International Journal of Applied and
Natural Sciences (IJANS) A International Academy of Science,

ISSN(P): 2319-4014; ISSN(E): 2319-4022 ‘ . ) Engineering and Technology
Vol. 3, Issue 4, July 2014, 93-102 c ing R hers: N ing I .
© IASET IASET onnecting Rescarchers; Nurturing Innovations

KINETICS AND THERMODYNAMICS OF OIL EXTRACTION FROM  WATER-MELON
SEEDS

M. S. OLAKUNLE, M. J. ABDULHAMID & A. C. NEBO

Department of Chemical Engineering, Ahmadu Bellaviersity, Zaria, Nigeria

ABSTRACT

The kinetics of oil extraction is dependent on anbar of factors, among which are temperature, ouraif the
extraction as well as the polarity of the solvesedi The solvent extraction of watermelon seedikported in this paper
was carried out between 313.15-343.15K in ordeetermine the kinetic and thermodynamic parameitktise extraction
process. Three particle sizes of pf) 118@m and 170Qum were used to determine the optimum particle fzehe
process, which was found to be 1180 The moisture content of the sample seed wa¥/8wBile the optimal n-hexane
volume of 300ml was used to determine the perciéyiadd at varying temperatures. The extractiongass was found to
obey first order kinetics. The activation energyf& the oil extraction kinetics of watermelon seedth n- hexane was
found to be 13.92kJ/mol, and the activation therymagnic parameters at 343.15K which was the optinemperature
wereAH” = 11.065 kdmet, AS” = -254.736 JmolK * andAG” = 98.48 kJmot. The enthalpy value wasH = 7. 83 kJmol
! and the other thermodynamic parameters at 343\i6te AS = 26.62 JmOK™ andAG= -1.305 kJmét. Thus, the
optimal extraction of watermelon seed oil is favamlrat a temperature of 343.15K, a particle siz&X#0um and an

optimal n-hexane volume of 15ml/g sample.

KEYWORDS: Solvent Extraction, Watermelon Seed, ThermodynaRarameters, Kinetics, Activation Energy,
Enthalpy

INTRODUCTION

In Africa, watermelon seeds have been prized feirthighly nutritive oil that they contain. Traditially, the
seeds are removed from the rind and then allowelhtainder the sun. Once dried, the seeds arepifemsed to extract the
beneficial oil (www.naturalsourcing.com). The seeds 5 to 15mm in length and may be white with tlack spots,
cream-colored tipped with brown and stripped withvin at the edge, yellow with a black stripe arotimel margin and
with black spots, sculptured or as if engraved withamental charters pink or red.The watermelonl semtain about
30% oil, the crude protein and fat contents ofdhés between 31-37% and 54-57%, depending owahiety, while the
raw and fried defatted meals had between 69-78% dre.7% respectively.

The removal of oil from seeds is of tremendous irtgoece. In recent years, commercial grade hexasddéeome
the solvent of choice for the extraction of oilfi@il seeds, due to its low toxicity and boilingitdAdriaans, 200pThe
watermelon seed oil,also known as Ootanga or Kalalila contains high amounts of calcium, phosplspmiagnesium,
potassium, zinc and iron. The fat comprise of 373% linoleic acid, 13.6-21.7% oleic acid, 11.16P8 palmitic acid
and13.0-16.8% stearic acid. The oil is fairly unsated in nature owing to its high iodine valuebetween 113.1-118.7,
and saponification number of 192.8-194.6 (Hill, 1982
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Studies have also shown that the physico-chemiaglgoties of extracted vegetable oils increase withage,
(Abulude et al, 2007). Oyedeji and Oderinde, (20@&jracted oil from fourteen different vegetableed® using
isopropanol solvent. The characterization resutma®d that the oils extracted with isopropanol daep colours and
odours and higher percentage unsaponifiables tihaxtoacted with regular extraction solvents likexane and petroleum

ether.lbemesi and Attah (1996ktracted the seeds of rubber and melon usingrdift solvents at various temperatures

