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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

inc@xp@rati@n therein of good heat and light ¢ tabiliggrs. BVC, for
gxamplg, is kn@m to have a tendency to degrade 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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is known to have a .tendency to degrade upon. prol onged exposure to heat and
i ght during processing and use. Darkening or other color change and the
|l oss of tensile, flexural, and inpact strengths are the results of _such.
deg“mkgﬁ(ﬁm@mmsg@@egoaﬁgriwation often occurs when zinc compounds are
employed as stabiliz@rs, the phencmenon is known as "zinc burn® in
the PVC industry. S _
An example of gin@ burn is iliustrated in U. 8. Patent No.
8 4,515,916, wherein a PVC composition containing zinc biga(nctyl
| thioglycolate) as a stabilizer showed such burn after 3 minutes on
a two roll mill at 193°C. '

SUMMARY OF THE INVENTION

10 | N

' It is an okject 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.

15 It is a related object of this invention to eliminate zinc
burn during the pr@agssing of PVC s@mp@sitions at elevated
temperatures. B

These and other objects which will become apparent from the

- following description are achieved by inc@rperating in a

20 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’;
25 | R* is [(CH~[C~(R)) (R} 1,CH,0) X
| B 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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the service life of articles nade fromthe conpositionis limted, and its
use severely restricted, as will be the conditions for making it. One
particularly troublesone form of degradati on occurs when the pol yner
conposition is processed into articles by methods enpl oyi ng hgate+agsebt or
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comonly referred to as early color -or early discoloration. The avoi dance ,
of such early color is notably inportant in the manufacture of plastic pipe
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into a pitch-like abrasive material and cause the formation of corrosive
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phenyl.

Examples of this new clasms of zinc biSEmercapt@acid ester
include zinc bis-~thioglycolate, zinc bis-mercaptopropionate, and
zine m&rcapt@succinatg of a polyhydric alcochcl or ether,
10 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
o di@thylgng glycol m@n@ethyl ether, glycol mono-carboxylates such as
15 di@thyl@ne glycol m@nacaprate and ethylene glycol monocaprate, and

glycerecl carboxylates such as glycercl monocaprate, all of which
' are either available commercially or are made easily by

conventional methods. The mercaptoacid esters may be made by

conventional procedures wherein the mercaptoacid and the hydroxyl-
20 group bearing compound are heatéd 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
25 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. Mercaptoacetic
. acid, for example, may be made by the reaction of sodium hydro-
30 sulfide with sodium chloroacetate and subsequent acidification.
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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. Alsc 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

10 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

15 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 -

20 preferred to use a stolichiometric ratio 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

25 contain a substituted dihydropyridine as taught in U. 8. Patent No.

'49515,9160 As used h@rain; the term substituted dihydropyridine
' means a heteroccyclic compound represented by the formula:




An exappl esof zinc burnis illustrated in U S. Patent No. 4,515, 916,

wherein a PVC conposition containing zinc bis-(octyl

stabilizer showed such burn atter 3 minutes on a two roll mll at .
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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
copolymers, polymer blends containing a halogenated polyolefin
h@m@p@lymer 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




following description are achieved by incorporating in a conposition
conpri sing a hal ogen-contai ning polynmer a novel zinc nercaptoester having

the forml a: ~ Jerr] . wherein R is methyl
or (=0 R ; ~[err] ' Rlerr] is H alkyl, or

hydr oxyal kyl ;- ' Rlerr] is OH, hydroxyal kyl, or Q O=)2id-as+400
Rlerr] is alkyl or alkenyl; Rerr] is H (O)CRerr] BATENKYI ;
and o :

methacrylate, ethyl methacrylate, butyl methacrylate, hydroxyethyl

methacrylate .and other a_lky' methécrylatgs, nethyl aflpha

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

_ vinyl chlorcethyl ether, vinyl phenyl ether, vinyl ketones such as

5 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

i0 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

15 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

20 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

25  extrusion. The amount of each component in the stabilizer

" 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

30  about 15 %, of an inorganic basic alkall or alkaline earth compound




- 3- ‘ » =Qor 1, x=or 2, y=0o0r 1; and z = 1 to 4;
with the proviso that when z is greater than 1, vy =0. The al kyl and
hydr oxyal kyl groups have from 1 to 10 carbon :
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such as calcium carbonate, from about 20 % to about 80 % of a
' lubr;icant guch as paraffin wax, ethylene bis-stearamide, and
calecium stearate; and, when employed ,' from about 5 % to about 10%
. of the substituted dihydrogygidine@ From O to about 10 % of a
5 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 ccmpogit;icm, the polymer composition of this invention
10 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 cther ester waxes. Materials such as calcined
15 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 ggpr@gntative of
- well known plasticizers suitable for the compositions of this
20 invention. Suitable antioxidants include tricresyl phosphite; 2,6-
dimtabutylaéﬁmethyl 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.
25 = 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
limit on the amount of stabilizer composition, amounts in excess of
30 i5 parts by weight per hundred parts by weight of the hal;.ogefme'

il -



atons, preferably 4 or fewer. Aryl groups are exenplified by phenyl.
Exanpl es of this new class of zinc bis-nmercaptoacid ester include zinc -
bi s-t hi ogl ycol ate, zinc bis-nmercaptopropionate, and zinc nercaptosuccinate -
of a polyhydric alcohol or ‘ether, carboxylate, or ether-carboxylate

t hereof having at |east one functional hydroxy group as exenpl phiecdzBy-00

et hyl ene glycol, glycerol, tetraethylene glycol, trinmethylol et hanePaTENT
pentaerythritol, glycol ethers such as tetraethyl ene glycol nonobutyl

et her, and dlethylene gl ycol nonoet hyl other, glycol nono-carboxyl ates such
as dlethylene gl ycol nonocaprate and ethylene gl ycol nonocaprate, and

gl ycer clontadnbng atpes ysexh ak:gk¥¢erqﬁaﬂdhoaapcammensuraﬁé wincirease in

ei ther ﬂi%éﬂérfegéo”ﬁﬁ%%%ﬂ Orthér %t '@}i&b ze?Sbink Qiti@ﬁée%f OpRlig
met hods e mer capt oacl easte y conve tional procedures

viher ei ATVRETHOTE AFS Luplavied ﬁe ﬁveee&:ﬂ fPRWapduhJPEFE to
heat ed alyguith® eeeeney @éigng%@%@@é@lmewuﬁqw kEnene halogenc d

O Pt Qontaining Boiyhar. A"
- ‘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
i¢ mixer such as a Henschel kiender. The important comsideration is
that the stabilizer composition and the halogen-containing polymer
. ba thoroughly blended.
The stabilized halogenscontaining polymer c@mpcsiticns of thig
invention may be used to form articles of manufacture such as pipe.
i5 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

20 Thi@glycolic acid (92.12 grams, 1 mole}, glycerol, (92.09
grams, 1 mole), 100 mis of heptane, 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

28 water was carried out at 90°C until 18.2 nls were cgllegted. " The
heptane was stripped off and a portion of the residue was stripped
further to 110°C at a pressure of 1§s2@ Torr to reach an acid value
of 15 and an SH value of 17.29. The theoretical SH value is 19.85.
Filtration of the,regidue provided a golden clear product. '

390

il



an azeotropic organic solvent such as toluene or heptane.
Alternatively, the esterification may be conducted at reduced pressure The
reaction is continued until the acid nunber is reduced to about 12-15..

