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ABSTRACT

In this work, response surface methodology was ts@gptimize
the conditions for the transesterification of céhp off grade
with methanol, using CaO from chicken eggshell aslgst. By
experimental design a quadratic polynomial equatiwas
obtained for biodiesel yield. Multiple regressionalysis and
verification experiments confirmed the validity thfe predicted
model. The studied variables were reaction temperatc0, 60
and 70 °C), catalyst weight base oil (2,4 and 686) methanol to
oil-palm off grade molar ratio (7:1; 9:1 and 11:Results from
the optimation study showed that reaction tempegaaind molar
ratio methanol to oil-palm off grade can be optimiz Catalyst
characterization was carried out by X-ray Diffraati Biodiesel
with highest methyl ester content (87.41%) was iakth at 70
°C, 1:11 methanol to oil-palm off grade molar ratod 2%
catalyst concentration. The produced biodiesel Wasd to
fulfill the specifications of the SNI-2012 regardinviscosity,
flash point and acid value.

KEY WORDS: biodiesdl, chicken eggshell, oil-palm off grade,
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1.0 INTRODUCTION
Due to the diminishing of fossil fuel, global wamgi and

environmental problems, development
environmentally benign and renewable energy fualetbecome

and discovery o

an important issue. Biodiesel has become an atteenanergy
fuel due to its raw material being in abundance pittential for
large scale production [1], and its better physeadl chemical
properties as compared to the petroleum-based |dsembh as
better lubricating efficiency, higher flash poifdgwer sulfur
contamination, and very few pollutants produce8][2,

Transesterification of vegetable oils or animalsfatith
alcohol in the presence of catalyst is the maincess for
biodiesel production [4]. There are various typdscatalysts
utilized, e.g., base catalysts, acid catalysts, emmyme catalysts
[5-7]. Although homogeneous base catalysts, suchogsssium
or sodium hydroxides, carbonates or alkoxides am@nconly
utilized for the commercial production of biodied8], these
catalysts have several major problems such as dmzar
handling, high corrosiveness, difficulty in catdlgeparation and
non-reusability of catalysts, and massive wastewgémeration
[9]. Therefore, heterogeneous catalysts have beéensvely
developed to replace the homogeneous catalystsjraifseveral
advantages in overcoming the aforesaid problems
homogeneous catalysts; this is mainly due to thtensive
separation and purification procedures are not iredufor
heterogeneous catalysts [10, 11].

Among heterogeneous catalysts, calcium oxide (Ch&d)
intensively attracted as a heterogeneous base ysatdbr
transesterification of vegetable oils with methadoé to its high
basicity and strong basic strength, non-toxicityyd alower
solubility in biodiesel [12, 13]. Furthermore, tBaO catalyst can
be synthesized from natural waste materials, farmg{e, chicken
eggshell [14], freshwater mussel [15], shells @fbcand oysters
[16], mollusk [17], Turbonillastriatula [18], shelbf cockle [19]
and snails [20]. The discovery of inexpensive gatal with high
catalytic activity from the abandoned waste makenmakes the
biodiesel production process highly capable of ceting on a
cost and quality basis with the diesel fuel produdeom
petroleum [21].

Oil-palm off gradeis a source of vegetable oil &akle in
large quantities, which is about 7-10 tons produttedh palm oil
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mill with a capacity of 30 tons/hour and sold aicps 30-40%
cheaper than good quality CPO [22]. Besides hawdngreat
availability and low price, oil-palm off gradehastrbeen utilized
to the maximum and potentially be used as raw rnahtéor

biodiesel. The weakness of oil-palm off gradeishive high
levels of FFA. The weakness can be overcome withube of
two-stage reaction due to high FFA levels. FFA banreduced

temperature, methanol to oil molar ratio and cataly
concentration.Table khows the range and levels of the three
independentvariables studied. The CCD was usedvesfigate
linear, quadratic and cross-product effects of ehdbree
independent transesterification process variabteshe yield of
croton biodiesel. The value of alpha) (was fixed at 2. All
variables at zero level constitute to the centeintpoand the

