1 . PROCESS FOR PREPARI NG AROVATI C POLYAM DES BACK ;5%2'1
THE |'NVENTI ON 1. Field of the Invention 5 The present invention
relates to a process for preparing aromati ¢ potyam des. Mre .
specifically, the i nvention relates to a process for economcally and
efficiently preparing aromati c pol yam des. 2. Prior Art 10

Al'i phatic pol yam des (nylons) such as nylon 6, nylon 66 and nyl on 610
have heretofore been w dely used as engi neering plastics in various
fields. The aliphatic pol yam des can be fiavorably nol ded but have | ow
gl ass transition tenperatures (e.g., nyl on 66 has a glass 15 transition
tenperature of generally ﬁﬁ%% ficient
heat resisting property. ﬂﬁ@é‘ﬁs?opc% or der ]io soi veﬁh)églgghgﬁggﬁ% t he

pr esent i nventors have pr oposed an aromati c pol yam de i ncl udi ng (a)
a di carboxylic asad HE { INVENTIGN Nng 60 to 20 100 nol % of a

conponent unit dﬁr'¥§g1§f8f1éhééi£$%Hé%ﬁﬂf> acid, and 0 to 40 nol % of a
ve

conponent unit_ deri rom an . aronmtic dlcarboxyllc acid other than
terephthalic &cid, hg pres§nt LOMRIUMAR Afatsfei &dPEPGRPENTSF kY| ene
di am ne, thepaepantng pooyavi depdiyamigien | Movenspeciifscedilyy fherr]]

25 of fromO0.5 tqn%eﬂt%ﬁgréﬁaasé%%g prbddis G RldndhE¢ally aHKfUri C
acid at 30[err]CeSF%écéﬁa nese nexan1ned Pat ent ,Puallcatlon (Kokai )

No. 53536/1984) a?Bﬁ%"t“Ftng ar A RAIYaNAASTit excel | ent heat
resi sting properfy &mwdor Artechani cal properties, but have high nelting

‘points. Wen 130 they anepRaeparsspari nmﬂbﬂshe dafizlsd egabnet hagish

preparing aliphatec gl yam deg) o NSl &ML fac d A% &MU Wdely used as
engineering plastics in various fields. The aliphatic
polyamides can be favorably molded but have low glass

transition temperatures (e.g., nylon 66 has a glass

15 transition temperature of generally about 60°'C) and,
hence, exhibit insufficient heat resisting property.

In order to sclve these problems, the present

inventors have proposed an aromatic polyamide including
(a) a dicarboxylic acid component unit comprising 60 to

20 100 mol% of a component unit derived from a terephthalic
acid, and 0 to 40 mol% of a component unit derived from an
aromatic dicarboxylic acid other than terephthalic acid,
and (b) a cbmpbnent unit derived from an alkylene diamine,
the aromatic polyamide having an intrinsic viscosity [7]

25 of from 0.5 to 3.0 dl/g as measured in the concentrated
sulfuric acid at 30°C (see Japanese Unexamined Patent
Publication (Kokai) No. 53536/1984). The above aromatic
polyamides exhibit excellent heat resisting property and
mechanical properties, but have high melting points. When

30 they are prepared according to the traditional method of
preparing aliphatic polyamides, therefore, the aromatic
polyamide is, in some cases, decomposed in the step of
production, and the hue of the aromatic polyamide is
lowered.

35 In order to prepare the aromatic polyamides,



poF?anﬁde I's, in sone cases, deconposed in the step of production, and
‘the hue of the aronmatic polyamde is | owered. 35 In order to
prepare the aromatic pol yam des, : -

2 therefore, the present inventors have proposed a nethod

according to which a polyam de having a | ow nolecular  weight _

(I ow-degree polyamde) is, first, prepared froma di carboxylic acid and
a diam ne and, then, the | owdegree 5 polyam de (the pol yam de obtai ned by
t he pol yneri zation with ['ow polynerization degree) is further

pol ynmeri zed so that the resulting polydm de possess a desired nol ecul ar
wei ght (see JaEanese Unexam ned Patent Publication (Kokai) No.

196625/ 1988) . tperefore; nthe geresentsinumntors hawel sroaegedea pettkad de so
that the resul abogrdbhyatd dehpets s€ ol OeEsid edviibbeaullaw moledeiHht ,
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| ow degree conHefiEPPEHL1s #FHRRD (@ KEFHEGUARdebtBPRedths 19-degree
condensati o wpehytmide (therpehsatidm alegriee)l] by shei fobyasei potioter i zed
in vacuum Qithnléwcﬁé{zﬁ%riEﬁifﬁﬁ‘ﬁﬂBréEQlHQWQQrQMeLhﬁggiﬁ%ﬁized so

pol yneri zati on the present i1nventaqrs scovered the

ver, , )
20 fact that eEBEEiEP?erWHiﬁiﬁseﬁ %9?mﬁ?ﬁ§ﬁ?&ea09ﬁﬁéf?@mﬁPlécu¥Pr_
terephthal i ¢ awpdgbbnmbeeeniapanese Uneommtines @atenpoReblicaticti (Rdlesi)ved
froma cyclic gthcatbexsysjtoggy d. the follow ng problemoccurs in the

i d- . nely, th roblemis that a | ow degree
solid phasio pOI¥HEg£ g%'éﬁ'pé*@meﬁ&ze t eplow—degree polyamide sog

that the resulting polyamide possess a desired molecular
weight, furthermore, Japanese Unexamined Patent
Publications (Kokai) Nos. 228693/1995 and 311198/1996
disclose methods in which a solid low-degree condensation

15 product (the product obtained by the condensation with low
condensation degree) is solid-phase polymerized in vacuum
or in a carrier gas stream, followed by the melt
polymerization.

However, the present inventors have discovered the

20 fact that especially when an aromatic polyamide containing
a terephthalic acid component further contains a component
unit derived from a cyclic dicarboxylic acid, the
following problem occurs in the solid-phase
polymerization. Namely, the problem is that a low~degree

25 condensation product give agglomerates probably due to the
water of condensation formed during the solid-phase
polymerization, and according to the conventional
preparation method, therefore, the solid-phase
polymerization does not efficiently proceed. It has

30 therefore been urged to provide a method capable of more
efficiently preparing an aromatic polyamide containing a
cyclic dicarboxylic acid component unit. The solid-phase
polymerization does not efficiently proceed, either, when
the aromatic polyamide contains a component unit derived

35 from a long-chain diamine having 4 to 25 carbon atoms. It



25 condensati on product give aggl onerates probably due to the wat er of
. condensation forned during the solid-phase pol ynmeri zation, and
according to the conventi onal preparation hethod, therefore, the

sol i d- phase pol ymeri zati on does not efficiently proceed. It has 30

t herefore been urged to provide a nmethod capable of nore efficiently
preparing an aromati c pol yam de containing a cyclic dicarboxylic acid
conponent unit. The solid-phase polynerization does not efficiently
proceed, either, when the aromati c polyyam de contains a conmponent unit
derived 35 froma | ong-chain di am ne haV|Rg 4 to 25 carbon atonms. It

3 has therefore been urged to provide a method capable of

efficiently ph&fariheg etfﬁeea%SﬁﬁtilEg%I%rﬁlifééld&)tﬂ getbAg carabie of
conmponent uni tefficisdWikRYrepafify| théENTtdddtic polydhddpsesentalmirgntion is

to solve the ghpye obl enms inherent in the prior art, and its
object is to ?1gblgkb89§ggh%%9%hlch I s capabl e of snoothly conductlng

t he sol i d- phase B LN preventing the nelt- adhesion of a
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acid
10 of preparing an aromatic polyamide through the step of

solid-phase polymerization.

According to the present invention, there is provided
a process for preparing an aromatic polyamide which
comprises:

15 (A) a dicarboxylic acid component unit comprising 30 to
100 mol% of a terephthalic acid component unit, and, as
required, 0 to 70 mol% of a cyclic dicarboxylic acid
component unit other than the terephthalic acid and, as
required, 0 to 15 mol% of an aliphatic dicarboxylic acid

20 having 7 to 20 carbon atoms; and
(B) a diamine unit comprising 50 to 100 mol% of a
component unit derived from an aliphatic alkylene diamine
having 4 to 25 carbon atoms, and 0 to 50 mol% of a
component unit derived from an alicyclic diamine having 3

25 to 25 carbon atoms; said process comprising:

a step (i) of preparing a solid low-degree condensation
product having an intrinsic viscosity [n]1: of from 0.05
to 0.2 dl/g by the polycondensation reaction of the
dicarboxylic acid with the diamine;

30 a step (ii) of solid-phase polymerizing said low-degree
condensation product at a temperature of not higher than
195°C to prepare a solid-phase polymerized product having
an intrinsic viscosity [n]; satisfying the following
relationship [I],

35 [{nly - [n], = 0.02 to 0.1 dL/g ——= [I]



conponent unit other than the terephthalic acid and, as required, 0 to
.15 nol % of an aliphatic dicarboxylic acid 20 having 7 to 20 carbon atons;
and (B) a diamne unit conprising 50 to 100 nol % of a conmponent
unit derived froman aliphatic al kyl ene di am ne having 4 to 25 carbon
atonms, and 0 to 50 nol % of a conmponent unit derived froman alicyclic
di am ne having 3 25 to 25 carbon atons; said process conprising: a step
(i) of preparing a solid | ow degree condensation product havi ng an
intrinsic viscosity [[err]] of from 0.05 to 0.2 dl/g by the

pol ycondensati on reaction of the di car%oxyl ic acid wwth the diamne; 30
a step (ii) of solid-phase polynerizing said | ow degree condensati on
product at a 't ‘erature of not higher than 195[err]C to prepare a

sol i d- phase poiystep zEd ijr efucurikherngolid-phasatpegier idisgosatid
[[err]][err] Sﬁélfﬁ Hﬁbé|ﬁ%l§ﬁb&@%bagprodué€l@5'65E3hﬂé[éd ardmatic
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an intrinsic viscostd feHd r’fels]eh@.r E.hv@fxtf.bﬁm Bylxﬁelé-pdl%lerllzqh@g (8edpa

ratio [[err]][ [ err err Ln the present
i nventi on, ﬁéY / Pgﬁlg n? t%ﬁf&xﬁﬁﬁﬁ% d&Mobt ai ned in
the step (| | i )arqr\atlc :mlamrlrd@ betfyam g0 whrgsvem Vimadsidive Vi $cooift y

[[err]][err] ofrom 0fgaB 2.8 K /& 2adl b8 6BPabge@bt ai ned. 10 In the

above-nentiened St?ﬁn(éﬂé)abd%%r&Q%EEBESa spep (iii), furthermore, the

solid-phase polymerization may be conducted at a
temperature of from 205 to 280°C.

According to the present invention, a particle layer
is formed by using the solid low-degree condensation
15 product obtained in the step (i), an inert gas is supplied
at a position 0 to 0.8 times as high as the height h of
the particle layer at a rate of from 0.1 to 10 Nm3/hr per
kilogram of the low-degree condensation product and at the
same time, the solid-phase polymerization in the step (ii)
20 can be carried out at a temperature of not higher than
195°C to prepare a solid-phase polymerized product having
an intrinsic viscosity [7n 1, satisfying the above-
mentioned relationship [I].
According to the present invention, furthermore, a
25 particle layer is formed by using the solid-phase polymer
obtained in the step (ii), an inert gas is supplied at a
position 0 to 0.8 times as high as the height h of the
particle layer at a rate of from 0.1 to 10 Nm3/hr per
kilogram of the solid-phase polymerized product and at the
30 same time, the further solid-phase polymerization in the
step (iii) can be carried out to prepare an aromatic
polyamide having an intrinsic viscosity [n]3 of from 0.15
to 1.1 dl/g.
In the present invention, the solid-phase
35 polymerizations in the steps (ii) and (iii) may be both



sol i d-phase pol yneri zation may be conducted at a tenperature of from
.205 to 280[err]C According to the present invention, a particle
| ayer is formed by using the solid | ow degree condensation 15 product
obtained in the step (i), an inert gas is supplied at a position O to
0.8 tinmes as high as the height h of the particle layer at a rate of
from0.1 to 10 NnB/ hr per kil ogram of the | ow degree condensati on
product and at the sanme time, the solid-phase polynerization in the
step (ii) 20 can be carried out at a tenpegature of not higher than
195[err]C to prepare a solid-phase polynmerized product having an
intrinsic viscosity [[err]][err] satisfying the above- nment i oned
rel ati onshi p [Fprducted batcppsedvh@r GO YPESLHr PRVERY| BR, CPRAYHeR %D €,
a 25 particl e bagehwiseIypramsil dpntisivegsillye imokoabphastonpol yner obt ai ned
in the step (ii), ap,i 'Sl 114 kL tinmes
as high as the hei g%%éu&ﬁéd%&g%? tlilgdgﬁ%ggegoéyﬂgl??%tég?%'? r?p%l%. 1lto
10 Nnferr]/hr lk‘l?ﬁﬁeﬁﬁ%ﬁ)1ﬂ%§°§9ﬁpﬁ-ﬁﬁa§ epBFFAERF ATVt and
at the 30 saneiti he,dedbrdédirthedy asdlowtdelyrse pohyepsakithoproducthecf an step
(iii) can be catbhmgeioUbol [RPAEL RMtANRBRELG suppRPbdafbds PEYisY an
intrinsic VISCO@It¥ %ﬁerr %%rr of fromO0.15 ., tg % 1 d#%g. Cen In
the present i nYBRFFoh:S (FRIEGIHHRSSH RS YBETAGATASR 24t FBRsSFRPt Mt stdDs (i)
and (iii) my pen@eched and a polyamide that is obtained is continudusly
conduct ed bat CRW&SRLYqEA £ INUUSIoh wWiler@¥nle s62RdUshede bat chwi sel y
and contln#§u3I¥ I n conblnathPth Ln.%onductlgg Ehg sol i d- phase
pol yreri za onP ﬁypﬁglzatlon o e step (ili) is condtcted.

