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TITLE OF THE :INVENTION .. 

METHOD FOR INJECTION MOLDING POLYETHYLENE TEREPHTHALATE 

BACKGROUND OF THE INVENTION 

~ 5 1. Field of the Invention 

The present invention relates to a method ·for 

injection molding an uncrystallized or crystallized 

polyethylene terephthalate into a desired molded form such as 

preform, with pre-drying omitted. 

10 2. Background Art 

A pellet of the polyethylene terephthalate (PET) 

produced by bulk polymerizing of ethylene glycol with 

tereph~halic acid or dimethyl terephthalate is an 

uncrystallized and transparent material. The PET whose 

15 moisture content does not reach an equilibrium has further 

moisture-absorption characteristics and thus when the PET is 

molten in a moisture absorbed condition, a hydrolysis 

develops to cause the PET not to be molded. 

An uncrystallized PET pellet, when heated to a 

20 temperature above its glass transition point (Tg), .becomes 
•. 

softened somewhat to have an adhesive characteristics. The 

adhesive characteristics causes the PET pellets to be poorly 

bitten into a screw· and thus not to be fed when"molding. On 

the other hand, a c~ystallized PET pellet, even at a 
< . 

25 temperature above its Tg, is not softened, thereby keeping 
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hardness and having no adhesive characteristics. 

Thus, material manufacturers dry an uncrystallized 

PET pellet at a temperature of 150 to 160°C to produce a 

dehumidified and crystallized PET pellet which is sold as a 

' 5 commercially available molding material. This causes an 

ordinary and commercially available PET to become more 

expensive than an uncrystallized PET. The uncrystallized· 

PET, which has been sold by some of material manufacturers, 

has been dried to effect dehumidification and crystallization 

10 by molding manufacturers before use. Therefore, the 

crystallized PET described herein means a dried commercially 

available product, while the uncrystallized PET means an 

undried product. In molding a product using the PET as a 

material, even the crystallized PET has a moisture-absorption 

15 characteristics in nature and thus absorbs moisture content 

to some extent varying with control conditions before it is 

used as a molding material, thus it is customary to dry 

preliminarily the PET immediately before molding. 

It takes about four hours to accomplish the 

20 preliminary drying at a temperature of 150°C. Both the. 

increased usage of material per hour to improve a molding 

cycle efficiency, and the consideration to the prevention of 

a shortage of fed material even for a long time operation 

cause a dryer installed to an injection molding machine to 

25 become inevitably large in size. and the power consumption 
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required for drying to tend to increase. Problems exist in 

that it takes a lot of time to make preparations before 

molding operation, and that a malfunctioned dryer affects 

seriously molding operation. 

5 Then, injection molding means omitting the 

preliminary drying can be devised. As such molding means, 

there has been known a vent type molding machine in which an 

injection screw in a heating cylinder is divided into a first 

stage and a second stage, and the moisture content in a 

10 molten resin in the first stage is removed to the outside 

through a vent opening provided between both the stages. 

In this well-known vent type molding machine, the 

screw groove of a feeding zone of the first stage leading 

from the rear end at which a hopper is located to a metering 

15 zone at the front end is formed in a deep groove; pellets of 

the material resin fed from the hopper in a humid condition 

is molten due to heat insulation and compression while being 

sequentially fed by screw rotation; and then the groove leads 

through the metering zone having a shallow groove to the 

20 second stage. 

The screw groove in the second stage is formed in a 

deep groove, so that when the molten resin is transferred to 

the groove, the pressure of the molten resin is reduced due 

to the rapid increase in the groove depth of the screw to 

25 cause the moisture content in the resin to be vaporized, and 
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the moisture content wrapped in the resin by screw rotation 

to be separated, which moisture content is then sucked and 

removed through the vent opening by a vacuum pump. The 

molten resin whose moisture content has been removed in this 

5 manner is fed by screw rotation to a metering zone at the 

front end of the second stage, and then to a position in 

front of the screw to store, in a similar manner to an 

injection molding machine having an ordinary mechanism. The 

molten resin thus stored is injected and loaded into a cavity 

10 by the forward movement of the injection screw after stoppage 

of screw rotation. 

Although, generally the employment of such vent 

type injection unit may allow even a material having a large 

moisture absorption to be molded without the preliminary 

15 drying, such unit is not applied to all of resins, and with 

respect to the PET, particularly an uncrystallized one, the 

pellet is softened and compressed in a feed zone to cause it 

to be accumulated, whereby the PET in the hopper cannot enter 

the zone, and the biting by the screw becomes extremely poor 

20 such that the material cannot be fed. As a result, it has 

been quite difficult to perform the injection molding without 

the necessity of the preliminary drying by employing a 

conventional vent type injection unit. 

25 SUMMARY OF THE INVENTION 
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The present in~ention is devised to solve problems 

with the above-mentioned conventional PET injection molding, 

and it is an object of the invention to provide a method for 

injection molding the PET by which although a vent type 

5 injection unit is employed as means for omitting preliminary 

drying, the unit does not develop a poor screw biting, and 

even when a moldi~g material is an uncrystallized or 

crystallized PET, can feed a certain amount of the material 

at all times to injection mold a desired transparent molded 

10 form such as a preform, and use the preform to produce a 

thin-wall container with a low cost. 

The present invention according to the above­

mentioned purpose employs a vent type injection unit in which 

an injection screw comprising a first stage and a second 

15 stage is rotatably and movably mounted in a heating cylinder 

having a vent, and limits the feed rate of the material resin 

to a feed zone of the first stage of the vent type injection 

unit in such a manner that the material resin is not 

accumulated due to compression even if the material resin is 

20 softened to an elastomeric state before reaching a 

compression zone in front of the feed zone. This limitation 

is effected by making the sectional area of the screw groove 

in a receiving zone at the feed zone rear end at which the 

hopper port of the first stage is located smaller than the 

25 sectional area of the screw groove in the feed zone, in which 
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condition an uncrystallized or crystallized polyethylene 

terephthalate produced with the preliminary drying omitted is 

loaded in the hopper as a material resin to plasticate and 

inject. 

Although it is preferable that the sectional area 

of the screw groove in the above-mentioned receiving zone 11 

is set to no larger than 3/4 the sectional area of the screw 

groove in feed zone, a smaller sectional area thus set causes 

the feed rate to become lower and the material metering time 

10 to become longer than is required, so that it is most 

preferable that the former accounts for 2/3 to 1/2 the 

latter. In order to feed faster the PET, the screw is formed 

in a double screw to the halfway position of the compression 

zone, and then in a single screw from the compression zone to 

15 the metering zone so as to set the screw pitch to a large 

value, thereby making sufficient the stretching of the molten 

resin to improve the vent effect in a vent opening of the 

second zone. 

In addition, the molding is performed in such a 

20 manner that the heating temperature on the second stage side 

25 

of the heating cylinder is set to a value lower than the 

heating temperature on the first stage side, thereby 

preventing acetaldehyde occurrence due to an overheated 

molten resin. 

The removal of the moisture content in the resin 
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from the above-mentioned heating cylinder is performed by 

being sucked under a reduced pressure by means of ·a vacuum 

pump, which removal is not interrupted even when injecting 

during operation, and when injecting, the reduced pressure is 

5 set to a value lower than that when plasticating, thereby 

preventing a vent up due to the forward movement of the 

injection screw. An injection molded preform is immediately 

or later transferred to a blowing mold, where it can be 

stretch-blow molded into a packaging container such as a 

10 thin-wall bottle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Drawings show an example of a vent type injection 

unit capable of performing the injection molding method of 

15 the present invention, in which: 

Fig. 1 is a schematic longitudinal sectional and 

side view of the vent type injection unit according to the 

present invention, and 

Fig. 2 is an enlarged side view of a screw provided 

20 in the vent type injection unit of Fig. 1, in which a front 

end thereof is omitted. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In Figs., the numeral 1 indicates an injection 

25 screw which is rotatably and movably inserted into a heating 
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cylinder 2. The injection screw 1 has a shape such that two 

screws having a deep groove section and a shallow groove 

section are reconnected to each other to form a single screw, 

and has a screw design such that a screw portion 10 located 

5 in the rear portion of the heating cylinder 2 is made a first 

stage (10), while a screw 20 located in the front portion 

thereof is made a second stage (20). 

The above-mentioned heating cylinder 2 includes a 

vent opening 3 on the wall portion on which the rear portion 

10 of the second stage 20 is located, which opening is enclosed 

and connected with a vacuum pump (whose view is omitted). On 

the rear wall portion on which the rear portion of the first 

stage 10 is located, there is bored a feed port -4, which is 

mounted with a hopper 5 for a PET pellet (hereinafter simply 

15 called a resin). On the outer periphery of the heating 

cylinder 2 and a nozzle 6, there are provided band heaters, 

though omitted in Figs., for heating a resin fed by screw 

rotation from the above-mentioned feed port 4. 

Both the above-mentioned vent opening 3 and the 

20 feed port 4 have an opening width with· substantially the same 

size as the pitch of the screw they face. 

Fig. 2 shows a screw design of the above-mentioneq 

injection screw 1, in which the ratio of the first stage 10 

to the second stage 20 in the overall length L is about 6:4, 

25 thus the second stage 20 being formed shorter than the first 
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stage 10. The first stage 10 is divided into four zones of a 

receiving zone 11, a feed zone 12, a compression zone 13 and 

a metering zone 14 from the rear end, while the second stage 

20 is divided into three zones of a feed zone 21, a 

5 compression zone 22 and a metering zone 23 from the rear end. 

In the first stage 10 and the second stage 20, the 

screw is formed in a double screw up to the halfway position 

of the compression zones 13 and 22 except for the metering 

zones 14 and 23, whereby the feed of the material resin to 

10 the compression zones 13 and 22 by screw rotation is 

performed as fast as possible; while the screw in the 

metering zones 14 and 23 is formed in a single screw to widen 

the screw pitch in order to reduce as small as possible an 

un-uniformity of the molten resin. 

15 In the first stage 10, the screw pitch P1 of the 

receiving zone 11 is set to a value smaller than the screw 

pitch P2 of the feed zone 12, while the screw pitch P3 of the 

metering zone 14 is set to a value twice the above-mentioned 

screw pitch P2 • The screw pitch of the feed zone 21 and the 

20 metering zone 23 of the second stage 20 is set in a similar 

manner to the screw pitch of the first stage 10. 

The screw groove depth of the first stage 10 is set 

at the dimensions calculated from the screw groove depth of 

the feed zone 12. In order to limit the feed rate in the 

25 feed zone 12, the screw groove depth in the above-mentioned 
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receiving zone 11 is set to a shallow depth such that the 

sectional area of the screw groove in relation to the above­

mentioned screw pitch P1 becomes 2/3 the sectional area of 

the screw groove of the feed zone 12; while the screw groove 

5 depth in the metering zone 14 is set to a depth shallower 

than in the receiving zone 11 in order to stretch the molten 

resin by screw rotation. 

The screw groove depth in the feed zone 21 of the 

second stage 20 is set to a deepest depth in order to 

10 vaporize the moisture content in the molten resin by a rapid 

pressure reduction; while the screw groove depth in the 

metering zone 23 is set to a value deeper than in the 

metering zone 14 of the first zone 10, thereby making easy 

the feed of the molten resin by screw rotation. 

