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(54) Title: POLYVINYL CHLORIDE RESINS AND METHOD OF PREPARATION AND USE IN THE PRODUCTION OF

(57) Absteact: Polyviny] chloride resin compositions and methods of preparation and use thereof for increasing the degree of white-
ness in finished polyviny] chloride foam. The resin compositions contain sulfur compounds selected from sulfonic acid derivatives,

a sulfinic acid derivatives, and mercapto acetic acid sodium salt, and optionally contain water soluble salts and/or t-butyl hydroperox-

ide.
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POLYVINYL CHLORIDE RESINS AND METHOD OF PREPARATION AND USE IN
THE PRODUCTION OF WHITENED POLYVINYL CHLORIDE FOAM

RELATED APPLICATIONS

[0001]  This application is entitled to and hereby claims the filing date of provisional
application no. 60/230,659, “METHOD FOR PRODUCING A PVC RESIN THAT PROVIDES
ENHANCED PERFORMANCE CHARACTERISTICS FOAM APPLICATIONS” Filed September 7,
2000 by Michael T. Moran, Thomas E. Moses and Sherry Rohn Clancy.

FIELD OF THE INVENTION

[0002] This invention relates to polyvinyl chloride (PVC) dispersion and blending resin
compositions and to preparation and use of such compositions in the production of
whitened PVC foam.

BACKGROUND OF THE INVENTION

[0003] Polyvinyl chloride (PVC) foam processes often require a high degree of
whiteness in the finished foam product without sacrificing process pesformance
properties such as activation levels, cell structure, overblow protection and the like. The
PVC resin used in the process is one of the ingredients primarily responsible for these
performance characteristics. Previously, it has been attempted to control the desired
characteristics by the use of additives, such as blowing agents, activators, pigments such

as titanium dioxide and the like.

[0004] It is clearly desirable to achieve the improved whiteness without the use of or

with the use of reduced quantities of these added materials.

SUBSTITUTE SHEET (RULE 26)
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SUMMARY QF THE INVENTION

[0005]  According to the present invention a whitened PVC chloride foam is produced

by incorporating in a plastisol containing dry, particulate PVC dispersion resin;

(i) from about 0.0 to about 5 parts by weight per 100 parts by weight of dry,
particulate polyvinyl chloride dispersion resin of at least one addirive selected
from the group consisting of:
a) a sulfonic acid derivative having the formula R-SO3M wherein R is
an alkyl, alkylaryl or an arylalkyl group containing from 1 to 12 carbon
atoms which may also contain one or more other functionzl groups such as
hydroxyl, carboxyl and the like and wherein M is selected from hydrogen
and monovalen metals;
b) a sulfinic acid derivative having the formula R-SO,M wherein R is
an alkyl, alkylaryl or an arylalkyl group containing from 1 to 12 carbon
atoms which may also contain one or more other functional groups such as
hydroxyl, carboxyl or the like and wherein M is selected from hydrogen
and monovalent metals; and
c) mercapto acetic acid sodium salt; and,
(i)  optionally incorporating at Jeast one second addirive selected from the
group consisting of
a) at least one water soluble meral salt selected from the group
consisting of water soluble salts of alkali metals, alkaline-earth metals and
ransition metals; and
b) 1-buryl hydroperoxide;
and heating the plastisol to effect expansion into whitened PVC foam.

[0006] The invention further comprises a method of producing whitened PVC chloride
foam by incorporating in a plastisol containing dry, particulate PVC dispersion resin and
dry, particulate PVC blepding resin;

JP 2004-508445 A 2004.3.18
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) from about 0,01 to about 5 parts by weight per 100 parts by weight of dry,
particulate polyvinyl chloride blending resin of at least one addinve selected from
the group consisting of:
a) a sulfonic acid derivative having the formula R-SO;M wherein R is
an alkyl, alkylaryl or an arylaikyl group contaiuing from [ to 12 catbon
atoms which may also contain one or more other functional groups such as
hydroxyl, carboxyl and the like and wherein M is selected from hydrogen
and moenovalent metals;
) a sulfinic acid derivative having the formula R-SO.M wherein R is
an alkyl, alkyfaryl or an arylalkyl group containing from 1 to 12 carbon
atorns which may also contain one or more other functional groups such as
hydroxyl, carboxyl or the like and wherein M is selected from hydrogen
and monovalent metals; and
c) Tnercapto acetic acid sodium salt; and,
(i)  optionally incorporating at least one second additive selected from the
group consisting of
a) at least one water soluble metal salt selected from the group
consisting of water soluble salts of alkali metals, alkaline-earth metals and
transition metals; and
b) t-butyl hydroperoxide;

and heating the plastiso) to effect expansion into whitened FVC foam.

