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Esterification of acetic and oleic acids within the Amberlyst 15 packed catalytic column
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Abstract—A packed column system was used to study the esterification of acetic and oleic acids by the macro-porous
acidic resin, Amberlyst 15. All reactions were at a constant temperature (75 °C) and catalyst mass (3 g). The impact of
column flow rate conditions and the molar fatty acid to ethanol feedstock ratio on ester production is reported. The
maximum ester production was noted at a flow rate of 0.25 mL/min. The maximum observed ester yield for acetic acid
(95.2£0.5%) and oleic acid (43.8+1.3%) was observed at an acid:ethanol molar ratio of 1:3 and 1: 1, respectively. The
difference in yield indicates the importance of the fatty acid chain length to the reaction.
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INTRODUCTION

Concerns over availability, environmental impacts and cost of
petroleum-based diesel have increased interest in biodiesel produc-
tion. Biodiesel, which is composed of long chain fatty acid mono-
alkyl esters, is produced by the reaction of fatty acids (esterifica-
tion) or triglycerides (transesterification) with an alcohol (metha-
nol or ethanol) in the presence of a catalyst. As a bio-based fuel, it
is a safer and more sustainable alternative to petroleum-based die-
sel [1-5]. This alternative fuel can be used in transportation vehi-
cles when blended with petro-diesel up to 20% [6]. Biodiesel can
also be used to produce electricity in current generator systems
with minimal modifications [7].

Biodiesel production cost and ease depend upon feedstock qual-
ity. Transesterification and esterification of high quality feedstocks
is straightforward and results in high biodiesel yield. However, use
of high quality feedstocks increases production cost. Switching to
lower quality feedstocks, such as waste cooking oil, offers poten-
tial cost savings, but requires additional processing steps. There-
fore, both the high costs of biodiesel production using high quality
lipid feedstocks and challenges of additional processing of lower
quality feedstocks are barriers to industrial production [8-12].

While the cost of high quality feedstock accounts for 60-75% of
production costs in conventional processing [10], other costs im-
pacting production include maintaining the reaction temperature
and/or pressure, the cost of the alcohol, and cost of the catalyst.
Conventional biodiesel production relies on the use of liquid-phase
homogeneous catalysis at high temperatures, often approaching
the boiling point of the alcohol, or pressures to produce high yields.
However, homogeneous catalysts, such as sodium hydroxide for
transesterification or hydrochloric acid for esterification, are con-
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sumed during the reactions and pose safety and handling concerns
[13,14]. Alternatively, solid-phase heterogeneous catalysts can be
recovered and regenerated during the production process and have
reduced safety concerns. Heterogeneous catalysts used in biodiesel
production are well studied and include carbonates, oxides, and
ion exchange resins [15-19].

While heterogeneous catalysts have been well characterized for
esterification, the majority of available research has used batch reac-
tion systems [20-22] to determine the impact of catalyst mass and
reaction temperature on esterification [23-25]. In this research a
continuous flow through column system containing Amberlyst 15
(a macro-porous acidic resin) was employed to study esterification
of acetic and oleic acid. We investigated the ability of the heteroge-
neous catalyst column system to produce esters at low tempera-
ture and atmospheric pressure at constant catalyst mass and reaction
temperature. Specifically, the objectives of this research were to deter-
mine the effect of i) column flow rate, ii) fatty acid:ethanol molar
ratio, and iif) fatty acid chain length on ester yield.

EXPERIMENTAL METHODS

1. Materials

Ethanol (99.8% purity) was purchased from BDH (Dubai, UAE).
Oleic acid (>99% purity) was purchased from Merck (Darmstadt,
Germany). Acetic acid (99.8% purity), Amberlyst 15, sodium hydrox-
ide, phenolphthalein, and potassium bromide were purchased from
Sigma Aldrich (St. Louis, USA). All chemicals were used as received.
Vendor characterization of the Amberlyst 15 catalyst used in this
research reports that the catalyst is dry, macro-porous, and spheri-
cal with BET surface area of 29.69 m’/g, a porosity of 0.36 mL pore/
mL bead, and average pore diameter of 240 angstrom [26].
2. Methods
2-1. Column Experiments

Fig. 1 shows the layout of the column system used in the exper-
iments. The system consisted of two hot plates with magnetic stir-
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Fig. 1. Layout of the continuous flow through Amberlyst 15 catalytic column system used in this research.

rers, a pump, the Amberlyst 15 packed catalytic column, two ther-
mometers, heat resistant tubing (4 mm internal diameter), tubing
joints, a flow control valve, a diverter, a 2 L beaker, a feedstock flask,
an effluent flask, and a measuring cylinder.

