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ABSTRACT OF THE DISCLOSURE

An improved unplasticized polyvinyl chloride
composition for forming articles for exterior use
such as house siding and window profiles includes a
polymeric organic impact modifier, at least one
thermal dehydrochlorination stabilizer, and an
ultraviolet stabilization system. The ultraviolet
stabilization system includes from about 0.2 - 15
parts by weight of the polyvinyl chloride resin of
rutile titanium dioxide and less than about 5 parts
by weight of the polyvinyl chloride resin of
magnesium oxide. Inclusion of magnesium oxide in
the unplasticized polyvinyl chloride composition
permits the extrusion of ultraviolet resistant sid-

ing and window profiles including relatively low
levels of titanium dioxide.
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POLYVINYL CHLORIDE COMPOSITION

BACKGROUND OF THE INVENT1ION

1. Field of the Invention

The present invention relates generally to
unplasticized poly-vinyl chloride compositions, and
more specifically to an unplasticized polyvinyl
chloride composition for external use having

improved resistance to ultraviolet degradation.

2. Brief Description of the Prior Art

Polyvinyl chloride is among the most widely
used of synthetic organic polymer materials.
Plasticized polyvinyl chloride compositions are
widely encountered as, for example, "vinyl" sheet
goods and as objects formed from plastisols.
Polyvinyl chloride is commercially available in a
variety of grades, some of which are suitable or
preparing rigid, plasticizer-free compositions for
extrusion. Polyvinyl chloride is subject to ther-
mal degradation by déhydrochlorinétion. Since many
processes for forming useful objects from pOIYVinYl
chloride compositions, such as extrusion and
molding, subject the composition to elevated
temperatures, most include thermal stabilizing
agents which tend to inhibit the thermal degrada-
tion of the polymer'during processing Examples of
commonly employed thermal stabilizatiOn agents ‘
include barium/cadmium, and organotlns 1nclud1ng
alkyl mercaptldes, maleates and carboxylates |

Polyvinyl chloride is also subject to degrada~
tion by exposure to ultraV1olet llght Artlcles
formed from polyvinyl chloride comp031tlons which
are exposed to ultravioletulight, such as."vinyl"
siding, and vinyl~windonandfwin60w'fréme-com§o§ .
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stabilizer. Among the most widely used ultraviolet
stabilizers is titanium dioxide pigment. Filling a
polyvinyl chloride composition with this pigment
substantially reduces the effective depth of pene-
tration of ultraviolet light into the surface of an

article formed from such a composition. While

DA NS

rutile titanium dioxide is highly reflective at
visible wavelenghts, it is also highly absorptive
at ultraviolet wavelengths. However, although
titanium dioxide is a highly effective ultraviolet

light stabilizer for polyvinyl chloride
compositions, it does have several serious
drawbacks. An important disadvantage is the cost
of titanium dioxide which has historically tended
to be high compared with, for example, filler or
extender pigments such as calcium carbonate, talc,
and the like. Another significant disadvantage of
using titanium dioxide as an ultraviolet stabilizer
in unplastidized polyvinyl chloride compositions is
that historically titanium dioxide has been period-

ically in short supply.
The relatively high cost of titanium dioxide is

an especially significant disadvantage for the man-
ufacture of articles for exterior use from
unplasticized polyvinyl chloride cbmpositions
because such articles must often have substantially
greater dimensions, for structural reasons, than
the effective penetration depth of ultraviolet
light in the articles. For example, profiles for
constructing windows often have highly complex'
cross-sectional shapes, and multiple surfaces which
are not exposed to ambient exterior lighth(and
ultraviolet radiation) when the windows have been
assembled and installed. Because the titanium
dioxide is typically randomly distributed through
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the article, the bulk of the titanium dioxide is

not located near the external surface, and thus
plays no role in resisting ultraviolet degradation.
Decreasing the level of titanium dioxide in the
composition will tend to increase the effective
penetration depth of ultraviolet light, and will
consequently accelerate the degradation of the pol-
yvinyl chloride and reduce the service life of the
article.

It would be highly desirable to be able to
reduce the level of titanium dioxide in such a com-
position without experiencing a concomitant
increase in the rate of degradation and reduction

in service life.
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with prior art compositions, yet providing compara-
ble ultraviolet resistance. The present invention

organic impact modifier. The composition comprises
polyvinyl chloride resin, at least one thermal
dehydrochlorination stabilizer, and an ultraviolet
stabilization system. Preferably, an organotin
stabilizer, such as an organotin mercaptide or
carboxylate, is used, preferably at a level of from
about 0.1 - 3 parts by weight of stabilizer per
hundred parts by weight of the polyvinyl chloride
resin.

