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ing the polymer with a polyfunctional cross-linking agent.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli-
cations under the PCT.

AT  Austria GA Gabon MR Mauritania
AU Australia GB  United Kingdom MW Malawi

BB Barbados HU Hungary NL Netherlands
BE Belgium ) IT Ttaly NO Norway

BG Bulgaria JP  Japan RO Romania

BR Brazil KP Democratic People’s Republic SD Sudan

CF  Central African Republic of Korea SE Sweden

CG Congo KR Republic of Korea SN  Senegal

CH Switzerland LI Liechtenstein SU Soviet Union
CM Cameroon LK Sri Lanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco US  United States of America
FI  Finland MG Madagascar

FR France ML Mali

"

e



WO086/00046 PCT/US84/00915

MAKING CROSS=-LINKED STYRENE POLYMER FOAM

It is known that the use of relatively lightly
to moderately cross-linked resinous polymeric materials
generally improved foamed or expanded plastic products
and materials. Prior art and conventionally utilized
practice does not ordinarily attempt to accomplish the
cross-linking during normal thermoplastic fabrication
processing procedures, .as in the course of normal
extrusion operations and the like. Cross-linked polymers
are not usually employed for processing in conventional
extrusion or injection molding apparatus because of
shear degradation of the polymer.

The prior art does not appear to concern
itself with the production by in-process cross-linking
techniques using conventional extruders and injection
molding machines to provide articles foamed or solid
of improved physical properties.

The present invention concerns production of
high quality, cross-linked foamed and unfoamed articles -
of various acid-containing alkenyl aromatic copolymers
using conventional apparatus such as typical extruders
and injection molding machines.
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The present invention is particularly suited
for the preparation thereof extruded foam boardstock
and the like for insulation and other applications,
extruded foam and unfoamed sheet and film for packaging,
decorative and other uses; for packaging, cushioning,
injection molded parts, and the like.

Method for the preparation of synthetic
resinous thermoplastic products which comprises providing
an acid-containing resinous polymer of an alkenyl
aromatic monomer having copolymerized therewith at
least about 60 percent by weight of at least one monomer
of the Formula:

G
CH,=C-Ar, (1)

wherein G is selected from the group consisting of
hydrogen and methyl and Ar is an aromatic radical,
including various alkyl- and halo-ring-substituted
aromatic units, of from 6 to about 10 carbon atoms;
with acid-providing monomer that is copolymerizable
with styrene of at least one other monomer of the
Formula: '

z
X~C-(CH,) ,_,~COOE (11)

wherein Z is selected from the group consisting of
hydrogen, alkyl radicals that contain not more than
about 4 carbon atoms and carboxyl units when X is
devoid of any carboxylating attachments; and X is a
monocethylenically unsaturated substituent selected from
the group consisting of methylene, alkenyl units con-
taining from 2 to about 5 carbon atoms and, when 2 is
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-3=
not carboxyl, carboxylated methylene and monocarboxylated

alkenyl and alkene units containing from 2 to about 5
carbon atoms; the same having any further balance, if
any, of copolymerized ethylenically unsaturated components,
monomers and elastomeric natural or synthetic rubbers
of at least one member of the class of same that are
copolymerizable with styrene; feeding and passing
through a mixing, malaxating extrusion apparatus acide-
-containing polymer, operating the extrusion apparatus
at a temperature of between about that of the heat
softening temperature of said polymer and that of the
decomposition temperature of the polymer; and at one or
more points within the apparatus at about or between
its feed point and the point of extrudate discharge
therefrom, incorporating into said polymer mass passing
through said apparatus an effective interconnecting and
network-building additament quantity of a cross-linking
agent that is reactive with the free carboxyl entities
in said polymer whereby to cross-link said mass of
polymerizate material therein; and finally discharging
said cross-linked mass of ﬁolymer material from said
extruder apparatus.

Products having exceptionally good quality,
are thus directly obtained from the extrusion apparatus
either in the form of desired extrudate (such as sheet,
film or shaped article, and injection molded articles).
The melt strength inherent in the cross-linked, thermo-
plastic materials prepared in practice of the present
invention is valuable for obtaining foam, films and
other expanded plastic products. Consistently repro=-
ducable results are obtained. No important adjustments
or changes in use of the apparatus and processing
procedures are required.
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Brief Description of the Drawings

Figure 1 is a schematic flow sheet of the
process in accord with the invention. Figures 2 and
3 indicate modifications of the process depicted in
- Figure 1. Figure 4 is a plot of foam density versus
the theoretical amount of acrylic acid reacted.

