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Application of modifying systems based on phenol-formaldehyde
resins and products of processing of fat-containing raw materials in
elastomeric compositions
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One of the ways to improve the quality of elastomeric materials is to modify them with active compounds. As modifying additives
in this work, the systems were considered which are based on sulfur-containing phenol-formaldehyde resins Octofor 10S and 101K
together with an amine-containing compound produced by the interaction of ethanol amines with the methyl ester of fatty acids,
the raw material being chicken fat. Study was carried out using model polymer compositions based on butadiene and styrene
copolymer. Analysis of the complex of properties showed that it is effective to use 3—4 parts by weight of additives at the ratio of
components 2:1. Mechanical mixture of components is inferior to the additive produced by the components fusion in this respect.
Moreover, the dynamic strength of rubber is significantly increased. A significant reduction in the mechanical loss tangent was
established in the composition with the use of Octofor 10S resin. That allows reducing heat formation at dynamic loads and
increasing the service life of large articles, such as tyres. The patterns of the influence of modifiers on the complex of properties of
elastomeric compositions are useful when choosing the direction of industrial application of the additives under consideration in
the composition of rubber compounds. The addition of crushed vulcanizate treated with modifying additives was found to reduce
the viscosity of rubber compounds as compared with the use of untreated vulcanizate; this decreases the energy consumption in
the manufacture and processing of elastomeric compositions.
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Introduction

changing the molecular structure of
macromolecules or transforming the
supramolecular structures of polymers.
Oligomeric modifiers are the most effective for
increasing the wvulcanizate elasticity and
durability. The oligomeric modifiers include epoxy
and phenol-formaldehyde resins of different
structures [2,3]. Resins and oligomers are used
both individually and as a part of modifying
systems [4].

In addition to phenol-formaldehyde oligomers,
aliphatic polyamines of different structures [5]
are effective modifiers as well. However,
polyamine modifying systems with phenol-
formaldehyde resins have a greater impact on the
improvement of elastomer material properties
[6]. It is proposed to carry out preliminary
interaction between the components of the
system at elevated temperatures. The resulting
compounds have a positive influence on the
complex properties of vulcanizates.

Previous work [7] showed that the use of
modifying systems based on a sulfur-containing
phenol-formaldehyde oligomer, resin Octofor 10S

The development of modern industries requires
continuous improvement of the basic
performance characteristics of rubber
components and above all their durability.
Modification of elastomeric materials with active
compounds is known to be one of the reserves for
improving their quality. It is carried out under the
conditions of a generally accepted technological
process of rubber product manufacture.
Elastomer composites modification was started in
the 50s and 60s of the 20" century mainly with
the aim of increasing adhesion in rubber-cord
systems [1]. The aim of these works is the
introduction of adhesive-active additive into the
composition of rubber mixtures and their
subsequent interaction with the functional groups
of cord or latex, with the formation of strong
adhesive-rubber chemical bonds.

At present, the polymer material industry uses
various modifying  techniques: chemical,
structural, physical, radiation, electromagnetic
and others. They all have the common goal of
improving the properties of polymers and
composite materials based on them by slightly
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with aliphatic polyamines of various types, is
highly effective in rubber mixtures.

The aim of the work is to find new components of
modifying systems based on phenol-
formaldehyde resins to expand the range of
ingredients of elastomer materials and to
improve the quality of rubber products.

Experimental

Modifying systems based on phenol-
formaldehyde resins were studied. The object of
study was sulfur-containing phenol-formaldehyde
resin Octofor 10S of 10-12% as well as resin 101K.
Salt as an amine-containing component, obtained
by the interaction of triethanolamine with a fatty
acid methyl ester (TEA-FAME), chicken fat as raw
material, was studied. The presence of active
functional groups and a sufficiently high surface
energy of this compound allow providing the
possibility of its use as a co-former in modifying
systems based on phenol-formaldehyde
oligomers.