The feedstocks, consisting of acetic acid and oleic acid, were mixed
with ethanol in a flask equipped with a magnetic stirrer and pre-
heated to 70 °C using a stirring hot plate. The pre-heated reaction
mixture was then pumped through the catalytic column. The col-
umn consisted of a 10 mL pipette filled with 3 grams catalyst (occu-
pying approximately 4.7 mL of the pipettes volume). Glass wool
was plugged on both ends of the pipette to keep the catalyst com-
pacted within the column. The pre-heated feedstocks were passed
directly through the column without any column pre-wetting. The
flow rate through the column was set and varied using an in-line
flow control valve with a diverter. The excess diverted flow was re-
turned to the pre-heated feedstock flask. The column reaction tem-
perature (75 °C) was maintained by operating the column in a hot
water bath heated by the hot plate. Due to continuous water evap-
oration from the hot water bath, the water level was maintained by
adding pre-heated (75 °C) water to the hot water as needed.

The effects of feedstock flow rate, fatty acid:ethanol molar ratio,
and fatty acid chain length were each investigated. The magnitude
of the effect was quantified by monitoring column effluent for ester
production by measuring the acid value. For the flow rate experi-
ments, the flow rate was varied (0.25, 0.5, and 0.70 mL/min) while
keeping the feedstock composition (1 : 3 acetic acid : ethanol) con-
stant. For the fatty acid : ethanol molar ratio experiments, the ratios
of acetic acid: ethanol and oleic acid : ethanol were varied (1:1:,
1:3, and 1:5) while keeping the flow rate (0.25 mL/min) constant.
A comparison of the results was used to demonstrate the impact
on esterification due to fatty acid chain length. Each individual
column experiment was 150 minutes. Column effluent samples
were acquired at t=0, 15, 30, 60, 90, 120, and 150 minutes.

While the regeneration and reusability of Amberlyst 15 resin was
previously demonstrated [27], an experiment was run to evaluate
the impact of column regeneration by ethanol washing in the col-
umn system [28]. For the regeneration experiment, two sets of col-

umns each processing the 1 : 3 acetic acid:ethanol feed were evaluated
at flow rates of 0.5 and 0.7 mL/min. One column set was washed
with ethanol and the other was not. Fresh 1: 3 acetic acid:ethanol
feeds were then run through each column set and the column efflu-
ent was again monitored for 150 minutes.
2-2. Analytical Measurements and Calculations

Ester formation within the column system was observed by meas-
uring the acid value of both the feedstock and the column efflu-
ent. Acid value was determined on 2 g samples taken from the feed-
stock or the column effluent following AOCS titration Method Ca
5a-40 [29,30]. The calculations used to determine the acid value
and the corresponding ester formation (represented as percent con-
version of FFA in the samples) are provided in Egs. (1) and (2) [30].

mL NaOH x NaOH normality x 28.2
sample weight

acid value=

)

% FFA conversion

feedstock acid value

_ —column effluent f1c1d value @ t=n 100 )
column effluent acid value @ t=n

BET surface area and porosity for the catalyst used in the experi-
ments was conducted at a relative pressure range of 0.00-0.30 using
a Micromeritics Gemini VII system to check the vendor Amberlyst
15 characterization. The sample was initially degassed at 100°C
for five hours. Weight hourly space velocity (WHSV) of the feed-
stock passing through the packed catalytic column was determined
by using the concept of “mass flow per unit mass of catalyst” WHSVs
at three different flow rates were calculated following Eq. (3).

