Molding Method for Expandable Polypropylene Field of the invention The present invention relates
to a molding method for expandable polypropylene. SParticularly, the present invention relates to a
vacuum thermoforming process-combined one-step molding method for expandable polypropylene.
Background of the invention Currently, foamed plastics have been widely applied in the fields of
commodities, 10 traffics, industrial productions, aergnautics and the like due to their superior
properties such as low density, %ﬁ@@&f%@ﬁ&ﬁ?§t@ﬁ§%@?ﬂﬂ%@s‘b‘r¥ﬂ§ﬂ%ﬂﬁ%nd good
performance in sound insulation and thermal insulation, etc.  In the manufacture of helmets such as
those for bi(:y(:l%,ie 'igpéﬁléaitliln%{fenhockey, mountain climbing, horse riding, aquatics, industrial uses,
and the like, sincethere’is a it requirement for the strength of the final products, a vacuum

thermoforming process is normally required for the expandable polypropylene plastic used in above
products to further inchBSE Bl HGHUR e 1 ok SHOA AbIEHAR Aok S RABHIE for
combinationSof aRaedpalacsbirepabyeropyiene ouitelthes vaauuruthe ninefactorigipFgeesss wdoicihided
involves vacuum forming a thermoformi art having a specific shape by using a vacuum
thermoforming m%]asgfﬂﬂlaf&ﬁ%éﬂﬁggg%@%%ﬁgﬁﬁ% f'fo punching and trimming so as to
finish the specific shape. EPP beads are then subjected to injection foam molding (first molding) to

obtain an EPP f#]a%%art, fﬁll ed.b¥ in e$rated molding (second molding) of the EPP foam part with
the 25 vacuum therroforin \%%frf.nl—F Qer, the production procedures of said method are complex,

and the production petiod is_long. Moreover, vacuum thermoformi nd combination strength. are
insufficient, which adVetSEN SRS BRIACHN PEHba LA (RPN SIS it o SRRy of the
invention 10 viewfatqlhevespiabjeoiuitdhe, pe@naiiti@naabjewiitigoltea praseniipuantion perides
provide a molding e tnqg Tor B Qg R PO DrOPYIENS VAU on ability and good

performance in sound insulation and thermal insulation, etc.

In the manufacture of helmets such as those for bicycle, skiing/skating, ice hockey,

mountain climbing, horse riding, aquatics, industrial uses, and the like, since there is a

15  strict requirement for the strength of the final products, a vacuum thermoforming

process is normally required for the expandable polypropylene plastic used in above
products to further increase their strength.

Currently, a secondary molding method is adopted for combination of an

expandable polypropylene with the vacuum thermoforming process, which

20  involves vacuum forming a thermoforming part having a specific shape by using a

vacuum thermoforming mold, and then subjecting said thermoforming part to

punching and trimming so as to finish the specific shape. EPP beads are then

subjected to injection foam molding (first molding) to obtain an EPP foam part,

followed by integrated molding (second molding) of the EPP foam part with the

25  vacuum thermoforming part. However, the production procedures of said method

are complex, and the production period is long. Moreover, vacuum

thermoforming and combination strength are insufficient, which adversely affects

the production period and the product strength.

30  Summary of the invention

In view of above problems in the prior art, an objective of the present invention is

to provide a molding method for producing an expandable polypropylene vacuum
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thermoforming product with an improved impact resistance.  In order to achieve the above objective,
the present invention provides a molding method for expandable polypropylene, comprising the
following steps: 1) Silk screen printing on a plastic sheet; 52) Subjecting the plastic sheet to vacuum
thermoforming to provide a vacuum thermoforming part; and  3) Foaming an expandable

polypropylene andenRasatadly preldéoe the.axamndabiampivprenvigne with the vacuum thermoforming
part. In said method of molding expandable polypropylene above, spray coating of 10a molded

plastic sheet with ink Fa§™df&o e EaViRHRA B LAKLIFEEN Drittin §sHeR pAadRBeRIO Videth@
molding method gfdhienrasaRbinvenEgr RANIK o H5eE91sIRP dodpr Rk SereevIRsntngsasps: plastic

sheet, wherein said ink is preferably an ink for expandable polypropylene. 15In the molding method of

the present invention, \prer BTy e iRiEka 88t Iasit shesic sheet in step 1) ranges from 0.5-2.5mm.
In the moldisg method p§thgeptrfetdpiastionhpeeterabixusrichexansiatlienRlRRRIeNs UsRGIN

step 3) is a modified expandable polypropylene. In the molding method of the present invention,
preferably, the obRFERRECSH M Latie?st the integrated molding in step 3) ranges from 280 kPa to 500

kPa. 3) Foaming an expandable polypropylene and integratedly molding the
expandable polypropylene with the vacuum thermoforming part.
In said method of molding expandable polypropylene above, spray coating of
10  a molded plastic sheet with ink may also be used instead of silk screen printing on
a plastic sheet.

