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POLYPROP.YLENE COMPOSITIONS AND FILMS THEREOF 

The present invention relates to polypropylene 

compositions and to films thereof. More specifically, the 

invention relates to a polypropylene composition having an 

5 excellent transparency and which is but little affected by 

the film-forming condition. 

1 0 

1 5 

20 

Since · polypropylene film has excellent appearance, 

heat resistance and rigidity, the film is wide~y used for 

packaging, such as of food or fibers. 

Recently, high-speed film formation by a large-sized 

film for_ming machine has been practiced in order to improve 

the productivity of the process, and also various 

thicknesses of the f ~lms have been employed to widen their 

available uses. In this case, as a result thereof, the 

cooling condition at film formation is altered, which has 

large effects on the transparency of the films formed, and 

a problem occurs that the transparency of the film, which 

is good at low-speed film formation or in thin films having 

a thickness of from about 20 to 30 µm, is greatly reduced 

at high-speed film formation or in films having a thickness 

of at least SO µm. 

To overcome the problem, an attempt to decrease the 

surface temperature of a cooling roll by decreasing the 

temperature of cooling water, or to directly cool a molten 

25 resin extruded with water without using a cooling roll have 

been made and an effect can be obtained to a certain 
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extent. However, the influence of the temperature of the 

cooling water or the deviation of the flow rate cannot be 

avoided, and a sufficient effect has yet been obtained. 

Thus, development of a polypropylene composition and 

5 a polypropylene film having a good transparency and showing 

small film-forming condition dependency and also small 

thickness dependency of the transparency has been desired. 

A reforming method of thermally decomposing by heat or 

peroxide a polypropylene resin, and a method of· compounding 

10 a polypropylene resin with a sorbitol nucleating agent are 

known as methods of improving the transparency of a 

polypropylene film. 

In·the reforming method of decomposing a polypropylene 

resin, the improvement effect may be obtained at low-speed 

15 film formation when the surface temperature of a cooling 

20 

roll is low, but no effect is obtained at high-speed film 

formation when.the surface temperature of a cooling roll is 

high. Further, in the case of high~speed film formation of 

thick films, the transparency is greatly reduced. 

Also, in the method of compounding with a sorbitol 

nucleating agent, an effect of improving the transparency 

may be obtained,_ but since use of the sorbitol nucleating 

agent causes an unpleasant odor of th~ film obtained, there 

is a restriction on the use thereof. 



.\. . ··. .: :.• . 
. ' 

- 3 -

.Accordingly, an object of the present invention is to 

provide a polypropylene composition and. the film thereof having 

a good transparency and showing small film-forming condition 

dependency and also small thickness dependency of th~ 

5 transparency without reducing the preferred characteristics the 

polypropylene film inherently possesses. 

As a result of various investigations to develop a 

polypropylene composition and the film thereof having a good 

transparency and showing srna 11 film-forming condition 

10 dependency and also small thickness dependency of the 

transparency~ it has been found that the problem in the prior 

art can be overcome by using a polymer having a melt flow rate 

and a molecular weight distribution in specific ranges as a 

crystalline propylene polymer and compounding the.polymer with 

15 a specific amount of a crystalline ethylene polymer having a 

20 

melt flow rate, a.density, and a crystallization temperature 

under a quenching condition of at least 1°C/second in specific 

ranges to provide a composition. The present invention has 

been attained based on this finding. 

That is, according to one embodiment of the present 

invention, there is provided a polypropylene composition 

comprising 100 parts by weight of a crystalline propylene 

polymer having a melt flow rate of at least 3.0 g/10 minutes 

and a molecular weight distribution of less than 5.0 and from 

25·0.0l to less than 4.0 parts by weight of a crystalline ethylene 

:' 
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polymer having a melt flow rate of from 0.5 to 300 g/10 

minutes, a density of at least 0.910 3 g/cm, and a 

crystallization temperature of at least 85°C and which is at 

least 1°C higher than the crystallization temperature of the 

crystalline propylene polymer. 

We also provide a po~ypropylene film formed by melt­

extruding the polypropylene composition. 

The crystalline pronylene polymer used in the present 

invention has a melt flow rate of at least 3.0 g/10 minutes 

1 0 and a molecular weight distribution of less than 5. O. 

Pr~ferably this melt flow rate is from 3.0 to 50 g/10 

minutes, to provide good transparency and high-speed 

workability. 

If the molecular weight distribution of the 

15 crystalline propylene polymer is over 5.0, a polypropylene 

composition and a film thereof having excellent 

transparency and showing small film-forming condition 

dependency of the transpa_rency cannot be obtained. 

The crystalline propylene polymer used is a 

20 crystalline propylene homopolymer or a 

propylene-a-olefin copolymer. 

crystalline 

Examples of the crystalline-a-olefin copolymer are a 

propylene-ethylene copolymer, a propylene-butene-1 

copolymer or a propylene-ethylene-butene-1 copolymer, which 

25 are substantially random copolymers. A mixture of those 

copolymers may be used if those copolymers have said melt 

flow rate of at least 3. 0 g/10 minutes and mole.cl.,1.J,.~~~ht .. 

1mm1u1r111nr 
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distribution of less than 5.0. 

Pref erred crystalline propylene polymer used in the 

present invention is a crystalline propylene-a-olefin 

polymer having an a-olefin content of from 2.0 to 30% by 

5 weight and a molecular weight distribution of 4.5 or less, 

which has a good effect on the low-temperature heat sealing 

property and the film-forming condition dependency of the 

transparency. 

Also, the crystalline propylene polymer can be 

1 0 preferably produced by polymerization using a Ziegler-Natta 

catalys~ comprising ~i, Mg, and Cl as the essential 

components. 

The crystalline ethvlene polymer used in the present 

invention is an ethylene homopolymer or an ethylene-0!..:. 

15 olefin copolymer having a melt flow rate of from 0.5 to 300 

g/10 minutes, a density of at least o. 910 g/crn3
, and a 

crystallization temperature of at least as 0c and which is at 

least 1°c higher than the crystallization temperature of the 

crystalline propylene polymer. 

20 If any one of the melt flow rate, the density, and the 

crystallization temperature of the crystalline ethylene 

polymer 
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is outside the above-described range, the polypropylene compo­

sition and the film thereof having excellent transparency and 

showing small film-forming condition dependency of the transpa-

rency, which are the object of the present invention, cannot be 

s obtained. 

!O 

15 

As the crystalline ethylene polymer used in the present. 

invention t it iS important to· USe the Crystalline ethylene 

polymer having a crystallization temperature of a~ least 1°C 

higher than the crystallization temperature of the crystalline 

propylene polymer used in the present invention. If the 

crystallization temperature of the crystalline ethylene polymer . . 

is lower than the crystallization temperature of the 

crystalline propylene polymer used in the present invention 

plus 1°C, the effect of the present invention is not obtained. 

As the crystalline ethylene polymer used in the present 

invention, the crystalline ethylene polymer having a melt flow 

rate of from 1 !:.o 100. g/10 minutes and a crystallization 

temperature of at least 85°C and which is at least 2°C higher 

than the crystallization temperature of the crystalline 

20 propylene polymer used in the present invention is preferred, 

25 

and the straight chain. crystalline ethylene polymer having a 

crystallization temperature of at least 90°C and which is at 

least S°C higher than the crystallization temperature of the 

crystalline propylene polymer is more preferred. 

The amount of the crystalline ethylene polymer 

compounded is from 0.01 to 4.0 parts by weight per 100 parts by 
---- - - ·----
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weight of the crystalline propylene polymer. If the amount 

of the crystalline ethylene polymer compounded is less than 

0.01 part by weight, the improving effects of the 

transparency and the film-forming condition dependency of 

5 the transparency are poor. Also, if the amount is over· 4.0 

parts by weight, the transparency is reduced and the heat 

resistance becomes poor, whereby fish-eyes occur in the 

film or holes are formed in the film; and the pref erred 

characteristics the polypropylene film inherently possesses 

10 are reduced. The extent of the reduction of the 

transpa~ency when the amount of the crystalline ethylene 

polymer· compounded is over 4 . o parts by weight changes 

according to the melt flow rate of the crystalline ethylene 

polymer compounded. In the case of using a crystalline 

1 5 ethylene polymer having a melt flow rate of at least about 

5 g/10 minut~_s., even when the amount of the crystalline 

ethylene polymer compounded is over the range defined in 

the present invention, a film having a good transparency 

may be, as the case may be, obtained. In this case, 

20 however, the heat resistance is poor and troubles, such as 

the reduction in the appearance of the film, are liable to 

occur, whereby the object of the present invention cannot 

be obtained. 

25 

The amount of the crystalline ethylene polymer 

compounded is in the range of preferably from 0.01 to 2.5 

parts by weight, and more preferably from 0.02 to 1.0 ·part 

by weight. 
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The polyproplylene composition of the present 

invention can be produced e.g. by previously melt-kneading 

pellets and/or powders of the crystalline propylene polymer 

and the crystalline ethylene polymer, or by compounding a 

5 master batch of the crystalline ethylene polymer. However, 

any method wherein the composition within the range of the 

present invention is formed at film formation can be 

employed. 

The polypropylene composition of the present invention 

1 0 can be compounded, if necessary, with an antioxidant, a 

neutralizing agent, a lubricant, an antiblocking agent or 

an anti~tatic agent, or other additive usually used in 

polymeric films. 

The polypropylene composition of the present invention 

15 is suitably used for the production of a melt-extruded 

molding having a thickness of from 10 to 1,000 µm, which is 

20 

25 

produced under quenching at a cooling rate of at least 

1°C/second, and is particularly suitably used for the 

production of an unstretched film having a thickness of 

from 10 to 100-µm. 

Also, since the polypropylene composition of the 

present invention has the preferred characteristics 

described above, the composition is suitably used as at 

least one layer component in the production of multilayer 

f il.ms by a co-extrusion f ilrn-forrning method. 

There is no particular restriction on the method of 

producti9n of the polypropylene film of the present 

invention; e.g. the film can be prod1:-'?e:c.i _ _?y __ a_ melt-

1ii1ri1til 
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extrusion molding method such as a T-die film-forming 

method or a tubular film-forming method. The T-die film-

forming method wherein high-speed film formation is 

practiced by a large-sized film-forming machine is 

5 preferably used. 

The present invention is described in greater detail 

by reference to the following Examples. 

The method of measurement of each property mentioned 
... 

in the examples herein was as follows. 

10 (1) Melt Flow Rate (MFR): 

The crystalline propylene polymer was measured by the 

method 9f Condition-14 according to JIS K721.0 and the 

crystalline ethylene polymer was measured by the method of 

Condition-4. 

15 (2) Molecular Weight Distribution (Mw/Mn): 

20 

By GPC (gel permeation chromatography) , the molecular 

weight distribution was measured under the following 

conditions. 

Machine Type: 

Column: 

lSOCV Type (manufactured by Millipore 

Waters Co.) 

Shedex M/S 80 

Measurement Temperature: 145°C 

Solvent: Orthodichlorobenzene 

Sample Concentration: 5 mg/8 ml 
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When Standard Reference Material 706 (polystyrene of 

Mw/Mn = 2.1) of NBS (National Bureau of Standards} was measured 

under the above conditions, the molecular weight distribution 

(Mw/Mn) of 2.1 was obtained. 

5 (3) Crystallization Temperature (Tc}: 

After previously melting 5 mg of a test piece at 220°C 

for 5 minutes in a nitrogen gas atmosphere, the temperature 

thereof was decreased to 30°C at a temperature-lowering rate of 

60°C/minute (1°C/second), the maximum peak of the 

10 crystallization calorific curve of the sample obtained by using 

a differential scanning calorimeter ( DSC-7 quenching­

corresponding type, made by Perkin-Elmer Co.) was defined as 

the crystallization temperature (Tc). 

15 

(4) Ethylene Content and Butene-1 Content: 

Ethylene content: The ethylene content was determined 

by the IR spectral method described in Kohbunshi Bunseki 

(Polymer Analysis) Handbook, page 2 [(i) Random Copolymer], 

published by Asakura Shoten, 1985. 

Butene-1 content: Determined by the following equation 

20 by the IR spectral method. 

Butene-! content (weight %) = l.208K' 

wherein K' is an absorbance in 7 6 7 cm-1 

(5) Density 

Measured according to JIS K6760. 

25 (6) Transparency (haze): 

Measured according to JIS K7105. 
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(7) Heat Sealing Temperature: 

. The heat sealing temperature was measured using a 

film having a thickness of 30 µm. Sealed films of 25 mm in 

width obtained by press-adhering the superposed films by a heat 

s sealer heated to a definite temperature for 2 seconds by 

applying a load of 2 kg I cm2 were allowed to stand overnight and. 

the films were peeled off from· _each other at 23°C, a peeling 

speed of 200 mm/minute, and-a peeling angle of 180~. In this 

case, the temperature of the heat sealer when the peeling 

10 resistance became 300 g/25 mm was defined as the heat sealing· 

temperature. 

Reference Examnle 

(a) Synthesis of Organomagnesium Compound: 

After replacing the inside atmosphere of a one liter 

15 flask equipped with a stirrer, a reflux condenser, a dropping 

funnel, and a thermometer with argon, 32.0 g of shavings of 

magnesium for a Grignard reagent was placed in the flask. 

Then, 120 g of butyl chloride and 500 ml of dibutyl ether were 

charged in the dropping funnel and about 30 ml of the mixture 

20 was dropped onto magnesium in the flask to initiate the 

reaction. After the initiation of the reaction, dropping of 

the mixture was continued at 50°C for 4 hours and thereafter, 

the reaction was further conducted at 60°C for one hour. 

Thereafter,· the reaction mixture was cooled to room tempeature 

?5 and solid components were filtered off. 
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When butylmagnesium chloride in dibutyl ether was 

hydrolyzed with lN sulfuric acid and the concentration was 

determined by back-titrating with an aqueous solution of lN 

sodium hydroxide using phenolphthalein as the indicator, the 

5 concentration was 2.1 mol/liter. 

(b) Synthesis of Solid Product: 

After replacing the inside atmosphere of a 500 ml flask 

equipped with a stirrer and a dropping ·funnel with ~rgon, 240 

ml of hexane, 5.4 g (15.8 nunols) of tetrabutoxytitanium, and 

10 61. l g ( 295 mmols) of tetraethoxysilane were placed in the 

flask to form a homogeneous solution. Then, 150 ml of the 

organomagnesium compond synthesized in the above step (a) was 

gradually added dropwise to the mixture from the dropping 

funnel over a period of 4 hours while keeping the temperature 

LS of ·the inside of the flask. Thereafter, the resulting mixture 

was further stirred at room temperature for one hour and solids 

formed were separated from liquid at room temperature, 

repeatedly washed 3 times with 240 ml of hexane and dried at 

reduced pressure to obtain 45. 0 g of a light-brown solid 

?O product. 

The solid product obtained contained 1.7% by weight of 

a titanium atom, 33.8% by weight of an ethoxy group, and 2.9% 

by weight of a butoxy group. 

Also, in the wide angle X-ray diffr~ction diagram of 

!5 the solid product by the Cu-Ka line, no clear diffraction peaks 

----- -
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were observed, which showed that the product had a 

noncrys~alline structure. 

(c) Synthesis of Ester-Treated Solid: 

After replacing the inside atmosphere of 100 ml flask 

s with argon, 6.5 g of the solid product synthesized in the above 

step (b), 16. 2 ml of toluene, and 4. 3 ml ( 16 nunols) of· 

diisobutyl phthalate were. place.d i_n the flask and the reaction 

was conducted at 95°C for on~ hour. 

After completion of the reaction, solids were separated 

10 from liquid and washed 3 times with 33 ml of toluene. 

