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. BACKGROUND OF THE INVENTION

Halogen @@ntainimg polymers, espg@ially those containing

chlerine, are used widely and have great c@mercial signiﬁicance.

Polyvinyl chloride (PVC), in particular, is used in packaging,
siding, pipe, and many extruded shapes. such large scale and

 diverse use of the halogen-containing polymers depends upon the

incerporation therein of good heat and light stabilizers. PVC, for
gigamplg, is known to have a tendency to dggadé upon prolonged
exposure to heat and light during processing and use. Darkening or
other color change and the loss of t:gmsilap flexural, and impact
strengths are the results of such degradation. Unless good low-
cost stabilizers are available for addition te the polymer
composition, the service life of articles made from the composition
is limited, and its use severely restricted, as will be the
conditions for making it. | | |
One particularly troublescme form of degradation occcurs when
the polymer composition is processed into articies by methods
employing heat to melt or soften the polymer. A color change can
occur during the first few minutes at high. temperatures (e.g., from
about 175 to about 200°C) and it is commonly referred to as early
color or early discoloration. The avoidance of such early color is
notably important in the manufacture of plastic pipe and siding.
It is, of course, also imp@rtant to prevent or reduce discoloration
and deterioration of the p@lymer during extended exposure to high
temperatures, which can lead to sudden and catastrophic degradation
intc a pitch-like abrasive material and cause the formation of
corrosive materials such as HCl inside the fabricating equipment.

‘The imgr,, highly polished surfaces of the equipment can thus be

rendered egg@tiauy useless. A particularly troublescme instance
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of such sudden degradation often occurs when zinc compounds are
employed as stabiliz@rs; the phencmenon is known as "zinc burn® in
the PVC industry.

An example of gin@ burn is iliustrated i,n U. 8. Patent No. |

4,515,916, wherein a BVC composition containing zinc bis- (nctyl

thioglycolate) as a stabilizer showed such burn after 3 minutes on
a two roll mill at 193°C. -

SUMMARY OF THE INVENTION

It is an object of this invention to provide an improved heat
stabilizer for halogen-containing polymer compositions.

It is an object of this invention to provide a halogen-
containing polymer composition having improved heat stability.

It is a related ocbject of this invention to eliminate zinc
burn during the pr@agssing of PVC smp@sitions at elevated
temperatures. B :

These and other objects which will become apparent from the
following description are achieved by inc@rperating in a
composition comprising a halogenac@ntaining polymer a novel zinc
mereapt@@gter having the formula:

an-[s(cur), (cw,) ~[c(=0) olr’ ],
wherein R is methyl or C(=0)OR’;
R is [(cB-{o-(R) (R 1,CH,0) R];
R is H, alkyl, or hydroxy alkyl;
®? is OH, hydroxy-substituted alkyl, or O(0=) C-R;
R is alkyl, alkenyl, or aryl;
R is H, (O=)c-R® alkyl, or aryl; and
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aéa-@r_l; xalorz;'yé@@r 1; and 2 = 1 to 4;
with the proviso that when % is greater than 1, y = O.

The alkyl and hydroxyalkyl groups. have from 1 to 10 carbon
atoms, preferably 4 or fewer. Aryl groups are exemplified by
phenyl. ' : o
Examples of this new clasms of zinc bis-mercaptoacid ester
include zinc bis-~thioglycolate, zinc bis-mercaptopropionate, and
zine m&rcapt@succinatg of a polyhydric alcochcl or ether,
garb@xylat@ ¢ OF ether-carboxylate thereof having at least one
functional hydroxy group as exemplified by ethylene 'glycel,
glycerol, tetraethylene glycol, trimethyloliethane, pentamthritcl,

'gly@@l ethers such as tetraethylene glycol moncbutyl ether, and

di@thylgng glycol m@n@ethyl ether, glycol mono-carboxylates such as
di@thyl@ne glycsl m@nacaprate and ethylene glycol monocaprate, and
glycercl carboxylates sugn as glycerol monocaprate, all of which

' are either available commercially or are made easily by

conventional methods. The mercaptoacid esters may be made by
conventicnal procedures wherein the mercaptoacid and the hydroxyl-
group bearing compound are heated in the presence of a suitable
catalyst such as methanesulfonic acid or p-toluenesulfonic acid and

~an asgeotropic organic solvent such as toluene or heptane.

