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Abstract

The research covered most of the recent scientific research related to strengthening the natural rubber and improving its
physical properties. The swelling properties played a substantial role in decreasing the efficiency of the elastomer compounds
as a result of immersing or contacting these compounds with organic solvents. Using nanoparticles for inorganic fillings is
essential with a view to expanding the industrial applications of natural rubber Nano-composites. The research covered the
latest methods that researchers have used to reduce rubber swelling to the lowest levels. The paper discussed the relationship
between swelling properties and mechanical, electrical, curing, and morphology properties. The research also discussed the
relationship between swelling properties and the concentration of the filter used to harden the rubber matrix, the swelling
capacity, and the type of Nano-composite. All results, which discussed by previous studies showed that improving the
thermal, electrical and mechanical properties of the Nano-composites of natural rubber leads to a reduction in the swelling
problems of the natural rubber compound, and that selecting or modifying the properties of the filler material gives
encouraging and strong results towards reducing the rates of swelling.
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due to good particle dispersion and surface chemistry
properties, which leads to high interference between
the filler particles and chains of polymer [16-21].
The economic importance of natural rubber (NR) is
widespread and is used in many industrial
applications, whether alone or mixed with other
materials. Among the most important of these
applications is its use in the manufacture of tires and
adhesives as a result of its having a high molecular
weight with of cis-1,4-polyisoprene units which It is
considered essential in its structural construction [22,

1. Introduction

Polymers are characterized by flexible and unique
properties compared to the properties of other
engineering materials, in order to enhance these
properties and enable polymers, especially
elastomers, to expand their properties in the rubber
industry; their properties are enhanced by inserting
organic or organic nanoparticles into the polymeric
matrix [1-7]. But this phenomenon based on many

factors as structure, formation, reinforcing particle
size, filler - elastomer interaction, Filler dispersion,
etc.[8-12] . In general, Nano-composites are
characterized by the presence of at least one
dimension of dispersal particles in the range of Nano-
materials [13-15]. On the other hand, polymer
compounds have received wide attention in terms of
scientific research because these materials allows to
design high- execution materials based on their
enhanced properties, compared to the raw material

23] . Jeffrey, et al studied adding grapheme oxide
platelets to the natural rubber matrix for preparing the
Nano composites by latex co-coagulation according
to consolidate the vulcanizing factor (in one of two
processes: solution pretreatment or two-cylinder
milling). The treatment results showed a good
composite morphology and dispersal of the graphene
oxide platelets in the natural elastomers matrix [14].
Bokobza worked on a reviewing study for
improvement of the electrical, mechanical, and
thermal conductivity of natural rubbers by silicate
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layers, that the process of strengthening rubber with
fillers. In addition of, improves the performance of
vulcanized rubber, reduces swelling, and limits the
movement of polymer matrix chains due to their
more available, high surface area to volume ratio, low
cost, and the potential of complete separation
(exfoliation) of silicate layers [25]. Bokaobza, studied
the addendum multi-walled carbon nanotubes
(MWNTS) to natural rubber to progress the electrical
and tensile specifications of the rubber compounds.
The author noted that the electrical percolation
threshold is reached at less than 1 phr of multi-wall
carbon nanotube, which led to enchantment the
aspect ratio, tensile stress and reduced the elongation
at break compared to rubber without additives [26,
27]. In addition, reinforcement of natural rubber with
cellulose Nano crystals (CNCs), especially when
strengthening isolated natural rubber CNCs), is
preferential acid-hydrolysis, the results led to a high
aspect ratio CNC was removed from soy hulls, high
tensile  execution nano-composites were gained,
precipitation of CNC plays an important job in the
tensile specifications of the rubber compounds
[28,29]. Used the bagasse whiskers with natural
rubber for absorption moisture from the soil, the
increase in moisture absorption continues by rubber
thin-film until five percentage of whiskers loading
while decreased at a higher capacity, the participation
of cellulose whiskers raises the average of
degeneration of rubber in soil [30] . Rajasekar, et al
used Nano clay to harden natural rubber and improve
its properties. The well dealing of nanoparticles in the
rubber compounds is a noteworthy factor that leads to
a remarkable amelioration in the characterizations of
the rubber. Furthermore, a kind of compatibility can
be used between natural rubber and epoxy resin
(ENR) that can be safely used to exfoliate the Nano-
layer .The morphological study demonstrated that
intercalation of Nano plasma into the ENR and
increased incorporation of modified Nano clay
composite into the nitrile rubber matrix leads to
exfoliation of the Nano layer [31] . Xiaodong et al
prepared Nano composites from natural rubber and
carbon black, which are both electrically conductive
and hierarchical in 3D by integrating cellulose Nano
composites through latex synthesis technology. These
compounds have a very low filtering threshold for
electrical conductivity, high fluid sensing capacity,
fast response, and high reproducibility, so they are of
great importance in the application of sensors, simple
and low-cost, and performance can be improved
using natural cellulose resources [32].

