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Abstract

Pakistan being an agricultural country is raising 146.5 million commercial and domestic poultry
birds which generate around 544,831 tons of waste. This waste finds its final disposal in
agricultural land as soil fertilizer or disposal site amendment. The uncontrolled use of poultry litter
for this purpose results in environmental impacts such as the emission of methane, a greenhouse
gas. However, other options like thermochemical conversion of this waste can offer a better
solution wherein poultry litter can be used as low-cost carbon sources for the synthesis of Carbon
Nanotubes (CNTSs). In this study, efforts have been made to utilize this cheap and plenty of
available carbon source for synthesis of CNTs in the presence of Ni/Mo/MgO as a catalyst, through
pyrolysis. The optimum mole ratio of catalyst (4:0.2:1) was found to yield more carbon product.
Furthermore, process parameters such as temperature, time, polymer & catalyst weight were also
optimized. The best possible process parameters that resulted (pyrolysis time (12 min),
temperature (825°C), and catalyst weight (100 mg) good yield of CNTs . The structure and
morphology of produced nanotubes were confirmed through X-ray Diffractometer (X-RD) &
Scanning Electron Microscopy (SEM). The environmental application of the nanotubes was tested
in synthetic chromium solution in the lab using a batch experiment. Different experimental
conditions (pH, adsorbent dosage and contact time) were optimized to enhance the adsorption of
Cr (V1) by carbon nanotubes and UV-Visible spectrophotometer was used at 540nm to measure
the absorbance of Cr (VI). Results show that up to 81.83% of Cr (V1) removal was achieved by
using 8 mg of CNTs at pH 3 with 400 rpm at 180 min of contact time. Thus, it was concluded that
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poultry litter can be a useful source for the synthesis of CNTs and thereby removal of Cr (V1) from

industrial tanneries wastewater.
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1. Introduction

In Pakistan, the poultry sector is one of the vibrant segments of the livestock division. According
to 2016-17 statistics, the production of domestic poultry was 85.86 million and commercial poultry
was 60.6 million in numbers [1]. Poultry has attained an incredible status in the rural economy and
is the second largest industry and mean of livelihood for millions in Pakistan [2]. Asia is the top
regional exporter of prepared chicken products, delivering more than 800,000 tons in 2014, while
Europe is the main buyer, purchasing more than one million tons in that year [3]. Litter is the
organic waste from poultry, mainly consists of feces and urine of chickens. The mixture of poultry
manure with spilled feed, feathers, and bedding materials like wood shavings or sawdust are
mentioned as poultry litter. The composition and quality of a poultry litter vary with the types of
poultry, diet, dietary supplements, storage of litter, and management practices of the poultry farm
[4]. The measured data available in the literature regarding the quantity of poultry litter produced
per bird in a 42-day production cycle is quietly fluctuating, ranging from 1.5 to 5.7 kg of litter/bird
[5]. The average poultry litter production is 3.72 kg/bird. Commonly poultry litter is used in more
than one production cycle for chickens. And this helps to reduce the volume of generating beds
[3]. The amount of poultry litter generated in a broiler unit depends on the litter (bedding material)

management, feed intake, and digestibility [6].

Poultry litter is a rich fertilizer having a wide variety of nutrients important for plant growth has
been practically used as organic fertilizer for centuries [7]. Major nutrients specifically N, P, and
K while traces nutrients like Cu, Zn, etc. are present in poultry litter [8]. Poultry litter has been
also used as a mulching material, it conserves soil moisture and saves the surface feeding roots
from drying out in the summer heat [9]. It is also used as a low-cost renewable source for producing

activated carbon by burning the litter to at least 700°C resulting in the formation of a lattice-like
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carbon particle structure. Activated carbon is used for the adsorption of contaminants in
wastewater [10,11], along with this several physico chemical and hydroponic techniques have been

reported for metals removal [12-14].

Transition metals reinforced on silica, mesoporous silica, calcium carbonate, zeolites or
magnesium oxide is used as catalysts for the growth of CNTs [15]. A large number of catalysts
have been studied by improving and changing the structure and properties of CNTs to increase
their yield. Various catalysts i.e., Ni, Co, Mo, and Fe have been used for the growth of CNTs.
Supported metal catalysts have been formed by using the impregnation method. Keeping in view
all parameters related to the chemistry of metal is important while performing the impregnation
method for manufacturing of supported metal catalyst [16].

