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ABSTRACT: Rubber compounds based on acrylonitrile butadiene rubber (NBR) containing organically modified layered double
hydroxides (LDHs) were prepared using peroxide as a curing agent. The LDHs intercalated by organic compounds including sodium
styrene sulfonate (SSS) and sodium dodecylbenzene sulfonate (SDBS) were investigated using thermogravimetric analysis (TGA) and
X-ray diffraction (XRD) while the unmodified LDHs were used as contrast. Experimental results from TGA and XRD showed that
both SSS- and SDBS-intercalated LDHs were successfully obtained. The morphology of the LDH composites was characterized by
scanning electron microscopy (SEM), transmission electron microscopy (TEM), and XRD. The chemical structure of NBR/LDHs
compounds were measured by Fourier transform infrared spectrum. The thermal properties were measured by TGA and differential
scanning calorimetry. Other properties such as mechanical and swelling properties were also investigated. The results showed that a
chemical bonding between organically modified LDHs and rubber matrix through SSS was built during vulcanization, which leads to
improved interfacial strength of the cured compound. A high-performance acrylonitrile butadiene rubber/SSS-modified LDH
compound, which has two times higher tensile strength than cured pure rubber without significant loss of elongation, was obtained.
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INTRODUCTION exchanged like cations in cationic clays. In general, to obtain
good dispersion of LDHs in a hydrophobic polymer matrix, the
pristine LDHs have to be modified with organic anions, and
many kinds of anions have been successfully intercalated into
LDHs, including the common inorganic anions, carboxylates,
organosulfates, polymeric anions, and complex anions such as
polyoxometalate.>® Several methods including coprecipitation,

anion exchange, calcination, and rehydration have been studied

Layered double hydroxides (LDHs)-filled polymer composites
have attracted a lot of interest both from academia and industry
because of their improved properties in thermal stability,"”
flammability,">* mechanical properties,” and gas barrier prop-
erty® when compared with their virgin polymers. This enhance-
ment in properties is mainly due to the effective dispersion of
LDH layers within the polymer matrix. However, LDHs as fillers

of composites belong to anionic clays of high charge density,
small gallery height, and strong hydrophilicity. They consist of
layers of divalent (M*") and trivalent (M®") cations coordi-
nated octahedrally by hydroxyl groups with a structure similar
to that of brucite, Mg(OH),, in which isomorphous replace-
ment of the divalent cation with trivalent cation creates a posi-
tive charge on the metal layers which is counter balanced by the
presence of anions in the galleries.” These anions could be ion
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to obtain organically modified LDH, and various thermoplastic
and thermosetting polymers including poly(methyl methacry-
late),'">'" polystyrene,''* polyamide 6,">'* poly(vinyl chlo-
ride),"® epoxy,'®'” and polyethylene®'®! have been reported as
matrixes to prepare LDH composites. In contrast, investigations
have only very recently started on rubber/LDH composites such
as composites of ethylene vinyl acetate,”*™*® ethylene propylene
diene monomer rubber,®” carboxylated nitrile,*® chloroprene
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Table I. Compound Formulation of NBR/LDH Composites
Sample NBR (phr) DCP (phr) SSS-LDH (phr) SDBS-LDH (phr) LLDH-NO3 (phr)
NBR 100 1 = = =
NBR-L 100 1 - - 3
NBR-SL 100 1 5 = =
NBR-SDL 100 1 - 5 -

phr: parts per hundred rubber.

rubber,”?° and natural rubber.’® However, to the best of our

knowledge, there are only few reactive organically modified
LDHs, which could chemically react with rubbers under the
curing condition, have been used to prepare rubber/LDH
composites.”’

In this work, sodium styrene sulfonate (SSS) will be used as a
reactive organic modifier; this organically modified LDH to-
gether with pristine LDH and sodium dodecylbenzene sulfonate
(SDBS)-modified LDH will be used to prepare NBR/LDH com-
posites using peroxide curing system. It is expected that the re-
active double bond of SSS will enhance the interface interaction
between NBR and LDH in peroxide curing process and will
result in composites with excellent properties.

EXPERIMENTAL

Materials

Acrylonitrile butadiene rubber (NBR; N41, acrylonitrile content
29%) was obtained from China Petrochemical Corporation
(Lanzhou, China). Dicumyl peroxide (DCP) was supplied by
Shanghai Shanpu Chemical Reagent (Shanghai, China). Magne-
sium nitrate (Mg(NOs;),-6H,0) and aluminum nitrate
(AI(NO3)3-9H,0) were purchased from Xinjida Chemical Com-
pany (Taiyuan, China). SSS was purchased from Zichuan Yao-
dong Chemical (Zibo, China). Sodium hydroxide (NaOH) and
SDBS were supplied by Sinopharm Chemical Reagent (Shang-
hai, China). All the materials were used without further
purification.

