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(57) ABSTRACT

A two-way shape memory polymer composite material is
provided, which comprises two interpenetrating network
polymers, wherein one polymer is a shape memory polymer
made of crystalline cross-linked polymer, the other one is a
cross-linked elastomeric material. The composite material is
formed by interpenetration of two network polymers,
wherein one network polymer will shrink under heating and
the other network polymer acts as the segment for energy
storage. When the first polymer network shrinks under
heating, it presses the second polymer network, while the
heating is cancelled the pressed second polymer network
will enforce the first polymer network to recover the original
shape, therefore it has the behavior of two-way shape
memory.

11 Claims, 1 Drawing Sheet
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TWO-WAY SHAPE MEMORY POLYMER
COMPOSITE MATERIAL AND
PREPARATION METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based on, and claims priority
from, Chinese application number 201410234045.5, filed
May 29, 2014, the disclosure of which is hereby incorpo-
rated by reference herein in its entirety.

TECHNICAL FIELD

The present invention relates to smart materials and more
particularly to a polymer composite material with two-way
shape memory and the preparation method thereof.

BACKGROUND

Smart material (also known as intelligent material system)
is a type of new executable functional material that can
perceive external stimulus, and take some response and
action based on the judgment. Smart material is the fourth
generation of material following the natural material, syn-
thetic polymeric material, and artificial design material,
nowadays new smart material is one of the most important
directions of the development of new high-tech materials.
Among others, the shape memory material is the most
widely studied smart material, as it has some unique prop-
erties such as shape memory effect, pseudo-clasticity, and
high damping, meanwhile it can recover its original shape or
technical parameters by performing action and having some
predetermined response to thermal, mechanical, magnetic,
or electrical stimulation. These characteristics of the shape
memory material have great scientific significance and
important engineering significance, so this kind of material
has received tremendous attention in the research of new
material.

Nowadays the most intensively investigated shape
memory material mainly includes shape memory alloy,
shape memory ceramics and shape memory polymer. These
materials have the advantages of large deformation, having
abundant raw materials, great variety of types, wide range of
shape memory recovery temperature, light weight, and easy
to synthesize, process, use, transport and package. It has
been found that many shape memory alloys such as InTi,
TiNi, CuAl, CuAINi, FeNi, FeMn, FeMnC, Fe,Pt, FeMnSi
have the effect of two-way shape memory; however, this
effect may be achieved by training these alloys in a special
way, and the training result may be affected by such factors
as the number of training, training temperature, training
period, imposed strain force, whether or not treated with
thermal cycling and the like, accordingly, the application of
two-way shape memory alloy is greatly restricted. Com-
pared with shape memory alloy, the shape memory polymer
has the property of shape memory effect and super elasticity
effect, so the two way shape memory polymer is often used
to achieve the two way shape memory effect. Currently there
are mainly three types of two-way shape memory polymer:
1. liquid crystalline elastomers (LLCEs); 2. shape memory
polymer under constant tensile; 3. shape memory material-
elastomer bonded structure. These three types of polymer
have their own advantages and disadvantages respectively,
for example, the liquid crystalline elastomers type has a high
transition temperature and a high cost, and the synthesis
procedure is relatively complicated; the second type may
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lose the effect of two-way shape memory without the
external force; the third type can only realize reversible
flexural deformation but cannot realize reversible shrinkage.
To our best knowledge, so far none of above mentioned
methods could realize bidirectional elongation and revers-
ible shrinkage without external tensile at ambient tempera-
ture.

SUMMARY

The purpose of the present invention is to overcome the
deficiencies of the prior art, and to provide a polymer
composite material having two-way shape memory function
without being driven by external stress at room temperature
and the preparation method thereof.

To achieve the above object, the present invention pro-
vides the following technical solution:

A polymer composite material with two-way shape
memory comprising two interpenetrating polymer networks
wherein a first polymer network is made of crystalline
cross-linked polymer as a shape memory polymer, and a
second polymer network is made of a cross-linked elasto-
meric material.

The two-way shape memory polymer composite material
in accordance with the present invention is made based on
the property and the structural principle of the interpen-
etrated network polymer materials. The memory polymer
composite material is formed by interpenetration of two
polymer networks, wherein the first polymer network, as a
shape memory shrinkage segment, will shrink under heating,
and the second polymer network acts as the segment for
storage of energy. When the first polymer network is heated,
it will shrink and press the second polymer network, while
the heating is cancelled, the pressed second polymer net-
work will provide a restore force to the first polymer
network to recover this polymer network to original shape,
therefore the interpenetrated network polymer composite
material has the effect of two-way shape memory.

