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INVESTIGATIONS OF THERMOPHYSICAL
PROPERTIES OF POLYMER CONCRETES

A.V. Chermenskaya, Yu.A. Sokolova, G.M.
Sokolov, V.A. Voskresenskiy, Kazan'
Engineering and Construction Institute

It is known that gxgp epoxy polymers are widely used in
construction as binding gpXpolymer concretes, polymer glues and
anticorrosion coatings, which must be stable at temperatures of
-40° C to +60°C [1]. However, the thermophysical properties of
similar systems hawe been insufficiently studied.

The purpose of this investigation was to study the behavior
of the epoxide compositions with heating by thermomechanical and
thermographic methods. Studlied simultaneously was the change in
strength and deformativity of the epoxide compositions on kkex a
base of diane resins at di fferent temperatures.

Objects of the investigation were epoxy polymers of brands
ED-5 (epoxy number K = 23.5), ED-6 (K = 17.0), EDP (K = 13.5),
EDL (K = 8.0) with curing agents: polyethelene polyamine (PEPA)
[3NA], dicyandiamide (DTsD)[AUAR], with fillers ~ RemPortland
cement, ground quartz sand (PKM)[KM], Zonolite and graphite.
Tests were conducted at temperatures of +20°, +45°, +70°, and
+100°C. Before the beginning of the tests the specimens were held
in a gmrthermostat for 30 minutes at the temperatures indicated
above.

Thermomechanical curves were taken at a compressive load,
equal to 2.3 kg/cmz, constantly acting on the specimen. The
heating rate of the specimens was 4° per minute. A differential-
thermal analysis was conducted on the photorecording pyrometer of
Kurnakov FPK-59 at a heating rate of 5° per minute.

To establish the optimal conditions of heat treatment of the
compositions using polymers ED-5 and ED-6 as a base with hardener

|
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PEPA, tests of theilr physicomechanical properties and heat re-
sistance were conducted.

Since the thermophysical properties based on cellular poly-
mers are determined to a significant degree by their composition
and mode of hardening, established by the thermomechanical method,
first of all, were the dependences of the softening Tp on the form
and quantity of the filler, hardener, and plastisizer and also
the temperature and time of the heat treatment (Fig. 1).

From the data of Fig. 1 1t 1s evident that with an increase
in thezmmcontent of the filler,'Tp for all compositions of cold
hardening increases insignificantly (curves 1, 2, 3). For the
unfilled asadditionally heat-treated compositions (optimal con-
ditions of heat treatment are 4 hours at 150°C), quantity Te 1s
considerably higher and consists of approximately 100°C. Whereas
for compositions with the filler PKM (curve 2') with an increase
in the content of the filler from 0 to 400 parts by weight a sig-
nificant increase in T is observed, for compositions with Zono-
lite (curve 1') and graphite (curve 3!') there occurs a consider-
abe increase 1n the heat resistance with an increase in the .
filler of 0 to 150 parts by weight :[pw]. Here it should be noted
that the compositions with a content of 150 pw of graphite (maxi-
mum filling) has Tp = 175°C. A higher Tp for compositions with
Zonolite and gx .graphite should be referred to owlng to the de-
veloped specific surface of these fillers in comparison with
the PKM, which allows the . polymer to be distributed in the
form of thin oriented films on the surface of the flller, and
this, as is known [2], increases the intermolecular interaction
between the polymer and filler.

However, the given effect appears only in the heat-treated
compositions. It should be noted that all the tested composi-
tions ® based on pepolymers ED-5, ED-6 and E-40 of cold harden-
ing (without additional heatxkrxtreatment) have heat resistance
of the order of U45-55°C irrespective of the form and quantity of
the filller.

Tests of compositions kadbased on polymer ED-5 at increased
temperatures showed that the dependence of %u on the degree of
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has a complex nature. The lowering of 9, at a small degree of
filling can be explalned by the absence of the process of struc-
fruturing and disintegration of the structure of the polymer
material. At large doses of the filler there 1s observed a rise
of the curve, which can be explained by the beginning of the for-
mation of the spatlial structure between particles of the filler
and the synthetic binder. However, with a further increase in the
degree of filling (more than 500 pw) there 1is observed a drop in
the curves, which is connected with the disruption of the con-
tinuity of the resin phase with an excess of the filler [3].

The change in TP as a function of temperature of hardening
for the composition (composition is in pw: EDL - 100, DTsD - 5,
PKM - 150) is given in Table 2.

As gmthe experiments showed, Tp can be determined by the

method of DGA[AMA - acronym unknown],a and we can trace the =
change in this indicator depending on the different factors.

We judged the heat resistance of the epoxy filled compositions

on curves of DTA[ATA - acronum unknown] from values of minima of
endoef fects, wkEiwhich racharacterize the softening temperatures
(Tp) and decomposition £ of the polymer. Here it is necessary to
note the great -onvergence of determining Tp by the method of DTA
and thermomechanical method (divergence consists of less than
1%).