(d) Synthesis of Solid Catalyst (activation treatment): 

After finishing washing in the above step (c), 16.2 ml 

of toluene, 0.36 ml (1.3 mmols) of diisobutyl phthalate, 2·.2 ml 

( 13 rnmols) of dibutyl ether, and 38. 0 ml ( 346 nunols) of 

15 titanium tetrachlolride were added to the solids in the flask 

and the reaction was conducted at 95°C for 3 hours. After 

completion of the-reaction, solids formed were separated from 

liquid at 95°C and washed twice with 33 ml of toluene at the 

same temperature. Then, the above washing treatment with the 

20 mixture of diisobutyl phthalate, dibutyl ether, and titanium 

tetrachloride was repeated once more under the same condition 

and the solid product was washed 3 times with 33 ml of hexane 

to· obtain 5.0 g of a loess-color solid catalyst. 

The solid catalyst contained 2 .1% by weight of a 

!5 titanium atom, 19.9% by weight of a magnesium atom, and 12.7% 

by weight of a phthalic acid ester. 
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Examole .1 

(a) Catalyst Component 

Into a 250 liter reaction vessel equipped with a 

stirrer was added 150 liters of suffi.ciently purified hexane and 

5 after sufficiently replacing the inside atmosphere of the 

system with nitrogen gas, 3. 2 mols of triethylaluminum (TEA), 

0.32 mol of cyclohexylethyldimethoxysilane (CHEDMS), and the 

solid catalyst obtained in the above Reference Example in an 

amount of 51.8 g calculated as Ti were added to the 

_o reaction vessel. Then, 2.8 kg of propylene was continuously 

added thereto over a period of 2 hours while keeping the 

temperature of the system at 25°C. 

(b) Polymerization 

Using 3 oolymerization baths having inside volumes of 20 

S to 45 m3 , the catalyst component prepared in the above step (a) 

was supplied thereto such that the polymerization temperature 

became 75°C, the p0lymerization pressure became 20 kg/crn2 G, 

and an average residence time became Q hours and while 

simultaneously supplying thereto TEA and CHEDMS, a gas-phase 

polymerization was conducted by continuously supplying 

propylene and hydrogen such that the H2 concentration in the 

gas-phase portion became 0.7%. 

The polymer obtained had a melt flow rate (at 230°C) of 

9.3 g/10 minutes, a molecular ;.;eight distribution (Mw/Mn) of 

3.7, and a crystallization temperature (Tc) of 105°C. 

1i1iU1iiUf 



.. ... ··.' 

- 15 -

..... ·.· 

After compounding 100 parts by weight of the 

crystalline propylene polymer and 0.2 part by weight of a high~ 

density polyethylene (Nissan Polyethylene 1150, made by Nissan 

Maruzen Polyethylene K.K.) having a melt flow rate (190°C) of 

s 15g/10minutes, a density of 0.956 g/cm3 and a crystallization 

temperature (Tc) of 107 °C, 0. 05 part by weight of calcium 

stearate, 0.1 part of Sumilizer BHT (trade name, made by 

Sumitomo Chemical Company, Lirni ted) , and 0. 05 part by weight of 

Irganox 1010 (trade name, made by Ciba-Geigy AG) were added to 

10 the above mixture followed by mixing with a Henschel mixer, and 

the resulting mixture was melt-extruded to form pellets. The 

pellets were· melt-extruded by a T-die film-forming machine 

having a diameter of 50 mm at a die temperature of 250°C and 

cooled by a cooling roll to obtain unstretched films each 

LS having a thickness of 30 µm or 70 µm.· 

In this case, the temperature of cooling water supplied 

to the cooling roll was changed and cooling was practiced at 

30°C and 70°C. The surface temperatures of the cooling roll 

were 30°C and 66°C, respectively. 

0 The transparency (haze), the appearance, etc., of each 

film obtained are shown in Table 2 below. 

Comoarative Examole 1 

By following the same procedure as in Example l except 

that the crystalline propylene polymer was used but the high-

density polyethylene was not compounded therewith, a film was 
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prepared and evaluated. · The evaluation results obtained are 

shown in Table 2 below. 

Comoarative Examples 2 and 3 

The homopolymerization of propylene as in Example 1 was 

5 conducted using the same catalyst system and the same polym.eri­

zation method as in Example 1 except that the hydrogen 

concentration was changed to 0.25%. 

The polymer obtained had a melt flow rate of 2.5 g/10 

minutes, a molecular weight distribution of 4.0, and a 

10 crystallization temperature of 104°C. Using the crystalline 

propylene polymer, the same procedure as in Example 1 and the 

same procedu·re as in Comparative Example 1 were followed, 

respectively, except that the amount of the crystalline 

ethylene polymer compounded was changed to form films and those 

LS films were evaluated. 

shown in Table 2 below. 

The evaluation results obtained are 

C~moarative Examoles 4 and 5 

Using a polymerization bath having an inside volume of 

23 m3 equipped with a stirrer, propylene was continuously 

~O polymerized in the co-presence of the solid catalyst described 

in JP-.Z\.-4 7-344 78 (the term "JP-A" as used herein means an 

·unexamined published Japanese patent application· ) , 

diethylaluminum chloride, an electron donor, and hydrogen, 

using heptane as the solvent at a polymerization temperature of 

5 60°C, a polymerization pressure of 6 kg/cm2 G, and a gas-phase 

hydrogen concentration of 2.9%. 

{ 
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The polymer obtained had a melt flow rate of 12 g/10 

min., a molecular weight distribution of 6.1, and a 

crystallization temperature of 102°C. Using the crystalline 

propylene polymer, the same procedure as in Example 1 and the 

5 same procedure as in Comparative Example 1 were practiced, 

respectively, to form films and the films were evaluated. The· 

evaluation results obtained are shown in Table 2 below. 

The unstretched films- obtained using the composition of 

the present invention have a good transparency in a stable 

10 level from a low temperature range to a high temperature range 

of a cooling roll and from a small thickness to a relatively 

large thickness range .. 

In addition, the properties of the crystalline 

propylene polymers and the crystalline ethylene polymers used 

LS in Example 1 and Comparative Examples 1 to 5 are shown in Table 

l below. 
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Table 1 

Crv!:ttal_line_ Propvlent:l_Folvmer 
MFR 

(230°C} 
(g/lOmin) 

Example 1 9.3 

Comparative 
Example 1 9. 3 

Comparative 
Example 2 2.5 

Comparative 
Example 3 2.5 

Comparative 
Example 4 .12 

Comparative 
Example 5 12 

Mw/Mn 

3.7 

3.7 

4.0 

4.0 

6.1 

6.1 

a-Olefin content 
Ethylene 1-Butene 

(wt%) (wt%) 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

~ 
. ( oc) 

105 

105 

104 

104 

102 

102 

Crystalline Ethylene Pol:Yfiler 
MFR 

(190°C) Density: _'.f£_ Amount 
(g/lOmin) (g/cm3 ) (oC) (Parts by 

weight) 
;"· ·, j 

15 0.956 107 0.2 

0 
I 

..... 
15 0.956 107 0.5 ()) 

0 

15 0.956 107 0.2 

0 

. . ~ i' ; 
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Table 2 

Transoarencv C Hazel ( % l 
Cooling Roll 

Water Terno.:30°C 
Film Thickness 
30 urn 70 µm 

Example 1 2.3 4.7 

Comparative 
Example 1 0.7 1.9 

Comparative 
Example 2 6.7 14.5 

Comparative 
Example 3 6.5 14.0 

Comparative 
Example 4 2.5 5.1 

Comparative. 
Example 5 1. 8 4.0 

Cooling Roll 
Water.Terno.:70°C 

Film Thickness 
30 urn 70 urn 

6.0 11.2 

11.1 27 

7.9 11.1 

8.2 12.0 

11. 3 21 

14 30 

Exarnole 2 

Heat. 
Sealing 

Temoerature 
(°C) 

150 

150 

By using the same catalyst system and the same 

30 polymerization method as in Example 1, a gas-phase continuous 

polymerization of a mixed system of propylene, ethylene, and 

butene-1 was conducte~ at a polymerization temperature of 80°C, 

a polymerization pressure of from 7 to 15 kg/cm2 G, and a H2 

concentratin of 0.25% to obtain a propylene-ethylene-butene-1 

lS random copolymer having an ethylene content of 1.2% by weight 

and butene-1 content of 10. 2% by weight as a crystalline 

propylene polymer. 

This Sheet Has Been Replaced 

f lllllfl lllllJ IJll Ill llll 
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The polymer obtained had a melt flow rate of 5.7 g/10 

min., a molecular weight distribution of 3.0, and a 

crystaliization temperature of 81°C. 

After compounding 100 parts. by weight of the 

5 crystalline propylene polymer with 0.5 part by weight of a 

straight chain intermediate density polyethylene (Neozex 3510F, 

trade name, made by Mitsu~ P~trochemical Industries, Ltd.) 

having a melt flow rate of 1.6 g/10 minutes, a density of 0.935 
-. 

g/cm3
, and a crystallization temperature of 102°C as a 

10 crystalline ethylene polymer, o.o·s part of calcium stearate, 

0 .15 part by weight of Irganox 1010, 0 .1 part by weight of 

Sumilizer BHT, 0.1 part by weight of erucic amide, and 0.15 

part of a fine silica powder, the resulting mixture was melt­

extruded to form a film in the same manner as in Example 1 and 

ts the film was evaluated. The evaluation results obtained are 

shown in Table 4 below. 

Comoarative Examole 6 

By following the same procedure as in Example l except 

that the crystalline propylene polymer as in Example 2 was used 

'.O and the crystalline ethylene polymer was not used, a film was 

prepared and evaluated. The evaluation results obtained are 

shown in Table 4 below. 

Examoles 3 to 5 and Comoarative Examples 7 to 11 

By following the same procedure as in Example 1 except 

5 that the crystalline propylene polymer as used in Example 2 was 

used and· the kind and the amount of a crystalline ethylene 
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polymer compounded were changed as shown below and in Table 3 

below, respectively. 

The crystalline ethylene polymers used were as follows. 

Example 3: Sholex 6080 (trade name, made by Showa 

S Denko K.K:). 

10 

15 

20 

25 

30 

Example 4: Swnikathene~L GA701 (trade name, made by 

Sumitomo Chemical Company, Limited). 

Example 5: Sumikathene-L GA804 {trade name, made by 

Comparative 
Example 7: 

Comparative 
Example 8: 

Comparative 
Example 9: 

Comparative 

Swnitomo Chemical Company, Limited). 

Neozex 3510F (trade name, made by Mitui 
Petrochemical Industries, Ltd.). 

Excellen VL VL700 (trade name, made by 
Sumitomo Chemical Company, Limited). 

Swnika thene L 7 0 5. (trade name, made _by 
Sumitomo Chemical Company, Limited). 

Example 10: Sanwax 131P (trade name 1 made by Sanyo 
Chemical Industries, Ltd.). 

Comparative 
Example 11: Hizex 5202B (trade name, made by Mitui 

Petrochemical Industries, Ltd.). 

In addition, the crystalline ethylene polymer used in 

Comparative Example 9 is a long chain branched structure type 

low-density polyethylene and other crystalline ethylene 

polymers are straight-chain type_ low-density to high-density 

polyethylenes. 

1i11mir 
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Table 3 

Crystalline Progylene PolYffier 
MFR cx-Olef in content 

{230°C) Mw/Mn Ethylene 1-Butene 
(g/lOmin) (wt%) (wt%) 

I 

Example 2 5.7 3.0 1. 2 10~2 

Example 3 5.7 3.0 1. 2 10.2 

Example 4 5.7 3.0 1. 2 10.2 

Example 5 5.7 3.0 1. 2 10.2 

Comparative 
Example 6 5.7 3.0 1. 2 10.2 

Comparative 
Example 7 5.7 3.0 1. 2 10.2 

Comparative 
Example 8 5.7 3.0 1. 2 10.2 

Comparative 
Example 9 5.7 3.0 1. 2 10.2 

'. 

Crystalline Ethylene Pol~er 
MFR 

TC (190°C) Density __T£_ Amount 
(oC) (g/lOmin) (g/cm3 ) (oC) (Parts by 

.II I 

weight) ~: . . 

81 1. 6 0.935 102 0.5 

01 0 0.959 107 0.02 

01 0 0.919 90 0.5 t\J 
t\J 

' 01 55 0.930 92 0.5 

01 - - - 0 

01 1. 6 0.935 102 5.0 

81 10 0.905 02 0.5 
:·: . . , .. 

81 7 0.919 02 o.s 



""-, 

;i 
---Iii· 
iiiiiiiiiiii (/'l 
!!!!!!!!g­
-!l 
iiiiiiiiiiii ::c ==ei =tti 
---(» =g 
---~ ~ 
!!!!!!!!~ 

2.. 

'·. 

Table 3lcont'd) 

Cryst.g].line l>XQ'RVlene PQlvmer 
MPR 

t230°C) 
(g/lOmin) 

Comparative 
Example 10 5.7 

Comparative 
Example 11 5.7 

Mw/Mn 

3.0 

3.0 

a-Olefin content 
Ethylene !-Butene 

(wt%) (wt%) 

1. 2 10.2 

1. 2 10.2 

Crystalline Ethylene Polymer 

Tc 
. (oC) 

MFR 
Cl90°C) Density ....!£.... 

(g/lOmin) (g/cm3) (°C) 

Bl. 320 0.930 04 
or more 

Bl 0.3 0.964 109 

Amount 
(Parts by 

weight) 

0.5 

0.5 

"' w 

.· .~ -':·: . •.:.I 
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Table 4 

Transoarency (Haze} ( % l 
5 Cooling Roll Cooling Roll 

Water Temo.:30°C Water Temo.:70°C Heat 
Film Thickness Film Thickness Film Sealing 

30 ~m 70 um 30 um 70 µm Aooearance Temoerature 
.1 (oC) 

10 
Example 2 1.8 2.2 2.8 3.2 Good 119 

Example 3 l. 2 l. 5 4.3 4.5 Good 118 

15 Example 4 1.0 1. 2 1.8 2.4 Good 119 

Example 5 0.9 1. 2 1.5 1.9 Good 119 

Comparative 
20 Example 6 1.0 l. 3 6.8 9.0 Good 118 

Comparative 
Example 7 11.B 14 10.7 12.2 Good 122 

25 Comparative 
Example 8 l. 0 1.1 6.4 7.7 Good li8 

Comparative 
Example 9 6.8 7.6 Good 

30 
Comparative 
Example 10 7.8 9.6 Good 124 

Comparative Poor 
35 Example 11 6.8 7.4 Many 125 

fish eyes 
occurred 

Examoles 6 and 7 

~o By polymerizing a mixed system of propylene and 

ethylene and a mixed system of propylene and butene-1 using the 

same catalyst system and the same polymerization method as in 

Example l, a propylene-ethylene random copolymer and a 

propylene-butene-! copolymer shown in Table 5 below were 

5 obtained, respectively. 
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By following the same procedure as in Example 1 except 

that each of those copolymers was used and the amount of the 

crystalline ethylene polymer compounded was changed, each film 

was obtained and the films were evaluated. The evaluation 

5 results obtained are s9,a.wn. in Table 6 below. 

Comoarative Examoles 12 and 13 

A mixed system . of propylene, ethylene and 

butene-1 was continuously polymerized by the same 

polymerization method as in Example 1 at a polymerization 

10 temperature of 50°C, at a polymerization pressure of 5 kg/cm2 

G, and a gas phase hydrogen concentration of 4.5% to obtain a 

propylene-ethylene-butene.:..1 random copolymer having an ethylene 

content of 2.1% by weight, a butene-1 contnt of 4.2% by weight, 

a melt flow rate of 3.9 g/10 minutes, and. a molecular weight 

15 distribution of 5.2. 

