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Abstract Due to an increase in the commercial use of
biodiesel and biodiesel blends, both ASTM D 6751 and EN
14214 include the acid number (AN) as an important quality
parameter. It was found that determination of AN of bio-
diesel and biodiesel blends using the ASTM D 974 results in
large values of repeatability (up to 73.41%) and larger
percentage error (up to 42.88%). Therefore, ASTM D 974
has been modified using a lower concentration of base
(0.02 M KOH instead of 0.1 M KOH) as well as reducing
the amount of toxic titration solvent from 100 mL to only
10 mL. This makes the modified ASTM D 974 as a green
analytical method which uses a reduced amount of toxic
solvent. This modified method significantly reduced the
maximum percentage error from 42.88 to 5.92%. The
application of this modified ASTM D 974 for the determi-
nation of AN of biodiesel and biodiesel blends was studied.
The accuracy of this modified ASTM D 974 for biodiesel
(B100) was measured to be within 3.51% over the AN range
of 0.313-0.525 mg KOH/g and maximum repeatability was
decreased from 8.37 to 2.75% within this AN range which is
far below the ASTM D 974 stated repeatability specifica-
tions. For B20, B10, B5, B2, and B1, the most accurate
values were measured at AN values of 0.177, 0.067, 0.072,
0.126, and 0.096 mg KOH/g, respectively. Excellent line-
arity values of R* for calculated and experimentally deter-
mined AN were obtained. The difference between the
experimental and the calculated AN for all biodiesel and
biodiesel blend samples was within + 0.018 mg KOH/g.
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This extensive study has demonstrated that this modified
ASTM D 974 is a reliable method for the determination of
AN and could be used for establishing the specifications of
AN for biodiesel and biodiesel blends ranging from B1 to
B20 in quality standards.
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Introduction

Biodiesel is defined by the American Society for Testing
and Materials (ASTM) as the mono alkyl ester of long
chain fatty acids derived from a renewable lipid feed-
stock, such as vegetable oil or animal fat [1]. Due to an
increasing interest and the use of biodiesel around the
world, the assurance of biodiesel quality has become of
paramount interest to the successful commercialization
and market acceptance of biodiesel. Therefore, various
biodiesel standards have been established around the
world, including the United States (ASTM D 6751) and
Europe (EN 14214) [2].

ASTM standard D 6751 and European Committee for
Standardization (CEN) standard EN 14214 set similar
specifications for biodiesel as motor fuel [3, 4]. In both
standards, one important quality parameter for biodiesel is
the acid number (AN). AN is measured as the mg of KOH
required to neutralize the acids in 1 g of the sample [5]. AN
is a measure of the degree of oxidation and hydrolysis in
the biodiesel [8]. AN measurement detects both weak
organic acids and strong inorganic acids. Both ASTM D
6751 and EN 14214 has restricted the maximum value of
AN to be 0.50 mg KOH/g for biodiesel (B100). This is due
to the fact that free fatty acids (FFA), which can be
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produced during the production process [7], can result in
severe operational problems and is considered as a safety
risk during its storage due to the possibility of corrosion by
the FFA [8]. Fuel age also affects the acidity of the bio-
diesel because as the biodiesel ages it becomes more acidic
which can be attributed to the hydrolytic cleavage of the
ester bond and/or to the oxidation degradation of chain at
double bonds [7]. A high AN could leads the fuel prone to
polymerization as well as acts as a catalyst for hydrolysis
[7]. AN of biodiesel depends on the type of feedstock and
how well the biodiesel was processed during and after the
production. Production of biodiesel from high FFA content
feedstock is gaining momentum around the world due to its
economical, commercial, and environmental benefits [1].
This requires an accurate determination of AN to monitor
the progress of the biodiesel production process.

AN determination, like kinematic viscosity, is a facile
method for monitoring fuel quality [2]. Analytical methods
for AN determination can be divided into two titration
categories: potentiometric or colorimetric. There are two
major ASTM test methods, ASTM D 664 and ASTM D
974, which can be used for AN determination. Determi-
nation of AN is described in ASTM D 6751 using the
method ASTM D 664, a potentiometric method. However,
ASTM D 664 possesses mediocre reproducibility, a prob-
lem mentioned in the method itself [6]. The problem is
likely due to the variability of electrodes which introduce
an additional level of uncertainty [7]. Recently, it has been
confirmed that better values of accuracy and repeatability
can be obtained only if the ASTM D 664 method is
modified by using a tedious electrodes cleaning process for
the electrodes, which required almost double the analysis
time [8]. This becomes critical for today’s commercial
production process where fast analytical methods are
essential for controlling the quality of biodiesel.

This problem can be address by using ASTM D 974
which is another nonaqueous colorimetric-titration based
method which uses KOH in isopropanol with p-naphthol-
benzein as an indicator and is suitable even for colored
samples [2, 7]. ASTM D 974 is a method for measuring the
AN of petroleum oils [5]. The European biodiesel fuel
standard, EN 14214, used EN 14104 as the reference
standard method for the determination of AN which is also
a colorimetric acid-base titration method; however, it uses
a dilute ethanolic KOH solution with phenolphthalein as an
indicator [2]. Furthermore, ASTM D 974 is a versatile
method which is easy to perform and duplicate in labora-
tories as it involves only glassware, solution, and an indi-
cator [7]. Recently, ASTM D 974 has been successfully
used for the determination of AN to monitor the biodiesel
production from high FFA feedstocks [1]. Analytical
results were more consistent using ASTM D 974 than with
ASTM D 664 [7].
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In the literature, ASTM D 974 has been used to deter-
mine the AN of biodiesel [7]. However, in that study,
standards were made by adding palmitic acid to soybean oil
instead of biodiesel. Furthermore, over 50% of the stan-
dards were in the AN range which exceeds the specification
for AN in the ASTM standards (0.50 mg KOH/g) [7].
ASTM D 974 has not yet been evaluated for the determi-
nation of AN of biodiesel blends. This study quantifies the
accuracy and repeatability of ASTM D 974 for refurbished
waste oils and fats based biodiesel (B100) and its blends
(B20, B10, BS5, B2, and B1).