The acids fromwhich the esters are derived are also generally avail able
comercially but may be made if so desired by procedures of | o2gistasedag
in the chem cal arts. Mercaptoacetic acid, for exanple, may be nadPABENThe
reaction of sodi um hydro- sulflde W t h sodlun1chloroacetate and subsequent
aC|d|f|cat|on

_ MLE 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
5 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 genéral’prgeeﬂure of Example 2 was followed except that
io 106.12 grams {1 mnole) of digthyleng glyc@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'df 90°C and a vapor temperature of 63°C. The SH value.
@f'th@ clear product was 16.2; theory is 18.3. -
15 |
_ : EXAMPLE 4 _
Caprylic acid (acid no. 373.6; 75.08 grams, 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
20 charged to a 500 ml round bottom flask equipped with a stirrer and
 attached to a vacuum p@m@. The reaction mixture was held at 100°C
under reduced pressure for 10 hours. The residue plus filteg 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
25 . 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-

30 toluene sulfonic acid, and 0.1 gram @ﬁ'butyl hydroxy toluene were




-4- [ err]-mercaptopropionic acid is obtained in about 80%yield from
the reaction of sodium hydrosulfide wth [err]-propiolactone in
acetonitrile and subsequent acidification. Mercaptosuccinic acid my be
made by addi ng hydrogen - sul fi de across the double bond of mal ei c anhydride
fol l oned. by hydrolysis. A so suitable for the purposes of thi 3io<ag-+om
are the alkyl. esters of [err]-mercapto- propionic acid, which may BEFENT
prepared fromJ[err]- chl or opropi oni ¢ acid and sodlun1th|osulfate accordi ng
to the procedure described in U S. Patent- No. 2,413,361, which is

I ncorporated herein by reference. - The zinc nercaptoesters are easily
‘preparkeatedtin a cooubdrbottond bask cepoipped witk aptakidterand avideant nc

chlorigead® Whap 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 $
5  whereas the thecretical 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
10 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
15  drive off another 9 mls of water. The reaction mixture was
| stripped ‘under reduced pressure and filtered. ‘The SH content was

9.78 % whereas the theoretical value is 10.8 %.

EXAMPLE 7

20 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

25 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



presence or:a suitable hydrogen chloride scavenger such as anmoni a,
~ammoni um hydr oxi de, and an al kali netal hydroxide or a carbonate thereof.
Anot her nethod is the condensation of the nmercaptoacid ester with zinc

oxi de in an organi c nedi um such as a high boiling naphtha, xylene, paraffin
wax and the .like. Any ratio of the zinc conpound and the nercap2dése8rodi | |
suffice so long as the reaction conditions are such as to drive t hPATENT
condensation but it is preferred to use a stoichionetric ratio of the
reactants. Atnospheric pressure is suitable but the reaction will proceed
satisfactorily at fromabout 50 to _about 80[err]C under reduced pressure.
The mexinum tenperature is about 15SAMBEE-8 |C. The stabilizer

conposi ti ongrdl HiS ndVEN 7807 9RYrahsy 02N APyl iviGdid,/iéte half mole
TR B R A R BaERCIhg i ehoe o o
represeft gsH8A wWerd Gieatted in a flask equipped with stirrer, condenser,
5 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 $%. '
10 _ . ‘ _
 EXAMPLE 9 - _
Cne mole (92.12 grams) of thioglycolic acid, one mole (118.12
ams) of éthyl@ne glycol menobutyl ether, 100 mls of toluene, and
| 0.4 gram of p-TSA were heated in a flask equipped with a stirrer,
15 @@ndenger@ 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 |
20 One-half eguivalent (46.06 grams) of thioglycolic acid, 0.5
equivalent (75.06 grams} of caprylic acid, 1.5 egquivalents (60.08
grams) of trimgthylalethane, and 0.13 gram of psTSg were heated in
a flask under reduced pressure to 80°C until the acid value was
9.8. The reaction mixture was filtered to give a clear liguid
25 . 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
30 and then gradually adding the stoichiometric amount of zinc oxide




[err]
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. to the mixture and heating it to 100-110°C under vacuum for 2

- -hours. The zinc salt of the tetraethlemeglycol thi@qu@@l&te_(tha

0

15

20

28

30

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@ ligquid.

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

P@lyvinylchlaride (Ka&?) 100.0

Caleium carbonate . - B.0

B .



wherein R err] is the sane or different saturated al kyl radical having from
1 to 20 carbon atons in a straight or branched chain. Exanples of

particul ar di hydropyridi nes which are suitable include those in.which bot h
Rlerr] radicals are ethyl or dodecyl. A method for the preparation of said
di_hydropyridines is taught in U S. Patent No. 4,209,439, whicha18-28-00

I ncorporated herein by reference. The halogen cont ai ni ng pol ynpasemipi ch
are stabilized by the stabilizer conpositions of this invention and which,
are useful in the polynmer conpositions of this invention include, for
exanpl e, hal ogenat ed pol yol efin honopol yners, hal ogenated pol yolefin -

copol yners, polyﬁﬁmamimmkﬂinxﬁ@anlng a hal ogenat ed paly®l ef i n honnpolyner

- or copol yner, ££ﬂﬁﬂﬁlyners vi nyl halide | yner s -and
pol ymer bl ends co¥ﬁaJn|ng&%|ny al i de honopol yner or gdf%lyners As
vinyl halide honmBgsaffdss wax vi nyl hal i de _

_ Oxidized polyethylene 6.15
5 - (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)
10 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
15 o thioglycolate).
Example 21 zinc bis(ethylene glycel monocbutyl ether
| _ _ thioglycolata)
Example 22 zinc bis(trimethylolethane @aprylate
thi@glycolate}

20

Dynamic mill p@rfozmance testing of the control and polymer
compesitions of this inventi@n demanst:ates the eﬁficacy of this
invention in the control of "zinc burn® during the fabrication of
_ the pips. In this testing procedure the Control and Examples were
25  separately placed on a mill having a front roll operating at 30 rpm
B "and a rear roll operating at 40 rpm, heated to 390°F (199°C) and
were milled with sampling at two mi@ut@ 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

30  minute. A AE of about one unit is noticeable to the eye..




copol ypers. and pol yner bl ends contai ning vinyl halide honmopol yners or vinyl
hal i de copol yners usable in the practice of this invention there, for
exanple, - may be wused (1) polyvinyl chloride, polyvinylidene chloride,
‘pol yvi nyl bromi de, polyvinyl fluoride, ponvinyIidehe fluoride, (2)
copolynmers of vinyl chloride with a copol ynerizable ethyl enggab-ps-00
unsaturated nononmer such as vinylidene chloride, vinyl acetatePATENEI
butyrate, vinyl bensoate, diethyl fumarate, diethyl naleate, other alkyl
fumarates and mal eates,, vinyl propionate nethyl acrylate, 2-ethyl hexyl
acrylate, butyl acryalate, ethyl acrylate, and other al kyl acryl ates,

methyl COLOR CHANGE (AE)

\ ; - - ' . =
| min. | conmt. 17 | 1 | 18 | 20 | 21 a2 ;:
% 1 3°? EXE :Q.z | 4.0 3.3 | 3.5 2.3 WT' 
| 2 | 3.7 3.9 | 6.0 | 4.0 3.2 3.4 | 4.3 |
§ ) 2.8 5.4 mfs;.“ 5.7 4.3 | 4.0 8,3:_“_“
| & | 4.6 9.7 | 14.4 | 8.1 8.0 5.8 | 12.7 E
E 5 | 5.3 12.7 | 18.5 '1?'4_; 1.8 | 7.3 6.0 |

' ﬂ 7 | 8.1 | 1s.9 g;ﬁ; 22.1 | 17.2 | 8.4 z}.s_j
g s | 1.2 17.5_ 25.3 | 24.6 | 17.4 1 10.8 _-3357_5
| o | 2s.3 19.3. 26.2 | 26.5 | 18.3 | 21.3 23.3_E
IE 10 | 58.3 | 21.4 | 25.7 | 27.1 | 26.3 | 26.1 | 24.6 @
B - 29.0 | 27.1 | 28.0 | 29.6 35.7 | 23.6 i
| 12 ~e | 38.3 | 30.1 | 317 | 32.1 | == -~ zs.e'f

‘The data in the Table shcﬁ that the total cslor 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.

