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1 MOULDING METHOD FOR EXPANDABLE POLYPROPYLENE FIELD
The present invention relates to a moulding method for expandable
polypropylene, especially to a vacuum thermoforming
process-combined secondary moulging method for 5expandable
polypropylene. BACKGROUND Currently, foamed plastics have been
widely applied in the fields of commodities, traffics, industrial productions,
aeronautics and the like due to their superior properties such as low
density, high specific strength, strong energy absorption ability and good
performcE BINCSHRTIOYHOR MEPRRDIRBINFURIPY RO PY LIRS
manufacture of helmets such as those for bicycle, skiing/skating, ice
hockey, mountain climbing, horse riding, aquatics, industrial uses, and the
Mﬂ?ke, since there is a strict requirement for the strength of the final
products, a vacuum. thermoforming process is no(ij?ally required fO{ the

expaRPABIEH SR SPOISHA B e LW R ABEVA D IYLtiERaN RiFR&Y Propylene,
espeéiélﬂpfg %%%&hﬁiﬁ_%ﬂ&ﬁgifbmingﬂm@H&ﬂ@k%‘%@é&?ﬁ'&%ﬁﬁl&ldmg method for

polypropylene with the vacuum thermoforming process generally adopts a
expaadabkigplypegrasnenoulding method, which involves an operation of

placing a thermoforming part into a EPP shape moulding mould, followed
BacRYiRsgporating expandable polypropylene and moulding. Although the

X ble polypropylene can 20 combine well with the thermoforming

paty{his et diNRASEIANANE! S8 PSR PR ARRRHANSAAbdities,

the product. The main reason is that both the pressure and the
trafftemipdrattied foodnciddingdivaexparmdile pidky drepyl e arpdigh pasgtthes such as

product may be affected as the temperature reaches 140C. For example,

low %gs&pgmgggw}bﬁg%@%% q,hgg?te&ptﬁléility 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 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.

Combination of the expandable polypropylene with the vacuum thermoforming
process generally adopts a one-step integrate moulding method, which involves an operation
of placing a thermoforming part into a EPP shape moulding mould, followed by incorporating
expandable polypropylene and moulding. Although the expandable polypropylene can
combine well with the thermoforming part, this method may pose an adverse influence on the
appearance of the product. The main reason is that both the pressure and the temperature for
moulding the expandable polypropylene are high, and the product may be affected as the

temperature reaches 140°C. For example, the expandable polypropylene bead may mess up the
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2 silk-screen printing ink on the blister, and thus affect the appearance of
the product and lead to a degradation of quality. SUMMARY We
describe a moulding method for producing an expandable polypropylene
blister 5 product with good appearance. We specifically describe a
moulding method for expandable pOlypropylene, comprising a step of silk
screen printing on a blister sheet and a step of vacuum thermoforming the
blister sheet to provide a thermoforming part, the method further
comprises the following steps: 10(1) foam moulding the expandable

silk- W%rBHMWJ& BWMQB@S@P gn@ﬁmsgﬁféct the( &%@Mc%%{{ﬁg ﬁ?@duct and lead to

surface of the EPP foam part obtained in step (1) with ink; and
a degnidgtiateanqudtiiyg the EPP foam part obtained in step (2) and the
thermoforming part. The ink used in step (2) of the moulding
SumMsHed above may comprise an ink for 15expandable polypropylene.
—  The expandable polypropylene used in step (1) of the moulding method

may; CORBHBE AMReL gﬁé@%@%plﬁ&ﬁiw{ Ry e0em RS 0PSB ylene blister

pressure for the integrate moulding in step (3) of the mouldlng metho
prodmawine petdeppe8iikiea to 100 kPa, and the operating temperature may
be 140C or less. 20The operating temperature for the integrate moulding

in W@s&%):ﬂcmﬁl 'E'é)sl&%@% moulding method for expandable polypropylene,

comprising a step of silk screen printing on a blister sheet and a step of vacuum
thermoforming the blister sheet to provide a thermoforming part, the method further

comprises the following steps:
(1) foam moulding the expandable polypropylene to provide a EPP foam part;
(2) spray coating the surface of the EPP foam part obtained in step (1) with ink; and

(3) integrate moulding the EPP foam part obtained in step (2) and the thermoforming

part.

