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INTRODUCTION

This first edition of “Technical Chemistry: from &bry to Praxis” has
been compiled of scientific papers written by reskers of the Institute of
Technical Chemistry, Ural Division of the Russianaflemy of Sciences
(City of Perm, Russian Federation). Each of them ¢@ntributed to the
success of this publication and | would like tortkall of them for their
efforts. Prof. Viktor A. Valtsifer has also takeremading role in shaping
the product and, in particular, helping to makacitessible to readers.

This work aims to provide information on some resof our research
works, in organic chemistry and in material sciente those participating
in science-related research and development aetioth in Russia and
throughout the European continent. Internationaif@@nces held by the
Institute of Technical Chemistry have shown tharehis a need for an
edition which provides information on the newessules achieved by
academic institutions.

Thus, we are very pleased to be able to presentettition. Many of
the papers were presented at our last confereneehtiical Chemistry:
from Theory to Praxis” held in May, 2010. We beébethat these papers
reflect the research diversity of our Institute &edb meet this need.

Finally, we would like to thank Cambridge Schol&sblishing, by
courtesy of whom this book was published.

—Prof. Vladimir N. Strelnikov, Dr. Tech. Sci.
Director of Institute of Technical Chemistry



SUMMARY

Over the last decades, significant progress has besde in many
areas of material science. Today, there are fetnteal activities that do
not employ materials produced by means of chemieahnologies.
Almost all industries, almost all consumer produeatsost everything we
use, can, if analysed, be shown to contain or @ déth products of
chemistry. This special edition for the most pamtains papers presented
at the International Conference “Technical Chemisfrom Theory to
Praxis” held on May 18-21, 2010 at the Institutéfethnical Chemistry in
Perm, Russian Federation, and may therefore beetbalpon as the
proceedings of this Conference.

This edition is generally intended to provide imf@tion on the newest
results in solving problems of basic and appliexstagch work in organic
chemistry and in material sciences. The extremeilitity of authors
with their subjects enables them to present inftionan depth and detail,
thus giving the most current picture of investiga. The covered
subjects include design of new polymeric compositaterials and
investigations in their properties; synthesis ofypweric sorbents to be
used in processes of analysis and concentratiomedéls; chemistry or
porous silica materials; energetic condensed syst#m Special attention
has been paid to the problem of the design of bigtngth polyurethanes
and to the investigation of physic-chemical projesrtof polyurethane
materials which possess competitive advantagesrapared with metals.
Results and products in these areas are curremiyadded briskly.
Furthermore, among the huge amount of books deuoteglsearch works
in chemistry, this edition is distinguished by gpBbach to examination
of processes and modifications taking place in nmage This approach
consists of special attention by authors to medmasiof processes and to
attempts to quantitatively describe these usingwkndechniques of
chemistry.

We therefore expect professionals and students &omide range of
industries and all levels of academia to be inteteseaders. The list of
such readers includes researchers in science oériadat industrial
engineers, chemists, and those who teach in uitiestsLibraries, as it
seems to us, will also be interested in acquirimgltook.
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This book is more than simply a compilation of stifc papers; this
is a practical handbook presenting a remarkable oppity for
researchers to work on creation of materials witelent ordered
properties. On the whole, this is an authoritaseerce for specialists for
many years to come.

—Prof. Viktor A. Valtsifer, Dr. Tech.Sci.
Science Deputy Director
Institute of Technical Chemistry



SYNTHESIS ANDINVESTIGATIONS
IN REACTIVE PROPERTIES ORLATENT EPOXY
OLIGOMERS AND DESIGN OFNOVEL HEAT-
RESISTANTCOMPOSITECONSTRUCTIONAL
MATERIALS ON THEBASIS THEREOF

MIKHAIL S.FEDOSEEV, VASILY V. TERESHATOV,
VLADIMIR N. STRELNIKOV

AND LUBOV F. DERZHAVINSKAYA
INSTITUTE OFTECHNICAL CHEMISTRY, URAL BRANCH OF THERUSSIAN
ACADEMY OF SCIENCES ACADEMICIAN KOROLEV ST., 3,614013PERM,
RUSSIAN FEDERATION, E-MAIL : MSFEDOSEE@MAIL .RU

Abstract

A new latent epoxy oligomer 4,4 -bis-(glycedylami®@’-
dichlordiphenylmetan) was synthesized. The oligomas hardened at
high (140-1600¢) temperatures independently, without hardenerst-He
resistant polymeric composite materials for cortdtomal purposes on the
basis thereof (organo- and carboplastics) weragydediand tested.

