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[err] [err]  [err] [err]   [err]  [err]        Abstract: To provide a
molding method that makes it possible to obtain a thermoplastic resin
injection-molded product having a  high-quality appearance in which the
molding cycle time of conventional injection-molding methods is not
considerably lengthened. The problem is solved by providing a molding
method in which, using a conventional known method for obtaining
thermoplastic resin injection-molded products having a high-quality
appearance and controlling the temperature gradient for beating/cooling
and/or the  flow rate of the heating/cooling media, the molding cycle time
is shortened while maintaining a favorable appearance of the product. 2 5
MAY 2004 WO 01/38062 PCT/US00/31966 A METHOD FOR OBTAINING A THERMOPLASTIC
RESIN INJECTION- MOLDED PRODUCT HAVING A HIGH-QUALITY APPEARANCE BACKGROUND
OF THE INVENTION 1. Field of the Invention The present invention concerns a
method for obtaining a thermoplastic  resin injection-molded product having
a high-quality appearance in which  molding is carried out by setting the
temperature of the metal mold to a level 5 at least 0-100 C higher than the
thermal deformation temperature of the  thermoplastic resin used, and more
specifically, it concerns a method for  obtaining a thermoplastic
injection-molded resin that eliminates the drawback  of having a cycle time
that is longer than in conventional widely-used general  injection molding
methods. 10 2. Brief Description of the Related Art The technique of
setting the metal mold temperature and the molded  



resin temperature at a high level in injection molding of thermoplastic
resin in  order to obtain a high-quality appearance is widely known in the
art.  However, when the temperature of the metal mold and the molded 15
thermoplastic temperature are set at a high level, this causes a drawback
in  that the molding cycle becomes longer than in the case of conventional
injection molding methods. Using the molding method presented in Japanese
Unexamined Patent  Application Publication No. H10-100216, an application
previously filed by  20 the applicant of the present invention, one can
obtain a molded product with a high-quality appearance. However, this has
the drawback of a longer  molding cycle time than in the case of widely
used conventional injection  molding methods. I 2-5 MAY 2004 EP-A-0909626
discloses a method for injection molding plastics, in  which in order to
avoid surface defects during the production of injection  molded plastic
products, the surface temperature of the metallic mold is  raised above the
injection transfer temperature of the plastic resin when the  resin is
non-crystalline or above the fusion point temperature if the resin is
crystalline, using a temperature increase rate greater than 2C per second-
This temperature is maintained during the resin charging period followed by
cooling at a decreasing rate greater than 2C per second after the
completion  of charging. The temperature control is conducted using a
feedback control  with a detector for determining the surface temperature
of the metallic mold  and mounted close to the surface of the metallic
mold. US-A-4340551 discloses that in injection molding thermoplastic resin
compositions containing reinforcing materials and/or fillers, high quality
molded articles superior in surface gloss and exhibiting substantially no
surface defect can be obtained, by employing a technical measure, in which



only a superficial layer of the inner wall surface of the mold is
selectively  heated, by high-frequency induction heating, to a temperature
above the heat  distortion temperature of the thermoplastic resin
composition employed prior  to injection molding and cooling and
solidifying the resin. la 1 5 MAY 2004 BRIEF SUMMARY OF THE INVENTION The
purpose of the present invention is to provide a molding method in  which,
in a molding method for obtaining an injection-molded product having the
desired high-quality appearance that solves the problems connected with
conventional general injection-molding methods for thermoplastic resins,
the  molding cycle time is not greatly prolonged compared to conventional
general  molding methods. The problem to be solved by the present invention
is that of providing a  method for obtaining a thermoplastic resin
injection-molded product having a  high-quality appearance, characterized
by the fact that in a molding method in  which, on injection of molten
thermoplastic resin into the metal mold, the  temperature of said metal
mold is set to a level 0-100C higher than the thermal  deformation
temperature of the injected thermoplastic resin, the molding cycle is
shortened by means of rapid heating and/or cooling with a temperature
gradient of  5-100C/min., preferably 10-95C/min., and particularly
preferably 15-90C/min. In an embodiment of the present invention, one may
adopt the method of  circulating a heating/cooling medium in ducts inside
the metal mold as a means for  rapid heating and/or cooling of the metal
mold with the aforementioned  temperature gradient. Examples of such
advantageous heating media include  heated liquids having a high thermal
capacity, such as superheated steam, heated  water, and heated oil, and
examples of cooling media include chilled water or  chilled oil. An example
of a device that can be used in achieving this objective is  the device
shown in Fig. 1, which is presented in Japanese Unexamined Patent  