After compounding 100 parts by weight of the copolymer 

obtained with 0.05 part by weight of calcium stearate, 0.15 

part by weight of Irganox, 0.1 part by weight of Sandostab P­

ERQ (trade name, made by Sandoz), 0.1 part by weight of erucic 

20 amide, and 0.15 part of a fine silica powder, the resulting 

mixture was melt-extruded in the same manner as in Example 1 to 

form a film and the film was evaluated. (Comparative Example 

12). 

By following the same procedure as in the above 

5 Comparative Example 12 except that a crystalline ethylene 

polymer was added to the random copolymer obtained in 
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Comparative Example 12, the film obtained was evaluated. 

(Comparative Example 13). 

· The evaluation results obtained are shown in Table 6 

below. 

Examole 8 

After compounding 100 parts by weight of the random 

copolymer obtained in Comparative Example 12 with 0.05 part by 

weight of calcium stearate, 0.15 part of Irganox 1010, 0.1 part 

by weight of Sandos tab P-EPQ, 0 .1 part by weight of erucic 

10 amide, 0.15 part by weight of a fine silica powder, and 0.002 

part by weight of 2,5-dimethyl-2,5-di(tert-butyl peroxide), the 

r~sulting mixture was melt-extruded to obtain pellets. The 

pellets had a melt flow rate of 5.2 g/10 minutes, a molecular 

weight distribution of 4.5, and a crystallizat~on tempera~ure 

15 of 82°C. 

Then, 100 parts by weight of the propylene-ethylene-

butene-1 random copolymer pellets were mixed with 0.2 part by 

weight of the high-density polyethylene as used in Example 1 at 

room temperature. An unstretched film was formed using the 

20 mixture by the same manner as in Example 1 and evaluated. The 

evaluation results obtained are shown in Table 6 below. 

Comoarative Examole 14 

By polymerizing a mixed system of propylene and 

ethylene by the same polymerization method as in Comparative 

25 Examp~e 4 at a polymerization temperature of 50°C, a 

polymerization pressure of 5 kg/cm2 G, and a gas phase hydrogen 
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concentration of 2.3%, a·propylene-ethylene random copolymer 

having an ethylene content of 3.7% by weight was obtained. 

To 100 parts by weight of the copolymer obtained were 

added 0. 05 part by weight of calcium stearate, 0 .1 part by 

5 weight of Sumilizer BHT and 0.05 part by weight of Irganox 1010 

and after mixing the mixture by a Henschel mixer, the mixture 

was melt-extruded to form pellets. The pellets had a melt flow 

rate of 2.8 g/10 mnutes and a molecular weight distribution of 

5. 0. 

.0 Then, 100 parts by weight of the propylene-ethylene 

random copolymer pellets were mixed with 0.2 part by weight of 

the high-density polyethylene as used in Example 1 at room 

temperature.. An unstretched film was prepared using the 

mixture in the same manne::i; as in Example 1 and evaluated·. The 

s evaluation results obtained are shown in Table 6 below. 

Examole 9 

By following the same procedure as in Comparative 

Example 14 except that 0.02 part by weight of 2,5-dimethyl-2,5-

di(tert-butyl peroxide) was added to the propylene-ethylene 

J random copolymer of Comparative Example 14 in mixing the 

copolymer by a Henschel mixer, pellets were formed. The 

pellets had a melt flow rate of 11 g/10 minutes, a molecular 

weight distribution of 3.2, and a crystallization temperature 

of 82°C. The pellets obtained were mixed with the high-density 

polyethylene in the same manner as in Comparative Example 14 

and a film was prepared in the same manner as in Comparative 

Example 14 and evaluated. 

shown in Table 6 below. 

The evaluation results obtained are 



Table !2_ 

Crystalline Pro2ylene Polymer 
MFR a-Olefin content 

(230°C) Mw/Mn Ethylene 1-Butene 
(g/lOmin) (wt%) (wt%) 

Example 6 

Example 7 

Example 0 

Example 9 

Comparative 
Example 12 

Comparative 
Example 13 

Comparative 
Example 14 

;i 
---u;· 

- ga =a -•:C: 
----~ o:I 

G 
. g 

====-~ -~G 

'~ 
iiiiiilll!!!!!! "" =-s. 

t\ • 3 

5.4 

5.2 

11 

3.9 

3.9 

2.8 

2.3 3.9 0 
I 

3.1 0 21 

4. 5 2.1 4.2 

3.2 3.7 0 

5.2 2.1 4. 2 

5.2 2.1 4.2 

5.0 3.7 0 

crvsJ:all.ine_J~_thvle__ne Polymer 
MFR 

Tc [190°C) Density ~ Amount 
(oC) (g/lOmin) ( g/cm3) ( oc) (Parts by . : 

weight) ... 
.... 

03 15 0.956 107 o.os 
76 15 0.956 107 0.5 

02 15 0.956 107 0.2 

04 15 0.956 107 0.2 
"' CD 

02 - - - 0 

02 15 0.956 107 0.2 

04 15 0.956 107 0.2 

'" 
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Table ,. 
0 

Transoarencv (Haze}(%} 
Cooling Roll Cooling Roll .. Water Temo.:30°C Water Temp.:70°C Heat :> 

Film Thickness Film Thickness Sealing 
30 um 70 um 30 um 70 um Temperature 

( oc) 

10 Example 6 1.0 1.1 2.2 3.7 128 

Example 7 1. 5 2.0 2.3 2.5 109 

Example 8 3.9 4.8 126 
15 

Example 9 1.1 1.3 2.5 3.5 128 

Comparative 
Example 12 6.3 7.7 9.2 17 

20 
Comparative 
Example 13 6.7 8.8 8.2 9.2 

Comparative· 
25 Example 14 7.4 9.3 128 

As described above, by using the polypropylene 

composition of the present invention, a film having a good 

transparency and showing very small film-forming condition 

30 dependency and thickness dependency of the transparency can be 

obtained without deterioration of the preferred characteristics 

the film of polypropylene inherently possesses, and the 

polypropylene composition can be suitably used for high-speed 

film-formation by a melt-extrusion. 
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* C L If S * CLAIMS: 

1. A polypropylene composition comprising by weight 

(a) 100 parts of a crystalline propylene polymer having a 

melt flow rate of at least 3.0 g/10 minutes and a molecular 

weight distribution of less than 5.~ and {b) from 0.01 to 

4.0 parts of a crystalline ethylene polymer having a melt 

flow rate of from 0.5 to 300 g/10 minutes, a density of at 
3 . 

least 0.910 g/cm, and a crys~allization temperature of at 

least 85°C and which is at least 1°c higher than the 

crystallization temperature of the -crystalline propylene 

polymer. 

2. A polypropylene composition as claimed in Claim 1, 

wherein the crystalline propylene polymer has a melt flow 

rate of from 3.0 to SO g/10 minutes. 

3. A polypropylene composition as claimed in Claim 1 

or 2, wherein the crystalline propylene polymer is a 

crystalline propylene homopolymer or a crystalline 

propylene-a-olefin copolymer. 

4. A polypropylene composition as claimed in Claim 3, 

wherein the crystalline propylene-a-olefin copolymer is a 

propylene-ethylene copolymer, a propylene-butene-1 

copolymer or a propylene-ethylene-butene-1 copolymer. 

5. A polypropylene composition as claimed in Claim 3, 

wherein the crystalline propylene-a-olefin copolymer has an 

a-olefin content of from 2. o to 30% by weight and a 

molecular weight distribution of 4.5 or less. 

6. A polypropylene composition as claimed in any of 

Claims 1 to 5, wherein the crystall_i~~- -~thyle~e J>()_lymer has 
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a melt flow rate of from 1 to 100.- g/10 minutes and a 

crystallization temperature of at least as 0c and which is at 

least 2°C higher than the crystallization temperature of the 

crystalline propylene polymer. 

7. A polypropylene composition as claimed in any of 

Claims 1 to 6, wherein the crystalline ethylene polymer is 

a straight-chain crystal_line ethylene polymer having a 

crystallization temperature of at least 90°C and which is at 

least s0c higher than the crystallization temperature of the 

crystalline propylene polymer. 

8. A polypropylene composition as claimed in any of 

Claims ~ to 7, wherein the crystalline ethylene polymer is 

used in.an amount of from 0.01 to 2.5 parts hy weight. 

9. A polypropylene composition as claimed in Claim 8, 

wherein the ethylene polymer is used in an amount of from 

0.02 to 1.0 parts by weight. 

10. A polypropylene film obtained by melt-extruding a 

polypropylene composition as claimed in any preceding 

claim. 

--~· ...... 

.~--· .---
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Abstract 

POLYPROPYLENE COMPOSITIONS AND FILMS THEREOF 

A polypropylene composition comprises by weight (a) 

100 parts of a crystalline propylene_ polymer having a melt 

flow rate (MFR) of at ieast 3.0 g/10, preferably 3.0 - SOg, 

minutes and a molecular _weight distribution of less than 

5. O and (b) O. 01 to 4·. o, pr~ferably O. 01 to 2. 5 parts of a 

crystalline ethylene polymer having a MFR -of from 0.5 to 

300 g/10 minutes, a density of at least 0.910 g/cm3
, and a 

crystallization temperature of at least as0c and which is at 

least 1°<;: higher than the crystallization temperature of the 

crystalline propylene polymer. 

The polymers can be homopolymers or copolymers with an 

a-olefin. Other additives can be included. 

By melt-extruding the composition.there is produced a 

molding of thickness 10 to 1000 µm from which a film of 

thickness 10 to 1oo·µm can be provided, e.g. by T-die film 

forming. The films are used for heat-sealable packaging 

material. 
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POLYPROP.YLENE COMPOSITIONS AND FILMS THEREOF 

The ·present invention relates to polypropylene 

compositions and to films thereof. More specifically, the 

inven~ion relates to a polypropylene composition having an 

excellent transparency and which is but little affected by 

the film-forming condition. 

Since polypropylene film has excellent appearance, 

heat resistance and rigidity, the film is widely used for 

packaging, such as of food or fibers. 

Recentiy, high-speed film formation by a large-sized. 

film for:ming machine has been practiced in order to improve 

the productivity of the process, and also various 

thicknesses of the f ~lms have been employed to widen their 

available uses . In this case, as a result thereof, the 

cooling condition at film formation is altered, which has 

·1arge effects on the transparency of the films formed, and 

a problem occurs that the transparency of the film, which 

is good at low-speed film formation or in thin films having 

a thickness of from about 20 to 30 µm, is greatly reduced 

at high-speed film formation or in films having a thickness 

of at least 50 µm. 

To overcome the problem, an attempt to decrease the 

surf ace temperature of a cooling roll by decreasing the 

temperature of cooling water, or to directly cool a molten 

resin extruded with water without using a cooling roll have 

DATE OF RECEIPT .•... ;.(r.'J.~~ ..... . 
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extent. However, the influence of the temperature of the 

cooling water or the deviation of the flow rate cannot be 

avoided, and a sufficient effect has yet been obtained. 

Thus, development of a polypropylene composition and 

a polypropylene film having a good transparency and showing 

small film-forming condition dependency and also small 

thickness dependency of the transparency has been desired. 

A reforming method of thermally decomposing by heat or 

peroxide a polypropylene resin, and a method of compounding 

a polypropylene resin with a sorbitol nucleating agent are 

known as methods of improving the transparency of a 

polypropylene film. 

In·the reforming method of decomposing a polypropylene 

resin, the improvement effect may be obtained at low-speed 

film formation when the surface temperature of a cooling 

roll is low, but no effect is obtained at high-speed film 

formation when the surface temperature of a cooling roll is 

high. Further, in the case of high-speed film formation of 

thick films, the transparency is greatly reduced. 

Also,· in the method of compounding with a sorbitol 

nucleating agent, an effect of improving the transparency 

may be obtained, but since use of the sorbitol nucleating 

agent causes an unpleasant odor of the film obtained, there 

is a restriction on the use thereof. 

:.~--

'· ·.r.i ~- • t, . :.-:: ~~ 
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.Accordingly, an object of the present invention is to 

provide a polypropylene composition and. the film thereof having 

a good transparency and showing small film-forming condition 

dependency and also small thickness dependency of the 

transparency without reducing the preferred characteristics the 

polypropylene film inherently possesses. 

As a result of various investigations to develop a 

polypropylene composition and the film thereof having a good 

transparency and showing small film-forming condition 

dependency and also small thickness dependency of the 

transparency~ it has been found that the problem in the prior 

art can be overcome by using a polymer having a melt flow rate 

and a molecular weight distribution in specific ranges as a 

crystalline propylene polymer and compounding the.polymer with 

a specific amount of a crystalline ethylene polymer having a 

melt flow rate, a.density, and a crystallization temperature 

under a quenching condition of at least 1°C/second in specific 

ranges to provide a composition. The present invention has 

been attained based on this finding. 

That is, according to one embodiment of the ·present 

invention, there is provided a polypropylene composition 

comprising 100 parts by weight of a crystalline propylene 

polymer having a melt flow rate of at least 3.0 g/10 rninut~s 

and a molecular weight distribution of less than 5.0 and from 

0.01 to less than 4.0 parts by weight of a crystalline ethylene 
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polymer having a melt flow rate of from 0.5 to 300 g/10 

minutes, a density of at least 0.910 3 g/cm, and a 

crystallization temperature of at least as 0c and which is at 

least 1°C higher than the crystallization temperature of the 

crystalline propylene polymer. 

We also provide a polypropylene film formed by melt­

extruding the polypropylene composition. 

The crystalline proovlene polymer ·used in the present 

invention has a melt flow rate of at least 3.0 g/10 minutes 

1 0 and a molecular weight distribution of less than 5. o . 

Pr~ferably this melt flow rate is from 3.0 to SO g/10 

minutes, to provide good transparency and high-speed 

workability. 

If the molecular weight distribution of the 

15 crystalline propylene polymer is over 5.0, a polypropylene 

composition and a film thereof having excellent 

transparency and showing small film-forming condition 

dependency of the transparency cannot be obtained. 

The crystalline propylene polymer used is a 

2 0 crystalline propylene homopolymer or a crystalline 

25 

propylene-a-olefin copolymer. 

Examples of the crystalline-a-olefin copolymer are a 

propylene-ethylene copolymer, a propylene-butene-1 

copolymer or a propylene-ethylene-butene-1 copolymer, which 

are substantially random copolymers. A mixture of those 

copolymers may be used if those copolymers have said melt 

flow rate of at least 3.0 g/10 minutes and molecular weight 
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distribution of less than 5.0. 

Preferred crystalline propylene polymer used in the 

present invention is a crystalline propylene-a-olefin 

polymer having an a-olefin content of from 2.0 to 30% by 

5 wei~ht and a molecular weight distribution of 4 • 5 or less, 

which has a good effect on the low-temperature heat sealing 

property and the film-forming condition dependency of the 

transparency. 

Also, the crystalline propylene polymer can be 

1 O preferably produced by polymerization using a Ziegler-Natta 

catalys~ comprising Ti, Mg, and Cl as the essential 

components. 

The crystalline ethvlene polymer used in the present 

invention is an ethylene homopolymer or an ethylene-a-

15 ·olefin copolymer having a melt flow rate of from 0.5 to 300 

g/10 minutes, a density of at least o. 910 g/cm3
, and a 

crystallization temperature of at least 85°C and which is at 

least 1°C higher than the crystallization temperature of the 

crystalline propylene polymer. 

20 If any one of the melt flow rate, the density, and the 

crystallization temperature of the crystalline ethylene 

polymer 
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is outside the above-described range, the polypropylene compo­

sition and the film thereof having excellent transparency and 

showing small film-forming condition dependency of the transpa­

rency, which are the ob.ject of the present invention, cannot be 

obtained. 

