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ABSTRACT

The continuous and batch transesterification of linseed oil were examined in order to maximize the
fatty acid methyl esters (FAMESs) yield. The continuous process was conducted in a packed bed reactor
using calcium oxide as a heterogeneous catalyst. In addition, the impact of two variables, the molar
ratio of methanol to oil and the flow rate (ml/min), on the FAME yield were studied. Also, the reaction
was performed in the Continuous Stirred-Tank Reactor (CSTR) by using KOH as a homogeneous
catalyst in the batch process. Moreover, the influence of the molar ratio of methanol to oil and the
catalyst concentration (wt. %) were investigated on the FAME yield. In the both batch and continuous
process, FAME yield was optimized by using the Design Expert (Ver. 7.0.0) software. The optimum
conditions for the continuous method were reported as follows: the molar ratio of methanol to oil of
11.75:1, a flow rate of 1.07 ml/min and a temperature of 50 °C. Under the optimum conditions, the
FAME yield was achieved to 94.94%. Under the optimum conditions, the FAME yield was reached to
95.0672% in the batch process. Also, the optimum conditions for the batch process were as follows:
the molar ratio of methanol to oil of 9.12:1, a catalyst concentration of 1.52 wt. %, a temperature of
40 °C, an agitation rate of 650 rpm and a reaction time of 60 minutes.

1. INTRODUCTION

Although the largest energy consumption is now
produced by fossil fuels, the increasing price, non-
renewability and the environmental disadvantages of
them have caused to seek the suitable alternative fuels
[1-3]. According to the some advantages, such as
renewability, lower greenhouse gas emission, more
lubricating than fossil fuels and a high flash point,
biodiesel is one of the most attractive alternative fuels.
Moreover, biodiesel does not emit SO, or extra amounts
of CO, during the combustion [4, 5]. In the presence of
three moles of short-chain alcohol, triglyceride
generally transforms into glycerol and biodiesel.
Likewise, the production of fatty acid methyl ester
(FAME) occurs in a continuous three steps reaction: (i)
triglyceride is converted to diglyceride in the presence
of one mole of short chain alcohol, (ii) diglyceride
produces monoglyceride, and (iii) monoglyceride
transforms to glyceride and three moles of methyl ester
(see Fig. 1) [4, 6]. Biodiesel synthesis occurs as a result
of either batch or continuous processing. In the batch
method, the main purpose of investigating the influence
of parameters on the FAME yield is optimizing the
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reactions conditions. However, in continuous biodiesel
production, the effects of parameters on the FAME
yield are investigated with the aim of scaling up the
process [7]. Different continuous reactors are exploited
to produce biodiesel, such as a fixed bed reactor, a
packed bed reactor and a rotary fixed bed reactor.
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Figure 1. Stoichiometry of production of methyl ester from
triglyceride [4]