RIEF DESCRIPTION OF THE DRAWIN

Fig. 1 is a cross-sectional side view of a solid-

phase polymerization reaction vessel employed in a process
for preparing an aromatic polyamide according to an

15 embodiment of the present invention, showing a supplying
position and a method for supplying inert gas.

DETATLED DESCRIPTION OF THE ION
A process for preparing an aromatic polyamide
according to the present invention will now be concretely

20 described.

[Preparation 6f a low-degree condensation product of an
aromatic polyamide]

The present invention, first, prepares a low-degree
condensation product of an aromatic polyamide comprising a

25 component unit derived from a dicarboxylic acid and a
component unit derived from a diamine.
<Low-degree condensation product of an aromatic polyamide>

The low-degree condensation product of an aromatic
polyamide includes:

30 (Aa) a dicarboxylic acid component unit comprising 30 to
100 mol% of a terephthalic acid component unit, and, as
required, 0 to 70 mol% of a cyclic dicarboxylic acid
component unit other than the terephthalic acid and, as
required, 0 to 15 mol% of an aliphatic dicarboxylic acid

35 having 7 to 20 carbon atoms; and



steps(ii) and (iii) according to the present invention, 5 it is desired

.that. a | ow degree condensati on product of an aromati c polyamde is
continuously supplied to a region where the solid-phase pol ynerization
of the step (ii) is conducted and a polyam de that is obtained is

conti nuously di scharged froma regi on where the solid-phase 10

pol yneri zation of the step (iii) is conducted. BRI EF DESCRI PTI ON OF THE
DRAW NG Fi.g. 1 is a cross-sectional side view of a solid- phase

pol ynmeri zation reaction vessel enployed in_a process for preparing an
aromati c pol yam de according to an 15 enboéi ment of the present invention,
showi ng a suppl yi ng position and a nmethod for supplying inert gas.

DETAI LED DESCRF%”I’I O il empime NENTIQoEPrising 58 ﬁPoEBQSm‘Pg% F ébaring an
aromati ¢ pol yasomsonentaconi i derived frodu esealipheenti abkyl éhe nidanbine

concretel y 20 gesgihbed, 25 Oz{é?:‘k?d?? afédn&” %da ! ‘EWL 869h6$s Copdensati on

product of an aromat 1 ¢, pol yam de resent |[nvention, first,

prepares a | onFfBgrRent unilo RREHSART FFH (?ﬂ‘uétllﬁﬁ’c ACafbAmRiTe %‘f’ﬂﬂnz’de
conpri sing a 26oc2bhpoendmdn uidmsleri ved from a dicarboxylic acid and a

conponent unit de“'ﬂ?ﬂsfi &e&éé“dlﬁxdensati'oﬁwp%%@é‘ §BE§@<@§§M on product
of an aromati c “ganld [ ow e e con%eni i# roduct of an
aromatic poFgﬁ Hkﬁ$rﬁﬁ%ﬁk¥¥h¥ﬁ? R%»ex3¥ e B¥xyhecta onent unit

conpri sing 30 formulalpD] ntdhsifitutest dphtehaiompoaentt uvoipofent] udetiveshd,
as requiredrof éotéﬁbéyihéfﬁcfkéaﬁﬂdda‘H %%hb%ﬁéhtcuﬁﬁtd[b] d&oipepent

unit other @haEEthe ter hallg aci d ﬁﬁw?nﬁb426°c§§b8ﬁr§?ﬁn%té§555 nol % of

an al i phat 8?b%§y? %
—c@—c—m—m—m—— (1]
I

I
15 | o 0

. wherein R! is an alkylene group having 4 to 25 carbon
atoms in the component unit derived from the
aliphatic alkylene diamine.

20 The dicarboxylic acid component units in the low-
degree condensation product need not all be the recurring
unit expressed by the above-mentioned formula [1l]1 but may
contain a component unit [a-2] in which part of the
component unit [a-1] derived from the terephthalic acid is

25 derived from a cyclic dicarboxylic acid other than the
terephthalic acid.

Here, the cyclic dicarboxylic acid means a
dicarboxylic acid having an aromatic ring skeleton or an
alicyclic skeleton. In the present invention, a

30 dicarboxylic acid having an aromatic ring skeleton is
preferable.

Examples of the cyclic dicarboxylic acid other than
the terephthalic acid include isophthalic acid, 2-
methylterephthalic acid, naphthalenedicarboxylic acid,

35 diphenoxyethanedicarboxylic acid, cyclohexanedicarboxylic



6 ~ (B) adiamne unit conprising 50 to 100 nol % of a conponent
.unit. derived froman aliphatic al kylene di am ne ~having 4 to 25 carbon
atons, and 0 to 50 nol % of a conponent unit derived froman alicyclic
di am ne having 3 5 to 25 carbon atons. Thi s | ow degree condensati on
product includes a recurring unit, which is expressed by the foll ow ng
formula [1], constituted by a conponent unit [a-1] derived froma
terephthalic acid and a conponent unit [b] derived 10 from an al kyl ene

di am ne having 4 to 25 carbon atons, 7 [err] 15

wherein R err] is an al kyl ene group having 4 to 25 carbon atons in

the conponent unjt derjved fromthe , al i phatic .,al kyl ene di am ne. 20
The dicarboxyl???éﬂﬂﬁ?ix%ﬁéiﬁ@ OBﬁPanFﬂ1$?EP?¥£ilC ac&ggreggeﬁﬁdensation
product need noémpdrertie whésr eayr bengncluded tireepragddgayyonhef two or
above-nmenti ongg,foryss [ 1] but may contain a conponent unit [a-2] in

whi ch part of the C onent uni.t [a-1] derived.frqmthe terephthalic
acid is 25 derived ¥t o‘?ﬁ%%féﬁf‘ Rl PBb&’S’M i SR %ﬁﬁé’rgﬁﬁﬁﬁet he
terephthal i 2 acdmidensation paeductt hacéypdes cthi ceontmmngnitc uaditd [aedhs a
dlkc?r ?OXW : c fﬁéﬂi\héa“ﬂ.:}mﬁ% %&t%!f[&t:' aieaggﬁﬁyﬂ@témlanotm_rd tﬁah! gnelic

skel eton. I n the present. invention, .a i carhoxyli.c aci avi pg . an
Sromat i ring SEEfaald BAX 28 i3 480 £hER  ARNY ot SomppRYREduall

di carboxyl i c at$d Rareicullzaly, theheneedephved| fromding ilsophgbalsepht halic
acid, 2- ngéhyl t erephthal i c acid, naphthal enedi carboxylic acid, 35

di phenoxyet hanedi capbaxyll L 136 G tLe! QBRXANEN S BROHI S includes the
component unit derived from the isophthalic acid as a
component unit derived from the cyclic dicarboxylic acid
other than the terephthalic acid, the aromatic polyamide
obtained according to the present invention includes a

15 recurring unit represented by the following formula [2],

—C C —NH—R!—NH — (2]

| I
o] O
20
wherein R! is an alkylene group having 4 to 25 carbon
atoms in the component unit derived from the
aliphatic alkylene diamine.
In the present invention, the low-degree condensation
25 product may include a component unit [a-3] derived from an
aliphatic dicarboxylic acid having 7 to 20 carbon atoms in
addition to the terephthalic acid and as required, the
cyclic dicarboxylic acid other than the terephthalic acid.
As the aliphatic dicarboxylic acid having 7 to 20 carbon
30 atoms, there can be exemplified an azelaic acid, a sebacic
acid and the like acids. The sebacic acid is particularly
preferred as the component unit.
When the low-degree condensation product includes the
component unit derived from the aliphatic dicarboxylic
35 acid having 7 to 20 carbon atoms, the aromatic polyamide



7 Tacid, and 1, 3-cycl opent anedi carboxylic acid. These conponent units
. may be included in a conbination of two or nor e Ki nds. In the
present invention, when the | ow degree 5 condensation product includes the
conponent unit [a-2] derived froma cyclic dicarboxylic acid other than
t he terephthalic acid, it is desired that this conponent unit IS,
particularly, the one derived fromthe isophthalic acid. 10 When

t he | ow degree condensati on product includes the conponent unit derived
fromthe isophthalic acid as a conponeng unit derived fromthe cyclic

di car boxylic acid other than the terephthalic acid, the aromatic

pol yam de obt ai ned acc02%§p to the present inventjon jncludes a 15
recurring unitg?EiﬁQQQHﬁ?ﬁf nghéofGgﬁanﬁﬁe?BrﬁﬁYﬁpfﬁﬁ? LIS o
[err] 20 recurriteruiit Repmelsensednbml ke efiel howimo heormgad [13d ,25
car bon atons in the conponent unit derived fromthe

owt degr ee condensat | ont 38%rodicr fRy MErbde & SBbanent GATt Th. 3

derived frob an al i phatic dicarboxylic acid having 7 to 20 carbon atons

I'n wherein Rl is as defined above, and R2 is an alkylene
group having 5 to 18 carbon atoms in the component

unit derived from the aliphatic dicarboxylic acid.

When the aromatic polyamide obtained by the present

10 invention includes a unit (the above [3]) of an aliphatic
dicarboxylic acid having 7 to 20 carbon atoms, it is
desired that this unit is included as the third component
together with a unit of terephthalic acid and a unit of a
cyclic dicarboxylic acid other than terephthalic acid.

15 As the above-mentioned low-degree condensation
product of an aromatic polyamide, there can be considered
the following combinations:

(1) TA/IA//HMDA
(2) TA/IA/SA//HMDA

20 (3) TA/ /HMDA /MPMDA

where TA stands for a terephthalic acid, IA stands

for an isophthalic acid, SA stands for a sebacic

acid, HMDA stands for a hexamethylene diamine (1,6-

diaminohexane), and MPMDA stands for a 2-

25 methylpentamethylene diamine (1,5-diamino-2-

methylpentane) .

The component unit derived from the aliphatic
alkylene diamine is derived from an aliphatic alkylene
diamine having 4 to 25 carbon atoms and, preferably, 6 to

30 18 carbon atoms. The aliphatic alkylene diamine may be
either a straight-chain alkylene diamine or a branched-
chain alkylene diamine.

Concrete examples of the alkylene diamine include
straight-chain alkylene diamines such as 1,4-

35 diaminobutane, 1,5-diaminopentane, 1, 6-diaminohexane, 1,7~



addition to the terephthalic acid and as required, the cyclic

. di.carboxylic acid other than the terephthalic acid. As the aliphatic
di carboxylic acid having 7 to 20 carbon 30 atons, there can be exenplified
an azelaic acid, a sebacic acid and the |like acids. The sebacic acid is
particularly preferred as the conponent unit. When t he
| ow- degree condensati on product includes the conponent unit derived
fromthe aliphatic dicarboxylic 35 acid having 7 to 20 carbon atons, the
aromati c pol yam de 9 8
obt ai ned according to the present invention I ncl udes a recurring unit
represented by_the followng formyla [ [-CO -Rerr] -Co

-NH Rlerr] _Pglﬁmlnoheptane, 1,8-d 1ap3?oostane, 1, 9yfigminp OIS i s as
defi ned above 1ﬁﬂﬁ*d¥&mrmddecahbylmnm1 diaminogidéeamayiagl 5 ,t12-18 car bon

atoms in the Yf¥odecane ;. aHA! f;rgﬁé ¥8d ﬂéPH‘ Ehéﬁ x}]é’*lﬁtén&r@sc%yéﬁxy' e

aci d. (S ar OI'TB.t I C tal ne resent

i nvention i nclatﬁjés"la inorfe aﬂbW@tPE l?uB?n%n R 24i car boxyl i c
aci d havi np 7 necioarapen 4t drsiaminosl-ethigtbueang hat, 4+dJ$numd—l| 2-

i ncl uded as ”&:&é‘ﬂﬂﬁb@&%‘éﬂe&t 4- dlsﬁﬂﬁ&bfrﬂ\ame &té}{etqr grhthal ic
acid and a uni _ cyc I C a han terephthalic
acid. 15 é%?qﬁﬂ?aﬂj gﬁBBaF8MFée6 é%@% tion product of
an aronmatic pxﬂamnﬂhkibuﬂaaee dah deammneraemedhylpemmaﬁemIIwﬁ%ﬂjamino—
conbi nations: j_pytylethane,(d), 6-80akMbEDethylhexane, 1,6-diamino-

10 2,5-dimethylhexane, 1,6-diamino-2,4-dimethylhexane, 1,6-
diamino-3, 3-dimethylhexane, 1,6-diamino-2,2-
dimethylhexane, 1,6-diamino-2,2,4-trimethylhexane, 1,6-
diamino-2, 4, 4-trimethylhexane, 1,7-diamino-2-
methylheptane, 1,7-diamino-2,4-dimethylheptane, 1,7-

15 diamino-2,3-dimethylheptane, 1,7-diamino-2,4-
dimethylheptane, 1,7-diamino-2,5-dimethylheptane, 1,7-
diamino-2,2-dimethylheptane, 1,8-diamino-2-methyloctane,
1,8-diamino-1,3-dimethyloctane, 1,8-diamino-1,4-
dimethyloctane, 1,8-diamino-2,4-dimethyloctane, 1,8-

20 diamino-3,4-dimethyloctane, 1,8-diamino-4,5-
dimethyloctane, 1,8-diamino-2,2-dimethyloctane, 1, 8-
diamino-3, 3-dimethyloctane, 1,8-diamino-4,4-
dimethyloctane, 1,6-diamino-2,4-diethylhexane, and 1,9-
diamino-5-methylnonane.

