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Pacmumensusle macna u ux InOKCUOUPOBAHHbIE NPOU3BOOHBIE NPEOCMABIAIOM HOJIb-
WOl uHmMepec 8 Kauecmee MoOUPUKAmopos INOKCUOHBIX NOJIUMEPOS, KAK ROyYaemble HA OCHOGE
60300H0871€MO020 CHIPbA, XAPAKMeEPUZYIOUieecs Ouopaziazaemocmsio U 0Ka3vléaroujue niacmugu-
yupyiouwiee oeiicmeue. Beedenue ¢ peyenmypy INOKCUOHBIX MAMEPUATIOE HEHACOIUEHHBIX HCUPHBIX
Kuciom makice aensemca Ipghexkmuenvim. B ceazu ¢ ymum, 60avui0ii unmepec 8 Kawecmee mo-
ougpukamopa INOKCUOHBIX ROJIUMEPOB NPEOCHIABIACHT MACTO KAYUYK08020 0epesd, cooepiicauiee
nopsaoka 28% no macce c60600HbIX dHcupHblX Kuciom. Moougdukayus INOKCUOHBIX NOIUMEPOS
Maciom Kayuykoeozo oepega odycnagnuseaem yaydyuieHue ueno20 KOMNIEKCca ux IKCHyamayuon-
Hbix xapakmepucmuk. IlockonbKy cmpykmypa InOKCUOHBIX MAMEPUAnos hopmupyemcs 6 npucym-
cmeuu Mooupuuupyouwux 000a60K, 6a)3cHoll AGNAEMCA OUEHKA 6UAHUA UX HA npoUecce omeep-
acoenus memooom [JCK. Ycmanoeneno, umo moouguxkayua InOKCUOHBIX KOMHOZUUUI KAK coe-
6bIM, MAK U MACIOM KAYYYKOBO20 0epeea u ux INOKCUOUPOGAHHBIMU NPOU3BOOHBIMU, 3AMedTAem
omeepicoeHue INOKCUOHBIX KOMHOZUUUIL, UMO NPOAGNACHICA 8 COBUZE HAYANA NEPBO20 IK3omep-
MUYecKoz0 npouecca 6 obnacmey Hojiee 8bICOKUX MEMNEPAMYDP U POCHE UX HCUZHECHOCOOHOCHU.
Omom rhhexm nposnensemcsa 6 menvuieil cmeneHu 6 ciyude NPUMEHEHU MACAA KAYUYKOBO20 Oe-
Ppeea u3-3a RPUCYMCIMEUSL 8 €20 COCIABe (OIbULI020 KOIUYUECHEa C80000HbIX ycupHhbix Kuciaom. Ilpu
HAzpeeaHuu Ucci1e008aHHbIX KOMRO3UYLLIL, He 3A6UCUMO O UX COCHABA, 8 HPOUECCe OMBEPHCOCHUA
6 paiione 200 °C nosaensemcs 6mopoil IK3omepmuieckuii Ighghpexm, cyuwecmeeHHo MeHbUUll no
UHMEHCUBHOCMU, NO CPABHEHUIO C NEPBbIM, CEA3AHHBLIL, 6EPOAMHO, C NPOUECCAMU 000meepHcoe-
Hua (peaxkyueil He NPOPeaUPOCABUIUX DAHEe U3-3a CMEPUYEeCKUX 3aMpYOHeHUll INOKCUOHBIX U
amunnvix 2pynn). Ha 3mo naxnaovieaemca xumuueckoe e3iaumooeiicmeue mexucoy INOKCUOHOI
CMOTOIl U MACIOM KAyuyK08020 0epesda, KOmopoe Rpoucxooum 6 OAU3KOM meMnepamypHom UH-
mepeare.
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Vegetable oils and their epoxidized derivatives are of great interest as modifiers of epoxy
polymers, since they are obtained on the basis of renewable raw materials. The unsaturated fatty
acids could also serve as effective modifiers of epoxy materials. In this regard, rubber seed oil,
containing about 28% by weight of free fatty acids is a promising modifier of epoxy polymers,
which enhances several performance characteristics. Since the structure of epoxy materials is
formed in the presence of modifying additives, it is important to estimate their influence on the
curing process by differential scanning calorimeter. It was found that the modification of both
soybean and rubber seed oils and their epoxidized derivatives decelerates the curing of epoxy
compositions. The increase in the temperature of the beginning of the interaction exothermic
process of epoxy and amine groups and an increase in the gel time of the compositions were dis-
played. In the process of curing compositions in the region of 200 °C, a second exothermic effect
appears, which is significantly less intensive than the first one. This could be associated, proba-
bly, with the processes of additional hardening (the reaction of epoxy and amine groups that did
not react earlier due to steric difficulties). This peak is superimposed by a thermal effect due to
the chemical interaction between the epoxy resin and the components of rubber seed oil, which

occurs in a close temperature range.