The ultraviolet stabilization system consists
essentially of from about 0.2 - 15 parts, and pref-
erably from about 0.5 - 5 parts, by weight of
rutile titanium dioxide per hundred parts by weight
of the polyvinyl chloride resin, and less than
about 5 parts, and preferably less than about 2
parts, by weight of magnesium oxide per hundred
parts by weight of the polyvinyl chloride resin.
Preferably, the magnesium oxide has a small average
particle size, such as no greater than about 2.20
microns.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graphical representation showing
the measured ductile ratio of the compositions of
Example 4 and Comparative Examples 1 and 2 as a
function of the length of exterior exposure.

Fig. 2 is a graphical representation showing
the measured yellowness index of the compositions
of Fig. 1 as a function of the length of exterior
exposure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The unplasticized polyvinyl chloride composi-
tions of the present invention include at least one
extrusion-grade polyvinyl chloride resin. By
"polyvinyl chloride resin" is meant homopolymers of
vinyl chloride ("PVC"), post-chlorinated polYmers
of vinyl chloride ("CPVC"), copolymers of vinyl
chloride and/or one or more other chlorinated vinyl
monomers with one or more other copolymerizable
monomers, including random, block, and graft
copolymers, and blends of such homof and/or copoly-
mers with other polymers.  By'"unplaSticized" is
meant substantially free of plasticizer Wthh is
liquid at ambient temperature

Examples of polyvinyl chlorlde homopolymers'
which can be used include those conformlng to
American Society for Testing Materials' standard
specification D 1755-81 and designated as type GP
(General Purpose). Examples of.suitable'type CPe

polyvinyl chloride resins include those having cell

numbers 4-16043, 4-17240, 4-15350, 4-16340, 14413,

12454C, 12456, 13344C, 13444, 13454C, 16344, 16354,

and 16344, the cell numbers having the meaning
defined by ASTM D-1755-81 (Table 1).

!_.":.-w:‘-
-

AL

.

-
—

<‘:.. "

oy



10

15

20

25

30

35

are polymerized from vinyl chloride and up to about
40% by weight, preferably up to about 20% by
weight, of a copolymerizable

mono-alpha, beta-ethylenically unsaturated
comonomer, or blend or alloy thereof, such as
C»,-Cg- (and preferably C,-Cy4-) alpha-olefins (such
as ethylene, propylene, l-butene, l-hexene, and the
like), C1-Cip-(and preferably Cop-Cg-) alkyl
acrylates (such as methyl acrylate, ethyl acrylate,
n-butyl acrylate, and the like), vinylidene
chloride, vinyl acetate, acrylonitrile,
acrylamides, styrenes and substituted styrenes, and
the like.

Examples of blends include blends of PVC with
chlorinated polyethylene, with polyacrylate, with
polyacrylate and chlorinated polyethylene with
chlorosulfonated polyethylene, and with chlorinated
polyethylene and vinyl acetate-ethylene-carbon mon-
oxide terpolymer. |

Conventional polyvinyl chloride compounding and
extrusion equipment can be used to compound the
unplasticized polyvinyl chloride composition of the
present invention and to extrude siding, shingles,
window shutters, and/or profile products such as
structural shapes for windows and other exterior
products. For example, conventional twin screw and
single screw extruders can be used. The
unplasticized polyvinyl chloride compositions of
the present invention can be extruded to form
articles, such as window profiles, coextruded with
other compositions to form articles, such as house
siding with an exterior layer-fofmed_from the com-
position of the present invention, or extrusion-
coated on stock materials, such as wood or
aluminum, to form'articles, such as reinforced pro-

RN AN A R
Examples of random copolymers are those whic]%?_g{; R b
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files for large windows, door frames, and the like
Similarly, conventional post-extrusion downstream
equipment, such as embossers, hauloffs, cutoffs,
die-presses, and the like, can be used.

The polyvinyl chloride resin is preferably a
powder, chip, cubed, or pellet grade material which
can be easily processed in conventional compounding
and extrusion equipment. For example, the polyvi-
nyl chloride resin can be a cubed resin suitable
for use in a single-screw extruder or a powder
resin suitable for use in a twin-screw extruder.
The resin powder, chips, cubes or pellets can
include a predispersed colorant to provide, for
example, a pastel or dark hue to the unplasticized
polyvinyl chloride composition.

