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ABSTRACT OF THE DISCLOSURE

Synthetic linear polyamide consisting essentially of a
polycondensate from substantially equimolar amounts of
a diamine component consisting of bis(4-aminocyclo-
hexyl)methane and hexamethylene diamine, and a dicar-
boxylic component consisting of terephthalic acid and
isophthalic acid, the composition ratio of the diamine
component and the dicarboxylic acid component being
within a specific range and said polyamide having a rela-
tive viscosity nye, measured in a solution of 1 g. of the
polyamide in 100 cc. of 98% concentrated sulfuric acid
at 25° C,, of at least 1.9, and process for preparation
thereof.

This invention relates to synthetic linear polyamide ex-

cellent in transparency, chemical resistance and melt .

shapeability and exhibiting a high softening temperature,
and to a process for the preparation thereof. More de-
tailedly, it relates to polyamides obtained by polycon-
densing bis(4-aminocyclohexyl) methane and hexamethyl-
ene diamine as diamine component with isophthalic acid
and terephthalic acid as dicarboxylic acid component
while maintaining the composition of these components
within a specific range, and to a process for the prepara-
tion of such polyamides.

There have been heretofore proposed various methods
for preparing transparent polyamides to be used as highly
polymeric materials for preparing plastic shaped articles
such as films, pipes, rods and containers by melt shaping.
As one of such known methods there is exemplified a
method using bis(4-aminocyclohexyl ) methane as diamine
component and polycondensing it with isophthalic acid
(U.S. Pat. No. 2,696,482), although polyamides obtained
in accordance with this method are excellent in trans-
parency, they have a defect of an extremely high melt

viscosity, resulting in difficulties of shaping thereof in a

customary manner. A method was also proposed using a
combination of terephthalic acid and isophthalic acid as
dicarboxylic acid component, and polycondensing an alkyl
group-containing hexamethylene diamine with the com-
bination of phthalic acids to form side chains thereof.
However, polyamides obtained in accordance with this
method have a defect of a poor resistance to an organic
solvent such as methanol.

In other words, transparent polyamides heretofore pro-
posed have some defects or other in chemical resistance,
softening temperature and melt shapeability, and no trans-
parent polyamides satisfactory in all of these properties
have been heretofore known.

We have found that polyamides having a preferable
combination of transparency, chemical resistance, soften-
ing temperature and melt shapeability can be obtained by
selecting Dbis(4 - aminocyclohexyl)methane and hexa-
methylene diamine as diamine component monomers of
polyamides and terephthalic acid and isophthalic acid as
dicarboxylic acid component monomers, and polycon-
densing these four monomers at specific ratios which will
be described below.
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More specifically, this invention is to provide synthetic
linear polyamides consisting essentially of a ‘polyconden-
sate from substantially equimolar amounts of a diamine
component consisting of bis(4-aminocyclohexyl )methane
and hexamethylene diamine, and a dicarboxylic acid com-
ponent consisting of terephthalic acid and isophthalic
acid, the composition ratio of the diamine component and
the dicarboxylic acid component being within a range
specified by the following formulas

x=50 {1
y=10x (1)
y=0.2x480 (I11)
and
y=0.4x4+30 av)

wherein x stanis for the mole percentage of bis(4-amino-
cyclohexyl)methane in the diamine component and y
stands for the mole percentage of isophthalic acid in the
the dicarboxylic acid component, and said polyamides
having a relative viscosity e, measured in a solution of
1 g. of the polyamide in 100 cc. of 98% concentrated
sulfuric acid at 25° C,, of at least 1.9.

For a better illustration of the present invention the
description will be given hereinbelow with reference to
the accompanying drawings.

The drawings illustrate a graph showing the ratio of
the diamine and dicarboxylic acid components in the
polyamide of the present invention, wherein the abscissa
x denotes the mole percentage of bis(4-aminocyclohexyl)
methane in the diamine component, namely

ACM
ACM A+ 4,

in which ACM stands for the mole number of bis(4-
aminocyciohexyl)methane and Ay stands for the mole
number of hexamethylenediamine, and the ordinate y
denotes the mole percentage of isophthalic acid in the
dicarboxylic acid component, namely
I
Tri X100

in which I stands for the mole number of isophthalic acid
and T stands for the mole number of terephthalic acid.