The main sources of biodiesel production are vegetable
oils, animal fats, algae, and waste oils. Non-edible
crops, particularly linseed oil, castor oil and Jatropha oil
have a good likelihood of being used as a feedstock due
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to their low prices [8]. In addition, the cost of biodiesel
production depends on the type of feedstock available
[9]. Although low-priced feedstock contains a higher
amount of free fatty acids, this causes problems during
the transesterification process. Free fatty acids react
with the base catalysts and lead to soap formation,
whereas acid catalysts can transform free fatty acids into
FAME, such catalysts are more suitable for those feed
stocks with a higher content of free fatty acids [10, 11].
The rate of biodiesel production can be increased
through the use of various types of catalysts. Catalysts
can be either homogeneous or heterogeneous [12].
Although homogeneous catalysts are more active than
the heterogeneous ones, they require a complicated
process to separate [13]. However, heterogenecous
catalysts doesn’t need not undergo a complex
separation process and they can be reused after
regeneration [14]. In continuous biodiesel production,
most reactors are packed with exchange resin catalysts
and base or acid heterogeneous catalysts either. Sun
Peiyong et al. [15] were able to produce biodiesel from
oils with the high content of acid in the presence of
H,SO, as a homogeneous acid catalyst. A the FAME
yield of 99.5% was achieved under the optimum
conditions of a 20:1 molar ration of methanol to oil, a
temperature of 120 °C and a reaction time of five
minutes. Continuous biodiesel production from soybean
oil in the presence of a homogeneous base catalyst was
investigated in the tubular reactors with static mixers by
E. Santacesaria et al. [16]. Furthermore, under the
optimum conditions (i.e., a 6:1 molar ratio of methanol
to oil, a 2% w/w oil KOH concentration, and a
temperature of 60 °C), a FAME yield of 98.2% was
obtained. The influence of WO5/ZrO, as a
heterogeneous catalyst on biodiesel yield was
investigated in a packed bed reactor by Park YM et al.
[17]. Biodiesel reached the FAME yield of 70% under
the following conditions: a 19.4:1 molar ratio of
methanol to oil, a temperature of 70 °C and an operating
time of 140 hours. Furthermore, the impact of
Ca(C;H50;),/CaCO; as a syntheses heterogencous
catalyst on the FAME yield was studied in a packed bed
reactor by Hsieh LS et al. [18], and a FAME yield of
97% was reported under the following conditions: a
30:1 molar ratio of methanol to oil, a temperature of 60
°C and a residence time of 168 minutes. Applying
Mg/Al hydrotalcite as a heterogeneous catalyst in the
packed bed reactor seems very beneficial to reaching the
conversion rate of 85% for transformation of methyl
ester from soybean oil under the optimal conditions
(i.e., a 27:1 molar ratio of methanol to oil, a 27.4 g load
of catalyst, a temperature of 220 °C, a 5 MPa of
pressure and a residence time of 6 minutes) [19].

In the most of the previous works, the opportunity of
conventional continuous biodiesel production from
various heterogeneous and raw materials has been
investigated. An investigation of the literature proves

that no research has been conducted on the optimization
of continuous biodiesel production from linseed oil by
using calcium oxide as a heterogeneous packed catalyst
in the reactor. As long as refluxing occurs in the
process, the biodiesel can be utilized as a co-solvent to
increase the reaction rate. The influence of the main
parameters, including the molar ratio of methanol to oil
and a residence time at 50 °C, on the FAME yield was
investigated in the continuous process,. Also, the effect
of the molar ratio of methanol to oil and the
homogeneous catalyst concentration (wt. %) were
studied on the FAME yield in the batch process. Finally,
the optimal conditions were reported for the new
reaction system.

2. MATERIALS AND METHODS

2.1. Materials

Linseed oil was provided from a local market in Tehran,
Iran. The fatty acid profile of linseed oil by the gas
chromatography is presented in Table 1. Potassium
hydroxide (99% purity) and methanol (99.99% purity)
were purchased from Dr. Mojalali Co. in Tehran.
Calcium hydroxide was supplied by Merck.

TABLE 1. Fatty acid profile of linseed oil

Chemical Formula Fatty acid Composition (wt. %)
C12:0 0.08
C14:0 0.08
C15:0 1.36
C16:0 5.61
Cl6:1 0.06
C17:0 0.05
C18:0 4.04
C18:1 19.34
Cl18:2 17.15
C19:0 0.07
C18:3 48.79
C20:0 0.17
C20:1 0.10
Others 3.10

Table 1 shows that linseed oil was an appropriate choice
to produce biodiesel due to the high amount of C18:3.

2.2. Procedure of the batch biodiesel production

The reactions were conducted in a 250 mL spherical
reactor which was contained two necks and equipped
with the magnetic stirring, a thermostat and the
condensation systems. Linseed oil of 40 gram of was
used for all experiments. First, the linseed oil was filled
into the reactor and heated to 40 °C. A solution that was
obtained by dissolving a certain amount of catalyst in
methanol was prepared. After mixing the linseed oil
with the solvent mixture, the reaction was developed
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over 90 minutes at 40 °C. The final mixture was placed
in a fennel separator to separate the glycerol from
biodiesel. Then, the biodiesel was washed with
deionized water to remove any catalysts remnant.
Finally, water and methanol were removed by heating
the mixture at 100 °C for 5 hours.