The ink used in step (2) of the moulding method above may comprise an ink for

expandable polypropylene.

The expandable polypropylene used in step (1) of the moulding method may comprise

a modified expandable polypropylene.

The operating pressure for the integrate moulding in step (3) of the moulding method

may be between 80 kPa to 100 kPa, and the operating temperature may be 140° C or less.

The operating temperature for the integrate moulding in step (3) of the moulding

method may be between 120° C to 130° C.
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method may be between 120C to 130C. 3 The operating time for the
integrate moulding in step (3) of the moulding method may be between 19
sto 25s. The thus obtained expandable polypropylene blister product
may exhibit good impact resistance,and possesses good appearance. 5
BRIEF DESCRIPTION OF THE DRAWING Figure 1 is a flow chart
showing a moulding method for expandable polypropylene plastic.
DETAILED DESCRIPTION In order to further describe the principle and
the structure of the moulding method, a 10detailed description of the
examplanlhOciMess: Il SRIENGE DU ACRPIPAY DS AL IIGling method may
However, the examples are only provided for illustration and explanation,
be batvicin d@rmotAsesconsidered as a limitation of the protection scope of the
present application. Example 1 The moulding method will be exemplified

Wit'lfh%xt@lﬁg %ﬁ@ﬁl&? %QWEQ%S%F%WM blister product may exhibit good impact

resistance and possesses good appearance.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a flow chart showing a moulding method for expandable polypropylene

plastic.

DETAILED DESCRIPTION

In order to further describe the principle and the structure of the moulding method, a
detailed description of the examples will be made in reference to the accompanying drawing.
However, the examples are only provided for illustration and explanation, which cannot be

considered as a limitation of the protection scope of the present application.
Example 1

The moulding method will be exemplified with expandable polypropylene (EPP)
below. As shown in Fig. 1, the moulding method includes 5 steps: silk screen printing of
blister sheet, vacuum thermoforming and processing of blister sheet, foam moulding of EPP
(first moulding), spray coating the surface of EPP foam with ink and integrate moulding of

EPP foam part and thermoforming part (second moulding).
Step 1: silk screen printing of blister sheet

1) Silk screen printing with two layers of colour paint. Each silk screen printed layer is

subjected to baking at 100° C for 5 min.

2) Silk screen printing with three layers of EPP adhesive paint. Each silk screen

printed layer is subjected to baking at 100° C for 5 min. The next layer of ink is allowed for
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15below. As shown in Fig. 1, the moulding method includes 5 steps: silk
screen printing of blister sheet, vacuum thermoforming and processing of
blister sheet, foam moulding of EPP (first moulding), spray coating the
surface of EPP foam with ink and integrate moulding of EPP foam part
and thermoforming part (second moulding). Step 1: silk screen printing of
blister sheet 201) Silk screen printing with two layers of colour paint. Each
silk screen printed layer is subjected to baking at 100C for 5 min 2)
Silk screen printing with three layers of EPP adhesive paint. Each silk

subsSGHERNAK @E@Qel?}!ﬁh@ﬁltg%@ﬁ&céﬁgs¥9n'ﬁ%h§‘ 8RB0 QR IR phing e ink for

layer of ink is allowed for 4 subsequent silk screen printing after
expasdbistaptiblhyrqodting. winehaciresivierp aonk FPanonki¢drsbxpamaaiiiermoforming part.
polypropylene, which can adhere to EPP moulded shape and

th rmi : form cessing of

DI e B o baking at
about 95C for 90 min S2) Adjusting the parameters of the vacuum
thekdteriignaatherdlisies sheef to swbiseias &oibavne ecovwt Rétdgr 90 min.
period is 18 s, and cooling period is 10 s. 3) Vacuum forming a

thezs:é@awmmtﬁéga\mmesa@@ﬁ%h@@@ukaytﬁémg)ﬁﬂﬁﬁ@mamﬁmiemﬂgg
mouia.

temperature is about 500° C, heating period is 18 s, and cooling period is 10 s.