Preparation of Mg-Al LDH

Mg-Al LDH was synthesized by coprecipitation method, follow-
ing a procedure similar to that reported by Meyn et al.**> The
preparation was carried out in an N, atmosphere, and the dis-
tilled water used in the preparation was boiled for 30 min and
cooled to room temperature under N, atmosphere before use to
exclude CO, whose presence would lead to the incorporation of
carbonate in the LDHs. A solution containing AI’* and Mg*"
with a Mg*" : A’ molar ratio of 3 was prepared by dissolving
Mg(NO3),-6H,O (15.4 g) and Al(NO3);-9H,O (7.5 g) in 80 mL
of deionized water. This solution was slowly dropped into 20
mL of vigorously stirred decarbonated water, while a solution of
2M of NaOH was added simultaneously to maintain pH of the
reaction mixture at 10 * 0.5. After the addition of the nitrate
solution, the resulting precipitate was aged at 80°C for 24 h
under N, atmosphere with continuous stirring and was then fil-
tered. The sample was washed several times with decarbonated
water until nitrate free (Brown Ring Test was used to test the
nitrate) and dried at 80°C in a vacuum oven until the water
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content in LDH was about 30 * 2 wt %. All the operations
were performed under N, atmosphere.

Treatment of LDH by Anionic Surfactants

Ion exchange of SDBS or SSS with LDH-NO; was carried out
using decarbonated water as a dispersing liquid. A mixture of
6.6 g of the LDH-NO3 and 200 mL of decarbonated water was
stirred at 40°C for 2 h. Then, a solution of 4.1 g of the SSS (or
SDBS 6.9 g) in 100 mL of decarbonated water was added drop-
wise to the LDH dispersion under vigorously stirring. After the
addition of anionic surfactant solution, the precipitation was
aged for 24 h with stirring. Finally, the resulting white solid was
filtered and washed several times with decarbonated water until
nitrate free and then dried at 80°C in a vacuum oven. All the
operations were performed under N, atmosphere.

Preparation of NBR/LDH Composites

Rubber composites were prepared in an open two-roll mill. The
compound formulations of NBR/LDH composites are shown in
Table 1. The LDH loading of each NBR/LDH compound
(including LDH-NOs3, SSS-LDH, and SDBS-LDH) was 3 wt %.
After NBR and LDH were mixed in an open two-roll mill for
15 min, water was evaporated out and then the crosslinking
agent DCP was added. The samples were denoted as NBR-L,
NBR-SL, and NBR-SDL for LDH-NOs3-, SSS-LDH-, and SDBS-
LDH-filled composites, respectively. Moving-die rheometer was
used to obtain curing parameters such as scorch time, optimum
cure time, and the graphs of vulcanization. The specimens were
cured at 160°C in an electrically heated hydraulic press under a
pressure of 10 MPa for 30 min. Dumbbell-shaped specimens of
the composites according to GB/T 528-1998 were made by cut-
ting out from the compression-molded sheets of virgin poly-
mers and the composites.

Characterization

Thermogravimetric analysis (TGA) scans were made from 30 to
800°C using a Netzsch STA409 PC instrument (Netzsch, Ger-
many) under a flowing N, atmosphere at a scan rate of 10°C/
min. All TGA results are the average of a minimum of three
determinations; temperature is reproducible to *3°C, and the
error bars on the nonvolatile material is =3%. X-ray diffraction
(XRD) patterns were collected from 1° to 40° and scan time of
10 seconds per step, using a Bruker D8 instrument (Bruker,
Germany) with a step size of 1°. Cu Ko X-ray radiation (1 =
0.154 nm) was used and generated at 40 kV. The Fourier trans-
form infrared (FTIR) spectra of the LDHs and NBR composites
were obtained using a WQF-200 spectrometer (Rayleigh, China)
over a frequency range of 400-4000 cm™'. The powdered sam-
ples were mixed with KBr and pressed in the form of pellets for
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Figure 1. XRD traces obtained from (a) NO;-LDH, (b) SSS-LDH, and (c)
SDBS-LDH.

