1 10367 PRODUCTI ON OF AROVATI C POLYAM DE 5 qgﬁggg?Q
OF'THE : NVENTION 1. Field of the Invention The present invention r 8
a process for producing 10 a high nol ecul ar wei ght aronmatic pol yam de 1ogs Y
industrially in an econom cal and efficient manner. 2. Description of the
Prior Art 15 “Aliphatic poLyanidﬁs such as nylon-6, nylon-66, and

nyl on- 610 have been used as conventional* engi neering plastics in a broad
range of application areas. They are superior in.noldability but have a | ow
glass transition tenperature, e.g.,:about 60[err]C in the case of]jygg7on-66.
Thi s makes t hem 20 unsui t abl e for use at high tenperatures. There is

anot her type of polyamde. It includes aromatic polyan1des I n which the

di carboxylic acid conpone®RUIHIGIHUN W lcaRiNiiddd ot0ldriahidhll ¢ di car boxylic
acids. They are superior to aliphatic ones in heat resistance and water

resi stance but suffer the di i gh ol di ng

t enper atiur e because of thei W i(ﬁ{g fﬁﬂ"%ﬁd\bom em associ at ed
with a high nolding tenperature is that the cooling rate of a nelt injected
into a nold 'SF?b'qféfnfﬂefva{Hf¥?ﬂ'c pol yam de than for 30 al i phatic
pol yam de. east cool i ng causes e nolded articles to have a | ow
crystallinity, which in turn adversely affects stiffness at high
tenmperatures. To moepféustéw wn%e%nt 'mame 1 65 §f¥od SWE N Y S AR 1P

a new aronmati ¢ pal yam avin heat 35 esl s} ance, and- hechan| cal
proper tfiges. 2 LPg )él"‘blcﬁﬁdﬂs"erd v{ﬁgig aromatic polyamic}e industrially in

an economical and efficient manner.

2. Description of the Prior Art

15 Aliphatic polyamides such as nylon-6, nylon-66,-and
nylon-610 have been used as conventional engineering plastics
in a broad range of application areas. They are superior
in moldability but have a low glass transition temperature,
e.g., about 60°C in the case of nylon-66. This makes them

20 unsuitable for use at high temperatures.

There is another type of polyamide. It includes
aromatic polyamides, in which the dicarboxylic acid
component is mainly comprised of aromatic dicarboxylic acids.
They are superior to aliphatic ones in heat resistance and

95  Watel Jesistance but suffer the disadvantage of requiring

4"roblem associated with a high molding
that the cooling rate of a melt injected into
1 faster for aromatic polyamide than for
3 4"yamide. Fast cooling causes the molded articles
_“Eﬂilh3s3rtow crystallinity, which in turn adversely affects
stifTness at high temperatures.
To cope with this situation, the present inventors
developed a new aromatic polyamide having good heat
35 resistance and mgchanical properties. 1Tt is composed of



‘2 repeating units which consist of (a) a dicarboxylic acid conponent which .
consists of 60-100 nol % of terephthalic acid and optionally 0-40 nol % of at

| east one aromatic dicarboxylic acid other than terephthalic acid or
straight 5 chain aliphatic dicarboxylic acid of 6-18 carbons and (b) an
al kyl enedi am ne conponent. In additiong the aromatic polyanm de has an
intrinsic viscosity [[err]] of 0.5-3.0 dl1/g neasured in concentrated
sulfuric acid at 30[err]C, as described in Japanese Patent Lai d-open No.
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same manner as the conventional aliphatic polyamides. ,
Therefore, it cannot be produced efficiently.

15 To address this problem, the present inventors
developed a new production process consisting of two steps.
The first step is designed to give a low molecular weight
condensate having an intrinsic viscosity [#] of 0.05-0.2
dl1/g, and the second step is designed to perform melt

20 polymerization of the low molecular weight condensate in
an extruder until a desired molecular weight is reached
which is indicated by an intrinsic viscosity [#] of 1.0-
2.5 dl/g, as described in Japanese Patent Laid-open No.
196625/1985.

25 | disadvaﬁtage of this process is that a long residence
time is necessary for melt polymerization of the low
molecular weight condensate in an extruder. This leads to
the necessity of using an extruder with a high L/D ratio
or reducing extrusion outpdts. In any way, the process

30 needs a high capacity equipment as well as a large amount

' of thermal energy.

SUMMARY OF THE INVENTION

35 In order to approach the above mentioned problem



tn order to approach the above nentioned probl em 3 associated with the
production of aromatic pol yam des, the present inventors carried out a
series of researches which led to the finding that a high nol ecul ar wei ght
aromati c pol yam de can be produced economcally and efficiently by 5 t he
process which consists of perform ng nmeht reaction of a dicarboxylic acid
with a di am ne, thereby giving a | ow mol'ecul ar wei ght condensat e,

subjecting it to,sqli.d phas o] atlon in a vagcuum er a,gas
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process forqﬁﬁ gﬁc hg Ziﬂﬂéﬂg ufaﬁqﬁgl8ﬁﬁgﬁgﬂ?5n?§éggéo§5§&§ Ey and
efficientlypolyamide canlbelsradapndre@bpemﬂceﬂIWhendneéﬁuponn¢QYprV|de a
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conpri 4i0ng rst ste melt reaction of sai arboxylic
acid with sdﬁdb@ﬁﬁﬁlﬁ@ tﬂﬁérébydlﬂg

Therefore, it is an object of the invention to provide
a process for producing a high molecular weight polyamide
economically and efficiently, |
15 It is another object of the invention tb provide a
"process for producing an aromatic polyamide containing a
less amount of triamine and having a good color,
The invention provides a process for producing an
aromatic polyamide which comprises:
20 (a) a dicarboxylic acid component which consists of 30-
100 wolZ of terephthalic acid and optionally 0-70 mol% of
at least one dicarboxylic acid other than terephthalic acid,
and
(b) a diamine component which consists of 50-100 mol% of an
'25 aliphatic alkylenediamine of_4—25 carbons and optionally
0-50 mol¥ of at least one alicyclic diamine of 3-25 carbons,
said process comprising a first step of performing melt
reaction of said dicarboxylic acid with said diamine, thereby
giving a low molecular weight condensate having an intrinsic
'30 viscosity [#] of 0.05-0.6 dl1/g, a second step of subjecting
it to solid-phase polymerization, thereby giving an aromatic
polyamide precursor having an intrinsic viscosity [ 7] of
0.5-1.0 di1/g, and a third step of subjecting it to melt
polymerization, thereby giving an aromatic polyamide having .