The influence of composite additives in
formulations of model rubber mixtures based on
butadiene-styrene rubber SBR-1705 HI-AR of the
following composition, parts by weight, was
investigated: Rubber SBR-1705 HI-AR 100.0; filler
(technical carbon N339) 40.0; stearic acid 2.0; zinc
white 5.0; sulfur technical 2.0; and Altax 3.0.
According to the results of previous studies [8],
the ratio between the selected components of
the modifying systems ranged from 2:1 to 1:2.
The additives were prepared by mixing the
components at temperatures above the melting
point of the resins by 10-150°C for 10-15
minutes. The characteristics of the modifying
systems are given in Table 1. The additives
obtained were added to the rubber mixtures
together with the free-flowing ingredients.

The improvement of properties of the rubber
composition as well as kinetics of their
vulcanization was characterized by "Alpha

Tecnologes" rotor-free rheometer MDR-2000
with a lower-shaped oscillation amplitude of 0.5
degrees. The parameters were calculated using a
computer program. The mechanical loss tangent
of both the rubber mixture at minimum torsion
torque and the vulcanizate at maximum torsion
torque were determined as well. The
characteristics of the rubber modifiers were
analyzed according to the results of the
elastic-strength
characteristics under static and dynamic load.

determination of the

Results and discussion

The best rubber elastic-strength properties were
achieved at the concentration of additives of 3-4
parts per 100 parts of rubber, as was shown by
determining the dependence of the rubber
strength properties on the additive content. This
conclusion coincides with the data [8].

Table 2 shows the results of studied properties of
model rubbers based on SBR-1705 HI-AR rubber,
which contains 4.0 parts additives based on
phenol-formaldehyde resin Octofor 10S.

In order to assess the feasibility of preparing a
component alloy, a comparison was made
between the effect of the mechanical mixture of
the components and the additive produced by
their fusion.

Analysis of the data summarized in Table 2
showed that the use of additives, both as a
mixture and as an alloy, did not change either the
viscosity of the rubber mixtures (minimum
torque) or the degree of crosslinking (maximum
torque). The application of additives under study
increases the rate of vulcanization, probably due
to the presence of sulfur-containing fragments in
the resin that may influence the vulcanization
kinetics.

Table 1. Characteristics of additives based on phenol-formaldehyde oligomer Octofor 10S

Manufacturing Manufacturing Melting point,
Code Components 0 i i 0 Appearance
temperature, C time, min C
Octofor- Octofor 10S+salt, the product of 90-120 15-20 80-95 Resinous
FAME interaction of monoethanolamine mass of dark
with methyl ester of fatty acids, brown color
(ratio 2:1)
Octofor- Resin 101K+salt, the product of 90-120 15-20 70-85 Resinous
FAME-S interaction of monoethanolamine mass of dark
with methyl ester of fatty brown color
acids+sulfur
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Table 2. Properties of model elastomeric compositions containing 4 parts additives based on Octophor 10S

A mixture of Alloy of Octofore 10S with TEA-FAME at a
Indexes No additives | Octofore 10S with ratio
TEA-FAME (1:1) 2:1 1:1 1:2
Rheometer characteristics at 175°C:
Minimum torque Mp,, dN m 1.38 1.30 1.43 1.36 1.28
Maximum torque Mpay, dN-m 10.56 11.31 11.40 11.28 11.02
The difference in torque AM, dN m 9.18 10.01 9.97 9.92
Time of the beginning of vulcanization ts;, min 0.87 0.79 0.79 0.77 0.72
Optimal vulcanization time tg, min 2.79 2.77 2.74 2.67 2.55
Vulcanization rate Ry, min~* 5.12 6.03 6.04 6.19
Conditional stress at 300% elongation, MPa 13.2 13.8 14.0 13.6 131
Conditional tensile strength, MPa:
at 25°C 19.5 17.4 21.6 21.0 20.8
after aging at 100°C for 48 hours 16.5 13.2 17.2 17.0 16.6
Relative elongation at break, %:
at 25°C 430 390 420 400 400
after aging at 100°C for 48 hours 290 230 305 300 290
Tear resistance, kN m™ 26.5 25.4 27.3 27.0 26.9
Resistance to multiple deformations, thousand
cycles:
at 25°C 12.0 14.6 29.8 19.2 15.5
after aging at 100°C for 48 hours 5.9 9.5 15.0 11.5 10.0

The results of the determination of mechanical
properties show that it is advisable to use an
alloy, since the conditional strength of rubber
with alloy is higher than that of rubber without
researched additives and rubber containing a
mixture of resin and salt. This can be explained by
the fact that, when an alloy is obtained in the
system, the interaction between the components
with the formation of more active substances of
sulfonamide character is reliably observed, in part
by the presence of a thermal effect on the
derivatives.

