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complex for penton — Agl matrix-disperse
system
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It has been shown that calorimetric method of analysis of relaxation processes can be
used to matrix-disperse systems which includes polymers able to crystallization, namely,
high-molecular polyesters and disperse fillers. Using penton — Agl system as an example,
the analysis of composites dC, /dT multiplet dependence, whose shape is caused by struc-
ture-active silver iodide particles occurrence, have been carried out in glass transition
temperature range, and the relaxation characteristics complex of composites have been
determined.

ITokazaHo, UTO KAJOPUMETPUUECKUH METOJ aHaAM3a PeJaKCAIMOHHBIX IPOIIECCOB MOIKET
OBITL TPUMeHEeH M K MATPUYHO-TUCIEPCHBEIM CUCTEMAaM, B COCTAB KOTOPBIX BXOAAT TOJUMeE-
PBI, CIOCOOHBIE K KPUCTAIIUBAINU, & WMEHHO BBICOKOMOJIEKYJAPHBIE MOAUSMUPHE U ANC-
nepcuble HamoJHUTeNu. Ha nmpumepe cucrtemsl menramiact — Agl mposemen ananms MyJsabTH-
TJIeTHOH B3aBUCHUMOCTU de/dT KOMTIOBUTOB B TeMIIEPATYPHOM WHTEpPBaJie CTEKJOBaHUA,
¢opMa KOTOpPOI BBIBBaHA TIPUCYTCTBUEM CTPYKTYPHO-aKTUBHBIX UAaCTUI] Hoauaa cepebpa, U
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onnpesesqieH KOMIIJIEKC X PEJIaAKCAITUMOHHBIX XapPaKTEePUCTUK.

1. Introduction

Current development of science and tech-
nology including space area requires con-
tinuous improvement and miniaturization of
the equipment used. In this regard, there is
a need to study and use new structural ma-
terials with completely new properties.
Prominent representatives of such materi-
als, which are intensively studied and
widely used, are solid electrolytes — supe-
rionic conductors. Among solid electrolytes
special attention attracts Silver Iodide —
Agl, which in addition to the phase transi-
tion insulator — superionic type is charac-
terized by abnormal dilatometer behavior
that leads to hopping of its volume.

With all the complex of positive charac-
teristics inherent to solid electrolytes their
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operational characteristics, in the most
cases, do not allow to use them in difficult
weather conditions and corrosive environ-
ments. In this regard, it is urgent to de-
velop new materials that would be resistant
to the external environment and not lose
superionic conductivity properties. These
materials can be polymeric composite mate-
rials, in which solid electrolytes are used as
particulate filler, and chemically resistant
polymers used as polymer matrixes.

Thus, special interest exists to study of
matrix-disperse systems (MDS) containing
dispersed fillers that are characterized by
phase instability in neighborhood of phase
transitions temperatures of the polymer ma-
trix. This feature of fillers allows to reveal
and assess not only an influence of the dis-
persed component of MDS on the properties
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and structure of the polymer matrix, but
also an influence of the polymer on the
filler, which can be regarded as a qualita-
tive and quantitative assessment of such
systems components interaction.

As a polymer matrix in investigation of
the systems with active interaction of com-
ponents it is advisable to use polymers that
are capable of crystallization and contain
polar groups. Good representative of such
polymers can be macromolecular polyester
— penton. Such composite systems are ad-
vantageously distinguished by the presence
of two phase instabilities in the investigated
temperature interval melting and glass
transition of the amorphous component of
the polymer matrix, which in the future
allow to get a full and deep information
about the interaction of such systems com-
ponents.

An analysis of changes of polymer mate-
rials specific heat capacity allows to receive
the information about molecules heat mo-
tion and intermolecular interaction. It is
the most easily from the results of heat
capacity measurements to determine the
melting temperature, specific melting heat,
beginning T'; and ending T, temperatures of
glass transition relaxation process, and the
most probable transition temperature T,
these are parameters of the processes which
are characterized by simultaneous sharing a
number of macromolecules and related with
polymer molecules cooperative movement.

