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I, Rudolph John Anderson, Jr., General Patent Counsel, Monsanto Company, of 800
North Lindbergh Boulevard, St. Louis, 63167, in the State of Missouri, United States of
America, do solemnly and sincerely declare as follows:

1. I am authorized by MONSANTO COMPANY the apphcam for Lhe Patent to
make this declaration on its behalf.

2. The basic appli;:ation as defined by Section 141 of the Act was made at the
Patent Office, Washington, District of Columbia, in the United States of America

1lth of March 19 86 b)'
Edward Hugo Mottus and Ross Melvin Hedrick.

3 __Edward Hugo Mottus, 850 Claymont Drive,

Ballwin,; Missouri 63011 U.S.A.;
300 Chasselle Lane,
63141 U.S.A.

and

Ross Melvin Hedrick,

St. Louis, Missouri

Xare the actual inventor(s) of the invention, and the facts upon which the
MONSANTO COMPANY is entitled to make the application are as follows:
The Company is the assignee of the actual inventor(s).

4. The basic application referred to in paragraph 2 of this declaration was the first
application made in a Convention country in respect of the invention, the subject of
the application.

DECLARED at St. Louis, Missouri, aforesand this __QEQ day of
January 19 86.

NN

RU H JOHN ANDERSON.]R‘

To Commissioner of Patents
COMMONWEALTH OF AUSTRALIA




(12) PATENT ABRIDGMENT  (11) Document No. AU-B-69865/87
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 596155

(54) Title
LACTAM POLYMERISATION INITIATORS

International Patent Classification(s)
(51)4 C08G 073/02 C08G 069/16 C08G 073/00

(21) Application No. : 69865/87 (22) Application Date : 10.03.87
(30)  Priority Data

(31)  Number (32) Date (33) Country
838643 11.03.86 US UNITED STATES OF AMERICA

(43) Publication Date : 17.09.87
(44) Publication Date of Accepted Application : 26.04.90

(71) - Applicant(s)
MONSANTO COMPANY

(72) Inventor(s)
EDWARD HUGO MOTTUS; ROSS MELVIN HEDRICK

(74) Attorney or Agent
E.F. WELLINGTON & CO, MELBOURNE.

(56) Prior Art Documents
AU 70624/87 CO8G 69/16 C08L 9/00, 47/00

AU 51270/85 C08G 69/13
US 4617355
(57) Claim
1. * A lactam polymerization initiator comprising at

least twb lactamn terminal groups of the formula:

0] 0

—NH—C—Am{-C)-nQP

wherein Q is a lactam residue containing a C3—Cll
alkylene group and bonded to a carbonyl through the
nitrogen atom of the lactam; A-is an aliphatic or
aromatic hydrocarbyl or hydrocarbyl ether group;

mis 0 or 1; whenm is 0, n is 0 or 1 and p is 1;
when m is 1, n is in the range of 1 to 3 and P =n;
and an elastomeric backbone derived from a telechelic

polyamine containing at least two primary or secondary

amine groups.
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22, A process for the preparation of a lactam polymer-
‘ization initiator as defined in'claim 1, camprising the following steps:

) '(a] complexing the acid halide groups of a
polyfunctional acid halide with a teriary amine;

(b] reacting at least one but less than all
of the complexed acid halide groups with a lactam
monomer represented by the formula
. P4
Hﬁcé=o, where Y is a C3 to Cll alkylene group to
replace the halogen with a lactam residue and form an
ammonium halide salt; . '

(c) reacting at least 9Q mole % of the
remaining complexed acid halide groups with a- telechelic
polyamine having at least two primary or secondéry_amine
groups to form amide groups and ammonium halide salt; and

(d) removing‘the ammonium halide salt.

31. A nylon block copolymer prepared with the

lactam polymerization iniEiator of Claim 1, said nylon
block copolymer comprising soft and hard segments, wherein

the hard segments consist essentially of segments of the
formula:

0

4C-Y-NH}

wherein g ='4 to 300, and ¥ is a C3-C;; alkylene group
and tge soft segments contribute a Tg of less than OOC;
and wherein the soft and hard segments are :linked by
Segments consisting essentially of:

o] 0 0

—NH-C—Am{C¥n(NH—YfC+P

wherein Y is a Ca'cll alkylene group, A is an aromatic
or aliphatiq hydrocarbyl or hydrocarbyl ether group,
and m is 0 or 1; when m'is 0, n is 0 or 1 and p is 1;

and when m is 1, n is in the range of 1 to 3 and p = n.
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The present inventiqn relates to lactam
polymerization initiators, to a process for forming
the same, to nylon block copolymers produced there-
from, and to a process for polymerization thereof.