Biodiesel can be used alone (B100) or blended with
petroleum diesel in any proportion. It is usually blended
with ultra low sulfur diesel (ULSD) at various levels for
lubricity improvement and emissions control [9]. Further-
more, when biodiesel is used at low levels (<5%) such as
B1 and B2, the user may not experience any significant
decrease in power, torque, and fuel economy as compared
to when using high level blends such as B20 [9]. Recently,
a quality survey of biodiesel blends sold commercially
emphasize the need for ASTM standards for the biodiesel
blends and monitoring of the quality of the biodiesel blends
sold at retailers [10]. This required an easy to use, fast, and
economical method to analyze the AN in the field or a
retailer location. As a result, field test kits have been
developed for cost-effective on-site analysis, which were
also based on acid-base colorimetric titration, not on
potentiometric method.

Recently, in the USA and Canada, the commercial use
of biodiesel has been started as a motor fuel using its
blends such as B1, B2, B5, B10, and B20. At present, in
the USA, ASTM has set the specifications for biodiesel
blends with more than 5% B100 (B6-B20) in standard
ASTM D 7467-09 which allows for a maximum AN of
0.3 mg KOH/g. However, no specifications for AN have
been set yet for lower biodiesel blends such as B1, B2, and
B5. On the other hand, in Canada, the Canadian General
Standards Board (CGSB) has developed the specifications
for biodiesel blends (from Bl to B5) in CAN/CGSB-
3.520. This standard set the maximum AN limit to
0.10 mg KOH/g and uses ASTM D 974 as the reference
standard method. However, specifications for blends with
high levels of biodiesel (B6-B20) have not been devel-
oped. Recently, ASTM D 664 has been evaluated to
determine its accuracy and repeatability for biodiesel
blends but that of ASTM D 974 was not tested for com-
parison [8]. Also, the study was limited to only B20 [8].
No study has been reported in the literature for the
application of ASTM D 974 for the determination of the
AN of lower level biodiesel blends such as B10, B5, B2,
and B1. To the best of our knowledge, this study is the
first report on the evaluation of ASTM D 974 for the
determination of the AN of biodiesel blends (B1, B2, BS5,
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B10, and B20) where accuracy and repeatability were
determined.

Experimental
Materials

The refurbished waste oils and fats based biodiesel (B100)
was obtained from Rothsay (Quebec, Canada). Ultra low
sulfur diesel (USLD) was obtained from Boucher & Jones
Fuels (Petro Canada, Waterloo, Ontario). Biodiesel blends,
B20, B10, B5, B2, and B1 were prepared by mixing B100
and ULSD at a volume ratio of 1:4, 1:9, 1:19, 1:49, and
1:99, respectively. The following chemicals were supplied
by Sigma—Aldrich Chemical Company (Milwaukee, WI):
palmitic acid (99%), 2-propanol (anhydrous, 99.5%), tol-
uene (anhydrous, 99.8%), p-naphtholbenzein (indicator
grade). The titrant solution, 0.1 M KOH (volumetric stan-
dard, in isopropanol), was supplied by Fisher Scientific
(Ottawa, ON, Canada) which was used to prepare 0.02 M
KOH in isopropanol.

Methods

The titration solvent and indicator solution were prepared
as detailed in ASTM D 974. Blends of B100 and ULSD
were prepared to obtain weight percentages ranging from 0
to 90% as shown in Tables 1, 2, and 3. Also, biodiesel and
biodiesel blends with a range of known AN levels ranging

from 0.05 to 0.55 mg KOH/g were prepared by adding
palmitic acid to the solutions of B1, B2, B5, B10, B20, and
B100. As shown in Tables 4, 5, 6, 7, 8, and 9, Bxx-1
represents unspiked samples and Bxx-2 represents samples
spiked with palmitic acid. For example B20-1 is not spiked
and B20-2 is spiked. Mixtures are derived by blending
different wt. % of pure Bxx-1 and pure Bxx-2. The analyst
did not know the exact calculated value of AN. The range
of AN values of biodiesel and biodiesel blends was
restricted to the AN as per the AN specifications in stan-
dards for biodiesel and biodiesel blends. For B100 and B20
each sample was titrated in triplicate (in order to compare
with the literature reported results of ASTM D 664). For
B1 to B10, each sample was titrated six times.

For determining the AN of biodiesel and biodiesel
blends, 2 g (measured to four decimal places) of a sample
was collected in an Erlenmeyer flask (125 mL). Ten mil-
liliters (otherwise as stated) of titration solvent using a
10 mL pipette and eight drops of the p-naphtholbenzein
indicator solution were added to each sample. The sample
was then titrated against a 0.02 M KOH (otherwise as
stated) solution using a 10 mL burette. The titration was
deemed complete when a color change from orange to
green was observed in the titration mixture that persists for
at least 15 s.