·As the crystalline ethylene polymer used in the present 

invention, it is impo·rtant to use the crystalline ethylene 

polymer having a crystallization temperature of at least 1°C 

higher than the crystallization temperature of the crystalline 

propylene polymer used in the present invention. If the 

crystallization temperature of the crystalline ethylene polymer 

is lower than the crystallization temperature of the 

crystalline propylene polymer used in the present invention 

plus 1°C, the effect of the present invention is not obtained. 

As the crystalline ethylene polymer used in the present 

invention, the crystalline ethylene polymer having a melt flow 

rate of from 1 t.o 100 g/10 minutes and a crystallization 

temperature of at least 85°C and which is at least 2°C higher 

than the crystallization temperature of the crystalline 

propylene polymer used in the present invention is preferred, 

and the straight chain. crystalline ethylene polymer having a 

crystallization temperature of at least 90°C and which is at 

least S°C higher than the crystallization temperature of the 

crystalline propylene polymer is more preferred. 

The amount of the crystalline ethylene polymer 

compounded is from 0.01 to 4.0 parts by weight per 100 par~s by 
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weight of the crystalline propylene polymer. If the amount 

of the crystalline ethylene polymer compounded is less than 

0.01 part by weight, the improving effects of the 

transparency and the film-forming condition dependency of 

5 the.transparency are poor. Also, if the amount is over· 4.0 

parts by weight, the transparency is reduced and the heat 

resistance becomes poor, whereby fish-eyes occur in the 

film or holes are formed in the film; and the preferred 

characteristics the polypropylene film inherently possesses 

1 0 

1 5 

are reduced. The extent of the reduction of the 

transpa~ency when the amount of the crystalline ethylene 

polymer· compounded is over 4. O parts by weight changes 

according to the melt flow rate of the crystalline ethylene 

polymer compounded. In the case of using a crystalline 

ethylene polymer having a melt flow rate of at least about 

5 g/10 minut~s, even when the amount of the crystalline 

ethylene polymer compounded is over the ~ange defined in 

the present invention, a film having a good transparency 

may be, as the case may be, obtained. In this case, 

20 however, the heat resistance is poor and troubles, such as 

the reduction in the appearance of the film, are liable to 

occur, whereby the object of the present invention cannot 

be obtained. 

The amount of the crystalline ethylene polymer 

~5 compounded is in the range of preferably from 0.01 to 2.5 

parts by weight, and more preferably from 0.02 to 1.0 part 

by weight. 
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The polyproplylene . composition of the present 

invention can be produced e.g. by.previously melt-kneading 

pellets and/or powders of the crystalline propylene polymer 

and the crystalline ethylene polymer, or by compounding a 

5 master batch of the crystalline ethylene polymer. However, 

any_ method wherein the composition within the range of the 

present invention is formed at film formation can be 

employed. 

The polypropylene composition of the present invention 

1 0 can be compounded, if necessary, with an antioxidant, a 

neutralizing agent, a lubricant, an antiblocking agent or 

an anti~tatic agent, or other additive usually used in 

polymeric films. 

The polypropylene composition of the present invention 

1 5 is suitably used for the production of a melt-extruded 

molding having a thickness of from 10 to 1,000 µm, which is 

produced under quenching at a cooling rate of at least 

1°C/second, and is particularly suitably used for the 

20 

25 

. production of an unstretched film having a thickness of 

from 10 to 100 µm. 

Also, since the polypropylene composition of the 

present invention has the pref erred characteristics 

described above, the composition is suitably used as at 

least one layer component in the production of multilayer 

films by a co-extrusion film-forming method. 

There is no particular restriction on the method of 

production of the polypropylene film of the present 

invention; e.g. the film can be produced by a melt-
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extrusion molding method such as a T-die film-forming 

method or a tubular film-forming method. The T-die film­

forming method wherein high-speed film formation is 

practiced by a large-sized film-forming machine is 

s preferably used. 

The present invention is described in greater detail 

by reference to the following Examples. 

The method of measurement of each property mentioned 

in the examples herein was as follows. 

1 0 ( 1) Melt Flow Rate (MFR) : 

The crystalline propyl"ene polymer was measured by the 

method 9f Condition-14 according to JIS K7210 and the 

crystalline ethylene polymer was measured by the method of 

Condition-4. 

15 (2) Molecular Weight Distribution (Mw/Mn): 

20 

By GPC (gel permeation chromatography), the molecular 

weight distribution was measured under the following 

conditions. 

Machine Type: 

Column: 

lSOCV Type (manufactured by Millipore 

Waters Co.) 

Shedex M/S 80 

Measurement Temperature: 145°C 

Solvent: Orthodichlorobenzene 

Sample Concentration: 5 mg/8 ml 
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When Standard Reference Material 706 (polystyrene of 

Mw/Mn = 2.1) of NBS (National Bureau of Standards) was measured_ 

under the above conditions, the molecular weight distribution 

(Mw/Mn) of 2.1 was obtained. 

(3) Crystallization Temperature (Tc): 

·After.previously melting 5 mg of a test piece at 220°C 

for 5 minutes in a nitrogen gas atmosphere, the temperature 

thereof was decreased to 30°C at a temperature-lowering rate of 

60°C/minute (1°C/second), the maximum peak of the 

crystallization calorific curve of the sample obtained by using 

a differential scanning calorimeter (DSC-7 quenching­

corresponding type, made by Perkin-Elmer Co.) was defined as 

the crystallization temperature (Tc). 

(4} Ethylene Content and Butene-1 Content: 

Ethylene content: The ethylene content was determined 

by the IR spectral method described in Kohbunshi Bunseki 

{Polvrner Analysis) Handbook, page 2 [(i) Random Copolymer), 

published by Asakura Shoten, 1985. 

Butene-! content: Determined by the following equation 

by the IR spectral method. 

Butene-1 content (weight %) = l.208K' 

wherein K' is an absorbance in 7 6 7 cm- 1 

(5) Density 

Measured according to JIS K6760. 

(6) Transparency (haze): 

Measured according to JIS K7105. 
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(7) Heat Sealing Temperature: 

. The heat sealing temperature was measured using a 

film having a thickness of 30 µm. Sealed films of 25 nun in 

width obtained by press-adhering the superposed films by a heat 

sealer heated to a definite temperature for 2 seconds by 

applying a load of 2 kg/cm2 were allowed to stand overnight and 

the films were peeled off from each other at 23°C, a peeling 

speed of 200 mm/minute, and a peeling angle of 180°. In this 

case, the temperature of the heat sealer when the peeling 

resistance became 300 g/25 m.~ was defined as the heat sealing· 

temperature. 

Reference Examole 

(a) Synthesis of Organomagnesium Compound: 

After replacing the inside atmosphere of a one liter 

flask equipped with a stirrer 1 a reflux condenser, a dropping 

funnel, and a thermometer with argon, 32.0 g of shavings of 

magnesium for a Grignard reagent was placed in the flask. 

Then, 120 g of butyl chloride and 500 ml of dibutyl ether were 

charged in the dropping funnel and about 30 ml of the mixture 

was dropped onto magnesium in the flask to initiate the 

reaction. After the initi·ation of the reaction, dropping of 

the mixture was continued at 50°C for 4 hours and thereafter, 

the =eaction was further conducted at 60°C for one hour. 

Thereafter, the reaction mixture was cooled to room tempeature 

and solid components were filtered off. 
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When butylmagnesium chloride in dibutyl ether was 

hydrolyzed with lN sulfuric acid and the concentration was 

determined by back-titrating with an aqueous solution of lN 

sodium hydroxide using phenolphthalein as the indicator, the 

concentration was 2.1 mol/liter. 

(b) Synthesis of Solid Product: 

After replacing the inside atmosphere of a 500 ml flask 

equipped with a stirrer and a dropping.funnel with argon, 240 

ml of hexane, 5.4 g (15.8 mmols) of tetrabutoxytitanium, and 

61. l g ( 295 mmols) of tetraethoxysilane were placed in the 

flask to form a homogeneous solution. Then, 150 ml of the 

organomagnesium compond synthesized in the above step (a) was 

gradually added dropwise to the mixtu:i;:-e from the dropping 

funnel over a period of 4 hours while keeping the temperature 

of the inside of the flask. Thereafter, the resulting mixture 

was further stirred at room temperature for one hour and solids 

formed were separated from liquid at room temperature, 

repeatedly washed 3 times with 240 ml of hexane and dried at 

reduced pressure to obtain 45. O g of a light-brown solid 

product. 

The solid product obtained contained 1.7% by weight of 

a titanium atom, 33.8% by weight of an ethoxy group, and 2.9% 

by weight of a butoxy group. 

Also, in the wide angle X-ray diffraction diagram of 

the solid product by the Cu-Ka line, no clear diffraction peaks 
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were observed, which showed that the product had a 

noncrys~alline structure. 

(c) Synthesis of Ester-Treated Solid: 

After replacing the inside atmosphere of 100 ml flask 

with argon, 6.5 q of the solid product synthesized in the above 
. 

step (b), 16. 2 ml of toluene, and 4. 3 ml ( 16 mmols) of 

diisobutyl phthalate were.placed in the flask and the reaction 

was conducted at 95°C for one hour. 

After completion of the reaction 1 solids were separated 

from liquid and washed 3 times with 33 ml of toluene. 

(d) Synthesis of Solid Catalyst (activation treatment): 

After finishing washing in the above step (c), ·16.2 ml 

of toluene 1 0. 36 ml { l. 3 mmols) of diisobutyl phthalate 1 2. 2 ml 

(13 mmols) of dibutyl ether 1 and 38.0 ml {346 mmols) of 

titanium tetrachlolride were added to the solids in the flask 

and the ·reaction was conducted at 95°C for 3 hours. After 

completion of the-reaction, solids formed were separated from 

liquid at 95°C and washed twice with 33 ml of toluene at the 

same temperature. Then, the above washing treatment with the 

mixture of diisobutyl phthalate, dibutyl ether, and titanium 

tetrachloride was repeated once more under the same condition 

and the solid product was washed 3 times with 33 ml of hexane 

to obtain 5.0 g of a loess-color solid catalyst. 
'· 

Th'e solid catalyst contained 2 .1% by weight of a 

titanium atom, 19.9% by weight of a magnesium atom, and 12.7% 

by weight of a phthalic acid ester. 



- i 4 -

Examole .l 

(a) Catalyst Component 

Into a 250 liter reaction vessel equipped with a 

stirrer was added 150 liters of sufficiently purified hexane and 

after sufficiently replacing the inside atmosphere of . the 

system with nitrogen gas, 3.2 mols of triethylaluminum (TEA), 

0.32 mol of cyclohexylethyldimethoxysilane (CHEDMS), and the 

solid catalyst obtained in the above Reference Example· in an 

amount of 51.8 g calculated as Ti were added to the 

reaction vessel. Then, 2.8 kg of propylene was continuously 

added thereto over a period of 2 hours while keeping the 

temperature of the system at 25°C. 

(b) Polymerization 

Using 3 oolymerization baths having inside volumes of 2~ 

to 45 m3 , ~he catalyst component prepared in the above step (a) 

was supplied thereto such that the polymerization temperature 

became 75°C, the p0lymerization pressure became 20 kg/cm2 G, 

and an average residence time became ~ hours and while 

simultaneously supplying thereto TEA and CHEDMS, a gas-phase 

polymerization was conducted by continuously s1:1pplying 

propylene and hydrogen such that the H1 concentration in the 

gas-phase portion became 0.7%. 

The polymer obtained had a melt flow rate (at 230°C) of 

9.3 g/10 minutes, a molecular ~eight distribution (Mw/Mn) of 

3.7, and a crystallization temperature (Tc) of 105°C. 
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After compounding 100 parts by weight of the 

crystalline propylene polymer and 0.2 part by weight of a high~ 

density polyethylene (Nissan Polyethylene 1150, made by Nissan 

Maruzen Polyethylene K.K.) having a melt flow rate (190°C) of 

15g/10minutes, a density of 0.956 g/cm3 and a crystallization 

temperature (Tc) of 107°C, 0. 05 part· by weight of calcium 

steara te, 0 .1 part of Sumili zer BHT (trade name, made by 

Sumi tome Chemical Company, Limited), and 0. 05 part by weight of 

Irganox 1010 (trade name, made by Ciba-Geigy AG) were added to 

the above mixture followed by mixing with a Henschel mixer,.and 

the resulting mixture was melt-extruded to form pellets. The 

pellets were· melt-extruded by a T-die film-forming machine 

having a diameter of 50 nun at a die temperature of 250°C and 

cooled by a cooling roll to obtain unstretched films each 

having a thickness of 30 µm or 70 µm. 

In this case, the temperature of cooling water supplied 

to the cooling roli was changed and cooling was practiced at 

30°C and 70°C. The surface temperatures of the cooling roll 

were 30°C and 66°C, respectively. 

The transparency (haze), the appearance, etc., of each 

film obtained are shown in Table 2 below. 

Comoarative Examole 1 

By following the same procedure as in Example l except 

that the crystalline propylene polymer was used but the high­

densi ty polyethylene was not compounded therewith, a film was 
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prepared and evaluated. · The evaluation results obtained are 

shown in Table 2 below. 

Comoarative Examples 2 and 3 

The homopolymerization of propylene as in Example 1 was 

conducted using the same catalyst system and the same polymeri­

zation method as in Example 1 except that the hydrogen 

concentration was changed to 0.25%. 

The polymer obtained had a melt flow rate of 2.5 g/10 

minu~es, a molecular weight distribution of 4.0, and a 

crystallization temperature of i·o4 °C. Using the crystalline 

propylene polymer, the same procedure as in Example 1 and the 

same procedure as in Comparative Example l were followed, 

respectively, except that the amount of the crystalline 

ethylene polymer compounded was changed to form films and those 

fil::i.s were evaluated. ·The evaluation results obtained are 

shown in Table 2 below. 

CGmoarative Examoles 4 and 5 

Using a polymerization bath having an inside volume of 

23 :.t.3 equipped with a stirrer, propylene was continuously 

polyme=ized in the co-presence of the solid catalyst described 

i.:1 JP-A-47-34478 (the term "JP-A" as used herein means an 

·unexamined published Japanese patent application·), 

dieth.ylalUiilinurn chloride, an electron donor, and hydrogen, 

usi~; ~eptane as the solvent at a polymerization temperature of 

60°C, a polymerization pressure of 6 kg/cm2 G, and a gas-phase 

hyd=ogan concentration of 2.9%. 



min. , 

- 17 -

The polymer obtained had a melt flow rate of 12 g/10 

a molecular weight distribution of 6.1, and a 

crystallization temperature of 102°C. Using the crystalline 

propylene polymer, the same procedure as in Example 1 and the 

same procedure as in Comparative Example 1 were practiced, 

respectively, to form films and the films were evaluated. The 

evaluation results obtained are shown in Table 2 below. 

The unstretched films obtained using the composition of 

the present invention have a good transparency in a stable 

level from a low temperature range to a high temperature range 

of a cooling roll and from a small thickness to a relatively 

large thickn~ss range. 

In addition, the properties of the crystalline 

propylene polymers and the crystalline ethylene polymers used 

in Example l and Comparative Examples l to 5 are shown in Table 

1 below. 



