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POLYAMIDE AND POLYAMIDE COMPOSITION

The present invention relates to a polyamide having
markedly excellent moldability and having excellent hot
water resistadce, surface appearance, heat resistance,

mechanical characteristics and chemical resistance, 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 polyamides as represented by nylon 6 and
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
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
increasing demahd for deVelopment of a polyamide hav;né
better resistance, dimensional stabilit}, mechanical

characteristics and physical and chemical characteristics.
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To meet the above requirements, aliphatTE"ﬁolyamides
comprising adipic acid and 1,4-butanediamine_and aromatic
polyamides comprising terephthalic acid and 1,6-hexane-
diamine as main components (hereinafter referred to as 6-T
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
absorptlon which causes their propertles such as dimensional
stability to fluctuate during use. Aromatlc' 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 wused after
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,
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
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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polyamides 1is, although somewhat improved as compared to
conventional aliphatic polyamides, still above such a level
that can practically solve the problem.

JP-A-53536/1984,
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-
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
polyamide having an inherent viscosity (» 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

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-
lizing a linear aliphatic diamine of 1,9-nonanediamine agd a

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

a specific ratio.
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According to a.study made by the present inventors, the
polyamide having terminal. terephthalic acid residue,
obtained by following the procedure described in

GB-A-1070416 and comprising terephthalic acid and 1,9-
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
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
water absorptionf

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
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 to provide a
polyamide composition comprising the above polyamide and

being suitably usable as an engineering plastic.

—_—
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These objects could be achieved on the basis 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 ] ahd ratio of blockage of its
terminal group have been adjusted within specific ranges;
that qopolymerization 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

blocked. _
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The present invention further 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 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 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
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
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 ([# ]
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-
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 conveqiigggl__gzz__,______
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polyamides, having a coefficient of an intrinsic'viscosity
{n ] 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
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dicarboxylic acid component other than terephthalic acid are
aliphatic dicarboxylic acids, e.g. malonic acig, dimethyl-

malonic acid, succinic acid, glutaric acid, adipic acid, 2-

methyladipic acid, trimethyladipic acid, pimelic acid, 2,2~

dimethylgluta;ic acid, 3,3-diethylsuccinic acid, azelaic
acid, sebacic acid and suberic acid; alicyclic dicarboxylic
acids, e.g. 1,i-cyclopentanedic;rboxylic acid and 1,4-cyclo-
hexanedicarboxylic acid; arométic dicarboxylic acid, e.qg.
isophthalic acid, 2,5—naphthalenedicarboxylic acid, 2,7-
naphthalenedicarboxylig acid, 1,4-naphthalenedicarboxylic
acid, 1,4-phenylenedioxydiacetic acid, 1,3-phenylenedioxy-
diacetic acid, diphenic acid, dibeﬁZoic acid, 4,4'-
oxydibenzoic aicd, diphenylmethane-4,4'-dicarboxylic acid,
diphenylsulfone-4,4'-dicarboxylic acid snd 4,4'-biphenyl-
dicarboxylic acid; and mixtures of any combination of the
foregoing. Among the abéve, aromatic dicarboxylic acids are
preferred. Multi-valent carboxylic acids such as
trimellitic acid, trimesic acid and pyromqllitic acid are
also usable within such limits that assure melt molding.

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
production of pplyamides being excellent in all of heat
resistahce, moldability, chemical resistance, low-water-

absorption property, lightweightness and mechanical
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properties.

The diamine component (b) used for the 9M-T polyamide
of thé present invention comprises at least 60 mole %, pre-
‘ferably at least 75 mole %, more preferably at least 90 mole
%, 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-
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.

Examples of usable diamine components other tﬁan 1,9;
nonanediamine or 2-methyl-1,8-octanediamine are aliphatic
diamings, e.g. ethylenediamine, propylenediamine,' 1,4-
butanediamine, 1,6-hexanediamine, 1,8-octanediamine, 1,10-
decanediamine, 1,12-dodec§nediamine, 3-methyl-1,5-pentane-
diamine, 2,2,4—trimethyl—1,6-hexanediamine, 2,4,4-trimethyl-
1,6-hexanediamine and 5-methy1-1,Q—ﬁonanediamine; élicyclic
diamines, e.g. cyclohexanediamine, methylcyclohexanediamine
and isophoronediamine; aromatlc diamines,. e.g. p-
phenylenediamine, m—phenylenedlamlne, 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 inuaniinn4____________
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least 10% of the terminal groups 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 at least 70%, more preferably-at least 80% 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 fhe terminal groups of the
molecular chains be blocked with a terminal blocking agent,
and preferably at least 40%,‘more preferably at ;east 60%
énd most preferably at least 70% be blockedf

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
and then calculating by the formula (4) later given. It 1is
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
signal 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
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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Next, the number (ea/g) of terminal carboxyl groups and fhat
(eq/g) of terminal amino groups are determined 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 groups 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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Examples of the monocarboxylic acid are aliphatic mono-
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 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
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
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).

