬂ%&‘cxy?ﬁ{?ﬁ%iﬁg oA delsipiRd andihsStirig.0lade dmay Be Qioken, Since

the dew point of water is decreased with decreasing inner pressure, it is preferred to control the
temperaturdhst #eaAPBIBIFEBEIRe GrHeH AV EorieassRs WRENTQ YhRGE A BE AR, d&)F point of

water (o a tpEpg aluHRIvL tighendan the dewtRaints {18384 mine AdgRRRBRICINDHE | AGHIlRN Of the

diamine component, the pressure at the time the addition is completed is kept preferably for 5 min to 3

h and more SFEBRAABRL TPk es SREATLF, IS FRaRtARiIng HE eI P RQiBRARSSRIATIA BiiRE state.
At the initiak-stagtaf Aeding . thd dadias tempenpshdhe @atbexyt griuphexjsistialajgedexcess to the
diamine component and the reaction speed, i.e, the fixing.speed,of the diamin mponent is
sttty et e b ol
addition is caldpteted stbenfiplrgesipieedc ofl the tdlaminea¢tem pongpikis rex trbeneddiowmasfltheompared
with that at the_initial stage of the .addition. .The efficiency of stirring the reactipn. mixture decreases
with increaa TN g A IR O PR o

componentbahendaniibeccripahehares fixpdaaardinsalapiedeactiba miltubabrineteé thapor phase in
the reaction,sy3igsBq gy aiRe canponakhaeniensed i rrial LARIENSE tr (GHUERG R fhe

reaction mixture. By maintaining the pressure at the time the addition is completed for at least 5 min

after éSmplegh@hseladalictebrtrusnhirrassmpoterente werinaglasiee tbmpPsasianofixed and
the mole balpaca ohihe iniiahehare isHeesely reflsgme s themale Ralpossefithe produced

POl R DG the prossite longer than Neaden shier completing the fixation of the
diamine component, instead, the disadvantage, such as increase in heat history
and reduction in productivity, is caused. Therefore, the pressure is maintained

25  generally for 3 h or less.
[0033]

After maintaining the pressure at the time the diamine addition is
completed for a period within the above range, the inner pressure of the reaction
tank is reduced to atmospheric pressure or lower at a pressure decreasing speed

30 of 0.1 to 1.0 MPa/h. The pressure is reduced preferably to less than atmospheric
pressure, more preferably to 80 kPaA or lower so as to remove the steam in the
vapor phase from the reaction system, this shifting the amidation equilibrium to
the product side to further increase the degree of polymerization. During the
pressure reduction, the whole reaction system is kept in fluid state. The speed

35  of decreasing the pressure is selected so as to avoid the foaming of the produced
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20 not absolutely determined because it depends upon the degree of the fixation of the diamine
component. However, no additional effect is obtained by maintaining the 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 pressure is maintained 25

generaly (963101185003 Fhofera S MRTATPIDE AIRSSHIEIGLE AMG MG laTine additon is

completed for a period within the above range, the inner pressure of the reaction tank is recfuced to

atmospherielpresgigacbpp it lapapldusure Hotie hstoyspedacodof o hegher Mragnl P Badbsure is
reduced prefesahly:ia [&ss1aRREYCRRNESIEHY ¢sSHIFh MAtA PRSI0 §EkERA & {pweio as to

remove the steam in the vapor phase from the reaction system, this shifting the amidation equilibrium
to the produte Higé thaditherifteiaade #ieraiay oot SlfmenB AR BRAGINERE BAISEIFEFeduction, the
whole gactjiogystesn isike pdindheidl séaien diheespert 3 phelserdasing thecpteRsy iR iskselected so as
to avoid the fpaming of the produced polyamide and is preferably. 0.1 tq 1.0 MPa/h, althou
deponcing DSHE Lo BB B ARG B AL B G FORRIERR GRERAdnE o
MPa/h, the liquidlsugfaceviide sndueata wlgerfoarbingodndibatedpaeihadiserpeodutieside Waltlod the
reaction tank,stirring blade, etc. In the subsequent batchwise 5 production, the adhered. polymer
remain not A R B B B o R B R erea
polymer is @xppseetttheeatidigeeivile lmfreﬁ@ng polyviver d¢ ﬁ@p@dtg@ﬁdmcﬁh@etmﬁ@@dﬁlﬁ@_ If the
adherggl polymeniemoues frofp the walhansyringiiade - Aacieniats adhe RAMEL (e guality of the

resultant polyamide is reduced or the stirring blade 10 may be broken. If lower than 0.1 MPa/h, the
disadvantagés! 2 rlymsdemdust olpansasedueers ihestaseantb B pitedncaisd e reduction of

productivitypasgc@ueRy; dRavRiddheseadisesipntagesiiirIpietswe:detessins sRegstis Regaferably
0.3 to 0.6 MPa/h_and mare preferably 0.4 to 0.5 MPa/h. [00341 15After reducin%ﬁgressure, e

produced poRAGHiItEREARAMY RS B hilfeabiiR tame s s tasp ln db pred #4h inerttgas,

such as nitrggEs]In the present invention, since the nylon salt and oligomer little remain in the reaction
tank after discharging.the produced polyamide, the reactign tank ig readily used for the next batchwise
renctof, thereby eniihg A8 CEHABHE S0 BitorNIsE B CALBR T SoIb o e S LBtaed may
be subjectethtorae sdlidrstatelpphafemntdsiamiderfynthesyeywherization o obtaichaapolyamgda withna
e T T T D L L e
molecular weigtiion tank after discharging the produced polyamide, the reaction tank is
readily used for the next batchwise reaction, thereby enabling the continuous
20  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.
25 The polyamide produced by the production method of the invention may
be blended with another resin, such as nylon 6, nylon 66, nylon 6,66, polyester,
and olefin resin as long as the object of the invention is adversely affected. In
addition, the polyamide may be blended with an additive, for example, an
inorganic filler, such as glass fiber and carbon fiber; a plate inorganic filler, such
30 as glass flake, talc, kaolin, mica, montmorillonite, and organized clay; 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

