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(57) Abstract: The present invention is related to a low temperature process which comprises several steps to integrate polymeric
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Box No.| Basis of the report
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3.

4.

5.

With regard to the language, this report is based on
X the international application in the language in which it was filed

[1 a translation of the international application into , which is the language
of a translation furnished for the purposes of:

L1 international search (under Rules 12.3(a) and 23.1(b))
U publication of the international application (under Rule 12.4(a))
Ul international preliminary examination (under Rules 55.2(a) and/or 55.3(a) and (b))

With regard to the elements” of the international application, this report is based on (replacement sheets which
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this
report as "originally filed" and are not annexed to this report):

Description, Pages
1-18 filed on 30-09-2016

Claims, Numbers
1-8 filed on 30-09-2016

Drawings, Sheets
18-90 filed on 30-09-2016

L1 asequence listing - see Supplemental Box Relating to Sequence Listing.

K The amendments have resulted in the cancellation of:

L1 the description, pages

& the claims, Nos. 9

U the drawings, sheetsfigs

L1 the sequence listing (specify):

B  This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since either they are considered to go beyond the disclosure as filed, or they were
not accompanied by a letter indicating the basis for the amendments in the application as filed, as
indicated in the Supplemental Box (Rules 70.2(c) and (c-bis)):

L1 the description, pages

™ the claims, Nos. 1

U the drawings, sheetsfigs

O the sequence listing (specify):

O This report has been established:

L1 taking into account the rectification of an obvious mistake authorized by or notified to this Authority
under Rule 91 (Rules 66.1(d-bis) and 70.2(e)).

L1 without taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91(Rules 66.4bis and 70.2(e)).
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[0 Additional relevant documents have been discovered during the top-up search.
L1 No top-up search was carried out by this Authority because it would serve no useful purpose.

7. 0 Supplementary international search report(s) from Authority(ies) hashave been received and taken into
account in establishing this report (Rule 45bis.8(b) and (c)).
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Box No.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
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1. Statement

Novelty (N) Yes: Claims 18
No: Claims

Inventive step (1S) Yes: Claims 1-8
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Industrial applicability (1A) Yes: Claims 18
No: Claims

2. Citations and explanations (Rule 70.7):
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Re Item |
Basis of the report

1 The amendments filed with the letter dated 30-09-2016 introduces subject-
matter which extends beyond the content of the application as filed, contrary
to Article 34(2)(b) PCT. The amendments concerned are the following:

2 Deleting the features "low _temperature process" and "contacting the foamed
polymeric material" in claim 1 extends the scope of protection of the claim in
an unallowable manner, thereby violating Article 34(2)(b) PCT. In the present
communication, it is assumed that both features are not deleted.

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following documents:
D1 US 2009/048356 A1 (WITTEN NEIL [GB] ET AL) 19 February
2009 (2009-02-19)

D2 EP 1 059 327 A1 (NITTO DENKO CORP [JP]) 13 December
2000 (2000-12-13)

D3 US 6 232 354 B1 (TAN SENG C [US]) 15 May 2001
(2001-05-15)

D4 US 6 080 798 A (HANDA PAUL [CA] ET AL) 27 June 2000
(2000-06-27)

D5 EP 2 708 344 A1 (JSP CORP [JP]) 19 March 2014
(2014-03-19)

2 The present application meets the criteria of Article 33(1) PCT, because the
subject-matter of claim 1 involves an inventive step in the sense of Article
33(3) PCT.
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3 The document D1 (see paragraphs [0001], [0016], [0019] - [0021], [0024] -
[0028], [0030] - [0033], [0037]) relates to the same technical field as the
present application and is regarded as being the prior art closest to the
subject-matter of claim 1. D1 discloses (the references in parentheses
applying to this document):

A low temperature process for integrating a polymeric foam with at least one
poehymere body which comprises the steps of:

a. Selecting at least one material for a pelymerie body (follows from §[0033]);
b. Selecting at least one polymeric material to be foamed, which has a crystal
melting temperature in case this material crystallizes, or a glass temperature

in case this material does not crystallize (§[0016]), whereir—said—erystal
I | i | : I dual

c. Providing a pelymerie body (follows from §[0033));
d. Providing the polymeric material to be foamed at a temperature between its
glass transition temperature and its crystal melting temperature for a material
that crystallizes, or at a temperature below its glass transition temperature for
a material that does not crystallize (§[0016]);
e. Contacting the polymeric material to be foamed with a gas at a pressure
greater than atmospheric pressure for a time sufficient such that the
polymeric material to be foamed incorporates at least 0.1 %gas by weight
(§[0016] in combination with §[0037]);
f. Exposing the polymeric material to be foamed to atmospheric pressure
(follows from §[0028]: "upon removal from the pressure vessel") for—a-time
between-0-and-90-minutes, so that the stability of the following steps is not
affected;
9. Exposing the polymeric material to be foamed to a pressure greater than
the pressure used in the previous step (follows from the processing
techniques described in §[0033]) and a temperature greater than the crystal
melting temperature of the polymeric material to be foamed of step (b) for a
material that crystallizes, or the glass transition temperature of the polymeric
material to be foamed of step (b) for a material that does not crystallize
(follows from §[0020] and from §[0033]), andlewerthan—thetemperature—at
hick dual " g I | ie-body: and
h. Contacting the foamed polymeric material with the at least one pelymerie
body at a pressure lower than that used in the previous step (follows from
§[0033]; "bonding and otherwise post-forming fabrication” and "such as

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 2005)
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assembly with other materials").

The subject-matter of claim 1 therefore differs from this known method in that
the selected body is a polymeric body; in that said crystal melting temperature
or glass temperature is lower than the residual stress liberation temperature
of the at least one polymeric body; in the step f) comprises exposing the
polymeric material to be foamed to atmospheric pressure for a time between
0 and 90 minutes; and in that step g) comprises exposing the polymeric
material to be foamed to a temperature lower than the temperature at which
residual stresses are liberated from the polymeric body.

Therefore, the subject-matter of claim 1 is novel.

The problem to be solved by the present invention may therefore be regarded
as providing a process for integrating a foam with a polymeric body in which
the final structure is not deformed or compromised and for which recyclability
is not negatively affected (page 5, last paragraph - page 6, first paragraph).

The solution proposed in claim 1 of the present application can be considered
to involve an inventive step (Article 33(3) PCT).

Firstly, it is noted that, when starting from D1 (§[0033]) the skilled person
would choose a polymeric body without applying any inventive skills, as
polymeric materials are common in the art.

However, when combining D1 with common technical knowledge, the skilled
person would not arrive at the solution according to claim 1, as there is no
incentive to do so; D1 discloses neither the problem underlying claim 1 nor its
solution.

In this respect it is also noted that, although D1 discloses that "the nature of
the materials (polymer and gas) and the time, temperature and pressure will
dictate the final gas content of the material” (see §[0028]), there is no clear
hint in D1 leading the skilled person to the specific range of 0 to 90 minutes
(step f of claim 1).

Finally, none of the further cited prior art documents D2 - D5 disclose or even
hint at the solution according to claim 1. Consequently, it follows that the
subject-matter of claim 1 is based on an inventive step.

Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 2005)
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4 Claims 2 - 8 are dependent on claim 1 and as such these claims also meet
the requirements of the PCT in respect of inventive step.

Form PCT/Separate Sheet/409 (Sheet 4) (EPO-April 2005)
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EUROPEAN PATENT OFFICE
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Our Ref.: P-5031

International Application PCT /1B2015/054437

INSTITUTO DE CAPACITACION E INVESTIGACION DEL
PLASTICO Y DEL CAUCHO, AND PLASTICOS TECNICOS
MEXICANOS $.A. DE C.V.

The following is the response to the Second Written Opinion of the
Tnternational Preliminary Bxamining Authogty, EPO, issued in June 15%, 2016.
The deadline to submir this response was cxtended by this office, to September
30%. 2016, due to inconveniences that occurred in the notfication of this written
opinion.

In this order of ideas, we ate proceeding to reply each of the items cited in this
Second Written Opinion,

1. Qbservations based on Article 19 (2) — PCT

11 The Examiner indicated that the expression “the VICAT temperature of the
material of the at least one polymeric body” that was inteoduced in claim 1, and the
EXPression “pelated to the 1VICAT temperature” introduced in page§ 5, .6, 8and 12 of ‘
the specification chapter, do not find basis in the ofiginal application, therefore,

are considered an extension of matter.

ESPANA - PORTUGAL + ARGENTINA - BRASIL - CHILE - COLOMEIA - MEXICO - PERY - URUGUAY - VENEZUELA

Duration: 27.09.2016 17:37:34 - 27.09.2016 17:44:38. This page 1 of 14 was completed at 27.09.2016 17:38:00
Received at the EPO on Sep 27, 2016 17:44:38. Page 1 of 14
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- According to this objecton, it is informed that those cited expressions
have been deleted from both the specificaton and the claim chapter. In
connection to the expression “the VICAT temperature”, it has been replaced by the
original statement “wherein said crystal melting temperature or glass temperature is_lower
than the residwal stvess_Kberation temperature of the at least ome polymeric body”. In this
respect, it is clatified that “the VICAT temperature” and “residual stress liberation
temperature” are very closed and rclated concepts. The residual siress release

temperature in cOMmon terms, refers 40 the remperature at which stresses are released from @
paterial, causing deformation. This concept is widely discussed along the
specification chapter, as it shown below:

“The process defined in document WO2010008264, features Hhe problem that the
injection of the foamed material st be done at an elevated temperature (more than
130°C for the LLDPE) which hberates _the residual siesses in the wnfoarmed
structure, deforming said structure, which is an undesirable effect because 17 compromises
the stack-ability, the mechanical stability, and the functionality of said structure”

“....the process for integrating the foam is carried out at a temperature greater than the
temperature at which residual stresses are kberated in the un-foamed pobymeric body,
which in turn causes the final structure to be deformed and comipromised”

“A polymeric body made with a bigh density pohethylene (HDPE) fpe polymer was
provided, which has a crystal melting temperatire between 130 °C and 139 °C, with a
melt indese (190 °C - 2.16 kg) between 10 g/ 10min and 20 g/ 10nzn and a density
at room temperature between 0.94 g/ et and 0.96 g/ cnd’ and with a residual stress
release temperature between 110 °C and 130 °C™.

Furthermore, this concept “residual stress lberation temperature” is not only deeply
discussed in this patent application, it is also widely known and employed in this
technical ficld, as could be perceived in different scientific articles, from which

Duration: _27.09.2016 17:37:34 - 27.09.2016 17:44:38. This page 2 of 14 was completed at 27.09.2016 17.:38:34
Received at the EPO on Sep 27, 2016 17:44:38. Page 2 of 14
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few examples are given herein below, published in scientific journals such as
“Science Dircet”, “Sptinger” among others: '

“Residual stresses in injection molded  products”, A. Guevara-Morales and
U. Figueroa-Lopez, Journal of Materials Science, V. 49, Iss. 13, pp 4399—
4415, Tuly 2014,%

- “Measurement of residual stresies in injection monlded thermoplasties”, M. Akay
and 5. Ozden, Polymer Testing, V. 13, Iss. 4, Pags. 323-354, 19945

- “Datermination of frozem-in stresses in thermobplastic iwjection mouldings”, M.
Jensen T, and RR. Whisson, Polymer, V. 14, Iss. 5, Pags. 193-208, May
19737 and

- “Determination of residual siresses in impechion-rronlded flat plate: Simulation and
excperiments” Chae Hwan kim and Jae Ryoun Youn, Polymer Testing, v. 20,
Iss. 7, Pags. 862-868, October 2007 *

Thus, according to the argumenrts provided above, it is considered that this
concept is absolutcly clear and consequently, the “residual stress lLberation
femperature” that is being reported again in new claim 1, is duly defined and finds
full support in the speaification chaptet.

h
* Taken from the website: hi September 137, 2016.

