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2 AFeME AERS 9 ARNE vlo] eu)As AAksh=t] At FeAAke] A=} 208 ARSIt
AEZ S} @91°] 7] AR 11.5 mg KOH/gO =2, 2] Fullg #4-5t 24 oo aH 23} 372 nlo| o)l &
o] W2 EA7E oo FrEA AR ASEE ARESEe] ol aHES) & HoloxH|28shs 2ukA] Whe-ag 2] 48]
Hasgley. A 3ol Ager 1A Ak SuiE 2E5s] f18) 471 1A AF Safel] st A3 v AT7E
312 Amberlyst-155 2] S2 AA3IATE Amberlyst-155 AFE-3F RES-32H -2 (response surface method,
RSM)ell 23l -t 22 A 2] W27 ek 6.79%, F0 17.14%%, A7} 0.7 mgKOH/go =2 7haatolct. A
Ay & &Ze] Fu KOHE o]-&§ dojelav|=3) whe-5 71t 3352 whg7]0lA Faisto] nlol et s ABilst
Stk 1 A3} xRk vl ol <E](fatty acid methyl ester, FAME) 315 97.35%% H|&510] 413} o4 8.17h, & &
A= S=F 0.125%, A-2DE12FE 3 (cold filter plugging point, CFPP) 0°C 50 & UElton] ¢ nlo]ou)Al #2]
TS BT TSl

Abstract — In this study, the effective method to esterify the free fatty acids in jatropha oil was examined. Compared to
other plant oils, the acid value of jatropha oil was remarkably high, 11.5 mgKOH/g. So direct transesterification by a
base catalyst was not suitable for the oil. After the free fatty acids were esterified with methanol, jatropha oil was trans-
esterified. The activities of four solid acid catalysts were tested and Amberlyst-15 showed the best activity for the ester-
ification. After constructing the experiment matrix based on RSM and analyzing the statistical data, the optimal
esterification conditions were determined to be 6.79% of methanol and 17.14% of Amberlyst-15. After the pretreat-
ment, jatropha biodiesel was produced by the transesterification using KOH in a pressurized batch reactor. Jatropha
biodiesel produced could meet the major specifications of Korean biodiesel standards; 97.35% of FAME, 8.17 h of oxi-
dation stability, 0.125% of total glycerol and 0 °C of CFPP.
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CH,-0-CO-R, + 3R-OH <> CH,-OH + R-0-CO-R,
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e AEE 150 Bzl m(eY)sl 3E2] dago] vt
Sato] AR 3E9] vlo] e AEEAL HE of| B FARE
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7} oA 3L FAle YRS TR FolAE EAIRe] RaE
SITH4, 5].
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2} wjgkgvte] Holo| AE 28} BEg-oll4] NaOH, KOH, CH;0Na &
o] oz FuljE AR A SulE ARESks HEER T W i
SEES 7 Bl AL AQtelM whgshs ol 7kssitt
Aol Qt}. P&t dojo A 23} vk 98 2 Fo &
A A o] 0.5% o]k} HojoF Steho, 10].
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2-1. A M=

E ool mpol o)Al 987 AP} 11.5 mgKOH/g2] Q1%
A AEZI @S AN

e W AERI @Yo AW 2AS B SRl
40% oVdo g 71 war, glEeat 30%, BuEAL 15%, Y]
o 242 3= lrHi1.

2] 0|2 Rohm&HassA 2] Z34Hd o] 2w 8=%] Amberlyst-
15, Bayer ChemicalsA}2] Lewatit K-2649, &= 349 AT49
PC101, Samyang*te] TriliteE ARE8F AL, ¢FE&2= GAkAke]
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ZulZE JUNSEXFY] 85% KOHE ARESISITE 71E} Aok T
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Fig. 1. Round bottom glass flask reactor.
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Fig. 2. Pressurized batch reactor.
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AERT @Y SO FEAAE S Aol o3t At A4S
F3te] 34 Aksisict.

A7Hacid value, AVR= @2 1 g Fol %3¢ §g] 42L& Z3)e}
= 238k KOHS mg 7= 22" EN ISO 661(animal and
vegetable fats and oils - preparation of test sample)] 2] WH] S
2 B2k AL, el AW Ak(free fatty acid, FFA) 8-, 2]
A A e T o] AREE ITH12,13].

