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Natural bentonite was modified with zinc ions and was used as a filler to reduce the offensive odor from raw natural rubber (NR).
Characterization of filler shows the limited exchange of inherent calcium ions and the preferred adsorption of zinc ions on the
surface of natural bentonite during modification. *e modification process was also accompanied by bassanite formation due to
sulfate ions brought by the zinc salt. Zinc-modified bentonite demonstrates an antimicrobial effect against microorganisms that
are known to degrade or produce offensive odor from raw NR. Due to its antimicrobial and adsorption properties, zinc-modified
bentonite significantly reduces the offensive odor from raw NR at loadings of 2.5–7.5 phr as shown by the olfactometry test. In
terms of vulcanization characteristics, the loading of zinc-modified bentonite at 7.5 phr caused a slight decrease in elastic torque
and increase in scorch and curing times of NR. *e hardness and tensile properties of vulcanized NR are maintained after
compounding with zinc-modified bentonite at 7.5 phr.

1. Introduction

*e offensive odor from raw natural rubber (NR) has been
a long-standing problem of manufacturers [1]. *e ob-
noxious odor released during processing and mastication of
NR is undesirable to workers and a nuisance to the public
residing near rubber manufacturing facilities [2, 3]. *e
volatile compounds produced during microbial degradation
of carbohydrates, proteins, and other nonrubber compo-
nents of NR generate the offensive odor [2–5]. Currently,
water scrubbers are used to control the offensive odor from
NR [1, 5, 6], but the expense of installation and maintenance
makes it unattractive to rubber manufacturers. Several
methods based on the application of solid adsorbents and
antimicrobial agents to reduce the offensive smell from raw
and vulcanized NR were previously studied. Hoven et al. [1]
showed the effectiveness of zeolite, chitosan, and carbon
black as solid adsorbents in lowering the offensive odor
from vulcanized NR. Perng et al. [7] utilized a column of

granulated activated carbon to adsorb residual ozone and
volatile organic compounds from an ozonation reactor
which treated the odorous gas from rubber processing.
Nornanysya et al. [2] soaked coagulated NR latex in dilute
aqueous solutions of antimicrobial agents (sodium hypo-
chlorite and formaldehyde) and undiluted HISKA (a co-
agulant and density enhancer for NR latex) to decrease the
unpleasant smell. In these methods, adsorption by solid
adsorbents was used to capture and limit the emission of
odorous compounds, while the antimicrobial characteristics
of selected liquid chemicals were employed to inhibit the
microbial growth and degradation of NR.

In this study, natural bentonite was utilized as a carrier of
zinc ions which are known to possess antimicrobial prop-
erties [8–11]. As a clay mineral, bentonite is also commonly
used as an adsorbent [12]. Solid adsorbents such as mont-
morillonite (which is the main component of natural ben-
tonite) and zeolite were previously employed as carriers or
supports of heavy metal ions of silver, copper, and zinc
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[13–19]. Silver is the preferred antimicrobial agent, but its
relatively high cost prompts researchers to explore the
oligodynamic effect of other heavy metals such as copper
and zinc. Copper seems to be a feasible choice for antimi-
crobial application in NR, but previous research [20] showed
the susceptibility of vulcanized NR to auto-oxidation and
degradation when in contact with copper ions. *erefore,
this study focused on the modification of natural bentonite
with zinc ions and its capability to reduce the offensive odor
from raw NR.

Appropriate techniques were used to characterize the
phase and elemental composition, chemical structure, and
surface morphology of natural and zinc-modified bentonite
in order to understand the modification process. Antimi-
crobial analyses were also performed on selected microor-
ganisms to measure the antimicrobial properties of natural
and zinc-modified bentonite. *e reduction of offensive
odor from NR using zinc-modified bentonite was in-
vestigated using an olfactometry method. After determining
the optimum loading in NR for odor reduction, the effect of
zinc-modified bentonite on curing and mechanical prop-
erties of NR composite was also studied and discussed.