Polymers containing polyamide segments and
segments of another material have been disclosed in
the art and are herein referred to as "nylon block '
copolymers". A combination of polyamide segments and
segments of another polymeric material allows for the

‘obtaining of block copolymers with unique combinations

of properties. The properties can be varied by
varying the polyamide.and/or other polymeric segments
in the block copolymer. Particularly useful are those
block copolymers which contain alternating hard and
soft segments. The hard segments (i.e., Tg or Tm
above room temperature) provide thermoplasticity and
the soft segments (i.e., Tg below room temperature)
provide elastomeric behavior; and, in combination,
the alternating hard and soft segments provide
toughened rigid systems suitable for use in the
manufacture of fibers, fabrics, films and molding
resins. .

In USPs 4,031,164, issued June 21, 1977,
and 4,223,112, issued September 16, 1980, both to
Hedrick and Gabbert, there are taught nylon block
copolymers containing nylon segments derived from
lactam monomers and other polymeric blocks derived
from polyols. Polyacyllactams provide.linkages for
the blocks in the nylon bléck copolymers taught
therein. The Hedrick and Gabbert patents teach
that the preparation of their block copolymers involves
mixing together lactam monomer, polyol, lactam poly-
merization Eataljst and the polyacyllactam. The
process typically results in the formation of some
polyamide homopolymer due to the polyacyllactams
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which are acyllactam containing materials, as here-
inafter defined, reacting solely with lactam monomer.
It is preferable to minimize the formation of homo-
polymer since it generally causes detriméntal effects
such as the reduction of impact properties of the

‘molded nylon block copolymer.

A catalytic process fdr imide-alcohol
condensation taught by Hedrick and Cabbert in
USP Re 30,371, reissued August 12, 1980, can be
employed in the preparation of the Hedrick and
Gabbert nylon block copolymers. Reacting a polyol and
polyacyllactam in accordance with this process o
results in a nixture containing residual catalyst
that may advantageously be removed or inacfiyated
to reduce the potential difficulties in any éubsequent
preparation of nylon block copolymer moldings from
said mixture. ' |

U.S. Patent 4,581,419 (Serial No. 467,626)
discloses lactam polymerization initiators, referred
to as acyllactam functional materials, useful for pre-
paring nylon block copolymers, which are formed in
two steps by reacting a hydroxyl-containing material
with an acid halide. functional material containing
two--or more carboxylic acid halide groups to form a
second acid halide functionalized material and then
by reacting the second acid halide functional
material with a lactam monomer to provide terminal
lactam initiator groups. Such lactam polymerization
initiators have the general formula: . .

(o] o) 00

TR ]
2§0-C-R¢C-Q) |1, or  Zf0-C-C-gl,

wherein Q is a lactam residue bonded to a carbonyl
through the nitrogen atom of the lactam and has the
structural formula:

_— et R W
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-N(’ )- ;Y is a C3-Cll alkylene group; a is 1, 2
or 3; b is 2 or more; R is a di- or a polyvalent
5 group selected from hydrocarbon groups and hydro-
carbon groups containing ether linkages; and 2Z
is a segment of a polyether, a poljester containing
polyether segments, a hydrocarbon, a polysiloxane, or
combinations thereof.

10 USP 4,490,520, issued to -Ogasa et al,
discloses the preparation of polyamides from lactam
polymerization initiators and w-lactam in the presence
of an alkali catalyst. The lactam polymerization

s °e, initiators are prepared from polyfunctional cocatalysts,
e os 15 e.g. from polyacyllactams, and a polyoxyalkylene
amine either prior to or during the polymerization of

ENTh the w-lactam.
°:3t} We have now discovered a method of pre-
N paring lactam polymerization initiators' from
20 amine-functionalized materials, such as the poly-
e _ oxyalkylene polyamines, which provide nylon block
ot ' copolymers possessing desirable physical properties
':::' and containing amide rather than ester linkages.
o de One aspect of the present invention is
2 25 provided by the lactam polymerization initiators
which can be employed in the preparation of nylon
Jeeee block copolymers. Another aspect is provided by
g AT the use of such initiators in the preparation of
Pj IR nylon block copolymers by a very fast reaction

30 pathway, which is particularly useful in reaction
injection molding processes, providing amide-linked
products which are more hydrolytically and thermally
stable than those in which the blocks are linked by
ester groups and which have greater impact strength

35 than amide-linked products prepared by methods dis-
closed in the art.

— ——— 17~ s
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Lactam nolymerization initiators according
to the invention comprise at least two lactam terminal
groups represented'by the formula:

o o

Il I
-NH-C-A_ ¢C3 0

wherein Q is a lactam residue containing a C3 to C
alkylene. group, bonded to a carbonyl through the
nitrogen atom of the lactam; A is an aliphatic or

11

aromatic hydrocarbyl or hydrocarbyl ether group; m is
0 or 1, whenm is 0, n is 0 or 1 and p is 1, and when
m is 1, n is in the range of 1 to 3 and p = n; and an
elastomeric backbone derived from a telechelic poiyaﬁine

containing at least two primary or secondary amine groups.