Alternatively, the esterification may be conducted at reduced
pressure The reaction is continued until the acid number is
reduced to about 12-15. '

The aclds from which the esters are derived are alsoc
generally available commercially but may be made if so desired by
procedures of long-standing in the chemical arts. Mercaptoac;etic
acid, for example, may be made by the reaction of sodium hydro-
sulfide with sodium chlorocacetate and subsequent acidificaticn.

”‘ﬁﬁ‘iiii‘ Wi li'ﬂin
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f-mercaptopropionic acid is obtained in about 80% yield from the
reaction  ©of sodium hydrosulfide with ° ﬁg@t@pi@l&@t@ﬂ@ in
acetonitrile and subseguent acidification. Mercaptesuccinic acid
nay be nade by adding hydrogen sulfide across the double bond of
maleic anhydride followed by hydrolysis. Also suitable for the
purposes of this invention are the alkyl esters of a-mercapto-
propionic acid, which may be prepared from e~chlorcpropionic acid
and secdium thiosulfate according to the procedure described in
U.8. Patent No. 2,413,361, which is incorporated herein by
raference. “ S

The zinc mercaptaastegg are easlily prepared by the reaction of
the corresponding mercaptoacid ester with zinc chloride in the
presence of a suitable hydrogen chloride scavenger such as ammonia,
ammonium hydroxide, and an alkali metal hydroxide or a carbonate
thereof. Another method is the condensation of the mercaptcacid
ester with zinc oxide in an organic medium such as a high boiling
naphtha, xylene, paraffin wax and the like. Any ratio of the zinc
compound and the mercaptoester will suffice so long as the reaction
conditions are such as to drive the condensation but it is -
preferred to use a stoichiometric ratic of the reactants.
Atmospheric pressure is suitable but the reaction will proceed
satisfactorily at from about 50 to about 80°C under reduced
pressure. The maximum temperature is about 140-150°C.
| The stabilizer cgmp@giticng of this invention may also

contain a gubstituted.dihydg@pyxidine as taught in U. 8. Patent No.

4,515,916. As used herein, the term

substituted dihydropyridine

' means a heteroccyclic compound represented by the formula:
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wherein R® is the same or different saturated alkyl radi@al having
from 1 to 20 carbon atoms in a traight or branched chain. Examples
of particular dihydropyridines which are suitable include those in
which both R® radicals are ethyl or dodecyl. A method for the
preparati@n of sald dihydropyridines is taught in U. 8. Patent No.
4,209,438, which is incczgar&.tad herein by reference.

The Eml@gen containing polymers which are stabilized by the

. stabilizer c@mp@gitions of this inventiecn and vhich are useful in

the polymer compositions of this invention include, for example,
halogenated polyolefin homopolymers, halogenated polyclefin
c@palymetgy polymer blends containing a halogenated polyolefin
homopolymer or copolymer, vinyl halide homopolymers, vinyl halide
ccpolymers and polymer blends containing vinyl halide homocpolymer

or copolymers. As vinyl bhalide homopolymers, vinyl halide

copolymers and polymer blends containing vinyl halide homopolymers
or vinyl halide @@polymers usable in the practice of this invention
there, for example, may be used (1) polyvinyl chloride,
p@lyvinylidane chloride, polyvinyl bromide, polyvinyl f£luoride,
polyvinylidene fluoride, (2) copolymers of vinyl chloride with a

- copolymerizable ethylgnically unsaturated monomer such as

vinylidene chloride, vinyl acetate, vinyl butyrate, vinyl benzoate,
diethyl fumarate, diethyl maleate, other alkyl fumarates and
maleates, vinyl procpionate methyl acrylate, 2-ethylhexyl a@rylate,
butyl acryalate, ethyl acrylate ,,' and other alkyl acrylates, methyl
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methacrylate, ethyl methacrylate, butyl methacrylate, hydroxyethyl