25 In the present invention, the diamine component unit
(b) in the low-degree condensation product is preferably
derived from a straight-chain alkylene diamine among those
of the straight-chain alkylene diamines and the branched-
chain alkylene diamines and, particularly, derived from a

30 straight-chain alkylene diamine such as 1, 6-diaminohexane,
1,8-diaminooctane, 1l.9-diaminononane, 1,10-diaminodecane,
and 1,12-diaminododecane. These straight-chain alkylene
diamines may be used in a single kind or in combination.
Or, the straight-chain alkylene diamine may be used in

35 combination with the branched-chain alkylene diamine.



(2) TA I A SA/HVDA 20 (3) TA// HVDA/ MPNDA where TA
.stands for a terephthalic acid, |IA stands for an isophthalic acid,
SA stands for a sebacic ' acid, HVDA stands for a hexanet hyl ene
diam ne (1, 6- di am nohexane), and MPMDA stands for a 2- 25

met hyl pent anet hyl ene di am ne (1, 5-di am no- 2- met hyl pent ane) .

The conponent unit derived fromthe aliphatic, al kyl ene diamne is
derived froman aliphatic al kyl ene di am ne having 4 to 25 carbon atons
and, preferably, 6 to 30 18 carbon atons. ,khe aliphatic al kyl ene di am ne
may be either a strai ght chai n al kyl ene di am ne or a branched-

chai n al kyl ene di ani_ne. Concrete exanpl es o t he al kyl ene di am ne
i ncl ude strai grﬁhecr‘liéﬁ‘i“lé’l%ﬂ%‘ﬁé’nﬁpénilﬁ& éﬂcﬁhﬁs 21"g €

di am nobut ane, cdndentaniaro pewiduee, mby6idcdndeohbeanenpdnént unit [b-2]

9 di am nohgpt Aney f1rc§n HRMAG! ‘&gfcéec% diafi HLaBLEPEOR e component

1, 10-di am nodecane 11-di am no ane, am nododecane; and

br anched- chai nuré’rtkquérile] dar%”rhvﬁés B the’ QQnICMCé?'ﬁn?HP% til‘ijl%Lé?yHﬁnﬁut ane,
1, 4- di am no5 2-damgichydbnvteane, 1, 4- d| am no- 1- et hyl but ane, 1, 4-di am no-1, 2-

gi”Ethy|?UZage 3 4m&E§HB ﬁbﬁ% %hﬁ%taﬁngEanEroﬂ fhe allc¥c11c diamine
i am no- i e u i.am n

i o no- 9 TR SR Terom it S1ATMEYSE i amiph: Bt b €0 25 carbon
1, 6- di am no- 2-aethy | drekanefprdivaniéneo 18 c@rbedi aktthy) hendrsving at

1, 6- di am no- 2, fe&gimgﬁa”éﬁﬁﬁy%ilclh@droca@b@ﬂ‘99n§ 3- dhietdvd hexaRfes
1, 6-di am nfo

f the alicyclic diamine include 1, 3-diaminocyclohexane,
1l,4-diaminocyclohexane, 1,3-bis(aminomethyl)cyclohexane,
1,4-bis(aminomethyl)cyclohexane, isophorone diamine,
piperadine, 2,5-dimethyl piperadine, bis(4-
aminocyclohexyl)methane, bis(4-aminocyclohexyl)propane,

15 4,4’-diamino-3,3’~dimethyldicyclohexyl propane, 4,4'-
diamino-3, 3’ -dimethyldicyclohexylmethane, 4,4’-diamino-
3,3'-dimethyl-5,5'-dimethyldicyclohexylmethane, 4,4'-
diamino-3,3'-dimethyl-5,5’-dimethyldicyclohexylpropane,

@, @ ’'-bis(4-aminocyclohexyl)-p-diisopropylbenzene, ¢, a’'-

20 Dbis(4-aminocyclohexyl)-m-diisopropylbenzene, «, a ’-bis(4-
aminocyclohexyl)-1,4-cyclohexane, «, a'-bis(4-
aminocyclohexyl) -1, 3-cyclohexane, and the like.

Among these alicyclic diamines, the present invention
preferably uses 1,3-bis(aminomethyl)cyclohexane, bis(4-

25 aminocyclohexyl)methane, 1,3-bis(aminocyclohexyl)}methane,
1,3-bis(aminomethyl)cyclohexane, 4,4’-diamino-3,3'-
dimethyldicyclohexylmethane, or the like and,
particularly, bis(4-aminocyclohexyl)methane, 1,3-
bis (aminocyclohexyl)methane or 1,3-

30 bis({aminomethyl)cyclohexane. These alicyclic diamines may
be used in a single kind or in combination.

According to the present invention, it is desired
that the content of the component unit [a-1] derived from
the terephthalic acid in the whole dicarboxylic acid

35 component units (100 mol%) constituting the low-degree



di met hyl hexane, 1, 6-di am no-2, 2, 4-trinethyl hexane, 1, 6-

. di.am no- 2, 4, 4-tri net hyl hexane, 1, 7-di am no- 2- nmet hyl hept ane,

1, 7-di am no- 2, 4- dj et hyl heptane, 1,7- 15 di am no-2, 3-di net hyl hept ane,

1, 7-di am no- 2, 4- di met hyl hept ane; 1, 7-di am no- 2, 5- di et hyl heptiane, 1, 7-
di am no- 2, 2- di net hyl hept ane, 1, 8-di am no- 2- net hyl oct ane,

1, 8-di am no- 1, 3-di net hyl oct ane, 1, 8-di am no-1, 4- di net hyl oct ane,

1, 8-di am no- 2, 4-di net hyl oct ane, 1,8- 20 di am no- 3, 4-di net hyl oct ane,

1, 8-di am no- 4, 5- di et hyl oct ane, 1,8-g£anino-2,2-dinethyloctane, 1, 8-
di am no- 3, 3-di net hyl oct ane, 1, 8-di am no-4,4- di et hyl oct ane,

1, 6-di am no- 2, 4-dj et hyl hexane,, and 1, 9- di am_no- 5- et hyl ngnane, 25
In the presentc‘?"fiiféﬁ%{:&ﬁf‘ PREMFEN 78 EEMpoterte dit% moq%'(éfe?ﬁr? ‘
| ow degr ee confiems &0 diw Blonod® asdprmdre aifgferablder ifrett ABohva7s

strai ght - chai Ky leike tHhieaBbABeARDHE RO SEompondit WA tStihabghie i@ d

al kyl ene di am%&gs 3__nd t he bragcged}-e . cha?l Iy %lt I en (l;lll frines and,
particul arly, ST &T‘ TCVS%\lg 02§ ?’%bﬁ?-c A a?yl ene di'am ne such as
1, 6- di ani nohexwerephthalicgagiidai h8ofreme?d to JHinphtomyesszably, from

1, 10- di am nodeg aie,60 mol1d&N@nd, lRocdE api-8pdesenanetrohh @s @ oSEhaing e - &Ha@) n

al kyl ene g’%]\?l:rglhne%s %*ﬁ%%ﬁi?gfwmao S#r%gé(g I&(Alqu orIni 3§%onbi nati on.

O, the strai chai Famne M e used im conbi nation with
t he branched-dﬁ%ﬁ&iqgheﬂlyh@rgﬁgﬁrﬁ@_embodlment, the component unit f[a-
10 The) di ardomtaG@@doRanbknugnbuh® dhefdtanv-deyy g8 molgondensati on

di anm ne besi e corfponén uni rive e non-cyclic
al i phatic al kyfegme 15 to 55 mol%.

Furthermore, the content of the component unit
derived from the aliphatic dicarboxylic acid having 7 to

Aroduct ey | ELUE S COIBANSH' kb kB1g] pardEhiied. LORELDERY ! ovCl i C

20 carbon atoms in the whole dicarboxylic acid component
15 units constituting the low-degree condensation product, is

from 0 to 15 mol%, preferably, from 0 to 12 mol% and, more

preferably, from 0 to 10 mol%. In the particularly

preferred embodiment, its content is from 0 mol%. In

another preferred embodiment, its content is from 1 to 10
20 mol%.

It is further desired that the content of the
component unit [b-1] derived from the non-cyclic aliphatic
alkylene diamine in the whole diamine component units (100
mol%) constituting the low-degree condensation product, is

25 from 50 to 100 mol%, preferably, from 60 to 100 mol% and,
more preferably, from 70 to 100 mol%, and the content of
the component unit [b-2] derived from the alicyclic
diamine is from 0 to 50 mol%, preferably, from 0 to 40
mol% and, more preferably, from 0 to 30 mol%.

30 <Polycondensation reaction of dicarboxylic acid with
diamine>

In the present invention, nearly one mol of the
diamine per one mol of the dicarboxylic acid are mixed
together, and are heated and are polycondensation-reacted

35 1in the presence of water and a phosphor compound, in order



5 di aimi ne above. The conponent unit derived fromthe alicyclic

. di.am ne I's derived froman alicyclic -diamne having 3 to 25 carbon
atons and, preferably, 6 to 18 carbon atonms, and having at | east one
alicyclic hydrocarbon ring. Concrete exanples 10 of the alicyclic diamne
i ncl ude 1, 3-di am nocycl ohexane, 1, 4- di am nocycl ohexane,

1, 3-bi s(am nonet hyl ) cycl ohexane, 1, 4- bi s(am nonet hyl ) cycl ohexane,
i sophor one di am ne, pi peradi ne, 2, 5-dinethyl piperadine, bis(4-

am nocycl ohexyl ) met hane, bis(4-am nocycl oli]_ xyl ) propane, 15
4,4' -di am no- 3, 3' - di net hyl di cycl ohexyl progane 4, 4" -

di am no- 3, 3' - dlnethyldlcyclohex | met hane, 4,4 - dlan1 no-

3, 3' - di net hyl - 5O5PTeRPIER Hy | kA &?@xﬁpﬁé?ﬁﬁﬁ'éloﬁ product of an

di am no- 3, 3' - daﬂemayiefbdiyahﬂaa:hymdsayclcbeayé@rhmﬁy&nc acid and a

[err]' -Dbis(4-agLpec &’i@ﬁéﬂ S p n rds: < .
bi s(4- an1nocyc|o£§x§f% ||sop?g%yl%gﬁge%ggegfgré?“%$%séiﬁafg%xyllc
ani nocycl ohexyP§1€1 GRRRTe, [err]' -bis (4-

ani nocycl ohéxyl ) - 1, Bs cyind qcb‘rmsq:ﬂmr otpbhed| | kkere can be vsmhg t hese
alicyclic di anbﬂ@§ héf’fc pé@ﬁmpﬂd%bﬁ%:bﬁg acidP' BY&FGPAYsiiRGDus acid,
1, 3- bi s(am none E %& %gexane bi's §1nhﬁﬁélﬁhexyl)nethane

1, 3- bls(an1noc§€ %? tHafs este cgmBPE? nf ?hyl ) cycl ohexane,
4, 4' -di am no- 3, 3' - Exampllextdfy|tdiec phlospbaybnthbiude potddmiunm ke and,
part|CU|ar|Y: Egéééhéﬁénqg%fuﬁh%%Wébﬂ%%gan@alélém phos hate, magne51um

bi s(am noc 5' o] net hane Orl{fss&PP?{?fgghgl Eg?’?l%?%ﬁ %31 %ﬁd oh e ??on. These

21;1;8?/31 Ing to thebpleSym:nSthlcﬂxannpﬂessoaeSheenhosphwm adtercont ent of
the conponent 4piiuhée- :ﬂét}gﬁi o, eth&'ﬂe Bséﬁmwaué‘oﬁ%&li n the
whol e di carboxyl fe g d 35, cdmottent units (180 7l%_ consfa titing the
| ow degr ee !

phosphate, octadecyl phosphate, decyl phosphate, stearyl

15 phosphate and phenyl phosphate. Examples of the phosphite
includes potassium phosphite, sodium phosphite, calcium
phosphite, magnesium phosphite, manganese phosphite,
nickel phosphite and cobalt phosphite. Examples of the
phosphorous ester include methyl phosphite, ethyl

20 phosphite, isopropyl phosphite, butyl phosphite, hexyl
phosphite, isodecyl phosphite, octadecyl phosphite, decyl
phosphite, stearyl phosphite and phenyl phosphite.
Examples of the hydrophosphite include potassium
hydrophosphite, sodium hydrophosphite, calcium

25 Thydrophosphite, vanadium hydrophosphite, magnesium
hydrophosphite, manganese hydrophosphite, nickel
hydrophosphite and cobalt hydrophosphite. These phosphor
compounds may be used in a single kind or in a
combination. .