and they determined the temperature coefficientsearthalpy changes accompanying the extractionegscr he enthalpy

values obtained was within the range of 4 — 13rB&l/

The kinetic and thermodynamic study of oil extraatirom Jatrophacurcas in aqueous acidic hexane solutions
shows that the reaction order was found to be-dirder kinetics. The activation energy and enthalpjues for the
extraction at 333 K with 15% HCI were 26.6763kJ/motl 0.1586kJ/mol respectively, (Amin et al, 20Mhen a second
order mechanism was assumed and the extractioritimmsdoptimized, an activation energy value of22kJ/mol was

found, (Sayyar et al., 20D9Physico-chemical analysis performed on varioegetable seed oil showed an interesting

energy aspect. Actual evaluation of their energyampeters shows that fuels coming from oil extracfesin

jatrophacurcas can be used for operating some thermal engineBqé@and Yobou, 2007

Topallar and Gecgel (200 their study on the kinetics and thermodynanateil extraction from sunflower

seeds in the presence of aqueous acidic hexanossluobtained an enthalpy value of 11.2kJ/mol fanshd some other
thermodynamic parameters of value. However, Rowl §2006) studied the effect of temperature and pressur¢hen
extraction yield of oil from sunflower seed withpaucritical carbon dioxide for temperature range3@B8-343K and
pressure range of 20-40MPa. They found out thataetion rates increased with pressure at each tepe, but

decreased with temperature increase up to abouPa8&karantaand Anusiem (1996@iscovered that feint, a bioresource

solvent, could serve as an effective substituteestlfor commercial hexane in the extraction oftaasil intended for
alkyd resin production. Microwave-assisted solvexttaction have also shown to give a better yidldilbextracted from
vegetable seeds within very short times, and tblentglogy could serve as a very effective altermator the conventional

solvent extraction, (Amarniand Kadi, 2Q010quicheet al, 2008

Supercritical fluid have also been used by sevesgarchers in the extraction of oil from vegetaaed oil, and
has shown a potentially higher yield at lesser ticmmpare to the conventional solvent extractioncesses
(Papamichail et al, (2000), Gracia et al, (200%9yvéchon and Marrone, (2001), Perakis et al, (200%wever, the

process is expensive and requires more sophisliegpgipment than is required in the conventionahad

In the present study, oil extraction from watermekeeds with n-hexane was investigated with the @im
determining the kinetic and thermodynamic paransetéithe oil extraction process, which could sdorethe purpose of

design and process optimization.

MATERIALS AND METHODS

Material Preparation

The watermelon seeds were purchased from local ehdB8amaru market), in Zaria, Nigeria in August 200
Prior to use, the watermelon seeds were cleansesitiove dirt and other impurities, and subsequethilyd in oven at
80°C until it reached constant moisture content (a¥3%). The watermelon seeds were grinded and sigiedding three
different particle sizes of 5Q@n, 118@m and 1700m.
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The commercial grade n-Hexane (99%, 86.18g/mol6dirél) used was obtained from the store of Chemical

Engineering Department of Ahmadu Bello Universigria, Nigeria.
Extraction of Oil

About 20g of the different particle size of thergiéd watermelon seeds was weighed and inserted ititionble,
fitted into the soxhlet apparatus. Commercial gnadexane was heated in the round-bottom flask@&bxhlet apparatus
to effect the extraction of the oil from the grindeatermelon seeds. This was then used to detetimén@ptimum particle
size. The 1180m particle size was found to give the highest @ld; and was hence used for the study as being the
optimum particle size. This optimum particle sizaswn-turn used to determine the optimum conditiohtemperature,
extraction time and solvent volume. These optimuwndiions were then used to study the oil extratitalof the
watermelon seed, for the purpose of establishireg kinetics and determining the thermodynamic patarseof the

extraction process.