Application Publication No. H10-100216, a previous application filed by the
applicant of the present invention. 2 2 5 MAY 2104 An electrical heating
element embedded inside the metal mold is also used to  achieve more rapid
heating. Furthermore, in order to carry out rapid heating and/or cooling by
the  method of circulating a heating/cooling medium in the ducts inside the
metal  mold, the flow volume of the medium circulating in the
heating/cooling ducts  should preferably be 3 L/min. or more, preferably 5
L/min. or more, and  particularly preferably 7 L/min. or more. Moreover,
heating may be carried out  even more rapidly by the combined use of an
electrical heating element embedded  inside the metal mold. The reason for
this is that the time delay caused by valve  switching of the
heating/cooling medium can be compensated for by means of an  electrical
heating element in which the timing of heating can be independently
controlled. In the following, the present invention is explained by means
of an  advantageous working example, but the scope of the present invention
is by no  means limited by this example. This working example was carried
out using the alloy Cycoloy C6600  (commercial name; manufactured by Nihon
G.E. Plastics K. K.), obtained by melt  kneading of the thermoplastic
resins polycarbonate and ABS resin, with this being  a so-called non-filer
material not filled with fiber-reinforcement materials, etc.,  having a
thermal deformation temperature of 90C. The molded product used in the
working example was a thin tray-shaped  material having a thickness of 1.2
mm, a height of 204.0 mm, a width of 280.3  mm, and an edge measuring 15.0
mm, with this material being shown in Fig. 2 as  molded product A.
Furthermore, molded product B, as shown in Fig. 3, was a box- shaped
material measuring 1.5 mm in thickness, 80.0 mm in height, and 150.0 mm  



in width and having an edge height of 12.0 mm. The device used in the
working  example was the aforementioned device shown in 3 1 5 MAY 2004 WO
01/38062 PCT/US00/31966 Fig. 1 presented in Japanese Unexamined Patent
Application Publication No.  H10-100216. In this device, the heating medium
from the temperature regulator 2  and the cooling medium from the cooler 3,
which are supplied to and return 5 from the metal mold 1, shown
schematically in the diagram, can be rapidly  switched by means of an
intake valve (Vin) and a return valve (Vr) mounted  inside the
switching/control unit 4. Moreover, the heating/cooling media are  supplied
to the metal mold from the supply opening 5 and are returned from  the
return opening 6. In addition, although this is not shown in the figure, an
10 electrical heating element may be embedded in the metal mold, and this
element may be used in combination in order to further increase the
temperature gradient during heating. In order to confirm the effect seen in
the working example, a  conventional injection molding method not involving
heating/cooling was 15 taken as a reference example, and molding was
carried out after making the  improvements of the present invention, taking
heating/cooling molding prior  to improvement as a compari on example. In
addition, molding was also  carried out under the same molding conditions
at the metal mold temperature  conventionally used in injection molding,
and comparisons were conducted. 20 The incorporation of temperature
gradient control into the  heating/cooling cycle in the present invention
makes it possible to  advantageously carry out molding. Table 1 shows a
comparison in which  molded product A, with a molding cycle time of 33
sec., and a molded  product B, with a time of 45 sec., were manufactured by
a conventional 



25 molding method in which a heating/cooling cycle was not used (comparison
example), and a working example was carried out in which the temperature
gradient was set in advance to 10-50 C/min. Moreover, the molding cycle
times in the, conventional heating/cooling molding method in which the 4
2.5 MAY 2004 WO 01/38062 PCT/US00131966 temperature gradient was not
controlled were at least 3 minutes and 3  minutes and 20 seconds
respectively, as shown in the comparison example. While the times in the
comparison example, in which temperature  gradient was not controlled, were
both 3 minutes or more, the respective 5 times in the working example, in
which the temperature gradient was  controlled as specified above, were 35
sec. and 50 sec., with both of these cycle  times being close to those of
the reference example. The appearance of the  molded product was comparable
to that achieved in conventional molding  methods using a heating/cooling
cycle. TABLE 1 Molding cycle times with a temperature gradient controlled
by a heating/cooling process Reference exampleComparisonWorking example
example TemperatureTemperature Ordinary moldinggradient notgradient
controlled10-50C/min. Molded product A33 sec3 min. or more35 sec Molded
product B45 sec3 min 20 sec50 sec 10 Moreover, as shown in Table 2, a
molding cycle time of 2-3 minutes is  required in the conventional molding
method using the aforementioned  heating/cooling cycle, in which the flow
rate of the medium circulating in the  cooling ducts is well below 1 L/min.
In the heating/cooling molding method  