2. Reviewing the Important Swelling Parameters
The swelling properties limit the physical properties
of rubber compounds after their immersion in organic
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solvents. Therefore, it is very important to determine
the efficiency of these compounds for resistance to
decomposition or dissolving in organic solvents. In
this work, the samples were weighed accurately
before immersion (initial mass) and after their
immersion in a specified amount of toluene for 24
hours (swelling mass). The samples are placed in a
drying oven at a temperature of 60 ° C for 24 hours
as a period times then , the mass of solvent that was
absorbed by the rubber compound after the end of the
immersion period (de- swollen mass) was determined
by weighing the dried samples, then determining the
swelling properties according to the following steps:
a) Determination of the swelling ratio (SI) of rubber
after immersion in the solvent by the following
relation [33]:

S1 =(W1-WwW2)/(W 2) 100% Q)

Where Sl is the swelling index in [%]; W1 and W2
are the swollen and initial mass in (g).

b) Determination of the mole percentage uptake of
the solvent Qt can be defined with the following
relation [33-35]:

Qt= (W2 -W2)/(W1- Wm) 100% 2

Where Qt is the mole uptake in [%]; Wm is the
solvent molar mass of toluene in (g/mole).

c¢) Determination of the solubility fraction SF [%] can
be defined with the following relation [33, 36 ]:

Sf = (W2-W3) /W2 100% 3)
Where: SF is the solubility fraction [%]; W2 and W3
are the initial and de-swollen mass in (g).

d) Measurement of the volume fraction of rubber can
be defined with the following relation [33, 35, 37]:
Vr=1/(( 1+Pp/Sp) (W2/W1 -1)) 4)

Where:

Vr is the volumetric fraction of the rubber compound
sample after swelling [-]; SP and PP represent the
density of the solvent and the polymer samples in
(g/cm3).

e) Determination of cross-link density per unit
volume (mole/cm3) can be defined with the
following relation [35,37]:

V=-(In (1-Vr) +Vr+XVr *2)/(VO (V" (173)
2(Vr)if)) (5)
Where V represent the crosslink density per unit
volume (mole/cm3).

VO represent the molar volume of solvent (for
toluene is VO = 106.9 cm3/ mole).

f represent the functional crosslinks, f = 4, Suppose
information of a tetra-function crosslink.

x represent the Flory-Huggins rubber—solvent
interaction parameter (0.37 for a sulfur cross-linked
SBR- toluene pair) [37].
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3. Relationships between the Swelling Parameters
and Physical Properties of NR Nano composites.

3.1 Effect of Swelling Media on NR Nano
Composites Properties.

LeCorre et al. studied the effect of chemical solvents
such as toluene, which is a suitable material  for
natural rubber and water that cannot dissolve natural
rubber, on the swelling behavior of these compounds
depending on the mass of the absorbed solvent as a
function of time. This mass is recorded as a time
function of the square root according to the
following: [38].

3.1.1 Toluene

LeCorre et al. studied the influence of solvents
such as toluene and water on the physical
specifications of NR after filling by starch Nano-
crystals. The authors used many Nano-composites
during the experiment. Some of the Nano-composites
behaved well, but some compounds had poor
behavior towards chemical solvents because they
were not reinforced by nanoparticles such as
(NR100) or weak (like NR95) while there are
compounds in which the absorption of solvents
decreased significantly from P21-NR95 to M70-
NR70 (see results at Table 1) [38]. Figure 1 shows
the relationships between the uptake(mol %) at many
periods of time (hours) of immersion the samples
insolvent for (a) toluene, (b) water, and the
relationships between the uptake(mol %) at many
root square of half-time t-1/2 ( s-1/2 ) for (c), and
(d). In this Figure, two regions can be set: the first
zoom of the rapid imbibition kinetics of t <10 hr., and
the second, the plateau-like plateau of the second
zoom when equilibrium is reached after 10 hours.
The uptake % of the unfilled material reached the
highest ratio at NR-100, while M27- NR70 achieved
the lowest ratio. This is evidence of the role of
toluene in dissolving rubber compounds such as
natural rubber. The same swelling behavior occurs
when the relationship between uptake% and the
square root of the half-time t-1/2 (s-1 /2) [38].
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Xiaodong et al. prepared a three-dimensional
hierarchical conductive structure from the natural
rubber/carbon black Nano composites for the
application of liquids and tension sensing as shown in
Figure 2. The models of the Nano composites were
submerged in the toluene solvent at different periods;
the researchers noted that the density of luminance
reduced with the time passed after 12 minutes of
immersion, which indicates a decrease in
conductivity with an increase in the rate of swelling
of the samples. After that, the authors removed the
samples from the immersion solution and wiped the
residual solvent on the samples using tissues. It was
observed that the light intensity improved with the
passage of the drying time as the samples shrink.
Figure 3 illustrates the response against time and the
logarithmic resistance in time t / initial resistance (Rt
/ RO) against time during the immersion and drying
process of the reinforced natural rubber by black
Nano carbon and cellulose (CB @ CNs / NR). The
authors note a large change in the resistance of Nano
composites and a decrease in the performance of the
conduction networks during immersion due to the
effect of swelling, and that the fluid sensing process
can be controlled by increasing the CB @ CNs
loading ratios, thus obtaining a faster response to the
sensing of the stimuli [32] .