35 a desired intrinsic viscosity [#] of 0.8-2.5 dl/g.



giving a | ow nol ecul ar wei ght condensate having an intrinsic 30 viscosity
[[err]] of 0.05-0.6 dl/g, a second step of subjecting it to solid phase

pol ymeri zation, thereby giving an aromatic pol yam de precursor having an
intrinsic viscosity [[err]] of 0.5-1.0 di1/g, and a third step of
subjecting it to melt polynerization, thereby giving an aromatic pol yam de
havi ng 35 a desired intrinsic viscosity [[err]] of 0.8-2.5 dl/g. 4
.DETAI LED DESCRI PTI ON OF THE | NVENTI ON According to the process of the

i nvention, the first 5 step is designed to give a IOM/nDIecuIar wei ght

condensate (or prepolyg%@h i%ﬁp%%§%#¥h#fﬂﬁ %Qo%% ' gdlcarboxylic

aci d conponent and di am ne conponen he dlcarboxyllc aci d conponent (a)
consi sts of 30-100 nol % of terephthallc acid and optionally 0-70 nol % of a

di carboxylic aci Qc%tof}‘ilrmtghet'% ]t(&e ptre,rce,gt},t ke 't%eaQ'nd/en'Eh%n| 0V¥h@'ﬁ¢r’~§tar
wei ght conde sat gntalns at | egst a repeatin nit whi consj sts of a

Lor apht 1Bal | & W01 d SCARIGHERRE (18 B Wnd P MEIEE A MerE b FRGHERS 3 4- 25
carbons (b).(cthe rapartemier )p @ompusial dﬁlroluﬂr; aﬂﬁm swﬂtl i nlAl dl(txmdmnaeltl]ec
contains a r it r te t he fqrmu L lerr.
wherein R c?e%ﬁ??es r?%ankt |a§'@e%3?" Eﬂ, %i'pfgle :}r bo e[]d-lﬂ’? ﬁ’m ('Iea
conponent wiiodtpomen t t{@)rrmnsamet@ |loeft - 184k avedlitn op fi detmhtrhadntq (mildt i S
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nmol ecul ar melg 3 ensat e be entirely the conporient represented by the

formul a0 1- & Hite acdidopnt halic acid conponent (a-1) may partly
contain an addi tifgall o¥ GRlwwldrc wisight condensate contains at least

a repeating unit which consists of a terephthalic acid
component (a-1) and an alkylenediamine component of 4-25
carbons (b). The aromatic polyamide derived from such a

15 condensate contains a repeating unit represented by the
formula [1-a] below.

—c- —NH~-RI-NH-
ﬁ@_(lf NH-R'-NH [1-a]

20 ' o o)

wherein R' denotes an alkylene group of 4-25 carbons in
the diamine component which will be mentioned later.
According to the invention, it is not always necessary

25 that the dicarboxylic acid component in the low molecular
weight condensate be entirely the component represented by
the formula [1-a] above. The terephthalic acid component
(a-1) may partly contain an additional dicarboxylic acid
other than terephthalic acid.

30 Examples of such an additional dicarboxylic acid
component include an aromatic dicarboxylic acid component
(a-2) other than terephthalic acid and a straight chain
aliphatic dicarboxylic acid component of 6-18 carbons (a-3).
Examples of the component (a-2) include isophthalic acid,

35 2-methylterephthalic acid or naphthalenedicarboxylic acid,



\

ot her than terephthalic acid. 30 Exanpl es of such an additional

di carboxylic acid conmponent include an aromatic di carboxylic acid conponent
(a-2) other than terephthalic acid and a straight chain aliphatic

di carboxylic acid conmponent of 6-18 carbons (a-3). Exanples of the
conponent (a-2) include isophthalic aci 35 2-met hyl terephthalic acid or
- napht hal enedi car boxyl i c acid, 5 anong which isophthalic acid is
particularly preferred. In the case where isophthalic acid is additionally
cont ai ned asaron@rwinkeh ci s plat ki | ac bki ids coapbinent ax hy thee f oo el ecul ar
wei ght condensat t r td r | : { de |

repeating unit r:,Ipr# e%tgﬁ%y*m@j g%}?-gh%ll{%i%ﬁlg?wg ?L%‘pmiéel?ﬂ ?y\/\her'ei n
R denotes afPhbxineheayraupingnatbe digaphexy hig e b a5 mRORSMhohent whi ch
vv: a hbte_ rreggtweﬁmb aili)@retlzﬂaﬁmﬁﬁgm é&ed?m}/ﬁeﬁﬁgﬁé Oflﬁsiulstiﬁ% gﬁquﬂg
aliphatic ar box c.acid component of. 6- car bo - 3), I ncl ude
succi ni &d aci%?llg%'flp#%'%ac/'? A0S f a{%gg% Forike a%?%r%%?'&l?g'an@%g%%i ch

adi pic acid berwebaclt-bkibielewpreferred. In the case where an aliphatic

di carboxylic acid (a-8) is addi-tionally contained as a dicarboxylic acid 20

conponent, the resulting aromatic pol yam de contains a repeating unit
represented by the fornula [ 1 PWe-MIB-R'-NHFI] wherein R denotes an
al kyl ene group of 4-25 carbons |i [di ami ne conponent whi ch wi | [1bg]

mentioned | ater, and n denotes@an t &ger of 4-16. 30 As set forth
above, 1the | ow nol ecul ar wei ght condensate ' :

wherein R! denotes an alkylene group of 4-25 carbons in
the diamine component which will be mentioned later.
Examples of the above mentioned straight chain aliphatic
15  dicarboxylic acid component of 6-18 carbons (a-3) include
succinic acid, adipic acid, azelaic acid or sebacic acid,
among which adipic acid or sebacic acid is preferred,
In the case where an aliphatic dicarboxylic acid
(a-3) is additionally contained as a dicarboxylic acid
op - component, the resulting aromatic polyamide contains
a repeating unit represented by the formula [1-c] below.

—C- (CH,) ,~C-NH~R'-NH-
| [ [1-cl

0 0

25

wherein R' denotes an alkylene group of 4-25 carbons in
the diamine component which will be mentioned later, and
n denotes an integer of 4-16.

30 As set forth above, the low molecular weight condensate
is a prepolymer composed of the above mentioned dicarboxylic
acid component (a) and diamine component (b). The diamine
component (b) consists of 50-100 mol¥% of an aliphatic

alkylenediamine of 4-25 carbons and optionally 0-50 mol¥ of
35 at least one alicyclic diamine of 3-25 carbons.



