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ABSTRACT

1.0 INTRODUCTION

Adsorption is one of the most significant applied procedures used to remove contaminants, which it is cheap and
can use natural and biomass materials [1]. The adsorption process is the bodily sticking of the contaminating
chemicals onto the surface of a solid [2]. Oil sorbent materials can be classified into three most important classes;
organic vegetable products, inorganic mineral products and synthetic organic products. Mineral products comprise

materials, such as sorbent clay, zeolites, graphite, silica, vermiculites, perlite and diatomite [3].

Kaolinite is a 1:1 di-octahedral aluminosilicate layered clay mineral with structural formula Al,Si,Os (OH), that
possesses two diverse faces of basal cleavages [4]. The first face of basal comprises an exceptionally inert —Si-O-Si
joins of tetrahedral siloxane surface. The other basal surface consists of gibbsite sheet (Al(OH)3) [5-10]] and apical
oxygens was shared from the silica tetrahedral sheet. Kaolinite is the most widely recognized clay minerals that
together with organic matter and other earthen minerals frame the topsoil complex [11. It may also occur by the
modification in sedimentary rocks of feldspathic arenites [12]. kaolinite was rich in SiO, mass 46.3%, Al,03 mass
39.8% and H,0 mass 13.9% [13].

[14] asserted that fundamental elements of Annonaceae leading oil on kaolin depend on the particle size fraction;
Greater portions sorb more. The measurements of adsorption are done with fractions of two kaolin collected
(F2<50 pm; FI <100 um) and two fractions of kaolin after hydrogen peroxide treatment (F4 <2 pm; F<50
pm).Hence, adsorption capacity increased. [15] asserted that the adsorption effectiveness of 10g kaolinite of
automobile oil of four different amounts (100, 75, 50 and 25ml) has a mean of 60.80, 61.52 74.68 and 75.28% while
20g sorbed a mean of 70.86, 73.49, 87.04 and 93.44% respectively. Based on his findings, it can be concluded that
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large amount of kaolinites are required to adsorb oils. [16] Stated that the results proved the effectiveness of using

natural zeolites for removing oil residue from palm oil mill effluent were 70%, contact time of 50 min and pH 3.0.
[17] deduced that oil adsorption using organoclay was efficient and depends on pH, adsorbent amount and time,
stressed the importance of adsorbent time in oil adsorption using organoclay. The prepared organoclay from
kaolinite has an adsorption effectiveness which is highly reliant on adsorbent amount and time, clay surface
surfactant concentration and hydrocarbon type [1]. However, adsorption limits for the prepared organoclay was
improved compare with unmodified clay. Gasoline and kerosene were 7 g g™~ and 5 g g™* batch adsorption capacity.
[2] explained that the oil adsorption efficiencies of deposited carbon, powdered activated carbon and bentonite was
controlled by adsorbate concentration, adsorbent weight and contact time. The percentages of oil adsorption rise
due to increasing weight of adsorbents and contact time (Stirring time) and decrease as a result of increasing
adsorbate concentration. The mean sorbed of both 10g and 20g burnt kaolinite was 43% and 58.90% for 100 ml oil
pollution. The sorption rate of new kaolinite tends to be higher [15]. Mixtures of Na-chabazite oil sand were burnt
10 times and the mix used again for additional oil sorption [18]. The clinoptilolite zeolite was used and it can be
re-used at least seven times [19].

Material characterization identifies the crystalline product and compares its properties to those of standards. Basic
characterizations are the Elemental analysis and crystal size, X-ray diffraction pattern and habit from Scan Electron
Microscopy (SEM). Elemental analysis is an important step of establishing the nature of minerals such as clay and
clay minerals for their structural formulae [20]. The aim of this study is to: (i) investigate the adsorption of oils
using kaolinite white superfine British clay and Burnt contaminated kaolinite (ii) characterize kaolinite white
superfine British clay and Burnt contaminated kaolinite using analytical equipments i.e Fourier Transform Infrared
Spectroscopy (FTIR), Scanning Electron Microscope (SEM), X- Ray Fluorescence (XRF) and X-Ray Diffraction.
To achieve the first aim the following objectives have to be satisfied; (i) test the effectiveness of kaolinite as oil
adsorption material. (ii) Examine the feasibility of kaolinite re-adsorption of oil. Similarly the objectives of the
second aim is to determine the d- spacing of an intercalated layer for the kaolinites sample at { 2° theta}. Detect and

measure the chemical compositions for the samples, find the functional groups and finger print of both samples.
2.0 MATERIALS AND METHODS