More particularly, the invention provides lactam

polymerization initiators represented by the formula:

(0] 0

Il I
ZENH-C-A ¢Cy 0 1,

wherein Z is polyvalent radical derived from a
telechelic polyamine containing at least 2 primary
amine groups and is selected from the group con-
sisting of polyoxyalkylene polyamines, oxyalkylene
copolymer polyamines, polyalkadiene polyamines, alka-
diene copolymer polyamines, polyalkene polyamines,
alkene copolymer polyamines, and combinations thereof;
t is at least 1; A, @, m, n, and p are as previously
specified or designated. Such initiators can be formed
by reaction of an acyllactam monomer containing‘at
least two acyllactam groups and a telechelic polyamine.
In order to form a nyloﬁ block copolymer with superior
properties, at least 90 mole ), preferably 95 mole %,
of the amine groups of the polyamine should have been
converted to the lactam terminal groups prior to any
substantial lactam polymerization. Such may be
accomplished by;preforming the initiator or forming it
in situ prior to exposure to lactam polymerizétion
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conditions.

Advantageously, the lactam polymerization
initiator has a number average molecular weight from
about 500 to about 15,000, and preferably, from about
1,000 to about 10,000. Preferred lactam polymerization
initiators are those derived from polyether and poly-
hydrocarbon polyamines and having molecular weights
of at least about 1,000 and, preferably, from about
2,000 to about 6,000. All references herein to
molecular weight, unless otherwise indicated, shall
mean number average molecular weight which is
determined by methods well-known in the art.

Initiators according to the invention
may be obtained by performing the following
sequential steps which proceed at ambient
temperature:

a) complexing the acid halide groups of
a polyfunctional acid halide with a tertiary amine;

b) reacting at least one but less than
all of the complexed acid halide groups with a
lactam monomér represented by the formula

Y
HN-C=0,
where Y is a C3 to C11 glkylene group to replace the
halogen with lactam residue and form an ammonium
halide salt;

: c) reacting at least 90 mole 7 of the
remaining complexed acid halide groups with a
polvyfunctional primary amine to form
amide groups; and

d) removing the ammonium halide salt.

~ Advantageously, the acid halide groups are
in slight stoichiometric excess over the amine groups.
In this process the acid halide groups react with the
amine groups in the polyamine to form an amide linkage
and a substituted ammonium halide byproduct. An




vé&ed

L]
edss

€
934836t
° +

10

15

20

25

30

35

~-6=- 08-12(1939)A

example of this reaction is as follows:

(o) (0]
I I
d Z¢NH,)_  + k X-C-A_-C-Q -—> lactam + HXNR
2'x m : . 3
. polymerization
N initiator
Ry
wherein X is chlorine or bromine, :NR3 is a tertiary

amine, Z, Q, A, and m are as previously described, and
kz2dx. It is recognized that some polyfunctional acid
halide may contain more than one acid halide group
following reaction with the lactam monomer in step b)
to form the initiator. 1In such a case the poly-
functional acid halide may couple two or more
telechelic polyamines with the elimination of two
substituted ammonium halide molecules per coupling
reaction.

The initiator is advantageously formed in
the presence of a non-interfering solvent, e.g.
cyclohexane, toluene, tetrahydrofuran, or acetone.
It may also be formed at elevated temperatures, e.q.
30°C. to 150°C., depending upon the nature of the
solvent used. If a solvent is used, it may be
removed by distillation following formation of the
initiator. .

Advantageously, the telechelic polyamine is

of number average molecular weight in the range of

about 300 to 10,000, preferably at least 500, and

more preferably 1000, and is selected to provide a
backbone of soft, elastomeric segments in the nylon
block copolymer while the polylactam segments pro-
duced by addition polymerization of the lactam

monomer onto the initiator provide hard, crystalline
segments. Soft segments contribute a glass transi-
tion temperature, Tg’ of less than about 0°C, prefer-
ably less than about -25°C., when they are incorporated
into a nylon block copolymer. The glass transition

temperature is conveniently measured by differential
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scanning calorimetry under nitrogen at a scanning
rate, of 10-20° per minute. Such segments are
advantageously derived from telechelic polyamines
selected from the group consisting of polyoxyalkylene
polyamines, oxyalkylene copolymer polyamines, poly-
alkadiene polyamines, alkadiene copolymer polvamines,
polyalkene polyamines, alkene copolymer polyamines,
and combinations thereof. The amount of elastomeric
segments in the nylon block copolymers prepared by
the process of the present invention can be varied
between 10 and 90 weight percent of the copolymer,
depending on the properties being sought. .

_ Exemplary suitable polymeric nydrocarbon
polyamines are polybutadiene diamine, polybutadiene
polyamines and butadiene-acrylonitrile copolymer
polyamines. Exemplary suitable polyethér polyamines
are poly(oxybutylene)diamine, poly(oxyethylene)
diamine, poly(oxypropylene)diamine, poly(oxypropylene)
triamine, poly(oxypropylere) tetramine, and combinations
thereof, for examples, block copolymers of poly-
(oxypropylene) and poly(oxyethylene) functionalized
with at least two amine grbups. Preferred polyether
polyamines are poly(oxypropylene) triamines having a
number average molecular weight of at least about 5000.

