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Abstract Tri-n-octylamine (TOA) is an effective extractant for the recovery of succinic acid from fermentation broth. The recov-
ery of succinic acid from organic phase depends on the operating variables such as temperature, pH, volume of
aqueous phase, and use of displacer. In thermal recovery of succinic acid, 34% of succinic acid was recovered at
90°C. More than 90% of succinic acid was back-extracted by pH-swing. Efficiency of back-extraction was increased
23% as increasing volume of aqueous phase. Use of oleic acid as a displacer increased efficiency of back-extraction
to 76%. Aqueous phase volume and concentration of oleic acid were controlled simultaneously to increase the effi-
ciency of back-extraction and percent recovery of succinic acid reached to 90. © KSBB
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INTRODUCTION

Succinic acid is a four carbon dicarboxylic acid having the
molecular formula of C;HsO4. And it has received much
attention due to the applications in industries such as food,
pharmaceuticals, resins, polymer, paints, cosmetics, and
inks. It also used as surfactant, detergent extender, antiform
agent and ion-chelator, and in the manufacture of industrially
important chemicals such as 1,4-butanediol, tetrahydrofuran,
adipic acid, and gamma-butyrolactone [1-3]. Succinic acid
has hitherto been mainly obtained from the hydration of suc-
cinic anhydride synthesized from maleic anhydride [4]. This
method requires highly purified raw materials, because the
final products are produced by chemical catalysts that can be
contaminated by impurities.

Recently, production by fermentation using bacterial spe-
cies such as Actinobacillus succinogens [5], Anaerobiospiril-
lum succinicproducerns [6], and Mannheimia succinicipro-
ducens [7] has been identified as an attractive alternative.
However, in application of this method it is essential to re-
move impurities such as proteins, carbon sources, and acetic
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acid from the culture broth. In this regard, separation and
final purification steps typically account for up to 60% of the
production cost [8]. Many separation techniques are cur-
rently available for the recovery of organic acids such as
succinic acid from fermentation broth, including precipita-
tion [9], electrodialysis [10-12], adsorption [13-15], reactive
distillation [16,17], and reactive extraction [18-21].

Among these methods, reactive extraction is considered
the primary separation step for the recovery of succinic acid
from fermentation broth. Reactive extraction entails separa-
tion using reactions between extractants and the extracted
materials [22]. The reactive extraction of succinic acid with
hydrophobic tertiary amines dissolved in an organic solvent
has been investigated in recent years by several researchers
[3,23-26].

In order to obtain succinic acid from an acid-amine com-
plex and also recycle the extractant, it is necessary to estab-
lish an efficient and economic back-extraction process.
Among the few reports, a general approach for regeneration
of extracts was the swing of operating variables such as tem-
perature, diluent composition, or pH. These swing processes
substantially promote back extraction of carboxylic acids
from organic extracts into aqueous stripping phase. Baniel et
al. [27] and Han et al. [28] attempted to back-extract of car-
boxylic acids by temperature swing and Ma et al. [29] car-
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ried out back-extraction of pyruvic acid through pH swing.
In the case of lactic acid which its distribution is not sensi-
tive to temperature back-extraction is conducted by control
of diluent composition. In order to make full use of such
swing techniques, Tamada ef al. [30] made detailed investi-
gation of factors which might cause shift of extraction equi-
librium by introducing the temperature and diluent composi-
tion swing simultaneously. In addition to swing techniques
which are limited in promotion of back-extraction, lactic
acid which was forward extracted by Alamine 336/octanol
was back-extracted with stronger volatile amine like
trimethylamine in aqueous phase and trimethylamine can be
stripped and recovered by thermal regeneration. Sadaka et
al. [31] investigated back-extraction of shikimic and quinic
acids which were forward extracted with tridodecylamine/1-
heptanol. In this system, higher temperatures and the addi-
tion of oleic acid as a competitive displacer provided 80%
recovery for shikimic acid and 70% recovery for quinic acid.

In this study, a back-extraction of succinic acid was car-
ried out with controlling pH, temperature, volume of aque-
ous phase, and concentration of oleic acid as a competitive
displacer in order to maximize the extraction efficiency of
back-extraction.