I's a prepolyner conposed of the above nmentioned dicarboxylic acid conponent
(a) and di am ne conponent (b). The di am ne conponent (b) consists of 50-100
mol % of an aliphatic al kyl enedi am ne- of 4-25 carbons and optionally 0-50
nmol % of 35 at | east one alicyclic diamne of 3-25 carbons. 6 The

al i phatic di am ne conponent is derived forom aliphatic al kyl enedi am nes
havi ng 4-25 carbons, preferably 6-18 carbons. The aliphatic diam ne may be
ei ther straight chain one or branched one. 5 The straight chain
alkylenedianineiﬂhﬁtﬂk&phétﬂcewﬁﬂﬂﬂﬁe dh“bdﬂ&umrmﬂndenmwed from

1, 5-di am no [

1, 8- di am noac ane clf“ﬁa%nd(}%gﬁéﬁ{ake h1 ggltggﬂ;o%:x?% preferably

1, 11- di am ndimidbcearbans 1, 1@&1.%:}1&&1@%1% may be githar §tnaight

branched chajlin il M@r&dlmmémcdmes for exarrpl e,

‘1, 4- di am no- 1, 1- dj,met hyl but 1- et hyl butan '

1, 4-di arh no- 1, 2- g‘il §’r @ﬂedhal I "’g’ﬂ%ﬂ%f’d ip "S”b‘%/ difrader
i am no- elxafmnjler,ethyti-bhimmotﬂu taneli a]m&‘raiiz;n&mbnmtmdd)utlarﬁ&

am 28'@%**&%%?2?an7é5“”é'§’“rﬁa”o@°4laf*’ %Lyﬂ e 1.5

i ami no-&i @mmme, hlexlaﬁredlmmmqﬂmnﬁ) 2 2L i hieamin qundgwane or

'anlno fgzhlgﬁiﬂgagugggw@ne 1, 6-di am no- 2, 4, 4 trlnethylhexane 1,7-
no- 2, 3- dl ane,

i 6 ho-2, 5. o ol et tﬁge "arFé‘a‘ECh%ajn‘ghﬂZHg o lgleﬁﬁh *ﬁmmewahaies:
i ami no-floB- @tmm’,l Op,t@flhamlnﬁydl,ﬂﬂm&tlﬂylﬁimwmqmmmo—
e o e B A et ) L s PR o ramin-
|an|no1&3%dhmethwlbutane, 1,4-diamino-1,4-dimethylbutane, 1,4-
diamino-2,3-dimethylbutane, 1,5-diamino-2-methylpentane,

15 1,2-diaminao-1-butylethane, 1,6-diamino-2,5-dimethylhexane,
1,6-diamino-2,4-dimethylhexane, 1,6-diamino-3,3-dimethyl-
hexane, 1,6-diamino-2,2-dimethylhexane, 1,6-diamino-2,2,4-
trimethylhexane, 1,6-diamino-2,4,4-trimethylhexane, 1,7-
diamino-2,3-dimethylheptane, 1,7-diamino-2,4-dimethylheptane,

20 1,7-diamino-2,5-dimethylheptane, 1,7-diamino-2,2-dimethyl-
heptane, 1,8-diamino-1,3-dimethyloctane, 1,8-diamino-1,4-
dimethyloctane, 1,8-diamino-2,4-dimethyloctane, 1,8-di-
amino-3,4-dimethyloctane, 1,8-diamino-4,5-dimethyloctane,
1,8-diamino-2,2-dimethyloctane, 1,8-diamino-3,3-dimethyl-

925 octane, 1,8-diamino-4,4-dimethyloctane, 1,6-diamino-2,4-
diethylhexane or 1,9-diamino-5-methylnonane.

0f these examples, 1,6-diaminohexane, 1,8-diamiono-
octane, 1,10-diaminodecane, and 1,12-diaminododecane are .
preferable. They may be used alone or in combination with

30  one another, |

The alicyclic diamine should be one which has 3-15
carbons, preferably 6-18 carbons, and also has at least one
alicyclic hydrocarbon ring.

Q.Q.D.D.Q. jeNoNoNoRNok

The alicyclic diamine includes, for example,
35 1,3-diaminocyclohexane, 1,4-diaminocyclohexane, 1,3-bis-



25 octane, 1, 8-diam no-4, 4-dinethyl octane, 1,6-diam no-2,4- diethyl hexane
or' 1, 9:di am no- 5- net hyl nonane. O these exanpl es, 1, 6-di am nohexane,

1, 8-di am ono- octane, 1,10-di am nodecane, and 1, 12-di am nododecane are
preferable. They nmay be used al one or in conbination with 30 one anot her.
The alicyclic diam ne should be one mhiqh has 3-15 carbons, preferably 6-18
carbons, and al so has at |east one alicyclic hydrocarbon ring. The
alicyclic diamne includes, for exanple, 35 1, 3-di am nocycl ohexane,

i1j-g!a?1nth%HQEﬁf&h?J%bJ%hb&ane, %Z4G%H§K@ﬁﬁhhwbkgbdDeXQmexane,

, 4- bi s(am naqne cl.ohexane, i.sophar,onedijag ne razine, .

25 di met hyRaoRaeKohSITARIZE, i BRRRRIRE 2 ) NamsE 1o TPeR Gz ne,

bi s(4- ani nodyisl(dhaminpgysiahexyl)methane, bis(4-aminocyclohexyl)propane,
33 i ot b i Talon e, & G W PRSI ORI B f 1 roglad®, 4 4° - diamino-

5. 5' - di #et hy i’(f)ﬂdl“‘@ngﬂyy}ldﬁ&tyﬁgﬁi‘:exﬂzlﬁe-tiiaéﬁi'né-’ "ydiamino 3,3’ -dimethyl-
di met hyl l—5h$,-SFi-matmrgytlh@ilmmlyfm@h;elxmlmm[ ,ne[,elr;ir,]4"~h’lii$(m4no-3, 3’ -

am nocycl o ~+R~digl $QprQ nzene,. [enr]' -bis(4-amng- . .

cycl ohexyl )%‘c??ﬁ@dﬁﬁdﬁl‘tﬂ'éﬁ‘f&ﬁé’ﬁ%1[°é’r°r1]“h-"’]6‘i"s‘(*’£-°§r?i“%o- Ry’ -bis(4-

cycl ohexyl ) -amisoeye lothexarle - didrsojp royi ldenzemenooycl @- -bis (4-amino- :
hexyl ) -1, 3- | %&@q e Fi e ' i i apl nes,_ 1k, F4hisGam_nonet hyl ) -
cycl ohexane%ils - amgnghgffll}%?rﬁ‘toﬁ’lgr}(eb?ﬁfte?—egi :?énm&rgocb]igﬁg-, aﬁe@{ﬂ ) met hane,
1, 3- bi 4@ani sdedheyd)cilodetaitd ofexpang orisx, @ -bis(4-aminocyclo-

di am no- 3, 3'rediy Oty 13dicGiealoessdee is preferred. In particular, the second

to fourth ones ‘i peferred e aljcydic dian je ey e usqd glone or in
cyclohexane, bis(4-aminohexyl)methane, 1,3-bis(aminocyclo-
hexyl)methane, 1,3-bis(aminomethyl)cyclohexane or 4,4"-

15 diamino-3,3’-dimethyldicyclohexane is preferred. In
particular, the second to fourth ones are preferred. The
alicyclic diamine may be used alone or in combination with
one another.