Introduction

The design of heat-resistant epoxy compounds wiéeden under the
action of various agents is of great interest fdffecent industries.
Currently, epoxy compounds comprised of a mixturemoxy oligomer
and latent hardener are well known. The Schiff baseproducts of
reaction of amines and ketones which, while subgtd high temperature
in the presence of water, break down into amine katdne according to
pattern [1]: RR"C=NR + bD =« R'R"C=0 + HNR - are known as
latent hardeners. The released amine enters irstotioa with epoxy
groups of oligomer:
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RNH, + HZ?H—CHZOR“‘—> RNH—CHZ—C|2H—CH2—OR“‘
OH
RNH—CH,—CH—CH,—OR™ + HZ?H—CHZOR“‘
on

— RN—(CHZ—ClH—CHz—OR“‘)2
OH

Ketone either remains in the compound as a ballaglatilizes.

Complexes of boron fluoride with oxygen- and nigagcontaining
compounds [2], e.g. amines, which provide highlitjtaof compounds at
moderate temperatures and decompose at high tetaperanto initial
boratohydrofluoric acid and amine rapidly hardenigoxy oligomer,
have gained the widest acceptance. Tetraalkylptorspim tetrafluoborate
[3] and alkylmethylimidazolium tetrafluoborate [4qre also latent
hardeners of epoxy compounds. Their reactivity bexoapparent at high
temperatures (190-200C). The authors claim that zinc-containing
complexes of Lewis acids and tris(halogen)alkylphate [5], as per the
general formula [O=P(OfElg)s]2ZnCl,, are latent hardeners of epoxy
compounds providing unlimited vitality thereof adom temperature.
Microcapsulated triphenylphosphine was proposedl lasent catalyst for
hardening epoxies by phenolic novolac resins [@8wNhermoreactive
polymers made of epoxy resins and benzoxazine an khsis of
terpenephenol [7] were produced using latent harden Initial
compositions harden at high temperatures (over @BOR great deal of
latent hardeners of epoxy compounds produced usiidgzol and its
derivatives are well-known, including adducts of idazol and
isocyanates [8], complexes of imidazol and lactd®8gsthe product of a
combination of 2-ethyl-4-methyl-imidazol and tetndammonium-
bromide [10], paste based on acrylic acid, imidazehter and 1-(2-
aminoethyl)piperazine [11], the reaction productdidinate as per the
formula R-[OC(=NH)NCH=CHN=CH] with imidazol [12], compositions
based on acid anhydrides, 2-methylimidazol andatgrtamines [13],
complexes of imidazols and metal salts [14]. Therditkan State
Research Institute of Plastic Materials has desigsiagle-use package
quick-hardening heat-resistant epoxy adhesives songplong vitality
under processing and quick hardening at high teatpess. This has been
accomplished through chemical modification of réaglpolymers [15].
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The mechanism of latent hardeners is based ontlagactivity at
moderate temperatures which provides a compounti wéther high
stability while the compound is produced, storedd aecycled. When
hardeners decompose at high temperatures intalingtagents, which are
active hardeners of epoxy oligomers, the hardenfngpmposite material
and formation of its properties take place. Thiprapch to production of
composite materials is of great practical interBst. example, such latent
hardeners and catalysts as complex salts of imisaand metals,
isocyanates blocked by imidazols and amines blotienidazols, have
found application in production of composite matkriabroad [16-19].
However, the known latent hardeners are insufficienproduce heat-
resistant (up to 300°C) composite materials. Tlisreélated to their
structure and reactivity, as well as to the stmectof resulting reticular
polymers while hardened. While developing the ‘fiéiteapproach to
creation of heat-resistant matrix, we propose taseff-hardening epoxy
oligomers to be used to produce heat-resistanttdup00°C) composite
materials. The essence of this approach is thatotlgomers, while
synthesized, contain functional groups capableneblving epoxy group
into chemical conversions resulting in formationreticular polymer. For
example, it is common knowledge that tertiary arpiaee able to initiate
homopolymerization of epoxy groups. When they argoduced into
epoxy macromolecules, the self-hardening effectolidomer at high
temperatures should be expected. We offer epoxywiers containing a
secondary amine group with lower reactivity towagfsxy groups as
compared with primary amine groups, and exhibitiegvity only at high
temperatures. This enables epoxy oligomers to besifled as latent
oligomers. The epoxy oligomer self-hardening athhigmperatures has
been synthesized using classic methods of organit a@ligomeric
chemistry with the general formula:

R R
HZQEPH—CHZ—HN @- R‘—@NH—CHZ—C\H\S/CHZ
R — H, CHz OCHz; CHs, OCHs, Cl
CHs
R'— O, CH,,CO, 0SO0, |c: :
C|H3

O

©
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Availability of fragments with different polarities the structure of an
epoxy oligomer molecule opens opportunities to poedepoxy composite
materials with adjustable heat resistance and atf@roved characteristics.
Bridge bonds between benzol nuclei (R”) will impawbbility of these
bonds and flexibility of chain rather than the seogf intermolecular
interaction; this phenomenon will be directly rethto heat resistance. For
example, higher heat resistance of reticular potyrhased on self-
hardening oligomer with the O=S=0 bridge bond laket expected. This
is confirmed by the fact that glassing temperatirkenown polymer from
epoxy resin based on bisphenol A with ,Sfidge fragment is higher by
75°C as compared with CHragment [20].

Experimental part

4,4'-bis(glycidylamino)-3,3’-dichlordiphenylmethathe one from the
latent self-hardening oligomer group, has been h®gited in
collaboration with Dr. Z.G. Leus and Dr. V.N. Avank co-workers of the
Chimpolymer Research Institute (Tambov, Russia)e Diigomer was
produced by a reaction of epichlorohydrin and 4l&mino-3,3'-
dichrolodiphenyl-methane with subsequent dihydroghhtion by sodium
hydroxide. Both stages of the process were perfdrineethyl alcohol
medium as per the following procedure: 133.5 g (Brhol) 4,4’-diamino-
3,3'-dichrolodiphenylmethane, 95 g (1.03 g-mol)egfichlorohydrin and
150 cm? of ethyl alcohol were placed into a fouckndlask fitted with
mechanical mixer, thermometer, return cooler ammpping funnel, and
boiled for 12 hours (boiling point 82-83f. When the mixture was cooled
to 40-48C, solution of 42.3 g (1.05 g-mol) of sodium hydmeiin 55 cm3
of water was added dropwise to the mixture, whikensively stirred for
30 min. Upon completion of addition, the alkali wiasld at the same
temperature for 1 hr. Then, 150 cm?3 of water-imibiscsolvent (toluol,
dichloromethane, ethyl-acetate) was poured intoftdek. The resulting
solution was washed with water three times, 200 ea¢h washing, to
flush out sodium hydroxide. The solvent was distilland the resulting
residue comprised 169 g (89.18% of theoretical tjtyarof resin which
was a brown transparent viscous fluid with thedwihg characteristics:
epoxy group fraction of total mass - 19.68%, NHegrdraction of total
mass - 7.1%, saponifiable chlorine - 0.08% with atyit viscosity 4.35
Pa-sec at 5.

It is expedient to investigate reactivity of oligera of such a structure on
model systems which must incorporate structuralgrnirant of the
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oligomer. For this purpose, we have synthesized lydidjne-O-
chloroaniline monomer as per the general formula:

NH—CH;—CH—CH,

I
G

Synthesis procedure of N-glycidiechloroaniline (NGQ): 64 ¢
(0.5 mol) of O-chloroaniline, 47.5 g (0.51 mol) epichlorohydrin and 90
cm? of ethyl alcohol are charged into a flask €itteith a mechanical
mixer, thermometer, return cooler and dropping &inand boiled for 12
hrs (boiling point is 82-83°). When the mixture is cooled to 40-45°
solution of 21.87 g (0.52 g-mol) of sodium hydraioh 28.5 cm? water is
added dropwise to the mixture, while intensivelyrstl for 30 min. Upon
completion of addition, the alkali is kept at tteerse temperature for 1 hr.
Then, 75 cm3 of water-immiscible solvent (toluadghdoromethane, ethyl-
acetate) is poured into the flask. The resultinytem is washed with
water three times, 100 cm?® each, to flush out sodhydroxide. The
solvent is distilled and the resulting residue eorg 82.6 g of resin-like
monomer with the following characteristics: 19.7%poxy group fraction
of total mass, 7.09% - secondary nitrogen fractibtotal mass, and 0.1%
- saponifiable chlorine. Based on results of elemleanalysis ¢ =
59.18%,H = 5.55%, and N = 7.42%) performed on the devicEGD
Corporation, USA), the resulting monomer compliéth whe given formula.