The experimental acid number was determined using
Eq. 1 as per ASTM D 974 [5]:

(A—B) x M x 56.1

Acid value, mg of KOH /g = W

(1)

Table 1 Calculated and Experimental AN of the B100 and ULSD mixtures as per ASTM D 974 (using 0.1M KOH and 100mL Titration

Solvent) (unit: mg KOH/g)

Wt% B100 Experimental® Mean Calculated” SD¢ Repeatability Error AN difference
AN AN (%) (%) (Exp. - Cal.)

100.00 0.313, 0.315, 0.302 0.310 - 0.0073 0.00 - -

89.95 0.263, 0.255, 0.301 0.273 0.280 0.0246 24.95 —-241 —0.007

79.02 0.284, 0.264, 0.248 0.266 0.247 0.0183 19.05 7.50 0.019

70.04 0.201, 0.236, 0.220 0.219 0.220 0.0172 21.72 —0.50 —0.001

60.41 0.177, 0.173, 0.175 0.175 0.192 0.0018 2.85 —8.71 —0.017

49.97 0.148, 0.173, 0.244 0.188 0.162 0.0499 73.41 16.12 0.026

40.08 0.146, 0.144, 0.144 0.144 0.131 0.0012 2.30 10.28 0.013

30.21 0.141, 0.144, 0.148 0.144 0.101 0.0037 7.18 42.88 0.043

20.03 0.089, 0.066, 0.092 0.083 0.071 0.0141 47.25 16.24 0.012

10.07 0.037, 0.038, 0.038 0.038 0.041 0.0003 1.95 —8.24 —0.003

0.00 0.011, 0.011, 0.011 0.011 - 0.0002 0.00 - -

Application of ASTM D 974 (using 0.1M KOH and 100mL Titration Solvent) to B100 and ULSD mixtures resulted in large repeatability and

errors as indicated in tabulated data

* Experimentally determined as per ASTM D 974 (using 0.1M KOH and 100mL Titration Solvent)
® Calculated AN = [{AN of (B100) x wt% component of (B100) in the mixture} 4+ {AN of (ULSD) x wt% component of (ULSD) in the

mixture }/100]
¢ Standard Deviation (SD)
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Table 2 Calculated and Experimental AN of the B100 and ULSD mixtures as per modified ASTM D 974 (using 0.02M KOH and 100mL

Titration Solvent) (unit: mg KOH/g)

Wt% B100 Experimental® AN Mean Calculated® AN SD° Repeatability Error AN difference
(%) (%) (Exp. - Cal.)

100.00 0.304, 0.309, 0.326 0.313 - 0.0118 0.00 - -

89.95 0.286, 0.290, 0.286 0.287 0.284 0.0021 1.98 1.18 0.003
79.02 0.278, 0.263, 0.253 0.265 0.253 0.0128 13.39 4.57 0.012
70.04 0.225, 0.217, 0.227 0.223 0.227 0.0048 6.02 —1.78 —0.004
60.41 0.206, 0.204, 0.206 0.205 0.199 0.0009 1.26 3.08 0.006
49.97 0.182, 0.161, 0.180 0.175 0.169 0.0116 18.45 3.37 0.006
40.08 0.143, 0.148, 0.140 0.144 0.140 0.0041 7.84 2.55 0.004
30.21 0.108, 0.114, 0.101 0.108 0.112 0.0067 17.23 —3.78 —0.004
20.03 0.073, 0.076, 0.073 0.074 0.083 0.0015 5.71 —10.87 —0.009
10.07 0.054, 0.056, 0.048 0.053 0.054 0.0045 23.63 —2.14 —0.001

0.00 0.039, 0.018, 0.018 0.025 - 0.0118 0.01 - -

Application of modified ASTM D 974 (using 0.02M KOH and 100mL Titration Solvent) to B100 and ULSD mixtures resulted in good accuracy

and repeatability as indicated in tabulated data

* Experimentally determined as per modified ASTM D 974 (using 0.02M KOH and 100mL Titration Solvent)
® Calculated AN = [{AN of (B100) x wt% component of (B100) in the mixture} + {AN of (ULSD) x wt% component of (ULSD) in the

mixture }/100]
¢ Standard Deviation (SD)

where

A KOH solution required for titration of the sample, mL,
B KOH solution required for titration of the blank, mL,
M  Molarity of the KOH solution, and

W  Sample used, g

Results and Discussion

According to ASTM, the repeatability of a method is
defined as “the difference between two test results,
obtained by the same operator with the same apparatus
under constant operating conditions on identical test
material, would in the long run, in the normal and correct
operation of the test method, exceed only in one case in
twenty”[5].

In this study, the same operator, the same laboratory,
and the same apparatus were used with a short time
between tests. These conditions are in accordance with the
requirements of ASTM for repeatability. Therefore, the

Calculated AN =

{AN of (B100-1) x wt% component of (B100-1) in the mixture}+

repeatability values were calculated using the following
Eq. 2:
2.77 x SD

. x 100%
Experimental mean X n

repeatability (%) =
(2)

where
n  Number of operators involved in the analysis = 1

In this study, the errors were calculated using the fol-
lowing Eq. 3 [8]:
Experimental AN mean — Calculated AN
Calculated AN
x 100% (3)

Error (%) =

In the above equation, the calculated AN was based on
the sum of the wt% composition of low AN and high AN
samples of biodiesel and biodiesel blends mixtures as
shown in Eq. 4. The calculated AN is derived from the
experimentally determined values of pure Bxx-1 and pure
Bxx-2. For example, the calculated AN for B100 samples,
will be as follows:

{AN of (B100-2) x wt% component of (B100-2) in the mixture}/100
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Table 3 Calculated and Experimental AN of the B100 and ULSD mixtures as per modified ASTM D 974 (using 0.02M KOH and 10mL
Titration Solvent) (unit: mg KOH/g)

Wt% B100 Experimental® AN Mean Calculated” SD¢ Repeatability Error AN difference
AN (%) (%) (Exp. - Cal.)

