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Abstract

This study focused on the optimization of biodiesel production via the transesterification process of
groundnut oil catalysed by CaO prepared from waste egg shells. The prepared solid calcium oxide catalyst
was characterised for its morphologies, crystallinity and specific surface areas by High Resolution Scanning
Electron Microscope (HRSEM), X-ray diffraction (XRD) and Brunauer— Emmett—Teller (BET). The effects
of temperature, reaction time and stirring speed on the biodiesel yields using central composite designs were
investigated. The XRD and HRSEM analysis revealed the formation of a highly crystalline CaO with
agglomerated honey comb web morphology. The optimum applied experimental condition to obtain the
highest biodiesel yield of 92.83% using highly active CaO catalyst were temperature (60 °C), reaction time
(3 hrs) and stirring speed (600 rpm). The reaction time and temperature are inversely proportional and
exerted greater influence on the yield of biodiesel than the stirring speed. It can be deduce from various
analysis conducted that the waste egg shell can be utilized as a catalyst for biodiesel production.

Keywords: Biodiesel, calcium oxide, Egg shell, groundnut oil, optimisation

1. Introduction

There is a growing concerns for an alternative renewable energy sources to petroleum fuels across the globe
as a result Bfincreasing demand for fossil fuels characterized with high cost, inadequate supply, non-
renewability and negative environmental impact on human and oth'er cc_ological species (Leandro et al.,
2017). The issue of environmental pollution spemﬁcally land detenora_tlon and degradation caused by the
exploration and exploitation processes of fo'ssﬂ fuels h_as become worrisome (Leandro et ql., 2017; Niju et
al., 2014). In addition, high cost of convgnhonal ch_cmlcals useq as catalyst‘m the prpductxon of biodiesel
remains a hurdle, which invariably conlrlbute_d to high prpductlon.co.st of dicsel cngines (Bel.lo and Daniel,
2015). Thus, the production ofa clcancr-burplng HI[C]‘nﬂlll\/C fuel similar to petroleum dI‘ESCl is considered
sel is a biodegradable, environmental frlcn_dly, rcncwablefmd non-toxic fuel with low
emission profile compared to petrql diesel mosliy uscq for diesel engines .(l:”ilbbﬂn etal., :2014). Biodiesel
production involving the use of edible or non-edible oils fecdstock including animal fats, fish oil can be
achieved using transcsterification process catulys_ed by either homogeneous or heterogeneous catalysts.
Homogenous catalysts include NaOH, KOH, '\lfvhlle hclfc)rogctncous catalysts are Cap, MgO, and hydrotalcite
amonest others (Abdulkarcem ¢f al, 2012, Nu.u etal., ..,OI4‘thn|.la etal, 2016). 1 ransesterlﬁcau-on_process
involves the application of homogencous a!lcall based Lal_alysl which transformed the feedstock within
<horter reaction time into high quality biodiesel at a relatively low 1‘31“!3“_211}"'@ (Jazie et al., 2013). '
Invariably, the homogeneous process moslluy results to higher yields provided the content of free ‘l‘auy 'ac1ds
(FFAs) in the used feedstock is less than 1 %, compared to the heterogencous catalytic transesterification
(Karmakar et al., 2010). The homogeneous catalytic process has some !x?lnerenl s|10|1cqll1|ngs such as the
post-separation 1Ssues of the applied catalyst after reaction, non-reusability nature, purification problems,

necessary. Biodie
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generation of excessive wastewater, as well as high energy consumption (Niju et al., 2014; Sharma and
Singh, 2010). In order

and researchers have :_OI,S?IVE the highlighted problems stated above, heterogeneous catalyst was _discovered

catalyst are Preferablwu i llsv.,d lh-IS. catalyst type for biodiesel production (Alamu er c.(/.: QOAIO). Irlclcmgcneous |

less (\'aslc\\ ,‘;m. e L. ;c’,l?o'““%t‘lm_ous due 1o the ease ol‘galal_\‘:%l recovery and puri fication. prpducuqn of‘ i

the several bcm:l'u ‘L{"“.‘"_ "!}) potentials. and less consumption ol energy (Ramezani ef of., 2010). In spite of

identification of 5 dlb_ZULL'Iglcd v\nlh the use o‘l heterogencous c:llal)’sts;_ !m‘ l?mdncscl pI'OdLICUOI'I,.pI'(J'pCI' .