15 To injection mold a molded article such as a 

preform using an uncrystallized PET by employing the vent 

type injection unit having the above-mentioned arrangement, 

first the temperature of the heating cylinder 2 that the 

second stage 20 holds is set to 270°C, and the temperature of 

20 the heating cylinder 2 that the first stage 10 holds is set 

to 280°C. The undried and uncrystallized PET as a molded 

material is loaded in the above-mentioned hopper 5, and then 

the injection screw 1 is caused to rotate at a high speed 

(100 rpm). The atmospheric pressure of the opening 3 is 

25 reduced to about -730 mm Hg by the vacuum pump. 
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The PET in the hopper 5 is fed by screw rotation 

into the receiving zone 11. The feed rate of the PET from 

·the receiving zone 11 to the feed zone 12 is limited to a 

value accounting for 2/3 the sectional area of the screw 

5 groove of the feed zone 12 determined by the above-mentioned 

screw groove sectional area setting, so that the PET in the 

feed zone 12 is not excessively accumulated, and thus even if 

the PET is softened to an elastomeric state, pellets are not 

massed with each other due to compression and not accumulate 

10 before the resin reaches the compression zone 13. 

The PET softened in the feed zone 12 is compressed 

by the tapered surface of the compression zone 13 to cause it 

to be molten, stretched and temporarily plasticated, so that 

the PET is fed into the second stage 20 whose temperature is 

15 set· to a value lower than the first stage 10. The screw 

groove of the feed zone 21 is formed in a deep groove, so 

that the pressure of the molten resin is reduced to cause the 

moisture content in the PET to be vaporized, and the moisture 

content wrapped in the molten PET by screw rotation to be 

·20 separated, which moisture content is then sucked and removed 

through the vent opening 3 by the vacuum pump. The molten 

PET whose moisture content has been removed in this manner is 

fed by screw rotation to the metering zone 23 of the second 

stage 20 and further plasticated, and then fed to a position 

25 in front of the screw to store, in a similar manner to an 
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injection molding machine having an ordinary mechanism. As 

the molten PET is fed, the injection screw 1 is moved 

backwardly and stopped at a desired position to meter an 

amount required for injection. After metering, the molten 

5 resin is injected and loaded into a mold by forwardly moving 

the injection screw 1. Then the atmospheric pressure of the 

vent opening 3 is changed to about -650 mm Hg and maintained 

by the vacuum pump during injection operation. The 

atmospheric pressure can be easily controlled by taking the 

10 outer air into a suction line through valve operation. 

The preform thus injection molded was transparent 

similarly to the case where a preliminary drying is performed 

before injection molding, and has no cloudiness due to 

hydrolysis, and also has an acetaldehyde occurrence within an 

15 allowable range. 

An example of the specifications of the vent type 

injection unit of the present invention will be shown 

hereinafter: 

20 Injection screw (double screw) 

25 

Screw length (L) 

Screw outside diameter (D) 

L/D of Screw 

. . 

. . 

1670 mm 

64 mm 

26 

First stage (Length) (Screw minor dia.) Screw pitch 

Screw 998 mm 

- 12 -



5 

10 

15 

Receiving zone 128 mm 52.0 mm 32.0 mm 

Feed zone 646 mm 45.0 mm 38.5 mm 

· Compression 

zone 64 mm 

Metering zone 160 mm 57.2 mm 77.0 mm 

Second stage (Length) (Screw minor dia.) Screw pitch 

Screw 672 mm 

Feed zone 448 mm 

Compression 

zone 64 Run 

Metering zone 160 mm 

Screw revolution speed 

Injection stroke 

. . 

. . 

43.2 mm 38.5 mm 

56.0 mm 77.0 mm 

100 rpm 

120 mm 

When the PET is crystallized one, it is softened in 

the feed zone 12 more slowly and transferred to the 

compression zone 13 faster than the uncrystallized PET, 

thereby tending to be apt to develop an uneven melting. 

However, this problem can be solved by setting the 

20 compression zone 13 to a length longer somewhat than the 

above-mentioned numerical value. 

·The employment of the above-mentioned vent type 

injection unit allows the injection molded preform to be 

molded into a thin-wall packaging container such as a bottle 

25 by the well-known stretch-blow molding. The well-known 
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stretch-blow molding is broadly classified into a molding 

method called the so-called two stage type in which the 

injection molding of the preform and the stretch-blow molding 

of the preform into a container are performed in separate 

5 processes, and a molding method called the so-called one 

stage type in which the injection molding of the preform 

through the stretch-blow molding of the preform into a 

container are continuously performed, in either of both the 

methods, the PET preform produced by the injection molding 

10 with the preliminary drying omitted can be molded into a 

thin-wall container as with the PET preform injection molded 

after being dried. 

The following shows molding conditions in a case 

where with an injection molded preform held at its neck to a 

15 limit in which its shape can be kept, the preform is released 

20 

25 

from a cavity and a core, transferred to a blowing mold when 

the surf ace temperature of the preform is being raised due to 

an internal potential heat, and immediately stretch-blow 

molded to mold a thin-wall container: 

Material resin 

Molded form 

Dimensions 

. . 

. . 

UNIPET RY523 (manufactured by Unipet 

Co.,Ltd.) 

flat bottle 

overall height 250 mm 

port inside dia. 23.5 mm 
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length under neck 230 mm 

body outside dia. 90x50 mm 

body wall thickness 0.4 mm 

weight 36 g 

5 Preform 

10 

Dimensions . 
. . Overall height 142 mm 

port inside dia. 23.5 mm 

length under neck 230 mm 

body wall thickness 2.9 mm 

body upper portion outside dia 28 mm 

body lower end outside dia. 24 mm 

draft 2/122 

Preform molding conditions 

Injection cylinder temperature 

15 First stage : Front 285°C, middle 285°C, rear 280°C 

Second stage: Front 270°C, rear 270°C 

Nozzle temperature : 270°C 

Injection mold temperature (set value) 

Cavity mold : 15°C 

20 Core mold : l5°C 

Injection pressure (dwell) : 75 kg/cm2 

Loading dwell time : 6.0 sec. 

Cooling time : 2.8 sec. 

Releasing temp. : 60 to 70°C {preform surface 

25 temperature) 
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Stretch-blow molding conditions 

Mold temperature (set value) : 20°C 

Stretch-blowing temperature : 88°C (preform surface 

temperature) 

5 Blowing pressure (stretching) : 20 kg/cm
2 

Blowing time : 2.0 sec. 

10 

Percent of stretch: 

Longitudinal (axial direction) 190 % 

Lateral (radial direction) 360 x 200 % 

As described above, according to the present 

invention, the injection molding of an uncrystallized PET and 

that of a crystallized PET with the preliminary drying 

omitted can be performed by the employment of the vent type 

15 injection unit, thereby allowing a molded article having 

little hydrolysis to be obtained. A molded article 

developing little acetaldehyde due to overheating is obtained 

so that the uncrystallized PET having a lower commercial 

price can be utilized as a molding material, whereby the 

20 material cost is reduced and the running cost required for 

the preliminary drying can be saved even for the crystallized 

PET, thereby allowing the price of a packaging container 

using the PET as a material to be reduced. The present 

invention has a further advantage in that the injection 

25 molding itself requires no complex operation and can be 
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performed by employing conventional molding technologies as 

they are, thereby having a significantly high utility value 

in industrial field. 
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WHAT IS CLAIMED IS: 

1. A method for injection molding polyethylene 

terephthalate as a material resin which is undried," 

characterized in that a vent type injection unit is employed 

5 in which an injection screw comprising a first stage and a 

second stage is rotatably and movably mounted in a heating 

cylinder having a vent, and the feed rate of the material 

resin to a feed zone of the first stage of the vent type 

injection unit is limited in such a manner that the material 

10 resin is not accumulated due to.compression even if the 

material resin is softened before reaching a compression zone 

in front of the feed zone; and that this limitation is 

effected by making a sectional area of the screw groove in a 

receiving zone at the feed zone rear end at which a hopper 

15 port of the first stage is located smaller than a sectional 

area of the screw groove in the feed zone, in which condition 

an uncrystallized polyethylene terephthalate with the 

preliminary drying omitted is loaded in the hopper as the 

material resin to plasticate and inject. 

20 

2. A method for .injection molding polyethylene 

terephthalate as set forth in claim 1, wherein the sectional 

area of the screw groove in the above-mentioned receiving 

zone is set to no larger than 3/4 the sectional area of the 

25 screw groove in feed zone, and the screw is formed in a 

- 18 -



I lllllll llllll lllll lllll II llll 
* C L M S * 

double screw to the halfway position of the compression zone, 

and then in a single screw from the compression zone to the 

metering zone so as to set the screw pitch to a large value, 

thereby making sufficient the stretching of a molten resin to 

5 improve the vent effect in the vent of the second zone. 

3. A method for injection molding polyethylene 

terephthalate as set forth in claim 1, wherein the removal of 

the moisture content in the resin from the heating cylinder 

10 is performed by being sucked under a reduced pressure by 

means of a vacuum pump, which removal is not interrupted even 

when injecting during operation, and when injecting, the 

reduced pressure is set to a lower value when plasticating, 

thereby preventing a vent up due to the forward movement of 

15 the injection screw. 

4. A method for injection molding polyethylene 

terephthalate as set forth in claim 1, wherein the heating 

temperature on the second stage side of the heating cylinder 

20 is set to a value lower than the heating temperature on the 

first stage side, thereby preventing the molten PET from 

being overheated. 

5. A method for injection molding polyethylene 

25 terephthalate as set forth in claim 1, wherein the molding 
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material is a crystallized polyethylene terephthalate 

produced with preiiminary drying omitted. 

6. A method for injection molding polyethylene 

5 terephthalate as set forth in claim 1, wherein a molded 

article is a .preform of a thin-wall packaging container 

molded by stretch-blow molding. 
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ABSTRACT 
· .. ! 

A method for injection molding polyethylene 

terephthalate by employing a vent type injection unit as 

means for omitting preliminary drying the resin, wherein the 

5 unit does not develop a poor screw biting, and even when a 

molding material is an undried uncrystallized or crystallized 

PET, can feed a certain amount of the material at all times 

to injection mold a desired transparent molded form such as a 

preform, and use the preform to produce a thin-wall container 

10 with a low cost. 
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This is the replacement allleat 

METHOD FOR INJECTION MOLDING POLYETHYLENE TEREPHTHALATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
.. 

The present invention relates to a method for 

injection molding an uncrystallized or crystallized 
. . 

polyethylene terephthalate into a desired ·molded form such as 

preform, with pre-drying omitted.· 

2. Background Art 

A pellet of the polyethylene terephthalate (PET) 

produced by bulk polymerizing of ethylene glycol with 

terephthalic acid or dimethyl terephthalate is an 

uncrystallized and transparent material. The PET whose 

moisture content does not reach an equilibrium has further 

moisture-absorption"characteristics and thus when the PET is 

molten in a moisture aH~orbed condition, a hydrolysis 

develops to cause the PET not "to be·molded. 

