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I N T R O D U C T I O N

The properties of nanocomposite materials depend not
only on the properties of individual precursors, but also on
their morphology and interfacial characteristics. For example,
when nanomaterials are used to produce products, they need
to be able to be controllably dispersed or mixed into other
materials and retain their functionality in the bulk matrix. The
type of polymer matrix used and the possible effects of nano-
fillers on its microstructure and its intrinsic properties are also
essential parameters determining the composite properties.
Nanocomposites of polymer and organically modified layered
nanofillers (organo-clay) often exhibit improved mechanical
and various other materials′ properties compared with those of
virgin polymer or conventional composite. Clay is the common

Clay is an inorganic material with hydrophilic surface which cannot
interact well with hydrophobic polymer as a reinforcement filler phase.
However, surface modification allows useful applications as fillers
in composite fabrication with most hydrophobic polymers. To achieve
this, native clay was activated by mineral acids, modified through acetyl-
ation using commercial vinegar to convert the hydrophilic clay surface
to hydrophobic one, capable of interaction with polyethylene. The
formulated composite films were biodegraded after one month of
test experiment carried out at different locations. Scanning electron
microscopy analysis of composite films evidently showed that surface
compatible, dispersible and exfoliated type composites were formed.
FT-IR spectroscopy revealed the presence of C=O, -COO-,
-CH3 and -C-CH3 due to acetylation. Absorption studies using water,
acid/base show that the composite films exhibited good resistance to
these solvents. Biodegradation studies showed high microbial activities
with samples buried at refuse dump sites. EDX results revealed the
presence of kaolinite and montmorillonite as major minerals, whereas
radioactive elements were detected in the studied clay. This study
demonstrated the useful application of commercial vinegar for the
modification of clay for better surface interaction with polyethylene
for composite formulation.
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name for a number of fine-grained, earthy materials based on
layered structures 1:1 or 2:1. Fundamentally, it is built of one
tetrahedral silicate (Si-O) sheets and one octahedral metal oxide/
hydroxide (M-O- or M-OH) sheet [1,2]. Chemically, clay
minerals are hydrated aluminium phylosilicates with variable
amount of magnesium, iron, alkali metals and other cations
found on or near some planetary surface.

The concept of nanotechnology was introduced by Richard
Feynman in 1959 at a meeting of the American Physical Society
[3], from which nanotechnology was coined as the science and
engineering of new materials design and synthesis, devices,
characterization and systems at molecular level, as phenomena
associated with atomic and molecular interaction strongly influ-
ence macroscopic materials properties [4,5]. The United State
is leading in nanotechnology research with over 400 research
centres and companies involved with about $ 3.4 billion in funding
[6]. One and leading innovation in the field of polymer technology
is nanotechnology in polymer nanocomposites materials proc-
essing which hold the key to the future advances in flexible
packaging, as it produces materials with enhanced properties.
According to Alyssa [6], nanocomposites appear capable of
approaching the elusive goal of converting plastics into a super
barrier-the equivalent of glass or metal, without upsetting regul-
ators. At this scale, physical, chemical or biological properties
of materials are fundamentally different from those of the bulk
material and offers new avenues in product development [4,7].
In intercalated nanocomposites, polymer chains alternate with
the inorganic layers in a fixed compositional ratio with defined
number(s) of polymer layers in the intra lamellar space while
in exfoliated nanocomposites, the number of polymer chains
between the layers are almost continuously variable and the
layer agglomeration of nanoparticle may present them in large
µm scale [8], though, would still perform and display the prop-
erties of nanoparticle materials. Nanocomposites have improved
stiffness, strength, toughness, thermal stability, barrier properties
and flame retardancy compared to their macro counterpart [9].
A few percentages of these materials are normally incorporated
(1-5 %) into polymers resulting in high improvement in some
mechanical properties due to their large degree of surface area
[10]. Nanometric size composites have some unique outstanding
properties compared to their conventional micro/macro composite
counterparts [11,12]. The objective of the study was to investi-
gate the surface chemical modification of clay via acetylation
using commercial vinegar for enhanced surface miscibility with
polyethylene matrix for highly dispersible and biodegradable
composite material for packaging applications.

E X P E R I M E N T A L

Reagents and solvents: The clay used in this work was
collected from a local pottery in Badeggi, Katcha Local Gover-
nment Area of Niger State. All reagents used where of analy-
tical grade.