[0007] The invention further comprises a dry, particulate PVC dispersion resin for use

in the production of whitened PVC foam comprising vinyl chtoride polymer and;

(6] from about 0.0 10 about 5 parts by weight per 100 parts by weight of dry,
particulate PVC dispersion resin of at least one additive selected from the group
consisting oft
a) a sulfonic acid derivative having the formula R-SO;M wherein R is
an alkyl, alkylary! or an arylelky! group containing from 1 to 12 carbon
atoms which may also contain one or more other functionatl groups such as
hydroxyl, carbaxy) or the like and wherein M is selected from hydrogen

and monovalem metals;

s
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by 2 sulfinic acid derivative having the formula R-SO,M wherein R ig
an alkyl, alkylaryl or ap arylalkyl group consisting from 1 10 12 carbon
atoms which may also contain other functional groups such as hydraxyl,
carboxyl and the like and wherein M is selected from the group consisting
of liydrogen and monovalent metals;

¢) mercapto acetic acid sodium salt; and,

optionally containiug at least one second additive selected from the group

consisting of:

@

a) a water soluble metal salt selected from the group consistng of
water soluble salts of mono- and divalent alkali merals, alkaline-earth
roetals and fransition metals; and

b) t-buty] hydroperoxide.

[0008] The invention further comprises a dry, particulate PVC blending resin for use in
a plastisol containing dry, particulate PVC dispersion resin and dry particulate PVC
blending resin for the production of whitened PVC foam, said dry, particulate PYC

blending resin comprising viny! chloride polymer and;

from abour 0.01 to about S parts by weight per 100 parts by weight of dry,

particulate PVC biending resin of at least ons additive selected from the group

consisting of:

a) a sulfonic acid derivative having the formula R-SO;M wherein R is
an alkyl, alkylaryl or an arylaikyl group containing from 1 ta 12 carbon
atoms which may also conrain one or more other functional groups such as
hydroxyl, carboxyl or the like and wherein M is selected from hydrogen
and monovalent mertals;

b) a sulfinic acid derivative having the formula R-SO2M wherein R is
an alkyl, alkylaryl or an arylalky! group consisting from I 1o 12 carbon.
atoms which may also contain other functional groups such as hydroxyl,
carboxyl and the like and wherein M is selected from the group consisting
of hydrogen and monovalent metals;

c) mercapto acetic acid sodium saly; and,
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i1y  optiomally cocomprising at least one second additive selected from the
group consisting of:
a} at least one water soluble metal salt selected fram the group
consisting of water soluble salts of alkali metals, alkaline-earth metals and
transition metals; and
) w-butyl hydroperoxide.

[0009] The invention further comprises a2 PVC plastisol for use in the production of a
whitened PVC foam comprising dry, particulate PVC dispersion resin and from;

@ about 0.01 to about 5 parts by weight per 100 parts by weight of dry,
particulate PVC dispersion resin of at least one additive selected from the group
consisting oft
a) a sulfonic acid derivative having the formula R-803M wherein R is
ans.l.k-yl, alkylaryl or an arylalkyl group containing from 1 to 12 carbon
atorns which may also contain one ar more other functional groups such as
hydroxyl, carboxyl or the like and wherein M is selected from hydrogen
and monovalent metals;
b) a sulfinic acid derivative having the formula R-SO;M wherein R is
an alkyl, alkylaryl or an arylalkyl group consisting from 1 1o 12 carbon
atoms which may also contain other functional groups such as hydroxyl,
carboxy! and the like and wherein M is selected from the group consisting
of hydrogen and monovalent metals;
c) mercapte acetic acid sodium salt; and,
(i)  optionally comprising at least one second additive selected from the group
consjsting of:
2) art least one water soluble metal salt selected from the group
consisting of water soluble salts of alkali metals, alkaline-carth merals and
transition metals; and

b) wburyl hydroperoxide.
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{001C] The invention further comprises 2 whirened PVC foar produced by heating a

plastisol comprising a dry, particulate PVC dispersion resin and;

(63} from abourt 0.01 to about 5 parts by weighr per 100 parts by weight of dry,
pacticulate PVC dispersion resin of at least one additive selected from the group
consisting of:
a) a sulfonic acid derivative having the formula R-SO3;M wherein R is
an alkyl, alkylaryl or an arylatkyl group containing from 1 to 12 carbon
atoms which may also contain one or more other functional groups such as
hydroxyl, carboxyl or the like and wherein M s selected from hydrogen
and monovalent metals;
b) a sulfinic acid derivative having the formula R-SO,M wherein R is
an alkyl, allcylaryl or an arylallyl group consisting from 1 to 12 carbon
atoms which may also contain other fimctional groups such as hydroxyl,
carboxyl and the like and wherein M is selected from the group consisting
of hydrogen and monovalent metals;
¢) mercapto acetic acid sodivrs salt; and,
()  optiomally comprising ar least one second additive selected from the group
conpsisting of
a) at least one water soluble metal salt selected from the group
consisting of water soluble salts of alkali metals, alkaline-earth metals and
twansition metals; and

by t-butyl hydroperoxide.

JP 2004-508445 A 2004.3.18



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(24)

WO 02/20660 PCT/GB01/04025

DESCRIPTION OF PREFE! EMBODIMENTS

[0011] According to the prasent invention, improved foam characteristics of a PVC
foam can be achieved by adding at least one sulfur compound selected from sulfonic acid
derivatives, su)finic acid derivatives, and mercapio acetic acid sodium saly, and
optionally adding at least one of a water soJuble metal salt and t-buryl hydroperoxide,
directly or indirectly, to at least one of a PVC dispersion resin polymerization recipe or
latex, or to a PVC blending resin polymerization recipe or slurry, orto a PVC plastisol
containing a PVC dispersion resin and optionally containing a PVC blending resin and
heating the plastisol 10 produce a whitened foam. The term “dispersion resin”is used 10
describe any PVC resin that is made by an emulsion, microsuspension or HYBRID
process primarily for use in the production of PVC plastisols. HYBRID is a registered
wrademark of Occidental Chemical Corporation for its PVC dispersion resin
polymerization process. Typically the plastsol is heated 1o a temperature from gbout 180

10 about 210°C for a time from about 0.75 to about 1.75 minutes.