.: 

Table 1 

Crystalline ProQ~lene Polymer Crystalline Ethylene Pol~mer MFR a-Olefin content MFR 
{230°C) Mw/Mn Ethylene 1-Butene __!£__ {l.90°C) Densitl'.: .J:£_ Amount {g/lOmin). (wt%) (wt%) (oC) (g/lOmin) ( g/cm3 ) (oC) (Parts by 

weight) 

Example 1 9.3 3.7 0 0 105 15 0.956 107 0.2 

Comparative 
Example 1 9.3 3.7 0 0 105 - - - 0 

Comparative 
()) Example 2 2.5 4.0 0 0 104 15 0.956 107 0.5 

Comparative 
Example 3 2.5 4. 0 0 0 104 - - - 0 . 
Comparative 
Example 4 12 6.1 0 0 102 15 0.956 107 0.2 

Comparative 
Example 5 12 6.1 0 0 102 - - - 0 
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Table 2 

Transnarencv (Hazel(%) 
Cooling Roll 

Water Temo.: 30°C 
Film Thickness 
30 um 70 um 

Example 1 2.3 4.7 

Comparative 
Example 1 0.7 1.9 

Comparative 
Example 2 6.7 14.5 

Comparative 
Example 3 6.5 14.0 

Comparative 
Example 4 2.5 5.1 

Comoarative 
Example 5 1. 8 4.0 

Cooling Roll 
Water Temn.:70°C 

Film Thickness 
30 um 70 um 

6.0 11.2 

11.1 27 

7.9 11.1 

8.2 12.0 

11.3 21 

14 30 

Examnle 2 

Heat. 
Sealing 

Temoerature 
( oc) 

150 

150 

By using the same catalyst system and the same 

polymerization method as in Example 1, a gas-phase continuous 
-. 

polymerization of a mixed system of propylene, ethylene, and 

butene-1 was conducte~ at a polymerization temperature of 80°C, 

a polymerization pressure of from 7 to 15 kg/cm2 G, and a H2 

concentratin of 0.25% to obtain a propylene-ethylene-butene-1 

random copolymer having an ethylene content of 1.2% by weight 

and butene-! content of 10. 2% by weight as a crystalline 

propylene polymer. 
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The polymer obtained had a melt flow rate of 5.7 g/10 

min., a molecular weight distribution of 3.0, and a 

crystallization temperature of 81°C. 

After compounding 100 parts by weight of the 

crystalline propylene polymer with 0. 5 part by weight of a 

straight chain intermediate density polyethylene (Neozex 3510F, 

trade name, made by Mitsui Pet~ochemical Industries, Ltd. ) 

having a melt flow rate of 1.6 g/10 minutes, a density of 0.935 

g/cm3 , and a crystallization temperature of 102°C as a 

crystalline ethylene polymer, 0.05 part of calcium stearate, 

0 .15 part by weight of Irqanox 1010, 0 .1 part by weight of 

Sumilizer BHT, 0.1 part by weight of erucic amide, and 0.15 

part of a fine silica powder, the resulting mixture was melt­

extruded to f o:r:m a film in the same manner as in Example 1 and 

the film was evaluated. The evaluation results obtained are 

shown in Table 4 below. 

Comoarative Examole 6 

By following the same procedure as in Example l except 

that the crystalline propylene polymer as in Example 2 was used 

and the crystalline ethylene polymer was not used, a film was 

prepared and evaluated. The evaluation results obtained are 

shown in Table 4 below. 

Examoles 3 to 5 and Comoarative Examoles 7 to 11 

By following the same procedure as in Example l except 

that the crystalline propylene polymer as used in Example 2 was 

used and the kind and the amount of a crystalline ethylene 
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polymer compounded were changed as shown below and in Table 3 

below, respectively. 

The crystalline ethylene.polymers used were as follows. 

Example 3: Sholex 6080 (trade name, made by Showa 

Denko K.K:). 

Example 4: Sumikathene-L GA701 (trade name, made by 

Sumitomo Chemical Company, Limited). 

Example 5: Sumikathene-L GA804 (trade name, made by 

Comparative 
Example 7: 

Comparative 
Example 8: 

Comparative 
Example 9: 

Comparative 

Sumitomo Chemical Company, Limited). 

Neozex 3510F (trade name, made by Mitui 
Petrochemical Industries, Ltd.). 

Excellen VL VL700 (trade name, made by 
Sumitomo Chemical Company, Limited). 

Sumika thene L 7 0 5 (trade name, made _by 
Sumitomo Chemical Company, Limited). 

Example 10: Sanwax 131P (trade name, made by Sanyo 
Chemical Industries, Ltd.). 

Comparative 
Example 11: Hlzex 5202B (trade name, made by Mitui 

Petrochemical Industries, Ltd.). 

In addition, the crystalline ethylene polymer used in 

Comparative Example 9 is a long chain branched structure type 
. 

low-density polyethylene and other crystalline ethylene 

polymers are straight-chain typ~ low-density to high-density 

polyethylenes. 



Table 3 

Crystalline Proovlene Polymer Crystalline Ethylene Polymer 
MFR a-Olefin content MFR 

(230°C} Mw/Mn Ethylene 1-Butene _!.£__ (190°C) OensitY: _T.£_ Amount 
(g/lOmin) (wt%) (wt%) (oC) (g/lOmin) (g/cm3) (oC) (Parts by 

weight) 
. 

Example 2 5.7 3.0 1. 2 10.2 01 1. 6 0.935 102 0.5 

Example 3 5.7 3.0 1. 2 10.2 01. 0 0.959 107 0.02 

Example 4 5.7 3.0 1. 2 10.2 01 0 0.919 90 0.5 N 
N 

Example 5 5.7 3.0 1. 2 10.2 01. 55 0.930 92 0.5 

Comparative 
Example 6 5.7 3.0 1. 2 10.2 01 - - - 0 

Comparative 
Example 7 5.7 3.0 1. 2 10.2 01 1. 6 0.935 102 5.0 

Comparative 
Example B 5.7 3.0 1. 2 10.2 81 10 0.905 02 0.5 

Comparative 
Example 9 5.7 3.0 1. 2 10.2 01 7 0.919 02 0.5 



Table 3(cont'd) 

Crystalline_ _F:roPvle_ne Polvmer 
MFR 

(230°C) 
(g/lOmin) 

Mw/Mn 
a-Olefin content 

Ethylene !-Butene 
(wt%) (wt%) 

.~ 
( o'c) 

Crvstalline_ E-thvlene Polymer 
MFR 

(190°C) Density _1£.._ 
(g/lOmin) (g/cm3) (°C) 

Amount 
{Parts by 

weight) 
Comparative 
Example 10 5.7 3.0 l. 2 . 10. 2 01. 320 0.930 04 0.5 

Comparative 
Example 11 5.7 3.0 l. 2 10.2 01 

or more 

0.3 0.964 109 0.5 

N 
w 
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Table 4 

Transoarenc~ (Haze} ( % l 
5 Coolinq Roll Coolinq Roll 

Water Temo.:30°C Water Temo.:70°C Heat 
Film Thickness Film Thickness Film Sealing 

30 um 70 um 30 um 70 um Aooearance Temoeratu=e 
(oC) 

lO 
Example 2· 1. B 2.2 2.8 3.2 Good 115 

Example 3 1. 2 1.5 4.3 4.5 Good 118 

15 Example 4 1.0 1. 2 1.8 2.4 Good 119 

Example 5 0.9 1. 2 1.5 1.9 Good 119 

Comparative 
20 Example 6 1.0 1. 3 6.8 9.0 Good 118 

Comparative 
Example 7 11.8 14 10.7 12.2 Good 122 

25 comparative 
Example 8 1.0 1.1 6.4 7.7 Good llB 

Comparative 
Example 9 6.8 7.6 Good 

30 
Comparative 
Example 10 7.8 9.6 ·Good 124 

Comparative Poor 

35 Example 11 6.8 7.4 Many 125 
fish eyes 
occurred 

Examoles 6 and 7 

:o By polymerizing a mixed system of propylene and 

ethylene and a mixed system of propylene and butene-1 using the 

same catalyst system and the same polymerization method as in 

Example 1, a propylene-ethylene random copolymer and a 

propylene-butene-! copolymer shown in Table 5 below were 

·5 obtained, respectively. 
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By following the same procedure as in Example 1 except 

that each -of those copolymers was used and the amount of the 

crystalline ethylene polymer compounded was changed, each film 

was obtained and the films were evaluated. 

results obtained are s!Ja.WJJ.in Table 6 below. 

Comoarative Examoles 12 and 13 

The evaluation 

A mixed system . of propylene, ethylene and 

butene-1 was continuously polymerized by the same 

polymerization method as in Example 1 at a polymerization 

temperature of 50°C, at a polymerization pressure of 5 kg/cm2 

G, and a gas phase hydrogen concentration of 4.5% to obtain a 

propylene-ethylene-butene:...1 random copolymer having an ethylene 

content of 2 .1% by weight, a bute.ne-1 contnt of 4. 2% by weight, 

a melt flow rate of 3.9 g/10 minutes, and. a molecular weight 

distribution of 5.2. 

After compounding 100 parts by weight of the copolymer 

obtained with 0.05 part by weigh~ of calcium stearate, 0.15 

part by weight of Irganox, O.l part by weight of Sandostab P­

ERQ (trade name, made by Sandoz), 0.1 part by weight of erucic 

amide, and 0.15 part of a fine silica powder, the resulting 

mixture was melt-extruded in the same manner as in Example 1 to 

form a film and the film was evaluated. {Comparative Example 

12). 

By following the same procedure as in the above 

Comparative Example 12 except that a crystalline ethylene 

polymer was added to the random copolymer obtained in 
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Comparative Example 12, the film obtained was evaluated. 

(Comparative Example 13). 

· The evaluation results obtained are shown in Table 6 

below. 

Examnle 8 

After compounding 100 parts by weight of the random 

copolymer obtained in Comparative Example 12 with 0.05 part.by 

weight of calcium stearate, 0.15 pa~t of Irganox 1010, 0.1 part 

by weight of Sandostab P-EPQ, 0.1 part by weight of erucic 

amide, 0.15 part by weight of a fine silica powder, and 0.002 

part by weight of 2,S-dimethyl-2,5-di(tert-butyl peroxide), the 

r~sulting mixture was melt-extruded to obtain pellets. The 

pellets had _a melt flow rate of 5.2 g/10 minutes, a molecular 

weight distribution of 4.5, and a crystallizat~on tempera~ure 

of 82°C. 

Then, 100 parts by weight of the propylene-ethylene­

butene-1 random copolymer pellets were mixed with 0.2 part by 

weight of the high-density polyethylene as used in Example l at 

room temperature. An unstretched film was formed using the 

mixture by the same manner as in Example 1 and evaluated. The 

evaluation results obtained are shown in Table 6 below. 

Comoarative Examole 14 

By polymerizing a mixed system of propylene and 

ethylene by the same polymerization method as in Comparative 

Examp~e 4 at a polymerization temperature of 50°C, a 

polymerization pressure of 5 kg/cm2 G, and a gas phase hydrogen 
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concentration of 2.3%, a·propylene-ethylene random copolymer 

having an ethylene content of 3.7% by weight was obtained. 

To 100 parts by weight of the copolymer obtained were 

added 0. 05 part by weight of calcium stearate, · 0 .1 part by 

weight of Sumilizer BHT and 0.05 part by weight of Irganox 1010 

and after mixing the mixture by a Henschel mixer, the mixture 

was melt-extruded to form pellets. The pellets had a rnel t flow 

rate of 2.8 g/10 rnnutes and a molecular weight distribution of 

5 . 0 . 

Then, 100 parts by weight of the propylene-ethylene 

random copolymer pellets were mixed with 0.2 part by weight of 

the high-derisi ty polyethylene as used in Example 1 at room 

temperature.. An unstretched film was prepared using the 

mixture in the same manner as in Example l and evaluated·. The 

evaluation results obtained are shown in Table 6 below. 

Examole 9 

By following the same procedure as in Comparative 

Example 14 except that 0. 02 part by weight of 2, 5-dimethyl-2, 5-

di(tert-butyl peroxide) was added to the propylene-ethylene 

random copolymer of CompS:rative Example 14 in mixing the 

copolymer by a Henschel mixer, pellets were formed. The 

pellets had a melt flow rate of 11 g/10 minutes; a molecular 

weight distribution of 3.2, and a crystallization temperature 

of 82°C. The pellets obtained were mixed with the high-density 

polyethylene in the same manner as in Comparative Example 14 

and a film was prepared in the same manner as in Comparative 

Example 14 and evaluated. The evaluation results obtained are 

shown in Table 6 below. 
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'!'able 2. 

Crystalline Progylene Polvmer Crystalline Ethylene Polymer ----

MFR a-Olefin content MFR 
( 2J0°C) Mw/Mn Ethylene 1-Butene ~ (190°C) Density ...1£.... Amount 

{g/lOmin) (wt%) (wt%) (°C) (g/lOmin) ( g/cm3) (oC) (Parts by 
weight) 

Exmnple G t\ • 3 2.3 3.9 0 03 15 0.956 107 0.05 

Example 7 5.4 3.1 0 21 76 15 0.956 107 0.5 

Example 0 5 .. 2 4. 5 2.1 4.2 02 15 0.956 107 0.2 

Example 9 11 3.2 3.7 0 04 15 0.956 107 0.2 l'V 
O> 

Comparative 
Example 12 3.9 5.2 2.1 4 . 2 02 - - - 0 

Comparative 
Example 13 3.9 5.2 2.1 4.2 02 15 0.956 107 0.2 

Comparative 
Example 14 2.B 5.0 3.7 0 04 15 0.956 107 0.2 
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Table 6 

Transoarencv fHaze}(%} 
Cooling Roll Cooling Roll 

Water Temo.:30°C Water Terna. : 70 °C Heat 
Film Thickness Film Thickness Sealing 
30 um 70 um 30 um 70 um Temoerature 

( oc) 

Example 6 1.0 1.1 2.2 3.7 128 

Example 7 1.5 2.0 2.3 2.5 109 

Example 8 3.9 4.8 126 

Example 9 1.1 1.3 2.5 3.5 128 

Comparative 
Example 12 6.3 7.7 9.2 17 

Comparative 
Example 13 6.7 . 8. 8 8.2 9.2 

Comparative · 
Example 14 7.4 9.3 128 

As described above, by using the polypropylene 

composition of the present invention 1 a film having a good 

transparency and showing very small film-forming condition 

dependency and thickness dependency of the transparency can be 

obtained without deterioration of the preferred characteristics 

the film of polypropylene inherently possesses, and the 

polypropylene composition can be suitably used for high-speed 

film-formation by a melt-extrusion. 
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CLAIMS: 

1. A polypropylene composition comprising by weight 

{a) 100 parts of a crystalline propylene polymer having a 

melt flow rate of at least 3.0 g/10 minutes and a molecular 

weight distribution of less than 5.~ and (b) from 0.01 to 

4.~ parts of a crystalline ethylene polymer-having a melt 

flow rate of from 0.5 to 300 g/10 minutes, a density of at 
3 . 

least 0.910 g/cm, and a crys~allization temperature of at 

least 85°C and which is at least l °C higher than the 

crystallization temperature of the crystalline propylene 

polymer. 

2 .. A polypropylene composition as claimed in Claim l, 

wherein the crystalline propylene polymer has a melt flow. 

rate of from 3.0 to 50 g/10 minutes. 

3. A polypropylene composition as claimed in Claim l 

or 2, wherein the crystalline propylene polymer is a 

crystalline propylene homopolymer or a crystalline 

propylene-a-olefin copolymer. 

4. A polypropylene composition as claimed in Claim 3, 

wherein the crystalline propylene-a-olefin copolymer is a 

propylene-ethylene copolymer, a propylene-butene-1 

copolymer or a propylene-ethylene-butene-1 copolymer. 

5. A polypropylene composition as claimed in Claim 3, 

wherein the crystalline propylene-a-olefin copolymer has an 

a-olefin content of from 2. o to 30% by weight and a 

molecular weight distribution of 4.5 or less. 