The unplasticized polyvinyl chloride composi-
tion also preferably includes one or more heat sta-
bilizers or a heat stabilization system. For
example, a conventional barium/cadmium cr
barium/cadmium/zinc stabilizer can be used.
Organotin compounds, such as those commercially
available in the United States, can also be used.
Examples of organotin compounds include dibutyltin
dilaurate, dibutyltin maleate, modified butyltin
maleates, butyltin mercaptocarb6xylic acids;
octytin modified maleates, such as di-n-~octyltin
maleate polymer, octyltin mercaptocarboxylic-aCids,
such as di-n-octyltin S,S'bis(iso- '
octyl )mercaptoacetate and mbnO-octyltin
tri(iso—octyl)mercaptoacetate; alkyltin
thioglycolates such as'mono/dimethyltin iso-
octyltin thioglycolate and dialkyltin allyl
thioglycolates, and dialkyltin allyl merCaptides.
Preferably, an organotin carboxylate'or mercaptide,
such as an organotin derivative of o
2-mercaptoethanol or an alkyl ester of thloglycollc
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acid, such as an octyl ester of thioglycolic acid,
is used. The organotin stabilizer can be a
methyltin, butyltin, octyltin, or like derivative.
When an organotin stabilizer is employed, it is
preferably used at a level of from about 0.1 - 3
parts by weight per hundred parts by weight of the
unplasticized polyvinyl chloride resin ("phr"), and
more preferably from about 0.25 - 1.5 phr.

The unplasticized polyvinyl chloride composi-
tions of the present invention also preferably
include one or more impact modifiers such as
acrylic copolymers, acrylonitrile-butadiene-styrene
resins, ethylene-vinyl acetate copolymers, chlorin-
ated polyethylenes, styrene-maleic anydride
copolymers, fumaric ester copolymers, and alkyl
graft copolymers. Suitable impact modifiers are
available from Rohm and Haas Company, Philadelphia,
PA under the trademark "Acryloid®" in the XM
series, such as Acryloid KM-946, KM-334 and KM-323
impact modifiers. Impact modifier may be used at a
level from about 0.3 - 20 phr, and preferably at
from about 0.5 - 8 phr.

The unplasticized polyvinyl chloride composi-
tions of the present invention can also include one
or more processing aids such as low viscosity, com-
patible acrylic copolymers, acrylonitrile-styrene-
acrylate resins and chlorinated polyethylenes;
Examples of such processing aids include imidized
acrylic heat distortion modifiers. Similarly,
lubricants can be included in the composition.
Examples of such lubricants include stearates such
as calcium, aluminum, barium, cadmium, lead,
sodium, zinc and magnesium stearates, ethylene bis-
stearamide waxes, paraffin waxes, fatty acids and
derivatives such as fatty acid amides and esters,
fatty alcohols, glycerol esters, glycol esters,
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polyethylene waxes, petrolatum, wax esters, amor-
phous polypropylene, and synthetic wax soaps.
Preferably, however, such processing aids are
employed at low levels, typically less than about
10 phr.

The ultraviolet stabilization system employed
in the compositions of the present invention
includes titanium dioxide and magnesium oxide.
Preferably, a rutile titanium dioxide is employed
at a level of from about 0.2 - 15 phr, preferably
at a level of from about 0.5 to 5 phr, and more
preferably at a level of from about 0.5 to 3 phr,
and has an average particle size of from about 0.1
to 2.0 micron, preferably from about 0.1 to 0.4
micron. Rutile titanium dioxide is preferred for
its ultraviolet absorption characteristics and
chalk-~resistance. Suitable grades of titanium
dioxide are available from NL Industries, such as
NI.L 2071, and from E.I DuPont de Nemours, such as R
960,

Preferably, the magnesium oxide is employed at
a level of less than about 5 phr, and preferably at
a level of less than about 2 phr. Suitable grades
of magnesium oxide are from Harwick Chemical Corp.
under the trademark Stan~Mag and the grade designa-
tions AG, MLW, and 112. It is especially preferred
that a magnesium oxide having a small aVerage par-
ticle size, such as Stan-Mag AG, which has a mean
particle size of 2.20 microns, be employed. When a
small particle size magnesium oxide is used, less
magnesium oxide need be employed and the beneficial
effect is more pronounced. while the beneficial
effects of the inclusion of magnesium oxide appear
to increase with decreasing magnesium oxide parti-
cle size, there may be a practical lower limit to
magnesium oxide particle size. For example,-using
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magnesium oxide having a mean particle size 81gn1fl‘

icantly less than 2.0 microns may require signifi-
cant reformulation and/or result in a PVC
composition which is difficult to process and
extrude, and/or which provides an extruded profile
which has unacceptably high modulus or other unac-

ceptable physical properties.
Small amounts of other ultraviolet stabilizers

can also be included if desired. For example, sub-
stituted benzotriazoles, such as the
2-hydroxyphenylbenzotriazoles, benzophenones, such
as the 2-hydroxy-4-alkoxybenzopheones,
acrylonitriles, salicylates, cyanocacrylates,
benzilidenes, malonates, oxalanilides, hindered-
amines, and the like, can be used.