An uncrystallized PET pellet, when heated to a 

temperature above its.gl~ss transition point (Tg), becomes +· . . . . .·· .. 
-· ... . ~ ... 

softened somewhat to have an adhesive characteristics. The 

adhesive characteristics causes the. PET _pell_ets,. to be poorly :,-___ ' ~r •:i.~ .::··. ~;, . . .:~ -~ ·" ~ o:"'•: r·: 

bitten into a screw and thus not ·;.to. be .·fe~: when molding. On 

the other hand, a crystallized PET pellet, even at a 

temperature above its Tg, is not softened, thereby keeping 
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hardness and having no adhesive characteristics. 

Thus, material manufacturers dry an uncrystallized 

PET pellet at a temperature of 150 to 160°C to produce a 

dehumidified and crystallized PET pellet which is sold as a 

commercially available molding material. This causes an 

ordinary and commercially available PET to become more 

expensive than an uncrystallized PET. The uncrystallized 

PET, which has been sold by some of material manufacturers, 

has been dried to effect dehumidification and crystallization 

by molding manufacturers before use. Therefore, the 

crystallized PET described herein means a dried commercially 

available product, while the uncrystallized PET means an 

undried product. In molding a product using the PET as a 

material, even the crystallized PET has a moisture-absorption 

characteristics in nature and thus absorbs moisture content 

to some extent varying with control conditions before it is 

used as a molding material, thus it is customary to dry 

preliminarily the PET immediately before molding. 

It takes about four hours to accomplish the 

preliminary drying at a temperature of 150°C. Both the 

increased usage of material per hour to improve a molding 

cycle efficiency, and the consideration to the prevention of 
~ f~. ~ "' . . 

a shortage of fedtmaterial even .\£0~: a 'lot~ ·~ime o~eration 
cause a dryer installed to an injection molding machine to 

become inevitably large in size and the power consumption 
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required for drying to tend to increase. Problems exist in 

that it takes a lot of time to make preparations before 

molding operation, ·and that a malfunctioned dryer affects 

seriously molding operation. 

Then, injection molding means omitting the 

preliminary drying can be devised. As such molding means, 

there has been known a vent type molding machine in which an 

injection screw in a heating cylinder is divided into a first 

stage and a second stage, and the moisture content in a 

molten resin in the first stage is removed to the outside 

through a vent opening provided between both the stages. 

In this well-known vent type molding machine, the 

screw groove of a feeding zone of the first stage leading 

from the rear end at which a hopper is located to a metering 

zone at the front end is formed in a deep groove; pellets of 

the material resin fed from the hopper in a humid condition 

is molten due to heat insulation and compression while being 

sequentially fed by screw rotation; and then the groove leads 

through the metering zone having a shallow groove to the 

second stage. 

The screw groove in the second stage is formed in a 

deep groove, so that when the molten resin is transferred to 

the groove, the pressure of the molten resin is reduced due 

to the rapid increase in the grqove depth of the screw to 

cause the moisture content in the resin to be vaporized, and 
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the moisture content wrapped in the resin by screw rotation 

to be separated, which moisture content is then sucked and 

removed through the vent opening by a vacuum pump. The 

molten resin whose moisture-content has been removed in this 

manner is fed by screw rotation to a metering zone at the 

front end of the second stage, and then to a position in 

front of the screw to store, in a similar manner to an 

injection molding machine having an ordinary mechanism. The 

molten resin thus stored is injected and loaded into a cavity 

by the forward movement of the injection screw after stoppage 

of screw rotation. 

Although, generally the employment of such vent 

type injection unit may allow even a material having a large 

moisture absorption to be molded without the preliminary 

drying, such unit is not applied to all of resins, and with 

respect to the PET, particularly an uncrystallized one, the 

pellet is softened and compressed in a feed zone to cause it 

to be accumulated, whereby the PET in the hopper cannot enter 

the zone, and the biting by the screw becomes extremely poor 

such that the material cannot be fed. As a result, it has 

been quite difficult to perform the injection molding without 

the necessity of the preliminary drying by employing a 

conventional vent type injection unit. 

SUMMARY OF THE INVENTION 
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The present invention is devised to solve problems 

with the above-mentioned conventional PET injection molding, 

and it is an object of the invention to provide a method for 

injection molding the PET by which although a vent type 

injection unit is employed as means for omitting preliminary 

drying, the unit does not develop a poor screw biting, and 

even when a molding material is an uncrystallized or 

crystallized PET, can feed a certain amount of the material 

at all times to injection mold a desired transparent molded 

form such as a preform, and use the preform to produce a 

thin-wall container with a low cost. 

The present invention according to the above­

mentioned purpose employs a vent type injection unit in which 

an injection screw comprising a first stage and a second 

stage is rotatably and movably mounted in a heating cylinder 

having a vent, and limits the feed rate of the material resin 

to a feed zone of the first stage of the vent type injection 

unit in such a manner that the material resin is not 

accumulated due to compression even if the material resin is 

softened to an elastomeric state before reaching a 

compression zone in front of the feed zone. This limitation 

is effected by making the sectional area of the screw groove 

in a receiving zone at the feed zone rear end at which. the 

hopper port of the first stage is located smaller than the 

sectional area of the screw groove in the feed zone, in which 
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condition an uncrystallized or crystallized polyethylene 

terephthalate produced with the preliminary drying omitted is 

loaded in the hopper as a material resin to plasticate and 

inject. 

Although it is preferable that the sectional area 

of the screw groove in the above-mentioned receiving zone 11 

is set to no larger than 3/4 the sectional area of the screw 

groove in feed zone, a smaller sectional area thus set causes 

the feed rate to become lower and the material metering time 

to become longer than is required, so that it is most 

preferable that the former accounts for 2/3 to.1/2 the 

latter. In order to feed faster the PET, the screw is formed 

in a double screw to the halfway position of the compression 

zone, and then in a single screw from the compression zone to 

the metering zone so as to set the screw pitch to a large 

value, thereby making sufficient the stretching of the molten 

resin to improve the vent effect in a vent opening of the 

second zone. 

In addition, the molding is performed in such a 

manner that the heating temperature on the second stage side 

of the heating cylinder is set to a value lower than the 

heating temperature on the first stage side, thereby 

preventing acetaldehyde occurrence due to an overheated 

molten resin. 

The removal of the moisture content in the resin 
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from the above-mentioned heating cylinder is performed by 

being sucked under a reduced pressure by means of a vacuum 

pump, which removal is not interrupted even when injecting 

during operation, and when injecting, the reduced pressure is 

set to a value lower than that when plasticating, thereby 

preventing a vent up due to the forward movement of the 

injection screw. An injection molded preform is immediately 

or later transferred.to a blowing mold, where it can be 

stretch-blow molded into a packaging container such as a 

thin-wall bottle. 

BRXEF DESCRIPTION OF THE DRAWINGS 

Drawings show an example of a vent type injection 

unit capable of performing the injection molding method of 

the present invention, in which: 

Fig. 1 is a schematic longitudinal sectional and 

side view of the vent type injection unit according to the 

present invention, and 

Fig. 2 is an enlarged side view of a screw provided 

in the vent type injection unit of Fig. 1, in which a front 

end thereof is omitted. 

DETAILED DESCRXPTXON OF THE PREFERRED EMBODIMENTS 

In Figs., the numeral 1 indicates an injec~ion 

screw which is rotatably and movably inserted into a heating 
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cylinder 2. The injection screw 1 has a shape such that two 

screws having a deep groove section and a shallow groove 

section are reconnected to each other to form a single screw, 

and has a screw design such that a screw portion 10 located 

in the rear portion of the heating cylinder 2 is made a first 

stage (10), while a screw 20 located in the front portion 

thereof is made a second stage (20). 

The above-mentioned heating cylinder 2 includes a 

vent opening 3 on the wall portion on which the rear portion 

of the second stage zo is located, which opening is enclosed 

and connected with a vacuum pump (whose view is omitted). On 

the rear wall portion on which the rear portion of the first 

stage 10 is located, there is bored a feed port 4, which is 

mounted with a hopper 5 for a PET pellet (hereinafter simp·ly 

called a resin). On the outer periphery of the heating 

cylinder 2 and a nozzle 6, there are provided band heaters, 

though omitted in Figs., for heating a resin fed by screw 

rotation from the above-mentioned feed port 4. 

Both the above-mentioned vent opening 3 and the 

feed port 4 have an opening width with substantially the same 

size as the pitch of the screw they face. 

Fig. 2 shows a screw design of the above-mentioned 

injection screw 1, in which the ratio of the first stage 10 

to the second stage 20 in the overall length L is about 6:4, 

thus the second stage 20 being formed shorter than the first 
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stage 10. The first stage 10 is divided into four zones of a 

receiving zone 11, a feed zone 12, a compression zone 13 and 

a metering zone 14 from the rear end, while the second stage 

20 is divided into three zones of a feed zone 21, a 

compression zone 22 and a metering zone 23 from the rear end. 

In the first stage 10 and the second stage 20, the 

screw is formed in a double screw up to the halfway position 

of the compression zones 13 and 22 except for the metering 

zones 14 and 23, whereby the feed of the material resin to 

the compression zones 13 and 22 by screw rotation is 

performed as fast as possible; while the screw in the 

metering zones 14.and 23 is formed in a single screw to widen 

the screw pitch in order to reduce as small as possible an 

un-uniformity of the molten resin. 

In the first stage 10, the screw pitch P1 of the 

receiving zone 11 is set to a value smaller than the screw 

pitch P2 of the feed zone 12, while the screw pitch P3 of the 

metering zone 14 is set to a value twice the above-mentioned 

screw pitch P2 • The screw pitch of the feed zone 21 and the 

metering zone 23 of the second stage 20 is set in a similar 

manner to the screw pitch of the first stage 10. 

The screw groove depth of the first stage 10 is set 

at the dimensions calculated from the screw groove depth of 

the feed zone 12. In order to limit the feed rate in the 

feed zone 12, the screw groove depth in the above-mentioned 
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receiving zone 11 is set to a shallow depth such that the 

sectional area of the screw groove in relation to the above-

mentioned screw pitch P 1 becomes 2/3 the sectional area of 

the screw groove of the feed zone 12; while the screw groove 

depth in the metering zone 14 is set to a depth shallower 

than in the receiving zone 11 in order to stretch the molten 

resin by screw rotation. 

The screw groove depth in the feed zone 21 of the 

second stage 20 is set to a deepest depth in order to 

vaporize the moisture content in the molten resin by a rapid 

pressure reduction; while the screw groove depth in the 

metering zone 23 is set to a value deeper than in the 

metering zone 14 of the first zone 10, thereby making easy 

the feed of the molten resin by screw rotation. 