Nanomaterials are progressively used for diverse modern technologies and CNTs are among the
most prominent. CNTs are made of graphene sheets of hexagonal structure rolled up into a
nanoscale tube. They vary in their lengths up to a million times as compared to their diameter,

which down up to is 0.4 nm [17]

CNTs synthesis and its utilization have been studied across the world in the last few years with
extraordinary attention. Nowadays, CNTs and their use in different areas have been discussed
widely in scientific circles. CNTs have exceptional properties in terms of physical, electrical and
mechanical aspects and thus encouraged for new technologies. Other factors that make it different
from other materials are its density (nearly half the density of aluminum) crisp stiffness and big
surface area [18].

The hydrocarbon sources used for the growth of CNTs include mainly ethylene, methane, and
acetylene. While liquid hydrocarbons like benzene, xylene, cyclohexane, and alcohol are also
being used as CNTs precursors. Carbon nanotubes can also be generated from solid biomass waste

like rice straw [19] and propylene bottles [20].

Studies on the direct growth of Multi-Wall Carbon Nanotubes (MWCNTS) using, in-situ
methods of synthesis have been reported, in which carbon containing species were passed over a
transition metal alloy that acts as a catalyst. The synthesis of the catalyst, however, be very
tedious, lengthy, and un-economical which may increase the cost of the MWCNTS. In recent

years, magnetic separation techniques have gradually become the focus of scientist's concern
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[21]. It has been applied in many research fields, including medicine, analytical chemistry, cell
biology, and environmental engineering. The synthesized magnetic CNTs can be well dispersed
in water and easily removed from the medium with the help of a magnet[22]. Removal of
inorganic, heavy metals and organic contaminants using biochar[23] and magnetic CNTs [24] as

an adsorbent has been reported.

In this work, there were two objectives of this study first to use poultry litter as a carbon source
for the production of CNTs over Ni/Mo/MgO catalyst. Response Surface Methodology (RSM)
was used to optimize the parameters (like temperature, time, and weight of the catalyst) both for
catalyst preparation and growth of CNTs. The second objective of the study was to examine the
adsorption behavior of CNTs for the Cr (V1) adsorption. Effect of parameters, such as system pH,
adsorbent dosage, and adsorbent contact time were investigated. Effect of pH on removal of Cr
(V1) and Pb (1) & Cd (Il) was studied comparatively.

2. Materials and method

Commercial poultry units in Islamabad, Pakistan were reached for the collection of poultry litter.
Fresh litter was collected since the bird's flock was just removed from the poultry farms. Litter
was then transported to the Institute of Environmental Sciences and Engineering (IESE). The
bedding material was constituted of sawdust, no medicine was given to the birds during the growth
phase. The initial poultry litter sample of 3kg was kept in closed bags. For the synthesis of catalyst,
Nickel Nitrate hexahydrate (Ni(NOs)2:6H20), Ammonium Molybdate tetrahydrate
(NH4)6sM07024-4H,0), Magnesium nitrate hexahydrate (Mg(NO3)2.6H20), Citric acid,
Hydrochloric Acid (HCI), Sodium Hydroxide (NaOH) & Ethanol were purchased from Sigma
Aldrich. All chemicals were of analytical grade and used as received. In all the experimental run

distilled water was used.

2.1  Synthesis of Catalyst

The wet impregnation method was used for the synthesis of catalysts. The solution of 116.28g of
Ni (NOs3) 2:6H20, 24.71g of (NH4) sM07024-4H20 and 25.64g of Mg (NOs)2 6H20 was taken in
200ml distilled water and stirred for 1hour on a magnetic hot plate. The mixture was heated to
90°C up to lhour after the addition of two grams of anhydrous citric acid. The resultant mixture

was left on a hot plate for evaporation. The viscous slurry was found which was oven-dried at
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120°C for 12 hr. The material was ground in fine powder form and calcination in the furnace of
tube-like structure at 600°C for 2 h (10° rise/min) [25].

2.2 Synthesis of CNTs

The raw material used for the synthesis of CNTs was poultry litter. Litter was dried in the oven
at 120°C for 3 hrs., and ground. 4g of poultry litter was then mixed manually with 2-8mg of
catalyst, the mixture was placed in a porcelain boat (volume 80 ml) and then combusted in an
electrically heated tube furnace at 700-950°C in a continuous flow of helium gas to provide an
inert atmosphere. The porcelain boats were removed after 12 minutes from the tube furnace.
During the decomposition of organic compounds, carbon molecules are deposited on the nickel
catalysts placed on magnesium oxide as supporting material. In reported literature, the synthesis
is carried out within the temperature range of 750-850°C [26].