biodiessel unde SOl i ‘”"’Fd L"““‘l}'}\‘ll that will enhance the transesterification process and obtain high yield
clunder mild reaction conditions constitutes a problem (Ojolo et al., 2011),

’/‘\”‘0_”8‘ the solid base catalyst, alkaline carth metal oxides such as calcium oxide (CaO) of high basicity are
;?)"I'Z’.dﬁreclj 2.‘-.PD!'Oprlalc hcileroge_ncuus catalyst to catalyse feedstock copversion to biodiescl (Mohadi et al.,
S0 Navajas eral, 2013; Renita er al., 2016). For instance, Nakatani ef a/., (2009) obtained 73.8%
biodiesel yield during the transesterification af soybean oil catalysed by 25% weight CaQ obtained from
oyster shells over reaction time of 5 hrs. Niju et al (2014) employed 8% white bivalve clam shell as catalyst
fOT the conversion waste frying oil of biodiesel and reported biodiesel yield of 95.84% within 3 hrs reaction
time. In this study. Ground nut (Arachis hypogeal, 1.) which belongs to the leguminosae family was used as
a fecds!ock to produce Biodiessel due to its availability and abundance in Nigeria. Groundnut oil is !
otherwise categorised as the oleic-linoleic acid oil containing a comparatively significant amount of
UnSﬂl!Jl'aIEd fatty acids namely the monounsaturated olcic acid as well as the polyunsaturated linoleic acid
(Sglenman eral, 2012). In addition, indiscriminate dumping of waste eggshell constitutes an environmental
nuisance and conversion of the waste eggshells with catalytic activity can mediate transesterification
reaction and aids in abatement of environmental pollution (Wei er al., 2009).

[!1 spite of several research work done on waste eggshell catalysts lor biodiesel production, the survey of
literature reveals that there is scanty information on the influence of process parameters such as stirring
speed., stirring time and reaction temperature on the yield of biodiesel from groundnut oil catalysed by CaO
prepared from waste egg shells. Therefore, this present study is focused on the application of surface
response methodology in the optimisation of aforementioned process parameters on the yicld of biodiesel
from groundnut oil catalysed by CaO obtained from waste egg shells. The result obtained in this study was
compared with commercially available NaOH, KOH, MgO and CaO [or the transesterification of groundnut
oil. The morphologies. mineralogical phases and surface areas of the prepared CaO were characterized by
High Resolution Scanning Electron Microscopy (HRSEM), X-ray diffraction (XRD) and Brunauer—
Emmeut-Teller (BET).

2.1 Materials

The groundnut oil was bought from Bosso market, Minna metropolis. Waste chicken eggs were randomly
collected from different location in Kure market, Minna Niger state. All other chemicals were of analytical _
orade (AR). methanol (99.9%), alcoholic KOH (>85%) and pqtassium iodide (99.9%) supplied by Sigma- !
Aldrich. The reagents were used as supplied without further purification, 4

!

{

]

|

2. Methodology ;
\

2.2. Sample Pre-treatment . ‘ |
The collected Ground nut oil was filtered using filter paper (0.7pm) to remove suspended particles and kept
in the water bath at 110°C for 4 hrs to get f’d qfthe moisture. The waste egg shells (70 g) were washed with

uisdictilled.water 1o remove impurities and dried in an oven at 110 °C for about 8 hrs. The_drigd eessh i, vte

(AR RV

oround to fine powder and sieved using a 200 pm mesh sieve and were used as a raw material in.the production
of catalyst.