methacrylate .and other a_lky' _methacrylatgs, methyl alpha

chloracrylate, styrene, vinyl ethers such as vinyl ethyl ether,

vinyl chlorcethyl ether, vinyl phenyl ether, vinyl ketones such as
vinyl methyl ketone, vinyl phenyl ketone, 1 f£lucro-i-chlorcthelene,
acrylonitrile, chl@x@acrjylenitrile, allylidene diacetate,
chloroallylidene diacetate, ethylene and propylene, and (3) polymer
blends such as blends of polyvinyl chloride and polyethylene,
p@lyvinyl chloride and chlorinated polyethylene, polyvinyl chloride
and polymethyl  methacrylate, polyvinyl chla_ride and
polybutylemethacrylate, . pclyvinyl . chloride and polystyrene,
polyvinyl chloride and acrylonitrile-butadiene-styrene copolymer,
and polyvinyl chloride and polyetheylene and p@lymetny
met:hacrylat@, Tmical vinyl halide copolymers usable in this

invention include wvinyl chloride-vinyl acetate (87:13), vinyl

chloride-vinylidene chloride {95:5) , vinyl chloride-
trichlorcethylene (95:5) and vinyl chlcrmesZegthylhaxyl acrylate
(80:20) . The polymer blends usable in the practice of this
invention comprise physical blends of at least two distinct

' polymeric species and contain ﬁrom 28 t@ 95 w@iqht percent of vinyl
halide homopolymer. :

¥or the purposes of tnis invention, the stabilizer c@mpcsititm
may include lubricants because of their important effect on the
stablility of the p@lymeg' compositions during mnastication and
extrusion. The amount of each component in the tabiliser
compositions of this invention may vary_ over a wide range but they
will generally ccmprise, by weight, from about 5 % to about 85 %,

preferably about 10 $ to about 20 %, of the zinc mercaptoester of

this invention, about § & to about 20 %, preferably about 10 % to
about 15 %, of an inorganic basic al_kali or alkaline earth compound
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such as calcium carbonate, from about 20 % to about 80 % of a

' lubr;icant guch as paraffin wax, ethylene bis-stearanide, and

calecium stearate; and, when employed, from about 5 $ to about 10%
of the substituted dihydrogygidine@ From O to about 10 % of a
partially oxidized polyethylene such as Allied Chemical’s product

' sold under the trademark AC62SA may be used as an additional

lubricant in the compositions of this invention.

In addition to the halogen—contalning polymer and the
stabilizer ccmpogiticm, the polymer composition of this invention
may contain c@nventi@nal additives such as fillers, pigments,
plasticizers, dygg, anticxidants, and ultraviclet 1light
gtabilizergo It may also contain Ilubricants other than those
described ab@vg, such others being @xamplifi@d by stearyl stearate,
cetyl palmitate, and other ester waxes. Materials such as calcined
clays, calcium carbonate, and tales may be used as fillers.

- Suitable pigments include titanium diocxide, carbon black, and iron
 oxide. . Phthalates, sebacates, adipates, phosphates, and fatty

esters having between 16 and 150 carbon atoms are representative of

- well known plasticizers suitable for the compositions of this

invention. Suitable antioxidants include tricresyl phosphite; 2,6-
dimtabutyleséﬁmethyl phenol; 2 s 6-di-t-butyl-4-decyloxy phenol; and
2-t-butyl-4-cctadecyloxy phenola

The amount of the stabilizer ccmp@siti@n @mpl@yed in the
polymer ccmp@gitions of this invention may vary over a wide range.

. An effective amount is, of course, all that is needed. In general,

that effective amount may be as little as 0.10 part by weight, or
less, of the stabilizer composition per hundred parts by weight of
the halogen-containing polymer. While there is no critical upper
1imit on the amount of stabilizer composition, amounts in excess of

15 parts by weight per hundred parts by weight of the halogen-

il -
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containing 'p@iym@r do net yield a commensurate increase in
éff@@tivgness; Preferably, the stabilizer compositions of this
invention are employed in amounts ranging from about 0.4 part to
about 7 parts by weight per hundred parts by weight of the halogen-
containing polymer. '

‘The polymer cgmpcsition of this invention may be prepared by

| m&th@ds well known in the art and by the use of conventional

equipment. The stabilizer compositi@n may be added to the halocgen-
containing polymer with continuous blending in a high intensity
mixer such as a Henschel kiender. The important comsideration is
that the stabilizer composition and the halogen-containing polymer

. ba thoroughly blended.

