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Abstract - Explosion limit is one of the major combustion properties used to determine the fire and
explosion hazards of the flammable substances. In this study, the lower explosion limit(LEL) and upper
explosion limit(UEL) of ethers were predicted by using the heat of combustion and stoichiometric coefficients.
The values calculated by the proposed equations agreed with literature data within a few percent. From the
given results, using the proposed methodology, it is possible to predict the explosion limits of the other
flammable ethers.

Key words : explosion limit, heat of combustion, estimation, ethers, combustion properties

LME e} gl e gEE=

—

EXXE MSDSY] it

S}A) At %] ¥ (Fire-fighting Measures) ol A= &%

BRI NAYBAL AFFol Yol Bro] =
A%, BAGEIE B2 A5 799 3]}

aﬁ] (Explosive Limit), 13} (Flash Point), 3| /\%@r
S(AIT: Auto-ignition Temperature)”7} A A% 2L §]

FHHY B 2 Fo] BAY S5 glov, me
FolBAol FEHE AFE Ak AABNA 3
A 8 Fael d@e AasE] AsIAE B
Shalw} 28} 22po] o] o] Ao} 31w, o & 9
a4 A9 2asels AFBA Ak 544

spoto] @ a3hrh1l,

2= 24 #}:hadm @semyung.ac.kr

1;]_[2]. ol AF &= 2k Ao A ZEd "l IS
APE A3 WA Uolol F FRF ARAAE
RS 0] £ 29 ofei§t A ofe] Aok
4 WRo FHB AL olFolA L
AEEHA e FFWAE 0 Fa3t.
BIA T Zuko] Yojupy] ko] WY F=
FAE 2 37 FlA 7rAAA
ast7le] o3 w59 ahtaks FUsiEA,
e FARAIR shar, B 1719 2004 9

="
o

ug

ox Y JH4
rg B0
[

e

- 44 -



AL

i1

-

NU

S

il

YUEehAT), 3hehA| e} AdshAl o] Alol &

A4 gt U= 2|5,
, B8 A AAaEE A4d, BAE &
o] 7], Al T, st xa W3, EFEQ
Fel ol 4skA o Esta 3]

A gl Edate] Fade dAshd, &

e
ke
rr

lo N do o
2
i

7

[

o

[e)

i
> Ach
© 12 i)

o ol
— =
o X
rir 5
%‘4 rlo F;:
=
R
i
k)
ol
ol
&
4z

1>
L
ok
2
i
il
ol
ol
N
2
r)

o oX
it
iy
re
!
—o
2
N\

o
>
>
oo
ol
o
£
o
)
tlo
dot

-

Yo &

2
o
b
i
rr
>

x
> 2

° %
k)
T
S

5o metA ol
T

N
1o
do
ool
oX,
2

[

J
o
fu
N
re
ox
Mo g
ol
o
>,
ttlo
>
oo
o |

L e
>
2
o

od O, polt ok

o (2 4y 2o ox oo [ oo r
t
e
of{
fo
e
pay
rlo
ox
ot
K-
i<} b
oo )y 17 rlo rf

:E‘ ,
b EQ
2 o rr
r‘T; W, ot
nz, o
2o
o> o ™=
M{E = ol
o
i 2=
o
2
£
I
0
ro L e
Y
Lo yo yy g tle
2 1 o rlo ot

39 1
| <F 6000] F2] S4ol tha) =88 EA
1o . A=dI[4], o= 6000dF2] o)

FE0] TAHANA AMSEHI ot Bof J2u o]
£ JEHERY A BRI B E4X
vl 2k 3% A== AAF o] Q. wehA thE ol
2R A A7 st

B AFAME 4 Ao A &, W) 2 o
Eofol| ALRH T e FUHEZQ dEHZEF tis)
AA4gE 9 sEFFEA ol o3t ZshA| o] Al
E ey, A4 ¢ FESFEA Gl o
SleAI9} A S AT = = 7 F 2 (Empirical
Equation)2 A|A|StA} $heh 7] A AAISH HE
S o] gEle] AFoA FHaA = TE o HERF9
ZHEA & =S T, dEE2F/Y A3}, #
AL FAHol 712AA ARE ALHES 3}
=9 F&o]

