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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
trafftesmipdratuied pooductions, aeronautics and the like due to their superior properties such as

low density, high specific strength, strong energy absorption 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 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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moulding the expandable polypropylene are high, and the product may be
affected as the temperature reaches 140C. For example, the expandable
polypropylene bead may mess up the 2 silk-screen printing ink on the
blister, and thus affect the appearajce 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

silk-SUiStgr Iﬁfﬁ%g’iﬁﬁ( ArthP @is‘t’@t{: UHA e HReierRY %9&9&5?1@%? @th and lead to

provide a thermoforming part, the method further comprises the following
a degtefsiobQffLydahim. moulding the expandable polypropylene to provide a

EPP foam part; (2) spray coating the surface of the EPP foam part
sumPpRigined in step (1) with ink; and (3) integrate moulding the EPP foam
—  partobtained in step (2) and the thermoforming part. The ink used

in S{RPJERLGHENERBARFPSHREHIOL AROUE BV YNREEHR 18K [Rbpylene blister

15expandable polypropylene. The expandable polypropylene used in
prodstepv{th) gddheppenrtdiogg method may comprise a modified expandable
polypropylene. The operating pressure for the integrate moulding in step

(3)\9Et£1?em?éélﬁwge5@8&o§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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may be between 80 kPa to 100 kPa, and the operating temperature may
be 140C or less. 20The operating temperature for the integrate moulding
in step (3) of the moulding 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 s to 25's. 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
XA AANRIRAYERE PR DRTAIKE R DES BRI THONONAIISh tthod may
further describe the principle and the structure of the moulding method, a

be bdtbatetailed @eaErption of the examples will be made in reference to the
accompanying drawing.

The thus obtained expandable polypropylene 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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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 (EPf) 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

subsEALIRING) <SHER 'riﬁ%é%@?&%@&%ﬁl&@é Qﬂﬁiﬁ{ﬁ?h%%ta%@égi%'%lﬁf‘??ﬁ_n ink for

printing with two layers of colour paint. Each silk screen printed layer is
expasdbpéeiedytorbaing av A 0CHondhorinto EPP) 18ikldededaprmtingevitio fimaég part.
layers of EPP adhesive paint. Each silk screen printed layer is subjected

t ' in. f ipkis all dfor 4
s?J Es q%geﬁ%cé%(%s%c}%%%ﬁg g?tﬁe?%l!}%gs%lrgti% thlc%%: fﬁl\g&Thg radhesive

paint is an ink for expandable polypropylene, which can adhere to EPP .
oL BecERale BrEheel HRTOHRTIG PANCCSHE fo o ah EH B GrAAIrEp min.

and processing of blister sheet
2) Adjusting the parameters of the vacuum thermoforming machine. Heating

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.
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1) Sheet baking. The blister sheet is subjected to baking at about 95C for
90 min S2) Adjusting the parameters of the vacuum thermoforming
machine. Heating temperature is about 500C, 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.
10Step 3: injection foam moulding of EPP bead (first moulding). 1)
Adjusting the parameters of the foam-moulding machine. The steam

PreANER S A0 MPAIAR SIS ISP hSc MR CPRUNEARTIALNR AL he

s, the vacuum period is 25 s, and the temperature in the mould during
stearmchuldibery is 8bdlh1B@eriod is 12)sT thawgtarctivdimagehine idilng, the vacuum
materials, and conducting EPP shape moulding 15accaording to the

periqsbis;iesterd dsrigmRRtrraSIRdhA TR SutiegIRBY din g BbIh20aft; the ink can

withstioR 4 SRy, fing.the surface of EPP foam part with transparent ink
The ink Is subjected to baking at 50C for 15 min The ink is an ink for
expandable polypropylene, which plays an important role in bonding the
thethdfsHempoyidngithethermeieipie part andsies, P Rrfeagprarhasekanged
to e%f Irfveﬁhfoggé art %%91 Ctgermoforming part (second 20 moulding) 1)
£ Facing fhe foam part into the thermoforming part, and then placing

them together into a EPP shape moulding mould.
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
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.



10

15

20

5 2) Adjusting the parameters of foam-moulding machine. The steam
pressure of the steam chamber is 80 kPa, the period is 19 s, the water
cooling period is 90 s, the vacuum period is 10 s and the temperature in
the mould during moulding is about 120 C, the ink can withstand at this
temperature. 53) After demoulding, the thermoforming part and the EPP
foam part are bonded together with good appearance. Example 2 The
moulding method will be exemplified with modified expandable
polypropylene below. The moulding method includes 5 steps: silk screen

Pringing: ok RIS BT Sh MBEUTHE QDR MAFRIMUTIGARAARREIRNGIR heating

blister sheet, foam moulding of modified expandable polypropylene (first
temprratdding jbsptdy ¢bEtitiy theatsyr faoeodfisnctiified] expandaddeeriod is 10 s.
polypropylene foam with ink, integrate moulding of modified expandable