It is interesting to observe the results of
determining the mechanical loss tangent (tgd) of
rubber compositions (Fig. 1). The addition of a
modifying system was shown to result in a
significant reduction of tgd for both rubber
mixtures and vulcanizates. In the first case, this
shows that it is possible to reduce energy
consumption in the manufacture and processing
of rubber mixtures on different equipment by
reducing the level of interphase interaction in
compositions; and for vulcanizates, the decrease
of tgd results in less heat formation in the mass of
products, especially large ones, such as large and
superlarge tyres, under dynamic load. The latter
will reduce the negative impact of heat on the
performance of articles under dynamic load,
which will ensure greater durability, for example,
of tyres in use.

The decrease in tgd is probably due to the fact
that modifiers based on phenol-formaldehyde
resin are ableto be distributed inthe matrix of

the elastomer in the form of microdroplets and
perform the function of internal lubrication,
which degree of
microheterogeneity of the system and
significantly increases the mobility considered in

increases the

work [9]. The result of this action of modifiers is a
significant increase in the dynamic characteristics
of tyres, as shown by their increasing resistance
to repeated deformations (Table 2). Thus, the
obtained results are a prerequisite for the use of
resin-based compositions of Octofor 10S in the
composition of industrial rubber, wherein the
best properties are achieved at the ratio of
phenol formaldehyde oligomers: TEA-FAME=2:1
(Octofor-FAME modifier).

The influence on the model resin properties of
the composition based on phenol-formaldehyde
resin 101K was also determined in order to
extend the range of modifying additives. Taking
into account the results of work [7] during the
manufacture of resin with TEA-FAME additives,
additional 10-12% sulfur was added (Octofor-
FAME-S modifier).

The obtained results are summarized in Table 3
and Fig. 2. The analysis of the rheometric data
showed that the addition of this type of additive
reduces the minimum torque of rubber mixtures,
which may indicate the plasticizing effect of 101K
resin-based additives. In terms of influence on
vulcanization processes, the addition of 101K-
based alloys is found to be safer than Octofor
10S-based alloys given the processes of sub-
vulcanization, but the rate of vulcanization is
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lower. The results are a basis for adjusting the
processing and vulcanization of rubber mixtures.
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Fig. 1. Mechanical loss tangent (tgd) of rubber mixtures (a) based on
rubber SBR-1705 HI-AR and vulcanizates based thereon, and (b)
containing modifying systems based on resin Octofor 10S.
(Reference: Table 2)

tgo

0.68 4

0.6¢

0.64

0.62

0.6

0.08 b
0.075
0.07
@1» 065
0.06

0.055

0.05 S S SR S

Fig. 2. Mechanical loss tangent (tgd) of rubber mixtures (a) based on
rubber SBR-1705 HI-AR and vulcanizates based thereon, and (b)
containing modifying systems based on 101K resin. (Reference:
Table 3)

Table 3. Properties of model elastomeric compositions containing 4 parts by weight additives based on 101K resin

. The alloy of resin 101K with TEA-FAME in
A mixture of .
- L the ratio 2:1
Indexes No additives resin with TEA- -
FAME (1:1) without sulfur in the presence of
sulfur
Rheometer characteristics at 175°C:
Minimum torque Mp,, dN m 1.38 1.16 1.16 1.09
Maximum torque Mpax, dN m 10.56 9.83 9.69 10.24
The difference in torque AM, dN m 9.18 8.67 8.53 9.15
Time of the beginning of vulcanization ts;, min 0.87 0.96 0.97 0.94
Optimal vulcanization time tg, min 2.79 3.46 3.16 3.35
Vulcanization rate Ry, min™* 5.12 3.8 4.19 4.41
Conditional stress at 300% elongation, MPa 13.2 12.8 12,9 13,2
Conditional tensile strength, MPa:
at 25°C 19.5 17.0 21.0 22,4
after aging at 100°C for 48 hours 16.5 14.1 17.0 19,5
Relative elongation at break, %:
at 25°C 430 405 440 420
after aging at 100°C for 48 hours 290 295 330 310
Tear resistance, kN m™ 26.5 25.4 27.3 27.0
Resistance to multiple deformations, thousand
cycles:
at 25°C 12.0 13.5 215 20.5
after aging at 100°C for 48 hours 5.9 10.0 13.2 12.0
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The addition of composites based on 101K resin
improves the complex of physical-mechanical and
dynamic properties of vulcanizates as well. A
sulfur additive is more effective.