100.00 0.309, 0.299, 0.305 0.304 - 0.0046 0.00 - -

89.95 0.267, 0.278, 0.280 0.275 0.275 0.0068 6.88 0.08 0.000
79.02 0.233, 0.226, 0.239 0.232 0.243 0.0067 7.96 —4.32 —0.011
70.04 0.188, 0.205, 0.216 0.203 0.216 0.0140 19.06 —5.92 —0.013
60.41 0.187, 0.183, 0.189 0.186 0.188 0.0031 4.68 —0.86 —0.002
49.97 0.155, 0.164, 0.148 0.156 0.157 0.0082 14.61 —0.64 —0.001
40.08 0.123, 0.135, 0.125 0.128 0.128 0.0064 13.97 -0.23 0.000
30.21 0.099, 0.096, 0.102 0.099 0.100 0.0031 8.80 —1.14 —0.001
20.03 0.062, 0.077, 0.078 0.073 0.070 0.0088 33.51 3.59 0.003
10.07 0.047, 0.037, 0.041 0.042 0.041 0.0050 33.10 2.19 0.001

0.00 0.009, 0.014, 0.009 0.011 - 0.0026 0.01 - -

Application of modified ASTM D 974 (using 0.02M KOH and 10mL Titration Solvent) to B100 and ULSD mixtures resulted in good accuracy
and repeatability as indicated in tabulated data

* Experimentally determined as per modified ASTM D 974 (using 0.02M KOH and 10mL Titration Solvent)

® Calculated AN = [{AN of (B100) x wt% component of (B100) in the mixture} + {AN of (ULSD) x wt% component of (ULSD) in the
mixture }/100]

¢ Standard Deviation (SD)

Table 4 Calculated and Experimental AN of the B100 samples as per modified ASTM D 974 (using 0.02M KOH and 10mL Titration Solvent)
(unit: mg KOH/g)

Samples Composition (wt %) Experimental® Mean  Calculated®  SD° Repeatability ~ Error AN difference
AN AN (%) (%) (Exp. - Cal.)
B100-1 B100-2

B100-1 100 0 0.268, 0.276, 0.281  0.275 - 0.0067  0.00 - -

B100-2 0 100 0.624, 0.631, 0.644  0.633 - 0.0102  0.00 - -

Mixture 1 89.45 10.45 0.310, 0.303, 0.321  0.311  0.313 0.0094  8.37 —-041  —0.001
Mixture 2 79.47 20.53 0.359, 0.362, 0.347  0.356  0.349 0.0077  6.01 2.05 0.007
Mixture 3 69.70 30.21 0.394, 0.386, 0.402  0.394  0.383 0.0084  5.92 2.76 0.011
Mixture 4 59.44 40.56 0.428, 0.423, 0.434 0428  0.421 0.0059  3.84 1.87 0.008
Mixture 5 48.90 51.10 0.474, 0.478, 0.463 0472  0.458 0.0080  4.68 297 0.014
Mixture 6 40.18 59.82 0.519, 0.497, 0.504  0.507  0.489 0.0108  5.92 3.51 0.017
Mixture 7 30.19 69.81 0.533, 0.539, 0.529  0.534  0.525 0.0053  2.75 1.62 0.009

Application of modified ASTM D 974 to B100 resulted in good accuracy and repeatability as indicated in tabulated data
4 Experimentally determined as per modified ASTM D 974

® Calculated AN = [{AN of (B100-1) x wt% component of (B100-1) in the mixture} + { AN of (B100-2) x wt% component of (B100-2) in the
mixture }/100]

¢ Standard Deviation (SD)

repeatability (up to 73.41%) and very large percentage
error (up to 42.88%). This error was anticipated due to the
high concentration of base as very small volumes of base
were consumed which may contribute to significant error.

Therefore, as an example, for Mixture-1 in Table 4,
calculated AN will be determined using Eq. 4 as follows:

Calculated AN = [{(0.275 x 89.45)

+(0.633 x 10.45)}/100] = 0.313

ASTM D 974 was applied to blends of B100 and ULSD, of
which the results are shown in Table 1. It was found that
application of ASTM D 974 which used 0.1 M KOH and
100 mL of titration solvent, results in high values of

Therefore, to investigate further, a lower concentration of
base was used (0.02 M KOH). It was confirmed that the use
of 0.02 M KOH reduced the maximum repeatability value
to 23.63% and percentage error to 10.87% as compared
to the maximum repeatability value of 73.41% and
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Table 5 Calculated and Experimental AN of B20 samples as per modified ASTM D 974 (using 0.02M KOH and 10mL Titration Solvent) (unit:

mg KOH/g)
Samples Composition (wt %) Experimental® Mean  Calculated®  SD° Repeatability ~ Error AN difference
AN AN (%) (%) (Exp. - Cal.)

