Suleimenov I.E., Sedlakova Z.,
Panchenko S.V., Park I.T.

Composite Polymer Materials
for Image Reproduction Systems
on the Basis of Thermo-induced
Phase Transitions

CyneinmeHos M.3., CeanakoBa 3.,
[TaHuenko C.B., Napk N.T.

JXKbIAy MHAYKUMSIAQHFaH
chasanbik, 6TKEA HeriziHae
OeliHeAepAjiH, XXKaHFbIPTY
)XyHeciHe apHaAFaH KOMMO3UTTIK
NOAMMEPAIK MaTepuarsap

CyaeiimeHoB M1.3., Ceanakosa 3.,
[MaHyeHko C.B., MNapk U.T.

KomMrno3utHble noAMmepHble
MaTepUanbl AASl CUCTEM
BOCMPOM3BEAEHUS
n306pakeHUi Ha OCHOBe
TEPMOMHAYLIUPOBAHHOIO
chbazoBoro nepexoaa

© 2015 Al-Farabi Kazakh National University

Here we present the research results of quality of light scattering by
composite polymeric materials. It is shown that the polymeric films based
on formation of interpolymer complexes between polyacrylamide net-
works and non ionic thermo responsive polymers (Polyvinylcaprolactam
PVCL, Polyethylene glycol methacrylate PEGMA, Isopropylmethacryl-
amide IPMAA) can be used as working substance in information repro-
duction systems of new type. The main advantages of such information
reproduction systems are full transparency in switched off state, relatively
low weight and small thickness per square meter of screen. These advan-
tages make attractive the usage of screen built with composite materials as
working substance in fa ade desing for office and non-residental buildings
for display advertising information.

Key words: Thermally responsive polymers, image reproduction,
phase transition, composite polymers.

JKyMbICTa KOMMO3MUMSIABIK, MOAVMMEPAI MaTepraAAAPAbIH >KapbIKTbIH
lwawblpay canacbiH 3epTTeyiHiH KOPbITbIHABIAAPLI KepceTiareH. [Moan-
AKPUAAIK >KEAI MEH MOHABIK, eMeC >KbIAYCe3rilll MOAMMEPAEP apaCbiHAQ
MHTEPTIOAMMEPAIK KOMMAEKCTEPAIH MarmAa BOAYbIHAQ HEri3AeAreH KOM-
MO3UTTIK MOAMMEPAIK MaTepraAAap >KaHa TYPAi BeHeAepAiH >KaHFbIPT-
yblHA aPHAAFAH KEAeLeKTiK MaTepraA GOAbIN TabblAATbIHbI KOPCETIATEH.
OcblHAaM aKnapaTTbl 6eHeAey >KyMeAepAiH apTbIKLIbIAbIFbl OLLIPIALLreH
KAABIMTaFbl 3KPaHHbIH MOAAIPAIri 6OAbIN TabbiAraAbl. ByA apTbIKLWIbIABIK,
BPTYPAI FUMapaT KacbeTiHAe ipi rabapmuTTi akpaHAapAbIH «Tepese/IKpaH»
PEXXMMIH, acbipyFa MyMKIHAIK 6epeai.

TyiiH ce3aep: >KbIAyCesrill NoAMMEpAEp, BeNMHEAEPAIH XXaHFbIPTYbI,
hazanblK, 6TKEA, KOMMO3UTTIK MOAUMEPAED

