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Abstract

Response surface based on Box-Behnken design was used to investigate and optimize the reaction conditions for conversion of
neem seed oil in to biodiesel. The oil was extracted from the seed using n-hexane and trans esterified using methanol and
sulfated zirconia catalyst to biodiesel. The oil extracted and biodiesel produced were analyzed for physicochemical and fuel
properties using ASTM methods and are in conformity with ASTM D6751. The fatty acid methyl ester was estimated using
Gas Chromatography- Mass Spectrophotometry (GC-MS). The results obtained showed percentage oil yields of 40.64 +
1.01%. The optimum vyield of 89% was obtained at the reaction temperature, reaction time, molar oil to methanol ratio and
catalyst concentration, 60°C, 1:12, 90 minutes and 1% wt. respectively. The model obtained has good predictive power,
Methanol to oil molar ratio and reaction time followed by temperature were the major parameters that determine the response

output (biodiesel yield).
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1. Introduction

Energy is an essential driving factor to socioeconomic
development in our present society. Its impact touches all
aspect of human endeavours (1. Petroleum based fuels are
the major fuel source used in transportation sector in most
of the developing nations. Its combustion generates
emissions which are nuisance to environment and adversely
affect human health 2. However, these nonrenewable
sources will be exhausted in near future. Recent assessments
of remaining petroleum reserves show the world will soon
face relentless oil supply crisis 1. Subsequently, various
alternative energy sources are under intense investigation.
Among these, biofuels have been identified to be sustainable
alternative with promising long-term positive impact on the
environment [, Large scale engagement of biofuels into the
energy mix will further provide a platform for large scale
job creation at both agricultural production and biofuel
production sectors of industry 61, Biodiesel, in particular is
recognized to be greener as well as alternative to fossil
diesel due to its properties such as higher cetane number,
lower smoke and particulates, and lower carbon dioxide and
hydrocarbon emissions than fossil diesel. In addition, it is
biodegradable and nontoxic [ &l Biodiesel is produced from
different mechanism such as transesterification process, in
which mono alkyl ester of long chain fatty acid is produced
when triglyceride chemically react with alcohol (such as
methanol or ethanol) in the presence of acid or base catalyst
1. Recently homogeneous transesterification with NaOH
and KOH catalyst is major technologies involved in
production of biodiesel . Heterogeneous solid acid
catalyst have been used as an alternative to basic and
enzyme catalysts since they can be used in both
transesterification and esterification reaction [, Sulfated
zirconia showed high activity and selectivity for

esterification of fatty acids with alcohols 4. Developing
countries such as Nigeria have a comparative advantage for
biofuel production because of greater availability of land,
favourable climatic conditions for agriculture and lower
labour costs [*31. However, the major problem to extensive
commercial production of biodiesel is its relatively high cost
of feed stock. It is preferable to use available local raw
materials for the country where biodiesel plant will be
installed [147. Neem seeds are oil rich and have been shown
to be viable source of oil for biodiesel production [*5 16. 171,
On the other hand, due to higher high free fatty acid levels
of the oil from neem seeds sulfated zirconia which is
classified as super acid catalyst due its thermal stability,
resistance to catalyst poison and strong acidic properties to
promote simultaneous esterification and transesterfication
reaction and prevent undesirable product was used in the
production of biodiesel from neem seed oil 1819,

Thus, the aim of this study is to use response surface
methodology based on Box-Behnken statistical design to
study and optimize the process variable in biodiesel
production using Sulfated zirconia catalyst.

2. Materials and Methods

2.1 Chemical reagents

The chemicals are used as procured without further
purification.

2.2 Sample preparation and oil extraction

The neem seeds were obtained from Bodinga Local
Government area of Sokoto state, Nigeria. The seeds were
sorted out, dehulled, ground into powder and the oil was
extracted by soxhlet extraction method using n-hexane
solvent.
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2.3 Catalyst preparation
The solvent — free method by Sun — et al. [?°1, was adopted.