Acid activation: Clay (30 g) was weighed separately into
three different beakers and each was treated with 64 % H2SO4,
HCl or H3PO4 and a magnetic stirring bar was placed and a
thermometer was inserted. The mixture was mounted on a
heating mantle and heated at 80 ºC while stirring for 3 h. The
sample was washed with deionized water to remove negative

ions until the washed water was neutral. The residue was oven
dried at 105 ºC for 3 h [13,14].

Chemical modification of samples: Acetylation of sample
was carried out using commercial vinegar. In a typical experi-
ment 10 g of oven dried acid activated clay was placed in a
reaction flask followed by introducing 70 mL of vinegar. The
mixture was placed on a heating mantle and refluxed for 3 h.
After modification, the reaction mixture was washed repeatedly
using deionized water and then acetylated product was oven
dried at 105 ºC. This procedure was repeated for HCl and H3PO4

activated clay products. Weight percentage gain in acetylation
was calculated using the following formula:

2 1

1

W W
WPGs (%) 100

W

−= ×

where, W1 = Initial weight, W2 = Final weight.
Composite preparation: The dissolution of high density

polyethylene follows the method described by Azeh et al. [15].
In brief, 0.1 g pieces of non-printed portion were placed in a
reaction flask and 20 mL of toluene was added. The content
was place on a heating mantle and inserted a thermometer.
The sachet was swelled at 60 ºC and then rapidly dissolved at
80 ºC to give a clear solution. Composites were prepared by
introducing into a clear solution of high density polyethylene
(HDPE) various amounts of acetylation products of acid activated
clay 0.2, 0.5, 1.0 g while stirring for 1 min and then cast on a
clean glass petri-dish to afford various composite matrix compo-
sitions [16].

Absorption of polyethylene acetylated clay composite:
Acetylated polyethylene/clay composite films with dimensions
(3 mm × 20 mm × 200 mm) were subjected to water, 2 M H2SO4,
NaOH absorption kinetics by immersion method for 1, 2 and
3 h, respectively. After each immersion in water, the composite
film was removed and excess water was wiped off using tissue
paper and then weighed accurately. This procedure was repeated
for 2 M solutions of tetraoxosulphate (VI) acid and NaOH
solutions. Percent absorption was calculated using the follo-
wing formula:

2 1

1

S S
Absorption (%) 100

S

−= ×

where S1 = initial weight of composite or sample before immer-
sion in water and S2 = weight of sample after immersion in
water.

Scanning electron microscopy: The surface morphology
of the composites and acid activated clay samples were charac-
terized using a PhenomWorld ProX Scanning Electron Micro-
scope with integrated EDS system (Eindhoven, Netherlands)
at Ahmadu Bello University, Zaria, Nigeria.

FT-IR spectroscopy: FT-IR spectra of composite samples
and control were recorded at National Research Institute for
Chemical Technology (NARICT) Zaria, Kaduna State, Nigeria.
The samples were run as KBr pellets disk on Perkin-Elmer,
FTIR-8400S Fourier Transform infrared spectrophotometer
in the range of 4000–500 cm-1.

Biodegradation test of composite films: Composite film
and control samples were subjected to biodegradation test. This
was carried out by taking out five sheet specimens weighing
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0.1, 0.3, 0.4, 1.2 g, respectively. A total of five samples were
used in this experiment and all of them were buried in the soil
with favourable microbial conditions. The burial test was carried
out in two different locations such as water logged area and at
refuse dump site for one month. After which weight loss due
to biodegradation was determined gravimetrically.

The percentage weight loss due to biodegradation was then
calculated using the following formula:

1 2

1

W W
Weight loss (%) 100

W

−= ×

where W1 = initial dry weight of the specimen and W2 = dry
weight after burial in the soil.

R E S U L T S A N D   D I S C U S S I O N

FT-IR Study of acid activated acetylated and control
clay samples: The FTIR bands for control and acid activated
samples are presented in Table-1. The spectra showed the
appearance of a new peak in the carbonyl area around 1633
cm-1, associated with the formation of ester group. The intensity
of the peaks located around 3697-3620 cm-1 assigned to surface
and interlayer -OH stretch in Al-OH and Fe3+-OH, decreased
after acetylation in all acid-treated-acetylated samples while
3491-3170 cm-1 is assigned to Si-OH (silanol) absorption. Acid
treatment led to decrease in intensity of free -OH absorption
of water of hydration indicating a reduction in the amount of
Al, Mg and Fe from native clay [17-22]. This band disappeared
in H2SO4 activated clay. The important band at 1384 cm-1 was
due to acetylation confirming the success of acetylation, which
resulted from C-C bending in acetate groups. The significant
band at 1176 cm-1 is assigned to -COO stretch in acetate due
to esterification of the free -OH in clay. The peak at 900 cm-1

