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BLOCK COPOLYMER OF POLYETHERAMIDE AND RANDOM COPOLYMER
OF POLYAMIDE AND POLYETHERAMIDE

BACKGROUND OF THE INVENTION

This invention is directed to a compositidn of matter. In general
the composition is a polyamide copolymer. One of the-two components of the
copolymer is a polyetheramide e.g., a poly(dioxa-alkylamide), a
poly(dioxa-arylamide), or a poly(oxa-amide). The other component is a random
copolymer which can result from, but is not limited to, the polycondensation of
a precursor of the aforementioned polyetheramide, and a precursor of an
ether-free polyamide. In particular the invention is directed to a block
copolymer consisting of the two aforementioned components. The block copolymer
has utility, as, for example, a fiber. A preferred composition is ome wherein
the random copolymer is formed, in part from a precursor of a polyamide which
is considered to be difficult to form a block copolymer because its
transamidation rate at a temperature above its melting point is relatively
rapid; an example is nylonm 6,6. A rapid transamidation rate can be a
disadvantage in two processing steps, one, when the block copolymer is formed

and, two, when the block copolymer is melt spun into a fiber.

U. S. Patent No. 4,130,602 discloses a block copolymer of a
poly(dioxa-alkylamide) and a polyamide. U. S. Application 773,740, filed
March 2, 1977 discloses a block copolymer of a poly(dioxa-arylamide) and a
polyamide. U. S. Patent No. 4,136,133 discloses a block copolymer of
poly(oxa-amide) and a polyamide. U. S. Patent No. 4,113,794 discloses a
copolymer of blocké of a random poly(dioxa-amide) and a polyamide. U. S.
Patent No. 4,045,511 discloses a process for melt blending particles of a melt

spinnable polyamide and a salt of an ether diamine and a dicarboxylic acid. U.
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S. Patent No. 4,044,071 discloses a process for melt-blending a molten melt-

spinnable polyamide and a salt of an ether diamine and a dicarboxylic acid.

In the preceding prior art the polyamide portion of the copolymer is
essentially a polyamide in that, for example, it contains no ether linkages,
i.e., dioxa or oxa linkages. In contrast, the polyamide portion of the present

composition does contain ether linkages.

U. S. Patent No. 3,509,106 discloses the preparation of a random
copolymer polycondensate of an adipic acid salt of ethylene-bis-(3-aminopropyl)
ether and hexamethylene diammmonium adipate (6,6 salt), the mole ratio of the
former to the latter being for example in the range from 9:1 to 1:9. A
function of the ether type additive is to enhance the moisture absorption of
the resulting polycondensate compared to nylon 6,6 by itself. But this prior
art does not disclose or suggest using the random polycondenmsate to form a

block copolymer with a polyetheramide.

SUMMARY OF THE INVENTION

Present invention resides in a novel composition which is a block
copolymer. The copolymer comprises blocks of a polyetheramide, e.g., a
poly(dioxa-alkylamide), or poly(dioxa-arylamide) or poly(oxa-amide). The other
component is a random copolymer which can result, but is not limited to, from a
polycondensation of = precursor of the aforementioned polyetheramide and a

precursor of an ether-free polyamide.
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The addition of a relatively small amount of a precursor of a
polyetheramide to a precursor of a polyamide results, after polymerization of
the two, for example, in lowering the melting point of the latter without
substantially modifying its other properties. It also facilitates its
processing so that subsequent processing, e.g., melt blending, does not, in

suitable amounts, adversely affect for the desired end use, its properties.
DESCRIPTION

The block copolymers of the invention comprise blocks of
polyetheramide and blocks of random copolymer of (1) poiyetheramide precursors
and (2) precursors of ether-free polyamides. Typically, the block copolymers
are prepared by polymerizing polyetheramide precursors to form polyetheramides;
forming a mixture of polyetheramide precursors with precursors of ether-free
polyamides, and polymerizing the mixture to form 2 random copolymer; and melt
blending the polyetheramide and the random copolymer to form a block copolymer
containing polyetheramide blocks and randum copolymer blocks. The random
copolymer has a lower melting point than a corresponding homopolymer of the

ether-free polyamide.