MATERIALS AND METHODS
Materials

Succinic acid (Aldrich, 99%) was used as received from
the manufacturer. The initial concentration of succinic acid
was 50 g/L. Tri-n-octylamine (TOA; Junsei, Japan, 99%)
was used as the extractant and 1-octanol (Aldrich, 99.9%)
was used as the diluent in the reactive extraction system. The
concentration of TOA/1-octanol was 0.50 mol/kg. The aque-
ous phase for the back-extraction was distilled water and the
pH was adjusted with NaOH. The pH of the aqueous phase
was measured using a Corning digital ion analyzer 255
equipped with an Orion Ross combination pH electrode.

Methods

Equal volumes of an organic solvent containing TOA and
1-octanol and an aqueous solution of succinic acid were
stirred by a magnetic bar at 25°C for 3 h to obtain forward
extracted organic phase. After the reactive extraction, the
organic phase was centrifuged at 4,000 rpm for 10 min and
entirely separated from the aqueous phase. The organic
phase was then mixed with the same volume of pure aqueous
phase and stirred at 25°C for 12 h, which is sufficient for
reaching an equilibrium concentration. After equilibrium, a 1
mL sample was withdrawn from the aqueous phase, centri-
fuged at 5,000 rpm for 10 min, and filtered with a 0.2 pm
PVDF syringe filter.

The concentration of succinic acid in the aqueous phase
was determined by HPLC with an ion exchange column
(Supelcogel C-610H, 300 mm x 7.8 mm, Supelco, USA)
using 0.1 vol % H3;PO, aqueous solution as a mobile phase.
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Fig. 1. Effect of stoichiometry of NaOH to succinic acid loaded in
organic phase: efficiency of back-extraction (@), pH of
aqueous phase after back-extraction (A) at room tem-
perature, Vag/Vorg = 1 and Soarroa = 0.

The flow rate of the mobile phase was 0.6 mL/min and the
absorbance was measured by a UV-Vis detector (Waters
2487). The concentration of succinic acid in the organic
phase was calculated using a mass balance.

RESULTS AND DISCUSSION
Effect of pH on Back-extraction

In the forward extraction process, aliphatic amines extract
carboxylic acids from an aqueous phase by forming an acid-
amine complex with undissociated acid. Because the concen-
tration of the undissociated acid is dependent on pH values,
the forward extraction of carboxylic acid is affected by the
pH of the aqueous phase. In the back-extraction, as a higher
pH value than the pK, of the succinic acid conversely pro-
hibits the formation of the acid-amine complex, it is possible
to back extract succinic acid to the aqueous phase from the
organic phase by destroying the complex [32].

The effect of pH which is controlled the stoichiometry of
NaOH in the aqueous phase to succinic acid (SA) loaded in
the organic phase (Snaomwsa) on the back-extraction can be
observed in Fig. 1. The efficiency of back-extraction is de-
fined as follows:

Total amount of succinicacid
in aqueous phase after back—extraction

Efficiency of back— extraction (%) = x 100

Total amount of succinic acid in organic phase

e

As shown in Fig. 1, the pH values of the aqueous phase
after back-extraction increased in the manner of a normal
weak acid- strong base equilibrium curve, where the
equivalence point lay in the basic region with an increase
of Snaomsa. The back-extraction efficiency continued rising
until the stoichiometry reached 2.0. The maximum effi-
ciency of back-extraction was observed when the stoi-
chiometry of NaOH to succinic acid loaded in the organic



344

08
06

04 4

e

Efficiency of back-extraction

0.2 4

0.0

30 40 50 60 70 80 90 100
Temperature (°C)

Fig. 2. Effect of temperature on back-extraction at Vag/Vorg = 1,
Soarroa= 0 and no control of pH.

phase was larger than 2.0. Although further increase of
NaOH led to a further rise in the pH of the aqueous phase
after back-extraction, the efficiency of back-extracted suc-
cinic acid was maintained at 91%. However, at the basic
conditions, where the pH values are larger than the pK, of
succinic acid, back-extraction by NaOH solution yields so-
dium salt in the aqueous phase as a final product. Therefore,
it could be a loss that the salt form should be transformed
into neutral final product with consumption of more solvents
[29].