_'[‘-{DFI'EO}"
e g K
R_Llru

O

2
~

pd

O

I El2Rel Zu S

dHEZ= F2 2 F2 471
U] AHShA| L SH A o = 1h-g-5
St FHEUEFH HH-331A] ol &
Ao sholt), gk UubH ) F
o] ofH| 2ol =7] W& f7] v F3y3t=
e |2 AREE 3 QT

BAag7 2 oHEZE = E=ol ¥r] wEa
of oJs| gA & & o, kA @ %
€AY At} 53] AEHZE 7h2d g Ak
= ol g ol 8 Z(Diethylether)+ &7]ETh
FUpH L7 Hon, 3ol Asta Qs

T fo
§
ol
%
ok
§2 A
rlr 52
—g‘ 10
A

Ae k

o

Ho

N

Lo

oo 4
Ho o rlr H

S FEAFE o) G o H 2T FAA ) o

ol wro} 91gAol Ak 719 HE A 5ROl
Y3, AR SRS o2 IS
w b, FA0 o5 FwsE 9w vk

I olE[Zo| IASY W ZwsAll of&4

31. o2 ALEHXA|

Table 194 = SlHI279] A4LES HRsto &
1H5}3HA|(LEL, Lower Explosion Limit) 9} 23314
(UEL, Upper Explosion Limit) 18|31 &}3tFEA 4
(Cst)E VFERAATHS,6], =7+ LEL/Cst3} UEL/CstS
A Lbst At

AAEL HhgA sleEA Y kAt FH gl 2asgh
gt Eolth AdAEL gty oz FAAYE(Gross
Heat of Combustion)¥} <=%14F(Net Heat of Com-
bustion) = UERE = Ut FALEY &ALEY
alole Eo| &gt kA B Zd ko] #H
AAE Ao FH4E By Fa31t ol= 3
Aol A FZHE Fo| $F7] elo]r] wEolth dxt
Ao 2 A4 Y2 “Perry’s Chemical Engineers” Hand-
book”[7]3} “Handbook of Chemistry and Physics”[8]
A A& F Atk T o]F EHIAAMNE A4E
BE A B AF dSH S o83t A& F 3
o BE f71skEE de H8E 5 A2
S 2 Cardozo ][9] ] U=El, ol & 3FeFs] &7

st thewt Atk

rron
( _m,
1)._1

N=N,+) AN, (1

4714 N, = 3= & Ba0)al, SaNT
e Txol M2 BARoITh webd 4 (ol o
3 N7k ol AsEE A @l tielstel d4age
o =317 Ak,

AH (g) =—198.42—615.14N )

Table 1114 2-methoxyethylene ether<} ethylene gly-
col dimethyl ether®] 4~E-2 Cardozo W2]-S ©]-&3k
ol ZZkeIHH9].

Table 191141 LEL/Cst®] " 1= 0.421~0.737, UEL/
Csto] H9= 2.224~10.588 ©|th. whehA] LEL# Cst
9] A Btk UELY Csto] Gda3AE 4353}
7l ogra 2ok

- 45 - St 7}~ 83 2] A 15 #43 2011 8¥



ol
=2

oft
o

Table 1. Several characteristics of organic ethers

Heat of
Molecular . LEL UEL Cst
No. Nomenclatures Formular Combustion Vol%) | (Vol%) | (vol%) LEL/Cst | UEL/Cst
[7,8,9]
1 Dimethyl ether CHsO 1460 34 27 6.5 0.523 4.154
2 | Ethyl methyl ether C;H:O 2108 2.0 10.1 45 0.444 2.244
3 Divinyl ether CHsO 2412 1.7 27 4.0 0.425 6.750
4 Ethyl vinyl ether C,H:O 2577 1.7 28 3.7 0.459 7.568
5 Diethyl ether C,H,00 2751 19 36 3.4 0.559 10.588
¢ | fertDutyl methyl CsH,O 3399 16 | 151 2.7 0.593 5.593
ether
7 Ethyl propyl ether CsH1,0 3410 1.7 9.0 27 0.630 3.333
8 Dibutyl ether (C4Ho)20 5387 0.9 8.5 1.7 0.529 5.000
9 Diphenyl ether CH,00 6203 0.7 6.0 1.5 0.467 4.000
10 Propyl ether (C3Hy)20 4069 1.3 7.0 23 0.565 3.043
11 iso-Propyl ether CsHi40 4043 1.4 7.0 1.9 0.737 3.684
12 Amyl ether (CsH11):0 6253 0.7 55 1.4 0.500 3.929
13 | Methyl vinyl ether C:H:O 1720 2.6 39 5.0 0.520 7.800
14 | FMethoxyethylene CeH10s 3768 15 | 174 2.6 0.577 6.692
ether
Ethylene glycol
15 dimethyl ether C4H100, 2538 1.6 10.4 3.8 0.421 2.737
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Fig. 1. Comparison between reported and predic-
ted lower explosion limits(LEL) for ethers.

