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THERMAL AGING TESTS OF THE COMPOSITES
BASED ON EPOXY MODIFIED
POLY-(AMINE-DIMALEIMIDES)

E. A Stere and S. L. Cotescu
Technical Expert Education and Science Ministry,
FElectrical Engineering Co (ICPE), 313 Splaiul UNIRII Street,
Bucharest, Romania

The paper presents some accelerated thermal aging tests of the electrical insulat-
ing composites based on glass fabrics and cross-linked polymers obtained by the
nucleophilic polyaddition between 4,4-dimaleimide-di-phenyl-methane (DMI),
4,4/-di-amine-di-phenyl-methane (DDM), 4,4'-di-amine-di-phenyl-sulphone
(DDS) and epoxy resins.

The cross-linked polymers themselves, like disks specimens or powders, were
tested too.

The results of the accelerated thermal aging test of these composites materials
and those of the rigid laminated sheets STRATITEX S680 composites, based
on DMI and DDM, qualified for the insulating class H (180°C), accordingly to
IEC 216 standard test method, were compared.

It was observed that the polymer obtained from DMI and DDS shows the highest
thermal stability, while some polymers obtained from DMI, DDS and epoxy
novolac resin (Novox), show a better thermal stability as the polymer based
on DMI and DDM.

Keywords: composites materials; epoxy modified poly-(amine-dimaleinimides); thermal aging
tests; mechanical properties

INTRODUCTION

The main researches in Romania, in the field of poly-maleimides, in Institute
of Macromolecular Chemistry—Petru Poni Iassy have been developed [1,2,4,6].
The best known materials obtained from dimaleimides were the rigid lami-
nated sheets STRATITEX S680 and MOLDIMID type moulding compounds.
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STRATITEX S680 based on glass cloths and poly-(amine-dimaleimides)
for class H (180°C) were qualified according to IEC 216 standard test
method. Since the technological problems (the toxicity of the polar
solvents, low storage life of prepreg) and small composites quantities
required on the market, the production was stopped.

The research resumed in ICPE in the field of the electrical insulating
prepregs for electrical traction engines, revealed some results regarding
the use of usual solvents with low toxicity and the achievement of the
impregnating varnishes and prepregs with a long storage life. Also the ther-
mal stability of the poly-amine-dimaleimides was analysed.

Surprisingly, the composite based on, poly-(amine-dimaleimides) low
temperature indexes (IT 20 kh) presented (last test of prepregs dated in
1987).

Thus, STRATITEX S680 had the followings IT 20 kh: 177°C (for 10%
weight loss), 180°C (for 50% of initial flexural modulus, 182°C (for 50%
of initial flexural modulus).

The prepregs for STRATITEX S680 had IT 20 kh: 145°C (for 10% weight
loss) and 144°C (for 50% initial dielectric strength).

EXPERIMENTAL
The following materials were used:

— glass fabric E 020 Z 6040 (FIROS Company, Bucharest), with thickness
of 0,184+ 10% mm, specific weight 2054+ 10 g/sq.m and 0,5-0,6%
y-aminesilane as finishing agent (Z6040);

— dimaleimide (DMI) with the melting point (mp) of about 155°C (Institute
P. Poni lassy);

— epoxy novolac type resin (Novox, Policolor Company, Bucharest) with
epoxy equivalent of 208 g;

— bisphenol A glycidyl ether type epoxy resin (DINOX 010S, Policolor
Company) with epoxy equivalent of 202 g;

— diaminodiphenyl methane with mp 89-91°C (Araldite HT 972,
Ciba-Geigy);

— Diaminodiphenyl sulphone, with mp 167-170°C (Araldite HT 976, Ciba
Geigy).

From these materials, prepregs, laminated sheets, polymer disks speci-
mens and powders were prepared.

The prepregs, by the glass fabric impregnation were obtained. The drying
cycles were established by the resin gel point, volatile contents and flow test.
The prepreg storage at the room temperature in polyethylene bags was made.
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The rigid laminated sheets were obtained by hot pressing between the
two metallic plates or by hot pressing in special mould.

The pressing cycle was: 1h/160°C + 1h/180°C 4+ 1 h/200°C, pressure of
2 MPa. Some of the plates and testing specimens 48 h/200 + 2°C, in electri-
cal ovens were post cured.

Besides the composites, the polymer specimens, by hot mixing of the
monomers at about 150°C, casting in a hot glass tubes and hot curing were
obtained.

The polymeric specimens for the thermal aging as small disk (diameter
of 13-14mm, thickness of about 3mm) or powders (file dust) were
prepared.

Accelerated aging tests in isothermal conditions in special ovens with
and without air reciclation were carried out.