Aiming at overcoming the above-said deficiency, the
present invention further provides a method for producing a
polymer composite material with two-way shape memory,
which comprises the following steps:

obtaining a polymer containing crystalline polymer seg-

ment;

obtaining an elastomeric polymer material;

blending the polymer containing crystalline polymer seg-

ment and the elastomeric polymer material to obtain a
mixture, and cross-linking the crystalline polymer seg-
ment of the polymer in the mixture by means of a first
stimulation;

stretching the obtained mixture and fixing it, then cross-

linking the elastomeric polymer material by means of a
second stimulation to obtain a two-way shape memory
polymer composite material;

wherein the types of the first stimulation and the second

stimulation are different from each other, or the first
stimulation and the second stimulation have the same
type but with different intensity.

The method for manufacture of polymer composite mate-
rial with two-way shape memory according to the present
invention is a simple technique to produce a material with
two-way shape memory at room temperature, this method is
easy to perform, and the product has a lower cost and easy
to use.

BRIEF DESCRIPTION OF THE DRAWINGS

The present application will be described in detail in the
following description with reference to the accompanying
drawings and specific examples, of which:
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FIG. 1 shows the molecular structure in the mixture
prepared by the manufacture method of two-way shape
memory polymer material according to one embodiment of
the present invention.

FIG. 2 shows the molecular structure of the cross-linked
polymer in the mixture after the first stimulation.

FIG. 3 shows the molecular structure of the cross-linked
polymer after stretched.

FIG. 4 shows the molecular structure of the interpen-
etrated network of the two-way shape memory polymer
composite material obtained by the second stimulation to the
mixture.

DETAILED DESCRIPTION OF THE
INVENTION

Objects, advantages and embodiments of the present
application will be explained below in detail with reference
to the accompanying drawings and examples. However it
should be appreciated that the following description of the
example is merely exemplary in nature and is not intended
to limit this application.

A polymer composite material with two-way shape
memory comprising two interpenetrating polymer networks
is provided, wherein a first shape memory polymer network
is made of crystalline cross-linked polymer as a shape
memory polymer and a second polymer network is made of
a cross-linked elastomeric material.

According to one embodiment of the present invention,
the crystalline cross-linked polymer may be one or more
selected from the group consisting of polyurethane, poly-
ethylene, polynorbonene, trans-polyisoprene and styrene-
butadiene copolymer.

The hardness and/or modulus of the cross-linked elasto-
meric material are/is between that of rubber and plastics,
which characteristic ensures that this material may automati-
cally recover from stretching and extension deformation, so
as to achieve the desired memory function. For this purpose,
the cross-linked elastomeric material may be one or more
selected from the group consisting of polyurethane elasto-
mer resin, SBS resin (styrene-butadiene-styrene triblock
copolymer), propylene-butene copolymer, hard rubber and
silicon rubber, so as to ensure the deformation of the
elastomeric material.

Alternatively, there may be additive(s) added into the
above obtained mixture, such as dimethoxybenzoin, and
PPG diamine.

In accordance with the present invention, the shape
memory polymer of crystalline cross-linked polymer and
cross-linked elastomeric material are interpenetrated with
each other to obtain a polymer composite material of net-
work structure. When the temperature of this composite
material rises, the elastic restoring force of the elastomeric
material will decrease, while the shape memory polymer
will have stronger restoring force when the deformation
occurs at a temperature above the shape recovery tempera-
ture, therefore the composite material will shrink as the
restoring force of the shape memory polymer is larger than
the elastic force of the elastomeric material. As the defor-
mation of the elastomeric material increases meanwhile the
restoring elastic force thereof grows up until the balance of
the forces of these two types of polymer, at that time and the
shape of the composite material remains unchanged. When
the temperature decreases the restoring elastic force of the
elastomeric material will increase meanwhile the restoring
force of the shape memory polymer decreases, as a result the
increasing elastic force drive the soft segment of the shape
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memory polymer to re-crystalline in the reverse direction
meanwhile the length increases to recover the original state.
The two materials independently play their roles and the
above cycle continues. Therefore the polymer composite
material obtained by interpenetrating and cross linking a
shape memory polymer material with secondary deforma-
tion with an elastomeric material has the effect of two-way
shape memory, large two-way shape recovery ratio, good
shape stability. Meanwhile the deformation temperature of
the obtained polymer composite material can be adjusted
over a wide temperature range, including room temperature,
body temperature and other circumstances, and this material
always has two-way shape-memory behavior in the above
situations.