The preferred composition of present invention is a block copolymer

having the following repeating structural formula:

X1 fv}

s
NS,
\"('x
SO
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A

One of the components of the present invention, the -X- portion, is a
polyetheramide having a repeating monomeric unit, which preferably is selected

from the group having the following structural formulas:

i RR R,Ry HC 0
{N-CHZ-?-Q-O-RA-O-?-?-CHz-N-C-RS-C} (a)
H R3 R3H
5 RRy RRyp HO 0
{B—CHZ-C-C~0-C-C-CHZ-N-C-RS-C} (R)
'
Ry Ry

wherein Rl’ R2 and R3 each are selected from the group consisting of H, CI-C10

alkyls, and C -C1 isoalkyls and R4 is selected from the group comsisting of

3710

110 alkylenes and C3-C10 isoalkylenes and R5 is selected from the group

consisting of CO-C10 alkylenes, C3-C10 isoalkylenes, and C6-C20 arylenes.

C

Preparations of the foregoing are disclosed in the following U. S. Patents:

4,130,602 and 4,136,133; and U. S. Patent Application 773,740, filed March 2,
1977; and the information contained therein is incorporated here by reference.
Also disclosed in the patents are the preparations of precursors e.g., salts,

used to make the foregoing polymers.

One of the precursor salts which can be used to make a particular
polymer, belonging to the general class of polymers represented by (A), has the

following structure:
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?3 3
[N-(CH2)3-0—(CH2)~O-(CH2)3-N]++[

00C- (CH,,),-C00]~. ()

24

1"* 167" The numbers in

The foregoing can also be referred to as [30203
brackets, e.g., 3, refers to the number of carbon atoms whereas "0" refers to
the oxygen atom and indicates its relative location. When the foregoing salt

is polymerized, it forms a polymer, also known as N-30203-6.

Examples of other polyetheramides whose precursors can be used
include poly(4,7-dioxadecamethylene sebacamide), poly(4,9-dioxadodecamethylene
adipamide), poly(4,8-dioxa-6,6-dimethylundecamethylene adipamide),
poly(4,7-dioxa-2,9~dimethyldodecamethylene adipamide),
poly(4,7-dioxadecamethylene-2-methyl adipamide), poly(4-oxaheptamethylene

adipamide, and poly(4-oxa-2,6-dimethylmonomethylene adipamide).

The {Y} portion is a bivalent radical of a random copolymer
containing two different monomeric units in which one is distributedrfénébmlé
throughout the repeating structure. One of the two different monomeric units
is a precursor of an ether-free polyamide whereas the other is a precursor of a
polyetheramide which has been previously defined. The relative amount of the
two is such that the amount of the polyetheramide precursor is sufficient to
lower the melting point of the other polymeric unit, the polyamide, yet not so
much as to adversely effect the desirable properties of the polyamide.
Generally the amount of the polyetheramide precursor is present in the smaller
amount whereas the other precursor is present in the larger amount. Preferred

amounts of the etheramide in the {Y} portion are in the range between from
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about 3 wt.% to about 17 wt.% and a more preferred amount is in the range

between from about 7 wt.% to about 13 wt.%.