{0012] Typically the plastisol conains from about 15 1o about 75 weight percent of the
PVC dispersion resin based upon the total weight of the plastisol constituents. The PVC
dispersion resin cornprises PVC resin particles having an everage particle diameter from
about 0.1 to about 10 microns. The plastisol may also contain PVC blending resin.
Typically the PVC blending resin comprises PVC resin particles having an average
particle diameter from about 20 to about 40 microns and is present in the plastisol in an
amount up to about 5O weight percent of the dry PVC resin in the plastisol.

[0013] According 1o the present inventjon, the sulfur compaunds are used alene or in
combination with water soluble metal salts and/or t-buryl hydroperoxide. The sulfur
compounds are selected from the group consisting of sulfonic acid derivatives, sulfinic
acid derivatives, and mercapto acetic acid sodium salt. The sulfonic acid derivarives
generally have the formula R-SO3M wherein R is ap alkyl, alkylaryl or arylalkyl group

containing from 1 10 12 carbon atoms which may also contain one or more other
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fanctional groups such as hydroxyl, carboxyl, or the like and "
hydrogen and monovalent metals. Preferably M is selected from hydrogen, sodium and

porassium.

[0014] The sulfinic acid derivatives generally have the formula R-SO,M, wherein R is
an alkyl, alkylaryl or arylalky) group containing from 1 to 12 carbon atoms which may
also contain one or more other functional groups such as hydroxyl, carboxyl, or the like
and wherein M is selected from the group consisting of hydrogen and monovalent metals.

Preferably M is selected from hydrogen, sodium, and potassinm.

(6015] Mercapto acetic acid sodium salts are also effective.

[0016] These sulfur compounds are effective whiteners when used alone according to
the present invenrion. These sulfur compounds may be added to a polymerization recipe
for the production of a PVC dispersion resin or 2 PVC blending resin, or they may be
added as a post additive 10 polymerized latex in the production of the PVC dispersion
resin or slurry in the production of the PVC blending resin. The sulfur compounds may
also be added to the plastisol. In each instance, it is necessary that the sulfur compounds
be relatively uniformly distributed throughour the material. The sulfur compounds are
added in an amount equal to from about 0.01 to about § parts by weight per hundred parts
by weight of dry PVC dispersion resin in the plastisol used for the production of the PVC
foam. The best results are obtained in the 0.05 to 0.5 parts per hundred parts of dry PVC
dispersion resin range. This is dependent on the amount of PVC dispersion resin vused in
the plastisol. Addition of these sulfur compounds at this level increases the whiteness of

the PYC foam produced from the plastisol.

[0017) The prefemed sulfur compounds are sodiwn methane sulfoxylate, sodium
formaldehyde sulfoxylate, sodium formaldehyde bisulfite, sodium toluene sulfoxylate,

sodium acetone bisulfire, sodium methane bisulfite, and mercapto acetic acid sodiwun salt.
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[0018] Of these, sodium methane sulfonate and sodium formaldehyde sulfoxylate are

preferrad.

{0619] The at least one water soluble metal salt is generally a water soluble salt of a
mano- or divalent alkali metal, alkaline-earth metal or trapsition metal. Preferably the
metal is sodium, potassium, calcium, zine, tin, nickel or cobalt. Typically, the saltisa
chioride, chlorate, hydroxide, nitrate, borate, iodate, thiosulfate or sulfate, although other
salts may be used as well, provided they have the desired solubility. The term “water
soluble salts™ refers 1o the ability of the salt to dissolve in the aqueous PVC dispersion in

which it is used.

10020] The metal salis and/or t-buty] hydroperoxide may be added to a polymerization
recipe for the production of a PVC dispersion resin or a PVC blending resin, or they may
be added as a post additive o polymerized laex in the production of the PVC dispersion
resin or slurry in the production of the PVC blending resin. The metal ions may also be
added to the plastisol iv an oil soluble form. In each instance, it is necessary that the salts
be relatively uniformly distributed throughout the material. Typically, the metal salts
and/or the t-butyl hydroperoxide are added in an amount at least about 0,001 parts by
weight per 100 parts by weight of dry PVC dispersion resin in the plastisol. Preferably,
the metal salts and/or the t-butyl hydroperoxide are added in an amount of from about
0.01 to about 0.1 parts by weight of dry PVC dispersion resin in the plastisol.

[0021] The use of metal salts, when used alone, is effective to reduce the activation
temperature during the foamn curing process. The use of ar least ane of the metal salts and
the sulfur compounds in combination is effective w synergistically improve the color and

reduce the activation lemperature required in the production of the PVC foam.
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[0022] Use of metal salis alone shows noticeable improveraent in foam activation
temperature and use of the sulfur compounds alone shows noticeable improvement in
foam whiteness. This improvement in the color and activation temperature will allow
formulators to use lower levels of known additives, such as blowing agent, activator and
titapium oxide. The use of such known additives is considered to be well known and

need not be discussed further.