If desired small amounts of extender pigments
or fillers, including small particle size calcium
carbonate, kaolin, mica, silica, microspheres, and
talc can be included in the unplasticized polyvinyl
chloride composition.

The unplasticized polyvinyl chloride composi-
tion of the present invention can be used to
extrude a variety of profiles, including window
profiles, for extruding siding products, as a
capstock in the coextrusion of a variety of
products, and similarly can be extrusion coated on
a variety of preformed stock materials such as
wood, aluminum, glass fiber and the like.

The following examples are illustrative of the
improved composition of the present invention that
will be useful to one of ordinary skill in the art
in practicing the'invention.' However, the inven~
tion is in no way limited by these examples.

EXAMPLES 1-4

NS S
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Unplasticized polyvinyl chloride compositions
were prepared by delivering the components shown in

Table 1 in the portions indicated to the feed hop-
per of a KMD 90 twin-screw extruder operating at a

rate of about 205 lb/hr and a maximum temperature
of below about 360°F to prepare the compositions of
Examples 1-4 and Comparative Example 1.

A window sash profile having a thickness of
about 1.8 mm was extruded at a haul off rate of
about 3.1 m/min. using the unplasticized polyvinyl
chloride compositions of Comparative Example 1 and
each of Examples 1 through 4. The extrusion of
each of the examples was unremarkable, except that
Example 4 extruded with a high gloss and flexible
screw boss. The flexual modulus of each of the
examples was measured using ASTM D 790 method.
Rheological properties were measured using a Haake
Beuchler rheometer.

One foot long samples were cut from each of the
extruded lineals. One set of samples was exposed at
an exterior test site in Arizona and a second set
of samples was exposed at an exterior test site in
Florida, for varying periods of time (45° South
exposure). Subsequently, bow tie-shaped test spec-
imens were cut from the profile samples following
ASTM D638. and the mechanical properties of the test
specimens so formed were measured using a Instron
testing machine at a cross-head speed of 20 in/min.
The results of the exterior exposure on the mechan-
ical pr0perties‘are shown in Table 2.

Figure 1 reports the ductile ratio Vérsus
months of exposure'in'Arizona for Comparative
Example 1 and Example 4 and additionally includes
data for a second comparative example inCluding.Q
phr titanium dioxide (Comparative Example 2).
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Components Comparative

 Acryloid®

Example 1

Polyvinyl 100.0
chloride

homopolymerl

Mark 2212 1.00

(14% tin)
stabilizer?

CaSt 571
calcium
stearate3

Hostalub"

XL 165S8B
(paraffin wax)
lubricant4

2.20

0.95

NL 2071 3.00

Ti052

KM 946
impact modifier®

Stan-Mag AG 0

magnesium oxide?

Stan-Mag MLW 0

magnesium oxide8

Stan-Mag 112 0

magnesium oxide®

Properties
Speclfic gravity

Flexural
moduluslO
(x103) '

Rheological
propertiesl?

Fusion Torque

5.00

1.3856

376

2321

(y £ 4y A ' AN
20 P

‘o.}‘ “' .\’ ~ ‘;}.- = ,_.; ‘\j 7~ /

TABLE 1
Example Example Example Example
B S 2 3 4
100.0 100.0 100.0 100.0
1.00 1.00 1.00 1.00
2.20 2.20 2.20 2.20
0.95 0.95 0.95 0.95
3.00 3.00 3.00 3.00
5.00 5.00 5.00 5.00
1.00 0 0 0
0 1.00 0 3.00
0 0 1.00 0
1.3926 1.3926 1.3926 1.4064
407 390 375 47811
2486 2693 2592

2325

- 12 -
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Fusion Temp. 186 182 179 l&?”"*°1&41
(°C)
Fusion time 62 48 53 60 44
(sec)

5 Stability 14.2 10.7 14.3 14.3 11.3
(min)

10

15

20

30

35

1 Medium molecular weight general purpose polyvi-
nyl chloride homopolymer resin, having an intrinsic

viscosity of 0.89, and prepared by bulk
polymerization.

2 Mark 2212 methyl mercaptide stabilizer available
from Argus Division, Witco Corp., 633 Court Street,
Brooklyn, NY 11231

3 (CaSt 5713 calcium stearate is available from
Mallinkrodt.

4 Hostalub XL 165SB paraffin wax lubricant is
available from Hoechst Celanese.

S NL 2071 rutile titanium dioxide is available
from NL Industries, Industrial Chemicals Div., P.O.
Box 700, Wycoff Mills Road, Hightstown, NJ 08520.

