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1’PCLYANIDE AND PCLYANIDE COMPCSI TI ON The present i nventyg e&%lates to a

a;lyan1de havi ng . narkedly excel l ent noldability and having excellent hot

er resistance,’ surface appearance, heat resi st T
characteristics and chem cal resistance, as well Lhﬁ&ﬁ%i@#\%@ 6N|ct i on.
THe present i'nvention also relates to pol yam de c¢ np05|358h%0%bnprl<lng t he
above_po!yanldes and a filler and being suitable for engineering plastics.
C}ésfall|n§ Poly?nldes as represented by nylon 6 and nylon 66 have been '
wi dely used for fibers_for I' i ' ' and as

gener al - pur pose engPR@gﬁyﬁ pgggt?§§§%&5§@83$#ﬁ¥ﬁ%§H%§€e t he drawbacks of
poor heat resistance and poor dinensional stability as caused by

wat er

5 _ The present invention relates to a polyamide ha;ing
mgrkedly excellent moldability and having excellent hot
watef. resistadce, surface apéearanée, heat resistance,
mechanical characteristics and chemical ;esistaﬁce, as well
as low water absorption. The present invention also relates

10 t6 polyamide compositions comprising the above polyamidés

and a filler and being suitable for engineering plastics.

Crystalline polyamides as represented by nylon 6 and

15 nylon 66 have been widely used for fibers for clothing and
jndustrial uses and as general-purpose engineering plastics.
However, they have the drawbacks of poof heat resistance

and poor dimensional stability as caused by water
absorption. In particular, it has become difficult to use

20 conventional polyamides in the fields of those electric and
electronic ’parts requiring good flow-solder resistance as
accompanied by development of surface mounting techniques in
recent years or of car engine room parts requiring better
heat resistance year by yeér. There has been there:ore an

25 increasing demahd for deVelopment of a polyamide hav;né
better resistance, dimensional stabilit}, mechanical

characteristics and physical and chemical characteristics.
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abébkption In particular, it has become difficult to use convent i onal
pol yami des in the fields of those electric and el ectronic :

good fl ow sol der resistance as acconpani ed by devel nepf ]
nounting techniques in recent years or of car engirt?qgiﬁ eACED
better heat resistance year year. . There has be n

i ncreasi ng dgﬁhdﬂe?Br*ﬂﬁhe?Bﬁ%ﬁnF%ﬂ“%§ﬁﬁﬂ%&ﬂndélﬁavﬁﬁﬁ%§§9¥%amldes

resi st ance, di mensi onal stability, mechani cal characteristics and
physi calComRd isHad cafiphar AQld i avdcd ., 4-butanedisaRing e a8H0\RF IRAHiA T enent s,

al i phatic _pol yam des
polyamides comprising terephthalic acid and 1,6-hexane-

requilri ng

diamine as main components (hereinafter referred to as 6-T
5 polyamides) have been proposed and partly put into practical
uses. However, éliphatic.polyamides comprising adipic acid
and 1,4-butaneaiamine, having iow melt viscosity and hence
having good moldability, have the problem of high water
absorption which causes their properties such as dimensional
10 stabilitf to fluctuate durinéu.use. Arbmatic..éolyamides
comprising terephthalic acid and 1,6-hexanediamine have a
melting point near 370°C, which exceeds the decomposition
point of the polymer and hence cannot be melt molded. The
aromatic polyamides are therefore currently wused after
15 mod;fication to decrease their melting point to about 280-
320°C by copolymerizing 30-40 mole % of a dicarboxylic acid
component such as adipic acid.or isophthalié'acid or an ali-
phatic polyamide such as nylon 6. However, copolymerization
of such a large amount of a -third component (in some cases,
20 further a fourth component), which is surely effective in
decreasiqq.the melting point, decreases the rate of
crystallization and the attainable degree of crystalliza-
tion, thereby deteriorating the properties such as rigidity
under high temperatures, chemical resistance.and dimensional
25 stability and prolonging the molding cycle to decrease_the
productivity. Besides, the fluctuation of properties such

as dimensional stability upon water absorption of these
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conprising adipic acid and 1, 4- but anedi am ne and aLJﬂiﬁ SHEEDHAS BIRE
conprising terephthalic acid and 1, 6- hexane- di am he aslﬂﬁ{ncggnponents
‘(hereinafter referred to as 6-T pol yam des) have beenm proposed—anrd-partly -
put into practical uses. However, aliphatic polyam des conprising adipic
acid and 1, 4-butanedi am ne, having low nelt viscosity and hence having
good npalatEnides ilsavealtheupholscmawifathi ghowaved adsorcpmparedhi th causes
their properties such as dinmensional stability to fluctuate during use.
Ar omat i convye yoonalesatbpipat 5¢ ngol gemphebal ist iddi cebanck Iscthexabedé am ne
have a nelting point near 370[err]C, which exceeds the deconposition point
of the frdtynedn aphdenesl Danswlve beheeptobbéded.  The aromatic pol yani des
are therefore currently used after nodification to decrease their nelting
poi nt to about 280- JP-A-53536/1984,

5 158220/1985, 36459/1987 and 281532/1991 and Us-A-
4,607,073 describe that as a diamine component of aromatic
polyamides, aliphatic diamines.having a longer chain than
1,6-hexanediamine are usable. However, these
references give no COnerete disclosure about the use of 1,9-

10 nonanediamine or give no suggestion that the use of a

. diamine having at least 7 carbon atoms fealizes development
of particularly better properties as compared to the use of
1,6-hexanediamine.

GB-A-1070415 discloses production of a

15 polyamide having an inherent viscosity (n inh) of 0.67 to
1.03 dl/g by polycondensation of a nylon salt comprising
terephthalic acid and 1,9-nonanediamine in the presence of
3.1 to 4.0 mole % based on.the diamine of terephthalic acid.

| JP-A-155427/1984

20 and US-A-4,617,342 describe a polyamide comprising
terephthalic acid, a linear aliphatic diamine of 1,6-hexa-
methflenediamine and a branched aliphatic diamine of 2,2,4-
(2,4,4-)trimethylhexamethylenediamine. | However, these
refereneee give no concrete disclosure of any polyamide uti-

25 1lizing a linear aliphatic diamine of 1,9-nonanediamine and a

branched aliphatic diamine of 2-methyl-1,8-octanediamine in

a specific ratio.
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SiO[err]C by copol yneri zing 30-40 nole % of a di car boxyts ' '
;such as adipic acid or isophthalic acid or an ali- pha ié‘% ' @ﬂ as
nyl on 6. However, copol ynerization of such a | arge anodnt of R -Fd

conponent (in sone cases, further a fourth conponent), which:'is surely
effective in decreasing the nelting point, decreases the rate of
crystal | i zat iAeeoard nighet catat aitmglyl eadeghbae thfe erestealt] iinyenticas,, thher eby
deteriorating the properties such as rigidity under high tenperatures,
cheni cabpolgsimitd@ncenandndi nmereximdimed 1 st dleirkeiphy haid cpr odoigi ng esisiuml di ng
cycle to decrease the productivity. Besi des, the fluctuation of
proper t iopt aiedd asydi feErkowimed shabiprégedyos detser idlesior phi on of t hese

GB-A-1070416 and comprising terephthalic acid and 1,9-
5 nonanediamine, have fhe drawbacks of tending to color or
foam upon melt molding and giving molded articles having
insufficient surface appearancé and hot water resistance.
The polyamide described in
JP-A5155427/1984 and US-A-4,617,342, obtained
10 by compolymerizing a polyamide comprising terephthalic acid
. and 1,6-hexamethylenediamine with a branched aliphatic
diamine of 2,2,4-(2,4,4-)trimethylhexamethylenediamine has.
the problems of poor rigidity under high temperatures, poor
chemical resistance and poor dimensioﬁal st;bility upon
15 water absorption.

Accordingiy; an object of the present invention is to
provide a po}yamide'comprising an aromatic dicarboxylic acid
component and an aliphatic diamine component and having far
better moldability as compared to cénventional aromatic

20 polyamides and having excellent crystallinity, heat resis-
tance, low wéter absorption property, chemical resistance
and lightweightness, .as well as exceLlent dimensional
stability, surface appearance and shock resistance.

Another object of the present invention is fo provide a

25 polyamide composition comprising the above polyamide and

being suitably usable as an engineering plastic.

—_—
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3‘po|yanides I's, although somewhat inproved as conpared to conventi onal

aliphatic polyamdes, still above such a | evel that g1 ! g |
‘the problem JP-A-53 536/1984, 158220/1985, 36459/] gg%; 3 %?g
US-A- 4,607,073 descri be that as a di am ne conponent]_of _al'

pol yam des,

are

about the use of 1, 9-
di am ne havi nghde |

better

10

15

20

25

bl ve
1 and

properties as conpared to the use of
the findings that a polyamide comprising

. terephthalic acid and 1,9~-nonanediamine as principal

components can possess excellent moldability, hot water

. resistance, surface neatness and like properties only when

the intrinsic viscosity [n ] and ratio of blockage of its
terminal group have been adjusted within specific ranges;

that copolymerization of a polyamide comprising terephthalic

acid and 1,9-nonanediamine as principal components with a

specific amount of 2-methyl-1,8-octanediamine produces,
without.impairing the good characteristics of the original
polyamide, polyamides having still better surface neatness
and shock resistance; and that

polyamide compositions comprising these polyamides and a
filler are markedly useful in the field of engineering
plastics.

Thus, the present invention provides a polyamide
comprising a dicarboxylic acid component -(a) comprising 60
to 100 mole % of the dicarboxylic acid component of
terephthalic acid and a diamine cﬁmponent (b) combrising 60
to 100 mole % of the diamine component of 1,9-nonanediamine,
said polyamide (hereinafter referred to as "9-T polyamide")
having an intrinsic viscosity  [»n ] as determined Dby
measurement in concentrated sulfuric acid at 30°C of 0.6 to

2.0 dl1/g and having at least 10% of terminal groups thereof

al i phatic diam nes having a | onger -chain than 1, 6-hexanedi am ne
usabl e. However , these references give no concrete disclosure
nonanedi am ne or give no suggestion that the use of a

Sdcts GBI B WBhiendd zes Eryebapienss£of particularly

blocked. _
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1,6- hexanedi ani ne. GB- A-1070416 di scl oses producty havi ng
an inherent viscasity (n inh) of 0.67 to 1.03 dl/ %§£§2g§§§ tli on of a
‘nylon salt conprising terephthalic acid and 1, 9- nonane e

presence of 3.1 to 4.0 nole % based on the diam ne of terephthalic acid.
JP- A- 155427/ 1984 and US- A-4,617,342 describe a pol yam de conpri si ng
terepht hal i CcrRgi dor éﬁ{'egfmﬂédﬁw ' Cnf{'amnne plovidedhexa- peryawlieeedi am ne

and a branched ali phatic diam ne of 2,2,

(2,4, 4-94m4 P@%Pﬂ&thQ$EHJBHd¥yQQk§”é@fd componenﬁomﬁﬂercompriQEﬁQ 6of er ences

give no concrete dis sure of any polyamde uti- lizing a |inear aliphatic

di am n%&fl iéoé’ r&ﬁ’é‘f‘é'ed%a”bf'e @ns %9&3958&91%1 phatic dbapbRend’ of

- 2- et hyl - oct anedi am ne
terephthalic acid and a diamine component (b) comprising 60

5 to 100 mole % of the diamine component of 1,9-nonanediamine
and 2-methyl-1,8-octanediamine, the molar ratio between said
1,9-nonanediamine and said 2-méthyl—1,8-octanediamine-being
in a range of 60:40 to 99:1, said polyamide (hereinafter
referred to as "9M-T polyamide") having an intrinsic

10 v;scosity [n ] as determined by measurement in concentrated
sulfuric acid at 30°C of 0.4 to 3.0 dl/g.

The present invention still further provides a
polyamide composition comprising 100 parts by weight of S-T
polyamide ot 9M-T poiyamide and 0.1 to 200 parts by weight

15 of a filler.

With the polyamides of the present invention, within a
range of the intrinsic viscosity [7 ] as determined in
concentrated sulfuric acid of 0.4 to 3.0 dl/g, the following
relationship (1) holds between the intrinsic viscosity ([# ]

20 and the melt viscosity (MV) as determined at a rate of shear
of 1000 sec-!.

logMV = 1.9[n ] + A (1)
where A = a function of temperatﬁre.

With preferred examples of the polyamides of the pre-

25 sent invention, the A-value at 340°C is 0.6 to 1.0 and the
difference between the A-value at 330°C and that at 350°C is

0.1 to 0.6. On the other hand, with conveqzigggl__gzz__,______
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a épecific ratio. 4 According to a study made by the present in

t he pol yam de having term nal terephthalic 4CPHIS SHEQ$|HAS=JBEEN) ai ned

by follow ng the procedure described in GB-A-107041
terephthalic acid and 1, 9- nonanedi am ne, have the

col or

or foam upon nelt noldin Vi Ided rticles havin
i nsuf f i @A Sy e APHREr énccg’%&d'dﬁtﬁ“ %P Er 3PeditHMsd C ‘I"Hes%i’rg’ytalfn de

descrlbﬁg Hn JP- A- 155427/ 1984 and US- A-4, 617, 342, obt ai ned

10

15

20

25

of about the same level as those of the polyamides of
the present invention, the A-value at 340°C is 1.3 to 1.7
and the difference between the A-value at 330°C and that at
350°C is 0.7 to 1.1. Accordingly, in a temperature range of
330 to 350°C, which is preferably used for molding, the
polyamides of the present inveﬁtion, while having the same
intrinsic viscosity [n }, have a smaller melt viscosity and
smaller change in melt viscosity when the molding tempera-
tur;-changes, as compared to coﬁ?entional 6-T poiyamides.
The polyamides of the present invention have a further
advantage of small change in the melt viscosity during

residence time upon molding and thus have markedly imbroved

‘moldability as compared to conventional 6-T polyamides.

The polyamides of the present invention are usable as

molding materials for industrial goods and household goods.

The polyamide compositions of the present invention are

particularly useful as engineering plastics.;

The dicarboxylic acid component (a) used for the poly-
amides of the present invention comprises at least 60 mole
%, preferably at least 75 mole %, more preferably at least
90 mole %, of tereﬁhthalic acid component. If the content
of terephthaiic acid component is less than 60 mole %, the
resulting polyamide will become 'poor in heat resistance,

chemical resistance and like'properties. Examples of dsable

6 andpepAGEDSi N9

ng to
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bj conpol ynmeri zing a polyanide conprising tere
L, 6- hexanethylenedianine with a branched aliph

r|g|d|ty under hi gh tenperatures, poor chenical festrstanmce—and

di mensi onal stability upon water absorption. Accordingly; an object of the

presentqi Q¥EPbkPLikSat@dpeombadaentpoltyian deanonpriephtyadnl caraerisl iaxe

di carboxylic acid conponent and an aliphatic diam ne conponent and having

far betspfphatdabidiidar sk yaarpaseddsp earv.enia boelc asomdt i dipeithaii-des and

having excellent crystallinity, heat resis- tance, |ow water absorption

proper tial 6hedi aglidresuddite angid) ghlweaghtnessd, aadiplic asiexceald ent

di rensi onal stability, surface appearance and shock resi stance.
methyladipic acid, trimethyladipic acid, pimelic acid, 2,2~

5 dimethylglutaric acid, 3,3-diethylsuccinic acid, azelaic
acid, sebacic acid and suberic acid; alicyclic dicarboxylic
acids, e.g. 1,i-cyclopentanedicarboxylic acid and 1,4-cyclo-
hexanedicarboxylic acid; arométic dicarboxylic acid, e.qg.
isophthalic acid, 2,5—naphthalenedicarboxylic acid, 2,7-

10 naphthalenedicarboxylic acid, 1,4-naphthalenedicarboxylic
acid, 1,4-phenylenedioxydiacetic acid, 1,3-phenylenedioxy-
diacetic acid, diphenic acid, dibenzoic acid, 4,4'-
oxydibenzoic aicd, diphenylmethane-4,4'-dicarboxylic acid,
diphenylsulfone-4,4'-dicarboxylic acid and 4,4'-biphenyl-

15 dicarboxylic acid; and mixtures of any combination of the
foregoing. Among the above, aromatic dicarboxylic acids are
preferred. Multi-valent carboxylic acids such as
trimellitic acid, trimesic acid and pyromellitic acid are
also usable within such limits that assure melt molding.

20 The diamine component (b) used for the 9-T polyamide of
the present invention comprises at least 60 mole %, prefer-
ably at least 75 mole %, more preferably at least 90 mole %,
of 1,9-nonanediamine component. The use of a diamine compo-
nent of at least 60 mole % of 1,9-nonanediamine realizes

25 production of polyamides being excellent in all of heat

resistance, moldability, chemical resistance, low-water-

absorption property, lightweightness and mechanical
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Anot her object of the present invention is to provide a polyam de

.conposi tion conprising the above pol yam de and belf" ) 0]) Iy~ as an
engi neering plastic. 5 These objects could be a gﬁ Hﬁsgﬁgﬂsis of
the findings that a pol yam de conprising terephthalic

1, 9- nonanedi am ne as principal conponents can possess excellent
nnlda&éf {gg wat er resistance, surface neatness and |i ke properties
only en it he |ntr|n5|c viscosity [n] and ratio of bl ockage of its

term nal gropp, haysnPREN Ripdledd MBI Bs8ReGidr CtH&NGRST polyamide

of thé present invention comprises at least 60 mole %, pre-
‘ferably at least 75 mole %, more preferably at least 90 mole
5 %, of a total of 1,9-nonanediamine component and 2-methyl-
1,8-octanediamine component. In addition, the molar ratio
between the 1,9-nonanediamine component and the 2-methyl-
1,8-octanediamine component is 60:40 to 99:1, preferably
70:30 to 95:5 and more preferably 80:20 to 95:5. Copolymer-
10 ization of, in addition to 1,95nonanediamine, the specific
amount of 2-methy1—1,8—octanediamine can give polyamides
having not only a large melt moldable temperature range and
excellent moldability, but also excellent crystallinity and
mechanical characteristics, in particular shock resistance.
15 Examples of usable diamine components other tﬁan 1,9;
nonanediamine or 2-methyl-1,8-octanediamine are aliphatic
diamines, e.g. ethylenediamine, propylenediamine,' 1,4-
butanediamine, 1,6-hexanediamine, 1,8-octanediamine, 1,10-
decanediamine, 1,12-dodecenediamine, 3-methyl-1,5-pentane-
20 diamine, 2,2,4—trimethyl—1,6-hexanediamine, 2,4,4-trimethyl-
1,6-hexanediamine and 5-methy1-1,Q—ﬁonanediamine; elicyclic
diamines, e.g. cyclohexanediamine, methylcyclohexanediamine
and isophoronediamine; aromatic diamines,. e.g. p-
phenylenediamine, m—ﬁhenylenedieﬁine, xylenediamine, 4,4'-
25 diaminodiphenylmethane, . 4,4'-diaminodiphenylsulfone and

4,4'-diaminodiphenyl ether; and mixtures of the foregoing.