3.1.2 Water

All compounds of NR are described by their
absorption of water during the immersion period and
the rate of absorption increases if the rubber matrix is
not filled (NR100). According to Figure 1b, the
absorption kinetics in the first stage is up to 5 hours
and in the second stage after this period, the ability of
the natural rubber to absorb water is medium.
Moreover, Table 1 represents the results of
absorption and diffusion of the solvent in the rubber
compounds. There was no wide difference between
the absorption of the SNC / NR95 Nano composites
and the NR Nano composites adsorption. [38].



5716 S.A. Habeeb et.al.
a) 4500% . b) 30%
NR-100
= ; W28-NRS 26% : P21.NR70
I M70-NR95 Zonel; Zonell
3500% | P ANRa% i
3000% | M27-NROS|  E z0%
= | @
£ 2500% | k| M27-NRTO
£ 2 15% W28-NR70
& 2000% | P21-NR70| B M70-NR70
a L =MIO-NRT0| 3
= i
5 1500% ¢  ———aW2B-NRTO 10% ?} NRSS
2 M27-NRT0 :
2000%: | 5% NR100
500% |
Zone ll '
0% 0%
o s 10 is 20 25 30 0 & 10 18 20 28 30
Time (hours) Time( hours)
0.50 0.014
C) NR-100 H d ) P21-NR70
0.5 :
: _ W28-NR95 0.012
0.a0 i ~ M70-NRS5
3 4 ~ P21-NR95 < o0.010
% o2s : M27-NR95 % M27-NRT0
—- 0.30 H - ‘W28-NR70
2 g 0008 M70-NR70
£ oa2s £
E P21-NR70 T o.0s
g o0 M70-NR70 2 f} divs
S W28-NR70 =
e 0as M27-NR70 0.004 - aid
0.10
0.002
0.05
Zone | Zonell 0.000 . . .
o 100 200 300 400 a 100 200 300 400
t1/2(s1/2) t+1/2(s1/2)

Fig. 1 shows the relationships between the uptake(mol %) at many periods time (hours) of immersion the samples in solvent for (a)
toluene , (b) water , and the relationships between the uptake(mol %) at many half time t-1/2 ('s-1/2') for (c) , and (d) [38] .

Table 1. Toluene and water adsorption characteristics of starch Nano-crystals / natural rubber Nano- composites [38].

Samples

NR100
NR-100*
M1-NR95*
P21-NR95
M27-NR95
W28-NR95
M70-NR95
M1-NR70*
P21-NR70
M27-NR70
W28-NR70
M70-NR70

Toluene Water
TU D toluene S P toluene TU D water S P water
[Mmol%]  [10°®8 cm?.s? [%0] [10€cm?s?]  [mol%] [10%cm?s?] [%] [10® cm?s?]

o) 4.2 0 0 0.32 0.04 6 0.24
o0 40 0 oo - 0.04 7 0.28

- 12.8 3290 42.112 - 0.29 8 2.32
37 1.64 3428 5621.92 0.48 0.14 9 1.26
33 2.73 3071 8383.83 0.56 0.16 10 1.6
42 1.35 3866 5219.1 0.55 0.14 10 1.4
39 1.72 3592 6178.24 0.44 0.14 8 1.12

- 34 1320 4488 - 5.61 22 123.42
22 1.29 2043 2635.47 1.39 3.33 25 83.25
14 4.61 1.332 6140.52 0.85 1.22 15 18.25
16 3.17 1.488 4716.96 0.84 1.15 15 17.25
20 0.84 1.865 1566.6 0.82 0.65 15 9.75

WU= molar water uptake, TU= molar toluene uptake, D= diffusion coefficient of a solvent molecule through a polymer membrane, P =
permeability coefficient of the solvent in the NR, S= sorption coefficient

Egypt. J. Chem. 64, No. 10 (2021)
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Immersing

Fig. 2 shows the Photographs of Carbon black and cellulose / Natural rubber during the immersing the samples in toluene and drying in the
hot-air at many time periods [32] .
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Fig.3 Responsively against immersion periods and drawing of log (Rt/R0) for many Nano composites [32].

3.1.3 Oil and Solvents

Rajasekar et al. Dissolved natural rubber epoxide solutions and strengthened it with the Nano clay after
(ENR) in some chemical solvents such as toluene having good dispersion of the filler in the polymer
using the continuous mixing technique of the matrix and this Nano composite was named (ENR-

Egypt. J. Chem. 64, No. 10 (2021)
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Nano-clay composites (EC)). A new compound was
combined with an NBR matrix with the presence of a
curing agent such as sulfur. This work gave
encouraging results towards reducing swelling rates,
especially in oil and chemical solvents at test
temperatures 25 and 100 degrees Celsius, as shown in
Figure 4. Their high resistance to oils characterizes
Nano composites such as NBR / 10EC and other
chemical solvents at all absorption temperatures
compared to NBR compounds without fillers [31].
On the other hand, Stephen et al studied combining
natural rubber with XSBR or mixing it in certain
proportions such as 70/30 NR / XSBR by adding