combination of each of the variable at eitherdisédst (-2.0) level
or highest (+2.0) level with the other variables zaro level

through esterification reaction before continuing tthe
transesterification reaction. FFA levels allowed ithe

transesterification reaction is <2% [11]. In thi®onk, response  constitutes the axial points. Each response of the
surface modelling is applied to optimize the tratsefication transesterification process was used to developathematical
reaction of oil-palm off gradecatalyzed by CaO fraicken model that correlates the vyield of biodiesel to the

transesterification process variables studied tjnofirst order,
second order and interaction terms, according & ftillowing
second order polynomial equation:

K K
Y =P +Z.Bixi +Zﬁiixi2 +Z Z Bijxixj + €
i=1 i=1

=1 j=1+1

eggshell at mild conditions. Hence, the main airthef work is to

describe the effects and relationships among @attimperature,
molar ratio methanol to off grade oil palm and Beataweight, in

order to obtain an optimum biodiesel quality andldi This is

expected to reduce research time and costs.

2.0 RESEARCH METHODOLOGY

where Y is the predicted biodiesel yield (mol/mat), and xj
representthe parameters, i3 the offset term, bj is the linear
effect, bij is the first order interaction effectchbjj is the squared
effect.

Design Expert software version 6.0.6 (STAT-EASE.|nc
Minneapolis, USA) was used for regression analyafisthe
experimental data to fit the second order polynbedgation and
also for evaluation of statistical significance tife equation
developed.

2.1 Materialsand Equipment
The equipment used are three-neck flask with a aigpaf
500 ml as a batch reactor equipped with a heatiragtle
condenser, thermometer, and magnetic stirrer. Bae material
used is oil of oil-palm off gradeextracted usingnsite hydraulic
press. Methanol 98% is used in the esterificationd a
transesterification reaction As reactants. For Igsta the
esterification reaction used,8l0, and transesterification used
CaO from chicken eggshell.
Table 1: Levels of transesterification variables

2.2 Preparation of CaO catalysts Variable Coding Unit Levels

The waste chicken eggshells were collected fromalloc o |-1]0 |+ ®
bakeries. Then, they werewashed with tap wateeddat 100 °C Reaction X1 °C 43|50 | 60| 70 | 77
for2 h in an oven and then grinded using grinding mith temperature Xz mol/mol | 6 |7 |9 | 11 12
rotational speed 340 rpm and time 8 min. Then, these sieved mglt‘:??;:go ol X Wt L2z |4 ]6 |7
to constant sizes(<0.07 mm). Calcination was perédr in a Amount of catalyst

muffle furnaceat 900 °C for 2h. The calcinatedgetsl were then
stored in dark screw capped vessels toavoidreaatittnhumidity

and CQ in air before usage. Structural property of catywas
analyzed by powder X-ray diffraction technique wgsira

SHIMADZU XRD-600 diffractometer with Cu Ka radiatio
(k = 0.154 nm), operated at 40 kV and 30 mA.

3.0 RESULTSAND DISCUSSIONS

3.1 Characteristics of Activated Zeolite Catalysts

The major component of the calcined eggshell wa® Ca
species, as demonstrated in the XRD pattern. Tédtreeveals
sharp XRD reflections (Fig. 1) with (11 1), (2 ®20),(311)
and (2 2 2) orientations, implying that the caldirmample was
well crystallized during the heat treatment procéR® pattern
for chicken eggshell before activation shows ddfiean peaks at
angles B = 23°, 29,5°, 31,5°, 36°, 39,5°, 43,5°, 47,5°, BB®, 58°,
61°, 63°, 65°, 66°, 69.5°, 70,5°, 73°, 77°, 82%, B8P, 96°. As for
the CaCGQfrom eggshell after activation showed the formatidn
CaO at peak diffraction angléd 2= 6: 32,2°, 37,4°, 53,9°, 67,4°,
88,6°, 91,5°; and Ca(Opat D = 18°, 28.8°, 34.2°, 47.2°, 50.9°,
62,5°, 67,4° 38.5 °.

