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Description

This invention is concermned with a resin composition, an oriefitéd opaque film composition made
therefrom and a method of forming the film structure. Oriented opaque film compositions are known in the
art. For example, U.S. Patent No. 4,377,616, discloses a film generically of the type dealt with in the present
disciosure. While the opaque films of this patent are generally excellent, there are certain shortcomings that
present manufacturing problems. For example, when empldying Nylon as the cavitating agent for poly-
propylene film, moisture sorption on and in the Nylon particles create bubble formations in the matrix resin
resulting in severe film process problems. The moisture sorption at saturation point for Nylfon is in the levei
of from 8.5 to 10% by weight. Coping with and attempting to avoid this problem reduces the quality of the
ultimate film if the moisture is not reduced to a significant extent. In any event, the problem manifests itself
as an undesirable manufacturing cost. The art is also constantly on the lookout for a film which is improved
in degree of opacity versus the cost of obtaining the opacity arid in enhanced brightness in the film.

The present invention provides an opaque, biaxially oriented polymeric film structure comprising:

a thermoplastic polymer matrix material within which is located a strata of voids; and

positioned at least substantially within at least a substantial number of each of the voids is at least one
spherical void-initiating solid particle of polybutylene terephthalate which is phase distinct and incompatible
with the matrix material, the void occupied by the particle being substantially less than the volume of the
void, with one generally cross-sectional dimension of the partic|e at least approximating a corresponding
cross-sectionai dimension. of the void.

The present invention aiso provides a film havmg the foregomg structure and on at least one surface
thereof a void-free thermoplastic skin layer of a thickness such that the outer surface thereof does not, at
least substantially, manifest any surface irregularities of the core layer.

The present invention is also directed to a resin composition comprising a thermoplastic polymer matrix
and dispersed therein, as a distinct phase, a muitiplicity of small spherical solid particles of polybutylene
terephthalate.

The present invention is also directed to a process for preparing a resin combination comprising:

heating at least to a flowable condition a thermopliastic polymeric matrix material having a meiting point
lower than that of polybutylene terephthaiate;

adding to the moiten polymer polybutylene terephthalate and heatmg the combmatlon to above the
meilting point of the poiybutylene terephthalate;

subdividing and uniformly dispersing the molten polybutylene terephthalate into discrete spherical
particles throughout the matrix material; and while so subdivided decreasing the temperature to solidify the
polybutylene terephthalate, further decreasing the temperature to solidify the polymer matrix material.

The present invention further provides a process for preparing a biaxially oriented opaque film by
forming an extruded film of the above described resin combination and thereafter biaxially orienting the film
either simultaneously or sequentially.

As in U.S. Patent No. 4,377,616, a master batch technique can be employed either in the case of
forming the spherical particles in situ or in adding preformed spheres to a moiten thermoplastic matrix
material. After the formation of a master batch, appropriate dilution of the system can be made by adding
additional thermoplastic matrix materiail until the desired proportions are obtained.

The polybutylene terephthalate can be present in up to 20% by weight of the matrix film. A preferred
range is from 2 to 10 percent by weight. When a master batch precursor composition is made for ultimate
dilution with more matrix polymer for a final film, the master batch can contain as much polybutylene
terephthalate (PBT) as can practically be dispersed in the thermoplastic matrix polymer in spherical
subdivided particles of a size ranging from 0.1 to 10 um. With little difficuity up to 30% by weight of the
PBT can be dispersed, in this size range, in the matrix resin. It is preferred that the degree of opacity of the
oriented film be less than 70% light transmission. The opacity of the film can be enhanced by the inclusion
in the film of from 1 to 3% by weight of a pigment, such as TiO2, colored oxides and the like. The pigment
should be in a particle size such that it does not contribute in any material sense to void initiation in the
matrix resin. '

The polybutylene terephthalate (PBT), also known as polytetramethylene terephthalate (PTMT) is a
highly crystalline polymer obained from the polycondensation of dimethy! terephthalate with 1,4-butanediol.
PBT possesses good mechanical, chemical and electrical properties. It has good flowability and a rapid
crystallization rate. It has a melting point of 227°C (440°*F) and a glass transition temperature of
approximately 40°*C (104°F). It has good thermostability and relatively high UL temperature indices. This
material has good tensile strength, toughness and dimensional stability, low water absorption, and low static
and dynamic coefficients of friction. Typical processing conditions for PBT involve meits at 232 to 260°C
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(450 to 500 * F). Meilt temperatures in excess of 271 C (520 F) shouid be avmded