Key words: rubber seed oil, soybean oil, free fatty acids, epoxy polymers, differential scanning

calorimetry
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INTRODUCTION

Vegetable oils and their epoxidized deriva-
tives are of great interest as modifiers of epoxy poly-
mers, since they are obtained on the basis of renewa-
ble raw materials, characterized by biodegradability
[1-4]. The efficiency of modification by unsaturated
fatty acids of epoxy materials is shown [5, 6] on the
example of ricinoleic and oleic acids.

In this regard, a by-product obtained from the
seeds of Hevea brasiliensis, non-edible rubber seed
oil (RSO) [1], containing about 28% by weight free
fatty acids [4] has a great potential for epoxy poly-
mers modification.

EXPERIMENTAL PART

The compositions were prepared on the basis
of epoxy-diane resin ED-20 (GOST 10587-84): epoxy
number — 20.2%;. Aminophenol AF-2 was used as a
hardener: dynamic viscosity at 50 °C — not more
than 1.5 mPa-s; mass fraction of titrated nitrogen —
15.66%.

The amount of hardener in the base composi-
tion was determined by the equimolar ratio of the re-
acting groups [epoxy group]:[amino group] — 30 parts
per hundred of epoxy resin (pph).
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As modifiers used: the liquid part of the RSO
from the province of Vung Tau (Vietnam), obtained
after centrifugation and filtration, the composition of
which is given in [7], epoxidized rubber seed oil
(ERSO), obtained by the method described in [8],
with a content of epoxy oxygen — 5.2% by weight and
an acid number of 42.8 mg KOH/g; soybean oil (SO)
(GOST R 53510-2009); epoxidized soybean oil (ESO)
(TU 0253-061-07510508-2012) with an epoxy oxy-
gen content of 6.2% by weight and an acid number of
0.5 mg KOH/g. The optimal content of modifying
additives was 10 pph [9].

A differential scanning calorimeter DSC 1
STAR System of Mettler Toledo (USA) was used to
record the thermal effects during the curing of the
compositions. The heating rate of the sample was 10
deg/min. The tests were carried out in air atmosphere.

The viability of the compositions was deter-
mined by the gel time. Gel-Sol analysis was carried
out through extraction of polymer films (after 7 days
of their preparation) with hot acetone for 6 h in the
Soxhlet apparatus.

RESULTS AND DISCUSSION

Modification of epoxy polymers by rubber
seed oil and the product of its epoxidation causes im-
provement of the whole complex of their operational
characteristics [7, 10].
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The properties of epoxy materials depend on
the cross-linked structure formed in the presence of
modifiers. Therefore, it is important to estimate the
effect of modifying additives on the curing process,
which makes it possible to regulate the rate of spatial
structure formation.

Since the process of curing epoxy resins with
amines is exothermic, it is most rational to use the
differential scanning calorimetry method to estimate
the effect of modifiers on the curing process [11].
Heat of the reaction was determined by DSC peak
area (AH), the beginning (To) and end (Te) tempera-
tures of active curing, the temperature of the maximum
peak (Twm), its width (4T = T, - To) and height [12].

Table 1
Thermodynamic characteristics of the first peak curing
AF-2 modified epoxy compositions
Tabnuya 1. TepmoguHaMUYecKre XapaKTePHCTHKH
NepBoOro nuka orpepxaeHuss A®-2 moauduuupoBan-
HBIX JITIOKCUAHBIX KOMHOSHHHﬁ

E.M. Gotlib et al.

Analysis of DSC diagrams showed (Fig. 1, 2)
that they are characterized by two exothermic peaks.
By increasing the holding time of samples at room
temperature, the enthalpy of curing and the height of
the first peak naturally decrease, which is associated
with a decrease in the number of non-reacted function-
al groups of components of the epoxy composition.

At the same time, the curing process of epoxy
composition modified RSO begins at a higher tem-
perature (To) than the base composition (Table 1) and
the temperature of its maximum increases at the initial
stage of curing. This indicates that this modifier slows
down the curing reaction; obviously, due to the dilu-
tion effect. This correlates with an increase of the via-
bility of the composition with the modification of
RSO, and it is accompanied by the decrease of the gel
fraction content (Table 2).

