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ABSTRACT

Contemporary studies on exploration of waste to eco-friendly approach of biodiesel catalysis have attracted
much attention. This study produce a heterogeneous catalysts with high activity from Carbide slag and waste
Aluminum foil digested in Conc. HCl@q) calcined at high temperatures. The produced catalyst applied in In-
situ transesterification with castor bean seed possess enormous potential towards developing an economical
and ecological sound biodiesel generation. The catalyst was characterized using FT-IR, SEM and X-ray
diffraction (XRD), methods. Optimization of the reaction variables was carried out using respond Surface
Methodology (RSM) Box-Behnken experimental designs. The empirical model obtained expresses the
relationship between the biodiesel and the statistical significant reaction variables (R? = 90.15%).The
conversion of 97.68% was achieved under the optimum reaction conditions of 1.5g. wt of CS-AIClI3 (ag), (1:9)
of seed to methanol ratio, lhrs of reaction time and 40°C of temperature. The biodiesel produced were
characterized using FTIR and GC-MS. The study is an earliest effort to generate low-cost, eco-friendly,
effective and reusable catalyst from waste aluminium foil and carbide slag for biodiesel production.

Keywords: Ricinus Communis, Biodiesel, In-situ transesterification, optimization, Box-Behnken

INTRODUCTION

Consistent hike in universal energy usage, the biomass-to-fuel
processes are increasingly becoming important areas to the
energy industry and policy makers throughout the world.
Biodiesel production is taking steps in restoring the heavy
dependence over fossil fuels. Owing to its various advantages,
the global consumption of biodiesel had expand from 0.25
billion gallons in 2006 to 2.0 billion gallons in 2018, and the
trend of biodiesel expsnsion has also been projected to be
linear in the future years (Galadima and Muraza, 2020).
Meanwhile the In-situ transesterification is one of the
attractive and cost effective methods for
producing biodiesel with the elimination of pre-separation
steps. In-situ transesterification (ISTE) method reduces the
production cost of biodiesel and produced greater yield than
the conventional method (Samuel et al., 2012). The recent
interest in biodiesel indicated a shift to industrial wastes as
another approach for escalating greener industrial process and
eco-scientific efficiencies. Ricinus communis (castor bean) is
a high prospective feedstock, which could supply up to 60%
of the non-edible oil needed to produce biodiesel. The main
fatty acid in castor oil is ricinoleic acid (C1sHz403), with
approximately 85-90% of total fatty acid content. It gives
characteristics such as high viscosity, high miscibility, low
iodine content, low freezing point, which make it an
appropriate raw material to produce biodiesel (Bauddh et al.,
2015: Mckeon, 2016). In this perspective, this study focuses
on the synthesis of biodiesel via In-situ transesterification
utilizing wastes foil and carbide slag as an economical and
greener catalyst in transesterification of non-edible seed oil
into biodiesel which can serve as potential future prospects
for competitive biodiesel.

MATERIALS AND METHODS

Sample Collection and Preparation

Ricinus communis (Castor bean) were cultivated in Dabagi
farm, 33kilometer along Sokoto-Gusau road, North-western

Nigeria. The seeds were decorticated and stored at room
temperature for one week and subsequently dried in the oven
at 105°C to remove the remaining moisture until a constant
weight was achieved. The carbide slag was obtained in Kantin
daji Marmarun Nufawa, Sokoto, Nigeria at
cocrdinates:13°03'25.4"N 5°13'10.8"E.While waste
aluminium foil were collected from several Chicken frying
sports centres in Sokoto metropolis while Methanol (99.8%
purity), n-Hexane and Hydrochloric acid (36% purity) were
purchased from a local chemical dealer.

Preparation of Catalysts

Waste aluminium foil (10.5g) was chopped to small pieces
and digested in 60cm? of Conc. HCI ) to form concentrated
solution. The solution was cooled and filtered using 150mm
filter paper. Measure 50cm? from the concentrated solution
was doped with carbide slag in a round bottom flask equipped
with magnetic stirrer on a heating mantle at 700rpmat 40°C
for 3hrs. After which the catalyst was dried using laboratory
oven for 5hrs at 105°C for complete dryness. The prepared
carbide slag/Aluminium foil solution denoted as (CS-
AlCla(g)) was ground, sieved to obtain a particle size of 100
meshes. The obtained fine powder was then calcined using a
muffle furnace at the temperature range of (400-1100 °C) for
4hrs.