Effect of Temperature on Back-extraction

The efficiency of forward extraction decreased with in-
creasing temperature, because the complexation reactions in
the organic phase involve proton transfer or hydrogen-bond
formation and are expected to be exthothermic [31,33]. Dur-
ing back-extraction, meanwhile, the extract comes into con-
tact with a pure aqueous phase, where the temperature was
controlled in a range from 40 to 90°C. As shown in Fig. 2,
while the temperature increased from 40 to 90°C, the effi-
ciency of back-extraction increased by about 10% and the
maximum efficiency was 34% at 90°C. At a high concentra-
tion of succinic acid, 50 g/L used in this study, 4H is ap-
proached zero by overloading in organic phase and aggrega-
tion of succinic acid [33]. Therefore, the efficiency of the
temperature swing back-extraction system was less sensitive
to the pH controlled system.

Effect of Aqueous Phase Volume on Back-extraction

When the efficiency of back-extraction was evaluated
with pH and temperature, the same volumes of aqueous (V)
and organic phases (Vo) were used. It was assumed that a
fixed volume of pure aqueous phase has a limited capacity to
recover succinic acid without applying any other control.
Therefore, the effect of aqueous phase volume on back-
extraction was investigated. Although the final concentration
of aqueous phase which was carried our back-extraction
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Fig. 3. Effect of aqueous phase volume on back-extraction at
room temperature, Soaroa = 0 and no control of pH.

decreased, the total amount of recovered succinic acid in-
creased. The efficiency of back-extraction was 11% at
Vag/Vore = 1 and gradually rose to 34% at V,o/Vy, = 6. Al-
though further increase of the aqueous phase volume led to a
further rise in the total amount of recovered succinic acid,
the increase was negligible (Fig. 3).

Effect of Concentration of Oleic Acid as a Displacer
on Back-extraction

Oleic acid (OA), a displacer, was added to the organic
phase. Oleic acid has low water solubility and thus displaces
the acid and complexes with the extractant to form an oleic
acid-amine complex. The acid then proceeds to an aqueous
phase at higher concentration and purity. Hence, reversal of
the reaction in the back-extraction process results from com-
petitive displacement by oleic acid. The equilibrium describ-
ing the back-extraction step is as follows [31]:

SA-TOA,;, + Displacer (OA),, < Displacer (OA) - TOA,,
+SAy

where sub org and aq mean that the substance is in the or-
ganic and aqueous phase, respectively. Applying competitive
back-extraction by adding oleic acid greatly improved the
efficiency of back-extraction, as shown in Fig. 4. The
amount of recovered succinic acid was increased steadily
with an increase of the stoichiometry of oleic acid to TOA in
the organic phase (Soa/roa)- A percent recovery as high as 76
could be obtained by increasing the Soaroa by 10. The effi-
ciency was 30% at Soaroa = 1, corresponding with the per-
cent recovery at 70°C and Soaroa = 0. The back-extraction
system with oleic acid introduced as a competitive displacer
was more sensitive than the other controls.

Effect of Aqueous Phase Volume and Concentration
of Oleic Acid

Aqueous phase volume and Soaroa Were controlled si-
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Fig. 4. Effect of oleic acid as a competitive displacer on back-
extraction at room temperature, Vao/Vorg = 1 and with no
control of pH.
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Fig. 5. Effect of concentration of oleic acid and volume of aque-
ous phase on back-extraction at room temperature:
Va/ Vorg = 1 (@), Vag/ Vorg =2 (¥), Vag/Vorg =3 (B), Vag/Vorg
=4 (®), Vag/Vorg =5 (A), Vae/ Vorg =6 ().

multaneously to increase the efficiency of back-extraction.
As shown in Fig. 5, the percent recovery of succinic acid
reached 90 in the range of the experiment conditions. How-
ever, the efficiency was almost the same at V,o/V,,, = 5 and
6. Hence, the maximum percent recovery of back-extraction
could be obtained by simply controlling the aqueous phase
volume and Soasroa at Vag/Vore = 5 and Soarroa = 5.