3 3. Physico-chemical characterisation of ground nut oil
]-! hysico-chemical characterisation of the ground nut oil was carried out using standard methods to
e ks he following parameters: free fatty acid value, saponification value. viscosity and iodine value

“terming , i : !
L ficial Analytical Chemists. 2012). |

(Association of Of

1. Catalyst preparation - N .
T?h-:'sg?d metal oxide catalyst (CaO) was prepared using calcination of the waste egg shells. The fine powdcred

od eeg shells of approximately 30 g placed in a quartz boatlwe'rc calcined in a muffle furnace under static f
d“econ:cji‘i:lions at 900 °C for 4 hrs decompose the calcium species in the egg shell into CaQ particle as shown
air

in equation 1.
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e calolas b C%CO3 - Ca0 + Co, o)
ased oxi
filtered and then dr?é\(;d‘es from the egg shells were refluxed in distilled water at 50 °C for 6 h and thereal_‘lcr
calcination at 600 °C . Ipoven at 120 °C for 6 hrs. Again, the solid particle was dehydrated by performing
after decompositi 0’ 3 hrs to transform the hydroxide material to oxide form. The ¢alcium oxide obtained
position was used as the catalyst for ransesterification reaction.

.I_?i_;:-l:{jClln]raglcrizntinn of the prepared CaO

(XRD: [;JC\[;\;] IL‘S%E)“CI{,[?},E?{ Of:iynllms'!z.ed solid metal oxide (Ca0) was determined by powder X-ray diffraction
Cu-Ku radiation. A ‘_:muler,_thps‘ Netherlands) analysis performed on Bruker AXS D8 Advance with
diffractograms \\"ere rIc)m _IdO‘nd of the sn1_1c.!\ metal oxides were sprinkled on a de-greased glass slide _and
materials was examir ZO' e bfl\)’@tn dl_Hracuon“angles o200 and 800. The morphology of the symhemsed
carbon adhesivé :a e‘e dusmg Zeiss Auriga HRSEM. A mass 0f 0.05 mg powdered sample was sprinkled on
microscope was o P _i’id sputter coated \}’Ilh Au-.l’d using Quorum T150T for 5 minutes priorto ana_lysm. [he
100 me of the dwpeaa Ld with elec!ron high tension (EHT) of SkV forimaging. For BET N2 adsorption, about
NG Zmd sty ';'(’\.‘I‘CT sample in a sample mt?e was first degassed at 90° C for 4 hours Lo remove residual
e vilame diSl?l;u"h compa?ncms l.hm were likely to block the pores. The BET surfa%'? arca and average
pressure. The N a‘dUll_ﬂn_s wmﬂe o.blgmc.d from the plot of volume adsorbed ('cmS/g STP) versus re{liduvc
(BET: N.O : sarption-desorption isotherms were collected at -196° C using Brunauer-Emmett-Teller

~T; NOVA 4200e, Quantachrome Instruments, USA).

2.4.2. Optimization of biodiesel yicld using Response surface methodology ‘
Surface response methodology was applied Lo optimise the biodiesel production and to check the influence of
process parameters such as stirring speed, stitring time and temperature of the transesterification process on
the vield of the biodiesel. A 2° Central Composite Design (CCD) of experiment was used where three factors
cach at lower and upper levels) were chosen. The factors are temperature (°C), time (hours) and stirring speed
(rpm). The range of temperature. reaction time and stirring specd were chosen as follows; 60 °C - 80 °C, lhr
- 3hrs and 200 rpm - 600 rpm. Six centre points were considercd, plus four low points and four high points
and six alpha points making a total ol twenty cxperimental runs carried out. The details arc presented in Table

1.