[0023] Desirably, the sulfur compounds and the metal salts or and/or t-butyl
hiydroperoxide are used in combination for best results. The use of these additives in
combination results m a significant and synergistic improvement in the whiteness level
and a reduction in the activation temperature, which is achievable in the production of a
PVC foam. In tests of various PVC foam formulations, it was observed that the
compositions and method of the present invention are effective to result in improvemenis
in activation temperatures and in whiteness in all instances. While a variety of
proprietary PVC formulations were evaluated, the results indicated that the improvement
with ali formulations was substantially the same. These results were also readily

observed using a standard generic foam formula such as:

Parig by weight

PVC djspersion resin 70
PVC blending resin 30
DOP (dioctyl phrhalate) 55
TiO: (whitener) M

CaCO; 25
Azodicarbonamide (N release agent, blowing agent) 2
Zinc oxide (activator) 05
Texano] isobutyrate®. 5

*supplied as KODAFLEX TXIB. KODAFLEX TXIB is a trademark of Eastman
Chemicals for 2,2,4-trimerhyl-1,3-pentanediol diisoburtyrate plasticizer

[0024] Tt will be noted that in the general foam formula, both a PVC dispersion resin
and a PVC blending resin are included in the plastisol. It will also be noted that an oil

(plasticizer), diocty] phthalate, is also included. This formulation is representative of
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standard forrmulations used to produce the plastisols used for the production of PVC

foam.

[0025] Itis desirable to produce either the PVC dispersion resin or the PVC blending
resin 1o include the desired quantity of the sulfur compounds and water soluble metal
salts and/or t-butyl hydroperoxide so that in the plastisol the added materials, i.e., the
sulfur compounds and the metal salt or t-butyl hydroperoxide, are present in the plastisol

in the ranges discussed above.

[0026] The use of the PVC dispersion resin or the PVC blending resin containing the
added materials of the present invention to produce a plastisol clearly results in the
presence of the desired quantities of added marerials in the plastisol. As described below
in the examples, the PVC dispersion resin and the PVC blending resin are dried using 2
spray drying or an equivalent process. The resulting resins may then be mixed into the

plastisol foam formulations.

[0027] The use of these plastisols then results in the production of a foam, which is
whiter and which can be produced at a lower activation temperature than comparable
formulations, which do not include the additives of the present invention.

[0028] The effectiveness of the present invention is demonstrated in the tests shown,
below in Example 1.
Example |

[0029]  In tests using the proprietary formularions and the generic foam formula, PVC
dispersion lattices were polymerized using proprictary recipes. Additives of the present
invention were either incorparated into the polymerization process or added to the latex
after polymexization, The latex was then dried using a spray drying process. The

resulting resins were then mixed into plastisol foam formulations. The plastisols were
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cast onto an organic felr substrate using a 10 mil Bivd bar. The construction (the
deposited plastisol) was then gelled for 10 seconds at 200°C. Adfter cooling, a PVC
plastisol topcoat was cast an top of the foam layer using a 10 mil Bird bar. The entire
construction was then fused for times ranging fiom 1 minufe to about 1 minute 43

seconds.

{0036] The data in Table I was prepared for comparison purposes and used a 1 minute
30 second curing time. After curing, the samples were allowed 1 cool and the color of
the resulting foam was measured using a Hunter Color Quest Sphere II with DP-2000
colorimeter supplied by Hunter Associates, Reston, Virginja. Comparisons were mmade to
the same recipes without the added materials according to the present invention.
Proprietary formulations were used for much of the testing. The color improvement due
ta the additives of the present invention was evident in all the formulations Tested,

inchuding the generic foam formulation above. The test results are shown in Table 1.

TABLET
Improvement over control
Meta) @ L Suifar epd 1y 26 AYid
KCl 0.05 SMS 0.10 -35 ~1.8 ave.
KCI .02 SMsS 0.10 3.2 ~12
w/a nla SMS 0.10 N 6.9
CaCl, 0.09 SFS 0.10 3.0 -6.3
[NICh 0.05 SES 0.10 a4 53
CaCl, 0.05 SFS 0.10 ~2.4 5.2
NaBO; 0.02 SFS 0.10 ~Z.4 ~5.0
NiCl 0.5 SFS 0.10 2.3 =51
G 0.05 SFBS 0.10 2.1 4.8 ave.
TBHP 0.02 SIS 0.20 2.1 ~4.6 ave,
Ki0; 0.2 SFS 010 2.1 44
TEHP 0.04 SFS 0.70 2.0 4.5
KOH 0.05 SFS 0.10 2.0 43 ave,
KCl 0.05 SFS 0.12 ~2.0 43 ave.
KClI 0.05 SFS Q.10 -2.0 4.2
MaClO; 0L02 SFS 0,10 2.0 4.1
12
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KCI 0.03 "SABS 0.10 g 41

