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Abstract — In order to evaluate the fire and explosion involved and to ensure the safe and optimized
operation of chemical processes, it is necessary to know combustion characteristics. The explosion limit,
the heat of combustion, flame temperature and temperature dependence of the lower explosive limit are
the major combustion characteristics used to determine the fire and explosion hazards of the flammable
substances. The aim of this study is to investigate interrelationship of explosion characteristics and the
temperature dependence of the lower explosion limit at elevated temperature for akylketones. By using the
reference data, the empirical equations which describe the interrelationships of explosion properties of
akylketones have been derived. Also, the new equations using the mathematical and statistical methods
for predicting the temperature dependence of lower explosion limits of akylketones on the basis of the
literature data are proposed. 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 substances.

Key words : Akylketones, Combustion characteristics, Temperature dependence of the lower explosion
limit, Empirical equations

LM

rh

_E_/\é

o e A A4S Hrreg o 2eEn. o A= EFHAE DI
*‘—ET/‘J 7h8-tl] 123814 (explosion limitsy= 7HA AAE Ao Ax7(ovens)$t 2 FA A FA
ulx|a M 7EAV 2718 wlEE A ZuElg

ol

t32) 2}

hadm@semyung.ac.kr(www.chollian.net/~hadm) 5 o3 E 345l vjEAlZIc), ojuf kA =&

HBACK: 2 37)E gRE 39 4A A Zeso}
g Fas WrEA, Balglo] EAY 1) 7Ha47)
ASHGASY AT, A, $5 W 7 TG OF FEES WD A2t ol



%%

A8 ZsletAle) 2 oE&A o i Ryt Hes)
ok =3 AFES FRFAG AAT o) AT 5 Q)
t A8 B84t e ARRAN NANER
71419l 71404 £ 2 AU (over presssure)©] &
A & U3, Az HH FogRE A4 F7)
2 7ANEe] 5 A E33 E Jetfirert WA
& oo, A=z 7t Ed) 21 B& AA Al
32 22 mo|X BYE A3 FFIA AA9 Fu &
W&o A4 Poolfie 2 71943 F7]&0] RAYE &
Ak -2 Az 71ANERY 2 B2 AAE
t7]dellA AR Qo F4, AR PRe =
28 o) t)7|ge] ofd tE 2 Yake A =
kAl HEE 2T F glemR o) uF Als
A g3}, _

ZaslA| o] AFEE Zabetakis S[2]2 71 FolA
seliEgskras] ZugAe] @3 4383 A7, 4t
NE=[B1 8 #7185t o WA 9%
of &3 AT, Affens 5[] T71FMA = g3l
Ao A 2 Z9 EA39 AT, Lovachev $[5]9
AagA uig stEd s Wade] #3 A+, High
=619 &3 25 7]"8(Group Contribution Method)
g o] 88 T FA B ATE £ F e
™, 2] Kondo 5[7} F-NumberZ ©]43F 23t
Al dZE AFE Y3t 3 2L3HAY] &4
A72 Hustad {87 Karim S[0]0] A-&7}2e] Zut
gHAle] 2 o|&Ae] St ¥ dAFE ¢ vl e
9, Ha[10,11]= d2}AZF gslgae] ZustAe 2=
QA &AL AN, GTL3REY 34 2
Zur EMA)) A3 ATE S LELEPEY L=
&40 A3 AFE wEach A7 ALEH
o ¢ A7E A o237 AP UL 7} 9l
t} 22 ol AN E A8 Se] 4F ANy 274 o}
gt th27] WEo|t}. geir 718 ol&3 dFE uh
2o F33kdl 7H7he o why e sliwe] Fasi

B dPeiMe 2 B¢ A" B9 £ 9
o 817 0] &, AT S ARS8l YA EF ol
3 ZUEAR 7k AAAA L FFLE dFo) ¢