Figure 2 gives the change %usrs %50 of the epoxy compositions
depending mfon the temperature of the test. Quantities %s. and
%.0 Of epoxy glues are changed differently: to a lesser degree

3

p- o
substratum on the adhesive. Approximately at t = 10C°C a sub-

which can be explained by the orienting effect of the

stantial drop in 9. 1s begun. This confirms the position of
the fact that the temperature of the operation of the kExthermo-
reactive polymers should be 20% lower than Tp; i.e., in the given
1 case Toas = 80-85°C [4].
It should also be noted that at a temperature of 50°C for all

f” the tested epoxy hardened compositions there is begun a noticeable
4 ; lowering of both the adhesive and cohesive properties.

Table 3 gives de data on the change in 6on of epoxy

FTD-ID(RS)I-1589-76 3




|
1
(1
-
i
|
3
)
i
1

compositions of hot hardening depending on the temperature of the
test.

From the data of Table 3 it 1is evident that the composi-
tions based on the polymer EPD at 20°C have greater strength than
those based on the EDL. However, at a temperature of the test of
+70°C values of o, converge, and wi. with a further increase in
the temperature of the test the strength of the composition based
on the polymer EDL exceeds the strength of the composition based
on the polymer EDP.

It should be noted that with an increase in the temperature of
the test, the 9u of compositions 1 are lowered by 20% and of
compositions 2 - by 6%, which can be explained by the large molec-
ular weight of the polymer EDL [5].

Conclusions

1. The thermophysical geproperties of epoxy compositions
by thermomechanical, thermographical and standard-mechanical
methods were studied.

2.1t is shown that the compositions of the cold hardening with
different methods of filling and Emodification ka have a heat re-
sistance not higher than +60°C, since the processes of hardening
"in the cold" do not occur completely.

3. It. is - :established that the greatest heat resistance
to the compositions based on polymers ED-5 and ED-6 with hardeners
of cold hardening is provided for by the subsequent heat treat-
ment according to the conditions of 150° - 4 hours, and to com-
positions based on the EDP and EDL with dicyandiamide as the
hardener in conditions of hardening of 200°C - 45 minutes.

4, Given is an interpretation of the extremal changes of
the thermographic and thermomechanical indices with a :» differ-

ent content of the filler.
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‘Table 1
& Pewun TepmoobpaboTkn
Clok.m-:onno;u- 10 ?ac 6 4 Yac | 6 wac 4?.:
. 80° C 100° C | 150°C 150°C | 170° C

: %uar, xeclem®| 870 | 865 | 940 927 | 865
... %cx, kzc/cut| 1318 | 1425 | 1420 | 1412 | 1400
Tp,°C | o8 | 100| 110| 108 101

Note: Prior to heat treatment the specimens were hardened for
72 hours at 20%2°c.

KEY: 1) Properties of Emcomposition; 2) Mode of heat treatment;
3) hour.
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Fig. 1. Dependence of Tp of epoxy compostions (composition in pw:
ED-5 - 100, PEPA - 20, filler) on the kind and quantity of filler.

KEY: 1) Softening temperature; 2) Amount of filler.
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Table 2. Change in T of certain epoxy compositions as a function ,
of the hardening temperature |

: I'}e,,.,q;"yp, A % 1 : KEY: 1) Temperature of harden- 1
i oTsepxae- : : 4 ing. °C ’

His, °C 160 | 180 | 200| 220| 240 | 260°

Tp °C 1101 112 19| 126 | 118} 110

Lo (oot stgesnls
: }a === qya-¢ 8« i
2 \\\ S o 0 3
; Ivac npu 200
: VN |
z ~
Ciliaed ;
3 '§n»~ \\’ . N—— ‘ Y ?
| O ' '

0 50 0 w0 120 %0 Tum
Fig. 2. Change in % (1) and .. (2) of epoxy composition

(composition in pw: EDL - 100, DTsD - 8, PKM - 150) as a function
of the temperature of the test. KEY: 1) Limit of hardness in
kg/cmz; 2) =Composition of compositions: EDL - 100 pw, DTsD ~ 8
pw, PKM - 150 pw; Mode of hardening - 1 hour at 200°C.

: Table 3
?. i Change in 3§, of epoxy compositions of hot hardening as a func- ;
3 | tion of temperature of the test
e f '
.;," /' : ’ / 3"7"9" t l:cnunni
'fj' ' ’. %c'ru KOMNO3HUHA B BeC. YacTEX ) e o

+20| ;Hs]‘m ﬂ

-~ 1 |3+ AL +uement (100 < 8 : 150) | 602 544 | 485 |
2 | 3714 JALUL +newens (100:5:100) | 531 | 515 | 501 §

KEY: 1) No.; 2) Composition of compositions in parts by weight (pw);
é 3) with t of the test in °C; 4) EDP+DTsD+cement; 5) EDL+
DTsD+cement.
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