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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 ‘hermoplastic temperature are set at a high level, this causes a drawback in
that the molding cycle beco.nes 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.



[err] [err] [err] Abstract: To provide a nolding nethod RfgaMAY 2004
makes- it possible to obtain a thernoplastic resin injection-nolded product
having a high-quality appearance in which the nolding cycle tinme of
-conventional injection-nolding nethods is not considerably | engthened. The
problemis solved by providing a nolding nethod in which, using a '
conventi onal "known net hod for obtaining thernoplastic resin

i nj ection-nol ded products having a high-quality appearance and controlling
the tenperature gradient for beating/cooling and/or the flowrate of the
heati ng/ cooling nedia, the nolding cycle tine is shortened while _
mai nt ai ning a favorabl e appearance of the product. 2 5 MAY 2004 WO 01/ 38062
PCT/ US00/ 31966 A METHOD FOR OBTAI NI NG A THERMOPLASTI C RESI N | NJECTI O\ ‘
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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



Using the nol ding nethod presented in Japanese Unexam ned Patent 9§ MAY 200k
Application Publication No. H10-100216, an application previously filed by
20 the applicant of the present invention, one can obtain a nolded product
with a high-quality appearance. However, this has the drawback of a |onger
nol ding cycle tinme than in the case of widely used conventional injection
nol di ng nmet hods. | 2-5 MAY 2004 EP- A-0909626 di scl oses a nethod for
injection nmolding plastics, in which in order to avoid surface defects
during the production of injection nolded plastic products, the surface
tenperature of the netallic nold is raised above the injection transfer

t enper at ur e @REAFSPMASARY OBIHE IMMEBNTI@GN resin is non-crystalline or
above the fusion point tenperature if the resinis crystalline, using a
tenperature increase rate greater than 2C per second- This tenperature is
mai nt ai ned duri ng Tieurrese of tiepreseniginpentionds forbvide d ninjding padthaiginat  a

decr easi ng 1 ai1ch)if @ nfdidind Mbiitdd BEHbERHY % B ﬁén—hﬁ?ﬂe@l‘}?@é@%l&%&n%ﬂfe

chargi ng. The, tenperature control i1s conducted using a’feedt ontr ol
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heated, by hi gh- f rEuapkigmitagaselvehby temresgnt insertiondnibet efmpedagave t he
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deformation temperature of the injected thermoplastic resin, the molding cycle 1s

shortened by means of rapid heating and/or cooling with a temperature gradient of

5-100°C/min., preferably 10-95°C/min., and particularly preferably 15-90°C/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 exarmple 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.



desired high-quality appearance that solves the probl ens connect el Swykh 2004
conventional general injection-nolding nethods for thernoplastic resins,
the nolding cycle tine is not greatly prolonged conpared to conventi onal
general nol ding nethods. The problemto be solved by the present invention
is that of providing a nethod for obtaining a thernoplastic resin

i njection-nolded product having a high-quality appearance, characterized
by the fact that in a nolding nmethod in which, on injection of nolten

t hernmopl astic resin into the netal nold, the tenperature of said netal
nold is set to a |l evel 0-100C higher than the thermal deformation
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shortened by i ting and/or cooling with a tenperature
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appl i cant of infide feaacssimeldyEhateason for thisjs ey thetone delagrased by #lveeat i ng
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eating. Furtherpop in order.to, carry.out rapi eati ng, and/ or, cool i ng by
ot 1 hod HoCTeaL G e P hie R Pl iR s RBRITe e ke ERISPRHELY | nai clot P
metal nol d, doholiddow vol unme of the mediumcirculating in the

heati ng/ cool ing ducts should preferably be 3 L/mn. or nore, preferably 5

L/'mn. or nore, and particularly preferably 7 L/mn. or nore. Mbreover,
heating may be carlpitksifodawingethepregsniinyerpionliy explaingbymemsaddnuse of an

el ectrical heabifgkedhe WBRlinE RIS 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 90°C.