of the present invention, however, as shown in Fig. 2, in the working
example 15 in which the medium flow rate in the cooling duct was 30 L/min.
or more, the  molding cycle time for molded product A was shortened to 35
sec.,  comparing favorably with the molding cycle time of 33 sec. for the
conventional general injection molding method (reference example). Although
this value is virtually the same as the molding cycle time for  20 the
ordinary injection molding process, which does not use heating/cooling 5
2'5 MAY 2004 WO 01/38062 PCTIUSOO/31966 control (reference example), a
molded product having a high-quality  appearance was obtained. Moreover,
looking at the other molded product B,  as shown in Fig. 3, the molding
cycle time in the ordinary injection-molding  method (reference example)
was 45 sec., with a time of 2 min. 30 sec. for the 5 . conventional
heating/cooling molding method, but molding according to the  method of the
present invention was carried out with a molding cycle time of  50 sec.
TABLE 2 Molding cycle times with variable flow rate of heating/cooling
water Reference exampleComparison Working example example
ConventionalHeating/cooling Molding methodOrdinary
methodheating/coolingcycle of present cycleinvention UncontrolledFlow min
500 Flow rate 30 L/min. rnL 



Molded product A33 sec2 rain. 45 sec.35 sec Molded product B45 sec2 min. 30
sec.50 sec By means of the present invention, it is possible z achieve the
objective  of stable molding of products having an outstanding high-quality
appearance 10 by injection-molding methods for thermoplastic resin using
conventional  heating/cooling cycles, such as the method presented in
Japanese  Unexamined Patent Application Publication No. H10-100216, without
unduly  prolonging the conventional molding cycle. This effect can be
applied not  only to the thermoplastic resin used in the working example,
but also to other 15 thermoplastic resins. Specifically, by controlling the
temperature gradient for  heating (increasing temperature) and cooling to
10-50 C per minute  according to the present invention, as clearly shown by
the results in Table 1,  the molding cycle can be almost identical to that
in conventional injection  molding methods that do not involve
heating/cooling. 6 Z 5 MAY 2014 WO 01138062 BRIEF DESCRIPTION OF THE
DRAWINGS PCT/USOO/31966 Fig. I is a block diagram showing an example of the
composition of a  unit equipped with a heat source, a switching/control
unit, and a metal mold  suitable for the molding method of the present
invention. Fig. 2 is an explanatory diagram showing the composition of
molded  5 product A used in the working example of the present invention.
Fig. 3 is an explanatory diagram showing the composition of molded  product
B used in the working example of the present invention. 1. Metal mold 2.
Temperature regulator for heating medium  to 3. Cooler for cooling medium 



4. Switching/control unit  5. Medium supply opening  6. Medium return
opening 7 25 MOM CLAIMS 1. A method for obtaining a thermoplastic resin
injection-molded  product having a high-quality appearance, characterized
in that on injection of a  molten thermoplastic resin into a metal mold,
the metal mold temperature is set to  a level 0-100C higher than the
thermal deformation temperature of the injected  thermoplastic resin, the
molding cycle time is shortened by means of rapid heating  and/or cooling
with a temperature gradient of 5-100C/min, wherein the rapid  heating of
the metal mold is carried out using a combination of a heating/cooling
medium circulated in the metal mold and an electrical heating element
embedded  inside the metal mold. 2. A method for obtaining a thermoplastic
resin injection-molded  product having a high-quality appearance according
to Claim 1, wherein the  heating/cooling medium is circulated in ducts
inside the metal mold. 3. A method for obtaining a thermoplastic resin
injected-molded  product having a high-quality appearance according to
Claim 1 or Claim 2,  characterized in that the molding cycle time is
shortened by controlling the flow  rate of the heating/cooling medium
circulated in the metal mold to 3 L/min. or  above. 8 