Characterization of Catalyst

The prepared catalyst was characterized using various
Techniques. The FTIR spectra of the sample were analyzed at
the Central Laboratory Complex (CASLaC), Usman
Danfodiyo University Sokoto with FT- IR Carry 630
spectrometer using KBr pellet technique. The X-ray
diffraction pattern of the catalyst was analyzed using Rigaku
Miniflex EDXRF at the Central Laboratory Complex
(CASLaC), The operating data used were at scan rate of 5°

FUDMA Journal of Sciences (FJS) Vol. 6 No. 6, December, 2022, pp 303 - 310

303


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/biodiesel
https://doi.org/10.33003/fjs-2022-0606-

UTILIZATION OF WASTE FOIL AND CARBIDE...

mint and at 26 range of 10-80° with a step size of 0.017°.
The Cu Kq X-ray (A= 0.154nm) was nickel filtered.

Design of Experiment

Response Surface (Box-Behnken) Statistical Experimental
Design was used for optimization. Four independent
variables; reaction time, temperature, methanol-to-seed ratio
and weight of catalyst (CS-AlCls@q) were selected for the
investigation, based on preliminary experiments conducted
(Ehimen et. al., 2010). Each trial was duplicated to obtain 54
completely randomized trials.

Description of Experimental Runs

In each trial, milled palm kernel nuts (150.0g) was mixed with
60cm® of n-hexane as co-solvent for 10min; the slurry
obtained was transferred into cellulose thimble with an
appropriate volume of methanol (40, 45 or 60 cm?) to forge
1:9 of Seed to methanol mole ratio then mixed with 0.45, 0.92
or 1.5 g of the activated catalyst in a 250 cm?® round bottomed
flask equipped with a reflux condenser at temperatures of 40,
50 and 60°C under constant stirring at 600 rpm for specific
period of 1, 2, or 3hrs. The products were transferred into a
separating funnel and 10cm? of distilled water and 10cm? of
n-hexane were added for 1hr, forming three phases (the upper
layer of biodiesel, the middle layer of glycerol and the lower
layer of the catalyst). The excess methanol was distilled off
and the biodiesel was collected, washed with distilled water
and dried over anhydrous sodium sulphate; the biodiesel thus
obtained was finally oven-dried at 60°C and 60 minutes. The
biodiesel yield was calculated relative to the weight of the oil
in 509 of the seed (Eq. 1) (Muhammad et al., 2017).

Biodiesel yield
wt of biodiesel obtained (g) x 100 1
" wt of crude oil in 100gsample (g)

Data Analysis

The biodiesel yields obtained from in-situ transesterification
experiment were analyzed on MINITAB 17 Statistical
Software to estimate the interaction outcome of the reaction
variables (xi) on the biodiesel yield (y). The percentage of
biodiesel yield fit the full quadratic polynomial regression
model using regression analysis (Eq.2). Where: So, Si, Bi, Bij
are the intercept, linear, quadratic and interaction coefficients
respectively. Analysis of Variance (ANOVA) at 95%
confidence level, and fitness of the model was measured from
the coefficient of determination (R?). Contour graphs were
plotted based on the fitted quadratic polynomial equation
obtained from regression analysis, holding two of
independent variables (reaction time, temperature, methanol
and weight of catalyst) at a constant value while changing the
other variables.

4 4 4 4
y= Bo +25ixi +Zﬁiixi2 +Z Z Bijxix; 2
=1 =

=1 j=i+1

Biodiesel Assay

The biodiesel produced ware analyzed using GC/MS Agilent
6890N GC coupled to Agilent 5973MSD).Total ion current
(TIC) procedure was used. The solvent cut for all the fractions
obtained took 5 minutes. Helium was used as the carrier gas
at a flow rate of 1.2cm®minutes. One micro litre (1ul) of the
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samples was injected into injection port of the Gas
chromatography machine at injection temperature of 250°C;
the machine was equipped with 30m long polysiolohexane
capillary column with 20um internal diameter and 1.0p film
thickness. The column oven temperature was programmed
between 50-300°C at 5°C/minute and held at the final
temperature for 10minutes (Tarigan et al.,, 2017). The
compounds were identified using their respective mass
spectra in comparison with standard mass spectra in NISTII
Reference Library (Watto et al., 2015). The peaks of
individual methyl esters were identified by comparing the
retention time of each component in the reaction samples with
the peaks of pure methyl ester standard compound. The
concentration (C) of FAME in the samples was calculated
using Eq.3 below as:

C= A —AistisxVis

Ais
Where:
> A = total peak area of methyl ester
Ais = peak area of internal standard (methyl heptadecanoate)
Cis = concentration of the internal standard solution, in
(mg/ml)
Vis = volume of the internal standard solution used, in (ml)
m = mass of the sample, in (mg).

x 100% 3

Determination of Biodiesel Properties
The properties of the biodiesel were set on using ASTM
6751D method. The properties determined include specific
gravity, kinematic viscosity and acid value using Eq.5
(Mohibbe et al., 2005), Cetane number (CN) and higher
heating value (HHV) were estimated from Eq. 4 (Muhammad
et al., 2017), while the iodine value (IV) and saponification
value were determined from the Eq,6 and Eq.7 respectively.
PV=

N x(Vb—-Vs)x1000 (Meq

w (k_g) 4
Where:
N = Molarity of thiosulphate
TS = volume of thiosulphate used in the sample test.
TB = volume of thiosulphate used in the blank.
W= Weight of oil Sample.

(Vb —Vs)x56.1 xM

SV = wt of biodiesel >

Where:

b = volume in cm®of 0.1M HCI required for blank titration
a=Volume in cm® of 0.1 M HCl required for sample titration.
M = Molar concentration of HCI

_ (Vb—Va) x M x 1269

v
w

Where:

126.9 = Atomic weight of iodine,

M =molarlity of Na2S203.5H20 solution,
W= weight of biodiesel sample and

Va = Titre values for test

V) = Titre values for blank.

CN =463 +22— 0225 X IV — —Eq.7

Where: CN= cetane Number.
IV=lodine Value.
SV= Saponification Value., PV= Peroxide value.
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RESULTS AND DISCUSSION
Catalyst characterization

FT-IR

Galadima et al.,

FJS

Transmittance

=0T a3 T F =t r a3

T T F=ali ¥
3500 3000 2500

Wavenumber (cm-1)

Figure 1: FT-IR Spectra of the Catalyst

The spectra shows an intensive broad vibration bands in the
region 3369.5 cm? attributed to OH-group stretching
vibrations of OH groups due to water on the solid catalyst (Li
and Rudolph, 2008). The existence of hydroxyl group
absorption resulted from absorption of atmospheric moisture
during FT-IR analysis, which subsequently formed metallic
hydroxide. This phenomenon was common due to the high
hydrophilicity nature of the catalyst (Tan et al., 2015). The
weak peaks at 875cm™ correlate with the out-of-plane
bending vibration of C-O bonds of carbonates. The reduced
intensity of absorption band seen at, 1630.7 cm™ and 1416.4
cm! can be attributed to Metallic oxides from carbide slag

Table 1: X-ray diffraction patterns of Peaks

(Galv’an-Ruiz et al., 2009). These groups are probably
considered as the active basic sites of the CS-AlClq) catalyst.
These outcomes are in good agreement with that reported by
(Cherikkallinmel et al., 2015; Marinkovic, et al., 2016).

XRD of Analysis of the Catalyst (CS-AIClIs (g

The XRD pattern (Figurel) revealed the crystalline phase of
the material as cellulose, Bornite and periclase with well-
defined diffraction peaks at 26°.The table.l1 and 2 below
shows the values obtained from the XRD analysis; while
Figure 1. Shows the X-ray diffraction patterns.

