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Synopsis

The influence of hydroxyl modifiers on the properties of Diels—Alder adducts—terpene hydro-
carbons with maleic anhydride—was studied. The mechanical, thermal, and dielectric properties
of the composition of Epidian 5 epoxy resin hardened with an adduct modified by ethylene glycol,
propylene glycol, dipropylene glycol, glycerin, or hexanetriol are described.

INTRODUCTION

Diels—Alder products, among others, are the products of the reaction of maleic
anhydride with various dienes.1:2 They belong to the acid anhydride group of
hardeners of epoxy resins. The above products are comprised of methylen-
domethylenetetrahydrophthalic anhydride (the so-called methyl nadic anhy-
dride),? chlorotetrahydrophthalic anhydride,* maleic anhydride adducts with
colophony,’ hexachlorocyclopentadiene adduct with tetrahydrophthalic anhy-
dride,® and maleic anhydride adducts with terpene hydrocarbons.”

Some adducts serve as liquid condensation products at room temperature,
for example, the maleic anhydride adduct with terpene hydrocarbons modified
with glycerin.8® This paper reports the influence of hydroxyl modifiers on the
properties of the maleic anhydride adduct with terpene hydrocarbons and on
the properties of epoxy compositions hardened with the modified adducts.

EXPERIMENTAL

Materials

The materials used in these studies were Diels—Alder adducts of terpene hy-
drocarbons with maleic anhydride (BTM),2 epoxy resin with epoxy number LE,,
= (.5 gram-equivalent of epoxy groups (100 g type Epidian 5, Chemical Plant
Sarzyna), DMP-30 accelerator (Rohm and Haas), ethylene glycol (Veb Jena-
pharm Laborchemie Apolda), dipropylene glycol, and hexanetriol (Merck).

Modification of Diels—Alder Adduct

The modification of the Diels—Alder adduct of terpene hydrocarbons with
maleic anhydride consisted of heating the adduct at 130°C for 3 hr with the
glycols and hexanetriol.3° A 0.163 gram-equivalent of the compound containing
hydroxyl groups was used per 100 g adduct. Some physical properties of the
modified adducts are presented in Table I and illustrated graphically in
Figure 1.
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Fig. 1. Viscosity of modified terpene-maleic anhydride adducts in relation to temperature,
composition, and designations according to Table L.

TABLE 1
Chemical Composition (in Parts by Weight) and Physical and Chemical Properties of Modified

Adducts-Hardeners

Chemical compositions (parts

by weight) and physical and BTMG-1 BTMG-2 BTMG-3 BTMG BTMG-4
chemical properties (1) 2) 3) (4) (5)
Adducts of terpene with
Maleic anhydride (BTM) 100 100 100 100 100
Ethylene glycol 5.0 — — — —
Propylene glycol — 6.1 — — —
Dipropylene glycol — —_ 10 — —
Glycerin — — — 5.0 —
Hexanetriol — — — — 7.3
Density at 20°C, g/cm3 1.15 115 1.14 1.14 115
Viscosity, cP
at 25°C 19,200 9,000 33,630 33,000 11,538
at 50°C 660 493 1,185 1,000 700
at 100°C 24 21 19 30 34
Breakdown coefficient nf,o 1.512 1.510 1.509 1.513 1.513
Color in icdic scale 35 76 16-21 35 76
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Fig. 2 Curves of viscosity variations during hardening of compositions 1, 2, and 3. Composition
components and designations according to Table II: (a) 120°C; (0) 110°C; (O) 100°C; (@)
90°C.

Testing Procedures

Viscosity measurements, dependent upon temperature and time, were made
with a rheoviscosimeter of type RV.

Bending temperature under a load according to Martens was determined in
an apparatus of type FWM. Shaped pieces measuring 120 X 15 X 10 mm were
used. Softening temperature after Vicat was measured in an apparatus of type
FWYV. The glass transition temperature T, was determined by means of a
modified Heppler consistometer, at a pressure of 9.81 105 N/m?, using cylinders
of diameter 11.3 X 8 mm.

Thermogravimetric analyses were made in atmospheric air by means of a
MOM apparatus. A 50-mg sample was tested up to 500°C while programmed
at 10°C/min.

The following measurements were also performed: coefficient of dielectric
loss t6, dielectric permeability &,, specific slant resistance p,, and specific surface
resistance p;. Dielectric strength was measured in oil with an electric current
of 50 Hz by using an electrode having a 25-mm upper diameter and a 75-mm
lower diameter.

Endurance testing for static bending was performed by means of an apparatus
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Fig. 3. Curves of the viscosity variations during hardening of compositions 4, 5,and 6. Composition
components and designations according to Table II: (a) 120°C; (0) 110°C; (O) 100°C; (@)
90°C.

of type FU 1000e. Impact testing, according to Charpy’s method, was accom-
plished by means of a drop hammer using shaped pieces measuring 120 X 15 X
10 mm.