To injection mold a molded article such as a 

preform using an uncrystallized PET by employing the vent 

type injection unit having the above-mentioned arrangement, 

first the temperature of the heating cylinder 2 that the 

second stage 20 holds is set to 270°C, and the temperature of 

the heating cylinder 2 that the first stage 10 holds is set 

to 280°C. The undried and uncrystallized PET as a molded 

material is loaded in the above-mentioned hopper 5, and then 

the injection screw 1 is caused to rotate at a high speed 

(100 rpm). The atmospheric pressure of the opening 3 is 

reduced to about -730 mm Hg by the vacu.um pump. 
~~~~~~~~~ 
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The PET in the hopper 5 is fed by screw rotation 

into the receiving zone 11. The feed rate of the PET from 

the receiving zone 11 to the feed zona 12 is limited to a 

value accounting for 2/3 the sectional area of the screw 

groove of the feed zone 12 determined by the above-mentioned 

screw groove sectional area setting, so that the PET in the 

feed zone 12 is not excessively accumulated, and thus even if 

the PET is softened to an elastomeric state, pellets are not 

massed with each other due to compression and not accumulate 

before the resin reaches the compression zone 13. 

The PET softened in the feed zone 12 is compressed 

by the tapered surface of the compression zone 13 to cause it 

to be molten, stretched and temporarily plasticated, so that 

the PET is fed into the second stage 20 whose temperature is 

set to a value lower than the first stage 10. The screw 

groove of the feed zone 21 is formed in a deep groove, so 

that th~ pressure of the molten resin is reduced to cause the 

moisture content in the PET to be vaporized, and the moisture 

content wrapped in the molten PET by screw rotation to b~ 

separated, which moisture content is then sucked and removed 

through the vent opening 3 ·by the vacuum pump. The molten 

PET whose moisture content has been removed in ~his manner is 

fed by screw rotation to the metering zone 23 of the second 

stage 20 and further plasticated, and then fed to a position 

in front of the screw to store, in a similar manner to an 
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injection molding machine having an ordinary mechanism. As 

the molten PET is fed, the injection screw 1 is moved 

backwardly and stopped at a desired position to meter an 

amount required for injection. After metering, the molten 

resin is injected and loaded into a mold ~y forwardly moving 

the injection screw 1. Then the atmospheric pressure of the 

vent opening 3 is changed to about -650 mm Hg and maintained 

by the vacuum pump during injection oper~tion. The 

atmospheric pressure can be easily controlled by taking the 

outer air into a suction line through valve operation. 

The preform thus injection molded was transparent 

similarly to the case where a- preliminary drying is performed 

before injection molding, and has no cloudiness due to 

hydrolysis, and also has an acetaldehyde occurrence within an 

allowable range. 

An example of the specifications of the vent type 

injection unit of the present invention will be shown 

hereinafter: 

Injection screw (double screw) 

Screw length (L) 

Screw outside diameter (D) 

L/D of Screw 

. . 1670 mm 

64 mm 

26 

First stage {Length) {Screw minor dia.) Screw pitch 

Screw 998 mm 
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Receiving zone 128 mm 

Feed zone 646 mm 

Compression 

zone 64 mm 

- 13 -

52.0 mm 32.0 mm 

45.0 mm 38.5 mm 

Metering zone 160 mm 57.2 mm 77.0 mm 

Second stage (Length) (Screw minor dia.) Screw pitch 

Screw 672 mm 

Feed zone 448 mm 

Compression 

zone 64 mm 

Metering zone 160 mm 

Screw revolution speed 

Injection stroke 

. . 

. . 

43.2 mm 

56.0 mm 

100 rpm 

120 mm 

38.5 mm 

77.0 mm 

When the PET is crystallized one, it is softened in 

the feed zone 12 more slowly and transferred to the 

compression zone 13 faster than the uncrystallized PET, 

thereby tending tp be apt to develop an uneven melting. 

However, this problem can be solved by setting the 

compression zone 13 to a length longer somewhat than the 

above-mentioned numerical value. 

The employment of the above-mentioned vent type 

injection unit allows the injection molded preform to be 

molded into a thin-wall packaging container such ~s a bottle 

by the well-known stretch-blow molding. The well-known 
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stretch-blow molding is broadly classified into a molding 

method called the so-called two stage type in which the 

injection molding of the preform and the stretch-blow molding 

of the preform into a container are performed in separate 

processes, and a molding method called the so-called one 

stage type in which the injection molding of the preform 

through the stretch-blow molding of the preform into a 

container are continuously performed, in either of both the 

methods, the PET preform produced by the injection molding 

with the preliminary drying omitted can be molded into a 

thin-wall container as with the PET preform injection molded 

after being dried. 

The following shows molding conditions in a case 

where with an injection molded preform held at its neck to a 

limit in which its shape can be kept, the preform is released 

from a cavity and a core, transferred to a blowing mold when 

the surf ace temperature of the preform is being raised due to 

an internal potential heat, and immediately stretch-blow 

molded to.mold a thin-wall container: 

Material resin UNIPET RY523 (manufactured by Unipet 

Co., Ltd.) 

Molded form flat bottle 

Dimensions overall height 250 mm 

port inside dia. 23.5 mm 
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Dimensions . . 
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length under neck 230 mm 

body outside dia. 90x50 mm 

body wall thickness 0.4 mm 

weight 36 g 

Overall height 142 mm 

port inside dia. 23.5 mm 

length under neck 230 mm 

body wall thickness 2.9 mm 

body upper portion outside dia 28 mm 

body lower end outside dia. 24 mm 

draft 2/122 

Preform molding conditions 

Injection cylinder temperature 

First stage : Front 285°C, middle 285°C, rear 280°C 

Second stage: Front 270°C,· rear 270°C 

Nozzle temperature : 270°C 

Injection mold temperature (set value) 

Cavity mold : l5°C 

Core mold : 1s 0 c 

Injection pressure (dwell) : 75 kg/cm2 

Loading dwell time : 6.0 sec. 

Cooling time : 2.8 sec. 

Releasing temp. : 60 to 70°C (preform surface 

temperature) 

This Sheet. Has Been Rer.laced 
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Stretch-blow molding conditions 

Mold temperature (set value) : 20°c 

REPLACEMENT SHEET 
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Stretch-blowing temperature : 88°C (preform surface 

temperature) 

Blowing pressure (stretching) : 20 kg/cm2 

Blowing time : 2.0 sec. 

Percent of stretch: 

Longitudinal {axial direction) 190 % 

Lateral {radial direction) 360 x 200 % 

As described above, according to the present 

invention, the injection molding of an uncrystallized PET and 

that of a crystallized PET with the preliminary drying 

omitted can be performed by the employment of the vent type 

injection unit, thereby allowing a molded article having 

little hydrolysis to be obtained. A molded article 

developing little acetaldehyde due to overheating is obtained 

so that the uncrystallized PET having a lower commercial 

price can be utilized as a molding material, whereby the 

material cost is reduced and the running cost required for 

the preliminary drying can be saved even for the crystallized 

PET, thereby allowing the price of a packaging container 

using the PET as a material to be reduced. The present 

invention has a further advantage in that the injection 

molding itself requires no complex operation and can be 
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performed by employing conventional molding technologies as 

they are, thereby having a significantly high utility value 

in industrial field. 
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1. A method for injection molding polyethylene 

terephthalate as a material resin which is undried, 

characterized in that a vent type injection unit is employed 

in which an injection screw comprising a first stage and a 

second stage is rotatably and movably mounted in a heating 

cylinder having a vent,. and the feed rate of the material 

resin to a feed zone of the first stage of the vent type 

injection unit is limited in such a manner that the material 

resin is not accumulated due to compression even if the 

material resin is softened before reaching a compression zone 

in front of the feed zone; and that this limitation is 

effected by making a sectional area of the screw groove in a 

receiving zone at the feed zone rear end at which a hopper 

port of the first stage is located smaller than a sectional 

area of the screw groove in the feed zone, in which condition 

an uncrystallized polyethylene terephthalate with the 

preliminary drying omitted is loaded in the hopper as the 

material resin to plasticate and inject. · 

2. A method for injection molding polyethylene 

terephthalate as set forth in claim 1, wherein the sectional 

area of the screw groove in the above-mentioned receiving 

zone is set to no larger than 3/4 the sectional area of the 

screw groove in feed zone, and the screw is formed in a 
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double screw to the halfway position of the compression zone, 

and then in a single screw from the compression zone to the 

metering zone so as to set the screw pitch to a large value, 

thereby making sufficient the stretching of a molten resin to 

improve the vent effect in the vent of the second zone. 

3. A method for injection molding polyethylene 

terephthalate as set forth in claim 1, wherein the removal of 

the moisture content in the resin from the heating cylinder 

is performed by being sucked under a reduced pressure by 

means of a vacuum pump, which removal is not interrupted even 

when injecting during operation, and when injecting, the 

reduced pressure is set to a lower value when plasticating, 

thereby preventing a vent up due to the forward movement of 

the injection screw. 

4. A method for injection molding polyethylene 

terephthalate as set forth in claim 1, wherein the heating 

temperature on the second stage side of the heating cylinder 

is set to a value lower than the heating temperature on the 

first stage side, thereby preventing the molten PET from 

being overheated. 

5. A method for injection molding polyethylene · 

terephthalate as set forth in claim 1, wherein the molding 

This Sheet Has Been R~placed 
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material is a crystallized polyethylene terephthalate 

produced with preliminary drying omitted. 

6. A method for injection molding polyethylene 

terephthalate as set forth in claim 1, wherein a molded 

article is a preform of a thin-wall packaging container 

molded by stretch-blow molding. 

This Sheet- Has Been Replaced 
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METHOD FOR INJECTION MOLDING POLYETHYLENE TEREPHTHALATE 

ABSTRACT 

A method for injection molding polyethylene 

terephthalate by employing a vent type injection unit as 

means for omitting preliminary drying the resin, wherein the 

unit does not develop a poor screw biting, and even when a 

molding material is an undried uncrystallized or crystallized 

PET, can feed a certain amount of the material at all times 

to injection mold a desired transparen~ molded form such as a 

preform, and use the preform to produce a thin-wall container 

with a low cost. 

FIGURE 2. 
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POLYETHYLENETEREPHTHALATE l OS JUL 1191 I 
BACKGROUND OF THE INVENTION 

I. Field of the Invention 
The present invention relates to a method for injection 

molding an uncrystallized or crystallized polyethylene 
terephthalate into a desired molded form such as preform, 
with pre-drying omitted. 

2. Background An 
A pellet of the polyethylene terephthalate (PET) produced 

by bulk polymerizing of ethylene glycol with terephthalic 
acid or dimethyl t~rephthalate is an uncrystallized and 
transparent material. The PET whose moisture content does 
not reach an equilibrium has further moisture-absorption 
characteristics and thus when the PET is molten in a 
moisture absorbed condition, a hydrolysis develops· to pre­
vent the PET from being molded. 

An uncrystallized PET pellet, when heated to a tempera­
ture above its glass transition point (Tg), becomes softened 
somewhat to have.an adhesive characteristics. The adhesive 
characteristics causes the PET pellets to be poorly bitten into 
by a screw and thus not to be fed when molding. On the 
other hand, a crystallized PET pellet, even at a temperature 
above its Tg, is not softened, thereby keeping its hardness 
and having no adhesive characteristics. 

Thus, material manufacturers dry an uncrystallized PET 
pellet at a temperature of 150° to 160° C. co produce a 
dehumidified and crystallized PET pellet which is sold as a 
commercially available molding material. This causes the 
ordinary and commercially available PET to become more 
expensiv~ than an uncrystallized PET. The uncrystallized 
PET, Y,hich ha! been sold by some of material m.anufactur-
ers, h~· to be dried to effect dehumidification and crystal-
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lization by molding manufacturers before use. Therefore, the 
crystallized PET described herein means a dried commer­
cially available product, while the uncrystallized PET means 
an undried product. In molding a product using the PET as 
a material, even the crystallized PET has moisture-absorp­
tion characteristics and thus absorbs moisture to some extent 
varying with control conditions before it is used as a 
molding material; thus it is customary to dry preliminarily 
the PET immediately before molding. 

It t~es about four hours to accomplish the preliminary 
drying at a temperature of 150° C. Both the increased usage 
of material per hour to improve molding cycle efficiency, 
and the prevention of a shortage of fed material during a 
long time operation causes a dcyer installed to an injection 
molding machine to become inevitably large in size and the 
power consumption required for drying to tend to increase. 
Problems exist in that it takes a lot of time to make 
preparations before the molding operation, and that a mal­
functioned dryer affects seriously the molding operation. 

Injection molding means omitting the preliminary drying 
can be devised. As such molding means, there has been 
known a vent type molding machine in which an injection 
screw in a heating cylinder is divided into a first stage and 
a second stage, and the moisture content in a molt~ resin in 
the first stage is removed to the outside through a vent 
opening provided between both the stages. 

In this well-known vent type molding machine, the screw 
groove of a feeding zone of the first stage leading from the 
rear end at which a hopper is located to a metering zone at 
the front end is formed in a deep groove; pellets of the 

material resin fed from the hopper in a humid condition are 
molten due to shearing heat and compression while being 
sequentially fed by screw rotation; and then the groove leads 
through the metering zone having a shallow groove to the 
second stage. 

liUiilii1~i1Mr 
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e screw groove in the second stage is formed in a deep 
groove~ so that when the molten resin is transferred to the 
groove~ the pressure of the molten resin is reduced due co che 
rapid increase in the groove depth of the screw to cause the 
moisture content in the resin to be vaporized, and the 
moisture content in the resin by screw rotation to be sepa­
rated, which moisture content is then sucked and removed 
through the vent opening by a vacuum pump. The molten 
resin whose moisture content has been removed in this 
manner is fed by screw rotation to a metering zone at the 
front end of the second stage, and then to a position in front 
of the screw to a store, in a similar manner to an injection 
molding machine having an ordinary mechanism. The mol­
ten resin thus stored is injected and loaded into a cavity by 
the forward movement of the injection screw after stoppage 
of screw rotation. · 

Although generally the employment of such vent type 
injection unit may allow even a material having a large . 
amount of moisture absorption to be molded without the 
preliminary drying,. such unit is not applied to all resins, and 
with respect to the PET, particularly an uncrystallized one, 
the pellet is softened and compressed in a feed zone to cause 
it to be accumulated .. whereby the PET in the hopper cannot 
enter the zone, and the biting ·by the screw becomes 
extremely poor such that the material cannot be fed. As a 
result, it has been quite difficult to perform inja:tion molding 
without the necessity of the preliminary drying by employ­
ing a conventional vent type injection unit. 

SUM!v!ARY OF THE INVENTION 

The present invention is devised to solve problems with 
the above-mentioned conventional PET injection molding, 
and it is an object of the invention to provide a method for 
injection molding the PET by which although a vent type 
injection unit is employed as means for omitting preliminary 
drying, the unit does not develop a poor screw biting, and 

. even when a molding material is an uncrystallized or crys­
_ .. · ·ta.nized PET, it can feed a certain amount of the material at 

all times to injection mold a desired transparent molded 
form such as a preform, and use the preform to produce a 