It should be noted that the influence of the 101K
resin-based additive practically does not change
the mechanical loss tangent of elastomeric
compositions, which may indicate a smaller
influence of the said additives on the mobility of
macromolecular structures compared to Octofor
10S resin-based additives.

Based on the data obtained, modifying additives
were used to treat the surface of crushed
(CV). The crushed vulcanizate
prepared by mechanical grinding of worn tires
and rubber products was studied at positive
temperatures.

Tyre crushed vulcanizate (rubber crumb) met the
technical requirements of TS 38 108035-92 and TS
6-25521987.010.2000. The particle size of the
crushed vulcanizate ranged from 0.8 to 5-8 mm.
Thermomechanic reclaimed rubber of RSHT,
RSHTN brands, according to TS 6-25521987.009-
2000, was used for comparison. The surface was
processed on rolled equipment in accordance
with the modes specified in work [10].

The size distribution of crushed volcanic particles
was carried out using the filler dispersion analyzer
of the same firm and the analysis was carried out
according to the methods specified in study [11].

vulcanizate

The
elastomer

introduction of various ingredients into
changes in the
morphological structure of the matrix. These
changes when using crushed vulcanizates were
determined by the rheometric curves in
accordance with given
elsewhere [12].

The efficiency of the surface treatment process
was evaluated based on the results of analysis of
physical-mechanical properties of vulcanizates
containing processed CV 25 and 50 parts per 100
parts of rubber, these being chosen as the most
appropriate concentration of the crushed
vulcanizate. This choice is due to the fact that
depending on the content of the CV, there is a
change in the fracturing mechanism of the
composition: with a small rubber crumb content,
the strength of the system will be mainly
determined by the strength of the elastomeric
matrix, and then there is the cohesiveness of the
material. When the dosage is increased to more
than 25 parts by weight, CV particles are capable
of forming a continuous phase and the nature of
the fracture is close to adhesive and depends on
the strength of the bond on the interphase
boundary. CV processed on modifier-free roller
equipment was applied for comparison. The
surface treatment of crushed vulcanizates carried
out on laboratory rolls in the presence of research
modifiers revealed no technical difficulties. Given

materials causes

recommendation

Table 4. Rheometer performance at 175°C for elastomeric compositions containing crushed vulcanizates processed with various resins

Type of modifier and content of crushed vulcanizate, parts by
Regenerate weight per 100 parts of rubber
RSHT, parts by alloy of resin 101K with
Indexes Without CV weight alloy Octofore 10S with v .
unprocessed TEA-FAME (2:1) in the
TEA-FAME (1:1)
presence of sulfur
20 50 20 50 20 50 20 50
Rheometer characteristics at 175°C:
Minimum torque, Mpin, AN m 2.60 3.13 3.44 3.25 3.56 3.15 3.48 3.08 3.58
Maximum torque, M.y, dN m 18.35 15.93 14.9 14.71 | 14.00 17.31 15.37 17.46 16.28
Time of the beginning of
o ) 0.72 0.82 0.77 0.86 0.88 0.85 0.87 0.85 0.88
vulcanization T,, min
Optimal vulcanization time tqo,
miin 3.11 3.01 2.92 3.32 2.76 3.21 2.86 3.21 2.98
Vulcanization rate Ry, min™ 41.84 45.66 | 46.51 | 40.65 | 53.19 | 42.37 50.25 42.37 47.62
Mechanical loss tangent at Myin,
a5 0.927 0.856 | 0.779 | 0.866 | 0.798 | 0.832 0.724 0.828 0.740
min
Mechanical loss tangent at
Moo, tg 0.160 0.179 | 0.180 | 0.165 | 0.160 | 0.157 0.154 0.156 0.155
maxs max
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the appearance and influence of processed CV on
the properties of model systems, 4-5 parts
composites per 100 parts of crushed vulcanizate
can be considered as an optimal content of
additives. In order to address the practical
application of treated CV, it has been added to
rubber mixtures that are intended for the
manufacture of molded rubber products, such as
shock absorbers.