According to the invention, the dicarboxylic acid

90 component (100 mol%) in the low molecular weight condensate
comprises terephthalic acid component (a-1) in an amount
of 30-100 mol%, preferably 40-80 mol%, more preferably 45-

75 mol%; an aromatic dicarboxylic acid compoﬁent other than
terephthalic acid (a-2) in an amount of 0-T0 mol%, preferably

25 0-60 mol¥%, more preferably 0-30 mol%; and an aliphatic
dicarboxylic acid component (a-3) in an amount of 0-70 molZ,
preferably 20-60 mol%, more preferably 25-55 mol¥%. It is
preferred that the diamine component in the low molecular
weight condensate is composed of the straight chain alkylene

30 diamine as mentioned hereinabove.

According to the invention, the low molecular weight
condensate is obtained by the reaction of one molar part
of the dicarboxylic acid with about one molar part of the
diamine with heating, preferably in the presence of water

35 and a phosphorus compound as a catalyst. The reaction is



According to the invention, the dicarboxylic acid 20 conponent (100 nol %

I " the.l ow nol ecul ar wei ght condensate conprises terephthalic acid
conmponent (a-1) in an anmount of 30-100 nol % preferably 40-80 nol % nore
preferably 45- 75 nol% an aromatic di carboxylic acid conponent other than
terephthalic acid (a-2) in an anmount of g0-70 nol % preferably 25 0-60 nol %
nore preferably 0-30 nol % and an ali phatic dicarboxylic acid conponent
(a-3) in an anmount of 0-70 nol % preferably 20-60 nol % nore preferably
25-55 nol % ceir riigdp odifte pred eriadtl vt e dgirawires sageponswa lily tie anow nol ecul ar

‘wei ght condgnsdis@hier eCQTPARed n@r t! R sSt I Fin@Nid @AM y3! Kibleea A boxdilgE ne
as nentioned h relﬂa qQve., According to .the |$veq%éﬁn, tqirIOM/nDIecular
wei ght cond@§dd: @nds dd@miing. f1ayy be, repdaced, hyothedd 3@ ld part of the

di c?r box?/l ic acihd‘h\m' tpmoatpchtotrfutsnemmoa:rndparst exde niplld fdiealmibye phddpﬂmd td ng,
preferably i e \pr e ter I ys ,COnpo as a
cat al ys%. ‘P%eitdr’eggt ?%ﬁrli%s o e\éﬁc?arsr ﬁgngrgab{}'qgﬁxg?)g%}&r}%#n é;rlrgéré sure,
usual 1y in &t ldsnedpesterss thenaednt pdosphimdicdastislsl ywr tsed i oar boxylic
acid and di @¥tes"BhRofEP! aced by their salt. The phosphorus conmpound is

exenplified by phosphqric 5 acid, or, salts or esters thereof, phosphorous
acid, or salts ofXampdies ofc s p ienis@ lds d nedrudey nostags igdt er s

thereof. Exaglsghade,! 30 difvas phdsphedd,s od1diuie phdisiti 181 MOSY Il
Shosphdlle.  MIAcHRaTR s HAREE A& AIASP I o ke I UG G G o
esters incl pdesphtatel. plosypipdtes, oft Ipho sphasiEhasderissdpradpyde prectdptiat e,
butyl phosphate, efhyl phosphate, isopropyl phosphate, butyl
phosphate, hexyl phosphate, isodecyl phosphate, octadecyl
phosphate, decyl phosphate, stearyl phosphate or phenyl
15 phosphate.

Examples of the phosphite salts include potassium
phosphite, sodium phosphite, calcium phosphite, magnesium
phosphite, manganese phosphite, nickel phosphite or cobalt
phosphite. Examples of the phosphite esters include methyl

20 phosphite, ethyl phosphite, isopropyl phosphite, butyl
phosphite, hexyl phosphite, isodecyl phosphite, octadecyl
phosphite, decyl phosphite, stearyl phosphite or phenyl
phosphi te. , '

Examples of the phosphinate salts include potassium

25 phosphinate, sodium phosphinate, calcium phosphinate,
barium phosphinate, magnesium phosphinate, manganese
phosphinate, nickel phosphinate or cobalt phosphinate.
These phosphorus compounds may be used alone or in
combination with one another.

30 The phosphorus compound may be used in an amount of
0.01-5 mol%, preferably 0.02-2 mol%, for the dicarboxylic
acid. Water is used in an amount of (-20% by weight of
the total amount of the dicarboxylic acid and diamine used.
The reaction may optionally employ a monocarboxylic acid

35 or a monoamine compound as a blocking agent for the molecular



phosphat e, hexyl phosphate, isodecyl phosphate, octadecyl phosphate, decyl
phosphat e, stearyl phosphate or phenyl 15 phosphat e. Exanpl es of the
phosphite salts include potassium phosphite, sodium phosphite, cal cium
phosphite, magnesi um phosphite, manganese phosphite, nickel phosphite or
cobalt phosphite. Exanples of the phospEite esters include nethyl 20
phosphite, ethyl phosphite, isopropyl phosphite, butyl phosphite, hexyl
phosphi te, isodecyl phosphite, octadecyl phosphite, decyl phosphite,
stearyl phogpltimtiaadrs.phdhyl bllbekilhigt @gemtamalyedeofustelde iphanphaimoatng 4l t s

i ncl ude pOt?Fga%%ﬂ%5forpQ%ﬁpﬁHQQQ%nxﬁqq'u@kqﬁo%QhHQQHQme @é@&“ﬂ

phosphi nat e, ese
phosphi nate, ni cldle dwwsmhﬂﬁ&wdaérw@dbéﬁtCpmd§wﬁﬁﬁ&t@aYTW@SérﬁW@§GNo

%ﬁe gﬁgg;hdrusQ%gu C%h%me gcﬁgégo * EHO%ﬁ?IME 0 1- 5tnDI/ referably
9

0.02°2 Bol P TRSETARI Yy DT egie e waaed 10400, 0.5 - dpurs aﬁrmr#ldf 0- 20%

by wei ght offd:hd-tﬁoﬂ:a:lurarmuritdeo‘f attime sehhearileo)pyrieiss vae,d pared ediadrtime used.

The reaction, Ay s%w Y sHINSY oF R 2’)% Y2 C %’ r%%léz Y5-350

nmonoam ne comnpoun ocklng agent” fTor t ol*edl termnal s.
The blocklnéaﬁgnﬁ.nny be used in an amount of 0-3 noﬂ%fcn the

di carboxyl | ¢, 2¢1 o Rlorh g N Ui 4ot MR bl 10 e may
a

be prepared by the reactlon mhlch is carried out usu at 200 290[ err] C,
5 prdffer atiop densateomay jad s oy dgapne ragiedy by. & heofieac rOélf@rfatﬂfgﬂfor 1-3
hours, underd i®afbRnArilc ayiebsurtd tiieefdiraadilne in the presence of a

small amount of at least one @ -aminocarboxylic acid or
the corresponding lactam. |
Suitable @ -aminocarboxylic acids include

15 4-aminobutanoic (71 -aminobutyric) acid, S-aminopentanocic
(o -aminovaleric) acid, 6-aminohexanoic (& -aminocaproic)
acid, 7-aminoheptanoic acid, 8-aminooctanoic acid,
10-aminodecanoic acid and ll-aminoundecanoic acid. The
corresponding lactams are the cyclic amides formed by self-

990 amidation of the aminocarboxylic acids. Examples include
T -butyrolactam, o -valerolactam, & -caprolactam and
@ -laurolactanm.

