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ABSTRACT OF THE DISCLOSURE

The density of rigid foamed articles made by the thermal decomposition of a blowing
agent in a vinyl chloride polymer is reduced by the use of a tin based blowing agent
activator(s). The tin based activator also reduces the activation temperature of a
chemical blowing agent, allowing for more optimal evolution of gas during plastic

processing. Dibutyl tin oxide or tin maleates are superior activators of vinyl chloride

polymer blowing agents.
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POLY VINYL CHLORIDE FOAM PROMOTERS

FIELD OF THE INVENTION

The present invention relates to the preparation of cellular vinyl chloride polymers. It
relates more particularly to certain tin compounds that are superior activators for

blowing agents employed in the preparation of cellular vinyl chloride polymers.

BACKGROUND OF THE INVENTION

One important utility for vinyl chloride resins is in the preparation of rigid foamed
articles. The articles are manufactured by known methods such as extrusion of a blend
of the resin and additives with a suitable chemical blowing agent and choosing the
processing temperature such that it is above the decomposition temperature ot the
blowing agent. The bubbles of gas evolved by the blowing agent are entrapped within
the molten resin, thereby forming a cellular structure that are commercially usetful
articles such as pipe, decorative molding, trimboard, and structural siding. Usually,
the polymer is melted at a temperature between 150° and 200° C and 1t 1s necessary to
include a stabilizer in the formulation for the purpose of eliminating or at least
minimizing the heat-induced discoloration of the vinyl chloride polymer which would
otherwise occur at these temperatures. Also, when the decomposition temperature ot
the blowing agent is much above the processing temperature, activators are employed
to hasten the decomposition of the blowing agent and/or lower the blowing agent
decomposition temperature. The combination of a blowing agent and an activator
increases both the degree and the rate of blowing agent decomposition and potentially
the process window of the decomposition. The resultant larger volume of gas
generated is desirable, since it reduces the amount of blowing agent required, or can

result in lower density foam at similar blowing agent use levels.

It is known that a variety of organotin compounds, particularly dibutyltin derivatives
of mercaptocarboxylic acid esters, will impart useful levels of heat stability to vinyl
chloride polymers. It is also known that organotin chlorides work well by themselves
or in combination with organotin carboxylates as activators for typical blowing agents

such as azodicarbonamides, 5-phenyl tetrazole, and benzene sulfonylhydrazide.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the use of certain tin compounds as activators for
blowing agents employed in the preparation of cellular vinyl chloride polymers. The
activators of the present invention effectively lower the blowing agent decomposition
temperature and increase the rate of blowing agent decomposition thereby enhancing
the effect of the blowing agent, which could be evidenced by increased foam
thickness and decreased foam specific gravity. The tin compound activators of the
present invention also can replace, augment or reduce the need for commonly used
additives such as ZnO and oxybisbenzenesulfonyl hydrazide (OBSH). ZnO and
OBSH, which are often added to lower the activation temperature of exothermic
blowing agents. The tin compounds of the present invention can also serve as a
stabilizer in concert with or in place of other stabilizers in the cellular vinyl chloride
polymer composition. When the tin compounds are serving a “dual” purpose of
activator and stabilizer, higher concentration would typically be used. All

percentages herein are by weight unless specified otherwise.

Vinyl chloride polymers are made from monomers consisting of vinyl chloride alone
or a mixture of monomers comprising, preferably, at least about 70% by weight based
on the total monomer weight of vinyl chloride. They are exemplified by copolymers
of vinyl chloride with from about 1 to about 30% of a copolymerizable ethylenically
unsaturated material such as vinyl acetate, vinyl butyrate, vinyl benzoate, vinylidene
chloride, diethyl fumarate, diethyl maleate, other alkyl fumarates and maleates, vinyl
propionate, methyl acrylate, 2-ethylhexyl acrylate, butyl acrylate and other alkyl
acrylates, methyl methacrylate, ethyl methacrylate, butyl methacrylate and other alkyl
methacrylates, methyl alpha-chloroacrylate, styrene, trichloroethylene, vinyl ethers
such as vinyl ethy! ether, vinyl chloroethyl ether and vinyl phenyl ether, vinyl ketones
such as vinyl methyl ketone and vinyl phenyl ketone, 1-fluoro-2-chloroethylene,
acrylonitrile, chloroacrylonitrile, allylidene diacetate and chloroallylidene diacetate.
Typical copolymers include vinyl chloride-vinyl acetate (96:4 sold commercially as
VYNW), vinyl chloride-vinyl acetate (87:13), vinyl chloride-viny] acetate-maleic
anhydride ((86:13:1), vinyl chloride-vinylidene chloride (95:5); vinyl chloride-diethyl
fumarate (95:5), and vinyl chloride 2-ethylhexyl acrylate (30:20).
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The vinyl chioride polymers constitute the major portion of the compositions of this

invention. Thus, they amount to from about 70% to about 95% by weight of the total

weight of the unfoamed compositions of this invention.