6 Acryloid® KM-946 acrylic impact modifier is
available from Rohm and Haas Company, Philadelphia,
PA 19105. |

7 stan-Mag AG is a magnesium oxide available from

Harwick Chemical Corp., 60 Seiberling St., Akron,
OH 44308, and having a mean particle size of 2.20
microns and a surface area of 146 m2/g.

8 stan-Mag MLW magnesium oxide has a mean particle
size of 2.57 microns and a surface area of 96 m2/g.

9 Stan-Mag 112 magnesium oxide has a mean particle
size of 2.87 microns and a surface area of 36 m2/g

10 Flexural modulus was measured by ASTM D 790 at
room temperature. |

11 Flexural modulus was also measured for this sam-
ple at 71°C (0. 267) and 77. 5 C (0. 112) in a heated
water bath.

12 Rheological~properties were measured using a
Haake Buchle torque rheometer.

- 13 -
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Figure 2 reports yellowness index versus months
of exposure in Arizona for the same examples and
comparative examples.

The mechanical property data reported in Table
2 and in Figure 1 show that the improved composi-
tion of the present invention is less sensitive to
degradation induced by exterior exposure to ultra-
violet light compared with a comparable composition
without magnesium oxide, and provides performance
comparable to a composition having three times the
level of the expensive pigment titanium dioxide.
Similarly, the data reCOrded in Table 2 shows that
the unplasticized polyvinyl chloride cémpositions
of the present invention have superior ultraviolet
resistance when compared with similar compositions
having no magnesium oxide and comparable or better
performance, as measured by yellowness index, than
a composition having three times the level of tita-
nium dioxide and no magnesium oxide.
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EXAMPLES 5-7

Additional unplasticized polyvinyl chloride
compositions were prepared according to process of
Examples 1-4 using the formulas shown in Table 3 to

E give Comparative Example 3 and Examples 5-7. Eight
inch wide siding (square 8" die) was extruded at
400 lb./hr. and a haul off rate of about 56 m/min.
using these compositions, and samples were cut from
the extrusions. These were subjected to exterior
10 exposure in Arizona and Florida for up to sixty
months as shown in Table 4, and yellowness index,
Hunter L reflectance, and impact properties were
measured, and are reported in Table 4.
TABLE 3
15 Comparative Example Example Example
Components Example 3 5 6 T
Polyvinyl 100 100 100 100
chloride |
homopolymerl
20 Mark 2212 1.00 1.00 | 1.00 1.00
(14% tin |
stabilyer)?
CaSt 2.00 2.00 2.00 2.00
calcium
25 stearate3
Hostalub™ 0.95 0.95 0.95 0.95
XL 165 STS -
(paraffin wax)4
30,Acryloid® 7.00 7.00 7.00 - 7.00
KM-323B | | ;
impact modifier>
Acryloid® 0.70 0.70 0.70 0.70
K 125 .
processing aid® .
35 Acryloid® 0.50 ~0.50 0.50 0.50
K 175 ~ | |
processing aid’

- 17 -
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R-69 10.0
titanium

dioxide8

MgO?3 0

Physical properties

Yellowness index 5.26

Hunter L 95.18
a -0.63
b 2.90

Rheological

characteristicslO

Fusion {(minutes) 1.0

Stability

(minutes) 31.4
Torque

Peak 2413
10 Minutes 2138
20 Minutes 2000
30 Minutes 1800
Degradation 1763
Run Order 6

Loading (grams) 57

10.0

95.18
-0.67

2.94

0.9

36.7

2438
2175
2025
1763
1750
7
57

10.0

5.45
94.90
-0.68

3.01

32.5

2563
2200
2050
1825
1800
8
57

N e——

‘f’!‘ r':i‘:' 4{ vl ;.E'... / =1 j j

10.0

0.5

95.18
~-0.71

3.09

1.0

29.2

2525
2250
2000

1825
3
57

1 Medium molecular weight general purpose polyvi-
nyl chloride homopolymer resin, having an intrinsic
and prepared by bulk

viscosity of 0.89,

polymerization.

2 Mark 2212 methyl mercaptide stabilizer available
from Argus Division, Witco Corp., 633 Court Street,

Brooklyn, NY 11231.

3 caSt 5713 calcium stearate is available from

Mallinkrodt.

4 Hostalub XL 165SB paraffin wax lubricant is
available from Hoechst Celanese.

5 Acryloid® KM-323B impact modlfler is avallable
from Rohm and Haas Co.

6 Acryloid® K 125 is an acrylic processing aid

available from Rohm and Haas Co.

- 18 -
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7 Acryloid® K 175 is a styrene/acrylate processing
aid available from Rohm and Haas Co.

8 R-69 is a "chalking" grade of titanium dixoide
available from Glidden.

9 stan-Mag™ MLW magnesium oxide is available from
Harwick.