B paboTte npeacTaBAeHbl pe3yAbTaTbl MCCAEAOBAHMS KayecTBa pac-
cesHMsl cBeTa KOMMO3ULMOHHbBIMM MOAMMEPHbIMM MaTepuaramu. [loka-
3aHO, YTO MOAMMEPHbIE MAEHKM, OCHOBaHHbIE Ha 06Pa30BaHUM UHTEPMO-
AMMEPHbIX KOMMAEKCOB MEXAY MOAMAKPUAOBBLIMU CETKAMM M HEMOHHbBIMM
TEePMOYYBCTBUTEAbHbIMKU MoAMepamun ([oAanBuMHMAKanpoaakTam [NBKA,
NMOAMSTEAEHIAMKOAbMETaKpUAAT  [19TMA,  n30npoMUAMETAKpPUAAMUMA,
MIMMAA), MoryT 6biTb MCMOAb30BaHbl B KadecTBe paboyero BellecTsa
AAS CUCTEM BOCMpPOM3BEeAEeHUS MHpopmaLumm HoBoro Tuna. OCHOBHbIMM
NPeMMyLLECTBAMM TaKMX CUCTEM OTOBpakeHMs MHpopMaUmUn SIBASETCA
TO, UTO B BbIKAKOYEHHOM COCTOSIHMM DKPaH ABASIETCS NMPO3PadHbiM, 06Aa-
AQET CPaBHUTEAbHOM HEBOABLLOM MACCOM M TOALLIMHOM Ha EAMHULLY MAO-
LaAM 3KpaHa. AaHHble NpenmyLLecTBa NO3BOASIOT MCMOAb30BaTb 3KpPaH,
pa3paboTaHHbIin C MCMOAb30BAHMEM B KauyecTBe paboyero BelecTsa KOM-
NMO3ULIMOHHbIE MaTepuaAbl, B opopMAaeHUM hacaproB OOUCHBIX M HEXU-
AbIX 3AQHUI AAS OTOOPAKEHNS PEKAAMHOM MH(OPMALLMK.

KAtoueBble cAOBa: TEPMOUYYBCTBUTEAbHbIE MOAMMEpPHI, BOCMPOU3Be-
AeHure 1306paxkeHnil, pa3oBblil NEPEXOA, KOMMO3UTHbIE NMOAMMEPDI
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Introduction

Nowadays large-size systems of information display are
even more often used as means of outdoor advertising, and as an
element of architectural design of cities. The operation principle
of vast majority of screens, that are used now, is based on use of
light-emitting diodes (LED technologies, [1]), or gas-discharge
equipment (plasma, [2]). The main disadvantage of such screens
is the considerable weight and considerable thickness so that light-
emitting diode and plasma screens have to be placed on blank walls
of buildings, or on individual special designs.

In [3,4] the new type of the screen based on use of phase
transitions in solutions of thermally responsive polymers, allowing
to overcome this disadvantage was offered. The screen offered in
the quoted works represents the thin layer of solution of thermally
responsive polymer placed between two transparent glasses. The
plane of the screen is divided into separate areas, each of them is
supplied with a separate heating element (resistor). Advantage of
this type of screen in comparison with known analogs [1,2] is a
complete transparency in the initial (switched-off) state. This, in
particular, allows to replace windows located, for example, on a
facade of office building, with system of information display of the
offered type. In the daytime, the system performs the usual functions
of a window, and at night turns into a screen. Provided that rooms
aren’t operated at night (office) it doesn’t cause any inconveniences.

Offered in [3,4] screen operates as follows. When heated to the
critical temperature in the given pixels (screen area) phase transition
occurs, as a result the medium that fills the screen gains ability to
scatter light. When illuminated by an external source of light pixels,
in which phase transition occurred, are visually perceived as lit
and in which transition didn’t happen — as darkened, this gives the
chance to form the image.

The main disadvantage of the operating principle of the screen
[3,4] are the high requirements to the speed of the phase transition,
defined by the physiological characteristics of sight (24 frames
per second). Realization of such high speeds of phase transition
is complicated, in particular it is necessary to use the solutions
containing nanoparticles [5, 6]. Stability of such systems isn’t
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sufficient for ensuring long-term operation of screens
yet. Furthermore, the need to use liquid-phase media
creates additional difficulties, especially in the
manufacture of considerable dimensioned screens.

At the same time, there are thermally responsive
polymeric materials, from the technological point
of view much more convenient for drawing on
flat surfaces of the big area. They are composite
materials obtained by the interpolymer reaction
between the crosslinked interpolymer mesh and
nonionic solutions of thermally responsive polymers
[7,8]. (As it is noted in the quoted works, the
corresponding complexes are stabilized by hydrogen
communications). However, such materials possess
rather low speed of phase transition (about several
seconds). Nevertheless, they can also be used for
realization of screens on the basis of phase transitions
in thermally responsive polymers if the scheme will
be modified a little.

The purpose of this work is development of
the composite materials providing functioning of
the considered above scheme of the screen on the
basis of phase transitions in thermally responsive

polymers, and also development of screen scheme
modification for which the speed of phase transition
isn’t critical parameter.

The modified system scheme of image
reproduction on the basis of thermally responsive
polymers

To implement the switching mode «Window /
Screeny it is enough to provide phase transition at
once in all pixels provided that the establishment
of the luminance distribution (reproduced image)
will be carried out in any other way, in particular,
discussed below.