The acid=-containing copolymers in practice
of the present invention are alkenyl aromatic copolymers
containing, polymerized therein at least about 60 weight
percent based on polymer composition weight, of at least
one monomer of the Formula:

G

CH.,=C-Ar, (1)

2
wherein G is selected from the group consisting of
hydrogen and methyl and Ax is an aromatic radical
including alkyl- and halo~£ing—substituted aromatic
radicals of from 6 to about 10 carbon atoms, such as
a=-methylstyrene; vinyl toluene; vinyl naphthalene; the
dimethyl styrenes; t-butyl styrene; chlorostyrenes;
bromostyrenes; isopropenyl toluene; and mixtures thereof.

It is usually more advantageous, for the
acid-containing polymer to contain at least about 80 to
up to as much as 99.9 weight percent of the Formula (I)
monomer polymerized therein.

The acid-containing polymer may be a terpolymer
or even more complex copolymer formed with the acidic
moncmer and the alkenyl aromatic Formula (I) monomer
with an other than Formula (I) or Formula (II) monomer
or other unsaturated polymerizable component that is
copolymerizable therewith.
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Copolymers may include those prepared by
addition polymerization of the Formulae (I) and (II)
monomers with such other monomers as: methyl acrylate;
ethyl acrylate; methyl methacrylate; acrylonitrile;
¢-methacrylonitrile; methacrylamide; vinylpyridines,
such as 2-vinylpyridine and 2-methyl-5-vinylpyridine;
methyl vinyl ketone and methyl isopropenyl ketone;
vinyl halides, particularly vinyl chloride; various
vinyl organic acid esters, such as vinyl acetate, vinyl
propionate; maleic anhydride; and so forth.

The acid-containing alkenYl'aromatic polymers
may also be ter-, tetra- and the like copolymers of
monomers with natural and/or synthetic rubber or elastomers
in order to provide rubber-modified and impact-resistant
productsf

The acid-providiﬁg comenomers that are copoly-
merized with the Formula (I) monomers and if desired
other copolymerizable monomers to provide the acid-containing,
cross-linkable, alkenyl aromatic polymers employed in
practice of the present invention are generally any of
the acrylic acids, such as acrylic acid and methacrylic
acid, as well as moncethylenically unsaturated, dibasic
carboxylic acids, such as fumaric acid, maleic acid,
itaconic acid, citraconic acid, mesaconic acid, and the
like, having the general Formula:

2
X-C-(CH, ) ,_,~COOE, (I11)

wherein Z is selected from the group consisting of
hydrogen alkyl radicals that contain not more than
about 4 carbon atoms and carboxyl units when X is
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devoid of any carboxylating attachments and X is a
monoethylenically unsaturated substituent selected from
the group consisting of methylene, alkene, and alkenyl
units containing from 2 to about 5 carbon atoms (including
vinyl, isopropenyl and other alkyl-substituted arrange-
ments) and, when Z is not carboxyl, carboxylated
methylene, and monocarboxylated alkenyl units con-

taining from 2 to about 5 carbon atoms.

In the event a foamed or foamable product is
desired, volatile organic, gas- or vapor-providing
blowing agent may be used in conventional admixture
with the normally solid acid-containing alkenyl aromatic
copolymers for conversion of same into expanded articles.
Gaseous materials, such as carbon dioxide, may be
provided in the acid-containing thermoplastic in the
known ways. The incorporation of the blowing agent in
the plastic mass can be acgomplished in any suitable way
as by incorporation in a melt to be extruded into
expandable particles; mixing of the blowing agent with
extrusion-grade powders, gfanules, beads or other
particulate form of the plastic to be rendered into
expandable forms by means of extrusion procedures;
impregnation of a gaseous or vaporized blowing agent
into the extrudable particles to be used. Suitable
blowing agent materials are monochlorc-methane;
dichloro-difluoromethane; trichloro-monofluoro-methane;
trichloro-trifluoro-ethane; propanes; butanes; pentanes;
and mixtures thereof. :

The acid-containing, thermoplastic, alkenyl
aromatic polymers used in practice of the present
invention are subjected to reaction and medification
with a suitable cross-linking agent for the compo-
sitions before feeding into, during passage through or

SUREA
OMPI

D WIPO

&Ry a0

e ]

W,

"



W086/00046 PCT/US84/00915
7

just prior to emergence from a conventional screw
extruder or the like apparatus and through suitable
die or mold to produce the shaped articles obtainable
by the present invention.