The thermoplastic matrix resin for the PBT resin can be any thermoplastic resin material Wthh is
incompatible with the PBT and which can be oriented in film form. By incompatible is meant that distinct
phases of the two materials will result when an inter-blending of the two is attempted. Examples of such
thermoplastic resins include the polyolefins, polyethylene, polypropylene, polybutylene, stc. Included also
are distinct species of these materials such as ultra low density polyethylene (ULDPE), low density
polyethylene(LDPE), high density polyethylene (HDPE), linear iow density ethylene copolymerized with less
than 10% by weight of another alpha olefin e.g. propylene, butyiene, etc., random copolymers of propylene
with another olefin, e.g. ethylene, butylene, hexene, etc. and any blend or mixtures of the same. Other
contemplated matrix resins include polystyrene and blends with polyolefins. Partlcularly preferred as the
matrix resin fof the PBT is polypropylene.

As indicated above the PBT can be dispersed within the matrix resin in any convenient fashion. The
PBT can be preformed into small spherical 0.1-10 um particles by any technique, for example, moiten
spray sphere formation; subdivision into powder form followed by spraying into a high heat atmosphers;
meit-dispersion of the PBT in some other hot liquid medium followed by isolation of the spherical particies,
etc. An advantage of preforming the PBT into spherical particles is the avoidance of any need to subject the
matrix resin to the higher temperature needed to form the PBT in situ into particles. The PBT spherical
particles are the void-initiating particles in the selected matrix resin on film orientation thereof.

The general method of forming the opaque oriented film of the present invention is accomplished by
slot extruding a film of the resin composition (matrix plus PBT) and thereafter sequentially biaxially orienting
the film. During the orientation a strata of voids is formed in the mairix polymer. Since the PBT particles are
incompatible with the matrix material, during machine direction orientation each sphere tends to create a
streamiined woid. During subsequent transverse orientation, the fransverse dimension of this void is
correspondingly increased. During these steps, the film turns a bright white pearlescent opague color. In
some instances, in order to avoid-the formation of an.irregular surface as a result of the spheres and the
cavitated condition of the film, a coextruded surface layer can be formed on one or both surfaces of the
cavitated film. This coextruded film can be transparent or pigmented and of the same or different material
as the matrix resin. The different resin may be chosen for particular characteristics, for example, heat
sealability, printability, machinability, etc. When employing a surface or skin layer or layers, it is preferred
that the core thickness be from 30 to 95% of the overall sfructure. Conversely, it is preferred that the
combined skin thickness be 5 to 70% of the overall film thickness. When desired or necessary the skin
layers can be sufficiently thick so that the outer surfaces thereof do not manifest any irregularities or
surface projections of the core material. It has been found that spherical particles of PBT can be more
easily formed and more uniformly dispersed throughout the selected thermoplastic matrix resin than, for
example, Nylon void initiating particles. It has also been found that PBT subdivides when subjected to the
same energy to a greater extent than, e.g. Nylon. This resulits, ultimately, in a greater number of cavitation
sites of smaller size in the oriented film. In addition, the moisture sorption at saturation point for PBT is
0.4% whereas Nylon is from 8.5-10% by weight.

The following examples illustrate the present invention.

EXAMPLE 1

A mixture of isotatic polypropylene (82 parts by weight, m.p. 160°C. and a melt index of 4.5), and
polybutylene terephthalate (18 parts, by weight, mp. 226.7°C.) were co-melted with 6 parts by weight of
powdered TiOz in a co-rotating, intermeshing twin screw extruder. This sytem extruded a plurality of strands
of the master batch resin combination into a water bath. Thereafter, the strands were fed through a pellitizer
which subdivided the strands into peliets having an approximate dimension of 1.6 mm (1/18 inch) in
diameter and from 3.2 to 6.4 mm (1/8 to 1/4 inch) in length. The condition of mixing in the twin screw
extruder was such that both polymers were brought to a molten condition and the intermixing action of the -
twin scrow appendages evenly dispersed the PBT throughout the molten polypropylene as spherical
particles ranging from less than 1 um to approximately 4 um. This arrangement was maintained on
solidification of both resins.

