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ABSTRACT

We recently found that side-chain crystalline block co-polymer (SCCBC) could act as a good dispersant for a
concentrated polyethylene particle dispersion system. We also found that the viscosity of this dispersion is changed to
be very high at high temperature and this phenomenon is reversible. We called this phenomenon Thermal Rheology
(TR) and the dispersion system is TR Fluid.

In this study, we investigated the dependence of this phenomenon on both the rate of the change in temperature and the
concentration of SCCBC. As a result, the viscosity varied rapidly with temperature and had a similar time-course as
the change in temperature, The dependence of viscosity on the concentration of SCCBC was very complex. We found
that we have to consider the ability of SCCBC to construct micelles.

KEY WORDS

Side-chain Crystalline Block Co-polymer, Dispersant, Thermal Rheology, Crystalline Suramolecular Interaction

INTRODUCTION

A highly concentrated polymer particle dispersion constructed of two monomers: a monomer with a long
shows a very long relaxation time because of particle  alkane side-chain (more than 10 carbon atoms) and
aggregation, and the viscosity also becomes very high. another monomer with affinity for the solvent. This
Since such a dispersion system is not useful for any  block copolymer has a melting point and shows
application, we usually add a dispersant to achieve a low  side-chain crystallization. Thus, this block copolymer
viscosity and a stable dispersion state. In many cases, the ~ can crystallize due to its long alkane side-chain
dispersant is a surfactant that consists of two parts: one  (Side-Chain Crystalline Block Copolymer : SCCBC).
part has a chemical group that is attracted to the particle We found that the side-chain block of SCCBC is
and the other has a chemical group that has affinity for ~ adsorbed on crystalline PE". Crystalline PE and the
the solvent. However, crystalline polyolefin particles  side-chain block of SCCBC are currently considered to
(especially polyethylene), which do not have polar  form a quasi-crystalline structure by crystalline
groups on their surface and which show exhibit very =~ supramolecular interaction.  According to this
high crystallinity also have poor adhesion properties. For understanding, the solvent-affinity block unit covers the
this reason, a good dispersant for particles composed of ~ particle and changes the particle surface so that it is more
these compounds has not yet been proposed. easily wet by the solvent. This is because the SCCBC

Recently, we polymerized a block copolymer that was can act as a dispersant for a concentrated PE particle
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dispersion and greatly decrease the viscosity. We also
found that this function is more pronounced as the
crystallinity increases.

Additionally, we found that an increase in the
temperature of the concentrated PE particle dispersion
system increased the viscosity to that seen before the
addition of SCCBC. This phenomenon is caused by
melting of the quasi-crystalline structure and the
desorption of SCCBC from the PE surface at high
temperature, Figure 1 illustrates the adsorption and
desorption of SCCBC. Through this mechanism, the PE
surface loses affinity for the solvent and the particles
coagulate with each other as in the non-addition system.
We found that this phenomenon was reversible, in that

upon cooling, the viscosity decreased to a very low value.

We call this fluid a “Thermal Rheological (TR) Fluid”.
In this study, we investigated the dependence of this TR
function on temperature and the SCCBC concentration.

Low Temperature

High Temperature *

PE surface

Fig.1 Adsorption and desorption mechanism of
SCCBC on a PE surface.

EXPERIMENT

Polymerization

For the side-chain crystalline monomer, we used steary!
acrylate (STA), and for the solvent-affinity monomer, we
used normal butyl acrylate (nBA). To initiate
polymerization, we used 3,7-dioxa-4-aza-6-
phosphanonanoic  acid, 4,5-bis(1,1-dimethylethyl)-6-
ethoxy-2,2-dimethyl-,6-oxide (8G-1-MA; BlocBuilder®,
ARKEMA). Polymerization was performed under a
nitrogen atmosphere at a temperature of 118°C. The
block copolymer was polymerized by sequential
monomer addition. The weight average molecular weight
of the STA sequence was about 5,000 and that of nBA
was about 6,000. Figure 2 shows a schematic illustration
of the chemical structure of polymerized SCCBC.