20° dA Phase Name Chemical Formular
239(59123) 4(14... Cellulose 1:0 C12H14D1006
47.89(2) 1.8995(8) Cellulose Ip:4 C12H14D1006
79.05(8) 1.2114(1.. Bornite:15 Cul.375Fe 0.275S
86(1169104) 1.1(17) Cellulose IB:0 C12H14D100s
Table 2: Qualitative Analysis Result

Phase Name Chemical Formula FOM
Cellulose C12H14D1006 0.887
Bornite Cul.375Fe).275S 3.214
periclase MgO 0.597

Phase Data View

400

300
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cellulose

200—

Intensity, cps

100+

bt

W
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Figure 1: XRD pattern of Catalyst (CS-AlCl3(q))
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SEM Analysis geometries, which cluster to form an irregular morphology
The structural morphologies of supports carbide slag and plates for the catalyst. The smaller dimensions of the grains
crude Aluminium chloride prepared by digesting waste and cluster of carbide slag could provide a higher specific
Aluminium foil in conc. HCI (ag). In general, the images show  surface area (Buasri et al., 2013). Figure.2. below shows SEM

randomly distribution of different particles size with varying of the heterogeneous catalyst.

Figure 2: SEM Image of the Catalyst (CS-AICIz (ag))
Design of Experiment

Table 3: Variables in In-situ Transesterification and their Levels used in Box-Behnken Design

Independent Variables Coding Lower level Upper level
Temperature, (°C) 0 40.0 60.0
Time, (hr) t 1.00 3.00
Methanol, (cm®) m 40.0 60.0

Analysis of variance table

Table 4: Result of Analysis of Variance for castor seed biodiesel (CSB) Yield %

Source Code DF  AdjSS Adj MS F-Value P-Value
Model 15 1151.82 76.788 10.98 0
Blocks 1 72.22 72.221 10.33 0.005
Linear 4 524.35 131.088 18.75 0
Temp.('C) (0) 1 50.55 50.553 7.23 0.015
Time (hr) (® 1 18.74 18.745 2.68 0.119
Vol. Methanol (cm?®) (m) 1 408.54 408.544 58.44 0
Weight of Cat (g) (w) 1 47.77 47.768 6.83 0.018
Square 32 4 458.09 114.522 16.38 0
Temp. ("C)*Temp. (°C) (CB) 1 27141 271.408 38.82 0
Time (hr)*Time (hr) (&) 1 93.46 93.464 13.37 0.002
Methanol(cm3)*Methanol(cm?) (m?) 1 34.81 34.815 4.98 0.039
Wt. of Cat (g)*Wt. of Cat (g) (w) 1 51.45 51.445 7.36 0.014
2-Way Interaction 6 317.82 52.969 7.58 0
Temp(°C)*Time (hr) (6*t) 1 22.63 22.634 3.24 0.089
Temp("C)*Methanol(cm?) (6*m) 1 79.38 79.38 11.35 0.003
Temp("C)*Wt. of Cat (g) (6*w) 1 3.97 3.968 0.57 0.461
Time(hr)*Methanol(cm?) (t*m) 1 137.62 137.62 19.69 0
Time(hr)*Wt. of Cat (g) (t* w) 1 15.05 15.051 2.15 0.16
Methanol(cm3)*Wt. of Cat (g) (m*w) 1 83.39 83.391 11.93 0.003
Error 18 125.84 6.991
Lack-of-Fit 15 119.33 7.955 3.67 0.156
Total 33 1277.65

R2=90.15% R2(ad]) = 81.74%,

Key

DF= degree of freedom. Seq SS = Sequential Sum of Squares. Adj SS= Adjusted Sum of Squires.
Adj MS= adjusted mean Squares. F= f-Statistic . P=p=value.
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The analysis of variance reveals that the linear, quadratic and
interaction terms of the model are statistically significant (p <
0.05, at a=0.05). The higher coefficient of determination (R?)
for castor nut biodiesel (90.15%) shows that the model
solemnly describe the observed relationship between the CSB
yields and the process variables. all other linear and square
terms of the process variables are statistically significant (p <
0.05). Thus on eliminating the insignificant terms from the
model, the new regression model (Eq. 9.) has ten significant
terms (adjusted R2=81.74%). In general, the empirical model

Contour Plot of % Yield Of CBD vs Time(hr), Temperature(deg.cent)
30 ;

Time(hr)

- 87
" 8

»
o

Hold Values
Methanol (cm”3) 50

15

50
Temperature(deg.Cent)
Figure 2: Effect of temperature and reaction time on CSB yield.

The combined effect of reaction time and temperature (Figure
2) prove that biodiesel yield increased with increasing
reaction time and temperature. At a higher reaction time and
lower temperature (< 2.5hr, < 40°C), the biodiesel yield was

Contour Plot of % Yield Of CSB vs Weight of Cat (g), Methanol (cm”3)
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(Eq.8) serves as a better representation of the In-situ-
transesterification process with good prediction power.