6. A polypropylene composition as claimed in any of 

Claims 1 to 5, wherein the crystalline ethylene polymer has 
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a melt flow· rate of from l to 100 g/10 minutes and a 

crystallization temperature of at least as 0c and which is at 

least 2°c higher than the crystallization temperature of the 

crystalline propylene polymer. 

7. A polypropylene composition as claimed in any of 

Cl~ims l to 6, wherein the crystalline ethylene polymer is 

a straight-chain crystalline ethylene polymer having a 

crystallization temperature of at least 90°C and which is at 

least s0c higher than the crystallization temperature of the 

crystalline propylene polymer. 

8. A polypropylene composition as claimed in any of· 

Claims ~ to 7, wherein the crystalline ethylene polymer is 

used in.an amount of from O.Ol to 2.5 parts by weight. 

9. A polypropylene composition as claimed in Claim 8, 

wherein the ethylene polymer is used in an amount of from 

0.02 to l.O parts by weight. 

10. A polypropylene film obtained by melt-extruding a 

polypropylene composition as claimed in any preceding 

claim . 

. --....· .... 
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Abstract 

POLYPROPYLENE COMPOSITIONS AND FILMS THEREOF 

A polypropylene composition comprises by weight (a) 

100 parts of a crystalline propylene polymer having a melt 

fl9w rate (MFR) of at least 3.0 g/10, preferably 3.0 - SOg, 

minutes and a molecular _weight distribution of less than 

5. O and (b) O. 01 to 4·. O, pr~ferably O. 01 to 2. 5 parts of a 

crystalline ethylene polymer having a MFR of from 0.5 to 

3 
300 g/10 minutes, a density of at least 0.910 g/cm, and a 

crystallization temperature of at least as0c and which is at 

least 1°<:; higher than the crystallization temperature of the 

crystalline propylene polymer. 

The polymers can be homopolymers or copolymers with an 

~-olefin. Other additives can be included. 

By melt-extruding the composition.there is produced a 

molding of thickness 10 to 1000 µm from which a film of 

thickness 10 to 100 µm can be provided, e.g. by T-die film 

forming. The films are used for heat-sealable packaging 

material. 

.! ........... "l ·: # 
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POLYPROPYLENE CO:MPOsmoN ,~'ID FIUI 
THEREOF 

FIELD OF THE INVENTION 

The present invention relates to a polypropylene 
composition and the film thereof. More specifically the 
invention relates to a polypropylene composition hav­
ing an excellent transparency and showing a small film.­
forming condition dependency of the transparenc~. 

BACKGROUND OF THE INVENTION 

Since a polYPropylenc film has excellent appearance, 
heat resistance, rigidity, etc., the film is widely used in a 
packaging field such as food packaging, fiber packag­
ing. etc. 
· Rcamtly, high-speed film formation by a large-sized 
film forming machine has been practiced to improve the · 
productivity and also various thicknesses of the films 
have been employed to widen the purposes of uses. In 
this case, as a result thereof, a cooling condition at film 
formation changes. which gives large influences on the 
transparency of the films formed, and a problem occurs 
that the transparency of the film, which is good at low­
specd film formation or in the thin films having a thick­
ness of from about 20 to 30 µ,m, is greatly reduced at 
high-speed film formation or in the films having a thick­
ness of at least 50 µ.m. . 

To overcome the proble~ an attempt to decrease the 
surface temperature of a cooling roll by decreasing the 
temperature of cooling water, an attempt to directly 
cool a molten resin extruded with water without using. 
a cooling roll,~' have been made and an effect can be 
obtained to a certain extent. However, the influences of: 
the temperature of cooling water, the deviation of the 
flow rate, etc., cannot be avoided and a sufficient effect 
has not yet been obtained. 

Thus, development of a polypropylene composition 
and a polypropylene film having a good transparency 
and showing small film-forming condition dependency 
and also small thickness dependency of the transpar­
ency has been desired. 

A reforming method of thermally decomposing or 
peroxide-decomposing a polypropylene resin, a method 
of compounding a polypropylene resin with a sorbitol 
nucleating agent, etc., are known as a method of im­
proving the transparency of a polypropylene film. 
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In the reforming method of decomposing a polypro­
pylene resin, the improvement effeet may be obtained at 
low-speed film formation when the surfac_e tem~rature 
of a cooling roll is low, but no effect is obtained at 
high-speed film formation when the sur!"a.ce tempera­
ture of a cooling roll is high. Further, m the case of 
high-speed film formation of thick films, the transpar-
ency is greatly reduced. · . 

Also, in the method of compounding a sorb1tol nucle-
ating agent, an effect of improving the. transpar~cy 
may be obtained but since use of the sorb1tol nucleating 
agent causes an' unpleasant odor of the film obtained, 
there is a restriction on the use thereof. 

SUMMARY OF TilE INVENTION 
Accordingly, an object of the present invention is to 

provide a polypropylene composition and _the film 
thereof having a good transparency and showing small 
film-forming condition dependency and also small 
thickness dependency of the transparency without re· 

ducing the preferred characteristics the polypropylene , 
film inherently possesses. · 

As a result of various investigations to develop a 
polypropylene composition and the film thereof having 
a good transparency and showing small film-forming 
condition dependency and also small thickness depen­
dency of the transparency, it has been found that the 
problem in the prior art can be overcome by using a 
polymer having a melt flow rate and a molecular weight 
distribution in specific ranges as a crystalline propylene 
polymer and compounding the polymer with a specific 
amount of a crystalline ethylene polymer having a melt 
flow rate, a density, and a crystallization temperature 
under a quenching condition of at least 1° C./second in 
specific ranges to provide a composition. The present 
invention has been attained based on· this finding. 

That is, according to one embodiment of the present 
invention, there is provided a polypropylene composi­
tion comprising 100 parts by weight of a crystalline 
propylene polymer having a melt flow rate of at least 
3.0 g/10 minutes and a molecular weight distribution of 
less than 5.0 and from 0.01 to less than 4.0 parts by 
weight of a crystalline ethylene polymer having a melt 
flow rate of from 0.5 to 300 g/10 minutes, a density of 
at least 0.910 g/cm3 and a crystallization temperature of 
at least 85" C. and which is at least 1° C. higher than the 
crystallization temperature of the crystalline propylene 
polymer. 

According to another embodiment of the present 
invention, there is provided a polypropylene film 
formed by melt-extruding the polypropylene comoosi­
tion. 
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DETAILcO DESCRIPTION OF THE 
CNVENTION 

The present in•1c:ncion is dc:xriccd in dc:uil below. 
Tnc: crysc.:illinc: pl"llpylcne! polymr.:r used in the: pees .. 

ent invention ~ :i melt t11Jw r:itc: of :it lc::ist J.O g/10 
minutes :ind :i mcl~u!J.r weight di:;tribution or lc:ss th:l.Il 
5.0. 

I 
The crysul..linc: propylene: polymc:r having :i melt 

flow r:ite of from 3.0 to 50 g/10 c:tl.a.utes is prefc:rred in 
the poU:.cs of the tr:msp:u-eacy :md the high-s~~d work-

. ability. 
If the molc:cul:ir weight distribution of the crysb.lline 

propylene polymer is over 5.0, the ~olypropylene com­
position and the film thercof b.:lving excellent tr:inspar­
ency and showing sm.:ill film-for.ming condition depen­
dency of the tn.D$pare:icy, which :ire the object of the 
pre;s.:ut inve:icioni C:1PDOC be QQT"'1jnecf., 

I 
The crystalline propylene polymer used in the pres­

ent inve:ition is a Cr'JS"'...:illi:ie propyle:e homopol)"?1er 
or a crystalline propylene-c.-olefin copolymer. 

E.-umples of the cryst:ill.ine-c.-olerm copolymer arc a 
propyle:ie-ethylet1e copolymer, a propylene-butene-I 
copolymer, a propylene-etb.ylene-butene-1 copolymer, 
etc.. which :ire substantially r3lldom copolymers. A 
mi.""tture of those copolymers may be used if those co­
polymers have a melt flow rate of at le:ist 3.0 g/10 
minutes and a molecular weight distribution oflc:ss.than 
5.0. 

Pref erred crystalline propylene polymer used in the 
present invention is a cryst3lline propylene-a.-olefm 
polymer having an a.-olefin content· of from 2.0 to 30% 
by weight· and a molecular weight distribution of 4.S or . 
less, from the points of the imoroving effects of the 
low-temperature heat sea.ling property· and the fllm­
forming condition dependency of the transparency. 

Also, the crysb.lline propylene polymer can be pref-· 
erably produced by polyme~tion usillg a Zieg1er­
Natt:i catalyst comprising Ti, ~fg, ::l.Ild Cl :is the essential 
components. 

The crysulli.c.e ethylene poljmer used in the present 
invention is an ethylene homopolymer or an ethylene­
a-olefin copolymer h:ivine a melt ·flow rate of from 0.5 
to 300 g/10 minutes, a de~sity of at le:ist 0 910 g/cm.3 
and a cryst:?.lliz:ition temperature of at least 35• C. and 
which is :it least l" C. higher. tlun the crysbllization 
temperature:_ of the crystalline propylene polymer. 

If :m:y o~e of the melt flow r:ite, the density, :ind the 
crysbmz:i,tto_n _temperature of the: crystalline ethylene 
polymer is outside ~~e :ibovc-described range, the poly­
propylene composition and the film thereof having 
c:cce~_~nt tr:insp.i.r~µ~y and showing small mm-forming 

. conqit1on .'.d~p~µQ~A.CY of tl1e transparency, which nre 
the o.bJec_t::ot :tne,presertt invention, cannot be obtained. 

. .... ··.~·· 
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As the crystalline ethylene polymer used in the pres-, 
ent invention, it is important to use the crystalline ethyl­
ene polymer having a cryst:illization temper:iture of at · 
least i • C. higher than the crystallization temperature of 
the crystalline propylene polymer used in the present 
invention. If the crystallization temperature of the crys­
talline ethylene polymer is lower than the crystalliza­
tion temperature of the crystalline propylene polymer 
used in the present invention plus i • C., the effect of the 
present invention is not obtained. 

As the crystalline ethylene polymer used in the pres­
ent invention, the crystalline ethylene polymer having a 
melt flow rate of from 1 to· 100 g/10 minutes and. a 
crystallization temperature of at least 85° c. and which 
is at least 2° C. bigher than the crystallization tempera­
ture of the crystalline propylene polymer used in the 
present invention is preferred, and the straight chain 
crystalline ethylene polymer having a crystamzation 
temperature of at least 90° C. and which is at least 5° C. 
higher than the crystallization temperature of the crys­
talline propylene polymer is more preferred. 

The amount of the crystalline ethylene polymer com­
pounded is from 0.01 to 4.0 parts by weight per 100 
parts by weight of the crystalline propylene poisoner. If 
the amount of the crystalline ethylene polymer com­
pounded is less than 0.01 part by weight, the improving 
effects of the transparency and the film-forming condi­
tion dependency of the transparency are poor. Also, if 
the amount is over 4.0 parts by weight, the transparency 
is reduced and the heat resistance becomes poor, 
whereby fJSh eyes occur in the film or holes are formed 
in the film. Hence the preferred characteristics the paly­
propylene fllm inherently possesses are reduced. The 
extent of the reduction of the transparency when the 
amoli,nt of . the crystalline ethylene polymer com­
pounded is over 4.0 parts by weight changes according 
to the melt flow rate of the crystalline ethylene polymer 
compounded. In the case of using the crystamne ethyl­
ene polymer having a melt flow rate of at least about ·s 
g/10 minutes, even when the amount of the crystalline 
ethylene polymer compounded is over the range de­
fined in the present invention, a film having a good 
transparency may be,· as the case may be, obtained. In 
this case, however, the heat resistance is poor and trou­
bles such as the reduction of the appearance of the film, 
etc., are liable to occur, whereby the object of the pres­
ent mvention cannot be obtained. 

The amount of the crystaJUne ethylene polymer com­
pounded is in the range of preferably from 0.01 to 2.S 
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part:; by weight, and more pref crably from 0.02 to 1.0 
part by weight. -

The production methods for the polypropylene com­
position of the present invention which can be em.­
ployed :ire a method of previously melt-kneading pel­
lets and/or powders of the crystalline propylene poly­
mer and the crysulline ethylene polymer, a method of 
compounding a master batch of the crystalline ethylene 
polymer, etc. However, any method wherein the com­
position within the range of the present invention is -
formed at film formation can be employed. 

The polypropylene· composition of the present inven­
tion can be compounded, if necessary, with an antioxi­
dant, a neutr:ilizing ·agent, a lubricant, an antiblocldng 
agent, an antistatic agent,~., which are usually used in 
!he field_ of the art. ·· 

The polypropylene composition of the present inven­
tion is suitably used for the production of melt-extruded 
molding having a thickness of from 10 to ),000 p.m, 
which is produced under quenching at a cooling rate of 
at least l 0 C./second, and is particularly suitably used 
for the production of an unstretched film having a 
thickness of from 10 to 100 µ.m. 

Also, since the polypropylene composition of the 
present invention has the preferred characteristics de­
scribed above, the composition is suitably used as at . 
least one layer component at the production of multi­
layer films by co-e.."'ttrUSion film-forming method. 

There is no particular restriction on the production 
method of the polypropylene film of the present inven- _ 
tion jf the method can produce the polrpropYlene film 
lr£.A melt-extrusion molding method such as a T-die 
film-forming method, a tubular film-forming method, 
~ The T-die film-forming method wherein high-speed 
film formation is practiced by a large-sized film-forming 
machine is preferably used. 

The present invention is described in greater detail by 
reference to the following Examples, which should not 
be construed as limiting the scope of the present inven­
tion. 

The measurement method of each item in the specifi­
cation and epmples of the present invention was as · 
follows. 

(1) Melt Flow Rate (MFR) 
• The crystalline propylene polymer was measured by 

the method of Conclition-14 according to JIS K7210 
and the crystalline ethylene polymer was measur-ed by 
the methOd of Conclition-4. 

(2) Molecular Weight Distribution (Mw/M:D.) 
By GPC (gel permeation chromatography), the mo­

lecular weight distribution was , measured under the 
following conditions. 
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Machine. Type: 150CV Type (manufactured by Mil-
lipore Waters Co.) 

Column: Shedex M/S 80 
Measurement Temperature: 145° C. 
Solvent: Orthodichorobenzene 
Sample Concentration: 5 mg/8 ml 

When Standard Reference Material 706 (polystyrene 
of MwA.-fn=2.1) of NBS (National Bureau of Stan­
dards) was measured under the above conditions, the 
molecular weight distribution (M w /Mn) of 2.1 was 
obtained. · · 

(3) Crystarnzation Temperature (Tc) 
After previously melting 5 mg of a test piece at 220° 

C. for S minutes in a nitrogen gas atmosphere, the tem­
perature thereof was decreased to 30° C. at a tempera­
ture-lowering rate of 60° C./minute (1° C/second}, the 

maximum peak of the crystallization calorific curve of 
the sample obtained by using a differential scanning 
calorimeter (DSC 7 quenching-corresponding type, 
made by Perkin-Elmer~.) was defmed as the crystalli­
zation temperature (Tc). 

(4) Ethylene Content and Butene-I Content 
Ethylene content: The ethylene content was deter­

mined by the IR spectral method descnbed in Kohbun­
shi Bunseki (Polymer Analysis) Handbook, page 2 [(i) 
Random Copolymer], published by Asakura Shoten, 
1985. 

Butene-1 content: Determined by the following equa­
tion by the IR spectral method. 