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

thermoforming mould.
4) Processing the thermoforming part, including punching and trimming.
Step 3: injection foam moulding of EPP bead (first moulding).

1) Adjusting the parameters of the foam-moulding machine. The steam pressure is 300
kPa, the steaming period is 19 s, the cooling period is 60 s, the vacuum period is 25 s, and the

temperature in the mould during moulding is about 150° C.

2) Turning on the machine, filling the materials, and conducting EPP shape moulding

according to the parameter setting, and results in the production of an EPP foam part.

Step 4: spray coating the surface of EPP foam part with transparent ink. The ink is
subjected to baking at 50°C for 15 min. The ink is an ink for expandable polypropylene, which

plays an important role in bonding the thermoforming part with EPP foam part.

Step 5: integrate moulding of EPP foam part and thermoforming part (second

moulding)

1) Placing the EPP foam part into the thermoforming part, and then placing them

together into a EPP shape moulding mould.



10

15

20

4) Processing the thermoforming part, including punching and trimming.
10Step 3: injection foam moulding of EPP bead (first moulding). 1)
Adjusting the parameters of the foam-moulding machine. The steam
pressure is 300 kPa, the steaming Qeriod is 19 s, the cooling period is 60
s, the vacuum period is 25 s, and the temperature in the mould during
moulding is about 150C. 2) Turning on the machine, filling the
materials, and conducting EPP shape moulding 15according to the
parameter setting, and results in the production of an EPP foam part.

St : i r EP it rent.d
e DR S or

stearexpamdeble pOkProthyleneodvisidh playswitémpotiaptpariednsdhslitig eeuum
thermoforming part with EPP foam part. Step 5: integrate moulding

periqsk ig b 3ac it aRE THERHOIBFHIRY D A4 {ag LB DB o fditgh20” Cpphe ink can

withﬁﬁqggtmgtgﬁgef%% part into the thermoforming part, and then placing
them together into a EPP shape moulding mould. 5 2) Adjusting the

parameters of foam-moulding machine. The steam (Eressure of the steam
chainbEriglgnapeingdiseheameiaoningratans 86 diftly fparoeprs e Lorred

t\(lacuum g(grg)d is 10 s and the temperature in the mould during moulding

togetacing 0 é??ﬁ%r?r?lgecan withstand at this temperature. 53) After

IS abo
demoulding, the thermoforming part and the EPP foam part are bonded
Examapjether with good appearance.

The moulding method will be exemplified with modified expandable polypropylene
below. The moulding method includes 5 steps: silk screen printing of blister sheet, vacuum
thermoforming and processing of blister sheet, foam moulding of modified expandable
polypropylene (first moulding), spray coating the surface of modified expandable
polypropylene foam with ink, integrate moulding of modified expandable polypropylene foam

part and thermoforming part (second moulding).
Step 1: silk screen printing of blister sheet

1) Silk screen printing with two layers of colour paint. Each silk screen printed layer is

subjected to baking at 100° C for 5 min.

2) Silk screen printing with three layers of expandable polypropylene adhesive paint.
Each silk screen printed layer is subjected to baking at 100° C for 5 min. The next layer of ink
is allowed for subsequent silk screen printing after substantially cooling. The adhesive paint is
an ink for expandable polypropylene, which can adhere to modified expandable

polypropylene bead and thermoforming part.
Step 2: vacuum thermoforming and processing of blister sheet

1) Sheet baking. The blister sheet is subjected to baking at about 95° C for 90 min.
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Example 2 The moulding method will be exemplified with modified
expandable polypropylene below. The moulding method includes 5 steps:
silk screen printing of blister sheet, vacuum 10 thermoforming and
processing of blister sheet, foam mgulding of modified expandable
polypropylene (first moulding), spray coating the surface of modified
expandable polypropylene foam with ink, integrate moulding of modified
expandable polypropylene foam part and thermoforming part (second
moulding). Step 1: silk screen printing of blister sheet 151) Silk screen