In addition to common laboratory apparatus/reagents, the following were used a spatula, weighing boat, sealed
plastic bag, Bunsen burner, fume cupboard, analytical balance, Bunsen burner mats, wire gauge, ethanol, tripod
stand, pipe, cooking pot and vibratory sieve shaker. The analytical equipment used for characterization of the
kaolinite white superfine British clay and Burnt contaminated kaolinites includes Fourier Transform Infrared
spectroscopy (FTIR), X-Ray Fluorescence (XRF), Scanning electron microscope (SEM) and X-Ray Diffraction
(XRD).

2.1 Sampling

The samples used include Mobil super 1000 15W40 Multi grade motor oil, kaolinite white superfine British clay
and burnt contaminated kaolinite white superfine British clay. Mobil super 1000 15W40 Multi grade motor oil and

kaolinite white superfine British clay used in this research work was purchased from Amazon BHX1 Rugeley, UK.
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Burnt contaminated Kaolinite was obtained as a residue of oil contaminated kaolinite white superfine British clay

which were burnt, ground and sieve using vibratory sieve shaker with set amplitude of 2.0um to obtain fine powder.
2.2. Oil Adsorption Experiment with Kaolinite White Superfine British Clay

Retort stands with Clamps were transferred to the fume cupboard and set-up inside. 125 mm Whatman filter 42 was
folded into a cone shape, fixed to the funnel and attached to the clamp in the fume cupboard. A 100 ml separating
funnel was attached to the clamp situated on top of the funnel with its tap closed. A 100 ml measuring cylinder was

placed beneath the funnel.

A weighing boat was placed and zeroed on an analytical balance. A spatula was used to put 5g of kaolinite white
superfine British clay in the boat and measured using the analytical balance. The measured sample in the weighing
boat was transferred and put into the funnel; it was carefully spread in the funnel. 50 ml of Mobil super 1000 15w
40 Multi grade motor oil was measured using the measuring cylinder, poured into the separating funnel and the tap
of the funnel was opened. The motor oil was gradually allowed to drop for 24 hrs, soaking up the kaolinite sample.
The filtered volume of motor oil was collected in the measuring cylinder situated beneath the funnel. Readings
were taken for the filtered volume of motor oil from the measuring cylinder, which was subtracted out of the initial
50 ml of motor oil used. The oil-adsorbed kaolinite was removed from the funnel and put in sealed plastics bag.
The adsorbed amount of motor oil by the kaolinite at the end of the experiments was determined. The same
experimental procedures were repeated in five replicates at three trials for 15, and 25 using both the same kaolinite
samples and volumes of motor oil (Fig. 2.1). The oil adsorption by kaolinite white superfine British clay was shown
(Fig. 2.2a)

Fig. 2.1. Oil Adsorption Experiment Apparatus
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2.3. Oil adsorption experiment with burnt contaminated kaolinite

The 5, 15 and 25g oil adsorbed kaolinite samples (oil contaminated kaolinite) kept inside the sealed plastic bag
were burnt entirely using Bunsen burner in the fume cupboard to eliminate their adsorbed oil (Fig. 2.2). . It was
ground and sieve using the vibratory sieve shaker with set amplitude of 2.0 um to obtain fine powder having the
same size diameter as the fresh kaolinite white superfine British clay. Both the same amounts in grams of burnt
contaminated kaolinites and volumes of motor oil were used for this experiment using the same experimental

procedures discussed previously. The oil adsorption by Burnt contaminated kaolinite was shown (Fig. 2.2b).