~~~~~~~~ 

thin-wall container with a low cost. 
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The present invention according to the above-mentioned 
purpose employs a vent type injection unit in which an 
injection screw comprising a first stage and a second stage 
is rotatably and movably mounted in a heating cylinder 
having a vent, and limits the feed rate of the material resin 
to a feed zone of the first stage of the vent type injection unit 
in such a manner that the material resin does not accumulate 
due to compression even if the material resin is softened to 
an elastomeric state before reaching a compression zone in 
front of the feed zone. This limitation is effected by making 
the sectional area of the screw groove in a receiving zone at 
the feed zone rear end at which the hopper port of the first 
stage is located smaller than the sectional area of the screw 
groove in the feed zone, in which condition an uncrystallized 
or crystallized polyethylene terephthalate produced with the 
preliminary drying omitted is loaded in the hopper as a 
material resin to be plasticated and injected. 

Although it is preferable that the sectional area of the 
screw groove in the above· mentioaed receiving zone 11 is 
set to no larger than * the sectional area of the screw groove 
in feed zone, a smaller sectional area thus set causes the feed 
rate to become lower and the material metering time to 
become longer than is required, so that it is most preferable 
that the former accounts for ¥J to V.E the latter. In order to feed 
the PET faster, the screw is formed in a double screw to the 
halfway position of the compression zone, and then in a 
single screw from the compression zone to the metering 
zone so as to set the screw pitch to a large value9 thereby 
making the stretching of the molten resin sufficient to 

. improve the vent effect in a veat opening of the second zone. 
In addition, the molding is performed in such a manner 

that the heating temperature on the second stage side of the 
heating cylinder is set to a value lower than the heating 
temperature on the first stage side, thereby preventing acetal­
dehyde occurrence due to an overheated molten resin. 
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The removal of the moisture content in the resin from the 

above-mentioned heating cylinder is performed by being 
su<;ked under a reduced pressure by means of a vacuum 
pump, which removal is not interrupted even when injecting 
during operation, and when injecting, the reduced pressure 
is set to a value lower than that when plasticating, thereby 
preventing a vent up due to the forward movement of the 
injection screw. An injection molded preform is immediately 
or later transferred to a blowing mol~ where it can be 
stretch-blow molded into a packaging container such as a 
thin-wall bottle. · 

BRIEF DESCRIPTION OF THE DRAWINGS 

Drawings show an example of a vent type injection unit 
capable of performing the injection molding method of the 
present invention,. in which: 

FIG. 1 is a schematic lon.gitudinal sectional. and side view 
of the vent type injection unit according to the present 
invention, and 

FIG. 2 is an enlarged side view of a screw provided in the 
vent type injection unit of FIG. 1, in which a front end 
thereof is omitted. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODnvtENTS 

·In the Figures, the numeral 1 indicates an injection screw 
which is rotatably and movably inserted into a heating 
cylinder 2. The injection serew 1 has a shape such that two 
screws having a deep groove section and a shallow groove 
section are· connected td each other to form a single screw, 
and has a screw design such that a screw portion 10 located 
in the rear portion of the heating cylinder 2 comptjses a tint 
stage (10), while a screw 20 located in the front portion 
thereof comprises a second stage (20). 

Iii 1lilf U1li1Uli . 
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The above-mentioned heating cylinder 2 includes a vent 

opening 3 on the wall portion on which the rear portion of 

the second stage 20 is located, which opening is enclosed 
and connected with a vacuum pump (whose view is omit­

ted). On the rear wall portion on which the rear portion of 

the first stage 10 is located, there is bored a feed port 4, 
which is mounted with a hopper 5 for PET pellets (herein­

after simply called a resin). On the outer periphery of the 
heating cylinder 2 and a nozzle 6, there are provided band 
heaters, though omitted in Figs., for heating the resin fed by 

screw rotation from the above-mentioned feed port 4. 

Both the above-mentioned vent opening 3 ·and the feed 

port 4 have an opening width with substantially the same 

size as the pitch of the screw they face. 

FIG. 2 shows a screw design of the above-mentioned 
injection screw 1, i~ which the ratio of the first stage 10 to 
the second stage 20 in the overall length Lis about 6:4, thus 

the second stage 20 is formed shorter than the first stage 10. 

The first stage 10 is divided into four zones which are, from 

the rear, a rccci ving zone 11, a feed zone 12, a compression 
zone 13 and a metering zone 14, while the second stage 20 

is divided into three zones from the rear which are a feed 

zone 21, a compression zone 22 and a metering zone 23. 

In the first stage 10 and the second stage 20, the screw is 

formed in a double screw up to the halfway position of the 
compression zones 13 and 22 except for the metering zones 

14 and 23t whereby the feed of the material resin to the 

compression zones 13 and 22 by screw rotation is perfoaned 

as fast as possible; while the screw in the metering zones 14 

and 23 is formed in a single screw to widen the screw pitch 

in order to reduce as small as possible an non-uniformity of 

the molten resin. 

In the first stage 10, the screw pitch P 1 of the receiving 
zone 11 is set to a value smaller than the screw pitch P2 of 

the feed zone 12, while the screw pitch P 3 of the metering 

zone 14 is set to a value twice the above-mentioned screw 
pitch P 2• The screw pitch of the feed zone 21 and the 

metering zone 23 of the second stage 20 is set in a similar 

manner to the screw pitch of the first stage 10. --------

iirlW1Di1ii1nr 
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The screw groove depth in the feed zone 21 of the second 

stage 20 is set to a deepest depth in order to vaporize the 
moisture content in the molten resin by a rapid pressure 
reduction; while the screw groove depth in the metering 
zone 23 is set to a value deeper than in the metering zone 14 
of the first zone 10, thereby making easy the feed of the 
molten resin by ·screw rotation. 

To injection mold a molded article such as a preform 
using an uncrystallized PET by employing the vent type 
injection unit having the above-mentioned arrangement. first 
the temperature of the heating cylinder 2 containing the 
second stage 20 is set to 270° C., and the temperature of the 
heating cylinder 2 containing the first stage 10 holds is set 
to 280° C. The undried and unccystallized PET as a molded 
material is loaded" in the above-mentioned hopper 5, and 
then the injection screw 1 is caused to rotate at a high speed 
(100 rpm). The pressure of the opening 3 is reduced to about 
-730 mm Hg by the vacuum pump. 

The PET in the hopper S is fed by screw rotation into the 
receiving zone ll. The feed rate of the PET from the 
receiving zone 11 to the feed zone- 12 is limited as a result 
of the sectional areas of the zones, so that the PET in the feed 
zone 12 does not excessively accumulate, and thus even if 
the PET is softened to an elastomeric state, pellets are not 
massed with each other due to compression and not accu­
mulate before the resin reaches the compression zone 13. 

The PET softened in the feed zone 12 is compressed by 
the tapered surface of the compxcssion zone 13 to cause it to 
be molten, stretched and temporarily plasticated, so that the 
PET is fed into the second stage 20 whose temperature is set 

to a value lower than the first stage 10. The screw groove of 
the feed zone 21 is formed in a deep groove. so that the 
pressure of the molten resin is reduced to cawie the moisture 
content in the PET to vaporize, and the moisrure content in 
the molten PET to be separated therefrom. which moisture 
content is then sucked and removed through the vent open­
ing 3 by the vacuum pump. The molten PET whose moisture 
content has been removed in this manner is fed by screw 
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rotation to the metering zone-23 of the second stage 20 and 
further plasticated, and then fed to a position in front of the 
screw to a store, in a similar manner to an injection molding 
machine having an ordinary mechanism. As the molten PET 
is fed, the injection screw l is moved backwardly and 
stopped at a desired position to meter an amount required for 
injection. After ·metering, the molten resin is injected and 
loaded into a mold by forwardly moving the injection screw 
1. Tnen the pressure of the vent opening 3 is changed to 
about -650 mm Hg and maintained by the vacuum pump 
during the injection operation. The atmospheric pressure can 
be easily controlled by taking the outer air into a suction line 
through valve operation. 

The preform thus injection molded was transparent simi­
lar to the case where a preliminary drying is performed 
before injection molding, and has no cloudiness due to 
hydrolysis, and also has an acetaldehyde content within an 
allowable range. 