With the 9-T polyamide of the present inuaniinn4____________
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t Hat copol yneri zati on of a pol yani de conprising tere are+e—ahd
1,9-nonanedi am ne as principal conmponents with a spg ?ﬁ'$(§ﬂ§§5¢f&s BEEN
*2-net hyl - 1, 8- oct anedi ami ne produces, without inpairilng t BERJAGED
characteristics of the original polyam de, polyam des having strTt—petter
surface neatness and shock resistance; and that pol yam de conpositions

conpri sj o+ t R§Co P AGS naANGrodpd | F 8he mBlkedhgrusefains nid he
field of engineering plastics. Thus, the present invention provides a

pol yam Po& “»ﬁ'ﬁ}g g dﬂ&ﬁm@%ylbpo@mﬂlgcmnt Ita) isompsisiatgl 50 to
100 no the dicarboxylic acid conmponent of terephthalic acid
and a d&mn%thwggenug@b)opom@ St dinHital 0g+BQpED I Y0bckbE , disamd ne
conponent of nonanedi am ne

‘preferably at least 70%, more preferably-at least 80% and

5 most preferably at least 90% be blocked.

With the 9M-T polyamide of the present invention, it is
desirable that at least 10% of fhe terminal groups of the
molecular chains be blocked with a terminal blocking agent,
and preferably at least 40%,‘more preferably at ;east 60%

10 énd most preferably at least 70% be blocked.

The ratio of blockage of the terminal groups of a
polyamide can be_obtained by determining the number of the
terminal carboxyl groups, that of the terminal amino groups
and that of terminals blocked with a terminal blocking agent

15 and then calculating by the formula (4) later given. It is
desirable, in view of precision andleasiness, to obtain the
number of each of the terminal groups by subjecting the
polyamide to '!'H-NMR spectroscopy and then calculating the
number from the integrated intensity of the characteristic

' 20 sSignal corresponding to the terminal group. Where, however,
the characteristic signal of the terminal group blocked with
a terminal biocking agent cannot be identified, the ratio of
blockage is obtained as folloﬁs. At first, the intrinsic
visCééity [ ] of a polyamide is determined, and the'total

25 numbér of molecular chain terminal groups is calculated from

the intrinsic visdosity value by the following formula (2)

for 9-T polyamide or by formula (3) for 9M-T polyamide.
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sdi d polyam de (hereinafter referred to as "9-T pol }-ghe—— 1)
intrinsic viscosity [n] as deternined by measurk {EER HASHBERN | at ed
*sul furic acid at 30[err]C of 0.6 to 2.0 dl/g and haJi ng aREPIAGHD 10% ¢f
term nal groups thereof bl ocked. 6 The present THAVentron further
provides a polyam de conprising a dicarboxylic acid conponent (a)

compri §idig 60H® ndfer MPLE/gfb 0 Of tetMenadi earboxylli groapisd ancorgbartent  of
terephthalic acid and a diam ne conponent (b) conprising 60 to 100 nole %
of the digndNe £OPPARERLL Ohmin8- gppapedansi Getermined by titration.

The titration for terminai carboxyl groups is conducted on
a solution of the polyamide in benzyl alcohol with 0.1N
5 sodium hydroxide and that for terminal amino groups is
conducted on a solution of the polyamide in phenol with 0.1N
hydrochloric acid. Then the ratio of blockage is calculated

by formula (4).

Total number of molecular _ 2 . (2)
chain terminal groups (eq/g) ~ 19700[n ] - 7900 '
10 ' .
Total number of molecular _ 2 (3)
chain terminal groups (eq/g) T 21900[{n 1 - 7900
Ratio of blockage = [(a - b)/a]l x 100 (4)
where a = total number of molecular chain terminal groups
(this is generally equal to twice the number of
15 polyamide molecules)

o
1]

total number of terminal carboxyl groups and
terminal amino groups.
In the present invention, any monofunctionai compound
reactable with the amino or carboxyl qroups on the terminals
jo of polyamide molecules, with no particular limitation, but
monocarboxylic acids and monoamines, particularly
monocarboxylic acids, are preferred in view of reactivity
and stability of the blocked terminals. Also usable are
acid anhydrides such as phthalic anhydride, monoisocyanates,
25 acid monohalides, monoesters and monoalcohols.
| Any monocarboxylic acid can be used as a terminal

blocking agent, as long as it is reactable with amino group.
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and 2-net hyl -1, 8-oct anedi am ne, the nolar ratio betmeen sai d

1, 9- nonanedi am ne -and said 2-nethyl -1, 8-oct anedi am T ﬁaﬂ@

*60:40 to 99:1, said polyam de (hereinafter referred %5%&;3@3}

pol yam de") having an intrinsic viscosity [n] asideter

measur enent in concentrated sulfuric acid at 30[err]Cof 0.4 to 3.0 dl/g.

The pre$emmplesvelititme minddarbdxyltier acidr oareesliphgiulo/ anpde-

conposition conprising 100 parts by weight of 9-T polyam de or OMT

pol yam eardeckyl ik tac299, per.igs Beeleighacodfl, a priddiemidVadid helpokyam des

of the present invention, within a range of the intrinsic viscosity

[n] as addider realbgk i¢ nacbdcentpabed adifd)r icamcia adid, 418or BcOadlidg, the

following relationship (1) holds between the intrinsic viscosity [n]
tridecylic acid, myristic acid, palmitic acid, stearic acid,

14

of

5 pivalic acid and isobutyric acid; alicyclic acids, e.g.
cyclohexanecarboxylic acid; aromatic monocarboxylic acids;
e.g. benzoic acid, toluic acid, a -naphthalenecarbox}lic
acid, B8 -naphthalenecarboxylic acid, methylnaphthalene—
carboxylic acid and phenylacetic acid; and optional mixtures

10 ©of the foreg§ing. Particularly preferred examples among the
above in view of reactivity, stability of blocked terminals
and price are acetic acid, propionic acid, lactic acid,
valeric acid, caproic acid, capric acid, 1lauric acid,
tridecylic acid, myristic acid, palmitic acid, stearic acid

15 and benzoic acid.

The terminal amino groups of the polyamide of the
present invention form, #hen blocked with any one of the
above monocarboxylic acids, blocked terminals represented by
the following general formula (I).

20 R— C- | (1)

!
wherein R represents a residue of the monocarboxylic acid
from which carboxyl group has been removed and is preferably
alkyl, cycloalkyl, aryl or aralkyl.

25 Any honoémine can bg used as a terminal blocking agent,
as long as it is reactable with carboxylic group. Examples

of the monoamine are aliphatic monoamines, e.g. methylamine,
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and the melt viscosity (MV) as determined at a rat
sec[err]. logW =1.9[n] + A

function of tenperature. Wth preferred exanples of
pre- sent invention, the A-value at 340[err]Cis 076 TO I-0UanmaThe

THIS SHERTLHAS/BEEN
t he REPLAGED des

di fference between the A-value at 330[err]C and that at 350[err]Cis 0 1

to 0.6ethy®aminRg pRidpelaniaied, butilam ity erdxydralind, Tocty RPLiCEVENT
SHEET 7 pol yam des, having a coefficient of an intrinsic viscosity

10

15

20

25

decylamine, stearylamine, dimethylamine, diethylamine,

dipropylamine and dibutylamine; alicyclic amines, e.g.

.cyclohexylamine and dicyclohexylamine; aromatic monoamines,

e.g. aniline, toluidine, diphenylamine and naphthylamine;
and optional mixtures of the foregoing. Particularly
preferred examples among the above, in view of réactivity,
boiling point, stability of blocked terminals and price, are
butylamine, hexylamine, octylamine, decylamine, stearyl-
amine, cyclohexylamine and aniline.

The terminal carboxyl groups of the polyamide of the
present invention form, when blocked with any one of the
above monoamines, blocked terminals represented by the

following general formula (II).

R! — N— 1 ' (II)
b
wherein R! represents a residue of the monoamine from which

amino group has been removed and is preferably alkyl,

cycloalkyl, aryl or aralkyl and R2? represents hydrogen atom

or a residue of the monoamine from which amino group has

been removed and is preferably hydrogen atom, alkyl,

cycloalkyl, aryl or aralkyl.
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[nj of about the sane | evel as those of the poly nt
invention, the A-value at 340[err]Cis 1.3 to 1. HHSSH’&ETdMS E
between the A val ue at 330[err]C and that at 350[err]CREBLKCEDt() 1. 1

Accordingly, in a tenperature range of 330 to 350C—whirTH TS, preferably
used for nolding, the polyam des of the present invention, while having the
sane i ntrinsiWwhetieS@Idni[nyl el b rigedgait nikd tuse & cason ypaodusthbher
change in nelt viscosity when the nolding tenpera- ture changes, as

conpar ed ft ahxomEIYamidés 6off phéyphedent Thwemiliyvay dietls é hbéeepsasent

I nvention have a further advantage of small change in the nelt viscosity
during resisielneet t the Wwhountdl¢if Nghandddits hayie fhakedhe | npsoYeting

mol dability as conpared to conventional 6-T polyani des. The pol yani des of
the prepeNyamidenth®d ame USEDi®sBS viscosity [ ] and a ratio of

5 blockage in the ranges specified in the present invention.
The concrete amount wused will vary depending on the
reactivity and boiling point of the terminal blocking agent,
reaction apparatus, reaction conditions and the like, but it

_is_gengrally in a range of 0.1 to 15 mole % based on the

10 total moles of dicarboxylic acid and diamine.

The polyamides of the present invention can be produced
by any one of processes known to produce crystélline
polyamides. For example, a catalyst together with, as

- hecessary, a terminal blocking agent is added to a diamine

15 and a dicarboxylic acid, to produce a nylon salt; the nylon
salt is then formed at a temperature of not more than 280°C
into a prepolymer having an intrinsic viscosity (7 ] as
determined in éoncentrated sulfuric acid at 30°C of 0.1 to
0.5 dl/g, which is furthér subjected to solid phase polymer-

20 1ization or polymerization through a melt extruder, to give a
polyamide according to the present invention. If the termi-
nal blocking agent and catalyst are added after the step of
producing a nylon salt, there will tend to occur, during
pdlymerization, the problem of unbalance between carboxyl

25 groups and amino groups or formation of crosslinked struc-
ture. The intrinsic viscosity [n ] of the prepolymer.being

within the range of 0.1 to 0.6 dl/g assures little unbalance
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mol di ng materials for industrial goods and
conposi tions of the present invention are parTHISWSHEETYHAS BEEN
“engi neering plastics. The dicarboxylic acid jconpopeptAGED USed
poly- ami des of the present invention conprilse: 8l e %
preferably at least 75 nole % nore preferably at |east 90 nole % of

t er ephthed i €e RCEHr BORPONGRbups| faridheamiond egit owps t er eplithdki deacied seonponent
is less than 60 nole % the resulting polyamde will becone poor in heat

gesi st ajlceshehesteabtr psiphanteadndnl, i khepedgepriosidifivampiped Yyainidgsabl e

having a small distribution of degree of polymerization and
excellent properties and moldability. In effecting the last
5 step of polymerization by solid phase polymerization, it is
preferably carried out under reduced pressure or in a stream
of an inert gas and at a temperature of 180 to 280°C. Then,
the polymerization proceeds at a high rate and productivity
with suppressed coloring or_gelation. In effecting the last
10 step of polymerization through a melt extruder, it is
desirable to employ a polymeriiation temperature of ﬁot more
than 370°C, which realizes production of a polyamide having
suffered almost no degradation.
Examples of.catalysts usable for the above purpose are
15 phosphoric acid, phosphorus acid, hypophosphorous acid and
salts and esters. of the foregoing. Concrete examples of the
salfs are those of metals, e.qg. potassiqm, sodium,
magnesium,-vanaaium, calcium, zinc, cobalt, manganese, tin,
tungsten, germanium, titanium and antimony 'and ammoniup
20 salt, and ethyl ester, iéoprobyl ester, butyl ester, hexyl
ester, isodecyl ester, octadecyl ester, decyl ester, steafyl
ester and phenyl ester.
The 9;T polfamide of the present invention has an
intrinsic wviscosity [7] as. determined in concentrated
25 sulfuric acid at 30°C in a rangé of 0.6 to 2.0 dl/g. The
intrinsic viscosity [n ] is preferably in a range of 0.7 to

1.7 dl1/g, more preferably in a range of 0.9 to 1.5 dl/g.
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di'carboxyli'c acid conponent other than tereph ' | phatic

di carboxylic acids, e.g. malonic acid, dinethyl S-r%EEEiHASaBEEN succini ¢’
‘acid, glutaric acid, adipic acid, 2- nethyladipi c BERACEDri et hyl adi pic
acid, pinelic acid, 2,2- dinethylglutaric acid, 3,3-dretrnyfsuctinic acid,
azel aic acid, sebacic acid and. suberig¢ acid; alicyclic di.carboxylic acids,
e.g. 1,3-cycitFen ﬁﬁdi%%]rm’sf?? ¢ %dci ghﬁn(f"ﬂf%'b cllé’-ver?i&é’ﬁ‘edﬁégr Hkyli ¢

acid; aromatic dicarboxylic acjid, e.qg. isqQphthaligc acid,

2, 6- napHORARLORaG CHIBERATY acdtt) 5% AENRITANG A Lar ARSI AkSY,
1,4-naphthalenedicafboxglicoach, 1,4-$henylenedioxygiacetic acjd,

1, 3- phefpléNEdico8L 14 8EeBPcC ddt B raRepn&li &4 aktPg3-0 G]ill?{é’nzoithe aci d,
4,4' - oxydi benzoi c aicd, diphenyl methane-4, 4'-dicarboxylic acid,

di phenylid#rigsdcs i sensidiboky| i cis aereferably 41in apigangeyef 0.6 to

5 2.0 dl/g, more preferably in a range of 0.8 to 1.6 dl/g.

Known fillers having particulate, fibrous or cloth-like
shape are usable for the polyamide compositions of the
present invention.

Examples of particulate fillers are. silica, silica

10 alﬁmina, aiumina, titaniuh.oxide, zinc oxide, boron nitride,
talc, mica, potassium titanate, calcium silicate, magnesium
sulfate, aluminum borate, asbestos, glass beads, carbon
black, graphite, molybdenum disulfide and polytetrafluoro-
ethylene. These particulate fillers, having .an average

15 particle diameter of 0.1 mg to 200ux , are generally used
and those having one of 1 mug to 100u are preferred. The
use of these fillers assures that the resulting polyamide
compositions give molded articles having improved dimension—
al stability, mechanical characteristics, heat resistance,

20 chemical and physical characteristics, slidability and the
like.

Examples of fibrous fillers are organic fibers, such as
fibers from wholly aromatic polyamides or wholly aromatic
liquid crystal polyesters, e.g. polyparaphenyleneterephthal-

-25 amide, polymetaphenylengterephthalamide, polypafaphenylene-

isophthalamide, polymetaphenyleneisophthalamide and

polycondenséte of diaminodiphenyl ether and terephthalic
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dlcarboxyllc acid; and mxtures of any conbi nation of the foregoing. Among
the above, aromatic dicarboxylic acids are preferr ent .
carboxylic aci ds such as trimellitic acid, t|riti8<SHEERHAD BREN
pyronellitic acid are al so usable w thin such IlnLts t hREPLAGED e nelft
mol di ng. The di ani ne conponent (b) used for the 9-Fpotyantue of 1 he
present aiciderndt oDsephphates alcildgasindO0inokgaldcpridiers.,abd ygatglagst 75
nole % nore preferably at |least 90 nole % of 1, 9-nonanedi am ne conponent.
The use fdbea ,di aarBencofPiPer Na&iid Oboalon edsbe60 NOTRe% wWde 10%- Nnonasedi am ne
real i zes production of polyam des being excellent in all of heat
resi st afderoud dabilddy, nébeshligl in@Fiodeancshe | M ddEt £Y it pPsHEpPt b0Bo
property, | i ght wei ght ness and mechani cal

mechanical properties, heat resistance and chemical and

5 physical properties of molded articles obtained from the
resulting polyamide compositions. These fibrous fillers,
having an average length of 0.05- to 50 mm, are genefally
used. In particular, those having an average length of 1 to
10 mm are_preferred, since the resulting compqsitions have

10 good moldability and molded articles obtained therefrom have
improved slidability, heat resistance and mechanical proper-
ties. These fibrous fillers may be processed into cloths or
the like before incorporation into the polyamides.