Table 1: Influence of process parameters on Biodiesel yield using surface response methodology

Run Factor 1 Factor2 Factor 3 Response
Temperature Time Stirring yield (%)
°C) (hour) speed(rpm)
1 70 3.68 400.00 15.35
2 80 | 600.00 25.20
3 70 2 400.00 50.12
4 70 2 63.64 25.20
5 60 1 600.00 69.03
6 70 032 400.00 30.45
7 70 2 736.36 55.35
8 70 2 400.00 50.52
9 60 3 200.00 90.12
10 53.18 2 400.00 85.04
11 80 3 600.00 14.78
12 80 I 200.00 31.95
13 86.82 2 400.00 10.75
14 70 2 400.00 50.43
15 60 | 200.00 64.85
16 70 2 400.00 50.32
17 60 2 400.00 85.75
= e y ST T T Ak T s
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18 80

3 200.00 18.98
L9 70 ) 400.00 50.82
20 60 3 600.00 92.83

2.4.3. Tra nsesterification procedures

Q?}z:gl\e}saﬁl‘v’szgé}fc“g (Ca‘?IYSl) was added to 19.2 ml of methanol in a conical flask and stirred \_’igOI'OLfS'_')’
the lranseslerLi R ?L{- 014 (_OQ. 400 and 600 rpm) on a magnetic stirrer until the CaO dlssolvcd. I-mlhcrn.mlc,
oooieriication reaction was carried out in a 250 ml conical flask equipped with a thermometer and
magnetic stirrer. 80 ml of groundnut oil was put into the conical fask and heated to 70 °C. Thereafter, the
Calal)’ﬂ_SO'}JllOn Wwas gently poured into the conical flask containing the oil. The temperature of the system
was maintained individually at (60, 70 and 80 °C), stirring speed of (200, 400 and 600 rpm) and the reaction
was monitored for (1hr, 2 and 3 hrs). Afier the completion of the reaction, the product settled for 24 hours and
the catalyst and the transesterification product was separated using a separating funncl. The clear upper layer
containing the Fatty Acid Methyl Esters (FAME) was biodiesel while the lower dense layer was the glycerol.
The biodiesel was screened using filter paper (0.7um) in order to remove suspended particles (catalyst) and
ﬁmher washed with warm distilled water to remove glycerol and impuritics. Thereafter, the biodiesel was
immersed i water bath at 110°C o evaporate the residual methanol. The quantity of biodiesel yield for each
run was determined using the following formula
Volume of hiodiessel produced

Volume of Oil used

Biodiessel yield = x 100% (3)

2.4.4. Characterisation of the biodiesel yiclds

The highest and lowest yield of biodiesel produced were characterised for its kinematic viscosity at 40°C,
specific gravity, flash point, acid value, saponification value, iodine value pour point, cloud point and smoke
point in accordance with the ASTM protocols. While the Cetane number was determined according to the
equation 4 proposed by Alamu er al., (2010).

Cetane number (CN) = CI -1.5 4)

46.3+5458

Where Cetane index (CI) = —0.2251V (35)

Where SV= saponification value of the biodiesel and IV=lodine value of biodiesel

3.0. Results and Discussion

3.1. Groundnut oil cha racterisation

['he composition of oroundnut oil was determined as explained in section 2.3 and the characterisation result

is shown in Table 2.

Table 2: Physico-chemical propertics of groundnut oil

S/No Parameters Oblained valucs
1 Saponification valuc (mgKOH/g) 93 2

2 Acid value( mgKOH/g) 4.58

3 lodine value( mgl/g) 8424

o T TAL TNTERNATIONAL CONFERENCE 2017 17 356
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4 Specific gravity(g/cm?) 0.4
5 Free fatty acid value (FFA) (%) =2
6 Kinematic viscosity @ 40°C 3830
7 Pour point (°C) °