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



inside the netal nold. The reason for this is that the tine delay cagisos P
valve switching of the heating/cooling nmediumcan be conpensated for by
means of an electrical heating elenent in which the timng of heating can
be i ndependently <controlled. In the follow ng, the present invention is
expl ai ned by neans of an advant ageous wor ki ng exanple, but the scope of

the present invention is by no neans limted by this exanple. This worKking
exanpl e wasWeAMP®d out using the alloy Cycol oy C6600 (RHVAOPBI%6A nane;
manuf actured by Nihon GE Plastics K K ), obtained by nelt kneadi ng of

t he thernoplastic resins pol ycarbonate and ABS resin, with this being a
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used in the wogki-fgpeganpl e was a thin tray-shaped material having a
t hi ckness of 1.2 nm a height of 204.0 mMm a width of 280.3 nmm and an

edge neasuring 15.0 nm wth this material bei ngwihown in Fig. 2 as nol ded
product A. Further hitais deicerethe beating: megiura Sroom Sihtemperatyre I?gum%l box-
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which are supplied to and return fromthe netal nold

schematical | y ﬁu@pl%tq;r&lagmmm@lérﬁqm th%lmnlxmpwg B nad am/rqimnné from an
i nt ake val ve ( e
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to the netH midzcﬂlndaldmﬁﬂlgaehmpt ynaypbaientbelded dn ahe maﬂ]mmaﬂ dridothis t he
return opening I n addjtion althogﬂﬁﬂthls I s, not in the figure, an
EI'Fngeél

10 el ectri cal ‘H%‘E?’i‘ ng2E| d 15, corabRteR 48 4oRdsT (e ingrsese gd this
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 ex.umple, 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 molcing conditions at the metal mold temperature

conventionally used in injection molding, and comparisons were conducted.

20 The incorporation of tcmperature gradient control into the
heating/cooling cycle in the p;resent 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



el ement may be used in conbination in order to further increase tHe5 MAY 2004
tenperature gradient during heating. In order to confirmthe effect seen in
t he worki ng exanple, a conventional injection nolding nmethod not involving
heati ng/ cooling was 15 taken as a reference exanple, and nol di ng was
carried out after making the inprovenents of the present invention, taking
heating/cooling nolding prior to inprovenent as a conpari on exanple. In
addi tion, n¥eMNAPGHas al so carried out under the sane nBCHUSRWAI ti ons
at the nmetal nold tenperature conventionally used in injection nolding,
and conparisons were conducted. 20 The incorporation of tenperature

gradient control into the heatlng/coolln cycle in the present invention
makes it possi [S‘F‘@P%rét‘"&c&' Rl B8 STF edy wergratdleagt. 3 Tabmtesiandhdns a
conparison in H | |§é¥ﬁ ! E@ of 33
sec., and a no ggsﬁlﬁ% ﬂ%%oﬁa%yﬁs %ly%tsﬂ ﬁh%ecjégl we‘lfng raituract ur ed by
a conventional 25 nol di ntg nmet hod in which a heating/cooling cycle was not
used (conparison eWYawlglthe, u:amuathmcmm@senmm whichi tedtpemtmlt?n whi ch
t he tenperatur [ d 50 C/m over, the
mol di ng cycl e %ﬁ%@%ﬂbﬂ@@é%%o%gh&egené '#9' gcooﬂoFFg r?fp V8t hod i n

whi ch the 452.5::&&%112&&4%%/&%@51 Pl WEEE) I Wehperatier giadieat gradi ent
was not controlled re at . m nutes and_3 mnutes and 20 seconds
respectively, 580 SiSH %&Nﬁmrg on sesxanpPsecypithbathef thesgyclen t he
conparison exappids, bengmé&tb {HRUPEF Al efereste V@@feaﬁa&wtﬂeed wer e
both 3 mnutes or nore, the respective 5 tines | the king exanple, in
whi ch the tenpercided gr@mumntcomabé@m that lachieessl Bpemivientonahboaldingwer e 35
sec. and 50 secg, th botﬂE % ?@ %%cﬁl times being close to those of
the reference g)‘( Susmﬁrﬁe %ﬂg 8 ‘the nol ded product was conparabl e
to that achieved in conventional nolding nethods using a heating/cooling
cycle. TABLE 1 Mol ding cycle tines w tPABLE knperature gradi ent controlled

by a heating/c ?v?dltﬁlﬂgcﬁfe%§ With a temperature gradient controiled by a heating/cooling process