2. Materials and Methods

2.1. Materials. Natural bentonite powder (industrial grade,
Saile Industries Inc.) was used as received. *e cation ex-
change capacity of natural bentonite is 134.66meq per 100 g
according to the datasheet provided by the supplier. Zinc
sulfate heptahydrate (ZnSO4·7H2O; analytical grade, Loba
Chemie Pvt. Ltd.) and deionized water were used to prepare
the zinc solution. Standard Philippine rubber (SPR 10, from
Rhodeco Processing Services Inc. andMJ Rubber Agricultural
Products Inc.) was used for the olfactometry test and prep-
aration of vulcanized NR samples. Compounding ingredients
added to NR for vulcanization such as stearic acid, zinc oxide,
sulfur, and N-tert-butyl-2-benzothiazyl sulfonamide (Rho-
deco Processing Services Inc.) were also used as received.

*e antimicrobial analysis and the requiredmicroorganisms/
materials such as M. luteus (BIOTECH 1793), X. oryzae
(BIOTECH 1792), sterile saline, agar plates, 10% phenol
solution, and distilled water were provided by the National
Institute of Molecular Biology and Biotechnology (Laguna,
Philippines).

2.2. Zinc Modification of Bentonite. Natural bentonite
powder was first sieved (400 mesh, Taylor) before treatment
with 0.2M zinc solution (58 g ZnSO4·7H2O in 1000ml
deionized water). Constant stirring of 150 g natural ben-
tonite in zinc solution was performed at room temperature
for 24 h using a magnetic stirrer (MSH-30A, Wisd Labo-
ratory Instruments) at 1500 rpm. *e clay slurry was
centrifuged (Rotofix 32A, Hettich), and the collected solid
was dried in a laboratory hot air oven (DSO-500D, Dig-
isystem Laboratory Instruments) at 90°C for 100 h. Zinc-
modified bentonite was ground with mortar and pestle and
then sieved before characterization and further tests.

2.3.Characterization ofNatural andZinc-ModifiedBentonite.
Phase composition of natural bentonite before and after zinc
modification was obtained using a portable X-ray diffraction
machine (Terra, Olympus).*e instrument used coradiation
(λ�1.79 Å) while recording intensity data from 2θ� 5–55°
with the increment of 0.05°. Basal spacing at specific 2θ was
computed using Bragg’s law. Elemental composition was
measured by X-ray fluorescence analysis (XRF; BTX II,
Olympus) with a resolution of 200 eV at the 5.9 keV peak of
cobalt and an energy range of 3–25 keV.

Chemical structure of samples was studied using the
Fourier transform infrared spectrometer (FTIR; Nicolet
6700, *ermo Scientific) coupled with a macrodiamond
attenuated total reflectance (ATR) crystal plate accessory.
*e resolution of the spectrum was 2 cm−1, and the number
of coadded scans was 32. Background spectra were obtained
without samples prior to actual measurement of samples.

Morphological features of samples were examined using
a scanning electron microscope (SEM; S-3400N, Hitachi)
operated at 5 kV and 1000x magnification.

2.4. Antimicrobial Analyses. Cylinder-plate assays were
performed for antimicrobial analysis of natural and zinc-
modified bentonite against selected microorganisms known
to degrade or produce offensive odor from raw NR. Mi-
crococcus luteus is a Gram-positive microorganism pre-
viously classified by Nornanysya et al. [3] to produce foul
smell from coagulated NR latex. Xanthomonas oryzae is
a Gram-negative microorganism known to degrade NR [21].
Natural or zinc-modified bentonite sample was diluted in
deionized water to produce 2ml solution of 0.1 g·ml−1. *e
test microorganism (M. luteus or X. oryzae) from a freshly
grown culture was suspended in 3ml sterile saline.*e saline
suspension was spread into the surface of an agar plate. *e
culture was incubated for 24 h at 35°C until growth was
apparent. *e inoculum was obtained from the incubated
culture and added into 50ml sterile saline. *e microor-
ganism was then spread evenly on a new agar plate until
a layer of uniform depth was formed.

*ree cylinders containing 0.1ml of the sample solution,
10% phenol (positive control), and distilled water (negative
control) were placed on the agar plate. After 18 h, the cyl-
inders were removed from the plate and the diameter of the
inhibition zone was measured to the nearest 0.1mm. Mean
diameter of the inhibition zone was reported using triplicate
samples.