8 Flash point (°OC) ik

According 1o Table 2. the FFA of the groundnut oil was determined to be 2.29% and high FIFA above 1%

reduce the efficiency of homogeneous catalyst and affects the biodiesel yield (Wanodya and Budiman.
2013). On the contrary, studies have shown that heterogeneous catalysts could catalyse oil with FFA in the
range of 6% - 15% without any pretreatment (Bello and Daniel, 2015). In the same vein, Bello and Agge,
(2012) found that groundnut oil with FFA >3% produced more than 90% biodiesel under the following
reaction conditions (temperature 60 °C, reaction time 3 hrs, catalyst weight of 2%). This shows the ground
nut oil used in this study is a useful feedstock for biodiesel production. Furthermore, the specific gravity of
the oil was determined to be 0.94, which shows that water is heavier than the oil. The iodine value of 84.24
mgl-g is an indication of low level of saturation. The saponification value indicates the ability ol the oil to
form soap during transesterification process. High saponification value suggests the presence of fatty acid
that could be transformed into soap and hence low yield of biodiesel. The saponification value of the
groundnut oil was 193.2 mg/KOH, which means the oil has a tendency of soap formation.

3.2. X-ray Diffraction analysis of the calcined cggshells

The XRD parttern of the calcined eggshell at 900°C for 4 hours is display in Figure 1. As shown in Figure 1,
the presence of intense and sharp diffraction peak at 2 © = 34.2%,47.4° 53.7°, 55.6°, 63.9°, and 74.3° with a
crystal plane of (200), with a corresponding crystal planes (200), (220), (311), (221), (222) and (210) were
assioned to CaO. The diffraction peak of low intensity observed at 2 © =29.4° in the XRD pattern indicates
the ;omation of Ca(OH).. The presence of Ca(OH): in the XRD spectra is an indication of interaction of
CaO with water vapour on the air, which further show that the CaO is highly hydroscopic in nature. The
observed peaks are similar with those reported by Wei er al., (2009) and Sharma and Singh, (2010) under
<imilar conditions although with different type of eggshells. This further demonstrates that the difference in
the composition cggshell did not affect the mineralogical phase present in the calcined sample. Therefore,
the same calcination process can be used to obtain CaO catalyst regardless ol type of eggshell (Navajas et
al., 2013).
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Figure I: XRD spectrum of the calcined calcium oxide particles at 900 °C

3.3 HRSEM analysis of the prepared CaO

Figure 2 shows the low and high magnification images of the CaQ catalyst obtained from the calcination of
egg shells at 900 °C.

Figure 2: HRSEM micrographs of the calcined calcium oxide particles at (a) low magnification (b)
high magnification

Figure 2 demonstrates the presence of agglomerated homogeneously distributed honey comb web- like

morphology- The porous honey comb-like morphology is similar 1o the shape of CaO abtained from egp
shells after calcination at 900 °C for 2.5 hrs (Nijuet al., 2014).
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3.4. BET surt:
+ U surtace area of the ¢
accarca of the CaO obtained from waste cgg shells
Table 3 sh :
ows the specific surf:
ic surface arc: o
rface arca of the prepared CaO in comparison with the commercial CaO.

Table 3. Specific surf:
- Specific surface arca of the as-prepared Ca0O and commercial CaO

Parameters
As-prepared CaO Commercial CaO
BET surface area (m? ¢g™) 4.041 3.012
2> ’ -
Pore volume (ecm?® g™) 1.356 1.216

According to Table 3, it can be noticed that the surface area of as-prepared CaO in this study is slightly
higher than that of commercial Ca0. This implies that the catalytic activity of CaQ prepared in this study
will be higher than that of commercial CaO. The value obtained is closely related to what was reported by
Niju et al.. (2014).

3.5. Statistical analysis from RSM

The following paramelters such as temperature, reaction time and stirring speed were chosen as independent
variable in the production of biodiesel catalysed by CaO from waste egg shells with biodiesel yieldasa
dependent variable. A set of 20 experiments were carried out as shown in Table 1. The model was
sratistically significant with 95% confident level and all three independent variables exhibited positive
effects on the biodiesel yield. The model was assessed with coelficient of determination (R*=0.9563). Based

on the CCD design and result of experiments (Table 1), regression analysis generated the following

quadratic regression model data (based on the coded factors)