10 rRheological properties of the extrusions were
evaluted used a Brabender Plasticorder torque

rheometer.

15

20

[l

30

35

40

TABLE 4
Comparative Example Example Example
Example 3 5 6 7
Yellowness index at Florida
Control (O mo.)
5.26 5.32 5.45 5.56
3 mo. 6.94 5.30 5.02 4,88
6 mo. 5.55 4.60 5.21 4,79
12 mo. 5.16 5.09 5.19 4,76
18 mo. 10.22 6.84 - 6.63 6.54
24 mo. 7.76 5.56 5.28 5.22
36 mo. 8.58 5.73 5.19 5.05
48 mo. 1l1.71 8.34 7.88 7.50
60 mo. 7.63 4.80 5.14 4.86
Hunter L at Florida
Control (0 mo.) -
95.2 95.2 94.9 95, 2
3 mo. 93.9 84,2 94,4 94 .5
6 Mo. 94,3 94 .4 93.8 G4.,2
12 mo. 94,7 G4.8 04.7 85.1
18 mo. 94,0 34.9 04,7 94.5
24 mo. 94 .4 94 .7 94 .5 94,7
36 mo. 03.0 - 94.1 93.8 94,1
48 mo. 91.1 92.8 02.4 02.4
60 mo. 03.7 94 .2 93.7 04.0
Hunter L at Arizona
Control (0 mo.)
95.2 95.2 - 94.9 95,2
3 mo. 93.4 94.1 93.3 - 83.3
6 mo. 92.9 93.9 93.8 94.4
12 mo. 94,2 - 95,1 05.6

95.1

- 19 -
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18 mo. 90.1 92. 3 92. 2 9365 7, 1 4
24 mo. 88.0 91.2 92.9 93.5

36 mMo. 90.4 92.3 92.2 93.7
48 mo. 88.2 950.9 87.9 92.2

60 mo. 88 .7 89 .4 89.9 91.9
Impact properties (Arizona)

Control (0 mo.)

2.84 D 2,82 D 2.89 D 2.71 D

3 mo. 2.55 D 7.50 D 7.50 D 7.85 D
6 mo. 7.09 D 2.15 D 2.13 D 7.19 D
12 mo. 1.36 C 1.66 C 1.74 C 2.15 C
18 mo. 0.47 C 0.93 C l1.14 C l.64 C
24 mo. 1.70 D 1.76 D 2.20 C+ 2.25 D
36 mo. 1.42 C 1.56 C 1.17 C+ 1.96 D
48 mo. l.46 C+ 0.98 C 1.28 C 1.80 D-
60 mo. 0.81 C 1.14 C 1.19 C 1.60 D-
Impact properties (Florida)

Control (0 mo.)

2.84 D 2.82.D 2.89 D 2.71 D

3 mo. 2.60 D 2.57 D 7.59 D 2.42 D
6 mo. 2.60 D 2.67 D 7.81 D 2.72 D
12 mo. 2.35 D 2.40 D 2.41 D 2.56 D
18 mo. 2.47 C+ 2.45 C 7.61 C 2.27 C
24 mo. 2.57 D 2.6l D 2.20 C+ 2.25 D
36 Mo, 2.35 D 2.33 D 2,42 D 2.30 D
48 mMo. 1.62 D 7.24 D 7.060 D 7.27 D
60 mo. 1.72 D 1.91 C+ 1.07 C 1.72 C

30

35

40

Impact testing was carried out using a falling dart
siding impact tester. Average inch-lb./mil of
failure is reported. The type of failure (D
ductile, C = castastrophic) is reported.

All color tests are done on an lnstrument read-
ing Hunter Lab equivalent delta L, a, b, and e.
All weathering i1s done with test specimens oriented
at 45 degrees South exposure. |

Impact measurements showed that addition of 0.5
phr magnesium oxide increased impact strength
retention after exterior exposure. Example 7
retained 59% of its'impaCt'strength while
Comparative Example 3 retained only 29% of its
impact strength after 60 months exposure in

N 20 L
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Arizona. The data given in Table 4 show that

exposure-induced yellowing is reduced and whiteness
retention, as measured by Hunter L reflectance, 1is
increased, by addition of magnesium oxide.