The §Y} component of the present invention involves a precursor of a
polyamide. Example of such precursors include caprolactam (nylon 6), the
hexamethylenediamine salt of adipic acid (nylon 6,6) , and the
hexamethylenediamine salt of terephthalic acid (mylon 6,T). Also the
precursors for ether-free polyamides such as nylon 6, 10 [poly(hexamethylene
sebacamide)], nylon 11 [poly(decamethylene carbonmide)], MXD-6
[poly(meta-xylene adipamide)]; PACM-9 [bis(para-amino-cyclohexyl)-methane
azelamide], PACM-10 [bis(para-aminocyclo-hexyl)methane'sebacamide] and PACM-12
[bis(paraaminocyclohexyl)methan dodecanoamide] can be used. Others are known
to one skilled in the art, for example, see Kirk-Othmer, Encyclopedia of
Chemical Technology, 2nd Editionm, Volume 16, Polyamides. The structure of one

of the precursors, a salt of the polyamide (nylon 6,6) involved in present

——

invention, is as follows:

{HSN—(CHZ)é-NH3}++{OOC-(CH2)4-COO}-- ' D)

The foregoing can also be referred to as [6]++[6]

To prepare component {Y} generally a salt such as (C) is mixed with a
salt such as (D) or other polyamide precursor. The resulting mixture is
generally heated to a temperature above the melting point of the salts but not
greater than any decomposition temperature. The mixture is maintained at that

temperature and at atmospheric pressure or higher until some or all the
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polycondensation occurs. Often the mixture, during the polycondensation, is
first subjected to pressure and then to a vacuum. The latter helps facilitate
water removal. Pressure is often used to avoid ;he escape of volatile
components, e.g., any diamine formed, which could adversely affect the
resulting material. Actual temperature and pressure and time of blending
depend on the particular materials used. The polyetheramide present in the {X}

and {Y} portions of the block compolymer can be the same or different

materials.

After the foregoing preparation the resulting random copolymer, using

(C) and (D) as an example, could have the following structure:

-CCcenececceeennenececeeceeccec-

The foregoing representation indicates that the (D) is randomly distributed
throughout the copolymer which contains a larger amount of (C). The relative
amount of (D) to (C) is such that the melting point of (E) is lower than that
of the homo polymer formed by polycondensating the (C) salt by itself.

However, the amount of (D) relative to (C) is not so much as to adversely
affect the other properties that the homopolymer from (D) itself would have
when incorporated into the final block compolymer. From a commercial
standpoint the amount of (D) in the compolymer (C)-(D) is preferably between
the range from about 3 wt.% to about 17 wt.%, more preferably from about 7 wt.%

to about 13 wt.%.
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The random copolymer, e.g., (E), is melt blended with a
polyetheramide prepared, e.g., from salt (C). Thus two polymers, the
polyetheramide and the random copolymer, are mixed together in a suitable
manner. To melt blend the mixture the temperature of the mixture is raised to
at least above the melting point of the lower melting point polymer but not
greater than the decomposition temperature of either polymer and/or the
product. The melt blending continues until sufficient transamidation occurs
and the desired block copolymer is formed. In connection with the ongoing

illustrative example, the block copolymer consists of the following structure:

block of nylon 6,6 which has
fblock of 30203-63 randomly distributed through
it -30203-6-
Transamidation refers to a known phenomenon whereby two molecules of

the same or different polyamides both containing

0
HH
-N-C-, each breaks between the N and C bond and reform by attaching with the

atoms in another molecule. Thus, pictorially:

0 0
H 11 H 133
Moleculel-N-C-Molecule1 Molecule1 N C-Molecule1
Heat
Molecule,~C-N-Molecule Molecule, ¢C -Molecule
2y i 2 2 H 2

o) ' 0
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However, if the melt blending continues too long too much of the foregoing
transamidation occurs and the block copolymer (e.g., molecules 1 and 2) tends

to convert into a random copolymer.

Generally the molecular weight, either number average or weight
average, of the block compolymer should be such that it is sufficient so that
the polymer has physical properties suitable for the desired end use, e.g.,
fibers, molding and film. The molecular weight can vary over a wide range to
meet the different requirements of the various and varied end uses. A typical
molecular weight range for the block compolymer is between from about 5000 to
about 100,000, either number average or weight average. Current commercial
polyamides, e.g., both nylon 6, and nylon 6,6 have a number average molecular

weight range of about 12,000-30,000.