The abov; described fillers may be used in combination
is of 2 or more. These fillers are incorporated in an aﬁount
of preferably 0.1 to 200 parts by weight based on 100 parts
by weight of polyamide, more preferably 0.1 to 150 parts by
weight and most preferably 0.5 to 100 parts by weight on the
same basis. These fillers may be treated with silane
- 20 coupler or fitanium coupler. |

The fillers are added during polycondensation of
polyamide, by dry blending, by melt kneading through an

extruder or by like processes.
The polyamide compositions may further contain, as

25 required, a stabilizer ;uch as éopper compound; color; UV
absorber; 1light stabilizer; antioxidant such as hindered

phenol-, hindered amine-, phosphorus- or thio-based. one,
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9 properties. The diam ne conponent (b) used for ftihve—SM-JT—palyani de of the
present invention conprises at |east 60 nole % prwlsfSﬂEB]'IHA&BEEﬁe st 75
‘mole % nore preferably at |east 90 nole % of a |t ot al REBPLACE®) nonaredi ani ne
corponent ang 2-nmet hyl - 1, 8-oct anedi am ne conponent. MTaddi-t++erd t he
mol ar ratjo befween the 1,9-nonanedi am_ne_c onent and the 2-nethyl -
1, 8- octAMEHF BAFRE 3958 % ent {asa% 45eF8r§§.n%nppsr%cf raBfy ?6:0%@5.%!5: 5 and
nore preferably 80;20 to 95;3. Copol r- i.zati.qn of, in_additiqn to
1, 9- nonRALYP &Ry n@Nt{RGNE pREL Fc°5nBEﬁF oPYILRELAGS. 1 CEYSEA n&&%;ﬁ“ﬁe can
gi ve pol yam des

agent; plasticizer; lubricant and other usual additives. These

additives can be added during or after polycondensation of
§ polyamide.

The polyamides and polyamide compositions of the pre-
sent invention can be molded by injection, blow, extrusion,
compression, drawing'or stretching, va;uum forming or like
molding processes, into molded articles having the desired

10 shapé. Thus, they can be fbrmed into shaped articles
generally used as engineering plastics, and even into films
or fibers, which are suitably used in the fields of

industrial materials and household goods.

15 : - EXAMPLES
Other features of the invention will become apparent in
the course of the following description of exemplary emﬁodi—
ments which are given fo; illustration of the invention and
are not intended to be limiting thereof. In the Examples
20 and Comparative Exémples that follow, the following methods
are used for the determination of the ratio of terminal
blockage, intrinsic viscosity ([u ], tensile strength and
elongation, flexural strength, flexural modulus, heat
deflection temperature, impact' strength, retention of
25 intrinsic viscosity [u L or tensile strength and elongation
after hot water treatment, high-temperature elastic modulus,

equilibrium moisture regain, melt viscdsity, rate of
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having not only a large nelt nol dabl e tenperatur
mol dability, but also excellent crystallinity afdHig T HAS T
‘characteristics, in particular shock resistance.| ExanBERKAGD usablle di ani ne
conponents ot her than 1,9- nonanedi am ne or 2-nmethyt=1,8-0ct anedi ami ne are

al i ph L p DES; e g i&tshy g 89 Ne, cheRi@R enesk st agce, 1, 4-
butangéég%?%ggl?,E}ﬁgkane ﬁé% ﬁé, ??g-oc?%nedianine, 1, 10- decanedi am ne,

1,12- | ag] ulBt P¥hgl anRe¥aRGcall a7 RAalue.

2,2, 44{???&@1?%' ?%E—Sﬁg?(g%gdi am'gne, rl2, 4,4-trinmethyl - 1,6-hexanedi am ne and
5- met iyl ¢ {o 95 POPAPRTKET BEockdlgecyCl i c diam nes, e.g. cyclohexanedi am ne,
nmet hylcyctotrexamedrarm e —and sophor onedi am ne; aromatic di am nes,

PARAAA e Dhour ool AR, mat | m
e.g ppey&%@g %%mgw_glgy £48Ek @Mp3e H¥NﬁReCEL9é‘&aﬂﬁeséo§Y

di am nodi phen am nodi phenyl sul f one
5 (500 MHz, in deuterated trifluoroacetic acid, at 50°C). The

ent

numbers of terminal carboxyl groups, terminal amino groups
and blocked terminals are obtained from the integratea in-
.tensities of the corresponding characteristic signals. The
ratio of terminal blockage is obtained by the formula (4)
10 described before. Table 1 shows the chemical shift values

of representatiée'signals used for the determination.

Table 1
Terminal group Chemical shift value of signal
ﬂ .
15 —N-C COgH & 8.3 ppm
H
i
—l\lI--C 0 8.6 ppm
H .
: C02H
_ ﬂ :
—C—-N—(CH —NH )
20 Ilq ¢ 2) 9 2 6 3.3 ppm
H
ﬁ .
—C-II\I—(CHZ)G-FH_CHZ-NHZ 5 3.1 ppm
H CHg
)
—1}1—'(:'-@ & 7.6 ppm
H
25 ﬁ _
—'C—Il\f‘—'(CHz) 7""CH3 d 0.9 ppm
H

T ————
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4;?'-dignin?diphenyl ether; and m xtures of the foregoing. Wth the 9-T

pol yam de of the present invention, at REPLAEEQE§% hst  10% of
“the termnal groups of the nolecular chains is Bbl'oc é‘l@g&i&ﬂﬁlﬁﬂw

term nal - bl ocki ng agent. It is desirable that he

term nal groups be blocked, and preferably at |east 70% nore preferably at
| east S0Pbraimb inostigred etnbly ht | east 90% be bl ocked. Wth the OM T

pol yani de of the present invention, it is desirable that at |east 10% of
t he term nalTlgy oupahetehhe viscosity (n inh) of a sample was

determined in concentrated sulfuric acid in a concentration
of 0.05, 0.1, 0.2 or 0.4 g/dl at 30°C as follows and the
5 obtained _values are extrapolated to obtain a value at a
concentration of O.
7 inh = [ln(t,/te)]/c

inherent viscosity (dl/g)

where 7 inh
ty = flow down time (seconds) of solvent

flow down time (seconds) of sample solution

10 t,

c concentration of sample in sample solution

Tensile strength and elongation, flexural strength, flexural

modulus, heat deflection temperature and impact strength

A polyamide sample is injection molded at'a temperature
151 about 20°C higher than the melting point into specimen. The

bone-dry specimen are tested according to the methods given

in Table 2.
Table 2
Item Method Size of specimen
20 Tensile strength JIS K7113 JIS No. 1 dumbbell type
(thickness: 3 mm)
Tensile elongation] ditto ditto
Flexural strength ASTM D790 127 x 14 x 6.4 mm
Flexural modulus ditto ditto
25 Impact strength ASTM D256 | 53.5 x 13 x 3 mm
Heat deflection ASTM D648 127 x 14 x 6.4 mm
temperature (load:
18.6 kg/cm?)
et Has Been Replaced '
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L}
at. |l east 40% nore preferably at |east 60% and ngst prﬁggr.J
"be bl ocked. The ratio of blockage of the term nal ~groups :
be obtained by determnining the nunber of the termnal
of the term naI amfno gr oups, and that .

desirabl e ' 7 ' o) obtaln t he nunber of each
of the 3 g3 : e i de to 1H NMR spect roscopy

and then caIcuIatlng'th gb I front he. n% rate ng e g% tihe
charact eri st{ &3 sNgnal ﬁPF‘g 6E|]|d|tr¥d’% olPAgC égﬂt nal dgr(%)ugg'E l(lalrgé owever ,
the characteristic signal of the term nal group blo 9 mntq °
treated with steam in a pressure-pro autoclave (120°C/2
5 atom/120 hours) and then vacuum dried at 120°C for 120
hours. The specimen having subjected to this treatment once
or twice is tested for intrinsic viscosity [# ] and tensila
strength and elongation. The retention ratios (%) against

the values before the treatment are calculated.

10 High-temperature elastic modulus

The above molded specimen 1is tested for flexural
modulus at 200°C.

Equilibrium moisture regain

A film specimen having a thickness of 200z (5 cm x5

15 cm) is prepared from a polyamide sample by heat pressing at
a témperature 20°C higher than the melting point and cooling

at 150°C for 5 minutes. The specimen is dried at 120°C for

5 days, weighed, immersed in water at 23°C for 10 days and
weighed again. The ratio (%) between the weight increase

20 and the weight before- immersion is calculated.

‘Melt viscosity and A-value

A sample having been dried at 120°C under reduced
pressure for 2 days is tested with a flow tester (made by
Shimadzu Corp.) for a melt viscosity (MV) under a shear rate
25 of 1000 sec‘.1 at a temperature range of 330 to'350°C. The
A-value is obtained by: |
logMV = 1.9[n ] + A .
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a termnal blocking agent cannot be identified, the ratio of blockage S
obt ai ned as foll ows. At first, the intrinsic viscosity-f lyam de
i's determined, and the total nunber of ol ecul ar ¢ aTl'ﬂSt%lﬁéTrl'éAS EBds i s
cal cuI ated fromthe intrinsic viscosity value by t f ol RﬁRLh%Borrrul a (2)
for ol yam de or formula (3) for 9M T pol yantrere: TT Next, the
nunber Vgafﬁ) [ ] ter&ﬂ%&ﬁ“é&FbHﬁ?FoéﬂGJbs and that (eqg/g) of terninal anno
groups are determ ned by titration. The titration for term nal carboxyl
groups Rateond erxatadlazadien on of the pol yami de in benzyl al cohol with
0. 1N

A differential scanning calorimeter (DSC-30, made by

Mettler Co.) is used. A bone-dry sample is melted at 350°C

S in nitrogen stream and then cooled down to 50°C at a cooling
rate of 10°C/min. The crystéllization peak appearing during
this treatment is' taken as the point of crystallization
(Tcc). The sample is then heated at a temperature elevation
rate of 10°C/min and measured fpr melting point (Tm). The

10 difference (Tm ~ Tcc) between fhe melting point and the cry-

stallization point is taken as the rate of crystallization.

Specific gravity
Measured with a density gradient tube.

Chemical resistance

15 A film sample having a thickness of 200y prepared by
heat .pressing at a temperature about 20°C higher than the
melting ﬁoint is punched with JIS No. 3 Dumbbell to give
specimens. The specimens are immérsed in various chemicals
(methyl alcohol, 10% sulfuric acid, 50% aqueous sodium

20 hydroxide solution and 50% aqueous calcium chloride
solution) for 7 days and then tested fér tensile.strength.
The retention ratio against the tensile strength before

immersion is calculated for each chemical.

Moldable temperature range
25 A sample is injection molded under the conditions of
melt residence time of 5 minutes and die temperature of

150°C and under various temperature conditions. The lowest
-
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sodi um hydroxi de and that for termnal amino groups is conduct on a

sol ution of the polyamde in phenol with 0.1N gqmgﬂ Then the
‘rati o of blockage is calculated by fornula (4)T | ecul ar
2 ” f I f2) chain term nal groups (ea/ g), 7900 Tota
nunber nmol ecul ar ter e 21900[ n
T o00 EemberaEiriat gich, bhrage S, 1€ %g?l 98889§1g Ul engtO00LN

4
gener i PyoBgEA TGRS TR0t e SHuntAF B rtdﬁﬂha'a BB Hor . PER 1S
al

nunmber of term nal carboxyl gr.ou
foaming starts dueytogdeé%mpo nd ¢ 1'5 e f% r§HOUpS

Critical PV value

5 A 3-mm thick injection molded plate specimen is, with a
counterpart of a steel plate S45C (#600 sand paper finish-
ed), tested under no lubrication condition at an area pres-
sure of 5 kg/cm? and a.sliding speed of 50 to 200 cm/sec.
Example 1

10 A ﬁofliter autoclave was.chérged with 3272.9 g (19.70
moles) of terephthalic acid, 3165.8 g (20.0 moles) of 1,9-
nonanediamine, 73.27 g (0.60 mole) of benzoic acid, 6.5 g
(0.1% by weight based on the raw materialﬁ) of sodium
"hypophosphite monohydrafe and 6 liters of distilled water

15 and the air in the autoclave was replaced by nitrogen. The
contents were stirred at 100°C for 30 minutes and heated to
a temperature of 210°C over 2 hours. On this heating, the
pressure in the autoclave inqreased to 22 kg/cm?. Reaction
was allowed to continue for 1 hour, and the temperature was

20 elevated up to 230°C. Reaction was further effected for 2
hours, while the temperature was kept at 230°C and the
preﬁsure was® kept at 22 kg/cm? by gradualiy withdrawing
water vapor. Thereafter, the pressufe was decreased to 10
kg/cm? over 30 minutes and reaction was further effected for

25 one hour, to obtain a prepolymer having an intrinsic
viscosity [n ] of 0.25 dl/g. The prepolymer was dried at

100° C under reduced pressure for 12 hours and then pulverized
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In the present invention, any nonofunctional conpbund reacta ith the
am no or carboxyl groups on the termnals of po gﬁm dREFPHASWBEEN | wi th no
S R

"particular limtation, but nonocarboxylic ac CED nonohni nes,
particul arly nonocarboxylic acids, are preferred. ins-ew-ef—reactivity and
stability of the bl ocked term nals. Al so usable are acid anhydri des such

as pht i@ @aidalee, skeroicfodirhalese ddhah nbnBfal i dbBe RERJSH&ESs and
nonoal cohol s. Any nonocar boxylic acid can be used, as a,terninal b] ocking
agent, “&r¢ opgbasctedi §or sadishirRhage PRHTYF HF3EHON at;330° ¢ undet
0.{ mmHg preésure for 10 hours, to give a white polyamide
having a melting point of 317°C, an intrinsic viscosity [7n ]
5 of 1.35 dl/g and a ratio of terminal blockage of 90%.

The polyamide thus obtained was injection molded at a
cylinder temperature of 340°C and a dié temperature of
100°C, to give shaped articles. The articles were tested
for various properties. The results are shown in Table 3.

10 Example 2 | | - | |
| Example 1 was repeated except that the amounts used of
terephthalic acid, 1,9-nonanediamine and benzoic acid were
changed to 3269.5 g (19.68 moles), 3169.0 (20.02 moles) and
78.16 g (0.64 mole), respectively, to obtain a polyamide and
15 molded specimens therefrom, which.were tested for various
properties. The results are shown in Table 3.
Example 3

Example 1 was repeated except that octylamine was used

instead of benzoic .acid and that the amounts used of

20 terephthalic acid, 1,9-nonanediamine, octylamine and sodium
hypoﬁhosphite weré set at '3322:7 g (20.0 moles), 3126.2
(19.75 moles), 64.63 g (0.50 mole) and 13.0 g (0.2% by
weight based on the raw materials), respectively, to obtain
a polyamide and molded specimens therefrom, which were

25 tested for various properties. The results are shown in
Table 3. |

Example 4
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Exanpl es of the nonocarboxylic acid are aliphatic_nono-_ carboxylic

e.g. ac
‘capric
stearic

aci ds,

etic acid, propionic acid, lactic acid, vglgt THAS BFENI C aci d,
acid, lauric acid, tridecylic acid, myrist i-lgﬂgés PLIQfE'Uﬁ ticjacid,

acid, pivalic acid and isobutyric acid; 3

cycl ohexanecar boxylic_acid; aromatic nonocarboxylic acids;, e.g. bé ioic

t ol ui EXARLP 1a"@ﬁaﬁﬁPﬁéltéﬂe(?&‘Fﬁ&PyItlgl?%ctirbe, amgunts dsed o?

al enecar boxylic aci d, met hyl napht hal ene- caeréXLéggchd and
c

aci d,
- napht h

pheny| aderiePddiat Iamic bt PBAaPCRERESGr 851G HaTe frAfihgt

preferr
bl ocked
val eric

5

| 8rly

dct i &aci d,

ed exanpl es anong the above in view of reactivity, stahility of
29-@ niedesld APfce3drddactti @Al gm pioﬁFEp§EF&yeB
acid, caproic _acid, capric acid, lauric acid, tridecxlic
acid, mpbitatine acieolyamidei @ngti Boldedarsreginens therefrom, whic
were tested for various properties. The'results are shown
in Tabie 3.
Example 5

10

15

20

25

Example 1 was repeated except that the amounts uéed of

terephthalic acid and benzoic acid were changed to 3355.9 g
(20.2- moles) and .12.21 g (0.10 mole), respectivelj, to
obtain a polyamide and molded specimens .theref:om, which
were tested for various properties. The results are shown
in Table 3.

Comparative Example 1

Example 1 was repeated except that the amounts used of
terephthalic-acid and benzoic acid were changed to 3073.5 g
(18.5 moles) and 366.4 g (3.0 moles), respectively, to
obtain a polyamide and molded specimens therefrom, which

were tested for various properties. The results are shown

in Table 3.