In the two-way shape memory polymer composite mate-
rial according to the present invention, the polymer material
containing the crystalline polymer segment can maintain the
original shape under a lower temperature (T1), it will deform
when heated to a higher temperature than the transition
temperature (Tt), and keep the deformed shape unchanged
over a higher temperature (T2) range. Further, when the
polymer material containing crystalline polymer segment is
cooled from a higher temperature (T2) to a lower tempera-
ture (T1) under ambient temperature, it can recover the
original shape at lower temperature without external force.
According to the present invention, the above transition
temperature is the crystalline melting temperature of the
crystalline polymer, and the lower temperature (T1) is a
temperature lower than transition temperature (Tt), and the
higher temperature (12) is a temperature higher than tran-
sition temperature (Tt). During the use of the material of the
present invention, the shape memory effect thereof can be
achieved by the change of the external stimulus condition,
and the transition condition depends on the melting tem-
perature of the crystalline polymer in the polymer material
or other restoring conditions. Therefore, this material makes
use of the ability of recovery to original shape with the
change of the temperature of the shape memory polymer and
the elastic recovery of the deformed elastomeric material
and the deformation with the change of temperature has
been achieved; that is, the polymer material has an active
deformation when the temperature increases, and it will
recover the original shape when temperature decreases, thus
it has two-way memory behavior with multiple cycle
memory for two shape states.

The two-way shape memory polymer according to the
present invention is made based on the characteristic and the
structural principle of the interpenetrating network polymer
composite material. The memory polymer material is
formed by interpenetration of two polymer networks,
wherein the first polymer network, as a shape memory
shrinkage segment, will shrink under heating, and the sec-
ond polymer network acts as the segment for storage of
energy. The first polymer network shrinks and presses the
second polymer network under heating, while the heating is
cancelled the pressed second polymer network will provide
a restoring force to the first polymer network to recover the
original shape, therefore the interpenetrating network poly-
mer composite material has the behavior of two-way shape
memory.

The present invention further provides a method for
producing the above said polymer composite material with
two-way shape memory, which comprises:

S10, obtaining a polymer containing crystalline polymer

segment as raw material;

S20, obtaining an elastomeric material polymer as another

raw material;
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S30, blending the polymer containing crystalline polymer
segment and the elastomeric material polymer to give
a mixed materials, and the obtained mixed materials
being treated in a first stimulation mode to cross-link
the crystalline polymer in the mixed material, so as to
obtain the first cross-linked polymer;

S40, stretching the first cross-linked polymer and fixing it,
treating it in a second stimulation mode to cross-link
the elastomeric material polymer, so as to obtain the
two-way shape memory polymer composite material
according to the present invention.

The purpose of the above steps S30 and S40 is to make the
two network polymer raw materials sequentially cross-
linked to form an interpenetrating structure, therefore the
first stimulation mode should be different from the second
stimulation mode, alternatively, these two steps employ the
same stimulation mode but with different intensity, or else,
these two types of network polymer may cross-link and
deform with each other simultaneously, and the structure of
interpenetration and the function of two-way shape memory
cannot be obtained.

According to the production method of the present inven-
tion, the polymer containing crystalline polymer segment
and the elastomeric material polymer are preferably blended
in a solvent to give a mixed materials in the above step S30,
wherein the solvent may be dimethylformamide.

Preferably, the ratio of the polymer containing crystalline
polymer segment to the elastomeric material polymer is in
the range of from 0.2:1 to 10:1.

According to the present invention, the polymer contain-
ing crystalline polymer segment has such property that it can
be physically or chemically or super molecular cross-linked
under UV or non-thermal stimulation, and the cross-linked
crystalline polymer may deform under the stimulation of
heat, light, electricity, magnetism, humidity and variant pH
values, so as to produce a restoring force. According to the
present invention, based on the property of the raw material,
UV lighting is preferably selected as the first stimulation
mode to promote the crosslinking of the crystalline polymer
segment in the manufacture process. Then heat stimulus is
selected to be used as the second stimulation mode, and in
this process the elastomeric material polymer is cross-linked
meanwhile the cross-linked crystalline polymer may have
deformation so as to achieve a better memory effect.

Of course, the above said stimulation modes are preferred
modes based on the preferred characteristics of the raw
materials, and in the actual performance the first stimulus
and the second stimulus may be different from the above
modes, as long as the above purpose can be achieved, these
other modes will not be described herein.

In the step S10, the crystalline polymer segment con-
tained in the polymer raw material may be selected from the
group consisting of polyester, polyether and polyolefin.

Methods of making polymer containing crystalline poly-
mer segment are disclosed, for example, in CN publication
No. 1706998 A, which is incorporated herein by reference.