The telechelic polyamine may be formed
from a telechelic polyol by replacing the hydroxyl
groﬁps with amine groups according to the procedures
described in USPs 3,155,728 and 3,236,896. Due to
the process for forming these compounds, it is expected
that there may be some residual hydroxyl groups.
Alternatively, nitrile-containing polymers may be
amine-functionalized by reduction of the nitrile groups,
and formyl-containing polymers may be amine-function-
alized by reductively aminating the formyl groups.
Suitable polyfunctional acid halides useful
for preparing lactam polymerization initiators are of
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the formula:
’ o o}
I [
‘ X-C-A_ ¢CH X |
5 wherein m is 0 or 1 and when m is 0, n is 0 or 1 and

P =1 and when m is 1, n is in the range of 1 to 3
édnd p = n; and X is chlorine or bromine. Advantageously
m and n are 1. A can be any aliphatic or aromatic
hydrocarbyl or hydrocarbyl ether group. Preferred
10 A groups are para- and meta-phenylene and (CHZQX

wherein x is in the range of 3 to 8; more preferred .

are para- and meta-phenylene and mixtures thereof,
which yield nylon block copolymers with superior
physical properties. Another preferred diacid

Ev{:° 15 halide contains the oxalyl radical which results

a0t when m = 0 and n = 1. ' '

LN ; Suitable lactams for reacting with the

alét. complexed acid halide are those having 93 to Cll

v”x,° alkylene groups, and preferred, based on their -

fueie® 20 reactivity and availability, are those having Cy or
Cg alkylene groups, i.e. 2-pyrrolidinone or

LA ge-caprolactam.

:.::: _ Exemplary of tertiary amines which maf be

used to complex with the polyfunctional acid halides
E“ﬁ‘4 25 are trialkyl amines, pyridine and alkyl-substituted

pyridines, quinoline, and other substituted amines

wherein the substituents do not substantially interfere

Auwi

with the function of the amine as a complexing agent

o v
ava
q:“.: or with the formation of the lactam polymerization
T 30 initiator. Advantageously the ammonium salt and any
excess tertiary amine are removed following formation
of the initiator. ,
The lactam polymerization initiators are
advantageously prepared by the reaction of one equiva-
35 lent of telechelic polyamine, based on the number of
amine groups, with one equivalent of acid halide,

based on the number of acid halide groups. However,
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when polymeric lactam polymerization initiators with"
backbones containing alternating hard and soft segments
. are desired, a polyfunctional acid halide may be
reacted to link two or more of the telechelic polyamines.
5 In such a case, the equivalent ratio of telechelic
polyamine to acid halide may be selected less than 1l:1.
For example when the telechelic polyamine is tri-
functional and a difunctional acid halide is added to
couple two polyamines, an equivalent ratio of 1:3
10 may be used to advantage to provide an polymeric

tetrafunctional initiator. The above referred to

soft segments preferably conform to the molecular
weight limitations discussed above generally for the

telechelic polyamines.

15 The lactam polymerization initiator can be
reacted with lactam monomer, preferably e-caprolactam,
3.0 in the presence of a lactam polymerization catalyst
PO : to form a nylon block copolymer having soft and hard
:;:. ~ segments, wherein the hard segments are representez
:,;. 20 by the: formula:
s o ' o
e [
' ¢C-Y-NH}

e wherein q is from about 4 to about 300 and Y is as
s feee 25 previously specified and wherein the hard and soft
'b::' segments are linked by amide linkages of the formula:
s ac o} o 0

o I
-NHhC-Am(C)n(NH-Y-C)p . -
30 wherein A, Y, m, n and p are as previously specified.

[ XX R}

S Such a block copolymer is substantially free of ester
cvvsal linkages between the hard and soft segments and is
© more hydrolytically and‘thermally stable than those
containing such ester linkages.
35 The weight average molecular weight of
the resulting nylon block copolymer may vary widely

and is advantageously in the range from about 18,000
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to about 100,000. The molecular weight is generally
dependent upon the molar ratio of lactam monomer and
lactam polymerization initiator. The concentration
of initiator, or activated N-lactam, groups provided
by the lactam polymerization initiator and present
during the polymerization of lactam monomer will
affect the overall reaction rate. The total amount of
activated N-lactam groups, i.e. équivalents of initiator
groups, may be varied by means of the functionality
and/or the concentration of initiator present in the
mixture. Generally, the functionality, or number of
activated N-lactam groups per molecule, of the
initiator is at least two, preferably from about 2 to
about 10, and still more preferably from about 3 to
about 6. Generally, the amount of lactam polymerization
initiator used is at least about 0.1 mole percent of
the total molar amount of caprolactam monomer used,
and more preferably, from 0.25 to 1.0 mole percent.