2.3.1 Catalyst Characterization:

Infrared spectroscopy and thermo gravimetric was used to
characterize the catalyst prepared. The absorption peak at
748 cm? represent Zr-O, stretching vibrations and the
absorption peaks at 1017 and 1140 cm are due to stretching
frequencies of O-S-O (Appendix F). However, the TGA and
DTA curves of prepared sulfated Zirconia catalyst show the
weight loss at 100 °C and 750 °C due to loss of physically
adsorbed water and SOs*bounded to the surface of S-Zr
(Appendix G).

24 Neem seed oil, biodiesel
characterization

The iodine value, acid value, free fatty acid, and
saponification value were determined according to AOAC
1997 [21] methods. The physicochemical properties were
determined according to standardized methods: the viscosity
(ASTM D 445), the flash point (ASTM D 93), the pour
point (ASTM D 97), the specific gravity (ASTM D 1298)
and water and sediments (ASTM D 2709).

physicochemical

2.5 Experimental design

Response surface (Box-Behnken) statistical experimental
design was used to design the optimization experiments.
Four independent variables namely reaction time,
temperature, methanol to oil ratio and catalyst were
selected. Appendix A shows the lower and upper levels of
the factors employed based on experience and literature
survey [22]. The runs were completely randomized and a
total of 27 runs were obtained. The experiment was
designed using MINITAB 17 statistical software and data
that was collected from the experiment was analyzed using
same software at o = 0.05 (95% confidence level).

2.6 Description of experimental runs

Each run involved 10g of neem oil in test tube, the amount
of methanol and catalyst were added as specified in the
design matrix. The mixture was then refluxed at appropriate
temperature (60, 62.5 or 65°C) for the specified period (60,
90, or 120 minutes) as in design matrix (Appendix A). At
the end of stipulated time the test tube containing the
mixture, was allowed to cool and the mixture was centrifuge
to remove the catalyst. The mixture was transferred in to
separating funnel to separate under gravity overnight. The
separated upper layer was placed into an evaporating dish
and heated in water bath at 90 °C for 30 minutes to remove
the residual methanol, then neutralized with dilute
phosphoric acid (pH 4.0). The methyl esters were then
washed with hot distilled water (1:5 v/v) until the washed
water had a pH of 7.0. The residual water was removed by
drying the methyl esters over heated (100 °C) anhydrous
sodium sulphate 221, The percentage yield was calculated
using equation 1.

Yield =weight of Biodiesel/weight of sample x 100 1

2.7 Analyses of the biodiesel Produced using GC-MS

The fatty acids methyl esters (FAMESs) mixture from the
produced biodiesel was analyzed using a QP-2010 model
GC-MS machine. Two microliters (2 pl) of the produced
biodiesel sample was injected into the gas chromatograph at
injection temperature of 250 OC. The column oven
temperature was programmed between 60-280 OC at 5
9C/min; hold 5 min at 280 °C. The acquired chromatographs
were scanned and the components identified based on
software matching with mass spectra.

3. Results and discussions

3.1 Physicochemical properties of the neem oil

The percentage Qil yield of the plant seeds is one of factors
for assessing the economic viability of a feedstock for
biodiesel production. Table 2 showed the oil content of
40.64 + 1.01%.

Free fatty acids (FFA) content of the raw oil is a parameter
that affects the optimal conversion of the triglycerides to
biodiesel (FAMES) and also dictates the selectivity of a
suitable catalyst for the transesterification reaction [24].
lodine value is the measure of average amount of
unsaturation of fats and oils which indicate the suitability of
oil use as biodiesel. The result obtained 82.45 = 1.60
gl2/100g as presented in Table 2 (Appendix B) is within the
range reported by [25] for neem seed oil.