2.3 Transesterification Reaction

All the transesterification reactions were carrged for 2 h at
atmospheric pressure in a 500 ml reactor with n@chastirring
at 400 rpm, thermostat and condensation systemr@dwtor was
immersed in a constant-temperature bath. The acgusé the
temperature measurement was *1°C. The investigatadtion
conditions were: methanol to oil molar ratio (7&t1 and 11:1),
reaction temperature (50, 60 anf 70 °C); catalystcentration
refereed to initial oil weight (2, 4 and 6%). Céfalgation was
used to recover the catalyst; then the methanolsgparated via
rotary evaporation and finally the glycerol was aegred by
settling.

2.4 Design of Experiments
Data Processing in this study used response suGac¢ral
Composite Design (CCD). The reaction parameter® wesction

Published by International Society of Ocean, Medtwrand Aerospace Scientists and Engineers



Proceeding of Ocean, M echanical and Aerospace

-Science and Engineering-, Vol.2:1

November 23, 2015

o
Conts B s Table 3: Experimental design of the experimentstheit
e 3 corresponding results
g Coded Process Variable )
Standar Run Y")/el d
x| ) | e | OO
1 17 -1 -1 -1 67,62
2 16 1 -1 -1 75,80
5000 3 20 -1 1 -1 73,97
4 19 1 1 -1 87,41
5 4 -1 -1 1 62,30
_ =im o E.é 6 9 1 -1 1 71,26
5 |88 8 soa .. - - 7 6 -1 1 1 69,12
: IE59:% gIEIs s 88 0B 8 13 1 1 1 86,67
M jl FE3E F5 5 58 & 9 3 -1,68 0 0 64,64
0 “‘**TL«-JI - Mlk Mt [ e 10 11 1,68 0 0 84,71
2 » P 50 '] o % 11 10 0 -1,68 0 72,64
Postion2Trets] (Coppe (4 12 8 0 1,68 0 85,35
o [(ULT TELURSTLRKALS 900 C 13 12 0 0 -1,68 66,57
e g 14 15 0 0 1,68 | 6807
o0 15 2 0 0 0 78,17
16 18 0 0 0 80,92
17 5 0 0 0 76,62
18 14 0 0 0 75,25
o] R 19 1 0 0 0 79,12
& 20 7 0 0 0 78,84
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Figure 1: The XRD pattern for CaO from eggshelldoefand
after activation

3.2 Characteristics of Biodiesel

Analysis of biodiesel characteristics of in thiadst is shown
in Table 2, which shows the produced biodiesel dgsroximate
value but does not exceed the standards set by28M- for
biodiesel.

Table 2:Characteristics of biodiesel from off grade palin oi

No Characteristics Result SNI-2012 for
biodiesel
1 Acid number 0,24 mg-KOH/gr Max 0,6 mg-KOH/gr
biodiesel biodiesel
2 Density at 40°C 858,12 kg’m 850 - 890 kg/rh
3 Viscosity at 40°C 2,35 nits 2,3 - 6,0 mits
4 Flash point 132°C minimum 100°C

3.3 Development of regression model equation

Tabel 2 summarized the results regarding transésagion
reaction yield. It can be noticed that this flucesabetween 62.3%
and 87.41% depending on experimental conditionss Mvorth
mentioning that the presented values in Tabel 3rer@verage of
three repetitions and standard deviation is indude the last
column of this Table.

Based on coded factors, the quadratic regressiodelmaf
experimental data was given as:

y = 78,18 + 6% + 4,51% — 0,97% — 1,07%% + 0,46%> —
3,64%7 + 1,73 %X, + 0,61% X3+ 0,54%X5

where y is the methyl ester percentage (%), iX reaction
temperature (°C), Xis the methanol to oil ratio and; X6 catalyst
concentration (%). Positive sign in front of thente indicates
positive effect while negative sign indicates antsg effect.