has been assigned to Si-O stretching vibrations and confirmed
the silicate structure of the original clay. The most intensive
band at 1040 cm-1 was attributed to Si-O in-plane stretching
and CH3 rocking in adsorbed acetate [18,23]. The band at 1091
cm-1 was due to Si-O out-of-plane stretching vibration [18].
The bands at 531, 510, 497 and 490 cm-1 are linked to Si-O-Al
(octahedral) and Si-O-Si bending vibrations, respectively
[18,21,22]. The absorptions around 524, 472 and 442 cm-1 are
associated peak bending vibrations of Si-O-Al and Si-O-Si
agreeing with Ahmed et al. [17]. The sulphuric acid and
phosphoric acid treated-acetylated clay showed small peaks
at 950, 937, 944 and 904 cm-1 attributed to Al-Al-OH
[17,19,21,22]. The appearance of the bands at 840, 811 and
813 cm-1 in acid-treated sample are due to isomorphous
substitution of Al-Al-OH stretching and Al-Mg-OH bending
of -OH [17-19,21,22]. The peaks at 890 and 857 cm-1 are due
to Al-Fe-OH. This indicates that most part of the layer charge
resulted from trivalent (Al3+, Fe3+) to bivalent (Mg2+) ion substi-
tution in the octahedral sheet [20]. The FT-IR of the studied
clay indicated that it was made up of montmorillonite  and
kaolinite minerals [20]. The -OH band disappeared completely
in H2SO4 acetylated clay. The HCl-acetylated and the native
acetylated clay spectrum showed a band at 795 and 695 cm-1

assigned to Si-O-Al and Si-O-Si bending vibrations attributed
to the presence of cristobalite [17,18,22]. This band essentially
decreased with acid treatment.

TABLE-1 
KEY IR BANDS OF POLYMER COMPOSITE FILMS  
BASED ON POLYETHYLENE AND ORGANOCLAY 

Wave number 
(cm–1) 

Stretching and bending vibration zone 

Untreated acetylated clay 
3697-3620 

 
Symmetric stretching vibrations due to the inner 
surface or inner Al-O-H and Si-OH groups 

1633 -COO- stretching vibrations of the acetate groups. 
1107 Partial asymmetric stretching vibrations of Si-O-Si 

795 and 695 Assigned to Si-O-Al, Si-O-Si, and O-Si-O bending 
vibrations  

1466 Characteristic band due to quaternary ammonium 
group 

H3PO4 treated acetylated clay 
3673 Symmetric stretching vibrations due to the inner 

surface or inner Al-O-H and Si-OH groups. 
3491-3170 Free hydroxyl stretching of clay in Si-OH Silanol 

group. 
1384 C-C bending vibrations in acetyl due to acetylation. 
1176 
1105 

Due to –COO stretch in acetate. 
Might be due to partial condensation of Si-O-Si and 
Al-OH asymmetric stretching mode. 

1091 Si-O-Si and O-Si-O stretching vibration of clay. 
950-937 Al–Al–OH bending vibrations of clay. 

813 Al-Mg-OH hydroxyl bending vibrations at the edges 
of clay. 

550 Due to in-plane vibrations of octahedral ions and 
their adjacent oxygen. 

531, 510, 497 
and 490 

Associated with Si-O-Al, Si–O–Si and O-Si-O 
deformations. 

473-437 Deformation site indicates the presence of illite. 
H2SO4 treated acetylated clay 

1384 C-CH3 bending deformations in acetyl due to 
acetylation. 

944-904 Assigned to Al-Al-OH bending vibrations in clay. 
840-811 Al-Al-OH stretching and Al-Mg-OH bending of 

Hydroxyl. 
890-857 Assigned to Al-Fe-OH bending vibrations of 

hydroxyl.  
524 Si–O–Al bending vibrations associated peaks. 

472-442 Si–O–Si deformation signal. 
944-904 Assigned to Al-Al-OH bending vibrations in clay. 