In the cross-linking step of the present
invention, temperatures tend to vary with given polymer
systems being processed along with particular blowing
agents and cross-linking agents employed and are generally
in the range that falls between the foaming temperature
of the system being processed and the decomposition
temperature thereof. Optimum operating temperatures,
of course, are either readily perceptible to those
skilled in the art, or easily determinable.

Many commercially or otherwise readily available
polyfunctional materials that are reactive with non-hindered
carboxyl units in acid-confaining polymeric structures
can be employed to get excellent results in and for the
cross-linking and network structure formation of the
acid-ceontaining alkenyl aromatic polymers involved in
present invention.

Without limitation thereto, however, it is
frequently most attractive and conducive of dependably
satisfacotry results to use, as the cross-linking agent
for employment in practice of the invention, such
commodities as the various epoxy resins, polyisocyanates,
and/or divinyl ether type products, or mixtures of one
or more thereof.

Illustrative of these:

(1) satisfactory epoxy resins include such
commercially-available materials as "D.E.N.=-431",
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"D.E.N.=-439", "D.E.R.=-331", "D.E.R.=-542", "D.E.R.=-661",
"D.E.R.=-642u", "D.E.R.-664" and "D.E.R.-667"
(obtainable from The Dow Chemical Company) and their
likes or equivalents, all of which are characterized by
containment therein of the characteristic

\o/ ()

structure in its molecular arrangement. The epoxy
resin cross-linking agents to employ advantageously
have an epoxy equivalent weight value that is between
about 50 and 2000, more advantageously in the range from
about 100 to 1000 or so; and

(ii) satisfactory polyisocyanates typically
include such commerical magerials as "MONDUR MRY,
"MONDUR MRS" and "MONDUR M§~200" (produced by Mobay
Chemical Company) and the PPAPI's" 580, 135 and 27
(manufactured by The Upjohn Company). These,
chemically, are polymethylene polyphenylene polyiso-
cyanates which, somewhat more specifically, is illus-
trated by 4,4'-methylenediphenyldiisocyanate (i.e.,
"MbI"). Characteristically, such compounds have two or
more isocyanate groups per molecule thereof.

(iii) satisfactory divinyl ether type products
to employ are typified by ethylene glycol divinyl
ether. Nonetheless, they may also be any of the polyvinyl
polyalkylene oxide vinyl ethers which may be represented
by the generic Formula: '

CHZ=CH-O-R-OCH=CHZ (D)

wherein R is a divalent alkyl group.
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Optimum foaming behavior is fregquently realized
when the product of the acid-containing polymer constituent
and the cross-linking agent utlized for the interconnecting
reaction forms about one interlink per weight average
molecule that is involved. Accordingly and in general,
markedly improved thermocollapse behavior characteristics
of the foam products manufactured in pursuance with
practice of the present invention when the cross-linking
coefficient (which represents the number of cross-links
per weight average molecule) ranges between values of
about 0.5 to about 3 and preferably from 0.8 to 2.

On the practical scale, the quantity of the
cross-linking reagent to utilize is ordinarily somewhere
in the range of between about 0.10 and about 10 milli-
equivalents thereof per each 100 parts of the acid-
-containing alkenyl aromatic polymer to be interconnected,
all taken on a weight basig.. This is particularly the
case when the copolymers o§ styrene and acrylic acid
are employed. Very often, the ratio of cross-linking
reagent to polymer being treated falls within the more
narrow limits of about 0.15 to about 7 milliequivalents
of the former to 100 parts of the latter.