The inner structural change of the raw materials in the
above preparation process is shown in FIGS. 1-4. FIG. 1 is
a molecular structure diagram showing the molecular
arrangement of the two polymers in the mixed materials
obtained by blending the two raw materials. After the mixing
of the polymer containing crystalline polymer segment
(indicated by circle block) and the elastomeric material
polymer (indicated by square block), the molecules in the
composite materials have an irregular crossed arrangement.

Then, a first cross-linked polymer is obtained by cross-
linking the crystalline polymer in the mixed materials in the

10

15

20

25

30

35

40

45

50

55

60

65

6

first stimulus process of the step S30, the molecular structure
is shown in FIG. 2, wherein the polymer containing crys-
talline polymer segment (indicated by circle block) forms a
first crosslinked network polymer structure, and the elasto-
meric material polymer (indicated by square block) inter-
penetrates regularly or irregularly with the first crosslinked
network polymer structure formed by the polymer contain-
ing crystalline polymer segment.

Referring to FIG. 3, after the stretching process, the shape
of this material becomes slender. Referring to FIG. 4, after
the second stimulus process, the structure continues to
change, the elastomeric material polymer (indicated by
square block) is crosslinked to form a second crosslinked
network polymer structure, meanwhile the second cross-
linked network polymer structure and the first crosslinked
network polymer structure interpenetrate each other to
obtain an interpenetrating network structure. In the inter-
penetrating network structure, the irregular interpenetration
accounts for a large proportion, and this structure of inter-
penetration is caused by irregular molecule movement in the
shaping process.

When the two-way shape memory polymer material is
prepared by the above process, the memory ability of the
product is related with the factors such as the ratio between
the raw materials, elongation degree, and hardness of the
elastomeric polymer, therefore the memory ability of the
product may be adjusted by changing the above factors.

The polymer composite material with two-way shape
memory obtained by the process including the above steps
may be formed to have a shape of membrane, foam, fiber,
and block, furthermore, the appropriate processing can be
selected according to occasion demands, so as to achieve a
lightweight product and make the product easy to process.

According to the present method for manufacture of
polymer material with two-way shape memory, it provides
a simple technique to obtain a product with two-way shape
memory at room temperature, and the obtained product has
a lower cost, and it is easy to operate and use. The method
for manufacture the above composite material will be illus-
trated with reference to the following Examples.

Example 1

The Raw Materials:

Polycaprolactone as a crystalline cross-linked polymer,
laboratory-made; the main index of this polymer is: it is
capped with carbon-carbon double bond, and the melting
temperature thereof is from 35 to 40° C.;

Polytetrahydrofuran as a cross-linked elastomeric mate-
rial, laboratory-made:

the main index of this polymer is: it is capped with epoxy
group, and its molecular weight is in the range of from 750
to 1250;

Dimethoxybenzoin, obtained from Sigma-Aldrich, Inc.;

PPG diamine (brand name D230), Commercial product;
the main index of this polymer is, its molecular weight is
about 230.

Preparation Process:

S10. the polycaprolactone, polytetrahydrofuran, dime-
thoxybenzoin, PPG diamine of required amounts (wherein
the ratio by weight of polycaprolactone to polytetrahydro-
furan was 0.5:1) were mixed and dissolved in dimethylfor-
mamide to obtain a mixture, then the mixture was poured
into a rectangular mold;

S20. the mixture in the mold was irradiated with a UV
lamp for 2 hours to give a gel;
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S30. the obtained gel was elongated and fixed to a certain
place, then it was heated to 80° C. in an oven and kept at that
temperature over 10 hours for crosslinking to give an
interpenetrating network polymer composite.

The obtained polymer composite has the following main
performance index: the transition temperature is 35 to 45°
C.; this polymer will shrink when the temperature rises
above the transition temperature, and the polymer will
elongate when the temperature drops below the transition
temperature.

Example 2

The Raw Materials:

Shape memory polyurethane, laboratory-made (the prepa-
ration method please refer to CN publication No.
1706998A); it has the following main index: the hard
segment is made of 4,4'-diphenylmethane diisocyanate/1,4-
butanediol and it has a melting temperature of from 180 to
200° C., and the soft segment is made of polycaprolactone
and it has a melting temperature of from 35 to 40° C.;

Polyurethane elastomer, laboratory-made; it has the fol-
lowing main index: the hard segment is made of hexameth-
ylene diisocyanate/1,4-butanediol and it has a melting tem-
perature of from 130 to 150° C., the soft segment is made of
polytetrahydrofuran and it has a glass transition temperature
of from =20 to -50° C.;

Preparation Process:

S10. the above two polyurethanes of required amounts
(wherein the ratio by weight of shape memory polyurethane
to polyurethane elastomer was 8:1) as raw materials were
dissolved in dimethylformamide, then the obtained mixture
was poured into a mold to form a film at 80° C.;

S20. the obtained film was elongated to two times longer
in length and it was fixed to a certain place, then it was
heated to 140° C. in an oven and kept at that temperature for
1 minute;

S30. the film was then transferred to an oven of 70° C. and
kept at that temperature for 10 minutes, finally this film was
taken out and cooled to room temperature to obtain a
cross-linked interpenetrating network polymer composite.