EXAMPLE 2
A mixture of the master batch pellets prepared as in Example 1 and virgin isotactic polypropylene of

the same type employed as the matrix material in Exampile 1 was blended in an extruder provided with a
screw of L/D ratio of 20/1. The master batch resins and the polypropylene were blended to the uitimate ratio
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of 94 parts of polypropylene to 6 parts of PBT. The resin system was extruded as an unoriented film
measuring approximately 1 mm (40 mils) in thickness. This sheet was subsequently oriented 5 x 8 times
using a commercially available sequenttal biaxially orienting apparatus. The machine direction (MD)
orientation tomperature was 127 *C and the transverse direction (TD) orientation, 166 ¢ C. The resulting 0.04
mm (1.6 mil) film had an opacity of 18% transmission.

EXAMPLE 3

The process of Example 2 was repeated except that a second exiruder was employed in association
with the first mentioned extruder and supplied with the same virgin . polypropylene but without any PBT
present. A melt coextrusion was carried out while maintaining the cylinder of the core material at a
temperature ranging from 190 to 240°C. The polypropylene to be exiruded as the skin layers, was
maintained at a temperature of 240°C. A film structure was co-exiruded with a core thickness 80% of the
total extruded thickness. The skin layers were each approximately 10% of the fotal thickness. The
unoriented film measured approximately 1 mm (40 mils) in thickness. This sheet was subsequently oriented
5 x 8 times using a commercially available sequential biaxially oriented apparatus. The MD orientation
temperature was 127°C and the transverse direction (TD) orientation, 166°C. The resulting 0.04 mm (1.5
mil) film had an opacity of 20% fransmission and a 45° gloss of 100%. Additionally, the film had
unexpectedly high stiffness as well as an excellent water vapor transmission rate. The film had greater than
expected hiding power because of its high gloss. This film had an unusually rich appearing look of lusterous
satin. . )

1t is to be understood that the biaxial orientation can be simuitaneously achisved using a tenter
apparatus. : '

To demonstrate the unexpected physical characteristics of polybutylene terephthalate as compared to
those of polyethylene terephthalate and their respective utility as cavitating agents in opacifying poly-
propylene film, comparative experiments were conducted. The results of these experiments are summarized
in Tables 1 and 2. .
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TABLE 1
Key Property Comparison ~.
5 |PBT (33% MB Input) |PET (33% MB Input) | PET (49.5% MB Input)
% Cavitating agent 3.5 35 52
Yield cm2/gm (in?/ib) (ASTM_D-2103) ' 436 (30697) 438 (30556) 422 (29686)
0 Gauge, mm (mil) ' 0.04 (1.80) 0.03 (1.22) 0.04 (1.48)
Light trans, % (Mobil Method V-07)~ 17.0 %7 . 266
Opacity (TAPPI 7-425) 87.4 705 791
Tensile Properties (ASTM D-882)*
1 Ultimate Strength Kg/cm?2(ibAin?) | MD 4.75 (26.6) 4.25 (23.8) 4.54 (25.4)
S : ' D 6.33 (35.4) 6.20 (34.7) 5.90 (33.0)
Elongation (%) MD| 114 ' 103 106
- ™D 36 39 39
o 2 IModulus, kg/em? (Ib/in?) MD 67 (373) 71 (397) 76 (423)
o ™ 112 (624) 113 (634) 116 (650)
Stiffness (ASTM D-2923) MD 45.4 29.3 434
. _ : TD 65.6 M7 625
% * Data reported as kg/cm (ib/in) vs kg/cm? (Ib/in?) in order to show absolute film strength.
* % transmission is measured using a Gardner Hazemeter calibrated to "100% Transmission” with
all light trapped in the hazemster sphere and "0% Transmission" with all light blocked from
entering sphere. All measurements are made with sphere in cocked posltlon (without light trap).
0 Sample is inserted and value read as % light transmission. E
TABLE 2
3 Data on Moisture Absorption
(ASTM D~570)
“© Water Absorption  Saturation Moisture
in 24 hours, Z - Content, %
) AKZQ -0.03~0.09 0.27
PBT ) CELANESE 0.07-0.09 0.35
5 : ) GAF ' 0.05-0.08 0.30
) ARMCO 0.2-0.25 1.2
PET ) KOPPERS 0.1-0.3 1.2
50 )} ROHM & HAAS ~ 0.3~-0.4 1.4
) DUPONT 0.1-0.3 0.9
NYLON ) ALLIED CHEMICAL 1.6 9.5

55
Table 1 shows a comparison of three different polypropylene films formed according to the process
disclosed in the present Examples. Column 1 details the properties of a polypropylene film containing 3.5
percent polybutyiene terephthalate (PBT) as the cavitating agent. Column 2 shows the properties of a
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polyethylene film containing 3.5 percent polyethylene terephthalate (PET) as the cavitating agent. In Column
3, the properties of a polypropylene film containing 5.2 percent polyethylene terephthalate (PET) as the
cavitating agent are shown. The data in Table 1 clearly indicates that by using PBT as the cavitating agent
in forming an opaque polypropylene biaxially oriented film, unexpectedly superior physical characteristics
for the film are obtained. Accordingly, with PBT, the yield is higher; a film of greater gauge is obtained; light
transmission is significantly less and opacity is significantly greater; the overall tensile properties are better;
and the stiffness characteristics are much improved.