The blowing agent may be any one or a mixture of those commonly used for foaming
PVC, including azobisformamide (also commonly known as azodicarbonamide), 5-
phenyl tetrazole, benzene sulfonyl hydrazide, citric acid, sodium bicarbonate and
mixtures thercof. The concentration of the blowing agent is typically from about 0.1

to about 5.0% by weight of the total composition prior to the formation of foam.

The blowing agent activator of the present invention comprises a tin compound
mcluding but not Iimited to dibutyl tin oxide and tin maleates. The activator helps the
nitrogen-containing, carbon dioxide containing, and other decomposition type
blowing agent to decompose faster and to generate more gases. The activator lowers
the temperature for the decomposition of the blowing agent as well as provides for
more complete decomposition of the blowing agent. The effect of the blowing agent
activator 1s independent of whether it is added to the vinyl chloride polymer as an
aqueous solution, as part of a stabilizer package, as part of a lubricant package, or as
part of an additive package. A variety of conventional molding and extruding
techniques may be used to form the rigid, cellular vinyl chloride polvmers of this

invention into pipe or any desired profile or a sheet.

Examples of suitable activators include tin salts of monocarboxylic acids and organo-
tin stabilizers. Examples of such organo-tin stabilizers include without limitation:
dibutyltin dilaurate, dibutyltin maleate, di(n-octyl) tin maleate, dibutyltin bis(lauryl
mercaptide), dibutyltin, S,S-bis(isooctyl thioglycoate), dibutyltin 3
mercaptoproprionate, di-n-octyltin 8,S-bis(isooctyl thioglycolate), dibutylin tin oxide,
dibutyl tin dilaurate, di-n-octyltin p-mercaptoproprionate, the reaction product of
maleic anhydride, stearyl alcohol, water, and dibutyl tin oxide and mixtures thereof.
The activator may be included in any amount useful to cause the activation.
Generally, when serving only as an activator, from about 0.001 to 5wi% of activator
may be tncluded in the chemical blowing agent composition comprising the chemical
blowing agent and the blowing agent activator. However, when serving as a
combination tin stabilizer and activator, the activator can be used at concentrations of

from about 0.01wt% to 10wt% of the blowing agent composition. The blowing agent
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composition can be used at concentrations of from about 0.1wt% to 10wt% of the
overall PVC composition. Alternatively, the activator/stabilizer can be combined
directly with the PVC resin at concentrations of from about 0.1 — 10.0 parts per 100
parts (phr) PVC resin, typically in the 2-3 phr range. The activator particles can range
in s1ze from about 5 microns to about 500 microns with a particle size range of from

about 10 to 100 being preferred.

An exemplary tin maleate material can be prepared via the reaction of stearyl alcohol
and a stoichiometric excess of maleic anhydride. The reaction product is then reacted
with a stoichiometric excess of dibutyl tin oxide to provide a reaction product
containing, in part, tin maleate materials, which can be used without further

processing.

Vinyl chioride polymer foam compositions typically include a stabilizer in the un-
foamed compositions of from about 0.1 to about 10% by weight. They may be
incorporated into the compositions by admixing in an appropriate mill or mixer or by
any of the other well-known methods that provide for the uniform distribution of the

stabilizers throughout the composition.

In addition to the blowing agent and activator compositions, the vinyl chloride
polymer compositions of the present invention may contain additives for the purpose
of increasing resistance to oxidation, flame retardancy and impact resistance of the
polymer. Pigments, fillers, dyes, ultraviolet light absorbing agents and the like may
also be present. Conventional processing aids such as lubricants and acrylic resins can

also be present.