An ex.ample of the specifications of the vent type injection 
unit of the present invention will be shown hereinafter: 

Injection screw (double screw) 

Screw length (L) 1670 mm 
Screw outside diameter (D) 64 mm 
LJD of Screw 26 

(Length) . (Screw minor dia.) Sacw pitch 

FU"St staa.Pe 

Screw 998 mm 
Receiving zone 128mm 52.0mm 32.0 mm 
F~ zoru: 646.mm 4,.o mm 38 . .5 mm 
Compression 64inm 
zone 
Metering zone 160mm 57.2mm 77.0 mm 
Second stage 

Screw 672mm 
Feed zoae 448mm 43.2mm 38 . .l mm 
Compression 64mm 
:zor.e 
Metering zone L60'mm S6.0 mm 71.0 mm 

Screw revolution speed 100 rpm 
120mm 
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When the PET is crystallized it is softened in the feed 
zone 12 more slowly and transferred to the compression 
zone 13 faster than the uncrystallized PET, thereby tending 
to develop an uneven melting. However, this problem can be 
solved by setting the compression zone 13 to a length 
somewhat longer than the above-mentioned numerical 
value. 

The employment of the above-mentioned vent type injec­
tion unit allows the injection molded preform to be molded 
into a thin-wall packaging container such as a bottle by the 
well-known stretch-blow molding. The well-known stretch­
blow molding is broadly classifieq into a so-called two stage 
type in which the injection molding of the preform and the 
stretch-blow molding of the pref onn into a container are 
performed in separate processes, and a so-called one stage 

type in which the injection molding of the prefonn through 
the stretch-blow molding of the preform into a container are 
continuously performed. In either of both the methods, the 
PET preform produced by the injection molding with the 
preliminary drying omitted can be molded into a thin-wall 
container in the same manner as with the PET preform 
injection molded after being dried. 

The following shows molding conditions in a case where 
with an injection molded preform held at its neck to a limit 
in which its shape can be kept, the preform is released from 
a cavity and a core, transfem;d to a blowing mold when the 
surface temperature of the preform is being raised due to an 
internal potential heat, and immediately stretch-blow 
molded to mold a thin-wall container: 
Material resin: UNIPET RY523 (manufactured by Unipet 

Co., Ltd.) 
Molded form: fiat bottle 

Dimensions: 
overall height 250 mm 
port inside dia. 23.5 mm 
length under neck 230 mm 
body outside dia. 90x50 mm 
body wall thickness 0.4 mm 
weight 36 g 
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Dimensions: 
Overall height 142 mm 
port ioside dia.. 23.5 mm 
length under neck 122 mm · 
body wall thickness 2.9 mm 
body upper portion outside dia 28 mm 
body lower end outside dia. 24 mm 
draft 2/122 . 

Preform molding conditions 
Injection cylinder temperatµre 

REPLACEMEMT SMfe:T 
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First stage: Front 285° C., middle 285° C., rear 280° C. 
Second stage: Front 270° C., rear 270° C. 
Nozzle temperature: 270° C. --------
Injection mold temperature (set value) 
Cavity mold: 15° C. 
Core mold: 15° C. 
Injection pressure (dwell): 75 kglcm2 

Loading dwell time: 6.0 sec. 
Cooling time: 2.8 sec. 
Releasing temp~: 60° to 70° C. (preform surface tempera­

ture) 
Stretch-blow molding conditions 

Mold temperature (set value): 20° C. 
Stretch-blowing temperature: 88° C. (preform snrface 
· · temperature) 

Blowing pressure (stretching): 20 kg/cm.2 

Blowing time: 2. 0 sec. 
Percent of stretch: 

Longitudinal (axial direction): 190% 

Lateral (radial direction): 360X200% 
As described above, according to the present invention, 

the injection molding of an uncrystallized PET and that of a 
crystallized PET with the preliminary drying omitted can be 
performed by the employment of the vent type injection unit, 
thereby allowing a molded article having little hydrolysis to 
be obtained. A molded article having developing little 
acetaldehyde due to overheating is obtained so that unays­
tallized PET having a lower commercial price can be utilized 
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as a molding material, whereby the material cost is reduced 
and the running cost required for the preliminary drying can 
be saved even using the crystallized PET, thereby allow~ng 
the price of a packaging container made from the PET as a 
material to be reduced. The present invention has a further 
advantage in that the injection molding itself requires no 
complex operation and can be performed by employing 
conventional molding technologies, thereby having a sig­
nificantly high utility value in this industrial field. 

What is claimed is: 
1. A method of injection molding an undried polyethylene 

terephthalate employing a vent-type injection unit com.pris­
ing a heating cylinder having an inside wall, a vent, a hopper 
and an injection screw rotatably and movably mounted in . 
the. cylinder, the length of said injection screw being divided ; 
into sequential first and second stages, each of said first and 
second stages being divided in sequence into a feed zone, a 
compression zone and a metering zone, said first stage also 
having a receiving zone connected ro said feed zone of said 
first stage and receiving said undried polyethylene tereph­
thalate from the hopper, said vent being located at a position 
corresponding to the feed zone of the second stage, said 
method comprising 

providing said undried polyethylene terephthalare in said 
hopper, 

causing said screw to rotate to thereby convey any poly­
ethylene terephthalate present in the area between said 
injection screw and the inside wall of the heating 
cylinder, 

receiving said polyethylene terephthalate in the receiving 
zone of the first stage from the hopper, 

feeding and plasticizing said polyethylene terephthalate, 

wherein the feeding rate of the polyethylene terephthalate 
is limited by an arrangement such that the depth of the 
screw groove in the receiving zone is shallower than 
the depth of the screw groove in the feed zone, thus 
making an area available between two adjacent screw 
flights for molding the polyethylene tcrephthalate 
smaller in the receiving zone than in the feed zone of 
said first stae:e. and --------
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as a molding rnatcriat whereby the material cost is reduced 
and the running cost required for the preiimfr1ary drying can 
be saved even using the crystallized PET, thereby allowlng 
the price of a packaging container made from the PET as a 
material to be reduced. The present invention ha-s a further 
advantage in that the injection molding itself requires no 
complex operation and ca.11 be performed by employing 
conventional molding technologies, thereby having a sig­
nificant! y high utility value in this L.1dustrial field. 

What is claimed is: · 
1. A method of injection molding an undried polyethylene 

terephthalate empioying a vent-type injection unit com.pris­
ing a heating cylinder having an inside wall, a vent~ a hopper 
and an injection screw rotatably and movably mounted in 
the cylinder, the length of said injection screw being divided ' 
into sequential first and second stages, each of said first and 
second stages being divided in sequence into a feed zone, a 
compression zone and a metering zone, said first stage also . 
having a receiving zone connected ro said feed zone of said 
first stage and receiving said undried polyethylene tereph­
thalate from the hopper, said vent being located at a position 
corresponding to the feed zone of the second stage, said 
method comprising 

providing said undried polyethylene ~rephthalace in said 
_R_F_'l.~,~-GE_M_E_NT-_-S-HE_E_T1 hopper, 

. i .. , ... ·:·
0
_-

5
-·-JU-L. ~7 causing said screw to rotate to thereby convey any poly­

ethylene terephthalate present in the area between said 
· injection screw and t.11e inside wall of the heating 

·cylinder, 

receiving said polyethylene ter~phthalate in the receiving 
zone of the first stage from the hopper, 

feeding and plasticizing said polyethylene terephthalate, 

wherein the feeding rate of the polyethylene terephthalate 
is limited by an ·arrangement such that the depth of the 
screw groove in the receiving zone is shallower than 
the depth of the screw groove in the feed zone, thus 
making an area available between two acljacent screw 
flights for molding the polyethylene tercphthalatc 
smaller in the recei Ying zone than in the feed zone of 
said first Stal?e. and -------- I 
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removing volatile substances from the polyethylene 
terephthalate through the vent 

2. A method of injection molding an undried polyethylene 
terephthalate according to claim 1, wherein said area avail­
able for said polyethylene terephtbalate in said receiving 
zone is not more than * of said area available for said 
polyethylene terephthalate in said feed zone of the first 
stage, and wherein the injection screw in said receiving zone 
of the first stage, in each of said feeding zones of said first 

and second stages and in the first half of each of said 
compression zones of said first and second stages is formed 
in a double screw, and the injection screw in an area from 
said first half of each of said~compression zones of said first 
and second stages to each of said metering zones of said first 
and second stages is formed in a single- screw so as to 
effectively mix and stretch the plasticized polyethylene 
terephthalate. 

3. A method of injection molding an undried polyethylene 
terephthalate to claim 1, wherein a reduced pressure is 
established at s~d vent whereby moisture contained in said 
undried polyethylene terephthalate is removed from said 
vent-type injection unit and extent of the reduced pressure is 
varied during the injection molding to a lower value . 

. ... · 4. A mechod for injection molding an undried polyethyl-. 
ene terephthalate as set forth in claim 3, wherein the heating 
cylinder is heated such that the temperature in the first stage 
is greater than the temperature in the second stage. 

S. A method for injection molding an undried polyethyl­
ene terephthalatc .as set forth in claim 4, wherein the an 
undried polyethylene terephthalate is undried, crystallized 
polyethylene terephthalate. 

6. A method for injection molding an undried polyethyl­
ene terephthalate as set forth in claim 4, wherein the undried 
polyethylene terephthalate is uncrystallized polyethylene 
terephthalate. 

7. A method for injection molding an undried polyethyl­
ene terephthalate as set forth in claim 1, wherein a prefonn 
of a thin-wall packaging container to be molded by stretch-
blow molding is injection molded. ~--------



\ \ll\11\ \\\I\\ Ill\\ \\1\1 \\ \'I\ ' 
* C L M S 

- 13 -
REPLACEMENT SHEET 

L 05 JUL 1111 l 

8. A method of injection molding an undried polyethylene 
terephthalate to claim 1, wherein a reduced pressure is 
established at said vent whereby moisture contained in said 
undried polyethylene terephthalate is removed from said 
vent-type injection unit and extent of the reduced pressure is 
varied during the injection mo1rliog to a lower value. 

9. A method for injection molding an undried polyethyl­
ene terephthalate as set forth in claim 1, wherein the heating 
cylinder is heated such that the temperature in the first stage 
is greater than the temperature in the second stage. 

10. A method for invention molding an undried polyeth­
ylene terephthalate as set forth in claim 1, wherein the 
undried polyethylene terephthalate is undrie4 crystallized 
polyethylene terephthalate. 

11. A method for injection molding an undried polyeth­
ylene. terephthalate as set forth in claim l, wherein the 
undried polyethylene terephthalace is uncrystallized poly-
ethylene terephthalate. · 
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METHOD FOR INJECTION MOLDING POLYETHYLENE 

TEREPHTHALATE 

ABSTRACT 

A method for injection molding polyethylene terephthalate 
by em.ploying a· vent type injection unit as means for 
omitting preliminary drying the resin, wherein the unit 
does not develop a poor screw bitting, and even when the 

molding material is undried uncrystallized or crystallized 

PET, can feed a certain amount of the material at all times 
to injection mold a desired transparent molded form. such as 
a preform., and use the preform. to produce a thin-wall 
container at a low cost. 

FIGURE 1. 
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"METHOD FOR INJECTION MOLDING 
POLYETHYLENETEREPHTHALATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for inj~ction 

molding an uncrystallized or crystallized polyethylene 
terephthalate into a desired molded form such as prefonn, 
with pre-drying omitted. 