Comparative Example 2

Example 1 was repeated except that'benzoic acid and
sodium hypophosphite were not ‘used and that the amount used
of terephthalic acid was changed to 3372.5 g (20.3 moles),
to obtain a polyamide and molded specimens therefrom, which
were tested for varibus propertiés. The results are shown

in Table 3.
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13 et hyl am ne, propylam ne, butylam ne, hexylam ne, octylamne, decylam ne,
stearyl am ne, di met hyl am ne, di et hyl am nj S@HEEY'HKB BEENN

di butyl am ne; alicyclic am nes, e.g. cyclohe Qﬁa. ﬂﬁwnﬁgﬂlcyclohexylanine;
aromati c nonoamines, e.g. aniline, toluidife.—dipheryearme and
napht hyl am ne; and optional mxtures of the fore90|ng Particularly
pref er r Ekampdigplbes anong the above, in view of reactivity, boiling point,
stability of blocked termnals and price, are butylam ne, hexyl am ne,
octyl am ne, dec¥®abhiter sutacybveamase, cltycyedewyitamdrzd2and ani(idnd0 The
term nal carboxyl groups of the polyam de of the present invention form
when bl ocled)widoh épyepheéhallitheacid, 2849.2 g (18.0 moles) of 1,9-

nonanediamine, 316.58 g (2.0 moles) of 2-methyl-1,8-
5 octanediamine, 73.27 g (0.60 mole) of benzoic acid, 6.5 g
(0.1% by weight based on the raw materials) of sodium
hypophosphite monohydrate and 6 liters of distilled water
and the air in the autoclave was replaced by nitrogen. The
contents were stirred at 100°C for 30 minutes and heated to
10 a temperature of 210°C over 2 hours. On this heating, the
. pressure in the autoclave increased to.22 kg/cm?. Reaction
was allowed to continue for 1 hour, and the temperature was
elevated up to 230°C. Reaction was further effected fbr 2
'hours, while the temperature was kept at 230°C and the
15 pressure was kept at 22 kg/cm? by gradually withdrawing
water vapor. Thereafter, the preesure was decreaeed to 10
kg/cm? over 30 minutes and reaction was further effected for
one hour, to obtain a prepolymer having an intrinsic
viscosity [ ] of 0.25 dl/g. The prepolymer was dried at
20 100°C under reduced preséure for 12 hours and then pulverized
te a particle size of not more than 2 mm. The particles
were subjected to solid phase polymerization at 230°C under
0.1 mmHg pressure for 10 hours, to-give a white polyamide
having a melting point of 310°C, an intrinsic viscosity {7 ]
25‘of 1.26 dl1/g and a ratio.of terminal blockage of 90%.
The polyamide thus obtained was injection molded at a

cylinder temperature of 340°C and a die temperature of

ThlS Sheet Has Been Rep
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formula (I1). [err] wherein R err] repr g\gggdu t he nonoam ne
*from whi ch am no group has been renoved _Spretetabty al kyl ,
cycloal kyl, aryl or aralkyl and R2 represents hydrogen atom or a residue of
the rmonoami ne from which ani no group has been renoved and is preferably
hydr ogetogtom tal kyive cynbpabik\drtiarhds or &hal ladticlesl4weer degtiesy ni nal
bl ocki ng agent is used upon production

for various properties. The results are shown in Table 4.

above nonoami nes, bl ocked termnals repgiaﬁ[\ TbMASﬁEA'ﬁlf | ow ng gener al
]

Example 7
Example 6 was repeated except that the amounts used of
s 1,9-nonanediamine - and 2-methyl-1,8-octanediamine were
changed to 2532.4 g (16.0 moles) and 633.16 g (4.0 moles),
respectively, to obtain a polyamide énd molded specimens
therefrom, which were tested for various properties. The
results are shown in Table 4.
10 Example é |
Example 6 was repeated except that the amounts used of
1,9-nonanediamine and 2-methyl-1,8-octanediamine were
changed to 2216.1 g (14.0 moles) and 949.74 g (6.0 moles),
respeciively, to obtain a polyamide and molded specimens
15 therefrom, which were tested for various properties. The
results are shown in Table 4. |

Comparative Example 3

Example 6 was repeated except that 2-methyl-1,8-
octanediamine, benzoic acid and sodium hypophosbhite were

20 not used and that the amounts used of terephthalic acid and
1,9-nonanediamine and were changed to 3389.2 g (20.4 moles)
and 3165.8 g (20.0 moles), respectively, to obtain a
.polyamide and molded specimens the¥efrom, which were tested

for various properties. The results are shown in Table 4.

25
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of the polyam des of the present invention, it is necessary to select the
amount of the agent such that the resulting pol yam de .has an intrinsic .
viscosity [n] and a ratio of blockage in the ranges specified in the
present invention. The concrete amount used will vary depending on the
reactivity and boiling point of the term nal b|°Ck'ﬁﬂ£? 5 ~on
apparatus, reaction conditions and the |ike, but if g ﬂ%%é Egﬁwh range
of 0.1 to 15 nole % based on the total noles of di¢arho

di am ne. The pol yam des of the present invention can be produced by any
one of processes known to produce crystalline polyam des. For
exanple, a catalyst together wth, as necessary, a termnal bl ocking
agent is added to a dianine and a dicarboxylic acid, to produce a nylon
salt; the nylon
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salt is then formed at a tenperature of not nore than 280[err]Cinto a

prepolyner having an intrinsic viscosity [n] as cqﬁﬁ§ h 4 .
concentrated sulfuric acid at 30[err]C of 0.1 to 0.6 d g}ﬁﬁ 'H‘% ?%El\# ir t her
subj ected to solid phase polymer- ization or polynemLzafiﬂ ugh ajnelt

extruder, to give a polyanide according to the present invention. |If the
term - pahmphecki ng agent and catal yst are added after the step of
produci ng-a nyton salt, there will tend to occur, during polynerization,

the probl em g iphal aCgabet ¥BeRt 68T BREXDLIRPURS tHYW ABUIR JIO4Pe OF
formati on of crosslinked struc- ture. The intrinsic viscosity [n] of the

prepol y R eBaitA% W Nt d Nend apERz88c0aliki0 W HHAhAPWLS3223 16 €g
unbal ance _

(19.4 moles) and 146.6 g (1.2 moles), respectively, to

5 obtain a polyamide and molded specimens therefrom, which

were tested for various properties. The results are shown

in Table 5.

Example 10

Example 6 was repeated except that octylamine_was used

10 instead ~of benzoic acid and that the amounts wused .of

terephthalic acid, 1,9-ﬁonénediamine,' 2-methyl-1,8-

octanediamine, octylamine and sodium hypophosphite were set

at 3322.7 g (20.0 moles), 2813.6 (17.775 moles), 312.6 g

(1.975 moles), 64.63 g (6.50 mole) and 13.0 g (0.2% by

15 wéight based on the raw material#), respectively, to obtain

a polyamide and molded Specimens therefrom, which were

tested for various properties. The results are shown in
Table 5.

Example 11

jo Example 6 was repeated except that the amounts used of
terephthalic acid and_benzoic acid were changed to 3322.7 ¢
(20.0 moles) and 34.19 g (0.28 moles), respectively, to
obtain a polyamide and molded specimens therefrom, which
were testeq for various properties. The results are shown
25 in Table 5.

Example 12

Example 6 was repeated except that the amounts used of
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15 between carboxyl groups and amno groups or litt]le decrease in the rate
of polynerization, thereby providing a polyam de haviRig SHEETOHAS BEEN
“distribution of degree of polynerization and excellpnt p’HEEEAGE[FS' ang
et PWEPZIP-N - Y
UL T U A P

mol dabi lity. In effecting the |ast step of polynerit 3 —By—56H ase
pol ymeri zation, it is preferably carried out under reduced pressure or in a
stream of an. inert _gas. . r e 188 ah8ed8@ULrydss . aThgn, the
ponner?%ﬁFPB%R5?68eg §%Q%H§}H§a%§$§§e§%ﬁg B?gauctfv?fy.wﬁth suppressed
coloring,Qr.gelation. ln,eff i ng t hast,siep, of Yoe{{ &8}y ongd hr ough
a nmelt g;(?rade'f’?i?gpi sarg%si1r22'b fe t%o gfﬁr}iﬂgy 13 porilrrerg?éz)%tion t enperature of

not more thap 370[enJGidd GRa" GRI1FES RGN eheBeBPbiaM wieidRvi ng

were tested for various properties. The results are shown
5 in Table 5.

Comparative Example 4

Example 6 was repeated except that benzoic acid Qas not
used and that the amount used of terephthalic acid was
changed to 3738.0 g (22.5 moles), to obtain a polyawide and

10 molded specimens therefrom, which were tested for various

properties. The results are shown in Table 5.

15
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25
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hypophosghor ouRERIACEDand .

salts and esters of the foregoing. Concrete exanples of THe Sal TS are tnose

Exanpl es of catal ysts (Jaih® SHEET HASBERN e

phosphorus aci d,

suffered al nost no degradati on.

pur pose are phosphoric acid,
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1.7 dl/g, nore preferably in a range of 0.9 to 1.5 dl/g. 16 The 9MT
pol yam de of the .present invention has an intrinsic viscosity [n]. as
determined in concentrated sulfuric acid at 3QFgs A r of 0.4 to
3.0 dl/g. The intrinsic viscosity [n] is preferggiﬁ%% E n%geﬁg 0.6 to
2.0 dl /g, nore preferably in a range of 0.8 to 1% |l ers
havi ng pambl¢altdve, Exdnpaus or cloth-1ike shape are usable for t he

pol yam de conpositrons of the present invention. Exanples of particulate
fillers are gixlampde S1|#88 repeated except that there were used as

raw materials 2325.9 g (14.0 moles) of terephthalic acid;
996.8 g (6.0 moles) of isophthalic acid, 2324.2 g (20.0
5 moles) of 1,6-hexanediamine and 24.43 g (0.20 mole) of
benzoic acid, to obtain a polyamide and molded specimens
therefrom, which were tested for vérious properties. The
results are, together with thése of Examples 1 and 6, shown

in Table 6.
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al‘umi na,

potassiumtitanate,
*asbest os,
pol ytetrafl uoro- ethylene.
average particle diameter of 0.1 njerr] to 200[err]

alum na, titanium oxide,
calciumsilicate,
gl ass beads,

These

zi nc oxi de,

carbon bl ack, graphite,
particul ate

magnesi um

boron nitride,

tal c,

m ca,

sul

nmol y

B o

, are generally used

and those _having, one of 1 nferr] TaPd€18o[err] re preferred. The use of
these fiJlers assures that the resulti hg Bxampdre 1eRx:a|EDbaﬂ|(ﬁmnlg4 ve nol ded
articles haV|ng |nproved di nmensi on- al stabHIity nical Ex. 5
characte Iatlba, hreat—reststance, —chemtat_and piyst charac Ti cs,
sli dabi | | Egmaegithen ofe PoRyamidss of {ibr SUs fill erﬁaﬁ rga%eﬁ‘ ilbers,
such as fibers fromwholly aromati c polyam des o MﬂﬂﬂANMQ&cniﬁITA
= 10/90 = 30/70
Resin properties _
Ratio of terminal blockage 90% 90% 45%
{n]l (dl/g) 1.35 1.26 1.0
Difference between A-value 0.3 0.3 0.9
at 330°C and that at 350°C
Difference between A-value < 0.1 < 0.1 0.3
at 340°C on 3-minute -
residence and that on
15-minute residence
Moldable temperature 23 30 15
range (°C) :
Properties of molded article
Color White White Pale
yellow
Appearance Excellent| Excellent| Poor*
Specific gravity 1.14 1.14 1.20
Equilibrium moisture 3.0 3.0 6.7
regain (%) : :
Retention ratio after hot 98% 98% 80%
water treatment of [7 ]
Chemical resistance f
Methyl alcohol 72 69 35
10% sulfuric -acid 81 82 50
50% sodium hydroxide 85 80 65
50% calcium chloride 92 89 60
Rate of crystallization (°C) 38 44 54
Tensile elongation (%) 15 18 5
Impact strength (kgecm/cm) 7 9 2
Heat deflection 144 143 123
temperature (°C) 18.6 kg/cm?
High-temperature modulus 4500 4450 1700
(200°C, kg/cm?)
Notes:
Abbreviations NMDA: 1,9-nonanediamine, MODA: 2-methyl-1,8-
'octanediamine, TA: terephthalic acid, IA: isophthalic acid
* .

Silver streaks generated.
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li"qui,d crystal polyesters, e.g. polyparaphenyl eneterephthal - ami de,
pol ynet aphenyl enet er epht hal am de, pol yparaphenyl ene- isopht hal am de,

‘pol ynet aphenyl enei sopht hal ani de and pol ycondd of
di am nodi phenyl ether and terephthalic 17 acid orIﬁEg%EHEET?ﬂ“%ﬁﬁﬁﬂ and

inorganic fibers, e.g. glass fiber, carbon fiber a
use of ghgsgikikgous fillers not only inproves the slidability, but arso

d borREPLACERer .

The

nmechanicar properties, heat resistance and chemical and physical properties
of nol ded ar tkshg_ilelotﬁt dded dgamddeekespt t Rt PehrarmdRANEERASd i ®fS.
|

These

5

10

15

20

25

fi brous ers,
terephthalic acid and benzoic acid were changed to 3239.6

(19.5 moies) and 122.1 g (1.0 mole), respectively, to obtain
a polyamide.

The polyamide thus obtained was dried.at 120°C under
reduced pressure for 24 hours and then dry blended .with
glass fibers (PPG3540, made by PPG) having an average length
of 3'mmﬂ The blend was melt kneaded through a single-screw
extruder (screw diameter: 40. mm, L/D = 28, <cylinder
temperature: 320 to 350°C, number of rotations: 60 rpm), to
give a polyamide composition. The polyamide-composition was

injection molded at a cylinder temperature of 340°C and a

die temperature of 100°C, to give shaped articles. The

articles were tested for various properties. The results
are shown in Table 7.

Example 14

A polyamide composition-was obtained in the same manner
as in Example 13 by using the polyamide obtained in Example
2. The polyamide composition was processed into molded
articles in the same mannér as in Example 13, which were
tested for various properties. The results are shown in
Table 7.

Example 15

- Example 6 was repeated except that the amounts used of

terephthalic acid, 1,9-nonanediamine, 2-methyl-1,8-

octanediamine and benzoic acid were changed to 3256.2 g

-

This Sheet Has Been

i



havi ng an average length of 0.05 to 50 nm are ge eW'HSISHEEsrquqS .
particul ar, those having an average length of 1 tg 10 nRg rAéEBr r@N ed,-
‘'since the resulting conpositions have good nol dabi 4kﬂL£ﬂticles
obt ai ned therefrom have inproved slidability, heat resistance and ;
mechani cal proper- ties. These fibrous fillers may be processed into cloths
or the {ikes bpboee)i,ncxsqmrat yon lisntoo mdkepp) yan6dss. grhé2adoweldsdcri bed
fillers may be used in conmbination of 2 or nore. These fillers are
i ncor padrd €g7im gn (@MBURo 1@f) prefsyead WL, tbo 268t pant 8 Ipy lweimjlde .based on
100 parts by weight of polyam de, nore preferably 0.1 to 150 parts by
wei ght emel pOsYami@éewabl procbssadlftpaat polyamtidghtompoisiid isanm@ndasi s.
These fillers may be treated wth silane coupler or titanium coupler.
molded articles in the same manner as in Example 13, which

5 were tested for various properties. The results are shown
in Table 7.

Example 16

Example 15 was repeated except that carbon fibers

(TO08A, made by Toray Industries, Inc.) having an ayerage

10 length of 3 mm was used instead of the glass fibers, to

obtain a polyamidg composition and molded specimens

therefrom, which were tested for various properties. The
results are shown in Table 7.

Example 17

15 Example 13 was repeated except that silica alumina
(TRANSLINK 555, made by. Engelhard Exceptional Technologies)
having an éverage particle diameter of Q.Su was used
instead of the glass fibers, to obtain a ‘polfamiQe
composition and molded specimens therefrom, which. were

20 tested for various properties. _The resu1t§ are shown in
Table 7.

Example 18

Example 13 was repeated except that a mixtufe of talc

(PK-50, made by Maruo Calcium Co.) having an average

25 particle diameter of Su. and glass fibefs (PPG3540, made by
PPG) having an average length of 3 mm was used instead of

the glass fibers alone, to obtain a polyamide composition

This Sheet Has Been Replac
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The fillers are added during polycondensatiqn__of polyam

y dry

bl endi ng, by nelt kneading through an extruder or MSISHEETMA‘&:BEE% . The

‘pol yanmi de conpositions nmay further contain, }as reppPUABED a st qbilizer
such as copper conpound; color; WV absorber; |i glt—stabttrzer; T oxi dant
such as hi ndered phenol -, hindered am ne-, phosphorus- or thio-based one,

18 anti ghat i ;o29eQt ; shledThdnd! ardiiite fbH, asviIET nadesl podyred, BoEi nony

oxi de or netal hydroxides; crystal nucleus agent; plasticizer;
and ot hgarysuadl p2dPelriti@s.Tha@%R results are shown in Table 7.

Example 19

| ubri cant

Example 15 was repeated except that a mixture of glass

S beads (GB731a, made by Toshiba Barotini Co.) having an

average particle diameter of 30u and glass fibers (PPG3540,

made by PPG) having an average length of 3 mm was used

instead of the glass fibers alone, to obtain a polyamide

composition and molded specimens therefrom, which were

10 tested for various properties. The results are shown in

Table 7.

Comparative Example 6

Example 1 was repeated except that there were used as

raw materials 2325.9 g (14.0 moles) of terephthalic acid,

15 996.8 g (6.0 moles) of isophthalic acid, 2324.2 g

moles) of 1,6-hexanediamine and 24.43 g (0.20 mole)

(20.0

of

benzoic acid, to obtain a polyamide. The polyamide was

processed into a polyamide composition and further into

molded articles in the same manner as in Example 13,

which

20 were tested for various properties. The results are shown

in Table 7.

Obviously, numerous modifications and variations are

possible in light of the above teachings. It is therefore

understood that within the scope of appended claims,

the

25 invention may be practiced otherwise than as specifically

described herein.

—_—
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are not in“I nded to be limting thereof. In the Exanpl es and Conparative

Exanpl es t l "o-l | om ng net hods are used tre—geter-kat] on
,l!”H !Lﬂlﬂwﬁ* ,o'ckage, intrinsic viscos ;ﬂ:“S PHEET HASBEENe

‘of the rat

strength. and el ongation, "flexural strength, flexural |modulREPLAGERt
defl ection tenperature, inpact strength, retention of IntriNSTC VisSCOSIty
[err] orChaH3} o strength and el ongation after hot water treatnent,
hi gh-tenperature el astic nodul us, equilibriumnoisture regain, nelt
vi scosi tly, A atelydmide 100mpyEsahgi 2afi6Arbogyddict iacidyrefRR3nenthEM cal
resi stance,

comprising 60 to 100 mole % of the dicarboxylic acid

_component of terephthalic acid and a diamine component (b)

S comprising 60 to 100 mole % of the diamine component of 1,9-
nonanediamine, said polyamide having an intrinsic viscosity.
{n ] as determined by measurement in concentrated sulfuric
acid at 30°C of 0.6 to 2.0 dl1/g and having at least 10% of
terminal groups thereof blocked.

10 2. The polyamide according to.Ciaim 1, wﬁereiﬁ 60 to 100
mole % of said diamine component comprises 1,9-nonanediamine
and 2-methyl-1,8-octanediamine, the molar ratio between said
1,9-nonanediamine and said 2-methyl-1,8-octanediamine being

in a range of 60:40 to 99:1.

15 3. The polyamide according to either Claim 1 or Claim 2,
having at least 70% of terminal groups thereof blocked.