2 Taken {rom the wobsite http: , September 13,

201 6.

3 Taken from the website Septernber
13+ 20106.

¢ Taken from the website -/ facely : 8 o041 8070008 -52.0-501429 3
m‘tfdn = p 3 ;()76 ] 3704 £71c2h1 324, Seprember 134, 2016

Duration: 27.09.2016 17:37:34 - 27.09.2016 17:44:38. This page 3 of 14 was completed at 27.09.2016 17:39:02
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1.2 The expression “5o that the polymeric material to be foared siill has at least (.1%
Las by woght” in step (d), claim 1, does not correspond to “so thar the stability of the
Jollowing steps i5 wot affected” as originally found in step (g), claim 1.

- In this regard and in order to overcome this objection and comply with
the statements of the dted article, the expression “so that the stability of the following
steps és not affecred” has been included again in new step (f) of claim 1, in ordet to
maintain the claimed subject matter conciseness and avoid testticions of matter
that were not initially considered.

1.3 The expression in step (£), claim 1 “contacting the polymeric material to be
foamed”, has not the same meaning as the expression “wontacting the faamed pobymeric
material” as it was originally found in step (i), claim 1.

- In1 this regard, it is informed that in new step (h), which corresponds to
said original step (i), the “foamed polymeric material” has been rcplaced by “#he
polymeric materiaf’, in order to avold confusions, maintain the claimed subject
matter conciseness and comply with Ardcle 19 (2), PCT.

1.4 'The Examiner has pointed out that in amended claim 9, the feature “#5¢
time tange of step (A, does not cotrespond to “the #me range of step (ff7 in original
claim 9.

- In this repard, we clarify that due to an involuntary mistake, the original
claims filed in the international application included the wrong numeration of
items at) to i). Please note that original item ¢ was part of item b), so that original
items d) 10 1) corresponded in fact to ¢) to h). The present set of claims includes
the correct numeration which is duly supported by the information included m
the description, specifically, "the step of exposing the polymeric material to be foamed 1o a
pressure lower than the pressure used in the previows Sip for a sufiicient fime sueh that the gas
Joss rate does nof affect the stability of the following steps is perforred at abmospheric pressure

4

Duration: 27.09.2016 17:37:34 - 27.09.2016 17:44:38. This page 4 of 14 was completed at 27.09.2016 17:39:34
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Jor a time between O and 90 minutes, preferably benveen 20 min and 70 min, offering a broad
processing window for an industrial-scale use of the invention”,

- In addition, it 1s informed that the lack of conciseness in the set of claims
has been amended by introducing this “range of time” in step () of new claim 1,
and that preferable range of time “between 20 and 70 minutes”™ has been reported in
new claim 8, fact that means that original claim 9 does not exist anymore. These
conditions that are tepotted in new step (f), find support in Figure 2 of the
specification chapter.

1.5 The Dxaminer indicates that step (f) in original claim 1, cottesponds to
step (c) in amended claim 1. '

- In this regard, it is informed that this lack of clarity has been amended in
new claim 1, by including again all the initial steps of the claimed method, in the
same order as were otginally reported, in order to avoid any kind of lack of
conciseness and testriction of matter that was not initially mentioned.

2. Statement regarding Novelty, Inventive Step ot Industrial
Applicability — Article 33(1) PCT

‘I'he statement based on documents D1 to 15, cited in the Internatonal Search
Report (ISR), establishes that amended claim 1 lacks of inventive step. D1
belongs to the same technical field as the invention does and discloses the same
subject matter that is being reported in claim 1, specifically in paragraphs [0001],
[0016], [0019-0021], [0024-0028], [0030-0033] and [0037]. The Tsxaminer
concludes that claim 1 differs from the pror art, in that it employs a polymeric
body to facilitate the process of bonding foam to a body, howevet this solution
would be casily considered, without any inventive skill, by the onc skilled in the
art. According to this statement, applicant analyzes and discusses each of the
points raised by the Hxaminer in this opportunity.

5
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Before starting with this analysis, is clue establishing once again, which is the
subject matter that is sought to be protected by this patent application. In general

tetms, it consists in a procedute wherein it is integrated a_foamed material over
an_existent polymeric body, in such a_manner that through this the

polvmeric body is not distorted along the process.

chnolo

Following now the FExaminer's analysis, could be firstly concluded that there is
not any relationship between the claimed integtation process at low temperature
of a polymeric foam, to the foaming process by integration that is taught in D1,
(see paragraph. [0024], D1). It is clever to clarify at this point, that foamung by
matter ippregnation, is not what is ainred fo be profected, contrary to this assertion, this
concept is widely known in the technical field, as it 15 duly discussed in the
background section of this patent apphcation:

“One of the steps of the invention described in the present document is exposing the
polymer which will be foamed in its solid state to a bigh pressure gas. This technigue has
been a part of various disclosures, but they are not intended for the low lepperature

integration of polymeric foam with polymeric bodies for obtaining a final structrre with
improved properties, without deforming the polymeric body, in order to guarantee the
functionality and other properties of the final structure”

Further, the Examiner cited paragraph [0016] of D1, because it affects steps (b)
and (c) of claim 1, thus, after revising the matter reported in said patagraph, is
noted that it is described a first polymer without any particular feature and/or
criteria that it should comply. When teferring to temperatores, these ate the ones
related to the ones needed to integrate the gas to said polymer.

Contrary to this disclosure, step (b) of new claim 1, refers to a selection of a
polymeric matetial to be foamed, according to techmical criteria that depends on
the intrinsic properties of the “polymeric body”. In conclusion, there is again no
relationship between the claimed subject matter and the one taught in D1, in

6
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despite that there are reported common terms in both documents, such as

“melting  temperature’,  ‘glass  temperature”,  “Semi-crystalline  materials”,  “amorphous

materials’, among others.

" In connection to the cited paragraph [0037] of D1, please note that the range of
alues of amount of gas that 15 already incorporared into the polymeric material
to be foamed, that is mentioned therein, is not the same as the one reported in
step (€), claim 1. In this regard, should be pomted out that said claimed values
correspond to values obtained cxperimentally, reason why these ate unique and
consequently, provides novelty to the invention.

Considering the matter disclosed in patagtaph |0028] of D1, there is no mention
of any range related to time for exposing the polymeric matetial to be foamed
and even less, that this is done at atmospheric pressure, as it is cleatly indicated in
new step (f), claim 1, thus, this step provides novelty and inventiveness to the

invention over [D1.

In cited patagraph [0033] of D1, it is discussed the foamed polymeric materials,
however, there is not mention of an integration of any of these foamed
polymeric materials to an cxistent non-foamed polymeric body, fact that is
reported in step (1) of new claim 1, thus, this step does also provide novelty and
inventiveness to the claimed subject matter,

Based on the above, could be concluded that the assertion given by the
Tixaminer, wherein, it is stated that the only technical difference that separates
the invention from the procedure known in D1, is the use of a polymeric body,
this is falsc due to as it was explained above, the are some other technical
differences that sepﬁmr.cs these two documents. Said differences arc summatized
below, in order to lcave no doubt of the veracity of this assertion:
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a. ‘lhe claimed procedure consists in an_integration of a foam to a
- polymeric body;

b. 'The foam material should comply with the technical characteristics of the
polymeric body that arc mendoned in step (b), claim 1;

c. In ofdet to obtain a stable foam and avoid any distortion of the polymeric
body along the execution of the claimed procedure, this latest should work
under the stated parameters and/or operating condidons that are reported
along the claim chapter (temperatutes, pressurcs, amount of gas, range of
time, among others), specifically in steps (e), (f) and (g) of new claim 1,

Based on the above, it is concluded that new claim 1 is not only novel but also
inventive, over the teachings of 1D1, thus, dependent claims 2 to 8, are novel and
inventive as well over this document. In consequence, the objections made 1o
claims 4 to 7, in view of the teachings of D1 that are stated in this wntten
opinion, are deemed to be overcome.

In concern to the matter disclosed in document D2, specifically paragraph
[0014], all polymers materials that are listed therein, are different from the ones
disclosed in cutrent claim 4. In this regard, D2 mentions that the material should
have a transition point over 120 °C, which is contrary to what is established in
a) indicates that said temperature depends

this invention. given thar ste on _the

inteinsic characteristics of the polymeric body. On the other hand, should be

highlighted that those materials mentioned in claim 4, correspond to the ones
tested, fact that means that there is full evidence and certainty of the successful
applicability of these material in the claimed procedure.

Overall, tegarding the teachings of documents D2 to D5, was detetrmined that all
of them, as well as D1, employ the gas incorporation into a solid polymer to be
foamed. This technique, is also disclosed in documents US7,107,601 and
US182.807. which are reported in the background section of the specification
chapte;‘. All these cited references differ among each other, in specific features of

8
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the foaming process, according to the particular application to which these wete
designed, but none of them makes reference to integration a foamed matetial

over an existent polymetic body, wherein the polymeric body is not distorted
along the process.

In this order of ideas, it has been demonstrated that none of the cited documents
reach the present invention and moreover, ate not even close to this proposal.
Thereby, is not possible that the one skilled in the art, based on his average
knowledge in the field and bearing in mind that this petson could not obtain any
cluc from the closest cited ptior art, would have been able to deduce every single
step and operating condition that constitutes the claimed procedure, thus, it is
not obviously denived and has mventive step.

3. Certain observation of the International Application — Article 6, PCT
3.1 The term “low temperature process” in claim 1, is considered relative and

consequently, leaves the reader in doubt to the meaning of the technical feature,

- In this rcgard it is informed that the expression “lw femperature” has
been removed from new claim 1, given that its meaning is duly clatified by the
operating conditions mentioned along the claim chaptet and in the specification
chapter, in consequence, this feature should be duly understood by the reader
and by the one skilled in the att, having clear that said low temperatures will
allow the release of stresses from the polymeric body, without incutring in
distortions of this material.

3.2 The Examiner indicated that claim 1 is not clear because of the fraction
statement “which is lower than the temperature at which residual stresses are liberated from
the at least one polymeric body”, given that is not clear to what refers the term “which”.
The examinet suggested replacing said term by the expression “said erystal melting
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fernperature”. Moteover, is stated that is not clear the expression “zhe semperature at
which residual stresses are liberated”.

- In this regard, it was accepted the Fxaminer’s proposal, but it was
also added “pr glass femperarure”, which has been incorporated in new step (b),
claim 1, In conncction to the sccond obscrvation, it is supposed that by all the
explanation given above (scction 2 of this response), this concept should be clear
enough, however, it is clarificd agaln: femperulires pelpw the glass transition temperature,
will allow the refease of stresses from the polymeric body, without incurving in distortions of rhis

waterial,

33 The Examiner stated that claim 1 lacks of clarity, because by the
following fraction statement “zhe glass transition temperatnre for a material that dees not
erystaliize” in step (h), does not allow dctermining whether said “glass transiton
temperature” tefers to the polymer before or after the gas incorporation.