mm mmill




met hacryl ate, ethyl nethacrylate, butyl nethacryl ate, hydroxyet hyl
met hacrylate and other alky nethacrylates, methyl.
chloracryl ate, styrene, vinyl ethers such as vinyl ethyl_ether, Vi ny

chl oroethyl ether, vinyl phenyl ether, vinyl ketones sugj J’ﬂﬂl”ﬂﬁ.
o a

ketone, vinyl phenyl. ketone, -1 fluoro-1-chkl dBothel ene,, At ‘
chl oroacrylonitrile, allylidene di acet at e, chIoroaIIyllﬁené d? acket

et hyl ene and propylene, and (3) pal ymer bl ends such as bl ends of: ponV|nyI
chloride and el yekdyl ene, polyvinyl chloride and chlorinated polyethylene;
pol yvi nyl chl ofi'de and pol ynet hyl met hacryl ate, pol yvinyl chl oride
and -

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 methyl or C-(O)OR’;

R’ is '[(CHZBECQ(RU(RQIVCEQO)ZRS]

R'is H, alkyl, or hydroxy alkyl;
' R%is OH, hydroxy-substituted alkyl, or 0(o§)cew

R%is H, (O=)C-R*alkyl, or aryl;

R*is alkyl, alkenyl, or aryl;

a =00r l; x=10r 2; y=20 o i1; and z = 1 to 4;
with the proviso that when z is greater tham 1, y =
0. '

2, A composition acecording to claim 1 wherein z =
3. A csmp@sitioh according to claim 1 wherein z =
2 and R%*is alkyl.

4. A comgosition accogding t@ claim 1 wherein 2
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. : '




pol ybut yl esret hacryl ate, polyvinyl chloride and -polystyrene, polyvinyl
chloride and acrylonitrile-butadi ene-styrene copolyner, and polyvinyl
chloride  and polyetheylene and polynethy-nethatﬂwmh SRR gy | N/
hal i de copol yners usable in this invention include vi ysligH gilciy

acetate (87:13), vinyl chloride-vinylidene 18 chl oride* /i nyl
chloride- trichloroethylene (95:5) and vinyl chloride-2- ethylhexyl acryl ate
(80:20). The polyner blends usable in the practice of this invention

conFrisefphys;caL ngWQS oLfa dﬂym%;tdﬁmpbéﬁﬁ%?ﬁ éﬁ&bﬂﬂiZﬁdsﬁgaiﬁgtaﬂﬁi
contain from 0 cen al i de ho or
t he purposes o %ﬁ?&cpﬁé’?fﬁ §%%r sotoédl;ﬁ% e PR H R %%%geé%%l ude

| ubricants becea&@a@hih@elpaww aefgmmmgmammmg ycofasye
pol yrner conp05|%§%%§ gpstlcatlon and extrusi on. The anopunt of each
ﬁ I|z

conponent p conp05|t|ons of this invention nmay vary over a
w de range but they will generally conprise,. by weight, fromabout 5 %to
about 85 % 8. An article fabricated from a polymer composi-

tien accerding to claim 7.




preferably, about 10 %to about 20 % of the zinc mercaptoester of this
invention, about 5 %to about 20 % preferably about 10 %to about 15 % of
an inorganic basic alkali or alkaline earth conmpound
-7- such as cal cium carbonate, from about 20 %to about 80 % of a
: _ 2210~28-00
PATENT

P@L‘I@L ESTQS OF ZING m@m&cms ] o

2 zinc mercaptoacid ester of a polyhydric alcochol or ether,
carboxylate, or ether-carboxylate thereof having at least one
furictional hydroxy group are improved heat stabilizers for balogen-
- sontaining polymer compositions. The phencmenon known as zinc burn
during processing of such compositions is eliminated. Zinec bis-
thiocglycolates, zinc  mercaptoproplonates  and zine bis~
mercaptcsuccinates of glycols, gﬁlgeezcl, glycol ethers, glycol
carboxylates, and glycerol carboxylates exemplify the new class of
heat stabilizers. ' '

PA221000 . RMD
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. . . . @ty s
| ubricant such as paraffin wax, ethylene bis-stearam de, and calcium

stearate; and, when enployed, fromabout 5 %to about 10% of the

substituted di hydropyridine. FromO to about;-10--%-of -a partially oxidi zed
pol yet hyl ene such as Allied Chem cal's produci ol 'dunder:t he: traderrark
- AC629A pay be-used-as an addi tl o:rrar‘ Tubricant g the conposi ti ons.; @f i/
i nventi or In addl ti on L heg hal ogen Cont-aini ng - -pol yaer

t he stabf} izér corrp05| ti q%1 th; _‘pgl yner conposi t i-on-of "this inventi
contain: (‘i(onvent i onal” add1 ivesisuch-as fillers, Y pi gnent s, pI asti ci z

dyes, antioxidants;: —gnd® traviol et i ght stabilizers. It rréy "a‘I'so
contai n Mibricants: ot her ttiant Hose- qescrl bed above, - such-.ot.her gfei ng

exenplified by stearyl stearate,..cetyl palmtate, and ot her.. ester. waxes.

Materials such as calcined clays, cal ciumcarbonate, and talcs may be usea"

~as fillers. Suitable piqgments include titanium dioxide carbon black, and
. iron oxide. Phthalat e?OLg%aagﬁﬁggs >

" having between 16 and &858

BACKGROUND OF THE INVENTION

Halogen containing polymers, especially those containing
chlorine, are used widely and have great cemmercial significanca.
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
incorporation therein of good heat and light gtabilizers. PBPVC, for
example, is known to have a tendency to degrade upon prolonged
exposure to heat and light during processing and use. Darkening or
other color change and the loss of temsile, flexural, and impact
strengths are the results of such degradation. Unless good low-
cost stabilizers are available for addition to the polymer
composition, the service life of articles made from the composition
is 1limited, and its use severely restricted, as will be the
conditions for making it.

one particularly troubliesome form of degradation occurs when
the polymer composition is processed into articles by methods
gmpl@ying heat te melt or soften the polymer. A color change can
coccur 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 im the manufacture of plastic pipe and siding.
It is, of course, also important to prevent or reduce discoloration
and detericration of the polymer 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 inner, highly polished surfaces of the equipnment can thus be
rendered essentially useless. A particularly troublesome instance
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wel | known plasticizers suitable for the conmpositions of this invention.
Suitabl e antioxidants include tricresyl phosphite; 2,6- di-t-butyl-4-nethyl
phenol ; 2,6-di-t-butyl-4-decyl oxy phenol; and 2-t- butyI 4- oct adecyl oxy
phenol . The amount of the stabilizer conposition enployed in the

pol ymer conpositions of this invention nmay “vary over a wi de range. An
effective anount is, of course, all that is needed. In general, that
effective anmount may be as little as 0.10 part by weight, or |less, of the
stabilizer conposition per hundred parts by meight of the

‘hal ogen-cont ai ni n ol yner Wiile there is no critical limt, on_the
am)ugt of Qfal:ﬁ‘q@hg@%d@éﬁp%ﬁﬁ'ﬁgﬁtf%ﬁﬁ?@‘l ﬁc%%s‘gh%ﬂ ﬁglg%a?Q@éW%laE

per hundr edmpdbiredbys eiadil iekrishethal glgmonenon is known as “ginc burn® in
the BPVC industry. |
An example of zinc burn is illustrated in U. S. Patent No.
4,515,916, wherein a PVC compositien containing zinc bis-(occtyl
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 hal@gr@.n-acgntaining pelymer compositions. _

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

It is a related cbject of this invention to eliminate zinc
burn during the processing of PVC compositions at elevated
temperatures. :

. These and other objects which will become apparent from the
following description are achieved by incorperating in a
eémpesition comprising a halogen-ceontaining polymer a novel zinc
mercaptoester having the formulas '

an~[s (cuR) () ~[c(=0)C]R’ ],
wherein R is methyl or C{=0)OR’;
R is [(cm-[C-(R') (W) 1,0H,0) R];
R! is H, alkyl, or hydroxy alkyl;
R? is OH, hydroxy-substituted alkyl, or 0(0=)C-R';
R is alkyl, alkenyl, or aryl;
R' is H, (0=)C-R® alkyl, or aryl; and
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containing polyfer do not yield a comensurate increase in
effectiveness. Preferably, the stabilizer conpositions of this invention
are enpl oyed in amounts ranging fromabout 0.4 part to about 7 parts by
wei ght per hundred parts by wei ght of the hal ogen- contai ning pol yner.
The pol yner conposition of this invention'hé&’be prepared by nethods well
known in the art and by the use of conventional equi pnent. The stabili zer

conposition nay be added to the hal ogen- containing polyner with continuous
blending in a high intensity

a=0Qor l; x=3lor 2; y=0o0r 1; and z = 1 to 4;
with the proviso that when 2z is greater than 1, y = 0.