When the lactam polymerization initiator
is used to prepare nylon-6 block copolymers by the
reaction with e-caprolactam monomer in the presence
of a suitable catalyst, the resulting block copolymer
is generally comprised of the lactam polymerization
initiator to which are attached polyamide chains
having repeat units of the general structure:

(0]

Il
-C—+CH2)5-NH-.
While the nylon-6 block copolymer is essentially

prepared from e-caprolactam, other lactam monomers

-may be included so long as the reaction rate or

degree of caprolactam polymerization is not substan-
tially impaired.

The lactam polymerization catalyst useful
herein includes that class of compounds commonly
recognized as suitable basic catalysts for the
anionic polymerization of lactams. 1In general, all
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alkali or alkaline earth metals are effective either
in metallic form or in the form of hydrides, halo-
hydrides, alkylhalides, oxides, hydroxides,
carbonates and the like. Such catalysts are more

5 fully described in USP 4,031,164. Parficularly
useful for the lactam polymerization is a C, to

3
C11 lactam magnesium halide, preferably derived

from lactam selected from the group consisting of
ge-caprolactam and 2-pyrrolidinone and more prefer-
| 10 ably the catalyst is selected from e-caprolactam
% magnesium bromide, (2-oxo-l-tetrahydroazepinyl
5 magnesium bromide), and 2-pyrrolidinone magnesium
bromide, (2-oxo-l-pyrrolidinyl magnesium bromide).
The amount of catalyst used is an amount which
15 gives an appreciable rate of polymerization.
- Advantageously, the amount of magnesium lactam poly-
o o merization catalyst for the practice of the present

6% invention is in the range of 0.3 to 2.0 mole percent

°
°
e

based on the total molar amount of lactam monomer and,
" eese 20 preferably, from about 0.6 to about 1.2 mole percent.

The reaction rate is dependent upon the concentration

ease , of catalyst being used and other parameters such as

' the temperature at which the reaction is being carried
L out.
:,S:: 25 ' The nylon block copolymer is preferably

formed by a reactive fabrication process, such as
2, reaction injection molding (RIM) but may also be

formed by other conventional methods, such as

» casting or mass polymerization.

LXK R 2
° o 0
LX)

In a preferred method for preparing a nylon

o
CowUYd
° °

block copolymer according to the invention a first
reactant stream of lactém monomer and lactam poly-
merization initiator and a second reactant stream of
lactam and lactam magnesium halide polymerization

35 catalyst are admixed to bring them into reactive
contact at the polymerization temperature, for example,
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at a temperature in the range of from about 70°C to
about 230°C, preferably -from about 90°C to about
-190°C, and more preferably, about 120°C to about
160°C. In accordance with a particular method of

5 preparing a nylon block copolymer, the above
described admixture is immediately introduced into a

mold which is maintained at the polymerization
temperature until the lactam monomer has poly-
merized. Typically, by selecting a lactam poly-

10 merization initiator, adjusting the polymerization
temperature and/or by adjusting the amount of lactam
magnesium halide polymerization catalyst or lactam
polymerization initiator, the lactam monomer poly-
merization may be initiated and completed within

15 a relatively short period of time of less than 5
minutes. When the lactam polymerization initiator is

o one of the present invention, containing amide rather
oo _ than ester linkages and formed by the process

disclosed herein, the polymerization time may be

;f: 20 reduced to less than 3 minutes, preferably less than
| JETRE 1 minute.
‘etis’ The physical properties given for the

following examples were obtained using tests sub-

oo stantially in accordance with the following

:‘E:‘ 25 procedures:

“a%el” ' Standérd Exotherm: The reaction rate of

co ow _ lactam monomer polymerization is determined from the

i exotherm of the reaction by the following method:

H‘ A 30 gauge iron constantan thermocouple connected to

i ,°°ev, 30 a recording potentiometer, is positioned within a mold.

"05, The mold is heated to 140° Celcius (C). A mixture

A of caprolactam monomer, lactam polymerization initiator
and magnesium lactam polymerization catalyst is heated
to about 100°C and is introduced into the mold and the

35 temperature response is recorded. The thermal trace

starts an immediate rise due to heat contributed by
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the mold and the initial exotherm of the lactam poly-
merization. Before the temperature levels, a second
sharp rise may occur, which is believed to be due to
heat of crystallization and heat from the final stage

5 of polfmerization. The polymerization is considered
to be complete when the temperature reaches a maximum
and starts to fall. The mass is quite solid and the
molded article may now be removed from the mold. The
reaction time is the time interval between the

10 addition of the reaction mixture to the mold and the
attainment of maximum ‘emperature. The overall
reaction rate is considered to be proportional to the
time for the temperature rise.