Table 4 shows the results concerning the studies
of elastomeric compositions performed by a
rheometer. It has been found that the addition of
treated CV reduces the viscosity of rubber
compounds as compared with the untreated CV,
and this makes it possible to reduce energy
consumption in the manufacture and processing
of elastomeric compositions. There is also an
increase in the maximum torque, which indicates
an increase in the degree of crosslinking of
vulcanizates with processed vulcanizate in
comparison with both unprocessed CV and
regenerated CV.

Changes in the physical-mechanical properties of
elastomer compositions containing processed
crushed vulcanizates as compared with the
unprocessed compositions are shown in Table 5.
The analysis of mechanical losses with repeated
deformation (Fig. 3) showed that the mechanical
loss tangent is reduced when the processed CV is
used in comparison with the unprocessed one. As
a consequence, heat formation will be
significantly reduced during dynamic loading,
which will ensure high operational reliability of
rubber products, such as shock absorbers.

Resistance to repeated stretching, thousand cycles
3

2 3
D20parts @so parts

Resistance to repeated stretching. theusand cycles
w
8

2 3
D2oparts msoparts

Fig. 3. Resistance to repeated stretching of tyres containing 20 parts
and 50 parts crushed vulcanizate processed with the investigated
modifying additives. (Reference: Table 4)

Conclusions

Thus, the influence of modifying systems based
on phenol-formaldehyde resins with an amine-
containing composition on the properties of

Table 5. Changes of the properties of elastomer compositions containing processed crushed vulcanizates as compared with unprocessed

vulcanizates

Type of modifier for processing crushed vulcanizate and CV content, parts by
weight
X alloy of resin 101K with TEA-FAME
Indexes alloy Octofore 10S with TEA-FAME (1:1) .
(2:1) in the presence of sulfur
50 parts by weight
20 parts CV 50 parts CV 20 parts CV oV
Changing the tensile strength, %:
at 25°C +40.0 +39.0 +36.1 +35.0
after aging 100°Cx72 hours +26.6 +54.1 +28.1 +58.3
Changing the elongation at break, %
at 25°C +18.1 +21.6 +11.0 +14.5
after aging 100°Cx72 hours +38.1 +36.2 +32.3 +34.8
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model elastomeric compositions based on
styrene-butadiene rubber SBR-1705 HI-AR was
considered. An improvement in the complex of
technological properties of rubber compounds
and mechanical properties of vulcanizates using
research alloys has been established. The addition
of this type of additive reduces the minimum
torque of rubber mixtures by 20%, which
indicates the plasticizing effect of 101K resin-
based additives. There is a 15% increase in the
conditional tensile strength both under normal
conditions and after aging as compared with the
control mixture.

The established influence of modifiers on the
complex properties of elastomeric compositions
can be further used when choosing the direction
of the industrial application of experimental
additives in the rubber mixture compositions.
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3actocyBaHHA MoOAUGDIKYIOUMX CUCTEM Ha OCHOBI