R— C- | (I)
!
wherein R represents a residue of the monocarboxylic acid
from which carboxyl group has been removed and is preferably
alkyl, cycloalkyl, aryl or aralkyl.

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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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 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— : ' (II)
R |
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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Where a terminal blocking agent is used upon production
of the polyamides of the present invention, it is necessary
to select the amount of the agent such that the resulting
-polyamide has an intrinsic viscosity [y ] and a ratio c;f
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
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
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-
ization 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
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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between carboxyl groups and amino groups or little decrease
in the rate of polymerization, thereby 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 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
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
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
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
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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The 9M-T poiyamide of the present invention has an
intrinsic viscosity [z ] as determined in .concentrated
sulfuric acid at 30°C in a range of 0.4 to 3.0 dl/g. The
intrinsic viscosity [n ] is preferably in a range of 0.6 to
2.0 d1/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
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
particle diameter of 0.1 mg to 200u , 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, polymetaphenylengterephthalamide, polypafaphenylene-
isophthalamide, polymetaphenyleneisophthalamide and

polycondenséte of diaminodiphenyl ether and terephthalic
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acid or isophthalic acid; and inorganic fibers, e.g. glass
fiber, carbon fiber and boron fiber. The use of these
fibrous fillers not only improves the slidabiiity, 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 genefally
used. In particular, those having an average length of 1 to
10 mm are_preferred, since the resulting compqsitions have
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
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
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
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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antistatic agent; flame retardant such as brominated
polymer, antimony oxide or metal hydroxides; cfystal nucleus
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
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.

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
and Comparative Exémples that follow, the followihg 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
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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crystallization, specific gravity, chemical resistance,
moldable temperature range and critical PV value.

Ratio'of terminal blockage

A polyamide sample is tested by !'H-NMR spectroscopy
(500 MHz, in deuterated trifluoroacetic 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 shows the chemical shift values

of representatiée'signals used for the determination.

Table 1
Terminal group Chemical shift value of signal
i - |
1:1 “@"COZH & 8.3 ppm
H
6]
1]
“q C d 8.6 ppm
H
C02H
_ ﬂ .
—C—-N—(CH —NH )
| 2) 9 2 6 3.3 ppm
H
ﬁ )
—C-II\I—(CHZ)G-FH_CHZ-NHZ 5 3.1 ppm
H CHg
o)
—1}1—'(:'-@ 5 7.6 ppm
H
0
—C - I}I;I (CH2) 7""CH3 d 0.9 ppm

T ————
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Intrinsic viscosity [ ]

The inherent viécosity. (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
obtained _values are extrapolated to obtain a value at a
concentration of O.

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

where » inh inherent viscosity (dl/g)

t, = 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

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 | 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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Retention of intrinsic viscosity [ ] 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
or twice is tested for intrinsic viscosity [# ] and teﬁsilg
strength and elongation. The retention ratios (%) against
the values before the treatment are calculated.

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
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

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 téster (made by
Shimadzu Cofp.) for a melt viscosity (MV) under a shear rate
of 1000 sec‘.1 at a temperature range of 330 to'350°C. The

A-value is obtained by:

logMV = 1.9[n ] + A _
. _—
This Sheet Hag Been R
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where [z ] = intrinsic viscosity.

Rate of crystallization

A differential scanning calorimeter (DSC-30, made by
Mettler Co.) is used. A bone-dry sample is melted at 350°C
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
difference (Tm -~ Tcc) between fhe melting point and the cry-
stallization point is taken as tﬁe 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 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
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
A sample is injection mblded under the qonditions of
melt residence time of 5 minutes and die temperature of

150°C and under various temperature conditions. The lowest
-
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temperature at which the molding is still possible and the
highest 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 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
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
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
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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to a particle size of not more than 2 mm. The particles
were subjected to solid phase polymerization at 230° C under
0.{ mmHg preésure for 10 hours, to give a white polyamide
having a melting point of 317°C, an intrinsic viscosity [7n ]
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.
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
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
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 ;aw 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
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Example 1 was repeated except that 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 Tabie 3.

Example 5

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.