B20-1 B20-2

B20-1 100 0 0.060, 0.052, 0.058  0.057 - 0.0039  18.89 - -

B20-2 0 100 0.411, 0.430, 0.424 0421 - 0.0101 6.61 - -

Mixture 1 94.27 5.73 0.077, 0.072, 0.068  0.073  0.078 0.0046  17.64 —6.60  —0.005

Mixture 2 88.18 11.82 0.104, 0.121, 0.110  0.112  0.100 0.0084  20.91 11.76 0.012

Mixture 3 79.53 20.47 0.141, 0.138, 0.139  0.139  0.131 0.0013 2.66 6.02 0.008

Mixture 4 67.78 3222 0.191, 0.185, 0.156  0.177  0.174 0.0188  29.42 1.78 0.003

Mixture 5 60.69 39.31 0.194,0.213,0.208 0.205  0.200 0.0098 13.21 2.53 0.005

Mixture 6 49.78 50.22 0.260, 0.251, 0.251  0.254  0.240 0.0054 5.85 5.84 0.014

Mixture 7 39.65 60.35 0.290, 0.288, 0.292  0.290  0.277 0.0019 1.84 4.83 0.013

Mixture 8 29.61 70.39 0.327,0.322, 0.338  0.329  0.313 0.0083 6.97 5.02 0.016

Application of modified ASTM D 974 to B20 resulted in good accuracy and repeatability as indicated in tabulated data

* Experimentally determined as per modified ASTM D 974

® Calculated AN = [{AN of (B20-1) x wt% component of (B20-1) in the mixture} + {AN of (B20-2) x wt% component of (B20-2) in the

mixture }/100]
¢ Standard Deviation (SD)

Table 6 Calculated and Experimental AN of the B10 samples as per modified ASTM D 974 (using 0.02M KOH and 10mL Titration Solvent)

(unit: mg KOH/g)

Samples  Composition (wt %) Experimental® Mean Calculated® SD° Repeatability Error AN difference
————————— AN AN (%) (%)  (Exp. - Cal.)
B10-1 B10-2

B10-1 100 0 0.051,0.031, 0.038, 0.027, 0.028,0.036  0.035 - 0.0088 0.01 - -

B10-2 0 100 0.305, 0.340, 0.320, 0.323, 0.344, 0.321 0.326 - 0.0143  0.00 - -

Mixture 1 88.94 11.06  0.069, 0.082, 0.068, 0.074, 0.047, 0.064 0.067 0.067 0.0117 48.20 0.09  0.000

Mixture 2 80.19 19.81 0.085, 0.084, 0.095, 0.097, 0.105, 0.095 0.094 0.093 0.0077 22.76 0.95 0.001

Mixture 3 68.91 31.09  0.125, 0.125,0.130, 0.111, 0.122, 0.119 0.122 0.126 0.0066 14.99 —2.87 —0.004

Mixture 4 59.08 40.92  0.144, 0.166, 0.164, 0.159, 0.147, 0.156 0.156 0.154 0.0088 15.63 1.11  0.002

Mixture 5 40.46 59.54  0.204, 0.201, 0.184, 0.200, 0.190, 0.202 0.197 0.208 0.0079 11.11 —5.48 —0.011

Mixture 6  30.23 69.77  0.242, 0.232, 0.235, 0.225, 0.204, 0.205 0.224 0.238 0.0161 19.85 —5.92 —-0.014

Application of modified ASTM D 974 to B10 resulted in good accuracy and repeatability as indicated in tabulated data

* Experimentally determined as per modified ASTM D 974

® Calculated AN = [{AN of (B10-1) x wt% component of (B10-1) in the mixture} + {AN of (B10-2) x wt% component of (B10-2) in the

mixture }/100]
¢ Standard Deviation (SD)

percentage error of 42.88% when higher concentration of
base (0.1 M KOH) was used as per ASTM D 974 as shown
in Table 2.

Furthermore, there is an emphasis on making chemical
processes and analytical methods greener by reducing the
amounts of toxic chemicals. The ASTM D 974, required
100 mL of titration solvent which is a mixture of toluene,
isopropanol and water in the volume ratio of 100:99:1.
Therefore, in an attempt to reduce the amount of toxic
chemicals used in ASTM D 974, a lower volume of titra-
tion solvent (10 mL) was used with modified ASTM D 974
(0.02 M KOH). It was found that the use of 10 mL titration
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solvent reduced the maximum percentage error value to
5.92% as compared to the maximum percentage error value
of 10.87% when higher amounts of titration solvent
(100 mL) were used as per modified ASTM D 974 (0.02 M
KOH) as shown in Table 3. Also, even with the reduced
volume of titration solvent (10 mL), the values of repea-
tabilities obtained were similar to those when modified
ASTM D 974 (0.02 M KOH) was used with high amount
of titration solvent (100 mL). Furthermore, the linearity
curves relating the AN determined experimentally by
ASTM D 974 (0.1 M KOH and 100 mL titration solvent),
modified ASTM D 974 (0.02 M KOH and 100 mL titration
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Table 7 Calculated and Experimental AN of the B5 samples as per modified ASTM D 974 (using 0.02M KOH and 10mL Titration Solvent)

(unit: mg KOH/g)

Samples  Composition (wt %) Experimental® Mean Calculated® SD° Repeatability Error AN difference
— - AN AN (%) (%)  (Exp. - Cal.)
B5-1 B5-2

B5-1 100 0 0.010, 0.009, 0.005, 0.010, 0.011, 0.006 0.008 — 0.0024  0.01 - -

B5-2 0 100 0.293, 0.280, 0.291, 0.299, 0.293, 0.292 0.291 - 0.0062  0.00 - -

Mixture 1 90.42 9.58 0.028, 0.037, 0.039, 0.057, 0.044, 0.035 0.040 0.035 0.0099 68.45 14.35 0.005