RESULTS AND DISCUSSION

The viscosity was determined for the Diels—Alder adducts of terpene hydro-
carbons with maleic anhydride modified with compounds containing hydroxyl
groups such as ethylene, propylene, and dipropylene glycol, as well as glycerin
and hexanetriol. The viscosity of the modified adducts depends largely upon
the kind of the hydroxyl compound used for the modification (Fig. 1). The lowest
viscosity at room temperature was found in the adduct modified with propylene
glycol, while higher viscosities were cbserved for adducts with glycerin or with
dipropylene glycol.

From the viscosity curves during hardening at 90, 100, 110, and 120°C for
compositions consisting of Epidian 5 resin, amine accelerator DMP-30, and the
above-mentioned modified adducts (Table I), it appears that the compositions
(Table II) are characterized by suitable technological and processing properties
in a wide temperature range. The time of viscosity increase up to 1000 c¢P at 100
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Fig. 4. Curves of the viscosity variations during hardening of compositions 7, 8,and 9. Composition
components and designations according to Table II: (a) 120°C; (0) 110°C; (O) 100°C; (e)
90°C.

and 120°C of the curves of viscosity variations (Figs. 2-5) was determined as a
function of the amine accelerator (Fig. 6).

The rate of polyaddition at 100°C depends to a large extent upon the amount
of the accelerator. The rate of polyaddition of the composition depends on the
nature of the hydroxyl modifier (Fig. 6).

The compositions containing 0.3 and 0.6 parts by weight of the amine accel-
erator yield the following series arranged according to reactivity: propylene
glycol, ethylene glycol, dipropylene glycol, glycerin, and hexanetriol. With the
use of 1.0 part by weight of the accelerator, the most reactive composition con-
tains the adduct modified with dipropyl glycol. The mechanical properties of
impact and bending strength show that maximum values are obtained for com-
positions containing the adduct modified with ethylene or propylene glycol
(Table II).

The thermal properties of the glass transition temperature, determined from
the thermomechanical curves (Fig. 7), and softening temperature after Vicat have
been analyzed (Table II).

Thermogravimetric analyses demonstrate the good thermal stability of the
compositions (Figs. 9-12). Rapid decomposition occurs at 270-280°C. Com-
paring the dielectric properties, such as breakdown strength, it appears that the
highest values are attained with the compositions containing propylene glycol
(Fig. 8).
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Fig. 5. Curves of the viscosity variations during hardening of compositions 12, 13, and 14.

Composition components and designations according to Table II: (a) 120°C; (0) 110°C; (O) 100°C;
(®) 90°C.
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Fig. 6. Changes of viscosity increase with time dependent on accelerator amount. Parts by weight
of the accelerator.



8 MATYNIA

a5t

03

o1t

007

Qo5

03]

agot

% % 0 = in
temperature °C

Fig. 7. Thermomechanical curves of the compositions studied. Composition components and
designations according to Table IL

Measurements of specific slant and surface resistance (Table IIT) and dielectric
loss coefficient (Table IV) were performed. It was found that dielectric loss ¢,0
in the temperature function increased with increasing glass transition temper-
ature.

kvjmm

51

hordener symbol

Fig. 8. Dielectric strength of the composition dependent upon the hardener used and the content
of the amine accelerator. Composition components according to Tables [ and II: ©, 0.6; @, 1.0; parts
by weight of accelerator.
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Fig. 9. Derivatogram of composition 1 (—). Derivatogram of composition 2 (---). Composition
components and designations according to Table II.

CONCLUSIONS

The hydroxyl compounds studied can be used for modification of Diels—Alder
adducts of terpene hydrocarbons with maleic anhydride. The compositions
hardened with modified adducts are characterized by good mechanical, thermal,
and dielectric properties. The best results are obtained for compositions

TABLE III
Specific Slant Resistance p, and Specific Surface Resistance p 2
Composition pr, 2 cm ps, @ cm/cm
no. 1 2/ 5 10 1
1 1.2 X 10Y7 2.2 X 1017 3.5 X 1017 5.8 X 1017 3.0 x 1017
2 1.0 X 1017 1.9 X 1017 2.1 X 1017 3.5 X 1017 7.3 X 10'7
3 5.3 X 1016 8.9 X 1016 2.7 X 10Y7 5.3 X 1017 7.3 X 1017
4 1.2 X 107 2.0 X 10Y7 4.6 X 1017 9.3 X 10*7 4.5 X 107
7 9.8 X 1016 1.8 X 1017 3.5 X 1017 5.9 X 1017 8.2 X 1017
8 6.7 X 1016 6.7 X 1016 1.4 X 1017 2.4 X 1017 7.1 X 1017
10 8.6 X 1016 1.1 X 1017 1.5 X 1017 1.5 X 1017 1.7 X 1017
11 7.6 X 1018 1.1 X 1017 2.7 X 1017 3.5 X 1017 4.3 X 10%7

a From ref. 4.
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Fig. 12. Derivatogram of composition 12. Composition components and designations according
to Table IL.

hardened with Diels—Alder adducts modified with propylene or ethylene
glycol.

Because of their physical properties, compositions composed of Epidian 5 resin
Diels-Alder adducts modified with ethylene, propylene, or dipropylene glycol,
as well as glycerin and hexanetriol, can be used for electro-insulating mate-

rials.
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