Table 2. Comparison between reported and predicted LEL by means of heats of combustion for ethers

No. Nomenclatures LEL LEL LEL LEL This
(Vol%) (Suzuki) (Hanley) (Hshieh) work

1 Dimethyl ether 34 3.42 3.42 3.06 3.13

2 Ethyl methyl ether 20 2.46 2.37 2.18 2.19

3 Divinyl ether 1.7 2.16 2.07 1.92 1.90

4 Ethyl vinyl ether 1.7 2.02 1.93 1.80 1.78
5 Diethyl ether 1.9 1.89 1.81 1.70 1.68

6 tert-Butyl methyl ether 1.6 1.49 1.47 1.37 1.45

7 Ethyl propyl ether 1.7 1.49 1.46 1.37 1.44

8 Dibutyl ether 09 0.93 0.93 0.83 1.19

9 Diphenyl ether 0.7 0.92 0.80 0.70 0.66

10 Propyl ether 1.3 121 1.23 1.14 1.38
11 iso-Propyl ether 1.4 122 1.23 1.14 1.38
12 Amyl ether 0.7 0.89 0.80 0.70 0.60
13 Methyl vinyl ether 2.6 3.03 2.90 2.63 2.70
14 2-Methoxyethylene ether 1.5 1.33 1.32 1.23 1.40
15 Ethylene glycol dimethyl ether 1.6 2.05 1.96 1.83 1.81
Average Absolute Deviation (A.A.D.) 0.22 0.18 0.17 0.15
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Table 3. Comparison between reported and predicted UEL by means of heats of combustion for ethers

No. Nomenclatures UEL UEL This
(Vol%) (Hanley) work
1 Dimethyl ether 27 15.54 28.41
2 Ethyl methyl ether 10.1 10.77 25.67
3 Divinyl ether 27 9.41 23.59
4 Ethyl vinyl ether 28 8.81 22.09
5 Diethyl ether 36 8.25 20.38
6 tert-Butyl methyl ether 15.1 6.68 15.62
7 Ethyl propyl ether 9.0 6.66 15.62
8 Dibutyl ether 85 421 6.92
9 Diphenyl ether 6.0 3.66 492
10 Propyl ether 7.0 5.58 12.40
11 iso-Propyl ether 7.0 5.61 8.84
12 Amyl ether 55 3.63 3.88
13 Methyl vinyl ether 39 13.19 27.19
14 2-Methoxyethylene ether 17.4 6.02 14.85
15 Ethylene glycol dimethyl ether 10.4 8.94 22.61
Average Absolute Deviation (A.A.D.) 9.16 5.81
Ak FBAF®R)E 097013, AADE 0.15 % 50
2 A, Suzuki 4]2] 022 %, Hanley2]2] 0.18 % 1211 45
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Fig. 2. Comparison between reported and predic-
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ley 2ell o oS3 Hl 3lod Table 30 VFERY
a1, Fig. 20l 283 d =gk zo] A& 4
A & =S YRS 4 7)ol g Aldtak
I} E3zke] AIAFE 082 1813 AAD.= 581
%ZA Aol A o, 7[Ee FkAe 9
gk 9.16 ETHE T GRS BoFa QT

- 49 - i

V. d 2
ol 2 fol thel 4d AtFEASE ol&
Stel ZwA S WAL RS, 44 © FA

Aol Wy o2 Aiad) ﬂs}okiﬁ]_,_ o o _JTL_%
siRHA o} FBAE A5 = A=
AABE T 22 AES °é5\’i‘:]'