Mixture 2 84.16 1584  0.054, 0.056, 0.054, 0.075, 0.068, 0.060 0.061 0.053 0.0086 38.99 15.83 0.008

Mixture 3 79.99 20.01 0.071, 0.072, 0.080, 0.077, 0.064, 0.067 0.072 0.065 0.0060 23.09 9.67 0.006

Mixture 4  74.96 25.04  0.098, 0.100, 0.085, 0.100, 0.088, 0.101 0.095 0.079 0.0069 20.04 20.75 0.016

Mixture 5 69.97 30.03 0.101, 0.096, 0.110, 0.111, 0.132, 0.113 0.111 0.093 0.0123 30.82 18.84 0.018

Mixture 6  59.53 40.47 0.143, 0.133, 0.127, 0.121, 0.152, 0.141 0.136 0.123 0.0114 23.16 10.43 0.013

Application of modified ASTM D 974 to BS5 resulted in good accuracy and repeatability as indicated in tabulated data

4 Experimentally determined as per modified ASTM D 974

® Calculated AN = [{AN of (B5-1) x wt% component of (B5-1) in the mixture} + {AN of (B5-2) x wt% component of (B5-2) in the mixture}/

100]
¢ Standard Deviation (SD)

Table 8 Calculated and Experimental AN of the B2 samples as per modified ASTM D 974 (using 0.02M KOH and 10mL Titration Solvent)

(unit: mg KOH/g)

Samples  Composition (wt %) Experimental® Mean Calculated® SD¢ Repeatability Error AN Difference
— - AN AN (%) (%)  (Exp. - Cal.)
B2-1 B2-2

B2-1 100 0 0.018, 0.009, 0.018, 0.009, 0.014, 0.004 0.012 — 0.0058 0.01 - -

B2-2 0 100 0.377, 0.372, 0.361, 0.449, 0.374, 0.367 0.383 — 0.0327  0.00 - -

Mixture 1 90.42 9.58  0.061, 0.064, 0.063, 0.053, 0.052, 0.065 0.060 0.050 0.0059 27.20 19.67  0.010

Mixture 2 84.16 15.84  0.080, 0.075, 0.080, 0.076, 0.083, 0.095 0.082 0.071 0.0074 25.11 14.82  0.011

Mixture 3 79.99 20.01  0.102, 0.096, 0.101, 0.104, 0.095, 0.113, 0.102 0.091 0.0065 17.70 12.03  0.011

Mixture 4 74.96 25.04  0.108, 0.115, 0.123, 0.119, 0.110, 0.104 0.113 0.097 0.0071 17.27 16.69  0.016

Mixture 5 69.97 30.03  0.112, 0.120, 0.106, 0.104, 0.106, 0.117 0.111 0.107 0.0065 16.29 3.82  0.004

Mixture 6  59.53 4047  0.110, 0.113, 0.142, 0.128, 0.141, 0.126 0.126 0.127 0.0135 29.49 —0.43 —0.001

Application of modified ASTM D 974 to B2 resulted in good accuracy and repeatability as indicated in tabulated data

4 Experimentally determined as per modified ASTM D 974

® Calculated AN = [{AN of (B2-1) x wt% component of (B2-1) in the mixture} + {AN of (B2-2) x wt% component of (B2-2) in the mixture}/

100]
¢ Standard Deviation (SD)

solvent) and modified ASTM D 974 (0.02 M KOH and
10 mL titration solvent) to the calculated AN of the bio-
diesel and ULSD mixtures were obtained with the corre-
lation coefficient (Rz) values of 0.9474, 0.9960, and
0.9968, respectively, as shown in Fig 1. This demonstrates
that this modified ASTM D 974 method has better linearity.
Therefore, this modified ASTM D 974 method, using
0.02 M KOH and 10 mL of titration solvent, was used for
the determination of AN values for biodiesel and biodiesel
blends.

The results for the determination of the AN for the
biodiesel (B100) are shown in Table 4. B100-1 in Table 4
is the original sample with low AN, whereas, B100-2 is the

high AN sample prepared by adding a calculated amount of
palmitic acid to B100-1. Mixtures 1-7 in Table 4 were
obtained by mixing B100-1 and B100-2 at different wt%
ratios to produce biodiesel with different AN samples in
the range of 0.313-0.525 mg KOH/g. Each sample was
titrated three times; the mean, standard deviation (SD),
repeatability, percentage error (less error, higher accuracy),
and the difference between experimental and calculated
AN are also shown in Table 4.

ASTM D 974 cites that the repeatability of 0.05 mg
KOH/g in the AN range of 0.1-0.5 mg KOH/g for 20.0 g
samples of petroleum oil. This corresponds to 50 and 10%
at the AN values of 0.1 and 0.5 mg KOH/g, respectively.
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Table 9 Calculated and Experimental AN of the B1 samples as per modified ASTM D 974 (using 0.02M KOH and 10mL Titration Solvent)

(unit: mg KOH/g)

Samples  Composition (wt %) Experimental® Mean Calculated® SD° Repeatability Error AN Difference
AN AN (%) (%)  (Exp. - Cal.)
B1-1 B1-2

Bl-1 100 0 0.009, 0.019, 0.004, 0.019, 0.019, 0.008 0.013 — 0.0068 0.01 - -

B1-2 0 100 0.225, 0.238, 0.226, 0.210, 0.209, 0.230 0.223 — 0.0112  0.00 - -

Mixture 1 81.03 18.97  0.065, 0.056, 0.051, 0.054, 0.051, 0.057 0.056 0.053 0.0053 26.59 525 0.003