R, = 50.07 225.69%X, +0.021X2-2.72Xs 9.06X:X2-2.23X,1X5C +0.14X.X3 40.42X,2 -8.4X5* +6.53X5°
p = 2007 ==

(6)

he yield of biodiesel (%o): Xi temperature (°C): X» reaction time (hour); and X stirring
to analyse the response yield by multiple regression through the least
Its, different effects of the independent variables on the response were
| response surface based on the model equation.

where Ri indicates tl
speed (rpm)- The equation was used
square method. Using the ab.ove rc-su
studied by plotting a three-dimensiona

3.5.1 [nteraction of time and temperature

T FNTERNATIONAL CONEERENCE 2017
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: aste egpshell was
The optimum biodiesel yield from groundnut oil catalysed by CaO obtained from delc L,,%%;h;:ble 1 The
92.53% at a temperature of 60 °C, for 3 hours and with stirring speed of 600 rpm as ; 1?\ ble 1. it was
interaction of reaction time and applied temperature is shown in figure 3. /\ishown nl aat : l,[mum
observed that the highest yield of biodiesel was observed at reaction time of 3 hrs (92 d(,)- 'mpilar condition
temperature of (60 °C). The value obtained is closely related to 96% yield reported un T S: - he same
(3 hrs at 60 °CY by Jazie er al., (2013)., though with a rapesced oil using cggshell as cata 5‘5 alyst (KOH)
vein. Ramezani e al., (2010) also reported 87.30% yicld of biodiesel USi”‘S h“'“°‘ct£““”“|” 1i:1e (>3 hrs)
under similar condition (2 hrs, at 65 °C) with castor oil. With conlinuous: increase in rC?C.“'Oﬂ.r;ase v,
(Figure 3). the yicld decreases duc o loss of solvent in the reaction medium. C_onv.ers'c ‘):Ilrjitelt;j specifically,
applied temperature with other conditions constant; corresponded (o dccrcz.lsc n blf)dl‘cs; b, “;h~“c 319
attemperature of 60 °C, a reasonable yield of biodiesel (50.12%) was obtained a!l ||-m(. ( WSIZ; teoronse with
yield of biodiesel was obtained at temperature of 80 °C. This suggests that the blOdleSIEI ylle ) (?ncrease y
increasing temperature. Thus, the reaction time and temperature are irwersel)./ proporl'lon'a a|n !
one of the parameters beyond optimal value corresponds to decrease in the yield of biodiesel.

100

R1 (%)

B: B (hour)

Fioure 3: Interaction of time and temperature, where A-axis represents the temperature and B-axis
ipured: . N
depicts reaction time

3.5.2. Interaction of time and stirring speed

1 4 shows the influence ofinteraction of reaction time and stirring speed on the
ligure 4 5

biodiesel vields. It can
be oh crved that an increase inreaction time (1-3 hrs)
¢ ODsC

is directly proportional 1o the biodiesel yield whereas
and an increase in the stirring speed 200 mpm-600 rpm) had little ¢ffeet on the biodiesel vield.
AI”‘ | '”.“._ stirrine speed did nottallow a specilic trend and exert no stignificant effeet
‘I,l,:!ﬁr-urc 4 1h£~ optimal vicld ol biodiesel was obtained at 3 hrs with a corre

This implics
on the vield of biodiesel.

sponding stirring speed of 600
:r, there is no much disparity in the biodiesel yield obtained using either a stirring speed of 400
rpm However, C

600 rpm. According to Table | and Figure 4, when the reaction time was | hour, temperature (60 °C)
rpm or :

d stirring speed of 600 rpm (experimental runs 5), the yield of biodiesel was 69.03%, while at same
and surr . :
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temperature and reaction time with stirring speed of 200 rpm (experimental runs 15), the yield of biodiesel
nas ff)und 10 be 64.85%. The yield obtained at experimental runs 5 is slightly higher than that of
experimental runs 15 due to difference in the stirring speed. This suggests effective interaction between lljc
catalyst, oil and methanol at 600 rpm and slow diffusion reaction at 200 rpm. Furthermore, when the stirring
speed was 200 rpm at constant reaction time of 3 hrs, (experimental runs 9 and 18) with different applied
temperature of 60 °C and 80 °C. the yield of biodiesel was 90.12% and 18.98%. Similarly. when the stirring
speed was 200 rpm, reaction time 1 hr, under the same temperature (experimental runs 9 and 18), and the

biodiesel yields were 31.95% and 64.85%. This means under the same stirring speed, the biodiesel yields
fluctuate possibly due to different in the applied temperature and reaction time.