FTIR analysis. The vulcanization properties were recorded on a
moving Die Rheometer (Tianyuan, China). Tensile testing of
the NBR samples were carried out using a WDW3020 (Kexin,
China) according to the standard GB/T 528-1998 at a strain
rate of 500 mm/min at 25°C = 2°C. Differential scanning calo-
rimeter (DSC) analysis was performed on a TA Q20 series calo-
rimeter (New Castle, PA) from —50 to 10°C under a flowing N,
atmosphere at a ramp rate of 10°C/ min. The scanning electron
microscopy (SEM) was performed on a S-4800 instrument
(Hitachi, Japan) to study the fractured surface of the compo-
sites. The state of aggregation of the LDH particles in NBR ma-
trix was investigated by microscopy, which was carried out at
room temperature using Tecnai F20, transmission electron
microscope (TEM) with acceleration voltage (200 kV), and
bright field illumination. The ultrathin sections of the samples
were prepared by ultramicrotomy (Leica Ultracut UCT) at
—100°C with a thickness of about 100 nm. The solvent uptake
capacity (xylene, 25°C) and crosslinking density (number of
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Figure 2. TGA traces obtained from (a) NOs-LDH, (b) SSS-LDH, and (c)
SDBS-LDH.
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Table II. Vulcanization Characteristics of NBR/LDH Nanocomposites

NBR NBR-L NBR-SL NBR-SDL
tio () 36 37 39 34
too (s) 403 351 427 350
My (N/m) 1.5 1.4 1.3 1.4
Mg (N/m) 4.5 4.1 4.7 4.4
MM (N/m) 3.0 2.7 3.4 3.0

t10: scorch time; tgo: cure time to 90% of maximum torque development;
M_: minimum torque; My: maximum equilibrium torque; My-M, : increscent
of torque.

active network chain segments per unit volume) were deter-
mined on the basis of rapid solvent-swelling measurement by
the application of Flory-Rehner equation.”

RESULTS AND DISCUSSION

Characterization of LDH and Organically Modified LDHs

The XRD patterns of the LDHs are shown in Figure 1. It is
obvious that all the LDHs are of well-defined layered structure.
The d-spacings of LDH-NO;, SSS-LDH, and SDBS-LDH are
0.825, 1.87, and 2.96 nm, respectively. The d-spacings of SSS-
LDH and SDBS-LDH are increased to 1.05 and 2.14 nm, respec-
tively, when compared with that of LDH-NOs, indicating that
both SSS and SDBS were successfully intercalated into the LDH
gallery."!

In this research, the thermal stability of different LDHs was also
studied using TGA. TGA traces are shown in Figure 2, in which
the temperature at 5% loss of weight is taken as the onset deg-
radation temperature (Ts¢); the temperature at 50% loss of
weight is defined as the degradation temperature (Tso,). From
the thermal degradation trace of NO5-LDH (Figure 2, peak a),
one could see two stages: the first weight loss stage at 190°C,
which is due to the loss of physical and interlayer water mole-
cules; and the second stage at 450°C, which is contributed to
the conversion of hydroxyl groups of the brucite-like layers into

Relative intensity (%)
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Figure 3. FTIR spectra obtained from (a) NBR, (b) NBR-L, (¢) NBR-SL,
(d) NBR-SDL, (e) SDBS-LDH, and (f) SSS-LDH.
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Table III. Crosslinking Density and Thermodynamical Characteristics of NBR Compounds
Sample Swelling index Volume fraction Crosslinking density (mol/cm®) AG,, (J/mol) AS [J/(mol K)]
NBR 3.16 0.2953 3.045E-04 -42.17 1.392 E-01
NBR-L 3.09 0.2978 3.118E-04 -43.23 1.427 E-01
NBR-SL 2.99 0.3066 3.376 E-04 —47.00 1.551 E-01
NBR-SDL 3.02 0.3033 3277 E-04 -45.55 1.503 E-01

oxide groups. From the TGA traces of organo-LDHs, one could
see three stages: the first weight loss stage at 190°C, more like
that of NO;-LDH; the second stage at 350-360°C, which is
because of the thermal degradation of organic modifiers in the
interlayer; and data show that SSS-LDH is more stable than
SDBS-LDH. It is obvious that, in this region, the degradation of
organic anions and the LDHs should be considered.'" It has
been shown that the thermal degradation temperatures of SSS-
modified LDH and SDBS-modified LDH have been improved
either on 5 wt % weight loss or 10 wt % weight loss. When the
10 wt % weight loss is selected as a comparison point, the
decomposition temperature of SSS-modified LDH and SDBS-
modified LDH is about 70 and 47°C higher than that of LDH-
NO:s.