30 It is desired that the phosphor compound is used at a
ratio of, usually, from 0.01 to 5 mol% and, preferably,
from 0.02 to 2 mol% with respect to the dicarboxylic acid.
It is desired that the water is used at a ratio of from 0
to 20% by weight with respect to the total amount of

35 dicarbgxylic acid, diamine and phosphor compound.



condensation product, is from30 to 100 nol % preferably, from40 to 80
.mol % and, nore preferably, from45 to 75 nmol % and the content of the
conmponent unit [a-2] derived fromthe cyclic dicarboxylic acid other
than the 5 terephthalic acid, is fromO to 70 nol % preferably, from 0
to 60 nol % and, nore preferably, fromO to 55 nol % and, further
preferably, fromO to 30 nol% In the particularly preferred

enbodi ment, the conmponent unit [a- 2] is contained in an anmount of from
1to 70 mol % 10 preferably, from10 to 69 nol % particularly preferably,
from15 to 55 nol % Furthernore, "The content of the corrponent uni t
derived fromthe aliphatic dicarboxyl aci d havi ngﬁ? to ., car bon

atons in the whol e t CASHEFRG §E‘Fd98i}?58?| fEsasl n’F?%c‘E:’d?%tqft g the
| ow degr ee condliereaddaxylipr adicdt wikh the fiamiflef oa hbommt2hbgnefier aldiy from

0 t? 12| rm: % a5 'mi]c'rﬁ)axnlneogb%@.EﬁbE}fe Eé%@a%?n&oaﬁgtllt@) In’ib.)}hfe added
particul arly referr cont.en

anot her prefer?® (fp dﬁE& if's OF 8?1?5?3“ EFithBﬁ]ﬁo?%ci’%’oz@(hrﬁ)quld1
It is further eesihedaieeminge isoatddat of aheamountgoppofeen Urtia J mold
deri ved from WA Gedbil CoakhRNALEGrboxyBLYASIE o AEhO R dndse, whol e

di am ne conponent |ts ( cons Ltutipg +he.l ow.degree
condensati on produgﬁ‘ §°n1drenﬁ1ng6/%‘ aki{o)s! Jr'r%?o/ogptf’% e?%%?fp ’%ﬁ)’?ﬁ 60 to .
100 nol % and, acid ri'@r'fé1 Grb@f iaplipe fisogprducbedooumprdldy artt tthe content of
the conponent Uélhﬁeﬁél:&]e &F ifreeh boomebheoat cCysl| Cprefe STy Nefridm f72om O

to 50 nol % ,pr (:;Téaqn.l fromOto o.an epref r,abl fromO
to 30 nol 0 0 €° ycon defs &S0 d48§(:t e (S)Haﬁo}/ydl gg?%oxy? i &° a%kbmﬁyst h
di am ne> and: IpreferanlasedromPedt fen3 hewrsy one nol of the

di am'hne pgr one rmlrmsél xté&c?ildhariléoéfé\lrhc@eacbdtaﬁﬁdé?cxﬂémal ﬁm@é ,oxand |
ar e eat e an € PAl ycon n tiLon-reacte nt resence 0O wat er an
a phosphor codm%%ﬁa %. 5% %apressure, 8s liy, ﬂowg ver, 1t

esired that the reaction is conducted under an elevated
15 pressure. In this case, the reaction pressure is,
usually, from 20 to 60 kg/cm?2 and, preferably, from 25 to
50 kg/cm2. It is further desired that the reaction is
conducted in an inert gas atmosphere.
_ Through the above-mentioned reaction, the
20 dicarboxylic acid and the diamine are polycondensed to
form a solid low-degree condensation product of an
aromatic polyamide. It is desired that the obtained solid
low~degree condensation product of an aromatic polyamide
exhibits an intrinsic viscosity [n]1 in the concentrated
25 sulfuric acid at 30°'C of from 0.05 to 0.2 dl/g,
preferably, from 0.08 to 0.2 dl/g and, more preferably,
from 0.12 to 0.2 dl/g. When the viscosity lies within
this range, the low-degree condensation product can be
easily taken out from the reaction vessel. Besides, the
30 low-degree condensation product little adheres to the
walls or to the discharge port, and does not deteriorate
the productivity. The viscosity lying within this range
is preferred particularly when the solid-phase
polymerization is continuously executed. In this case,
35 the solid-phase polymerization can be stably continued for



12 " to prepare a | ow degree condensation product of an aromatic
.pol yam de. A salt of dicarboxylic acid and a salt of diam ne nay be
used instead of the dicarboxylic acid and the diamne. 5 As the
phosphor conpound, there can be used phosphoric acid, phosphorous acid,
hydr ophosphor ous aci d, salt thereof or an ester conpound thereof.
Exanpl es of the phosphate include potassium phosphat e, sodi um phosphat e,
cal ci um phosphate, magnesi um 10 phosphate, nmanganese phosphate, nickel
phosphat e and cobalt phosphate. Exanphgs of the phosphoric ester

I ncl ude met hyl phosphate, ethyl phosphate, isopropyl phosphat e, butyl

phosphat e, hexyl phosphate, i,sqdecyl |, phosphat e, octadecyl phosphate,
decyl phosphai%é %%Rﬁﬂ%%a.P?rﬂﬁggﬁ%aFémﬁnd phenyl phosphate. Exanples of the
phosphi te i ncl vthes sedtiss diowrndebrephicbadensdt om phrosdlit ©f @al ci um

phosphi te, magnesiding fiGle TBNGBRESRANBFPNELE, exampl ChalusBhagPhi te
and cobal t phqag?g%}.. Rl es 0 rous.ester_include nethyl

f the hospho
Shosphi te. et W eGSR0 SOPIBRBR AP RO TRHIST FeRbhi to, hexyl
phosphi te, $ sctranatish@esdivamd dep sndeec pheppompabhericapngssuretses thate,

stearyl phosphit eianbipkEBiled e hiake requiksalPbesp@ivéie: glriephasphi te
i ncl ude potasgéun1. derophosphlte, sodi um hydr ophosphite, cal cium 25

. sult e glze. . . .
hydr ophosphi te, ‘vVanha |unfhy§ﬁophosph|te, magnesi um hydr ophosphi t e,
manganese hydr ophosiiftiee ishingk@articudpgr dpRésphiee amdtheirdiape and
hydr ophosphi t esizd hefs echehesiiar low—d@gﬁfﬁgua_dﬁdﬁﬁyabﬁomlslﬁﬁbdubtaoﬁ agl e ki ng
or in a co i . N Lr phos I npoun
i s used atl% ﬂ%.ra.Jicg (ﬁl uslljia Ipforvflf%% gi&lsggagéam%%%nl, ‘%!r%e, él%(gbl Y,
from0.02 to XFRLEE 1depsiease MropertAesdi cArRbgRperal acdhepever, it is

desired that the low-degree condensation product of an
aromatic polyamide has a maximum particle diameter of not
larger than 30 mm and, preferably, not larger than 20 mm,

15 and an average particle diameter of from 0.1 to 10 mm and,
preferably, from 0.2 to 5 mm.

The particle diameter was found by measuring a
maximum length from the particle image relying on the
Pythagoras’ method. Concretely speaking, the length of

20 the particle image sandwiched by two parallel lines was
measured in the horizontal direction and in the wvertical
direction, and the particle diameter was calculated from
the following formula,

Particle diameter (d) = ((length in the horizontal

25 direction)2 + (length in the

vertical direction)2)0.5

The diameters of more than 100 particles were
measured, and the average particle diameter was weight-
averaged according to the following formula,

30 Average particle diameter = Ynd4/¥nd3

wherein n is the number of the particles, and d is

the particle diameter.

According to the present invention, furthermore, the
water contained in the solid low-degree condensation

35 product of an aromatic polyamide may be removed to adjust



It is desired that the water is used at a ratio of fromO to 20% by
.weight with respect to the total anount of 35 dicarboxylic acid, diamne

and phosphor conpound. 13 -

i{n conducting the pol ycondensation reaction of the di car boxylic acid

wi th the diam ne, a nonocarboxylic acid or a nonoam ne (which are
termnating agents) nay be added as required. It is desired that the
nonocar boxylic acid 5 or the nonoamne is added in an anount of fromO to 3
nmol % Wi th respect to the dicarboxylic 2 id or the diam ne. The
pol ycondensati on reaction of the dicarboxylic acid with the diamne is
conducted, usually, at a tenperature of from 200 to 290[err] C and,

preferably, freme 28eree of SyoEsALLEzREL0R PErilRl XAW-ARGFES y, from 0.3 to
5 hours andeompdeisstaildry priocuet0o4 the3ahansitsic polyamidBhe Feaction i s

carried out U”Qﬁémﬁ%ﬁ’“ﬂhdJM%é%&rﬁgﬁEﬁlne&”QErtﬁé‘fﬂé“&ﬁ&?éepressure

Usual 'y, however sire he reaction 1's conducted under an

el evated 15 p?%%gﬁﬂ§9t19919ﬂﬂqgcﬁa§£ ARHBTPRALTT PP NS daysbe ysual Iy,
from20 to 50 defredsahdio freefS@0Qbbpm brokeds amd, prifewpbdyR. 3000i spm

further desiregrtigdst flﬁnd%?‘fét 'd%&réé of EPPEHET Btk AN n{a@eﬂé Qé%usted

at nosphere. ment1 oned reaction,
di car boxylic aE?cP?uﬂghtiéﬁﬁ ﬁ%ﬁ& §¥§ pol ycondensed to forn1a solid
| ow degr ee condens fhewglresd gen be aﬁmovedafnmmithepbhydhmd@e It is desired

that the obtai gegaseddhion ﬂd&ﬂc@eQEeﬁnCQPgﬁaéﬁé'§6R %n@ftﬁﬂ aromatic

pol yam de xhi bits,an i nsi V|sc05|tg %%ﬁH?ﬂiifi n.t he

concentrat 88 28°%1#? B CE %%?zégﬁ8Prfﬁpo? aﬁlaﬁ/bhe
low—degree condensation product of an aromatic polyamide
at a temperature lower than a temperature of heating in
the step of solid-phase polymerization that will be
described later. For example, the low-degree condensation

15 product of an aromatic polyamide may be heated at a
temperature of from 50 to 170°C, preferably, from 100 to
170°C and, more preferably, from 110 to 170°C.
[Solid-phase polymerization of low-degree condensation
product of an aromatic polyamide]

20 <First solid-phase polymerization (solid-phase
polymerization
of (ii))

Next, in the present invention, the obtained solid

low-degree condensation product of an aromatic polyamide

25 1is heated at a temperature of not higher than 195°C and,
preferably, at 175 to 195°'C to effect the first solid-
phase polymerization reaction in order to obtain a solid-
phase polymer. Here, the low-degree condensation product
of an aromatic polyamide is held in the above temperature

30 range, generally, for more than 30 minutes and,
preferably, for 30 to 360 minutes.