AV=56.11><V><«: )
m
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¢=KOH §99] & &%

m=A|52] A%

Conversion(%) = M ?2)
AVi

AVi: 98 99le] x7] A7}

AVE: HA2] 9hg § o] AE AL

FFA(%)= % x AV ©)

AV: A7} (acid value)
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AERT}F 99 Fof| 23 FEAAE A3 AlASH= o2
23} Whgol] ARSE= FHulR A o] 2w ] FulE ARS8t
et

Amberlyst-15, PC-101, K-2649, Trilite®] 4714 114 A+ S0} €]
A28} Aes vl AYsiom o1 AFE Fig 300 YER
ATt Fig. 3004 K= kel 2o] Amberlyst-158}F K-26497} 322 ol
2|23} 93-S Bl

ol 2E| 23} WhgolA] ARt whE WhSAS dotRy] flal]
HHS-A-S B ol Amberlyst-159F K-26495 300 min7ZF4] 60 min
HR AEGst AHE SA8HITHFig. 4). Amberlyst-152] 7
% 120 minZHA] APF 248101, ol felAate] [gk Al
A7) wEo]t}. 180 min ©]3F- 240 min, 300 minolA= A7
7RIS, ol ouke-o] Fx10 7 fE|xate] o~ 23} Jt
S &go] Wojd o=z AzheEn) AvH o R 120 minS F29
HRSAIZRO 7 AT

K-2649= WRPFE7F 2 79 o] A7) @2do] ARt
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Fig. 3. Effects of solid acid catalysts on acid value (temperature, 333 K;
stirrer speed, 200 rpm; molar ratio of alcohol to oil, 4:1; cata-
lyst concentration, 12.75%).
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Fig. 4. Influence of reaction time on acid value (temperature, 333 K;
stirrer speed, 200 rpm; molar ratio of alcohol to oil, 4:1; cata-
lyst concentration, 12.75%).
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Table 1. Central composite design arrangement and responses

Design Coded levels Uncoded levels Conversion
point X Y X(g) Y(g) (%)
1 -1 -1 2.5 10.0 76.2
2 -1 0 2.5 15.0 78.1
3 -1 1 2.5 20.0 69.5
4 0 -1 5.0 10.0 80.0
5 0 1 5.0 20.0 91.4
6 1 -1 7.5 10.0 85.7
7 1 0 7.5 15.0 92.4
8 1 1 7.5 20.0 89.5
9 -1.414 0 1.465 15.0 70.4
10 1.414 0 8.535 15.0 90.5
11 0 -1.414 5.0 7.95 79.0
12 0 1.414 5.0 22.07 87.6
13 0 0 5.0 15.0 92.4
14 0 0 5.0 15.0 91.4
15 0 0 5.0 15.0 91.4
R 6.79 17.14 943

X: methanol, Y: amberlyst-15

Conversion(%)

Fig. S. Optimization of esterification reaction.
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2 2390k fehE 0 EH 2= 185184 TE 2d9] A
ol vjal] A2 EHjol|x] wkgo] 2 XS & 5 USITHS, 19].
o3t Gk AERT} 24 F Al dgo] ddldoR =
o} k23 F-X At W-go] FHZ 07 o]FojF 7] fEo
dddrt
RSMell 23l =59 Sl wiekE ol e A

32k plot Fig. 5ol YERASITE A vks $ o] Akt
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Fig. 6. Influence of molar ratio and catalyst concentration on transes-
terification (temperature, 333 K; stirrer speed, 200 rpm).
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Fig. 7. Influence of reaction time on transesterification (temperature,
333 K; stirrer speed, 200 rpm; molar ratio of alcohol to oil,
6:1; catalyst concentration, 0.8%).
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= 200 rpm, HESAIZF 30 minol|A 28-S a8kl ar, vH-sA12E 1,
3, 5, 7, 10, 15, 30 mincl] A 85 AFslo] 4] 130 U% 1 A3
Z Fig. 7ol YERASILE Fig. 7014 Bi= niel o] WhgARto] 5
7V At v ol aE ko] SV B8 1 E%%}%i
). WEAIZE 7 min ©]FHE 96%2] HWEl o A~E7} ’“ﬁ AE= A
T3, HERFSAIZE 30 min A4S 97.35%2] HE S AE 17}
A= ST