- 1 o 180

e Oilat25°C éJ -
B 4 —Jouat1oc|] 81 €
N h— [
~ I Solvent 118 « {150 5
= =1 6
g 3 {112 ° |20m
1o c &
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°° , si { ng
~] | Q
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;l 14 < ;!
£ 3 g {08
] =1 3
3 0+ - - v L {0 g ! 00;)

NBR NBR/SEC NBR/10EC »n

Fig.4. The swelling percentage of the polymer
compounds and chemical solvents [31]

3.2. Relationships between the Swelling Capacity and
NR Nano-composites

Bernal-Ortega, et al. Studied the relationship between
the structure of natural rubber compounds and the
specifications of styrene-butadiene rubbers reinforced
with MWCN particles. The authors noted that the
crosslink intensity of the Nano composites improves
dramatically with the increase of the ratio of the
MWCN, according to the NMR (nuclear magnetic
resonance) to determine the density of the crosslinks
of the Nano composites, these testing results lead to a
reduction of the swelling effect and an increase in
electrical conductivity. The NMR examination,
which determines the density of crosslinks, is a great
indicator for determining the swelling ratio of the
elastomeric compounds by determining the
relationship between the amount of swelling in the
filled samples and the unfilled samples according to
swelling experimentally, the swelling behavior for
reinforced compounds through the Equation 6:
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Equilibrium solvent uptake (%)
1

silicate nanoparticles and determining the resistance
of these compounds to chemical solvents such as
benzene, toluene, and xylene.

The authors noted that the Qt (%) of the rubber
compounds decreases with increasing the molecular
weight of unfilled and Nano composites, these results
indicated more dissipation of nanostructured silicates
in the polymer matrix. In addition of, high
interaction of a polymer chain with the layers of
silicates, therefore limiting of the solvent Qt (%) of
polymer, according to the above results the order of
solvent benzene > toluene > p-xylene shows these
results in Figure 5 [35].
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Fig. 5. The relationships between the solvent uptake and solvents
molecular weight for many polymers Nano composites [35].

1 sw
v filled (6)
Also, the swelling behavior of unreinforced

compounds through the Equation 7:

1
I 'ft[;lz/filled )

By analyzing the above relationships, we believe that
the non-reinforced nanoparticles have a similar
degree of swelling restriction for each sample,
therefore the swelling ratio depends on the
reinforcing nanoparticles of the rubber compound,
which in turn increases the density of crosslinks:
Swelling Restriction Ratio=

1sw 1w

Mmcfilled " pmcounfilled 8

Tw. ®)
Mcunfilled
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Where the molecular weight of network chain
between cross-links (Mc) . Through Figure 6, which
shows the swelling ratio calculated according to
equation 8, the inflation resistance rates of NR
compounds are high, and this result is due to the role
of CNT in restricting swelling, also the resistance

ratio of NR compounds with CNT is five times that
of its resistance in the presence of carbon black (CB).
Based on the foregoing, the result of the swelling
ratio is related to the density of crosslinking on the
surface of the reinforcing material and the rubber
fraction interfering with the surface of these particles.
Therefore, a comparison can be made between the
different filling systems (CNT, CB, and Silica). [1].

5.5 . . . L
O 5.0 e L J NR-CNT [
= NR-CB
© 45 A NR-Si i
— 4.0 - - SBR-CNT |
LS L5 r
B 0] -
“i— 3.0 L
D 1 I
2 2.5 7 . A SBR-55CB I
2.0 -
= X Fs
= 1.5 L4 - -
= 1 ® - P
@ 1.0 m = o L
= 51 = i
@ °Yem C
0.0 = T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Filler volume fraction

Fig. 6. Shows the relationship between swelling limitation and filler volume fraction for many Nano composites [1].

3.3 Relationships between the Crosslink density and
swelling ratio.

Kang et al. Creation of new Nano composites with
high kinetic properties during mechanical mixing.
Graphene (GE) nanoparticles were used in the mixing
process with natural rubber. The role of graphene
particles was important for accelerating crosslink
reactions and forming a bonding network in

Nano composites. This method led to transfers the
loading from the rubber matrix to the reinforced
material, and increasing of the torque (ML),
maximum torque (MH) as well as increasing the
difference between the torque and the maximum
torque (M) [36]. On the other hand, increasing of the
density of the crosslinks is related to the dispersion of
additive graphene nanoparticles and exfoliation in
the rubber matrix, which is indicated by the
measurements of the swelling equilibrium, curing
rate, and the torque difference (M). In addition to the
good interference between the graphene nanoparticles
and NR matrix. Figure 7 shows a crosslinks density
are measured using the Flory - Rehner equation
(Equation 5) which increased with graphene loading
and swelling ratios which decreasing with graphene
loading. For the purpose of comparison, the authors
explained that the increase in the density of crosslinks
amounted to 69.8% at 5 phr of graphene compared to
the percentage of these crosslinks in pure natural
rubber, while the rate of swelling decreased by 35.8%
[36]. That is means the fixing of rubber chains and
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preventing their movement gives graphene sheets a
winding path and reducing swelling rates [39-41].