- In responsc 1o this observation, it is informed that in new step (g) of
claim 1, has been clarified that said “glass fransition temperature” corresponds to the
polymeric material to be foamed, or in other wotds, to the polymer before gas

incorpotation.

3.4 Lastly, claim 8 is not clear because of the expression “wheren the af least
polymeric body is formed during step (f)7, given that does not coincide with the
sequence of steps reported in claim 1, wherein in said step (f), the polymeric

body is alteady formed.

-1In response te» his lack of conciseness, said claim 8 has been removed

from the current claim set.

10

Duration: 27.09.2016 17:37:34 - 27.09.2016 17:44:38. This page 10 of 14 was completed at 27.09.2016 17:42:42
Received at the EPO on Sep 27, 2016 17:44:38. Page 10 of 14



DE :CLARKEMODET MO, DE TEL 63=E824 27 SEP. Z2¥le 18:1Z21AM F11

As initially stated, the arguments above have given tesponse to each of the
obsetvations and/or objections that were established in this Second Written -
Opinicn, thus it is expected to have overcome them and lasty, that this new
amended application, complies with the PCT legislation.

Respectfully,

UL

CAROLINA DA ALVO
C.C. 66.783.790 de Palmira Valle
TP-141563 CS)

notlﬁcaciones@clarkequet.com.co

Encl. |
- Amended description and set of claims (clean version and marked-up

COpY)
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Duration: 27.09.2016 17:37:34 - 27.09.2016 17:44:38. This page 11 of 14 was completed at 27.09.2016 17:43:09
Received at the EPO on Sep 27, 2016 17:44:38. Page 11 of 14



PCT/IB 2015/054 437 - 30.09.2C

LOW TEMPERATURE PROCESS FOR INTEGRATING A POLYMERIC FOAM
WITH
A POLYMERIC BODY

TECHNICAL FIELD

The present invention relates to polymeric material technology and the
manufacture of polymeric articles, wherein the integration of foam is desirable in
order to reduce weight and to improve the mechanical, thermal insulation and
acoustical insulation properties, among others, without compromising the
functionality of the product, with low investment requirements, and allowing the

reuse and/or recycling of the product.
BACKGROUND

Currently, some structures are industrially manufactured without foaming, for
example, crates for bottled beverages, which then have foam integrated into
existing cavities in order to reduce the weight of the structure, compared to a solid
structure, and improve its impact resistance, without damaging the functionality,

stack-ability and mechanical stability.

For said process of filling structures with foam, the steps defined in
“W02010008264 are followed. This document refers to a process for producing‘
molded plastic artic|eé with thickened and reinforced walls, where the process
combines conventional plastic molding techniques and comprises the steps of:
designing a plastic article with at least one cavity or hollow area to be filled with a
thermoplastic reinforcing material and which should have at least one injection
gate; pre-molding the plastic article using a conventional molding process;
injecting a thermoplastic material with a foaming agent through the injection gate

using a low pressure injection machine; removing the product or plastic article from
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the low pressure injection machine; and, cooling the manufactured product in a

storage area.

Following the steps indicated in the document WO02010008264, a High Density
Polyethylene (HDPE) is used, with a melt flow index (MFI) of 8 grams per 10
minutes at a temperature of190°C with a weight of 2.16’kg which is injection
molded. After manufacturing the un-foamed structure, a foamed polymer material,
Linear Low Density Polyethylene (LLDPE), with a MFI of approximately 65g/10 min
(190/2.16), is injected into the structure. The injection molding processing
temperature of the foamed material is approximately 150°C. The foam is
generated with an endothermic chemical foaming agent, commercially available as
Microcell® 303 from Momentum International GmbH.

The process defined in the document W02010008264, features the problem that
the iinjection of the foamed material must be done at an elevated temperature
(more than 130°C for the LLDPE) which liberates the residual stresses in the un-
foamed structure (VICAT softening temperature 132°C), deforming said structure,
which is an undesirable effect because it compromises the stack-ability, the
mechanical stability, and the functionality of said structure. This problem is
currently addressed by modifying the injection mold geometry to compensate for
the deformations. However, this solution is inadequate, since it implies a process
of trial and error of offsetting the deformations of the final structure to the mold

cavity shape, increasing cost and time of development.

" Currently, there exist many known processes and methods in the state of the art
for the foaming of a polymer and its later application within another polymeric

material.
One such solution in the state of the art is filling the cavities of the structure with

chemical components in order to obtain thermoset foam that reacts at a

temperature sufficiently low such that deformations in the structure are not
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produced. The document US 3,389,824A discloses an example of the use of this
solution for the construction of a cooler utilizing polyurethane as the foamed
material. This method is commonly used in current fabrication techniques, but it
creates enormous difficulties with the recycling of the polymeric structure because
the thermoset foam cannot be melted. Other examples are presented in the
documents US 6093358 and US 6295787 Wh'ere a thermoset expandable material

is used to fill the cavities of a plastic part.

Another solution available in the state of the art is integrating the foamed material
with the un-foamed structure in the same mold wherein the structure is
manufactured, said process being known in the art as foam overmolding. An
example of this solution is disclosed in the document EP 2318282 A1, in which a
rigid preform is overmolded with polymeric foam to later obtain, through a blow
molding process, a container with a foamed layer. The pfessurized mixing of the
melted polymer to be foamed with a gas in the supercritical state is a technique
commonly used to obtain thermoplastic foams that can be used to fabricate mono-
component or overmolded multicomponent structures. Said mixture generates the
foam when it is submitted to a low pressure condition. One example of this
foaming technology is bresented in the document US 20100198133.The principle'
disadvantage of the use of these overmolding and foaming technologies is the

high investment cost in processing equipment and in mold technology.

Another solution available in the state of the art is the filling of part cavities with .
expandable polymeric beads. An example of this solution is described in the
document US 20140110491, where a plastic structural article cavity is filled with a
steam expandable thermoplastic polymer beads, when they are expanded, the
cavity is filled. The materials of the beads and the structural article are of a similar
polymer, enabling the recycling. However, the adhesion between the materials
may be compromised, constraining the invention to closed cavity geometries. A

similar solution is presented in the document EP 0647513. Another example is
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presented in the document US 5665285, where a molded foam article is
integrating with a polymeric skin using the blow molding method and expandable
beads for foaming. This solution requires that the expandable beads are

introduced in the hollow cavity prior to cooling.

One of the steps of the invention described in the present document is exposing
the polymer which will be foamed in its solid state to a high pressure gas. This
technique has been a part of various disclosures, but they are not intended for the
low temperature integration of polymeric foam with polymeric bodies for obtaining a
final structure with improved properties, without deforming the pqumeric body, in

order to guarantee the functionality and other properties of the final structure.

One of said disclosures is the document US7,107,601 which divulges a method for
manufacturing an anti-vibration device which comprises the steps of: saturating a
resin material with an inert gas through adjusting the pressure and the quantity of
inert gas; molding a product in which the number, form, and shape of the gas cells
are adjusted by controlling the injection pressure, injection velocity, shot size,

holding pressure, cooling gradient and the cooling time.

Another document related to this technology is US patent No. 7,182,897 which
teaches a method for storing a material after it has been saturated, wherein the
material is saturated at a pressure not less than 4 MPa and a defined temperature.
Depending on the type of material, the time, the pressure and the saturation

El

temperatures, the storage conditions are defined.

,The document EP0765724 discloses a method for extruding plastic foams while
reducing the viscosity by means of a gas. In this process, the material in granule or
powder form is fed to a gas absorption apparatus, where it is charged with gas
under a defined pressure and temperature and later passes through an extrusion

process.
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The state of the art is'plenty of documents that describe the contact of polymer
pellets with a gas in order to produce bead foams. For example, Li et al use a high
pressure vessel to impregnate iPP polymer with Nz and CO,. The vessel is heated
in order to foam the material. Chen et al. use a foaming chamber to prepare EVA
foam samples using CO,.as blowing agent. When the material is heated in the

vessel and the pressure is released, the foaming process occurs.

The state of the art reports several studies of foam morphology and mechanical
properties using injection molding to produce the foamed sampled test,\where the
polymer pellets were previously impregnated with a physical agent. An example is
presented by Florez, where polycarbonate pellets are placed in contact with CO, at
high pressures for more than 20 hours, then, the material is injected to obtain the

samples.

Finally, the PCT application W0O2006100517 discloses a process for introducing a
gas into a polymer which comprises the steps of exposing a first polymer to a gas
at a temperature greater than the room temperature, where this step is carried out
at a temperature from the glass transition temperature to the crystal melting
temperature for a semicrystalline material or below the glass transition
temperature for an amorphous material. The polymer is melted to produce a

foamed article.

In accordance with the previous information, it is clear to those skilled in the art
that the existing documénts do not offer an adequate solution to the problem
raised in the present invention, since in most of the cases, the pfocess for
integrating the fo:«/zm is carried out at a temperature greater than the temperature at
which residual stresses are liberated in the un-foamed polymeric body, which in
turn causes the final structure to be deformed and compromised. In other cases,
the recyclability is negatively affected or large investments in equipment and mold

technology are required.
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Thus, there exists a need in the state of the art for designing a process or method
for integra;[ing a polymeric foam with an un-foamed polymeric structure at low
‘temperatures to obtain a final structure, which is to say, at temperatures lower than
the temperature at which residual stresses are liberated in the un-foamed
polymeric structure, with the object of maintaining the physical properties of said
structure and being suitable for multiple applications. Additionally, a process that
does not require large investments in equipment and 'mold technology and does

not affect the recyclability of the final structure is needed for future applications.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is more precisely defined by the appended drawings, which

do not limit the scope of the invention defined in claims, in which:

Figure 1: Shows the %CO,content by weight in EVA as a function of time of
exposition to the atmospheric pressure before injection for different gas'
impregnation times of example 1

Figure 2: Shows the injected EVA foamed density and %CO,content by welght just
before the injection process vs time of exposition to atmospheric pressure, before
injection'of examble 1

Figure 3: Shows the external polymeric body surface temperature vs time after the
foam integration to a polymeric body of example 1 .

Flgure 4: Shows the charpy notched impact strength and Secant modulus of pure
HDPE, HDPE with 4,6% EVA type 1 and HDPE with 4,6% EVA type 2 of example
1. ,

Figure 5: Shows the %CO,content by weight in HDPE and PP as a function of time
of exposition to the atmospheric pressure before injection of eXample 2.

Figuré 6: Shows the HDPE and PP foamed density after injection vs time of
expdsition to the atmospheric pressure before injection of example 2

Figure 7: Shows the comparison of HDPE and PP Compressive stress / den3|ty
ratio after injection for un-foamed and foamed materials of example 2 -

Figure 8: Shows the %CO,content by weight in LDPE and PP as a function of time
of exposition to the atmospheric pressure before extrusion of example 3

Figure 9: Shows the LDPE and PP foamed density in extrusion for five samples of
example 3
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is related to a low fcemperature' process which comprises
several steps to integrate polymeric foam with polymeric bodies to obtain a final
body with improved properties, said process being carried out at low temperatures
to avoid deformations in the polymeric body which compromise the functionality
and other properties of the final structure. The process comprises the steps of
selecting the polymeric materials which guarantee the adhesion between them, the
processabilify, the reutilization and the recyclability; impregnating the material to
be foamed with a gas; generatihg the foam; and, integrating the foam with the

polymeric bodies.