Tensile Strength: ASTM 1708 (units are in

15 newton/meterz)
Elongation, Fail: ASTM 1708-(units are in
SO percent)
:.ﬁi' : Izod Impact Strength (notched): ASTM D256
LN (units are in joules/centimeter, J/cm)
;.;c 20 Example 1

Example 1 illustrates the preparation of a
lactam polymerization initiator and a nylon block

copolymer therefrom according to the invention.

se In a 2-liter, 4-neck flask fitted with a
:.;:: 25 mechanical stirrer, condenser, N2 inlet, dropping
e funnel, and thermocouple, 60.9g terephthaloyl

E‘J:‘ chloride and 400 ml tetrahydrofuran (THF) are mixed,

and then 60.6g triethylamine in 200 ml THF are
added dropwise over a period of 1 hr. 10 min., over

eds

30 which time the temperature increases from 15° to 21°C.

ouvusd This mixture is stirred at 21°C. for 1 hr. 15 min.,
. 33.9 g eg-caprolactam in 100 ml THF is added dropwise
over a period of 43 min., over which time the
temperature incfeases to 37°C., and then the mixture
35 is stirred for 1 hr., during which time the temperature

drops to 23°C. At 23°C., 500 g poly(oxypropylene)
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triamine having a number average molecular weight of
5000, "available from Texaco Chemical Company, P. O.
Box 430, Bellaire, TX 77401 under the tradename
JEFFAMINE® T-5000, in 200 ml THF is added dropwise

5 over a period of 1 hr. 7 min., during which time the
temperature increases to 30°C. The product is then
stirred approximately 19 hrs., filtered, washed,
stripped to constant weight, and dried.

To make a nylon block copolymer using a

10 reaction injection molding apparatus, a first mixture

of 91.6 g. lactam polymerization initiator, prepared

as above, and 158.4 g e-caprolactam and a second

mixture of 27 g of a 1 M caprolactam magnesium

bromide solution in caprolactam and 128.4 g ¢-capro-
15 lactam are heated to 100°C, while stirring, and,

when homogeneous, are deaerated for at least 10

PR minutes at approximately 1 mm vacuum. Both mixtures
?:J‘ are then transferred to first and second 100°C.

; :t: reservoirs and are pumped through a Kenics-type mixer
022:‘ 20 into a 140°C. mold to form a 25 cm X 25 cm x 0.32 cm
Tea® plaque. Reaction time and the mechanical properties

of the resulting nylon block copolymer plagque are
given in Table 1.

oe ) Example 2

:::Y' 25 Example 2 is also according to the

TS invention but differs from Example 1 in that the

so 09, initiator lactam terminal groups are provided by 2-

° pyrrolidinone rather than eg-caprolactam.
# o In a 1-liter, 4-neck flask fitted with a
v: ,eeer, 30 mechanical stirrer, condenser, N, inlet, dropping

0 funnel, and thermocouple 24.4 g terephthaloyl

90000V
L}

chloride and 160 ml THF are mixed, and then 24.2 g
triethylamine in 80 ml THF are added dropwise over a
1 hour period, over which time the temperature

35 increases from 19° to 23°C. This mixture is then
stirred for 1 hour at 23°C., and then 10.2 g
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2-pyrrolidinone in 40 ml THF is added dropwise over a
1 hour period, over which time the temperature
increases to 33°C., and then is stirred for 1 hour,
during which time the temperature drops to 24°C. At
24°C., 200 g poly(oxypropylene) triamine, further
described in Example 1, in 80 ml THF is added
dropwise over a 50 minute period, during which time
the temperature increases to 35°C. The product is
then stirred for 2.5 hours, filtered, washed,
stripped to constant weight, and dried.

To make a nylon block copolymer from the
initiator formed in Example 2 in the same apparatus
as used in Example 1, the procedure of Example 1 is
followed, except that 90.3 g initiator and 109.7 g
e-caprolactam are combined in the first reservoir;
and 27 g of a 1 M caprolactam magnesium bromide
solution in caprolactam and 178.4 g g¢-caprolactam are
combined in the second. The mechanical properties
of the resulting nylon block copolymér plague are
given in Table 1. ]

Example 3

Example 3 is according to the invention and
is prepared by the same route and using the same pro-
portions as in Example 1 except that 50.8 g tereph-
thaloyl chloride, 50.5 g triethylamine and 28.3 g
e-caprolactam are used to prepare the initiator and
the polyamine is poly(oxypropylene) diamine, having a
number average molecular weight of 4000, available
under the tradename JEFFAMINE® D-4000. The nylon
block copolymer plague is prepared as in Example 1
and its mechanical properties are giQen in Table 1.
The lower impact strength and elongation at fail,
when compared to those of Examples 1 and 2, are
attributed to the use of the diamine of Example 3
in place of the polyamine of Examples 1 and 2.
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Example 4
Example 4, which illustrates the preparation

of a nylon block copolymer by reacting the polyamine,

the bis-acyllactam, and the lactam monomer simultaneously,
is not according to the invention. The results of this
example, when compared to those for the examples which .
are according to the invention, illustrate the necessity
for sﬁbstantially forming the lactam polymerization
initiator prior to polymerization of the lactam monomer,
as 1s accomplished by the process of the invention.

To make a nylon block copolymer in the same
apparatus as is used in Example 1, 79.9 g of the poly-
(oxypropylene)triamine (Jeffamine® T-5000), 153 g
ge-caprolactam, and 17.1 g isophthaloyl bis-acyllactam
(added just prior'to injection) are combined at 100°C.
in the first reservoir, and 27.9 g of a 1 M solution of
caprolactam magnesium bromide in caprolactam and 128.4 g
g=-caprolactam are combined at 100°C. in the second.