35  hydrazine compound, a sulfur-containing compound, and a phosphorus-
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25The polyamide produced by the production method of the invention may be blended with another
resin, such as nylon 6, nylon 66, nylon 6,66, polyester, and olefin resin as long as the object of the
invention is adversely affected. In addition, the polyamide may be blended with an additive, for
example, an inorganic filler, such as glass fiber and carbon fiber; a plate inorganic filler, such 30 as

glass f'ake,%%a%aﬁﬁggmﬁso&%twﬁ%ﬂr?ggg@%w ganzeg- GlYo A AMBACI SRR modifier, such

as elastomers; a nucleating agent; a lu as an aliphatic carboxylic’acid amide and a metal

salt of aliphtHe eEiolekyaiesaehierars arhiosi dabensesh agokecsppepebmipburel darelrgsmresiindrganic
halogen compyns: & hinasiss RhenalGaMPOURda Nindesed ANInecemRaURd R 38 Avdirane

compound, a sulfur-containing compound, and a phosphorus- containing compound; a heat stabilizer;
an anti-discBIABI SRRV AUt A BSIoR 10 R 88 BN YRE RO BSMBB HRH: AN release
agent; a plagtigigell laatioleiapb@aniame retardant; an oxygen scavenger, such as a cobalt-containing
compound; and an anti-gelling agent for the copolyamide resin, such 5 as an alkali compound.
EXAMPLES [00351 The present invention is described in more detail with reference to the 10
examples aR&X Advdiplakfiive examples. However, it should be noted that the scope of the present
invention is 8 lipited by the following examples and comparative examples. Each method for
analysis is described below. (1) Terminal amino group concentration In 30 cc of a mixed solution of
phenol/ethanol = 4/Thy potsare, M8aotdoB gsldestahmslyanmivy eabitaat sutitelsforeigtetovhs

dissolygd 9@9&5&&1@@%,@&%&*&%@%&5 pleteds dRsalying <Hsierpung ARine9raup
concentration was determined by a neutralization titration using a N/100 hydrochloric acid under
stirring.  scope of the present invention is not limited by the following examples and
comparative examples. Each method for analysis is described below.
(1) Terminal amino group concentration
In 30 cc of a mixed solution of phenol/ethanol = 4/1 by volume, 0.3t0 0.5 g
15  of a polyamide resin accurately weighed was dissolved under stirring at 20 to
30 °C. After completely dissolving, the terminal amino group concentration was
determined by a neutralization titration using a N/100 hydrochloric acid under
stirring.
(2) Terminal carboxyl group concentration
20 In 30 cc of benzyl alcohol, 0.3 to 0.5 g of a copolyamide resin accurately
weighed was dissolved in nitrogen stream at 160 to 180 °C under stirring. After
completely dissolving, the solution was cooled to 80 °C or lower in nitrogen
stream. After adding 10 cc of methanol under stirring, the terminal carboxyl
group concentration was determined by a neutralization titration using a N/100
25  aqueous solution of sodium hydroxide.
(3) Number average molecular weight
Calculated from the following formula:
Number Average Molecular Weight = 2/([NHz] + [COOH])
wherein [NH2] is the terminal amino group concentration (peq/g) and [COOH] is
30 the terminal carboxyl group concentration (jieq/g).
(4) Yellowness (YI)
According to JIS K7103, the tristimulus values X, Y, and Z of the XYZ
color system due to the reflection on a pelletized sample were measured using a
color difference meter (X80 manufactured by Nippon Denshoku Industries Co.,

35 Ltd.). YI was calculated from the following formula:
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(2) Terminal carboxyl group concentration 20In 30 cc of benzyl alcohol, 0.3 to 0.5 g of a copolyamide
resin accurately weighed was dissolved in nitrogen stream at 160 to 180 C under stirring. After
completely dissolving, the solution was cooled to 80 C or lower in nitrogen stream. After adding 10 cc
of methanol under stirring, the terminal carboxyl group concentration was determined by a

neutralization titratigfy Lls%?f‘l'\ﬂéﬁg—zf Wus solution of sodium hydroxide. (3) Number average
molecular weight Calculated from the following formula: Number Average Molecular Weight = 2/([NH2i

+ [cooLIr () Tgaarsaa mureins efanisadralabmediasuimeoncentration (peg/g) and [C001-1] is 30 the
terminal carboxyl grpHR cORESHFAIRIM (PEEHY) n{Aed Nassdit hhine if\cRE'HRALR Hi by 103, the

tristimulus values X, Y, and Z of the XYZ color system due to the reflection on a pelletized sample

were meastratEldAR Ve Srdirt ibsceeardion e ut thadERa e By MFS B D shBIgR M6 Stries Co.,
35 Ltd.}. Yluascaleuaigs-emttig iplowind somoulaa ntifzct Q068 B§>Shindbda (Y Cérpbasapall amount

e T Sl o e s Ccorstor

weight of the condensation water removed.
[0036]
EXAMPLE 1

10 Into an oil-jacketed 50-L stainless reaction tank equipped with a partial
condenser through which a temperature-controlled oil was to be passed, a total
condenser, a stirring device, a nitrogen gas inlet, and an opening for dropping
diamine, 15.000 kg of adipic acid (purity: 99.85 wt%) accurately weighed was
charged and the inner atmosphere of the reaction tank was thoroughly replaced

15  with nitrogen. The temperature was raised by passing a heating medium at
300 °C through the jacket to melt the adipic acid into fluid state under stirring.
During the melting, the supply of nitrogen into the reaction tank was started to
increase the inner pressure to 0.30 MPaG. When the temperature reached
190 °C, 10.998 kg of a mixed xylylenediamine (purity: 99.95 wt%) of 70 mol% of

20 m-xylylenediamine and 30 mol% of p-xylylenediamine was continuously added
dropwise over one hour while stirring the molten adipic acid. The molar ratio
(B/A) reached 0.788. During the addition, the pressure was kept at 0.30 MPaG
to regulate the temperature of the vapor-side outlet of the partial condenser
within a range of 144 to 147 °C. Then, 2.896 kg of the mixed xylylenediamine

25  was continuously added dropwise over 50 min. During the addition, the
pressure was reduced from 0.30 MPaG to 0.06 MPaG at a decreasing speed of
0.72 MPa/h over 20 min while the molar ratio (B/A) was within 0.829 to 0.911,
and the pressure was kept at 0.06 MPaG until the addition was completed. As
the pressure was decreased, the temperature of the vapor-side outlet of the

30 partial condenser was regulated within a range from the dew point of water to
the dew point + 5 °C. During the continuous dropwise addition of the mixed
xylylenediamine, the heating was regulated such that the temperature of the
reaction liquid was continuously raised to 265 °C at the time the addition was
completed, and the vapor generated by evaporation was condensed in the cooler

35 and removed from the reaction system. After completing the dropwise addition
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5 using a gas chromatograph (GC-2010 manufactured by Shimadzu Corporation). The escaped
amount of the mixed xylylenediamine was calculated from the weight of the condensation water
removed. [00361 EXAMPLE 1 10Into an oil-jacketed 50-L stainless reaction tank equipped with a
partial condenser through which a temperature-controlled oil was to be passed, a total condenser, a

stiring deviseRAENGRInIEh Al A enening opeonpiaa daming ATAOR karoladia soi

(purity: 99.85 wt%) accurately weighed was charged and the inner atmosphere of the reaction tank

was thoroud®ly fspresetnes hathennpsga HIRhattarhperRelrd Was rassed BYesasefidd A Heaity medium
at 300 C thrpygi theiaskeh lormeldhe agdipicragid iR fuidestate snder wigingd Rwing, t8e redting. the

supply of nitrogen into the reaction tank was started to increase the inner pressure tQ 0.30 MPaG.