In spite of somewhat lower accuracy of
determination of glass transition process
parameters from the results of calorimetric
investigations comparing with other meth-
ods, such measurements advantageously dif-
fer by the fact that, besides thermodynam-
ics aspects they allow to analyze the relaxa-
tion character of the molecular processes.
The above mentioned allows to determine
the polymer materials relaxation charac-
teristics complex (RCC) using the data of
heat-physical researches without additional
measurements by the methods of mechani-
cal, dielectric, nuclear magnetic relaxations.

In spite of the method advantage there is
insignificant amount of works dedicated to
determination of RCC: activation energy of
o-relaxation process U,, pre-exponential
factor B, glass transition temperature T,
half-width of relaxation transition tempera-
ture interval C, glass transition process
cooperativity level W, segments cooperative
activation energy of o-relaxation process
U

o. coop*®
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The earlier works [1, 2] have determined
the parameters of glass transition process
and RCC of a number of polymer materials
by analysis of temperature dependences of
the specific heat capacity.

However, methods suggested in those pa-
pers can be used only for the polymer sys-
tems, whose structure does not take of dif-
ferent modification influences. If we have
the plasticizers, curing agents and disperse
fillers in the system composition then glass
transition process acquires more compli-
cated character and the theory of RCC de-
termination, based on the results of the spe-
cific heat capacity temperature dependences
analysis, demands more precise definitions
and additions.

Thus, under polymer filling by disperse
particles the glass transition process can be
divided into several separate processes, that
are caused by modifier action on the mo-
lecular mobility of different kinetic units of
the polymer matrix [3, 4].

The peculiarity of an influence of such
modifier factors, like stochiometric imbal-
ance of resins and curing agents on the
glass transition process of thermoreactive
polymers have been considered in the papers
[5, 6], where method of analysis of maxi-
mums shape on de/dT dependences has
been suggested.

Thus, the analysis of the literature
shows that a definition of the complex re-
laxation characteristics of the polymer com-
posite materials, that include high-polyes-
ters, by the results of calorimetric studies,
were not conducted. Therefore, an assess-
ment of the feasibility and applicability of
the relaxation characteristics determination
method of such systems is of interest both
from scientific and practical points of view.

2. Experimental

To produce composites silver iodide of
clear quality with particle size of 1+6 um
and penton with particle size of 45 um were
used.

For producing samples dispersed Agl and
penton mixture were thoroughly homoge-
nized and then pressed from polymer melt
(Thress = 483 K) at the same temperature
and pressure conditions (P = 20 MPa). Cool-
ing rate of the samples was 0.5 K/min.

Investigation of specific heat in the tem-
perature range 74—493 K was performed
by a differential scanning Calvet calorime-
ter [7], modified for determination of poly-
mer materials heat-physical and relaxation
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parameters. Density and porosity were de-
termined by hydrostatic weighing.

3. Results and discussion

It is known [3] that for «a-relaxation
process, the activation energy depends on
temperature and is expressed by the Ful-
cher-Tammann-Vogel equation:

U
U == (1)
o 1- z
T
where U_ and T — polymers constants.

Taking into account that the typical U,
and T values for o-process correspond ap-
proximately to linear section dependence,
we can assume that the activation energy of
low-cooperative processes in the tempera-
ture range of the glass transition depends
linearly on temperature [3] according to the
law:

U;=UQO - o,T;, 2)

where U; — the real activation energy, Ui(o)
— extrapolated U; value at the T=0K
point, T; — i-th kinetic unit transition tem-
perature.

Kinetic wunit transition probability
through the barrier at arbitrary tempera-
ture is defined as

U.
L R /] ®)

where N; is number of successful transition
attempts during observation time Aty of the

system from the moment T =0 K; Ny o;

Aty is the total number of attempts (N, is
the total number of i-th kinetic units, ; is
the natural frequency of i-th kinetic unit) [8].

The deviation from the equilibrium state
of the system is determined by the number
of particles that passed the barrier and were
not relaxed to the equilibrium value of energy.