HCl treated acetylated clay 
3697-3620 

 
Symmetric stretching vibrations due to the inner 
surface or inner Al-OH and Si-OH groups. 

3435 Free hydroxyl stretching of clay. 
1384 C-C bending of acetate group (-C-CH3-) in acetyl 

due acetylation. 
2909 CH3 asymmetric stretching vibrations of aliphatic 

methyl in acetate due to acetylation.  
1624 -COO- stretching vibrations of the surface acetate 

groups in a bidentate configuration. 
1004 Stretching vibrations of Si-O in Si-O-Si 

795 and 695 Assigned to Si-O-Al and Si-O-Si bending vibrations  

 

Morphological study using scanning electron microscopy
(SEM): Scanning electron microscopy was employed to study
the particle morphology of the prepared composites. The SEM
morphology revealed the presence of agglomeration of primary
small size clay particles in different geometrical forms. For
example, cuboidal or d-like geometry of varied agglomerates
could be seen in treated clay samples. This was attributed to
process conditions. Acid activated clay samples showed different
clusters of agglomerated particles in Fig. 1.
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This has been attributed to the small sizes of the particles
resulting from acid degradation of grain particles and the elimi-
nation of porous and amorphous organic components. The
presence of large number of agglomerated and clustered particles
may be attributed to lack of ultrasonic treatment of the samples.
It has been reported that 21 agglomerated particles observed
before ultrasonic treatment in one study became 245 smaller
agglomerates after ultrasonication [24]. In this work, the SEM
morphologies of both acid activated clay and composites of
organoclay/polyethylene showed various agglomerates and
clusters of particles with different morphologies ranging from
cuboidal to spherical to rod-like shapes. It was observed that
acid-treated clay samples had smaller particles and thus, exhib-
ited high agglomeration tendency. Since, smaller the particles,
the higher the tendency for physical interaction to form agglo-
merates [24]. Most of the nanomaterial usually exists as agglo-
merates. One major difference we found in the acid-treated
and untreated clay samples was that acid activated samples
had high tendency to form various sizes of agglomerates which
signified that these particles have smaller scale dimensions
than untreated clay samples. Even though, they both appeared
microscopically. It cannot be disputed that acid activated clay
sample are in nanometer scale since, an agglomerate of sample

appear as one particle, the individual primary particle are in
nanoscale in one of its dimensions [24,25].

Surface miscibility of composite samples: The scanning
electron microscopy (SEM) images taken at different magnifi-
cations showed the crystalline pattern of acetylated clay and
the interfacial interaction between polyethylene and organoclay
particles. This shows the dispersibility of acetylated clay into the
polyethylene matrix attributed to the presence of acetyl moieties
on clay particle surface, as modified clay particles interact well
with polyethylene. This behaviour was due to chemical transfor-
mation of the hydrophilic surface of clay particles through
acetylation. As a result, enhanced interfacial dispersion between
acetylated clay particles and polyethylene matrix was observed.
The presence of voids, cavities, pores and agglomerates in the
polymer-matrix composites has been attributed to poor mecha-
nical stirring of the cast solution. It could be seen that at higher
magnification of organoclay/polyethylene composite, a worm-
like structure of the composite showed even dispersion of
organoclay particles in polyethylene matrix (Fig. 2).

This was a clear evidence of hydrophobic interactions
between polyethylene and acetyl groups on the surface of acety-
lated clay particles. The white spots in the composites are agglo-
merated clay nanoparticles.

Fig. 1. SEM micrographs of (a) H3PO4 acid activated clay; (b) H2SO4 acid activated clay; (c) HCl activated clay

Fig. 2. SEM micrographs of PE/acetylated clay composite at different magnification
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Activation of clay using inorganic acids: The results of
acid activation of clay (Table-2) showed that percent weight
due to activation using H2SO4, H3PO4 and HCl increased in
the order; 58 < 60 < 72 %, respectively. However, the results
indicated that HCl activation of clay was mild compared to
H2SO4 (58 %) which had better activation of clay particles
followed by H3PO4 (60 %) acid [13,14]. This evidence was
further shown by the SEM micrographs of the activated clay
samples due to small size of clay particles observed with H2SO4

and H3PO4 acids treated samples. In addition, these results
showed that better degradation of organic/amorphous materials
in native clay was best achieved with H2SO4 and H3PO4. The
hydroxyl (-OH) groups and positively particles on clay surface
may be converted to hydrophobic surface by the formation of
acetate groups on the metal surface through chelation, which
can effectively improve interlocking within the polymer matrix.
This transformation may improve the adhesion at the matrix/
clay interface and thus, reduced water, acid/base absorption
ability of composites films and resulted in enhanced properties
of clay reinforced composites [26].