When the té&hpetastra saazrractont O, & dldgahg ud &ankad SOABaeHiamha Burit) h§8.9826119%) of 70
mol% &f 20hBatyhienadiatainsednth3attmofrodipadyicapdiamisel st entioyakshit adrededropwise

over one hour while stjrring the molten adipic acid. The, molar yatio (3/A) reached 0.788. During the
acldiion, the THASE 76 I8 REBHAR] SDIMPABaA B LA e GHIGEIRS B e VABBPERIE outie of
the partial cohddnsessntiin avrangeafl@dhiallgell€tiZod o 218961kg vithe rpixedskyblienediamine 25
was continuously,added ise owgr 50 min..During the additign, the pressure was reduced from
030 MpaG O DIJENIBAG Eoh dooren g B DR M T R motar atio (3
was within 0BR@161e00ns afidhkeptessadepabiskeisteattnoa: Mttsd Untintodsaddition(RaY cvaspleted.

As thq presgLye was ARCISASHILJP S JemRer Atuie Qf lSVaRME AR quilsho! theRORartialcopdenser

was regulated within a range from the dew point of water to the dew point + 5 C. During the continuous

dropwise adaitig sVinteRfideamyp asearetifommescriyirRsYstrmEa suerethaNpa dhaprdature

of the reactign {i@yidwas £ORIMsRYall BiRrdlieARerCraldhp litnedhe paditiptnascemielad, and the
vapor generated by evaporation was condensed in the cqoler 35 and removed from_ the reaction

system. AfEREARFIEHHP S BRSBwisk SdiEA LRSI imAdAsSR TP shatHRe: thessure was

kept at 0.0 NtReforf @t Thénimibydr aigint: el tempesaiung] altatemp el iie daising speed 192 &/min
while ﬁ%ntinuinﬁélbe stiér[i%go. Then, the inner pressure was reduced to 80 kPaA at a decreasing speed
of 0.6 MPa/N % e?fl1 'RBYA for 8 min. Then, the

[0037]

EXAMPLE 2
In the same manner as in Example 1, 10.998 kg of a mixed

xylylenediamine (purity: 99.95 wt%) was continuously added dropwise over one

20  hour. The molar ratio (B/A) reached 0.788. During the addition, the pressure
was kept at 0.30 MPaG to regulate the temperature of the vapor-side outlet of the
partial condenser within a range of 144 to 147 °C. Then, 2.896 kg of the mixed
xylylenediamine was continuously added dropwise over 50 min. During the
addition, the pressure was reduced from 0.30 MPaG to 0.06 MPaG at a

25  decreasing speed of 0.72 MPa/h over 20 min while the molar ratio (B/A) was
within 0.866 to 0.949, and the pressure was kept at 0.06 MPaG until the addition
was completed. As the pressure was decreased, the temperature of the vapor-
side outlet of the partial condenser was regulated within a range from the dew
point of water to the dew point + 5 °C. During the continuous dropwise addition

30  of the mixed xylylenediamine, the heating was regulated such that the
temperature of the reaction liquid was continuously raised to 265 °C at the time
the addition was completed, and the vapor generated by evaporation was
condensed in the cooler and removed from the reaction system. After completing
the dropwise addition of the mixed xylylenediamine, the inner pressure was kept

35 at 0.06 MPaG for 15 min by raising the temperature at a temperature raising
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5 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 polyamide resin having YT of -6. The quantitative analysis of the terminal group
concentrations of the obtained polyamide showed that the molar ratio (B/A) was 10 0.994 and the

number a"%ﬁ‘@é’d’ﬂf’@.%/iﬁ%%‘%%scéﬁéﬁﬁir%ﬁu%”é‘t?ﬁ?h?é.th%‘H‘éﬁ?@}%@'ﬁﬁ%‘%‘ﬂ?@é@%@%gged

from the reaction system was 10 g. No adhered matter, such as nylon salt and oligomer, was observed

in the reactisiilttaerl daddthkPadial coReessimermpecd el G follRaon andkare 8 frdhikdiadiderie

addition of thermixed xyIWlgeadiagine watlskstieg %@ﬁ%‘ﬁ&@&“@%@ﬁ%@%ﬂg@&@%&%aﬂd 21
min. [00371 EXAMPLE 2 In the same manner as in Example 1, 10.998 kg of a mixe

¢ d
xylylenediaRf&&l ety 1 98 GPRAfae Ak (shirr il tadde N didn fse et srRDBMRT . The molar
ratio (BJA) reashied @ of8SitRygéng Wiei additien1iba pressteecléd kentil s dRaGHeaiagate the

temperature of the vapor-side outlet of. the partial condenser within a range of 144 to 147.C. Then,
2 556 kg o AR RREI) ERBUAT Bt A TRIGTST aad tF RO e SEMTSSE TG the
addition, theqrressatewasprechucad feaioRs36f Mitadb tai DbdRaG atasho dedrehsingspaethof 0.72

MPa/h over 20.m ile th r ratig (B/A) was, within 0.866t0 0,949 an% he pr was kept at
006 MaG Al Ao R &5 R AR S B BRI of the
vapor-side dilittetofahatpeltihecongehserl Wesedipnzied esithiped fangetirometinet wevspslintroaater to

the dqyy poifgh 5 %P&&iﬂgrﬁlﬁxﬁ%%@%%}@’%&’?Wﬁ‘érﬁgﬁ‘é%’hﬁ%lﬁfgg?ﬁéﬂi%%ﬂﬂﬁ%ﬁﬁﬁ‘% the

heating was regulated such that the temperature of the reaction&uid was continuously raised to 265