RESULTS AND DISCUSSIONS

Optimum Parameters of the Extraction Process

Figure 1 shows the effect of particle size on teecent oil yield of the watermelon seed oil forfeiiént runs of

the extractiion process.
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Figure 1: Percent Oil Yield for Different Particle Size of the Watermelon Seed

It could be seen that for the three different ruhg, 118@m particle size gave the highest percent oil yield.
It would have been expected that the jg@(article size would have given the highest yisld¢ce it would have provided
the largest surface area, but from the resultutccbe deduced that the particle size had becoméinie and they end up
being carried away in the process instead of pmgidhe surface needed for extraction. The agglati@mr of the fine
particles thus reduces the effective surface avadadble for the free flow of solvent to solid dsserved by Sayyar, et al.,
(2009).Thus the 118@m particle size could be seen to give the optimiatdy

Figure 2 shows the percent yield for different dree volume.It could be seen that 300ml of the xahe gave
the highest yield.Although the difference in yieldmpared to 350 and 400ml of the n-hexane solwequite negligible.

Thus the 300ml will be the optimal solvent volunsehggher solvent volume will result into higher tosexraction.
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Kinetic and Thermodynamic Parameters of the Extracion Proces:

The percent oil yield at various temperatures axtcaetion times are given in Table 1 for watermesaedoil

extraction.

Table 1: PercentQil Yield at Various Extraction Temperatures and Time

t min Oil Yield (%), Y ;
313.15K | 323.15K | 333.15K | 343.15K
60 13.74 14.12 15.44 16.31
90 14.52 15.03 16.53 17.62
120 15.34 16.01 17.71 18.99
150 16.21 17.04 18.96 20.47
180 17.13 18.14 20.31 22.10

A reaction rate equation for oil extraction fromteranelon seeds can be written

—= kYt n
dt (1)

whereY, is the percent oil yield, t is the time of extracti k is the extraction constantd n is the reaction order.

Since the percent oil yield increased in the coofdane, the term d,/dt has a positive sig

Taking the natural logarithm as applicable in théfetential method of analysis of reaction r.

(Levenspiel, 1999 Equation 1 yields

v
In y =Ink +niny; (2)
t

Using the values in Table 1 and Equation 2, pléisaY,/dt versus InYwere drawn and were found to be lin

as shown in Figure 3.
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Figure 3: Plotof in £ Versus in Y at Various Temperature:

A first-orderkinetics was found from the values of n obtainexhfithe slopes of the straight lines and the rea

rate constants were calculated from the slopesl€T3b

Table 2: Values of theOrder of Reaction andReaction Rate Constantfor
Watermelon Seed Oi Extraction at Various Temperatures

T/K n k / min*

313.15| 1.014| 0.001719
323.15| 0.994| 0.001864
333.15| 1.026| 0.002153
343.15| 0.941| 0.002629

The rate constant at 343.15K was the highest, whgrees with the trend in literature, that peraahtyield

increases with increase in temperatibemesi and Attah, 1990 opallar andGecgel, 20D0This is due to the fact that t

pores of the seed aeasily penetrated by the rising vapour of the sulvend thus bring about a greater percent oitly

The oil extraction kinetics from the watermelon deecan be described by Equation 3 obtained afte

integration of Equation 1.

kt
Yi = Yge ©)

whereY; is the percent extracted oil content at time t, &l is the percent unextractedl at time zero. This

equation agrees with the general trend in liteeatis reported ETopallar and Gecgel, (200

The activation energy was calculated with the Anibe equatior

o ~Ea/RT

k =A (4)

wherek is the reaction rate (extraction) constant, A ie #rhenius constant or frequency factg, is the

activation energy, R is the universal gas constadtT, the absolute temperatt
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A plot of Inkvs 1/T gives a straight line whose slope represtmsactivation energy of extractio-E/R, and
whose intercept is the Arrhenius constant, IrFigure 4).
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Figure 4: A Plot of In k Versus 1/T for Watermelon Seed Oil Extractior

Thus, the activation energy and the Arrhenius @nistvere calculated. These wer, = 12.6 kJ/mol and
A = 3.51 x 10° s* respectively. The activation thermodynarparameters were calculated as in the following oos

according to the transition state theoWright, 2004:

RT
A = RT _ASPR 5)
Nh
N (6)
AG" = an® - Tas? 7)

£ £
whereN is the Avogadro constant; h is the Planck conshS™ s the activation entrop}ﬂH' is the activation

F3
enthalpy; anddG™ is the activation free energy or Gibb’s energy. Sehactivation thermodynamic parameters are st

in Table 3 for each temperature.