TABLE-2 
ACID ACTIVATION OF CLAY USING H2SO4, HCl AND H3PO4 

Acid 
Initial weight 

of clay (g) 

Weight after 
activation of 

clay (g) 

Weight of 
activated clay 

(%) 
H2SO4 30 17.4 58 
HCl 30 21.9 72 

H3PO4 30 17.9 60 

 
The results for acetylation of acid activated and control

clay samples are shown in Table-3. The percent weight gains
in acetyls for 3 h acetylation for each of the acid-treated samples
showed high values of acetyl gains with exception of HCl acti-
vated clay. Control sample had 60 % acetyl, which was indicative
of the presence of amorphous regions/organic matter capable
of acetyl consumption and subsequent acetylation led to high
weight percent acetyl gain for the control sample.

Results of water, acid or base absorption of organoclay
polymer composite: As expected, the presence of clay material
in the formulated composites films increased the water absor-
bency of the composite films (Table-4). Since, polyethylene

TABLE-3 
WEIGHT PERCENT GAIN IN ACETYLATION OF  

ACID ACTIVATED AND CONTROL CLAY SAMPLE 

Acid Initial weight 
of clay (g) 

Final weight of 
acetylated clay (g) 

Weight  
gain (%) 

H2SO4 3 4.5 50 
HCl 3 3.1 03 

H3PO4 3 4.5 50 
Control 3 4.8 60 

 
(HDPE) is hydrophobic and clay being hydrophilic the
absorption of water was therefore, a function of clay alone. It
was observed that as acid activated-acetylated clay loading
increased, the increase in absorption of water by composite
film was also observed. This analysis has shown that the hydro-
philicity of clay was drastically reduced due to acetylation
(Table-4). However, the highest percent absorption was found
with composite film reinforced with non-acid treated acetylated
clay which was attributed to its hydrophilicity, porosity and
presence of amorphous organics all contributed to its ability
to form hydrogen bonding with water molecules and resulted
in high water uptake. Acid activated-acetylated clay composite
film showed low degree of water absorption when compared
with non-acid treated-acetylated clay composite film (Table-
4). Absorption kinetics of acetylated clay/polyethylene
composites of different formulation compositions carried out
for 1, 2 and 3 h showed good evidences of better water repellence
which has been attributed to factors like better composite formu-
lation ratio, surface compatibility, exfoliation and intercalation
of filler material, stirring/mixing and particle size diameter of
filler material and the presence of acetyl groups. However, it
was noted that composite compositions with 0.20 g acid acti-
vated-acetylated clay/1.0 g polyethylene, better film form-
ability was achieved and this was evidenced by the absorption
studies involving water, acid and base, as this formulation
practically showed no absorption of water, acid or base for
the test experiments involving 1 h of composite film immersion
in water, acid or base compared to those with composite formu-
lation compositions of 0.5/0.5 g or 1.0/0.5 g clay/polyethylene
composite film.

Biodegradation of composite films in water-logged and
refuse dump sites: The biodegradation experiment of comp-

TABLE-4 
 ABSORPTION RESULTS OF ORGANOCLAY POLYMER COMPOSITE IN WATER, ACID AND BASE 

Weight after immersion % of Water absorption Composite  
composition (g) 

Composite  
film sample 

Dry 
weight (g) 1 h 2 h 3 h 1 h 2 h 3 h 

Water absorption 
0.2 g AcetClay + 1.0 g PE Acetylated clay/PE 0.40 0.40 0.40 0.40 0.00 0.00 0.00 
0.5 g AcetClay + 0.5 g PE Acetylated clay/PE 1.00 1.30 1.30 1.30 30.0 30.0 30.0 
1.0 g AcetClay + 0.5 g PE Acetylated clay/PE 1.00 1.30 1.40 1.50 30.0 40.0 50.0 

Acid (H2SO4) absorption 
0.2 g AcetClay + 1.0 g PE Acetylated clay/PE 0.40 0.40 0.40 0.40 0.00 0.00 0.00 
0.5 g AcetClay + 0.5 g PE Acetylated clay/PE 1.00 1.30 1.30 1.30 30.0 30.0 30.0 
1.0 g AcetClay + 0.5 g PE Acetylated clay/PE 1.00 1.30 1.40 1.50 30.0 40.0 50.0 