C at the timeeaivdiaaditivk wad ebmprataal spadpeseipor deneratadliyredupdraionmede kendepsed in
the cooler and yamevad ffamihe sagtiomsystey Miel-ampigtingthe dkopyvise raditiom of dhe,mixed

xylylenediamine, the inner pressure was kept 35 at 0.06 MPaG for 15 mm by raising the temperature

at a temperRGrBAHIEHSY ¥peLabrBS /i while continuing the stirring. Then, the inner pressure was
reduced to BIDBBAA at a decreasing speed of 0.6 MPa/h and kept at 80 kPaA for 8 min. Then, the
heating wa (L the product was discharged from a nozzle at a lower portion of the reaction
tank irﬁhe mi’ gﬂ under

Into an oil-jacketed 50-L stainless reaction tank equipped with a partial

condenser through which a temperature-controlled oil was to be passed, a total
condenser, a stirring device, a nitrogen gas inlet, and an opening for dropping
diamine, 15.000 kg of adipic acid (purity: 99.85 wt%) accurately weighed was

20 charged and the inner atmosphere of the reaction tank was thoroughly replaced
with nitrogen. The temperature was raised by passing a heating medium at
300 °C through the jacket to melt the adipic acid into fluid state under stirring.
During the melting, the supply of nitrogen into the reaction tank was started to
increase the inner pressure to 0.30 MPaG. When the temperature reached

25 190 °C, 8.422 kg of a mixed xylylenediamine (purity: 99.95 wt%) of 70 mol% of m-
xylylenediamine and 30 mol% of p-xylylenediamine was continuously added
dropwise over 47 min while stirring the molten adipic acid. The molar ratio
(B/A) reached 0.603. During the addition, the pressure was kept at 0.30 MPaG
to regulate the temperature of the vapor-side outlet of the partial condenser

30  within a range of 144 to 147 °C. Then, 5.474 kg of the mixed xylylenediamine
was continuously added dropwise over 63 min. During the addition, the
pressure was reduced from 0.30 MPaG to 0.12 MPaG at a decreasing speed of
0.54 MPa/h over 20 min while the molar ratio (B/A) was within 0.603 to 0.728,
and the pressure was kept at 0.12 MPaG until the addition was completed. As

35 the pressure was decreased, the temperature of the vapor-side outlet of the
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5 pressure of nitrogen, which was then water-cooled and pelletized to obtain an amorphous polyamide
resin having YT of -6. The quantitative analysis of the terminal group concentrations of the obtained
polyamide showed that the molar ratio (B/A) was 0.994 and the number average molecular weight was
15,500. The amount of the mixed xylylenediamine escaped from the reaction system was 10 10 g. No

adhered m%%?‘tziﬁi‘%r?&e% Al ?%%PA%W&MB%‘{%E?%X@J&W}?JS BB;kAnkrapd e partial

condenser. The overall production time taken from starting the addition of the mixed xylylenediamine
until startingRBeldarRirfetobtife. poljiiénsytsechrirE UM Mt oo s arsl ommb Lieanixedinto an

oil-jacketed\§Qshsainlems Keagiom BRk-eowRPseauilt aPaiial gondanses dpavahdighAe

temperature-controlled oil was to be passed, a total condensoer, a stirring device, a hitrogen gas inlet,
and an opehfii§ FOdtopph Y aRfRErTo By Kgiseddproid Bhibe nssthrorsatearatedf weighed
was 2(chasgathaad dhe ek atrmpspheiceohtha Bastiapdank ovas tharengbhssapiaagd wilsl aitrogen.

The temperatuye was raisgd by passing,a heating mediym at 300 C throygh the jacket to,melt the
aciic atia S AT QUSEs CRERHLE S S B e Gy SR ISE) G DGRRARS B BSCton
tank was staftdektmineréaséythm sthenpressiire inrk8@ MBaGe Wherktipe tenpeabliRafedchad 25 190

C, 8.422 kg of a;mixed xylylenediamine (purity; 99.95 wt%) of 70 mel% of mxylylengdiamine and 30
ol of po e e L S B e oer
adipic acid. Whdewolatiratim ¢B/) stucheg. 0.8bRD thiagrtherapiditonr¢ne gy esdueed/ds & dtRad.30

MPag go reQH@@e@%é@fﬂ@is@&%@o?@!‘@%ﬁ%ﬂ% et pf doepRriadGondenser B ithinea range of

144 to 147 C. Then, 5.474kg of the mixed xylylenediamine was continuously added dropwise over 63
min. Duringhﬁ%t&%ﬁil‘ﬁ’@ﬁ,%H@B%’sé%Wﬁ&?@é&@éﬂ?@rﬁ@@@%ﬁ@%ﬂ?%ﬂa@% doereasing

speed of 0.pdMBa/braver = ceibvaladhs tRIF6FATIBHEAINEAEERIB@EF 600 {1 B geN the

pressure was kegt at 0.12 MPaG until the addition was completed. As 35 the pressure was, decreased,

the temperdtiHsBYRS TapBreriersrriedrang RellZeshiferREF R A0 B RRASRRP R YRR from
the dew poirghateite Weodew. poiftier quen Btithgcthe sBRin boyh ¢ tepiiserbdaitign of the mixed

e e PR S AET ol S SRR R s e s
evaporatiorOvééxt contléhsadimbiee avelerganc obrnoledviraighther acathi@ii 8y st€he Aftennonoblgting the
dropwise aqdition of {oe. MsE Y MenediRming, P eHDISLPIRS YIS WAS KER &) 3 12AMRafR der 45
matter, such as nylon salt and oligomer, was observed in the reaction tank and
the partial condenser. The overall production time taken from starting the
20  addition of the mixed xylylenediamine until starting the discharge of the polymer
was 2 h and 27 min.
[0039]
EXAMPLE 4
In the same manner as in Example 3, 8.422 kg of a mixed
25  xylylenediamine (purity: 99.95 wt%) was continuously added dropwise over 47
min. The molar ratio (B/A) reached 0.603. During the addition, the pressure
was kept at 0.30 MPaG to regulate the temperature of the vapor-side outlet of the
partial condenser within a range of 144 to 147 °C. Then, 5.474 kg of the mixed
xylylenediamine was continuously added dropwise over 63 min. During the
30 addition, the pressure was reduced from 0.30 MPaG to 0.10 MPaG at a
decreasing speed of 0.22 MPa/h over 55 min while the molar ratio (B/A) was
within 0.603 to 0.945, and the pressure was kept at 0.10 MPaG until the addition
was completed. As the pressure was decreased, the temperature of the vapor-
side outlet of the partial condenser was regulated within a range from the dew