deHonopopmanbaerigHnx cmon i NPOAYKTIB

nepepobKuU KUPOBMICHOI CUPOBUHU B €N1aCTOMEpPHUX

KOMMo3uuiax

N.C. Fony6, H0.M. BaweHko, M.B. AHgpisaHOBa

OAHVMM 3 HaNPAMKIB NiABULLEHHA AKOCTI €1aCTOMEPHUX
maTepianiB € iXx Mogudikauia aKTUBHMMK crnonykamu. Ak
moaunoikytoui [06aBku PO3rNAHYTI cmMcTemm 3
BMKOPUCTAHHAM  CipkoBMicHOI  deHonodopmanbaerigHoi
cmonu oktodop 10S Ta cmonm 101K pasom 3 amiHOBMICHOO
CNO/NYKOIO, WO OTPMMaHa B3AEMOJIEID eTaHONAMIHIB i3
METUNOBMM ECTEPOM KUPHWX KWUCIOT, CUPOBUHOK 6yB
Kypaumnin kup. [JocnigsKeHHA NpoBOAWAW B  MOAENbHUX
NoNiMepHUX KOMMNO3ULLAX Ha OCHOBI cononimepy byTagieHy
Ta cTUMpony. AHani3 KOMMJeKcy BNAcTUBOCTEM MmaTepianis
NnoKasas, WO epeKTUBHMM € 3acToCyBaHHA 3—4 mac.u.
n06aBoK npu CniBBiAHOLWEHHI KOMMOHEHTIB 2:1.
BMKOPUCTAaHHA  MEeXaHi4HOi  CyMilli  KOMMOHEHTIB  3a
edeKTMBHICTIO Aji 3HayHO nocTynaetbca p[ob6asui, fAKa
OTPVMMaHA LWAAXOM CMAABNEHHA KOMNOHEHTIB. MoKa3aHo, LWo
npu LUbOMY CYTTEBO MiABULLYETLCA AMHAMIYHA BUTPUBANICTb
rym. BCTaHOBNEHO 3HayHe 3HWXKEHHA TaHreHcy KyTa
MeXaHiYHMX BTpPaT MNpM  3acTOCyBaHHI Komnoswuuii 3
BUMKOPUCTAHHAM cmonn okTodop 10S, wo pJae 3mory
3MEHLWUTH TenNoyTBOPEHHSA npv ANHAMIYHNX
HaBaHTaXEHHAX Ta 36iNbWWTU pecypc BeaMKorabapuTHUX
BMpobGiB, HanpuKknag, WWH. BcTaHoBNEHi 3aKOHOMIPHOCTI
BNAMBY  MoAM®iKaTopiB Ha  KOMMNAEKC BAacTUBOCTEN
eN1aCTOMEPHUX KOMMO3ULi MOXYTb ByTW 3acTocoBaHi npu
BMOOPI HaNPAMKY BWMKOPUCTAHHA AoCniaHUX p[o6aBoK vy
CKNagi rymoBMX CyMillel MPOMWUCAOBOrO MPU3HAYEHHSA.
BcTaHOBNEHO, WO A0AaBaHHA noapibHeHOro By/iKaHisaTty,
06pobneHoro  mogmdikylouMmn  A06aBKamMK,  3HUNKYE
B'A3KICTb TYMOBMX CyMilLei y MOPIBHAHHI 3 BUKOPUCTAHHAM
Heobpob/ieHOTo  BY/IKAHI3aTy; LUe [Ja€ 3MOry 3HWU3UTU
€HEeprocrnoX1BaHHA NpPU  BUIOTOBNEHHI Ta nepepobui
e1aCTOMEPHUX KOMMNO3ULN.

KntouoBi cnoBa: mogudikatop, deHonopopmanbaerigHa
cmona, KYPAYMN  Kup, enactomep, Komnosuuin,
pecypco3beperkeHHs.
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containing raw materials in elastomeric compositions
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One of the ways to improve the quality of elastomeric
materials is to modify them with active compounds. As
modifying additives in this work, the systems were
considered which are based on sulfur-containing phenol-
formaldehyde resins Octofor 10S and 101K together with an
amine-containing compound produced by the interaction of
ethanol amines with the methyl ester of fatty acids, the raw
material being chicken fat. Study was carried out using
model polymer compositions based on butadiene and
styrene copolymer. Analysis of the complex of properties
showed that it is effective to use 3—4 parts by weight of
additives at the ratio of components 2:1. Mechanical
mixture of components is inferior to the additive produced
by the components fusion in this respect. Moreover, the
dynamic strength of rubber is significantly increased. A
significant reduction in the mechanical loss tangent was
established in the composition with the use of Octofor 10S
resin. That allows reducing heat formation at dynamic loads
and increasing the service life of large articles, such as tyres.
The patterns of the influence of modifiers on the complex of
properties of elastomeric compositions are useful when
choosing the direction of industrial application of the
additives under consideration in the composition of rubber
compounds. The addition of crushed vulcanizate treated
with modifying additives was found to reduce the viscosity
of rubber compounds as compared with the use of
untreated vulcanizate; this decreases the energy
consumption in the manufacture and processing of
elastomeric compositions.

Keywords: modifier; phenol-formaldehyde resin; chicken
fat; elastomer; composition; resource saving.
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