RESULTS AND DISCUSSIONS

The Tables 1, 2 and 3 present some properties of the prepregs and lami-
nated sheets in initial state.

In the Table 2 and 3, the properties of the rigid laminated sheets with
those of STRATITEX S680, IEC 60893 values of PIGC 301, epoxy laminate
for class H, Isoval 11/200 (Isovolta) and the laminated specimens obtained
by hot pressing of the tape Isola 251.70, were compared [3,5,7].

The four types of epoxy modified poly-(aminedimaleimides) composites
are: P(L.)-50-D based on 50% DMI, DDM, and Dinox 010S, and P(L)-60-S
based on 60% DMI, DDS and Novox.

The high flexural strengths of the L-60-S at 180°C and 250°C, after post-
curing, reveal the low reactivity and sterical hindrance in the thermoset
cross-linking.

TABLE 1 The Properties of Prepregs

Prepreg type

No Property Units P-50-D P-60-S
1 Thickness Mm 0.250 0.225
2 Specific weight g/sq.m 292 273

3 Thickness of glass cloths Mm 0.19 0.185
4 Specific weight of glass cloths g/sq.m 204 199

5 Resin content by weighting % 31.6 28.1

6 Resin content by burning (1h/600°C) % 30.8 27.2

7 Volatile content (15min./160 £ 2°C) % 1.6 0.37

8 Flow test (10min./160 & 2°C, 2 Mpa) % 15 12
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TABLE 2 The Properties of Laminates

Laminate tipes

STRATITEX
No Property Units S680 (STAS) L-50-D L-60-S
1 Density g/cm® 1.8-2.0 1.92 1.96
2 Tensile strength MPa 220 317 305
3 Flexural strength at:
23°C Mpa 350 415 385
180°C 120 250 -
200°C 200 -
4 Flexural strength after
postcuring
(481/200 £2°C) at
180°C Mpa - 305 360
200°C - 216 345
5 Insulating resistance Ohm 5x 10 9 x 10! 3,6 x 102
24h/23°C/water
6 Dielectric strength kV/mm - 24 22
7 Water absorption mg - 32 36
(1h/100°C)
8 Resin content % - 28 26
(1h/600°C)
9 Thickness mm - 1.92 1,96

Since the low reactivity and high flow resin, the composites prepared
from DMI and DDS only, were not representative for the polymer type.

Some thermal aging results of the composites in ovens with air
reciclation in Table 4 were presented.

The good results of the prepreg P-60-S hot pressed at 0,35 mm thickness
were revealed.

In the Table 5 the thermal aging results of the composites without air
reciclation were presented.

Two other types of composites: L-30-D and L-40-D with a lower DMI
content (30; 40%) were tested.

The thermal aging results of the polymer disks in the Table 6 and the
results of the polymer powders in Table 7 were presented.

A general conclusion of the accelerated thermal aging tests was the
lower thermal stability of the poly-(amine-dimaleimides) as the aromatic
polyimides and some thermosets based on class H (180°C) epoxy resins.

The weak thermal points of poly-(amine-dimaleimides) are the follow-
ings: the tertiary carbon, the amine groups and the aliphatic cycles. The
sterical hindrance in the cross linking reaction are important too.
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TABLE 3 Flexural Strength of Some Laminated Sheets

Imposed flexural strength (MPa)

Obtained after pressing After postcuring
No  Laminated type 23°C 180°C  200°C  23°C 180°C  200°C
1 STRATITEX STAS 300 120 - - - -
S680 8144  >400 >300 - - - -
2 Laminated sheet IEC 400 - 300 - - -
PIGC 301 60893 - - - - - -

3 ISOVAL 11/200'  Prospect 400 150 - - - -
4 ISOLA 251.70% - - - - - - -
292 195 - - - -
5 L-50-D - - - - - - -
416 215 200 395 305 216
6 L-60-S - - - - - - -
395 186 - 385 360 345

! Epoxy laminated sheets for class H (180°C) made by ISOVOLTA (Austria).
2 Laminated specimens obtained by hot pressing in mould of the tape 251.70 (Von Roll Isola
Group) used in Romania for the insulation of class F (155°C) traction motors.