Acrylic resins are employed in vinyl chloride polymer foam compositions as
processing aids to improve melt elasticity and strength and to prevent the collapse of
the cellular structure during processing. The amount of the acrylic resin can vary from
about 2 to about 18 parts per hundred parts of the vinyl chloride polymer. The
molecular weight of the acrylic resin may be in the range ot from 300,000 to
7,500,000 but those having the higher molecular weights are preferred; resins having
a molecular weight of 3,000,000 and higher are particularly preferred.
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Antioxidants may be used in the vinyl chloride polymer foam compositions of the

present invention. Typical antioxidants include phenols, particularly those wherem
the positions adjacent to the carbon atom bearing the hydroxyl radical contain alkyl

radicals as substituents. Phenols wherein this alkyl radical is sterically bulky, e.g. a

tertiary butyl radical, are preferred.

A small amount, usually not more than 0.3%, of a metal rclease agent, such as an
oxidized polyethylene, also can be included in the vinyl chloride polymer foam

compositions of the present mvention.,

A high molecular weight process aid may be included in the foamable composition.
High molecular weight process aids are used to provide melt elasticity or melt
strength to the polymer melt formed within the extruder and high integrity of the foam
cell walls during extrusion. High molecular weight process aids can be acrylic process

aids or copolymers of styrene and acrylonitrile. Suitable high molecular weight

process aids include those high molecular process aids known 1n the art. Acrylic
process aids which can be used in the present invention include thermoplastic
polymethyl methacrylate homo or copolymers with weight average molecular weights
greater than 1,000,000; hard, glassy copolymers of styrene and acrylbnitrile having a
glass transition temperature in excess of 60° C and a dilute solution viscosity greater
than 1.5 as measured in methylethyl ketone at 4% concentration. Copolymers of
styrene and an unsaturated nitrile containing more than 50% of said styrene and 10 to
40% of said nitrile are examples of the styrene acrylonitrile process aids. Preferably
10 parts of the styrene acrylonitrile copolymer are added to the composition per 100
parts of PVC polymer. Examples of suitable acrylic process aids include poly(methyl

methacrylate). Generally, from about 2 to about 20 parts of the acrylic process aid are

added per 100 parts of PVC.

The foamable composition preferably includes lubricants or lubricant mixtures as are
known to those in the art. Suitable lubricants include for example various
hydrocarbons such as paraffin; paraffin oils; low molecular weight polyethylene;
oxidized polvethylene; amide waxes, metal salts of fatty acids; esters of fatty acids
such as butyl stearate; fatty alcohols, such as cetyl, stearyl or octadecyl alcohol;, metal
soaps such as calcium or zinc salts of oleic acid; fatty amides of organic acids; polyol

esters such ad glycerol monostearate, hexaglvcerol distearate and mixtures thereof.
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Examples of possible fatty acids to be used include but are not limited to stearic acid
and calcium stearate. Examples of fatty amides of organic acids include stearamide,
and ethylene-bis-stearamide. Since several lubricants can be combined 1n countless
variations, the total amount of lubricant can vary from application to application.
Optimization of the particular lubricant composition 1s not within the scope ot the
present invention and can be determined easily by one of ordinary skill in the art.
Generally from about one to about ten parts of lubricant are added to the foamable

composition per one hundred parts of PVC polymer.

The foamable composition preferably includes a metal release agent. An example of a
metal release agent is a terpolymer of methylmethacrylate, styrene and butyl acrylate.

Preferably 2.0 parts of this terpolymer per 100 parts of PVC polymer are added to the

lubricant.

In addition, enhancing ingredients useful to enhance either the processing ot PVC or
the PVC foam product can be included in the foamable composition. These include
for example but not limited to pigments, such as titanium dioxide, carbon black, and
iron oxide, fillers such as calcium carbonate, silica, talc and the like, reinforcing
agents such as glass fibers, and graphite fibers or glass spheres, other processing aids,
impact modifiers, and alloying polymers and the like, antioxidants, antistatic agents.
These enhancing ingredients can be added in an amount effective for the intended
purpose. The amount and use would be within the purview of one of ordinary skill in

the art and does not form part of this invention.
EXAMPLE 1

PVC Foam formulations were blended using a high intensity mixer, then cooled and
allowed to fully equilibrate at ambient temperature. The formulations were then
processed in a Cincinnati Milacron conical twin screw extruder having a 22/1 length
to diameter ratio and employing an 8~ wide jacketed sheet die. Pelletized chemical
blowing agent was added to the extruder’s feed throat through a calibrated gravimetric
feeder. From the die, the PVC melt was allowed to freely expand/foam, commonly
called the “Free Foam” extrusion process. The Foam Sheet was routed through three
chilled rolls, in order to give the foam a skin-type surface. From there, the foam air-

cooled while being routed over roller tables. Finally, the foam reached a puller,

6
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operated at a static speed, followed by a cutting table. The foam was extruded using

the conditions stated in Table 1.