TBHP 01.04 SFS 0.30 19 40

BaCl, 0.14 SFs 0.10 07 38

nfa ofa I'SFS 0.0 17 33

NaCl 0.05 SFS 0.10 17 36

TBHP 0.02 SES 0.10 16 33 ave,
TBHP 0,01 SFS 0.10 -1.6 233 J
nla na SFS 020 1.5 33 ave.
H,0, 0.02 SFS 6.0 2 27

KOC{O)CH; | 0.05 SF 0.0 -1z 26

ZnCly 0.05 SFS 0.10 a2 24

BaCl 0.05 SFS 0.10 NH 24

CaCly 0.0 SF 0,10 -1 24

K:5:05 0.02 SFS 0.10 10 23
@clz 0.05 SFS 0.10 10 232

KCI 0.02 SMEBS 0.1¢ 05 19

KCl 0105 ol 0.10 0.7 16

KCI 0.05 NaQ,CCH,SH " a.10 0.6 14

KCl 0.05 Nz,S0; { 0.10 2.1 04

ave. — average of several tests
SMS ~ sodium methane sulfoxylate

SFS — sodium formaldehyde sulfoxylate

STS — sodium toluene sulfoxylate
SFBS - sodium formaldehyde bisulfite
(1) - parts per 100 parts of dry PVC

resin by weight

TBHP - - butyl hydroperoxide
SABS — sodium acetone bisulfite
SMBS — sodium methane bisulfite
NaO,CCH,SH — mercapto acetic
acid, sodium salt

{00311 Table I swmmarizes the effects of the various additives on foam color. The

levels of each addirive are shown and the improvemenss in color over the base resin are

expressed as delta values. The b value and Yellowness Index (Y1d) are indicarions of the

yellowness/whireness of the foamn. The lower the value, the less yellow the foam. Itis

generally accepted that differences of less than 0.5 on the b scale and less than 0.8 on the

Yid scale are not significant.

[0032] As an altemative to the use of the metal salts, t-butyl hydroperoxide may be

used alane or in combination with the other meral salts.

13
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Example II

[0033]  Activation rates were also observed during the curing of the foam. Table 11
shows the gas decomposition in a representative treated resin, which has been weated by
comparison {0 an unireated resin. Table IT shows the gas decomposition peak as the
temperature at which the gas decomposition occurs, [t will be observed that the

activation is at a lower temperature with the treated resin.

TABLEII
Resin Gas Decomposition Peak,
uninhibited (deg. C.)
Untreated 194.03
Treated 189.03

[0034] The test results in Table I were determined by differential scanning caloriwetry
of foam formulas using a treated and an untreated resin. The treated resin shows gas
decomposition at a Jower lemperature than the untreated resin. This demonstrates a faster
activation. The faster activation is primarily due 1o the metal ion or the tbutyl
hydroperoxide. Although the improved whiteness can be influenced by faster activation
resulting in more complete blowing agent decomposition, this is not considered by
applicants to be the primary mechanism for the improved whiteness in this invention,
The systems fested included a PVC blending resin, which is commonly used to reduce
viscosity in plastisols. The blending resin may be added in amounts up to about 50
weight percent of the dry PVC Fes'm iu the plastisol. Typically the blending resin
pardcles comprises resin having an average particle size from abour 20 to about 40
microns. Tests were performed by incorporating the additive system into a blending
recipe. This also resulted in improved whiterniess and activation temperature reduction
over the corresponding untreated blending resin. The improvement was not of the
magnitude as when making the addition to the dispersion resin bat the whitening and
activation effects were noticeable. This suggested that the additive system could be

added 10 any PVC resin to obtain some degree of whitening and improved activation.

14
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Again, it is emphasized that the combination effect of the wvo additives together provides

" the highest degree of whitening 1o the system.

Example 11
{0035]  Table [T shows the whiteness difference between a foam made with additives
and a foam made without additives with other formulation variables being modified. In
the test shown, a potassium hydroxide/SES(0.05/010) addition was made during the PVC
polymerization process. The standard formulation was used for producing a foam with
no additives of the present invention while foam produced with additives of the present
invention was tested using the same formula but with the ttanium oxide,
azodicarbonamide and zine oxide levels being reduced by 33%. The resin with the
additives of the invention and reduced titaniwm oxide, azodjicarbonamide and zinc oxide
gave a foam color that was superior to the standard formulation foam despite the
reduction of these ingredients. Blow ratios of the two foams were comparable. This
phenomenon could be of particular interest to the formulator if it would allow superior
color foam product to be made with cost reductions realized from the reduced use of
some costly additive ingredients.

TABLE IIT

b eolor Yid
Resin made with no 5.79 10.6
additives in foam formula

4.62 8.56

Resin made with additives
in foam formula with
reduced TiO2, activator and
blowing agent

[0036) For comparison, a number of materals were tested which were not effective to

improve the foam color. These materials are shown in Table IV,

TABLE IV
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AICI/SES
CuSQ,/SF3
KCVHOCH;CO,H (glycalic acid)
KCI/Na;S04

KCVS (CH;CH,0H), (thiadiethanol)
KSCN

NaCl
}' NaClO; (Na chlorate)/SFS
TBHP/CuSQ4
TBHP/NaBH4 (Na Dorohydride)
TBHP/Zn metal w/CuSQ,
ZnCly

L ZnSOy4

[0037} In Table V, materials are shown which acrally worsened the foam color.