3-3. XIEZ1} Hlo|QrC|™e| EMEM

Aakel AFE 23} vlo] erjAle] BA9S EAst Avel o] F4

2 H|13to] Table 2004 HoIF=3{th. Table 2614 K& ulel
o] ik WE o AE|(fatty acid methyl eater, FAME) &2
97.35%(296.5%), ~F7Hacid value)y= 0.3 mgKOH/g(<0.5 mgKOH/
g), T2 0.05%(<0.05%), 2312174 (oxdiation stabioity)> 8.17 h
=6 h), T =YAIE SRS 0.125%(<0.24%), monoglyceride $FHa-2
0.4375%(<0.8%), diglyceride -2 0.0734%(<0.2%), triglyceride
FEL 0,0000%(<0.25%), WEE= 0.8816 g/ml(0.875~0.900 g/ml),
A2 E{ 2185 (cold filter plugginf point, CFPP) 0 °C(<0 °C), 3 ¢
2 2,07 ppm(<10 ppm)CF BT FAFAE TEESIATH20, 21].

Table 32 32kel AER} nlo] er)Ale] Ak 2435 HolF
o}, Zul g Ak (palmitic acid)¥} 22 AAH(oleic acid), 2= U4t
(linoleic acidye] AFEZ3} vlo] @ujAle] tft-g 2pA|ekaL §loH
XA o] 78.44%% ESAANETE 52 TS 71
S gA A2duugldo] sto} F2977& wEsIglrt. wgtk Als)

=H7] # B3-S 71 glEE 9 4t(linolenic acid, C18:3)°] EAlI5k
A o} ol Hlal Aks) QPgAdo] & Aoz geEct

Table 2. Comparison of biodiesel standard and jatropha biodiesel
properties[20, 21]

Parameter Unit Jatropha BD Limits
FAME % (m/m) 97.35 96.5
Acid value mgKOH/g 0.3 0.5
Water mg/kg 500 500
Oxidation stability, 110 °C time 8.17 6.0
Free glycerol % (m/m) 0.0024 0.02
Monoglyceride % (m/m) 0.4375 0.8
Diglyceride % (m/m) 0.0734 0.2
Triglyceride % (m/m) 0.0000 0.2
Total glycerol % (m/m) 0.125 0.24
CFPP °C 0.00 0.00
Sulfur mg/kg 2.07 10.0
Density, 15 °C g/ml 0.8816 0.875~0.900
Table 3. Fatty-acid composition of jatropha biodiesel

Fatty acid Structure Content (wt%)
Myristic acid (14:0) C,4H,50, 0.06
Palmitic acid (16:0) C,6H5,0, 15.26
Palmitoleic acid (16:1) C,6H300, 0.84
Stearic acid (18:0) C,sH;60, 6.24
Oleic acid (18:1) C,sH5,0, 38.95
Linoleic acid (18:2) C,sH5,0, 38.65
Saturated FA 21.56
Unsaturated FA 78.44
Total 100.00

sjstgat

Hl46H H1= 2008 28

2

4. =
AEZI} @9e] A FHoE o] 7 T ol 2u gk
A9 ofl~H 23} vkAd A A3 Amberlyst-157F 71 258t
Al A Zu| 2 85 om, RSMell g HA3E Fall 92 FH4
WA RE AERET 2ol tiste] mgE 6.79%, i
(Amberlyst-lS) 17.14%, ¥--A1ZF 1202, WRESE 200 rpm, RES-
60 °CR UEP oM, A= 0.7 mgKOH/g7HA] 348153t
HMEE] A RS 943 dolo| B 23} REg-2] HAZHo 2=

\1}

ks 2 A =] 6:1, Zull(KOH) 5% 0.8%, R+-5-A1ZF 15 min, I
HHSE 200 rpm, HF?,—%E 60 °CEA| 247} AAE g of| ~F]

slafo] 9735% 0, A7) S5
E{E}t‘g@’ ”E‘F spalef

S, LB P9, 2eAE, Aen

7 ) B 71ES nEsiin 59 o
T ool gk volorae] 35 Aksh b3t A

o] FAL B A7t B, ApEwst vlo] oAl
o] %% BAo] wj§ $43 Ao Lheldr).
B ATE B vpolor)Ae] dne Aews} 99o] vjg- f1

3k lgs 2

o]

4 glon), AERT 9oz Ak volor]
A5 Al AR=A WS- f8a 20l o sl
= AL

B QI ofuX ekl ge A AR ] AR e
S/ Ajle] Qlge SaEglg,

e

—_

.IEA, “Biofuels for Transport, IEA Bookshop(2004).