The preferred composition of present invention has the following
repeating structural formula {X}W{Y}z wherein the subscripts w and z each have
a value in the range between from about 4 to about 200. The aforementioned
value refers to the number of repeating units contained in {X} before a block
of {Y} is attached. The value 4, for example, represents a value in which some
of the molecules could have less than 4 repeating units. Nevertheless,
existing are a sufficient number of molecules having w and z with a value of
more than 4 whereby overall the mixture has the properties as if each molecule
had a w and z value of 4. Because of the demands of the market place, a
preferred lower value of w and z would be about 6-8 whereas a higher preferred

value would be about 125-175.
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While the previous discussion focuses in on the preparation of the
random copolymer via polycondensation of salts, other methods can be used to
prepare the random copolymer. For example a polyetheramide and a polyamide
(ether-free) can be melt blended for sufficient time and at a suitable
temperature until a random copolymer results. And a random copolymer prepared

by either method can be used to prepare applicants' block copolymer.

To further illustrate the invention, the following examples are

provided.
EXAMPLES

The 1,2-bisPﬁLcyanoethoxyethane), i.e., NC-(CHZ)Z-O-(CHZ)Z-)-(CHZ)
9 4,7-dioxadecamethylenediamine i.e., NHZ(CH2)3-O-(CH2)2-O-(CHZ)S-NHQ; and
poly(4,7-dioxadecamethylene adipamide), can be prepared according to the

procedure described in U.S. Patent 4,130,602.

The N-30203-6 salt is prepared in the following manner. 204.4 gms of
adipic acid (1.4 moles) are dissolved in 906 ml of methanol while 246.4 gms of
30203 diamine (1.4 moles) are dissolved in 906 ml of methanol. The adipic acid
solution is added to the diamine solution and stirred under nitrogen. The
resulting mixture is filtered and the recovered salt is air-dried overnight in
the hood. Water is added to the dried recovered salt in an amount to make up a
60% salt solution. The solution is passed through a bed of charcoal to remove

color bodies. To the decolorized solution is added sufficient diamine to
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adjust the pH of the solution to 7.45. The water is removed by vacuum and the

salt is dried in a vacuum at 60°C for 2 hours.

The other precursor, the N-6,6 salt is prepared by using the
procedure just previously described except that the 30203 diamine is replaced

by 162.4 gm of hexamethylene diamine.

The $Y} component is prepared in the following manner. 104.3 gms of
the N-6,6 salt are mixed with 11.3 gms of the N-30203~6 salt. Then 50 gms of
the mixture are placed in a tube which is sealed and then heated at 190°C for 2
hours. Then the tube is opened and heated at 222°C under nitrogen
(1 atmosphere) for 1/2 hour. The latter is then followed by heating at 275°C
under a vacuum for 2 hours. The {Y} component has a composition of 90 wt.% of
N-6,6 and 10 wt.% of N-30203-6 and exhibits the character of a random

copolymer.

Demonstrating another method, samples of the {Y} component were made
by melt blending a mixture of the N-30203-6 polymer and nylon 6,6. The melt
blending consisted of stirring at a temperature above the melting point of both
of the polymers until additional stirring caused little change in the
copolymer's melting temperatures obtained with a differential scanning
calorimeter (DSC). This is shown in the accompanying Table. Thus the data
indicates that melt blending a mixture of the polytheramide N-30203-6 and nylon
6,6 for 360 minutes @ 283°C produced a random copolymer. This conclusion was
tested by preparing the copolymer by heating a mixture of the precursor salts

of the 30203-6 polyetheramide and nylon 6-6 to form a copolymer which was
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tested as to its solubility in a formic acid. Its solubility was very similar,
but not equivalent, to the solubility of the copolymer prepared by melt .
blending at the reported 360 minutes and the 283°F. However, additional
blending would have made the polymers equivalent- as determined by the
solubility test. Formic acid solubility test is one which is known for testing

degrees of randomness.