2.5. Olfactometry Test. *e olfactometry method used by
Hoven et al. [1] was adapted to assess the effectiveness of
zinc-modified bentonite in odor reduction. Although the
chromatographic analysis is usually employed to measure
the concentration of volatile compounds from NR [1–3, 22],
Hoven et al. [1] demonstrated the capability of the technique
in describing the odor reduction in NR where human testers
judged and rated the odor of rubber samples. Moreover,
there is no known relationship between the concentration of
volatile compounds and its perceived odor [7]. To obtain
statistically reliable data, 50 persons (25 men and 25 women)
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with ages of 18–25 years participated in the olfactometry test.
References 1–5 ranging from low to high intensity of rubber
odor were generated by �lling 1, 5, 10, 15, and 20 g of rawNR
in 250ml plastic containers, respectively. Rubber samples
were prepared by masticating raw NR with natural or zinc-
modi�ed bentonite (0–10 phr) in a laboratory mixing mill
(BMM-6, Bharaj Machineries Pvt. Ltd.) at room tempera-
ture. �e odor of 10 g of the rubber sample in a 250ml
container was compared with each reference. Each person
speci�ed the reference number that matches the odor in-
tensity of the rubber sample. �e results of the olfactometry
test were reported as the percentage of people who selected
each reference. �e mean odor rating (minimum value� 1;
maximum value� 5) was also computed for each rubber
sample. Every participant had to smell the odor of co�ee
beans (also in 250ml container) before each comparison to
erase their previous experience from other rubber samples
and to minimize odor confusion [1].

2.6. Curing and Mechanical Tests. �e raw NR sample
containing zinc-modi�ed bentonite at proportion found
optimum for odor reduction was compounded with 2 phr
stearic acid, 5 phr zinc oxide, 2.5 phr sulfur, and 0.6 phr
N-tert-butyl-2-benzothiazyl sulfonamide using the laboratory
mixing mill. After mastication, the vulcanization parameters
of the rubber sample were determined at 160°C using a rubber
process analyzer (RPA 2000, Alpha Technologies) for 20min.
�e equipment was operated at a frequency of 100 cpm and
strain of 0.5°. �e obtained parameters were minimum and
maximum elastic torques (ML and MH), scorch times (time
until 1 or 2 dNm rise aboveML; ts1 and ts2), and curing times
(time required for the sample to reach 50% or 90% of the total
state of cure; tc50 and tc90) [23].

�e NR sample compounded with curing additives was
vulcanized in a compression moulding press (Chemplast,
S. V. Industries) at 160°C and duration time indicated by it is
tc90.�e Shore A hardness of vulcanized sample wasmeasured
using a durometer (Kori Seiki) following ASTM D2240.
�e vulcanized sample was also cut into dumbbell shape
(GT-7016-A, Gotech) and subjected to a tensile test using
a universal testing machine (AGS-5kNX, Shimadzu) following
ASTM D412. �e crosshead speed used during the tensile test
was 500mm·min−1. Due to limited tensile stroke of the
equipment and failure of vulcanized sample to break during the
test, the tensile stress at 100, 200, and 300% elongation was
recorded instead of the tensile strength. Tensile set due to
permanent deformation was also measured at 140% elongation
followingASTMD412.�e sample was strained for 10min and
was allowed to rest for another 10min before measurement of
the distance between bench marks. Five replicates were tested
to report the mean hardness of the sample, while 3 replicates
were used to report the mean values of tensile properties.

�e Shore A hardness and tensile properties of the vul-
canized sample were also obtained after air oven ageing
followingASTMD573.�e vulcanized sample was aged in the
laboratory hot air oven at 70°C for 168 h.�e aged sample was
then cooled at room temperature and maintained at 23°C for
13 h before testing for hardness and tensile properties.

�e curing characteristics and mechanical properties
(before and after air oven ageing) of the vulcanized NR
sample without zinc-modi�ed bentonite were also de-
termined and reported for comparison.