Table 2 shows that PBT, obtained from several different sources, has water absorption percentages and
saturation moisture content percentages which are, by and large, at least an order of magnitude less than
PET resin obtained from a variety of sources. It is also shown that Nylon is grossly inferior from a water
absorption and saturated moisture content standpoint than either PBT or PET. _

Thus, the data in the above tables clearly indicate that polybutylene terephthalate processes physical
characteristics which are unexpectedly different from those of polyethylene terephthalate.

Claims

1. A resin composition comprising a thermoplastic polymer matrix having dispersed therein as distinct
- phases, a muitiplicity of small spherical solid particies of polybutylene terephthalate.

2. The resin composition of claim 1 wherein the particles are from 0.1 to 10 im in size.
3. The resin composition of claim 2 wherein the polymer matrix is polypropylene.

4. The resin composition of claim 3 wherein the dispersed particle population is of such a proportion that
on biaxial orientation of a film thereof the film will turn bright white pearlescent opaque in appearance.

6. An opaque, biaxially oriented polymeric film structure comprising:
a thermoplastic polymer matrix. material within which is located a strata of voids; and
positioned at least substantially within at least a substantial number of each of the voids, at least
- one spherical void-initiating solid particle of polybutylene terephthalate which is phase distinct and
incompatible with the matrix material, the void occupied by the particle being substantially less than the
volume of the void, with one generally cross-sectional dimension of the particle at least approximating a
corresponding cross-sectional dimension of the void.

6. The film structure of claim 5 wherein the polymeric matrix material is polypropylense.
7. The film structure of claim 6 wherein the particle is from 0.1 to 10 um in size.
8. The film structure of claim 5§ having on at least one surface thereof a void-free thermoplastic skin layer.
9. The film of claim 8 wherein the skin layer is transparent.
10. A process for preparing a biaxially oriented opaque film comprising:
(a) providing a resin combination comprising a thermoplastic polymer matrix having dispersed
therein as distinct phases, a muitiplicity of small spherical solid particles of polybutylene tereph-
thalate;
{b) forming an unoriented film of the resin combination; and

{(c) biaxially orienting the film to an extent sufficient to opacify the same.

11. The process of claim 10 wherein a void-free thermoplastic skin fayer is formed on at least one surface
of the unoriented film which is thereaftar hiaxially oriented.

12. The process of claim 11 wherein the skin layer is transparent.

13. The process of claim 12 wherein the matrix resin is polypropylene.

U
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Patentanspriiche

1.

Harzzusammensetzung, enthaltend eine thermoplastische Polymermatrix, in der als unterschiedliche
Phase eine Mehrzahl von kisinen kugelférmlgen Feststoffteilchen- dus Polybutylenterephthaiat disper-
giert ist.

2. Harzzusammensetzung nach Anspruch 1, worin die Teilchen eine GréBe von 0,1 bis 10 wm aufweisen.

3. Harzzusammensetzung néch Anspruch 2, worin die Polymermatrix aus Polypropylen besteht.

4. Harzzdsammensetzung nach.-Anspruch 3, worin die Gesamtheit der dispergierten Teiichen in einem
solchen Anteil vorliegt, da8 beim biaxialen Orientieren eines Films der Harzzusammensetzung der Film
ein leuchtendweiBes,- perimutterartiges, undurchsichtiges Aussehen erhiit.