TABLE
MELTING POINTS OF VARIOUS POLYMERS

Melt Blending Time DSC Temperatures

Polymer Minutes @ 283°C Onset Peak
N 30203-6 n.a. 168°C 182°C
Nylon 6,6 n.a. 247 263
Block 70/30(2) 15 244 258

30 241 256

60 236 252

180 231 247
Random 70/30 360 230 244

(a) 70 wt.% of nylon 6,6 30 wt.% of N-30203-6.
The X} component is prepared in the following manner. 50 gm of
N-30203-6 are placed in a tube which is then sealed and heated for 2 hours at
190°C. The tube is opened and then heated for 222°C for 1/2 hour under

nitrogen which is then followed by heating at 222°C under a vacumm for 2 hours.

The block copolymer of present invention is then prepared in the
following manmer. 100 gms of the dried {Y} component, the random copolymer
prepared by polycondensation of theAsalts, and 28.6 gms of the dried X}
component are dry blended and heated at 255°C-285°C for about 15 minutes to

about 2 hours to obtain the desired amount of tramsamidation. The resulting
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block copolymer has an overall composition of 70 wt.%/30 wt.% of
N-6,6/N-30203-6. The melting point of the resulting block copolymer is about
225°C and it can be melt spun at about 250°C with essentially no further

rearrangement occurring.

A random copolymer of 90 wt.% of nylon-6 and 10 wt.% of N-30203-6 was
prepared and its melting point was 25°C lower than that of nylon-6 (m.p.
220°C). The random copolymer is then melt blended with a N-30203-6 polymer and
the resulting block copolymer has a melting point lower than a similar block

copolymer in which the nylon 6 portion is ether-free.

Use of other polyamides, polyetheramides and their precursors in the
foregoing procedures will yield block copolymers having similar lowered melting

points.
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THE CLAIMS:

1. A block copclymer comprising blocks of polyetheramide and blocks
of a random copolymer of polyetheramide precursors and precursors of ether-free
polyamides, the random copolymer having a lower melting point than a

corresponding homopolymer of the polyamide.

2. A block copolymer according to Claim 1 having the following

repeating structural formula:

X} v}

wherein X3} is a polyetheramide selected from the group consisting of the

following structural formulas:

B RR Ry HO O
- el ol}eR === == eN=(=R =1

N CH2 ? ? 0 R4 0 ? ? CH2 N-C R5 C4

H R3 R3H

R.R R.R 0 0
H ’1’2 |2'1 H 1t "
fN-CHZ-C-?-O-?-C-CHZ-N—C~RS-C}

H H

Ry Ry ,

wherein Rl’ R2 and R3 each are selected from the group consisting of H, Cl-C10
alkyls and CB-C10 isoalkyls and R4 is selected from the group consisting of

Cl-C10 alkylenes and C3--C10 isoalkylenes and R5 is selected from the group
consisting of CO-C10 alkylenes, CS-C10 isoalkylenes and C6-C20 arylenes and
wherein §Y} is a bivalent radical of a random copolymer containing an
etheramide distributed randomly throughout a polyamide stricture and wherein
the amount of the etheramide contained in the polyamide structure is sufficient

to form a copolymer having a lower melting point than a corresponding

homopolymer of the polyamide.
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3. A block copolymer according to Claim 2 wherein the block
compolymer {X} {Y¥} can be spun at a lower temperature than a block copolymer

consisting of {X} and a bivalent ether-free polyamide radical.

4. A block copolymer according to Claim 2 wherein the repeating
structural formula is {X}W{Y}Z and v and z each have a value in the range

between from about 4 to about 200.

5. A block copolymer according to Claim &4 wherein {X} is
poly(4,7-dioxadecamethylene) and {Y} is a random copolymer of the precursors of

poly(4,6-dioxadecametheylene) and nylon 6,6.