Base (NaOH) absorption 
0.2 g AcetClay + 1.0 g PE Acetylated clay/PE 0.40 0.40 0.40 0.40 0.00 0.00 0.00 
0.5 g AcetClay + 0.5 g PE Acetylated clay/PE 1.00 1.30 1.20 1.20 30.0 20.0 20.0 
1.0 g AcetClay + 0.5 g PE Acetylated clay/PE 1.00 1.40 1.40 1.50 40.0 40.0 50.0 
Key: AcetClay = Acid activated-Acetylated clay; PE = Polyethylene 

 

Asian Journal of Materials Chemistry  11



osite films buried at water logged location lasted one month
after which burial samples were removed and assessed for
biodegradation using weight loss parameter due to microbial
activities (Table-5). It was observed that only the sample of
acetylated clay/polyethylene composite film with the initial
formulation weight, 1.20 g (0.2/1.0 g) acetylated clay/poly-
ethylene decreased to 1.10 g after one month burial while control
composite film sample with initial weight of 1.20 g completely
disappeared due to biodegradation. The low microbial activities
observed with composite film buried at water logged location
could be attributed to the presence of few degrading microbes
in the burial location.

The biodegradation burial experiment carried out at refuse
dump location lasted one month after which samples were
removed and assessed for biodegradation activities using
weight loss parameter. The results showed that the composite
film sample with 1.10 g as initial weight and 0.2/1.0 g composite
formulation by mass decreased to 0.40 g after one month burial,
with 64 % weight loss by mass. Others with initial mass of
0.30 g and 0.40 g degraded to 0.20 g and 0.30 g, respectively.
Composite film with composition of 0.5/0.5 g by mass had
33.0 and 25.0 % mass loss due to biodegradation. Thus, sheet
specimens buried at two different locations were biodegraded.
However, samples buried at the refuse dump location exhibited
high microbial susceptibility compared to samples buried at
the water logged location. This has been attributed to the recog-
nition of tiny clay particles as food and good habitat by microbes/
nematodes present in the soils of burial location.

Elemental analysis of polyethylene-clay composites:
Elemental analysis of polyethylene-organically modified clay
composites revealed the presence of the following elements
in clay at various percent concentrations; yttrium, strontium,
fluorine, nitrogen, oxygen, carbon, rubidium, niobium, gado-
linium, samarium, selenium, magnesium, calcium and sodium
(Table-6). This confirmed the presence of radioactive elements
in the studied clay. This research has provided some evidence
and knowledge on the cause of lung cancer on local potters in
Tako-ndajiya area of Badeggi in Katcha Local Government
area, Niger state, Nigeria, based on undocumented reports from
the indigenous citizens of the area. The deaths of many local
potters before this study had been linked to lung cancer, which
may be due to long-time exposure to radiations from these
elements.

Conclusion

This study has demonstrated that vinegar is a useful and
commercially low-cost chemical with possible practical appli-
cation for surface functionalization of clay for enhance surface

TABLE-6 
EDX-ELEMENTAL COMPOSITION 

Element Confidence (%) Conc. (Wt %) Error (%) 
Yttrium (Y) 100.0 19.7 0.7 
Strontium (Sr) 100.0 14.1 0.8 
Fluorine (F) 100.0 30.1 1.1 
Nitrogen (N) 100.0 14.5 1.1 
Oxygen (O) 100.0 16.0 1.6 
Carbon (C) 100.0 1.9 1.9 
Rubidium (Rb) 100.0 1.5 2.9 
Niobium (Nb) 100.0 2.2 4.7 
Sodium (Na) 100.0 5.9 1.9 
Magnesium (Mg) 100.0 7.3 1.2 
Selenium (Se) 100.0 1.7 3.9 
Calcium (Ca) 100.0 1.1 5.0 
Gadolinium (Gd) 100.0 21.5 2.5 
Samarium (Sm) 100.0 12.1 3.4 
Vanadium (V) 100.0 0.8 4.0 

 
miscibility with polyethylene in composite formulation. Water,
acid/base resistance composite films have been formulated.
The identity of the major clay type minerals; kaolinite and
montmorillonite was determined. The presence of radioactive
elements was detected in the sample studied. It has also provided
evidence why the deaths of some local potters were attributable
to lung cancer.
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