Jinrong et al studied the effect of adding graphene
(GE) on the kinetics of chemical reactions that occur
during vulcanization of natural rubber (NR) using
sulfur as a curing agent. Through this process, the
equilibrium swelling of rubber immersed in toluene
was reducing [42]. The natural rubber latex / Nano
clay was re-vulcanized and using a freeze-drying
technique by Pojanavaraphan and Magaraphan, the
authors found that the increase in hardness was
significant compared to the hardness of pure NR. The
results indicate the high hardness of the Nano
composites as a result of the excellent interaction
between the polymer and the surface of the filler
material, which leads to strengthening the rubber
matrix, increasing the maximum torque and
increasing the crosslinking, this process was done by
heat treatment and by microwave. Table 2 shows the
swelling rates results, which calculated according to
equation 2, the swelling ratios gradually decrease
with the increase in the content of the nanoparticles
due to the diffusion and good dispersion of the
nanoparticles in the rubber matrix and the growth of
crosslinking. During the treatment process, the rate of
swelling decreases with the highest crosslinking
density and reaches its peak at NR / 3 MMT [43],
these results support the hypothesis that increased
crosslinking strengthens the rubber matrix [43-46].
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Fig. 7 Shows relationship between density crosslinks
and equilibrium swelling ratio for many Nano
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Fig. 8 Shows relationship between numbers of
crosslinks and swelling ratio for many Nano
composites as function of graphene loadings [36].

Table 2 Results of the thermal and microwave curing for natural rubber and it is Nano composites, which represented by swelling ratios and

crosslink densities [43].
Materials Swelling rati-(l)—hermal Cu\rlle?%mol /cmd) Swelling ratio'vllcrowave Curlr‘gVe (mol /cm?®)
NR 23.98 3.51*10° 28.69 2.43*10%
NR/AMMT 22.60 3.57*10° 27.76 3.14*10%
NR/AMMT 21.02 3.65*10° 17.60 4.56*10°
NR/AMMT 17.32 5.08*10° 15.48 5.66*10°
rubber residence time in the solvent to reach to the
equilibrium state. [47].
3.4 Relationships between the Mechanical Properties, 320
Concentration Gradients, and swelling ratio 280 o —— 8
Natural rubber was mixed with purified R B .
attapulgite (PAT) in a double-cylinder plastic mixer at I ley—r— 17— X
450 ° C, which named (PAT-450) and also at 850 ° C, 200 4 § - NR

which named (PAT-850) by Wang and Chen. The
authors concluded that PAT particles have a
significant impact on the mechanical specifications of
NR Nano composites, as it improves the curing
conditions of NR, increases the impedance to
chemical solvents, and improves the tensile strength
compared to the specifications of purely natural
rubber. The authors discussed the results of the effect
of adding PAT to the natural rubber and verifying the
swelling rates. Figure 9 shows the relationship of the
swelling ratios to the periods of immersion of the
samples in the toluene solvent. The rates of swelling
in the second section of the figure above due to the
decrease in the concentration gradient and then
reaching a state of equilibrium for the swelling rates
with the increase of the periods of immersion. These
results give an impression of the relationship
between the tensile properties of Nano composites and
their comparison with natural rubber compounds. The
PAT particles act as a barrier to prevent the toluene
from penetrating the Nano composite and increase the
swelling rates as the residence time of PAT-450 and
PAT-850 Nano composites in the solvent up reaching
the equilibrium state is much less than the natural

Egypt. J. Chem. 64, No. 10 (2021)
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Fig. 9 Shows the swelling ratio of different Nano composites as a
function of period’s immersion times [47] .

Fibers are one of the important filler materials for
natural rubber to improve its physical properties,
including increasing its resistance to swelling, and in
order to achieve the best performance of the fiber as a
reinforcing material, the fibers must be guided and
aligned at a certain guiding angle in order to obtain
the highest adhesion strength between the fibers and
the rubber, reduce swelling ratios and obtain high
mechanical properties Jacob and his colleagues
developed an empirical equation for the purpose of
measuring swelling rates depending on the fiber guide
angle (6) when using short fibers in natural rubber
reinforcement.
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a? = (a% — a? )sin2y + a? 9)

Where aL and aT are the longitudinal and
transverse dimensional swelling ratios. Figure 10
swelling variation as a function of 0, the results
were calculated by using (equation 9). For all
Nano composites prepared the swelling ratio
increased with increasing the orientation (0), the
range of short fibers orientation from 0° to 90°.
According to the gum compound, which did not
contain fibers, was placed above the lines
corresponding to the other mixes. The results
showed that short fibers were more restricted in
their ability to transport solvent into the
composite than long fibers. [48].
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Fig. 10 Swelling variation as a function of 0 [48] .