The alkyl and hydroxyalkyl groups have frem 1 te 10 carbon
atoms, preferably 4 or fewer. Aryl groups are exemplified by
phenyl.

Examples of this new class of zine bis-mercaptoacid ester
include zine bis-thieoglycolate, zinc bis-mercaptoproplonate, and
zinc mercaptosuccinate of a polyhydric alcchel or ether,
carboxylate, or ether-carboxylate thereof having at least one
functional hydroxy group as exemplified by ethylene glyeol,
glycerol, tetraethylene glycol, trimethylolethane, pentaerythritol,
'glycal ethers such as tetrasthylene glycol monobutyl ether, and
diethylene glycol ﬁ@noethyl ether, glycol mono-carboxylates such as
diethylene glycol ﬁgnacaprate and ethylene glycol monocaprate, and
glycereol carboxylates such as glycerol ﬁ@necaprat@, all of which
are either available commercially or are made easily by
conventional methods. The wmercaptcacid esters may be nade by
cenventional 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 azeotropic 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 acids from which the esters are derived are also
generally available commercially but may be made if so desired by
procedures of long-standing in the chemical arts. Mercaptoacetic
acid, for example, may be made by the reaction of scdium hydro-
sulfide with sodium chloroacetate and subsequent acidification.
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m xer such as a Henschel blender. The inportant consideration is that the
stabilizer conposition and the hal ogen-contai ni ng pol ynmer be thoroughly
- bl ended. The stabilized hal ogen-contai ni ng pol ymer conpositions of
- this invention may be used to formarticles of manufacture such as pipe. A
vari ety of conventional nolding techniques nay be enployed to formthe
stabilized conpositions into any desired shape. The foll ow ng exanpl es
illustrate the invention. EXAMPLE 1
Thi ogl ycolic acid (92.12 grans,, 1 nole), glycerol, (92.09 grans, 1 nole),
100 mM's of heptane, 0.4 gram of p-toluenesulfonic acid, and 0.1 gram of
butyl hydfongreiptapropdeniaddeddt dsaob@ained r bmnalodet t ©0% ¥ bsld cinom phe
with a copgesessn angea Deaeal ar fyiFGRurdihd NeywiRher | beaBERhEd
100[err]C. eoﬁ@c di st Iatio’r’; o?al [ e S carri%ﬁgg’?a?g %rr}%
until 18.%SHreR & G SuRFeTUenE & %%i?é%l?ﬂgtr#BESBPS?ﬁu%ﬁkP FHdi on
of the resayubewasdstby pobiing hydrogen sulfide across the double bend of
maleic anhydride followed by hydrolysis. Also suitable for the
purposes of this invention are the alkyl esters of a-mercapto-
propioniec acid, which may be prepared from ae-chlercpropionic -acid
and sodium thiosulfate according te the procedure described in

U.S. Patent No. 2,413,361, which is incorporated herein by
refersnce.

The zinc mercaptoesters are easily prepared by the reaction of
the corresponding mercaptoacid ester with zinc chloride in the
presence of a suitable hydrogen chloride scavenger such as ammonia,
ammoniunm hydroxide, and an alkali metal hydroxide or a carbonate
thereof. Another method is the condensation of the nercaptoacid
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
_c@mpouﬁd 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 ratio 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 compositions of this invention may alse
contain a substituted dihydreopyridine as taught in U. 8. Patent No.
4,515,916, As used herein, the term substituted dihydropyridine
means a heterocyclic compound represented by the formulas
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further to 110[err]C at a pressure of 10-20 Torr to reach an acid val ue of
15 and an SH val ue of 17.29. The theoretical SH value is 19.85. Filtration
of the residue provided a golden clear product. '

EXAMPLE 2 .
® RO (C=)C € (=0) OR®
H,C H CH,
N
H

wherein R® is the same or different saturated alkyl radical having
frem 1 te 20 carbon atoms in a étraight 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
preparation of said dihydrepyridines is taught in U. S. Patent No.
4,209,439, which is incorporated herein by reference.

The halogen containing polymers which are stabilized by the
stabilizer compositions of this invention and which are useful in
the polymer compositions of this invention ineclude, for example,
halogenated polyolefin homopolymers, halogenated polyolefin
copoelyners, polymer blends containing a halogenated polyolefin
homopolymer or copolymer, vinyl halide homopolymers, vinyl halide
cgpolymers'and polymer blends containing vinyl halide homopolymer
or copolymers. As vinyl halide homopolysers, vinyl halide
copolymers and polymer blends containing vinyl halide homopolymers
or vinyl halide copolymers usable in the practice of this invention
there, for example, may be used (1) polyvinyl chloride,
polyvinylidene chioride, polyvinyl bromide, polyvinyl fluoride,
polyvinylidene fluoride, (2) copolymers of vinyl chloride with a
copolymerizable ethylenically unsaturated monomer such as
vinylidene chloride, vinyl acetate, vinyl butyrate, vinyl benzoate,
diethyl fumarate, diethyl maleate, other alkyl fumarates and
maleates, vinyl propionate methyl acrylate, 2-ethylhexyl @cﬁylatea
butyl acryalate, ethyl acrylate, and other alkyl acrylates, methyl
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The general procedure of Exanple 1 was followed except that 150.17 granms (1
nol e). 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
nunber of 8.8 and an SH value of 12.8. The theoretical SH value is 14.7.

EXAMPLE 3 The general procedure of BExanple 2 was foll owed except that
106.12 grans (1 nole) of diethylene glycol was used instead of triethyl ene
gl ycol and hexane was used as the azeotropic solvent. The azeotropic

distillation of water was carried out at a pot tenperature of 90[err]C and

a vapor tenperature of 69[err]C. The SH value of the clear product was
16.2; theory.hict§iite, ethyl methacrylate, butyl methacrylate, hydroxyethyl

rethacrylate and other alky =nethacrylates, methyl alpha
chloraerylate, styrene, vinyl ethers such as vinyl ethyl ether,
vinyl chloreethyl ether, vinyl phenyl ether, vinyl ketones such as
vinyl methyl ketone, vinyl phenyl ketone, 1 £fluorec-l-chlorcthelene,
acrylenitrile, chlorcacrylonitrile, allylidene diacetate,
chleroallylidene diacetate, ethylene and propylene, and (3) polymer
blends such as blends of polyvinyl chloride and polyethylene,
polyvinyl chloride and chlorinated pelyethylene, polyvinyl chloride
and polymethyl methacrylate, polyvinyl chloride and
polybutylemethacrylate, polyvinyl chloride and polystyrene,
polyvinyl. chloride and acrylonitrile-butadiene-styrene copolysmer,
and peolyvinyl chloride and polyetheylene and polymethy
methacrylate. Typical vinyl halide copolymers usable in this
invention include wvinyl chloride-vinyl acetate (87:13}, vinyl
chloride-vinylidene chloride (95:5) , vinyl qnlorideE
trichlorcethylene (95:5) and vinyl chloride-2-ethylhexyl acrylate
(80:20). The polymer blends usable in the practice of this
inventien comprise physical blends of at least two distinct
polymeric species and contain from 25 to 95 weight percent of vinyl
halide homopolymer.