In the molding method of the present invention, an ink is used in step 1) for
silk screen printing on a plastic sheet, wherein said ink is preferably an ink for
expandable polypropylene.

15 In the molding method of the present invention, preferably, the thickness of
said plastic sheet in step 1) ranges from 0.5~2.5mm.

In the molding method of the present invention, preferably, said expandable
polypropylene used in step 3) is a modified expandable polypropylene.

In the molding method of the present invention, preferably, the operating

20  pressure for the integrated molding in step 3) ranges from 280 kPa to 500 kPa.

In the molding method of the present invention, preferably, the operating
temperature for the integrated molding in step 3) ranges from 125°C to 150C.

In the molding method of the present invention, preferably, the operating
steam time for the integrated molding in step 3) ranges from 25 seconds to 60

25  seconds, wherein said steam time varies from products with different thickness.

According to the present invention, said expandable polypropylene and
modified expandable polypropylene may be prepared by any methods known in the
art, including injection foam molding, extrusion molding or compression molding.
In one preferred embodiment, said expandable polypropylene and modified

30 expandable polypropylene are prepared by injection foam molding. In another
preferred embodiment, said expandable polypropylene and modified expandable
polypropylene are prepared by extrusion molding or compression

molding.



In the molding method of the present invention, preferably, the operating temperature for the
integrated molding in step 3) ranges from 125C to 150C . In the molding method of the present
invention, preferably, the operating steam time for the integrated molding in step 3) ranges from 25
seconds to 60 25seconds, wherein said steam time varies from products with different thickness.

According to the presgRkiny@ninRg said fxpeadaie. palyRiarylenamncbmoadifiedgsrangdaigthod
polypropylene may be prepared by any methods known in the art, including injection foam molding,

extrusion moldingSPESRBreSsicAmatiRg tin BESIeRerdtl eihbdbithethte saBtailsandandable

polypropylene angbppelifioth 30 exRandableRelypseRYIENS A8 RIERANE®BY IRiEctinpinam majstisg. In
another preferred embodiment, said e>§oandable polypropylene and modified expandable

polypropylene arEHipRredBd BarRHHBMG G EbhpraEsSiBPCRdiding.  The advantages and
beneficial effects of the one-step molding method according to the present invention lie in that the
obtained expandable polypropylene vacuum thermoforming product exhibits an improved impact
resistance, and tREIptSESCHIBHM ALdbe Aravgiesuperior. 5 Brief description of the drawing  Figure 1
is a flow chart showinﬁ the one-stee% molding method for expandable polypropylene plastic according

to the present inventibH® betaftedotestiaptishesrtsethtvaRtsHr MRS wstederd

principle and ther e1efdheapieseBbavRione Petadad teseription of the preferred examples of
the present invention will be made in reference to the accompanying drawing. However, said examples

are only provided for illustration and explanation, which cannot be construed as a limitation of the

15protectioyjscopr@fiiEdRsfitiaPptieRtintvéas@dmple 1 The molding method of the present
invention will be exemplified with an expandable polypropylene (EPP) (from a Japanese company,

JSP) below. As In order to further describe the principle and the structure of the present invention,
detailed description of the preferred examples of the present invention will be made in
reference to the accompanying drawing. However, said examples are only provided
for illustration and explanation, which cannot be construed as a limitation of the

15 protection scope of the present application.

Example 1

The molding method of the present invention will be exemplified with an
expandable polypropylene (EPP) (from a Japanese company, JSP) below. As

20 shown in Fig. 1, the molding method of the present invention comprises the
following three steps: silk screen printing of a plastic sheet, vacuum
thermoforming and processing of the plastic sheet, integrated molding of EPP with

the vacuum thermoforming part.