Following equation (Eqg-1) was used to calculate the yield of CNTSs.

ml—m?2
mil

yield = *100 1)

Where mi= weight of the as-prepared product and m>= weight of the catalyst

2.3  Process parameter optimization with Response Surface Methodology

Response Surface Methodology (RSM) with box—behnken design was used to maximize the yield
of CNTs by optimization of process parameters. In contrast to conventional methods, the
interaction between processes variables were determined by statistical technique the response
surface methodology. A 2-level half factorial design with three central points was preferred for the
optimization of CNTs production. The optimized parameters were (a) Reaction Time (b) Reaction
Temperature and (c) Catalyst concentration. Fifteen experimental runs for the synthesis of CNTs
sample are determined by the statistical software. The response for each run based on the yield

was further statistically analyzed to find out the optimum reaction conditions [27]

24 Purification of CNTs
Impurities like residual catalyst and amorphous carbon are necessary to remove from CNTSs. This
requires chemical and thermal treatment. Catalyst particles were removed by an ultra-sonication

process in which 37% concentrated hydrochloric acid was used and stirred for 2 hr. on a
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magnetic hot plate. The resultant mixture was filtered by vacuum after dilution with deionized
water. Distilled water is used to neutralize the pH of the solid carbon product. Oxidation of
CNTs done in a tube furnace at a temperature of 400-C for a duration of 2 hr., following the
method explained by Vivekchand et al. [28].

2.5 Functionalization of CNT

A solution of 200 ml of 6.0M HNOs (70 %) was prepared and 0.7g MWCNT was spread in this
solution by dispersion method. An ultrasound bath was used for 20 min to maintain the dispersion
process. The magnetic stirring of dispersion was done for 12 hr. The period under nitric acid reflux
under different temperatures ranges 50, 70, 90 and 110°C. The dispersion was cooled down at
room temperature after removing it from the hot plate after 12 hours of treatment. Centrifugation
of dispersion was done at 4000 rpm for 10 min. This process separates the supernatant from the
mixture by sediment solid residues. The supernatant was filtered under vacuum by using 0.2 um
acetate membrane filter. Distilled water was used to wash the solid residue to remove extra nitric
acid from the sample. This washing process continued until the pH of the filtrate became neutral.
Finally, MWCNTSs were dried for further analysis [29].

2.6 Adsorption of Cr (VI)

The Cr (V1) stock solution of 1000 mg L™ was prepared by dissolving 0.2829 g of potassium
dichromate (K2Cr207) in 100 mL distilled water. Several solutions with different concentrations
of Cr (VI) were prepared by dilution of the stock solution with distilled water. Adsorption studies
were carried out by mixing 2, 4, 6 and 8 mg of MWCNTSs with 50 mL Cr (V1) solutions of 100ppm
in a 100 mL volumetric flask. The solutions were agitated at 500 rpm over different contact time
(30, 60, 90, 120, 150, 180 and 210 min). The pH values of Cr (V1) solutions were adjusted to 2.0
— 7.0 by using 1.0M HCI and 1.0M NaOH solution [30].

The effect of adsorbent dosage was determined and pH value of 3 and the initial Cr (VI)
concentrations in the solutions were used. An acetate membrane filter of 0.2 um thickness was
selected to separate the aqueous phase. UV-Visible spectrophotometer was run to find out the

concentration of Cr (V1) in the filtrate solution.

Following equation (Eg-2) was used to find out the adsorption efficiency (E).
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E =% %100 ()

Co

Where Co is the initial concentrations and Ce is the initial equilibrium of Cr (V1) respectively.

2.7 Characterizations

2.7.1 X-ray Diffraction

To obtain X-Ray diffraction patterns of the catalyst X-Ray diffractometer (Theta/Theta STOE Jeol
Germany) was used. Samples were prepared by pressing the powders between two glass slides into
a flattened sheet. Radiation source CuK was used for taking X-ray patterns and 40 kV and 40 mA

was supplied to the X-ray generator. The patterns were recorded at 20 from 20° to 70°.

2.7.2 Scanning Electron Microscopy (SEM)

SEM (Jeol JSM-6490A, Japan Analytical scanning electron microscope) was used to study the
surface morphologies of the samples. Samples were coated with a thin layer of conducting material
(gold) and were imaged at x20,000, x35,000, and 75,000 magnifications, the accelerating voltage
was 10-15 kV. A focused, high beam of electrons was interacted with the surface of the sample
and generated secondary electron, backscattered electron, and characteristic X-rays signals. These
signals were perceived by the detector and images were displayed on the cathode ray tube screen
[31].

2.7.3 Transmission Electron Microscopy (TEM)

The sample was characterized using a Jeol JEM-100cx transmission electron microscope with an
accelerating voltage of 20 kV. The prepared sample was first sonicated in ethanol for 5 min at
room temperature and then a drop of dispersion was deposited on a Cu/Rh grid covered with a
vinyl polymer (formvar), and the grid was dried overnight under vacuum [32].