For the purposes of this invention, the stabilizer composition
may include lubricants because of their important effect on the
stability of the polymer compositions during mastication and
extrusion. The amount of each component in the stabillizer
compositions of this invention may va:y'@vet a wide range but they
will generally comprise, by weight, from about 5 % to about 85 %,
preferably about 10 % to about 20 %, of the zinc mercaptoester of
this invention, about 5 % to about 20 %, preferably about 10 % to
about 15 %, of an inorganic basic alkali or alkaline earth compound

REPLACEMENT SHEET
05 JUL 1996




Caprylic acid (acid no. 373.6; 75.08 grans, 0.5 equivalent), thioglycolic

acid (46.06 grans, 0.5 equivalent), glycerol (46.05 grans, 1.5

equi val ents), and 0.13 gram of methanesul fonic acid were charged to a 500

m round bottom flask equi pped with a stijrrer and attached to a vacuum

punp. The reaction mxture was held at 100[err] C under reduced pressure for

10 hours. The residue plus filter aid was filtered at 40[err]C to give a

- product having an acid nunber of 8.3 and an SH val ue of 9.7. The

t heoretical SH value of the m xed capryl ate/thi ogl ycoI ate ester is 10. 4.

- EXAMPLE 5 Thi ogl ycolic acid (46.06 % .5 nmole), tetraet hyI ene

gl ycol (99492 @gBafiplichum W’@ena%o frap A %t%@le *Ot@ JPERECBOD Y ©f Fene

sul foni ¢ Babeicamt Guihgrsen glarlgEih hygk oxpthgllense bis-atearamide, and
calcium stearate; and, when employed, from about 5 % to about 10%
of the substituted dihydropyridine. From 0 to about 10 % of a
partially oxidized polyethylene such as Allied Chemical’s product
sold under the trademark ACE29A may be used as an additional
lubricant in the compositions eof this invention.

In addition to the halecgen-containing polymer and the
stabilizer composition, the polymer composition of this invention
may contain conventional additives such as fillers, pigments,
plasticizers, dyes, antioxidants, and ultraviclet 1light
stabilizers. It may alsc contain lubricants other than those
described aiz@vg , such others being exemplified by stearyl stearate,
eetyl palmitate, and other ester waxes. Materials such as calcined
clays, caleium carbonate, and tales may be used as fillers.
Suitable pigments include titanium dioxide, carbon black, and iren
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~
di-t-butyl-4-methyl phenol; 2,6~di-t-butyl-4-decyloxy phencl; and
2-t-butyl-4-octadecyloxy phenol.

The amount of the stabilizer composition employed in the
polynmer compositions 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 welght, or
less, of the stabilizer composition per hundred parts by welght 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 halegen-
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- 10 - heated in a round bottom flask equi pped with a stirrer and a
Dean- -Stark trap to 100[err]C and about 9.2 nls of water was renoved.
Conti nued heating and renoval of the solvent under reduced pressure drove
the acid value down to 17.3. The SH corgent was 11.35 %

containing polymer do not yield a commensurate increase in
effectivenass. Preferably, the stablilizer 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 composition of this invention may be prepared by
nethods well known in the art and by the use of conventional
equipment. The stabllizer coumposition may be added to the halogen-
containing polymer with continuous blending in a high intensity
mixer such as a Henschel blender. The important consideration is
that the stabilizer composition and the halogen-containing polymer
be thoroughly blended. | |

The stabilized halogen-containing polymer compositions of this
invention may be used to form articles of manufacture such as pipe.
4 variety of conventional molding technigues may be employed to
form the stabilized compositions into any desired shape.

The follewing sxamples illustrate the invention.

EXAMPLE 1

Thioglycolic acid (%2.12 grams, 1 mole), glycerocl, (92.09
grams, 1 mole}, 100 mls of heptane, 0.4 gram of p-toluenesulfonic
acid, and 0.1 gram of butyl hydroxytoluene were added to a 500 ml
round bottom flask eguipped with a condenser and a Dean-Stark trap
and the materials were heated to 100°C. Azeotropic distillation of
water was carried out at 90°C until 18.2 mls were collected. The
heptane was stripped off and a portion of the residue was stripped
further to 110°C at a pressure of 18-20 Torr to reach an acid value
of 15 and an SH value of 17.29. The theoretical SH value is 19.85.
Filtration of the residus provided a golden clear product.
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whereas the theoretical value is 12. 30.

EXAMPLE 6 Caprylic acid (78.72 grans, 0.5 equivalent), glycerol (46.05
grans, 1.5 equivalents), 50 ms of toluene, and 1.2 granms of p-TSA were
heated in a round bottom flask equi pped with a stirrer, condenser, and
Dean-Stark trap (additional toluene addegnfo the trap.). At 125[err]C, 9
ms of water were collected fromthe esterification reaction. Then, 46.06
grans thioglycolic acid (0.5 equivalent) were added and the m xture was
heated to 110[err]C to drive off another 9 ms of water. The reaction

m xture was stripped under reduced pressure and filtered. The SH content
was 9.78 % whereas the theoretical vEAYPLE 30 8 o

EXAMPLE 7 The general precedure of Example 1 was followed except that
150.17 grams (1 mole) of triethylene glycol was used instead of the
glycercl. The heptane was stripped off in a Rotovac apparatus to
give a preduct having an acid number of 8.8 and an SHE 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 mole} of diethylene glycol was used instead of
triethylene glycol and hexane was used as the azeotroplc solvent.
The azeotropic distillation of water was carried out at a pot
temp@raturé of 90°C and a vapor temperature of 69°C. The SH value
of the clear product was 16.2; theory is 18.3. '

EXAMPLE 4
caprylic acid (acid no. 373.6; 75.08 grams, 0.5 equivalent),
- thiocglycolic acid (46.06 grams, 0.5 equivalent), glycerol (46.05
grams, 1.5 egquivalents), and 0.13 gram of methanesulfonic acid were
charged to a 500 ml round bottom flask equipped with a stirrer and
attached to a vacuum pump. The reaction nixture was held at 100°C
under reduced pressure for 10 hours. The residue plus filter aid
was filtered at 40°C to give a product baving 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 mnole), tetraethylene
glycol (97.12 grams, 0.5 mole}, 100 nle of heptane, 0.4 gram of p-
toluene sulfonic acid, and 0.1 gram of butyl hydroxy toluene were




One nole (92.12 grans) of thioglycolic acid, one nole (90.12 grans) of

et hyl ene gl ycol nonoethyl ether, 100 m s of heptane, 0.4 gram of p-TSA and
0.1 gram of butyl hydroxy tol uene were heated in a 500 mM round bottom fl ask
equi pped with stirrer, condenser and Dean-Stark trap to 100[err]C until the
acid val ue was reduced to about 10. Af.teg -stripping off solvent, the

acid value was 16. Additional ethylene glycol nonoethyl efher was added
and the m xture was heated to 100[err] C under vacuumto reduce the acid
value to 13.2. The SH content was 16.8/20. 1.

heated in a round bottom flask eguipped with a stirrer and a Dean-
Stark trap to 100°C and about 9.2 mls of water was removed.
centinued 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 acid (78.72 grams, 0.5 eguivalent), glycerol (46.035
grams, 1.5 equivalents), 50 mls of toluene, and 1.2 grams of p-TSA
were heated 3in a round bottom flask eguipped with a stirrer,
condenser, and Dean-Stark trap (additional toluene added to the
trap.) . At 128°C, 9% umls 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 another $ mnls of water. The reaction mixture was
stripped under reduced pressure and filtered. The SH content was
9,78 $ whereas the theoretical value is 10.8 %.

EXAMPLE 7

one mole (92.12 grams) of thioglyeolic aeﬁ,d_, one mole (90.12
grams) of ethylene glycol moncethyl ether, 100 mis of heptane, 0.4
gram of p-TSA, and 0.1 gram of butylhydroxy toluene were heated in
a 500 ml round bottom flask equipped with stirrer, condenser and
Dean-8tark trap to 100°C until the acid value was reduced to about
10. After stripping off solvent, the acid value was 16.
Additional ethylene glycol wmoncethyl ether was added and the
aixture was heated to 100°C under vacuum to reduce the acid value
to 13.2. The SH content was 16.8/20.1.