4. A polyamide comprising a dicarboxylic acid component (a)
comprising 60 to 100 mole % of the dicarboxylic acid
component of terephthalic acid and a diamine component (b)

20 comprising 60 to 100 mole % of the diamine componeht of 1,9-
nonanediamine and 2-methfl-1,8-octanediamine, thé molar
ratio between said 1,9-nonanediamine and said 2-methyl-1,8-
octanediamine being in a range of 60:40 to 99:1, said
polyamide_having an intrinsic viscosity {7 ] as determined

25 by measurement in conceqtrated sulfuric acid at 30°C of 0.4
to 3.0 dl1l/g.

5. The polyamide according to Claim 4, having an intrinsic

This Sheet Has Been ReplacedE
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abl e tenperature ran e and critical PV value. Ratio of termnal ..
bI ockage l&ﬂ is tested by 1H NVR S 'SHEEPIMAY BEOEN
deuterat ﬁﬁ =fic aC|d at 50[err]C). The ﬁ@ﬂ eRE Eﬂcgnernln I
car boxyl groups tern1na| am no groups and bl ocked I ned

fromthe inte rateﬂ In- tensities of the correspondlng characteristic
signal s. VIFRESLEYi d o A AR HiR%BE PEASHFEMABE B CREGSTRALEd 4)
descri bed before. Table 1 shows the chemical shift val ues of
represenfUL fUE1LS gRaAs aksdQ° FoP It fe bddCerdrith&li/Gn. Table 1 Terminal group

Chem cal shift value of signal [err] [err] 8. 36ppn1[err]
[err] 8. 6ppmThe polyamide according to either Claim 4 or Claim 3,

having at least 10%, preferably at least 40%, most preferab-

5 ly at least 70% of terminal groups thereof blocked.

7. A polyamide composition comprlslng 100 parts by weight of

10 the polyamlde according to any one of Claims 1 to 6

and 0.1 to 200 parts by weight of a filler.
g8 . The polyamide composition according to Claim 7, wherein
said filler is a particulate filler having an average
particle diameter of 0.1 mg to 200 .

15 9 . The polyamide composition according to Claim 8, wherein
said filler is selected from the group consisting of silica,
silica alumina, alumina, titanium oxide, zinc oxide, boron
nitride, talc, mica, potassium titanate, calcium silicate,
magnesium sulfate, aluminum borate, asbhestos, glass beads,

20 carbon black, graphite, molibdenum disulfide and
polytetrafluorocethylene.

10. The polyamide composition according to Claim 7, wherein
said filler is a fibrous filler having an averége length of
0.05 to 50 mm.

25 11. The polyamidé compos;tion according to Claim 10, wherein
said fibrous filler is selected from the group consisting of
glass fiber, wholly aromatic polyamide fibers, wholly

e —
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"ViSCOSI Isnherent viscosity

[err]
[err]
(n inh)

THSTSHRET HAS) BEEN |

f a REBDADED was

determned in concentrated sulfuric acid in a concentration ol 0. 0D,
0.2 or 0.4 g/dl at 30[err]C as follows and the obtained val ues are

extraposabgatie Qhl@lid acad ikl apo@yester fibers,

boron fiber.
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céncentration of 0. ninh = [In(tW¥tod)]/c where n’i
ﬁ(dllg) to = flow down tine (seconds) of solvent til=
(seconds) of sanple solution ¢ = concentration of sa
Tensil e strength and el ongaL¥BMIDE| ANDr 20LY¥AMEDEt ROMPPEXEAAN nodul us,

| ow @&RLACEDE

hTHHSi SHEETMAS BEEN

Sity

uti on
heat

defl ection tenperature and inpact strength A polyam de sanple is injection

nol ded at a tenperature about- 20[ 8BELBARTgher than the nelting point

ditAr€n

into

speci nen. The bone-dry specinmen are tested according to the gg%h?ds gi ven

in Table 2. KNalficd yamidem (9-T polyamidgk hegmprises g ;d1igpr

10

15

20

25

acid component (a) comprising 60 to 100 mble % of the

‘dicarboxylic acid component of terephthalic acid and a

diamine component (b) comprising 60 to 100 mole % of the
diamine component - of 1,9-nonanediamine, said polyamide
having an intrinsic viscosity [ ] as determined by

measurement in concentrated sulfuric acid at 30°C of 0.6 to

- 2.0 dl/g and having at least 10% of terminal groups thereof

blocked. Another polyamide (9M-T polyamide) comprises a
dicarboxylic acid component (a) comprising 60 to 100 mole %

of the dicarboxylic acid component_of terephthalic acid and

a diamine component (b) comprising 60 to 100 mole % of the

diamine component of 1,9-nonanediamine and 2-ﬁethyl-1,8—
octanediamine, the molar ratio between said 1,9—
nonanediamine and said 2-methy1-1,8-octanediamine being in a
range of 60:40 to 99:1, said polyamide having an intrinsic
viscosity [ ] as determined by measurement in concentrated

suifuric acid at 30°C of 0.4 to 3.0 dl/g. These polyamides

have éxcellent moldability, as well as excellent hot water

resistance, surface neatness, heat resistance, mechanical
characteristics, low-water-absorption property and chemical
resisfénce. Polyamide compositions comprise the 9-T
polyamide or 9M-T polyamide and a filler are suitably used

as engineering plastics.
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Tensile strength JI'S K7113 JI'S No. 1 dunbbell tyge~<thickness:

Ll o,
mr) Tensile elongation ditto ditto Flex Jﬁh: 1
ASTM D790 127 x 14 x 6.4 mm Fl exural nodul us ditfo
ditto I npact strength ASTM D256 63.5 x 13 x 3 Heate, deP @951 qdn
ASTM D648 127 x 14 x 6.4 nm tenperature (lopdp 18.6
kg/cnmerr]) 21 Retention of intrinsic viscosity [n] O st e—st+ t

POLYAMIDE AND POLYAMIDE COMPOSITION

The present invention relates to a polyamide having
markedly excellent moldability and having excellent hot
water resistance, surface appearance, heat resi#tance,
mechanical characteristics and chemical resisténce, as well
as_low water absorption. The present invention also relates
to polyamide compositions comprising the above polyamides

and a filler and being suitable for engineering plastics.

Crystalline pquamides-as fepresented by nylon 6 and
nylon 66 have been widely used for fibers for clothing and
industrial uses and as general-purpose engineering plastics.

However, they have the drawbacks of po§r heat resistance
and poor dimensional stability as caused by water
absorption. In particular,lit has become difficult to use
conventional polyamides in fhe fields of those electric and
electronic parts requiring good flow-solder resistance as
accompanied by development of surface mounting techniques in
recent years or of car engine room parts requiring better
heat resistance year by Yyear. There has been therefore an
increasing .Aeﬁénd for development of a polyamide .having
better_ resistancé, dimensional. stability, mechanical

characteristics and physical and chemical characteristics.



and el ongation after hot water treatnent JIS 2 : Hﬁﬁr>njection
‘nol ded specinen is treated wwth steamin a prgglgéxﬁﬁf%n\ ‘ale

(120[err]C 2 atonml 120 hours) and then vacuum r&ed' at__120[efr]C for

120 hours. The specimen having subjectedto thi r eab elof twice is
tested for intrinsic viscosity [n] and tensile gtrhength and el ohgdqti on.

Th tenti i 9 ' forg .

Calcuratod Chi oot BRes AnfodRte (i HientE, Ol (I HBEREARRES |
tested f fl I I t 200 ' i Libri [ Ln_ A

{11 m speci SRFRETIIG Boun i nestd orRso0] e THuE SR ARLER e CapBRaLTc
froma po'lgf}éﬁi ggp'§o£¥r9§fﬁgpr€§§é£ﬁk§%1ic acid and 1,6-hexane-

diamine as main components (hereinafter referred to as 6-T

polyamides) have been proposgd'and partly put into practical
uses. However, aliphatic polyamides comprising adipic acid
and 1,4-butanediamine, having low melt viscosity and hence
having good moldability, have the problem of high water
absorption which causes their properties such as dimensional
stability to fluctuate duting use. Aromatic polyamides
comprising terephthalic acid and 1,6-hexanediamine have a
melting point near 370°C, which exceeds the decomposition
point of the polymer and hence cannot be melt molded. The
aromatic polyamides are therefore currently used after
modification to decrease their melting point to about 280-
320°C by copoiymerizing 30-40 mole % of a dicarboxylic acid
component such as adipic acid or isophthalic acid or an ali-
phatic poiyamide such as nylon 6. However, copolymerization
of such a large amount of a third component (in some cases,
further a fourth component), which.is surely effective in
decreasing the melting point, decrgases the rate of
crystallization and the attainable degree of crystalliza—
tion, thereby deteriorating the properties -such as rigidity
under high temperatures, chemical resistance and dipensiohal
stability and p;olongihg the molding cycle to decreése the
_#pfg@uctivity. Besides, the fluctuation of properties such

as dimensional stability upon water absorption of these



a tenperature 20[err] C higher than the nelting:' LAC ENH%&HEFE at

150[err]C for 5 mnutes. The specinen is drieg at 120 err]C fpr| 5 days,
wei ghed, imersed in water at 23[err]C for 10 flays 26 mﬁbed again.  The
ratio (% between the weight increase and the|wi ght before ifmgrsion is

calculated. Melt viscosity and A-value A sanpl ¢ having been drief at

(made by STPARIREERT p ot of Labaupf il ?q@seﬁ%%ﬁ%ﬁiﬁl% otor

30 t C The A-val ue
ég?g,ﬁgg[g;rin%gimfdégfpfi Eag@rang?yam1 es, Ot [e ve such a level

that can practically solve the problem.
JP-A-53536/1984,
158220/1985, 36459/1987 and 281532/1991 and US-aA-
4,607,073 describe that as a diamine component of aromatic
polyamides, aliphatic diamines having a longer chain than
1,6-hexanediamine are | usable. However, theée
references give no concrete disclosure about the use of 1,9-
nonanediamine or give no suggestion that the use of a
diamine having at least 7 carbon atoms realizes development
of particularly better properties as compared to the use of
1,6-hexanediamine. |
GB-A-1070416 discloses production of a
polyamide having an inherent viscosity (» inh) of 0.67 to
1.03 dl/g by polycondensation of a nylon salt .comprising
térephthalic acid and 1,9-nonanediamine in the presence of
3;1 to 4.0 mole % based on the diamine of terephthalic acid.
JP-A-155427/1984
and US-A-4,617,342 describe a polyamide compriging
terephthalic acid, a linear aliphatic diamine of 1,6-hexa-
methylenediamine and a branched aliphatic diamine of 2,2,4-
(2,4,4-)trimethylhexamethylenediamine. - However, these
references give no con;rete disclosure of any polyamide uti-
lizing a linear aliphatic diamine of 1,9-nonanediamine and a
branched aliphatic diamine of 2-methyl-1,8-octanediamine in

a specific ratio.

S



22 where [n] = intrinsic viscosity. Rate of CFY‘REPLA@ENE@HTSHEET erenti a

scanni ng cal orineter (DSC 30, nmade by Mettler CQ. ohe-dry
sanple is nelted at 350[err]C in nitrogen strean1c dggp$$P lown to
SO[err]C at a cooling rate of 10[err]C/ ma. Thejcrlys on pg¢ak
appearing during this treatnent is taken as the{palnt_of crystalllijzation

(Fcc). The sanple is then heated at a tenperature eIevatlon rate Tf
10[err]C m n and nmeasured for nelting point (Tnmks (Tm -
Tcc) between theAeedrding pod e skudY rade yby sthe | presénh poventosst akiee as
the rate of crystallization. Specific gravity
polyamide having terminal terephthalic acid residue,
obtained by following the procedufe déscribed in
GB-A-1070416 and comprising tefephthalic acid and 1,9-
nonanediamine, have.the drawbacks of tending to color or
foam upon melt molding and giving molded articles having
insufficient surface appearance and hot water resistance.
The polyamide described in

JP-A-155427/1984 and US-A—4;617,342, obtained
by compolymerizing a polyamide comprising terephthalic acid
and 1,6-hexamethylenediamine with a branched aliphatic
diamine of 2,2,4-(2,4,4-)trimethylhexamethylenediamine has
the problems of poor rigidity under high temperatures, poor
chemical resistance and poor dimensioﬂal stability wupon
water absorption.

Accordingly; an object of thé present invention is to
provide a polyamide comprising an aromatic di&arboxylic acid
component and an aliphatic diamine component and having far
better moldability as compared to conventional aromatic
polyamides and having excellent crystallinity, heat resis-
tance, low water absorption property, chemical resistance
and lightweightness, as well as excellent dimensional
stability, surfa;e appearance and shock resiﬁtance.-

Another object of the present invention is to provide a
polyamide composition comprising the above polyémide and

being suitably usable as an engineering plastic.



Measured with a density gradient tube. Chemical r Eﬁg,,r S.‘
havi ng a thickness of 200[err] prepared by heat a s,
about 20C hi gher than the nelting point gs punchdd fwith JI'S No.

anpl e
erature
nbbel |

to give specinmens. The specinmens are imiersed in|vdripésSERPqg9galls | (et hyl

- 10%  sulfuric acid, 50% aqueous sodi
aqueous calcium chloride solution) fqr

al cohol ,
and 50%

“Is¢l ution
nitested

m hydr oxi de

for tensile strength. The retention ratio against] the tensile strefgth
before imersion is calculated for each chem cal. Ml dable tenperature

range A sanple i sfh@g ChbgR e estqlur@g; abhg e%¥ich ¥R YadTR b# esi dence

time of 5 mnutes an

die“tenperature
the findings that a polyamide comprising

terephthalic acid and 1,9-nonanediamine as principal
components can possess excellent moldability, hot water
resistance, surface neatness and like properties only when
the intrinsic viscosity [n ] and ratio of blockage of its
terminal group have been adjusted within specific ranges;
that copolymerization of a polyamide comprisihg terephthalic
acid and 1,9-nonanediamine as principal components with a
specific amount of 2-methyl-1,8-octanediamine produces,
without impairing the good characteristics of the original
polyamide, polyamides having still better surface neatness
and shock resistance; and that

polyamide compositions comprising these polyémides and a
filler are markedly useful in the field of engineering
plastics.

Thus, the present invention provides a polyamide
comprising a dicarboxylic acid component (a) comprising 60
to 100 mole % of the dicarboxyli§ acid component of
terephthalic acid and.a diamine component (b) comprising 60
to 100 mole % of the diamine component of 1,9-nonanediamine,
said polyamide (hereinafter referred to as "9-T polyamide")
having an intrinsic viscosity [n] as determined by
measurement in concentrated sulfuric acid at_30°C of 0.6 to

2.0 dl/g and having at least 10% of terminal groups thereof

blocked.



150[ err] C and under various tenperature conditions.
tenperature at which the nolding is still -possible
tenperature at which the nolding is possible but fo
deconposition are nmeasured. Critical PV vglue A 3-nm
pl ate specinmen is, with a counterpart of a steel p
paper finish- ed), tested under no l.ubrication cond

sure of 5 kg/cnferr] and a sliding speed of 50 to 206~cmser EXanpre 1

The present 1invention further provides a polyamide
comprising a dicarboxyiic acid component (a) comprising 60
to 100 mole % of the dicarboxylic acid component of
terephthalic acid and a diamine component (b) comprising 60
to 100 mole % of the diamine component of 1,9-nonanediamine
and 2-methyl-1,8-octanediamine, the molar ratio between said
1,9-nonanediamine ahd said 2-methyl-1,8-octanediamine- being
in a range of 60:40 to 99:1, said polyamide (hereinafter
referred to as "9M-T polyamiae“) having an intrinsic
viscosity [n ] as determined by measurement in concentrated
sulfuric acid at 30°C of 0.4 to 3.0 dl/g.

The present inventioﬁ still further provides a
polyamide composition comprising 100-parts by weight of 9-T
polyamide or 9M-T polyamide and 0.1 to 200 parts by weight
of a filler. | |

With the polyamides of the present invention, within a
range of the intrinsic viscosity [n ] as determined in
concentrated sulfuric acid of 0.4 to 3.0 dl1/g, the following
relationship (1) holds between the intrinsic viscosity [7 ]
and the melt viscosity (MV) as determined at a rate of shear
of 1000 sec-!.

logMV = 1.9(n] + A o _ ('1)
where A = a function of temperature.

With preferred exampleslof the polyamides of the pre-
sent invention, the A-value at 340°C is 0.6 to 1.0 and the
difference between the A-value at 330°C and that at 350°C is

0.1 to O0.6. On the other hand, with conventional 6-T



A 20-liter autoclave was charged with 3272.9 g (39.
terephthalic acid, 3165.8 g (20.0 noles) of 1,9-
(0.60 nole) of benzoi ¢ acid, 6.5 g (0.1% by wei
materials) of SOdIUﬂ]hypOphOSphlte monohydr at e
water and the air in the autoclave was repl aced §
were stirresbptad{déer rheviiog 30 enefificsiemtd héat
210[ err] C over 2 hours. On this heating, the pr

REPLACEMENT SHEET

70Ot Eb) )

ngn (oF ng 1327 g
ght af%’% &g% {the raw
ande 6. _liters. ﬂf distilled
y nitrogen. The contents

essure in the autoclave

increased tpp22 K¢/ abbatr [theResamd oewel akl dhedet @ fcartié npel Yamide oo

and the tenperature was el evated up to 230[err]C

Reacti on was further

effected fofh? peeEentWiinverition,enytes ahuvaluas akepl4@tC 236[ ar.3] Gant. T he
pressure was kept at 22 kg/cnierr] by gradually w thdrawi ng water vapor.
Thereafter, zidetpecasetereasedeecteasndthe M value at 330°C and that at

350°C is 0.7 to 1.1. Accordingly, in a temperature range of

330 to 350°C, which is preferably used for molding, the

polyamides of the present invention,

while having the ‘same

intrinsic viscosity [7 ], have a smaller melt viscosity and

smaller change in melt viscosity when

ture changes, as compared to convent

the molding tempera-

ional 6-T polyamides.

The polyamides of the present invention have a further

advantage of small change in the melt viscosity during

residence time upon molding and thus have markedly improved

moldability as compared to conventional 6-T polyamides.

The polyamides of the present in

vention are usable as

molding materials for industrial goods and household goods.

The polyamide compositions of the present invention are

particularly useful as engineering plastics.