3.5 Relationships between the swelling Behavior and
Types of Filler Reinforcing.

Some modern methods such as situ polymerization or
solution and melt intercalation that strengthen natural
rubber use distinct types of fillers, such as layered
silicate because the polymer chains are spread
between the silica layers and give great cohesion
strength to the Nano composite Increase its
mechanical properties, as well as significantly reduce
the rates of swelling because the exfoliated layers
Silica reaches 1 nm. Therefore, natural and synthetic
silicates were used at 10 wt. % to strengthen natural
rubber by Varghese and Kacsisrger-Ko. The authors
found that the efficiency of silica layers in enhancing
the properties of natural rubber exceeds that of the
particles of commercial clays. Figure 11 shows the
swelling behavior of natural rubber compounds
reinforced with types of fillers such as clays and silica
layers added to unfilled natural rubber (Gum) at 25 °
C. The authors discovered that the highest percentage
of toluene absorption was for non-filled rubbers, this
is normal behavior, and that the lowest toluene
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absorption is found in rubber compounds filled with
silica layers (fluorhectorate). The reason, according to
his achievement of results in the high toluene
absorption rate in the gum, followed by lower rates in
the rubber filled with commercial clay, is that there
are no restrictions or hindrance to the toluene from
penetration into the rubber compound and a change in
the sample dimensions. On the contrary at the Nano
composites reinforced with silica layers, the adoption
of toluene facing the more resistance or penetration is
limited. Figure 12 shows the change in the dimensions
of the rubber compound samples after the toluene
penetrated them, as the percentage of thicknesses and
diameters of the samples increased after being
immersed with the toluene at a temperature of 25 ° C.
On the contrary [49], the increase in the diameter of
the samples after immersion, as this variation occurs
in the properties of compounds with a good
orientation such as Fluorohectorite. [49, 50] .
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Fig. 11 Shows the changing the uptake (Qt) as a function square
root of time immersion of different Nano composites [49] .
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4. Conclusion

In this paper, all the research related to the
development of rubber technology was reviewed,
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including natural rubber because of its great
importance in industrial applications. The following
are the most important findings of researchers, which
lead to reducing the problems caused by rubber
swelling as a result of direct contact or immersion in
organic solvents:

* Used the natural rubber (NR) as a Nano composite
more important for economic purposes , because it is
widespread and is used in many industrial
applications, whether alone or mixed with other
materials, and among the most important of these
applications is its use in the manufacture of tires and
adhesives as a result of its having a high molecular
weight

* Improving the mechanical, electrical, and thermal
conductivity of natural rubbers by silicate layers, that
the process of strengthening rubber with fillers
improves the performance of vulcanized rubber,
reduces swelling.

» Used the bagasse whiskers with natural rubber for
absorption moisture from the soil, the participation of
cellulose whiskers increased the rate of degradation of
rubber in soil.

* The reinforcement of the natural rubber by black
Nano carbon and cellulose (CB @ CNs / NR) led to
limited the swelling ratio.

» Reinforcement of the natural rubber NR;
‘carboxylated styrene butadiene rubber XSBR’ and
their “70/30 NR/XSBR’ by added the Nano-structured
layered silicates led to more resistance against the
chemical solvents.

* The regular dispersion of PAT particles in the
polymer matrix, which contributes to improved
rubber- filler interface and reducing the swelling ratio.

5. Conflicts of interest

There are no financial interests among the authors or
any financial disputes regarding the research.

6. Formatting of funding sources

The authors declare that they do not have financial
funding for this paper

7. References

[1] Bernal-Ortega P, Bernal M.M, Gonzalez-Jiménez
A, Posadas .P, Navarro .R and Valentin. J.L,
New insight into structure-property relationships
of natural rubber and styrene-butadiene rubber
nanocomposites filled with MWCNT. Polymer,
201, 122604 (2020).

Egypt. J. Chem. 64, No. 10 (2021)

[2] Gent A.N, Rubber elasticity: basic concepts and
behavior. InScience and technology of rubber pp.
1-27 (2005). Academic press.

[3] Ehrburger-Dolle F, Bley F, Geissler E, Livet F,
Morfin .1 and Rochas. C , Filler networks in
elastomers. In Macromolecular Symposia 2003
(Vol. 200, No. 1, pp. 157-168). Weinheim:
WILEY-VCH Verlag.

[4] Faris D, Hadi N.J and Habeeb S.A, In
Proceedings of the 3rd International Conference
on Materials Engineering & Science: Effect of
rheological ~ properties of  (Poly  vinyl
alcohol/Dextrin/Naproxen) emulsion on the
performance of drug encapsulated nanofibers.
Materials Today: Proceedings, 42(5), 2725-2732
(2021). ,
https://doi.org/10.1016/j.matpr.2020.12.712

[5] Habeeb S.A, Birtio N.A and Kadhim H.J
,Studying the effect of bio natural dye on optical
properties of liquid poly vinyl alcohol. J
Materials Science and Nanotechnology, 4(3), 4-6
(2020).

[6] Habeeb S.A, Rajabi L and Dabirian F,
Enhancement of the Physical Properties of
Electrospun  Tubular  Structure  Nanofibers
Produced From Low Concentration of
Polyacrylonitrile  Solution By  Addition
Boehmit)e Nanoparticles, (in press)

[7] Habeeb S.A, Rajabi L and Dabirian F, Controlling
on the Fiber Morphology, Alignment, Surface
Area and Porosity of Three-dimensional Tubular
Structure Nanofibers at High Concentration by
Using  Opposite  Charge  Electrospinning
Method,(in press).

[8] Heinrich G, Klippel M and Vilgis T.A,
Reinforcement of elastomers. Curr Opin Solid
State Mater Sci., 6(3), 195-203(2002).