(@ (b)
Fig. 2.2.0il-adsorption by kaolinite white superfine British clay (a) Fresh (b) Burnt

Fig. 2.3. Ignition of Re-used Oil-adsorbed Kaolinite for oil Adsorption Experiment
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2.4. Characterization of the kaolinite white superfine British clay and Burnt contaminated kaolinite using

Analytical equipments
X-Ray Fluorescence (XRF)

X-ray Fluorescence spectroscopy was used to analyse the chemical composition of fresh and burnt kaolinite white
superfine British clay. The fresh and burned powder kaolinites samples were put in the middle of the gas
microporous film (permeable membrane) and 6 um X-ray translucent film (Mylar). The PANanalytical Epsilon

3XLE spectrometer was then used to analyse the kaolinite samples.

XRD Analysis

X-Ray Diffraction (XRD) analysis was used to determine the degree of crystallinity of the fresh and burned white
superfine British clay. The Phillips model PW 1710 X-ray diffractometer powder was used to acquire excellent
guality diffraction data of the kaolinite samples 0.2 g fine powdered kaolinite samples were poured using a thin
spatula into a standard sample holder; it was totally filled to prevent from surface abnormalities. The sample holder
was tapped gently on a table to reduce the powder in the holder. A glass slide was used to press the powder onto the
sample holder to make sure that upperpart of the sample is in the same plane as the upperpart of the sample holder.
Kaolinite samples were later scanned in the 2-theta range 3-50 degrees using a Phillips model PW 1710 X-ray
powder diffractometer with step with of 0.02°to produce the XRD pattern.

Fourier Transform Infrared (FTIR) Spectroscopy

Fourier Transform Infrared (FT-IR) spectra of both fresh and burned kaolinite white superfine British clay were
obtained using Bruker Alpha FT-IR spectrometer used in conjunction with a single bounce attenuated total
reflectance (ATR) accessory. Small volumes of acetone were applied on the scanner of the spectrometer and wiped
out using tissue paper to clean it. Less than 0.4g of fresh powder kaolinite sample were placed onto the
spectrometer scanner which were weighted down by using a metal rod to apply light pressure to the kaolinite
sample. The Background scan was measured first followed by the sample scan. Later start button was also clicked
on the monitor until the green bar is displayed. Scanning was recorded in the range 4000-400 cm™ and 4cm
resolution. The spectra appeared were the result of 16 average scans. This process was also repeated for the burnt

kaolinite sample.

3.0 RESULTS AND DISCUSSION

The results obtained for this research were analysed using ANOVA single factor and represented using bar chart as

shown in Tables and Figures below

3.1. Analysis of Experiment 1
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Table 3.1. Oil adsorption experiment with fresh kaolinite white superfine British clay (n=5)

Amount of kaolinite used (g) 5 15 25

Oil contamination/spillage used 50 50 50
Per each replicate (ml)

Total volumes of oil used for the 250 250 250
five replicates (ml)

Total volumes of oil adsorption by kaolinite  146.65 212.35 232
for the five replicates (ml)

Mean volume of oil adsorption by kaolinite 29.33 42.47 46.41

For the five replicates (ml)

Oil adsorption by kaolinite (%) 58.66 84.94 92.82

Table 3.2. ANOVA single factor for oil adsorption experiment with fresh kaolinite white superfine British clay

SUMMARY
Groups Count Sum Mean Variance
5 5 40 20 50
58.66 5 177.76 88.88 31.047
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups  4744.454 1 4744.454 117.079 0.008433 18.513
Within Groups 81.047 2 40.5236
Total 4825.502 3

247|Page Online ISSN: 2456-883X Website: www.ajast.net



X

AST Asian Journal of Applied Science and Technology (AJAST)
exceLience HrRouGHResearcH  (Peer Reviewed Quarterly International Journal) Volume 3, Issue 3, Pages 242-256, July-September 2019

100 -
[«B]
e
S _ 80
ax
(=)
ST 60 -
= =
o c
5= 40 -
» 9
=Y
© 20 -
O

0_

5 Grams 15 Grams 25 Grams
Amount of kaolinite used

Fig. 3.1. Oil adsorption experiment with fresh kaolinite white superfine British clay.