2.7.4 Raman Spectroscopy
Raman spectroscopy of the synthesized CNTs was performed using Raman Spectrophotometer

uRaman-532 TEC- Ci Technospex in ambient conditions. The spectrum was recorded using an

incident laser having an excitation wavelength of 532 nm and samples were exposed for 60 s.
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3. Results and Discussion

3.1 Initial analysis of poultry litter

3.1.1 Moisture content

moisture content (w /w9%) of the poultry litter (PL) was determined as the weight loss of about 78.54g of
sample after drying in oven at 105°C for 8 h. Total moisture content of raw material was found 60.73% as

shown in table.1.

Table. 1. Moisture content of poultry litter.

Sr. Weight of PL before | Weight of PL after | Moisture content
No drying (W2) drying (W1)
(%)
(gm) (gm)

1. | 200 89.64 55.18

2. | 200 42.28 78.86

3. 1200 103.7 48.5

m=22" WL 00 1
Average of the above dry weight =78.54. Putting this valve in above eq.1
M= 222222 % 100 = 60.73% )

3.1.2 Elemental analysis

Spectroscopic method (section 3.7.3) was used to determine elemental concentrations in poultry
litter as shown in figure 1. Analysis of the composition of poultry litter is shown in table 2.
Concentrations of C, N, P, O, CI, Na, Ca, Mg, S and Si were found in PL sample without bedding

material (not mixed with bedding material).
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Table. 2. Elemental analysis of poultry litter.

Elements | C N @) Na Mg Si S Cl K Ca

Conc. 65.17 | 1.55 |18.77 | 0.70 | 0.50 0.04 (008 |0.72 |1.71 |0.98

Spectrum S

0 2 & 6 8 10 12 14 16 18 20
Full Scale 487 cts Cursor: 0.000 ke

Figure 1. EDS of poultry litter through SEM.

3.2  Optimization of mole ratio of catalyst precursors

To study the effect of Ni/Mo mole ratio on the carbon yield, Response Surface Methodology
(RSM) was adopted. The effects of each variable (Ni/Mo/MgO mole ratio) on the dependent
variable (carbon yield) were subjected to regression analysis. Multiple linear regression was used
to explain the association between one continuous dependent variable (Carbon yield %) and three
independent variables (concentration of Ni, Mo, and MgO). To verify the effect of a catalyst on
the carbon yield, various concentrations of Ni, Mo and MgO were studied as shown in Table. 3.

For optimization of a process parameter, 15 experimental runs were carried out.

Table 3. Optimization of Ni/Mo/MgO concentrations in the catalyst.
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Run | A: Nickel B: Molybdenum | C: Magnesium oxide | Carbon yield

(Mol) (Mol) (Mol) (%)
1. 2.00 0.20 2.00 24
2. 2.00 0.60 2.00 21
3. 2.00 0.40 3.00 24
4, 2.00 0.40 1.00 25
5. 4.00 0.40 2.00 39
6. 4.00 0.60 1.00 40
7. 4.00 0.20 3.00 43
8. 4.00 0.40 2.00 38
9. 4.00 0.40 2.00 38
10. 4.00 0.60 3.00 35
11. 4.00 0.20 1.00 44
12. 6.00 0.20 2.00 37
13. 6.00 0.60 2.00 32
14. 6.00 0.60 3.00 32
15. 6.00 0.40 1.00 39

Table 4 explains the response of carbon yield as a function of Ni/Mo mole ratio as a result of
analysis of variance (ANOVA). It was observed that the suitable model to study the response of
carbon yield was the quadratic model. From the F-value, P-value, and correlation coefficient (R?)
of the model, the adequacy of the model was confirmed. The smaller the value of P indicates that
the coefficient is very important. In this model F-value of 117.97 and P < 0.0001 confirms that the
model was significant. The R? value of 0.9953 indicates the fitness of the quadratic model [27,33].

Table 4. ANOVA for Box—Behnken design for carbon yield as a function of different mole ratios

of catalyst precursors.