CONCLUSION

Succinic acid extracted to the organic phase can be back-
extracted for the recovery of succinic acid. The efficiency of
back-extraction was examined in conjunction with the ef-
fects of pH, temperature, aqueous phase volume, and con-
centration of oleic acid. The back-extraction process was
found to be more sensitive to pH and oleic acid displacer

than to temperature. The percent recovery was 91 at
Snaomroa = 2 and the pH after back-extraction was 13.0.
However, it could be considered to perform back-extraction
while controlling the amount of oleic acid and the volume of
the aqueous phase without adjusting the pH, though it could
be needed one more step of TOA regeneration from oleic
acid, because back-extraction at a basic condition resulted in
the production of succinate as a salt form. Succinic acid was
recovered at a level of 90% by simultaneous control of
aqueous phase volume and concentration of oleic acid.

Acknowledgements This work was supported by the
Genome-based Integrated Bioprocess Project of the Ministry
of Science and Technology.

Received November 23, 2007; accepted April 17, 2008

REFERENCES

1. Millard, C. S., Y. P. Chao, J. C. Liao, and M. 1. Don-
nelly (1996) Enhanced production of succinic acid by
overexpression of phosphoenolpyruvate carboxylase in
Escherichia coli. Appl. Environ. Microbiol. 62: 1808-
1810.

2. Zeikus, J. G., M. K. Jain, and P. Elankov (1999) Bio-
technology of succinic acid production and markets for
derived industrial products. Appl. Microbiol. Biotechnol.
51: 545-552.

3. Hong, S. H. (2007) Systems approaches to succinic
acid-producing microorganisms. Biotechnol. Bioprocess
Eng. 12: 73-79.

4. Hong, Y. K., W. H. Hong, and H. N. Chang (2000) Se-
lective extraction of succinic acid from binary mixture
of succinic acid and acetic acid. Biotechnol. Lett. 22:
871-874.

5. Guettler, M. V., D. Rumler, and M. K. Jain (1999) Acti-
nobacillus succinogenes sp. nov., a novel succinic-acid-
producing strain from the bovine rumen. Int. J. Syst.
Bacteriol. 49: 207-216.

6. Lee, P. C., W. G. Lee, S. Kwon, S. Y. Lee, and H. N.
Chang (1999) Succinic acid production by Anaerobio-
spirillum succiniciproducens: effects of the Hy/CO, sup-
ply and glucose concentration. Enzyme Microb. Technol.
24: 549-554.

7. Lee, P. C,, S. Y. Lee, S. H. Hong, and H. N. Chang
(2002) Isolation and characterization of a new succinic
acid-producing bacterium, Mannheimia succinicipro-
ducens MBELSSE, form bovine rumen. Appl. Micro-
biol. Biotechnol. 58: 663-668.

8. Zeikus, J. G., M. K. Jain, and P. Elankovan (1999) Bio-
technology of succinic acid production and markets for
derived industrial products. Appl. Microbiol. Biotechnol.
51: 545-552.

9. Datta, R., D. A. Glassner, M. K. Jain, and J. R. Vick
Roy (1992) Fermentaion and purification process for



346

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

succinic acid. US Patent 5,168,055.

Hongo, M., Y. Nomura, and M. Iwahara (1986) Novel
method of lactic acid production by electrodialysis
fermentation. Appl. Environ. Microbiol. 52: 314-319.
Lee, E. G, S. H. Kang, H. H. Kim, and Y. K. Chang
(2006) Recovery of lactic acid from fermentation broth
by the two-stage process of nanofiltration and water-
splitting electrodialysis. Biotechnol. Bioprocess Eng. 11:
313-318.

Nomura, Y., M. Iwahara, and M. Hongo (1987) Lactic
acid production by electrodialysis fermentation using
immobilized growing cells. Biotechnol. Bioeng. 30: 788-
793.

Evangelista, R. L. and Z. L. Nikolov (1996) Recovery
and purification of lactic acid from fermentation broth
by adsorption. Appl. Biochem. Biotechnol. 57-58: 471-
480.

CaO, X., H. S. Yun, and Y.-M. Koo (2002) Recovery of
L-(+)-lactic acid by anion exchange resin Amberlite
IRA-400. Biochem. Eng. J. 11: 189-196.