The use of RSO as a modifier further shifts
the beginning of the exothermic curing process to the
region of higher temperatures (Tablel). This can be
attributed to the lower reactivity of epoxy groups of

The composition epoxidized vegetable oils compared to ED-20 [13, 14].
o) 0 Q 9 Soybean oil, much more than RSO, inhibits
o o @ L | u the curing process of ED-20 aminophenol AF-2 (Fig. 2).
Characteristics = o~ o & o Thus, after mixing the components and exposing
é = < L<L' = them for an hour at room temperature, the main exo-
A by é i x thermic peak of curing is not observed in the DSC
w o A N 5\ diagrams. Interestingly, it appears only after 2 h of
m w 0 0 exposure of the composition at room temperature.
At the initial point in time This correlates with the greater viability of epoxy
AH, g 207 211 189 | 195 compositions modified by SO compared to RSO
To, °C 43 49 53 | 52 | (Table2).
Tm, °C 85 90 93 90 This effect may be due to the fact that soy-
Te, °C 134 138 143 | 142 bean oil, similarly to RSO, acts as a diluent, but un-
Peak height, 6 : A 6 Iik_e rubber seed oil, SO does _not contain free fqtty
mw acids that can possess a catalytic effect on the curing
AT, °C 89 92 90 90 process of epoxy oligomers [15].
After 60 min Table 2
4H, Jlg 141 | 153 114 | 158 | 148 | viability and gel fraction content of epoxy compositions
To, °C 49 48 48 50 52 Taénuya 2. /Ku3HeCHOCOGHOCTE U COeP:KAHME TeJIhb-
Tm, °C 89 92 89 93 92 ¢pakuuu INOKCHIHBIX KOMIO3HIIHIA
Te, °C 139 140 127 143 | 143 Modifier No modifier] SO | ESO | RSO | ERSO
Peak height, 4 4 3 4 45 Gel time, min 30 50 | 45 | 45 35
mwW ' Gel fraction, % 96.1 935]952(89.2| 91.8
AT, °C 90 92 79 93 91
After 120 min When used as a modifier, epoxidized soybean
AH, g 100 132 107 124 | 115 oil promotes/induces thermal curing effect of epoxy
To, °C 50 37 51 52 53 compositions and the height of its peak is signi-
m, °C 90 92 93 26 94 ficantly less, as well as the temperature of the begin-
Te, °C 137 138 136 145 | 144 ning of active curing is significantly higher, compared
Peak height, ) 3 3 3 3 with the use _of ERSO (Table 1). Conse_quently, ESO
mw has a greater inhibitory effect on the curing process of
4T, °C 87 101 85 93 91 the AF-2 epoxy resin.
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The curing process of both non-modified
epoxy compositions and those containing vegetable
oils and their epoxidized derivatives practically ends
in less than 24 h of their exposure at room
temperature. This is evidenced by the fact that there is
no exothermic peak associated with this reaction in
the DSC diagrams (Fig. 1 and 2), taken one and two
days after the mixing of the components.

than the first one (Fig. 1 and 2, Table 3). This could
be associated with the processes of additional
hardening (reaction of epoxy and amine groups which
did not react earlier due to steric difficulties).

4
2
20
=
IS
O
2 -4
30 50 70 90 110 130 150 170 190 210 230 250
-4 t, °C
Fig. 2. DSC-curves of modified SO epoxy compositions taken at
different intervals after mixing: 1 — immediately after mixing; 2 — 1 h;
-6 3-2h;4-24h

30 50 70 90 110 130 150 170 190 210 230 250
t, °C
Fig. 1. DSC-curves of modified RSO epoxy compositions taken at
different intervals after mixing: 1 — immediately after mixing 2 — 1 h;
3-2h;4-24h
Puc. 1. ICK-kpuBbie MoguduimpoBanHbix MK/ 3MOKCHAHBIX KOM-

TIO3UIINH, CHATBIE Yepe3 pa3IMIHbIe MPOMEKYTKH BPEMEHH TI0CIIe
cMerteHust: 1 — cpasy nocine cmemeHust; 2 — 1 u; 3 -2 4; 4 — 24 4

When all the investigated compositions are
heated in the region of 200 °C, a second exothermic
effect is observed, which is significantly less intense

Puc. 2. ICK-kpussie Moauduimpoansbix 10 mac.a CM 3mok-
CHIHBIX KOMITIO3ULIMH, CHATBIC Yepe3 Pa3IMYHbIC IPOMEIKYTKH
BpeMeHH nocie cMemeHns: | — 0 mun.; 2 — 1953 24,4 -244

As a result of modification of epoxy polymers
RSO and SO as well as their epoxidized derivatives,
this process is shifted to the region of lower
temperatures (Table 3). This may connected with the
large number of non-reacted functional groups in
compositions containing vegetable oils due to their
dilution effect as palm oil [16].