Within this range, the low-degree condensation
product does not give agglomerate during the solid-phase
polymerization or the operation is not interrupted by any

35 other cause.



preferably, fromO0.08 to 0.2 dl/g and, nore preferably, fromO0.12 to 0.2
_dl/g. Wien the viscosity lies within ~— this range, the | ow degree
condensati on product can be easily taken out fromthe reaction vessel.
Besi des, the 30 | ow degree condensation product little adheres to the

wal l's or to the discharge port, and does not deteriorate t he
productivity. The viscosity lying wwthin this range Is preferred
particularly when the solid-phase pol ynmeri zation is continuously
executed. In this case, 35 the soIid-phasispolynerization can be stably
continued for 14 an

ext ended period of tine. The solid | ow degree condensation product
of an aromat i ¢ Joe diingt isoléBrrhasd belymerizxtinn &eadtioni agn bet he

obt ai ned | ow d@ﬂé@ﬁcécprtqﬁré's_&hleentaéOQaﬁtlﬁuo@@ nSL DB itheP®aYani de under

t he atnDspherlc ressure sq_that s _solidifi and, ,as required, by
pul veri zi ng it éﬁ - é%' ¢ SRPPEBIESS té%t 18 useg g? elthﬁr gggtlcular
limtation on Yﬁ@t§ﬁﬁpé3§ﬁﬁ°r th§|iét6¥a%hEYE%I¢%ﬁlmﬁM(ﬁﬂﬁﬂ@@rc gd&hSat i on

product of &n éﬁhﬁﬂdﬂ&ﬁy(tymd yaskcdeyptopeded the $fiatticlyg tthale.i sTabiai ned
exhibits desirgd, q}{lye%relf@ %Be@ét Qﬂ&"efffst'éoh%— hagdesired that

t he | ow degree con ens yam de has a
maxi mum par t i PRI oY ﬁ%@?thn Pﬁrﬁ%@t%¥%ﬁP§&Yrﬁﬁ§ﬁi?d PM&ferably, not

| arger than 20 mm 1 iandeairadethge phet scliadeblwmé grolofmelr @bvt@ihetio 10 mMm
and, pr ef eéﬁP&ygh fon vl %oiﬁ“%h? aP@alJﬂ “z‘e"ac‘%@ﬁehs& was
ro t part C

found by nmeasuring a maxi,mum | engt e_i npge re yl ng on
t he Pyt h8gorRsietifsic edmersisly [ dpkaidatdstvhes enge alaons ip,
[nlz - [n]y =0.02 to 0.1 dl/g
and preferably,
{nlz - [n]l, = 0.02 to 0.08 dl/g
Within this range, the melt-adhesion does not take
15 place in the next solid-phase polymerization (iii), and
the operation can be conducted with ease.
In the first solid-phase polymerization, furthermore,
it is desired that the water of condensation is formed in
~an amount of not smaller than 2 g, preferably, in an
20 amount of from 2 to 15 g and, more preferably, in an
amount of from 2 to 10 g per a kilogram of the low-degree
condensation product of an aromatic polyamide of before
being heated.
The first solid-phase polymerization reaction can be
25 conducted either in vacuum or in a gas stream. It is,
however, particularly preferred to conduct the first
solid-phase polymerization reaction in an inert gas stream
such as of nitrogen gas. It is, particularly, desired
that the particle layer is formed of a solid low-degree
30 condensation product, the inert gas is fed from a position
from 0 to 0.8 times as high and, preferably, from 0 to 0.5
times as high as the height h of the particle layer at a
rate of 0.1 to 10 Nm3/hr and, preferably, at a rate of
0.14 to 10 Nm3/hr per kilogram of the low-degree
35 condensation product to carry out the first solid-phase



20 the particle i mage sandwi ched by two parallel |ines was measured in

.the horizontal direction and in the vertical direction, and the
particle dianeter was cal cul ated from the follow ng formula,
Particle dianmeter (d) = ((length in the horizontal 25
direction)[err] + (length in the verti cal
direction) 2) 0.5 The diameters of nore than 100 particles were
nmeasured, and the average particle dianeter was wei ght- aver aged
according to the following formula, 30 Average particle dianeter =
[err]nd[err]/[err]nd[err] wherein n is the nunber of the
particles, and d is the particle dianeter. According to

the present i RIS ZaEdPPNERPABFLORE he wat er contained in the solid
| ow degr ee condensaheohedghpr bda€t thé partiobatlayeolismeldneddy ase renoved

to adj ust de crlbed below Referrlng to Fig, 1, thet¥olid-gHagedegree of
crystalllzatlon:Pf | Quw- e%ree nsa |on€§%9duct ,0f the argﬁatlc
pol yani de. ForPo YMSRIFRASER & Ecﬁ/é?’érvﬁﬁﬁ? | HR PR e RO IFEGS

condensatio%n m@dui:tloat—d@gr&eonandenp@ty‘ammheomtbef a?xcbe:tm@a:ssd to be
5000 ppm or ﬁmdeora@eevfaal ¥n aﬁogm@@ﬁt sul‘@édlﬁéls,caﬁﬁ%'ﬂﬂ&e HARIRgR Of

tall t .b th The
\(/:v;%/:racalnzgel AL Bh PRETAD AL GURPERTIS Wt K | TSR of an

aromatic pol yamr%ﬁsla:ed g thedbgightoh efythelpartidim lﬁife-’ﬂbé-sadj usted by
heating the mea{@wédra%% ¢0RABREBLNOAE PEREUSEa Of 1 GHd \?’ééb’@lt IHa ey am de

at a tenpe{@ILgéélé) d. or " a tegg%g%ggég ; he@?'”@ a state where the
inert -gas is permitted to pass through in a predetermined
amount. When the height of the particle layer varies, the
largest height and the smallest height are measured and
the average of these is regarded to be the height h.
15 <Second solid-phase polymerization (solid-phase
polymerization
of (iii))>
Next, in the second solid-phase polymerization
reaction, the solid-phase polymer after the first solid-
20 phase polymerization reaction is further solid-phase
polymerized to prepare an aromatic polyamide having an
intrinsic viscosity [7n]; of from 0.15 to 1.1 dl/g and a
ratio [nl3/[n]z that is larger than 1. Though there is
no particular limitation on the temperature of the solid-
25 phase polymerization, the reaction is usually conducted at
a temperature of from 205 to 280°C, preferably, from 205
to 275°'C and, more preferably, from 210 to 270°C for 0.1
to 6 hours, preferably, for 0.3 to 5 hours and, more
preferably, for 0.5 to 4 hours. When the temperature is
30 higher than 280°C, the melting point of the product is so
close to this value that the solid-phase polymer give
agglomerates during the reaction, and the solid-phase
polymerization is not continued any longer.
Like the first solid-phase polymerization reaction,
35 the second solid-phase polymerization reaction can be



the step of solid-phase polynerization that wll be described | ater.
. For exanple, the | ow degree condensation 15 product of an aromatic

pol yam de may be heated at a tenperature of from50 to 170[err]C
preferably, from 100 to 170[err]C and, nore preferably, from 110 to
170[err]C [ Sol i d- phase pol ynerizati on of | ow degree condensati on
product of an aromatic pol yam de] 20 <First solid-phase pol ynerization
(sol i d-phase pol ymeri zati on of (ii)) Next, in the present
i nvention, the obtained solid | ow- degr ge condensati on product of an

aromatic polyamde 25 is heated at a tenperature of not higher than

195[ err] C and, pr ef er abl, at 175 to 195[err]C.to effect the first

sol i d- ph§§é1db‘6|t§ﬂePst%\FlhﬁrrElaa?%t’r%u%‘i%é"ﬁle?&%&raﬁ?ea%ew d-

phase pol yner meliod,. t ie Lew Hegeeercoddsised i tmtprutkiciecond sblad-aromatic
pol yam de is heldd BohhmedRoUeibANPEAALYSE B9 &SNSt AEREY }ey, for nmore
than 30 m nuteés %pd, grgfﬁrabtg f0£ 30.to0 36 Q%p t es. Wthin
this range, tREIIRIGES BEEBRdentikpohle lfﬁ%xﬁéil Sfot gi ve

aggl oner at & dwmoloygperieasdbndrphation, fpovthewnored ire geadmg spdidtion is

not interrupt haldle pRYvRRretACicAadE88ction can be carried out in either
16 he first soI|d-8hasgﬁ§olyneg#zat|on rea
8u§

tian can _be
execut ed by eI ther ™ RE ¢Onfhi H #od %%épﬁﬁﬁ%ﬁﬁiar yﬁ@Fﬁé&?r?ﬂe
appar at us t hatthad Gbed sespngeselifiephaife polynerization yise comdugsefiat er al

type and may fHitiRerde@ihbeandifbati §A3! ¥réx P poiEion P& Meibhe 8Eirring
type. It Ifb 0 to 0.8 times as high and, preferably, 0 to 0.5 times as
high as the height h of the particle layer formed of the
solid-phase polymer at a rate of 0.1 to 10 Nm3/hr,
preferably 0.14 to 10 Nm3/hr, per kilogram of the solid-
phase polymerized product. The height h of the particle

15 layer is defined in the same manner as described above.

Upon conducting the second solid-phase
polymerization, there is obtained an aromatic polyamide
having an intrinsic viscosity [n 13 of from 0.15 to 1.1
dl/g, preferably, from 0.17 to 1.1 dl/g, more preferably,

20 from 0.20 to 1.1 dl/g, further preferably, from 0.25 to
1.05 dl/g and, particularly preferably, from 0.25 to 0.9
dl/g. When the aromatic polyamide is to be further melt-
polymerized (iv), the above-mentioned range is preferred
from the standpoint of stably conducting the operation.

25 Upon conducting the solid-phase polymerization
through the first step of solid-phase polymerization and
the second step of solid-phase polymerization according to
the present invention, it is possible to prevent the
polymer from being give agglomerated due to the water of

30 condensation formed during the solid-phase polymerization.

In conducting the solid-phase polymerization,
furthermore, it is desired that the region for conducting
the solid-phase polymerization of the step (ii) is
substantially coupled to the region for conducting the

35 solid-phase polymerization of the step (iii).



particularly preferred that the first solid-phase pol ymeri zati on

.reaction is continuously carried out. It is desired that the

sol i d- phase pol yner obt ai ned t hrough the first solid-phase

pol ymeri zation reaction has 10 an intrinsic viscosity [[err]][err]
satisfying a relationship, [[err]][err] - [[err]][err] =
0.02to 0.1 dl/g and preferably, [[err]][err] -
[[err]][err] = 0.02 to 0.08 dl/g Wthin this range, the

nmel t - adhesi on does not take 15 place in t next soli d-phase pol ynerization
(iii), and t he operation can be conducfed with ease. In the
first solid-phase polynerization, furthernore It I.s desired that the

water of condensat i BRf ikeFimhd®n sonduciingnshat seideRhastl | er than 2 g,
preferably, | npahyRérratiidn eff fuhemsZepo (15) gthat, isswbgaaftddly, in an

amount of fro 0 i densation
oroduct of an”gglg’r%?%gtaoﬁ% éhcln Qroamc%ahl@el{g&%ﬁggé&% phaG@ tio

first solid-phBS tqnghFé§GFPbﬁl&éﬁ b8t %dﬁﬁﬁé&@ﬁ'épﬁﬁér in

vacuum or i b aegaststa geamh lalargg whichhohevepligephase | mylymenr eiferred to
conduct the f'EéiyamldécﬁféhﬂﬂﬁﬁiﬁsBQEHﬁEhbéétbQﬂyﬁ@@£§éé¥bd'1nﬁ%hb”§&% gas

stream suc pf nitroge as particularly esi.r
Che particle | Vel 18 TEHD o FegioR T8l QEOTLE 3P Cohfienader BRaBPoduct
the inert gas belymerizamicn ggsittheostep (fiddin 9ithowt Sndermwiag bughofnd,

preferably, fr@ﬁhos§9t8m5 Fortéﬂaﬁbléﬁ Qh@h58§18h§h£§%EHBl§hé¥lzb@Qoﬁart'C|e
| ayer at a rate 3#1 ql g ref rabl at ar E
0.14 to 101Qn87ﬁF55% k??%%rééﬁ & FEEwPHaS E |5a gFoduct to
carry out the &ktept ($b] i shgHdse solid-phase polymerlzatlon vessel B used
for the solid-phase polymerization of the step (iii) may
be coupled together at the discharge port of the solid-
phase polymerization vessel A and at the feed port of the
15 solid-phase polymerization vessel B. When the solid-phase
polymerization is conducted in a single reaction vessel,
e.g., in a tubular reaction vessel, the former half of the
tube may be the region for conducting the solid-phase
polymerization of the step (ii) and the latter half of the
20 tube may be the region for conducting the solid-phase
polymerization of the step (iii). In such a case, the
efficiency can be further increased.
According to the present invention, furthermore,
controlling the temperature pattern during the solid-phase
25 polymerization can be preferably adapted to the
preparation of a polyamide that includes a long-chain
diamine as a diamine component unit in addition to the
preparation of an aromatic polyamide that includes a
cyclic dicarboxylic acid component unit as in the present
30 invention. Moreover, the solid-phase polymerization can
be further adapted to the preparation of a polyamide
maintaining the reaction rate comparable to that of the
preparation of the aromatic polyamide of the present
invention.
35 [Melt-polymerization of an aromatic polyamide precursor]



17 ° polymerization reaction. The height h of the particle |ayer
.1s defined as described below. Referring to Fig. 1, the solid-phase

pol ymeri zation reaction vessel is opened, particles of the 5 solid

b ow degree condensati on product of an aromatic pol yam de are fed in an
anount suited for carrying out the operation at normal tenperature under
t he at nospheric pressure, and the height h of the particle |ayer is
-measured with the bottom of the reaction vessel having a 10 gas feed port
as a reference (h = 0) in a state where t inert gas is permtted to
pass through in a predeterm ned anoun When the height of the particle
| ayer varies, the | ar gest hej ght and the smal | est hei ght are neasured
and t he aver age6iordidge tPs thegRFasEnE ol pen Hothe dgmengiings upeRecond

sol i d- phase potlyererdsest,i ahe( sbkaidnplaseomat ol yoeranriaid dis melak (iii))>

