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A_PROCESS FOR PREPARING CRYSTALLINE MOLDING RESINS

ABSTRACT _OF THE DISCLOSURE

A process for increasing the crystalline content of an
amorphous or a semi-amorphous crystallizable thermoplastic
resins is disclosed. The process entails heating the resin by
Infra-red heating. The thus modified resin is then more
suitable for drying at a high temperature. The dried resin, in
pellets form, is characterized by its flowability and the
article molded has better properties than does a corresponding
article made from an unmodified resins.
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A PROCESS FOR PREPARING CRYSTALLINE MOLDING RESINS

Field of the Invention

The invention concerns processing of thermoplastic molding

resins and more particulariy, crystallizable resins.
SUMMARY OF THE INVENTION

A process for rapidly increasing the crystalline content
of an amorphous or a semi-amorphous versions of a
crystallizable thermoplastic resin is disclosed. The process
entails heating the resin by Infra-red heating. The thus
modified resin is rendered more suitable for drying at a high
temperature. The dried resin, in pellets form, is characterized
by its flowability and the article molded therefrom has better
properties than does a corresponding article made from a

unmodified resins which has been subjected to similar drying
conditions.

BACKGROUND OF THE INVENTION

It is well recognized that presence of moisture in the
resin often leads to a deterioration of the properties of the
article molded therefrom. Drying of the resin is therefore a
necessary process step immediately prior to its thermoplastic
molding. While high temperature drying is an efficient means
for reducing the moisture content of some resins, the high
temperature is not conducive for the processing of other
resins. It has been the observation of those skilled in the art
that upon drying at temperatures above 200°F, molding pellets
containing the amorphous (or semi crystalline) version of
crystallizable resin tend to crystallize and agglomerate. As a
consequence, the free flowing characteristic of the molding

pellets is practically lost. At present the problem is

sometimes addressed by crystallizing the resin in an agitated

. héater, followed by conventional drying. While agitation helps

in preventing sticking and agglomeration of the pellets it is
not time-efficient. Lowered drying temperature as the means to
preserve flowability carries the risk that the drying would be
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incompiete and the residual moisture would degrade the resin
during the molding step.
Heating of resinous material by means of Infra-red

radiation is known. Also known is the fact that elevated
temperatures are conducive for the crystallization of

crystallizable resins. Further, the art recognized that
crystalline resin, as opposed to amorphous or semi crystalline
resin, will remain flowable even after drying at higher
temperature. The relevant patent literature is noted to include
U.S. Patent 3,846,522 which disclosed a method for forming a
shaped article in a press. The method entails heating a
comminuted thermoplastic resin to a temperature slightly below
1ts fusion point and then placing the heated comminuted resin
in a mold. Infra-red is among the disclosed means to heat the
resin. A method for improving the molidability of paraoxybenzoyl
polyesters has been disclosed in U.S. Patent 3,974,250. The
method entails heating the resin at a temperature of at least
300°C, up to the decomposition temperature of the polymer
followed by the rapid and immediate reduction of the polymer
temperature to cause reduction of the crystallinity of the
paraoxybenzoyl polyester. Infra-red is among the means said to
be suitable for the heating step. In accordance with U.S.
Patent 4,067,942,'Extruded articles of monovinyl-substituted
aromatic compound/conjugated diene block copolymer is rendered
good clarity upon a brief exposure to a heat source. In
accordance with the process thus discloses, the invention
necessitates meiting a very thin surface layer , leaving the
bulk of the thickness of the extrudate uneffected. Infra-red
heaters are among the disclosed means. A process for annealing
of thermoplastically-shaped plastics parts has been disclosed
in U.S. Patent 4,594,204. In accordance with the process, the
internal stresses in plastic bottles are reduced within a short
period of time by annealing with Infra-red radiation.
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It is an object of the invention to provide the means for
rapid crystallization of an extruded strand of a molding
composition which contains a crystallizable resin.