2.3. The procedure of the continuous biodiesel
production

The continuous biodiesel production was carried out in
a packed bed reactor. The schematic diagram of the
packed bed reactor is shown in Fig. 2. The height and
the internal diameter of the reactor were 40 and 3
centimeters, respectively. First, the reactor was packed
with calcium oxide (the catalyst) and loaded with 160
grams of catalyst. Second, methanol was poured in the
reactor to calculate the volume of the packed bed
reactor. Then, the porosity of the reactor was
determined by dividing the volume of the packed bed
reactor to the overall volume of the reactor (without
packing) and it was18%. Then, linseed oil and methanol
were pumped into the reactor by two peristaltic pumps.
The reactor was isolated to avoid the heat transfer and
the transesterification reaction process progressed at 50
°C over 120 minutes. Finally, the main product was
collected in the fennels by separating the biodiesel from
glycerol. Subsequently, after washing the biodiesel and
eliminating methanol from it, the pure biodiesel was
stored for analysis.

Separator

Packed bed reactor «_|

Isolation :
| _wCatalyst packing

L -
ail Solvent

Peristatic pump

Peristatic pump

Figure 2. Schematic of the continuous biodiesel production

2.4. Analytical method

The methyl ester content was determined by using gas
chromatography. An ACME 6100 gas chromatograph
equipped with a FID detector and a 60 m silica capillary
column (CN 100) was employed to perform the
analysis. Helium was applied as a carrier gas. Almost,
0.2 of the sample were injected with a split ratio of
1:100. The injector temperature was 220 °C and the
detector temperature was 280 °C. The oven was
maintained at 180 °C for 20 minutes. The internal
standard method was handled with methyl

nonadecanoate as the standard with heptane as the
solvent. The FAME yield was computed using by
Equations (1) and (2) [201]:

(ZA)—AIS CISXVISx M
Wrame = 1S X

(1)

m

w, X MW,
%Yield = —2MEZ Ol 100
WoiL X 3MWeani

()

Where ZA, AIS, CIS, VIS, m, M, MWOH, Woﬂ and
MW¢gmg are total peak area of FAME, peak area of
methyl nonadecanoate, concentration of the internal
standard (mg/ml), volume of the internal standard (ml),
the mass of the sample (mg), molecular weight of
nonadecanoate, molecular weight of oil, weight of oil
sample (mg) and molecular weight of methyl ester,
respectively.

The properties, such as pour point, cloud point, flash
point and viscosity of the product were determined by
the ASTM standard (Table 2). The result of the gas
chromatography for the biodiesel in the optimum
condition is shown in the Fig. 3.

The result of the Gas Chromatography for the biodiesel
in the optimum condition is showing in the Fig. 2.

TABLE 2. Physico-chemical properties of methyl ester of
linseed oil

Properties Measurement Standard number
Flash point 141 °C D92
Viscosity at 40 °C 4.38 (centiStokes) D445
Pour point -2°C D97
Cloud point -6 °C D2500
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Figure 3. Results of biodiesel characterization by gas
chromatography

The residence time of feedstock in the packed bed was
calculated using Equation (3) [21] :

Vi 4 hd?
t=—0=a—=EX— (3)

v v 4 v
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Where V, t, Vg, v, 0, d and h are the reactor volume, the
residence time, the void volume (ml), the flow rate
(ml/min), the bed porosity, the inner diameter of the
reactor (cm) and the height of the packed bed in the
reactor (cm), respectively.

2.5. Design of experiments

In this study, a statistical central composite design
(CCD) was employed to maximize the FAME vyield. In
the continuous process, the CCD method was
considered for two independent variables, each at five
levels with five center points. The ranges and levels of
variables are presented in Table 3. The impact of the
two independent variables (i.e., the molar ratio of
methanol to oil (X;) and residence time (X)) and their
interaction was studied. The other operating parameters
were: a reaction temperature of 50 °C, a catalyst loading
of 160 grams and a reaction time of 120 minutes.