TABLE V

CuS04

MnClL/SFS

NaHCOs

Na38;0s (Na meta-bisulfite or pyrosulfite) w or wio TBHP/SES

TBHP/N2,8,0, (sodium hydrosuifite)
TBHP. (NH)Mo702¢ (NHq molybdare)

TBHP/Zn metal

ZnCl, 4}

[0038] Iris believed clear thar, the use of the additives of the present invention are

effective 1o improve the whiteness and reduce the activation temperatures for the
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MnCl,/SFS

—

NaHCO;

Naz8,05 (Na meta-bisulfite or pyrosulfite) w or w/o TBHP/SFS

TBHP/Na;8;04 (sodium hydrosulfite)

TBHP (NHy)sMo;0,4 (NH, molybdate)

TBHP/Zn metal

ZnCly

10038} It is believed clear that, the use of the additives of the present invention are

effective to improve the whiteness and reduce the activation temperatures for the

plastisol. The resulting PVC foam has improved whiteness and represents an improved

product, which is believed to be producible at a lower cost.

[0039] Having thus described the invention, it is pointed out that the embodiments

discussed above are illustrative rather than limiting in nature and that many variations and

modifications are possible within the scope of the present invention. Many such

variations and modifications may appear obvious and desirable to those skilled in the art

based upon the foregoing description of preferred embodiments. Having thus described

the invention, we claim:

17
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CLAIMS
1. A method for producing a whitened polyviny! chloride foam, the method comprising
the steps of:
(A)  incorporating in a plastisol containing dry, particulate polyvinyl chloride
dispersion resin;

(a) from about 0.01 to about 5 parts by weight per hundred parts by weight
of said dry, particulate polyvinyl chloride dispersion resin of at least one first
additive selected from the group consisting of:

iy a sulfonic acid derivative having the formula R-S0;M wherein R is
an alkyl, alkylaryl or an arylatkyl group containing from 1 to 12
carbon atoms which may also contain one or more other functional
groups such as hydroxyl, carboxyl or the like and wherein M is
selected from hydrogen and monovalent metals;
i) a sulfinic acid derivative having the formula R-SO.M wherein R is
an alkyl, alkylaryl or an arylalky! group consisting from 1 to 12
carbon atoms which may also contain other fanctional groups such
as hydroxyl, carboxy! and the like and wherein M is selected from
the group consisting of hydrogen and monovalent metals; and
iif) mercapto acetic acid sodium salt;
(b) and optionally incerporating at least one second additive selected from the
group consisting of
1} at least one water soluble metal salt selected from
the group consisting of water soluble salts of alkali metals,
alkaline-carth metals and transition metals; and
i) t-butyl hydroperoxide; and
(B)  heating the plastisol to effect expansion into whitened polyvinyl chloride
foam.
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. The method of Claim 1 wherein the plastisol contains from about 15 to about 75

weight percent dry, particulate polyviny! chloride dispersion resin based on the weight
of the plastisol.

. The method of Claim 1 wherein the dry, particulate polyvinyl chloride dispersion

resin comprises resin particles having an average particle diameter from about 0.1 to

about 10 microns.

. The method of Claim 1 wherein said at least one first additive is selected from the

group consisting of sodium methane sulfoxylate, sodium formaldehyde sulfoxylate,
sodium formaldehyde bisulfite, sodium toluene sulfoxylate, sodium acetone bisulfite,

sodium methane bisulfite, and mercapto acetic acid sodium salt.

. The method of Claim 1 wherein the plastisol contains at least about 0.001 parts by

weight per 100 parts by weight of said dry, particulate polyvinyl chloride dispersion

resin of said at least one second additive.

. The method of Claim 5 wherein said second additive is at least one water soluble

metal salt selected from the group consisting of water soluble salts of alkali metals,

alkaline-earth metals and transition metals.

. The method of Claim 6 wherein said at least one water soluble metal salt is a water

soluble salt of sedium, potassium, calcium, zine, tin, nickel or cobalt.

. The method of Claim 6 wherein the at least one water soluble metal salt is a chloride,

chlorate, hydroxide, nitrate, borate, iodate, thiosulfate or sulfate.

. The method of Claim S wherein said at least one second additive is t-butyl

hydroperoxide.
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10. The method of Claim 1 wherein one or both of said first and second additives is
added to a polymerization recipe for production of the dry, particulate polyvinyl

chloride dispersion resin,

11. The method of Claim 1 wherein one or both of said first and second additives is
added to a polyvinyl chloride latex for praduction of the dry, particulate polyvinyl
chloride dispersion resin.