The dicarboxylic'acid component (a) used for the poly-

amides of the present invention compr

ises at least 60 mole

%, preferably at least 75 mole %, more preferably at least

90 mole %, of terephthalic acid compo

nent. If the content

of terephthalic acid compdnent is less than 60 mole %, the

resulting polyamide will become poor

in heat resistance,

chemical resistance and like properties. Examples of usable.



T SHEET

' [
kg/cnferr] over 30 mnutes and reaction was fLVK ) e-eg—H0r
to obtain a prepolyner having an intrinsic visgopity f OL25 dl/g.
The prepolynmer was dried at 100[err] C under refu edgéﬁ%giﬁﬁé f

and then pul veri zed 24 to a particle 8ize o ot nore than P The
particles were subjected to solid phase polynefization at 230[erf]C under
0:1 mmHg pressure for 10 hours, to give a white ] | ‘a nelting

poi nt of 337EerbbkyldB aRiiki ROmpovientosither] thaof terdphdibal iandcid ate of

term nal bl ockage of 90% The pol yam de thus obtai ned was injection nol ded

at a aliphatic dicarboxylic acids, e.g. malonic acid, dimethyl—
malonic acid, succinic acid, glutaric acid, adipic acid, 2-
methyladipic acid, trimethyladipic acid, pimelic acid, 2,2;
dimethylglutaric acid, 3,3-diethylsuccinic acid, azelaic
acid, sebacic acid and suberic acid; alicyclic dicarboxyiic
‘acids, e.g. 1,é-cyclopentanedicarboxylic acid and 1,4-cyclo-
hexanedicarboxylic acid; aromatic dicarboxylic acid, e.g.
isophthalic acid, 2,6-naphthalenedicarboxylic acid, 2,7~
naphthalenedicarboxflic acid, | 1,4-naphth§1enedicarboxylic
acid, 1,4-phenylenedioxydiacetic acid, 1,3-phenylenedioxy-
diacetic acid, diphenic acid,' dibenzoic acid, 4,4'-~
oxydibenzoic aicd, diphenylmethane-4,4'-dicarboxylic acid,
diphenylsulfone-4,4‘-dicarboxylic. acid and 4,4'-biphenyl-
dicarboxylic acid; and mixtures of any combinatibn of the
foregoing. Among the above, aromatic dicarboxylic'acids are
preferred. Multi-valent carboxylic acids such as
trimellitic acid, trimesic acid and pyromellitic acid are
also usable within such limits that assure melt molding.

The diamine component (b) used for the 9-T polyaﬁide of
the present invention comprises at least 60 mole %, prefer-
ably at least 75 mole %, more preferably at least 90 mole %,
of 1,9-nonanediamine component. The use of a.diamine compo-
nent of at least 60 mole % of 1,9-nonanediamine realizes
production of polyamides being excelleht in all of heat
resistance, moldability, chemical resistance, low-ﬁater-

absorption property, lightweightness and mechanical



cylinder tenperature of 340[err]C and a di e tenper gt of ) to
gi ve shaped articl es. The articles were testgg f Rﬁ?iAGED/ﬁhBT«SMET Ijes.
The results are shown in Table 3. Exanple 2 Exanpl Was repeat ed |ejcept
that the anpunts used of terephthalic acid? 1, 9-norjarledpBEP 4 i Renzoic
acid were changed to 3269.5 g (19.68 nol es), 3169 (J20. 02 nol es) 4nd 78. 16
g:(0.64 nole), respectlvely to obtain a pol yam de |a Hmgns

t heref rom \ﬁgﬁ?& & tested for various properties. The results are|shown
i'n Table 3. npl e 3 ‘Exanpl e 1 was repeated except'TTEH‘TKRKN?HWTEFV@S
used instead of %4fafighd PBHpbABNE! NG)aBuEds tuged Rl 9 TDBLNFinG de

acid, 1,9-nonanedi am ne, octylam ne and sodi um
of thé present invention comprises at least 60 mole %, pre-

ferably at least 75 mole %, more preferably ét least 90 mole
$, of a total of 1,9-nonanediamine component and 2-methyl-
1,8-octanediamine componént.- In-addition, the molar ratio
between the 1,9-nonanediamine component and the 2-methy1;
1,8-octanediamine component is 60:40 to 99:1, preferably
70:30 to 95:5 and more preferably 80:20 to 95:5. Copolymer-
ization of, in addition to 1,9-nonanediamine, the specific
amount of. 2-methyl-1,8-octanédiamine can 'give polyamides
having not only a larde melt moldable temperature range and
excellent moldability, but also excellent crystallinity and
mechanical characteristiés, in particular shock resistance.
Examples of usable diamine components othgr.than 1,9-
nonanediamine or 2-methyl-1,8-octanediamine are aliphatic
diamines, e.g. ethylenediamine, propylenediamine, 1,4-
butanediamine, 1,6-hexanediahine, 1,8-oqtanediamine, 1,10~
decanediamine, 1,12-dodecanediamine, 3-methyl-1,5-pentane-
diamine, 2,2,4-trimethyl-1,6-hexanediamine, 2,4,4-trimethyl-
1,6-hexanediamine and 5-methyl-1,9-nonanediamine; alicyclic
diamines, e.g. cyclohexanédiamine, methylcyclohexanediamine
and isophoronediamine;' aromatic diamines, e.dg. p-
phenylenediamine, m-phenylenediamine, . xylenediamine, 4,4'-
diaminodiphenylmethane, 4,4'-diaminodiphenylsulfone and
4,4'-diaminodiphenyl ether; and mixtures of the foregoing.

With the 9-T polyamide of the present invention, at



A1
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‘fr
1 eS),

hypophosphite were set at 3322.7 g (20.0 nol es), %EELACE .
64.63 g (0.50 nole) and 13.0 g (0.2% by wei ght base¢ w jraferial s
respectively, to obtain a polyam de and nol ded spe¢ r{gasgékﬁ@gf rpny whi ch)
were tested for various properties. . Tpe resul{s a[e shown in [faple 3.
Exanpl e 4 25 Exanple 1 was repeated except thf the anounts used| of
terephthalic acid and benzoic acid were changed
and 34.19 1gast0.12& ol edhe tespiwal vetgupst of the molecular chains is

blocked with a terminal-blocking agent. . It is desirable
that at least 40% of the terminal groups be blocked, and
preferably af least 70%, more preferably at least B80% and
most preferably at least 90% be blocked.

With the 9M-T polyamide of the present invention, it is
desirable that at least 10% of the terminal groups of the
molecular chains be blocked with a terminal blocking agent,
and preferébly at least 40%, more preferably at least 60%
and most preferably at least 70% be blocked.

The ratio of blockage of the terminal groups of a
polyamide can be obtained by determining the number of the
terminal carboxyl groups, that of the terminal amino groups
and that of terminals blocked with a terminai blocking agent
and then calculating by the formula (4) later given. It is
desirable, in view of precision and easiness, to_obtain the
number of each of the terminal groups .by subjecting the
polyamide to !'H-NMR spectroscopy and then calculating the
‘number from the integrated intensity of the characteristic
signal correspbnding to the terminal group. Where, however,
the chafacteristic signal of the terminal group blocked with
a terminal blocking agent cannot be identified, the ratio of
blockage is obtained as follows. At first, the intrinsic
viscosity [n ] of a polyamide is determined, and the total
number of molecular chain terminal groups is calculated from
the intrinsic viscosity value by the fdllowing formula (2)

for 9-T polyamide or by formula (3) for 9M-T polyamide.



ed for
vari ous properties. The results are shown in Tdblle 3. Exanple % fxanple 1
was repeated except that the ampunts used of ter benzoi c
acid were changed to 3355.9 g (20.2 nohes) and ol e),
respectively, to obtain a polyam de and nol ded gpéer 1 whi ch
were tested for various properties. The results| are shown_in Tablle 3.

Conpar at i veNEXanPhpel nfonda eehMPS deRaAieith£X CEPEbsxel  §heupsoand sthaed
of terephthalic acid and benzoic acid were changed to 3073.5 g (18.5

ol es)  and (396)4 010 telhihdlldno JrasuprtdneldJetetmwined by titration.

The titration for terminal carboxyl groups is conducted on
a solution of the polyamide in benzyl alcohol with O0.1N
sodium hydroxide and that for terminal émino groups is
conducted on a solution of the polyamide in phenol with 0.1N
hydrochloric acid. Then the ratio of blockage is calculated

by formula (4).

Total number of molecular _ 2 (2)
chain terminal groups (eq/g) 19700[n 1 - 7900

Total number of molecular 2

= 3
chain terminal groups (eq/g) 21900[(n 1 - 7900 (3)

Ratio of blockage = [(a - b)/a]l x 100 _ (4)

where a = total number of molecular chain terminal groups
(this is generally equal to twice the number of
polyamide molecules)
b = totai number of terminal carbokyl groups and
terminal amino groups. |
In the present invention, any monofunctional compound
reactable with the amino or carboxyl groups on the terminals
of polyamide molecules, with no particular limitation, but
monocarboxylic acids and monoamines, particularly
monocarboxylic acids, are preferred in view of reactivity
and stability of the blocked terminals. ALso usable are
acid anhydrides such as phthalic anhydride, monoisocyanates,
acid monohalides, monoesters and monoalcohols.
Any monocarboxylic acid can be used as a terminal

blocking agent, as long as it is reactable with amino group.



obtain a polyam de and nol ded speci nens therefrom
various properties. The results are shown in Tabj
2.Exanpl e 1 was repeated except that benzoic acid

were not used and that the anmount used of 1er epht hpl

3. Conparati e Exanpl e
24156 WP®odhdsphi t e

c acid was chianjged to

3372.5 g (20.3 mol es), to obtain a pol yan de and npl @&d_speci nens _
el o SIS ot Ele SHon LS P0° e AT SRR

carboxylic acids, e.g. acetic acid, propionic acid, lactic
acid, valeric acid, caproic acid, capric acid, lauric acid,
tridecylic acid, myristic acid, palmitic acid, stearic acid,
pivalic acid and isobutyric écid; alicyclic acids, e.g.
cyclohexanecarboxylic acid; aromatic monocarboxylic acids;
e.g. benzoic acid, toluic acid, a -naphthalenecarboxylic
acid, B -naphthalenecarboxylic acid, methylhaphthalene-
carboxylic acid and phenylacetic acid; and optionél mixtures
of the foregoing. Particularly preferred examples among the
above in vieﬁ of reactivity, stability of blocked terminals
and price are acetic acid, propionic acid, lactic acid,
valeric écid, capreoic acid, capric acid, lauric acid,
tridecylic acid, myristic acid, palmitic acid, stearic acid
and benzoic acid.

The terminal amino groups of the polyamide of the
present invention form; ﬁhen blocked with any one of the
above monocarboxylic acids, blocked terminals represented by
the following general formula (I).

R- C- _ (1)
.
wherein R represents a residue of the monocarboxylic acid
from which carboxyl group has been removed and is preferably
alkyl, cycloalkyl, aryl o;.aralkyl.

Any monoamine can be used as'a terminal blocking agent,

as long as it is reactable with carboxylic group. Examples

of the monoamine are aliphatic monoamines, e.g. methylamine,



[err] 27 Exanple 6 A 20-liter autoclave was chagged—w-th—3272~9

(19.70
nol es) of terephthalic acid, 2849.2 g (.18.0 nol es)REPLACEMEND ilam ne,
316.58 g (2.0 noles) of 2-methyl-1,8- octangedfamTe, 7372719 |(0. 60
mol e) of benzoic acid, 6.5 g (0.1% by weiight based} ?Q§ Epmpggt rijal s) of
sodi um hypophosphi te nonohydrate and 6 liters of djsfi Ieg wat é ngd the
airr in the autoclave was replaced by nitrogen. Th stlirred
at 100[err]C for 30 mnutes and heated to

ethylamine, propylamine; butylamine, hexylamine, octylamine,
decylamine, stearylamine, dimethylamine, diethylamine,
dipropylamine and dibutylamine; alicyclic amines, e.g.
cyclohexylamine and dicyclohexylamine; aromatic monoamines,
e.g. aniline, toluidine, diphenylamine and -naphthylamine;
and optional mixtures of the foregoing. Particularly
preferred examples among the above, in view of reactivity,
boiling point, stability of blocked terminals ‘and price, are
butylamine, hexylamine, octylamine, decylamine, stearyl-
amine, cyclohexylamine and aniline.
The terminal carboxyl groups of the polyamide of the
present invention form, when blockédiﬁith any one of the
above monoamines, blocked termina;s represented by the

following general formula (II).

R! - N- | (I1)
Bt
wherein R! represents a residue of the moﬁoamine from which
amino group has been removed and is preferably alkyl,
cycloalkyl, aryl or aralkyl and R? represents hydrogen atom
or a residue 6f the monoamine from which amino group has

been removed and is preferably hydrogen atom, alkyl,

cycloalkyl, aryl or aralkyl.



y REFLALEMEN] SHEET )
t_i g, the pressyrgq in the

s| aRIG8ER 994 cgntji nue for
ijo] was

a tenperature of 210C over 2 hours. On this h
autocl ave increased to 22 kg/cnferr]. Reaction
1 hour, and the tenperature was el evated up to-
further effected for 2 hours, while the tgnperat 3(C and
the pressure was kept at 22 kg/cnferr] by gradudlil mnthdramnng watle

i nut es and 1 oact A" Sad ?E?fﬂﬁﬁ%@?@eﬁ?e% S aﬂré"’”‘?&f’é’"
iy 1 S SR LT I anzgaﬁi afl' 5 :ﬁ%eaersss?r
h I d.t I 2

were subj ect 69 &5 sea*-pat”%"sﬁoééﬁ s 1 98¢ ”‘égﬁttfi&% e shdr FRGHE
pressure for ngggdg h S 9ive a

intt f&éﬂgo Xg os%ty [ ] and a ratio of
blockage in the ranges specified in the present invention.

The concrete amount wused will vary depending on the
.reactivity and boiling point of the terminal blocking agent,
reaction apparatus, reaction conditions and the like, but it
is generally in a range bf.O.l to 15 mole % based on the
total moles of dicarboxylic acid and diamine.

The polyamides of the_preéent invention can be produced
by any one of préceSses known to produce crystalline
polyamides. For example, a catélyst together with, as
necessary, a terminal blocking agent is added to a diamine
and a dicarboxylic acid, to produce a nylon salt; the nylon
salt is then formed at a temperature of not more than 280°C
into a prepolymer ha?ing an intrinsic viscosity ([n ] as
determined in concentrated sulfuric acid at 30°C of 0.1 to
O.G'dl/g, which is further subjected to solid phase polymer-
ization or polymerization'through a melt extruder, to givela
polyamide according to the present invention. If the termi-
nal blocking agent and catalyst are added after the step of
producing a nylon salt, there will tend to occur, during
polymerization, the problem of unbalance between carboxyl
groups and amino groups or formation of crossiiﬁked struc-
ture. The intrinsic viscosity [ ] of the prepolymer being

within the range of 0.1 to 0.6 dl/g assures little unbalance
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having a nelting point of 310[err]C, an intringiq viscosity [n f 1.26
di/g and a ratio of terminal blockage of 90% Thd pRi6ySEP 4296 hiis|obt ai ned
was injection nolded at a cylinder tenperature |off 340[err] C an di e

t enper at ure of 28 100[err]C, to givel18haped jartiTres: e alfticl es
were tested for various properties. The resultg_are _shown in Tablle 4.

Exanpl e 7 EXygthReh WA oPE! §fﬂo@5§eahat BAknbh@ rauENlcr USEtk DE decrease
nme

1, 9- nonanedi am ne and

1, 8-octanedianine were changed to

2532.4 g (1644 %lee%)at@%@sp%l%él‘l(zdaﬁ@,' &hereby providing a polyamide

having a small distribution of degree of polymerization and
excellent properties and moldability. In effecting the last
step of polymerization by solid phase polymerization, it is
preferably carried out under reduced éressure or in a stream
of an inert gas and at a temperature of 180 to 280°C. Then,
the polymerization proceeds at a high rate -and productivity
with suppressed coloring or gelation. In effecting the last
step of polymerization through a melt extruder, it 1is
desirable to employ a polymerization temperature of not more
than 370°C, which realizes production of a polyamide having
suffered almost no degradation.

Examples of catalysts usable for the above purpose are
phosphoric acid, phosphorus acid,.hypophosphorous acid.and
salts and esters of the foregoing. Concrete ekamples of the
salts are those of metals, e.g. potassium, sodium,
magnesium, vanadium, calcium, zinc, cobalf, manganese, tin,
tungsten, germanium, titanium and antimony and ammonium
salt, and ethyl ester, isopropyl ester, butyl ester, hexyl
ester, isodecyl ester, octadecyl ester, decyl ester, stearyl
ester and phenyl ester.

The 9-T polyamide of the present invention has an
intrinsic viscosity [n ] as .determined in concentrated
sulfuric acid at 30°C in a range of‘0.6 to 2.0 dl/g. The
intrinsic viscosity [n ] is preferably in a range of 0.7 to

1.7 d1/g, more preferably in a range of 0.9 to 1.5 dl/g.



respectively,

were tested for various properties. The. resu
Exanpl e 8 Exanple 6 was repeated except that th

to obtain a polyam de and nol ded

1, 9- nonanedi am ne and 2-net hyl -1, 8-oséanedipanine  were chgnded to

2216.1 g (14.

0 noles) and 949.74 g (6.0 nol es),] réspectTvery—to [obtain a

pel yam de and nol dehle sgdtiThenslybsider onf wWhechpuesentesirvefhbionarhasusan

properti es.

The results are shown in Table 4. Conparative Exanple 3

Exanpl e 6 wasimepimsbcd exiepdsibtmt Pankt hys - Id8tepmineddi ami nepnbenzpated

acid and sodi
terephthalic

um hypophosphite were not used and that the amounts used of
&¢l fupphel acid at 30°C in a range of 0.4 to 3.0 dl/g. The

intrinsié viscosity [# ] is preferably in a range of 0.6 to
2.0 dl1/g, more preferably in a range of 0.8 to 1.6 dl/g.