3. Results and Discussion

3.1. Characterization of Filler. �e natural bentonite used in
this study is mainly composed of montmorillonite (smectite)
with traces of mordenite and feldspar (Figure 1). �e pre-
vious study in Philippine natural bentonite [24] detected
montmorillonite, mordenite, and hectorite. �e measured
composition of natural bentonite (Table 1) suggests calcium
as the main exchangeable cation. �e modi�cation process
lowers and broadens the re¤ection of montmorillonite at
2θ � 6.35° (d001 basal spacing� 16.15 Å) due to the adsorp-
tion of [Zn(H2O)6]2+ complex on the surface of clay [25–27].
However, the expected shift of d001 re¤ection to lower 2θ due
to ion exchange and intercalation of zinc ions in the clay
galleries [25–27] is not observed. �e lower ionic concen-
tration and larger size of Zn2+ than that of Ca2+ have limited
the intercalation and swelling of bentonite [28].

�e di�raction pattern of zinc-modi�ed bentonite also
shows the presence of bassanite 2CaSO4·(H2O) with intense
peaks at 2θ �17.2, 34.6, and 37.2° [29]. As suggested by
Wilson and Bish [30], some of Ca2+ reacted with SO4

2− to
form bassanite. �e presence of calcium (9.89wt.%) and
sulfur (9.19wt.%) in zinc-modi�ed bentonite (Table 1)
further indicates bassanite formation. Moreover, the high
concentration of calcium and zinc (32.30wt.%) in modi�ed
bentonite denotes limited ion exchange of Ca2+ and pre-
ferred adsorption of Zn2+ into the clay surface.

Zinc modi�cation also results in dealumination of
bentonite [31] (Table 1) due to the weak acidity of zinc
sulfate solution [32]. Zinc- and sulfur-free composition of
zinc-modi�ed bentonite shows considerable enrichment in
silicon due to the dissolution of aluminum. Meanwhile,
other elements such as iron and calcium are retained in
bentonite after zinc modi�cation.

In
te

ns
ity

 (c
ou

nt
s)

Montmorillonite
Mordenite

Feldspar
Bassanite

Zinc bentonite

Natural bentonite

10 15 20 25 30 35 40 45 50 555
Co Kα 2θ (degrees)

Figure 1: X-ray di�ractogram of natural bentonite and zinc-
modi�ed bentonite.
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�e infrared bands of as-received natural bentonite
(Figure 2) show OH stretching and deformation of water
(3390 and 1630 cm−1), Si-O (989, 782, and 686 cm−1),
AlAlOH (872 cm−1), and Al-O-Si deformation (518 cm−1)
[33]; organic impurity is also detected (1430 cm−1). Zinc
modi�cation eliminates the organic impurity and AlAlOH
while maintaining the original chemical structure of ben-
tonite. For zinc-modi�ed bentonite, the band broadening
from 1070 to 1270 cm−1 along with the appearance of new
bands at 603 and 669 cm−1 suggests the presence of bassanite
[34]. Moreover, the slight increase in band intensity of OH
stretching indicates hydrated Ca2+ and Zn2+ ions [27].

SEM micrograph (Figure 3) shows no evident change in
surface morphology of bentonite after zinc modi�cation.
�e particles have an irregular shape with sizes of less than
37 μm due to 400-mesh sieving before and after zinc
modi�cation. Sieving keeps the particle or aggregate size of
bentonite small before incorporating to NR.

3.2. Antimicrobial Properties. Zinc-modi�ed bentonite
demonstrates antimicrobial properties againstM. luteus and
X. oryzae (Figure 4). �e modi�ed bentonite achieves 81.9
and 52.1% e�ectivity of 10% phenol against M. luteus and

X. oryzae in terms of the size of the inhibition zone (Table 2).
�e result shows zinc-modi�ed bentonite to be more ef-
fective against M. luteus than X. oryzae which con�rms the
susceptibility of Gram-positive bacteria to zinc-induced
inhibition than that of Gram-negative bacteria [8, 11].
Zn2+ ions liberated by modi�ed bentonite have intrinsic
antimicrobial properties attributed to the depletion of an-
tioxidant reserves, protein dysfunction, and enzyme in-
activity of microbial cells [9–11].