PriRing M WMAdPAeEH O FOIRUR PRI R B SO RETRRD RITIGHYRE fRating
subjected to baking at 100 C for 5 min 2) Silk screen printing with

tempténegertapertsoof B8PAIdhblbepohyppepyit el dheasivkepaioling pehisilkssieen
printed layer is subjected to baking at 100 C for 5 min. The next layer of

Inksis Al OWEOAON SHPSSANEI A RETSSR RARTGR After ﬁhg’es all
3
coo}l)lsng.%e aﬁéé{l e paint (lgs 20 arg %ﬁk for exﬂ%nc};%fe oly ropy%e%g,acuum
thermdfieiméag adhigre to modified expandable polypropylene bead and
thermoforming part. Step 2: vacuum thermoforming and processing of

bli sheet.l% heet baking. The blister,sheet is subjected to baking at
S B Oy LA I R R i o ©

thermoforming machine. The heating temperature is about 500 C, the
he&ting3paniodisn®amame uhEngolimy gididddipaglishle poRypverylens bead (first
rming a thermoforming part with specific shape by using a vacuum

mou[ oforming mould.

1) Adjusting the parameters of foam-moulding machine. The steam pressure is 500
kPa, the steaming period is 25 s, the cooling period is 60 s, the vacuum period is 25 s and the

temperature in the mould during moulding is about 150° C.

2) Turning on the machine, filling the materials, and conducting the foaming of
modified expandable polypropylene according to the parameter setting, and results in the

production of a modified EPP foam part

Step 4: spray coating the surface of modified expandable polypropylene foam part
with transparent ink. The ink is subjected to baking at 50°C for 15 min. The ink is ink for
expandable polypropylene, which plays an important role in bonding thermoforming part with

foam part.

Step 5: integrate moulding of modified expandable polypropylene foam part and

thermoforming part (second moulding)

1) Placing the modified expandable polypropylene foam part into the thermoforming

part, and then placing them together into a EPP shape moulding mould.

2) Adjusting the parameters of foam-moulding machine. The steam pressure of the

steam chamber is 100 kPa, the period is 25 s, the cooling period is 90 s, the vacuum period is



54) Processing the thermoforming part, including punching and trimming.
Step 3: injection foam moulding of modified expandable polypropylene
bead (first moulding). 1) Adjusting the parameters of foam-moulding
machine. The steam pressure is 500 kPa, the steaming period is 25 s, the
cooling period is 60 s, the vacuum period is 25 s and the 10 temperature
in the mould during moulding is about 150C. 2) Turning on the
machine, filling the materials, and conducting the foaming of modified
expandable polypropylene according to the parameter setting, and results
10 s /R RFRAHGHO M A adifindiFE R BRI PR LRGP A0SR A% LA Withstand at
'surface of modified expandable polypropylene foam part 15with
this teampspaireat ink The ink is subjected to baking at 50C for 15 min The ink is
ink for expandable polypropylene, which plays an important role in
bo t I
o O oL A AT St o BICET DASHIEIR e
togefls@opnt goodlaivpgr208dy. Placing the modified expandable polypropylene
foam part into the thermoforming part, and then placing them together into
a PP shap ouI m 7 10 the te rature in th moul .
ol S ol e SR ol B e g o
expaddiAliepespepiding, atttéaﬂbﬁrde@fpynﬁjwtnartf@aﬂlﬂgq)ﬁ)%&toﬁmet,ad@kﬂled

bonded together with good appearance.
person in the art can understand that the expandable polypropylene and the modified

expandable polypropylene can be moulded with any other methods capable of producing the

desired shape, such as extrusion moulding, compression moulding and the like.