o [ |
2ol | ol
L I
\ 4m
{/
\ )
¢\ Fig.2 The schematic chemical
L~ structure of the polymerized
SCCBC.
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Sample

For a PE particle, we used Ceridust®3620 (Clariant
International Ltd), which has a number average diameter
of 7.4pum. Diethyl phthalate was used as the dispersion
solvent. The concentration of particle was 40wt%.
SCCBC was added at concentrations of 0.1, 0.5, 1.0, 3.0,
and 5.0wt% of the particle weight.
Viscosity Measurement

The viscosity and viscoelastic properties were measured
by a Rheosol R2000 at 35 °C, 45 °C, 55 °C, and in some
cases 65 °C. The shear rate was varied from 0.03 to 100
sec”’ and the dynamic frequency was varied from 0.001
to 30 radsec”’. In the dynamic measurement, the strain
was set to be under 3.0%.

RESULTS AND DISCUSSION

Figure 3 shows the change in temperature with respect
to time and the change in viscosity with the change in
temperature. As shown, under a slow change in
temperature (3 and 5 °Cemin™), the viscosity changed
with the temperature. In the case of a rapid transition
(10 °Cemin™), while there was some delay in the early
stage of the transition, after 100 sec, the viscosity
followed the change in temperature.

Figure 4 shows the change in viscosity under a heating
and cooling cycle. This figure confirms that the process
is reversible and shows that the TR fluid can follow such
a change in temperature. These results suggest that the
absorption and desorption of SCCBC both occur very
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Fig.3 Viscosity changes at various temperature
raising speed. The SCCBC content was 1wt%.
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rapidly.

Figure 5 shows the dependence of the shear viscosity of
PE particle dispersion systems at various SCCBC
concentrations on the shear rate and temperature. As
shown in Fig. 5(a), even when the concentration of
SCCBC was 0.1wt%, the shear viscosity at 35 °C was
much lower than that at 55 °C, and both a dispersant
effect and TR fluid effect were observed in this system.
In this case, after this transition, SCCBC desorbed from
the surface of PE completely.

On the other hand, Fig. 5(b) and Fig. 5(c) show that the
dispersant effect was most significant at these
concentrations. In these cases, the dependence of
viscosity on shear rate was almost the same at both 35 °C
and 45 °C, and moderate shear thinning flow curves were
observed. These results suggest that sufficient SCCBC
were absorbed on the PE particles and were very stable
within this temperature range. Within this SCCBC
concentration range, there was a single transition from
45 to 55°C. In particular, the viscosity of the 0.5wt%
system was about 10-fold lower than that of the 1.0wt%
system at high temperature. This result suggests that it
was difficult for SCCBC to desorb from the PE surface
in the 0.5wt% system.

In Fig. 5(d) and Fig. 5(e), the temperature-dependence
of viscosity was very complex. The minimum viscosity
was detected at 45 °C. At 55 °C, the viscosity increased
to the same value as that at 35 °C, and at 65 °C the
viscosity increased further. In summary, viscosity
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decreased once and increased in two steps. This is
believed to be because SCCBC was more stable in
solution than on the PE surface at 35 °C. However, at 45
°C, SCCBC on the PE surface was more stable than that
in solution. At this point, SCCBC began to absorb on the
PE particle surface and the amount of SCCBC on PE
particles became sufficient to decrease the viscosity to a
minimum value. At a higher temperature, the absorbance
force to the PE surface became weak, and SCCBC began
to desorb into the solution, The PE particles then began
to coagulate with each other and the viscosity greatly
increased.

Figure 6 (a)~(e) show the dependence of the complex
viscosity of systems with various SCCBC concentrations
on frequency and temperature. The trends are similar to
those in Fig. 5. This result indicates that the stable states
of these systems did not depend on the deformation
mode.