35  point of water to the dew point + 5 °C. During the continuous dropwise addition
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min by raising the temperature at a temperature raising speed of 0.2 C/min while continuing the
stirring. Then, the inner pressure was reduced to 80 kPaA 10 at a decreasing speed of 0.6 MPa/h and
kept at 80 kPaA for 8 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 wafqieqaiga ad REUSHIARAIR, A0 A1 R@Qé’%%%]g L EPSJ&%%?%VJHS YT of -6. The

guantitative analysis of the términal grou% 15 concentrations o tained polyamide showed that

the molar rd&6V B EtWee . 0ba gaftHn drvede cagd imestsihiar svepghtaviedt Y sabtimélmount of
the mixed xyhdeprAigningRscapgadtom mrarﬁ?&%@,&y%?mﬂeédlgyg@%&dméﬁdwa@ﬁen such as
a

nylon salt and oligomer, was observed in the reaction tank and the partial condenser. The qverall

production ffREEnss B ihssAME RO S EemaiRsh (B Rsixea ST -ina iRl cearmigting
discharge oflibelpobymes Wadi & snasttBE mike[DQ3BA XAMPBLEA thdhasera sasnrekasiRdptample

3, 8.422 kg of i 2 lylenediamine (purity;.99.95 wt/0) was continuously added dropwise over
47 i T o) A A AR €6 B8, ARSNGB AL EABEE 50 Mpa
to regulate Hpeddnperdtttymithe vdpaoaide wuitetlof dtérpargal diinelendes within preasgecivids to
147 C. Then, 5.474 k t ixed xylylenediamine wa t} ly added dr Isever.634nin.
During the %%1&&%&9] , %éeﬂgrag%s%rg v%g%r?ea tced ?r%élré 8.??8%9%5&%{ ﬁ/&gﬁéﬁ}ﬁ%ﬁ%iﬁg
speed of 0.221 PaTﬂﬁ@WeﬂEShﬁmmgiIwah@mpmmd(ﬂiAw@thaﬂﬁS@WQ@hﬁcm@the
pressyge was kapt at 01 Q. MPaG sl dheraddition yes.comaleitdr e é%‘i%ﬁ?l g ey decreased,

the temperature of the vapor-side outlet of the partial condenser was regulated within a range from the
dew 35 poim8FsvtR PfMECGER: pireh W ey atercsnd addreprisecddainbhabt e mixed

xylylenediagynerihe Lepting wagd egulated ¥hajrthe terppergiiigof4he deactinriliosid s
continuously raised to 265 C at the time the addition was completed, and the%ﬁ?or generated by

evaporatior VA1 B3hSEALBL NS Isdiona Y FoinabEdRehlY et R YERsh hakdhe shfting 5

the dropwiseaaddiBsn Jofvie mavachxydytaeaesiantioe aherinnenplessilsie waskepyat 4.3 00PaG for 15
min b gaisii?lthe tem gr ture at.a tgr?%%?rftur raisin speedtg 2 Cérﬁin whilte contin%Jin the
stirriné. Then, the e pres3trBWaS feadicelfto 8o KPaR G telrdasing Speed S 08 MPal and

kept at 80 KPgA fdfBadhered matter, such as nylon salt and oligomer, was observed. The
overall production time taken from starting the addition of the mixed
xylylenediamine until starting the discharge of the polymer was 2 h and 25 min.
[0040]
20 EXAMPLE 5
Into an oil-jacketed 50-L stainless reaction tank equipped with a partial
condenser through which a temperature-controlled oil was to be passed, a total
condenser, a stirring device, a nitrogen gas inlet, and an opening for dropping
diamine, 15.000 kg of adipic acid (purity: 99.85 wt%) accurately weighed was
25 charged and the inner atmosphere of the reaction tank was thoroughly replaced
with nitrogen. The temperature was raised by passing a heating medium at
300 °C through the jacket to melt the adipic acid into fluid state under stirring.
During the melting, the supply of nitrogen into the reaction tank was started to
increase the inner pressure to 0.30 MPaG. When the temperature reached
30 190 °C, 10.998 kg of a mixed xylylenediamine (purity: 99.95 wt%) of 70 mol% of
m-xylylenediamine and 30 mol% of p-xylylenediamine was continuously added
dropwise over 30 min while stirring the molten adipic acid. The molar ratio
(B/A) reached 0.788. During the addition, the pressure was kept at 0.30 MPaG
to regulate the temperature of the vapor-side outlet of the partial condenser
35  within a range of 144 to 147 °C. Then, 2.896 kg of the mixed xylylenediamine
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min. Then, the heating was stopped and the product was discharged from a 10 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 polyamide resin having YT of -6. The quantitative
analysis of the terminal group concentrations of the obtained polyamide showed that the molar ratio

(B/A) was Q294 a0 e IREl AVP RIS MaleGylar Wiﬁﬁﬁwaﬁ&@ﬁg%&ﬁﬁﬁﬁ%f’ﬁf& of the mixed

xylylenediamine escaped from the reaction system was 9 g. No adhered matter, such as nylon salt

and oligom®raraarepsasteruias dveralDpt8didtdn timd rarspbiesin BESAIW ¢ AddassRasitge mixed
xylylenediagyipeuptibsiarting ihe siechauagiof {e ROIMDSH YRS 2 BieTE/A) Wi IPRA 80 EXAMPLES

Into an oil-jacketed 50-L stainless reaction tank equipped with a partial condenser through which a

temperaturé-CHitr Ml O WESTHIBE PassEarh bR EoRRBRLK: PASSHYIHYy HekicE 2 afbden Jas inlet,
and an&ﬁemﬂﬂﬂwtdﬂoDQKQtﬁ'@@S&@Qsﬁ@QQQfs?e@i@&@E& aﬁ@kﬁwﬂi&ﬁaﬂﬁxﬁé?ﬁ%é Wl dﬂtﬁﬁ'eweighed
was 25 char nd the inner gtmosphere of the reaction tank was thoroughly replaced with njtrogen.
Tre oo e LT B i SRR R oh BT A 20 500 FREENHIE AGERs Rk e
adipic acid vftevfitéd stathaidder stirntg. DUing heringltihg, dhetsnpplys afnoifredgenddih thum refttion
tank was st%ﬁeg oXi C e%s%.tgl% {'ngeﬂ% ssure t0.0.30 Q/IP % @lh&&tt}g at rﬁpee{atur% {eg&peegfso 190
C, 10.998 kg ora m?’xtgdexﬁy][ene lamine lertfty.g9‘§?9qSTvﬁ%% of molgo o?m-xyﬁ/?éﬂed%amine and 30
mol% of p-ﬂ%ylea&cﬁ@nihg\mdsvmﬂmﬁmm?wde@mm%f@ 30 thin winitetbraddthemwiten
ad'p'cmc'd-cBKJl;ﬁ%%‘B!ﬂL 20 (RN 58FRRA O-4881 RYing SBeRAdIon st RISSSHIE W B esat 0-30