Another characteristic of the process of the present invention is based on the
reduction of costs through the use of elements known in the state of the art and
- commonly used in polyrﬁer processing, and the fact that both the polymeric
material to be foamed and the material of the polymeric body are compatible with
respect to their recyclability, such that, after the final structure is used many times,
itvmay be recycled to obtain other later bodies without the need to use new

material, helping thereby to reduce the environmental impact.’

The process comprises the steps of:

- Selecting the material or materials for the polymeric bodies. This selection is
made based on the requirements for the application of the final structure.

. Selecting the polymeric material to be foamed, keeping in mind as selection
criteria that the crystal melting temperature in the case of a material that
crystallizes, or the glass transition temperature in the case of a material that
does not crystallize, is lower than the temperature at which residual stresses
are liberated in the polymeric body,

- Providing at least one polymeric body with any desired shape.

- Providing the material to be foamed in a solid state, that is, at a temperature in
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the range from the glass transition temperature to the crystal melting
temperature for a material that crystallizes, or below the glass transition
temperature for a material that does not crystallize.

« Contacting the polymeric material ;co be foamed with gas at a pressure greater
than atmospheric pressure for a sufficient time such that the material to be
foamed incorporates at least 0.1% gas by weight. |

. Exposing the polymeric material to be foamed to a pressure lower than the
pressure used in the previous step for a sufficient time such that the gas loss
rate does not affect the stability of the following steps. The time cannot be
excessive, otherwise there will not be sufficient gas impregnated in the
polymeric material, affecting the foaming capacity in the following steps. '

« Exposing the polymeric material to be foamed to a pressure greater than that
used in the previous step and a temperature greater than the crystal melting
temperature for a material that crystallizes, or greater than the glass transition
temperature for a material that does not crystallize, and lower than the
temperature at which residual stresses are liberated from the at least one
polymeric body.

- Contacting the foamed polymeric material with that at least one polymeric body
at a pressure lower than that used in the previous step. When the pressure is

lowered, the impregnated gas is liberated permitting foaming.

In a preferred embodiment of the present invention, the materials of the polymeric
foam and the at least one polymeric body are compatible with the object of
permitting recycling, since it is necessary to protect the environment and avoid
requiring new or virgin materials every time a new structure is created, but rather,
it is desirable to use materials which can be reutilized multiple times while still
conserving the properties of the material. Additionally, the polymeric material to be
foamed and the material of the at least one polymeric body should be compatible
with object of permitting adhesion between them. In this way, the stability and

permanent integration of the composite structure of the at least one polymeric
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body and the polymeric foam are guaranteed.

In a preferred embodiment of the present invention, the material to be foamed is
seigcted from the group consisting of ethylene-vinyl acetate (EVA), ethylene-
butylacrylate (EBA), low density polyethylene (LDPE), linear low density
polyethylene (LLDPE), high density polyethylene (HDPE), medium density
polyethylene (MDPE), polypropylene (PP), ionomers, or blends which contain one
or more of the aforementioned. Additionally, nucleating agents which aid the

foaming process may be used.

In a preferred embodiment of the invention, the step of submitting the polymeric
material to be foamed to a gas at an elevated pressure is carried out using a gas

that contains carbon dioxide (CO) and/or nitrogen (N2).

In a further preferred embodiment of the invention, the process of integrating the
polymeric materials (of the body and of the foam) is carried out through any known
.method of integrating materials, preferably by extrusion, injection molding, or any

other related polymer transformation process.

In another preferred embodiment of the invention, the step of exposing the
polymeric material to be foamed to a pressure lower than the pressure used in the
previous step for a sufficient time such that the gas loss rate does not affect the
stability of the following steps is performed at atmospheric pressure for a time
between 0 and 90 minutes, preferably between 20 min and 70 min, offering a

broad processing window for an industrial-scale use of the invention.

Finally, in an alternate embodiment of the invention, the process of integrating the
materials defined here is carried out in such a way that the steps of providing of
the at least one polymeric body and the contacting of said body with the polymeric

foam are carried out simultaneously after having completed the other previously
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defined steps. Specific examples of this embodiment include the co-extrusion of
the foamed material and the un-foamed body or bodies, extrusion lamination of the

foamed material to other films made of different polymers, extrusion coating, etc.

The present invention will be further defined by the following examples which are
illustrative only and do not intend to limit the scope of the invention defined in the‘
appended claims. Further modifications, embodiments and vériations of the
invention will be evident for those skilled in the art without departing from the

scope of the present invention.
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EXAMPLES

The following examples were made using conventional injection and extrusion
processing equipment, such as those known in the state of the art without the
need of using special] molds for the process of integrating the foam to the

polymeric body.

Example 1: Incorporation of a semi-crystalline polymeric material in a

polymeric body by low temperature and low pressure injection

A polymeric body made with a high density polyethylene (HDPE) type polymer was
provided, which has a crystal melting temperature between 130 °C and 139 °C,
with a melt index (190 °C- - 2.16 kg) between 10 g/10min and 20 g/10min and a
density at room temperature between 0.94 g/cm® and 0.96 g/cm® and with a

residual stress release temperature between 110 °C and 130 °C.

The above mentioned polymeric body was integrated with a polymeric foam in
order to reduce its weight and to improve its impact properties without affecting the
recyclability or the dimension characteristics by an injection process at low
temperature and low pressure. To this end, a polymeric material to be foamed
compatible with the polymeric body is provided, which favors its adherence, having
the following characteristics: Ethylene vinyl acetate (EVA) type polymer, with Vinyl
Acetate content between 15% and 25%, and crystal melting temperature between
75 °C and 85 °C and melt index (190 °C - 2.16 kg) between 4 g/10min and 12

g/10min and a density at room temperature of 0.95 glem?®.
The polymeric material to be foamed is previously conditioned and contacted with

carbon dioxide (CO.) at a pressure between 400 psi and 700 psi for a time greater

than one hour at room temperature, wherein it is impregnated by the CO,. During
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this period, the material absorbs between 6% and 10% wt. of CO,. The use of
different impregnation times does not significantly affect the desorption behavior,
as shown in Figure 1, which shows desorption curves after contacting the

polymeric material with CO; for 1.5, 3 and 24 hours.

Once the step of contacting the polymeric material with CO, has been finished, the
material is exposed to the environmental conditions. The percentage of CO; in
weight in the polymer decreases frbm the time the material is exposed to the
environmental conditions. The step of injecting the impregnated polymeric material
can be carried out when the material reaches a CO, percentage between 0.5%
and 8% wt., lpreferable 0.5% and 4% wt., more preferably between 0.8% and 2.5%
wt. The abovevalues of content of CO, are reached if the injection is made
immediately after the material was. exposed to the atmospheric pressure,
preferably forty (40) minutes after and up to time so long as about seventy (70)
minutes after the material was exposed to the atmospheric pressure, keeping
thereby a stable foaming density. As shown in Figure 2, densities lower than 0.5
g/cm3 with concentrations greater than 3.5% wt. of CO;, are reached, and the
density stabilizes at a value close to 0.52 g/cm® with a standard deviation of 0.005
g/cm?® when the atmospheric pressure exposition time before the injection process
is greater than forty (40) minutes keeping the stability with tirhes of up to about

seventy (70) minutes, which allows to have an important processability window.

During the injection process the material is pressurized and heated allowing the
foaming process after the material is injected. The foaming and integration by
injection process between the polymeric material impregnated with CO; and -the
polymeric body is performed at low temperature, with melting temperature
between 70 °C and 105 °C, preferably between 70 °C and 95 °C and more
preferably between 80 °C and 90 °C ensuring that the foamed material is below
the residual stress release temperature of the polymeric body (110 °C to 130 °C),

avoiding thereby deformations induced by stress relaxation by temperature in the
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polymeric body. When integrating the polymeric foam by the injection process. at
low temperature, the temperature of the polymeric body is increased up to 60 °C
progressively reducing until reaching again the room temperature in a period close

to one hour after the injection, as can be seen in Figure 3.

The polymeric body integrated with the polymeric foam can be recycled to
generate a new polymeric body for the same application. The recycled material
can be totally or partially incorporated into the new polymeric body. To show the
above, successive cycles of recycling and incorporation were made in a 25% wt. of
said recycled material to each cycle for the manufacture of a new polymeric body,
until reaching a stable EVA content in the polymeric body, which corresponds to |
4.6% in weight. after four (4) recycling cycles. The properties obtained do not-show
significant detriment in the mechanical properties due to the EVA content, since
only a decrease of 8.2% in the secant modulus with EVA type 1 (average 769.0
MPa and standard deviation of 19.78 MPa) and 5.0% with EVA type 2 (average
795.8 MPa and standard deviation of 16.48 Mpa) with respect to the property of
the polymeric body material with no recycling or EVA content (average 837.4 MPa
and standard deviation of 13.72 MPa); on the other hand, it can be observed a
significant improvement in the impact resistance properties, since values 38%
greater were obtained with a EVA type 1 (average 7.1l KJ/m? and standard
deviation of 0.083 KJ/m?) and 26% greater with EVA type 2 (average 6.48 KJ/m?
and standard deviation of 0.023 KJ/m?) with respect to the property of the
polymeric body material with no recycling or EVA content (average 5.1 KJ/m? and

standard deviatioh of 0.079 KJ/mZ), as shown in Figure 4.

For this application, other polymers can be considered, such as: ionomers with
crystal melting temperatures between 70 °C and 100 °C, or ethyl butyl acetate
(EBA) with crystal melting temperatures between 80 °C and 100 °C. Due to the
low crystal melting temperatures and compatibility with the high density

polyethylene, similar results are expected. The use of nucleating agents with the
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polymeric material to be foamed can also be considered, wherein it is expected an
improvement in the uniformity of cell size and therefore, a better performance in

structural properties.

Similarly, the afore-mentioned example can be extrapolated to other applications
in which the characteristics are required to be improved, such as: weight reduction,
impact resistance, thermal insula{ion or acoustical- insulation of a polymeric body
wherein the dimensional or geometric characterisﬁcs, as well as its recyclability

properties, are not affected.

Example 2: Iyncorporation by low pressure injection of polyethylene and

polypropylene foams in a polymeric body

In order to assess the performance of the present invention in other materials, two
semi-crystalline polymers are provide as materials to be foamed, one of 'which is
high density polyethylene (HDPE) type, which has a crystal melting temperature
between 130 °C and 139 °C, with é melt index (190 °C-2.16 kg) between 10
g/10min' and 20 g/10min and a density at room temperature between 0.94 g/cm?®
and 0.96 g/cm®and the other material is polypropylene (PP) type, which has a
crystal melting temperature between 165 °C and 170 °C, with a melt index (230
°C-2.16 kg) between 4 g/10min and 10 g/10min and a density at room temperature
between 0.90 g/cm® and 0.92 g/cm®. A good performance with other polymeric
foam materials is expected, such as low density polyethylene (LDPE), medium
 density polyethylene (MDPE), linear low density polyethylene (LLDPE) and
polypropylene copolymers (PP-C), since these polymers exhibit better values of
melt strength compared to high density polyethylene (HDPE). The above materials
can be integrated to high density polyethylene (HDPE), polypropylene (PP),
polycarbonate (PC), polyethylene terephthalate (PET), polyamide (PA), poly oxy.
methylene (POM), polyether ether ketone (PEEK) type polymeric bodies, among

other materials which residual stress release temperature is above the injection
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temperature of the polymeric foam.