It is an additional object of the present invention to
provide a molding composition in pellet form containing a
crystallizable resin which pellet is substantially free from
moisture.

It is an additional object of the invention to provide a
molding composition in pellet form containing a crystallizabie
resin pellet which pellet are free flowing.

It is a further object of the invention to provide a
pellet containing resin which has been substantially
crystallized by Infra-red heating to render it more suitable to
high temperature drying.

DETAILED DESCRIPTION OF THE INVENTION

The objects of the invention are attained by heating by
Infra-red radiation (IR) a molding composition in the form of
an extruded strand form which composition comprise a
crystallizable resin. Preferably, the heating is applied to the
strand in the course of its manufacture, namely immediately
after the extrusion step and before the extruded strands are
cut into pellets (pelletized). While, the IR treatment may
alternatively be applied to the composition after it has been

~ pelletized it is clearly more practical to apply IR to the just

extruded strand. The extent and duration of the application of
IR radiation may be determined in each instance by considering
the resin or the resinous content of the composition, the type
of extrusion and IR equipment, the intensity of radiation, the
rate of heating, the rate of speed of the strand through the IR
emitters as well as the size of the strand. Ultimately, the
extent and duration of the IR application is that degree which
will cause the resin to become substantially crystalline, at
least surficially to the extent which will avoid sticking of

one peliet to another during the subsequent high temperature
pre-molding drying.
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The molding compositions suitable in the practice of the
present invention comprise a crystallizable thermoplastic resin
whose maximum drying temperature is higher than its glass
transition temperature. Both the amorphous and the

5 semi-crystalline versions of the crystallizable resin are
suitable. Although pellets of these resins are typically
transparent or translucent this is not a critical property of
the suitable resins. Polyamides, polyesters, polyacetals and
poiyphenylene suifide are included among the suitable resins.

10 The process of the invention is applicable to strands of the
pure resin as well as to extruded strands containing the
resinous component and additional components, including other
resins and commonly used additives. An additicnal embodiment
of the invention entails preparing a thermoplastic molding

15 composition comprising extruding a strand of a suitable
composition, pelletizing, heating the resuiting pellets by
means of IR to bring about the crystallization as discussed
above and cooling the thus treated pellets.

In the course of the process of the invention, IR heating

20 is applied for a relatively short time, about 5-60, preferably
15 to 40 seconds to a continuously extruding strand. The
heating is typically to a temperature between the glass
transition of the polymer and the polymer’s crystalline melting

. temperature. For PET, the ideal temperature, the temperature at

25 which maximum rate of crystallization will occur is about
135°C. The IR heating is best applied sufficiently immediate to
the point of exit of the strand from the extruder where the
strand is still at a substantially high temperature and before
significant heat has been lost.

30 Suitable Infra-red heating equipment is available in commerce.
In the course of the experiments leading to the present
invention, use was made of an apparatus made by Process Therma
Dynamics (Protherm) which contained 8 model # CB1212-24/3-20
Protherm Series CB electric Infra-red heaters (@ 2880 Watts),

35 one steel mesh conveyor and power controls. There were 4
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heaters positioned below and 4 above the conveyor. Different IR
heaters will have different throughput capacities depending on
the number of heaters and their positioning relative to the
moving strand.

After the IR treatment the change in the amorphous content
of the pellet may in the case of PET be determined by measuring
the enthalpy of cold crystallization using differential
scanning calorimetry (DSC). This determination is useful in
adjusting the IR treatment to obtain optimum degree of
crystallization. The optimal degree of crystallization is that
which will render the molding composition pellet dryable at the
highest temperature prior to its molding to achieve optimum
moisture content yet avoid resin degradation as well as
agglomeration and sticking of the pellets one to the others.
The optimum moisture content is a material parameter which
determines the suitability of the resin for molding.

For the purpose of illustration it might be noted that the
optimum moisture content of polyethylene terephthalate (PET)
is about 0.01%. The moisture content of PET at room temperature
is about 0.2 and at 180 F it is about 0.03%. At 280 F the
moisture content is 0.005%.