2. Background Art. 
A pellet of the polyethylene terephthalate (PET) produced 

by bulk polymerizing of ethylene glycol _with terephthalic 
acid or dimethyl terephthalate is an uncrystallized and 
transparent material. The PET whose moisture content does 
not reach an equilibrium has further moisrure-absorption 
characteristics and thus when the PET is molten in a 
moisture absorbed condition, a hydrolysis develops to pre­
vent the PET from being molded. 

An uncrystallized PET pellet, when heated to a tempera­
ture above its glass transition point (Tg), becomes softened 
somewhat to have.an adhesive characteristics. The adhesive 
characteristics causes the PET pellets to be poorly bitten into 
by a screw and thus not to be fed when molding. On the 
other hand, a crystallized PET pellet, even at a temperature 
above its Tg, is not softened, thereby keeping its hardness 
and having no adhesive characteristics. 

Thus, material manufacturers dry an uncrystallized PET 
pellet at a temperature of 150° to 160° C. to produce a 
dehumidified and crystallized PET pellet which is sold as a 
commercially available molding material. This causes the 
ordinary and commercially available PET to become more 
expensive than an uncrystallized PET. The uncrystallized 
PET, which bas been sold by some of material manufactur­
ers, has to be dried to effect dehumidification and crystal-
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lization by molding manufacturers before use. Therefore, the 
crystallized PET described herein means a dried commer­
cially available product, while the uncrystallized PET means 
an undried product. In molding a product using the PET as 
a material, even the crystallized PET bas moisture-absorp­
tion characteristics and thus absorbs moisture to some extent 
varying with control conditions before it is used as a 
molding material; thus it is customary to dry preliminarily 
the PET immediately before molding. 

It takes about four hours to accomplish the preliminary 
drying at a temperature of 150g C. Both the increased usage 
of material per hour to improve molding cycle efficiency, 
and the prevention of a shortage of fed material during a 
long time operation causes a dryer installed to an injection 
molding machine to become inevitably large in size and the 
power consumption required for drying to tend to increase. 
Problems exist in that it takes a lot of time to make 
preparations before the molding operation, and that a mal­
functioned dryer affects seriously the molding operation. 

Injection molding means omitting the preliminary drying 
can be devised. As such molding means, there has been 
known a vent type molding machine in which an injection 
screw in a heating cylinder is divided into a first stage and 
a second stag~, and the moisture content in a molten resin in 
the first stage is removed to the outside through a vent 
opening provided between both the stages. 

In this well-known vent type molcliag machine, the screw 
groove of a feeding zone of the first stage leading from the 
rear end at which a hopper is located to a metering zone at 
the front end is farmed in a deep groove; pellets of the 

material resin fed from the hopper in a humid condition are 
molten due to shearing heat and compression while being 
sequentially fed by screw rotation; and then the groove leads 
through the metering· zone having a shallow groove co the 
second stage. 
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The screw groove in the second stage is formed in a deep 
groove~ so that when the molten resin is lransferred to the 
groove~ the pressure of the molten resin is reduced due to the 
rapid increase in the groove depth of the screw to cause the 
moisture content in the resin to be vaporized, and the 
moisture content in the resin by screw rotation to be sepa­
rated,. which moisture content is then sucked and removed 
through the vent opening by a vacuum pump. The molten 
resin whose moisture content has been removed in this 
manner .is fed by screw rotation to a metering zone at the 
front end of the second stage, and then to a position in front 
of the screw to a store, in a similar manner to an injection 
molding machine having an ordinary mechanism. The mol­
ten re.sin thus stored is injected and loaded into a cavity by 
the forward movement of the injection screw after stoppage 
of screw rotation. 

Although generally the employment of such vent type 
injection unit may allow even a material having a large 
amount of moisture absorption to be molded without the 
preliminary drying, such unit is not applied to all resins, and 
with respect to the PET, particularly an uncrystallized one, 
the pellet is softened and compressed in a feed zone to cause 
it to be accumulated .. whereby the PET in the hopper cannot 
enter the zone, and the biting by the screw becomes 
extremely poor such that the material cannot be fed. As a 
result. it has been quite difficult to perform injection molding 
without the necessity of the preliminary drying by employ­
ing a conventional vent type injection unit. 

SUMMARY OF TI1E INVENTION 

The preseat invention is devised to solve problems with 
the above-mentioned conventional PET injection molding, 
and it is an object or the invention to provide a method for 
injection molding the PET by which although a vent type 
injection unit is employed as means for omitting preliminary 
dryiag, the unit does not develop a poor screw biting, and 
even when a molding material is an uncrystallized or crys­
tallized PET. it can feed a certain amount of the material at 
all times co injection mold a desired transparent molded 
form such as a prefonn, and use the prefonn to produce a 
thin-wall container with a low cost. 
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The present invention according to the above-mentioned 
purpose employs a vent type injection unit in which an 
injection screw comprising a first stage and a second stage 
is rotatably and movably mounted in a heating cylinder 
having a vent, and limits the feed rate of the material resin 
to a feed zone of the first stage of the vent type injection unit 
in such a· manner that the material resin does not accumulate 
due to compression even if the material resin is softene~ to 
an elastomeric state before reaching a compression zone in 
front of the feed zone. This limitation is eff ecced by making 
the sectional area of the screw ·groove in a receiving zone at 
the feed zone rear end at which the hopper port of the first 
stage is located smaller than the sectional area of the screw 
groove in the feed zone, in which condition an uncrystallized 
or crystallized polyethylene terephthalate produced with the 
preliminary drying omitted is loaded in the hopper as a 
material resin to be plasticated and injected. 

Although it is preferable that the sectional area of the 
screw groove in the above-mentioned receiving zone 11 is 
set to no larger than * the sectional area of the screw groove 

in feed zone, a smaller sectional area thus set causes tbc feed 
rate to become lower and the material metering time to 
become longer than is required, so that it is most preferable 
that the former accounts for ~ to ~ the latter. In order to feed 
the PET faster, the screw is formed in a double screw to the 
halfway position of the compression zone, and then in a 
single screw from the compression zone to the metering 
zone so as to set the screw pitch to a large value, thereby 
making the stretching of the molten resin sufficient to 
improve the vent effect in a vca.t opening of the second zone. 

[n addition, the molding is performed in such a manner 
that the heating temperature on the second stage side of the 
heating cylinder is set to a value lower th.an the heating 
temperature on the first stage side, thereby preventing acetal­
dehyde occurrence due to an overheated molten resin. 
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The removal of the moisture content in the resin from the 
above-mentioned heating cylinder is performed by being 
sucked under a reduced pressure by means of a vacuum 
pump, which removal is not interrupted even when injecting 
during operation, and when injecting, the reduced pressure 
is set to a value lower than that when plasticating, thereby 
preventing a vent up due· to the forward movement of the 
injection screw. An injection molded preform is immediately 
or later transferred to a blowing mold, where it can be 
stretch-blow molded into a packaging container such as a 
thin-wall bottle. · 

BRIEF DESCRIPTION OF THE DRAWINGS 

Drawings show an example of a vent type injection unit 
capable of performing the injection molding method of the . 
present inventi~n, in which: 

FIG. 1 is a schematic longitudinal sectional and side view 
of the vent type injection unit according to the present 
mvention, and 

FIG. 2 is an enlarged side view of a screw provided in the 
vent type injection unit of FIG. l, in which a front end 
thereof is omitted. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODI1\1ENTS 

·In the Figures, the numeral 1 indicates an injection screw 
which is rota.tably and movably inserted into a heating 
cylinder 2. The injection screw 1 has a shape such that two 
screws having a deep groove section and a shallow groove 
section are· connected to each other to form a single screw, 
and bas a screw design such that a screw portion 10 located 
in the rear portion of the heating cylinder 2 comprises a first 
stage (10), while a screw 20 located in the front portion 
thereof comprises a second stage (20). 
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The above-~entioned heating cylinder 2 includes a vent 

·opening 3 on the wall portion on which the rear portion of 
the second stage 20 is located, which opening is enclosed 
and connected with a vacuum pump (whose view is omit­
ted). On the rear wall portion on which the rear portion of 
the first stage 10 is locate~ there is bored a feed port 4, 
which is mounted with a hopper 5 for PET pellets (herein­
after simply called a resin). On the outer periphery of the 
heating cylinder 2 and a nozzle 6, there are provided band 
heaters, though omitted in Figs., for heating the resin fed by 
screw rotation from the above-mentioned feed port· 4. 

Both the above-mentioned vent opening 3 ·and the· feed 
port 4 have an opening width with substantially the same 
size as the pitch of the screw they face. 

FIG. 2 shows a screw design of the above-mentioned 
injection screw 1, in which the ratio of the first stage 10 to 
the second stage 20 in the overail length Lis about 6:4, thus 
the second stage 20 is formed shorter than the first stage 10. 
The first stage 10 is divided into four zones which arc, from · 
the rear, a rccci ving zone 11, a feed zone 12, a compression 
zone 13 and a metering zone 14, while the second stage 20 
is divided into three zones from the rear which are a feed 
zone 21, a compression zone 22 and a metering zone 23. 

In the first stage 10 and the second stage 20, the screw is 
foaned in a double screw up to the halfway position of the 
compression zones 13 and 22 except for the metering zones 
14 and 23, whereby the feed of the material resin to the 
compression zones 13 and 22 by screw rotation is petfoaned 
as fast as possible; while the screw in the metering zones 14 
and 23 is formed in a single screw to widen the screw pitch 
in order to reduce as small as possible an non-uniformity of 
the molten resin. 

In the first stage 10, the screw pitch P 1 of the receiving 
zone 11 is set to a value smaller than the screw pitch P2 of 
the feed zone 12, while the screw pitch P 3 of the metering 
zone 14 is set to a value twice the above-mentioned screw 
pitch P 2• The screw pitch of the feed zone 21 and the 
metering zone 23 of the second stage 20 is set in a similar 
manner to the screw pitch of the first stage 10. 
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The screw groove depth of the first stage 10 is set at the 
<µmension calculated from the screw groove depth of the 
feed zone 12. In order to limit the feed rate in the feed zone 
12, the screw groove depth in the above-mentioned receiv­
ing zone 11 is set to a shallow depth such that the sectional 
f1Iea of the screw groove in relation to the above-mentioned 
screw pitch P 1 becomes ;J the sectional area of the screw 
groove o~ the feed zo~e 12; while the screw groove depth- in 
the :z:i:teang zone 14 is set to a depth shallower than in the 
xcce1vmg zone 11 in order to stretch the molten resin by 
screw rotation. 

The screw groove depth in the feed zone 2i of the second 
stage 20 is set to a deepest depth in order to vaporize the 
moisture content in the molten resin by a rapid pressure 
reduction; while the screw groove depth in the metering 
zoae 23 is set to a value deeper than in the metering zone 14 
of the first zone 10

7 
thereby making easy the feed of the 

molten resin by screw rotation. 
To injection mold a molded article such as a prefotm 

using an uncrystallized PET by employing the vent type 
injection unit having the above-mentioned anangement, first 
the tempetature of the heating cylinder 2 containing the 
second stage 20 is set to 270° C.7 and the temperature of the 
heating cylinder 2 conrajning the first stage 10 holds is set 
to 280° C. The undried and unceystallized PET as a molded 
material is loaded" in the above-mentioned hopper S, and 
then the injection screw 1 is caused to rotate at a high speed 
(100 rpm). The pressure of the opening 3 is reduced to about 
-730 mm Hg by the vacuum pump. 