. This Sheet Has Been Rep
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Table 3

Example | Example | Example | Example | Example Comp. Comp.
1 2 3 4 5 Ex. 1 Ex. 2
Polyamide 9-T 9-T 9-T 9-T 9-T 9-T 9-T
Resin properties '
Ratio of terminal blockage 90% 95% 71% 44% 16% 95% 0%
{n] (dl/g) 1.35 1.31 1.30 1.37 1.38 0.51 1.42
Difference between A-value 0.3 0.3 0.3 0.3 0.3 0.4 0.3
at 330°C and that at 350°C :
Difference between A-value at < 0.1 < 0.1 < 0.1 0.1 0.3 0.3 0.7
340°C on 3-minute residence and
that on 15-minute residence
Properties of molded article
Appearance Excel- Excel- Excel- Good Good Poor!? Silver
lent lent lent streak?’
Retention after hot water
treatment (i1st time) of: _
{n] 98% 99% 98% 87% 83% 94% 79%
Tensile strength 100% 100% 100% 100% 90% 67% 81%
__________ Tensile elongation 93% - 96% 94% 86% 75% ... 60% ..67%
Retention after hot water
treatment (2nd time) of:
{n] 94% 95% 92% 75% 68% 40% 59%
Tensile strength 95% 98% 90% 82% 75% " 52% 51%
Tensile elongation . 90% 92% 89% 80% 61% 60% 30%
Tensile strength (kg/cm?) 950 970 970 960 960 220 970
Tensile elongation (%) , 15 18 17 14 12 0.5 12
Flexural strength (kg/cm?) 1260 1270 1250 1250 1260 330 1250
Flexural modulus (10* kg/cm?) 2.6 2.6 2.6 2.5 2.6 2.8 2.6
Impact strength (kg-cm/cm) 7 8 8 8 7 1 6

Q30v1id3d
N339 SvH 133HS SIHL

T,

Notes: 1) Marked burrs and recesses

2) Streaks on the surface in resin flow direction as caused by_gas generating during molding.
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Example 6

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-
nonanediamine, 316.58 g (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 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
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

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
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 ]
of 1.26 d1/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 Replac
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100°C, to give shaped articles. The articles were tested

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-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.

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
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
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 therefrom, which were tested

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

This Sheet Has Been Replaced
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Table 4

Example Example Example Comp.

6 7 8 Ex. 3

Polyamide (MODA/NMDA)"? 10/90 20/80 30/70 0/100
Resin properties .

Melting point (°C) 310 302 283 317
Ratio of terminal blockage 90% 92% 89% 0%
{n] (d1/q) 1.26 1.25 1.21 1.22
Melt viscosity?’ 1250 1220 1200 2100
Difference between A-value 0.3 0.3 0.3 0.4

at 330°C and that at 350°C

Difference between A-value at < 0.1 <0.1 < 0.1 0.7

340°C on 3-minute residence and

that on 15-minute residence

Moldable temperature range (°C) 30 40 65 - 20

Properties of molded article

Appearance Surface luster Excellent | Excellent | Excellent _"fggﬁ ______
Flow mark none ) none none T some

Retention after hot 98% - 96% 90% 78%

water treatment of [z ]

Tensile strength (kg/cm?) 970 960 950 930

Tensile elongation (%) 18 - 20 19 7

Impact strength (kg-cm/cm) 9 : 9 10 5

L]

T

L]0l

1) NMDA:

2) 340°C, 1000 sec"!

1,9-nonanediamine, MODA:

2-methyl-1,8-octanediamine

a39v1d3y
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Example 9

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 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
weight 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

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
in Table 5.

Example 12

Example 6 was repeated except that the amounts used of
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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
5 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
10 molded specimens therefrom, which were tested for various
properties. The results are shown in Table 5.
15
20
25
—_—
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Table 5