REPLACEMENT SHEET
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EXAMPLE 8 One half nole (78.72 granms) of caprylic acid, one half nole
(31.04 grans) of et.hylene glycol, 100 m's of toluene, and 0.2 gram of p-TSA
were heated in a flask equipped with stirrer, condenser, and Dean-Stark
trap (filled with toluene) to 110[err]C to renove 9 nmls of water. One half

nol e (46.06 granms) of thioglycolic acid Was-added to the cool ed m xture and
the tenperature was raised to 125 [err]C to renove nore water. After

stripping and f 'iltering the reaction mxture, the SH content was
11.99/11.97 %

EXAMPLE 8

One half mole (78.72 grams) of caprylic acid, one half mole
{31.04 grams) of ethylene glycol, 100 nls of toluene, and 0.2 gram
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 wmole (46.06 grams) of thicglycolic acid was
added to the cooled mixture and the temperature was :aised to 128
°C te remove more water. After stripping and €iltering the
reaction mixture, the SH content was 11.9%/11.97 %.

EXAMPLE 9
One mole (%2.12 grams) of thioglycolic acid, one mole (118.12
grans) of éthylene glycol monobutyl ether, 100 mls of toluene, and
0.4 gram of p-TSA were heated in a.flask eguipped with a stirrer,
condenser, Deanaséark trap to 110°C to drive off about one mole of

water. The reaction mixture was stripped under vacuum. The SH
content was 15.83/17.17 &.

EXAMPLE 10
One-halg equivalent (46.06 grams) of thioglycolic acid, 0.5
equivalent (75.06 grams) of caprylic acid, 1.5 eguivalents (60.08
grams) of trimethylolethane, and 0.13 gram of p-TSA were heated in
a flask under reduced pressure to 90°C until the acid value was
3,8, The reaction mixture was filtered to give a clear liquid
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

CEMENT SHEET
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EXAMPLE 9 One nole (92.12 grans) of thioglycolic acid,.one nole
(118.12 grans) of ethylene glycol nonobutyl ether, 100 m s of toluene, and
0.4 gram of p-TSA were heated in a flask equipped with a stirrer,

condenser, Dean-Stark trap to 110[err]C tq drive off about one nol e of
water. The reaction m xture was strippéd“hﬁder vacuum The SH content was
15.83/17.17 % _ EXAMPLE 10 One- hal f

equi val ent (46.06 grans) of thioglycolic acid, 0.5 equivalent (75.06 gramns)
of caprylic acid, 1.5 equivalents (60.08 grans) of trinethylol ethane, and
0.13 gramof p-TSA were heated in a flask under reduced pressure to

90[ err] C ufmbi lthieheniativdey dnge hesting. it The 188ctrOACHuntdere vaguuii [fogr &d
g 0.give i‘Bﬁg}&éé, | gl £ 0@ @2 bdederaewiedtbddycdld thishigesistd @ne

' ' ““product of Example 11) ‘is a clear yellowish solid. The product of

Example 13 was a white liguid that poured like water while atill
warm.

EXAMPBLES 12 and 14-16
The zinc salts of the estérs of Examples 6, 8, 9, and 10

were prepared by adding an aguecus solution of zine chloride to an
equivalent amount of the ester dispersed in an agqueous sclution of
an equivalent amount of sodium hydrexide at a temperature of 25-
30°C while the stirred mixture was being cooled by an ice bath.
The temperature was maintained for one hour. The aguecus reaction
nixtures of Examples 12 and 14 were stripped under vacuum. The
product of Example 12 (from sster of Ex. 8) was a viscous white
liguid. The product of Example 14 (from the ester of Ex. 8) was a
creamy white liguid. The reaction mixture in Example 15 (from
ester of Ex. 9) separated into twe phases and the ocrganic phase was
stripped under wvacuum to yield a, viscous, white liguid. The
reaction mixture of Example 16 (from ester of Ex. 10) separated
intoe two phases and the organic phase was stripped at 70°C for one-
half hour to yield a viscous, white liquid.

EXAMPLES 17-22
To a polymer compositien having the following typical PVC pipe

forpulations
- INGREDIENT
Polyvinylchloride (XK-67) ffi.o

Caleiunm carbonate 5.0

REPLACEMENT SHEET
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EXAMPLES 11 and 13

Titaniun dioxide

Paraffin wax

The zinc salts of the esters prepared in Exanples
5 and 7 were prepared by adding 0.1 gramof acetic acid to the liquid

and then gradually addi ng the stoichionetric anmount of zinc oxide

1.0

Calecium stearate 0.45

1.3

Oxidized polyethylene 0.1
(Allied AC-629A)

Calcium hydroxide 0.3

Dihydropyridine 0.3

there was added 0.4 phr of a heat stabilizer, ag follows:

zinc bis(2-ethylhexylthiocglycolate)

zinc bis(tetraethylene glycsl thiocglycolate)
zinc bis{glycerel caprate thioglycelate)

zinc bis (ethyléna glycol monoethyl ether

glycol caprate

zinc big(ethylene glycel moncbutyl ether

zinc bis(trimethylolethane caprylate

control
Example 17
Example 18
Exanple 19
thioglycolate)
Example 20 zinc bis{ethylene
thieglycolate)
~ Example 21
thiocglycolate)
Example 22
thiocglycelate)
Dynaﬁic

c@mp@siti@ns
invention in

were milled with sampling at two minute inteérvalsa.

nill performance taesting of the control and polymer
of this invention demonstrates the efficacy of this
the control of "zinc burn® duringith@ fabrication of
the pipe. In this testing procedure the Controcl and Examples were
separately placed on a mill having a front roll cperating at 30 xpm
and a rear rell operating at 40 rpm, heated to 390°F (1%9°C) and

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.




to‘the mxture and heating it to 100-110[err] C under vacuum for 2 hours.
The zinc salt of the tetraethl eneglycol thioglycolate (the product of
Exanple 11) is a clear yellow sh solid. The product of Exanple 13 was a
white liquid that poured |ike water whilegsstill warm

EXAMPLES 12 and 14-16 The zinc salts of the esters of Exanples 6, 8,
9, and 10 were prepared by addi ng an aqueous solution of zinc chloride to
an equi val ent armount of the ester dispersed in an aqueous solution.of an
equi val ent anount of sodi um hydroxi de at a tenperature of 25- 30[err]C
while the stirred m xture was bei ng _cool ed b an ice bath. The tenperature
was maintained for one hour. Thé:o 398§§N¢@a. %n m xtures of Exanples 12

and 14
3.7 . 6.0 . . .
3.8 . 10.3 . . . .
4 4.6 9.7 14.4 | 9.1 8.0 5.8 12.7
ﬁ 5 5.3 12.7 | 18.5 14.4 12.5 7.3 16.8
6 5.9 | 1.1 | 21.7 | 18.8 16.0 7.9 20.0
7 8.1 15.9 24.2 22.1 17.2 8.4 21.9
8 19.2 17.4 25.3 24.6 17.4 10.8 23.7
;) 29.3 19.2 26.2 26.5 18.3 21.3 | 23.9
| 0 58.3 21.4 25.7 27.1 | 26.3 26,1 | 24.6
m 11 —ee 29.0 27.1 28.0 29.6 35,7 23.6
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The data in the Table.show that the total color change of the
Control, a stabilizer of the prior art, doubled during the tenth
minute te a wvalue of about 58,

invention had a maximum color change of about 38 even after twelve
ninutes of milling.