Table 3: TheActivation Thermodynamic Parameters for
Watermelon Seed Oil Extractionat Different Temperature

T /K AS 1Imol*K ™ | AH* /kImol? | AG* /kdmol™
313.15 -253.976 10.000 89.533
323.15 -254.237 9.917 92.074
333.15 -254.49 9.834 94.618
343.15 -254.736 9.751 97.164

The thermodynamic parameters for watermelon sdegktyaction were determined using the Van't Hefbe of

expressionsAkaranta and Anusiem, 19, Topallar and Gecgel, 20DP0

Impact Factor (JCC): 2.4758
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Y
K=—1 ®)
Y
U
AG1 AH 1 AS
K =—==-"2+= ©9)
R T RT R

where K is the equilibrium constar¥t is the percent oil yield at temperatureYu is the percent unextracted

oil; AH is the enthalpy changAs is the entropy change ; an is the free energy or Gibb’s enel

From the plot of I¥Tvs 1/T, it can be seen that the plives a straight line whose slope represents theatyt
change of extractionAH/R. Thus the enthalpy was calculated toAe= 7.83 kdmc™ for watermelon seed oil extractit
(Figure 5).

The AH value obtained was in agreement with the ran~ 13.5 kJmolt in literature. Other thermodynarn
parametersAG andAS) and the equilibrium constant values for wateomedeed oil extraction are given in Table 4
each temperature.
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Figure 5: A Plot of In Y+ Versus 1/T for Watermelon Seed OiExtraction

Table 4: The Equilibrium Constant (K) and the Thermodynamic Parameter:
(AG and AS) for Watermelon Seed Oil at Various Temperature:

T/K K | AG/Imol™ | AS /Imork?
313.1¢ | 1.39| -857.352 27.74
323.1¢ | 1.45| -998.268 27.32
333.1f | 1.51 | -1141.47 26.93
343.1¢ | 1.58 | -1305.01 26.62

According to these results, the fact tAH is positive for watermelon seed oil extractionwh that the process
endothermic. In additiomyS>0 andAG<0 indicate that there is an increase in the entabiange and a decrease in the

energy, that is the process is spontaneously faky

www.iaset.us editor@iaset.us



100 M. S. Olakunle, M. J. Abdulhamid & A. C.
Nebo

The reaction system initially consists of groundemmelon seeds and n-hexane, whereas the oil nieteane
extracted from the watermelon seeds during theetitm process and therefore, the entropy of théuma increases in the
course of the extraction and therefore the entd@ange has a positive value. It could also be feam Table 5 thanS
decrease with increase temperature, which impgtiasthe process is gradually attaining equilibrisé8.= 0 at equilibrium
and this condition will correspond to the stateadiich no more oil is extracted from the seed. Tthiss agrees with
literature, in which the extraction (reaction) omrveaches a maximum and remains constant over @ kgidge of

extraction time, before decline. At this pointdutd be postulated thaiS value will be zero.
CONCLUSIONS

The watermelon seed oil extraction has a first-okilgetics. The activation energy wag£12.6 kJ/mol and the
activation thermodynamic parameters at 343.15K wte= 9.751 kJmot, AS” = -254.736 JmolK* andAG” = 97.164
kJmol*. The enthalpy value wasH = 7.83 kJmol, and the other thermodynamic parameters at 343i&ié calculated
to beAS = 26.62 JmgK ™ andAG = -1.305 kIma!.
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