TABLE 1
I B

Barrel Zone (°F) ] 355
2 | 355

3 375

4 375

" Adaptor Zones (°F) N 1 362

| 2 362

~ Die Zone (°F) 3-edges 360

[: 4-s1de 1360

| ~ 5-center 345

 6-side 360

| Screw Oil (51'5)_‘L - 355

- Die Jacket (°F) o 350

‘ Screw RPM 235

"~ DieGap (incflgs) - | 0260 |
‘ ~ Roll §tacl?Temp (°F) - | 95
\ - Line Speed (ft/min.) 1.5

The formulations tested are listed in Table 2. Within each group, the formulations are
similar with the exception of the activator and stabilizer. Testing has shown that tin
stabilizer concentrations within the range tested here does not statistically attect the
key parameters measured here, namely foam specific gravity and sheet thickness. The
extrusion results show that the tin maleate stabilizer/activator and the tin oxide

activator to have a beneficial effect on specific gravity and sheet thickness.
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TABLE 2
- GQopi O FOL F0UpA
Formulation Rn#[ A B Cc | D | E F G H I
RLC K67 Resin Sat* | 10000 10000 10000 10000 10000 10000 10000 10000 10000
Caldum Seerede B 07 070 07 YRY
Lukricards  165INPWABX 6C 1.00 100 100 10 10
Oxicized Foiyettylens BC 020 020 020 02D
Wi Tin Stabilizer Sat | 30 - -
Sehilcer Buby Tin Stabilizer Sat - 214 -
Adivitr  TinNHeste SahilzriAcivaer  Stat | - - 300
Tin Oxice Activator BC - 050 - -
Acic HohMAVAoyicPocess Ad 72C 1000 1000 1000
LovMAVADicPocess A 72C 200 200 200 200 20
ocrp  1oTEQfmpatidesz  88C 500 500 500 - - - |
roninel O07umpartidesize — 88C - - - 500 50 50
Titanium Cicedcks i BC 400 400 400 400 40 400
Pelletized CBA (romind pir’ Crvlire 085 08 08 086 066 Q65
.. I Y
Resufs  |SpediicGavtyinwster (ASTMOZD) 074 G851 0610 QM6  OF 0783 068 070 05
Srect Thidaess nces 074 02 QA 081 0§ 0887 0781 0646 06
* Ackifron Tenperahure to high infensity bkencier
EXAMPLE 2

The effect of tin activators was tested via gas vield testing. (Gas yield testing 1s a

common test within the chemical blowing agent (CBA) industry. It 1s used to

measure the amount of gas evolved by CBA products and the temperature at which

the gas begins to evolve, commonly referred to as activation temperature. In this test,

different loadings of tin activators were mixed with a neat exothermic chemztcal

blowing agent, azodicabonamide (CAS#123-77-3). The well-mixed sample was

placed in a sample vial within a gas yield analyzer. This equipment heated the vial at

a constant rate, while continuously tracking sample temperature and gas evolution

from the sample.

As shown below in TABLE 3, when compared to the control, both the tin maleate and

tin oxide have a clear effect on reducing the activation temperature of the CBA.



>

10

WO 2010/033549

Nominal
Particle Size

AAEmE L mE SR mp v

e e Y s

o 0o
e, % W e el 4 *u:.c;%mﬁ“““ Fiax

Control

e B & g wwv-““"‘“‘” \ SePon 3 m et 5 -H HH-N— »-w-w— W@f’* "'31 TH T <omomomti ARG X O O =
q-& ¢¢¢¢¢¢ .‘-mmmwmwﬁ-m-ﬁ W W W@WM J%.ﬁ.mml}v i; ii W}% w W

I’WMI’M

CA 02737471 2011-03-16

PCT/US2009/057096

TABLE 3

Composition
% Tin % Tin % Neat Activation Temp

Maleate Oxide Azo.

100 100-200 deg C Delta vs.
Controf

microns | microns
_-E__

" 05% | | 995% | 187] (1)
 10% | | 990% | 18] (22)
 50% | | 950% | = 183] @ (21)
_100% | | 900% | 18]  (21)

W A R e A AR A Y

S Do oot Ak & I £ i R e e R e D R M I D R

_
| 10% [ 990% [ = 165]  (39)
| 50% | 950% | @ 165 (39
_

-fw“o-* ”*W*”"“ ;Mwﬁ T &Fﬂg "_'.".' byt WMW E ’-‘°“-w'- - _._“Wmi% R B i b '-au@mam "M‘"

1 L s e o-ivrﬁ-wv

90.0% _

This phenomena was also observed when a smalier particle size tin oxide was testing.