Vulcanization Property Analysis

As described earlier, three different LDHs are mixed into NBR
matrix; the modifiers in LDH are different: for the NBR-L, the
filler is LDH-NO; without organic modification; for the NBR-
SL and NBR-SDL, the fillers are SSS-modified LDH and SDBS-
modified LDH, respectively. The difference between SSS and
SDBS is that SSS has functional group of carbon—carbon double
bond (—HC=CH,), whereas SDBS has a long hydrophobic
chain. The content of LDH in NBR/LDH composites is kept the
same, and therefore, we are able to identify how the organic
modifiers affect the vulcanization process.

According to Dluzneski,”* there were three steps in the peroxide
curing process. To know the effect of the filler, these three steps
need to be clarified. The first step in the crosslinking reaction is
the homolytic cleavage of a peroxide molecule to form two free
radicals. As the acidic materials can interfere with the homolytic
cleavage of peroxide, the basic material is generally recom-
mended. LDH has basic hydroxyl groups on its surface and can
act as a basic filler,”® and therefore, it should not interfere with
the homolytic cleavage of peroxide in the first step. This is con-
firmed by no obvious change of the t;, from Table II. The sec-
ond step is the abstraction of a hydrogen atom from a polymer
chain. Interference of this step is that there are some unsatu-
rated sites in a coagent. The mechanism was a combination of
self-polymerization as plastic-like reinforcement in situ and
grafting to polymer chain as a branched structure. The final
step of peroxide vulcanization is the coupling of two radicals on
adjacent polymer chains to form a crosslinking structure. The
tog (427 s) of NBR-SL was the longest among the four materials,
which must be resulted from the double carbon bond in SSS.
For the existence of the double bond, the polymerization and
the grafting reaction of SSS together with the coupling reaction
delayed the whole vulcanization process. For the NBR-SDL and
NBR-L, the cure time is shorter than that of pure NBR, which
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may be due to the presence of basic LDH. Because in the first
step of the peroxide vulcanization, basic material was favorable
for the homolytic cleavage of peroxide, the whole curing time
was accelerated. The increasing torque, Mp—M;, of NBR-SL was
much higher than other NBR composites. This result was in
good accordance with what is presented in the research of Dluz-
neski’* and Henning et al.’> as a result of the addition of vul-
canization coagent. This corresponds to the stiffness and cross-
linking density results as shown in Tables III and IV.

FTIR Analysis of NBR Composites

FTIR spectra of organically modified LDHs, NBR, and NBR/
LDH compounds are shown in Figure 3. For the SSS- and
SDBS-modified LDHs, the FTIR spectrum in Figure 3 (peaks e
and f) shows the presence of characteristic SO5; group band at
about 1138 and 1050 cm ™' for the stretching vibration of SO;
group.'! The difference, stemmed from SSS and SDBS chemical
structure, between the two organically modified LDHs can also
be observed from the FTIR spectra. SSS-LDH exhibits two extra
peaks around 993 and 909 cm™', corresponding to the =CH,
out-of-plane twist and =CH, out-of-plane bend, respectively.

As analyzed before, the double bond of SSS can react during
the curing of rubber and lead to the disappearance or decrease
of double bond. This is displayed by the FTIR spectrum shown
in Figure 3 (peak d). The bands at 993 and 909 cm™' in SSS-
LDH were not observed in NBR-SL compound, which con-
firmed that on vulcanization, some sort of reaction exists

between the polymer and the SSS in the layered material.””

Relative Intensity /%

1 3 5 7 9 11 13

Figure 4. XRD traces obtained from (a) NBR, (b) NBR-L, (c) NBR-SL,
and (d) NBR-SDL.
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Swelling Index and Crosslink Density

The effect of the incorporation of the organically modified
LDHs on the crosslinking density of NBR can be estimated by
the application of the Flory-Rehner equation. The crosslinking
density and thermodynamic characteristics of the NBR com-
pounds are shown in Table III. The crosslinking density of

Figure 5. SEM images of (A) NBR-L, (B) NBR-SL, and (C) NBR-SDL at
the magnification of 10 000 times.