.Kim, H. R., “Biodiesel}} Pro. Ind. Chem., 5(1), 27-34(2002).

.Bak, Y. C., Choi, J. H., Kim, S. B. and Kang, D. W.,,
tion of Bio-diesel Fuels by Transesterification of Rice Bran Oil}
Korean J. Chem. Eng., 13(3), 242-245(1996).

. Graboski, M. S. and McCormick, R. L.,
Vegetable Oil Derived Fuels in Diesel Engines) Prog. Energy
Combust. Sci., 24, 125-164(1998).

. Connemann, J. and Fischer, J., “Biodiesel in Europe 1998}
Paper presented at Int. Liquid Biofuels Congress, Curitiba, Bra-
sil(1998).

. Altiokka, M. R., “Kinetics Study of Esterification of Acetic Acid
with Isobutanol in the Presence of Amberlite Catalyst, Applied
Catalysis A: General, 239(1-2), 141-148(2003).

. Teo, H. T. R. and Saha, B., “Heterogeneous Catalyzed Esterifi-

cation of Acetic Acid with Isoamyl Alcohol Kinetic Studies} J.

Catalysis, 228(1), 174-182(2004).

Kim, Y. J., Kim, D. K., Rhee, Y. W,, Park, S. C. and Lee, J. S,

“A Kinetic Study on the Esterification of Oleic Acid with Meth-

anol in the Presence of Amberlyst-15) Korean Chem. Eng. Res.,

43(5), 621-626(2005).

9. Jordan, V. J. and Gutsche, B., “Development of An Environmen-
tally Benign Process for the Production of Fatty Acid Methyl
Esters) Chemosphere, 43(1), 99-105(2001).

10. Na, F., Clemens, L. D. and Hanna, M. A., “The Effects of Cata-

lyst, Free Fatty Acids and Water on Transesterification of Beef

Tallow” trans. ASAE., 41, 1261-1264(1998).

“Produc-

“Combustion of Fat and

8.



11.

12.

13.

14.

15.

Amberlyst-155 0183+ AFEZ3} 2] o ~H|Z3} vkg- X3} 2 nvlo| e APt 199

Foidl, N., Foidl, G, Sanchez, M., Mittelbach, M. and Hackel, M.,
“Jatropha Curcas L. as a Source for the Production of Biofuel in
Nicaragua, Bioresource Technology, 58(1), 77-82(1996).

AOQOCS Officical Method cd 3d-63, “Acid Value} Officical Method
and Recommended practices of the AOCS, Fifth Edn. AOCS.
Champaign, I1linois(2003).

Gustone, F. D., “Fatty Acid and Lipid Chemistry, Chapman&Hall,
UK, p207(1996).

CEN, EN 14103, “Fat and Oil Derivatives - Fatty Acid Methyl
Esters (FAME) - Determination of Ester and Linoleic Acid
Methyl Ester Contents’ (2001).

CEN, EN 14105, “Fat and Oil Derivatives - Fatty Acid Methyl
Esters (FAME) - Determination of Free and Total Glycerol and
Mono-, Di-, Triglyceride Contents’ (2001).

16. CEN, EN 14112, “Fat and Oil Derivatives - Fatty Acid Methyl
Esters (FAME) - Determination of Oxidation Stability,’ (2003).

17. Korea Institute of Energy Research., “A process Develoment of
Biodiesel Production from Used Frying Oil Using Chemical Cat-
alyst) Resource Recycling R&D Program, 2A-B-3-1, 96-111(2003).

18. Korea Institute of Energy Research., “Process Develoment for
Production of Biodiesel from Waste Fats} Industrial Waste Recy-
cling R&D Program, A-B-2-1, 53-56(2006).

19. Lee, S. G, Chae, H. J., Yoo, J. W. and Kim, E. Y., “Pretreatment
of Feedstock by Ion Exchange Resin Catalyst in Biodiesel Pro-
cess; Korean J. Biotechnol. Bioeng., 21(1), 68-71(2006).

20. CEN, EN 14214, “Biodiesel Standard’’ (2003).

21. Korean Biodiesel Council, “A Stndy on the Standardization of
Biodiesel Qualty, MOCIE Report(2004).

Korean Chem. Eng. Res., Vol. 46, No. 1, February, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <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 <>
    /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 (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