[9] Dannenberg E.M , The effects of surface chemical
interactions on the properties of filler-reinforced
rubbers. Rubber Chem. Technol . 48(3), 410-440
(1975).

[10] Nah C, Lim J.Y, Cho B.H, Hong C.K and Gent
A.N, Reinforcing rubber with carbon nanotubes,
J. Appl. Polym. Sci., 118 (3),1574-1581 (2010).

[11] Habeeb S., Alobad Z and Albozahid M , Effect of
zinc oxide loading levels on the cure
characteristics mechanical and aging properties
of the EPDM rubber. International journal of
mechanical engineering and technology. 10(1),
133-141(2019).



A COMPRESSIVE REVIEW ON SWELLING PARAMETERS............ 5723

[12] abbas Al-juothry S , Study Some Phyical and
Mechanical Properties of Rubber by Uising
Conductive Carbon Black. Iragi journal of
mechanical and material engineering (IQIMME).
13 (1). (2013)

[13] Pavlidou S and Papaspyrides C.D , A review on
polymer—layered silicate. nanocomposites. Prog
Polym Sci . 33(12), 1119-1198 (2008).

[14] Habeeb SA, Rajabi L and Dabirian F , Production
of  polyacrylonitrile/boehmite  nanofibrous
composite tubular structures by opposite-charge
electrospinning with enhanced properties from a
low-concentration polymer solution. Polym.
Compos. 41(4), 1649-1661(2020).

[15] Habeeb S, Rajabi Land Dabirian F,Comparing
Two Electrospinning Methods in Producing
Polyacrylonitrile Nanofibrous Tubular Structures
with Enhanced Properties. Iran. J. Chem. Chem.
Eng (IJCCE). 38 (3) ,23-42 (2019).

[16] Bolimowski P.A and Boczkowska A,
Autonomous self-healing based on epoxy resin—
imidazole chemistry in carbon fiber-reinforced
polymer composites. J. Appl. Polym. Sci.. ,136
(2),46938 (2019).

[17] Bokobza L., The reinforcement of elastomeric
networks by fillers. Macromol. Mater. Eng,
289(7), 607-621(2004).

[18] Kojima Y, Usuki A, Kawasumi M, Okada A,
Kurauchi T and Kamigaito O. J , Sorption of
water in nylon 6-clay hybrid. Appl Polym Sci .
49(7), 1259-1264 (1993).

[19] Messersmith PB and Giannelis EP , Synthesis
and barrier properties of poly (e-caprolactone)-
layered silicate nanocomposites . J Polym Sci,
Part A: Polym Chem ,33(7),1047-1057 (1995).

[20] Payne A.R, The dynamic properties of carbon
black-loaded natural rubber vulcanizates. Part I.
J. Appl. Polym. Sci.. ,6 (19),57-63(1962).

[21] Al-Maamory MH and Abbas SA, Al-Juthery H,
Study the Effect Addition of Borax on
Vulcanization Properties of Rubber. Al-
Qadisiyah Journal for Engineering Sciences
(QJES). 3(2), 187-199(2010).

[22] Mariano M, E.I Kissi N and Dufresne A,
Cellulose nanocrystal reinforced oxidized natural
rubber nanocomposites. Carbohydrate polymers,
137(1), 174-183(2016).

[23] Al-Maamory M.H and Abbas S.A, Al-Juthery.
Study Effecting the Addition of Borax on

Egypt. J. Chem. 64, No. 10 (2021)

Flammability of Rubbers. Iragi journal of
mechanical and material engineering (IQIMME).
10 (3), (2010).

[24] Potts J.R, Shankar O, Du L and Ruoff R.S ,
Processing—morphology—property  relationships
and composite theory analysis of reduced
graphene oxide/natural rubber nanocomposites.
Macromolecules, 45(15) ,6045-6055 (2012).

[25] Bokobza L , Natural Rubber Nanocomposites: A
Review. Nanomaterials. 9(1),12 (2019) .

[26] Bokobza L , Multiwall carbon nanotube-filled
natural rubber: Electrical and mechanical
properties. Express Polymer Letters. 6 (3).(012)

[27] Al-Juothry S.A | The Influence Surface Area and
Structure of Particles Carbon Black on Cure
Characteristics and Mechanical Properties of
Natural Rubber. International Journal of
Advanced Research in Engineering and
Technology, 5(5), 149 (2014).

[28] Neto WP, Mariano M, da Silva IS, Silvério HA,
Putaux JL, Otaguro H, Pasquini D and Dufresne
A , Mechanical properties of natural rubber
nanocomposites reinforced with high aspect ratio
cellulose nanocrystals isolated from soy hulls.
Carbohydr. Polym.. 153,143-152 (2016).

[29] Habeeb SA, Alobad ZK and Albozahid MA , The
Effecting of Physical Properties of Inorganic
Fillers on Swelling Rate of Rubber Compound:
A review Study. Journal of University of
Babylon for Engineering Sciences JUBES,
27(1),94-104 (2019)

[30] Bras J, Hassan ML, Bruzesse C, Hassan EA, El-
Wakil NA and Dufresne A, Mechanical, barrier,
and biodegradability properties of bagasse
cellulose whiskers reinforced natural rubber
nanocomposites. IND CROP PROD. 32(3), 627-
633 (2010).