25 Step 1: silk screen printing of a plastic sheet
1) Silk screen printing with two layers of colour paint. Each silk screen
printed layer was subjected to baking at 80°C for 20 minutes after printed with an
ink (PU ink, from Miramar). Printing of the subsequent layer of ink was followed
only after the first layer of ink was sufficiently dried.
30 2) Silk screen printing with two layers of EPP adhesive paint (material of said
adhesive paint was a chlorinated polyolefin resin from Miramar). Each silk
screen printed layer was subjected to baking at 80°C for 20 minutes. Printing of

the subsequent layer of ink was followed only after the first layer of ink was
3



20 shown in Fig. 1, the molding method of the present invention comprises the following three steps:
silk screen printing of a plastic sheet, vacuum thermoforming and processing of the plastic sheet,
integrated molding of EPP with the vacuum thermoforming part. 25Step 1: silk screen printing of a
plastic sheet 1) Silk screen printing with two layers of colour paint. Each silk screen printed layer

was subjected toshakinenaty8@iGetor 20amindirsidtgrpiniad withn ik Bhhitlol o Y imane.
Printing of the subseqﬁuent layer of ink was followed only after the first layer of ink was sufficiently

dried. 302) Silk screer SRMING SIS TRRAY B P d dreckssipaint hearbsiiothestd adhesive paint
was a chlorinated polyglsfindiesinfammiraman. Fach silk SUBROEHNEE JRYes wabsubiested g,

baking at 80C for 20 minutes. Printing of the subsequent layer of ink was followed only after the first
layer of ink was ®0suffigieastly dried. Said adhesive paint was an ink for expandable polypropylene.

Step 2: vacwim them&qu&@a@g@h@%%ﬁ%é@&%mﬁ@lﬁa%%ﬁ;&%&mo%&%nﬁgt&%ﬁ%@ﬂe.Thﬁgimc

sheet was subjected to baking at about 95C for 90 minutes. 52) Adjusting thé parameters of the
vacuum thermofeemipeganaichives. Heaitirig) tEmpkeatire pasodbeat IG0Schedsingndesivd ingpdiBod
seconds, and cooling1 eriod was 10 seconds. 3) Vacuum forming a thermoforming part with a
specific shape b)}’v &%in% 2bvacutim thermoforming mold.

3) Vacuum forming a thermoforming part with a specific shape by using a

vacuum thermoforming mold.
10 4) Processing the vacuum thermoforming part, including punching and
trimming so as to finish the specific shape.
Step 3: Foaming an expandable polypropylene and integratedly molding the
expandable polypropylene with the vacuum thermoforming part
1) Adjusting the parameters of the foam-molding machine. The steam
15  pressure was 300 kPa, the steaming period was 35 seconds, the cooling period was
120 seconds, the vacuum period was 20 seconds, and the temperature in the mold
during molding was about 130°C.
2) Placing the processed thermoforming part into an EPP foaming mold.
3) Turning on the machine, feeding the EPP, and conducting EPP foaming
20  according to the parameter setting. EPP foam was closely adhered to the vacuum
thermoforming part, which resulted in the production of a product having the EPP
foam integrated with the vacuum thermoforming part.
4) After demolding, the EPP foam and the vacuum thermoforming part were

closely bonded together.

25
Example 2
The molding method of the present invention will be exemplified with a
modified expandable polypropylene (from a Japanese company, JSP) below. The
molding method of the present invention comprises the following three steps: silk
30  screen printing of a plastic sheet, vacuum thermoforming and processing of the
plastic sheet, integrated molding of the EPP with the vacuum thermoforming

part.



104) Processing the vacuum thermoforming part, including punching and trimming so as to finish the
specific shape. Step 3: Foaming an expandable polypropylene and integratedly molding the

expandable polypropylene with the vacuum thermoforming part 1) Adjusting the parameters of the
foam-molding machine. The steam 15 pressure was 300 kPa, the steaming period was 35 seconds,

the cooling period wag 30 segRNEsedRPMAGHUB PEHRd tasheb seconds, and the temperature in the
mold during molding was about 130C. 2) Placinigléthe processed thermoforming part into an EPP

foaming mold. 3) Turrlihg® UK HESRAMHEI T8 Wity IR Bprerafy GHavthnEP PHaEmilk 2§reen
according to the paragietsyselinds R deam wasflosel adhereddathe NacHWP thereioming part,

which resulted in the production of a product having the EPP foam integrated with the vacuum

thermoforming pairk.  Efjmiicer efethoiiiheg ahent Riydoam zng tid ddewarhanhbraittorilenarpalayeere

closely bondgd t%@%‘k%a%f’sﬁ%mlﬁfdriei he molding method of the present invention will be
exemplified with a modified expandable polypropylene (from a Japanese company, JSP) below. The

molding method of thé pfentireentiontaognpridesvoel fgkowiny B Ee stbpsvsilkaB. sciéerh pritkting of
a plastic sheet, vacuum thermoforming and processinlg of the Plas;ic sheet, integrated molding of the