Source Sum of Squares | df | Mean Square | F- p-value
value
Model 763.34 9 |84.82 117.97 | <0.0001 | significant
A-Ni 277.32 1 |277.32 385.72 | <0.0001
B-Mo 49.16 1 |49.16 68.38 0.0004
C-Mg 11.93 1 (11.93 16.59 0.0096
AB 0.6131 1 |0.6131 0.8528 | 0.3981
AC 1.08 1 |1.08 1.51 0.2743
BC 3.30 1 1330 4.59 0.0851
A2 335.36 1 |335.36 466.45 | <0.0001
B2 0.0000 1 | 0.0000 0.0000 | 0.9959

10
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C? 18.96 1 |18.96 26.37 0.0037

Residual | 3.59 5 10.7189

Lack of Fit | 2.93 3 |0.9760 2.93 0.2649 | not significant
Pure Error | 0.6667 2 |0.3333

Cor Total | 766.93 14

R? = 0.9953; Adjusted R? = 0.9869; Predicted R? = 0.9287

Carbon Yield = -3.60000+23.45066Ni +0.328947Mo -7.59868 Mg -0.947368Ni * Mo -0.288158Ni *
Mg -4.39474 Mo * Mg -2.42368 Ni2 +0.065789 Mo? +2.30526 MQ? (3)

The equation (3) in terms of actual factors was used to make predictions about the response for
given levels of each factor as shown in figure 2. The three-dimensional response of the catalytic
activity of Ni, Mo and MgO over the carbon yield are shown in figure 3.

45

40

35

Predicted

30

25 |

20

Actual

Figure 2. Correlation between experimental and predicted yield of carbon product derived
from RSM model.
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Carbon Yield (%)

B: Mo (Mol) X N A: Ni (Mol)
02 2

Figure 3. Three-dimensional response plot showing catalytic activity of Ni, Mo and MgO
over the carbon yield.

3.3  Statistical analysis and modeling for CNTs growth

The preliminary detection of levels of the process parameters is necessary to carry out. Therefore,
optimization was done using trial experiments. To optimize the process parameters, a full factorial
design method and several runs were required. In this study, we have performed various initial
trial runs based on the summary of results reported by [34]. In all experimental runs, it was
observed that less than 12 min of pyrolysis time leads to partial combustion of poultry waste while
greater than 20 min leads to the rapid oxidation of CNTs as shown in table.5. CNTs growth was
not seen at less than 700°C and rapid combustion of raw material and oxidation of CNTs was
observed at above 900°C. The highest and lowest values for weight of poultry waste and catalyst

are selected based on the volume of porcelain boat used in our experiments.
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Table 5. Optimization of process parameters for CNTs growth.

Run A: Temperature B: Time C: Catalyst weight D: Carbon yield
Q) (min) (mg) (%)
1. 700.00 12.50 80.00 13.24
2. 700.00 12.50 120.00 13.85
3. 700.00 5.00 100.00 14.12
4. 700.00 20.00 100.00 15.51
5. 825.00 20.00 80.00 30.37
6. 825.00 5.00 80.00 30.86
7. 825.00 20.00 120.00 31.02
8, 825.00 5.00 120.00 32.1
9, 825.00 12.50 100.00 44.04
10. 825.00 12.50 100.00 44.38
11. 825.00 12.50 100.00 44.41
12. 950.00 20.00 100.00 16.7
13. 950.00 12.50 80.00 16.72
14. 950.00 12.50 120.00 17.12
15. 950.00 5.00 100.00 18.32

To optimize the response when it is influenced by different parameters, response surface
methodology (RSM) was used. The RSM three levels and three variable experimental designs of
Box—Behnken were adopted, and 15 experimental runs were carried out to study the effect of the
different variables on the carbon yield. Correlation between experimental and predicted yield of
carbon product over different variables are shown in figure 4. Reaction temperature (700-950°C),
poultry litter weight (2-4g), catalyst weight (80-120 mg), and reaction time (5-20 min) were
chosen for the optimization in terms of maximum vyield of the carbon product. The optimized
values for the synthesis of catalyst (Ni/Mo/MgO) with moles of Ni, Mo, and MgO for growth of
CNTs were 4: 0.2:1. Three-dimensional response showing the effect of variables over the carbon
yield are shown in figure 5. The effects of different process parameters as an independent variable
on the carbon yield are shown in table.6 are subjected to regression analysis and the eg-4 in terms
of the actual factors is obtained.

Carbon Yield=-1129.58015+2.34585 Temperature +3.45479 Time +3.57753 Catalyst Weight

-0.000803 Temperature * Time -0.000021Temprature * Catalyst Weight -0.000983
Time * Catalyst Weight -0.001407 Temprature? -0.108970 Time2-0.017649
Catalyst Weight? (eq. 4)

13
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The equation in terms of actual factors can be used to make predictions about the response for
given levels of each factor. Based on the model fitting test and regression analysis an appropriate

model was selected to sort out all possible interactions of selected factors with a response function.