Mixture 2 74.32 25.68  0.087, 0.085, 0.077, 0.082, 0.074, 0.073  0.080 0.067 0.0058 20.02 19.05 0.013

Mixture 3 67.05 3295  0.104, 0.090, 0.083, 0.095, 0.096, 0.086 0.092 0.082 0.0075 22.55 12.45  0.010

Mixture 4  64.68 3532 0.099, 0.113, 0.091, 0.099, 0.096, 0.082 0.097 0.087 0.0101 28.95 1092 0.010

Mixture 5 60.22 39.78  0.092, 0.101, 0.104, 0.085, 0.107, 0.085, 0.096 0.097 0.0096 27.89 —1.04 —0.001

Mixture 6 48.78 51.22  0.112, 0.116, 0.110, 0.100, 0.131, 0.104 0.112 0.121 0.0108 26.68 —7.05 —0.008

Application of modified ASTM D 974 to B1 resulted in good accuracy and repeatability as indicated in tabulated data

4 Experimentally determined as per modified ASTM D 974

® Calculated AN = [{AN of (B1-1) x wt% component of (B1-1) in the mixture} + {AN of (B1-2) x wt% component of (B1-2) in the mixture}/

100]
¢ Standard Deviation (SD)

ASTM recommends a sample size of 20 g when the AN
lies between 0.0 and 3.0 mg KOH/g. In this study, the
repeatability of the B100 samples was decreased from 8.37
to 2.75% within the AN range of 0.313-0.525 mg KOH/g
as shown in Table 4. These repeatability values are within
the stated repeatability values as specified in ASTM D 974
even when the sample sizes were one-tenth as large and
also far below the recently reported maximum and mini-
mum repeatability values of 27.64 and 5.45%, determined
using the ASTM D 664 method without any modification
[8]. In addition, percentage error of modified ASTM D 974
for all B100 samples was measured to be within 3.51%
over the AN range of 0.313-0.525 mg KOH/g. At an AN
value of 0.525 mg KOH/g, the error was only 1.62% as
compared to the literature reported value of 3.30% at an
AN value of 0.595 mg KOH/g [7]. From Table 1, the
maximum absolute experimental error for all seven sam-
ples was up to 3.51%. For B100, an AN of 0.313 mg KOH/
g was measured with best accuracy (least error). For B100,
the accuracy values are good, which shows that even at
small AN, this modified ASTM D 974 can be used.

The results for the determination of the AN of biodiesel
blends, B20, B10, B5, B2, and B1 are shown in Tables 5, 6,
7, 8, and 9, respectively, using modified ASTM D 974. The
range of AN values of biodiesel blends was restricted to the
AN as per the AN specifications in standards for biodiesel
blends. For example, for B1-B5, the AN specification is
0.10 mg KOH/g and hence the range of AN selected was
0.035-0.127 mg KOH/g. For blends with high levels of
biodiesel such as B10 and B20, the range of AN was
0.067-0.313 mg KOH/g as the standard limit is 0.3 mg
KOH/g. For B20, the modified ASTM D 974 can measure
AN values even at a level as low as 0.073 mg KOH/g with

&\ Springer ANOCS &

a small error of —6.60% which is much better as compared
to not only ASTM D 664, but even the modified ASTM D
664 method, which measure the lowest AN value of
0.123 mg KOH/g with an error of 4.13% [8]. For B20,
B10, B5, B2, and B1, the most accurate values were
measured at AN values of 0.177, 0.067, 0.072, 0.126, and
0.096 mg KOH/g, respectively. For all biodiesel blend
samples, as the AN values increase, better repeatability was
obtained.

The linearity curves relating the AN determined exper-
imentally by modified ASTM D 974 to the calculated AN
of the biodiesel and biodiesel blends were obtained as
shown in Fig 2. The correlation coefficient (R*) values
obtained for B100, B20, B10, B5, B2, and B1 were 0.9974,
0.9969, 0.9968, 0.9882, 0.9599, and 0.8988, respectively,
as shown in Fig 2. This demonstrates excellent linearity.
The difference between the experimental AN determined
as per modified ASTM D 974 and the calculated AN for
all biodiesel and biodiesel blend samples was with-
in &£ 0.018 mg KOH/g as shown in Tables 4, 5, 6, 7, 8, and
9 demonstrating the reliability of the modified ASTM D
974 method.

A major limitation for the application of ASTM D 974
was that the color changes during the titration and at the
end point in dark-colored samples could not be observed.
However, in this study, we found that distilled biodiesel
(B100) was colorless and the distilled biodiesel blends
samples (from B1 to B20) were very light in color (due to
the color of ULSD), which resulted in a color change
during the titration end point which was easily observed.
Therefore, this study demonstrated that modified ASTM D
974 can be successfully used for the analysis of the AN of
distilled biodiesel and biodiesel blends.
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Fig. 1 Experimental AN versus calculated AN of the B100 and
ULSD mixtures as per: (1). ASTM D 974 (using 0.1 M KOH and
100 mL titration solvent), (2). Modified ASTM D 974 (using 0.02 M
KOH and 100 mL titration solvent), (3). Modified ASTM D 974
(using 0.02 M KOH and 10 mL titration solvent) (unit: mg KOH/g)

In this study, a low concentration of base (KOH),
0.02 M instead of 0.1 M, was used. It is recommended to
use an even lower concentration of base, e.g., 0.01 M KOH
for low AN biodiesel blends such as B1 and B2. This will
increase the volume of KOH required to reach the equiv-
alence point which ultimately enhance the ability to read
accurately the volume of titrant consumed. In this study, a
10 mL burette with 0.05 mL subdivision was used as per
ASTM D 974 recommendation. However, it is recom-
mended to use a burette of 5 mL with divisions of 0.02 mL
(also recommended by ASTM D 974). This will reduce the
possibility of misreading the partial divisions.