The two mixtures are then pumped into a 140°C. mold,
as'in Example 1. Reaction time and the mechanical
properties of the resulting nylon block copolymer
plaque are given in Table 1. '

Example 5 |

Zxample 5, which illustrates the prepa-
ration of a nylon block copolymer by first reacting
the bis-acyllactam and the polyamine at an elevated
temperature prior to lactam polymerization but not by
the reaction route of the invention.

The nylon block copolymer of Example 5 is
prepared substantially in accordance with that
described in Example 4, except that the isophthaloyl
bis-acyllactam, polY(oxypropylene)t;iamine, and
g-caprolactam in the first reservoir are heated for 4
hours at 100°C and then degassed prior to injection.

The results of this example, given in Table 1, when
compared to those for Examples 1 and 2, illustrate
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the improved impact strength obtained when the nylon
block copolymer is prepared according to the process
of the invention.

TABLE I
) Example : Tensile* Elongation Izod Reaction
Yield Fail Fail, % Impact®* Time, Sec.
1 4.9x107  4.5x107 79 6.63 100
2 5.3 " 5.0 " 160 5.62 ---

10 3 5.1 " 4.7 " - 29.3 1.30 ---
4(Control) =--- 0.87 " 10.9 0.54 -——-
5(Control) 6.0 5.3 " 150 1.82 74

* newton/meter2
**(notched) joules/cm
15 In Téble 1, the notation "---~" indicates that

the measurement was not made.
The matter contained in each of the following
claims is to be read as part of the general description

of the present invention.
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- The claims defining the invention are as follows:
1. " A lactam polymerization initiator comprising at

least two lactam terminal groups of the formula:

o) 0]

~NH-C-A_ {Cy O

wherein Q is a lactam residue containing a C3-Cqq
5 alkylene group and bonded to a carbonyl through the

nitrogen atom of the léctam; A ‘is an aliphatic or
aromatic hydrocarbyl or hydrocarbyl ether group;
m is 0 or 1; when m is 0, n is 0 or 1 and p is 1;
when m is 1, n is in the range of 1 to 3 and p = n;

10 and an elastomeric backbone derived from a telechelic
polyamine containing at least two primary or secondary

amine groups.

2. The initiator of Claim 1 wherein the telechelic

polyamine is selected from the group consisting of poly-

? "% oxyalkylene polyamines, oxyalkylene copolymer polyamines,
o e, polyalkadiene polyamines, alkadiene copolymer polyamines,
“:: polyalkene polyamines; alkene copolymer polYaminés, and

e oo combinations thereof. ’

:J::° 3. The initiator of Claim 1 or 2 wherein at

least 90 mole % of the amine groups have been reacted

to form the lactam terminal groups.

®e’e00’ 4, The initiator of Claim 3 wherein at least

95 mole % of the amine groups have been reacted to form

the lactam terminal groups.

cooo 5. The initiator of any one of Claims 1 to 4
®

o
oqeo

wherein m and n are 1.

e
2060000
[} ]

6. The initiator of any one of Claim 1 to 5

wherein A is meta- or para-phenylene.




7. The initiator of any one of Claims 1 to 5
wherein A is a C3 to Cg hydrocarbyl radical.

8. : The initiator of any one of Claims 1 to 5
wherein A is a hydrocarbyl radical selected from the group
consisting of péra-phenylene, meta-phenylene, and %CHz}x,

wherein x is in the range of 3 to 8.

9. The initiator of any one of Claims 1 to 8
wherein the telechelic polyamine has a number average

molecular weight greater than about 300.

10. The initiator of Claim 9 wherein the telechelic
polyamine has a number average molecular weight greater
than about 1000.

11, The initiator of any one of Claims 1 to 10
wherein the telechelic polyamine has at least three

amine groups.

° e

2.2, 12, The ‘initiator of any one of Claims 1 to 11
e 0% additionally comprising a substituted ammonium halide.
L:: 13. The initiator of any one of Claims 1 to 11

»
°
©

Se e additionally comprising lactam monomer.

e

co
°
L]

oBue

14. A lactam polymerization initiator
o represented by the formula:
I o o0
i‘? " n
& 0 ae =-C- bl
e, | Z4{NH-C A.m(C)'nQp]t

wherein 2 is polyvalent radical derived from a
telechelic polyamine containing at least 2 primary or

A XX}

poee secondary amine groups selected from the group consisting
“ett e of polyoxyalkylene polyamines, oxyalkylene copolymer
polyamines, polyalkadiene polyamines, alkadiene copolymer

pol?amines, polyalkene polyamines, alkene copolymer
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10 polyamines, and combinations thereof; A is an aliphatic or
.aromatic hydrocarbyl or hydrocarbyl ether group; Q is a
lactam residue containing a C3 to Cll alkylene group; t is
at least 1; m is 0 or 1, whenm is 0, n is 0 or 1 and p is 1

and when m is 1, n is in the range of 1 to 3 and p = n.