Natural bentonite without zinc modi�cation also shows
microbial inhibition against X. oryzae (35.9% e�ectivity of
10% phenol). Xie and Yang [35] recently reported the anti-
microbial activity of Ca2+ and Mg2+ ions against cardiolipin-
rich Staphylococcus aureus. Both Ca2+ and Mg2+ form
complexes with cardiolipin which disrupt the cell membrane
and kill S. aureus. �e higher content of cardiolipin in
Xanthomonas sp. (31% for X. campestris [36]) than that inM.
luteus (5% [37]) results to the selective antimicrobial e�ect of
released Ca2+ ions from natural bentonite.

3.3. Reduction of O­ensive Odor. Zinc-modi�ed bentonite at
7.5 phr shows the highest e�ect in reducing the o�ensive
odor of masticated NR (Table 3). �e majority (84% of the
participants) indicated the odor intensity of raw NR �lled
with 7.5 phr of zinc-modi�ed bentonite was equal or less
than to reference 2 (5 g NR per 250ml). �e remaining
participants described the odor intensity to be equal or
greater than reference 3 (10 g NR per 250ml). In terms of
average odor rating, zinc-modi�ed bentonite at 7.5 phr
improves the odor of un�lled NR by 56.8%. �e antimi-
crobial e�ect of Zn2+ ions released by modi�ed bentonite
lowers the microbial growth in raw NR, thereby reducing the
microbial degradation of nonrubber components and the
emission of o�ensive odor.

�e results of olfactometry show improvement in the
odor of NR as the proportion of zinc-modi�ed bentonite is
increased from 0 to 7.5 phr. �e odor improvement drops at
10 phr which could be due to the poor dispersion and ag-
gregation of modi�ed bentonite in the rubber matrix at high
loading. At low �ller loading, the homogenous dispersion of
modi�ed bentonite in NR allows the creation of microbial
inhibition zones distributed within the rubber matrix which
maximizes the antimicrobial e�ect of Zn2+. However, the
presence of water and hydrated ions in modi�ed bentonite
makes the �ller hydrophilic and incompatible with hydro-
phobic NR during solid mixing [38, 39]. Filler aggregates
formed from the poor dispersion limit the distribution and
availability of Zn2+ within the rubber matrix.

Natural bentonite also contributes to the reduction of
o�ensive odor, as illustrated by the steady decrease in the
average odor rating of NR with the increase in the pro-
portion of natural bentonite.�e reduction in o�ensive odor
only becomes signi�cant at 10 phr with odor improvement
of 37.8% relative to un�lled NR and with 64.2% of partic-
ipants describing the odor to be equal or less than reference
2. �e obnoxious smell of NR is composed of volatile
chemicals coming from di�erent reactions: alcohols, alde-
hydes, carboxylic acids and hydrocarbons (from lipid

Table 1: Composition of natural bentonite and zinc-modi�ed
bentonite by XRF analyses.

Analyte
(wt.%)

Natural
bentonite

Zinc
bentonite

Zinc bentonite (Zn- and
S-free)

Si 46.0 31.5 53.8
Fe 25.7 14.5 24.8
Al 8.74 — —
K 1.32 0.81 1.38
Ti 1.42 0.77 1.32
Ca 15.5 9.89 16.9
Zn 0.05 32.3 —
Cu 0.08 0.07 0.12
Sr 0.24 0.17 0.29
Mn 0.85 0.48 0.82
Zr 0.08 — —
V 0.06 — —
S — 9.19 —
Ba — 0.36 0.61
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Natural bentonite
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Figure 2: ATR-FTIR spectrum of natural bentonite and zinc-
modi�ed bentonite.

4 Advances in Materials Science and Engineering



oxidation), free fatty acids (from carbohydrate fermenta-
tion), esters (from microbial esterification), and sulfur-
containing compounds (from amino acid degradation)
[22]. Adsorption of these volatile components occurs in the
interlayer space of clay and within the secondary pores
formed by the clay particles [40]. Adsorption sites become
more available as the proportion of natural bentonite in-
creases in NR. However, the saturation of adsorption sites
will eventually lead to the release of offensive smell due to the
availability of microorganisms and nonrubber components.