TABLE 4 Thermal Aging of the Composites in Air Reciclation Ovens

Thermal life (h) Activation
— energy,
Type of the composite Am(%) 210°C 234°C E/R  (kcal/mol) IT 20 kh°C

Rigid laminate 3,5 1125 155 20,2 40,2 179
ISOLA 2,98 mm 5,0 15684 601 9,88 19,6 157
10,0 3121 1433 7,94 15,8 161
Epoxy prepress 0,36 mm 3,5 249 130 6,63 13,2 93
5,0 503 245 7,34 14,6 116

10,0 1205 614 6,94 13,8 131
P-60-S 0,35 mm 3,5 594 240 9,06 18,0 134
5,0 850 339 9,34 18,6 142
10,0 2317 758 114 22,6 169
L-50-D 1,40 mm 3,5 1509 764 9,75 19,4 160
5,0 2767 1304 7,52 14,9 155

10,0 - - - - -
L-60-S 1,57 mm 3,5 893 349 9,54 19,0 144
5,0 1317 516 9,56 19,0 152

10,0 4125 1671 9,21 18,3 173




- 181 €91 g'er §'ve 033 921 802 GGG $9G1 0'g

- 981 6G1 ¥'er 9'9¢ 125 88 ST 1857 €911 g'g d-09-1

- - PLI - - 872 ¥0¢ €e8  90L 1922 0‘G

- - €LT - - erd 6LT €96 V8% 5791 g'g d-09-1
261 2el 991 008 I'8T 103 €81 L8G  208 2022 0G
881 16T 19T 8'ee G'6T LT3 ) €GG Va4 6EVT g'g a-0v-1
961 181 BLT 6'ee 1'82 802 LE1 €8F  GLOT 6982 0G
P81 9L1 LLT §'ge G'8% G685 €9 113 QLY Y061 g'g S-d-06-1
€61 €91 - I're G'81 - ¥81 78S 686 - 00T
981 P91 181 8'7¢ < 98¢ 8¢ 661 186  LLEG 0'g V10SI
08T 89T g8T S'¥ve 1'Ge gov €8 611 574 LT9T g'g djeurure| pisry

0,0L2-09%  0,093-96% 0.9633138 0,0.2-096 0.,096-962 0.,96331% 0O.1.8 0,098 0,968 0,81% (%) wy  sonsodwod jo ad4,

(D) W 0z LI

(Tour/1eo3]) o ‘ASI9UD UOTIRATIOY

(W o1 rewnrdy,

SUQA(Q) UOTIRIINY Iy ON Ul sajisoduro)) o) jo Suisy [Puliey], ¢ A IdV.L

2102 1snbBny TT /17:0T e [0Ba1q uves ®eiuloied jo AiseAlun] Ag papeojumoq

44/[300]



Downloaded by [University of California, San Diego] at 10:47 11 August 2012

Thermal Aging Tests of the Composites 45/[301]

TABLE 6 Thermal Aging of the Polymer Disks in Air Reciclation Ovens

Thermal life (h)
Activation energy

Polymer type ~ Am % 210°C 232°C (keal /mol) IT 20 kh (°C)
T-78-D 5,0 554 - - -
10,0 1160 - - -
15,0 1840 - - -
T-30-D-S 5,0 751 134 38,0 173
10,0 3869 875 32,7 187
15,0 - 2480 - -
T-40-D 5,0 845 140 39,6 176
10,0 4039 1147 27,7 185
15,0 - 2971 - -
T-60-D 5,0 1617 513 22,5 163
10,0 5683 2271 26,7 189
15,0 - - - -
T-60-S 5,0 1509 583 20,9 159
10,0 3326 1693 14,9 167
15,0 - 2293 - -

The epoxy modified poly-(amine-dimaleimide) keep these thermal
weakness.

The use of some epoxy resins for class H (180°C) can surely ameliorate
these behaviour.

The thermal weakness of all poly-(amine-dimaleimides) unmodified or
epoxy modified at high temperature are better revealed.

The thermal aging of the polymer powders (Table 7) in the range of not
so high temperatures (190-210°C) reveal the better thermal stability of
T-60-S as that of the T-78-D, unmodified with epoxy resins.

CONCLUSIONS

Some composites based on epoxy modified poly (amine-dimaleimides), as a
result of their properties for electrical insulation can be used [8,9].

Thus, the prepreg P-50-D, very flexible, storage stable with a good hot
resin flow, as insulation for class F (155°C) traction electrical motors are
recommended.

The rigid laminated sheets L-60-S type based on BMI (60%), DDS and
Novox epoxy resin has the flexural strength at 200°C, better than IEC
requirements.

After the accelerated thermal aging tests of this laminate, a qualification
for class H (180°C) after actual IEC 216, which requires four testing
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temperatures and a lot of standardised tesing specimens, can be surely
obtained.

After the accelerated thermal aging tests the highest thermal stability of
the DMI-DDS polymer, and the better thermal stability of the polymer DMI-
DDS-Novox (60%DMI), as that of the DMI-DDM polymers (70-78% DMI)
were observed.
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