MPaG to regulate the temperature of the vapor-side outlet of the partial condenser 35 within a range of
144 to 147 endremaeeddnegrothre paiderxysbeadianiter frgriting dbeldeermtsepiiderover 50

min. Duringqthghaddiiem, i@@y@éﬁ%ﬂié@rﬂ@é rﬁf@»‘ﬁ%’eﬁ%@s@@é\/ﬁ?@k @%Qﬁ%@éﬂﬁrﬁésure ata
decreasing speed of 0.46 MPa/h over 39 min while the molar ratio (B/A) was within 0.788 to Q.949,

and the preRSEFEWEd Re b AL HRBISHHEHETRe SGFBRAHRtINES SRt IS B Rbteitee ARG of
pressure wasxaCredsedhile éontperairelod diervapor-sieeayuhtahine padiahoendersesduasd

Cropwige adEHO S A NEHRA S, DE RIKHS A Peqatet <bER SR ibperature
of the reactiBhdiguit eNasatongirmvmristy paisé ch tal 268 Gratline twne thechcditiedh fvam FOrommleleted, and
the vapor ggnerated by evangration s candensed nihs cqalerand remaved fram,hg reaction
system. After Com%$etlng the dropwise ad%JI on of the mlxedoxyly ene lamlner,)tﬁe inner pressure was
kept at atmospiegée presslyavias tisemiw dieraisivlg drnid ppldettzed & ahtmperatareaedingsspeed of
0.2 C/min while coRHRYEG e SHHEST e, e NG RIGSENR WATABAHCRE the terminal
20  group concentrations of the obtained polyamide showed that the molar ratio (B/A)
was 0.993 and the number average molecular weight was 15,100. The amount
of the mixed xylylenediamine escaped from the reaction system was 13 g. No
adhered matter, such as nylon salt and oligomer, was observed in the reaction
tank and the partial condenser. The overall production time taken from starting
25  the addition of the mixed xylylenediamine until starting the discharge of the
polymer was 1 h and 45 min.
[0041]
EXAMPLE 6
Into an oil-jacketed 50-L stainless reaction tank equipped with a partial
30 condenser through which a temperature-controlled oil was to be passed, a total
condenser, a stirring device, a nitrogen gas inlet, and an opening for dropping
diamine, 15.000 kg of adipic acid (purity: 99.85 wt%) accurately weighed was
charged and the inner atmosphere of the reaction tank was thoroughly replaced
with nitrogen. The temperature was raised by passing a heating medium at
35 320 °C through the jacket to melt the adipic acid into fluid state under stirring.
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15 to 80 kPaA at a decreasing speed of 0.6 MPa/h and kept at 80 kPaA for 8 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 polyamide resin having YI of -7. The quantitative analysis of the terminal 20 group

concenratiggs,of I ehiaNeH LANATIAE APOME ek e, HORE AR (RIA 1A 093 Ay number

average molecular weight was15,100. Theé amount of the mixed xylylenediamine escaped from the

reaction systeFeacss the dnrer auksrederiae MR 2 nyBiheait hadomgsrdueasapkedved in the
reaction tanfogneCtheongotiak sUTdeRREE d RE1PKGTaHRIAHESUBT HRE H3k6B (1em) IRB g pins addition

of the mixed xylylenediamine until starting the discharge of the polymer was 1 h and 45 min. [00411

] | y
EXAMPLE BYrd Wi sndirensorast o tnlee otasxtibn saskicduipsetanitatjareas3o dfaenser
througly whighopwaBesraiusachotiohet 0l yyasindehpassttha ddipicari@nsah & sirng-devce, a
nitrogen gasnlet, and a ing for dropping diamine, 15.000 kg of adipic acid (purity: 99.85 wt/0)
ccurately WO e L Al S ara P T SRR Lo
replaced with nifgodete fhe ttemperatune whshasepdrysphssing e béativgpmedalroaddh 20 C through
the jacket to melt the adipic acid jnto fluid stateqander styging. Deiring the melting, the supply of
nitrogen intd’ %ﬁﬁelPe%crt%l Fa%iqv%gstgt;rgtgd 0 in%%%e%%ﬁ%%r%%s%ﬁéxg)& &X??]\ﬁﬁ%‘g?%hxeen the
temperaturevasachietineous]yl adsBs! kiy e wintxewryi)lemadiahine geuthy: 28108 omto%bhef 50 mol% of

m-xylylgnediaming.andh a0 Laclea LER XY yIgh adiBIiN e, WG LRNBREOLSl added § tranyise gver one
hour while stlrrln&the molten adipic acid. The molar ratio (B/A) reached 0.788. During the addition, the

pressure wisKeMBath aymsaniratiilsshnanelnpaatiorSd e sapstindoliR e Partial
condenser withipia HRAQ@FL R 10D & ToemiE8e6ketaf the Aidedoighediapingvasas

continuously added dropwise qver 50 min. During the addition, the 10 pressure was reduced from 0.40

MPaG to 0.0FeNBEE Hia st AesSRits ePetRedrap et yn ol ERSYAReTWHIR tHE ML Pstio (B/A) was
within 0.78$ -0 H4drtch e preassuprmaskentlaiDD¥aMbatramtiibeladdiinn tndsseompteted. As

15 the dew point + 5 °C. During the continuous dropwise addition of the mixed
xylylenediamine, the heating was regulated such that the temperature of the
reaction liquid was continuously raised to 285 °C at the time the addition was
completed, and the vapor generated by evaporation was condensed in the cooler
and removed from the reaction system. After completing the dropwise addition

20  of the mixed xylylenediamine, the inner pressure was kept at 0.07 MPaG for 15
min by raising the temperature at a temperature raising speed of 0.2 °C/min
while continuing the stirring. Then, the inner pressure was reduced to 80 kPaA
at a decreasing speed 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

25  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 polyamide
resin having YI of —=3. The quantitative analysis of the terminal group
concentrations of the obtained polyamide showed that the molar ratio (B/A) was
0.994 and the number average molecular weight was 15,500. The amount of the

30 mixed xylylenediamine escaped from the reaction system was 9 g. No adhered
matter, such as nylon salt and oligomer, was observed in the reaction tank and
the partial condenser. The overall production time taken from starting the
addition of the mixed xylylenediamine until starting the discharge of the polymer
was 2 h and 19 min.