WHSV=mass flow/catalyst mass
=(flow rate x density)/catalyst mass 3)

FTIR was used to confirm the structure of reactants and products.
3 mg of the sample was mixed with 300 mg of potassium bromide
to make a pellet that was then analyzed using PerkinElmer FTIR
spectrometer.
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Table 1. Weight hourly space velocity (WHSV) through the packed catalytic column

Flowrate  Density = WHSV  Percentage conversion
(ml/min)  (g/ml) (hr'") after 2.5 hrs
0.70 0.84 11.76 78.23
Acetic acid-ethanol (1 : 3) feedstock 0.50 0.84 8.40 89.25
0.25 0.84 4.20 95.16
Oleic acid-ethanol (1: 1) feedstock 0.25 0.79 3.95 43.81
Mixture of acetic acid-ethanol (1 : 3) and Oleic acid-ethanol (1 : 1) feedstock 0.25 0.81 4.05 71.02

RESULTS AND DISCUSSION

Column experiments were at 75 °C and atmospheric pressure
to demonstrate the use of Amberlyst 15 in a less energy intensive
column system [31,32]. Prior to starting the experiments the ven-
dor-supplied characteristics of Amberlyst 15 were confirmed. The
measured BET surface area was 29.68 m’/g and Barrett-Joyner-Hal-
enda adsorption average pore width (4V/A) was 20.34 A. Table 1
provides the WHSVs at three different flow rates.

Fig. 2 shows the effect of column flow rate on ester formation.
Ester formation increased as the feedstock flow rate through the
column decreased (95.2+0.5% conversion at 0.25 mL/min com-
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Fig. 2. Effect of flow rate on acetic acid esterification at molar ratio=
1: 3, temperature=75 °C, and a catalyst mass=3 grams.
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Fig. 3. Effect of acetic acid: ethanol and oleic acid:ethanol molar
ratios on esterification at a flow rate=0.25 mL/sec, tempera-
ture=75 °C, and a catalyst mass=3 grams.
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pared to only 78.3+1.7% at 0.7 mL/min). For all flow rates, maxi-
mum yields occurred within the first 15 minutes. Only a marginal
increase in yield was noted the longer the column was operated.
The reduced yield observed after the first 15 minutes was caused
by moisture production during the reaction. Moisture hinders the
approach of acetic acid to the catalyst surface and slows esterifica-
tion [33].

Fig. 3 shows the effect of the acetic acid : ethanol and oleic acid :
ethanol molar ratios on ester formation. Different patterns were
observed for each acid, dependent upon the molar ratio evaluated.
For acetic acid, the percent conversion of feedstock to esters ranged
from 75.2+1.2% at 1: 1 molar ratio to 95.2+0.5% at 1 : 3 molar ratio.
An observed conversion of 91.9+0.7% was observed for the 1:5
molar ratio. These findings suggest that sufficient ethanol must be
present for the reaction to proceed, but an excess amount of etha-
nol floods the catalyst reaction sites and impacts ester formation
[21].

For oleic acid, the opposite trend was observed. Ester formation
decreased as the volume of ethanol increased. Observed conver-
sion ranged from 15.8+2.1% at a 1: 5 molar ratio to 43.8+1.3% for
the 1:1 ratio. For oleic acid, as the ethanol content increases, ethanol
adheres to the catalyst surface, causing reduced catalytic activity.

Fig. 4 shows the effect of fatty acid chain-length on ester forma-
tion. Esterification of acetic acid (C-2) produces higher ester yields
compared to esterification of oleic acid (C-18) under the same con-
ditions. The modeling software, Molecular Operating Environment
(Chemical Computing Group, Inc.), was used to model the bond
length of oleic acid and acetic acid to demonstrate this relation-
ship. Based upon the model, the bond lengths of oleic and acetic

Effect of Carbon Chain Length
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Fig. 4. Effect of carbon chain length on esterification at a flow rate=
0.25 mL/sec, molar ratio=1:3 acid: ethanol, temperature=
75 °C, and a catalyst mass=3 grams.
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Fig. 5. Comparison of ester formation on fresh catalyst, regenerated
catalyst (washed with ethanol), and reused catalyst (not alco-
hol washed) to demonstrate reusability.

acid are 22.46 A and 3.83 A, respectively. Comparing these bond
lengths with Amberlyst 15% average pore diameter (240 A), the model
and experimental data indicate that acetic acid is able to access more
of the catalyst surface in comparison to the larger oleic acid molecule.