Known fillers having particulate; fibrous or cloth-like
shape are usable for the polyamide compositions of the
present invention.

Examples of particulate fillers are silica, silica
alumina, alumina, titanium oxide, zinc oxide, boron nitri&e,
talc, mica, potassium titanate, calcium silicate, magnesium
sulfate, aluminum boréte, asbestos, glass beads, carbon
black, graphite, molybdenum disulfide and polytetrafluoro-
ethylene. These particulate fillers, having an average
particle diameter of 0.1 mg to 200z , are generally used
and those having one of 1 mug to 100u are preferred. The
use of these fillers assures that the resulting polyamide
compositions give molded articles having improved dimension-
al stability, mechanical characteristics, heat resistance,
chemical and physical characteristics, slidability and the
like.

Examples of fibrous fillers are organic fibers, such as
fibers from wholly aromatic polyamides or wholly aromatic
liquid crystal polyesters, e.g. polyparaphenyleneterephthal-
amide, polymetaphenyleneterephthalamide, polyparaphenylene-
isophthalamide, - polymetaphenyleneisophthalamide and

polycondensate of diaminodiphenyl ether and terephthalic



1, 9- nonanedlan1ne and were changed to 3389.2 ¢ GB@R&Aﬁgb@QTF§H@EJ 165.8 ¢

(20 0 noles), respectively, to obtain a pol yam de fand nol ded spqcijnmens

therefrom which were tested for various propertf €
in Table 4.

29 [err] 30 Exanple 9 17

acid or isophthalic acid; and inorgénic fibe;s, e.g. glass
fiber, carbbn fiber and' boron fiber. The use of these
fibrous fillers not only improves the slidability, but also
mechanical properties, heat resistance and chemical and

physical properties of molded articles obtained from the

resulting polyamide compositions. These fibrous fillers,

having an average length of 0.05 to 50 mm, are generally
used. In particular, thoée having an aQerage length of 1 to
10 mm-are preferred, since the resulting compoéitions have
good moldability apd molded articles obtained fherefrom have
improved slidability, heat resistance and mechanical proper-
ties. These fibrous fillers may be processed into.cloths or
the like before incorporatipn into the polyamides.

The above described fillers may be used in pombination
of 2 or more. These fillérs aré incorporated in an amount
of preferably 0.1 to 200 parts by weight based on 100 parts
by weight of polyamide, more preferably 0.1 t§ 150 parts by
weight and most preferably 0.5 to 100 parts by weight on the
same basis. These fillers may be treated with siiane
coupler or titanium coupler.

The fillers are added during polycondensation of
polyamide, by dry blending, by melt kneading through an
extruder or by like processes.

Thé polyamide cbmpositions may further contain, as

required, a stabilizer such as copper compound; color; UV

absorber; 1light stabilizer; antioxidant such as hindered

phenol-, hindered amine-, phosphorus- or thio-based one,

S. 2BBEP996t 4 dre shown



Exanpl e 6 was repeated except that the anobunts used gﬁpLACE SHEEI‘id
and benzoic acid were changed to 3223.0 g (19.4 nolgs)) and 146.6 |[g| (1.2
mol es), respectively, to obtain a polyan de and mjl Jed2 $pSER 1896
therefrom which were tested for vari_ous1 roperties.| |The results afe|shown
in Table 5. Exanple 10 Exanple 6 was repeated except] tTart ocryramne \as

used i nstead of benzoic acid and that the anmounts u4ed of terephthali¢

acid,  La¥ijnananedi afddes; flaRe®idBMadddht ockanadi & nepr Ofiva 8&d ne
and sodi um hypophosphite were set at 3322.7 g (20.0 noles), 2813.6

(17.775 ol ‘?5%1?%%%3@}}%"{%‘3'9@“@ &P metifh Gy drokhed; ”@&fétaﬁ“ﬂuci@ug’ g

(0.2% by wei raw material s), respectlveTy, 0 obtain
agent; plasticizer; lubricant and other usual additives. These

additives can be added during or after polyéondensation of
polyamide.

The polyamides and polfamide compositions of the pre-
sent invention can be molded by injection, blow, extrusion,
compression, drawing or stretching, vacuum forming or like
molding processes, into molded articles having the desired
shape. Thus, they éan be formed into shaped articles
generally used as engineering plastics, and éven into films
or fibers, which are suifably used in the fields of

industrial materials and household goods.

EXAMPLES

Other featurés of the invention will become appafent in
the course of the following descfiption of exemplary embodi-
ments which are given for illustration of the invention and_
are not intended to be limiting thereof. In the Examples
and Comparative Examples that follow, the followlng methods
are ‘used for the determination of the ratio of terminal
blockage, intrinsic viscosity [z ], tensile strength and
elongation, flexural strength, flexural modulus, heat
deflection temperature, impact strength, retenfion of
infrinsic yiscosity [z ] 6: tensile strength and elongation
after hot water treatment, high-temperature elastic modulus,

equilibrium moisture regain, melt viscosity, rate of



a polyam de and nol ded speci nens therefrom which
properti es.
repeat ed except that the anmounts used of terephthal
were changed to 3322.7 g (20.0 noles). ant® 34.19
respectively, to obtain a polyam de and nol ded sp C|nens t herefrom
were tested for
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The results are shown in Table 5. Ex

moldable temperature range and critical PV value.

Ratio of terminal blockage

A polyamide sample is tested by ‘H-NMR' spectroscopy
(500 MHz, in deuterated trifluorocacetic acid, at 50°C). The
numbers of terminal carboxyl groups, terminal amino groups
and blocked terminals are obtained from the integrated in-
tensities of the corresponding characteristic signals. The
ratio of terminal blockage is obtained by the formula (4)
described before. Table 1 shéws the chemical shift values

of representative signals used for the determination.

Table 1
Terminal'group Chemical shift value of signal
P |
—q *<:>f@02H é 8.3 ppm
H
o
11
—I\II— C &5 8.6 ppm
H
C()zli
ﬁ .
—C—-N—(CH -NH
| 2) 9 2 d 3.3 ppm
H
3 .
— € — N—(Clp) g-CE-CHp-NH, 3.1 ppm
H CHg
0
._w_d_<::> 8 7.6 ppm
H .
a
—C - y (CH2)7—CH3 5 0.9 ppm
H




31 terephthalic acid and benzoic acid were changed' ’ \ @
' 12.21 g (0.10 nole), respectively, R?PE@QEQE%E;S am de

nol es) and

and nol ded speci nens therefrom which were tested {or various iyopar.ies.

The results

repeat ed except that benzoic acid was not used andithat the anount
terephthalic_acid mas changed to 3738.0 g (22.5 nDles) to obtain a

pol yam de a
properti es.

are shown in Table 5. Conpargjive Exa le 2&8k

=13
uged of

from which were.tested for varibus

The results are shomn in Tabl e 5.
The inherent viscosity (n inh) of a sample was

determined in concentrated sulfuric acid in a concehtration
of 0.05,.0.1, 0.2 or 0.4 g/dl at 30°C as follows and the
obtained values are ext:épolated to obtain a value at a
concentration of O.

7 inh = [In(t,;/te)]/c

where 7 inh

inherent viscosity (di/g)

~te = flow down time (seconds) of solvent
t, = flow down time (seconds) of sample solution
€ = concentration of sample in sample solution

Tensile strength and elongation, flexural strength, flexural

modulus, heat deflection temperature and impact strength

A polyamide sample is injection molded at a temperature
about 20°C higher than the melting point into specimen. The

bone-dry specimen are tested according to the methods given

in Table 2.
Table 2
Item Method Size of specimen
Tensile strength | JIS K7113 JIS No. 1 dumbbell type
(thickness: 3 mm)
Tensile elongation] ditto : ditto
Flexural strength ASTM D790 127 X 14 x 6.4 mm
Flexural modulus ditto ditto
Impact strength ASTM D256 | 63.5 x 13 x 3 mm
Heat deflection ASTM D648 127 x 14 x 6.4 mm
temperature (load:
18.6 kg/cm?)




Ep)

32 [err] 33 Conparative Exanple 5 Exanple 1 was MWTrat
there were used as raw materials 2325.9 g (14.0 nnles) of terephthdlifc
acid, 996.8 g (6.0 noles) of isophthalic acid, 23242 g2@8ER ¥86ed) | of
1,6-hexanedianine and 24.43 g (0.20 zmle) ﬂben20|c acid, tq dbtain

a pol yam de and nol ded speci nmens

Retention of intrinsic viscosity ([»n ] or'tensile strength

and elongation after hot water treatment

JIS No. 1 Dumbbell type injection molded specimen is
treated with steam in a pressure-proof autoclave (120°C/2
atom/120 hours) and then vacuum dried at 120°C for 120
hours. The specimen having subjected to this treatment once
6r twice is tested for intrinsic viscosity [n ] and tensile
strength and elongation. The retention ratios (%) against
the valueé before the treatment are calculated.

High-temperature elastic modulus

The above molded specimen is tested for flexural
modulus at 200°C.

Equilibrium moisture regain

A film specimen having a thickness of 200z (5 cm x 5
cm) is prepared from a polyamide sample by heat pressing at
a temperature 20°C higher than_the melting point and codling
at 150°C for 5 minutes. The specimen is dried at 120°C for
5 days, weighed, immersed in water at 23°C for 10 days and
weighed again. The ratio (%) between the'weight increase
‘and the weight before 'immersion is calculated.

Melt viscosity and A-value

A sample having been dried at 120°C under reduced
pressure for 2 days is tested with a flow tester (made by
Shimadzu Corp.) for a melt Viscosity (MV) under a shear rate
of 1000 sec™! at a femperature range of 330 to 350°C. The
"A-value is obtained by:

logMV = 1.9[n] + A



t herefrom

Exanpl e
o-T
properties

—Fheresu-t <
together with those of Exanples 1 and 6, shown in Tab 2&&{A{i§ﬁggi&gﬂﬂgr6
Exanpl e Conmp. 6 Ex. 5 Conposition of {pgl'yam de
OMT 6-1T MODA/NVD | A/ TAp= 10/ 90 - ‘fO/fg P 1996

where [n ] = intrinsic viscosity.

whi ch were tested for various properties. ¢—F

Rate of crystallization

A differential scanning calbrimeter (DSC-30, made by
Mettler Co.) is uséd. A bone-dry sample is melted at 350°C
in nitrogen stream and then cooled down to 50°C at a cooling
rate of iO“C/min. The crystallization peak appearing during
this treatment is taken as the point of crystallization
(Tcc). The sample is then heated at a temperature elevation
rate of 10°C/min and measured for melting point (Tm). The
difference (Tm - Tcc) between the melting point and the cry-
stallization point is taken as the rate of crystallization.

Specific gravity

Measured with a density gradient tube.

Chemical resistance

A film sample having a thickness of 200p prepared by
heat pressing at a fémperature about 20°C higher than the
melting point is punched with JIS No. 3 Dumbbell to give
specimens. The specimens are immersed in various chemicals
{methyl alcohol, 10% sulfuric acid, 50% aqueous sodium
hydroxide solution and 50% aqueous calcium chloride
solution) for 7 days and then tested for tensile stfength.
The retention ratio against the tensile strength before
immersion is calculated for each chemical.

Moldable temperature range

A sample is injection molded under the conditions of
melt residence time of 5 minutes and die temperature of

150°C and under various temperature conditions. The lowest



~ ~CPLAUEMENT SHEET|
Rati o of term nal bl ockage 90% 90% 45% [t

1.35 1.26 1.0 Difference between A-val ue 26 EQ’ ﬁ? 0.
0-9 at 330[err]C and that at 350[err] C Difference bgtmeen jiva 8 _
0.1 <0.1 0.3 at 340[err] C on 3z#1 nute repi teree—and-thatl gn
1g-ninute resi dence Mol dabl e tenperature _ 23 30

15 range (] C rtipe f e i cle.Colar. .

white O W tPIraHIPE bhr T eRo Rt angLALRL® s i1 possibTe g he

* . . i
Excel | ent ﬁ?ﬁéhest temperature at which the molding is possible but

foaming starts due to decomposition are measured.

Critical PV value

A 3-mm thick injection molded plate specimen is, with a
counterpart of a steel plate S45C (#600 sand paper finish-
ed), tested under no lubrication condition at an area pres-
sure of 5 kg/cm? and a sliding speed of 50 to 200 cm/sec.
Example 1

A 20-liter autoclave was charged with 3272.9 g (19.70
moles) of terephthalic'acid, 3165.8 g (20.0 moles) of 1,9-
nonanediamine, 73.27 g (0.60 mole) of benzoic acid, 6.5 g
(0.1% by weight based on the raw materials) df sodium
hypophosphite monohydrate and 6 liters of distilled water
and the air in the autoclave was replaced by nitrogen. The
contents were stirred at 100°C for 30 minutes and heated to
a temperature of 210°C over 2 hours. On this heating, the
pressure in the autoclave increased to 22 kg/cm?. Reaction
w#s allowed to continue for 1 hour, and the temperature was
elevated up to 230°C. Reaction was further effected for 2
hours, while the temperature was kept at 230°C and the
pressure was kept at 22 kg/cm? by gradualiy withdrawing
water vapor. Thereafter, the preséure was decreased to 10
kg/cm? over 30 minutes and reaction was further effected for
one hour, to obtain a prepolymer having-  an intrinsic
viscosity [n ] of 0.25 dl/g. The prepolymer was dried at

100° C under reduced pressure for 12 hours and then pulvefized



| RETLACEMENT SHEET
Specific gravity 1.14 : 1.145 1720 &g I Qrium
moi st ure 3.0 3.0 6.7 riedai pg 8¢ F@?§n ign ratio
after hot 98% 98% 80% wat er} t'r eatnent Chemi ca
resi stance Met hyl al cohol 24 72| ° - $5 10%
sul furic acid 81 82 50 5096sod|un1h dr oxi de
85 80 to a pditix¥é CakiceUBICMOEI ﬁl@re than 2 mm.92 %‘ﬁles
60 Rate of crystallization ([err]QC 44 54 Ten5|
el ongation (%ere subJected15o solid éﬁ%se polyﬁbffﬁ@@ioﬁtégngﬁh C under
(kg.cm cm 7 Heat defl ection
144 148, 1 mmﬁ§3pressure for 10 hours, to give a white polyamide

having a melting point of 317°C, an intrinsic viscosity [7 ]

of 1.35 dl/g and a ratio of terminal blockage of 90%.

The polyamide thus obtained was injection molded at a

cylinder temperature of 340°C and a die temperature of

100°C, to give shaped articles. The articles were tested

for various properties. The results are shown in Table 3.

Example 2

Example 1 was repeated except that the amounts used of

terephthalic acid, 1,9-nonanediamine and benzoic acid were

changed to 3269.5 g (19.68 mdles), 3169.0 (20.02 moles) and

78.16 g (0.64 mole), respectively, to obtain a poclyamide and

molded specimens therefrom, which were tested for various

properties. The results are shown in Table 3.

Example 3

Example 1 was repeated except that octylamine was used

instead of benzoic acid and that the amounts uséd of

terephthalic acid, 1,9-nonanediamine, octylamine and sodium

hypophosphite were set at 3322.7 g (20.0 moles), 3126.2

(19.75 moles), 64.63 g (0.50 mole) and 13.0 g (0.2% by

weight based on the raw materials), respectively, to obtain

a polyamide and molded specimens therefrom,

which were

tested for various properties. The results are shown in

Table 3.

Example 4



tenperature ([err]C) 18.6 kg/cnjerr] Hi gh- terrperatureRBpElRC%& SHEET 500

4450

acid,

1700 (200[err]C, kg/cn[err]) Not es: Abbr evi
1,9- nonanedlan1ne MODA: 2- et hyl - - octanedi am ne a ht aI
I sophthalic acid *: Sllver strea@% gener at ¢d 2

13

19%

Exanple 1 was repeated except that the amobunts used ¢f ereohthallc_ac d
and benzoic acid m§§§m853n99%5§3é§§g%é%d except thay the amounts used of

terephthalic acid and benzoic acid were changed to 3322.7 g
(20.0 moles) and 34.19 g (0.28 mole), respectively, to
obtain a polyamide and molded specimens therefrom, which
were tested.for various properties. The results are shown

in Table 3.

Example 5

Example 1 was repeated except that the amounts_used of
teréphthalic écid_and bénzoic acid were changed to 3355.9 g
(20.2 moles) and 12.21 g (0.10 mole), respectively, to
obtain a polyamide and molded specimens therefrom, which
were tested for wvarious properties. The results ére shown
in Table 3.

Comparative Example 1

Example 1 was repeated except that the amounts used of
terephthalic acid and benzoic acid were changed to 3073.5 g
(18.5 moles) and 366.4 g (3.0 moles), respectively, to
obtain a polyamide and molded specimens therefrom, which
were tested for various properties.' The results are shown
in Table 3.

Comparative Example 2

Example 1 was repeated except that benzoic acid and
sodium hypophosphite were not used and that the amount used
of terephthalic acid was changed to 3372.5 g (20.3 moles),
to obtain_a polyamide and molded specimens therefrom, which

were tested for various properties. The results are shown

in Table 3.
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A pol yam de conposition was obtained in the sane
usi ng the pol yam de obtained in Exanple 2. ‘The

b 13 b
ACMERGSBEET on

was processed into nolded articles in the sane nrler as in Examl ¢ 13,
which were tested for various properties. 27 The rgsyl t3 &8$EPI9N |i n Tabl e
7. Exanple 15 Exanple 6 was repeated except that the jamounts used qf |

t érephthalic aci d, 1, 9- nonanedi ani ne, 2- mgt hyt=1-8~ dijam ne

and benzoic aéﬁﬁﬂﬂéﬂéiihanged to 3256.2 ¢ 36

A 20-liter. autoclave was charged with 3272.9 g ({19.70
moles) of terephthalic acid, 2849.2 g (18.0 moles).of 1,9~
nohanediamine, 316.58 ¢ (2.0 moles) of 2-methyl-1,8-
octanediamine, 73;27 g (0.60 mole) of benzoic acid, 6.5 g
(0.1% by weight based on the raw matetials) of sodium
hypophosphite monohydrate and 6 liters of distilled water
and the air in the autoclave was replaced by'nitrogen. ‘The
contents were stirred at 100°C for 30 minutes and heated to
a8 temperature of 210°C over 2 hours. On this heating, the
pressure in the autoclave increased to 22 kg/cm?. _Reaction
was allowed to continue for 1 hour, and the temperatﬁre-was
elevated up to 230°C. Reaction was further effected for 2
hours, while the temperature was kept at 230°C and the
pressure was Kkept at 22 kg/cm? by gradual;x withdrawing
water vapor. Thereafter; the_pressure was decreased to 10
kg/cm® over 30 minutes and reaction was further effected for
one hour, to obtain a prepolymer having an intrinsic
viscosity [7 ] of 0.25 dl/g. The prepolymer was dried at

- 100°C under reduced pressure for 12 hours and then pulverized
to é particle size of not more than 2 mm. The particles
were subjected to solid phase polymerization at 230°C under
0.1 mmHg pressure for 10 hours, to give a white polyamide
having a melting point of 310°C, an intrinsic viscosity [z ]
of 1.26 dl/g and a ratio of terminallblockagé of 90%.