The PET in the hopper S is fed by screw rotation into the 
receiving zone 11. The feed rate of the PET from tb.e 
receivin£ zone 11 to the feed zone· 12 is limited as a result ... 
of the sectional areas of the zones7 so that the PET in the feed 
zone 12 does not excessively accumulate, and thus even if 
the PET is softened to an elastomeric state, pellets are not 
massed with each other due to compression and not accu­
mulate before the resin reaches the compression zone 13. 

The PET softened in the feed zone lZ is compressed by 
the tapered surface of the compxession zone 13 to cause it to 

. - . 
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be molten, stretched and temporarily plasticated, so that the 
PET is fed into the secoad stage 20 whose temperature is set 

to a value lower than the-fuse stage 10. The screw groove of 
the feed zoae 21 is f ormcd in a deep groove. so that the 
pressure of the molten resin is reduced to cause the moisture 
content in the PET to vaporize, and the moisture content in 
the molten PET to be separated therefrom. which moisture 
content is then sucked aod removed through the vent open­
ing 3 by the vacuum pump. The molten PET whose moisture 
content has been removed in this manner is fed by screw 
rotation to the metering zone-:zJ af the second stage 20 and 
further plasticated, and then fed to a position in front of the 
screw to a store, in a similar manner to an injection molding 
machine having an ordinary mechanism. As the molten PET 
is fed, the injection screw 1 is moved backwardly and 
stopped at a desired position to meter an amount required for 
injection. After ·metering, the molten resin is injected and 
loaded into a mold by forwardly moving the injection screw 
1. Tnen the pressure of the vent opening 3 is changed to 
about -650 mm Hg and maintained by the vacuum pump 
during the injection operation. The alliiospheric pressure can 
be easily controlled by ta..10.ng the outer air into a suction line 
through valve operation. 

The preform thus injection molded was transparent simi­
lar to the case where a prelimina..ry drying is performed 
before injection molding, and has no cloudiness due to 
hydrolysis, and also has an acetaldehyde content within an 
allowable range. 
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An example of the specifications of the vent type injection 
unit of the present invention will be shown hereinafter. 

Injection screw (double screw) 

Screw leagth (L) 1670 mm 
Screw outside diameter (D) 64 mm 
LJD of Screw 26 

(l.engcb) (Screw minor dia.) Sc:cw pitch 

First Sf.il::,"'C 

Screw 998 mm 
Receiving zone 128 mm S2.0 mm 32.0 mm 
Feed zone 646mm 4j.0mm :38.S mm 
Compression 64mm 
zone 
Mecering zone l60 mm 'Sl.2 mm 77.0 mm 
Second srage 

Sc:::w 672mm 
Feed zone 448mm 43.2mm 38.S mm 
Compression 64mm 
zone 
Metering zone l60mm 56.0 mm TT.O mm 

Screw revotulioa spc:d 100 rpm 
Injection stroke 120mm 

When the PET is crystallized it is softened in the feed 
zone 12 more slowly and transferred to the compression 
zone 13 faster than the uncrystallized PET, thereby t.ending 
to develop an uneven melting. However, this problem can be 
solved by setting the compression zone 13 to a length 
somewhat longer than the above-mentioned numerical 
value. 

The employment of the above-mentioned vent type injec­
tion unit allows the injection molded preform to be molded 
into a thin-wall packaging container such as a bottle by the 
well-known stretch-blow molding. The well-known strctch­
blow molding is broadly classifieq into a so-called two stage 
type in which the injection molding of the preform and the 
stretch-blow molding of the preform into a container are 
performed in separate processes, and a so-caned one stage 



- 10 -

REPLACEMENT SHEET--1 

/ 14 JUL 1998 I 
type in which the injection molding of the preform through 
the stretch-blow molding of the preform into a container are 
continuously performed. In either of both the method5, the 

PET preform produced by the injection molding with the 
preliminary drying omitted can be molded into a thin-wall 
container in the same manner as with the PET preform 
injection molded after being dried. 

The following shows molding conditions in a case where 
with an injection molded preform held at its neck to a limit 
in which its shape can be kept, the preform is released from 
a cavity and a core, transfem;d co a blowing mold when the 
surface temperature of the preform is being raised due to an 
internal potential heat, and immediately stretch-blow 
molded to mold a thin-wall container. 
Material resin: UNIPET RY523 (manufactured by Unipet 

Co., Ltd.) .. .. 
Molded form: fiat bottle 

Dimensions: 
overall height 250 mm 
port inside dia. 23.5 mm 
length under neck 230 mm 
body outside dia. 90x50 mm 
b9dy wall thickness 0.4 nun 
weight 36 g 

Preform 
Dimensions: 

Overall height 142 mm 
port inside dia. 23 .5 mm 
length under neck. 122 mm 
body wall thickness 2.9 mm 
body upper portion outside dia 28 mm 
body lower end outside dia. 24 mm 
draft 2/122 

Preform molding conditions 

Injection cylinder temperature 

First stage: Front 285° C., middle 285° C., rear 2soa C. 

Second stage: Froat 2700 C., rear 270° C. 

Nozzle temperature: 270° C. 
Injection mold tempexature (set value) 
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Injection pressure (dwell): 75 kg/cm2 

Loading dwell time: 6.0 sec. 
Cooling time: 2.8 sec. 

REPLACEMENT SHEET 
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Releasing temp.: 60° to 70° C. (preform. surface tempera­
ture) 

Stretch-blow molding conditions 
Mold temperature (set value): 20° C. 
Stretch-blowing temperature: 88° C. (preform surface 

temperature) 

Blowing pressure (stretching): 20 kg/cm2 

Blowing time: 2.0 sec. 
Percent of stretch: 

Longitudinal (axial direction): 190% 
Lateral (radial direction): 360X200% 
As described above, according to the present invention, 

the injection molding of an uncrystallized PET and that of a 
crystallized PET with the preliminary drying omitted can be 
performed by the employment of the vent type injection unit, 
thereby allowing a molded article having little hydrolysis to 
be obtained. A molded article having developing little 
aceraldehydc due to overheating is obtained so that unays­
tallized PET having a lower commercial price can be utilized 
as a molding material, whereby the material cost is reduced 
and the running cost required for the preliminary drying can 
be saved even using the crystallized PET. thereby allow~ng 
the price of a packaging container made from the PET as a 
material co be reduced. The present invention has a further 
advantage in that the injection molding itself requires no 
complex operation and can be performed by employing 
conventional molding technologies, thereby having a sig­
ni:ficantl y high utility value in this industrial field. 
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Wbat is claimed is: 
1. A method of injection molding an undried polyethylene 

terephthalate employing a vent-type injection unit compris­
ing a heating cylinder havh1g an inside wall, a ven~ a hopper 
and an injection screw rotatably and movably mounted in 
the cylinder, the length of said injection screw being divided · 
into sequential first and second stages, each of said first and 
second stages being divided in sequence into a feed zone, a 
compression zone and a metering zone, said first stage also 
having a receiving zone connected co said feed zone of said 
first stage and receiving said undried polyethylene tereph­
thalace from the hopper, said vent being located at a position 
corresponding to the feed zone of the second stage, said 
method comprising 

providing said undried polyethylene terepbthalare in said 
hopper, 

causing said screw to rotate to thereby convey any poly­
ethylene terephthalate present in the area between said 
injection screw and the inside wall of the heating 
cylinder~ 

receiving said polyethylene terephthalate in the receiving 
zone of the first stage from the hopper, 

feeding and plasticizing said polyethylene terephthalare, 
wherein the feeding rate of the polyethylene terephthalate 

is limited by an arrangement such that the depth of the 
screw groove in the receiving zone is shallower than 
the depth of the screw groove in the feed zone, thus 
making an area available between two adjacent screw 
flights for molding the polyethylene tercphthalatc 
smaller in the receiving zoae than in the feed zone of 
said first stage. and 

removing volatile substances from the polyethylene 
terephthalate through the vent. 

2. A method of injection molding an undried polyethylene 
terephtb.alate according to claim 1, wherein said area avail­
able for said polyethylene terephthalate in said receiving 
zone is not more than * of said area available for said 
polyethylene cerephJ:halate in said feed zone of the first 
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stage,. and wherein the injection screw in said receiving zone 
of the first stage, in each of said feeding zoaes of said first 

and second stages and in the. first half of each of said 
compression zones of said first and second stages is fanned 
in a double screw, and the injection screw in an area· from 
said first half of each of said compression zones of said first 
and second stages to each of said metering zones of said first 
and second stages is formed in a single screw so as to 
effectively mix and stretch the plasticized polyethylene 
terephthalate. 

3. A method of injection molding an undried polyethylene 
terephthalate to claim 1, wherein a reduced pressure is 
established at said vent whereby moisture contained in said 

--------. undried polyethylene cerephthalate is removed from said 
REPLACEMENT SHEET vent-type injection unit and extent of the reduced pressure is _ 

l I varied during the injection molding to a lower value. 
14 JUL 1998 4. A method for injection molding an undried polyethyl-

ene terephthalate as set forth in claim 3, wherein the heating 
L--------- cylinder is heated such that the temperature in the first stage 

is greater than the temperature in the second stage. 
5. A method for injection molding an undried polyethyl­

ene tercphthalate . as set forth in claim 4, wherein the an 
undried polyethylene terephthalate is undried, crystallized 
polyethylene terephthalate. 

6. A method for injection molding an undried polyethyl­
ene terephthalate as set forth in claim 4, wherein the undried 
polyethylene terephthalate is unaystallized polyethylene 
terephthalate. 

7. A method for injection molding an undried polyethyl­
ene terephthalate as set forth in claim 1, wherein a preform 
of a thin-wall packaging container to be molded by stretch­
blow molding is iajection molded. 

8. A method of injection molding an undried polyethylene 
terephthalate to claim 1, wherein a reduced pressure is 
established at said vent whereby moisture contained in said 
undried polyethylene terephthalate is removed from said 
veat-type injection unit and extent of the reduced pressure is 
varied during the injection moiding to a lower value. 
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9. A method for injection molding an undried polyethyl­

ene tcrephthalate as set forth in claim 1, wherein the heating 
cylinder is heated such that the temperature in the first stage 
is greater than the temperature in the second stage. 

10. A method for invention molding an undried polyeth­
ylene terephthalate as set forth in claim 1, wherein the 
undried polyethylene terephthalate is undri~ crystallized 
polyethylene terephthalate .. 

11. A method for injection molding ari undried polyeth­
ylene terephthalate as set forth in claim l, wherein the 
undried polyethylene terephthalace is uncrystallized poly­
ethylene terephthalate. 
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METHOD FOR INJECTION MOLDING POLYETHYLENE TEREPHTALATE 

A method for injection molding polyethylene terephtalate by 

employing a vent type injection unit as means for omitting 
preliminary drying the resin, wherein the unit does not 
develop a poor screw biting, and even when the molding 

material is ~ undried uncrystallized or crystallized PET, 
can feed a certain amount of the material at all times to 
injection mold a desired transparent molded form such as a 
preform, and use the preform to produce a thin-wall container 
at a low cost. 

FIGURE 1 
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