TABLE 3. Ranges and levels of the independent variables in
the continuous process

Ranges and levels
Variable Symbol
2 1 0 1 2
Molar ratio of
X, 3 4.32 7.5 10.68 12
methanol to oil
Flow rate (ml/min) X, 0.5 0.8 1.25 1.7 2

According to the design, 13 runs were required to
optimize the process. The results of the experimental
designs and their performance under all conditions are
depicted in Table 4.

TABLE 4. The central composite design arrangement and the
experimental results in the continuous process

Runnumber | X; | X Tem?oecr;'t“re Yield (%)
1 75 | 2 50 89.65
2 10.68 | 1.85 50 88.15
3 75 | 15 50 82.09
4 432 | 185 50 82.85
5 10.68 | 1.15 50 81.64
6 12| 15 50 84.04
7 30|15 50 78.27
8 75 | 1 50 80.34
9 432 | 115 50 78.83
10 75 | 15 50 82.18
1 75 | 15 50 82.48
12 75 | 15 50 81.89
13 75 | 15 50 82.58

In the batch process, two independent variables, each at
five levels with six center points, were evaluated. The
range and levels for variables are presented in Table 5.
The effect of two independent variables (i.e., the molar
ratio of methanol to oil (X3) and the catalyst
concentration (X4)) and their interaction was
investigated. The other operating parameters were: a
reaction temperature of 40 °C, an agitation rate of 650
rpm, and a reaction time of 90 minutes.

TABLE 5. Ranges and levels of the independent variables in
the batch process

Ranges and levels

Variable Symbol

Molar ratio of methanol to oil X5 10.83 1 8 4 517

Catalyst concentration (wt. %) X 03 0.7 1.65 26 3

According to the design, 14 runs were required to
optimize the process. The results of the experimental
designs and their performance under all condition are
shown in Table 6.

TABLE 6. The central composite design arrangement and the
experimental results in the batch process

Run X, X, Temperature | Agitation rate Yield
{9 (rpm) (%)
1 8 0.3 40 650 92.37
2 10.83 | 0.7 40 650 94.98
3 8 1.65 40 650 93.29
4 8 1.65 40 650 92.71
5 8 1.65 40 650 92.84
6 4 1.65 40 650 85.68
7 5.17 2.6 40 650 86.26
8 10.83 | 2.6 40 650 93.39
9 12 1.65 40 650 95.76
10 8 1.65 40 650 92.35
11 5.17 0.7 40 650 87.27
12 8 3 40 650 77.74
13 8 1.65 40 650 92.24
14 8 1.65 40 650 91.86

3. RESULTS AND DISCUSSION

An analysis of variance (ANOVA) and a regression
analysis was performed and Design Expert software
(Ver. 7.0.0) was used to generate response surface plots.
The regression coefficients of the second-order multiple
regression models (expressed as Equation 4) were
determined using the gained data from the CCD. The
optimum values of the selected variables were obtained
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by solving the regression equation and analyzing the
response surface contour plots: [22]:

%Yleld = Qy + ale + azXZ + aLlez + azjzXZZ (4)
+ a1X, X, + €

Where oy to oy, are constant coefficients to be
estimated from the regression, and ¢ is random error.

3.1. Response surface methodology analysis

The full regression coefficients of the quadratic model
and their statistical significance were evaluated using
the Design Expert software. A regression analysis was
employed to fit the empirical model with the generated
response variable data. Equation 5 represents the
second-degree polynomial model as a function of the
variables and their interaction in the continuous process.
Furthermore, Equation 6 indicates the second-degree
polynomial model in the batch process. Positive terms
indicate a synergistic effect on the FAME yield,
whereas negative terms indicate an antagonistic effect
[23]:

%Yield = +86.439 + (1.97989 x X;) — (19.26543 X

X,) — (1.52444 X X,X,) + (0.099111 x X2) )
+(8.428 x X2)
%Yield = +66.42998 + (5.74723 x X_3 ) + (©6)

(2.23521 X X_4) + (0.22407 x X3 X_4) —
(0.32747 x X_3"2) — (1.31939 X X_4"2)

The ANOVA was conducted to study the significance
and fitness of the quadratic model and the effect of the
significant individual terms and their interactions on the
selected response [24].