The range of the ratio of each component in the poly-
amide of this invention corresponds to a zone surrounded
by lines AB, CD, AD and BC and denoted by oblique
lines. The lines AB, CD, AD and BC are defined by the
following linear functions, respectively;

AB:x=50
CD:y=10x
AD:y=0.2x-80
BC:y=0.4x+30

In order that polyamides may have a sufficient com-
bination of transparency, melt shapeability, chemical
resistance and softening temperature, it is essential that
the composition ratio of each of the diamine and dicar-
boxylic acid components should be within the range sur-
rounded by the above four lines. in case the relative vis-
cosity of the polyamide is fixed to 2.0, in proportion to
the increase in the ratio of bis(4-aminocyclohexyl)meth-
ane the melt viscosity of the polyamide increases, and on
the boundary line AB (namely, the linear function of
x=50) the melt viscosity at 300° C. is as high as 20,000
poises. A polyamide having a composition on the left side
of the boundary line AB exhibits such a high melt vis-
cosity that the polyamide cannot be conveniently shaped
by customary injection molding procedures, though the
melt viscosity may be lowered to some extent by, for in-
stance, raising the molding temperature. Thus, it is im-

X 100

EX2008 / PGR2024-00035 / Page 1 of 4
MPL Brands NV, Inc. v. Buzzballz, LLC



8,597,400

3

portant that the requirement of x=<50 is satisfied. The
“relative viscosity” used herein is a value measured in a
solution of 1 g. of the polyamide in 100 cc. of 98% con-
centrated sulfuric acid, and the “melt viscosity” is a value
measured by means of a Koka-type flow tester with
nozzles of 1 mm. ¢ x 1 mm, under a load of 10 kg./cm.2.

The boundary line BC (namely, the linear function
of y=0.4x-+30) is a line deciding the propriety of trans-
parency in the polyamide. Namely, a polyamide having
a composition under the line BC does not have any
transparency. In case the composition is a little outside
the boundary line BC, the transparency of the polyamide
is greatly reduced and any intended transparent poly-
amide cannot be obtained. Accordingly, it is critical that

the composition of the polyamide-constituting monomers |

should meet the requirement of y=0.4x-30.

The boundary line CD (namely, the linear function
y=10x) is a line tracing a group of points where poly-
amides under the dried condition exhibit a softening tem-
perature of 125° C. and under the saturated water ab-
sorption exhibit a softening temperature of 40° C.

Shaped articles from polyamides exhibiting a softening
temperature lower than 40° C. under the saturated water
absorption have strains in their interior and hence, they
are easily deformed only by a long period contact with
water, particularly in the summer season when the am-
bient temperature is very high. However, polyamides hav-
ing a composition on the left side of the boundary line
CD (namely, in the range of y=10x) exhibit a softening
temperature higher than 40° C. under the saturated water
absorption. The more the composition of a polyamide is
spaced apart from the boundary line CD on its left side,
the higher is the softening temperature of the polyamide
and the greater resistance to high temperatures is given
to the polyamide.

The “softening temperature” used herein is measured
in accordance with Clash and Berg method (see modern
Plastics, July 21, 1944, p. 119), and means the tempera-
ture at which the rigidity of the sample is abruptly low-
ered to 3103 kg./cm.2 when the temperature is raised
at arate of 10° C./min.

Since the polyamides of this invention are non-crystal-
line, the lowering in rigidity at the softening temperature
is violent and it is substantially impossible to use them
at a temperature exceeding the softening temperature.

The boundary line AD (namely, the linear function
of y=0.2x+80) is a line deciding the propriety of the
resistance to chemicals, particularly methanol, in the
polyamide. Generally, the chemical resistance is greatly
affected by the composition ratios of two dicarboxylic
acids, as the ratio of the terephthalic acid is high, so the
chemical resistance of the polyamide is improved. In
other words, a polyamide having a composition above
the boundary line AD is whitened in methanol at room
temperature to lose its transparency and become fragile.
Polyamides excellent in chemical resistance can be ob-
tained by adjusting the composition of the polyamide-
constituting monomers within the range defined by the
inequality of y=0.2x-80.