The catalyst materials, if employed, for the
cross-linking reaction that occurs are usually inorganic
and/or organic oxides and hydroxides of various metallic
and organic constituents, although certain salts (in-
cluding halides and organic acid products such as acetates
and stearates) and organic azotic derivatives such as
amines and imidizoles are also often useful. The
inorganic oxides and hydroxides that exhibit the greatest
functionality for the given purpose are quite often
those of the alkali metals as well as those of the
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Groups IIA and IIB metals in the Periodic Table, plus
certain salts including chlorides, acetates, stearates
and the like of silicon, germanium, iron and its other
Group VIII associates cobalt, nickel and chromium.
Catalyst selection is frequently best determined by
trial and error procedures. An abundance of art exists
as to effective catalyzation of the reaction of any
given cross-linkiﬁg agent that is selected for reaction
with the carboxyl groups in the acid-containing polymers.
Effective quantities of catalyst to employ generally
are between about 0.025 and about 2 percent by weight
based on total composition weight involved; a more
advantageous range oftentimes being from about 0.05 to
about 1 percent by weight of catalyst material.

For maximized foam quality results, it is
usual to employ a nucleatipg agent in the materials
that are handled and made in practice of the present
invention. This, of course, is consistent with general
practices in the art concerned with more uniform cell
size and characteristics in expanded cellular foam
plastics products. Conventional quantities of finely
divided material usually inorganic and inert to the
materials in which they are incorpoated, can thus be
employed for the purpose. While nucleating agent
loadings for given expandable systems may vary, something
on the order of such (typically inorganic filler-type)
substances, that is between about 0.001 and about 2
percent by weight, more often from about 0.1 to about
0.5 percent by weight, is ordinarily suitable. Talc
makes a very good nucleating agent for most systems of
interest. However, many other nucleating agent substances
can be used, including titanium dioxide (Tioz), chalk

-
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(Cacos), various oxides of lead including white lead,
fumed silica and the like.

The compositions of the present invention can
contain other additives that are often included in such
compositions as antioxidants, pigments (other than
substances utilized for nucleating agent purposes);
dyes; fillers (either pulverulent, particulate or
fibrous and, again, other than such classes of
materials employed for nucleation); stabilizers;
mineral oil plasticizers; and the like.

The polymers of the present invention can be
fabricated into sheet, film, board, various molded
forms and articles. Employing the present invention to
prepare foams by extrusion or molding results in foam
that resists collapse at temperatures which are
significantly higher than,§p¢ relative collapse
temperature of foams from ;né unmodified parent
thermoplastic polymer that is involved.

The following examples still further illus-
trate the invention. In these, all parts and percentages
(unless otherwise indicated) are to be taken on the
weight basis by which they were worked and all tempera-
tures are in °C. For a good part of the data produced,
a conventional variety of Brabender milling unit having
a mixing chamber with associated means for heating and
measuring the melt consistency by torque determinations
on the incorpoated material being tested was utilized;
the model involved being known as a "Plastic-Corder"
(Reg. TM) unit.
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Example 1 - Cross-linking of Styrene/Acrylic Acid
Copolymer with Diethyleneglycol Divinyl
Ether During the Extrusion Process

A copolymer'of styrene and acrylic acid
having a weight average molecular weight of about
215,000 and containing 8 percent by weight of acrylic
acid was extruded into expandable beads containing
approximately 14 parts per hundred of trichlorofluoro-
methane. The expandable granules were reextruded into
foam on a laboratory 1.9 cm diameter extruder. A
foaming temperature (die temperature) of 175°C was
used. One percent talc was added as a nucleator.
Diethyleneglycol divinyl ether was added at several
different concentrations with the following results:




PCT/US84/00915

WO086/00046

-13=

| *ursaI yys Jo ybrom

‘utys L3rsusp
ybtH -buryjury

Te103 uo paseq pajora1 pioe o17hA10®r Jo quoosiad ybrom

~SS0ID JATSIIOXH eW/by 01 001 6 €T 0T'1

119M paueog eW/byY ST1T 05°0 0°L SS'0

113M paueod eu/6Y LL 5Z°0 voE LZ°0

119M paweog ceW/by 0 T°0 AN 10

posderTo) weog cu/by 81Z 0 0 0
R TeYe) AlTsuaq xP230E3Y pIoV OTTLIOY IsuwA10d pPIOY %4 1ybtom

uvog Junouy jus[eatnbg o11h10V/2U31k38 .

TeoT3I=I109Y] syaed 00t
/SAIUSTeATNDITT TN
19Y1d TAUTATE T02ATH
susTAylatq

19y1d TAUTATQ T02AT1H 9uaTAyla1qg/pIov o1 ({A10y/9uaikishkiog jo weog papniixy

I T19v..