12. A method for producing a whitened polyvinyl chioride foam, the method comprising
the steps of:
(A)  incorporating in a plastisol containing dry, particulate polyvinyl chloride
dispersion resin and dry, particulate polyvinyl chloride blending resin;

(a) from about 0.01 to about 5 parts by weight per hundred parts by weight
of said dry, particulate polyvinyl chloride blending resin of at least one first
additive selected from the group consisting oft

i) a sulfonic acid derivative having the formula R-S0sM wherein R is
an alkyl, alkylaryl or an arylalkyl group containing from 1 to 12
carbon atoms which may also contain one or more other fanctional
groups such as hydroxyl, carboxy! or the like and wherein M is
selected from hydrogen and monovalent metals;

if) a sulfinic acid derivative having the formula R-SO;M wherein R is
an alkyl, alkylaryl or an arylalkyl group consisting from 1 to 12
carbon atoms which may also contain other functional groups such
as hydroxyl, carboxyl and the like and wherein M is selected from
the group consisting of hydrogen and monovalent metals; and

iif) mercapto acetic acid sodium salt;

(b) and optionally incorporating at least one second additive selected from the

group consisting of

20

JP 2004-508445 A 2004.3.18



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(38)

WO 02/20660 PCT/GB01/04025

i) at Jeast one water soluble metal salt selected from
the group consisting of water soluble salts of alkali ‘metals,
alkaline-earth metals and transition metals; and

ity t-butyl hydroperoxide; and

(B)  heating the plastisol to effect expansion into whitened polyvinyl chloride
foam.

13. The method of Claim 12 wherein said dry, pasticulate polyvinyl chioride blending
resin comprises resin particles having an average particle diameter from about 20 to

about 40 microns.

14. The method of Claim 12 wherein said dry, particulate polyvinyl chioride blending
resin is present in the plastisol in an amount of up to about 50 weight percent of the

dry, particulate polyvinyl chloride resin in the plastisol.

15. The method of Claim 12 wherein the said plastisol contains at least about 0.001 parts
by weight per 100 parts by weight of said dry, particulate polyvinyl chloride blending

resin of said second additive.

16. The method of Claim 12 wherein one or both of said first and second additives is
added to a polymerization recipe for production of the dry, particulate polyvinyl
chloride blending resin.

17. The method of Claim 12 wherein one or both of said first and second additives is

added to a polyvinyt chloride slurry for production of the dry, particulate polyvinyl

chloride blending resin.
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18. The method of Claim 1 or Claim 12 wherein the plastisol is heated to a temperature of
from about 180 to about 210°C to effect expansion of the plastisol into whitened
polyvinyl chloride foam.,

19. A dry, particulate polyvinyl chloride dispersion resin for use in fhe production of
whitened polyvinyl chloride foam comprising viny! chloride polymer and
(A) from about 0.01 to about 5 parts by weight per hundred parts by weight
of said dry, particulate polyvinyl chloride dispersion resin of at least one first
additive selected from the group consisting of:

i) asulfonic acid derivative having the formula R~S0sM wherein R is an
alkyl, alkylaryl or an arylalkyl group containing from I to 12 carbon
atoms which may also contain one or more other functional groups
such as hydroxyl, carboxyl of the like and wherein M is selected from
hydrogen and monovalent metals;

i) asulfinic acid derivative having the formula R~80,M wherein R is an
alkyl, alkylaryl or an arylalkyl group consisting from 1 to 12 carbon
atoms which may also contain other functional groups such as
hydroxyl, carboxyl and the like and wherein M is selected from the
group consisting of hydrogen and monovalent metals; and

i) mercapto acetic acid sodium salt;

B) and optionally containing at least one second additive selected from
the group consisting of :

i) at least one water sotuble metal salt selected from the
group cousisting of water soluble salts of alkali metals, alkaline-garth
metals and transition metals; and

i) t-buty] hydraperoxide.
20. A dry, particulate polyvinyl chloride dispersion resin according to Claim 19 wherein

said resin comprises resin particles having an average particle diameter from about

0.1 to about 10 microns.
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21. A dry, particulate polyvinyl chloride dispersion resin according to Claim 19 wherein
said at least one first additive is selected from the group conststing of sodium methane
sulfoxylate, sodjum formaldehyde sulfoxylate, sodium formaldehyde bisulfite, sodium
toluene sulfoxylate, sodjum acetone bisulfite, sodium methane bisulfite, and mercapto
acetic acid sodium salt.

22. A dry, particulate polyvinyl chloride dispersion resin according to Claim 19 wherein
said resin contains at least about 0.001 parts by weight per 100 parts by weight of said
dry, particulate polyvinyl chloride dispersion resin of said at least one second
additive.

23. A dry, particulate polyviny! chloride dispersion resin according to Claim 22 wherein
said at least one second additive is at least one water soluble metal salt selected from
the group consisting of water soluble salts of alkali metals, alkaline~earth metals and
transition metals.

24. A dry, particulate polyvinyl chloride dispersion resin according to Claim 23 wherein
said at least one water soluble metal salt is @ water soluble salt of sodium, potassium,
calcium, zinc, tin, nickel or cobalt.

25. A dry, particulate polyvinyl chloride dispersion resin according to Claim 23 wherein
said at least one water soluble metal salt is a chloride, chlorate, hydroxide, nitrate,

borate, iodate, thiosulfate or sulfate.

26. A dry, particulate polyvinyl chioride dispersion resin according to Claim 22 wherein

said at least one second additive is t-butyl hydroperoxide.