% Yield Of CSD = 175.0 —7.71(0) +2.44 (m) —53.3 (w)
+0.0668 (t?) +4.18 (t) — 0.0240

(m?) +10.71 (w) + 0.03150 (8)*(m) — 0.938 (t)*(m) + 0.835
(m)*(w).----- Eq.9

Figure 2 and 3 shows contour and surface plots describing the
relationship between one of the reaction variables while
holding the other two variables at constant as they affect the
biodiesel yield of Castor bean seed.

Surface Plot of % Yield Of CBD vs Time(hr), Temp.(deg,Cent)

‘ —
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84% due to fact oil produced from the castor bean has low
viscosity in consequence the in-situ transesterification can be
performed at room temperature (Bueno et al., 2017; Bateni et
al., 2018).

Surface Plot of % Yield OF CBD vs Methanol(cm"3), Weight of Cat(g)
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Figure 3: Effect of Volume of methanol and weight of catalyst on biodiesel yield

Figure 3. Shows that the volume of methanol and weight of
catalyst also interact positively to influence the biodiesel
yields of the castor seed. When volume of methanol was
40cm?® at maximum catalyst loading of 0.75g the yield of

biodiesel achieved was 65% .Maximum yield of biodiesel (>
80%) are obtained when the in-situ transesterification of
castor seed was conducted under 55cm? to 60cm® volume of
methanol and 1.5g of catalyst loading.

Table 5: Result of optimization of castor seed biodiesel (CSB)

Solution Temp.(°C) Time(hr) Methanol(c Wt of Cat(g) % Yield Of CBD Desirability
md)
1 40 1 60 1.5 97.68 1
2 40 3 40 15 95.81 1
3 60 1 60 0.45 95.72 1
Global 40 1 60 15 97.68 1
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The result above implies that the most optimal solution is
solution 1 with catalyst loading (1.5g) and 60cm3 of methanol
which result to a yield of 97.68% while the further increase in
reaction time of 3hrs in (solution 2) leads to decrease in the
percentage yield of biodiesel. The global solution (solution 1)
which required temperature, Volume of methanol, weight of
catalyst of 60cm3, 40 OC, lhrs and 1.5g respectively may
therefore be attractive for In-situ transesterification of castor
seed oil into FEME via In-situ transesterification.

FT-IR Analysis

Galadima et al.,

FJS

Biodiesel Characterization

FT-IR and GC-MS spectrophotometers were used to identify
the biodiesel formation. The FT-IR spectra of all biodiesel
samples showed a similar pattern. The FT-IR spectrum of
biodiesel was different with triglyceride in peak area of 1200
cm-1,which is specified of the functional groups of methoxy
(-OCHpg) as shown in Figure 4.

10! 1 I1?ol 11

Transmittance
Rkl

| Y | 810

60

T T
3500 3000

T
2500

Tk F T X b ot L F .

T | NI
1500 1000

T
2000

Figure 4: FT-IR Spectra of Biodiesel Sample from Ricinus Communis (Castor bean nut)

GC-MS Analysis
The GC-MS profile of the castor nut fatty acid methyl esters
is dominated by; Methyl-12-hydroxy-9-Cis-Octadecenoate,

Octadecenoate, and Methyl hexadecanoate ester are
discovered in the biodiesel sample. From Table: 5 above
below 96.20% biodiesel conversion was achieved using the