The statistical significance of the model equatioras
evaluated by the analysis of variance (ANOVA), whihowed
that the regression is statistically significant9896 confidence
level. The p-value of the model was smaller th@001 and this
indicates that the model is significantly suitallethis case, the
model was statistically significant since the mo#elalue was
3.02 for biodiesel production. This value impliésitt the lack of
fit was not significantly related to experimentalce. The p value
of lact of fit was 0.1 (p value 0.05), thus indicating that the lack
of fit was insignificant. In this case, the vauetloé determination
coefficient (F=0.96) indicates that the model expalins 96% of the
variability. Thus, the value in Table 4suggestt tthee accuracy
and general availability of the polynomial modelsradequate. In
consequence, this methodology allowed the formuiatf the
second order equation that describes the process.

Tabel 4:ANOVA and fit statistics for y

(F 0.5, 9; 10)
Regres 1020,59 9 113,40 25,39 3,02
Residual 44,66 10 4,47
Total 1065,25 19
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Based on the results of the P-value test, the mato
methanol: oilhas a significant influence on thedief biodiesel.
The greater molar ratio methanol: oilincrease theldy of
biodiesel. In addition to the molar ratio metharail; the P-value
test showed a significant effect on the quadraticlam ratio
methanol: oilto yield biodiesel that can be seentloa curve
surface curvature. Interaction of reaction tempeeatnd catalyst
concentration also has significant effect on theddyof biodiesel.
Effect reaction temperature and molar ratio methaoiton the
yield of biodiesel at catalyst concentration 1%wpidted in the
form of a curve surface in Figure 2. Increase imacten
temperature and molar ratio methanol: oiltendsitodase yield of
biodiesel. At 50°C and at molar ratio methanol: &il, resulting
in low yield of biodiesel. When the reaction tengiare and
catalyst concentration was raised to 60 °C and t9d.,yield of
biodiesel is increasing. Yield biodiesel continteéncrease at the
reaction temperature and catalyst concentraticf0&C and 11:1
(highest). The increase happens because at 70 tttanod used is
not evaporate yet and the higher the reaction testyoe (still at
the limit of methanol boiling point) will increaske reaction rate
constant and the use of large molar ratio methanilalill increase
the rate of the transesterification reaction prautyc high yield
biodiesel.

Yield (%)

70.00

60.00

Perbandingan mol (mol) 5% Suhu (degC)

7.00 50.00

Figure 2:The surface curve, interactions of the reaction
temperature and catalyst concentration to biodigséd
at catalyst concentration 1%wt

4.0 CONCLUSION

Results of experiments that have been carried antbe
concluded that biodiesel can be produced from adoality
oil-palm off grade which has high FFA concentrattbrough
two stages reaction using CaO from eggshell cdtailys
transesterification stage. The highest biodiesadyof 87.41%
was obtained under the conditions of 70°C reaction
temperature, molar ratio methanol: oil 11: 1, aruke t
concentration of CaO from eggshell catalyst 2%wbcPBss
conditions that have significant influence on theld of
biodiesel is molar ratio methanol: oilwhere higleolar ratio
methanol: oilwill increase the yield of biodiesebguced.

REFERENCE

1.

10.

11.

12.

13.

14.

15.

. Nakatani

Miao X, Li R, Yao H. Effective acid-catalyzed
transesterification for biodiesel production. Enef@onvers
Manage 2009;50:2680—4.

RizwanulFattah IM, Masjuki HH, Kalam MA, Mofijur M,
Abedin MJ. Effect of antioxidant on the performaraed
emission characteristics of a diesel engine fuelét palm
biodiesel blends. Energy Convers Manage 2014;79255
Kansedo J, Lee KT. Process optimization and kingtimly
for biodiesel production from non-edible sea maf@erbera
odollam) oil using response surface methodologyertiEng

J 2013;214:157-64.

Demirbas A. Comparison of transesterification mdthdor
production of biodiesel from vegetable oils ands f&nergy
Convers Manage 2008;49: 125-30.