Figure 6(a) shows the shear viscosity at 1 sec” and Fig.
6(b) shows the complex viscosity at 1 radesec” for
0.3wt% to 5wt% of SCCBC at 35 °C and 65 °C, and for
3wt% and Swt% of SCCBC at 45°C. From 0.5wt% to
1.0wt%, the shear viscosity and complex viscosity show
their lowest values. Above these concentrations, the
shear viscosity and complex viscosity increased, while
the shear viscosity and complex viscosity at 45°C
reached minimum values. In addition, the values at 45°C
were almost the same as those at 35°C for 0.5wt% and
Iwt%. These results suggest that when SCCBC covers
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Fig.5 Dependence of shear visocity at various SCCBC concentrations on shear rate and
temperature. (a):0.1wt% SCCBC (b):0.5wt% SCCBC (c):1.0wt% SCCBC (d):3.0wt%

SCCBC (e):5.0wt% SCCBC.
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PE particles sufficiently, the shear viscosity and complex
viscosity will become almost constant.

At 65 °C, except for the shear viscosity at 0.5wt% of
SCCBC, the dependence of shear viscosity and complex
viscosity on the concentration of SCCBC decreased
monotonically. These results suggest that there may be
an equilibrium concentration of SCCBC in the solvent at
65°C, and additional SCCBC will cover PE particles.

Based on these results, the shear viscosity and complex
viscosity of PE particle dispersion systems containing
SCCBC depend on the behavior of SCCBC in the system.
In turn, this behavior depends on the SCCBC
concentration and temperature. There may be three stable
energies for SCCBC and five states in these dispersion
systems. In the Ist energy case, SCCBC disperse in the
solution singly and the stable energy that depends on the
SCCBC concentration (§) and temperature (T) can be
written as Egy(¢, T). In the 2nd energy case, SCCBC
adsorbs on PE particles and the energy can be written as
Eu(d, T). In the 3rd energy case, above the critical
concentration (¢,), SCCBC molecules begin to construct
a coagulated structure like a micelle and the energy can
be written as E;(d, T). We can consider the SCCBC
state by assuming that these three energies are related as
shown in Table 1. Incase 1, § <. and T < T, (where T,
is the melting point of SCCBC). In this state, E 4(¢, T)<<
Es($, T), SCCBC adsorbed on PE particles and the
viscosity is very low (viscosity depends on the amount of

particles and are desorbed. The energy relationship can
be written as E(¢, T)<<E,($, T), PE particles begin to
aggregate and viscosity increases to the same value as in
the non-additive dispersion system. In state 3, ¢ > ¢, and
T < Tamic (Where Tymc is the temperature at which
micelles disappear). In this state, almost all SCCBC
molecules construct micelles and some SCCBC
molecules are adsorbed on PE particles. The relationship
between energies can be written as E (¢, T)<<E,i($, T)
< Eyd, T), and the viscosity is low, but not the
minimum value. Instate 4, ¢ > ¢ and Ty <T < Th.
In this case, E.i.(¢, T) disappears and only the relation
Eu(¢, T) < Esu(d, T) is established. SCCBC molecules
begin to adsorb on PE particles and the viscosity will be
very low (the same as the minimum value in case 1). In
state 5, ¢ > ¢, and T > Ty, This situation is the same as
that in state 2 and E (¢, T)<<E 49, T).

CONCLUSION

In this study, we investigated the dependence of the TR
function of a Iwt% SCCBC PE particle dispersion
system to the rate of the change in temperature. The
experimental results showed that the response was very
smooth. This result shows that the rates of absorption
and desorption of SCCBC on PE particles are quite high.

Also, the results regarding the dependence of shear
viscosity and complex viscosity on the SCCBC

SCCBC on PE particles). Instate2, ¢ <. and T > T, concentration indicate that the temperature-dependence
In this case, SCCBC molecules can not remain on PE changes with the SCCBC concentration. Especially, at a
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Fig.6 Dependence the complex visocity at various SCCBC concentrations on
frequency and temperature, (a):0.1wt% SCCBC (b):0.5wt% SCCBC (c): 1.0wt%
SCCBC (d):3.0wt% SCCBC (e):5.0wt% SCCBC.
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high concentration, the shear viscosity and complex
viscosity show minimum values at a medium
temperature. These minimum values were almost the
same as the lowest value at low concentration and low
temperature.