EPP with the vac iR RHEHHEfoHMFg P Bggier. Qibdeieatpiihing o 2piititaheekrinting of

the subsequent layer of paint was followed only after the first layer of ink was
sufficiently dried. The adhesive paint was an ink for expandable polypropylene.
10 Step 2: vacuum thermoforming and processing of the plastic sheet

1) Sheet baking. The plastic sheet was subjected to baking at about 95°C for
90 minutes.

2) Adjusting the parameters of the vacuum thermoforming machine. The
heating temperature was about 500°C, the heating period was 18 seconds and the

15  cooling period was 10 seconds.

3) Vacuum forming a thermoforming part with a specific shape by using a
vacuum thermoforming mold.

4) Processing the thermoforming part, including punching and trimming so as
to finish the specific shape.

20 Step 3: Foaming an expandable polypropylene and integratedly molding the
expandable polypropylene with the thermoforming part

1) Adjusting the parameters of the foam-molding machine. The steam
pressure was 500 kPa, the steaming period was 35 seconds, the cooling period was
120 seconds, the vacuum period was 20 seconds, and the temperature in the mold

25  during molding was about 150°C.

2) Placing the processed thermoforming part into an EPP foaming mold.

3) Turning on the machine, feeding the modified expandable polypropylene,
and conducting foaming of the modified expandable polypropylene according to
the parameter setting. Modified expandable polypropylene was closely adhered

30 to the vacuum thermoforming part, which resulted in the production of a product
having the modified expandable polypropylene integrated with the vacuum
thermoforming part.

4) After demolding, the modified expandable polypropylene and the vacuum
5



1) Silk screen printing with two layers of colour paint. Each silk screen printed layer was subjected to
baking at 80C for 20 minutes after printed with an ink. Printing of the subsequent layer of ink was
followed only after the first layer 50f ink was sufficiently dried  2) Silk screen printing with two layers
of EPP adhesive paint. Each silk screen printed layer was subjected to baking at 80C for 20 minutes.
Printing of the sulpsegtivestianerkPaitlewasstialaysad @iy afteethe first layer of ink was sufficiently
dried. The adhesive paint was an ink for expandable polypropylene. 10Step 2: vacuum thermoforming
and processing of the plastic sheet 1) Sheet baking. The plastic sheet was subjected to baking at
about 95C for 90 mingfesiep 3 ) EXAinplieg the darapeetere eftimnashenp dhgiropiosming PIctine .
The heating temperature was about 500C , the heating period was 18 seconds and the 15cooling

period was 10 set6rBSdificd)oyRRRHR foRARRT ARKEN STSFMIRG! Aadt Wit is LHRRIRABHAR P F E¥ing a

vacuum thegnoferging enokd.skil it RFesessing de the TReiedmiBouRatssildding: RUBChpE RRbe
trimming so as to finish the specific shape. 20Step 3: Foaming, an expandable polypropylene and

integratedly moldiRE/ MR AR &EbIR) B8R Hre Sy RHE Sk R SABIFOILYRIRRY Bt canbeniRidsddine

parameters of thefgasiherolging saachipebitheSteyauRigsstie \Was a0 #Rpe thaisteamipgpgiiad was
35 seconds, the coaqling period was 120 seconds, the vacuum period was 20 seconds, and the

temperature in tHASHORESATRAG HoldMY Has aBdiialbe.  2) Placing the processed
thermoforming part infol @ fiPheasibadnalchts of the present invention have been described in

10  details, it should be understood that various alterations or modifications may be
made therein without departing from the spirit or scope of the invention, and that
all modifications or alternatives equivalent thereto are within the spirit and scope

of the invention as set forth in the appended claims.