The stabilized haloggnscontaining polymer c@mpcsiticns of thig
invention may be used to form articles of manufacture such as pipe.
A variety of conventional molding techniques may be employed to
form the stabilized compositions into any desired shape.

The following examples illustrate the invention.

EXAMPLE 1

Thi@glycolic acid (92.12 grams, 1 mole}, glycerol, (92.09
grams, 1 mole), 100 mis of heptan@, 0.4 gran of p~toluenesulfonic
acid, and 0.1 gram of butyl hydroxytoluene were added to a 500 ml
round bottom flask equipped with a condenser and a Dean-Stark trap
and the materials were heated to 100°C. Azeotropic distillation of
water was carried cut at 90°C until 18.2 nls were cgllegtad. . The
heptane was stripped off and a portion of the residue was stripped
further to 110°C at a pressure of msw Torr to reach an acid value

of 15 and an SH value of 17.29. The theoretical SH value is 19.85.

Filtration of thg residue provided a golden clear product.

il
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_ EXAMPLE 2 .
The general procedure of Example 1 was followed except that
150.17 grams (1 mole) of triethylene glycol was used instead of the
glycerol. The heptane was stripped off in a Rotovac apparatus to
give a product having an acid number of 8.8 and an SH value of
12.8. The theoretical SH value is 14.7.

EXAMPLE 3 _

The general procedure of Example 2 was followed except that
106.12 grams {1 mnole) of digthyleng g’lyc@l was used instead of
triethylene glycol and hexane was used as the azeotropic solvent.
The azeotropic distillation of water was carried out at a pot .
tgmp@raturé@f 90°C and a vapor temperature of 63°C. The SH value.
@f'th@ clear product was 16.2; theory is 18.3. - '

_ : EXAMPLE 4 _
Caprylic acid (acid no. 373.6; 75.08 gxams, 0.5 equivalent},
thicglycolic acid (46.06 grams, 0.5 eguivalent), glycerol (46.05
grams, 1.5 eguivalents), and 0.13 gram of methanesulfonic acid were

' charged to a 500 ml round hottom flask equipped with a stirrer and

attached to a vacuum pump. The reaction mixture was held at 100°C
under reduced pressure for 10 hours. The residue plus f_ilteg ald
was filtered at 40°C to give a product having an acid number of 8.3
and an SH value of 9.7.  The theoretical SH value of the mixed
caprylate/thioglycolate ester is 10.4. ‘

| ' EXAMPLE 5 _
Thioglycolic acid (46.06 grams, 0.5 mole}, tetrasthylene
glycol (97.12 grams, 0.5 mole), 100 mls of heptane, G.4 gram of p-
toluene sulfonic acid, and 0.1 gram of butyl hydroxy toluene were
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heated in a round bottom flask equipped with a stirrer and a Dean-
Stark trap to. 100°C and about 9.2 mis of water wag removed.
Continued heating and removal of the solvent under reduced pressure
drove the acid value down to 17.3. The SH content was 11.35 $

- whereas the theoretical value is 12.30.

EXAMPLE 6

Caprylic aclid (78.72 grams, 0.5 equivalent), glycercl (46.05
grams, 1.5 eguivalents), 50 mls of toluene, and 1.2 grams of p~TSA
were heated in a round bottom flask equipped with a stirrer,
condenser, and De;anevstark trap '(ad@iti@nal toluena added to the
trap.) . At 125°C, 9 mls of water were collected from the
esterification reaction. Then, 46.06 grams thioglycolic acid (0.5
equivalent) were added and the mixture was heated to 110° C to

‘drive off ancther 9 mls of water. The reacticn mixture was

stripped ‘under reduced pressure and filtered. The SH content was
9.78 % whereas the theoretical value is 10.8 %.