TABLE 7. Analysis of variance (ANOVA) of response
surface quadratic model in the continuous process

Source SOS* | DOF** | MS*** vzﬁ;le P-value
Model 166.88 5 33.38 35.21 0.0001
X 29.32 1 29.32 30.93 0.0008
Xs 112.76 1 112.76 118.95 0.0001
XX, 11.76 1 11.76 12.41 0.0097
Xy 7.72 1 7.72 8.14 0.0246
X,? 7.01 1 7.01 7.39 0.0298
Residual 6.64 7 0.95
Lack of Fit 5.26 3 1.75 5.08 0.0752
Pure Error 1.38 4 0.35
Total 173.51 12

* Sum of Squares  ** Degree of Freedom *** Mean Square
C.V.=1.2%, R2=0.9618, =0.9344, predicted R2=0.7722

Table 7 demonstrates the results of the conducted
ANOVA in the continuous process. Table 8 shows the
results of the ANOVA in the batch process. P-
values>0.1 indicate that the model parameters are not
significant, whereas 0.05<P-values<0 indicate possibly

significant parameters that require extra analysis to
determine the significance level. However, P-
values>0.05 indicate the significant parameters [25].
Note: In statistical hypothesis testing, the p-value or
probability value or asymptotic significance is the
probability for a given statistical model that, when the
null hypothesis is true, the statistical summary would be
the same as or of greater magnitude than the actual
observed results.

Table 8. Analysis of variance (ANOVA) of response surface
quadratic model in the batch process

Source SOS* | DOF** | MS#*** F- P-value
value
Model 109.63 5 21.93 336.66 0.0001
X; 49.27 1 49.27 756.46 0.0001
X4 0.78 1 0.78 11.91 0.0087
X3Xy 1.46 1 1. 46 22.48 0.0015
X5* 50.68 1 50.68 778.22 0.0001
X4 10.67 1 10.67 163.90 0.0001
Residual 0.52 8 0.065
Lack of Fit 0.082 3 0.027 0.31 0.8175
Pure Error 0.44 5 0.088
Total 110.15 13

* Sum of Squares  ** Degree of Freedom *** Mean Square
C.V.=0.28%, R2=0.9953, =0.9923, predicted R2=0.9890

An F-test and P-value were used to evaluate the
statistical significance of the equation. In the continuous
process, the highly significant mode was occurred in the
F-value of 35.21 and the P-value of 0.0001. Also, the F-
value of 336.66 and the P-value of 0.0001 indicated that
the model was efficiently adjusted in the batch method
[23, 24]. The outcome of the ANOVA indicated that all
the linear terms (X, X,, X5 and X,) and all the quadratic
terms significantly affected the FAME yield due to their
low P-values and high F-values.

Yield (%)
89.71 90.00 —|

75.29

86.25 —

8250 —

Predicted Yield (%)

78.75 —

75.00 —

T T T T
75.29 78.90 82.50 86.10 89.71

Actual Yield (%)

Figure 4. The experimental fatty acid methyl ester yield
versus the predicted one in the continuous process
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The model also illustrated the statistically non-
significant lack of fit of the continuous method (P-
values>0.0752) and the batch method (P-
values>0.8175), indicating that the responses were
appropriate for this model. Moreover, the results
revealed an adequate fit between the experimental data
and the statistical model (Figs. 4 and 5).

Yield (%)

94.84 94.90 —
85.68

9258 —

9025 |

Predicted Yield (%)

87.93 —|

86.60 —

T T T T T
8568 8797 9026 9255 94 84

Actual Yield (%)

Figure 5. The experimental fatty acid methyl ester yield
versus the predicted one in the continuous process

The efficiency of the fit of the regression equation was
able to be adjudicated by the determination coefficient
(R?) and the adjusted determination coefficient (RzAdj).
In the continuous process, the values of R? and RzAdj
were 0.9618 and 0.9344, respectively and they were
0.9953 and 0.9923, respectively, in the batch process.