Reactivity of NGCA containing one epoxy group amtke cecondary
amine group in a molecule was investigated by IBegpscopy using the
IFS-66 spectrometer (Bruker, Germany). Recordingdittns were: KBr
glasses, 100 scans, and film pressed against #ss.dhvestigations had
uniquely determined reaction of NGCA with anilipeaminobenzoyl acid,
benzoyl acid, isomethyltetrahydrophthalic anhydridghenyl-isocyanate
and 4,4’-diamino-3,3'-dichrolodiphenyl-methane, agdlf-hardening of
NGCA under the action of catalysts (2-ethyl-4-méthidazol, and 2,4,6-
tris(dimethylaminomethyl)phenol) at 1G@0°followed by formation of
polymeric  films. 4,4’-bis(glycidylamino)-3,3’-dichkdiphenylmethan
(GACPM), as well as monomer, reacted with all knoamine and
anhydride hardeners while forming relevant reticplalymers.

Kinetics of hardening of GASPM was investigated differential
scanning calorimetry using the DSC 82lorimeter (Mettler-Toledo,
Switzerland). The reaction was performed in the agic mode in
temperature range 20-2%D°at the heating rate 5°C/min. The initial
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(Tiniiar) @and peak Tpeay temperatures were recorded on thermograms.
has been determined that the GACPM oligomer harded$0T for 4-6
hrs (inia = 90T, Tpeax = 228T, efficient activation energys = 95
kJ/mol). With added catalysts (2-ethyl-4-methyliemdl, 2,4,6-
tris(dimethylaminomethyl)phenol and 1-methylimidgzahe hardening
temperature reduces to 100-1C0°

At moderate temperatures, 20-25GACPM retains its properties for
6 months with unchanged viscosity. Therefore, ityrba classified as a
latent oligomer.

Glassing temperature of hardened GACPM determingdhbrmo-
mechanical analysis using the UIP-70 device (Rls&ia299-300C.
Polymers with glassing temperatures of such a laxelqualified as heat-
resistant. Glassing temperature of known polymeoicipounds produced
by hardening commercial epoxy resins using varibasdeners is in
temperature range 80-110{21, 22]. Taking into account the substantial
increase in glassing temperature of GACPM-baseygnpals, novel heat-
resistant epoxy binders without any hardeners wdgsigned. These
binders are intended for production of construcponpose composite
materials to be used in the space industry, airceafjineering and
machine building.

We have tested novel self-hardening binders in megand carbon
plastics as compared with standard compositionbl€Eal, 2). Organic
plastics produced by “wet winding” procedure wesstéd at the ISKRA
Research and Production Association in Perm. Capastics produced
as per the prepreg technology were tested at thigtuie of Technical
Chemistry (Ural Branch of the Russian Academy aéSees) and at the
Ural Institute of Composite Materials.

Test results of novel heat-resistant epoxy bintdake demonstrated an
opportunity for their use in production of orgaraad carbon plastics.
Their physic-chemical properties are not inferior that of standard
binders, moreover, their heat resistance and metwr&bility even
outperform these.
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Table 1: Test results of organic plastics

Binder . " . Breaking
Brand Binder Composition Filler load, N
UP-610 resin - 60 Armos
ED-22 resin - 30 Rusar 1520
UP-2217 DEG-1 resin - 10 .
4,4’-diamino-3,3"- (aramid 1650
dichrolodiphenylmethane - 50 filaments)
Armos
ESK-1 GACPM oligomer - 70 Rusar 1540
Ethylacetate - 30 (aramid 1760
filaments)
GACPM oligomer - 70 gg:;sr 1530
ESK-2 Ethylacetate - 30 (aramid 1770
2-ethyl-4-methylimizadol - 1%| .
filaments)

Table 2: Test results of unidirectional carbon plasc

Binder
brand

Tensile strength , MPa

Binder composition 5

5°C

100C

150C

200°C

ENFB

EN-6 resin
SF-341Aresin
Furfurylglycidic ether
UP-605/3 hardener
Ethyl alcohol
Commercial-grade
acetone

160

105

95

90

EXK-1

GACPM oligomer -
70
Ethylacetate - 30

160

160

140

120
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Conclusions

1. Novel latent epoxy oligomer - 4,4’-bis(glycidgtno)-3,3'-
dichlordiphenylmethan — with epoxy and secondarinangroups capable
of reacting to form heat-resistant reticular polyraé high temperatures,
has been synthesized.