The polyamide thus obtained was injection molded at a

cylinder temperature of 340°C and a die temperature of



(19.6 noles), 2849.2 g (18.0 noles), 316.589(2.0 gwles}—and-07 7.9 (0.8
nol e), respectively, to obtain a polyam de. The poly "Rkﬁ@ﬁkﬂﬂqugﬂgﬁp
i At o a pol yam de conposition and nolded articles in
Exanpl e 13, which were tested for various psoperties EQ?S bés rie
shown in Table 7. Exanple 16 Exanple 15 was repeat ed| exc&p Fﬁi@ ar
fi'bers (TOO8A, nade by Toray Industries, Inc.) havi
3 mMmm was used instead of the glass fibers, to obtai
conposition and nol ded speci nens therefrom
vari ous properties. The results are shown in Table 7. Exanple 17
100°C, to give shaped articles. The articles were tested

a pol yanide

for various properties. The results are shown in Table 4.
Example 7

Example 6 was repeated except that the amounts used of
1,9-nonanediamine and 2-methy1-1,8-octanediamihe were
changed to 2532.4 g (16.0 moles) and 633.16 g (4.0 moles),
respectively, to obtain a polyamide and molded. specimens
therefrom, which were tested'fér various properties. The
results are shown in Table 4.
Example 8

Example 6 was repeated except that the amounts used of
1,9-nonanediamine and 2-methy1-1,8—octanediamine- were
changed to 2216.1 g (14.0 moles) and 949.74 g (6.0 moles),
respectively, to obtain ‘a polyamide and molded specimens
therefrom, which were tested for various properties.' The
results are shown in Table 4.

Comparative Example 3

Example 6 was repeated. except that 2-methyl-1,8-
octanédiamine, benzoic acid and sodium hypophosphite were
not used and that the amounts used of terephthalic acid and
1,9-nonanediamine and were changed.to 3389.2 g (20.4 moles)
and 3165.8 g (20.0 moles), respectively, to. obtain a
polyamide and molded speeimens therefrom, whiéh were tested

for various properties. The results are shown in Table 4.
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37 and nol ded speci mens therefrom which were tesf]

properties.

E&Eﬁﬁ&&ﬂﬁﬂf\mas

The results are shown in Table 7. Exa

répeat ed except that a m xture of glass beads (GB743la, nade by To3hiiba

Barotini Co.) having an average particle 86 aneter

fibers (PPG3540, nade by PPG having an average

i nstead of the glass fibers alone, to obtain a polly

nol ded speci peawpibegef rom which were tested fo
are Shown

The results

{of BQBesgpm gl dss

ngt h of nm wag d@sed
' $om and
vari ous properti ¢s.

in Table 7.
Example 6 was repeated except that the amounts used of

terephthalic acid and benzoic acid were changed.to 3223.0 g
(19.4 moles) and 146.6 g (1.2 moles), respectively, to
obtain a polyamide and molded specimens therefrom, which
were tested for various properties. The results are shown.
in Table 5. |

Example 10

Example 6 was repeated except that octylamine was used
instead of benzoic acid and that the amounts uséd of
terephthélic acid, 1,9-nonanediamine, 2-methyl-1, 8-
octanediamine, octylamine and sodium hypophosphite were set
at 3322.7 g (20.0 moles), 29f3.6 (17.775 moles), 312.6 g
(1.975 moles), 64.63 g (0.50 mole) and 13;6 g (0.2% by
wéight based on the raw materials), respectively, to obtain
a polyamide and molded specimens therefrom, which were
tested for various properties. The results are -shown in
Table 5.

Example 11

Example 6 was repeated except that the amounts usea of
terephthalic aéid and benzoic acid were changed to 3322.7 g
{20.0 moles) and 34.19. g (0.28 moles), respectively, to
obtain a polyamide and molded specimens therefrom, which
were tested for various properties. The results are shown
in Table 5.

Example 12

~

Example 6 was repeated except that the amounts used of



Conparative Exanple 6 Exanple 1 was repeated except t

raw materials 2325.9 g (14.0 noles) of terephthalic a Rg L@EE&E%&'SHEET

nol es) of isophthalic acid, 2324.2 g (20.0 noles) of
and 24.43 g (0.20 nDIe) of benzoic acid, to ob aln ﬁgﬁ
i :%é ?%ﬁ%r
Govi ously, nune

The pol yam de was processed.into a pol yam de conposi
mol ded articles in the same manner as |r?1Exaane 13,
vari ous properties. The results are shown in Table
nodi fications and variations are possible in |[ight of :
It is therefore understood that within the scope of appended clains, the

i nvention may be practiced otherwi se than as specifically
terephthalic acid and benzoic acid were changed to 3355.9 g

(20.2 moles) and .12.21: g (0.10 mole), respectively, to
obtain a polyamide and molded specimens therefrom, which
were tested for various properties. The ‘results are shown
in Table 5.

Comparative Example 4

Example 6 was repeated except that benzoic acid was not
used and that the amount used of terephthalic acid was’
changed to 3738.0 g (22.5 moles), to obtain a polyamide'and
molded specimens therefrom, which were tested for various

properties. The results are shown in Table 5.

t-here-were-usad as
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conprising 60 to 100 nole % of the diam ne conponent oﬂEiﬁgnunenanedLanLne,
sai d polyanmide having an intrinsic viscosity [n] as det ._AEENHQHTS}E
nmeasurenent in concentrated sulfuric acid at 30[err]C ¢f {06 TO 26
and having at |east 10% of term nal groups thereof bl og k(:d.zg.s%hg”
pol yam de according to Claim1, wherein 60380 100 nol e %iof sal éhi
conmponent conprises 1, 9-nonanedi am ne and 2-net hyl -1, 8} o&+aredi-anine,_ [ h
-mol ar ratio between said 1, 9-nonanedi am ne and sai d

2-met hyl - 1, 8- oct anedi am ne being in a range of 60:40 to 99, I —S—Fhe

pol yam de according to either Claiml or Caim2, having at |east 70% of

termnal gr reaf bl.ocked. 4. A pol yam de conprising a dicarboxylic
acid corrponeg E.E 158 Egam ﬁe to 100 nole % of the dicarboxylic

acid Example 1 was repeated except that there were used as

=

(D

raw materials 2325.9 g (14.0 moles) of terephthalic acid,
996.8 g (6.0 moles) of isophthalic acid, 2324.2 g (20.0
moles) of 1,6-hexanediamine and 24.43 g (0.20 mole) of
benzoic acid, to obtain a polyamide and molded specimens
therefrom, which were tested for various properties. The
results are, together with th&se of Examples 1'and'6, shown

in Table 6.



conponent of ferephthalic acid and a di am ne conponent

100 nole % of the diam ne conponent of 1,9-
2-'met hyl - 1, 8- oct anedi ani ne,

t he nol ar

nonanedi am

rati o between saild

and said 2-nethyl -1, 8- octanedi am ne beinggin a range

sai d polyam de having an intrinsic viscosity [n]

measur enent

[ n]

In concentrated sulfuric acid at 30[err]C

as detjen

P

() ~()

SHEET

»

f

, 9- nonanedi a

f |602 6OSEP 1995 1
m ned by

40 Viscosif

1 he

5. The polyam de according to Caim4, having an intrirsic
as determi ned by neas renent in J@bden br at ed '
Example Example Comp.
1 6 Ex. 5
Composition of polyamide 9-T 9M-T 6-IT
MODA/NMDA IA/TA
= 10/90 = 30/70
Resin properties
Ratio of terminal blockage 90% 90% 45%
{n] (dl/q) 1.35 1.26 1.0
Difference between A-value 0.3 0.3 0.9
at 330°C and that at 350°C
Difference between A-value < 0.1 < 0.1 0.3
at 340°C on 3-minute o
residence and that on
15-minute residence
Moldable temperature - 23 30 15
range (°C) :
Properties of molded article
Color White White Pale
yellow
Appearance Excellent} Excellent{ Poor*
Specific gravity 1.14 1.14 1.20
Equilibrium moisture 3.0 3.0 6.7
regain (%)
Retention ratio after hot 98% 98% 80%
water treatment of [7 ] ' :
Chemical resistance [
Methyl alcohol 72 69 35
10% sulfuric acid 81 82 50
50% sodium hydroxide 85 80 65
50% calcium chloride g2 89 60
Rate of crystallization (°C) 38 44 54
Tensile elongation (%) 15 18 5
Impact strength (kg:cm/cm) 7 9 2
"Heat deflection 144 - 143 123
temperature (°C) 18.6 kg/cm?
High-temperature modulus 4500 4450 1700
(200°C, kg/cm?)

to

y

Notes:

Abbreviations

NMDA: 1,9-nonanediamine, MODA: 2-methyl-1,8-

octanediamine, TA: terephthalic acid, IA: isophthalic acid

*.

Silver streaks generated.



sulfuric acid at 30[err]C of 0.6 to 2.0 di/g. 6. The p¢RERFAGEMENDSHERY| t o

either Claim4 or Caimb5, having at |east 10% preferablfy at teast—489
nost preferab- |y at |east 70% of term nal groups ther¢of qﬁgﬂ 7.
h? go ya;lggée

pol yam de conposition conprising 100 parts kg weight o

according to any one of Clains 1 to 6 and 0.1 to 200 pprt

filler. 8 . The pol yam de conposition according to Calm?7, wherein said
filler is aBenplallt@ e fill er having an average parti cl'e drameter—et—0-11
nmMerr] to 200/[err] 9 . The pol yam de conposition according to Claim38
wherein said fil IBxanplsel eqasdrépeatiede eyoapt ciresti stheigambustsi aaedsiolfi ca

alum na, alumna, titanium oxide, zinc oxide, boron nitride, talc, mca,
pot assi um t ifexegethaRl €1 8Ll ldrAt Benzoic acid were changed to 3239.6

(19.5 moles) and 122.1 g (1.0 mole), respectively, to obtain
a polyémide.

g The polyamide thus obtained was dried.at 120°C under
_reduced pressure for 24 hours and thon dry blended with
glass fibers (PPG3540, made by PPG) having an average length
of 3 mm. The blend was melt kneaded through a single-screw
extruder (screw diameter: 40. mm , L/D = 28,  cylinder
temperature: 320 to 350°C, number of rotations: 60 rpm), to
give a polyamide composition. The polyamide composition was
injection molded at a cylinder temperature of 340°C and a
die temperature of 100°C, to give shaped articles. The
articles were tested for various properties. The results

are shown in Table 7.

Example 14

A polyamide composition was obtained in the same manner
as in Example 13 by using the polyamide obtained in Example
2. The polyamide composition was processed into molded
articles in the same manner as in Example 13, which were
tested for various properfies. The results are shown in
Table 7.

Example 15

Example 6 was repeated excepf that the amounts used of
terephthalic acid, 1,9-nonanediamine, 2-methyl-1,8-

octanediamine and benzoic acid were changed to 3256.2 ¢
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to obtain a polyamide.

The polyamide was processed into a polyamide composition and

molded articles in the same manner as in Example 13,

were tested for various properties.
in Table 7.

Example 16

which

The results are shown

Example 15 was repeated éxcept that carbon

-(TO0BA, made by Toray Industries, Inc.) having an

fibers

average

length of 3 mm was used instead of the glass fibers, to

obtain a polyamide composition

and molded specimens

therefrom, which were tested for various properties. The

results are shown in Table 7.

Example 17

Example 13 was repeated except that silica

alumina

(TRANSLINK 555, made by Engelhard Exceptional Technologies)

having an average particle diameter

instead of the glass fibers, to

of 0.8u was used

obtain a polyamide

comﬁosition and molded specimens _thereffom, which were
tested for variou§ properties. The results are shown in
Table 7.

Example 18

Example 13 was repeated except that a mixture of talc

(PK-50, made by Maruo Calcium Co.

particle diameter of S5u and glass fibers (PPG3540,

)

‘having an

average

made by

PPG) having an average length of 3 mm was used instead of

the glass fibers alone, to obtain a polyamide composition



boron fi ber.
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and molded specimens therefrom, which were tested_ for
various properties. The results are shown in Table 7.

Example 19

Example 15 was repeated except that a mixture of glass

beads (GB731a, made by Toshiba Barotini Co.) having an

average particle diameter of 30u and glass fibers (PPG3540,

made by PPG) having an average length of 3 mm was used
instead of the glass fibers. alone, to obtain a polyamide
composition and molded specimens therefrom, which were
tested for various properties. The results are'shown_in
Table 7.

Comparative Example 6

Example 1 waS repeated except that there were used as

.raw materials 2325.9 g (14.0.moles) of terephthalic acid,

996.8 g (6.0 moles) of isophthalic acid, 2324.2 g (20.0
moles) of 1,6-hexanediamine and 24.43 g (0.20 mole) of
benioic acid, to obtain a polyamide. The polyamide was
processed into a polyamide  composition and further into
molded articles in the saﬁe manner as in Example 13, which
were.tested for various properties. = The results are shown
in Table 7. | |

Obviously, numerous modifications and variations are
possible in light of the above teachings. It is therefore -
understood that within the scope of appended claims, the
invention may be practiced otherwise than as specifically_

described herein.
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1. A polyamide comprising a dicarboxylic acid component (a)
comprising 60 to 100. mole % of the dicarboxylic .acid
component of terephthalic acid and a diamine component (b)
comprising 60 to 100 mole % of the diamine component of 1,9-
nonanediamine, said polyamide having an intrinsic viscosity'
[n ] as determined by measurement in concentrated sulfuric
acid at 30°C of 0.6 to 2.0 dl/g and having at least 10% of
terﬁinal groups thereof blocked.
2. The polyamide accordiné to Claim 1, wherein 60 to 100
mole % of said diamine component comprises 1,9-nonanediamine
and 2-methyl-1,8-octanediamine, the molar ratio between said
1,9-nonanediamine and said 2-methyl—1,8-octanediamine.being
in a range of 60:40 to 99:1.
3; The polyamide according to either Claim 1 or Claim 2,
having at least 70% of terminal groups thereof Elocked.
4. A polyamide comprising a dicarboxylic acid component (a)
comprising 60 to 100 mole % of the dicarboxylic acid
component of terephthalic acid and a diamine component (b)
'comprisiﬁg 60 to 100 mole % of'the diamine component of 1,9-
nonanediamine and 2-methyl-1,8-~octanediamine, the molar
ratio between said 1,9-nonanediamine and said 2-methyl-1,8-
- octanediamine being in a range of 60:40 to 99:1, said
polyamide having an intrinsic viscosity [n ] as determined
by measuremént in cohcentrated sulfuric acid at 30°C of 0.4
‘to 3.0 dl/g.

5. The polyamide according to Claim 4, having an intrinsic
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viscosity [n ] as determined by meashrement in concentrated

sulfuric acid at 30°C of 0.6 to 2.0 dl/g.
6. The polyamide according to either Claim 4 or Claim 5,
having at least 10%, preferably at least 40%, most preferab-

ly at least 70% of terminal groups thereof blocked.

7. A polyamide composition comprising 100 parts by weight of
the polyamide according to any one of Claims l.to 6

and 0.1 to 200 parts by weight of a filler.
8 . The polyamide composition according to Claim 7, wherein
said filler is a particulate filler having an average
particle diameter of 0.1 mu to 200 .
9 . The polyamide composition according to Claim 8, wherein
said filler is selected from the group consisting of silica,
silica alumina, alumina, titanium oxide, zinc oxide, boron
nitride, talc, mica, potassium titanate, calcium silicafe,
magnesium sulfate; aluminum boréte,-asbest&s, glass beads,
carbon black, graphite, molibdenum disulfide and
polytetrafluoroethylene.
10. The polyamide composition according to Claim 7, wherein
said filler is a fibrous filler having an average length of
0.05 to 50 mm.
11. The ﬁolyamide compos;tion according to Claim 10, wherein
said fibrous fillef is seleéted from the group consisfing of

glass fiber, wholly aromatic polyamide fibers, wholly
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aromatic liquid crystal polyester fibers, carbon fiber and

boron fiber.
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ABSTRACT

POLYAMIDE AND POLYAMIDE COMPOSITION

A polyamide comprises a dicarboxylic acid component ({a)
comprising 60 to 100 mole % of lterephthalic acid and a diamine
compdnent {b) comprising 60 to 100 mole % of 1, 9-nonanediamine, said
polyamide having an intrinsic'viséosity [n] of 0.6 to 2.0 dl/g and
having at least 10 % of terminal groups thereof blocked. Another

polyamide comprises a dicarboxylic acid component (a) comprising 60 to

100 mole % of terephthalic acid and a diamine component (b) comprising

60 to 100 mole % of 1,9-nonanediamine and 2-methyl-1, 8-octanédiamine,
said polyamide having an intrinsic viscosity [ 7] of 0.4 to 3.0 d1/g.

These polyamides have excellent molidability, as. well as excellent hot
water resistance, surface neatness, heat resistance, mechanical
characteristics, 1ow—watér—absorption property and chemical

resistance.