3 BAAY LTS ARSI ). A71A

AAE PPES olgstel AYelN FuAse e
AEFe ZeEgAdae £4g F3, ASFY 2

.-

), dae 3o 712H AR ASHES
ek S AAG PEE] 8] 7 FF 4P Aa
AN UA Qe ThE 8710 AP 229
WEYAE S PO ALY F USS Sk
o =7ol e,

KIGAS Vol 10. No. 2. June. 2006

B E EA

—_— =

I 2o

Tale 27les, 27199, 949, BAY, 2
W7te, WasE, 2usuRs 3, §7)

9] =7] T3 AHBATE LS o] FRES B9
Al G g 1o, o] At siEf Sl AasRE
o) =gt=|leng B} AAH o dwislEA] R}
T Ao

LAl ZAAIS} AR VoA,
WA o] AR R E 1719, 298 KolA 7t ER ] #
) H A E(volume percent)?} F 3] (volume fraction)E
A AAE L Qi AE7A detsieiEe g S
B4 74 AFES AHEY Jones[12]T 3EFE
H(CHE ol g3t FL3etAe ZUATAE d53t
E AL AXEIEL, Zabetakis 2] d4EA9 &
ZoEAg0 #e AFE d% e, Butler S[13]9] 2
M= A, TV, EAE, d4FAe A E
T3t Affens F[4]0] 23X & Zabetakis 2] ¥
Pty ZagiAle] 2= oS AT FH2de
Hustad 5[8] &3 i€, 28, ¢4, dagerio] &
F71A B EFTIA] gk ERdAe) x4
A9} Vanderstraeten S[14]01 <3 dlgkz} 2] &8
EoA FgEAe] 25 B GEo|EA gt AT
5% £ F Ut Britton[15]1& ZREAXE st
32 vt Qlok, B dpoM s 2 5ke] AFES 2
AR A7 U2 AR ARES o83t F
A9} o B4 ABBAE 7S olo] FHH
A& AA e, ZugAe] 2xo&Y S vAste A
2L oS E AN F)

R
2
=]

L S W EW SR Zte| ABEAIE
7| gist 81N o SAN wy

IHEAREY YR BA4S F3d 54/ 7
o] FAAAE v F de A ZdE Jhed
HAsE 2dS 7] A8 953 A A (multiple
regression analysisyS ©]-23I3TH16,17].

Gstetslrs stEEA AAEH @i, Bhg
o} TwegA|, WA d4Y, dHdA g8t
FEATY BASUA 5 BAE AZ3}) a8l A
Al o] 712 RS Jhed HAskE 2dS A
stejol s}, A stE Rdg AR M FBAE
oA ol o]83}:= A.A.PE.(average absolute percent
error)?} A.A.D.(average absolute deviation)& ARE-31
o™ o537 ZTH10,18].



LLAEFS) E

Z Xest. _XexE.
X
AAPE = — 221100 1
AAD. = zl est. exp| (2)
N

A7IAM XK= FARA A 23l FAkE BRI, X,
= Fagtel, N& AE (data)yFolth.

=3 57 242 gl 29 Qo) BEAASH BR

A7 Al¥(coefficient of determinationy& AR5} T)

2
Y.—v.
S= 2———(n;1y" 3)
2_ SSR
T T SsT @
_. R
"= ssT ©)

714 se ARk E—.—ix} Y= 383 pe A
ot} A& BB ARAS, 12 ABASF, SSRE 319
o 23 A|F§Hsum of squares due to regression), SST
= SSR3} Zhajel] ol ¥t A FFH(sum of squares due to
residual error)9] o]t}

IV. S 2 E4 SM%| Zte| AT

41 Etaz=2} 014 gdof atA|

A W3l E =LY AAEFY AL
ﬂlf‘& THEE AHE A gt diE o g o)F BA
& AHE7] fsiMe £ S 83 gag
wislol] W LUAAETY J4E BAE graphical
methodZ AH HH A ¥(linear) FEIYS & & Ut
AEAAY Y-S 43 Zv‘]*ﬂ%%’j(least square
method)ll &3] 22 Y8 dataZFE AXSCH3].
AE Bl vt 22 HFskE AN S AU

AH, = 24572 +148.28n (6)

o714 AH, v 949o)d, ol

2 (6 Ast Rale I B e %?ﬁ%k[m]& H]
3te] Table 10 UFEFQITE 4020 o] F4bd
d2E (AH,) & BHFE A dAFE BAF 3
o} o]& 2AZ kA ZAEAEA] 2k JBRAE
AHE F e 7124 A8E 01%1%}

-

rTo

PR 2be] AR 2 5

Zuge] eEelE o

Table 1. Comparison between reported and predicted
values of heat of combustion with carbon
number for ketones.