EXAMPLE 7

One m@le (92.12 grams) of thicglycolic acid, one m@l@ (s0.12
grams} of ethylene glycol moncethyl ether, 160 mls of heptane, 0. 4
gram of p~TSA, and 0.1 gram of butylhydroxy toluene were heated in
a 500 ml round bottom flask eguipped with stirrer, condenser and
Dean-Stark trap toc 100°C until the acid value was reduced to about
10. After stripping off solvent, the acid wvalue was 186.
Aﬂditi@?nal ethylene glycol mnonoethyl ether was added and the

.mixture was heated to 100°C under vacuum to reduce the acid value

to 13.2. The SH content was 16.8/20.1.

T



io

15

20

25 .

30

2210-28-00
PATENT

EXAMPLE 8

One half mole (78.72 grams} of caprylic acid, one half mole
{31.04 grams) of ethylene glycol, 100 mls of toluene, and 0.2 gran
of p-TSA were heated in a flask equipped with stirrer, condenser,
and Dean-=Stark trap (filled with toluene} to 110°C to remove 9 mls
of water. One half mole (46.06 grams) of thiocglycclic acid was
added to the cooled mixture and the temperature was raised to 125
°C to remove more water. After stripping and filtering the
reaction mixture, the SH content was 11.99/11.97 $%. '

EXAHPLE 9
Cne mole (92.12 grams) of thioglycolic acid, one mole (118 12
ams) of @thylane glycol moncbutyl ether, 100 mls of toluene, and
0.4 gram of p-TSA were heated in a flask equipped with a stirrer,
@@nd@nger@ Dean~Stark trap to 110°C to drive off about one mole of
wateza' The reaction mixture was stripped under vacuum. The SH
content was 15.83/17.17 %. '

| EXAMPLE 10 |
One-half eguivalent (46.06 grams) of thioglycolic acid, 0.5
equivalent (75.06 grams) of caprylic acid, 1.8 gguivalents (60.08
grams) of trimgthylalethane, and 0.13 gram of p~TSA were heated in
& flask under reduced pressure to 80°C until the acid value was
9.8. The reaction mixture was filtered to give a clear liguid
having an acid value of 8.25 and a SH content of 8.64/10.13 $.

EXAMPLES 11 and 13
The zinc salts of the esters prepared in Examples 5 and 7
were prepared by adding 0.1 gram of acetic acid to the ligquid ester
and then gradually adding the stoichiometric amount of zinc oxide

&
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. to the mixture and heating it to 100-110°C under vacuum for 2
- -hours. The zinc salt of the tetraethleneglycol thioglycolate (the

product of Example 11) is a clear yellowish solid. The product of
Example 13 was a white liguid that poured like water while still
Warm. '

_ EXAMPLES 12 and 14-16
The zinc salts of the estars of Examples 6, 8, 9, and 10

- were prepared by adding an agueous sclution of zine chloride to an

equivalent amount of the ester dispersed in an agqueocus solution of
an equivalent amount cof sodium hydroxide at a temperature of 25~
30°C while the stirred mixture was being coocled by an icg bath.
The temperature was maintained for one hour. The aguecus reaction
mixtures of Examples 12 and 14 were stripped under vacuum. The
product of Example 12 (from ester of Ex. 6) was a viscous white
liguid. The product of Example 14 (fr@m the ester of Ex. 8) was a
creamy white ligquid. The reaction mixture in Example 15 (from
ester of Ex. 9) separated into two phases and the érgani& phase was -
stripped under vacuum to yield a viscous, white liguid. - The
reaction mixture of Example 16 (from ester of Ex. 10) separated
intoc two phases and the organic phase was stripped at 70°C for one-
half hour to yield a vigceug,.whit@ liquid.

EXAMPLES 17~22
To a p@lymar composition having the ﬁ@li@wing typical PVC pipe
formulation:

YEGR] ENT . m
P@lyvinylchlaride (Ka&?) 100.0

Caleium carbonate . - B.0

B .
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Pitanium dioxide ' - 1.0