To preserve the main advantage of the
developed screen (partial or full transparency in an
initial state) in this case it is expedient to use light-
guide properties of flat glasses. Namely, provided
that the index of refraction of glass is higher, than
the index of refraction of environment, any flat
glass represents the flat light guide thanks to effect
of full internal reflection. If glass contacts to the
disseminating film, the part of the light extending
on the light guide will experience dispersion. The
corresponding scheme is submitted in Fig. 1.
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Figure 1 — An illustration to the operation principle of the screen using light-guide properties of flat glasses
and light-scattering materials; a) — the path of rays in the flat light guide, b) — the appearance of light in the
application of the additional light-scattering covering.

Fig. 2 shows photographs of the demonstration
image, which clearly illustrates the effect of the light-
scattering covering (film) imposed on Plexiglas, to
which light sources are connected according to the
scheme in fig. 1. The turbidity of the used film is
characterized by an indicator 0,82 (coefficient of
amplitude weakening of the light, extending in the
direction, perpendicular to the covering planes).
It is evident that with such indicator of connected
side sources of light and in the absence of external
light sources (night time) the surface of a sample is

visually perceived as luminous. On the contrary, at
the disconnected side sources of light and at rather
bright external lighting the sample is perceived as
partially transparent, and degree of transparency
is regulated due to selection of the polymer
experiencing phase transition.

It is expedient to use the considered properties
of flat light guides with the imposed light-scattering
covering for production of large screens. Indeed,
the existing television standard of high resolution
assumes that along a line about one thousand pixels
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are settles down (more precisely, 1920). Replacement
of a window facade of modern office building with
the screen assumes that width of the screen has to
coincide with facade width, i.e. it must be about 20 -
30 m and more. Therefore, is admissible to consider
that the purpose of the screen answers the sizes of
separate pixel in 2-3 cm and more.

Such indicator allows to use the following
scheme of reproduction of the image (fig. 3a).

The screen is divided into N1 vertical strips (1).
Each bar represents a three-layer composition, the
external layers of which are performed, for example,
from Plexiglas. Between them the thermally
responsive film, and also the heating elements which

are carried out, for example, from a thin nichrome
thread are settled.

Width of each strip corresponds to the doubled
width of luminescence area of one light-emitting
diode. Control of illumination of each pixel is
exercised independently by use of LED tapes on
the basis of a WS2812 chip providing individual
management of a signal of each light-emitting diode
line. (In particular, in the market the WS2812B
LED tapes which are controlled by the standard
microcontroller on the SPI bus are presented).

The controlling light-emitting diodes (2) are
located on each of two sides of a strip, i.e. on each
of strips 2N2 pixels are located.

Figure 2 — Photos of light guide, a light-scattering system on the basis of Plexiglas and a light-
scattering film at the switched on and off light sources.

Splitting a strip into pixels is carried out due to
selection of light distribution at the plane of the light
guide, light-scattering element. Namely, the scattering
coefficient of the material used at temperatures above
the phase transition temperature should provide a
significant drop in intensity at distances about the
size of pixel. In this case, the light patterns created
by separate light-emitting diodes won’t be blocked
(fig. 3). Let’s emphasize that the size of a pattern is
regulated through coefficient of dispersion (turbidity)
of a film that allows to coordinate it with the
geometrical size of pixel.

Thus, if to use the LED lines providing
possibility of independent management of each
of LED (in industrially made LED tapes the RGB
light-emitting diodes allowing to realize polychrome
image are used), it is possible to realize the screen
using thermally responsive polymeric materials with

ISSN 1563-0315

a low speed of phase transition. Really, in this case
switching of the Window/screen mode is carried
out, on average, about two times per day, i.e. the
speed of phase transition can be increased to about
one minute.

Therefore, the list of polymeric compositions that
can be used for functioning of image reproduction
systems offered in this work significantly extends.
Ensuring the acceptable mechanical strength of a
film and simplicity of its technological application
on glass becomes the main requirement.

We also emphasize that the bandwidth,
providing light scattering by 60 mm, thickness of
the LED tape located on the end face of glass makes
about 2 mm, ie its presence is easily masked by
elements of window frame décor, which allows to
operate the proposed system of image reproduction
with switching of the Window/Screen mode.
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Figure 3 — The arrangement scheme of light-emitting diodes in
the screen on the basis of light-guide properties

Experimental

One of the simplest methods for obtaining
thermally responsive films is to use crosslinked
interpolymer reactions between grids based on
polycarboxylic acids and nonionic thermally
responsive polymers. The formed complexes are
stabilized by hydrogen bonds.