Y = ao Y} aixi + Y}, aiix2i + Y} aijxixj (5)

Where Y = Response
ao = Constant coefficient

ai, aii, and ajj = are the coefficients predicted by regression for linear, quadratic, and cross-product

effects of Xy, Xz, and Xs respectively.

In this study the variables X1, X2 and Xz are assigned for reaction temperature [A], reaction time

[B], catalyst weight [C] and reaction time [35].

Table 6. ANOVA of Box-Behnken design for carbon yield as a function of different process

parameters.

Source Sum of Df Mean Square | F-value p-value
Squares

Model 1975.25 9 219.47 1722.93 < 0.0001 | significant
A-Temperature 18.42 1 18.42 144.62 <0.0001
B-Time 0.4050 1 0.4050 3.18 0.1347
C-Catalyst 1.05 1 1.05 8.25 0.0349
Weight
AB 2.27 1 2.27 17.78 0.0084
AC 0.0110 1 0.0110 0.0865 0.7804
BC 0.0870 1 0.0870 0.6832 0.4461
A2 1784.57 1 1784.57 14009.47 < 0.0001
B2 138.73 1 138.73 1089.05 < 0.0001
C? 184.02 1 184.02 144459 <0.0001
Residual 0.6369 5 0.1274

14
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Lack of Fit 0.5524 3 0.1841 4.36 0.1922 | not
significant

Pure Error 0.0845 2 0.0422

Cor Total 1975.89 14

R? =0.9997; Adjusted R?= 0.9991; Predicted R? = 0.9954; Adeq. Precision = 106.2977

= | =
-'J-
E
E Al -y
A
pLi
I 1 1 L| L
L] = -1} Al =1

Figure 4. Correlation between experimental and predicted yield of carbon product over different

variables derived from RSM model.
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Figure 5. Three-dimensional response plot showing the effect of variables over the carbon yield.

3.4  Effect of temperature on growth of CNTs

To investigate the effect of temperature on the carbon yield a three-dimensional response surface
curve figure. 6 was used. Curves were obtained to assess the effect of independent variables and
their interactive effect on the carbon yield. The carbon yield was found maximum with the catalyst
load of 100mg at around 800-900°C. However, at high temperatures from 850 to 900°C, vapors of

hydrocarbon pass out of the crucible quickly, which causes a reduction in the hydrocarbon source
for CNT growth.
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Figure 6. Effect of optimized temperature on carbon yield.

3.5  Effect of reaction time on CNTs growth

The effect of reaction time on the CNTSs yield is shown in figure 7. In all experiments, the poultry
waste weight (4g) was kept constant. It was observed that CNTs yield was continuously decreased
as the reaction time within the tube furnace was increased. It was also observed that only for 10-
12 min the hydrocarbon vapors remain in contact with catalyst particles and then the carbon-rich
vapors start passing out from the porcelain boat. When the samples were exposed to a higher
temperature for a longer time it resulted from the oxidation of hydrocarbons which was the major

cause reduction in CNTs yield [36].
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Figure 7. Effect of optimized contact time on carbon yield.

3.6  Characterization of Catalyst
3.6.1 X-ray diffraction (XRD)

The XRD pattern of Ni/Mo/MgO (4: 0.2 :1) catalyst is shown in figure. 8. In these patterns, the
intense peaks at 37.30° and 43.28 correspond to Mg and MoNi respectively. It was confirmed that

Ni and Mo particles are well supported over MgO matrix and sintering was not observed due to
the presence of sharp peaks [37].
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Figure 8. XRD of the optimized molar ratio of Ni/Mo/Mg (4:0.2:1) catalyst.

3.6.2 Morphological analysis of catalyst

Scanning Electron Microscopy (SEM) was used to examine the surface morphologies of various
samples. The morphology of Ni/Mo/MgO catalyst at X100, 000/- magnification is shown in figure
9, at this magnification the particle size is 18 nm. A Uniform catalyst layer with a good distribution
of Ni, Mo, and MgO (4:0.2:1) particles were observed from catalyst morphology. The metal
particles were appeared in individual crystals as well as in segregated form. Due to the dark and
spherical shape of both Ni and Mo It was difficult to differentiate the Ni and Mo particles as shown
in figure 9. Ni and Mo particles are well incorporated in the Mg matrix as shown from the
microstructure of the Ni/Mo/MgO. Various Mg—Mo and Ni—Mo phases for Ni/Mo/MgO catalyst

were shown by the XRD report therefore these results are in agreement with XRD.
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Figure 9. SEM of the catalyst with the ratio of Nis M0o.1MgO1.

3.7  Characterization of CNTs
XRD, SEM and HRTEM techniques were used to study the highest and lowest effects over the
CNTs yield with the different mole ratio of Ni/Mo/MgO catalyst.