\ Reference example Comparison Working example
) example

] .- Temperature . Temperature
Ordinary molding gradient not gradient

controlled 10-50°C/min.
Molded product A 33 sec 3 min. or more 35 sec
Molded product B 45 sec 3 min 20 sec 50 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 methed
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



Ref erence exanpl eConpari sonWr ki ng exanpl e exanpl e Tenper at ur eTenp2bahy €0}
Ordi nary nol di nggradi ent not gradi ent control |l edl10-50C m n. Ml ded product
A33 sec3 min. or nore35 sec Mol ded product B45 sec3 min 20 sec50 sec 10

Mor eover, as shown in Table 2, a nolding cycle tinme of 2-3 mnutes is
required in the conventional nolding nmethod using the aforenentioned
heating/ cooling cycle, in which the flow rate of the nmediumcirculating in
the coolinyoha8#062is well below 1 L/min. In the heati ngPES&TBIGP6HD] di ng
met hod of the present invention, however, as shown in Fig. 2, in the
wor ki ng exanple 15 in which the nediumflow rate in the cooling duct was 30
L/'mn. or nore, | ding cycle tinme _for nolded product A was shortened

the
to 35 sec., E%&r i(’i‘?g‘g?%?oﬁéﬁ‘vle}mi ghmoldedypradwey byving ai highefualigy sec. for
the conventi [sl e8 T ' t ref erence ex | e).
Al t hough t hi , 4pprariiReid ?%%‘F‘l@'yMteﬁéﬁgé?rde&g‘ e dufe 2 d%@BF%F for 20
the ordi nary iasjshewn dm FigoB,cthe gneldingesysle twhé b tiosraliney injeRioRaabll cool i ng

5 2'5 MAY 2004 /38062 PCTI USOQ 31966 contr ol f ,
ol ded pr oduc (R HGEERRR GHATRIE] 3 15 a6k Sane.6bS Eunc s, InReover -
| ooki ng at st heomfeneibniltea@sl RO MoRiling AR Wit &Bgﬁizgg?c;af%ihg% Rl di ng

cycle tine in the ordinary injection-noldin net ho e exanpl e)
was 45 sec., whethodofthapresentinyention3gasseaeried ont with asnoldingnyelettinonef

heati ng/ cool i Bgg gl di ng nethod, but nolding according to the method of the
present invention was carried out with a nolding cycle time of 50 sec.
TABLE 2 Molding cycle tinmes with variable flow rate of heating/cooling

wat er Ref erence exanpl eConpari son TABLE 2

Molding cycle times with variable flow rate of heating/cooling water

Comparison .
Reference example exaI:nple Working example
. _ Conventional Heating/cooling
Molding method Ordinary method heating/cooling cycle of present
cycle invention
Fi t
Uncontrolled - mﬁﬂo Flow rate 30 L/min.
Moided product A 33 sec 2 min. 45 sec. ‘ 35 sec
Molded product B 45 sec 2 min. 30 sec. 50 sec

By means of the present invention, it is possible > achievé 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.