5In step 3 of Examples 1 and 2 above, the expandable polypropylene and
the modified expandable polypropylene are moulded by injection foaming
process. However, a skilled persongin the art can understand that the
expandable polypropylene and the modified expandable polypropylene
can be moulded with any other methods capable of producing the desired
shape, such as extrusion moulding, compression moulding and the like. 8
CLAIMS 1. A moulding method for expandable polypropylene, comprising
CradM$eps of silk screen printing on a blister sheet and vacuum
thermoforming the printed blister sheet to provide a thermoforming patrt, in

l-wlﬁcWQH@%méth@%@&ﬁéﬁaﬁﬁ@h& E@ﬁiﬁﬂ&é@ﬁﬁe"fﬁﬂévﬁﬁ”@ dhepdeppryf silk
sc@%‘ﬁ: H‘nc%}{q'd'é‘ﬁ he &P ”%%‘QL‘%; ?@é&(@g’ﬁﬁ%%%%%g ﬁ?ol‘é'ta%%r'znﬁ’g&fb gs%lf&l@ét

ray coating tne surface o oam par In ste

toWidvinK aaRermi3Ydntagpaiernaiieing ihe RBHBampayd Lhiained dmpieRs the
(2) and the thermoforming part. 2. A moulding method for expandable

foHewmepiglesie according to Claim 1, in which the ink is an ink for
expandable polypropylene. 3. A moulding method for expandable

POlyRORYEAG AR MR e M bt oy PRopich: e PRAREa® foam part;
polypropylene in step (1) is modified expandable polypropylene. 4. A

mou'@'iﬂgpr?‘%?t%’ﬂﬁ%r FXRANGRDIS RSP QXL?H%%SB{QM% Qtl% ’{‘é;l&fﬂ%

in which the operating pressure for the integrate moulding in ste Is 80

kPa taik,Qhd&Pa and the operating temperature is 140 C or less. 5. A
moulding method for expandable polypropylene according to Claim 3, in

which3j g epritingudiasstie FpPthantegtasandldingen Siemidhis 80
kPa to 100 kPa and the operating temperature is 140 C or less. 6. A
mouldisgneletaidgaagxpandable polypropylene according to Claim 4, in
which the operating temperature for the integrate moulding in step (3) is
2.128 @doldiB@ @ethod for expandable polypropylene according to Claim 1, in

which the ink is an ink for expandable polypropylene.

3. A moulding method for expandable polypropylene according to Claim 1 or 2, in

which the expandable polypropylene in step (1) is modified expandable

polypropylene.

4. A moulding method for expandable polypropylene according to Claim 1 or 2, in
which the operating pressure for the integrate moulding in step (3) is 80 kPa to 100

kPa and the operating temperature is 140° C or less.

5. A moulding method for expandable polypropylene according to Claim 3, in
which the operating pressure for the integrate moulding in step (3) is 80 kPa to 100

kPa and the operating temperature is 140° C or less.

6. A moulding method for expandable polypropylene according to Claim 4, in
which the operating temperature for the integrate moulding in step (3) is 120° C to

130°C.



9 7. A moulding method for expandable polypropylene according to Claim
5, in which the operating temperature for the integrate moulding in step (3)
is 120 C to 130 C. 8. A moulding meghod for expandable polypropylene
according to Claim 6 or 7, in which the operating time for the integrate
moulding in step (3) is 19 sto 25 s. ABSTRACT MOULDING METHOD
FOR EXPANDABLE POLYPROPYLENE We describe a vacuum
thermoforming process-combined secondary moulding method for

7. ex@and@]ldli@g)myﬁmbix}enepzmdnhl@mb@mem eoraptinesakdaireds iof

screen rlntin on a b |s heet, vacuum thermoforming of the plister

WK IBE SERAUIGE BT R 6 BT HAIORG S BMARAeC o

13pPlypropylene to provide a EPP foam part, spray coating the surface of
the EPP foam part with ink, and integrate moulding of the EPP foam part
and the thermoformlnr%épart The expandable polypropylene bl|ster€roduct

SuteuliBiE etRe 5 PRt BB ROPXIt I AT IR ARG BB 85ds I
ﬁ%ﬁ%@%%%ﬁﬂg%n@%%% integrate moulding in step (3) is 19 s to 25 s.