3.7.1 X-ray diffraction (XRD)

The XRD patterns of synthesized CNTs over 0.1g of Ni/Mo/MgO catalyst at 825°C, combustion
time of 12 min, and 4g of poultry litter is shown in figure 10. The well-resolved graphite (0 0 2)
peak at 20 = 26.62° was observed which indicates the growth of CNTs. During the synthesis of
CNTs, the diffusion of carbon into Mo and Ni nanoparticles occurs and Mo gets converted to a
Mo carbide phase (MoC and Mo.C) [34]. Carbon nanotube bundles are formed due to the
precipitation of carbon atoms that takes place on Ni—Mo crystal plane. Precipitation of carbon
atoms on the surface of the catalyst takes place when more carbon atoms diffuse on Ni and Mo
nanoparticles. The XRD pattern for the purified CNT (figure. 10), shows a sharp peak (0 0 2) with
high intensity which indicates the absence of amorphous carbon [38]. The peak at 20 = 44.60¢ is
due to the presence of Ni particles in the CNT product. The intensity of this peak was decreased
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after purification of CNTSs. In the purification step, the partial removals of the catalyst particles

through acid treatment was confirmed [39].
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Figure 10. XRD of Synthesized CNTs.

3.7.2 Raman Spectroscopy

Raman spectra results showed two characteristic bands at 1340 + 5 cm—1 and 1580 + 5 cm—1 as
shown in figure 11. The band at 1340 cm—1 is denoted as D (disorder) mode, which corresponds
to the local structural impurities, disorder and defects. The band at 1580 cm—1 is attributed to G
(graphite) mode, which corresponds to the degree of graphitization of MWCNTSs [40]. A slight
shifting of D and G mode for the samples was observed and the peak intensity ratio was found to
be 0.85. This lower peak intensity ratio for the purified CNTs was due to the fact of distortion of

the graphene layer, which occurs during concentrated HCI treatment.
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Figure 11. Raman spectra of CNTs synthesize at 825°C with 12 min combustion time over

Ni4Mo00.2MgOL1 catalyst.

3.7.3 Morphological Analysis of CNTs

Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) micrographs
of synthesized CNTs over Ni/Mo/Mg (4:0.2:1) catalyst is shown in figure 12. It was very difficult
to determine the % removal impurity from the SEM image of the purified CNT as it looks like to
that of unpurified CNTs. Longer CNTs were produced when the catalyst at the tip of CNTs
provides maximum exposure for hydrocarbon [41]. The size of synthesized CNTs at x 75,000

magnifications was 26nm.

A high-resolution transmission electron microscope (HRTEM) was used to characterize the
structure and size of nanomaterials. Figure. 13 shows the CNTs obtained at the growth time of 12
min, using the catalyst Ni4M00.2MgO1 which is covered by many graphitized layers. These are
(@) 200nm MWCNTs with well-aligned graphene walls (b) 100 nm show distorted graphene walls
and (c) 50 nm MWCNTSs. Thus, the purity and graphitization of CNTs were enhanced during
growth time. The TEM images of purified MWCNTSs in which the long intertwined CNTs were
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found not much very clean but almost impurities had been removed. Despite purification with acid
treatment, the produced CNTs contained minute impurities such as amorphous carbon, fullerenes,
and catalyst particles which can be seen as a black spot in the TEM image as shown in figure 13.
Thus, the purification for MWCNTSs was not much effective in this study, which is a serious issue
for CNTs to be directly used as a functional filler in composite materials. TEM observations shows

that the most probable diameters of nanotubes are around about 50 nm.

16 30 SEI

20kV  X75,000 0.2um 2018 17 25 SEI

Figure 12. Scanning electron micrographs of synthesized CNTs at different magnifications.
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Figure 13. HRTEM images of purified CNTs (a) 0.2um, (b) 100 nm and (c) 50 nm
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3.8 Adsorption of Cr (VI)

Synthesized CNTs were used to remove chromium from synthetic wastewater. 81.83% of Cr (V1)
removal was achieved by using MWCNT at pH 3, 400 rpm, and 2.8 hrs. for a dosage of 2-8mg of
CNTs. While 78.8% removal of Cr (V1) from wastewater by using MWCNTSs has been reported
[42]. The outcomes of these studies confirmed that CNTs are an excellent adsorbent for the

removal of heavy metal from agqueous solutions.