8. Undurchsichtige, biaxial orlentlerte Polymerfilmstruktur, bei der
gin thermoplastisches Polymermatrixmaterial, in dem eine Schicht aus Fehlstellen angeordnet ist,

- . vorliegt und
zumindest im wesentlichen innerhalb wenigstens einer wesentlichen Anzahl der Fehistellen mindestens
ein kugelfdrmiges, sine Fehistelle initiierendes Feststoffieilchen aus Polybutylenterephthalat angeordnet
ist, das gegenilliber dem Matrixmaterial phasenunterschiedlich und mit diesem unvertréglich ist, wobei
die Fehistelle durch das Teilchen besetzt ist, welches im wesentlichen kleiner als das Volumen der
Fehistelle ist, und wobei eine allgemeine Querschnittsabmessung des Teilchens siner entsprechenden
Querschnittsabmessung der Fehistelle zumindest angenéhert |st

6. Filmstruktur nach Anspruch 5, worin das Polymermatrixmaterial Polypropylen ist.

7. Filmstruktur nach Anspruch 6, worin das Teilchen eine GrS8e von 0,1 bis 10 wm aufweist.

Filmstruktur nach Anspruch 5, die an mindestens einer Oberfliiche eine fehlstellerifreie thermoplasti-
sche Hautschicht aufweist. . . - :

9. Film nach Anspruch 8, worin die Hautschicht durchsichtig ist.

10. Verfahren zum Herstsllen eines biaxial orientierten undurchsichtigen Fiims, mit den Stufen:

(a) Bereitstellen einer Harzkomination, enthaltend eine thermoplastische Polymermatrix mit einer
darin als gesonderte Phasen.dispergierten Mehrzahl an kieinen kugelfrmigen Feststoffteilchen aus
Polybutylenterephthalat; '

(b) Ausbilden sines nichtorientierten Films aus der Harzkombination; und

(c) biaxiales Orientieren des Films bis zu einem Ausma8, das ausreicht, um den Film undurchsichtig
-zu machen. -

11. Verfahren nach Anspruch 10, worin 'ein_e fehistellenfreie thermoplastische Hautschicht auf mindestens
einer Oberfliche des nichtorientierten Films ausgebiidet wird, der anschlieBend biaxial orientiert wird.

12. Verfahren nach Anspruch 11, worin die Hautschicht durchsichtig ist.

13. Verfahren nach Anspruch 12, worin das Matrixharz Polypropyien ist.

Revendications

1. Une composition de, résine comprenant une matrice de polymére thermoplastique dans laquelle sont
dispersés sous la forme de phases distinctes une multiplicité de petites particules solides sphériques
de téréphtalate de polybutyléne.

2. Une composition de résine selon la revendication 1, dans laquelle la dimension des particules est de

I'ordre de 0,1 & 10 Lm.
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La composition de résine selon la revendication 2, dans laquelle la matrice de polymére est du
polypropyléne.

La composition de résine selon la revendication 3, dans laquelle la population des particules dispersées
est dans une proportion telle que durant I'orientation biaxiale du film, ce dernier prend un aspect blanc
nacré opaque bnllant

Une structure de film opaque polymére orientée biaxialement comprenant:

- un matériau de matrice polymeére thermoplastique dans lequel se trouve une couche de vide; et

- localisée au moins sensiblement & l'intérieur d'au moins un nombre substantiel de chacun des
vides, se trouve au moins une particule solide sphérique initiatique de vide de téréphtalate de
polybutyl&éne qui constitue une phase distincte et incompatible du support de matrice, le vide
occupé par les particules étant sensiblement inférieur au volume du vide, avec une dimension
généralement transversale de la particule qui correspond au moins approximativement & une
dimension transversale du vide.

La structure de film selon la revendication 5, dans Iaquelle le matériau de matrice polymére est du
polypropyléns,

La structure de film selon la revendication 6, dans laquelle la dimension des particules est de I'ordre de
0,1 4 10.

La structure de film selon la revendication 5, ayant au moins sur une surface une couche pelliculaire
thermoplastique exempte de vide.

Le film selon la revendication 8, dans lequel la couche pslliculaire est transparente.

Un procédé de préparation d'un film opaque orienté biaxialement comprenant:
(a) une combinaison en résine comprenant une matrice de polymére thermoplastique dans laquelie
sont dispersées, sous forme de phases distinctes, une multiplicité de petites particules solubles
sphériques de téréphtalate de polybutyléne;
{b) la formation d'un film non orienté de la combinaison de résine; et
(c) l'orientation biaxiale du film suffisante pour opacifier ce dernier.

Le procédé selon la revendication 10, dans laquelle la couche pelliculaire thermoplastique exempte de
vide est formée sur au moins une surface du film non oriemé qui est aprds orienté biaxialement.

Le procédé selon la revendication 11, dans laquelie la couché pelliculaire est transparente.

Le procédé seion la revendication 12, dans laquelie la résine de matrice est du polypropyiéne.