As shown in TABLE 4, tin oxide works as an effective CBA activator over a varlety

of particle sizes.

TABLE 4

— Compostion |

% TinB -| % Neat Activation Temp
Fine PSD Azo

D sp deg C Delta vs.
=12um ' Std
I[ 000% | 100.00% |

Nominaf
Farticle

EXAMPLE 3

Tin oxide was used in a chemical blowing agent (CBA) composite which included an

alternate activator/blowing agent, oxybisbenzenesulfonylhydrazide (OBSH, CAS#80-
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51-3). The use¢ of the tin activator of the present invention may allow the use of a
lower concentration of the alternate activator/blowing agent, that is exothermic in
nature. This CBA composite also contained other tin-based stabilizer compounds,
and a methyl tin mercaptide, known commercially as THERMOLITE® 161, available
from Arkema Inc. The fin oxide-containing CBA in accordance with the present
invention was evaluated in a PVC foam extrusion study. In this study, 1t was
compared to a commercially available blowing agent that contained OBSH and

azodicarbonamide to determine its effect on foam density and color development.

A common issue in the PVC Foam Industry is the yellowing of the {oam article’s
core. This can be due to a variety of reasons, including self-heat from the molten
foam, heat from the exothermic decomposition of a blowing agent or the exothermic
decomposition of an activator, and by-products of blowing agent decomposition. If
the decomposition of the blowing agent activates at a lower temperature, one potential
outcome would be a decrease in exothermic heating of the PVC melt, and a potential
to improve whiteness of the PVC article. Also, if the tin-based activator aliows for a
reduction in exothermic activator/blowing agent, one potential outcome would be a
decrease in exothermic heating of the PVC melt and a decrease in activator/blowing

agent decomposition byproducts, which could have a potential to improve whiteness

of the PV article.

TABLE 5 describes the PVC Foam formulation that was used. The formulation was
processed on Cincinnati Milacron conical twin screw extruder, as described above 1n
EXAMPLE 1. Several pelletized CBA’s were tested. They were added to the

extruder’s feed throat via a calibrated volumetric feeder. The pelletized CBA’s were

added to ensure a constant CBA gas yield within the PVC Foam. The foam was

extruded using the conditions stated in TABLE 6.
TABLE 5

Component
RPVC Resin (K57)

Methyltin Heat Stabilizer
Calcium Stearate

165 MP Wax

Oxidized Polyethylene

High MW Acrylic Process Ald
Low MW Acrvlic Process Ald
CaCO3 - Ultrafine, Treated
Titanium Dioxide

100.

ey,

=4
AN EISI BN
OO PO OO

—
-
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TABLE 6
Barrel Zones#'l:;lﬁp‘ " 1 355
(° F) 2 | 355
3 375
¥ 375
T Adapter Zones Temp 1 362
| ° F) 2 362
i Die Zones Temp | 3-edges 360
(° F) 4-side | 355
S-center 359
| 6-side 355
Screw Qil (° F) 355
" Die Jacket Oil (° F) - 348
Screw RPM |25
| % Screw Fill 75%
Die Gap (inch) - 1 0.260
Roll Stack Temp (° F) | 97
Line Speed (ft/mini) ' 1.5
| Vacuum (inches Hg) - |28

PVC Foam processing of the tin oxide-containing CBA was similar to the other

CBA’s. Additionally, the foam density values for foam produced with the tin oxide-
containing CBA was similar to foam produced with other CBA’s. To simulate the
slow cooling of a thick PVC Foam sample several samples of each PVC foam lot
were put in a laboratory oven held at a constant 190°C, which approximates the
processing temperature of the PVC foam. Then, every 15 minutes, one sample of
each PVC foam lot was removed. The tin oxide-containing CBA performed
demonstrably better at reducing color development, as evidenced in the color readings

of the samples, as shown in TABLE 7. In TABLE 7, the whiteness 1s higher (higher

Hunter L value), early yellowness is lower (lower Hunter B value) and overall color

11
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change 1s less (Jower Delta E) with the tin oxide composition in accordance with the

present invention vs. the control composition.