Fig. 5 demonstrates the limited impact of ethanol washing for
regeneration. Within these experiments a nominal increase in ester
formation occurred when the column was ethanol washed and then
reused. No nominal increase was observed when reusing the col-
umn without the ethanol wash. However, esterification yields were
similar for fresh and reused Amberlyst, with or without an etha-
nol wash. These results demonstrate that Amberlyst 15 has a long
service life.

FTIR was applied as a secondary confirmation of ester forma-
tion. Fig. 6 shows the results of FTIR for a mixture of acetic acid,
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oleic acid and ethanol (at a 1:1:4 molar ratio), and the column
effluent (determined to be esters) produced after esterification. As
observed within the FTIR spectra, fatty acids demonstrate higher
percentage transmittance in comparison to their respective esters.
The first main dip is in the spectrum range of 2,800-3,000 cm .
This dip represents the C-H and =C-H stretching frequencies. A
second prominent dip is observed in the 1,700-1,800 cm™" range
due to the presence of carbonyl (C=0O) group. The presented FTIR
results confirm esterification of acetic and oleic acid based on func-
tional groups observed in the spectra of the feedstock versus the
column effluent. These results are in agreement with earlier reported
findings [34,35].

CONCLUSIONS

Amberlyst 15 facilitated esterification of acetic and oleic acids in
a continuous flow packed column system. The feedstock flow rate
through the column has a direct impact on ester formation, with
slower flow rates allowing for more feedstock catalyst contact time
and higher ester yields. The acetic acid:ethanol and oleic acid:etha-
nol molar ratios were also observed to impact ester formation. For
acetic acid, ester formation increased as ethanol increased. For oleic
acid, ester formation decreased as ethanol increased. The highest
ester yield for acetic acid (95.2+0.5%) and oleic acid (43.8+1.3%)
was observed at an acid:ethanol molar ratio of 1:3 and 1: 1, respec-
tively. The difference in chain length between acetic (C-2) and oleic
(C-18) acids also impacted ester yield in the column system. Acetic
acid yielded higher ester formation compared to oleic acid under
the same operating conditions. Acetic acid is able to approach more
sites on the surface of the resin (in comparison to oleic acid) due

\{ 945.?1 62555
U721 Fatty acid spectra
1426.08
1294 04

Ester spectra

1464 .69 117723

174087

171209

40000 3000 2000

1500 1000 4300
o

Fig. 6. FTIR spectra of feedstock (a mixture of oleic and acetic acids and ethanol) and column effluent (esters).
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to acetic acid’s smaller molecular size. Overall, the findings of this
research confirm the use of a low pressure and low temperature
operated continuous flow Amberlyst 15 catalytic column for ester-
ification.

NOMENCLATURE

A :angstrom [s]

AOCS: American oil chemists society
BET :Brunauer-Emmett-Teller

C-H, =C-H : carbon-hydrogen bonds
C-2 :atwo carbon chain length

C-18 :an eighteen carbon chain length
cm  :centimeter

FFA :free fatty acids

FTIR : Fourier transform infrared radiation
g  :gram[s]

m"~  :meter squared

min :minute

mL :milliliter

mm :millimeter

NaOH : sodium hydroxide

t :time
WHSV : weight hourly space velocity
%  :percent

ACKNOWLEDGEMENTS

The authors wish to thank Mr. Fawad Ahmad and Mr. Syed Baseer
Agha for their thoughtful discussions during preparation of this
manuscript. All funding for this completed research was provided
by the Institute of Environmental Sciences and Engineering at NUST.

REFERENCES

1. C. Pirola, E Manenti, E Galli and C. L. Bianchi, Chem. Eng. Trans.,
37, 553 (2014).

2.P. Yin, L. Chen, Z. Wang, R. Qu, X. Liu and Q. Xu, Fuel, 102, 499
(2012).

3. P-L. Boey, S. Ganesan, G. P. Maniam, M. Khairuddean and J.
Efendi, Energy Convers. Manage., 65, 392 (2013).

4. A. Demirbas, Energy Convers. Manage., 50, 2782 (2009).

5. A. Demirbas, Appl. Energy, 88, 17 (2011).

6. US Department of Energy, DOE/GO-102008-2542, www.eere.
energy.gov/cleancities accessed date: 11.08.2014 (2008).

7. K. Tokunaga and D. E. Konan, Appl. Energy, 125, 123 (2014).

8. B.M. E. Russbueldt and W. E Hoelderich, Appl. Catal. A Gen., 362,
47 (2009).

9.S. Chongkhong, C. Tongurai and P. Chetpattananondh, Renew.
Energy, 34, 1059 (2009).