The resulting aromatic polyamide includes a repeating
unit of aliphatic polyamide component derived from such

95 = an @ -aminocarboxylic acid or lactam. The amount of the

‘aliphatic polyamide component derived from the @ -amino-
carboxylic acid or lactam may be not more than 20 mol%,
preferably not more than 10 mol% of the total repeating
units of the resultant aromatic polyamide.

30 The first step for polycondensation of the dicarboxylic
acid with the diamine by melt reaction gives rise to a low
molecular weight condensate in solid form which has an
intrinsic viscosity [#] of 0.05-0.6 dl/g, preferably
0.08-0.3 d1/g, measured at 30°C in concentrated sulfuric

35 acid. This measurement condition is also used in the



under pressure usually of 20-60 kg/cnierr], preferably 25-50 kg/cnferr].
According to the invention, the | ow nol ecul ar wei ght 10 condensat e may
al so be prepared by the reaction of the dicarboxylic acid with the diam ne
in the presence of a small anount of at |east one [err]-am nocarboxylic
acid or the corresponding | actam Suitg?:e [ err]-am nocarboxylic acids

- include 15 4-am nobutanoic ( [err] -&am nobutyric) acid, 5-am nopentanoic
([err]-am noval -eric) acid, 6-am nohexanoic ([err]-am nocaproic) acid,

7- am nohept dodilowdigigd, 8- am nooct anoi ¢ aci d, 10-am nodecanoic acid and

11- am noundecanoi i d. r.aespondi ng |l act r clic am des
fornmed by self- Zlgt qcsa%rc?géﬁgnc&(’)fﬁ’t%&qu'ne\ %&wgﬁnoog)'}f/c]uﬁgq"a%lg% Exanpl es

i ncl ude [ er rqonslensadieadisarfiredderaf] watdirerasl astldmas [idr dasc aprcoindarodrheshd
[err] -laurQlacdfnmtithey aefdrd'q @A™ RYSPNda i GFetddd & tereating
unit of alipghatic pqtyjﬂ%de cqqponent derive fron1su%R,2511 an,, ,
[err]-adi nodffh38A % BRase @olymardmatinme aftang seeaidd calilghaditc is

pol yam de cqpefrertedetrtiated e ora ttdre doartrdnfaniharl £ drebaeduocedadiod 500 act am
may be not t 0 | 9. or ef bl.y, .nat e { 10 % 0f, the tota
repeati ng uﬁlﬁ{"g oolf‘]altrhr%s’r g’g'uq ttgﬁet cg%sﬁtaatlilg np‘oﬁ%rﬁod'elwg)@ mncq‘leasﬁge 9rst
step for pol3orteradeaveon dih itshep rhi cehiooacyils mcelcimhndatromhe tdicdne by nel t

reaction gives rigg F&ﬂﬂﬂwwlﬁﬁgﬁhﬁqﬁé&%_%wﬁ 1ihiSS) infhyf e

whi ch has an intrinsic VISCOSIéﬁQ er /g, preferably
0.08- 0.1 dI /aFcappkishad &y dqatimecitha lahankewtlar Haight comlensictey

This neasureneryd eWplidd iivd ot 3P iUSSbdr t§ian thld heating temperature
in the second step. Namely, the low molecular weight
condensate may be heated at a temperature in the range of
50-170°C, preferably at 100-150°C so that it has a desired

15 water content and crystallinity as above mentioned.
According to the present invention, the second step
is designed to heat the low molecular weight condensate in
a vacuum or under a gas stream for solid phase polymeriza-
tion. The reaction for solid phase polymerization may be
20 carried out continuously or batchwise by using an equipment
of any type, vertical or horizontal, stationary. rotary,
or stirring.
The solid phase polymerization is carried out usually
in the range of a temperature from 170°C to a temperature
25 less than the melting point of the low molecular weight
condensate, preferably at 200-260°C, usually for 0.03-6
hours, preferably for 0.1-2 hours.
The solid phase polymerization may be carried out in
a vacuum or under a gas stream, particularly under an
30 inert gas stream. The amount of gas stream should be
1-500 liters, preferably 20-300 liters, per 1 kg of the
low molecular weight condensate.
The solid phase polymerization may also be carried out
in the presence of a small amount of at least one w-amino-
35 carboxylic acid or the corresponding lactam so that the



following. It is preferred that the | ow nolecul ar wei ght condensate is
freed of water as well as it has a controlled crystallinity before it is
subj ected to the second step 5 for solid phase polynerization. More
specifically, it is preferred that the water content should be reduced to
5000 ppmor |ess, and the crystallinitnlshould be increased to 20% or
above. This procedure is not nandatory, 't hough. The control of water
content and crystallinity may be 10 acconpl i shed by heating the | ow

nol ecul ar weteshi ] timgleause £t b¢  po I yawidateoetadischthes topea tid@anuid hies
heating tenp ' h econ _ I I I ght
condensat e n%/?{)ﬁé:ﬁe%{'%% g‘féag)t e%“pg,é(g %’rw %l%e& ?g%ggwowéggﬁ%{ e'wr?] C
preferably aamawpt 16020t |mPee thaa 20 mebla peeferably nobhguere chmient and

crystal l'i ni typ apo BPOYE ROt tOPEH. réSeLE A% Prd he present invention, the
second step iIs defi ned 1@ eat the | ow pol ecul ar, wei ghf copdensate in a
vacuum o under a ﬁgss%l} a3 3% %%‘YWP%h%%E?%%I%h%§?z%&s?i %h.2Mhe reaction

for solid phasempbigyneslyanide peycbes@d hachng i @ Dutr toni ¢ nubsisd yi by

bat chwi se byruysjn Ol of i ori zont al
stationary, F t%rgfa€T§§ 1¢P§g%$’Tﬁggg%#%gf%hggéép%?%n€¥{€htion is carried
out usually in thkceendibngfie tkepenventibotisotha7arenaiictpobyariperature