EXAMPLES 8-13

Additional unplasticized polyvinyl chloride
compositions were prepared by delivering the compo-
nents shown in Table 5 to the feed hopper of a KMD
90 extruder and extruding window frame profiles
using a conventional PVC extrusion temperature
profile. Two basic formulations, a white formula-

tion (Comparative Examples 4 and 5 and Examples
8-11) and a tan formulation (Comparative Examples 6

and 7 and Examples 12 and 13) were employed. The
white formulation included a "chalking" grade of
titanium dioxide, while the tan formulation
included a "non-chalking" grade of titanium dixoide
and sufficient tan color concentrate to provide
tan-colored extrusion profiles with approximate
Hunter color coordinates of L 76.1, a -104 and
b = 10.9. The resulting profiles were exposed at
locations in Kentucky; Florida; and Arizona (45°,
South). The effect of the exterior éxposure on the
yellowness index of the samples prepared using the
white formulation and the effects of the exposure
on the measured fading of the tan color and chalk-
ing for the tan profiles are given in Table 6. The
effect on the mechanical pr0perties of the samples
is given in Table 7. ' | '
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Example

11

TABLE 6
WHITE
Comp. Example Example Example
_BEx. 4 8 9 10
5 TiO» phr 9 3 3 3
MgO phr 0O 1 0.75 0.5
Yellowness?l
Index
Initial 4.89 10.45 9.90 8.28
10 4.92 12.89 9,81 9.17
Arlzona
3 months 18.04 8.51 9.15 11.24
15054 ’7016 7001 8007
6 months 15.55 19.45 21 .66 24.14
1532 months 12.20 13.43 26.77 27 .26
Florida
3 months 6.80 7.41 6.69 6.21
6.15 6.85 6.40 5.92
&6 months 6.18 7.14 6.39 6.17
2012 months 6.69 7.11 6.90 6.83
Kentucky -
3 months 14.20 8.10 8.66 8.60
12.17 7.50 7.35 7.09
6 months 7.77 9.37 7.62 7.65
2512 months 7.36 7.11 6.65 6.84
TAN |
Comp. Example Example = Comp.
TiO, phr 8 3 3 3
30 MgO phr O 1 .5 0

- 24 -

22 .42
15,37

31.42

32.77

- 5.45

7.20

25,47

9.20
8.43

6.26



Fading?

Arizona
3 month 1.514
0.73
5 6 month 2.02
12 month 2.90
Florida
3 month 1.80
0.45
10 6 month 0.57
12 month 0.50
Kentucky
3 month 1.25
0.46
15 6 month 0.23
12 month 0.22
Chalking?3
Arizona
3 month 0.60
20 1.21
6 month 0.17
12 month 0.70
Florida
3 month 0.88
25 1.60
6 month 1.47
12 month 2.32
Kentucky
3 month 4.56
30 2.64
6 month 3.30
12 month 3.20

1.55

1.50

0.57
0.88

0.84

1.20

1.56
0.33

1.87

l1.48

1.05

1.85

1.33

l.44

2.62
l.35

2.86

4.40

0.58
0.50

6.22

15.21

0.98
0.76

1.19
1.02
0.49
0,71
0.97

0.91

0.28
0.55

2.36

2.75

2.31

1.87

2.64
0.26

4.44

5.21

1 Hunter yellowness index

- 25 -

7.23

19.32

0.39
0.78

1.23

2.38
2,15

0.70

0.58

0.36
1.60



2 rading was measured using a Macbeth 1500 colgrifi-j £ 1)
eter with a Color-eye illuminant. AR

3 chalking was measured using a Macbeth 1500 color-
imeter with a Color-eye illuminant.

5 4 ypper readings for fading and chalking three

month data were taken over a large flat area of the
window profile extrusions, while the lower readings

were taken ofer a narrow lip of the extrusions.

TABLE 7
10 Mechanical Properties!
WHI'TE
Comp. Example Example Example Example cComp.
ExX. 4 8 9 10 11 EX. 5
TiO, phr 9 3 3 3 2 3
15 MgO phr 0 1 0.75 0.5 1 0
Initial 8908 8812 8940 8862 8937 8921
6.60 6.84 6.84 6.92 7.04 6.92
Arizona |
3 months 8816 9110 9093 9071 9052 8904
20 5.68 5.44 5.52 5.92 6.20 5.92
6 months 9060 9124 9172 9142 3206 9009
5.20 4,88 4.80 5.08 4. 9% 5.12
Florlda ~ |
. 3 months 8830 9210 9002 9013 8954 8933
“ 5.84 5.68 6.24 5.52 6.20 6.32
6 months 9049 9067 9210 9142 9254 8913
5.52 5.16 5.20 5.32 5.82 5.52
Kentucky _
3 months 8848 9208 9123 9053 8958 8815
30 5.84 5.84 6.00 6.08 6.32 6.12
6 months 8995 9328 9099 9046 9285 9142
5.36 5.20 '5.44 5.52 5.40 5.36

- 26 -
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TAN
Comp. Example Example Comp.
EX. 6 12 13 Ex. 7

TiO» phr 8 3 3 0
MgO phr O 1 . 5 0
Initial 8830 8787 8638 8617
7.20 5.92 6.88 5.84

Arizona
3 month 9044 9372 9181 9620
6.08 5.16 5016 5024
6 month 8985 9138 9182 9203
4 .84 4.52 4.56 4.80

Florida
3 month 8825 9413 3192 9115
6.32 5.44 5.52 5.52
6 month 8976 0189 9042 9157
5.32 5.16 5.20 5.08

Kentucky

3 month 9050 9259 9174 9095
5.96 5.20 5.44 5.24
6 month 9258 9462 90205 0258
4.88 5.04 4.88

4 .92

1l uUpper figure is tensile strength; lower figure
is ductile ratio.