Chow, Y. M., B. T. Tey, M. N. Ibrahim, A. Ariff, and T.
C. Ling (2006) The performance of anion exchange ex-
panded bed adsorption chromatography on the recovery
of G6PDH from unclarified feedstock with high biomass
concentration. Biotechnol. Bioprocess Eng. 11: 466-469.
Kumar, R., S. M. Mahajani, H. Nanavati, and S. B. No-
ronha (2006) Recovery of lactic acid by batch reactive
distillation. J. Chem. Technol. Biotechnol. 81: 1141-
1150.

Singh, A., A. Tiwari, S. M. Mahajani, and R. D. Gudi
(2006) Recovery of acetic acid from aqueous solutions by
reactive distillation. Ind. Eng. Chem. Res. 45: 2017-2025.
Tamada, J. A., A. S. Kertes, and C. J. King (1990) Ex-
traction of carboxylic acids with amine extractants. 1.
Equilibria and law of mass action modeling. Ind. Eng.
Chem. Res. 29: 1319-1326.

Tamada, J. A. and C. J. King (1990) Extraction of car-
boxylic acids with amine extractants. 2. Chemical inter-
actions and interpretation of data. Ind. Eng. Chem. Res.
29: 1327-1333.

Jarvinen, M., L. Myllykoski, R. Keiski, and J. Sohlo
(2000) Separation of lactic acid from fermented broth by
reactive extraction. Bioseparation 9: 163-166.

Hong, Y. K., W. H. Hong, and D. H. Han (2001) Applica-
tion of reactive extraction to recovery of carboxylic acids.
Biotechnol. Bioprocess Eng. 6: 386-394.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Schuegerl, K., R. Haesel, E. Schlichting, and W. Hal-
wachs (1988) Reactive extractions. Int. Chem. Eng. 28:
393-405.

Hong, Y. K. and W. H. Hong (2000) Equilibrium stud-
ies on reactive extraction of succinic acid from aqueous
solutions with tertiary amines. Bioprocess Eng. 22: 477-
481.

Huh, Y. S., Y. K. Hong, Y. S. Jun, and W. H. Hong
(2005) Selective removal of acetic acid for the effective
production of succinic acid using various amino extrac-
tants and solvents. Kor. J. Biotechnol. Bioeng. 20: 238-
243,

Hong, Y. K., Y. S. Huh, and W. H. Hong (2005) Appli-
cation of reactive extraction to biological production of
succinic acid. Kor. J. Biotechnol. Bioeng. 20: 142-148.
Jun, Y. S, E. Z. Lee, Y. S. Huh, Y. K. Hong, W. H.
Hong, and S. Y. Lee (2007) Kinetic study for the extrac-
tion of succinic acid with TOA in fermentation broth; ef-
fects of pH, salt and contaminated acid. Biochem. Eng.
J. 36: 8-13.

Baniel, A. M., R. Blumberg, and K. Hajdu (1981) Re-
covery of acids from aqueous solution. US Patent
4,275,234,

Han, D. H,, Y. K. Hong, and W. H. Hong (2000) Sepa-
ration characteristics of lactic acid in reactive extraction
and stripping. Kor. J. Chem. Eng. 17: 528-533.

Ma, C. Q., J. C. Li, J. H. Qiu, M. Wang, and P. Xu
(2006) Recovery of pyruvic acid from biotransformation
solutions. Appl. Microbiol. Biotechnol. 70: 308-314.
Wasewar, K. L., A. B. M. Heesink, G. F. Versteeg, and
V. G. Pangarkar (2004) Intensification of conversion of
glucose to lactic acid: equilibria and kinetics for back
extraction of lactic acid using trimethylamine. Chem.
Eng. Sci. 59: 2315-2320.

Sadaka, M. G. and A. A. Garcia (1998) The effect of
temperature on forward/back extraction using an amine
extractant for the recovery of cyclic hydroxyl carboxylic
acids. Sep. Sci. Technol. 33: 1667-1680.

Poole, L. J. and C. J. King (1991) Regeneration of car-
boxylic acid-amine extracts by back-extraction with an
aqueous solution of volatile amine. Ind. Eng. Chem. Res.
30: 923-929.

Tamada, J. A. and C. J. King (1990) Extraction of car-
boxylic acids with amine extractants. 3. Effect of tem-
perature, water coextraction, and process considerations.
Ind. Eng. Chem. Res. 29: 1333-1338.




<<
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