N, values are determined by N; values
and decreased with time according to the
law exp(—At/T;), where At is system observa-
tion time from transition moment T,
through the barrier under v heating rate, T;
is i-th kinetic unit relaxation time, and can
be found by next equation

Ny = leimex?(ﬂ} @
Ty
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Fig. 1. (a). MDS composites temperature de-
pendences dC, /dT: 1 — 8 %, 2 — 36 %,
3 — 69 %. (bg. Concentration dependences of
the temperatures of the beginning T,, and
the ending Ty, of low-temperature component
and the beginning T, and the ending T, of
high-temperature component of the glass
transition process for MDS composites I —
Tl(x; 2 — T2(x; 3 — Tl(x’; 4 — T2(x"

Let’s find a number of transition at-
tempts N; from equation (3):

U.
Ny = NOiwiAtoeXp[—k—Y‘,i} (5)

T; can be found from the Boltzmann-Ar-
rhenius equation:

U.
T = Biexp(—7), (6)

where B; = 1/w; is pre-exponential factor.
Then, taking into account equations (5)
and (6) the number of particles that passed
the barrier U;
D (7

U.
Ny = NOiw?AtoAtexp{—k—f}xp{—%exp{—
12 12
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Table.

0, % |Toar K| To9, K|Cops K| Cog, K| B;:10712, | B 510712, Uoas Uoyos wq )

sec sec kJ/mole | kJ/mole

0 300 | 841 11 28 4.9599 5.648 77.213 87.925 4.941 5.627
3 293 338 12.5 | 27.5 4.8319 5.56839 75.221 86.931 4.814 5.563
6 289 335 14 27.5 4.7679 5.5359 74.227 86.183 4.750 5.515
8 288 331 14.5 28 4.7519 5.472 73.976 85.185 4.734 5.451
10 286 330 13 28 4.72 5.456 73.479 84.938 4.702 5.436
12 | 284 | 334 11 28.5 4.6879 5.5199 72.982 85.933 4.670 5.499
14 284 339 8,5 30 4.6879 5.600 72.982 87.178 4.670 5.579
17 | 285 | 343 8,5 | 29.5 4.7039 5.664 73.232 88.176 4.686 5.643
20 | 285 | 343 7.5 | 28.5 4.7039 5.664 73.232 88.176 4.686 5.643
27 | 286 356 7 29.5 4.703 5.8719 73.479 91.414 4.702 5.850
36 | 290 | 371 7.5 35 4.7839 6.1279 74.477 95.399 4.766 6.105
42 289 343 7 31 4.7679 5.664 74.227 88.176 4.750 5.643
50 288 340 7 31.5 4.7519 5.616 73.976 87.428 4.734 5.595
58 | 288 | 346 7,5 35 4.7519 5.691 73.976 88.924 4.734 5.691
69 288 361 10.5 | 37.5 4.7519 5.968 73.976 92.91 4.734 5.946

Taking into account, that w; = 1/B;, Aty = maximum, which at T =T, corresponds to

(T,—Ty)/v, At =(T;-T¢)/v, equation (7) can
be rewritten as

Ny = (8)

et 3]

Taking into account equation (2), we obtain

(T; = ToXT; = Ty) y 9)
B2v2

o U0 TinTy (o U

The content of the temperature T; is the
lowest temperature at which relaxation
processes is possible. The structural relaxa-
tion processes being possible in the pres-
ence of molecular motion, we can take that
To=T;=0K.

Then equation (9) takes the form

T2 a, UO (T a, UO
i i 2l | Zi J% (10)
Ny = NOtBZ 2ex{k kT, [BiveXF{k kT, D

Also, the maximum deviation from the equi-
librium state corresponds to the maximum
value of dC,/dT at T = T;. Under the same
temperature the wvalue must match the

(T TO)(T T
0i B2 2

L B hY

Ny =Ny,
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dNy/dT = 0 condition [1].
So, for analysis of dC /dT depending one
can use the following equatlon

dCP T; 4 U(iO) T 9 (0) 11)
ar ~ "Woigea® N % T RT T By T,

with double set of fitting — parameters q;,
YN and T;, individual for each composite
material and corresponding kinetics units
(values of U; and B; separately calculated
for each step of parameters refinement),
where y; — individual contribution of i-th
kinetic unit into a dC /dT "jump”.

As can be seen from Fig. 1,a the tem-
perature dependences dC,_/dT of the system
composites are characterized by two clearly
marked maximums, one of which is ob-
served at the lower temperatures, and an-
other — at the higher ones. Thus, glass
transition of the polymer matrix is divided
into two processes — the low-temperature
(o-relaxation) and the high-temperature (o-
relaxation) glass transition.