Butene-I content (wight %)= l.208K 

wherein K' is an absorbance in 767 cm-I 
(S) Density 
Measured according to JIS K6760 
(6) Transparency (haze) 
Measured according to IlS K710S. 
(7) Heat Scaling Temperature 
The heat sealing temperature was measured using the 

film having a thickness of 30 µ.m. Sealed films of 25 mm 
in width obtained by press-adhering the superposed 
films by a heat sealer heated to a definite temperature 
for 2 seconds by applying a load of 2 kg!cm2 were 
allowed to stand overnight and the ftlms were peeled 
off from each other at 23° C., a peeling speed of 200 
mm/minute, and a peeling angle of 180°. In this case, 
the temperature of the heat sealer when the peeling 
resistance became 300 g/25 mm was defmed as the heat 
sealing temperature. 
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REFERENCE EXAMPLE 

(;i) Synthesis of Org:motn3.gnesium Compound 
A ... '1er replacing the inside atmosphere of a. one liter 

fl:isk equipped with :i stirrer, a rcflu:c condenser, a dro~ 
ping funnel, and a thermometer with argon, 32-0 g of 
shaved-form magnesium for :i Grigmrd reagent was 
·placed in the £Luk. Then, 120 g of butyl chloride and 
SOO ml of dibutyl ether were charged in the dropping 
fun.:iel md about 3-0 ml of the m.U:ure was dropped onto 
maanesium in the flask to initiate the re:ictioa. After the 
initiation of the re:u:tion, dropping of the mi."tture was 
continued at so· c. for 4 hours and thereafter, the reac­
tion was further conducted at eo· C. for one hour. 
Thcreafter7 the re:iction mi."'tture w:is cooled to room 
temperature and solid components were filtered off. 

When butylmagnesium chloride in dibutyl ether was 
hydrolyzed \\ith IN sulfuric acid and the concentration 
w:is determined by back-titrating with an aqueous solu­
tion of IN sodium hydroxide using phenolphthalein as 
the indicator~ the concentr:ition was 2.1 mol/liter. 

b) Synthesis of Solid Product 
After . replacing the inside atmosphere of a SOO ml 

flask equipped with a stirrer and a dropping funnel with 
argon, 240 ml of he=c.:me, 5.4 g (15.8 mmols) of tet­
rabutoxytitanium, :md 61.1 g (295 mmols) of tetraeth­
oxysilan.e were placed in the flask to form a homogene­
ous solation. Then, 1 SO ml of the org.anomagncsium 
compound synthesized in. the above step (a) was gradu­
ally added dropwise to the mixture from the dropping 
funnel over a pericd of 4 hours while keeping the tem­
penture of the inside of the flask. Thereafter, the result­
ing mixture was further stirred at room temperature for 
one hour and solids formed were separated from liquid 
at room temperature, repeatedly washed 3 times with 
240 ml of hexane and dried at reduced pressure to obtain · 
45.0 g of a light-brown solid product. 
~e solid product obtained contained 1.7% by 

we1ght of a titanium atom, 33.8% by weight of m eth­
oxy group, and 2. 9% by weight of a butoxy group. 

Also, in the wide angle X-ray diffraction diagram of 
the solid product by the Cu-Ka line, no clear diffrac­
tion pea...lcs were observed, which showed tmt the prod­
uct had a noncrystalline structure. 

(c) Synthesis of Ester-Treated Solid 
_After replacing the inside atmosphere of ICO ml flask 

with argon, 6.5 g of the solid product synthesized in the 
aoo:.c step (b), 16.2.ml of toluene, :ind 4.3 ml (16 mmols) 
of d11;Sobutyl phthaJate were placed in the flask and the 
reaction was conducted :u 95" C. for one hou.r. 

After complc:tion of the: reaction, solids were sepa­
rated from liquid :ind washed 3 times with 33 ml of 
toluene. 
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(d) Synthesis of Solid Catalyst (activation treatment) 
After finishing washing in the above step (c), 16.2 ml 

of toluene, 0.36 ml (1.3mmols) of diisobutyl phthalate, 
2.2 ml (13 mmols) of dibutyl ether, and 38.0 ml (346 
mmols) of titanium tetrachloride were added to the 
solids in the flask and the reaction was conducted at 95° 
C. for 3 hours. After completion of the reaction, solids 
formed were separated from liquid at 95• C. and washed 
twice with 33 ml of toluene at the same temperature. 
Then, the above washing treatment with the mixture of 
diisobutyl phthalate, dibutyl ether, and titanium tetra­
chloride was repeated once more under the same condi­
tion and the solid product was washed 3 times with 33 
ml of hexane to obtain 5.0 g of a less-color solid catalyst. 

The solid catalyst contained 2.1% by weight of a 
titanium atom, 19.9% by weight of a magnesium atom, 
.and 12.7% by weight of a phthalic acid ester. 

EXAMPLE 1 
(a) Catalyst Component 
Into a 250 liter reaction vessel equipped with a stirrer 

was added 150 liter of sufficiently purified hexane and 
after sufficiently replacing the inside atmosphere of the 
system with a nitrogen gas, 3.2 mols of triethylalumi­
num (TEA), 0.32 mol of cyclohexylethyldim.ethoxysi­
lane (CHEDMS), and the solid catalyst obtained in the 
above Reference Example in an amount of 51.8 g calcu­
lated as Ti atom were added into the reaction vessel. 
Then, 2.8 kg of propylene .;as-continuously added 
thereto over a period ofz'hours while keeping the tem· 
perature of the system at 25° C. 

(b) Polymerization 
Using 3 polymerization baths having inside volumes 

of 20 to 45 m3. the catalyst component prepared in the 
above step (a) was supplied thereto such that the poly­
merization temperature became 75• C., the polymeriza­
tion pressure became 20 kg/cml G, and an average 
residence time became 6 hours and while simulta­
neously supplying thereto TEA and CHEDMS, a gas­
phase polymerization was conducted by continuously 
supplying propylene and hydrogen such that the H2 
concentration in the gas-phase portion became 0.7%. 

The polymer obtained bad a melt flow rate (230° C.) 
of 9.3 g/10 minutes, a molecular weight distribution 
(Mw/Mn) of 3.7, and a crystallization temperature (Tc) 
of 105° C. 

After compounding 100 parts by weight of the crys­
talline propylene polymer and 0.2 part by weight of a 
high-density polyethylene (Nissan Polyethylene 1150, 
made by Nissan Maruzen Polyethylene K.K.) having a 
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melt tlow rate ( [')()4 C.) of l51r/l!Jminucc:;, :1. dc.:n:iity or 
~ . ~ 

0.950 g/~mJ anJ a cry:ac!Hzatfon tl!mpcr:iturc (Tc). of 
107" C., 0.05 part by wi.:ight of ca!dum ~tcaratc, 0.1 part 
of Surnilizer DHT (tr:idr.: name!, m:idc by Sumitomo 
Chemical Company. Limited), :ind 0.05 pa.rt by weight 
of Irg:uiox 1010 (tr:ide na.cnc, m:idc by Ciba-Geigy AG) 
were added to· the above mi:cture followed by mi-ting 
with ::t Henschel mi:cer, :ind the resulting mi.~ture w:is 

melt-extruded to form pcUcts. The pdiets were mdt­
extruded by :i. T-die film-forming m:ichine having a 
diameter of 50 mm at :J. die temper:iture of 2so· C. and 

. cooled by 3. ccoliag roll to obbin w:istretched films e:ich 
having a thickness of 30 µ.m or 70 µ.m~ 

In this case, the temper:iture of cooling water sup­
plied to the cooling roll w:is changed and cooling was 
practiced at 30• C. and 70° C. The surface temperatures 
of the cooling roll were 30° C. and 66° C., respectively. 

The tr:msparency (h3Ze), the appearance, etc., of 
each film obtained are shown in Table 2 below. 

COMPARATIVE EXA.i.\.!PLE L 

By following the same procedure as .in Example 1 
except tbat the crystalline propylene polymer was used 
but the high-density polyethylene was not compounded 
therewith, a film was prepared and evaluated. The eval­
uation results obtamed are shown in. Table 2 below. 

COMPAR.J\.TIVE EXAft!PLES 2 AND 3 

The homopolymerization of propylene as in Example 
1 was conducted using the same catalyst system and the 
same polym.etjzation method as in E:cample 1 ~i:cept 
that the hydrogen concentration was changed to 0.25%. 

The polymer obtained h~ a melt flow rate of 2.S 
g/10 minutes, a molecular weight distribution of 4.0, 
and a crystallization temperature of 104° C. Using the 
crystalline propylene polymer, the same procedure as in 
Example l and the same procedure as in Comparative 
Example 1 were followed, respectively, e:ccept that the 
a.mount of the crystalline ethylene polymer com­
pounded was changed to form films and those films 
were evaluated. The evaluation results obtained. are 
shown in Table 2 below. 

CO?-r!PAR..J\.TIVE EXAMPLES 4 AND S 

Using a polymerization bath having an inside volume 
of 23 ml equipped with a stirrer, propylene was continu­
ously polymerized in the co-pr~nce of the solid cata~ 
lyst described in JP-A-47-34478 (the term "JP-A" as 
used herein me3.IIS an uun~xamiaed publish«! Japanese 
patent application"), dietbytaluminum chloride, in el.ec­
tron donor, and hydrogen, using hc:pbnc as the solvent 
at a polymeri.z:ltioa temperatut"e of oo· c., a polymeriza­
tion pressure or 6 k.g/cm1 o, and a gas-phase hydrogen 
concentration of 2.9%. 
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The pcilyliicr obuinc:d had :i melt flow taotd of' 12 g/10 
min., a. molccufa.r weight distribution of 6.1, and a crys· 
t:tl1.iz:uion temperature of 102· C. Using the cryst:illine 
propylene polymer, the: same: procedure 3S in Example: 
1 aad the same procedure as in Comp<Irative E;umple 1 
were pr:i,cticed, respectively; to form films :ind the ftlms 
were evalu~ted. The evaluation results obt:Lint:d are 
shogun in T~b[e 2 below. . 

The uostretched films obtained using the composition 
of the present invention have a good transparency in a 
stable level from a low temperature range to a high 
temperature range of a cooling roll and from a small 
thickness to a. relatively large thickness range. 

In addition, the properties of the crystalline propy· 
lene polymers and the crystalline ethylene poisoners 
used in Example 1 and Comparative Examples 1 to 5 are 

~ shown in Table 1 below. 
T.i:U3LE 1 

Crvst:lllinc: Proovle:ie Polvmer Crye.W.ne Ethylene Polymer 

MFR a..Olefia ccncc:nc MFR A.mount 
(230· C.) Ethyle:ic: 1-But=o Tc 

(&110 mia). Mw/Mtl (we$) (we 9'&) ("C.) 
(190• C.) De:u.sit_y Tc (Puts by 

(g/10 ~) (g/c:m.i) (9C.) weight) 

Example 1 9.l 3.7 0 0 tOS lS 0.956 107 O.l 
Comparmvo 9.3 3.7 0 0 lOS 0 
::Example 1 
Compaz:ative 2.5 4.0 0 0 104 15 0.95& 107 o.s 
Examplo2 
Compumve 2.S 4.0 0 0 104 0 
:Example2 
Comparative 12 6.t 0 0 102 0.956 107 0.2 
Examp1e4 
Compar.u:ive 12 6.1 0 0 102 0 
Examples 

TABLE2 
TamuareacI <H:u:e)!90) 

CQOlillg Roll CaolhlgRoll 
W3t.er Tc:mp.: W:iter Temp.: Heat 

.30• C. Film 10· c. Film Scaliag 
Thiclc:aess Tbiclc:less Tcm~mrc 

30 µ.m 70µ.m 30 p.m 70pm ("C.) 

.Ex:smple l 2.3 4.7 6.0 11.:Z I.SO 
Comp:u:uivc 
Example l 0.1 1.9 11.1 27 ISO 
Comp=u:ivc 

• Example :Z 6.7 1-lS .13 11.1 
Compu:ldvc 
Elample 3 6.S 14.0 8..2 12.0 
Comp:ar::uivc 
Example 4 2.S S.1 ll.3 11 
Compu:i.livc 
&ample S l.S 4.0 l4 . 30 
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EX.-\4\f PLE 2 
By using the: same catalyst system :md the S.1.lile poly­

meri7.ation method :is in Ex.-unple l, a g:is-ph!!Se contin· 
uous polymerization of a mii:cd system ot" propylene, 
ethylene, :ind butene-1 was conducted at a polymeri.za· 
tion temperature of 80" c., :l. polymerization pressure or 
from 7 to lS kg/cm:l G, .uid a H2 concc:ntr:ition of 
0.25% to obt:lin a propylt:ne-ethylene-butene-1 r:mdom 
copolymer having :in ethylene content of 1.2 % by 
weight and butene-1 content of' 10.2% by weight as a 
cryst:illine propylene polymer. 

The polymer obtained h3.d :i melt flow r:ite of 5. 7 
g/10 min., a molecular weight distribution of 3.0, :ind a 
crystallization temperature of 81" C. 

After compounding 100 parts by weight of the crys­
talline propylene .polymer with 0.5 part by weight of a 
straight cha.in intermedhte density polyethylene (Neo-
· ze.x 3SlOF, tr:lde name, m:ide by Mitsui Petrochemical 

~ Industries, Ltd.) having a melt flow rate of 1.6 g/10 · 
minutes, a density of 0.935 g:/cml, and a cryst3llizatiou 
temper:iture of 102• C. as a crystalline ethylene poly­
mer, 0.05 part of calcium ste.srate, 0.15 part by weight of' : 
Irg:mox 1010, 0.1 part by weight of Sumilizer BHT, 0.1 · 
part by weight of erucic amide, and 0.1 S part of a fme 
silica powder, the resulting milture was melt-extruded 
to form a film in the same manner as in Example 1 and 
the film was evaluated. The evaluation results obtained 
are shown in Table 4 below. 

COMPARATIVE EX'.AJ.'\!PLE 6 

:By following the same procedure as in Example 1 
except that the crystalline propylene polymer as in 
Example 2 ·was used and the crystalline ethylene poly­
mer was not used, a film was prepared and evaluated. 
The evaluation results obtained are shown in Table 4 
below. 

EX.~"1PLES3T05ANDCOMPARATIVE 
EXA.\.!PLES 7 TO 11 

By following the same procedure as in Example 1 
except that the crystalline propylene polymer as used in 
Example 2 was used a.i;id the kind aDd the amount of a 

crystalline ethylene ···p~.l~c/ · codipounded were 
changed ;is shown below and in Table 3 below, respec-
tively. · 

The cryst:Llline ethylene polymers used were as fol· 
lows. 
Ex.ample 3: Sholcx 6080 (trade name, made by Showa 

Denko K.K.) .. 
Example 4: SumiXachene-L GA70l (tr.ide name, m:ide 

by Sumitomo Chemical Company, Limited). 
Example: 5: Sumikathenc-L GA804 (trade name, made 

by Sumitomo Chemicaj Company, Limit~d). 
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Compa.r:itivc E.tamplr.: 7: Neozc:t 3510F (tr:ide name, 

ma.de: by Mitui Pctrochc:mic:il Cndustries, Ltd.). 
Comparative E.tamplc.: 8: E.:tc::llcn VL VL700 (trade 

n:unc:, made by Sumitomo Chemical Comp:iny, Lim­
ited). 

Comparative E.'t:i..inplc:: 9: Sumiluthc:ne L 705 (tr:ide 
n:i.mc:, made by Sumitomo Chcmic:i.l Company, Lim· 
itc:d). 

Compa.r:itive E.:c.:imple 10: S:inw:i.'t 13 lP (tr:ide ll!lJJle, 
made by Sanyo Cbc:m.ic:i.l Industries, Ltd.). 