2. Kinetics of hardening/self-hardening of N-gliciekO-chloroaniline
model monomer have been investigated using IR-spsmipy and
differential scanning calorimetry methods; its teaty towards various
hardeners and reagents has been shown.

3. Novel heat-resistant epoxy binders capable l6hsedening at high
temperatures have been designed. The binders tereléd to be used in
production of construction-purpose composite makeras per existing
technologies. Tests of binders in organic and canplastics have been
performed, it has been ascertained that physic-damroperties of the
binders are not inferior to those of standard hisdmoreover, their heat
resistance and manufacturability even outperforamth

This work was financially supported by the Ural Beca of the Russian
Academy of Sciences (Project “Development of phgiséanical principles
for production of heat- and moisture-resistant gppolymeric materials
with improved elasto-strain characteristics”).
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INVESTIGATION IN 2,6 DIISOBORNYL-4-
METHYLPHENOL AS STABILIZER OF POLYMERS
BASED ONOLIGODIENEURETHANEEPOXY
OLIGOMERS

MIKHAIL S.FEDOSEEV}, VASILY V. TERESHATOV!,
VLADIMIR N. STRELNIKOV *,
LuBoV F. DERZHAVINSKAYA .,
ALEKSANDR V. KUCHIN?, PETRA.SITNIKOV 2,

IRINA YU. CHUKIREVA 2 AND IRINA V. FEDOROVA2
L INSTITUTE OFTECHNICAL CHEMISTRY, URAL BRANCH OF THERUSSIAN
ACADEMY OF SCIENCES ACADEMICIAN KOROLEV ST., 3,614013PERM,
RUSSIAN FEDERATION, E-MAIL : MSFEDOSEE\@MAIL .RU
2 INSTITUTE OFCHEMISTRY, KOMI SCIENTIFIC CENTRE OF THEURAL
BRANCH OF THERUSSIAN ACADEMY OF SCIENCES PERVOMAYSKAYA ST.,
48,167982SYKTYVKAR , RUSSIAN FEDERATION

Abstract

2,6-diisobornyl-4-methylphenol was investigated a&s thermal
stabilizer for polymers synthesized on the basis BDI-ZAC
oligodieneurethaneepoxy oligomer. The stabilizifiga was influenced
to a noticeable degree by the nature of the hardene

Experimental part

It is well known that oxidation is the primary ageof polymeric
materials’ ageing. Frequently, it is not only impitde to use, but to
process polymers without adding stabilizer. Hydrboas and hetero-
organic compounds of various classes — phenolsnemnisulfides,
mercaptans etc. — are used as stabilizers. Basiadll of them perform
two functions: they break oxidation chains througiaction with free
radicals, or neutralize instable peroxide compourtieough their
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transformation into relatively stable substancdseri®l compounds like
2,6-diisopropylphenol (lonol) and amines like phlepynaphthylamine
(Naphtham-2), N"-phenyl-N"-isopropyl-n-phenylenadiae (diaphene
FP) [1,2] serve as anti-ageing agents for polymeraterials based on
unsaturated rubbers (SKI type). Phenol compoundsimc a separate
niche in this row due to their high efficiency [3}s a consequence of
closure of a number of enterprises producing domestbilizers for
chemical resistance, the proportion of importeddpods, which are often
expensive and of low-grade, has increased. Thergifovestigations in the
field of synthesis of new anti-ageing agents andessment of their
stabilizing effect on polymers are a vital probleferpenephenol
compounds which are products of mixed biogenesisnbioing
terpenes/phenols structures appear to be promasngtabilizers. Some
terpenephenol compounds used as stabilizers afdsepubber (SKI-3) in
standard rubber mixtures were investigated inifd§as demonstrated that
4-methyl-2-isobornylphenol had the ability to résigeing. This work
investigates stabilizing capacity of 2,6-diisobdrdymethylphenol (TF-
11), analogous to lonol, synthesized at the Irtstiof Chemistry of Komi
Scientific Centre of the Ural Branch of the RASdatescribed in works
[3,5].