Table 3.1 shows three separate experiments (5, 15 and 25 g) for fresh kaolinite white superfine British clay. Some 5
g of fresh kaolinite samples adsorbed 146.65 ml from all the five replicates with mean oil adsorption per replicate of
29.33 ml and oil adsorption by the sample was 58.66 %. The 15 g sample adsorbed 212.35 ml from the five
replicates with mean oil adsorption of 42.47 ml and oil adsorption by the sample was 84.94 %. But 25 g of sample
adsorbed 232 ml from the five replicates with mean oil adsorption of 46.41 ml and oil adsorption by the sample was
92.82 %.From these results, it can be deduced that as the amount of kaolinite (g) increases, the percentages oil
adsorption by the kaolinites also increases. Therefore, 5 g kaolinite had the lowest percentage of oil adsorption; the
15 g had higher percentage of oil adsorption than it, while 25 g had the highest percentage of oil adsorption (Fig.
3.1).

Results indicate that kaolinite is highly effective in oil adsorption. This statement was similar to [15] which
emphasizes that 10 and 20 g of Australian kaolinite was used in adsorption of 50 ml automobile oil and that the
percentage oil adsorption of 20 g was higher and more effective than 10 g. Similarly [17,1] argued that the
effectiveness of organoclay for oil adsorption is highly dependent on adsorbent amount (i.e as the amount of
adsorbents increases better adsorption is achieved). [16] proved that natural zeolites were 70 % effective in
removing oil. [2] Emphasized that oil adsorption effectiveness by bentonite was dependent on adsorbent weight
and concentration. Although these findings are not exactly the same these could be because of the particle size
fractions. This is similar to [14] argued that the greater the particle size fractions of kaolinites the more it adsorbed
oil effectively. Table 3.2 indicates that P-value is 0.008433 (i.e P < 0.05) there is evidence of statistically significant
differences between adsorption of oil by fresh kaolinite white superfine British clay at 5, 15 and 25 g.

3.2. Analysis of Experiment 2

Table 3.3. Oil adsorption experiment with burnt contaminated kaolinite white superfine British clay (n=5).

Amount of kaolinite used (g) 5 15 25

Oil contamination/spillage used per each 50 50 50

Replicate (ml)
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Total volumes of oil used for the five 250 250 250
Replicates
Total volumes of oil adsorption by kaolinite 125 1934 213.90

For the five replicates (ml)

Mean volume of oil adsorption by kaolinite 25.08 38.68 42.78

For the five replicates (ml)

Oil adsorption by kaolinite (%) 50.16 77.36 85.56

Table 3.4. ANOVA single factor for oil adsorption experiment with burnt contaminated Kaolinite white superfine

British clay
SUMMARY
Groups Count Sum Mean Variance
5 5 40 20 50
50.16 5 162.92 81.46 33.62
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 3777.332 1 3777.332 90.34517 0.011 18.513
Within Groups 83.62 2 41.81
Total 3860.952 3
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Fig. 3.2. Oil adsorption experiment with burnt contaminated kaolinite white superfine British Clay
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Table 3.3 shows three separate experiments (5, 15 and 25 g) for burnt contaminated kaolinite white superfine

British clay. Some 5 g of fresh kaolinite sample adsorbed 125 ml from all five replicates with mean oil adsorption
of 25.08 ml and oil adsorption by the sample was 50.16 %. The 15 g sample adsorbed 193.4 ml from the five
replicates with mean oil adsorption of 38.68 ml and oil adsorption by the sample was 77.36 %. But 25 g of sample
adsorbed 213.90 ml from the five replicates with mean oil adsorption of 42.78 ml and oil adsorption by the sample
was 85.56 %.These results revealed that as the amounts (g) of burnt kaolinite sample increases, the percentages of
oil adsorption also increases. Therefore, 5 g of sample has the lowest percentage of oil adsorption; the 15 g has a
higher percentage of oil adsorption than it, while 25 g has the highest percentage of oil adsorption (Fig. 3.2). This
agreed with [15] who argued that 20 g Australian burnt kaolinite has higher percentage of oil adsorption than the

corresponding 10 g.

Moreover the results also suggest that kaolinite can be re-used after burning for oil adsorption, which agrees with
[19] who uses re-used burnt zeolites clinoptilonite after burning for oil adsorption seven times. Burned and used
Na-chabazite mixtures for oil adsorption 10 times. [18]. Table 3.4 indicates that P-value is 0.011 (i.e P < 0.05)
Thus, there is evidence of statistically significant differences between adsorption of oil by burnt contaminated
kaolinite white superfine British clay at 5, 15 and 25.