Both PP and HDPE are placed in contact with CO, at a pressure between 400 PSI
and 700 PSI for a period of time between 2 and 4 hours at room temperature,
wherein they absorb between 1% and 2% wt. of CO,. After such period, the
material is exposed to the atmospheric pressure. The CO,content by weight in the
polymer decreases from this moment. The injection process of the impregnated
polymeric material is made ten (10) minutes after the material was exposed to the
atmospheric pressure, preferably twenty (20) minutes after. The content of CO, by
weight for the injection process is between 0.5% and 1% wt. for PE, preferably
between 0.5% and 1% and for PP is between 0.5% and 2% wt., preferably
between 0.5% and 1% wt. |

In Figure 5, a decrease in the content of CO, by weight can be seen once the
material is exposed to the atmospheric pressure. After 40 minutes, the content is
around 0.5% wt. for HDPE and 1.0% wt. for PP.

During the injection process the material is pressurized and heated allowing the
foaming process after the material is injected. The integration process by injection
of the polymeric material impregnated with CO, occurs at a melting point between
170 °C and 200 °C for HDPE and between 180 °C and 210 °C for PP. With these
processing conditions, densities for the polymeric material at room temperatures
for HDPE between 0.38 g/cm® and 0.47 g/cm? are obtained, which correspond to a
reduction in density of 57% with respect to un-foamed HDPE, and for PP densities
between 0.44 g/cm® and 0.55 g/cm?® are obtained, which correspond to a reduction
in density of 46% with respect to un-foamed PP. The values of density remain
stable for material exposition times to the atmospheric pressure, before the
injection process, greater than 60 minutes, providing abroad processability

~ window, as shown in figure 6.
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In terms of properties, the ratio between the compressive stress and density as a
normalized indicator of stiffness (KPa/glcm®), shows a comparable behavior
between the foamed polymeric materials and the un-foamed polymeric materials in
compressive strains between 0% and 4% for HDPE and between 0% and 8% for
PP as shown in figure 7. Such values of deformation comprise the range of normal
use conditions for a polymeric part. This characteristic is highly desirable in
structural foams, such as for example in the case of a plate, the expected
deflection by effects of its own weight will be about the same for the un-foamed

material to the foamed material.

Within the possible applications for the technology described in the low pressure
injection process, are included those wherein it is required to reduce weight,
improve the impact resistance, thermal insulation, sound insulation, filling of
cavities, etc. '

Example 3: Integration of a-polymeric foam to a polymeric body by extrusion

process

In other particular application, by a transformation process by extrusion, two semi-
crystalline polymers are provided as materials to be foamed, one of which is low
density polyethylene (LDPE) type, which has a crystal melting temperature
between 120 °C and 130 °C, with a melt index (190 °C - 2.16 kg) between 2
g/10min and 10 g/10min and a density at room temperature between 0.91 g/lem®
and 0.94 g/cm® and another materiai of polypropylene (PP) type, which has a
crystal melting temperature between 165 °C and 170 °C, with a melt index (230 °C
- 2.16 kg) between 4 g/10min and 10 g/10min and a density at room temperature
between 0.90 g/cm® and 0.92 g/cm®. These foamed materials can be integrated to
a polymeric body which material can be in the types of high density polyethylene
(HDPE), polypropylene (PP), polycarbonate (PC), polyethylene terephthalate
(PET), polyamide (PA) among other materials which residual stress release
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temperatures are above the extrusion temperature of the polymeric foam. The
integration can be carried out by processes of extrusion lamination, extrusion
coating,t co-extrusion, etc. Such integration between a polymeric body and an
extruded polymeric foam is desirable in applications wherein it is required to
reduce the density and weight, improving the performance of properties smjch as

impact resistance, thermal insulation, acoustical insulation, etc.

Both LDPE and PP are placed in contact with CO;, at a pressure between 400 PSI
and 700 PSI over a period of time between 2 and 4 hours at room temperature,
wherein_they absorb between 0.5% anq 2% wt. of CO,. After such period, the
material is exposed to the atmospheric pressure. The percentage of CO; by weight
in the polymer decreases 'from this moment. The extrusion process of the
impregnated polymeric material begins five (5) minutes after the material was
exposed to the atmospheric pressure. The percentage of content of CO; by weight
for the extrusion process is between'0.5% and 1.5% wt. for LDPE, preferably
between 0.5% and 1% wt. and for PP is between 0.5% and 2% wt., preferably

between 0.5% and 1% wt., as shown in figure 8.

During the extrusion process the material is pressurized and heated allowing the
foaming process and the integration with a polymeric body.,The impregnated‘
polymeric materials are provided to the extrusion process at a melting temperature
between 170 °_C and 200 °C for LDPE and between 180 °C and 210 °C for PP.
With these processing conditions, densities of the polymeric material at room
temperature for LDPE between 0.22 g/cm® and 0.24 g/cm® are obtained, which
correspond to a reduction in density of 74% with respect to un-foamed LDPE, and
for PP densities between 0.42 g/cm® and 0.50 g/cm® are obtained, which
correspond’to a reduction in density of 46% with respect to un-foamed PP, as can

be seen in figure 9.
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CLAIMS

1. A process for integrating a polymeric foam with at least one polymeric body
which comprises the stepé of:

a. Selecting a material for a polymeric body;

b. Selecting at least one polymeric material to be foamed, which has a
crystal melting temperature in case this material crystallizes, or a glass
temperature in case this material does not crystallize, wherein said
crystal melting temperature or glass temperature is lower than the
residual stress liberation temperature of the at least one polymeric body;

c. Providing a polymeric body;

d. Providing the polymeric material to be foamed at a temperature between
its glass transition temperature and its crystal melting temperature for a
material that crystallizes, or at a temperature below its glass transition
temperature for a material that does not crystallize;

e. Contacting the polymeric material to be foamed with a gas at a pressure
greater than atmospheric pressure for a time sufficient such that the

- polymeric material to be foamed incorporates at least 0.1% gas by
weight;

f. Exposing the polymeric material to be foamed to atmospheric pressure
for a time between 0 and 90 minutes, so that the stability of the following
steps is not affected;

g. Exposing the polymeric material to be foamed to a pressure greater than
the pressure used in the previous step and a temperature greater than
the crystal melting temperature of the polymeric material to be foamed of
step (b) for a material that crystallizes, or the glass transition
temperature of the polymeric material to be foamed of step (b) for a
‘material that does not crystallize, and lower than the temperature at

which residual stresses are liberated from the polymeric body; and
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h. Contacting the polymeric material of the previous step with the at least
one polymeric body at a pressure lower than that used in the previous

step.

. The process of claim 1, wherein the polymeric material to be foamed and the

material of the at least one polymeric body are compatible.

. The process of claim 2, wherein both materials are suitable for recycling

together and exhibit good adhesion to each other.

. The process of cIairh 1, wherein the polymeric material to be foamed of step (b)
is selected from the group consisting of ethylene-vinyl acetate (EVA), ethylene-
butyl acrylate (EBA), low density polyethylene(LDPE), linear low density
polyethylene (LLDPE), high density polyethylene(HDPE), medium density
polyethylene (MDPE), polypropylene (PP) and their copolymers, ionomers, or

blends containing one or more of the aforementioned.

. The process of claim 4, wherein the polymeric material to be foamed further

includes nucleating agents.

. The process of claim 1, wherein the gas contains c;arbon dioxide (COz) and/or

nitrogen (Ny).
. The process of claim 1, wherein the steps (g) and (h) are performed through
extrusion, injection molding, or any other related polymer transformation

process.

. The process of claim 1, wherein the time range of the step f) is between 20 and

70 minutes.
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PROCESO DE BAJA TEMPERATURA PARA INTEGRAR UNA ESPUM

POLIMERICA CON UN CUERPO POLIMERICO

CAMPO TECNICO
La presente invencion se refiere a tecnologia de ma
poliméricosy la fabricacion de articulos poliméric
la integracion de la espuma es deseable con el fin
el peso y mejorar las propiedades mecanicas, de ais
térmico y aislamiento acustico, entre otras, sin co
la funcionalidad del producto, con requisitos de in
reciclado

bajos y permitiendo la reutilizacion y/o

producto.

ANTECEDENTES

En la actualidad, algunas estructuras son fabricada
industrialmente sin formacién de espuma, por ejempl

bebidas embotelladas, que luego tienen espuma integ
cavidades existentes con el fin de reducir el peso
estructura, en comparacion con una estructura solid

su resistencia al impacto, sin dafiar la funcionalid

capacidad de apilamiento y la estabilidad mecénica.

Para dicho proceso de estructuras de llenado con es

siguen los pasos definidos en W0O2010008264. Este do

teriales
0s, endonde
de reducir
lamiento
mprometer
version
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refiere a un procedimiento para la produccion de pi
plastico moldeadas con paredes mas gruesas y reforz

el proceso combina técnicas de moldeo de plastico ¢

y comprende los pasos de: disefiar un articulo de pl

al menos una cavidad o area hueca para ser llenada
material termoplastico de refuerzo, y la cual debe
menos una compuerta de inyeccién; pre-moldear el ar
plastico mediante un proceso de moldeo convencional
un material termoplastico con un agente espumante a

la compuerta de inyeccién usando una maquina de iny
baja presion; retirar el producto o articulo de pla

maquina de inyeccion a baja presion; y, enfriar el

fabricado en el &rea de almacenamiento.

Siguiendo los pasos indicados en el documento WO201
utiliza polietileno de alta densidad (HDPE), con un

fluidez (MFI) de 8 gramos por 10 minutos a una temp

190 °C con un peso de 2.16 kg que se moldea por iny
Después de la fabricacion de la estructura no espum
material de polimero espumado, polietileno lineal d
densidad (LLDPE), con un MFI de aproximadamente 65
(190/2.16), se inyecta en la estructura. La tempera
procesamiento de moldeo por inyecciéon del material

aproximadamente 150 °C. La espuma Se genera con un

ezas de
adas, donde
onvencional
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ticulo de
; inyectar
través de
eccion a
stico de la
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formacion de espuma quimica endotérmica,
comercialmente como Microcell® 303 de Momentum Inte

GmbH.

El procedimiento definido en el
presenta el problema que la inyeccion del material
debe realizar a una temperatura elevada (mas de 130
LLDPE), lo cual libera las tensiones residuales en
estructura de no espumada (temperatura de ablandami

132 °C), deformando dicha estructura, que es un efe
indeseable debido a que compromete la capacidad de

la estabilidad mecéanica, y la funcionalidad de dich
estructura. Este problema se trata actualmente medi
modificacion de la geometria del molde de inyeccion
compensar las deformaciones. Sin embargo, esta solu
inadecuada, ya que implica el proceso de ensayo y e
compensar las deformaciones de la estructura final

forma de la cavidad del molde, aumentando el costo

de desarrollo.

En la actualidad, existen muchos procesos y métodos
en el estado de la técnica para la formacion de esp
polimero y su posterior aplicacion dentro de otro m

polimérico.

documento W02010008

disponible

rnational

264,
espumado se
°C para el
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Una de tales soluciones en el estado de la técnica

las cavidades de la estructura con los componentes
con el fin de obtener espuma termoestable que reacc
temperatura suficientemente baja, tal que no se pro
deformaciones en la estructura. El documento de US.
describe un ejemplo del uso de esta soluciébn para |
construccion de unrefrigerador que utiliza el poli

el material espumado. Este método se utiliza cominm

técnicas de fabricacion actual, pero crea enormes d

con el reciclaje de la estructura polimérica debido

espuma termoestable no puede fundirse. Otros ejempl
presentan en los documentos US 6.093.358 y US 6.295

gue el material expandible termoestable se utiliza

las cavidades de la pieza de plastico.