35  [0042]
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the pressure was decreased, the temperature of the vapor-side outlet of the partial condenser was
regulated within a range from the dew point of water to 15 the dew point + 5 C. During the continuous
dropwise addition of the mixed xylylenediamine, the heating was regulated such that the temperature
of the reaction liquid was continuously raised to 285 C at the time the addition was completed, and the

vapor gene@éﬁqpxﬁ)@wgigmmdfnsed in the cooler and removed from the reaction system.

After completing the dropwise addition 20 of the mixed xylylenediamine, the inner pressure was kept at

0.07 MPaG for 15 niit®y ramsinigeke tednpddatsirel alessainpeliaie phsag gmeast i, 2 oarilvhile

continuing s kg (ISR, %viﬁf&{ Q%?ﬁﬂ@ﬂ%%é%&'ﬁ?@f@@@ik@% & pssigeaing &Rfﬁ?d 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 nozABRMARSe? SEHORBAD e FeciBReR SR MR GHR PRAT MY SHENBTR %D
nitrogeR, widichhyas, theroo@les-eoalgishrnacpeliptizes 19 9/3RiR 80 aveliphosls Ralyahdideviesin having
YT of -3. The quantitative analysis of the terminal group concentratipns of the obtajned amide
Showed et HE AT BP IS BIAS bACTPOBE AR PR AR S o e RO BT R B  UACT 500,
The amountvatline 80 geixed Kily lanagarmtne € scaped ksahbihpasaciipa hyatenpwasdgnNe adhered
matter, suc lgn salt.and oliggmer, was ervad in the reaction t and the partial condenser.
The overalIt§|f)(?§d([l’?ét%)l]rflotlllr‘ﬁg1 %agd?érig (;%)erﬁ 1;sotar ?r%%lgtﬁg %%H?%lcoﬁ%?{t %%?ncfl?(%l f@ﬁ/ enet |agrrnlsr%1erﬂlr11]tﬁ ‘starting
the dischardugingethelymiingsRensamplyoohint 85004210 CoMPARIAT| Y E xwmwPtazted to Into

an oiljgokelgd a0 sains saciontank suansd it aariahcandenser eyl g 2

temperature-controlled oil was to be passed, a total condenser, a stirring device, a nitrogen gas inlet,
and an opeh g Y65 drbp Pl s dianmmzed sobders Sramisie Q@Ml(fpyurf?@-:g@g. 50105 T Qo3 tedf
weighed was sRaygeR-aneiiadnned 3nasmiese SR TERCIRMIANK WAS ibatonablsIeriaged with

nitrogen. The temperature was raised by passing a heating medium at 300 C through the jacket to
melt the adfFeR¥I§SRE S Lettrundtiestiis Dt rten ety cRe duport§en into the
reaction tankddascsiaties e didracreaseetne #barspiesshes ih 0. GhRatuWhdt ertempenture

e T B R S T bt
while stirringhth @ rasdtere adipidkapida DOrdtgHeadd ditioeg thet b ehiing mas regutatefithiechathait-the
temperaturesi fetrdleltrﬁ%%%ocr}]le partial condenser within a range of 144 to 147 °C, and the vapor
generated by evaporation was condensed in the cooler and removed from the
reaction system. After completing the dropwise addition of the mixed
20  xylylenediamine, the inner pressure was kept at 0.3 MPaG for 15 min by raising
the temperature at a temperature raising speed of 0.2 °C/min while continuing
the stirring. Then, the inner pressure was reduced to 80 kPaA at a decreasing
speed of 0.6 MPa/h and kept at 80 kPaA for 8 min. Then, the heating was
stopped and the product was discharged from a nozzle at a lower portion of the
25  reaction tank in the form of strand under pressure of nitrogen, which was then
water-cooled and pelletized to obtain an amorphous polyamide resin having YI of
—-6. The quantitative analysis of the terminal group concentrations of the
obtained polyamide showed that the molar ratio (B/A) was 0.994 and the number
average molecular weight was 15,600. The amount of the mixed
30 xylylenediamine escaped from the reaction system was 10 g. No adhered matter,
such as nylon salt and oligomer, was observed in the reaction tank and the
partial condenser. The overall production time taken from starting the addition
of the mixed xylylenediamine until starting the discharge of the polymer was 2 h
and 45 min.
35  [0043]
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15 liquid was continuously raised to 265 C at the time the addition was completed, the pressure was
kept at 0.30 MPaG to regulate the temperature of the vapor side outlet of the partial condenser within
a range of 144 to 147 C, and the vapor generated by evaporation was condensed in the cooler and
removed from the reaction system. After completing the dropwise addition of the mixed 20

xylylenedia@iggtARIRRG R §SSURIYRFkept at 0.3 MPaG for 15 min by raising the temperature at a
temperature raising speed of 0.2 C/min while continuing the stirring. Then, the inner pressure was

reduced to 80 kPaAlBtthelsaregasmyspeassroiMPalR Andwapediheoadoanceod thnnmged, the
heating was:stopRedaNdithe RIROpA Wasisahawadfom shnezate atra QWS bReLtiratihg 25

reaction tank in the form of strand under pressure of nitrogen, which was then yva(t)g/r- ooled and

pelletized tS!BERERTIAE 07 BHES Do RYHride Tein Haity Wiide Grerime lirarititiaiVe/ A dipsis of the
terming grouftlenoesetonsgfdhermbtaio ga aelysenidesshawed thautheraclaihaicks/AddvesR. 994
and the number average moleculgr weight was 15,%%0. The m unt of the mixed ?(%ﬁ(é/lxlene(_jiamine
escaped froWf e RRLEISH sy AtSritEdY oYY RS ERe S SRS PSR S Al o BRSBmer. was
observed inside readtionftelnk parctihkdpardiah sendenserg ihe @V evalhprot uaiee firnentakenl érem

starting the additigp of the mixed xylylenedjami ntilstarting.the discharge of the polymey.was 2 h
45 mmDetb O R AR E e 2 DA TAR AR RERIER | g
the additiométhmmm xoy]ylen@dﬁarmhe@,thhqoh@a@mg was mgunde@ﬂmcmahan F@he; to 0.04 MPaG
at a degreagingsneed,f G2 MRARONES i Wi G MOLY 1RHQBBXEESE Witk i3e8 to