According to the present invention, it is possible to
obtain polyamides having a combination of excellent melt
shapeability, excellent chemical resistance, excellent ther-
mal stability and excellent transparency by adjusting the
composition ratios of polyamide-constituting monomers
80 as to satisfy the above mentioned four inequalities.

Since the synthetic linear polyamide of this invention
is highly polymeric, it is naturally essentially that it
should consist of substantially equimolar amounts of the
diamine and dicarboxylic acid components. Further, in
view of mechanical strengths of resultant shaped articles
it is very important that the polyamide has the above
mentioned relative viscosity of at least 1.9. In case the
relative viscosity is lower than the above critical value,
shaped articles having sufficient mechanical strengths
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4
such as tenacity cannot be obtained. A relative viscosity
nre1, Tanging from 2.0 to 2.5 is particularly preferable for
attaining the object of this invention.

The polyamide of this invention exhibits generally a
melt viscosity at 300° C. of less than 30,000 poise, pref-
erably less than 20,000 poise. In the polyamide of the
present invention, the softening temperature under the
saturated water absorption is generally higher than 40° C.,
preferably higher than 50° C.

The polyamide of this invention can be formed under
the known polycondensation conditions as far as the
composition ratios of the above mentioned four mon-
omers are maintained within the range specified above.

Bis(4-aminocyclohexyl) methane to be used as diamine
component in this invention usually takes a form of a
mixture of three stereoisomers. In the present invention
the mixing ratio of these isomers is not defined, and either
of bis(4-aminocyclohexyl)methane which is solid or lig-
uid at 25° C. may be used in the present invention.

In addition to isophthalic acid and terephthalic acid,
functional derivatives of these acids may be used as mon-
omers of the dicarboxylic acid component. As such func-
tional derivatives there are cited their chlorides and
phenylesters.

The polycondensation may be performed in accordance
with known polymerization techniques, such as melt po-
lymerization, solution polymerization and interfacial po-
lymerization techniques, but in the present invention it
is preferred to conduct the polycondensation in accord-
ance with the melt polymerization procedures, so as to
obtain polyamides having a high molecular weight. In
the case of the melt polymerization, bis(4-aminocyclo-
hexyl) methane, hexamethylene diamine, terephthalic acid
and isophthalic acid are mixed in such amounts that the
ratio of the diamine component and the dicarboxylic acid
component will be substantially equimolar and that the
composition of these four monomers will satisfy the
above mentioned inequalities (I, (II), (III) and (IV),
and they are heated at temperatures higher then the melt-
ing point of the resulting polyamide but lower than the
degradation temperature thereof. More specifically, the
heating temperature to be adopted is in the range of
200 to 330° C., preferably 250 to 300° C. The polym-
erization is performed in an inert atmosphere, for in-
stance, in a nitrogen gas stream. The pressure is generally
in the range of from atmospheric pressure to 30 atmos-
pheres.

The method of addition of starting monomers is not
defined in the present invention. For instance, a method
may be adopted comprising preparing unit salts of a
different combination of the diamine and dicarboxylic
acid, mixing such unit salts so as to obtain a prescribed
composition and subjecting the mixture to the polycon-
densation; or it is also possible to adopt a method com-
prising suspending a prescribed amount of a mixture of
diamines into water, adding a prescribed amount of a
mixture of dicarboxylic acids to the suspension at an
elevated temperature to form a solution of a mixture of
nylon salts, optionally decolorizing it by active carbon
if necessary, and subjecting the solution to the polycon-
densation.

By way of example, the way of adding monomers will
be explained below by referring to a polyamide having
a composition shown by the symbol P within the range
surrounded by lines AB, BC, CD and AD in the drawings.