Otra solucion disponible en el estado de la técnica
integracion de los materiales espumados con la estr
espumada en el mismo molde en donde la estructura s
siendo dicho procedimiento conocido en la técnica c
sobremoldeado de espuma. Un ejemplo de esta solucio
conocer en el documento EP 2318282 Al, en el que la

rigida se sobremoldea con espuma polimérica para ob

posteriormente, a través del proceso de moldeo por

es llenar
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envase con una capa de espuma. La mezcla presurizad
polimero fundido a espumar con un gas en el estado

es una técnica utilizada comunmente para obtener es
termoplasticas que se pueden utilizar parafabricar

de un solo componente o0 de componentes
sobremoldeados. Dicha mezcla genera la espuma cuand

a una condicién de baja presion. Un ejemplo de esta

de formacion de espuma se presenta en el documento
20100198133. La principal desventaja del uso de est
tecnologias de sobremoldeado y formacion de espuma

costo de inversion en equipos de procesamiento y en

de moldes.

Otra solucion disponible en el estado de la técnica

llenado de cavidades de piezas con perlas poliméric
expansibles. Un ejemplo de esta solucion se describ
documento US 20140110491, donde una cavidad de arti
estructural de plastico se llena con perlas de poli
termoplastico expandible por vapor, que cuando se e

llenan la cavidad. Los materiales de las perlas y e

estructural son de un polimero similar, permitiendo
reciclado. Sin embargo, la adhesion entre los mater

verse comprometida, limitando la invencion a geomet

cavidades cerradas. Una solucion similar se present

a del

supercritico
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documento EP 0647513. Otro ejemplo se presenta en e

US 5665285, donde un articulo de espuma moldeada se
con una piel polimérica usando el método de moldeo

y perlas expansibles para formaciéon de espuma. Esta
requiere que las perlas expansibles se introduzcan

cavidad hueca antes del enfriamiento.

Una de las etapas de la invencion descrita en el pr
documento es exponer el polimero que sera espumado
sélido a un gas de alta presion. Esta técnica ha si

varias divulgaciones, pero no estan destinadas ala

a bajatemperatura de espuma polimérica con cuerpos
para obtener una estructura final con propiedades m
sin deformar el

cuerpo polimérico, para garantizar

funcionalidad y otras propiedades de la estructura

Una de dichas revelaciones es el documento US710760
divulga un método para fabricar un dispositivo anti

gue comprende las etapas de: saturar un material de

un gas inerte a traveés del ajuste de la presion vy |

de gas inerte; moldear un producto en el que el nim
forma y la forma de las células de gas se ajustan c

la presion de inyeccion, la velocidad de inyeccion,

| documento
integra

por soplado
solucion

en la
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en su estado
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integracion
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del tiro, la presion de mantenimiento, el gradiente

enfriamiento y el tiempo de enfriamiento.

Otro documento relacionado con esta tecnologia es |

US N°7.182.897 que ensefia un método para almacenar
después de haber sido saturado, en el que el materi
saturado a una presion no inferior a 4 MPay a una
definida. Dependiendo del tipo de material, se defi
tiempo, la presion, las temperaturas de saturacion

condiciones de almacenamiento.

El documento EP0765724 describe un método para extr
plasticas mientras se reduce la viscosidad por medi

En este proceso, el material en forma de granulos o
alimenta a un aparato de absorcion de gas, donde se
gas bajo una presion y temperatura definidas y desp

través de un proceso de extrusion.

Elestado de latécnica es un monténde documentos
el contacto de granulos de polimero con un gas con
producir espumas de granulos. Por ejemplo, Li et al

un recipiente de alta presion para impregnar el pol

de

a patente

un material
al es
temperatura
nen el

y las

uir espumas
odeungas.
polvo se

carga con

ués pasa a

que describen
el fin de
utilizan

imero iPP

con N2 y CO 2. El recipiente se calienta para espumar el

material. Chen et al. utilizan una camara de formac

i6on de
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espuma para preparar muestras de espuma EVA usando
agente de soplado. Cuando se calienta el material e
recipiente y se libera la presion, se produce el pr

formacion de espuma.

El estado de la técnica reporta varios estudios de

de espuma y propiedades mecéanicas usando moldeo por
para producir la prueba de muestreado con espuma, e
los granulos de polimero se impregnaron previamente
agente fisico. Un ejemplo es presentado por Florez,
granulos de policarbonato se ponen en contacto con
presiones durante mas de 20 horas, luego se inyecta

para obtener las muestras.

Finalmente, la solicitud PCT WO02006100517 describe
procedimiento para introducir un gas en un polimero
comprende las etapas de exponer un primer polimero

una temperatura mayor que la temperatura ambiente,

etapa se lleva a cabo a una temperatura desde la te

de transicién vitrea a la temperatura de fusion cri

un material semicristalino o por debajo de la tempe

transicion vitrea para un material amorfo. El polim

para producir un articulo espumado.
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De acuerdo con la informacion anterior, para los ex

la técnica es evidente que los documentos existente

una solucién adecuada al problema planteado en la p

invencion, ya que en la mayoria de los casos, el pr
integrar la espuma se lleva a cabo a una temperatur
a la temperatura a la que se liberan tensiones resi
el cuerpo polimérico no espumado, lo que a su vez h
estructura final se deforme y se vea comprometida.

casos, la reciclabilidad se ve afectada negativamen

requieren grandes inversiones en equipos Yy tecnolog

moldes.

Por lo tanto, existe una necesidad en el estado de

para disefiar un procedimiento o método paraintegra
polimérica con una estructura polimérica no espumad
temperaturas para obtener una estructura final, es
temperaturas inferiores a la temperatura en la que
tensiones residuales en la estructura polimérica no

con el objetivo de mantener las propiedades fisicas
estructura y ser adecuada para multiples aplicacion

un proceso que no requiere grandes inversiones en e
tecnologia de moldes y no afecta la reciclabilidad

estructura final es necesario para futuras aplicaci

pertos en
sno ofrecen
resente
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a superior
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BREVE DESCRIPCION DE LOS DIBUJOS

La presente invencién se define con més precision m ediante los
dibujos adjuntos, que no limitan el alcance de la i nvencion
definida en las reivindicaciones, en donde:

Figura 1. Muestra el % de contenido de CO 2 por peso en EVA en

funcién del tiempo de exposicion a la presion atmos

férica antes

de la inyeccion para diferentes tiempos de impregna cion del
gas del ejemplo 1

Figura 2: Muestra la densidad de espuma de EVA inye ctaday el
% de contenido de CO2 por peso justo antes del proc eso de
inyeccion frente al tiempo de exposicibn a la presi on
atmosférica, antes de la inyeccién del ejemplo 1

Figura 3: Muestra la temperatura externa de la supe rficie del
cuerpo polimérico frente al tiempo después de la in tegracion
de la espuma con un cuerpo polimérico del ejemplo 1

Figura 4: Muestra la resistencia a impactos con mue scas y el
modulo secante de HDPE puro, HDPE con 4.6% de EVAt ipo 1y HDPE
con 4.6% de EVA tipo 2 del ejemplo 1.

Figura 5: Muestra el % de contenido de CO 2 por peso en HDPE y

PP en funcion del tiempo de exposicion a la presion

antes de la inyeccion del ejemplo 2.

10

atmosférica
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Figura 6: Muestra la densidad de espuma de HDPE y P P después
de la inyeccion frente al tiempo de exposicion a la presion

atmosférica antes de la inyeccién del ejemplo 2

Figura 7: Muestra la comparacion de fatiga de traba jo a
compresion/relacion de densidad de HDPE y PP despué s de la
inyeccion para materiales no espumados y espumados del ejemplo
2

Figura 8: Muestra el % de contenido de CO 2 por peso en LDPE y
PP en funcion del tiempo de exposicion a la presion atmosférica

antes de la extrusion del ejemplo 3.
Figura 9: Muestra la densidad de espumado de LDPE vy PP en

extrusion para cinco muestras del ejemplo 3

DESCRIPCION DETALLADA DE LA INVENCION

La presente invencion esta relacionada con un proce dimiento a
baja temperatura que comprende varias etapas para i ntegrar
espuma polimérica con cuerpos poliméricos para obte ner un
cuerpo final con propiedades mejoradas, realizandos e dicho
proceso a bajas temperaturas para evitar deformacio nes en el
cuerpo polimérico que comprometan la funcionalidad y otras
propiedades de la estructura final. El procedimient 0 comprende
las etapas de seleccionar los materiales polimérico S que
garanticen la adhesion entre ellos, la procesabilid ad, la
reutilizacion y la reciclabilidad; impregnar el mat erial a

11
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espumar con un gas; generar la espuma; e integrar |

con los cuerpos poliméricos.

Otra caracteristica del procedimiento de la present

se basa en la reduccion de costos mediante el uso d
conocidos en el estado de la técnica y cominmente u

en el procesamiento de polimeros y el hecho de que
material polimérico a espumar como el material de ¢
polimérico son compatibles con respecto a su capaci
reciclado, de tal manera que, después que la estruc

se utiliza muchas veces, se puede reciclar para obt
cuerpos posteriores sin necesidad de usar material

ayudando asi a reducir el impacto ambiental.

El proceso comprende las etapas de:

* Seleccion del material o materiales para los cuerpo
poliméricos. Esta seleccion se hace sobre la base d
requisitos para la aplicacién de la estructura fina

» Seleccion del material polimérico a espumar, tenien
cuenta como criterio de seleccién que, la temperatu
fusion del cristal en el caso de un material que
cristaliza o la temperatura de transicion vitrea en

caso de un material que no cristaliza, es inferior

12

a espuma

e invencion

e elementos

tilizados

tanto el

uerpo

dad de

tura final

ener otros

nuevo,

e los

do en

ra de

el

ala



10

15

20

temperatura en la que se liberan tensiones residual es en
el cuerpo polimérico,

Proporcionar al menos un cuerpo polimérico con cual quier
forma deseada.

Proporcionar el material a espumar en estado sdlido , €S

decir, a una temperatura en el intervalo desde la

temperatura de transicion vitrea hasta la temperatu ra de
fusion cristalina para un material que cristaliza o por
debajo de la temperatura de transicion vitrea para un

material que no cristaliza.

Poner en contacto el material polimérico a espumar con
gas a una presion mayor que la presion atmosférica durante
un tiempo suficiente tal que el material a espumar

incorpore al menos 0.1% en peso de gas.

Exponer el material polimérico a espumar a una pres i6n
inferior a la presién utilizada en la etapa anterio r
durante un tiempo suficiente de tal manera que la t asa de
pérdida de gas no afecte a la estabilidad de las et apas

siguientes. El tiempo no puede ser excesivo, de lo
contrario no habra suficiente gas impregnado en el
material polimérico, afectando la capacidad de form acion
de espuma en las siguientes etapas.

Exponer el material polimérico a espumar a una pres ion

mayor que la utilizada en la etapa anterior y una

13



temperatura mayor que la temperatura de fusion cris talina

para un material que cristaliza o mayor que latemp eratura
de transicion vitrea para un material que no crista lizae
inferior a la temperatura a la que se liberan tensi ones

residuales de al menos un cuerpo polimérico.