Kansedo J, Lee KT. Transesterification of palmaoitl crude
sea mango (Cerbera odollam) oil: the active rolsimblified
sulfated zirconia catalyst. Biomass Bioenergy 20036—
104.

Patle DS, Sharma S, Ahmad Z, Rangaiah GP. Mulgaibje
optimization of two alkali catalyzed processes avdiesel
from waste cooking oil. Energy Convers Manage
2014;85:361-72.

Xie W, Zhao L. Heterogeneous CaO-MoO3-SBA-15
catalysts for biodiesel production from soybean Bihergy
Convers Manage 2014;79:34-42.

Hajek M, Skopal F, Cernoch M. Effect of phase sapan
temperature on ester yields from ethanolysis oésapd oil in
the presence of NaOH and KOH as catalysts. Bioresou
Technol 2012;110:288-91.

Sakai T, Kawashima A, Koshikawa T. Economic assessm
of batch biodiesel production processes using hemegus
and heterogeneous alkali catalysts. Bioresour Tachn
2009;100:3268-76.

Yan S, Salley SO, Simon Ng KY. Simultaneous
transesterification and esterification of waste aVver ZnO—
La203 catalysts. Appl Catal A: Gen 2009;353:203-12.
Helwani, Z., M. R. Othman, N. Aziz, J. Kim dan W.N.,
2009. Solid Heterogeneus Catalyst for Transesterification of
Triglycerides with Methanol., Applied Catalysis A : General
369, 1 - 10.

Demirbas A. Biodiesel from sunflower oil in supédtical
methanol with calcium oxide. Energy Convers Manage
2007;48:937-41.

Yan S, Kim M, Salley SO, Simon Ng KY. Oil
transesterification over calcium oxides modified thwi
lanthanum. Appl Catal A: Gen 2009;360: 163-70.
Khemthong P, Luadthong C, Nualpaeng W, Changsuwan P
Tongprem P, Viriyaempikul N, et al. Industrial ebgh
wastes as the heterogeneous catalysts for micreassisted
biodiesel production. Catal Today 2012;190:112-26.

Hu S, Wang Y, Han H. Utilization of waste freshwataissel
shell as an economic catalyst for biodiesel prddoct
Biomass Bioenergy 2011;35: 3627-35.

N, Takamori H, Takeda K, Sakugawa H.
Transesterification of soybean oil using combustgdter
shell waste as a catalyst. Bioresour Technol 2@@81510—-

3.

Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineers



Proceeding of Ocean, M echanical and Aerospace

November 23, 2015
-Science and Engineering-, Vol.2:1

17.Viriya-Empikul N, Krasae P, Puttasawat B, Yoosuk B,
Chollacoop N, Faungnawakij K. Waste shells of nekland
egg as biodiesel production catalysts. Bioresouchmel
2010;101:3765-7.

18. Boro J, Thakur AJ, Deka D. Solid oxide derived fraraste
shell of Turbonillastriatula as a catalyst for heskl
production. Fuel Process Technol 2011;92:2061-7.

19.Boey PL, Maniam GP, Hamid AS, Ali DMH. Utilizatioof
waste cockle shell (Anadara granosa) in biodiesadiyrction
from palm olein: optimization using response sufac
methodology. Fuel 2011;90:2353-8.

20.Birla A, Singh B, Upadhyay SN, Sharma YC. Kinetiadies
of synthesis of biodiesel from waste frying oil ni
heterogeneous catalysts derived from snail shétireBour
Technol 2012;106:95-100.

21.Chakraborty R, Bepari S, Banerjee A. Applicatiorcalcined
waste fish (Labeorohita) scale as low-cost hetareges
catalyst for biodiesel synthesis. Bioresour Technol
2011;102:3610-8.

22. Arifin, J.K., 2009. Pemanfaatan Buah Sawit Sisatifor
sebagai Sumber Bahan Baku Asam Lerakis. Program S2
Teknik Kimia Universitas Sumatra Utara. Medan.

Published by International Society of Ocean, Medtwrand Aerospace Scientists and Engineers