The main advantage of such approach is the
possibility to control the transparency of films (at
temperatures higher than temperature of phase
transition) due to the inhomogeneous distribution
of the nonionic polymer concentration by volume
(surface) of the synthesized composite material. It
seems essential, since a nonuniform distribution
of the light scattering coefficient is capable to
compensate the effects connected with falling
of light intensity with increase in distance to a
source.

Besides, there are fulfilled techniques allowing to
provide adherence of gels on the basis of polyacrylic
acid to hydrophobic polymers, in particular, ones
that can be used and as material of the flat light
guide, and as an external covering of the screen.

In this work as the matrix that enter into
interpolymer reaction with the nonionic polymer the
film on the basis of polyacrylic acid (PAK) sewed
under the influence of ultra-violet light was used.
The concentrated aqueous solution (15-25 wt. %)

was applied with thin layer (0.5 mm) on a transparent
flexible film of polyethylene terephthalate (PET).

Then, the solution and the PET film were
subjected of UV irradiation (the standard quartz
lamp was used).

It should be emphasized that the UV radiation
not only led to the linking PAC to the grid (gel),
but also provides the mesh grafting to the substrate
material from PET.

Experimentally it has been shown that with
increasing time of UV radiation crosslinking degree
of PAA gel grafted to the surface of the PET is
increased and the equilibrium degree of swelling it
in water is reduced from 150 to 8 g of water per 1 g
of dry polymer.

The received two-layer composition was further
used as a matrix for implementation various kinds of
not ionic thermally responsive polymers in it.

Results and discussion

Fig. 4 shows photographs of films produced in
the implementation of a two-layer composite matrix
of copolymer molecules of hydroxyethylacrylate
with  hydroxyethyl methacrylate at different
temperatures.

The similar pictures taken for a case when
PNIPAM molecules implemented into a polymeric
matrix are submitted in fig. 5.
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Figures 4 and 5 show that the formed complex
really reacts to changes of temperature. Moreover, it
shows that the complex can be created locally. As it
was noted above, it is significant in terms of creating
an inhomogeneous distribution of turbidity for
correcting non-uniform distribution of illumination
on a surface of a light-scattering film.
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Figure 4 — Photo of the cross-linked film PAA grafted
onto PET areas comprising the applied solution
of hydroxyethylacrylate copolymer with hydroxyethyl
methacrylate at different temperatures; 1 — film — matrix
2 — area with applied thermally responsive polymer;
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a) — 250C; b) — 35°C

Figure 6 — Photos of one pixel area at various
temperatures and PVCL concentration
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Figure 5 — Photo of the cross-linked film
PAA grafted onto PET areas containing the applied
PNIPAAM solution at various temperatures,
the same designations, as in fig. 4;

a) —250C; b) — 350C; ¢) 450C

Similar results are received also at saturation of
a composite (or a pure film on the basis of PAA) by
the polyvinylcaprolactam.

Thus, the offered technique of composite
materials synthesis satisfies the criteria formulated
above, i.e. they can be used to implement systems of
image reproduction on the basis of phase transitions.
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Photos of the separate pixels showing
operability of the received complexes are shown in
fig. 6, a) —T=260C, b) — T = 320C, when the mass
fraction of PVCL makes 5% of weight of the grid;
¢)—T=260C, d) T=450C, PVCL proportion is 1%.

It is visible that the offered technique of making
films really ensures functioning of big sized screens
based on light-guide properties of glasses.

Conclusion

Thus, the offered technique of receiving thermally
responsive coverings (films) provides implementation
of following requirements arising from a screen design
based on the light-guide properties of flat glasses.

1. The films received on the basis of complexes
between the sewed grids and thermally responsive
polymers get the necessary degree of turbidity at
temperature increase from 25 to 35 0C. This range
gives opportunity to use the screen, provided that it
settles down indoors.

2. The resulting complex is formed locally,
there is also a possibility to block the diffusion of
thermally responsive polymer due to grid material
perforation imparted to the substrate.

3. It is possible to produce thermally responsive
films with a given distribution of light scattering
coefficient on the area. It provides illumination
uniformity of pixel due to uneven distribution of
light-scattering components on the area.
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