PL:dd PL26%
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AMENDED CLAIMS
(received by the International Bureau on 25 February 1981 (25.02.81))

1. A block copolymer comprising blocks of polyether-
amide and blocks of a random copolymer of polyetheramide pre-
cursors and precursors of ether-free polyamide and wherein the
block copolymer is free from ether-free polyamide block segments
and the block copolymer has the following repeating structural

formula:
txt,, Y3,

wherein +X} is a polyetheramide selected from the group con-

sisting of the following structural formulas:

H R.R R,R, HO
) lll2 1211 1 1" "

{N—CHZ—C-C-O—R4—O-C-C—CHZ-N—C—RS—C-}

H Ry R,H
T vt N
+N-CH2-g—g—o—g-g—cnz—ﬁ—c-RS-C}

Ry Rj

wherein Rl' R2 and R3 each are selected from the group con-
sisting of H, Cl-C10 alkyls and C3—C10 isoalkyls and R, is
selected from the group consisting of Cl—C10 alkylenes and

C3—C10 isoalkylenes and R5 is selected from the group consist-
ing of CO—C10 alkylenes, C3-C10 isoalkylenes and C6—C20
arylenes and wherein 1Y} is a bivalent radical of a random
copolymer containing an etheramide distributed randomly
throughout a polyamide structure and wherein the amount of

the etheramide contained in the polyamide structure is suffi-
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cient to form a copolymer having a lower melting point than
a corresponding homopolymer of the polyamide and wherein w
and z each have a value in the range between from about 4 to
about 200.

2. A block copolymer according to Claim 1 wherein
the block copolymer 41X} +Y+ can be spun at a lower temperature
than a block copolymer consisting of +X+ and a bivalent

ether-free polyamide radical.

3. A block copolymer according to Claim 1 wherein
1X} is poly(4,7-dioxadecamethylene) and {Y¥+ is a random copol-
ymer of the precursors of poly(4,6-dioxadecamethylene) and
nylon 6,6.

4. Method for preparing the block copolymer of
Claim 1 comprising:
(a) heating a polyetheramide salt to a polymerization
temperature to form a polyetheramide;

(b) heating a mixture of a polyetheramide salt
and an ether-free polyamide salt to a polymeri-
zation temperature to form a random copolymer
of polyetheramide precursors and ether-free
polyamide precursors; and

(c) melt blending a mixture of the polyetheramide
and the random copolymer of polyetheramide
precursor and ether-free polyamide precursor
.to form a block copolymer of the polyetheramide
and the random copolymer.

5. Method according to Claim 4 wherein the poly-
etheramide is poly(4,7-dioxadecametihylene adipamidej and the

ether-free polyamide is nylon 6,6.
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EDITORIAL NOTE

The applicant failed to renumber the amended claims in accordance with Section
205 of the Administrative Instructions.

In the absence of any specific indication from the applicant as to the correspon-
dence between original and amended claims, these claims are published as filed and as
amended.
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V.D OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE 10

This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons:
1.D Claim numbers__________, because they relate to subject matter 12 not required fo be searched by this Authority, namely:

ZD Claim numbers_________, because they relate to paris of the international application that do not comply with the prescribed require-
ments to such an extent that no meaningful international search can be carried out 13, specifically:

VI.D OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 11

This international Searching Authority found multiple inventions In this infernational application as follows:

1.D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable claims
of the international application.

ZD As only some of the required additional search fees were timely paid by the applicant, this international search report covers only
those claims of the international application for which fees were paid, specifically claims:

S.D No required additional search fees were timely paid by the applicant. Ci quently, this inlernational search report is resiricted fo
the Invention first meniioned in the claims; it is covered by claim numbers:

Remark on Protest
D The additional search fees were accompanied by applicant's protest.
D No protest accompanied the payment of additional search fees.
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