Comp:i.r:i.tive E:t:implc:: 1 l: Hize:t 5202B (t.r3de name, 
n:ude by ~litui Petrcchemic3l Industries, Ltd.). 

· In addition, the crysWline ethylene polymer used in 
Comparative Ex.ample 9 is a long ch:lin branched struc­
ture type low-density polyethylene and other cryst:J.1-
line ethylene polymers are straight-chain tyPe low-den­
sity to hig~-density polyethylenes. 

T • .:.\BLE 3 
C~ Proovic:ic Pofva:c:r Crvsulllnc Echvlc:ac PoII!!!er 

MFR a.-Olcfm c:ontc::?t M:FR 
(230" C.) :Ethylene 1-Bute:ie Tc: (190" C.) 

(g/lOmin) Mw/Mn (wt 3) (v."? $) ("C.) (g/10 c:i.n) 

S.1 3.0 1.2 10.2 Sl 1.6 
S.1 3.0 1.2 10.2 Sl s 
S.1 3.0 1.2 10.2 Sl s 
S.7 3.0 1.2 [0.2 31 SS 
S.1 3.0 1.2 10.2 S1 13 

S.7 3.0 1..2 t0.2 31 1.6 

s.1 3.0 1.2 10.2 Sl 10 

S.1 3.0 1.2 10.2 31 7 

S.1 3.0 1.2 10.2 Sl 320 
or more 

S.1 3.0 1..2 10.2 81 0.3 

T.~LE4 

Tr:ms-aarencv <H.:1.z='l(%) 

Cooling Roll Cooliag Roll 
W:itc:- Tc:z:zp.: Water Temp.: Hc::it 

30" C. Fdm 70" C. Ftl.at 
Thickness Thickness Ft!m 

JOµm 70 µ.m 30 p.:n 70µ.m Appe:irmcc 

Example2 I.3 ?.2 2.3 J.2 Good 
ExampicJ 1.2 1.5 4.3 4.S Good 
Example<(. 1.0 1.2 I.3 2.4 Good 
Example S 0.9 1.2 LS 1.9 Good 
Compantivc 1.0 l.3 6.S 9.0 Good 
.Example 6 
Com~rivc l l.8 {.j. 
ExmlpJe7 

lll.7 12.2 Good 

Comparative l.O 1.1 
Bxamplc 8 

ri.·~ 7.7 Good 

Compantivc ci.3 
bmpJc 9 

1.6 Good 

Compantive u 9.6 Good 
ElwnpJc 10 
Comparative ti.S 7.4 Poor 

D=.sicy Tc 
(glc::il) ("C.) 

0.935 102 
0.959 107 
0.919 90 
0.9::0 92 

0.935 102 

0.905 82 

0.919 82 

0.930 84 

0.964 109 

Sc:lli.ag 
Te:npc::lturC 

("C.) 

119 
118 
119 
1L9 
118 

122 

tl8 

124 

125 

Amount 
(Puts by 
weight) 

o.s 
0.02 
o.s 
<J.S 
G 

. s.o 

o.s 

o.s 

o.s 

o.s 



.. 

• 

- 13 -
TABLE 4-continuc:d 

Cooling Roll Cooling Roll 
W;atcr Temp.: Wzlc:r Temp.: 
30" C. FUm iO" C. Film 
Thicbc:-"..s Thic:kccs.s Film 

Sc:Wng 
Tcmpcr:ature 

30 µ.m 70 µ.m jQ p.m iO µci Appe:ir:uic:e ("C.) 

Example 11 M:my 
fisli eyes 
occurred 

EXAft!PLES 6 AND 7. 
By polymerizing a mixed system of propylene and 

ethylene and a mi"ted system of propylene and butene-! 
using the same c:i.t3lyst system and the same polymeri­
zation method as iii. Example 1, and propylene-ethylene 
random copolymer and a propylene-butene-! copoly­
mer shown in Table S below were obtained, respec­
tively. 

By following the same procedure as in Example t 
except that each of those copolymers was used and the 
amount of the crystalline ethylene polymer eom­
pounded was changed, each film was obtained ·and the 
films were evaluated. The evaluation results obtained 
are shown in Table 6 below. 

COMPARATIVE EXAMPLES 12 AND 13 
A mh:ed system of px:opylene, ethylene, and butene-I 

was continuously polymerized by the same polymeriza­
tion method as in Ex.ample 1 at a polymerization tem­
perature of so· C., at a polymerization pressure of S 
kg/cm2G;; and a gas phase hydrogen concentration of 
4.5% to obtain a propylen~thylcnc-butenc-1 random 
copalymer having an ethylene content of 2.1 % by 
weight, a butene-1 content of 4.2% by weight, a. melt 
flow rate of 3.9 g/10 minutes, and a molecular weight 
distribution of 5.2. 

After compounding 100 parts by weight of the co­
polymer obtained with 0.05 part by weight of calcium 
stearate, O. lS part by weight of Irganox, 0.1 part by 
weight of Sandostab P-ERQ (trade name, made by 
Sandoz), 0.1 part by weight of eracic amide, and 0.15 
part of a fine silica powder, the resulting mixture was 
melt-extruded in the same manner as in Example 1 to 
form a film and the film was ev3:1uated. .(Comparative 
Example 12). 

By following the same procedure as in the above 
Comparative E.umple 12 except that a crystalline eth­
ylene polymer was added to the random copolymer 
obtained in Comparative Ex:imple 12, the film obt:tlned 
was evaluated. (Comparative Example 13). 

The evaluation results obtained are shown in Table 6 
below. 
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EXAJ.\1PLE 3 

After compounding 100 parts by weight of the ran­
dom copolymer obttlned in Comparative Ex.ample 12 
with 0.05 part by weight of c:tlcium stearate, 0.1 S part 
of Irg:ino:t 1010, 0.1 part by weight of Sandostab P­
EPQ, 0.1 part by weight of erucic :imide, 0.15 part by 
weight of a fine silica i:owder, and 0.002 part by weight 

of 2,5-dimethyl-2,5-di(tert-butyl peroxide), the resulting 
mi"tture was melt.extruded to obtain pellets. The pellets 
had a melt flow rate of 5.2 g/10 minutes, a molecular 
weight distribution of 4.5, and a crystallization tempera­
ture of 82" C. 

Then. 100 parts by weight of the propylene-ethylene­
butene-1 random copolymer pellets were mixed with 

· 0.2 part by weight of the high-density polyethylene as 
used in Example 1 at room temperature. An unstretched . 
ftlm was formed using the nii."'d:urc by the same manner . 
as in Example 1 and evaluated. The evaluation results 
obtained are shown in Table 6 below. 

COMPARATIVE EXAMPLE 14 

By polymerizing a mixed system of propylene and 
ethylene by the same polymerization method as in Com­
parative Example 4 at a polymerization temperature of 
so• C., a polymerization pressure of 5 kg/cm2 G, and a 
gas phase hydrogen concentration of 2.3%, a propy­
lene-ethylene random copolymer having an ethylene 
content of 3.7% by weight was obtained. 

To 100 parts by weight of the copolymer obtained 
were added 0.05 part by weight of calcium stearate, 0.1 

·part by weight of SnmiHzer BHT and 0.05 part by 
weight of Irganox 1010 and after mixing the mixture by 
a Henschel mixer, the mixture was melt-extruded to 
form pellets. The pellets had a melt flow rate of 2.8 g/10 
minutes and a molecular weight distn'bution of 5.0. 

Then, 100 parts by weight of the propylene-ethylene 
random copolymer pellets were mixed with 0.2 part by 
weight of the high-density polyethylene as used in Ex­
ample I at room temperature. An unstretched film was 
prepared using the mfa:ture in the same manner as in 
Example 1 and evaluated. The evaluation results ob­
tained are shogun in Table 6 below. 

EXAMPLE9 

By following the same procedure as in Comparative 
E:.umple 14 except th3t 0.02 part by weight of 2,5-
dimethyl-2,5-di(tert-butyl peroxide) w:is added to the 
propylene-ethylene random copolymer of Comparative 
Example 14 in mi"ting the copolymer by a Henschel 
mixer, pellets were formed. The pellets had a melt flow 



. . 
·;· 

Eumple6 
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rate ofi 1 g/10 minutes, a molecufar weight distribution 
of 3.2, and a crystalliz3.tion temperature of 82° C. The 
pellets obtained were mi'ted with the high-density poly­
ethylene in the same manner as in Comparative E:cam­
ple 14 and a film was prepared in the same manner as in 
Comparative Example 14 and evaluated. The evalua­
tion results obtained are shown in Table 6 below. 

TABLE 5 
Cryst3lline Ethylene Polymer 

MFR. 
(230. C.) 

(g/10 min) 

Cmu.lline Propvlenc Polymer 

a.-Otef"i.n content 

Ethylene 1-Butenc 

MFR Amount 

Tc 
('C.) 

(190" C.) Dens" Tc (Puts by 
(g/10 min) (g/c:,,~ ("C.) weight) 

Mw/Mn (wt%) (wt%) 

4.3 
S.4-
S.1 

.2.3 
3.1 
4.S 
3.2 
S.l 

3.9 0 83 
76 
82 
84-
82 

lS 0.956 107 o.os 
0 21 IS 0.956 107 O.S 
l.l 4.2 IS 0.956 107 0.2 

1l 
3.9 

3.7 0 lS 0.956 107 0.2 

3.9 S.2 

2.S s.o 

Example6 
Example7 
Example 8 
Example 9 
Compar.uive 
Example 12 
Compantivc 
Ex:miplc 13 
Comparuive 
:Enmple 14 

2.1 4.2 

2.1 

3.7 

4.2 

0 

82 

... ·-·· 
TABLE6 

Cooling Roll Cooling Roll 
Wafl::r Temp.: Water Temp.: 
30• C. Film 10· C.F'ilm 
'!hic:kDess Thickness 

30 pm 10,...m :30 pm 70 p.m 

1.0 1.1 2.2 3.7 
l.S 20 2.3 2.5 
3.9 4.8 126 
1.1 1.3 2.S 3.S 

6.3 7.7 9.2 17 

6.7 8.8 8.2 9.2 

7.4 9.3 

lS 

15 

Heat 
Se:Wng 

0.9S6 107 

0.956 107 

Temperature 
("C.) 

128 
109 

118 

128 

As described above, by using the polypropylene com­
position of the present invention, a film having a good 
transparency and showing very small film-forming con­
dition dependency and thickness depciidcncy of the 
transparency can be obtained without deterioration of 
~e preferred characteristics ~e film of polypropylene 
inherently possesses, and the polypropylene composi­
tion can be suitably used for high-speed film-formation 
by a melt-extrusion. 

While the invention has been described in detail and 
with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes 
and modifications can be made therein without depart­
ing from the spirits and scope thereof. 

0 

0.2 

0.2 
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'\\r"b.:lt i:; daimc:d is: 
1. A p<>lypropylcnc: composition comprising 100 p:iru 

by wcigl:ic ot ,. cryst:>.Jlinc propylc:nc: pcilymc:r conbin-: 
ing ac lezt 70% by weight propylene: having :i mc:It 
flow r:icc oc" :ic l=::t J.O g/10 minutes :uid :i molccul:ir. 
wcigac distributloa of lc::.s tlu:1 S.O 3lld from 0.01 to less 
th:m ~.O p:i.rts by wdghc of a cr1sulline cthylc:oe poly­
mer b.:ivi::g :i n:clt flow r.1te of from 0.5 to JC() g/10 
aiinucc:s, :i c!c:::isir:y of :ic lc::isc 0.910 g/cmJ, :uid a crysul-
1.iz.:itioa tem~::iture of :it le:ist 35• C. :ind which is at 
Ie:isc t • C. b.ig.hcr t.b.:L"l che ct"'J':it:tlli::.:ition tcmpcr:iture of 
the ccyst:ilF"e propylc:nc polymer. 

2. A polj"1'ropylc::Ic: composition :is claimi:d in cl:iim 
l, wbcr.:in the: crys--..:Uli.nc: propylene polymer has tbe 
melt flow nee of from 3.0 to 50 g/10 minutes. 

3. A polypropylene com1=osition as cl:llmed in claim 
1, wherein the cryst:illinc: propylc:ze polymer is :z. crys­
t3.lline propylene f:tocopolymc:r or a cryst:Llline propy­
lene..e-olefin copolymer. 

4. A polYPropyle:ie COl;Ilp<:sition as cb.imed in claim 
3, wherein the cr1stalline propylene-a-olefin copoly­
mer is a propylene-ethylene copolymer, :1. propy!e::ze­
butene-1 copolymer or a yropylene-ethylene-butene-1 
copolymer. 

5. A polypropyle:ie comi:csition 3S cfaimed in cl:iim. 
3, wherein the cryst:illine propylene-c::-olefin copoly­
mer has 2.!l c-oletiII conteat of from 2.0 to 30% by 
weight and che molecular weight ~lol"ibutioa of 4.5 or 
less. 

6. A polypropylene composition as cl3imed in claim 
l, wherein the crystalline ethylene polymer h:i.s the melt 
flow rate of from I to 100 g/10 minutes and the crysta.l­
liza.tio:a temoerature of at least ss· c. and which is at 
1C3St 2· C. higher th:m the cryscllizatioa temperature of 
the crystalline propylene poisoner. 

1. A polypropylene compcsition as claimed in claim. 
l, wherein the crystalline ethylene polymer is a straight­
cha.in crystalline ethylene polymer having a. aysta.ll.iza­
tion temperature of at least 90• C. and which is at least . 
s· c. higher th:m the crystal.liz:1tion temperature of the 
crystalline propylene polymer. 

8. A polypropylene composition as claimed in claim 
1, wherein the crystalline ethylene polymer is used in an . 
amount of from 0.01 to 2.5 parts by weight. 

9. A polypropylene composition as cfaimed in cl:iim. 
1, wherein the cryst:lllinc: ethylene polymer is used in an 
amount of from 0.02 to 1.0 parts by weight. 

10. A polypropylene fili:ii ·obbia.ed by melt-extruding 
the polypropylene composition :i.s claimed in claim 1 . 

. 11. A polypropylene polymer composition compris-
ing cryst:tlline polypropylene polymer containing at 
le:ist 70% by weighc propylene :uid cryst:llline polyeth­
ylene polymer b:iving a melt flow rate ofO.S to 300 g/10 . ·· :. 
min a.nd a dcasity of at least 0. 910 g/ cml, wherein the: , . . ... 
cryst:tllinc polypc~I!yleixe polymer h:is a. melt flow.ra.~t' · 
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of at least 3.0 g/10 min and a molecular weight distribu­
tion (Mw/Mn) of less than 5.0 and is blended with the 
crystalline polyethylene polymer having a crystalline 
temperature higher than the crystalline temperature of 
the crystalline polypropylene polymer by at least l 0 C., 
the crystalline temperature of the crystalline polyethyl­
ene polymer being 85° C. or higher, the crystalline 
polyethylene polymer being present in an amount of 
from 0.01to4 parts by weight per 100 parts by weight 
of the crystalline polypropylene polymer. 

. - . 
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ABS'fRAC'f 
REPLACEMENT .SHEEi 

POLYPROPYLB!IE COMPOSI'f IOR ARD FILM '?HEREOF 

A polypropylene composi1ion comptising 100 parts by 
weight of a crystalline propylene polymer having a melt 
flow ?ate of at least 3.0 g/10 minutes and a molecular 
weight dista"bution of lea than S.O and fi:om 0.01 to less 
than 4.0 parts by weight of a crysta1liDe ethylene poly­
mer having a melt flow rate of from O.S to 300 g/10 
minutes, a density of at least 0.910 glcml, and a crystal­
lizaUon temperature of at least as· c. and which is at 
least 1· C. higher than the~ temperature of 
the crystalline propylene polymer... . . 

'• 