@omp@siticng
invention in

Calcium stearate 0.45
Paraffin wax o | 1.3
Oxidized polyethylene 6.15
(Allied AC-629A)
Calcium hydroxide 0.3
Dihydropyridine | | 0.3
there was added 0.4 phr of a heat stabilizer, as followss
Control zinc bis(2-ethylhexylthiocglycoclate)
Example 17 zinc'bis(tatraathylen@ glycol thioglycolats)
Example 18 zinc bis(glycerol caprate thioglycolate)
Example 19 gzinc bis (ethylenme glycol monoethyl ether:
thi@glycdlate)
Example 20 zine bis(ethylene glycel caprate
thioglycolate).
Example 21 zinc bis(ethylene glycel monocbutyl ether
| _ thioglycoclate) :
Example 22 zinc bis(trimethylolethane @aprylate
thi@glycolate}
Dynamic mill p@rfozmance testing of the control and polymer

of this inventi@n demanst:ates the eﬁficacy of this
the control of “zinec burn® during the fabrication of
the pipe. In this testing procedure the Control and Examples were

separately placed on a mill having a front roll operating at 30 rpm
‘and a rear roll operating at 40 rpm, heated to 390°F (199°C) and

were milled with sampling at two minute intervals. Colorimetry

_tests of the samples gave the results shown in the following table,

wherein the units of total color change (AE} are given minute by
minute. A AE of about one unit is noticeable to the eye.
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"*;: — e s ————
| EXAMPLE NO. 1
| win. | cont. 17 18 19 20 21 22 |
I 2 3.7 | 3.5 | 4.2 4.0 3.3 3.5 2.3
ﬂ 2 3.7 3.9 | 6.0 | 4.0 3.2 3.4 | 4.3 |
i~ — . 1
? 3 3.8 5.4 10.3 | 5.7 4.3 | 4.0 | 8.3 |
K 4.6 9.7 14.4 | 8.1 8.0 5.8 | 12.7 f
ﬁ 5 5.3 12.7 | 18.5 14.4 | 12.8 7.3 16.8 E
“ 6 5@9 ’ 1591 2197 1808 ] 16@0 709 2_@00 '!‘
it : S . - lﬂ\
.Ji 7 | 8. 15.9 | 26.2 | 22.1 | 17.2 | 8.4 21.9 |
_ ' ' ) - =
| 8 19.2 17.4 | 25.3 | 24.6 | 17.4 16.8 | 23.7 |
i : — - : - : ' —
;W ) 29.3 | 19.2 | 26.2 | 26.5 | 18.3 | 21.3 | 23.9 |
'ﬂ 10 58.3 | 21.4 | 25.7 | 27.1 | 26.3 | 26.1 | 24.5 |
‘; _— l — - o - - = \h
Io11 e 29,0 | 27.1 | 28.0 | 29.6 | 35.7 | 23.6 h
| 12 e 38.3 30.1 31.7 32.1 == 25.6 |
i e - ] . L g

The data in the Table show that the total coclor change of the .
Contrel, a stabilizer of the priocr art, doubled during the tenth
minute to a value of about 58, whereas those of the present
invention had a maximum color change of about 38 even aftez' twelve
minutes of milling.

i
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1. - A heat stabilizer composition comprising a zinc
mercaptoester having the formula:s

Zneﬁs(.CHR)S(CHZ)X«Q{(;#)O]R' I
whezeins

R is wmethyl or C-(0O)OR’;
R’ is '[(CHZBECQ(RU(RQIVCEQO)ZRS]
R'is B, alkyl, or hydroxy alkyl;

' R%is OH, hydroxy-substituted alkyl, or ogo@)caaﬁ'
R%is H, (O=)C-R*alkyl, or aryl;
R*is alkyl, alkenyl, or aryl;
a =00r l; x=10r 2; y=20 o 1; and 2 = 1 to 4'
with the proviso that when z is gxaatar than 1, vy =
0.

4

2. A composition acecording to claim 1 wherein =z

3. A csmp@sitioh according to claim 1 wherein
2 and R%*is alkyl.

2.
)

4. A comgosition accogding t@ claim wherein
1, R*is (0=)C-R'and R*is alkyl. '
5. A composition according to claim 1 wherein z =
1, vy =1, R'is alkyl, and R®is hydroxyalkyl. | |
6. A composition accezding to claim 1 wherein z =

1, y = 1, and R?is OH.
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7. A polymer composition stabilized against the
deteriorative effects bf'heat, comprising a halogen- -
containing polymer and a stabilizer according to any
preceding claim.

8. An article fabricated from a polymer composi-
tion according to claim 7. -