25 less thapsdPps OB! {4 NonOR1 b §c£@@ Lo D! ert &' s ¥eh ohgr condensat e,
preferably at fOO-Z O[err] C, usua 3-6, hours refer? ly for 0.1-2

hours. Ihe s@¢lwcom %%5%6}9he?¥z&?lghgggvg@grc%???ﬁdsgﬁgs?n al Rc bt &
under a gas stépagivesriisel 86l ¥nUadena fc 3polyanedé @ashsiréegiredhe
anount of gaﬁ.g\’t‘:@am should b 1é500 giters,ngi]g{erablx 20- QO liters, per
1 kg of the T nbPEERP AP WRP GHECELRRAEHS L €. 18 FR9Bhas e bl YHEFF Sat i on
may al so be mayrbedaocémplished by using a vented twin-screw extruder, :
kneader, or Brabender.
15 The melt polycondensation as the third step is carried
ouf usually in the range of a temperature which is higher
than the melting point of the precursor by about 5C to a
temperature which is higher than the melting point of the
precursor by about 150°C, usually in the range of 320-350°C,
20 preferably under a reduced pressure. The residence time
in the melt reactor such as an extruder is usually between
0.5 to 10 minutes.
If necessary, the melt polycondensation may be carried
out in the presence of an @ -aminocarboxylic acid or the
25 corresponding lactam in such an amount as mentioned herein-
before. ,
The aromatic polyamide thus obtained according to the
invention has an intrinsic viscosity [»] of 0.8-2.5 dl/g,
preferably 1.0-2.0 dl1/g, and a glass transition temperature
30 of 70-125°C, preferably 80-125°C. It is usually crystalline
and has a melting point usually in the range of 260-360°7C,
and more particularly in the range of 280-330°C.
The thus obtained aromatic polyamide is suitable for
injection molding to make electronic parts and the like
35 which need heat resistance.



I'n the presence of a small anmount of at |east one [err]-am no- 35
carboxylic acid or the corresponding |actamso that the resul ting
aromati c pol yanm de contains the repeating units derived fromthe

[err]-am nocarboxylic acid or lactamin an anount of not nore than 20 nol %
preferably not nore than 10 nol % of thgqgototal repeating units. 5 The
sol id phase pol ynerization gives rise to an aromati c pol yam de precursor
having an intrinsic VISCOSIty [err]] of 0.5-1.0 dl/g, preferably 0.65-0.8
d1/g. According ths tsted ifrorddt iadxevet,ha caromddmiac ol Wherirdo onssc wisdhe s t hen

subj ect ed tqnt&%]ttlm.{]d UG 1okl 1a P WM So3rtd i h Y HEY g1y under

shear stress step gives rl%m@ﬁo an aromati c poly%£L3§I

desi red hi gi¥Pesddde cif“ lHdl"y‘f‘rﬁé’r iVASGOoS. Vilng suddars tsrggpas

accorrpl i shed-edie wdmg)fa aVQﬂto‘aCi‘HdMyrl 1&£faﬁiﬁhde>ﬁr{]d1¢3rd1dﬁ’iﬁmierthe)rloﬁr abender :
' ens lon as .the.third,ste cary i€

usual I y 3 n H:" e:‘r":%lgae'pg*éllag zﬁ'lfraetwschtl\esp I‘ﬁ‘bq”? ?’Coﬁéndzjntq hse Ch tpu"rf’lgse

poi nt of theghkmanigat inn eﬁmuxs Sierproy ide an apratis eokianides hi gher

than the ”Edir’e‘lgnm:”thﬂ(lﬁé‘ea &rﬁdﬁrﬁ% Mtﬁt}mtc W&‘Jsrﬂﬁr Lpyal 'aYnd ” the

range of 320-350[err]C, 20 preferab under_ a reduce essuye.
resi dence tifnall sy Mfte?‘bra%ﬁrorl%&ﬂ*’la&c%ﬁﬁ eha rglet H%{ ‘T’Sﬁ‘b %en

0.5 to 10 nmigwtss.td fprpciare & Whi dihand TRl du R Wit S d it 18 Yp Sy i d é ed

Cor  espithal P Vo dnd5F Gt UEERARE s St fonCl hror Ao Rig LY 1ihe

aromati ¢ polpraodebes tiera iols aftreedpranbor tiow dfo thweee nviends cas hasclarhigh
intrinSiC'Vi§§f5%JP%J[ﬁgféﬂt(gréhé%f%f%ofyiﬁkde as the conventional
process in which the low molecular weight condensate as
such undergoes melt polycondensation, when a reactor of the
15 same capacity is used. Thus the process of the invention
permits the economical and efficient production of aromatic
polyamides suitable for specific objects and applications.
In addition, the resulting aromatic polyamide contains a
less amount of triamine and has a good color because of its
20' limited heat history at high temperatures.

The invention will be described with reference to the
following examples, which are not intended to restrict the
scope of the invention.

25 -
Example 1

(Preparation of low molecular weight condensate)
A 200-liter reactor was charged with 58.5 kg (503 mol)
gg of l,6-diaminohexane, 45.7 kg (275 mol) of terephthalic
: acid, 32.9 kg (225 mol) of adipic acid, 106 g (1.00 mol) of
sodium phosphinate as a catalyst, 763 g (6.25 mol) of benzoic
acid as a terminal blocking agent, and 14 liters of water.
The molar ratio of terephthalic acid to adipic acid was
35 55/45. After the atmosphere in the reactor was replaced



preferably 1.0-2.0 d1/g, and a glass transition tenperature 30 of
70-125[err]C, preferably 80-125[err]C. It is usually crystalline and has a
melting point usually in the range of 260-360[err]C, and nore particularly
in the range of 280-330[err]C. The thus obtained aromatic polyamde is
suitable for injection nolding to nmake glectronic parts and the |ike 35

whi ch need heat resistance. 12 As s forth above, according to the
process of the invention, a | ow nol ecul ar wei ght condensate having a

specific inbwin;&@ogbacoshbyrbbemﬁbh hasfbaﬁtlpaebanedtbzsohe feaClinen of a
dlcarboxyllﬁgggl nag? g gkggkﬂge %Qe F? zhol ecul ar wei ght condensate is

then subj ec olyne |za S8 20 as to provi de an aromatic
pol yan de precuré‘bp maackd oa gpedmmtcwant filashedviigdosithyg prleosphersnd

finally thetm&%%%hsﬁrnb%zQQbh%ChﬁdtBOp@?&brﬂ0k$QQGdQ@%ﬁﬁH0@e%%r%%1%%
provi de a hlgg cul ar ,wei ht aronatic qg g1 havi ng a g§5|re
intrinsgc vid o§°P§ PFeFFPPl apeeYsdivngl B1I tefe ﬁﬂdeésstﬁéfﬁ1ﬂ st pbtaine
prodﬁctlon dﬂZ@hme?ftan&swaaoﬂnﬁﬁlhkghgﬁ@h&cubaﬂemeaght ammﬁntmﬁoﬂmkwanlde
as the conventi r in | t he e r n ate as
such undergggé ﬁgﬁPd égy§§§§eﬁ§a€|§ﬁi“ﬁﬁgn énggé%grqaqweﬁg @aﬁ@ %3 city