Also, there were no much differences in the yield of biodiesel when the stirring speed was 400 rpm and even
600 rpm. When the stirring speed was 400 rpm irrespective of the temperature and reaction time, the yield of
biodiesel were 15.35%(experimental runs 1), 50.12% (experimental runs 6), 50.52% (experimental runs 8),
85.04% (experimental run 10), 31.95%(experimental run 12), 10.75% (experimental run 13), 50.43%
(experimental run 14). This again shows that the variation of stirring speed on the yield of biodiesel did not
follow a specific pattern. It was found that the yield of biodiesel reported by Fadhil et al., (2016) slight

higher than what was obtained in this study. The possible reason may be ascribed to differences in the
stirring speed and catalyst types.

R1 (%)

25

C: C (rpm) B: B (hour)

Ficure 4: Effect of reaction time and stirring speed on the biodiesel yield, with C-axis stands for
g stirring speed while D-axis depicts

e I U117 e ——
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:_8::;10”1::;:3:l:]:(?:i::‘)sl,'bi()d.iescl‘ yield Ca.li_l|)f!€cd by CaO obtained from waste cgg shells was 92,§3‘E»c. at

(600 rpm). While the Ie\t mg"!cacuon _C‘i”dllIOITL temperature (60"C), reaction time (3 hrs) and stirring speed

condition Oflempermmam ¥ lsld of l:.‘JZ%-ofwas obtained at experimental runs | Lnndcn;tlje-rollc)-w1l1g

optimal conditions (g ; (?0 O, l'eactilon um§ (3.68hrs) and stirring speed of 400 rpm. ] 1.115 n.nplles that the

temperature (60 s ;h Lain gre.aler yield 9f biodiesel are: stirring speed (200 rpm), reaction flm'c (2 hrs) and

ihie indeica : ¢ statistical analysis of the experimental range revealed the order of significance of
pendent variable as temperature > reaction time > stirring speed.

3.6. Characterisation of the prepared biodicsel propertics
able 4 shows basic properties of the prepared biodiesel in comparison with ASTM standards D675 1

Table 4. Comparison of prepared biodiesel properties with ASTM standard

Properties Values obtained ASTM D6751
Prepared '
biodiesel
Specific gravity 0.91 0.86 -0.90
(g/em?)
Kinematic viscosity 6.0 1.9-6.0
@ 40"C
Flash point (°C) 135 100-170
Pour point (°C) 6.0
lodine value (mgly/g) 68.9 120

Cloud point (°C)
8.5 -3tol2

Cetane number 62.35 47

(min)

Key: ASTM= American Standard for Testing and Measurement

According 1o Table 4. the specific gravity of the biodiesel produced is 0.91 which fall within the ASTM
\;[andﬂTd;mngc of 0.86 - 0.90. Also. the biodiesel flash point was 135 °C which is slightly higher than the .
-/\31 M limit of 130 °C. This signilics that the biodiesel could easily ignite into Name. though blending with

conventional diesel is recommended to reduce the value. The biodiesel cloud point of 8.5°C which is less

=T FIENNIAL INTERNATIONAL CONFERENCE 2017 g 397 =
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than the ASTM value of 9 °C, im

; it eai with lower
plies that the biodiesel from groundnut oil could fit into regions
lemperature,

is considered very important in the monitoring and pcrf'O{'|1111r1?e.e:/iglL|":llllon
arly at low lemperatures. It can be observed that the viscosity of h'fj_ ICS.L |
and thus confirming the suitability of the prepared biodicesel as fuels in dI.CSC
referring 1o the iunilim;dcluy time of a fuel when injected inside l‘hc combusticn
ned as the times it takes white smoke after start up, drivability before warm up
and intensity of diesel knock atidle. The cetane number of the biodiesel was found to be 61.27, which fall
within the ASTM limit of 47 min and hence compatible with diesel engines.