Table 3

Thermodynamic characteristics of the second peak curing AF-2 modified epoxy compositions
Taﬁﬂuua 3. TepMOZ[l/IHaMI/I‘leCKI/le XAPAKTECPUCTUKHU BTOPOro NMUKA OTBEPKACHUSA S3MOKCHTHBIX KOM]‘[O3H[IPIﬁ

98

The composition
Characteristics ED-20 +AF-2 ED-20+ AF-2+ ED-20 + ED-20 + AF-2+ | ED-20 + AF-2+
+ RSO +AF-2+ SO +ERSO +ESO
1 2 3 4 5 6
At the initial point in time
4H, Jlg 31 34 38 24
To, °C 176 164 157 169
Tm, °C 209 201 206 200
Te, °C 236 226 229 220
Peak height, mW 1 1 1 1
AT, °C 60 62 72 51
After 60 min
AH, Jlg 39 36 83 27 20
Ty, °C 172 163 162 175 172
Tm, °C 207 200 208 206 201
Te, °C 238 225 243 228 220
Peak height, mW 1 1 2 1 1
AT, °C 66 62 81 53 48
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1 2 3 | 4 5 6
After 120 min
AH, Jlg 41 27 22 33 16
To,°C 194 171 181 162 175
1 2 3 4 5 6
After 120 min
m,°C 209 201 208 206 201
Te,°C 242 224 232 230 220
Peak height, mW 1 1 1 1 0.7
AT, °C 58 53 50 68 45
After 24 h

AH, Jlg 40 30 20 21 28

To, °C 173 158 180 167 172

7m, °C 208 203 204 201 206

Te, °C 238 238 224 223 228
Peak height, mW 1 0,6 0.9 0.8 0.9
AT, °C 65 80 44 56 56

After 48 h

AH, Jlg 20 24 18 20

To, °C 177 179 183 178

7m, °C 207 207 209 206

Te, °C 234 230 228 227
Peak height, mW 0,8 0.9 1 0.9
AT, °C 57 51 45 49

It can be assumed that the following reactions
can take place in the modified compositions at
elevated temperatures: epoxy groups with carboxyl
groups of fatty acid, which was observed during
epoxidation of RSO [17], as well as triglycerides of
higher fatty acids with an amine hardener to obtain fatty
acid amides [18, 19].

These reactions do not appear as individual
peaks on the DSC curves, but probably contribute to
the overall effect, as indicated by the increase in the
enthalpy of the second process (Table 3) immediately
after mixing the components in modified RSO and
ERSO compositions.

To confirm the possibility of interaction of
rubber seed oil with epoxy resin, spectra of DSC ED-
20 and its mixture with RSO were taken. The results
shown in Fig. 3 indicate the presence of a chemical
interaction between these components.

This reaction begins at a higher temperature
(To = 188 °C) and the thermal effect (7.4 J/g) is
significantly lower than in modified RSO epoxy
compositions with AF-2 (Table 3). With the growth
of the exposure time of the mixture ED-20 — RSO, the
temperature of this peak and the thermal effect
increase.

Thus, it can be assumed that the second exo-
thermic process in the cured AF-2 compositions con-
taining RSO is the imposition of several chemical
reactions, namely, the additional curing of ED-20 and
the interaction of epoxy resin and rubber seed oil.

Indeed, the literature [20] describes the esteri-
fication reaction between epoxy and carboxyl groups
occurring at temperatures of 120 — 160 °C according
to the following scheme:

o o o OH
—!'!—OH + Cﬁz—xﬁ— — —il—o—gz_é_

30 50 70 90 110 130 150 170 190 210 230 250
t,°C
Fig. 3. DSC curves 1 — ED-20 and its mixture with RSO (in a ratio of
10:1); 2 — immediately after their mixing and 3 — after 60 min of their
exposure at room temperature

Puc. 3. ICK kpussie 1 — 9/1-20 u cmecu ee ¢ MK]] B cooTHo11IE-
Huu 10:1, 2 —cHATHIE cpa3y nocie cMemeHus u 3 — yepe3 60 MuH

Homopolymerization of ED-20 takes place at
a much higher temperature (T, = 259 °C), than the
process of its interaction with rubber seed oil (Fig. 3).
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And the thermal effect of this reaction (4.7 J/g) is sig-
nificantly lower than all previously described.

CONCLUSION

By DSC method it was found that modifi-
cation of epoxy compositions by both soybean and
rubber seed oils and their epoxidized derivatives
slows down the curing process of epoxy composi-
tions, which is manifested in the shift of the beginning
of this exothermic process to higher temperatures and
the growth of their viability. This results in a less
density of crosslinked structure of the materials.
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When all the investigated compositions are
heated during the curing process in the region of 200 °C,
a second exothermic effect appears, which is
significantly less in intensity than the first. It,
associated, in our opinion, with the processes of -
additional curing (reaction of epoxy and amine groups
that did not react earlier due to steric difficulties).
This is superimposed by the chemical interaction
between the epoxy resin and the rubber tree oil, whi
ch occurs in a close temperature range.
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