3.2 Effect of process on the mean biodiesel yield

Figure 1 gives a summary of the biodiesel yield obtained
from the 27 experimental runs conducted different levels of
the four process variables investigated. The biodiesel yield
varies from minimum of 59.54% to maximum of 89%.
There is predominant increase in yield with increase in
methanol to oil ratio. Notably the yield increases with
increase in reaction time from 60 min to 90 min, but then
decreases when the reaction time raised to 120 min.
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Fig 1: summary of the effect of the process variables on the
biodiesel yield from neem seed oil.

Figure 2 is contour plots describing the relationship between
any two of the process variables as they affect biodiesel
yield while holding the other two variables constant. The
biodiesel yield increases with increase in methanol to oil
ratio and decreases with increase in temperature beyond the
boiling point of methanol. Interestingly, the biodiesel yield
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increases with increase of both catalyst concentration and
temperature when time and methanol to oil ratio are hold
constant at 90 minute and 9:1 respectively.
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Fig 2: contour plots showing the relationship between biodiesel
yield and process variables.

3.3 Properties of biodiesel

The fuel property of the produced biodiesel is shown in
Table 4. Acid value is a measure of free fatty acids in a
given product 61, Acid number of the biodiesel produced
from neem seed oil indicates that it contains higher fatty
acid composition of 0.44 mgKOH/g but is within the
acceptable range (0 -0.50 max) specified by the ASTM 2]
lodine Value determines the chemical stability of biodiesel
fuels 281, Higher iodine value indicates less stability of
biodiesel. Neem oil fatty acids methyl esters had iodine
values of 36.54 + 0.10 g/100g (Table 4). The results infer
that the produced biodiesel may have higher oxidation
stability due to relatively lower iodine value. Kinematic
Viscosity is one of the required parameters regarding fuel
atomization, combustion as well as fuel distribution .
Kinematic viscosities of the produced biodiesel is within
ASTM specification. Cetane number is fuel quality
parameter that is related to the ignition delay time and
combustion quality of a fuel, it measures the readiness of a
diesel fuel to auto ignite when injected into the diesel engine
[0, The results obtained (Table 4) above are higher than
23.65 reported for lagenaria vulgaris oil biodiesel B, Flash
point is the lowest temperature at which a combustible
mixture will be formed above the liquid fuel. However,
higher than 55°C reported for bottle gourd B2 Specific
gravity is an important fuel quality parameter that is related
to fuel injector system. Its value must be maintained within
a tolerable limit to allow optimal air to fuel complete
combustion B3, The higher the specific gravity of a fuel the
greater the mass of fuel injected into the engine and hence
more power 134, Water and Sediment content is the measure
of fuel cleanness. According to ASTM D 6751 standard the
percentage of water and sediment content for B100
biodiesel must not exceeds 0.05% [51,

The profile of fatty acids methyl esters in neem biodiesel
shown in Table 5 (Appendix E), shows methyl-11-
octadecadienoate (linoleic acid ester) as the dominant ester.
This compound has one level of unsaturation which may
accords it likelihood to undergo a peroxidation. Therefore, a
biodiesel produced from this feedstock could deteriorate on
long storage due its susceptibility to the attack of oxygen.
However, the presence of methyl hexadecanoate and methyl
octadecanoate the second and third most abundant methyl

esters in the produced biodiesel will enhance the stability of
the diesel been them saturated compounds and less
susceptible to peroxidation. Interestingly, the biodiesel
produced may have higher stability due to absence of
polyunsaturated esters with double and triple bonds that
causes blockage in engine injection system [61,

4. Conclusion

The methyl ester of biodiesel produced from neem seed oil
has acceptable properties approved by the American Society
of Testing Material (ASTM) with high energy content while
the high acid value can be reduced by pretreatment such as
neutralization before the oil transeterification. The
production of biodiesel from neem seeds oil should be
encourage not only for reducing the overwhelming energy
crisis but also serve as means of relieving the environment
from carbon dioxide emissions.
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