Conclusion

The ASTM reference standard method D 664, a potentio-
metric method, has major problems such as mediocre
reproducibility, tedious process for cleaning electrodes,
and longer analysis time. On the other hand, ASTM D 974
is another non-aqueous colorimetric titration based method
which offers various advantages such as being easy to
perform, reproducible, cost-effective, and time-efficient.
However, it was found that determination of the AN of
biodiesel and biodiesel blends using the current ASTM D
974 results in large values of repeatability (up to 73.41%)
and larger percentage error (up to 42.88%). Therefore,
ASTM D 974 has been modified using a lower concen-
tration of base (0.02 M KOH instead of 0.1 M KOH) as
well as reducing the amount of toxic titration solvent from
100 mL to only 10 mL. This makes the modified ASTM D
974 into a green analytical method which uses a reduced
amount of toxic solvent. This modified method signifi-
cantly reduces the maximum percentage error from 42.88
to 5.92%. The application of this modified ASTM D 974
for the determination of AN of biodiesel and biodiesel
blends was studied. Application of the modified ASTM D
974 to biodiesel and biodiesel blend was tested with good
accuracy and repeatability. Good accuracy and repeatabil-
ity were also obtained within ASTM D 6751-09a specifi-
cations for the AN, which is 0.50 mg KOH/g. For B20,
B10, B5, B2, and B1, the most accurate values were
measured at AN values of 0.177, 0.067, 0.072, 0.126, and
0.096 mg KOH/g, respectively. Excellent linearity values
of R? were obtained for biodiesel and biodiesel blends. The
difference between the experimental AN determined as per
modified ASTM D 974 and the calculated AN for all
biodiesel and biodiesel blend samples was with-
in £ 0.018 mg KOH/g. All distilled biodiesel and biodie-
sel blend samples were found to be very light in color,
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Fig. 2 Experimental AN (as per modified ASTM D974) versus calculated AN for biodiesel (B100) and biodiesel blends (B20, B10, B5, B2, and

B1) (unit: mg KOH/g)

which eliminates the major obstacle for the application of
ASTM D 974. Also, this study confirms the detection limit
of this modified ASTM D 974 up to 0.05 mg KOH/g which
shows the specification of 0.1 mg KOH/g for AN can be set
for B1-B5. Furthermore, due to the advantages of this
modified ASTM D 974, such as easy to perform and cost-
effective, it can be used in field biodiesel analytical kits to
determine AN on site or at a retailer location.

&\ Springer ANOCS &

Therefore, this modified ASTM D 974 could be rec-
ommended as a reference method for AN determination of
biodiesel and biodiesel blends. This extensive study has
demonstrated that this modified ASTM D 974 method is a
reliable method for the determination of AN and could be
used for establishing the specifications of AN for biodiesel
and biodiesel blends ranging from B1 to B20 in quality
standards.



J Am Oil Chem Soc (2011) 88:243-253

253

Acknowledgments The authors acknowledge the Natural Science
and Engineering Research Council (NSERC) of Canada, Strategic
Projects Program, for financial support of this research. We also thank
Rothsay for providing a sample of refurbished waste oils and fats
based biodiesel.

References

1. Baig A, Ng FTT (2010) A Single-step solid acid-catalyzed process
for the production of biodiesel from high free fatty acid feed-
stocks. Energy Fuels 24(9):4712-4720. doi:10.1021/ef901258b

2. Knothe G (2006) Analyzing biodiesel: standards and other
methods. J Am Oil Chem Soc 83:823-833

3. ASTM (2009) Standard specification for biodiesel fuel blend
stock (B100) for middle distillate fuels. Designated D 6751-09a

4. Fatty acid methyl esters: requirements and test methods, DIN EN
14214 (2003)

10.

. ASTM (2008) Standard test method for acid and base number by

color-indicator titration, ASTM D 974-08

. ASTM (2009) Standard test method for acid number of petroleum

products by potentiometric titration. Designated D 664-09a

. Mahajan S, Konar SK, Boocock DGB (2006) Determining the

acid number of biodiesel. ] Am Oil Chem Soc 83:567-570

. Wang H, Tang H, Wilson J, Salley SO, Ng KYS (2008) Total

acid number determination of biodiesel and biodiesel blends.
J Am Oil Chem Soc 85:1083-1086

. Clean cities fact sheet: biodiesel blends April 2008, National

Renewable Energy Laboratory (NREL), USA. http://www.
afdc.energy.gov/afdc/pdfs/42562.pdf (accessed in April 2010)
Tang H, Abunasser N, Wanga A, Clark BR, Wadumesthrige K,
Zeng S, Kim M, Salley SO, Hirschlieb G, Wilson J, Ng KYS
(2008) Quality survey of biodiesel blends sold at retail stations.
Fuel 87:2951-2955

&) Springer AOCS &


http://dx.doi.org/10.1021/ef901258b
http://www.afdc.energy.gov/afdc/pdfs/42562.pdf
http://www.afdc.energy.gov/afdc/pdfs/42562.pdf

	Determination of Acid Number of Biodiesel and Biodiesel Blends
	Abstract
	Introduction
	Experimental
	Materials
	Methods

	Results and Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