%

W086/00046 PCT/US84/00915
14

These data are shown graphically in the
Figure 4. At this high foaming temperature (175°C) the
control (no cross-linking) foamed and collapsed to high
density due to insufficient melt tension. An optimum
concentration of DEGDVE appears to be ~0.11 percent
which corresponds theoretically to reaction with 0.10
percent acrylic acid in the copolymer. .

“

Example 2 - Cross-linking of Styrene/Acrylic Acid
Copolymer (SAA) with Epoxy Resin During
the Extrusion Process

The same styrene-acrylic acid resin described
in Example 1 was extruded into foam using a 3.18 cm
diameter extruder. Twelve parts per hundred of a 50/50
(by weight) mixture of methyl chloride and dichlorodi-~
fluoromethane was used asy blowing agent. One part
per hundred talc was added as nucleator. Two tenths of
one part (0.20) Dow Epoxy Novolac D.E.N.-4318, (a Dow
Epoxy Novolac resin having. an epbxy equivalent weight
of ~175) and five-hundredﬁhs of one part (0.05) magnesium
oxide catalyst per hundred parts of styrene-acrylic
acid polymer were used. The 0.2 parts per 100 D.E.N.-431
is approximately 1.1 epoxy milliequivalents per 100
parts of styrene-acrylic acid copolymer. At a foaming
temperature of 162°C the following data in Table II was
ocbtained.




PCT/US84/00915

WO086/00046

b Z1~ b ¢~ 00022 1® UOTSusj, 119K
S-ed 9.L20°0 S-edevi10°0 (JHI ut
uotringos %0r) weoy jo A3rsoosia uotrinyos
ON sax (21p ?aya e jusbe butmolq Jo ssoy) Hurssen
E~ f UOT]095-55S01I0 WROJ JATIR[3Y
. aanssaxd ajenbape
L 2~ 1 utejurtew o3 paxtnbsx Hurusado afp LarleTOY
weogq 10I3U0) weog

TEV-"N"3°A/PIOY
orthroy-auaafls

(pTov otTTAI0V %9Q)
PIovV oT1TdAxoy-suaxils

TEP~-"N"d°d/PIOoY D2114A10Y-9uaxlls

II d3749VYL




W086/00046 . PCT/US84/00915

Foam samples of the styrene-acrylic acid foam
control and the styrene-acrylic acid/D.E.N.=-431 system
were exposed to an elevated temperature of 138°C for
varying periods of time after which they were aged
under ambient conditions for 24 hours prior to measuring
foam densities. The results are presented in Table
III.
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Example 3 - Larger Scale Foam Extrusion Rate

The same styrene-acrylic acid copolymer
described in Example 1 was extruded into foam using an
epoxy resin as a cross-linking agent at a relative
polymer feed rate 20 times that used in Example 2. The
blowing agent consisted of a mixture of methyl chloride/-
dichlorodifluoromethane (50/50 by weight). A small
amount of talc was used to control cell size. Dow
Epoxy Novolac (D.E.N.-431@) was used as the cross-linking
agent by dissolving in methylene chloride (50/50 by
weight) to facilitate pumping into the extrusion system.
It was observed during the course of these experiments
that the light cross-linking allowed a significantly
larger die opening to  be utilized. Table IV compares
the results of several experiments with and without the
addition of epoxy resin.
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Example 4 - Brabender Torgque Data as a Measure of
Cross=-linking Reactions

A. SAA (8% AA)/Diethyleneglycol Divinyl
Ether Postulated Chemistry
éCHz -CH )-6CHZ C'.‘H-) + CHz =CH-O-CHZ CH2 -O-CH2 CH2 -O-CH=CH2

COZH (DEGDVE)

(SAA)

60
0

C=0
!
(-CHZ -CH) ( CHZ -CHy

A copolymer of styrene and acrylic acid which -
contained about 8 weight percent acrylic acid was added
to the mixing head of the Brabender Plasticorder® which
was preheated to 225°C and rotating at 20 rpm. Addition
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of diethylene glycoldivinyl ether caused immediate

torque increase, indicating reaction between the styrene

acrylic acid polymer and the diethylene glycol divinyl

ether. For example, the addition of 1.1 percent diethylene

‘glycol divinyl ether caused an immediate torgue increase

from 400 meter-grams to 1000 meter-grams, increasing

 further to 1500 meter-grams after 15 minutes and to

2200 meter-grams after 25 minutes. Further mixing

caused a reduction in torque to 900 meter-grams after a

total of 60 minutes, presumably due to shear degradation.