In this Example, the first stimulation (i.e. heating) is in the
same way as the second stimulation, but the temperature is
different in these two stimulations. The obtained shape
memory polymer composite has the following main perfor-
mance index: the transition temperature is from 35 t0 45° C.;
this polymer will shrink when the temperature is above the
transition temperature and the polymer will elongate when
the temperature drops below the transition temperature.

The shape memory polymer composite made in the above
process has the following advantages: it has two-way shape
memory function, good bi-directional reversion ratio, and
good stability; there are various raw materials can be
selected to prepare this polymer, this polymer has a wide
range of shape memory temperature; it has a lower cost and
light weight, it is easy to produce, package and transporta-
tion; this polymer composite has a simple preparation pro-
cess that has lower energy consumption is easy to perform,
this polymer composite can be employed to make different
shapes of complex structures; the composite has property of
corrosion resistance, electrical insulation property and good
heat preservation. The product has a wide range of potential
applications in the fields of textile material, building mate-
rial, machinery manufacturing, electronic communication,
printing and packaging materials, health care, daily neces-
sities, recreation and sports appliance.
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The embodiments above are merely the preferable
embodiments of the present application and not intended to
limit the present application. And all changes equivalent
substitution and improvements which come within the
meaning and range of equivalency of the present application
are intended to be embraced therein.

We claim:

1. A polymer composite material with two-way shape
memory, comprising:

a first polymer network formed of a crystalline cross-

linked polymer as a shape memory polymer, and

a second polymer network formed of a cross-linked

elastomeric material;

wherein the first polymer network and the second polymer

network interpenetrate with each other to form an
interpenetrating structure, and wherein the first poly-
mer network and the second polymer network within
the interpenetrating structure have been cross-linked
independently of each other;

wherein the first polymer network acts as a shape memory

shrinkage segment which is capable of shrinking from
an original state upon heating to a first temperature
higher than a transition temperature and reverting to the
original state when the temperature is cooled to a
second temperature lower than the transition tempera-
ture, and the second polymer network acts as an energy
storage segment.

2. The polymer composite material of claim 1, wherein
the hardness and/or modulus of the cross-linked elastomeric
material are/is between that of rubber and plastics.

3. The polymer composite material of claim 2, wherein
the cross-linked elastomeric material is one or more selected
from the group consisting of polyurethane elastomer resin,
SBS resin, propylene-butene copolymer, hard rubber.

4. The polymer composite material of claim 1, wherein a
raw material of the first polymer network is a polymer
containing crystalline polymer segment, and a raw material
of the second polymer network is an elastomeric polymer
material.

5. The polymer composite material of claim 4, wherein
the crystalline polymer segment is polyester, polyether or
polyolefin.

6. The polymer composite material of claim 4, wherein
the polymer containing crystalline polymer segment and the
elastomeric polymer material are respectively crosslinked to
form the first polymer network and the second polymer
network.

7. The polymer composite material of claim 1, wherein
the crystalline cross-linked polymer is one or more selected
from the group consisting of polyurethane, polyethylene,
and polynorbonene.

8. A method for preparing the polymer composite material
of claim 1, wherein the method comprises:

obtaining a polymer containing crystalline polymer seg-

ment;

obtaining a elastomeric material polymer;

blending the polymer containing crystalline polymer seg-

ment and the elastomeric material polymer to obtain a
mixture, and cross-linking the polymer of the crystal-
line polymer segment in the mixture by means of a first
stimulation;

stretching the obtained mixture and fixing it, then cross-

linking the elastomeric material polymer by means of a
second stimulation to obtain the two-way shape
memory polymer composite material,
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wherein the first stimulation and the second stimulation
are different with each other or the first stimulation and
the second stimulation have the same type but with
different intensity.

9. The method of claim 8, wherein the crystalline polymer
segment is polyester, polyether or polyolefin.

10. The method of claim 8, wherein the first stimulation
is UV stimulation, and the second stimulation is thermal
stimulation.

11. The method of claim 8, wherein the method further
comprises: after the two-way shape memory polymer com-
posite material is produced, shaping the two-way shape
memory polymer composite material to a membrane, form,
fiber, or block.
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