whereas those of the present



product of Exanple 12 (fromester of Ex. 6) was a viscous white |iquid,
The.product of Exanple 14 (fromthe ester of Ex. 8) was a creany white
l'i quid. The reaction mixture in Exanple 15 (fromester of EX. 9y ——

separated into two phases and the organi c phase was étH',,wﬁﬂgﬂﬂr
p

to yield a viscous, white liquid. The reagti.on m xtur
stripped at 70[err]C for one- half hour to yield a viscous, white f|qU|d

‘ester of Ex. 10) separated into two phases and the orgaﬂlbc

EXAMPLES 17-22 To a pol ynmer conposition having the follomnng typi cal
PVC pipe fo on: Pol yvi nyl chl ori de (K-67) 100.0
1. A heat stabilizer compesition comprising a zinc

mercaptoester having the formulas
Zn-[S(CHR),(CH,),~[C~)OR’ ],
whereins

R is methyl or C-{O)OR’;

R’ is [(CH,-[{C-(R')(R?],CH,0)R%]

R'is H, alkyl, or hydroxy alkyl;

R?is OH, hydroxy-substituted alkyl, ox 0(0=)C-R%;
R*is H, (0=)C-Rtalkyl, or aryl;

R*'is alkyl, alkenyl, or aryl;

a=00r l; x=1o0r 2; y=00 1l; and z = 1 to 4;
with the proviso that when z is greater than 1, y =

0.

2. A composition according to c¢laim 1 whexein z =
' 4 o

3. A composition according to claim 1 wherein z =

2 and R¥is alkyl.

é. A composition acceording to claim 1 wherein z-
1, R%is (O=)C-R*and Ris alkyl.

5. A composition accoxding to claim 1 wherein z
1, R'is alkyl, and R®is hydroxyalkyl.

i

i, ¥

6. A composition according to claim 1 wherein z
L, vy = 1, and R%1is OH.




Ca}ciun1carbonate 5.0 Ti t ani um

g S

7. A polymexr ccmpésitien stabilized against the
detericrative effects of heat, comprising a halogen-
containing polymer and a stabilizer according to any
preceding claim.

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




Paraffin wax - 1.3 Oxi di zed pol yet hyl ene

0.15 (Al'l'i ed AC 629A) Cal ci um hydr oxi de

0.3 Di hydropyri di ne 0.3 there was added 0.4
phr of a heat stabilizer, as follows: _ Control zi nc

bi s(2- et hyl hexyl t hi ogl ycol at e) Exahple 17 - zinc bis(tetraethyl ene
gl ycol thioglycol ate) Exanpl e 18 'zinc bis(glycerol caprate

t hi ogl ycol at e) Exanpl e 19 zinc bis (ethylene glycol nonoethyl

et her t hi ogl ycol at e) Exanmpl e 20 zi nc

bi s( et hyl ene glycol _ carate o e en v Lég ogl ycol at e)

Exanpl e 21 zinc Rl et gl

t hi ogl ycol at e)

Bane capryl ate
t hi ogl ycol ate)

A zinc mercaptoacid ester of a pelyhydric alcohel or ether,
carboxylate, or ether-carboxylate thereof having at least one
functicnal hydroxy gr@ué are improved heat stabilizers for halogen-
containing polymer compositions. The phencmenon known as zinc burn
during processing of such compositions is elininated. zinc bis-
thicglycolates, zine  mercaptopropionates and zine bis-
mercaptesuceinates of glycols, qlgcergl, glycol ethers, glycol
carbexylates, and glycerol carboxylates exemplify the new class of
heat stabilizars.

N T
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Dynami c :m || performance testing of the control and pol ymer conpositions of
thi S i.nventi on denonstrates the- eff--'-- y--0f. .-t -_i-8 i n.\/,e,x:ut.J;.cm§ in the control
of "zinc burn" during the fabrig re-n~-fof'~f-f‘~He pirpE! | B4 hi s; testing
procedure the Control and Exa | €5 WeT € sEparatelvy 1ts%:ac:%d on a mll
a front roll operating at 30; rﬁfm anda rea I8

heated to 390[err]F (199[err]C) dand:iwere: m

intervals. Colorinetry tests: o the- sanpl @S...géﬁlesth ;-r.eS’uI;ts shown in the
followi ng table, wherein theiunlts of total color. change ({err]E) are given
mnute by mnute. A[err]E of about Q.ne.;__-,:un-i-t-;-._ i gﬁ%gt [ ceabl ei to the eye.

havi ng
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POLYOL ESTERS OF ZINC MERCAPTOACIDS AS HEAT
STABILIZERS FOR HALOGEN CONTAINING POLYMER PROCESSING

BACKGROUND OF THE INVENTION

HBalogen containing polymers, especially those containing
chlorine, are used widely and have great commercial significance.
Polyvinyl chloride (BVC), 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
incorporation therein of good heat and light stabilizers. PBVC, for
example, is known to have a tendency to degrade upon prolonged
exposure te heat and light during processing and use. Darkening or
other color change and the loss of tensile, flexural, and impact
-strengths are the results of such degradation. Unless good low-
cost stabilizers are available for addition to the polymer
cemposition, the service life of articles made from the composition
i{s limited, and its use severely restricted, as will be the
conditions for making it.

One particularly troublescme form of degradation cccurs when
the polymer composition is processed inte articles by methods
empleying heat to melt or soften the polymer. A color change can
oceur 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 aveidance of such early colox is
notably impertant in the manufacture of plastic pipe and siding.
it is, of course, also important to prevent or reduce discoloration
and deterioration of the polymer during extended exposure to high
temperatures, which ‘can lead to sudden and catastrophic degradation
into a pitch-like abrasive material and cause the formation of
corrosive materials such as HCl inside the fabricating equipment.
The inner, highly pelished surfaces of the equipment can thus be

rendered essentially useless. & particularly trcublescze instance




-14-
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Cont .

COLOR CHANGE ([err]E) EXAMPLE NO
17 18 19 20 21 22 1 3.7

4.0 3.3 3.5 2.3

of such sudden degradation often occurs when zinc compounds are
employed as stabilizers; the phenomenon is known as “zinc burn® in
the PVC industry. =, :

An example of zinc burn is illustrated in U. §. Patent No.
4,515,916, vherein a PVC composition containing zinc bis-(occtyl

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
stablilizer for halogenac@htéining p@lymgr coupositions.

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

It is a related object of this invention to eliminate zinc
burn “during the processing of BVC compositiens at elevated
temperatures.

These and other objects which will beceme apparent from the
following description are achieved by ineoz'perating in a

composition comprising a halogen-containing pelymer a novel zinec
mercaptoester having the formula:

zn-{8 (cHR} , (CBy) ~[e(=0)0lr’ ],
wherein R is methyl or C{=0)OR’;
R is [(cH-(o-(RY) (R*) 1,C8,0) R'];
R! is K, alkyl, or hydroxy alkyl;
R]? is OH, hydroxy-substituted alkyl, or 0(0=) c-sR‘
R is alkyl, alkenyl, or aryl;
R* is H, (0=)C~R® alkyl, or arvyl; and

2 3 SEP %98 Th:sShee&HasBeenR
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2 . 3.7
0.3 5.7
5.8 12,7 |
5.9 15.1
24.2 22,1
10.8 23.7

17.2 8.4 21.9 8 19.2 | 170wy

40 3.2 3.4 4
aqys 3 4 4.6 9.

im 7 18.5 14.4 ~12.5.
«+16.0  Z.95 - 20] OHiS %

9 20.3 19.2 26.2 26.548-8—-21..3....i23.9

10 58. 3op.nfiks? 25.7 27.1 26. 3 26.1 24.6

1. A'heat stabilizer composition for halogen

containing polymer comprising a zinc mercaptoester having
the formula:

Zn-[S(CHR},(CH,),~(C~)OIR’ ],
wherein:

R is methyl or C=(C)OR’;

R’ is [(CH,-{C~(R')(R?] CH,0)R®]

R'is H, alkyl, or hydroxyalkyl;

R®is OH, hydroxy-substituted alkyl, or 0({0=)C-R%;
R*is H, (O=)C-Rfalkyl, or aryl;

R®is alkyl, alkenyl, or aryl;

@ =oorl; x=1o0r 2; y=oorl; and z = 1 to 4;
with the proviso that when z is greater than 1, y =
0.