TABLLE7

l Cantrol | Tin Oxide] Control |

Hunfer L Value

Hunter b Valun e

16min, . | B5S| 501|585
30min. | 850 811 8.53
45wmin. 1 13801 10261 1337
somin. 136l tass]

7smin. [ Tisal 7 7E 3
omin. | 1274 1733 1
Total Color Chango -Dolla E »
Start o0l ooa] 000
15 min. 1.84] 045 245
30 min. 461 398 508
45 min. 934] 623 1650

-2

80min. | 18.73] _ 10.13]  28.00
76 min. - 28.13]  18.95]  37.04

oS oh AN < e, S Sl sl S A

SOmin. | 3475 2188  39.40]

While preferred embodiments have been shown and described, various modifications
may be made. Accordingly, it is to be understood that the present invention has been

described by way of example and not by limitation, and the scope of the claims should

not be limited by particular examples set forth herein, but should be construed in a

manner-consistent with the description as a whole.,
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CLAIMS:

1 A composition for preparing rigid cellular vinyl chloride polymers, said composition

comprising:

a. a vinyl chloride homopolymer or a copolymer comprising vinyl chloride with a
copolymerizible ethylenically unsaturated monomer; and

b. a blowing agent composition comprising
1. ablowing agent, and
11. a blowing agent activator comprising a tin compound selected from the group

consisting of dibutyl tin oxide; the reaction product of malcic anhydride, stearyl

alcohol, water, and dibutyl tin oxide; and mixtures thereof.

2. The composttion of claim 1, wherein said vinyl chloride homopolymer or said
copolymer comprising vinyl chloride with a copolymerizible ethylenically unsaturated

monomer comprises from 70% to 95% by weight of said composition.

3. The composition of claim 1 or claim 2, wherein said blowing agent is selected from
the group consisting of azobisformamide, 5-phenyl tetrazole, benzene sulfonyl hydrazide,

citric acid, sodium bicarbonate and mixtures thereof.

4. The composition of any one of claims 1 to 3, wherein said blowing agent comprises

from 0.1% to 10.0% by weight of the composition.

5. The composition of any one of claims 1 to 4, wherein said blowing agent activator

comprises from 0.01 wt% to 10 wt% of said blowing agent composition.

6. The composition of any one of claims 1 to 5, wherein the particle size of said blowing

agent activator ranges from about 5 microns to about 500 microns.

7. The composition of any one of claims 1 to 5, wherein the particle size of said blowing

agent activator ranges from about 10 microns to about 100 microns.

13
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8. The composition of any one of claims 1 to 7, further including from 2 to 18 parts
acrylic resin per hundred parts of said vinyl chloride homopolymer or said copolymer

comprising vinyl chloride with a copolymerizible ethylenically unsaturated monomer.

9. The composition of any one of claims 1 to 8, wherein said blowing agent activator
comprises from 0.1 to 10 parts per 100 parts of said vinyl chloride homopolymer or said
copolymer comprising vinyl chloride with a copolymerizible ethylenically unsaturated

MOnNnomcCr.

10.  The composition of any one of claims 1 to 9, wherein said copolymer comprising
vinyl chloride comprises at least 70% by weight of vinyl chloride based on total momoner

weight.

11. The composition according to any one of claims 1 to 10, wherein said copolymer
comprising vinyl chloride comprises from 1% to 30% of a copolymerizible ethylenically
unsaturated monomer chosen from the group consisting of: vinyl acetate, vinyl butyrate, vinyl
benzoate, vinylidene chloride, alkyl fumarates, alkyl maleates, vinyl propionate, alkyl
acfylates, alkyl methacrylates, methyl alpha-chloroacrylate, styrene, trichloroethylene, vinyl
ethers, vinyl ketones, 1-fluoro-2-chloroethylene, acrylonitrile, chloroacrylonitrile, allylidene

diacetate, and chloroallylidene diacetate.

12. The composition according to claim 11, wherein the alkyl fumarate 1s diethyl
fumarate.

13.  The composition according to claim 11, wherein the alkyl maleate 1s diethyl maleate.
14, The composition according to claim 11, wherein the alkyl acrylate 1s methyl acrylate,

2-ethylhexyl acrylate, or butyl acrylate.

15.  The composition according to claim 11, wherein the alkyl methacrylate 1s methyl

methacrylate, ethyl methacrylate, or butyl methacrylate.

14
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16. The composition according to claim 11, wherein the vinyl ether 1s vinyl ethyl ether,

vinyl chloroethyl ether, or vinyl phenyl ether.

17.  The composition according to claim 11, wherein the vinyl ketone 1s vinyl methyl

ketone or vinyl phenyl ketone.

15
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