These results suggest that the TR function is dominated
by the relationship between the energies associated with
the three energies of SCCBC: dispersed in the solution
(Ewi(9, T)), adsorbed on PE particles (E.4(d, T)), and
micelle formation (E;(¢, T)). When its concentration
is low, the ability of SCCBC to form micelles is low, and
the equilibrium is dominated by the relationship between
Egi($, T) and E 4{$, T). In this case, below the melting
temperature of SCCBC, SCCBC molecules are adsorbed
on PE particles and the viscosity is very low. Above the
melting point, SCCBC is desorbed from PE particles and
the viscosity becomes very high. When the side-chain
crystalline unit of SCCBC becomes long, we can not
neglect the contribution of micellization. In this case, the
transition temperature may be higher than the melting

Table 1 Comparison of the energies under various
conditions and schematic illustrations of adsorption,
desorption, and micelle-like coagulation.
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Abstract:We recently found that side-chain crystalline block co-polymer (SCCBC), that was
constructed of two monomers: a monomer with a long alkane side-chain (more than 10 carbon
atoms) and another monomer with affinity for the solvent, could act as a good dispersant for a
concentrated polyethylene (PE) particle dispersion system. We also found that the viscosity of this
dispersion is changed to be very high at high temperature and this phenomenon is reversible.
This was because PE crystal and the side-chain crystal of SCCBC are currently considered to form
a quasi-crystalline structure by supramolecular interaction. According to this understanding, the
solvent-affinity block unit covers the particle and changes the particle surface so that it is more
easily wet by the solvent. This quasi-crystalline structure also has a melting point, so upper the
melting point, the modification effects had disappeared.

This new supramolecular interaction can be adapted to other crystalline polymer, such as
tetrafluoroethylene (TFE). By using this interaction, we can change TFE from hydrophobic to
hydrophilic very easily.
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Fig.1 Temperature and shear rate dependence of viscosity of
1wt% SCCBC PE particle dispersion. (a) Mixing ratio 30:70
(Wt%), (b) Mixing ratio 50:50(wt%).
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Crystalline Supramolecular Interaction between Crystalline Polymer and Side Chain
Crystalline Polymer and its Application |

Shigeru YAQ, Toru OKUMA, Ai MAEDA, Ryoko NAKANO, Hiroshi SEKIGUCHI, Fukuoka University,
Japan

We recently polymerized various side-chain crystalline block co-polymer (SCCBC), that was constructed of two
monomers: a monomer with a long alkane side-chain {more than 10 carbon atoms) and another functional
monomer such assolvent affinity. We also found that the SCCBC adsorbe on polyethylene (PE) surface very
strongly. This was because PE crystal and the side-chain crystal of SCCBC are currently considered to form a
quasi-crystalline structure by supramolecular interaction.

By using this function, we can modify surface property of polyethylene only dippinng in or coating SCCBC
slovent. We can also bond polyethylene very strongly Addition, we found that the SCCBC could act as a good
dispersant for a concentrated polyethylene particle dispersion system. We also found that the viscosity of this
dispersion is changed to be very high at high temperature and this phenomenon is reversible. This was
because, the solvent-affinity block unit covers the particle and changes the particle surface so that it is more
easily wet by the solvent. This quasi-crystalline structure also has a.melting point, so upper the melting point,
the modification effects had disappeared.

This new supramolecular interaction can be adapted to other crystalline polymer, such as tetrafluoroethylene
(TFE). By using this interaction, we can change PTFE from hydrophobic to hydrophilic very easily.

According to this understanding, the solvent-affinity block unit covers the particle and changes the particle
surface so that it is more easily wet by the solvent. This quasi-crystalline structure also has a melting point, so
upper the melting point, the modification effects had disappeared.