2. A composition according to claim 1 wherein z =

3. A composition according to claim 1 wherein z =

2 and R%is alkyl.

i}

4. A composition according to claim 1 wherein 2

1, R%is (O=)Cc-R*and R*is alkyl.

1, ¥

bl

]

#

5. A composition according to claim 1 wherein z
1, R'is alkyl, and R?is hydroxyalkyl.

6. A composition according to claim 1 wherein z =
1, and R¥is OH.

‘This ShectHasBeemR?im | 23 SEP 993




--- 29.0 27.1 28.0 29.6  35.7 23.6 [ 12 - 3873
-30.1. 31.7 32.1  --- 25. 6 The data |n A R at the
‘total color change of the Control, a stabilizer mgﬂ vﬁ“ﬁubl ed
during the tenth minute to a value of abquy 58, mher ‘uhose

present invention had a maxi mum col or change of about 38 even after tmelve
m nutes of mlling. :

7. A polymer composition stabilized against the
deteriorative effects of 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.
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1. ;A heat stabilizer conposition for hal ogen containing polyner
conprising a zinc nercaptoester having the fornula: [err]
wher ei n: Ris nmethyl or C2(OOR ; R is
(CHerr]-[CG(Rerr])(Rerr]]CHerr]OsRerys]

POLYOL ESTERS OF ZiINC MERCAPTOACIDS AS HEAT
STABILIZERS FOR HALOGEN CONTAINING POLYMER

PROCESSING

A zinc mercaptoacid ester of a polyhydric alcchol or ether,
carboxylate, or ether-carboxylate thereof having at least one
functienal hydroxy grou§ are improved heat stabilizers for halogen-
containing pelymer compositions. The phenomenon known as zinc burn
during processing of such compesitiens is eliminated. Zinc bis-
thieglycolates, zinc . mercaptopropionates and zine  bis-
mercaptosuccinates of glycols, glgcer@lg glycol ethers, glycol

carboxylates, and glycerol carboxylates exemplify the new class of
heat stabilizers.

2 3 SEP 1998




L[4 & . . . : .
Rlerr] i's'H alkyl, or hydroxyal kyl; Rlerr] is OH hydroxyal ky@sep? =
O)CRerr]; Rlerr] in H (OC) CGRerr] or alkyl; Rl err]
i s al kyl or. al kenyl; a=0o0r 1, x=lor 2, y=o0o0r ; and z =1to
4, with the proviso that when z is greater than 1, y O.
2. A conposition-according . to claiml whereln z = 4. 3 A
c

onposi tion aqcﬁ'rfélii o'claipl wherein z = 2 and Rlerr] is alkyl. '

of such sudden degradation often occurs when zinc compounds are
employed as stabilizers; the phenomenon is known as “zinc burn® in
the PYC industry.

An example of zinc burn is illustrated in U. S. Patent No.
4,515,916, wherein a PVC composition containing zinc bis-(octyl
thi@glyeola.te} 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 halogenecsontﬁining polymer comp‘osi.tionse

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

It is a related object of this invention to eliminate zinc

burn “during the processing of PVC compositions at elevated
temperatures.

These and other objects which will become apparent from the
following description are achieved by incorporating in a
coumposition comprising a halogen-—containing poiyner a novel zinc
nercaptoester ha#inq the formula:s

Zn- §(CHR) ((Clp) = C(=0)O R’
wherein R is wmethyl or C(=0}0R?
R’ is (CHy~ C-(R') (R'). ,CH0) R ;
® is H, alkyl, or hydroxyalkyl;
R®? is OH, hydroxyalkyl, or 0{0=)C-R%;
R* is alkyl or alkenmyl:
R® is B, (0=)C-R’or alkyl; aand

03¥58 W9 L e
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4. . A'conposition according to claim1 wherein z = 1, Rerr] is

E(?:éfaﬁ[merlrl\hgpcejwmmmm I ﬂ - 15 -5, A conposition according

=

sl Ll rr] is alkyl, and-Rp-err} .i.s.hydroxyal kyl.
6. . A conposition according to claim1 wherein{z &1L HFslarand Rerr]
s OH  crarxs S i

1. ‘A heat stabilizer composition for halogen

contédining polymer comprising a zinc mercaptoester having
the formula:
Zn- S(CHR} (CH,) ~CEOQOR’,

wherein:

R is mathyi or C=(0JCOR*;

R? is (CH,~ C-(R')(R?),CHO) R
.R'is H, alkyl, or "hydroxyalkyl;

R%?is OH, bydroxyalkyl, or 0(0=) C-R*;

R is B, (0=)C-R® or alkyl;

R i alkyl or alkenyl;

@ =oo0rl; x=1lor 2; y=ocorl; and z = 1 to 4;
with the proviso that when z is greater than 1, y =

0.

2. A composition according to claim ! wherein z =
4.

3. A composition according to claim 1 wherein z =

2 and R¥is alkyl.

4. & composition according to claim L wherein z =
L, R¥is (O=)C-R*and R'is alkyl. '

3. A composition according to claim 1 wherein z =
1, vy = 1, R'is alkyl, and R?is hydroxyalkyl.

6. A composition according to claim 1 wherein z =
L, vy = 1, and R%is OH.

i




- 16- 7. A pol ymer conposition stabilized against the Bonts-7 pes

deteriorative effects of heat, conprising a hal ogen-. containing polyner and
a stabilizer ,according to any preceding claim 8. An article

fabricated fron1a pol ynmer conposi- tion accojding to cla|n17

of such sudden degradation often occurs vhen zinc compounds are
employed as stabilizers; the phenomenon is known as “zinc bura® in.
the PY¥C industry. .

an example of zinc burn is i{llustrated in U. S. Patent Wo.
4,515,916, wherein a PVC composition containing zinc bis-(cctyl
thioglycola%e) as a stabilizer showed such burn aﬁtex 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 halégen«cont&ining polymer compositions.

it is° an object of ‘this invention to provide a halogen-
containing polymer couposition having improved heat stability.

It is a related object of this invention to eliminate zinc

burn during the processing of PVC compositions at elevated
temperatures.

‘These and other.objects which will become apparent from the
following description are achieved by incorporating in a
composition comprising a halogen—containing poiymgr a novel zinc
mercaptoester having the formula:

2n-[5 (CHR) ,(CHy) o~ C(=0}0 R ,
wherein R is methyl or C{=0)0OR‘; '
R is (CHy~[C-(R) (R)],CHON R ;
R' is H, alkyl, or hydroxyalkyl;
R* is OH, hydroxyalkyl, or O(O=)C-R‘;
R* is alkyl oxr alkenyl;

R® is H, (0=)C-R‘eor alkyl; and

etgrun e M s s e ANA M
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1. A heat stabilizer compositicn for halogen

containing polymer comprising & zinc mercaptoester having
the formula: . :

20~ [S(CHR)  (CH,), -0 R,
wherein:

R is methyl or C=(0jJOR‘;

R is (CH,-[C-(R')(R*)CH,0) R
_R'is H, alkyl, or "hydroxyalkyl;:

R%?is OH, hydroxyalkyl, or 0{0=) C-R%;

R® is H, (0=)C-R' or alkyl;

R* is ealkyl or alkenyl; .

a = o or 1; x=1lor 2; y=oorl; and z = 1 to 4;
with the proviso that when z is greater than 1, y =
0.

2. A composition according to claim 1 wherein z =

3. A composition according to claim 1 wherein z =

2 and R¥is alkyl.

4. A composition according to claim 1 wherein z =

1, R?is (O=)Cc-R‘and R*1is alkyl.

it

S. A composition accerding to claim 1 wherein z =
1, R'is alkyl, and R%?is hydroxyalkyl.

6. A composition according to claim | wherein z =
L, and R?is OH.
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