* Poner en contacto el material polimérico espumado ¢ on el
al menos un cuerpo polimérico a una presiéon menor g ue la
utilizada en la etapa anterior. Cuando se bajalap resion,
el gas impregnado se libera permitiendo la formacié n de
espuma.

En una realizacion preferida de la presente invenci on, los
materiales de la espuma polimérica y el al menos un cuerpo
polimérico son compatibles con el objeto de permiti r el
reciclaje, ya que es necesario proteger el medio am biente y
evitar la necesidad de materiales nuevos o virgenes cada vez
gue se crea una nueva estructura, ademas también es deseable
usar materiales que puedan ser reutilizados varias veces

mientras se conservan las propiedades del material.

Adicionalmente, el material polimérico a espumary el material
del al menos un cuerpo polimérico deberian ser comp atibles con
objeto de permitir la adhesiéon entre ellos. De este modo, se
garantiza la estabilidad y la integracibn permanent e de la

14
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estructura compuesta del al menos un cuerpo polimér

espuma polimérica.

En una realizacion preferida de la presente invenci
material a espumar se selecciona del grupo que cons
etileno-acetato de vinilo (EVA), etileno-butilacril
polietileno de baja densidad (LDPE), polietileno li

densidad (LLDPE), polietieno de alta densidad (HDP
polietileno de densidad media (MDPE), polipropileno
ionémeros 0 mezclas que contienen uno o mas de los

anteriormente. Ademas, se pueden usar agentes de nu

gue ayudan al proceso de formacion de espuma.

En una realizacion preferida de la invencion, la et
someter el material polimérico a espumar aun gas a
elevada se lleva a cabo usando un gas que contiene
carbono (CO ) y/o nitrégeno (N 2).

En otra realizacion preferida de la invencion, el p
integracion de los materiales poliméricos (del cuer
espuma) se lleva a cabo a través de cualquier métod
de integracion de materiales, preferiblemente por e
moldeo por inyeccion o cualquier otro proceso relac

transformacién de polimero.
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En otra realizacion preferida de la invencion, la e
exponer el material polimérico a espumar a una pres
gue la presion utilizada en la etapa anterior duran
suficiente tal que la tasa de pérdida de gas no afe
estabilidad de las siguientes etapas es realizada a
atmosférica durante un tiempo entre 0 y 90
preferiblemente entre 20 min y 70 min, ofreciendo u

ventana de procesamiento para un uso a escala indus

invencion.

Finalmente, en una realizacion alternativa de la in

proceso de integraciéon de los materiales definidos
lleva a cabo de tal manera que las etapas de propor
menos un cuerpo polimérico y el contacto de dicho ¢

la espuma polimérica se llevan a cabo simultdneamen

de haber completado los otros pasos previamente def
Ejemplos especificos de esta realizacion incluyen
coextrusién del material espumado y el cuerpo o cue
espumados, la laminacion por extrusion del material

otras peliculas hechas de diferentes polimeros, rev

por extrusion, etc.

La presente invencion se definira adicionalmente me

siguientes ejemplos que son soélo ilustrativos y no
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limitar el alcance de la invencion definida en Ilas

reivindicaciones adjuntas. Otras modificaciones, re alizaciones
y variaciones de la invencion seran evidentes para los expertos
en la técnica sin apartarse del alcance de la prese nte
invencion.

EJEMPLOS
Los siguientes ejemplos se hicieron utilizando equi po
convencional de procesamiento por inyeccion y extru sion, tales
como los conocidos en el estado de la técnica sin n ecesidad de
usar moldes especiales para el proceso de integraci on de la

espuma al cuerpo polimérico.

Ejemplo 1: Incorporacion de un material polimérico
semicristalino a un cuerpo polimérico mediante inye ccionabaja

temperatura y baja presion

Se proporciond un cuerpo polimérico hecho con un po limero de
tipo polietileno de alta densidad (HDPE), que tiene una
temperatura de fusion cristalina entre 130 °C y 139 °C, con un
indice de fusién (190 °C - 2.16 kg) entre 10 g/10 m iny 20g/10
min y una densidad a temperatura ambiente entre 0.9 4 g/lcm 3y

0.96 g/lcm 3 y con una temperatura de liberacion de tension

residual entre 110 °Cy 130 °C.

17
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El cuerpo polimérico mencionado anteriormente se in
una espuma polimérica con el fin de reducir su peso
sus propiedades de impacto sin afectar la capacidad
reciclaje o las caracteristicas dimensionales por u

de inyeccion a baja temperatura y baja presion. Con

se proporciona un material polimérico a espumar com

el cuerpo polimérico, lo que favorece su adherencia

las siguientes caracteristicas: Polimero del tipo a
vinilo de etileno (EVA), con contenido de acetato d
entre 15% y 25% y temperatura de fusion cristalina

y 85 °C e indice de fusion (190 °C — 2.16 kg) entre

y 12 g/10 min y una densidad a temperatura ambiente

g/cm 3.

El material polimérico a espumar se acondiciona pre

se pone en contacto con dioxido de carbono (CO

entre 400 psi y 700 psi durante un tiempo mayor que
temperatura ambiente, en donde es impregnado por el
Durante este periodo, el material absorbe entre 6%

peso de CO ».

El uso de diferentes tiempos de impregnacion no afe

significativamente al comportamiento de desorcion,

muestra en la Figura 1, que muestra curvas de desor
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de poner en contacto el material polimérico con CO 2 durante

1,5, 3y 24 horas.

Unavez finalizada la etapa de contacto del materia | polimérico
con CO 2, el material se expone a las condiciones ambiental es.
El porcentaje de CO 2 por peso en el polimero disminuye desde

el momento en que el material se expone a las condi ciones
ambientales. La etapa de inyecciéon del material pol imeérico
impregnado puede llevarse a cabo cuando el material alcanza un

porcentajede CO ;> entre 0.5% Yy 8% en peso, preferiblemente 0.5%

y 4% en peso, mas preferiblemente entre 0.8% y 2.5% en peso.
Los valores de contenido de CO 2> anteriormente mencionados se
alcanzan si la inyeccion se hace inmediatamente des pués que el
material se expone a la presion atmosférica, prefer iblemente
cuarenta (40) minutos después y hasta un tiempo tan largo como
aproximadamente setenta (70) minutos después que el material
fue expuesto a la presion atmosférica, manteniendo asi una
densidad de formacién de espuma estable. Como se mu estraenla
Figura 2, se alcanzan densidades inferiores a 0.5 g /cm3 con
concentraciones superioresal 3.5% enpesode CO 2,y ladensidad

se estabilizaaunvalor cercanoa0.52 g/cm 3conunadesviacion
estandar de 0.005 g/cm 3 cuando el tiempo de exposicién a la

presion atmosférica antes del proceso de inyeccion es superior
acuarenta (40) minutos, manteniendo la estabilidad contiempos

19
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de hasta setenta (70) minutos, lo que permite tener
importante ventana de procesabilidad.

Durante el proceso de inyeccion, el material se pre

calienta permitiendo el proceso de formacion de esp

que el material es inyectado. La formacion de espum

integracion por proceso de inyeccidbn entre el mater

una

surizay se
uma despues
ayla

ial

polimérico impregnado con CO 2y el cuerpo polimérico se realiza

a baja temperatura, con una temperatura de fusion e

y 105 °C, preferiblemente entre 70 °C y 95 °C y mas

preferiblemente entre 80 °Cy 90 °C, asegurando que
espumado esté por debajo de la temperatura de liber
tensiones residual del cuerpo polimérico (110 °C a
evitando asi deformaciones inducidas por la relajac
tension por temperatura en el cuerpo polimérico. Al

la espuma polimérica por el proceso de inyeccion a
temperatura, latemperaturadel cuerpo polimérico s

hasta 60 °C, progresivamente reduciéndose hasta alc
nuevo la temperatura ambiente en un periodo cercano

después de la inyeccién, como puede verse en la Fig

El cuerpo polimérico integrado con la espuma polimé
ser reciclado para generar un nuevo cuerpo polimeéri
misma aplicacion. El material reciclado puede ser i

total o parcialmente en el nuevo cuerpo polimérico.
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mostrar lo anterior, se hicieron ciclos sucesivos d e reciclado

e incorporacion en un 25% en peso de dicho material reciclado

a cada ciclo para la fabricacién de un nuevo cuerpo polimérico,
hasta alcanzar un contenido EVA estable en el cuerp o]
polimérico, que corresponde a un 4.6% en peso despu ésde cuatro

(4) ciclos de reciclaje. Las propiedades obtenidas no muestran
un detrimento significativo en las propiedades meca nicas debido

al contenido de EVA, ya que sélo se observé una dis minucion
del 8.2% en el mddulo secante con EVA tipo 1 (prome diode 769.0
MPa y desviacion estandar de 19.78 MPa) y 5.0% con EVA 2
(promedio de 795.8 MPa y desviacién estandar de 16. 48 MPa) con
respecto a la propiedad del material del cuerpo pol imeérico sin
reciclado o contenido de EVA (promedio de 837.4 MPa y
desviacién estandar de 13.72 MPa); por otro lado, s e observo
una mejora significativa en las propiedades de resi stencia al
impacto, ya que se obtuvieron valores 38% superiore S con un
EVA tipo 1 (media 7.1 KJ/m 2 y desviacion estandar de 0.083

KJ/m2) y 26% mayor con EVA tipo 2 (promedio de 6.48 KJ/m 2y
desviacion estandar de 0.023 KJ/m 2) con respecto a la propiedad

del material del cuerpo polimérico sin reciclaje o contenido
de EVA (promedio de 5.1 KJ/m 2 y desviacion estandar de 0.079

KJ/mZ2) como se muestra en la Figura 4.
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Para esta aplicacion se pueden considerar otros pol
tales como: iondmeros con temperaturas de fusion cr
comprendidas entre 70 °C y 100 °C, o acetato de eti
(EBA) contemperaturas de fusion cristalinas compre

80 °C y 100 °C. Debido a las bajas temperaturas de
cristalina y a la compatibilidad con el polietileno
densidad, se esperan resultados similares. También
considerar el uso de agentes de nucleacion con el m
polimérico a espumar, en el que se espera una mejor
uniformidad del tamafio de las célulasy, por lo tan

comportamiento en las propiedades estructurales.

De manera similar, el ejemplo antes mencionado se p
extrapolar a otras aplicaciones en las que se requi

las caracteristicas, tales como: reduccion de peso,

al impacto, aislamiento térmico o aislamiento acust

cuerpo polimérico en el que las caracteristicas dim

0 geomeétricas, asi como sus propiedades de reciclab

se ven afectadas.