Next, in the jﬁ ﬁcﬂédj‘c%hi?épﬂ%ygﬁré:?&hét?{b %olfaﬁrﬁ@é YvihBCa high
0 %/mere é)

sol i d- phase p first solid ase ynerlzatlon
reaction is f ézat1050|yﬂge|Q%% 422t Nat Smat i ¢
pol yam de havicarmared out: rttor eﬁfectvtheoeolyce@rﬁ@ems}a}t{m whiflef medt@ngS to

1.1 dl/g and ache axfcs'i‘ﬁa{tﬁc Ho‘i%]nhﬁér ]:éc{lréc‘;‘«‘f rddd efxﬁﬂartt'l@fg 1S sh@b@ghgt han

1. Though there IS pafrtic mtation on'the tenperature of t he

solid- 25 phaSEFet yhss |9£%n oﬁucghé e EfP?%VW%F%EﬁEﬂQR/%ﬁaﬁ§é€€§8 at a
t enper at ur e of £ér cawmadtd «,0 L¥BUsdny] €, bparial adkyruderowmitba vento 875 C

and, nore prefgiratiy, I RLE a8 agg[err]c for 0.1 to 6 hours,
preferably for 0.3 to 5 hoursa preferably, for 0.5 to 4

hours. Wehlthe t erfRé ételﬁ‘}P@rraé"uﬁﬁ Oﬁl E)hﬁrm?}l‘érpmee‘?ﬂaélolnhésnéFPan poi nt
of the pr. oduct3®@; tso 390 " Clamgle poefbrabiwm| ufréhaila heo SEO ‘d.phwkenpohgner

give aggl ofEs-Al GRerfiidriad) TaBBaEQEﬁE' QPe @8da ! hee Sfé IdLANAIEL that the
pol ymeri zation is not c nti1 nued an Jéf t flrs
sol i d- phase po‘F?/ff’ér]?%%& [ES EATE B8R, tgg ?ﬁ%‘“%@c%rﬁ? S é.ng

pol yneri zat i ormekaqolgmerdrzalidon is from 10 to 300 seconds and,
15 preferably, from 15 to 240 seconds.

The thus obtained aromatic polyamide has an intrinsic
viscosity [n 14 of from 0.8 to 2.5 dl/g and, preferably,
from 0.8 to 2.0 dl/g, and a glass transition temperature
of from 70 to 125°C and, preferably, from 80 to 125°C.

20 When the polyamide precursor has an intrinsic viscosity of
[n]s and the polyvamide after the melt-polymerization has
an intrinsic viscosity [ 714, then it is desired that
(nla/lnls > 1.

Such an aromatic polyamide is crystalline and has a

25 melting point of from 260 to 360°C and, preferably, from
280 to 330°C.

The thus obtained aromatic polyamide exhibits an
excellent hue. By using this aromatic polyamide, an
article can be efficiently molded with contaminating the

30 metal mold little.

According to the preparation process of the present
invention, furthermore, there may be added, as required,
widely known additives such as a coloring agent,
ultraviolet-ray absorbing agent, photo-stabilizer,

35 antioxidizing agent, antistatic agent, flame-retarding



18 ° conducted by either the continuous nethod or the batch met hod. It
.1's, however, desired that the second solid- phase pol yneri zation
reaction is conducted by the continuous nmethod. Like the first

sol i d- phase 5 polynerization reaction, furthernore, the second solid-

phase pol ynerization reaction can be carried out in either vacuum or in
a gas stream It is particularly preferred that the second solid-phase
pol ymeri zation i s conducted while feeding an inert gas froma position
of a height of 10 0 to 0.8 tinmes as high sgd, preferably, 0 to 0.5 tinmes as
hi gh as the height h of the particle |ayef~fornmed of the sol i d- phase
polynmer at a rate of 0.1 to 10 Nnferr]/hr, preferably 0.14 to 10
Nnferr]/hr, peg¥it.oframtefl likatdeon-aromot bhasegemt v mkdstdsinegdeod The
gei ght bhdof bt heupeiddrd € Ihelsayandisioesi m&% bé échwedcsaim;iwrtefe as

escri bed abov . n.conducting econ i 4- pha .

pol yneri zati on‘,? rEf‘Lhaerraet.:J‘loé'1 gbléf% %ég gﬁ%‘?%r_r‘é ?‘ge%%?t%aonﬁl }goﬁ%\/?ﬁﬁr -l

i ntrinsic visceke tSelidmptiseePrlyBrripahion 16r t@uaing thejmedt—preferably,
fromO0.17 t9 Ipdlwdrzation.preferably, 20 from0.20 to 1.1 dl/g, further

preferably, fromO. t | / P, i I ¢ I rom
0.25 to 0.9 di /’Ié? \K%‘élr? t°ﬁé?g?8§a?rg8ﬁ§gf§/aﬁé%’é&iﬁs@% oélabr,g ]‘%ee{fr?{s%gr Loy
pol yneri zed (isysteahdhdbods: Feiptoneadr Brigeeing ppiended yith & Gdmsehe
standpoi nt of Silsdty cbductiibert be opergahde. paddery filUmrln, mnﬁmtthag t he
sol i d- phase po ri | Ao h ' P | d-phase

pol yneri zat i Onkééﬁ@d%%&!{ %glggcg%ghstggg?%f Sgﬁ%?oh&gee@é)]loéﬁé{ zaqt i on
accordi ng 1% molding matdws susheasi spjertion MeLding e RlPwpmaldingy he
?ol ymér df rom b@:‘ttnglsgﬂqtg RO 0E labmgr_auﬁbﬁ hOBARG ordiwidy G dersdk ﬁn

ornmed during i d+Rha | n i_ng _the
sol i d- phase po #ﬁ%i}%'qt iqgln%, %%O%gft é?fﬁé’?ﬁ%fr“g‘?ei T sb%eglfxﬁ%ae?#%;é % ﬁ% raEelgi on
for conduct i ngeNgingEng Hlgssigsdnpshenfermaef oreofonke andinamyi) s

molded articles but also films, fibers and the like, and
15 can be favorably used as a material for industrial use and

domestic use.

According to the process for preparing aromatic
polyamides of the present invention, the solid low-degree
condensation product of an aromatic polyamide is heated at

20 a temperature of not higher than 195°C to effect the first
solid-phase polymerization, and is then effected the
second solid-phase polymerization. Thus, the aromatic
polyamide is economically and efficiently prepared
preventing the low-degree condensation product from being

25 give agglomerates.

EXAMPLES

The invention will now be described by way of Working
Examples to which only, however, the invention is in no
way limited. Here, the intrinsic viscosity was measured

30 according to a method described below.

Intrinsic viscosity [n]: Inherent viscosities (7
inh) of samples having concentrations of 1 g/dl, 0.3 g/dl
and 0.1 g/dl were measured in the concentrated sulfuric
acid at 30°C, and were extrapolated to a concentration 0

35 to find an intrinsic viscosity [7n].



substantially coupled to the region for conducting the 35 solid-phase
.palynerization of the step (iii).

19 The region for conducting the solid-phase pol ymeri zati on of
the step (ii) that is substantially coupled to the region for conducting
t he solid-phase pol yneri zation of the step (iii), stands for that there
5 exists a path along which the solid-phase pol yner of pol yam de after

t he sol i d-phase polynerization in the step (ii) is sent to the region
for conducting the solid-phase polyneri?ation in the step (iii) wthout
once goi ng out of the system For exa t he solid-phase

pol ynmeri zation 10 vessel A used for the solid-phase polynerization of the
step (ii) and the solid-phase hémyner {3t FoitolddSel B used for the

sol i d-phase pol ynemhsatdion minhhéssagpifhétrgntayiscositgy c@lpiged teges her at
the di scharge port é)fff.!t)daﬁ-q%wél Lime (sBEQSSfPQhE”E!SNé‘ﬁtO”t assel f’ﬁo ”d at

the feed port of the ph ase ynerlzatlon vessel

en
sol i d- phase pol VIR s ses) c&ﬁd&@@e&apﬁ & §P?1@F%°?ea%?‘?cﬁl Jv'se§sel
e.g., in a %ubular dannanuraumamsdedﬂheoﬁothershmbieointthe soluthieommy be

the region for gonduct Qm%@ lgpl lyd- phase pol ymeri zation of the step
(i1) and the latter half he 2 tube may b the region ducti ng
@ LoH PLotiF X

the sol i d- phasEFPrePHAYHA iohad dPvstegree F@B ERSRFLOF PE & the
ef ficiency canammmiumdIpmiyammdedsed According to the present
i nvention, furthermy & kil od?&ﬁ%rQ%bB”thQ? Egngeiaguagaﬁggg ihﬁgﬂw ng the

sol i d- phase 25 olynerlzatlon can be prefera to t
pr epar at i ohd of5§ bhdtg szt M OfcrudeTerh I"—BﬁélEhQEﬁg 22.9 kg (150

mols) of an isophthalic acid, 106 g (1.00 mol) of sodium
hydrophosphite as a catalyst, 763 g (6.25 mols) of benzoic
acid as a terminating agent, and 14 liters of water were
fed into a 200-liter reaction vessel and, after purged

15 with nitrogen, were reacted under the conditions of 250°C
and 35 kg/cm?2 for one hour.

After one hour has passed, the reaction product
formed in the reaction vessel was flushed into the open
air through a nozzle to take it out in a solid form which

20 was then dried to obtain a solid low-degree condensation
product of an aromatic polyamide in an amount of 164 kg.
The low-degree condensation product of the aromatic
polyvamide exhibited an intrinsic viscosity [ 7)1 of 0.10
dl/g.

25 The low-degree condensation product could be easily
taken out without being adhered to the wall surfaces or to
the discharge port.

(Example 1)
[Solid-phase polymerization]

30 40 Kilograms of the low-degree condensatlon product
of the aromatic polyamide obtained in Reference Example 1
was thrown into a drying machine (Paddle Drier
manufactured by Nara Kikai Seisakusho Co.) having an
effective volume of 0.065 m3. The low-degree condensation

35 product of the aromatic polyamide was heated up to 175°C



di ami he as a di ami ne conponent unit in addition to the preparation of
~an aromatic polyam de that includes a cyclic dicarboxylic acid
conponent unit as in the present 30 invention. Mreover, the solid-phase
pol ymeri zati on can be further adapted to the preparation of a pol yam de
mai ntai ning the reaction rate conparable to that of the preparation of
the aromati c pol yam de of the present I nvention. 35

[ Mel t - pol ynmeri zati on of an aromatic pol yam de precursor]

20 According to the present inveption, depending upon t he
cases, the obtained aromatic polyamde is nelt- ol ynerized to prepare

p
an aromatic poI am de haying olynerjzatio The
mel t - pol yneri z&t Fon& |§er5°€a?$ ﬂ%@d‘tﬁm{t&se g%%??c%"dé?ﬁ‘{cﬁ%eoﬁtvmi | e
mel ting t hé0arpmaend pb¢w3mgcn£¢rmmmnsnraaﬁdownpatelqg 2. shedrhng

stress theretOmhéuﬁgwadgsféeFﬁﬁﬂﬁgﬂééﬁﬂdﬂﬂbﬂdﬁuﬁﬁf%?téﬂe aromd Hc exanpl e, by
using a blaX|aé gxtru er wth a vent eader or the Brabender. 10

The tenperat ur VaFﬁgenﬁ?? {kﬁﬁwﬂﬁﬁeﬁﬁﬁqﬁ?|%§ fr SATPSTaEEe (P ] C
and, prefer &bl yhafr 3803C0fon 8BOfinutes tthdherieby exeqbbectherfijinated

apparatus are @$edd- bhagé gggyﬁéiagggﬂoﬁrma melt residence tinme of the

Seconds and, 18 pr eNBFhlyherRotmEr GPORRR corquoh the HLAIR prin 200
obt ai ned arona@b@SpopyémmdéthSlleWaﬂrheﬁﬁaﬁ up t@lQ@BSCt?V?TEﬁrqqqk%i] of
fromO0.8 to 2. 3rdbAUmdAdt =8 €bctRYre the [dRIONG: 8oll932pRaslk/ g, and a gl ass
transition.e e&§kg2§zatlonfl£rg% JP éc):g%% ere Ca%g%atgégggfabl from 80
to 125[errJC
precursor in an amount of 36 kg. The obtained aromatic
polyamide precursor exhibited an intrinsic viscosity [7]3
of 0.67 dl/g.
[Preparation of an aromatic polyamide]
15 The aromatic polyamide precursor was continuously
supplied at a rate of 100 kg/hr into a biaxial extruder
having a diameter of 57 mm of which the cylinder was
maintained at a temperature of 365°'C and the screw was
rotated at 280 rpm, to obtain an aromatic polyamide
20 through the melt-polycondensation.
The obtained aromatic polyamide exhibited an
intrinsic viscosity [7n 14 of 1.06 dl/g and a melting point

of 330°C.
(Comparative Example 1)
25 In Example 1, the low-degree condensation product of

the aromatic polyamide was heated up to 175°C over a
period of 120 minutes, and was maintained at the
polycondensation temperature of not higher than 190°C for
5 minutes to execute the first solid-phase polymerization,

30 and was then subjected to the second solid-phase
polymerization in the same manner as in Example 1.
However, the polymer melted before the temperature was
raised to 205°C in the second solid-phase polymerization,
and the second solid-phase polymerization could not be

35 continued.