February, 2016

10. D. Y. C. Leung, X. Wu and M. K. H. Leung, Appl. Energy, 87, 1083
(2010).

11. A. Banerjee and R. Chakraborty, Resour. Conserv. Recycl., 53, 490
(2009).

12.Y.C. Sharma, S. Agrawal, B. Singh and A.E.N. Frometa, Can. J.
Chem. Eng., 90, 483 (2012).

13. G. Huang, E Chen, D. Wei, X. Zhang and G. Chen, Appl. Energy,
87, 38 (2010).

14.7. Boro, A.]. Thakur and D. Deka, Fuel Process. Technol., 92, 2061
(2011).

15. A. Hayyan, M. Z. Alam, M. E. S. Mirghani, N. Kabbashi, N. . N. M.
Hakimi and Y. M. Siran, Bioresour. Technol., 101, 7804 (2010).

16. B. Y. Giri, K. N. Rao, B.L.a. P. Devi, N. Lingaiah, I. Suryanarayana
and R. B. N. Prasad, Catal. Commun., 6, 788 (2005).

17. M. K. Lam, K. T. Lee and A. R. Mohamed, Biotechnol. Adv., 28, 500
(2010).

18.].-Y. Park, D.-K. Kim and J.-S. Lee, Bioresour. Technol., 101, S62
(2010).

19.].-Y. Park, Z-M. Wang, D.-K. Kim and J.-S. Lee, Renew. Energy,
35, 614 (2010).

20. A. Hayyan, M. A. Hashim, M. E. S. Mirghani, M. Hayyan and I. M.
AlNashef, Korean J. Chem. Eng., 30, 1229 (2013).
21.M.J. Yu, Y.B. Jo, S.G. Kim, Y.K. Lim, J. K. Jeon, S. H. Park, S.-S.
Kim and Y.-K. Park, Korean J. Chem. Eng., 28, 2287 (2011).
22.R. Tesser, L. Casale, D. Verde, M. Di Serio and E. Santacesaria,
Chem. Eng. ], 157, 539 (2010).

23.S.M. Son, H. Kimura and K. Kusakabe, Bioresour. Technol., 102,
2130 (2011).

24.1. L. Lucena, R. M. A. Saboya, J. E G. Oliveira, M. L. Rodrigues,
A. E. B. Torres and C. L. Cavalcante, Fuel, 90, 902 (2011).

25. PJ. Martinez de la Cuesta, E. R. Martinez, EL P. Pérez and ER.
Sarria, Can. J. Chem. Eng., 77, 1169 (1999).

26. W. Yu, K. Hidajat and A. K. Ray, Appl. Catal. A Gen., 260, 191
(2004).

27.].Y. Park, J.S. Lee, Z. M. Wang and D.K. Kim, Korean J. Chem.
Eng, 27, 1791 (2010).

28.Y. Jamal, G. Luo, C. H. Kuo, A. Rabie and B. Boulanger, J. Food Pro-
cess Eng., 37, 27 (2014).

29.Y. Feng, A. Zhang, ]. Li and B. He, Bioresour. Technol., 102, 3607
(2011).

30. Food Chemicals Codex, Institute of Medicine (U.S.), Committee
on Food Chemicals Codex National Academies Press (2003).

31.B.K. Barnwala and M. P. Sharma, Sustain. Energy Rev., 9, 363
(2005).

32. T. Kocsisova, J. Cvengros and J. Lutisan, Eur. J. Lipid Sci. Technol.,
107, 87 (2005).

33.]. M. Marchetti, V. U. Miguel and E Errazu, Fuel, 86, 906 (2007).

34. S. Basumatary and D. C. Deka, Der Chermica Sinica, 3, 1384 (2012).

35.N. Al-Arafi and J. Salimon, E-Journal Chem., 9, 99 (2012).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 800
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