Polymeric materials as per the following generaimola based on
high-molecular weakly-polar oligodieneurethaneepmfigomer (PDI-
ZAC) were chosen as the object of investigation:

CHs
N
— cH—CH—0—C—N—¢ N—N—c— C— _
%O/CH CHz—0—; rlv D T'_yc) o(CH; C=ChH—Chy)iy
o H H CHs
ba
—(CHZ—CH=CH—CH2)n—O—ﬁ—I|\I— _ —rlxl—yc)—o—CHz—cQESHz
O H H

These materials find wide applications in manufanty products for
various purposes [6, 7]. The PDI-ZAC oligomer wasdened using two
systems: isomethyltetrahydrophthalic anhydride 2pt6- tris(dimethyl-
aminomethyl)phenol used as catalysts, and eutentidure of 4,4°-
diaminodiphenylmethane andphenyleneamine (amine hardening system)
(UP-0638). The quantity of added 2,6-diisobornyhéthylphenol was 1%
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wt. Quantities of lonol and Naphtham-2 used for parson were the
same.

The stabilizing effect was assessed judging fraerations of physic-
mechanical properties of polymers thermally agedt(samples were kept
in an oven at 8@). Physic-mechanical characteristics (rupture stoes
and relative critical straire) of test samples formed as blades were
determined at 28°C and tension rate 0.0565eon the Instron 3565
tensile-testing machine (Great Britain).

Table 1. Alterations of physic-mechanical propertis of amine-
hardened polymers during ageing at 80C

Initial 16 days 25 days 55 days
Stabilizer o € o € o € o €
MPa | % |MPa| % |MPa | % | MPa | %
lonol 3,0 | 310] 2,7| 250 2,1 196 1.8 160
TF-11 3,1 | 330 2,8| 26( 220 220 2,1 200

Table 2. Alterations of physic-mechanical propertie of anhydride-
hardened polymers during ageing at 80C

Initial 16 days 25 days 55 days
Stabilizer o € o € o € () €
MPa | % |MPa| % |MPa | % | MPa | %

Naphtham-2| 2,75 27( 30 260 28 2y0 2|8 265

TF-11 265| 180 27| 17% 275 140 2,75 10

Results of investigations are given in Tables 1 2n@he data indicate
that amine-hardened polymers, while exposed togaafir80°C for 55 days
in the presence of lonol and 2,6-diisobornyl-4-mbthenol, reduce
strength and strain stability by 40 - 50%. Physichanical properties of
anhydride-hardened polymers exposed to aging & &»°55 days in the
presence of Naphtham-2 and 2,6-diisobornyl-4-metisthol remain
practically unchanged. It should be noted thatirststability of the test
sample aged in the presence of 2,6-diisobornyl-thyfighenol markedly
reduces from 265% to 170%. Apparently, this is tu¢he fact that its
hydroxyl groups, while hardened, enter into a fieactvith epoxy groups
of oligomer. As this takes place, defective chaattions enhancing
molecular heterogeneity appear in the polymericrimaf\s a result, this
influences properties of polymers. Both pre- andtfageing investigations
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of test samples, conducted using the JEOL JSM-&4a@ning electron
microscope, confirm this conclusion. In all cagég, ageing of polymers
was followed by sensible alteration of surface rhotpgy (Fig. 1-4).

Fig. 1. Surface morphology of amine-hardened potgnagied in the presence of
lonol: a—initial; b—exposed to 8@°for 55 days.
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Fig. 2. Surface morphology of amine-hardened potgnagied in the presence of
TF-11:a—initial; b—exposed to 8@ for 55 days.
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Fig. 3. Surface morphology of anhydride-hardenelgmers aged in the presence
of B-naphthalaminea—initial; b—exposed to 8@°for 55 days.
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b

Fig. 4. Surface morphology of anhydride-hardenelgmers aged in the presence
of TF-11:a-initial; b—exposed to 8@ for 55 days.