15. The initiator of Claim 14 wherein m and n are 1

and A is meta- or para-phenylene.

16. The initiator of Claim 14 or 15 wherein the
telechelic polyamine has a number average molecular weight
of at least about 300.

17. The initiator of Claim 16 wherein the telechelic
polyamine has a number average molecular weight of at
least about 1000.

18. The initiator of any one of Claims 14 to 17
wherein the telechelic polyamine has at least 3 primary

or secondary amine groups.

R 19. The initiator of any one of Claims 14 to 18
270" % additionally comprising lactam monomer.
o %
°:°1'° .
o 20. The initiator of any one of Claims 14 to 18
KTIT addit%pnally comprising a substituted ammonium halide.
oo, 21. A lactam polymerization initiator represented
° a9
o 0o by the formula:
e 0 °

i o e O 0

f"; [1] n
a%e’"e Z4NH-C c-0l,
000 wherein Z is derived from a telechelic polyamine con-
5“"‘ taining at least two primary amine groups selected
°etete from the group consisting of polybutadiene polyamines,

acrylonitrile-butadiene copolymer.polyamines, poly-

oxyalkvlene polyamines,and combinations thereof, and
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wherein the telechelic polyamine has a molecular weight
10 - of betwszen about 300 and 10,000.

22, A process for the preparation of a lactam polymer-

‘ization initiator as defined in’claim 1, camprising the following steps:

‘(a] complexing the acid halide groups of a
polyfunctional acid halide with a teriary amine;
5 (b) reacting at least one but less than all
of the complexed acid halide groups with a lactam
‘monomer represented by the formula

Y

s ve Hﬁcé=o, where Y is a C3 to Cq; alkylene group to

iﬁoj replace the halogen with a.lactam residug and fprm an
ORI ammonium halide salt;

LN (c) reacting at least 9Q mole % of the

et remaining complexed acid halide grdups.with a- telechelic
:,03: polyamine having at least two primary or secondéry_amine
ﬂSOE groups to form amide groups and ammonium halide salt; and
e (d) removing the ammonium halide salt.

RITTS 23. The process of Claim 22 wherein steps (a), (b),
:°u° and (c) are performed prior to exposure to lactam
°°:”o polymerization conditions.

e 24, The process of Claim 22 or 23 wherein

. about 50 mole % of the halogen groups of the complexed
2273% acid halide are replaced with a lactam residue in step (b).
F\\? 25. A lactam polymerization initiator obtained by

the process of any one of claims 22 to 24.

26. The process of Claim 23 or 24, additionally
comprising: reacting the lactam polymerizgtion initiator
with lactam monomer in the presence of a lactam poly-
merization catalyst to form a nylon block copolymer

having block linkages of the formula:

[ESFUIE RN . i BINTN A ot i
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o o 0
n n "

—NH—C—Am%C%n(NH—Y—C+p

wherein Y is a C3-Cll alkylene group, A is an aromatic
or aliphatic hydrocarbyl or hydrocarbyl ether group,
and m is 0 or 1; when m is 0, n is 0 or 1 and p is 1;

10 and when m is 1, n is in the range of 1 to 3 and p = n.

27. The process of Claim 26, wherein the lactam
polymerization step is substantially complete in less

than about 3 minutes.

oo 28. The process of Claim 27, wherein the lactam
e» . polymerization step is substantially complete in less
than about 1 minute. '

°ea® 8 29, The process of any one of Claims 26 to 28

0l00® wherein, prior to performing the lactam polymerization
step, at least 95% of the lactam terminal groups of
the initiator are of the formula:

oo O O

o
XXX n "

5°°°:°. —NH-C—Am'('C)'n Q

wherein A is an aromatic or aliphatic hydrocarbyl or
hydrocarbyl ether group, Q is a lactam residue
containing a C3 to Cll alkylene group, and m is 0 or
oves l; whenm is 0, n is 0 or 1 and when m is 1, n is in
10 o the range of 1 to 3.

7 30. The nylon block copolymer formed by the
process of any one of Claims 26 to 29.

31. B\ nylon block copolymer prepared with the

lactam polymerization initiator of Claim 1, said nylon

segments, wherein

segments of the

block copolymer comprising soft and hard

the hard segments consist essentially of
formula:

0

C-Y-
4C-Y-NH}
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‘5 wherein @ ='4 to 300, and ¥ is a C3-Cll alkylene group
and the soft segments contribute a Tg of less than OOC;
and wherein the soft and hard segments are :linked by
segments consisting essentially of:

0 0] (0]

W 1) "

-NH-C -Améc )—'n (NH-Y ~-C )-p

10 wherein Y is a CB-Cll alkylene.group, A is an aromatic
or aliphatic hydrocarbyl or hydrocarbyl ether croup,
and m is 0 6r l; when mis 0, n is 0 or 1 and p is 1;
and when m is 1, n is in the range of 1 to 3 and p = n.

LR
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