3.8.1 Effect of pH

For controlling the Cr (VI) adsorption process, system pH was observed as one of the key
parameters in this study. The maximum removal efficiency of Cr (V1) was found higher at low pH
as shown in figure 14. The optimum pH was observed at pH 3.0 and remaining experiments were
done at this pH. As pH increases, the surface of CNTs becomes more negatively charged. This fact
causes repulsion between Cr (V1) and CNTSs therefore, the removal efficiency decreases with an
increase in pH [43]. Different results were obtained with varying pH values and it was confirmed
that removal of Cr (VI) by MWCNTSs was highly dependent on the pH value of the solution. It was
observed that as the pH values increases from 2.0 to 7.0 the adsorption capacity decreases. This
observable fact is explained here due to the presence of different forms of Cr (V1) in the aqueous
phase. The dominant forms of Cr (V1) were Cr,072 and HCrO4? ions in the pH range of 2 - 7. The
surface of MWCNTSs became positively charged at low pH values due to protonation effect and
thus Cr (V1) adsorption was enhanced due to electrostatic forces between the MWCNTSs and the
negatively charged Cr,07 2 and HCrO4 2 ions [44]. While CrO4™ 2ions prevailed in the solution at
higher pH values the MWCNTS surface protonation decreases and the adsorption efficiency is thus
decreased [45].
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Figure 14. Effects of pH on removal of Cr (VI).
3.8.2 Effect of adsorbent dosage on chromium removal.
As the adsorbent dosage was increased from 2 to 8 mg, keeping all the other parameters constant,
the removal of Cr (V1) was observed increasing as shown in figure 15. Highest removal rate was
observed at low concentrations of the adsorbent. This is due to the fact that the number of active
sites is higher at lower adsorbent concentrations. However, it decreases as the aggregation of
particles take place at higher concentration of the adsorbent dosage [46].
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Figure 15. Effects of adsorbent dosage on removal of Cr (VI).

3.8.3 Effect of adsorption contact time.

The removal efficiency of Cr (V1) was increased to 81% as the time of adsorption was studied
from 30 to 200 minutes at pH 3 and adsorbent (MWCNTS) dose of 8 mg. The maximum removal
was noted at 180 minutes of adsorption time as shown in figure 16 The surface coverage of the

adsorbent was higher as time progresses and furthers no adsorption takes place [30].
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Figure 16. Effect of contact time on the adsorption process.
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4 Conclusions

Poultry litter was used as a hydrocarbon source for CNTs production. Response Surface
Methodology (RSM) was adopted to optimize Ni/Mo/MgO mole ratio. Among them, the Ni metal
was found with the highest proportion as compared to Mo and MgO. Poultry waste as a
hydrocarbon source was combusted in the presence of Ni/Mo/MgO catalyst in an electrically
heated tube furnace for the growth of CNTs. A high yield of CNTs was obtained using an
optimized molar ratio (Ni/Mo/MgO (4:0.2:1) of catalytic precursors at 825°C, 4g poultry litter
weight, 100 mg catalyst weight with 12 min of combustion time.

The synthesized CNTs were used in wastewater treatment for the removal of Cr (VI) because
MWCNTSs exhibited excellent adsorption properties. Adsorption efficiency by MWCNTSs was
increased with high adsorbent dosage, but the equilibrium adsorption capacity decreased
considerably. As the pH value was increased the adsorption capacity was found to decrease.
Maximum adsorption of Cr (VI) from synthetic wastewater by synthesized MWCNTSs was noted
82.0%.
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Figure captions

Figure 1. EDS of poultry litter through SEM.

Figure 2. Correlation between experimental and predicted yield of carbon product derived from
RSM model.

Figure 3. Three-dimensional response plot showing catalytic activity of Ni, Mo and MgO over

the carbon yield.

Figure 4. Correlation between experimental and predicted yield of carbon product over different

variables derived from RSM model.

Figure 5. Three-dimensional response plot showing the effect of variables over the carbon yield.
Figure 6. Effect of optimized temperature on carbon yield.

Figure 7. Effect of optimized contact time on carbon yield.

Figure 8. XRD of the optimized molar ratio of Ni/Mo/Mg (4:0.2:1) catalyst.

Figure 9. SEM of the catalyst with the ratio of Nis M0o.1MgO1.

Figure 10. XRD of Synthesized CNTSs.

Figure 11. Raman spectra of CNTs synthesize at 825°C with 12 min combustion time over

Ni4M00.2MgO1 catalyst.
Figure 12. Scanning electron micrographs of synthesized CNTs at different magnifications.
Figure 13. HRTEM images of purified CNTSs.

Figure 14. Effects of pH on removal of Cr (VI).

Figure 15. Effects of adsorbent dosage on removal of Cr (V1).
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Figure 16. Effect of contact time on the adsorption process.
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