[31] Rajasekar R, Pal K, Heinrich G, Das A and Das
CK , Development of nitrile butadiene rubber—
nanoclay composites with epoxidized natural
rubber as compatibilizer. Mater. Des, 30(9),
3839-3845 (2009).

[32] Wu X, Lu C, Han Y, Zhou Z, Yuan G and Zhang
X , Cellulose nanowhisker modulated 3D
hierarchical conductive structure of carbon
black/natural rubber nanocomposites for liquid
and strain sensing application. Compos Sci
Technol. 124, 44-51 (2016).

[33] Ahmed K, Nizami S.S, Raza N and Shirin K,
Cure characteristics, mechanical and swelling
properties of marble sludge filled EPDM



5724 S.A. Habeeb et.al.

modified chloroprene rubber blends. Adv. Mater.
Phys. Chem. 20, (2012).

[34] Stephen R, Varghese S, Joseph K, Oommen Z
and Thomas S Diffusion and transport through
nanocomposites of natural rubber (NR),
carboxylated styrene butadiene rubber (XSBR)
and their blends. J. Membr. Sci 282(1-2),162-
170(2006).

[35] Habeeb S.A, Enhancing the Properties of
Styrene-Butadiene Rubber by Adding Borax
Particles of Different Sizes. Iran. J. Chem.
Chem. Eng (IJCCE), (2020), (in press)

[36] Kang H, Tang Y, Yao L, Yang F, Fang Q and
Hui D, Fabrication of graphene/natural rubber
nanocomposites with high dynamic properties
through convenient mechanical mixing. Compos.
B. Eng. 112,1-7(017).

[37] Wreczycki J, Bielinski D and Anyszka R
Sulfur/organic copolymers as curing agents for
rubber. Polymers. 10(8),870 (2018).

[38] LeCorre DS, Bras J and Dufresne A , Influence
of the botanic origin of starch nanocrystals on
the morphological and mechanical properties of
natural rubber nanocomposites. Macromol.
Mater. Eng. 297(10), 969-978 (2012).

[39] Ganguly S, Das P, Maity PP, Mondal S, Ghosh S,
Dhara S and Das NC , Green reduced graphene
oxide toughened semi-IPN monolith hydrogel as
dual responsive drug release system: rheological,
physicomechanical, and electrical evaluations. J.
Phys. Chem. B. 122(29), 7201-7218 (2018).

[40] Cobos M, Fernandez M.J and Fernandez M.D,
Graphene  based poly (Vinyl alcohol)
nanocomposites prepared by in situ green
reduction of graphene oxide by ascorbic acid:
Influence of graphene content and glycerol
plasticizer on properties, Nanomaterials, 8(12),
1013 (2018).

[41] Smith AT, LaChance A.M, Zeng S, Liu B and
Sun L, Synthesis, properties, and applications of
graphene oxide/reduced graphene oxide and their
nanocomposites. Nano Materials  Science
(NMS), 1(1):31-47 (2019).

[42] Wu J, Xing W, Huang G, Li H, Tang M, Wu S
and Liu Y , Vulcanization kinetics of
graphene/natural rubber nanocomposites.
Polymer. 54 (13), 3314-3323 (2013).

[43] Pojanavaraphan T, and Magaraphan R,
Prevulcanized natural rubber latex/clay aerogel

Egypt. J. Chem. 64, No. 10 (2021)

nanocomposites. Eur Polym J. 44(7), 1968-1977
(2008) .

[44] Albozahid M, Habeeb S.A, Alhilo N.A and
Saiani A , The impact of graphene nanofiller
loading on the morphology and rheology
behaviour of highly rigid polyurethane
copolymer. Mater. Res. Express, 7(12), 125304
(2020).

[45] Alobad Z.K, Habeeb S.A and Albozahid M.A |, A
Review on Silicone Rubber/Montmorillo-Nite
Nanocomposites. The Iraqi  Journal for
Mechanical and  Materials  Engineering
(IQIMME). 20(3),268-281(2020).

[46] Mohammed F.Q, Hasan A.S, Habeeb S.A and
Bkeet W.G, Transport Properties and
Applications of Graphene Nano-Ribbon-BN,
(2020).

[47] Wang J and Chen D , Mechanical properties of
natural rubber nanocomposites filled with
thermally treated attapulgite. J. Nanomater.
2013,(2013).

[48] Jacob M, Thomas S and Varughese K.T , Natural
rubber composites reinforced with sisal/oil palm
hybrid fibers: Tensile and cure characteristics. J.
Appl. Polym. Sci. 93(5), 2305-2312.

[49] Varghese S, and Karger-Kocsis J , Natural
rubber-based nanocomposites by  latex
compounding with layered silicates. Polymer
44(17), 4921-4927(2003).

[50] Méheust Y, Parmar KP, Schjelderupsen B and
Fossum JO , The electrorheology of suspensions
of Na-fluorohectorite clay in silicone oil. J.
Rheol. 55(4), 809-833 (2011).