i s used. Thusnetlrtenlsr sodsd of 308 Cnvemdi am peemiage whe tdcdrodiiame terd
efficient prgd @lqp of aromatic pol yam des suitable for specific objects

and appllcatlons I'n addltlon the resulting aromatic pol yam de contains a
| ess arpgunt of triam ne and has a good col or because of its 20 Ilimted

heat h|storqubphwghlbgnmqrQﬁwmggldnglwqum@ @7 eWiulrls o€ adescri bed with
reference to the follow ng exanples, whi ot .intended .to restrict the
In the subsequent s'tep, i% % ol 't 1ow molesular
weight condensate was placed in a paddle dryer (made by Nara
Kikai Manufacturer) having an effective volume of 0.065 m®.
15 With the paddle rotating at 30 rpm, the condensate was

heated from 12°C to 240°C over 83 minutes and then kept

at 240°C for 18 minutes under a nitrogen gas stream at a

rate of 80 liters per minute, thereby providing 36 kg of

an aromatic polyamide precursor A having an intfrinsic

90 Viscosity [7] of 0.70 d1/g.

(Preparation of high molecular weight aromatic polyamide)
The aromatic polyamide precursor A was continuously

fed into a twin-screw extruder having a diameter of 57 mm

g5 and an L/D ratio of 42 at a rate of 100 kg/hour, with the

' cylinder temperature set at 350°C and the screw speed set
at 200 rpm so that the precursor A underwent melt
polycondensation, thereby providing an aromatic polyamide
having a desired high molecular weigt. The aromatic

30 Polyamide was found to have an intrinsic viscosity [#] of
1.03 d1/g and a melting point of 310°C.

Comparative Example 1

35 The low molecular weight condensate obtained in Bxample



scope of the invention. 25 Exanple 1 (Preparation of |ow nol ecul ar wei ght
condensate) A 200-liter reactor was charged with 58.5 kg (503 nol) 30 of

1, 6-di am nohexane, 45.7 kg (275 nol) of terephthalic acid, 32.9 kg (225
nol) of adipic acid, 106 g (1.00 nol) of sodi um phosphinate as a catal yst,
763 g (6.25 nol) of benzoic acid as a ﬁgrninal bl ocki ng agent, and 14
liters of water. The nolar ratio of teréphthalic acid to adipic acid was 35
55/45. After the atnosphere in the reactor was repl aced 13 by nitrogen,

the reaction was Ccar.rﬂﬁﬂxdarstnatfeaﬁor[rﬁrd ]aC i -¥ee WO Wx tHdRIT ehaar@ﬁgswe of

35 kg/cnferr e t rod ct shed the af r= t hr ough
a nozzle so Jasa"{eht er% rsrfs'" Vy‘?fnsé‘pa %% nr]’tsz) r’% i ﬂi
si mul t aneoudig/ houAf,t avi ﬂryﬁhﬁg C)tlrierltemva@nmﬁmm o128 l@g" o'i5thI Gwdrml ecul ar

mgp}] Cgfndematﬁr Al ssper&dadwr Y0P YW [ Ay 3t'11é rrtJ.r i e o4 BGOSI LY

tin oi nt  of 305[err n aver ge particle
di anet er5 of Wl{ter‘r‘]'rﬂae'ﬂﬁ?t(%r‘gbﬁ‘frdﬁ‘bh LI ‘E‘E‘%ﬂ% or A)
L In thg subsmttanitd dﬂt@pa KOstk onwled kat mﬂl;gﬂta(aﬂtﬂr;am giﬁlmmtmlh satkhevas
placed in a ra ai, Manuf act ur er avi.n
effective vo Wiig qaglii dEﬁQ1qq¥erﬁ&kﬂ%§r%ﬁ%ﬁﬁrﬁféh°§if rpm
t he condensal® ]vvasf hle.a]tfbdi ¥fomid[ernd 13 trg P{ret rd fC HMEE 83 mi nutes and
~then kept at 240[err]C for 18 minutes under a nitrogen gas streamat a rate

of 80 liters_per mnute, thereby frovrdrng 36 kg of
10 Comparative Bxample

(Preparation of aromatic polyamide precursor B)
An amounft of 40 ks of the low molecular weight
condensate obtained in Example 1 was placed in the same
15 paddle dryer as in Example 1. With the paddle rotating at
30 rpm, the condensate was heated from 15C to 220°C over
54 minutes and then kept at 220°C for 14 minutes under a
nitrogen gas stream at a rate of 80 liters per minute,
thereby providing 36 kg of an aromatic polyamide precursor
o9 B having an intrinsic viscosity [#] of 0.34 dl/g. .

(Preparation of high molecular weight aromatic polyamide)
The aromatic polyamide precursor B was continuously
fed into a twin-screw extruder having a diameter of 57 mm
25 and an L/D ratio of 42 at a rate of 70 kg/hour, with the
cylinder temperature set at 350°C and the screw speed
set at 280 rpm so that the precursor underwent melt
polycondensation, thereby providing a high molecular weight
aromatic polyamide. The aromatic polyamide was found to
30 have an intrinsic viscosity [»] of 0.93 d1/g and a melting
point of 310°C.

35



an aromatic pol yam de precursor A having an intrinsic 20 viscosity
[[err]] of 0.70 dl/g. (Preparation of high nolecular weight aromatic
pol yam de) The aromatic pol yam de precursor A was—continuously fed into a
tw n-screw extruder having a dianeter of 57 mm 25 and an L/D ratio of 42

at a rate of 100 kg/ hour, with the cylipder tenperi 'u J ﬁl err] C
and the screw speed set at 200 rpm so {lﬁat the pre ‘! "' MWMt mel t
pol ycondensati on, thereby providing an aronatic ponan1deLhdbiﬁg d desired
hi gh ol ecujgsTwesgCLATHEDangrati ¢ 30 pol yam de was found to have an
intrinsic viscosity [[err]] of 1.03 dl1/g and a nelting point of 310[err]C.
Conparative Exanple 1 35 The | ow nol ecul ar wei ght condensate

obtai ned in Examil.e A préckssadocoptrioducialigy ahedriontdia poilyasdidew extruder
havi ng a di r .and an L/Dratio of 42 at a rate of 25 kg/hour,
with the cy?ﬁqggrcggﬁgéfg?h[e set at 350[err]C and the screw speed set at
200 rpnbso @ tatHéca6h0#aﬂé@up§ﬁdmépgwpn@aﬁd@hé&@eceﬁaéﬁwénpfngﬁr

po:ycongens$000aoluh?&ehbrp$ﬁwmgna@ ac?agbgaob@%uba@1WQ!OPanmgmutbq .
ol yam ade. e.aro I C pQlyam de ,was T Qun (0] e an INtel, sk, VI SCQSI
F[e)r/r]] of Pt1degsigo ﬁd%dc)r‘/?abt"ixﬁfdlﬁoiaﬁﬂ oPtéfG[ th'ra]“c%fﬁphtgérlrﬂ&r atide