According to Figure 3 (peaks a and b), there is no obvious peak
in 1138 and 1050 cm™"' corresponding to S=O structures, which
is consistent with the structure of NBR and NBR-L. However, the
characteristic peaks of =0 in 1138 and 1050 cm™' is obvious
both in NBR-SL and NBR-SDL for filled by SSS-LDH and SDBS-
LDH. These differences suggest that on mixing and vulcanization,  Figure 6. TEM images of (A) NBR-L, (B) NBR-SL, and (C) NBR-SDL
NBR/LDH composites are successfully obtained. (magnification bar: 100 nm).
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Table IV. Mechanical Properties of NBR Compounds
Shore A Tensile Elongation at Permanent

Sample hardness strength (MPa) break (%) set (%)

NBR 54 31+03 279 = 14 8

NBR-L 56 31=x02 257 = 14 3

NBR-SL 60 6.7 = 0.6 261 = 20 5

NBR-SDL 57 36*04 268 = 6 3

NBR-SL is significantly higher than the other NBR composites,
which is well consistent with the vulcanization characteristics
and the tensile properties discussed above. The results indicate
that SSS-modified LDH has strong interaction with the NBR
matrix. The thermodynamic parameters, AG and AS, of the
NBR composites are also evidence of strong interaction between
SSS-LDH and NBR, which are shown in Table III. A consider-
able increase in the free energy is observed in the NBR-SL com-
posites. These results can be attributed to better compatibility
between the SSS-LDH and NBR matrix so that the NBR mole-
cules can penetrate into the galleries more easily.”®

XRD Analysis

From XRD measurements, one can either observe a shift and/or
broadening or the disappearance of the peak. If a peak is
observed shifted to lower values of 26, this is typically indicative
of intercalation. If the peak does not shift and remains sharp,
this likely means that the clay is simply present as an additive
without any enlargement of the gallery space. Finally, if the peak
vanishes or is significantly broadened, this is indicative of some
disordering that could either suggest disordering without inser-
tion of the polymer between the clay layers, a microcomposite,
or disordering accompanied by polymer insertion, exfoliation.*

The X-ray traces of NBR and NBR/LDH composites are shown
in Figure 4. As can be seen from Figure 4 (peak b), the basal
spacing (dyo3) of NO3-LDH, 0.83 nm, does not change after mix-
ing with NBR matrix, but the peak is weak, indicative of disor-
dering and no intercalation. When a polymer is unable to inter-
calate between the LDH layers, a phase-separated composite is
obtained, which means that a poor interfacial interaction exists.*
As can be seen from Figure 4 (peak c), the basal spacing (dyo3)
of SSS-LDH is shifted from 1.87 to 2.69 nm, indicative of partial
intercalation and better interfacial interaction achieved. The op-
posite result is seen for the SDBS-LDH (Figure 4, peak d), in
which the basal spacing (dy;) was decreased from 2.96 to 2.69
nm. During the curing of NBR-SL, polymerization and grafting
reaction of SSS can enlarge the spacing and/or the polymer chain
intercalated into the galleries. However, for the NBR-SDL, the
coupling of adjacent polymer chain in the third step of vulcani-
zation led to decrease in spacing, and therefore, different dyy;
spacing shifts were observed for the NBR/LDH compounds.

Morphological Structure of NBR/LDH Composites

The low-magnification SEM images shown in Figure 5 reveal
the overview of frozen-cracked surface morphology of the three
composites. It is apparent that the interfacial morphology
between LDHs and NBR matrix follows different mechanisms
in the three compounds. For NBR-L and NBR-SDL composites,
LDH particles disperse nonuniformly in NBR and displays typi-
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cal LDH aggregations. Additionally, it appears that the interfa-
cial bonding of LDH-rubber matrix is not strong as some
smooth holes and aggregates are presented in the fracture sur-
face [Figure 5(A,C)]. This is possibly resulted from the poor
compatibility between these two LDHs (NO;-LDH and SDBS-
LDH) and rubber matrix. For the NBR/SL composite, seen in
Figure 5(B), it is apparent that the holes disappear and the
layers disperse more uniformly with much smaller size in the
NBR matrix. SEM observations are greatly in accordance with
the XRD results, which demonstrate that the SSS is in favor of
both interfacial interaction and dispersion.*’