This new supramolecular interaction can be adapted to other crystalline polymer, such as tetrafluoroethylene

(TFE). By using this interaction, we can change Poly tetrafluoroethylene from hydrophobic to hydrophilic very
easily.

Notes
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Introduction

In a previous study', the Side Chain Crystalline Block Co—polymer (SCCBC); has the
crystalline side chain and the effective side chain, was investigated as dispersion for
Polyethylene (PE) particle suspension in solvent. This experiment yielded that the viscosity of
suspension is changing repeatedly by change of environmental temperature. This phenomenon
is inferred that according to the “Crystalline Supramolecular Interaction” as the crystalline
alkane chain is adsorbed/desorbed at the PE surface. Nowadays, the surface modification of
PE, is known as the kind of the wide use plastic, is selected plasma discharge method and so
on?. Although, this method has the negative possibility as the intensity of this film is may be
decreased to the active point was generated forcibly by plasma discharge.

In this paper, we make a proposal the novel functionalization method of PE film by SCCBC
and investigated the effect of functionalization.
Results

Behenyl acrylate (BHA) and 2-ethylamino ethyl — -
living—radical polymerization method, at 378 K in
oil-bath. The SCCBC was dissolved by butyl acetate
(1wt%) and coated on a PE film surface by dip coating
method. The results of the water contact angle test and

&

m
DEAEMA

(functinal monomer)

/Y
methacrylate (DEAEMA) were polymerized by é"% ‘}

n

tensile test has showed the effect of surface BHA
modification of PE. The surface modificated and (crystalline monomer)
agglutinate sample was dropped in hot water (around
343 K) for 10 min. As the result, the adhesion site was
peeling off easily, certainly, SCCBC-adhesion~-SCCBC

layer was removed from PE fsurface.

Figure 1. The schematic of Side
Chain Crystalline Block Co—polymer

References
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Crystalline Supramolecular Interaction of Side Chain Crystalline Block Co-polymer and The
Functional TR Fluid.
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Side-Chain Crystalline Block Co-Polymer (SCCBC), which is composed of a side-chain crystalline monomer

unit with having long alkane side chain and a solvent compatibility functional monomer unit can be adsorbed to

a polyethylene (PE) crystal through crystalline supramolecular interaction of the side chain crystalline unifs at

low temperature. And at this time, the PE surface changed be solvent compatible. However, at high temperature,

because the crystalline supramolecular interaction disappears, the PE surface returned to its original property. By

using this function, concentrated PE particle dispersion will be a low viscous fluid at low temperature and

changed to be a high viscous fluid or gel at high temperature. This phenomenon can be named as Thermal

Rheological (TR) Fluid.

Keywords: Side Chain Crystalline Polymer, Crystalline Supramolecular Interaction, Thermal Rheological Fluid
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Fig.1 Schematic chemical structure of SCCBC and schematic
diagrams of the adsorbed and desorbed states of SCCBC. left :
at a temperature lower than the transition temperature, right:
at & temperature higher than the transition temperature.
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Polyethylene particulatc concentration dependence
of the thermal rheological fluid properties
Yusuke HASEBE!, Toru OHKUMA', Ryoko NAKANO?, Hiroshi SEKIGUCHI?, Shigeru YAO"? ('Graduation
School of Chemical Engineering, Fukuoka University, 2Faculty of Enginecring Fukuoka University

ABSTRACT: Recently, we have found a block
co-polymer consisted with long alkane side chain
units and functional (such as the solvent affinity)
units would be a side chain crystalline block
copolymer (SCCBC).This shows the interaction of
crystalline supramolecular between polyethylene.
And the concentrated PE particle dispersion with
small amount of SCCBC (~1wt%) shows very low
viscosity at low temperature and solidity at high
temperature.In  this time, we investigated
polyethylene particle concentration dependence of
the function of Thermal Rheological Fluid.
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JUSIC BT Vo SR O & iR
Az L OBREMEZ RSN ERALES
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(Side Chain Crystalline Block Co-polymer :
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