3.2. The molar ratio of methanol to oil

The molar ratio of methanol to the oil is one of the main
factors of biodiesel production that has a strong effect
on the FAME yield. According to the stoichiometry of
biodiesel production, three moles of methanol are
sufficient for the reaction progress. An extra volume of
methanol results to a high yield of FAME, due to the
reversibility of the reaction. Although an additional
volume of methanol can boost the FAME yield, it
increases the cost of biodiesel production [26-28].

90— A: Flow rate (mUmin) = 1.50

86.26

825 —

Yield (%)

7875 — @

75 |

432 591 7.50 9.09 10.68

B: Molar ratio of methanol to oil

Figure 6. The effect of the molar ratio of methanol to oil on
the yield in the continuous process

Hence, the amount of used methanol must be
optimized. Fig. 6 indicates the FAME yield in the
continuous biodiesel production, which closely depends
on the molar ratio of methanol to oil. Therefore, the
increasing of molar ratio causes a rise in the yield, due
to the reversibility process of transesterification. Also,
Fig. 7 reveals that a high volume of methanol results to
the low yield of FAME in the batch biodiesel
production, due to the diluting of the catalyst
concentration in the methanol. Therefore, as long as the
catalyst concentration remains constant in methanol, the
FAME yield may be increased by adding methanol.

951 | B: Catalyst concentration (wt.%) = 1.65 -
2

92725

9035 —

Yield (%)

87.978 —

856 —

T T T T T
517 6.59 8.00 94 1083

A: Molar ratio of methanol to oil

Figure 7. The effect of the molar ratio of methanol to oil on
the yield in the batch process

3.3. Flow rate

Residence time is one of the most effective variables in
the continuous biodiesel production. Adjusting the
residence time mostly depends on the flow rate.
Furthermore, Equation 3 shows that flow rate and the

residence time are inversely related to each other [21,
29].

B: Molar ratio of methanol to oil = 7.50

8625

825 —

Yield (%)

7875 — L

A: Flow rate (mi/min)

Figure 8. The impact of the flow rate on FAME yield in the
continuous process

The impact of flow rate on the FAME yield at 50 °C and
the various ranges of molar ratio of methanol to oil was
investigated. It was found that a diminished flow rate
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increased the residence time of linseed oil next to the
catalyst. Moreover, the reaction was able to progress
rapidly in the presence of the catalyst. Therefore, as
shown in Fig. 8, a decrease in flow rate results to the
high yield of FAME. The optimum flow rate was 1.03
ml/min and according to the Equation 3, the optimum
residence time was calculated to be 37.05 minutes.

3.4. Catalyst concentration

Catalyst concentration is considered an important
variable in the batch biodiesel production, due to most
catalysts are homogeneous in this process. In the
absence of an appropriate catalyst, biodiesel production
reaction rate is very low. Therefore, catalysts play a
significant role in increasing the reaction rate. Base
catalysts cause to form soap from free fatty acids, which
results to the decreasing of the FAME yield. It is
suggested using the feedstock with the low free fatty
acids (5 wt. % free fatty acid) for preventing a
saponification reaction. Moreover, a high catalyst
concentration causes emulsions, which requires a
complex separation process [4, 22]. Fig. 9 illustrates
that a high catalyst concentration is not suitable for
increasing the FAME yield. According to the Fig. 9, the
FAME yield is increased at first. Then, the extra amount
of the catalyst is caused a reduction in the FAME yield,
due to the soap formation during the reaction.
Therefore, this important variable was optimized inl.41
wt. % of the oil.

as.9 | A Molar ratio of methanol to oil = 8.00 28

92575 —{

9025

Yield (%)

87.925

856 —{

B: Catalyst concentration (wt.%)

Figure 9. The influence of the catalyst concentration on the
yield in the batch process

3.5. Interaction between variables

Fig. 10 depicts the interaction effect of the flow rate
(ml/min) and the molar ratio of methanol to oil
According to Fig. 10, there is a slight interaction
between these wvariables, which means flow rate
(ml/min) and the molar ratio independently affect the
FAME yield and they have no influence on the each
other.

Fig. 11 depicts the interaction effect of the molar ratio
of methanol to oil molar and the catalyst concentration
(wt. %). The 3D interaction figure shows a strong

interaction between the two parameters.