Similar reaction studies were performed with 0, 0.1l

percent and 0.27 percent diethylene glycol divinyl

ether (DEGDVE). Melt flow data were obtained on these

samples at three different temperatures after the one

hour mixing on the Brabender and is set forth in Table

v.

Do WIPO __a
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B. SAA (8% AA)/D.E.N.=-431 Postulated Chemistry

0 Q. Q
\_r /\
émzé)x(wz-gﬁ)y + OCH,CH-CH,| OCH,CH-CH,| OCH,CH-CH,
| CO,H C) |
2 CH, CH,
SAA - B
N
D.E.N.-431
€CHy=H)y (CHp=CH),
C=
t
0
!
2
CH-CH
' ;
2 €.
Q s
CHZ ?H (1-? +>-
OCH,CH~CH,~0-C-CE

t
CH

N A
O | =

) c=

+CH,-CH) , (CE,-CE),
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Styrene-acrylic acid (8 percent acrylic acid)
was added to the Brabender mixer head preheated to
225°C and rotating at 20 rpm. Catalyst magnesium
oxide, when used, was added immediately thereafter.
The D.E.N.-431 was added five minutes after the addition
of the styrene-acrylic acid. Torgque values were recorded
relative to the value at four minutes (prior to the
addition of epxoy). The results are set forth in Table
VI.
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The significant relative torque development
for the magnesium oxide/D.E.N.-431 system is indicative
of cross-linking with the styrene-acrylic acid polymer.
The decrease at long mixing times is probably associated
with normal shear degradation.
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C. Styrene/Acrylic Acid (15% AA) Diisocyanate
Postulated Chemistry

('CHz - ’)—"('CHZ '?H+

OCN-@-CHZ-@ NCO

COZH
(SAA) (MDI)
fCHZ - ) ( CHZ "CH')
1
5 C=0
1
NH
CHZ "COZ
NH
]
C=
@ '
fCHz- )——%CHZ-CH+
A styrene-acrylic acid copolymer containing -

15 percent acrylic acid polymerized therein was added
to the Brabender mixing head which was preheated to
185°C and rotating at 20 rpm. After leveling out, the
initial torque reading was 2500 meter-grams. Three

&
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parts per hundred of 4,4'-methylenediphenyldiisocyanate
(MDI) was added and the torque immediately increased to
3500 meter-grams, indicating cross-linking between the
MDI and styrene-acrylic acid copolymer resin. Upon
addition of three more parts per hundred of MDI, the
torque increased to 4000 meter-grams and then more
slowly to 5000 meter-grams. Further addition of 4.7
pph MDI resulted in immediate cross-linking to the
extent of producing an infusible powder indicating
~excessive reaction. Total reaction time for this
experiment was 5 minutes. '
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D. Styrene-Acrylic Acid Ionomer/D.E.N.=-431
Postulated Chemistry

CH,-CH~CH,-0-R-0-CH,~-CH~CH
0 0

+CHZ-CH+-fCHZ-939 +
Cc=0
t

Q=
zn™*

CH,

G

1
| c=0
$CH,,=CH)——f(CEH,, ~CH}

Styrene-acrylic acid copolymer with a low
level of acrylic acid (0.16 percent) in the form of the
zinc salt was added to the Brabender mixing head which
was preheated to 225°C and rotating at 20 rpm. After .
five minutes, 0.25 pph of D.E.N.=-431 was added. Torgue
values, relative to four minutes are shown in Table
VII.
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E. Styrene-Adrylic Acid/D.E.N.=-431

~ Styrene-acrylic acid copolymer containing 1
percent acrylic acid was added to the Brabender mixing
head which was preheated to 225°C and rotating at 20
rpm. Sodium hydroxide catalyst (0.20 pph) was added
immediately and 0.25 pph D.E.N.-431 was added at five
minutes. The relative torque values are shown in Table
VIII.
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The significant relative torgue development
for the sodium hydroxide/D.E.N.=-431 system is indicative
of cross-linking with the styrene-acrylic acid copolymer.
The decrease in torgque at long mixing times is probably
associated with normal shear degradation.