Cis-Methyl ~ 9-12-Octadecedienoate, ~ Cis-Methyl ~ 9- catalyst.
Table 6: GC-MS Fatty Acid Methyl Ester Compositions of Castor Bean Seed Biodiesel (CSB)
Systematic Name Formular Retention Peak Area (%) % of CSB
time
Methyl hexadecanoate C17H3402 18.56 4212415.261 2.034
Cis-Methyl-9-hexadecenoate C17H3202 16.86 3000295.089 0.145
Methyl Octadecanoate C19H3802 20.57 2143485.642 1.035
Cis-Methyl 9-Octadecenoate C19H3602 21.96 6353829.902 3.068
Cis-Methyl 9-12-Octadecedienoate C19H3402 20.69 9597016.873 4.634
Cis-Methyl 6-9-12-Octadecatrienoate C19H3202 18.12 896743.2685 0.433
Methyl-12-hydroxy-9-Cis-Octadecenoate C19H3603 21.68 175730615.6 84.853
Table 7: Physicochemical Properties of Biodiesel
PROPERTIES CSB FAME ASTM D6751-06a
Acid value (mg KOH/qg) 0.64+£0.18 <0.5 max
Saponification value (mg KOH/qg) 176.02 £ 0.18 —
Kinematic viscosity @ 40°C (mm?/s) 15.67 £ 0.00 1.90 - 6.00
Cetane Number (min) 40.33+0.00 >51min
lodine Value (g12/100 g) 82.45+0.15 nd
Flash Point (°C) 172 £ 0.00 < 130max
Pour Point (°C) -32 £0.00 -15--10

Values are means + SD triplicates analysis of the sample

The Physicochemical Properties of CSB FEME reveal that the
saponification value obtains is in line with the previous
literatures similarly; (176.02 mg KOH/g of oil) by (Molefe et
al., 2017) and (Kaur and Bhaskar, 2019), Saponification value
below 190 mg/KOH is an indication that high molecular
weight fatty acids are present in biodiesel (Onyema et al.,
2014). Kinematic viscosity@ 40°C (15.67 mm?/s) is in line
with previous literatures of (Molefe et al., 2017; Damlami et
al., 2015) but different from result obtained by
(Ramachandran et al., 2011; Kaur and Bhaskar, 2019). The
maximum acceptable limit of viscosity according to ASTM

D6751 ranges are (1.9-6.0mm 2/s) (Yusuf et al., 2011). The
cetane number reported (61.33 min) were in line with the
earlier literatures of (Molefe et al., 2017; Ramachandran et
al., 2011). Cetane number (CN) obtained was in order with
that obtained by (Molefe et al., 2017) even so exceeding that
obtained (Ramachandran et al., 2011). CN increases with
increasing length of both fatty acid chain and ester groups
(Knothe, 2005). CN of diesel specified by ASTM D6751 is 51
min (Lapuerta et al., 2008).The lower CN result in Low acid
value High flashpoint of the CSB FAME (Bueno et al., 2017;
Bateni et al., 2018).
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CONCLUSIONS

Biodiesel production around the world results from different
feedstocks and specifically vegetable oils. Besides, there exist
a wide heterogeneity of methods to obtain biofuels; however,
the most economical is In-situ transesterification, which
detach the purification steps in the biodiesel production steps.
The empirical experimental model obtained expresses the
relationship between the biodiesel and the statistical
significant reaction variables at (R?> = 90.15%).The
conversion of 97.68% was achieved under the optimum
reaction conditions of 1.5g. wt of CS-AlClq), (1:9) of seed to
methanol ratio, 1hrs of reaction time and 40°C of temperature
which correlate with 96.20% total fatty acid methyl ester
composition reveal by GC-MS result. The biodiesel produced
were characterized using FTIR and GC-MS. The
physiochemical properties of the biodiesel produced was
compared with the standards specified by (ASTM). The
Biodiesel from castor oil offers environmental and technical
benefits, therefore, it can be considered as a viable alternative
in the present and future to other forms of biodiesel.
Moreover, the feedstock can replace 40-50% of edible oil
currently used in biodiesel production. Furthermore, the
Ricinoleic fatty acid offers advantages to the In-situ
transesterification process such as high miscibility in alcohol
low reaction temperature, low iodine content and low freezing
point. Reprocess of carbide slag and waste aluminium foil into
more useful and environmental friendly catalyst can bring
down the rate of pollution. Finally, the union of these three
will give rise to low cost and competitive potential biodiesel
in comparison with petrodiesel.
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