27. A dry, particulate polyvinyl chloride blending resin for use in a plastisol containing
dry, particulate polyviny] chloride dispersion resin for the production of whitened

23
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polyvinyl chloride foam, said dry, particulate polyvinyl chloride blending resin
comprising vinyl chloride polymer and
(A) from about 0.01 to about § parts by weight per hundred parts by weight
of said dry, particulate polyvinyl chloride blending resin of at least one first
additive selected from the group consisting of:
i) a sulfonic acid derivative having the formula R-
80:M wherein R is an alkyl, alkylaryl or an arylalkyl group
containing from 1 to 12 carbon atoms which may also contain one
ar more other functional groups such as hydroxyl, catboxyl or the
like and wherein M is selected from hydrogen and monovalent
metals;
iy a sulfinic acid derivative having the formula R-
S0;2M wherein R is an alkyl, alkylaryl or an arylalkyl group
consisting from 1 to 12 carbon atoms which may also contain other
functional groups such as hydroxyl, carboxyl and the like and
wherein M is selected from the group consisting of hydrogen and

monovalent metals; and

1ii) : mercapto acetic acid sodium salt;
®B) and optionally comprising at least one second additive selected from
the group consisting of :
i) at least one water soluble metal salt selected from

the group consisting of water soluble salts of alkali metals,
alkaline-carth metals and transition metals; and
ity t-butyl hydroperoxide.

28. A dry, particulate polyvinyl chloride blending resin according to Claim 27 wherein

said resin comprises resin particles having an average particle diameter from about 20

to about 40 microns.
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29. A dry, particulate polyvinyl chloride blending resin according to Claim 27 wherein
said at least one first additive is selected from the group consisting of sodium methane
sulfoxylate, sodium formaldehyde sulfoxylate, sodium formaldehyde bisulfite, sodinm
toluene sulfoxylate, sodium acetone bisulfite, sodium methane bisulfite, and mercapto

acetic acid sodium salt.

30. A dry, particulate polyviny! chloride blending resin according to Claim 27 wherein
said resin contains at least about 0.001 parts by weight per 100 parts by weight of said
dry, particulate polyvinyl chloride blending resin of said second additive.

31. A dry, particulate polyvinyl chloride blending resin according to Claim 30 wherein
said second additive is at least one water soluble metal salt selected from the group
consisting of water soluble salts of alkali metals, alkaline-carth metals and transition

metals.

32. A dry, particulate polyvinyl chloride blending resin according to Claim 31 wherein
said at least one water soluble metal salt is a water soluble salt of sodium, potassium,

calcium, zin, tin, nickel or cobalt.
33. A dry, particulate polyvinyl chloride blending resin according to Claim 31 wherein
said water soluble metal salt is a chloride, chlorate, hydroxide, nitrate, borate, iodate,

thiosulfate or sulfate.

34. A dry, particulate polyviny! chloride dispersion resin according to Claim 30 wherein
said at least one second additive is t-butyl hydroperoxide.

35. A plastisol for use in the production of whitened polyvinyl chioride foam comprising
a dry, particulate polyvinyl chloride dispersion resin and
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(A) from about 0.01 to about 5 parts by weight per hundred parts by weight
of the dry, particulate polyvinyl chloride dispersion resin of at least one first
additive selected from the group consisting of:

i) a sulfonic acid derivative having the formula R-S0sM wherein R is
an alkyl, alkylaryl or an arylalkyl group containing from 1 to 12
carbon atoms which may also contain one or more other functional
groups such as hydroxyl, carboxyl or the like and wherein M is
selected from hydrogen and monovalent metals;

i) a sulfinic acid derivative having the formula R-SO,M wherein R is
an alkyl, alkylaryl or an arylalkyl group consisting from [ to 12
carbon atoms which may also contain other functional groups such
as hydroxyl, carboxyl and the like and wherein M is selected from
the group consisting of hydrogen and monovalent metals; and

it} mercapto acetic acid sodium salt;
B) and optionally containing af least one second additive selected from
the group consisting of :
) at least one water soluble metal salt selected from

the group consisting of water soluble salts of alkali metals,
alkaline-earth metals and transition metals; and
it) t-butyl hydroperoxide.

36. A whitened polyvinyl chloride foam produced by heating a plastisol comprising a dry,
particulate polyvinyl chioride dispersion resin and
A) from about 0.01 to about 5 parts by weight per hundred parts by weight
of the dry, particulate polyvinyl chloride dispersion resin of at least one first
additive selected from the group consisting of:
i) a sulfonic acid derivative having the formula R-S0sM wherein R is
an alkyl, alkylaryl or an arylalkyl group containing from 1 to 12

carbon atoms which may also contain one or more other functional
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groups such as hydroxyl, carboxyl or the like and wherein M is
selected from hydrogen and monovalent metals;

it) a sulfinic acid derivative baving the formula R-SO,M wherein R is
an alkyl, alkylaryl or an arylalkyl group consisting from 1 to 12
carbon atoms which may also contain other functional groups such
as hydroxyl, carboxyl and the like and wherein M is selected from
the group consisting of hydrogen and monovalent metals; and

ji)] mereapto acetic acid sodium salt;

B) and optionally containing at Jeast one second additive selected from
the group consisting of :

i) at least one water soluble metal salt selected from
the group consisting of water soluble salts of alkali metals,
alkaline-earth metals and transition metals; and

i) t-butyl hydroperoxide.
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