3.3 X-Ray Fluorescence Analysis

Table 3.5. X-Ray Fluorescence analysis showing composition of fresh and burnt kaolinite white superfine British

clay
Composition ( by weight) Kaolinite white superfine British clay
Fresh Burnt

Al,O; 25.8540 23.4600
SiO, 32.9610 29.8350
SOs 0.0440 0.3750
CaO 0.1210 0.9540
K0 0.8050 0.7610
Fe 0 0.3360 0.3320
Ti 0.0110 0.0130
P,O5 0.3050 0.8550
Cl 0.0631 0.0675
Nb 0.0013 0.0013
Zr 0.0015 0.0019
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Sr 0.0047 0.0058
As 0.0003 0.0003
Ga 0.0058 0.0075
Zn 0.0112 0.4140
Cu 0.0055 0.0076
MgO 0.0502 0.0523
Na,O 0.000 0.02137
Th 0.0005 0.0005
Pb 0.0009 0.0012
Tl 0.0000 0.0000
Rb 0.0058 0.0072
Mn 0.0029 0.0032
Sn 0.000 0.0013
Eu 0.0023 0.0018
Os 0.0000 0.000
Bi 0.0012 0.0014
Y 0.0003 0.0005

The fresh and burnt kaolinite white superfine British clay was rich in SiO,, Al,O; and K,O Table 3.5. The
percentages composition of SiO,, Al,Oz;and KO in fresh kaolinite white superfine British clay was 32.961, 25.850
and 0.8050 % higher than that of burnt kaolinite that had 29.835, 23.460 and 0.761 %. This might be because of
burning of oil contaminated kaolinite changes its chemical composition. Similarly, [14] asserted that kaolinite from
Wak, Adamawa Province (Cameroun) was also rich in SiO, (47.81%), Al,O3; (22.01%) and Fe,O5; (11.65%).
Furthermore, [20] stated that unmodified kaolinite was rich in SiO, (56.290%), Al,Os (36.490%), and K,0O
(0.596%). [13] Argue that kaolinite was also rich in SiO, and Al,O3. From these results, it can be concluded that the
percentage composition of SiO, and Al,O; in each of the Kaolinite samples were the highest. Kaolinite occurs as a
result of weathered silicate rocks [21]. Therefore these oxides might be the major constituents of kaolinites. The
percentage composition of Y, As, Th, Pb and Nb in both kaolinite samples was very low (Table 3.5) But the fresh
kaolinite has Y (0.0003%), As (0.0003%), Th (0.0005%), Pb (0.0009%), and Nb (0.0013%). The burnt
contaminated sample has Y (0.0005%), As (0.0003%), Th (0.0005%), Pb (0.0012%), and Nb (0.0013%)

respectively. Moreover both As, Th and Nb had the same chemical composition in both samples. This implies that

251|Page Online ISSN: 2456-883X Website: www.ajast.net



L2

AST Asian Journal of Applied Science and Technology (AJAST)
exceLience HrRouGHResearcH  (Peer Reviewed Quarterly International Journal) Volume 3, Issue 3, Pages 242-256, July-September 2019

not all the mineral composition in the kaolinite was destroyed as a result of burning, although some was destroyed.

On the other hand, the percentage composition of Sr, Ga, Zn, Cu, MgO, Pb, Rb, Mn, Bi and Y in burnt kaolinite
sample was 0.0058, 0.0075, 0.4140, 0.0076, 0.0523, 0.0012, 0.0072, 0.0032, 0.0014 and 0.0005 % respectively
higher than that of fresh kaolinite sample (0.0047, 0.0058, 0.0112, 0.0055, 0.0502, 0.0009, 0.0058, 0.0029,
0.0012 and 0.0003, respectively)