Kinematic viscosity
ol fuel injection system particul
fall within the range of ASTM
engines. Cetane number is

chamber or sometimes defj

Table 5: Comparison of the biodiesel yicld results of the previous and present study

Catalyst Conditions of biodiesel production Biodiesel yield Reference
' (%)
imizati / 91.98 Ojolo et al.,
NaOH No optimization however o

catalyst dosage (0.7 g)

ion i / kareem
JaOH Reaction temperature (40°C), reaction time 99 Abc:,Lll7grlcj
e (1 hr 30 min), stirring speed (not studied)., etal, 2012
catalyst concentration (0.5w1 %)

| Reaction temperature (60°C), reaction time ~ 68.7 ieu: a;;ip
et (1 hr), stirring speed (600 rpm), catalyst pge, 2012
concentration (1 wt%)

Reaction temperature (60°C), reaction time 7522 Bello an’d |
g B g . L o w _0
kot (2 hrs), stirring specd (600 rpm), catalyst Danjél
éoncentralion (2.4 wi%)

n

Scanned with CamScanner



S IANA T

CaO from cacti

Rﬂc;:cllon temperature (60°C), reaction time ~ 92.83 This study
waste cgg shells G hrs), sllfﬂng speed (600 rpm), catalyst

concentration (25wt %)

,/\Li;:::n " Table 5, it can be noticed that with the biodiesel yield obtained in this study based on surface

solid CaO catalysy e Bitedi it : \\'|1!1 l.he values reported in.lhe litcrature. In some cascs, the

KOH, NaO}]. Conversely (1 “E‘1CT.L'«113|3}|C activity than the commercial homogeneous catalysts such as

Viruthagiri, (20 i ;5“3}, I'lc -IOdI(_‘SCI yield reported by Abdulkareem et al., (2012) and Muthu and ‘

o the longer l'Ca(;li011 ; ehtly greater than the observed yield in this study. The differences r.nay be al‘l‘rlbuted

catalyst concentration 'j“e used by Abdulkareem el al., (2012) during the biodiese! produ?uon and higher
employed by Muthu and Viruthagiri, (2015) compared to reaction time of 3 hrs and

2.5 wt% catalys - . . . o g
: ° talyst concentration used in this study. Previous studies have shown that higher biodiesel yield is
a function of reaction time angd catalyst concentration.

methodology competes favourably

4. Conclusion

In summary, CaQ was obtained from w
solid heterogeneous catalyst for the pr
following conclusions were drawn. Gro

XRD and HRSEM analysis demonstra
honey

aste egg shells via calcination process and subsequently utilised as a
oduction of biodiesel from groundnut oil. Based on this study, the
undnut oil served as a useful feedstock for biodiesel production. The
ted the formation of highly crystalline CaO resembling aggregated
. comb web. The optimum applied experimental conditioned to obtain high biodiesel yield of 92.83%
using CaO of excellent catalytic activity were temperature (60 °C), reaction time (3 hrs) and stirring speed
(600 rpm). The reaction time and temperature are inversely proportional to the yield of biodiese! and the order
of contribution 1o biodiesel yield was as follows: temperature > reaction time > stirring speed. This study
revealed CaO prepared from waste egg shells can serve as a substitute to commercially available homogeneous
or heterogeneous solid catalyst. Finally, this study demonstrated for the first time that application of surface
response methodology involving interactions of process parameters aids in the transformation of groundnut
oil to biodiesel using CaO catalyst prepared from waste egg shell.
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