30 mole percent of a salt of hexamethylene diamine
and terephthalic acid, 30 mole percent of a salt of bis(4-
aminocyclohexyl) methane and isophthalic acid, and 40
mole percent of hexamethylene diamine and isophthalic
acid may be mixed together, and then the mixture may
be subjected to the polycondensation; or 15 mole percent
of bis(4-aminocyclohexyl)methane 35 mole percent of
hexamethylene diamine, 35 mole percent of isophthalic
acid and 15 mole percent of terephthalic acid may be
gradually added into hot water to form a solution of a
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mixture of nylon salts, and the solution may be subjected
to the polycondensation. In such cases, the composition
of the resultant polyamide is substantially the same as
the composition of the monomers fed to the polyconden-
sation,

If necessary, a monovalent amine or organic acid may
be added as viscosity adjuster to a mixture of starting
nylon salts or an aqueous solation thereof in an amount
of 1.2 to 0.2 mole per 100 moles of the starting nylon
salts. It is also possible to add a diamine or a dicarboxylic
acid for the same purpose in an amount of 0.6 to 0.1 mole
per 100 moles of the starting nylon salts to the system.

Since polyamides prepared in accordance with this in-
vention have a relatively low melt viscosity, this inven-
tion has an advantage that the melt polymerization can
be performed with ease.

Further, the polyamide of this invention may be pre-
pared by a method which comprises pre-condensing a
suspension of a mixture of nylon salts in a polar solvent
such as phenol or cresol to form a solution of a lowly
polymeric condensate, and polycondensing the solution
under reduced pressure at a high temperature while re-
moving the solvent. The polyamide of this invention may
be also prepared by a method comprising heat melting
diphenyl esters of isophthalic acid and terephthalic acid
in an inert gas atmosphere, adding to the melt a mixture
of diamines in an amount substantially equimolar to
the acids in the form of a phenol solution, and carrying
out the polycondensation under reduced pressure at a
high temperature while removing the phenol. Still fur-
ther, the polyamide of this invention may be prepared by
a method known as interfacial polycondensation method.
This method comprises dissolving a mixture of diamines
into water in the presence of sodium carbonate, separatelv
dissolving isophthaloyl chloride and terephthaloyl chlo-
ride in carbon tetrachloride, chloroform, nitrobenzene or
cyclohexane adding the acid chloride solution to the di-
amine solution under stirring in a manner such that tae
diamines and the acid chlorides may be substantizlly
equimolar, and then carrying out the polycondensation
at a low temperature. In each of the above exempiified
methods, the diamine component consisting of bis(4-
aminocyclohexyl) methane, and hexamethylene diamine,
and the dicarboxylic acid component consisting of iso-
phthalic acid and terephthalic acid or their functional
derivatives should be subjected to the polymerization in
a manner such that all of the above inequalities (I), (II),
(IIT) and (IV) may be satisfied and that the diamine
component and the dicarboxylic acid component may
be substantially equimolar to each other.

In the preparation of the polyamide of the present in-
vention, it is also possible to add a small amount of a
straight chain aliphatic polyamide to the polycondensa-
tion system and obtain a copolymer. As such straight
chain aliphatic polyamide, there may be used straight
chain aliphatic w-amino acids having from 4 to 12 car-
bon atoms or their lactams, and salts of straight chain
dicarboxylic acids of from 2 to 10 carbon atoms and
straight chain aliphatic diamines of from 2 to 12 carbon
atoms or mixtures of such salts. Such straight chain ali-
phatic polyamide component is used in an amount of
less than 20 parts by weight, preferably 5 to 15 parts by
weight based on 100 parts of the polyamide of the present
invention consisting of the above mentioned four mono-
mers.

It is also possible to add to the polyamide of this in-
vention various additives to be applied to ordinary poly-
amides, such as heat stabilizers, photo-stabilizers, antioxi-
dants and pigments at an optional stage either before or
after the polymerization in accordance with known
recipes.

The polyamide of the present invention is excellent in
transparency, chemical resistance, heat stability and melt
shapeability, and hence is valuable as shaping material
for the preparation of various shaped and molded articles
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such as films, plates, pipes, rods and containers of vari-
ous types.

This invention will be explained more detailedly here-
inbelow by referring to examples.