Conclusions

The 2,6-diisobornyl-4-methylphenol as stabilizepofymers based on
oligodieneurethaneepoxy oligomer PDI-ZAC using anamd anhydride
hardening systems has been investigated. The ntftuef the hardener’'s
nature on the stabilizing effect in the process agking has been
demonstrated.

40% reduction of strength and strain of amine-hagde polymers
exposed to ageing at 80°C for 55 days in the poesei lonol and 2,6-
diisobornyl-4-methylphenol has been ascertainediddthese conditions,
and in the presence of Naphtam-2 and 2,6-diisolb@grmyethylphenol,
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physic-mechanical properties of anhydride-hardgragimers remain the
same, thus indicating efficiency of said stabil&zir this system.
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Abstract

The hardening process of oligodieneurethaneepaggmkr by means
of isomethyltetrahydrophtalic anhydride in the emse of catalysts: 2-
ethyl-4-methylimidazol and 2,4,6(tris-dimethylamimethyl)phenol, by
means of isoforondiamine and its derivatives, ofeetic mixture of
aromatic amines and of an interaction product direnwith formaldehyde
has been investigated via the DSC method in dynamide. Physic-
mechanical properties of hardened polymers have aseertained.

Introduction

Polymeric materials based on high-molecular wegkliar
oligodieneurethaneepoxy oligomer (ODEQO) find rath@umerous
applications in the manufacture of multiple-purpgseducts [1, 2]. In
some cases, ODEO is hardened by dinitryloxidesgudia mechanism of
1,3-dicyclic addition affecting double bonds, bwslkzally as per poly-
addition reaction affecting epoxy groups by di- gradyamines, by acid
anhydrides and Mannich compounds. However, theeaeli level of
strength-strain characteristics is moderate. The @fi this work was to
design polymeric materials based on ODEO with inpdb physic-
mechanical properties.

Two hardening systems containing liquid hardeneesewchosen as
objects for investigations in the synthesis of podys based on ODEO.
The first system contained isomethyltetrahydroplithaanhydride
(IMTHPA), maleic anhydrideNIA) as well as 2-ethyl-4-methylimidazol,
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and 2,4,6-tris(dimethylaminomethyl)phenol (TMMP)edsas effective
catalysts. Amine hardeners — isoforondiamine (IP,BsAltectic mixture of
4,4’ -diaminodiphenylmethane and m-phenylenediamiféP-0638/1),
reaction product of aniline and formaldehyde (Polya were chosen for
the second hardening system. Efficiency of saidlgsts and hardeners
had been ascertained in works [3,4,5] upon hardegjroxy oligomers. To
reduce viscosity of compounds, plasticizer — 15-20wf dioctylsebacyl
(DOS) — was added. To enhance the strength of csitepmaterials,
structural modifier 5-10% wt. of glycidylmethacriga(GMC) and active
fillers commercial-grade carbon and schungite povedmtaining mostly
commercial-grade carbon and silica, were used.

The hardening kinetics were studied by means déémiftial scanning
calorimetry (DSC) in dynamic mode at heating rat€/min using the
DSC 822 calorimeter (Mettler-Toledo, Switzerland). Initiél;y;») and
peak (Lea temperatures were recorded on thermograms. Thesfieat
(Q) and effective energyt] of reaction were calculated. The same device
was used to determine glassing temperatufg Of test samples.
Polymeric compounds were hardened at temperatwsslting from
investigations in poly-condensation kinetics ofymoéric compounds by
the DSC method. Physic-mechanical characteristigstfre stresg and
relative critical strairg) of test samples formed as blades were determined
at 232°C, and tension rate 0.056 Sean the Instron 3365 tensile-testing
machine (Instron, Great Britain).

Table 1. Hardening kinetics of oligodieneurethaneepxy oligomer by
various hardeners

i TinitiaI ,o TDeakyo -1 E,
Hardenlng system C C Q, JIQ KJ |._EhO|'1

Isomethyltetrahydrophthalic
anhydride 75 134 30 115
2-ethyl-4-methylimidazol

Isomethyltetrahydrophthalic

anhydride
2.4.6- 82 143 34 118
tris(dimethylaminomethyl)phend|l

Isoforondiamine 21 81 45 46.5

130 165 17 116
Polyam 75 140 23 78

Eutectic mixture of 4,4°-
diaminodiphenylmetha;we and 66 95 20 67
102 154 7 76

m-phenylenediamine (UP-0638/1

—