The invention has been practiced using commercial IR
equipment and applied to PET strands and to a blend of
PET/polycarbonate. In the experiments the power controls were
set to give a sample temperature of 135°C after 20 seconds of
Infra-red heating. After the treatment, the change in the
amorphous content of the sample was determined by measuring the
enthalpy of cold crystallization. This enthalpy is a measure of

the energy required to crystallize the amorphous portion of the
PET present in the sample.
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enthalpy of cold crystallization
(Joule/gram)
untreated PET pellet 21.79
IR treated pellet 3.72
untreated PET/PC peliet 2.80
IR treated pellet 0.02

Clearly, the process of the invention reduced the content
of the amorphous material in the pellet and in accordance with
the invention made the thus treated pellet more suitable for
high temperature pre-molding drying.

Although the invention has been described in detail in the
foregoing for the purpose of illustration, it is to be
understood that such detail is solely for that purpose and that
variations can be made therein by those skilled in the art
without departing from the spirit and scope of the invention
except as it may be Timited by the claims.
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CLAIMS:

1. A process for rapidly crystallizing an extruded
strand of a thermoplastic molding composition which contailns
a crystallizable resin selected from the group consisting of

5 polyamides, polyesters, polyacetals and polyphenylene

sulfides comprising heating said strand within about 5 to 60

seconds to a temperature between the glass transition and

the crystalline melting temperature of the resin by means of

Infra-red radiation.

10 2. In the process of extruding a strand of a

thermoplastic molding composition containing a

crystallizable resin selected from the group consisting of

polyamides, polyesters, polyacetals and polyphenylene

sulfides the improvement comprising heating said strand to a

15 temperature between the glass transition and the crystalline

melting temperature of the resin to bring about a

substantial degree of crystallization in saild resin within

about 5 to 60 seconds of exposure to Infra-red radiation.

3. A process for making a thermoplastic molding

20 composition comprising 1n seguence

(1) extruding a strand containing a

crystallizable resin,

=
p—

(11) rapidly heating said strand by means O:
Infra-red radiation to bring about a substantial degree of

25 crystallization of said resin, and

(iii) cutting said strand to form pellets,

said resin is having a maximum drying temperature which 1is

higher than its glass transition temperature, said degree

being sufficient to render said pellets free flowing alter

30 drying to achieve optimum molisture content.
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4 . The process of claim 3 wherein saild resin 1s

selected from the group consisting of polyamides,

polyesters, polyacetals and polyphenylene sulfides.

5. A process for making a thermoplastic molding

5 composition comprising 1n seqguence

(1) extruding a strand containing a

crystallizable resin,

(ii) cutting said strand to form pellets,

(11ii) rapidly heating said pellets by means ot

10 Infra-red radiation to bring about a substantial degree ot

i d

crystallization of said resin,

said resin having a maximum drying temperature which 1is

higher than its glass transition temperature, salid degree

being sufficient to render said pellets free flowlng after

15 drying to achieve optimum moisture content.

6 . The process of claim 1 wherein the strand 1s

heated for about 15 to 40 seconds.

7. The process of claim 2 wherein said substantial

degree of crystallization of said resin 1s brought about

20 within about 15 to 40 seconds.

8 . The process of claim 3 wherein in step (11) said

atrand is heated for about 5 to 60 seconds.

9. The process of claim 3 wherein in step (11) said

strand 1s heated for about 15 to 40 seconds.

25 10. The process of claim 5 whereln the resin from

which said strand is extruded is selected from the group

consisting of polyamides, polyesters, polyacetals and

polyphenylene sulfides.
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11. The process of claim 5 wherein 1n step (111) said

pellets are heated for about 5 to 60 seconds.

12. The process of claim 5 wherein i1n step (111) said

pellets are heated for about 15 to 40 seconds.
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