RawNR ismore odorous than compounded and vulcanized
NR. Compounding additives like zinc oxide and accelerators
inhibit the microbial growth in rubber [41]; the high temper-
ature applied to rubber during vulcanization also contributes to
this effect. *erefore, much of the offensive odor of raw NR is

decreased after vulcanization due to the low microbial pop-
ulation. Reducing the offensive odor via microbial inhibition
has more effect on rawNR than vulcanized NR. Hoven et al. [1]
showed that an antimicrobial agent-like benzalkonium chloride
provides little improvement in the emitted odor of vulcanized
NR. On the contrary, Nornanysya et al. [2] demonstrated that
the soaking of rawNR in aqueous solutions of the antimicrobial
agent eliminates most of the volatile compounds. Reducing the
offensive odor using solid adsorbents such as carbon black,
zeolite, and chitosan is more effective to vulcanized NR [1].*e
treatment of bentonite with Zn2+ ions combines antimicrobial
inhibition and adsorption in a single filler which can reduce the
offensive odor of both raw and vulcanized NR.

3.4. Curing and Mechanical Properties. *e incorporation of
zinc-modified bentonite at 7.5 phr slightly decreases the elastic
torque and prolongs the scorch and cure times of NR (Table 4).
Moisture carried by modified bentonite plasticizes and softens
the rubber matrix which lowers the elastic torque. Moreover,
the adsorption of curing agents into bentonite delays sulfur
vulcanization and extends the curing of NR. Moisture-induced
plasticization by zinc-modified bentonite alsomarginally lowers
the tensile stress response of vulcanized NR (Tables 5 and 6)

(a) (b)

Figure 4: Antimicrobial activity of zinc-modified bentonite against M. luteus (a) and X. oryzae (b). Performance is compared with 10%
phenol and distilled water as positive and negative control, respectively.

Table 2: Mean diameter of inhibition zone of samples against
M. luteus and X. oryzae.

Sample (mm) M. luteus X. oryzae
Natural bentonite 0.0± 0.0 14.0± 1.2
Zinc bentonite 21.3± 1.2 20.3± 1.4
10% phenol (+ control) 26.0± 1.0 39.0± 1.0
Distilled water (− control) 0.0± 0.0 0.0± 0.0

(a) (b)

Figure 3: SEM micrograph of natural bentonite (a) and zinc-modified bentonite (b). Scale bar is 50 μm.
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before and after air oven ageing. Meanwhile, the rigidity of
bentonite allows sustenance of hardness and resistance to
permanent deformation of vulcanized NR. One-way analysis of
variance at 95% confidence level shows no statistically signif-
icant differences between the mean hardness (before ageing:
p � 0.68; after ageing: p � 0.07), tensile stress (before ageing:
p � 0.13–0.31; after ageing: p � 0.06–0.49), and tensile set
(before ageing: p � 0.52; after ageing: p � 0.68) of unfilled NR
and NR composite.*us, the hardness and tensile properties of
vulcanized NR remain uncompromised with the use of zinc-
modified bentonite as a filler.

4. Conclusions

Modification of natural bentonite is achieved by the ad-
sorption of Zn2+ ions on the clay surface. *is modification
process is also accompanied by the formation of hydrated
calcium sulfate minerals such as bassanite. *e controlled
release of Zn2+ from zinc-modified bentonite has antimi-
crobial properties against M. luteus and X. oryzae.

*e use of zinc-modified bentonite as a filler reduces the
offensive odor from raw NR. *e magnitude of odor

reduction depends on the loading of zinc-modified ben-
tonite in NR. At the optimum loading, zinc-modified
bentonite slightly reduces the elastic torque and extends
the vulcanization of NR. *e mechanical properties of
vulcanized NR composite remain comparable with unfilled
NR. *ese results suggest the suitability of zinc-modified
bentonite as a deodorant during mastication of raw NR.
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