From the results reported in Table 6

,-the addi -~

tion of magnesium oxide appears effective in reduc-
ing yellowness development for the white Arizona
and Kentucky samples, and in reducing fading and
chalking for at least the tan samples, even at the
0.5 phr level. The data in Table 7 suggest that
the addition of magnesium oxide does not signifi—-
cantly adversely affect the mechanical prOpertles
of the unplasticized PVC compositions

Various modificatlons can be made in the
details of the various embodiments of the comp051m

tions of the present inventlon, all within the

- 27 - .
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spirit and scope of the invention as defined in the
claims. For example, polymer blends including pol-
yvinyl chloride can be used to prepare the
unplasticized compositions, or the magnesium oxide
can be incorporated in an uplasticized composition
which 1s coextruded with another composition so
that the resulting article has the magnesium oxide

composition on at least a portion of its outer
surface. Other modifications and embodiments will

be readily apparent to those skilled in the art.

- 28 -
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1

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An unplasticized polyvinyl chloride composition for
forming articles for exterior use, and of the type having a
polymeric organic impact modifier, the composition comprising
polyvinyl chloride resin, at least one thermal dehydro-
chlorination stabilizer, and an ultraviolet stabilization

system, the ultraviolet stabilization system consisting

essentially of from about 0.2 - 15 parts by weight, per hundred
parts by weight of the polyvinyl chloride resin, of rutile
titanium dioxide and magnesium oxide in an amount greater than
zero but not greater than 5 parts by weight, per hundred parts

by weight of the polyvinyl chloride resin.

2 . An unplasticized polyvinyl chloride composition
according to claim 1 wherein the ultraviolet stabilization
system consists essentially of from about 0.5 - 5 parts by
weight of the polyvinyl chloride resin of rutile titanium
dioxide and less than about 2 parts by weight of the polyvinyl

chloride resin of magnesium oxide.

3. An unplasticized polyvinyl chloride composition
according to claim 1 or 2 wherein the magnesium oxide has a mean

particle size no greater than about 2.2 mlcrons.

5. An unplasticized polyvinyl chloride composition
according to claim 1, 2 or 3 wherein the polymeric impact

modifier is an acrylate derivative.

5. An unplasticized polyvinyl chloride composition

according to any one of claims 1 to 4 wherein the thermal

dehydrochlorination stabilizer is an organotin sulfur-containing

compound.

29
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6 . An unplasticized polyvinyl chloride composition

according to claim 5 wherein the organotin sulfur-containing

compound i1s an alkyltin mercaptide.

7. An unplasticized polyvinyl chloride composition
according to claim 5 wherein the sulfur-containing compound 1S

an alkyltin thioglycolate.

8 . An article formed from the composition of any one of

claims 1 to 7.

9. An extruded article according to claim 8.

10. Exterior siding formed from the composition of any one

of claims 1 to 7.

11. Exterior siding formed using a coextrusion process
from at least two polymeric compositions at least one being a

composition according to any one of claims 1 to 7.

12. An extruded component for a window formed from the

composition of any one of claims 1 to 7.

13. An extruded component for a doorframe formed from the

composition of any one of claims 1 to 7.

14 . An unplasticized polyvinyl chloride composition for
forming articles for exterior use, and of the type having a
polymerized or organic impact modifier, the composition
comprising polyvinyl chloride resin, at least one thermal
dehydrochlorination stabilizer, and an ultraviolet stabilization
system, the ultraviolet stabilization system consisting
essentially of from about 0.2 - 15 parts by weight per hundred
parts by weight of the polyvinyl chloride resin, of rutile

titanium dioxide and magnesium oxide 1n an amount greater than
30
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zero but less than 100 parts by weight, per hundred parts by
welight of the polyvinyl chloride resin, the magnesium oxide
comprising less than about 5 parts by weight of the polyvinyl
chloride resin; the magnesium oxide having a mean particle size
no greater than about 2.2 microns; the polymeric organic impact
modifler being an acrylate derivative; the thermal dehydro-
chlorination stabilizer being an organotin sulfur-containing

compound.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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