L
i‘i
8}
o
r> }

o
=

s3] %) #1538 Al43 20113 8€



ol
on
offt
of,

D o279 ZusA=
ot FTAATE JATH
2) 944 W St EASTE o] 83 dHERF

ZwalaA|s JBA AFH e et 2

dad B EstgEA

9]
LEL = 7.483—4.280 X107 *AH —1.008 <10~ *AH*+

7.993x 10" P AP
UEL=—12.944+13.572 C,, — 1.109C2

3) 33 A 2] d =20 23 o =gk BR G
9 ‘}01 B 0.15.%, LA ] B o
S Hit 051 BEA, 7189 dF4 o &3
kol ik SAM S Bk ki £ Aol A A
A& P ES o] &3t T E dH 2R/ F U
qZo] 7heal #oh
23

[1] Lees, F.P., Loss Prevention in the Process Indu-
stries Vol. 1, 2nd ed., Oxford Butterworth-Heine-
mann, (1996)

[2] Meyer, E., Chemistry of Hazardous Materials, 2nd
ed., Prentice-Hall, (1990)

[3] Ha, D.M., “Estimation of Explosion Limits by Using
Heat of Combustion for Esters“, T. of Korean
Institute of Fire Sci. & Eng., 24(30, 66-71, (2010)

[4] Lenga, R.E. and K.L.. Votoupal, The Sigma Aldrich
Library of Regulatory and Safety Data, Volume
I ~III, Sigma Chemical Company and Aldrich Che-
mical Company Inc., (1993)

[5] NFPA, Fire Hazard Properties of Flammable Liquid,
Gases, and Volatile Solids, NFPA 325M, NFPA,
(1991)

[6] Kanury, A.M., SFPE Handbook of Fire Protection
Engineering ; Ignition of Liquid Fuels, 2nd ed.,
SFPE, (1995)

[7] Perry, RH. and G.W. Green, Perry’s Chemical
Engineers’” Handbook, 7th ed., MaGraw-Hill, New
York, (1997)

[8] Lide, D.R., Handbook of Chemistry and Physics,
76th ed., CRC Press, Boca Raton, (1995)

[9] Cardozo, R.D., "Prediction of the Enthalpy of Com-

KIGAS Vol. 15, No. 4, August, 2011

- 50 -

bustion of Organic Compounds”, AIChE Journal,
32(5), 844-847, (1986)

[10] Drysdale, D., An Introtduction to Fire Dynamics,
John Wiley and Sons, (1985)

[11] Suzuki, T., “Empirical Relationship Between Lower
Flammability Limits and Standard Enthalpies of
Combustion of Organic Compounds“, Fire and
Materials, 18, 333-336, (1994)

[12] Hanley, B.F., “A Model for the Calculation and
the Verification of Closed Flash Points Multicom-
ponent Mixtures”, Process Safety Progress, 17(2),
.86-97, (1998)

[13] Hshieh, F-Y., “Predicting Heats of Combustion and
Lower Flammability Limits of Organosilicon Com-
pounds®, Fire and Materials, 23, 79-89, (1999)

[14] Jones, G.W., “Inflammation Limits and Their Prac-
tical Application in Hazardous Industrial Opera-
tion”, Chem. Rev., 22(.1), 1-26, (1938).

[15] Hilado, C.J., “A Method for Estimating Limits of

Flammability”, J. of Fire and Flammability, 6,

130-139, (1975)

Jones, J.C., “Reid Vapour Pressure as a Route to

Calculating the Flash Points of Petroleum Frac-

tions®, J. of Fire Sciences, 16(3), 222-227, (1998)

Mullins, B.P., Bubble-points, Flammability-limits

and Flash-points of Petroleum Products, Combus-

tion Researches and Reviews, Butterworths, Lon-

don, (1957)

Pintar, A.J., “Predicting Lower and Upper

Flammability Limits”, Proc. Ind. Conf. on Fire

Safety, 28, Product Safety Corp., Sissonville WV,

(1999)

[19] Zabetakis, G.M., Flammability Characteristics of
Combustible Gases and Vapors, US Bureau of Mi-
nes, Bulletin, (1965)

[20] Box, G.E.P. and N.R. Draper, Empirical Model-
Building and Response Surface, John Wiley and
Sons, Inc., (1987)

[21] Ha, D.M., “Prediction of Explosion Limits Using
Normal Boiling Points and Flash Points of Alcohols
Based on a Solution Theory “, T. of Korean
Institute of Fire Sci. & Eng., 19(4), 26-31, (2005)

[16]

[17]

[18]




<<
  /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 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /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 false
  /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 2.00000
  /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 2.00000
  /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 2.00000
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