Exanpl e 2 @hdeparation of aromatic polyam de precursor B) An ampunt of 40
9 of the Ly 54talRlog SIS NSNS o SHE00 God 1057 ) 2co0,
30 r pml0t he asoaddmdattd cnad kivdgned iamdmel fedr 28 carbroseandCcogtdonsdly
.minutes and gLisgn WioQt o3t a32Qledst] GnlePla 144 yEINY &3 HFR" 08 3-25 carbons,
said process comprising a first step of performing melt
- reaction of said dicarboxylic acid with said diamine, thereby
giving a low molecular weight condensate having an intrinmsic
15 viscosity [#] of 0.05-0.6 dl1/g, a second step of
subjecting it to solid phase polymerization, thereby giving
an aromatic polyamide precursor having an intrinsic
viscosity [#] of 0.5-1.0 d1/g, and a third step of
subjecting it to melt polymerization, thereby giving an
20 aromatic polyamide having a desired intrinsic viscosity

[#] of 0.8-2.5 dl/sg.

2. A process as defined in claim 1 wherein the
dicarboxylic acid component (a) consists of 40-80 molX of
25 terephthalic acid and 20-60 mol% of at least one aliphatic
dicarboxylic acid, and the diamine component (b) consists
of at least ome straight chain alkylenediamine.

3. A process as defined in claim 1 wherein the first
30 step gives rise to a low molecular weight condensate
having an intrinsic viscosity [#] of 0.08-0.3 dl/g, the
second step gives rise to an aromatic polyamide precursor
having an intrinsic viscosity [»] of 0.65-0.8 d1/g, and
the third step gives rise to an aromatic polyamide having
35 an intrinsic viscosity (7] of 1.0-2.0 d1/g.



nitrogen gas streamat a rate of 80 liters per nminute, thereby providing 36
kg of ran aromatic pol yam de precursor 20 . B having an intrinsic viscosity
[[err]] of 0.34 dl/g. (Preparation of high nolecular weight aromatic

pol yam de) The aronmatic pol yam de precursor B was continuously fed into a
tw n-screw extruder having a dianmeter p§ 57 nm 25 and an L/D ratio of 42
at a rate of 70 kg/hour, with the cylinder tenperature set at 350[err]C and
the screw speed set at 290 rpm so that the precursor underwent nelt

pol ycondensati on, thereby pABSTRAGEH GFHhTHR BDSECOSHREwei ght aromatic
pol yam de. The aromatic pol yam de was found to 30 have an intrinsic

Vi scosity [[err]* of 0.93 d1/g and a_nelting point of 310[err]C. 35 15
WHAT |'S CLAI MED #sPrecess hepcesadupingranuaranahhcapohnanidporhighde which
conprises: bomptages:di carboxylic acid conponent which consists of 30- 100

nmol % of _ter thalic agid and optionally 0-70 | % of at | eas e
dica?boiyligggc?ddb?ﬂﬁﬁofﬁghctggéghfﬂﬂFKEeﬁgiHFPSHEC?Bflﬁtﬂiﬁhiﬁﬁ‘conponent
whi ch consi $08 w6180efi0Cerephtbali® achd ahipbational kyl @n2di moifiecdf 4-25
carbons and, eny bagg! bie0aP0aPRb3y 91 ¢k} 8254801 AbhCYSELEY FhaTY BOa ] 43 25
carbons, sard process conprising a Fit&ts ep of "performng ne r 85881 on
of said dicafBoxylic acid with said diamine, thereby giving a | ow nol ecul ar

vel ght_condepyahedfawine 8ompohbhBShEidR cos26R8! bY 5DC10D] ngir009S 0. 6
19 o> R T Ra eSS PhSTha0H khihS $F' 4Ca8 EREBLVIRY' S5t Sl 1o
gi ving
0-50 molX of at least one alicyclic diamine of 3-25 carbons,
said process comprising a first step of performing melt
reaction of said dicarboxylic acid with said diamine, thereby
giving a low molecular weight condensate having an intrinsic
15 viscosity [#] of 0.05-0.6 d1/g, a second step of
subjecting it to solid phase polymerization, thereby giving
an aromatic polyamide precursor having an intrinsic
viscosity [#] of 0.5-1.0 d1/g, and a third step of
subjecting it to melt polymerization, thereby giving an
20 aromatic polyamide having a desired intrinsic viscosity
{7] of 0.8-2.5 d1/s.
This process permits the industrial production of
high molecular weight aromatic polyamides in an economical
and efficient manner. _
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an aromatic pol yam de precursor *having an intrinsic viscosity-[[%k®fmfﬁ#2_
075-120 dl/g, and a third step of subjecting it to nelt polynerizatiqﬁbsu

t hereby giving an 20 aromati c polyam de having a desired intrinsic
viscosity [[err]] of 0.8-2.5 dl/g. 2. Alﬁrocess-as-defined inclaiml
wherei n the dicarboxylic acid conponent (a) consists of 40-80 nol % of 25
terephthalic acid and 20-60 nol % of at |east one aliphatic dicarboxylic
acid, and the diam ne conponent (b) consists of at |east one straight chain

al kyl enedi am ne. 3. A prprEPUGIONCOE KROMATICPOLYAMIDEEi n the first 30
step gives rise to a | ownolecular wei ght condensat e having an intrinsic

viscosity [[err]] of 0.08-0.3 dl/g, the second step gives rise to an
aromati c pol yam de precursor having an intrinsic viscosity [[err]] of
0.65-0.8 dl1/g, and the third step gives rise to an aromati c pol yam de
havi ng 35 an intrinsic viscosity [[err]] of 1.0-2.0 dl/g.

ABSTRACT OF THE DISCLOSURE

A process for producing an aromatic polyamide which
comprises: o
5 (a) a dicarboxylic acid component which consists of 30-

100 molX of terephthalic acid and optionally 0-70 mol?% of
at least one dicarboxylic acid other than terephthalic acid,
and
(b) a diamine component which consists of 50-100 mol% of

10 an aliphatic alkylenediamine of 4-25 carbons and optionally
0-50 mol¥% of at least one alicyclic diamine of 3-25 carbons,
said process comprising a first step of performing melt
reaction of said dicarboxylic acid with said diamine, thereby
giving a low molecular weight condensate having an intrinsic

15 viscosity [#] of 0.05-0.6 d1/g, a second step of

' subjecting it to solid phase polymerization, thereby giving
an aromatic polyamide precursor having an intrinsic
viscosity [#] of 0.5-1.0 d1/g, and a third step of
subjecting it to melt polymerization, thereby giving an

" 20 aromatic polyamide having a desired intrinsic viscosity

{#] of 0.8-2.5 d1/s.
This process permits the industrial production of
high'molecular weight aromatic polyamides in an economical
and efficient manner.
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