As a result of the lower molecular mobil-
ity the structural elements, which take part
in o/-relaxation process, actively react on
disperse filler presence that is manifested
by significant increasing the glass transi-
tion temperatures at contents of Agl in the
range of 8 <@ <36 % and by existence of
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the considerable glass transition tempera-
ture range (Fig. 1b).

RCC analysis (Table) shows that pentone
— Agl MDS composites with the low content
of filler particles (¢ < 27 %) are charac-
terized by narrowing of the half-width of
low-temperature glass transition interval
Co, and decreasing of o-relaxation activa-
tion energy U, values at simultaneous rela-
tive steadiness of the half-width interval
Coos and activation energy U, of high-tem-
perature o'-relaxation. With concentration
increasing up to @ <69 %, an increasing of
the half-width of o/-relaxation interval Cg,
and activation energy U, is observed that
followed by practical constancy of C, and
U, parameters.

Such behavior of the parameters Cy,, Cq.»
Uy, and Uy, are explained by the fact that,
at insignificant concentrations the polymer
matrix of system composites is also under
transitional boundary and wall boundary
layers states.

Thus, considerable decrease of the begin-
ning and ending temperatures of o'-relaxa-
tion process in penton — Agl system at con-
centrations from 36 up to 50 % is caused
by polymers staying in transitional bound-
ary layers state, that, evidently, is charac-
terized by less regulated, comparing with
volume polymer, structure. Further increas-
ing the temperatures of the beginning and
ending of high-temperature glass transition
at values ¢ > 0 % 1is caused by changes in
structure of the polymer, which, at such
concentrations, is under the wall boundary
layer state and whose structure is charac-
terized by the high degree of order [9], that
is confirmed by high values of C,, and
Uy, parameters.

Numerical values of the cooperativity pa-
rameters W and W, show combined par-
ticipation in o- and o'-relaxation processes
of five and six kinetic units correspond-

ingly.
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Obtained B, and B, values have order of
5.10712 gec, which correlate well with the
data obtained for the polymer composite
systems by other methods [3, 4].

Thereby, the investigations of the tem-
perature dependences of specific heat capac-
ity of the system composites display multi-
plet character of glass transition of the
polymer matrix and allowed to physically
grounded execute the division of the ob-
served data in o- and o'-relaxation transi-
tions range, and separately determine their
RCC.

4. Conclusions

Thus, one could argue that the above de-
scribed method of determining the relaxa-
tion characteristics complex, basing on the
results of calorimetric studies, can be ap-
plied to the MDS comprising polymers capa-
ble of crystallization, in particular filled
high-molecular polyesters.
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BuzHaueHHA KOMILIIEKCY peJIaKCAIliIHHUX XapPaKTEePHCTHK
MATPMYHO-IUCIEPCHOI cuCcTeMHu meHTamaact — A(g|

M.I.Illym, M.O.Poxuyerxuii, A.M.lllym, I'.B.Poxuyvra

IToxkazano, 110 KaJOPUMETPUUYHUI METOJ AHAJII3Yy peJakcaliliHuxX mpolieciB moxxe OyTu
3aCTOCOBAHUU 1 M0 MATPUYHO-AUCIIEPCHUX CHUCTEM, OO0 CKJIAAy SKUX BXOAATL MOJiMepH,
smarHi mo Kpucraaisamii, a came BUCOKOMOJIEKYAAPHI mosiedipu Ta gucoepcHi HAIOBHIOBAUI.
Ha npurmaagi cucremu mentammact — Agl BUKOHAHO aHAMI3 MyJBTUILIETHOI 3aJeHOCTI
de/dT KOMIO3HUTIB y TeMIepaTypHOMY IiHTepBaJi CKJIyBaHHSA, (opmMa SKOI CIpUYMHEHA
HPUCYTHICTIO CTPYKTYPHO-aKTHBHUX YACTUHOK HOamay cpibia, Ta BH3HAYEHO KOMILIEKC IX
perakcamiiiHuX XapaKTepPUCTUK.
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