The conclusions made from the XRD patterns of the nanocom-
posites can be further established by analyzing the TEM micro-
graphs of these materials. These micrographs for three nano-
composites are summarized in Figure 6. The TEM image clearly
reveals very different nature of morphology due to different or-
ganic modification of LDHs. In case of NBR/LDH nanocompo-
site [Figure 6(A)], LDH particles are mostly clusters, whereas in
NBR/SDL nanocomposite [Figure 6(C)], the proportion of clus-
ters is decreased and intercalated fragments predominate. The
best dispersion is visualized in NBR/SL nanocomposite [Figure
6(B)] system, in which almost no clusters were observed and
LDH particle fragments are homogenously dispersed. This is
due to the fact that interfacial interaction between polymer ma-
trix and LDH differs after organic modification: SSS exhibits
the strongest interaction due to the reactivity property, and the
pure LDH aggregated because of poor hydrophobic property.
Although XRD does not give any concrete information about
the dispersion, the TEM images clearly demonstrate the

100
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Figure 7. TGA traces obtained from NBR compounds.
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Figure 8. DSC curves obtained from (a) NBR, (b) NBR-L, (c) NBR-SL,
and (d) NBR-SDL.

distribution morphology of three different LDHs in NBR matrix
and also in accordance with SEM micrographs that showed the
overview dispersion of LDHs particles. For instance, the NBR/
LDH nanocomposite in Figure 6(A) displays LDH particles in
the form of clusters, whereas the SEM displays macro-LDH
aggregations.

Mechanical Properties

Mechanical properties testing were carried out to evaluate the
improvement of the LDH-reinforced rubber. Table IV shows
the results of unmodified and modified NBR/LDH composites.
The SSS-LDH-modified NBR display remarkably higher improve-
ment on tensile strength than NBR, NBR-L, and NBR-SDL. The
hardness of NBR-SL is the highest among these compounds,
which is in accordance with the conclusion provided in the work
of Dluzneski.** However, the increase in tensile strength did not
sacrifice much of the elongation at break. This is partially due to
intercalation of the rubber matrix, which allows the fillers to
interact more intensely with the polymer because of the polymer-
ization and grafting reaction. The mechanical properties strongly
testified that the SSS as a modifier and coagent in improving the
interfacial interaction was successful.

TGA Analysis

TGA was used for studying the effect of LDHs on the thermal
stability of the composites, and the results are shown in Figure
7. The Tso, Tiow and Tsge decrease with the addition of
LDHs, especially when neat LDH was added. This is probably
due to the degradation of the LDH.*' It means that LDH does
not improve the thermal stability of NBR. The amount of resi-
due of NBR-SL is larger than what might be expected based on
the LDH content and the rubber (the expected value is 4.5, 4.7,
and 4.3% corresponding to NBR-L, NBR-SL, and NBR-SDL,
respectively); it is possible that some charring of the polymer
occurs and the residue consists of both carbonaceous char from
the polymer along with LDH residue.'' This is correlated to the
highest char residue produced for SSS-LDH in Figure 2.
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DSC Characteristics

The glass transition is an important thermal parameter that can
be used to characterize polymers in the form of amorphous or
semicrystalline materials. A variation of the glass transition of
composites relative to the virgin polymer prepared under identi-
cal condition can provide evidence of possible specific interaction
between the particles and the polymer matrix. In this study, an
increase of glass transition temperature (T,) was observed for all
NBR composites as shown in Figure 8. The T, of unmodified
NBR-L composites is 0.6°C higher than that of pristine NBR,
whereas Tgs of the NBR-SL and NBR-SDL are 1.3°C higher; this
is caused by interactions between the inorganic fillers and the or-
ganic matrix.*> As LDHs modified by SSS and SDBS, the LDH
particles are dispersed in the NBR matrix first through organic
modifiers, and then SSS is grafted or polymerized to form a new
boundary, whereas the SDBS as a barrier interferes with free mo-
bilization of the chain. The results suggest that new molecular
interactions at the boundaries result from the presence of the SSS
at the interface between the NBR and LDH layers.

CONCLUSION

Two different organic LDHs, SDBS-LDH without and SSS-LDH
with organic modifier containing double bond, have been syn-
thesized and added into NBR. NBR/LDH composites with dif-
ferent organically modified LDHs are successfully prepared to
explore the effect of organic modifiers. Chemical bonding
between organically modified LDHs and rubber matrix through
SSS was built during vulcanization, which leads to improved
interfacial strength of the cured compound. The tensile and
shore A hardness test shows that NBR-SL gives better strength
and hardness than that in NBR-SDL, which has two times
higher tensile strength than cured pure rubber without signifi-
cant loss of elongation. Furthermore, the intercalated structure
of NBR/SL is also favorable of better mechanical properties. It
can be concluded that the reactive double-bond-modified LDH
would be greatly enhancing the interface interaction between
NBR and LDH in peroxide curing process, resulting in compo-
sites with excellent properties that may be used in industry.
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