- F. Styrene-Acrylic Acid (1% Acrylic Acid)/-
D.E.R.=331

The previous experiment (E above) was repeated
with the exception that 0.25 pph D.E.R.-331 (a Dow
Epoxy Resin based on bisphenol=-A having an epoxy equivalent
weight of approximately 186) was used in place of the
D.E.N.-431. Relative torgque data are shown in Table IX.
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Example S - Catalysts for the Styrene-Acrylic Acid
Copolymer (1% Acrylic Acid)/D.E.N.=431
Reaction

A styrene-acrylic acid copolymer containing
one percent acrylic acid was added to the Brabender
mixing head preheated to 225°C and rotating at 20 rpm.
Catalysts were added immediately and 0.25 pph D.E.N.=431
was added at five minutes. Relative torque data was
recorded and is shown in Table X.
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WHAT IS CLAIMED IS:

1. Method for the preparation of synthetic
resinous thermoplaséic products which comprises
providing an acid=-containing resinous polymer of an
alkenyl aromatic monomer having copolymerized at least
60 percent by weight of at least one monomer of the
Formula:

.G
CH,=C<Af, (1)
wherein G is selected from‘the group consisting of
hydrogen and methyl and Ar is an aromatic radical,
including various alkyl- and halo-ring-substituted
aromatic units, of from 6 to 10 carbon atoms; with at
least one acid-providing monomer copolymerizable with

styrene of the Formula:

2
!
X-C-(CH,),_,=COCH (II)
wherein Z is selected from the group consisting of -

hydrogen, alkyl radicals that contain not more
than 4 carbon atoms and carboxyl units when X is
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devoid of any carboxylating attachments; and X is a
monoethylenically unsaturated substituent selected from
the group consisting of methylene, alkenyl units con-
taining from 2 to 5 carbon atoms and, when Z is not
carboxyl, carboxylated methylene and monocarboxylated
alkenyl and alkene units containing from 2 to 5 carbon
atoms; the same having any further balance, if any, of
copolymerized ethylenically unsaturated components,
monomers and elastomeric natural or synthetic rubbers
of at least one member of the class of same that are
copolymerizable with styrene; feeding and passing
through a mixing, malaxating extrusion apparatus acid-
containing polymer, operating the extrusion apparatus
at a temperature between that of the heat.softening
temperature and the decomposition temperature of the
polymer; and at one or more points within the apparatus
between its feed point and the point of extrudate
discharge therefrom, incorporating into said polymer
mass passing through said apparatus an effective
interconnecting and network-building additament
quantity of a cross-linking agent that is reactive with
the free carboxyl entities in said polymer whereby to
cross-link said mass of polymerizate material therein;
and finally discharging said cross-linked mass of
polymer material from said extruder.

2. The method of Claim 1 wherein a blowing
agent is admixed with the resinous polymer and the
discharged extrudate is converted directly into an
extrusion molded product through appropriate forming
means on the discharge end of said extruder apparatus.

Hon PO
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3. The method of Claim 1 including adding
along with said cross-linking agent an effective quantity
of a catalyst for promoting the reaction of said cross-
-linking agent with the free carboxyl entities in said
polymerizate.

4. The method of Claim 1 using 0.10 to 10
milliequivalents of said cross-linking agent per each
100 equivalent parts by weight of resinous aromatic
polymer passing through said extruder.

5. The method of Claim 1 including adding
along with said cross-linking agent an effective quantity
of volatile blowing agent and a pulverulent nucleating
agent to form an expandable polymer mass.

6. The method of Claim 1 wherein the aromatic
interpolymer contains copcilymerized therein 80 to 99.9
weight percent of the Formula (I) monomer.

7. A method of Claim 1 wherein the aromatic
interpclymer is a copolymer of styrene and acrylic
acid.

8. A method of Claim 1 wherein the cross-
-linking agent is a polyisocyanate.

9. The method of Claim 8 wherein the
polyisocyanate is 4,4'-methylenediphenyldiisocyanate.

10. A method of Claim 1 wherein the cross- -
-linking agent is an epoxy resin.
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11. A method of Claim 1 wherein said cross-
linking agent is a divinyl ether.

12. The method of Claim 11, wherein the
divinyl ether is diethylene glycol divinyl ether.
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EXTRUDED FOAM DENSITY (BRABENDER UNIT)

VS. DEGREE OF CROSSLINKING SAA(B% AA)

WITH DIETHYLENEGLYCOL. DIVINYL ETHER.
(ALL CONTAIN 1% TALC ; FOAMING TEMP. =175°C)
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