20 Wien the polyam de precursor has an intrinsic viscosity of

[[err]][err] and the polyam de after the nelt-polynerization has an
intrinsic viscosity [[err]][err], then it is desired that
fl[err]][err]/[[err]][err] > 1. Such an aromatic polyamde is
crystalline and has a 25 nelting point of from260 to 360[err]C and,
preferably, from 280 to 330[err]C. The thus obtained aromatic
pol yam de exhi bits an excel l ent hue. By using this aromatic polyam de,
an article can be efficiently nol ded th contam nating the 30 netal
nmold little. According to the preé‘aratl on process of the present
i nventi on, further nore, there may be added, as required, w dely known
addi tives such (BXaBPLEF of | FRA ayent , ul traviol et-ray absorbi ng agent,
phot o-stabi | i zer, 3&ramatixiphlieng degeniereanbtataedctihgendh fHeanmeltet ar di ng

21 agent, réﬁﬂ&}:i t r and
| ubricant. The%éxg%lgﬂ%%g{s&?;f %}’3 éﬁ%ngg?]ﬂ% spLad bﬁé%%para ion of a

| ow degr ee conB@ﬁﬁ??bﬁaH% rﬂrﬁé’armghgrgﬂﬁf:acpﬂg §neri zation
or during the pekturSopslimerhe addmen manner as TheEkbdmslebl diutedradrsdmef i ¢

\rlnmoma;n gleaggn Qﬁeuééq?éP%’gl#re aﬁa/sgeed?elfn . tﬁggzgrﬁs&eigﬁcg%néyﬁ%ml |ge?he
formof an all Sﬁb&Ftﬁ ot Fes ‘ﬁ?ﬂ‘%ﬂrﬂﬁi a&f“@ﬁ‘ﬁFo?P:’m}ja‘g éd n%’FlEH %t hod such
as injection nmbidihipgbybscomitdiewy,[ n 14 @xtshsironimTaghilegl.conpr essi on

nol di ng, draw ng or vacuum nol di ng. The aromatic pol yam de can be
further usq_(a as an
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engi neering plastic in the formof not only ordinary nol ded articles
~but also filnms, fibers and the |ike, and 15 can be favorably used as a
material for industrial use and donesti c use. According to the
process for preparing aromatic pol yam des of the present invention, the
solid | ow degree condensati on product of an aromatic polyam de is heated
at 20 a tenperature of not higher than 195 C to effect the first

sol i d- phase pol yneri zation, and is then gffected the second sol i d-phase
pol ynmeri zation. Thus, the aromatic pol yam de is econom cally and
efficiently prepared preventing the | ow degree condensation product
from bei ng 25%gi|lve aggl oner at es. EXAMPLES The invention wll
now be descri- by way of?f Wrking Exanpl es to which only, however, the
invention is groino L\ﬁ/\/ay_'lci)n1'ted. J—ie‘rne, Lhe int&insi(g Vi scosity wasg
measured 30 agawrdi ngh to a1 net hod descwi beé bel ow * Intrinsicy

Vi scosity [[eg‘r ]: Inherent viscosit3 ed ([err] » i nhy of sanpl esghagi ng
concentration8 #®f 1 g/dl, 0.3 g/dl and 0.1 g/dl were neasured §n §he
concentrated sulfuric acid at 30[err]C, and were extrapol ated &o &
concentrationwo 35 to find an intrinsic viscosity [[err]]. Hog

22 — [err] inh = {In(t[err]/t[err])}/C & Whr ei n
[err] inh is Bmi nhe@n® W sBosity (8l 8g), Stoissh 2 aflowddwnitine
(sec) of the Boljvent, tTerr]7is a fIPwe o down Lime (sec),of tHRe
sanple soluti®n! and Cis a 5 concentration (g/dl) of the Q4mI® in
t he sol ution. 8 -
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(dl/g)
[n1la

(melted when 200°'C was reached, and solid-phase polymerization

reaction time at 205°'C or higher

time for raising to 175°C
reaction time at 175-190°C
time for raiding to 205°C

(nla - [n]

Time until the solid-phase polymerized product was heated up to

*2: The second solid-phase polymerized product was not formed and co

1st solid-phase polymerization
*1:

2nd solid-phase polymerization

1st

2nd
Difference of intrinsic viscosity between low-degree

product and 1lst solid-phase polymerized product
Intrinsic viscosity of aromatic polyamide precursor

after 2nd solid-phase polymerization [n]i
Intrinsic viscosity of aromatic polyamide after

Giving agglomerates during
melt-polymerization

~ Solid-phase polymerization
solid-phase reaction



(Ref erence Exanple 1) [ Preparation of a | ow degree condensation product
.of. an aromati c pol yam de] 58.5 Kilogranms (503 nols) of a

1, 6- di am nohexane, 10 58.1 kg (350 nols) of a terephthalic acid, 24.9 kg
(150 nol s) of an isophthalic acid, 106 g (1.00 nol) of sodium

hydr ophosphite as a catalyst, 763 g (6.25 nols) of benzoic acid as a
termnating agent, and 14 liters of water were fed into a 200-liter
reaction vessel and, after purged 15 wth nitrogen, were reacted under the
conditions of 250[err]C and 35 kg/cnR _for one hour. After one
hour has passed, the reaction product %Pormed in the reaction vessel was
flushed into the open air through a nozzle to take it out in a solid
form whi ch 20 (Ew#aRY¥feft)dried to obtain a solid | ow degree condensation
product of an @wrired iandJasnidedlidphageupblomeifdakions] The | ow degree

condensati on produclt loftvp% %%@atéogﬁd/snsaggoxag}g&fﬁéh+gmélggg$&€}ag&lrdens| c

Vi scosity [[err] [err

condensat i on pf® o Referenss FxmplﬁaReWaéuFoﬂF%%‘é%SJdélW &héred to
the wal | subf arsse af t45 kg/Hrhdntios@hdrgenpombchine hixipl&n l9ffective

[ Sol i d-phase p@%ﬂﬁﬁg'gfujéaﬂlﬁ?%rs and 48 §hﬁ8gr@g§ g régesdﬂy%q%gEﬁ?

condensati on pr oduc e ar I'TB.t I C tal ne ference
Example 1 HeLReFiGarioh FonsIhAhbesRcRPRBSPERGFe BrbeFition of

manuf act ur ed b&o%\laf:somwe sheirsdkgs materiplhahiroy port towdfdcthere vol ume
O e ot prodlie: | AEARGLRE CARIUNA kAR TRcoBECUYTladnddl aromatic

pol yam de was
10' polymerlzatlon zone had been formed in the rest of 20% of

the machine. While rotating the paddle at 20 rpm and
flowing nitrogen at a rate of 60 Nm3/hr, the low-degree
condensation product of the polyamide was continuously
solid-phase polymerized for nine hours, i.e., was heated

15 at 180°C and stirred in the first solid-phase
polymerization zone, and was heated at 205°C and was
stirred in the second solid-phase polymerization zone,
thereby to obtain a second solid-phase polymerized product
in an amount of 200 kg.

20 The thus obtained second solid-phase polymerized
product exhibited an intrinsic viscosity [n ]z of 0.28
dl/g.

The solid-phase polymerized product which was sampled
from the sampling hole provided at a position of 80% from

25 the starting material throw port foward the product
discharge port, exhibited an intrinsic wviscosity [n ], of
0.15 dl/g.

[Melt-polycondensation]
An aromatic polyamide was obtained through the melt-

30 polycondensation by continuously feeding the second solid-
phase polymerized product obtained through the above-
mentioned solid-phase polymerization at a rate of 75 kg/hr
into a biaxial extruder having a diameter of 57 mm of
which the cylinder temperature was maintained at 365°C and

35 the screw was rotated at 280 rpm. The obtained polyamide



23 over a period of 120 m nutes while rotating the paddl e at 30
rpmand flowng nitrogen at a flowrate of 5.7 Nnrerr]/hr. The

| ow- degr ee condensation product of the aromatic pol yam de was then

mai ntai ned at a tenperature not higher 5 than 190[err]C for 60 mnutes to
t hereby execute the first sol i d- phase pol yneri zati on. Next ,
the pol yner obtained through the first solid- phase pol yneri zation was
heated up to 205[err] C over a period of 32 mnutes to execute the
second sol i d-phase 10 polynerization in order to obtain an aromatic

pol yam de precursor in an anount of 362kg. The obtained aromatic

pol yam de precursoq.exhibited an intrinsic viscosity [[err]][err] of
0.67 dl/g. ef‘gf"gb'é?‘ét PBNIBEL Brs B¢ onetdasipot viamd gedf 1502 d1/gThe aromatic
pol yam de precursor was continuously supplied at a rate of 100 kg/ hr
into a biaxial extruder having a di aneter of 57 nm of which the
cyl i nder was mai ntai ned at a tenperature of 365[err]C and the screw was
rotated at 280 rpm to obtain an aronmatic pol yam de 20 t hrough the

mel t - pol ycoRdensat i on. The obt ai ned aromati c pol yam de exhi bited
an intrinsic viscosity [[err]]4 of 1.06 dl/g and a nelting point of
330[err] C (Conparative Exanple 1) 25 In Exanple 1, the

| ow- degree condensati on product of the aromati c pol yam de was heated up
to 175 C over a period of 120 mi nutes, and was mai ntained at the

pol ycondensati on tenperature of not higher than 190[err] C for 5 m nutes
to execute,the first solid-phase pol ynerization, 30 and was then subjected
to the second solid-phase pol ymeri zation in the same nanner as in
Exanpl e 1. However, the polymer nelted before the tenperature was
raised to 205[err]C in the second solid-phase polynerization, and the
second sol i d-phase polynerization could not be 35 conti nued.
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24 * (Exanples 2 and 3) Aromati c pol yam des were obt ai ned

.through the nelt- pol ynmeri zati on by conducting the solid-phase

pol ymeri zati on and by preparing aromatic polyamde 5 precursors in the
sanme nmanner as in Exanple 1 but raising the tenperature and setting the
reaction tine as shown in Table 1. The obtained ar omatic--polyam des
exhi bi ted limting viscosities [[err]][err] as shomnT%n Table 1. 710
15 20 25 s Sheet

N 1T

1. A process'for preparing an aromatic polyamide
which comprises:

CLAIMS:

5 (A) a dicarboxylic acid component unit comprising 30 to
100 mol% of a terephthalic acid component unit, and, as
required, 0 to 70 mol% of a cyclic dicarboxylic acid
component unit other than the terephthalic acid and, as
required, 0 to 15 mol% of an aliphatic dicarboxylic acid

10 having 7 to 20 carbon atoms; and
(B) a diamine unit comprising 50 to 100 mol% of a
component unit derived from an aliphatic alkylene diamine
having 4 to 25 carbon atoms, and 0 to 50 mol% of a
component unit derived from an alicyclic diamine having 3

15 to 25 carbon atoms; said process comprising:

a step (i) of preparing a solid low-degree condensation
product having an intrinsic viscosity [7 ], of from 0.05
to 0.2 dl/g by the polycondensation reaction of the
dicarboxylic acid with the diamine;

20 a step (ii) of solid-phase polymerizing said low-degree
condensation product at a temperature of not higher than
195°C to prepare a solid-phase polymerized product having
an intrinsic wviscosity [n ]z satisfying the following
relationship [I],

25 [7l2 - [n7)1 = 0.02 to 0.1 dl/g -—- [TI]
and;

a step (iii) of further solid-phase polymerizing said
solid-phase polymerized product, to obtain an aromatic
polyamide having an intrinsic viscosity [7]13 of from 0.15

30 to 1.1 dl/g and a ratio [ni3/Inls of larger than 1.0.

2. A process for preparing an aromatic polyamide
according to claim 1, further containing a step (iv) of
melt-polymerizing the aromatic polyamide obtained in the
step (iii) to prepare an aromatic polyamide having an

35 intrinsic viscosity [n1s of from 0.8 to 2.5 dl/g.
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3. A process for preparing an aromatic polyamide

according to claim 1, wherein the solid-phase
polymerization is conducted at a temperature of from 205
to 280°C in said step (iii).

4. A process for preparing an aromatic polyamide
according to claim 1, wherein a particle layer is formed
by using the solid low-degree condensation product
obtained in said step (i}, and the solid-phase
polymerization in the step (ii) is carried out while
supplying an inert gas to a position 0 to 0.8 times as
high as a height (h) of the particle layer at a rate of
from 0.1 to 10 Nm3/hr per kilogram of the low-degree
condensation product.