Wor ki ng exanpl e exanpl e Conventi onal Heati ng/ cool i ng Ml di ng rretzhgg{%\(lj\mry

nmet hodheat i ng/ cool i ngcycl e of present cycl einvention Uncontrol e n

500 Flow rate 30 L/m n. rnL Ml ded product A33 sec2 rain. 45 sec. 35 sec

Mol ded product B45 sec2 min. 30 sec.50 sec By neans of the present

invention, it is possible z achieve the objective of stable nolding of

products having an outstandi ng high-quality appearance 10 by

i nj ecti on- ndYQHiA§Pet hods for thernoplastic resin using FERESHYIMAa

heati ng/ cooling cycles, such as the nethod presented in Japanese

Unexam ned Patent Application Publication No. H10-100216, w thout unduly

prol onging the ¢ tional nolding cycle. This effect can be applied not

only to the th@@%f’ RW@%IQEE‘&P&AWS/\MH ng exanple, but also to

ot her 15 thernoplastic resins. Specifically, by controlling the tenperature

gradient for heatipg, 1§ idg%- i ..10-50 C per

m nute according tlgi%t he %Pg)ggnt nvgﬁ?@ﬁ%é%f@&?%%%gﬁé&ﬁ?ﬂﬂié results

in Table 1, t hautequipiped viltca beatanutve, aswibching /demtrolaatit, and bhindtali iold

conventional inj L en | gj.n t hods, t hat do not. invol ve

heat i ng/ cool i ngl.‘ﬁ%%zp‘% “Rﬁ@"%‘lﬁ“\%@ﬁ SSEBRIYENBRIBCR| PTI ON OF THE

DRAW NGS PCT/ USOQ 31966 Fig. | is a block diagram show ng an exanple of the

conposition of a uFigt2 éxan prelanatbtyhdiaglaenshoseitiy the compydiicbNgbkRat 1 ol

unit, and a_.netal rrgIAd iui able for the | di ng net hod of the present

i nvention. Pi gProYcEANFed i the working expmple of the prrsert IveatieBposi t i on of

nol ded 5 product A used in the working exanple of the present invention.
Fig. 3 is an explanatory diagram showing the composition of molded

preduct B used in the working example of the present invention.
1. Metal mold

Temperature regulator for heating medium

10 Cooler for cooling medium

Switching/control unit

Medium supply opening R

Medium return opening

A S i



Fig. 3 is an explanatory diagramshow ng the conposition of mol ded- oduct
B used in the working exanple of the present invention. 1. Ve WI@‘Z.
Tenperature regul ator for heating nmedium to 3. Cooler for cooling nmedium
4. Switching/control unit 5. Mediumsupply opening 6. Mediumreturn
opening 7 25 MOM CLAIMS 1. A nethod for obtaining a thernoplastic resin

i njection-nolded product having a high-quality appearance, characterized
in that on injection of a nolten thernoplastic resin into a netal nold,
the metal nold tenperature is set to a |level 0-100C higher than the
thermal deformation tenperature of the injected thernoplastic resin, the
nol di ng cycl €LATMSIi s shortened by neans of rapid heating and/or cooling
with a tenperature gradient of 5-100C/ mn, wherein the rapid heating of
the metal nold is carried out using a conbination of a_ heati n?/cool ing
medi um ci rcul at ed ki n t Hemethod|forghtamingd thermapdastie restl infpsHon-mypldddenent

enbedded in?i:jr&ﬁlciﬂaﬁri ﬁﬁighfﬂﬁhﬁt-ya%pg anRl Sdack@ize@ M Mahbjtibher gopl astic
resin injecti o(a— m)thde pr.oduct, “havi n% a H,. h- qu lltky appear ance accordi ng
to daimi1, Resthempplastietesinigiodmehge themrtakmeld teberaiuge Fsetigor s

! n_si de E:I he lmatlgirel 15e1 0°C liigr}:érm&ﬁﬁfedhém{al dbfofthﬁﬁdigempbﬂaﬂﬁémpﬂhamjbagd esin

i nj ect ed-no ct. havin ~qual i a arance conding to

O h 1 or o ot meBleSh Rl e ol tH s honABR BP RRARE oA iRt
shortened by apdfer codlingnwith dtenfdecatnrergiadiend fof 6 HOOK atin,rwfieceiv themgpidedi um
circulated i rheﬁtli}?g SEh& e hidid £ c%anrHu@usiﬂé a cBRBMBtioBof 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.