3.4. X-Ray Diffraction (XRD) analysis
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Fig. 3.3 X-ray diffraction pattern of fresh kaolinite white superfine British clay.
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Fig. 3.4 X-ray diffraction pattern of burnt kaolinite white superfine British clay.
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X-Ray Diffraction spectra of fresh and burnt kaolinite white superfine British clay (Fig. 3.3 and 3.4), show both the

kaolinite samples were positioned at 2° Theta. These figures show that there are differences between the peaks of
the samples which contradict [15] which stated that both fresh and burnt kaolinite have the same peaks. Each of
these samples has its own peak lists. The diffraction results show that first strong peaks symbolizes the d-spacing of
an intercalated layer for the fresh and burnt white superfine British clay, Therefore fresh kaolinite sample has
d-spacing of 17.63712 A°, 17.63712 A®, 13.64758 A°, 13.64758 A°, 10.05070 A°, 10.05070 A°, 7.18949 A’and
7.18949 A°with relative intensity of 3.65, 1.83, 1.34, 0.67, 4.02, 2.01, 100.00 and 50.00% respectively. Burnt
kaolinite has d-spacing of 16.67454 A°, 16.67454 A°, 14.46353 A°, 14.46353 A° 10.19408 A°, 10.19408 A°
10.02793 A° and 10.02793 A° with relative intensity of 1.89, 0.94, 1.88, 0.94, 11.82, 5.91, 4.65 and 2.32%. These
results indicate that fresh kaolinite has higher d- spacing values than burnt kaolinite.

3.5. Fourier Transform Infrared (FTIR) Spectroscopy
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Fig. 3.5. FTIR Spectrum comparative analyses of fresh and burnt kaolinite white superfine British clay.

The FTIR spectrum analysis of fresh kaolinite white superfine British clay (Fig. 3.5) show bands between 3684.25
>-< 3600 cm " which corresponds to Al-O-H stretching, but obtained as 3626 cm ™ by [22], band close to 1110 cm
" is assigned to Si-O normal to the plane stretching which is slightly similar to 1120 cm ™ obtained by [20]. The

bands positioned between 1025 >-< 1000.05 cm ™ is Si-O planar stretching which is similar to 1025 >-< 995 cm ™
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obtained by [22]. Band around 910 cm " is inner surface Al-OH deformation, which differs from that obtained by

[22] as 940 cm ™. 772 cm " band represents Fe?* and Fe** stretching slightly difference from that obtained by [20] as
780 cm ™. The same bands appeared in the burnt kaolinite sample with two additional bands (Fig. 3.5). They are
placed between 283.7 >-< 2937 cm ™ and 1470 >-< 1400 cm ™. These might be as a result of burning that leads to
the appearance of those two peaks. But on comparing these samples (Fig. 3.5), it can be noticed that their peak
positions are not all the same. This might also be as a result of burning adsorbed kaolinite that alters the nature of
chemical bonding in burnt kaolinite. This does not agree with [15] which revealed that the peak positions of fresh

and burnt kaolinites samples are similar.
4.0 CONCLUSIONS

Based on the results obtained, it has been concluded that fresh kaolinite white superfine British clay is effective for
oil adsorption and the burnt contaminated kaolinite white superfine British clay is also effective for oil adsorption.
The fresh kaolinite sample is much more effective for oil adsorption than the burnt kaolinite sample. The results
obtained from each of these samples indicate that 5 g has the lowest percentage of oil adsorption, 15 g has higher
percentage of oil adsorption and 25 g has the highest percentage oil adsorption. These suggest that as the amount of
kaolinite (g) increases, the percentage of oil adsorption by kaolinite also increases. Therefore, kaolinite was very
suitable and effective for oil adsorption and it could be prompted as a good oil adsorbent for remediation of oil
spills. XRF analysis of fresh and burnt kaolinite samples revealed that there are rich in SiO, and Al,Os, even
though the fresh kaolinite sample has high percentages of these oxides than burnt kaolinite samples. Therefore,
these oxides might be the main constituents of kaolinites. Similarly, XRF analysis revealed that the percentage
composition of Y, As, Th, Pb and Nb in both kaolinite samples was very low. XRD results analysis indicates that
the peaks, d-spacings and relative intensities of fresh kaolinite samples are higher than that of burnt kaolinite. The
FTIR analysis revealed that the peaks position of both fresh and burnt kaolinite samples are not the same. But two
additional peaks appeared on the FTIR analysis of burnt kaolinite sample and do not appear for the fresh kaolinites
sample.
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