5. A process for preparing an aromatic polyamide
according to claim 1, wherein a particle layer is formed
by using the solid-phase polymer obtained in said step
(ii), and the solid-phase polymerization in the step (iii)
is carried out while supplying an inert gas to a position
0 to 0.8 times as high as the height (h) of the particle
layer at a rate of from 0.1 to 10 Nm3/hr per kilogram of
the solid-phase polymerized product to obtain an aromatic
polyamide having an intrinsic viscosity [7n 13 of from 0.15
to 1.1 dl/g.

6. A process for preparing an aromatic polyamide
according to claim 1, wherein the low-degree condensation
product is continuously supplied to a region where the

‘'solid-phase polymerization of the step (ii) is carried out

and the polyamide obtained in the step (iii) is
continuously discharged from a region where the solid-
phase polymerization of the step (iii) is carried out.
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26 ° (Exanple 4) [ First and second solid-phase pol ynerizations]

The | ow degree condensation product of the pol yam de obtained in

Ref erence Exanple 1 was continuously fed at a 5 rate of 45 kg/hr into a
dryi ng machi ne having an effective vol unme of 350 liters and in which the
first solid-phase pol yneri zati on zone had been forned up to a position
of 80% fromthe starting material throw port toward the pr oduct

di scharge port, and the second solid-phase 10 polynerization zone had been
formed in the rest of 20% of t he machi pe. Wiile rotating the paddl e at
20 rpm and flowing nitrogen at a rate of 60 Nnferr]/hr, the | ow degree
condensati on product of the polyam de was conti nuously sol i d- phase

pol ymeri zed f ours, i.e., was heated 15 at 180[err]C and stirred
in the first solid-phase pol ymeri zati on zone, and was heated at

205[err] C and was mne g:&ie@,@ﬁ@ hﬂvéﬁ’é&éﬁ@é’ﬁa@é& ids @%&%c@glsy%y zation
zone, thereby tq obtain a second %?ﬁ%ﬁ“§£ ner.i zed product in
an anount of gﬁ,—i}q@cm@oan aromghlCi LY &5%5”"&3@?(3 phase

pol yneri zedd (A)pr edddicaghbixiliedaandi aempersent wirsidosicmpriiéng] BPeto] of
0.28 dl/9.100 mol% ofTBet§QEthHQ§§€ 201 § EAIIR L QL WRBChaEﬁS

sanpl ed from t.h le lin hoI V|ded g%%fsk}log .of 804 from 25
the starting rfet 88rF° dat?¥9i§Q) ardoxXydi§cAsrfe port,

exhi bited an |¢umpqnan¢ unscosthyr[Fham]@@ertheghthalnt acidl Agd, as

[ Mel t - pol ycon He] 0 to 15 moﬁ@ éf0&@1éfiﬁﬂﬁﬁ@ﬂ“d¥%d@%%x9§&é'Q@@dthrough
the nelt- Ig% gdgp aé ﬁé tlnuous y feeding the Second solid-
phase pol yheri %ﬁﬁﬂ' &t “obfAFREE £ ?%ﬂgh 1%e above- nent i oned

sol i d- phase polBinerd ditemdneaunstr gowpoisinig kaf o 100 meld efbraxi al

extruder havi rtgar@odaiieaﬁehﬁrltotieézvam £+om anvnfﬁhéﬁ% <‘a>1l dek heHERpenature

was nmi nt ai ned at. 36 a rem/mas rota 80 rpm The
obt ai ned pol yg?ﬁ 0% €298 23:hDS sE08Y Pl &% 815526 8

component unit derived from an alicyclic diamine having 3

15 to 25 carbon atoms; said process comprising:

a step (i) of prepariﬁg a solid low-degree condensation
product having an intrinsic viscosity [n]; of from 0.05
to 0.2 dl/g is prepared by the polycondensation reaction
of the dicarboxylic acid with the diamine;

20 a step (ii) of solid-phase polymerizing said low-degree
condensation product at a temperature of not higher than
195°C to prepare a solid-phase polymerized product having
having an intrinsic viscosity [n ], satisfying the
following relationship [I],

25 {nlz - {nly = 0.02 to 0.1 dl/g - [1]
and; .

a step (iii) of further solid-phase polymerizing said
solid-phase polymerized product to obtain an aromatic
polyamide having an intrinsic viscosity [7]3; of from 0.15

30 to 1.1 dl/g and a ratio [713/[712 of not smaller than
1.0.
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of 1.02 dl/g.

exhibited an intrinsic viscosity [[err]][err]

10

20

15

1/1

JT0H LN3JA SVO

S31011dvd 40 mm_><m
— 1 .— -
L L W \ | |
‘ [
”H_I.._w<.,.u._.mm2_

T

SVO LH3ANI

NI |

SVO LHANI



. 25 30
. REPLACEMENT SHEET
1. A process for preparing an aronatic polyanide
(A) a dicarboxylic acid conponent unit conprising 30 to
.terephthalic acid conponent unit, andg3oas
cyclic dicarboxylic acid
acid and, as

35

PROCESS FOR PREPARING AROMATIC POLYAMIDES
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required, 0 to
conponent unit other than the t
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The present invention relates to a process for

preparing an aromatic polyvamide which comprises:

5  (A)

a dicarboxylic acid component unit comprising 30 to

100 mol% of a terephthalic acid component unit, and, as

required, 0 to
component unit
required, 0 to
having 7 to 20
(B)
component unit
having 4 to 25
component unit

10

carbon atoms; and

a diamine

carpbon atoms,

15 to 25 carbon atoms;

said process comprising:

unit comprising 50 to 100 mol% of a

70 mol% of a cyclic dicarboxylic acid
other than the terephthalic acid and, as
15 mol% of an aliphatic dicarboxylic acid

derived from an aliphatic alkylene diamine
and 0 to 50 mol% of a
derived from an alicyclic diamine having 3

a step (i) of preparing a solid low-degree condensation
product having an intrinsic viscosity [n}; of from 0.05
to 0.2 dl/g is prepared by the polycondensation reaction

of the dicarboxylic acid with the diamine;
20

a step (ii) of solid-phase polymerizing salid low-degree

condensation product at a temperature of not higher than
195°C to prepare a solid-phase polymerized product having 3

having an intrinsic viscosity [ 7],
following relationship [(I],

25 (nl2 - [nly =

0.02 to 0.1 dl/g
and;

satisfying the

- (1]

a step (iii) of further solid-phase polymerizing said
solid-phase polymerized product toc obtain an aromatic
polyamide having an intrinsic viscosity [(n]3 of from 0.15

30
1.0.

Figure 1

35

to 1.1 dl/g and a ratio [7n]3/[n ]z of not smaller than




required, 0 to 15 nol % of an aliphatic dicarboxylic acid 10 having 7 to 20
carbon atons; and (B) a diamne unit-conprising 50 to 1 mn| % of a

"cénponent unit derived froman aliphatic alkyl ene dianine ;ﬂﬂthggEﬂTtgHEEr
25 carbon atonms, and 0 to 50 nol % of a conponent unit dgri :
alicyclic diamne having 3 15 to 25 carbon atons; said pro ebsﬁcongw

a step (i) of preparing a solid | ow degree condensati on pt oduet ¢ il &g
an intrinsic viscosity [[err]][err] of fromO0.05 to 0. &HFg—by-the
pol ycondensati on reaction of the di carboxylic acid withf the di am ne; 20
a step (ii) of solid-phase polynerizing said | ow degree cortenRsat-oA—.
product at a tenperature of not higher than 195[err]C to prepare a )
sol i d- phase polynerized product havi ng an intrinsic viscosity

[[err]][err] s§i@§¥§|ng t he follomnng relationship [I], 25

[[err]][err] - [[err]][err] 0.02 to 0.1 dl/g --- 1] and;

a step (iii) of fUr&herAsgkaeQQaéérHQ&&EE%;&B’Hh‘%%d%atlc §8h&§mﬂ@§5€

pol ymeri zed pr gﬁ tain an aromati c pol yam de having an
intrinsic viscd F% FPBPF1FF8ir] of fromo0.15 30 to 1.1 dl/g and a ratio
_[[err]]3/[[é&rﬂp@era]d@tarhpgzllchamld ¢ompenent guviducosprasingt 2dpee at ur e

~of from 205 t01380m61% of a tereﬁhtﬁhpi@cééiaféHmﬁHﬂﬂﬁ@’hﬁﬁtanaﬁaomﬁ§'C

pol yam de accordlng t tg rther containi a s%e é v) of
mel t - pol ymeri zESF rh&%ar 8 ng?l p%?éyérr?ﬁe o‘ﬂf%]lclr?e :?%éq@% g? % (iii) to
prepare an arOﬁﬁmp@nsgpygniqeoﬁbgrnghgm the terephthallc acid and, as

29 required, 0 to 15 mol% of an aliphatic dicarboxylic acid

10 having 7 to 20 carbon atoms; and
(B) a diamine unit comprising 50 to 100 mol% of a
component unit derived from an aliphatic alkylene diamine
having 4 to 25 carbon atoms, and 0 to 50 mol% of a
component unit derived from an alicyclic diamine having 3

15 to 25 carbon atoms; said process comprising:

a step (i) of preparing a solid low-degree condensation
product having an intrinsic viscosity [n]1 of from 0.05 '
to 0.2 dl/g by the polycondensatlon reaction of the
dicarboxylic acid with the diamine;

20 a step (ii) of solid-phase polymerizing said low-degree
condensation product at a temperature of not higher than
195°C to prepare a solid-phase polymerized product having
an intrinsic viscosity [7 ]2 satisfying the following
relationship [I],

25 {nlz - [n}y =0.02 to 0.1 dl/g --- [1]
and; -

D

a step (iii) of further solid-phase polymerizing said
' solid-phase polymerized product, to obtain an aromatic
polyamide having an intrinsic viscosity [7 13 of from 0.15
30 to 1.1 dl/g and a ratio {n]3/({n]2 of larger than 1.0 is
conducted at a temperature of from 205 to 280°'C.

2. A process for preparing an aromatic polyamide
according to claim 1, further containing a step (iv) of
melt-polymerizing the aromatic polyamide obtained in the

35 step (iii) to prepare an aromatic polyamide having an

Ny gy -
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intrinsic V|5005|ty [[err]][err] of from0.8 to 2.5 dl/g. 5 3. A

process for preparing an aronmatic pol yam de according to claiml1,
wherein a particle layer is forned by using the solid Ifo
condensati on product obtained in said step (i), and th ggﬁﬁ%mi- SHEET

pol ynerization in the step (ii) is carried out while 10 supplying an inert
gas to a position O to 0.8 tines as hi gh as a height (h)|of 8% h@%tﬂ@]

| ayer at a rate of fromO.1 to 10 Nmerr]/hr per kil ogr f the

| ow degr ee condensati on product. 4. A process fpr preparing an
aromati c polyam de 15 according to claim129wherein a partikle layer s

f or med by using the solid-phase polynmer obtained in said step (i),
and the solid-phase polynerization in the step (iii) is carried out
whil e supplying an-inert gas to a position Oto 0.8 tinmes as high as
the height (h) of the particle 20 layer at a rate of fromO0.1 to 10 NnB/ hr
per kil ogram of - t he solid-phase pol yneri zed-product to obtain an
aromati c palntaindd chadisegsdnyl ity ] pSio€ Fremosi8ytd[2r3]dimyr] of from

goﬁgan1det85§aécglé%%g toprloc'esg foﬁﬁggg§g§%ﬁgr %&ggegrggzggﬁggnsa{lon

product is cont3FRRFFAIME Seppilieda do whezgisnawherbiehe laverois qsmese

pol ymeri zati on Iof uddimcsitte (Edlid dowadegedeodbndensation @rmcytam de

ohere the Sol | Eoubihad dn sela seebOUi3LUBHS Kl SETERARRGIL OM 2 159 OF
polymerlzatlon in the step (ii) is carrled out while

10 supplying an inert gas to a position 0 to 0.8 times as
high as a height (h) of the particle layer at a rate of
from 0.1 to 10 Nm3/hr per kilogram of the low-degree
condensation product. '

4. A process for preparing an aromatic polyamide _

15 according to claim 1, wherein a particle layer is formed
by using the solid-phase polymer obtained in said step
(11), and the solld—phase polymerlzatlon in the step (iii)
is carried out while supplying an inert gas to a position
0 to 0.8 times as high as the height (h) of the particle

20 layer at a rate of from 0.1 to 10 Nm3/hr per kilogram of
the solid-phase polymerized product to cobtain an aromatic
polyamide having an intrinsic v1scos1ty [n]; of from 0.15
to 1 1 di/g.

5. A process for preparing an aromatic polyamide
25 according to claim i, wherein the low-degree condensation
product is cdntinuously supplied to a region where the
. solid-phase polymerization of the step (ii) is carried out
" and the polyamide obtained in the.step (iii) is
continuously discharged from a region where the solid-
30 phase polymerization of the step (iii) is carried out.
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