Yield (%) A

89.71
7529

SRS RIS 2

B SIS S S X XS ICIIAN K SIS,

O S I S S B I SE N XS Sen oL,

S S USSP SCEI AL A,
Sl ST OCC i,

2

>
o SOOS IS ECS, o
B e S e Y e R e St

Yield (%)

150
175 Flow rate (mlfmin)

300200

Yield (%)

Flow rate (mlmin}

300 525 750 975 1200

Molar ratio of methanol to oil
Figure 10. (A) Response surface 3D plot and contour plot of
FAME conversion in the continuous process (the molar ratio
of methanol to oil vs. the flow rate (ml/min)), and (B)
Response surface 2D plot and contour plot of FAME
conversion in the continuous process

Yield (%) A:
94.84

Yield (%)

0307 4.00

Yield (%)

w

[Ee somjin s
2 o R

Catalyst concentration (wi.%)

Molar ratio of methanol to oil

Figure 11. (A) Response surface 3D plot and contour plot of
FAME conversion in the batch method (the molar ratio of
methanol to oil vs. the catalyst concentration (wt. %)), and (B)
Response surface 2D plot and contour plot of FAME
conversion in the batch method
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Fig. 11 illustrates that whercas the molar ratio of
methanol to oil between 8 and 10 increases FAME yield
but, increasing the amount of methanol leads to a
reduction in the biodiesel yield due to the diluting of the
catalyst concentration. However, a high catalyst
concentration is not suitable for the transesterification
reaction because it increases the rate of saponification.
The optimum range of catalyst concentration was
reported in the range of 0.98-1.65 wt. %.

3.6. Optimization

The optimization of variables in the continuous and
batch transesterification of linseed oil was carried out in
order to achieve the possible maximum FAME yield
based on the fitted model (Eq. 4). The range of the
variables for the continuous process is presented in
Table 9. A maximum yield of 94.2423% was obtained
under the following optimal conditions in the
continuous process: the molar ratio of methanol to oil of
11.75:1 and a flow rate of 1.07 ml/min. Also, the range
of the variables for batch process is shown in Table 10.
The FAME yield of 95.0612 was obtained under the
optimum conditions (i.e., the molar ratio of methanol to
oil 0£9.12:1 and a catalyst concentration of 1.52 wt. %).

Table 9. Ranges and symbol of independent variables in the
continuous process

Variable Symbol Ranges
Molar ratio of methanol to oil X 3-12
Flow rate (ml/min) X5 1-2
Yield (%) Maximum

Table 10. Ranges and symbol of independent variables in the
batch process

Variable Symbol Ranges
Molar ratio of methanol to oil X3 4-12
Catalyst concentration (wt. %) X4 0.3-3

Yield (%) Maximum

4. CONCLUSION

In this study, we produced biodiesel was produced by a
the continuous and batch process processesas well as a
batch process. For In the continuous biodiesel
production, the influence of two variables (i.e., the
number of molesmolar ratio of methanol to oil (3-12)
and the flow rate (1-2 ml/min)) on the FAME yield was
investigated. The continuous transesterification of
linseed oil revealed that calcium oxide as a
heterogeneous catalyst in a fixed bed reactor can could
increase the FAME yield up to 94.2423% under the
optimal conditions (i.e., a number of moles the molar
ratio of methanol to oil of 11.75:1 and a flow rate of
1.07 ml/min). In the batch process, the impact of two

variables (i.c., the number of molesmolar ratio of
methanol to oil (4-12) and the catalyst concentration
(0.3-3 wt. %)) on the FAME was studied. A maximum
FAME yield of 95.0612% was obtained under the
optimum conditions (i.e., a number of moles the molar
ratio of methanol to oil of 9.12:1 and a catalyst
concentration of 1.52 wt. %). According to the results,
the FAME yield is was roughly the sameequal in the
both processes.the continuous and batch methods. The
batch method is was a suitable technique that may might
be used to optimize the reaction conditions, and the
continuous process is was an appropriate way to
increase the scale of the pilot plan.
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