0.949, and the pressure was kept at 0.04 MPaG until the additiori was completed. As the pressure was

decreased, the fldiieontirasotamPlelssh-siae Hitlvesrhaepeticcoht @veRoRHd r_glifsted within a
range from (Rg AlaysRPint B NalsTde 4he dew RRIAtfFoCtHRUdAG e GoRtinvousAdTapWisa Rdditign of

the mixed Xélylenediamine, the heating was regqulated such that the 10 temperature of the reaction

liquid was dAHRiALOREHP PSRt 6% B aritEeihiy the RediasH Mrad Re AipleteRr e RN APt
generated byt evapVERif Yaslcondanseddisthg ehelesapdrgtnoved fraemipergactiorasyisigm. After

completing the dropwise,addition of.the mixed xylyJenediamine, the innef.pressure was kept at 0.04
Vac for 1EPHN By Lot OIS SR A SRR SHHEA ich  Te LBoBa BF 85 ST e
continuing thelsiterchtp BRdd? diednned gressiirezveasaddifice6 fd Ba/kPaAl dteptiacréadiiig Afeed of 0.6
MPa/h and kept at-80 kPaA for 8 min. Then, the ti S S d and;the pro as discharged
from a nozzlré%t a lower Sﬁﬁ%ﬁ%ﬂ K[}gevyggcstfgﬁ Qgr(fkgllrl:a%}eq’ (fQ r%ﬁt)%ﬁl%s%\gr? gﬁs@;d&fag?ges%g&?\ge%fanitrogen,
which was the#rieaatrdooted nartivellefizhd reabiain tankoaturghouwspoiizanidenssin having Y1 of

-6. The quapitative AnalYeis, 9f INSWRIMRINAL IERIM GPRAG U2 AR PARI0E 4 Polam dsshowed

that the molar ratio (B/A) was 0.990 and the number average molecular weight was 14,100, The

amouf? of tABRTRBAYS Bt feBadapen e orh the feactin ayaet aiiseqang lesswhtre
considerablg:jpgiaase i dpe.aneewrt ofithe damivesempranebiyamide showed that the molar

ratio (B/A) was 0.990 and the number average molecular weight was 14,100.
The amount of the mixed xylylenediamine escaped from the reaction system was
61 g, showing a considerable increase in the amount of the diamine component
25  escaped from the reaction system. A large amount of nylon salt and oligomer
adhered to the reaction tank surrounding the vapor phase, and the white solid

matter was observed in the partial condenser.
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25 escaped from the reaction system. A large amount of nylon salt and oligomer adhered to the
reaction tank surrounding the vapor phase, and the white solid matter was observed in the partial
condenser. CLAIMS WHAT IS CLAIMED IS: 51. A method of producing polyamide by
polycondensation of a cliamine component and a dicarboxylic acid component in a batchwise reaction
tank equipped with a partial condenser in the absg#jcg @ff& solvent, the diamine component comprising
70 mol% or more of a xylylenediamine which comprises 20 mol% or more of p-xylylenediamine,
10wherein the method comprises the following steps (1) to (3): (1) a step of charging the dicarboxylic
acid compopeniapteshEergasiipm tfek and increasing an inner pressure of the reaction tank to 0.2
MPaG or higher; (2) a step of adding the diamine component to the dicarboxylic acid component
continuously or intermittently until a molar ratio (3/A) of the diamine component 15 (B) to the charged

dicarbaxylic acid compaonent{Aydedahesl Q@A g\paileanaidéayife e el Rrassuse odiheneaction
tank at 0.2 MPaG or higher and maintaining a whole reaction system.in fluid state; and (3) a step of
reducing thEQRISPISTEEN T8 TRRKHBA P54 FSRETRER 15 2 MK HTAT 8 Pt Nt the molar

ratio (3/A) addhépghiednine lcanppenentdB)den2eitha chargeskdieadiexytitvaait] cbengrenani€A) is within a
range of 0.60,10.0,98, while maiaimpg e wiicle deaciansysiem i fud:s'ale and addin o,
diamine compoﬁent {}) the d?C&I’bO%(yHC acl 0componen Sontinuous y or ntermi %entFy.rﬁgﬁ. Ré method
according toncibierpt mvrerefrpaxteiniseredinendhe, vapor side outlet of the partial condenser is kept in

the stgp (2) and the,sien.(3) ahd 92,681 GHRRILBINASANABIAI & dBWRIY phwater 0 &

temperature 5 C higher than the dew point. 303. The method according to claim 1, wherein the inner

pressure of tHer 6606 thargens Ghmiiaarhpry He skt srorrepiaMPabrirenetinag ok and

increasing an inner pressure of the reaction tank to 0.2 MPaG or higher;

(2) a step of adding the diamine component to the dicarboxylic acid component

continuously or intermittently until a molar ratio (B/A) of the diamine component
15  (B) to the charged dicarboxylic acid component (A) reaches 0.60, while

maintaining the inner pressure of the reaction tank at 0.2 MPaG or higher and

maintaining a whole reaction system in fluid state; and

(3) a step of reducing the inner pressure of the reaction tank to less than 0.2

MPaG during the time that the molar ratio (B/A) of the diamine component (B) to
20  the charged dicarboxylic acid component (A) is within a range of 0.60 to 0.95,

while maintaining the whole reaction system in fluid state and adding the

diamine component to the dicarboxylic acid component continuously or

intermittently.

25 2. The method according to claim 1, wherein a temperature of a vapor-
side outlet of the partial condenser is kept in the step (2) and the step (3) at
155 °C or lower within a range from a dew point of water to a temperature 5 °C

higher than the dew point.

30 3. The method according to claim 1, wherein the inner pressure of the

reaction tank is regulated within a range of 0.2 to 0.4 MPaG in the step (2).
4. The method according to claim 1, wherein the inner pressure of the
reaction tank is reduced to 0.1 MPaG or lower in the step (3).

35
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4. The method according to claim 1, wherein the inner pressure of the reaction tank is reduced to 0.1
MPaG or lower in the step (3). 35 5. The method according to claim 1, wherein the pressure is
kept constant after increasing the inner pressure of the reaction tank to 0.2 MPaG or higher in the step
(1) until the pressure is reduced in the step (3). 56. The method according to claim 1, wherein the

dicarboxylic acid cogpongpt AAMRRSES AT 01 L AURIE B dreLig Deheg,gecording to
claim 1, wherein the xylylenediamine consisting of two components of m-xylylenediamine and
p-xylylenedf@mitant after increasing the inner pressure of the reaction tank to 0.2 MPaG or

higher in the step (1) until the pressure is reduced in the step (3).

5 6. The method according to claim 1, wherein the dicarboxylic acid

component comprises 70 mol% or more of adipic acid.

7. The method according to claim 1, wherein the xylylenediamine

consisting of two components of m-xylylenediamine and p-xylylenediamine.
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