Ejemplo 2: Incorporacion mediante inyeccion a baja

espumas de polietileno y polipropileno en un cuerpo
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Con el fin de evaluar el rendimiento de la presente

en otros materiales, se proporcionan dos polimeros
semicristalinos como materiales a espumar, uno de |

es polietieno de alta densidad (HDPE), que tiene u
temperatura de fusion cristalina entre 130 °C y 139

indice de fusién (190 °C a 2.16 kg) entre 10 g/10 m

min y una densidad a temperatura ambiente entre 0.9

0.96 g/cm 3y el otro material es polipropileno (PP) que tiene
una temperatura de fusion cristalina entre 165 °C y

con un indice de fusion (230 °C a 2.16 kg) entre 4

10 g/10 min y una densidad a temperatura ambiente e

invencion

oS cuales

na

°C, conun

iny 20 g/10

4 glcm 3y

170 °C,
0/10 miny

ntre 0.90

glcm3 y 0.92 g/cm 3. Se espera un buen rendimiento con otros

materiales de espuma polimérica, tales como polieti

densidad (LDPE), polietieno de densidad media (MDP
polietileno de baja densidad lineal (LLDPE) y copo

polipropileno (PP-C), puesto que estos polimeros pr
mejores valores de resistencia a la fusion en compa

el polietleno de alta densidad (HDPE). Los materia
anteriores pueden ser integrados en polietileno de
densidad (HDPE), polipropileno (PP), policarbonato
polietileno tereftalato (PET), poliamida (PA), poli

(POM), cuerpos poliméricos tipo poliéter éter ceton

entre otros materiales, cuya temperatura de liberac
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tension residual esta por encima de latemperatura de inyeccion

de la espuma polimérica.

Tanto el PP como el HDPE se ponen en contacto con C G a una
presion entre 400 PSIy 700 PSI durante un periodo de tiempo
entre 2 y 4 horas a temperatura ambiente, en el que absorben
entre 1% y 2% en peso de CO 2. Después de tal periodo, el
material se expone a la presion atmosférica. El con tenido de
CQ por peso en el polimero disminuye a partir de este momento.
El proceso de inyeccién del material polimérico imp regnado se
realiza diez (10) minutos después que el material s e expone a
la presién atmosférica, preferiblemente veinte (20) minutos
después. El contenido de CO > por peso para el proceso de
inyeccion esta comprendido entre 0.5% y 1% en peso. Para el
PE, preferiblemente entre 0.5% y 1% y para el PP es ta entre
0.5% y 2% en peso, preferiblemente entre 0.5% y 1% en peso.

En la Figura 5, se puede observar una disminucién e n el

contenido de CO > por peso una vez que el material se expone a

la presion atmosférica. Después de 40 minutos, el ¢ ontenido es
alrededor de 0.5% en peso para HDPE y 1.0% en peso para PP.
Durante el proceso de inyeccion, el material se pre surizay se
calienta permitiendo el proceso de formacion de esp uma despueés

24



10

15

20

que el material es inyectado. El proceso de integra cion por

inyeccion del material polimérico impregnado con CO > tiene

lugar a un punto de fusion entre 170 °C y 200 °C pa ra HDPE y
entre 180 °C y 210 °C para PP. Con estas condicione s de
procesamiento, se obtienen densidades para el mater ial
polimérico a temperatura ambiente para HDPE entre 0 ,38g/cm 3y

0.47 g/lcm 3, lo que corresponde a una reduccion de la densidad

del 57% con respecto al HDPE no espumado y para den sidades de
PP entre 0.44 g/cm 3y 0.55 g/cm 3, lo que corresponde a una
reduccion de la densidad del 46% con respecto al PP sin espuma.
Los valores de densidad permanecen estables para lo S tiempos
de exposicion de material a la presion atmosférica, antes del
proceso de inyeccion, superiores a 60 minutos, prop orcionando
amplia ventana de procesabilidad, como se muestra e n la figura

6.

En términos de propiedades, la relacién entre el es fuerzo de
compresion y la densidad como indicador normalizado de rigidez

(KPa/g/cm 3), muestra un comportamiento comparable entre los

materiales poliméricos espumados y los materiales p oliméricos
no espumados a tensiones de compresion entre 0% y 4 % para HDPE
y entre 0% y 8% para PP como se muestra en la figur a7. Tales
valores de deformacién comprenden el intervalo de c ondiciones
de uso normal para una parte polimérica. Esta carac teristica
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es altamente deseable en espumas estructurales, tal
ejemplo en el caso de una placa, la deflexion esper
efectos de su propio peso sera aproximadamente la m

el material no espumado al material espumado.

Dentro de las posibles aplicaciones de la tecnologi
en el proceso de inyeccidn a baja presion, se inclu
en las que se requiere reducir el peso, mejorar la

al impacto, aislamiento térmico, aislamiento acusti

de cavidades, etc.

Ejemplo 3: Integracion de una espuma polimérica a u
polimérico mediante un proceso de extrusion

En otra aplicacion particular, mediante un proceso
transformacioén por extrusion, se proporcionan dos p
semicristalinos como materiales a espumar, uno de |

es polietleno de baja densidad (LDPE), que tiene u
temperatura de fusion cristalina entre 120 °Cy 130

indice de fusién (190 °C - 2.16 kg) entre 2 g/10 mi

min y una densidad a temperatura ambiente entre 0.9

0.94 g/cm 3y otro material de tipo polipropileno (PP) que tie

una temperatura de fusion cristalina entre 165 °C y

con un indice de fusion (230 °C - 2.16 kg) entre 4
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10 g/10 min y una densidad a temperatura ambiente e ntre 0.90

glcm3 y 0.92 g/lcm 3. Estos materiales espumados se pueden

integrar a un cuerpo polimérico cuyo material puede estar en
los tipos de polietileno de alta densidad (HDPE), p olipropileno
(PP), policarbonato (PC), polietileno tereftalato ( PET),
poliamida (PA), entre otros materiales cuyas temper aturas de
liberacion de tensién estan por encima de la temper atura de
extrusion de la espuma polimérica. La integracion p uede
llevarse a cabo mediante procesos de laminacién por extrusion,

recubrimiento  por  extrusion, coextrusién, etc. Esta

integracion entre un cuerpo polimérico y una espuma polimérica

extruida es deseable en aplicaciones en las que se requiere
reducir la densidad y el peso, mejorando el rendimi ento de
propiedades tales como resistencia al impacto, aisl amiento

térmico, aislamiento acustico, etc.

Tanto el LDPE como el PP se ponen en contacto con C G a una
presion entre 400 PSI y 700 PSI durante un periodo de tiempo
entre 2 y 4 horas a temperatura ambiente, en donde absorben
entre 0.5% y 2% en peso de CO 2. Después de tal periodo, el

material se expone a presion atmosférica. El porcen tajede CO »
por peso en el polimero disminuye a partir de este momento. El
proceso de extrusion del material polimérico impreg nado
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comienza cinco (5) minutos después que el material

a la presion atmosférica. El porcentaje de contenid

peso para el proceso de extrusion esta entre 0.5% y
peso. Para LDPE, preferiblemente entre 0.5% y 1% en
para PP esta entre 0.5% y 2% en peso, preferiblemen

0.5% y 1% en peso, como se muestra en la figura 8.

Durante el proceso de extrusion, el material es pre
calentado permitiendo el proceso de formacion de es
integraciobn con un cuerpo polimérico. Los materiale

poliméricos impregnados se proporcionan al proceso

fue expuesto

o0de CO 2 por
1.5% en
peso, y

te entre

surizado y

pumay la

de extrusion

a una temperatura de fusion entre 170 °Cy 200 °C p ara LDPE y
entre 180 °C y 210 °C para PP. Con estas condicione s de
procesamiento, se obtienen densidades del material polimérico
a temperatura ambiente para LDPE entre 0.22 g/cm 3y0.24g/cm 3
lo que corresponde a una reduccion de la densidad d el 74% con
respecto al LDPE no espumado y para densidades de P P entre 0.42

g/lcm3 y 0.50 g/cm 3, lo que corresponde a una reduccion de la

densidad del 46% con respecto al PP sin espuma, com

verse en la figura 9.
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REIVINDICACIONES

Un procedimiento para integrar una espuma polimeéric

al menos un cuerpo polimérico que comprende las eta
de:

Seleccionar un material para al menos un cuerpo
polimérico;

Seleccionar al menos un material polimérico a espum
gue tiene una temperatura de fusion cristalina en e

que este material cristalice o una temperatura vitr

el caso que este material no cristalice, en donde d
temperatura de fusién cristalina o temperatura vitr

inferior a la temperatura de liberacibn de tension
residual del al menos un cuerpo polimérico,

Proporcionar un cuerpo polimérico;

Proporcionar el material polimérico a espumar a una
temperatura entre su temperatura de transicion vitr

su temperatura de fusion cristalina para un materia
cristaliza, o a wuna temperatura por debajo de su
temperatura de transicion vitrea para un material q
cristaliza;

Poner en contacto el material polimérico a espumar

gas a una presion mayor que la presion atmosférica
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un tiempo suficiente para que el material poliméric oa

espumar incorpore al menos 0.1% en peso de gas;

Exponer el material polimérico a espumar a una pres ion
atmosférica durante un tiempo entre 0 y 90 minutos, de
modo que la estabilidad de las siguientes etapas no se

vea afectada;

Exponer el material polimérico a espumar a una pres ion
mayor que la presion utilizada en la etapa anterior ya
una temperatura mayor que la temperatura de fusion

cristalina del material polimérico a ser espumado d ela
etapab) paraun material que cristaliza o la temperatura
de transicion vitrea del material polimérico a ser

espumado de la etapa b) para un material que no

cristaliza, y menor que latemperatura ala que se liberan
tensiones residuales del cuerpo polimérico; y

Poner en contacto el material polimérico de la etap a
previa con el al menos un cuerpo polimérico a una p resion

menor que la utilizada en la etapa anterior.

El procedimiento de la reivindicacion 1, en el que el

material polimérico a espumar y el material del al menos

un cuerpo polimeérico son compatibles.
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El procedimiento de la reivindicacion 2, en el que
materiales son adecuados para reciclarse juntosy e

una buena adhesion entre si.

El procedimiento de la reivindicacion 1, en el que
material polimérico a espumar de la etapa b) se sel

del grupo que consiste en etileno-acetato de vinilo

acrilato de etileno-butilo (EBA), polietiieno de ba
densidad (LDPE), polietileno lineal de baja densida
(LLDPE), polietileno de alta densidad (HDPE), polie

de densidad media (MDPE), polipropileno (PP) y sus
copolimeros, iondmeros o0 mezclas que contienen uno

de los mencionados anteriormente.

El proceso de la reivindicacion 4, en el que el mat

polimérico a espumar incluye ademas agentes nuclean

El procedimiento de la reivindicacion 1, en el que
contiene dioxido de carbono (CO 2) y/o nitrogeno (N
El procedimiento de la reivindicacion 1, en el que

etapas g) y h) se realizan mediante extrusion, mold
inyeccion, o cualquier otro proceso de transformaci

polimero relacionado.
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8. EIl procedimiento de la reivindicacion 1, en el que
intervalo de tiempo de la etapa f) esta entre 20 y

minutos.
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RESUMEN

La presente invencion se refiere a un procedimiento
temperatura que comprende varias etapas para integr
poliméricas con al menos un cuerpo polimérico con e
obtener un cuerpofinal con propiedades mejoradas,
dicho proceso a baja temperatura para evitar deform

el cuerpo polimérico que comprometan la funcionalid
propiedades del cuerpo final. El proceso comprende
de seleccionar los materiales implicados para garan
adhesion entre ellos, la procesabilidad, uso y/o re
entre otras propiedades; impregnar el material poli
espumar con un gas; generar la espuma; e integrar |

con al menos un cuerpo polimérico.
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EVA - % de CO, por rendimiento de peso
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Temperatura de la superficie externa del cuerpo polimérico vs tiempo
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%CO, por peso en HDPE
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Rendimiento de la densidad HDPE
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Estres de compresion [KPa)/densidad [g/cm’]
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%CO2 por peso [%]
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