Example

Example Example Example Example | Comp. Ex.
6. 9 10 11 12 4
Polyamide (MODA/NMDA)M? 10/90 10/90 10/90 10/90 10/90 10/90'
Resin properties
Ratio of terminal blockage 90% 91% 71% 48% 18% 0%
(1 (d41/9) 1.26 0.80 1.22 1.27 1.29 0.35
Difference between A-value 0.3 0.3 0.3 0.4 0.4 0.7
at 330°C and that at 350°C :
Difference between A-value at <0.1 <0.1 < 0.1 0.2 0.3 0.6
340°C on 3-minute residence and
that on 15-minute residence
Properties of molded article .
Appearance ‘Excellent | Excellent | Excellent Good Good Burrs, reces-
ses and voids
Tensile strength (kg/cm?) 970 960 960 960 970 150
Tensile elongation (%) 18 14 17 17 14 0.5
Flexural strength (kg/cm?) 1220 1240 1210 1200 1240 220
Flexural modulus (104kg/cm?) 2.5 2.6 2.5 2.3 2.5 1.3
Impact strength (kg-cm/cm) 9 8 8 9 8 1
Retention after hot
water treatment of:
[n] 98% 98% 96% 90% 81% 52%
Tensile strength 99% 99% 98% 92% 65% 40%
Notes: 1) NMDA: 1,9-nonanediamine, MODA: 2-methyl-1,8-octanediamine _ ;
E— é |
—,8,
=E
I
—
O
— 7
====§.
&
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Comparative Exémple 5

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
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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Table 6
Example Example Comp.
1 6 Ex. 5
Composition of polyamide 9-T 9M-T 6-1IT
' MODA/NMDA| IA/TA
= 10/90 = 30/70
Resin properties
Ratio of terminal blockage 90% 90% 45%
{n1 (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 -
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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Example 13

Example 1 was repeated except that the amounts used of
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

-
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(19.6 moles), 2849.2 g (18.6 moles), 316.58 g (2.0 moles)
and 97.7 g (0.8 mole), respectivély, to obtain a polyamide.
The polyamide was processed into a polyamide composition and
molded articles in the same manner as in Example 13, which
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 average
length of 3 mm was used instead of the glass fiberé, to
obtain a polyamidg 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 éverage particle diameter of Q.Su was used
instead of the glass fibers, to obtain a polfamide
composition and molded specimens therefrom, which. were
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
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
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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 fhat 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 fibérs 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 (20.0
moles) of 1,6-hexanediamine and 24.43 g (0.20 mole) 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 pract;ced otherwise than as specifically

described herein.

—_—
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Table 7

Example | Example | Example | Example | Example | Example | Example Conmp.
13 14 15 16 17 18 19 Ex. 6
Composition of polyamide 9-T 9-T 9M-T 9M-T 9-T 9-T 9M-T 6-1IT
MODA/NMDA 0/100 0/100 10/90 10/90 0/100 0/100 10/90 -
IA/TA 0/100 0/100 0/100 0/100 0/100 0/100 0/100 30/70
Polyamide
[n] (dl/g) 1.01 1.31 1.10 1.10 1.01 1.01 1.10 1.02
Ratio of terminal blockage] 90 95 85 85 90 90 85 45
Filler (parts by weight G.F. G.F. G.F. C.F. Silica G.F. G.F G.F
based on 100 parts by (43) (43) (43) (43) alumina (50) (45) (43)
weight of polymer) (43) Talc (17} G.B. (5)
Properties of resin
composition
Tensile strength (kg/cm?) 2300 2280 2260 2450 1150 2100 2130 2030 .
Tensile elongation (%) 4 5 5 4 2 4 4 3
Impact strength (kgecm/cm) 10 12 12 10 4 10 10 5
High-temperature modulus 25000 25000 24000 30000 14000 28000 26000 14000
(200°C, kg/cm?)
Critical PV value >1000 >1000 >1000 >1000 >1000 >1000 »1000 550
(kg/cm? - cm/sec)
Equilibrium moisture 1.8 1.8 1.8 1.6 1.2 1.4 1.5 4.5
regain (%)
Retention of tensile 100 100 100 100 100 100 100 85
strength after hot
water treatment (%)
Chemical resistance (%) :
Methyl alcohol 95 95 93 97 93 97 95 40
10% sulfuric acid 97 95 95 97 97 100 97 85
50% sodium hydroxide ‘95 95 97 95 97 97 95 77
50% calcium chloride 97 100 97 97 95 100 95 87

Abbreviations NMDA:

1,9-nonanediamine, MODA: 2-methyl-1,8-octanediamine, TA: terephthalic acid,

IA: isophthalic acid, G.F.: glass fiber, C.F.: carbon fiber, G.B.: glass beads

30vd3d
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CLAIMS:

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

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.

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)
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
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
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viscosity [n ] as determined by measurement 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 cdmprising 100 parts by weight of
the poiyamide according to any one of élaims i 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 .
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,
carbon black, graphite, molibdenum disulfige 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.
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 —

- This Sheet Has B laced —-40-

R I



10

15

20

25

I ——————

aromatic liquid crystal polyester fibers

boron

******

fiber.

_41....

THIS SHEET HAS BEEN

REPLACED

carbon

f

iber

and