EXAMPLE 1

(A) An embodiment of the preparation of starting
monomer salts

21.0 parts by weight of an isomeric mixture of bis(4-
aminocyclohexyl ymethane (which will be hereinbelow re-
ferred to as ACM) having a melting point of 45-46° C.
were added to 500 parts of water, followed by agitation
at a temperature of 90-95° C. to form an aqueous sus-
pension. To this suspension were added 16.6 parts by
weight of isophthalic acid (which will be hereinbelow
referred to as I) over a period of time of 30 minutes.
Then, one part by weight of active carbon was added to
the mixture, and the agitation was continued at 90-95°
C. for 30 minutes. The whole system was filtered at an
elevated temperature, and the filtrate was condensed
under reduced pressure and dried to obtain a white salt
of ACM-L

Separately, 116 parts by weight of hexamethylene di-
amine (which will be hereinbelow referred to as Ag) were
dissolved into 100 parts by weight of water, and to the
resulting solution, 166 parts by weight of I were added at
a temperature of 60-70° C. under stirring over a period
of time of 30 minutes, following which 3 parts by weight
of active carbon were added to the system and the stir-
ring was further continued for 30 minutes. The whole
system was filtered at an elevated temperature, and the
filtrate was condensed under reduced pressure and dried
to form a white salt of Ag-1.

When terephthalic acid (which will be hereinbelow re-
ferred to as T) was used instead of isophthalic acid in
the above procedures, a white salt of Ag-I was prepared
similarly.

21.0 parts by weight of ACM were added to 2000 parts
by weight of water, and 16.6 parts by weight of T were
added to the system under stirring over a period of time
of 15 minutes. Then, 1 part by weight of active carbon
was further added and the stirring was further continued
for 30 minutes at a temperature of 90-95° C. The whole
system was filtered at an elevated temperature, and the
filtrate was condensed under reduced pressure and dried
to form a white salt of ACM-T.

Thus, it is seen that white nylon salts can be easily
synthesized by the neutralization reaction.

(B) An embodiment of the preparation of a polyamide

The following compounds were mixed together:

Parts by wt.
ACM T e 94.1
A T e 70.6
Ag T e 141.2
Benzoic acid oo 1.2

The above composition corresponds to the case where
x and y in the drawings are 25 mole percent and 50 mole
percent, respectively.

To the mixture were added 30 parts by weight of water,
and the system was transferred inte a 30 mm. ¢ test tube
and charged into an autoclave. The atmosphere inside the
autoclave was fully replaced by nitrogen, and then, the
heating was conducted to raise the temperature to 300° C.
over a period of time of 3 hours, while the inner pressure
was maintained at 20 atmospheres by removing nitro-
gen gas and steam from the autoclave. Then, the
inner pressure was reduced to 200 mm. Hg over a
period of time of three hours while the temperature
was maintained at 300° C. After the system had been
maintained at a pressure of 200 mm. Hg for 30 minutes,
the heating was stopped and the whole system was cooled
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by allowing it to stand still. Then, the content was re-
covered. Thus, there was obtained a glass-like, trans-
parent polyamide having a relative viscosity of 2.10. The
melt viscosity at 300° C. of the polyamide was 10.2X 103
poise. The sample plate of 1 mm. thickness and 5 mm.
width compression molded from this polyamide exhibited
an excellent tenacity. After the sample plate had been
dipped in methanol at 25° C. for 24 hours, any change
was hardly observed and it retained high moddulus of

<t

8

raised to 280° C. under reduced pressure. This condition
was maintained for 3 hours, and thereafter the content
of the flask was cooled. As a result, there was obtained
a transparent polyamide having a relative viscosity upe.
of 2.11.

EXAMPLE 12

In a 1-litre capacity stirrer-equipped flask, 4.20 g. (0.02
mole) of bis(4-aminocyclohexyl)methane, 9.27 g. (0.08
mole) of hexamethylene diamine and 22.30 g. (0.21 mole)

clasticity and transparency. 10
The sample plate of 1 mm. thickness, after having been of sodium carbonate were dissolved into 200 ml. of water.
dipped into water at 30° C. for 30 days, exhibited a A solution of 16.25 g. (0.08 mole) of isophthaloyl
softening temperature of 64° C. chloride and 4.06 g. (0.02 mole) of terephthaloyl T{hloride
in 200 ml. of nitrobenzene was added into the flask under
EXAMPLES 2 TO 10 AND CONTROLS 1 TO 7 15 Vviolent stirring. Although the polymer was instantly iso-
From salts prepared in accordance with Example 1-A, lated, the stirring was continued for one hour, followed
various polyamides were synthesized in the same manner by filtration, washing and drying. The resultant polymer
as in Example 1-B by varying the composition ratio of exhibited a relative viscosity e of 1.93.
each salt with respect to x and y as shown in Table I. What we claim is:
In similar manners as described in Example 1-B, each o 1. A synthetic linear polyamide consisting essentially of

polyamide was evaluated with respect to melt viscosity,
and mechanical strength.
The results are shown in Table I below.