3) Turning on the machine, feeding the modified expandable polypropylene, and conducting foaming
of the modified expandable polypropylene according to the parameter setting. Modified expandable
polypropylene was closely adhered 30 to the vacuum thermoforming part, which resulted in the
production of a product having the modified expandable polypropylene integrated with the vacuum
thermoforming part.  4) After demolding, the qggiiied expandable polypropylene and the vacuum
thermoforming part were closely bonded together. In step 3 of Examples 1 and 2 above, the

g)gpandable pQ'VFlf.ORy lgReE %)e@ﬁ@dt%ﬂé_‘%%ﬁﬂaﬁ%oﬁﬁ IS pRIYBroRyigna WerenmQldsd by
injection foaming process. 5 However, a skilled person in the art should be understood that the
expandable %Iypropylene (EPP) and the modified expandable polypropylene can be molded by any

other methods capabif Qb Rrducing b Aashiaszhapesuch as extrusion molding, compression
molding and the like. Although the embodiments of the present invention have been described in 10

details, it should Bé RIS RIFEFatAF Mtareion BreRooinERinad Ry HE rindact#HErein without
departing frqngbmg)gﬂiﬂ'ﬁgg seepe of the invention, and that all modifications or alternatives equivalent
thereto are within the spirit and scope of the invention as set forth in the appended claims. Claims 1. A

molding method fo E&3aHASHR pENSARE £ ¥R pREIRGENSiapécaratcdy simldirgettprinting on a
plastic sheetx pard pubjssl e Plastic whgahtovrRedrMRBAHHRIAMIB tecProvide a vacuum

thermoforming part;
2. The molding method for expandable polypropylene according to claim 1,
wherein an ink is used in step 1) for silk screen printing on a plastic sheet, and

said ink is an ink for expandable polypropylene.

3. The molding method for expandable polypropylene according to claim 1
or 2, wherein the thickness of said plastic sheet in step 1) ranges from

0.5~2.5mm.

4. The molding method for expandable polypropylene according to claim 1,

wherein said expandable polypropylene used in step 3) is a modified expandable

polypropylene.

5. The molding method for expandable polypropylene according to claim 1
or 4, wherein the operating pressure for the integrated molding in step 3) ranges

from 280 kPa to 500 kPa.

6. The molding method for expandable polypropylene according to claim 1
or 4, wherein the operating temperature for the integrated molding in step 3)

ranges from 125°C to 150°C.

7. The molding method for expandable polypropylene according to claim 5,
wherein the operating temperature for the integrated molding in step 3) ranges

from 125°C to 150°C.



3) Foaming an expandable polypropylene and integratedly molding the expandable polypropylene with
the vacuum thermoforming part. 2. The molding method for expandable polypropylene according to
claim 1, wherein an ink is used in step 1) for silk screen printing on a plastic sheet, and said ink is an
ink for expandable polypropylene. 3. The molding method for expandable polypropylene according

to claim 1 or 2, wRetai thelthickness & $aideR|AsiiBNeBbIN R lon@ases o @ 21girmm. 4. The

molding method for expandable polypropylene according to claim 1, wherein said expandable
polypropylerf¥ (sSiM i <tef18)RAABHitIEATRETARADIE DINPFEHGRMRIInE ¥ GRoIIN hethod for
expandable polypmRpYlenssassersing to claim 1 or 4, wherein the operating pressure for the integrated
molding in step 3) ranges from 280 kPa to 500 kPa. 6. The molding method for expandable
polypropylene according to claim 1 or 4, wherein the operating temperature for the integrated molding

in step 3) rangesgromel aRTdiad aehod forlhie malghng posiprshine expassiae pelypiopWene

according to claim 5, wherein the operating temperature for the integrated molding in step 3) ranges
from 125C t3VD8EEN. the SPEHi RGO RiFTNIE o dob R JaIFEABIEh BN EI 1Eh & 5B diR g td claim 1 or
4, wherein the @pRatingsteasndigne for the integrated molding in step 3) is 25 seconds to 60 seconds.
9. The molding method for expandable polypropylene according to claim 5, wherein the operating
steam time for the integrated molding in step 3) is 25 seconds to 60 seconds.  10. The molding

method for expanadabia payRrInRylase a¢dordingdadalsienyo] yphepsieibe apemtingstaaim e for the

integrated molding in step 3) is 25 seconds to 60 seconds. L )
wher€in the opérating steam time for the integrated molding in step 3) is 25

seconds to 60 seconds.