T e A Lo SR e

thert@yformifecoloudpaint. Each silk screen printed layer is subjected to baking

at 100 C for 5 min 2) Silk screen printing with three layers of

expandable polypraopylene adhesive paint. Each silk screen printed layer

o R R e R R R e

for subsequent silk screen printing after substantially cooling. The

adhéxivie padatiznZozan irkifdngqfanddibiedpoipprdpsie nelyntipileambead (first
Eglgltge)re to modified expandable polypropylene bead and thermoforming

mou

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



Step 2: vacuum thermoforming and processing of blister sheet 1) Sheet
baking. The blister sheet is subjected to baking at about 95C for 90 min 6
2) Adjusting the parameters of the vacuum thermoforming machine. The
heating temperature is about 500 C, the heating period is 18 s and the
cooling period is 10 s. 3) Vacuum forming a thermoforming part with
specific shape by using a vacuum thermoforming mould. 54) Processing
the thermoforming part, including punching and trimming. Step 3:
injection foam moulding of modified expandable polypropylene bead (first
10 s,wmature in]t%équﬁfH@u 1 Qﬁ()@l‘fﬁﬁ*&ﬁ% %JQ?%@@U{HMMQW&smd at
The steam pressure is 500 kPa, the steaming period is 25 s, the cooling
this feerpethis®0 s, the vacuum period is 25 s and the 10 temperature in the
mould during moulding is about 150C. 2) Turning on the machine,
o ap Al matalalR-an e ondeng G (9Rrine AL EAReHSRRINARNR e
polypropylene according to the paraméter setting, and results in the
togethkadvichi @oqf appracifieel EPP foam part Step 4: spray coating the surface
of modified expandable polypropylene foam part 15with transparent ink
The ink is,subjected to baki t 50C for 15 min, The ink is ink for .
exPRATES DS oA e PRSP e RSPV ing the modified

expatitRIBNOjerypRG PR Wit FRANM Y injection foaming process. However, a skilled
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.



Step 5: integrate moulding of modified expandable polypropylene foam
part and thermoforming part (second moulding) 201) Placing the modified
expandable polypropylene foam pagt into the thermoforming part, and then
placing them together into a EPP shape moulding mould. 7 10 s, the
temperature in the mould during moulding is about 130 C, the ink can
withstand at this temperature. 3) After demoulding, the thermoforming
part and the EPP foam part are bonded together with good appearance.
CemMsep 3 of Examples 1 and 2 above, the expandable polypropylene and
the modified expandable polyproghH ne are moulded by injection foamin

L. préc@s%ﬂqh@ng&% inspaperbannol YRecar eam ertaprstas dhmatensef silk
scre nanrgn b'e 8 g éé'eﬂeef%% Modiied expandabie p?!X{%ﬂ‘;BY F sheet
e (i}?:m d §

an other met OIBS capa e (0] esire

toii?a@ﬂe%l@férﬁﬁ)ﬁﬁﬁﬁﬁ@ﬁamqwQ}H&h(}@m&ﬁﬁlﬁg m&nwnﬁr&{w Ebmpkees &he
CLAIMS 1. A moulding method for expandable polypropylene, comprising

fotlnavangseps silk screen printing on a blister sheet and vacuum
thermoforming the printed blister sheet to provide a thermoforming part, in

whichthe, meHldingRaethod furhascomppss e ilowingestans 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.

2. A moulding method 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.



(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 mouldiag the EPP foam part obtained in
step (2) and the thermoforming part. 2. A moulding method 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

7. poly proplimgariateed ¢l pipandehiie todyprandkenie solydropyiehikin, A in
nquldi thod f ble pol I di Claim 1 or 2,

R e S AT 1 e A BTN BRI i 0 S o

13Pea 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

8. kP R ubtingr Rt sRadARicBRipRRY I Rt Engy R bdaigr g or 7, in

wiRGHAING, Methadifel exnaRdaRls ROVBIARMERS &@5%?5@9@%%92%4’ n
which the operating temperature for the integrate moulding in step (3) is
120 Cto 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 method 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 moulting method for expandable
polypropylene, in which the method comprises the steps of silk screen
printing on a blister sheet, vacuum thermoforming of the blister sheet to
provide a thermoforming part, foam moulding of expandable
polypropylene to provide a EPP foam part, spray coating the surface of
the EPP foam part with ink, and\iB&EERM houlding of the EPP foam part
and the thermoforming part. The expandable polypropylene blister product

Prodvrs e RhiNE NN GH HOR $00PANPABIGS PONSPROINPEEAEES

good appearance. Figure 1

We describe a vacuum thermoforming process-combined secondary moulding
method for expandable polypropylene, in which the method comprises the steps of
silk screen printing on a blister sheet, vacuum thermoforming of the blister sheet to
provide a thermoforming part, foam moulding of expandable polypropylene 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 thermoforming part. The expandable
polypropylene blister product produced by this method exhibits good impact

resistance and possesses good appearance.

Figure 1