a polycondensate from substantially equimolar amounts
of a diamine component consisting of bis(4-aminocyclo-
hexyl)methane and hexamethylene diamine, and a di-

TABLE I.-COMPOSITIONS AND PROPERTIES OF POLYAMIDES

Composition, Melt vis- .

mole percent Relative cosity Yield Elongation Jzod impact Breakage

Softening tem-  viscosity (poise)  strength  at break strength due to

Example No. z y perature (° C.)t (nre1) £ 300° C. (kg./em.?) (percent) (kg./cm./cm.) fragility
Control 1......_.._._. 20 100 53 2.10 B XL e
Example 2.........._. 20 80 55 2.13 6.2X108 970 80 4.2 0/5
Example 3. 20 60 58 2.12 6.3X108 985 82 3.7 0/5
Example 4. 20 40 63 2.20 8.5X108 990 87 4.8 0/5
Control 2. _ 20 20 . 2.12 6. 8 X108 e
Control 3_. 0 60 33 2.21 2. T XA el
Example 5_ 10 60 45 2,18 5. 0X108 985 123 5.6 0/5
Example 6... 20 60 58 2,12 6. 8 X108 e
Example 7. 30 60 71 2.21 18X103 990 68 3.9 0/5
Example 8. 30 60 - 2.05 11108 980 53 4.0 0/5
Example 9. 30 60 - 1.92 6. 0103 985 47 2.7 2/5
Example 10._ 50 60 97 2.10 29108 1, 020 39 3.5 0/5
Control 4_____._..._._. 50 60 .- 1,85 18108 - 6.5 1.2 5/5
Control 5. _ 70 60 <100 2,22 150XI08 e
Control 6_ . 70 60 .. 2.04 X0 e
Control 7...._....... 70 60 - 1.9t A3XKI0 3 e

1 Under saturated water absorption.

¢ “Breakage due to fragility”’ indicates the number of picces which are fragile per 5 picces.

Results of Examples 7 to 11 and Controls 5 to 7 show
the criticality of the boundary line AB. When the com-
parison is made with respect to polyamides of the same
relative viscosity, the greater becomes the value of x,

45

carboxylic component consisting of terephthalic acid and
isophthalic acid, the composition ratio of the diamine
component and the dicarboxylic acid component being
within a range specified by the following formulas

the higher becomes the value of the melt viscosity, and <50 M
the relative viscosity of 2.0 corresponds to the melt vis- 50 <:10 x ()
cosity at 300° C. of 20X 103 poise in a polyamide having <Oy 2=x +80 ()
a composition on the boundary line AB. In a polyamide and y=u

having a composition on the left side of the boundary y=0.4 x 430 av)

line AB, the intended relative viscosity or melt viscosity

cannot be attained. Such polyamide is not practical in *

view of difficulties in handling in a polymerization vessel
or difficulties at injection molding because of its poor
flowability.

Results of Examples 7 to 10 and Control 4 shows the
criticality of the relative viscosity in the polyamide of
this invention. From these results it is seen that poly-
amides having a sufficient tenacity can be obtained by
adjusting the relative viscosity 7, to at least 2.0.

60

wherein x represents the mole percentage of bis(4-amino-
cyclohexyl) methane in the diamine component and y
represents the mole percentage of isophthalic acid in the
dicarboxylic acid component, said polyamide having a
relative viscosity uy,, measured in a solution of 1 g. of
the polyamide in 100 cc. of 98% concentrated sulfuric
acid at 25° C., of at least 1.9.

2. The synthetic linear polyamide of claim 1, which
has a relative viscosity of from 2.0 to 2.5.

EXAMPLE 11 65 References Cited
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g. (0.08 mole) of hexamethylene diamine in 30 ml. of
phenol was gradually added to the content of the flask,
while the content being well stirred. After completion of
the addition, the heating at 200° C. was continued for 8
hours in a nitrogen stream, Then, the temperature was
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