Compounds Molecular |Reported data|Predicted datal
P formula [kecal/mol]| [kcal/mol]

Acetone CHsO 395.5 394.0
2-Butanone CHzO 542.1 542.3
2-Pentanone CsH,,0 688.2 690.6
2-Hexanone CeH 20 834.1 838.8
2-Heptanone | C;H;,0 991.9 987.1
A.APE. - - 0.4114
A.AD - - 2.9120
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Table 2. Prediction of upper explosive limits with lower
explosive limits for ketones.
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AAD - - - 0.17
Moles Cp nCp
CO, 3 543 162.9
B ﬂﬂl‘ et 2.

AT AAAERS ALEQe] FHHL H,0 3 412 123.6
%11_%71 sla) Ewsieis dadel BAE 4 ©% N 1504 27 L8
Zro] e 2= 9l $nCP = 778.3

(AH)x (LEL) = 1039 . ©® 7= Ao g 2 1659000 e _ o430k (1)
Y AnC, 7783

o 4] 28 A2 FUZke Bk vl
s Wt 338%] Aol2A N JRAAT} 23
% Se,

orgﬂ

m
2

%Erorzmlﬂ} ag|el 2A|
wgtAle] AFoA gt esieas FeAo
}fs_mm FBBAY &S A EAE 2 A3t
SR w2 AP E AEF GA] e
(LEL)S} 2YA(UELY} 433A1E 1&3ith o8
& Rdg AES A o 2L dEF4e AN
gt}

UEL = 25.705 - 27.686 LEL + 10.636 LEL (10)

4 (10)el 23 A4 AAE FRAZH211F BlEsto
Table 20 VERIATE. AAATTE 099224 FAE
B3] dARS HAFA o

V. SISE % SwsiElle] 2EoEY oS

51. SlM92T ol &

I Fe gEaEesleadd gtk FUgiAlY] 2%
& digt A7 Bol o|FHA gov tE 3
T2l ik dve aox B4 &2 Holr). wap
o2 35 g AdAtEe] g el o
FWESesledod HEsle AEAE 2R AME

KIGAS Vol. 10, No. 2. June, 2006

A7A T I, AHE oMHERY & A28
mol), &= B-&%F(J/mol K)e|t}.
ojo} Zhe ALk vl o3 o EoA 2-3el=7t
A9 FEEEE ARXBIAL, ©] F§H2LEE o835
EdslgtA| oA e g exg F4belaa) @t
ZubsletA| M 9] g 25 o &2]& Buckmaster
F[22]0] AAF A& olgs et thed 2t

T,  _ 298K 12)
Tco+cst,wt% Tf
T _+7Y,
T, = (—’”L)T (13)
I
m Too+Cst,wt% /

AN T, & vlddk EFEY 5, v =
AN FEAT, C, g T ﬂl%v«l 371 %—
719} E§EoA FEFIYEE 22 T, T F&
slgtAo A 9] 32 ol

2 (131 T, = 24 (12)0] 23] AtE sEe=
9} ztzbe] ARH 719 3719 EFEANN FESH

WE-E A2HgHS o]831e] ALkl Zah3lghA oA €
SJHEE AL 1% EAES Table 39 UL
wolen, AEFS ZwslgiAda e 438 JFLE
B B 1109°C(1382 K2 < &HUT

SFPE handbook[23]°14 C, H, 02 T4 E29|
ZaralgtA oA 9] SFEeEE 1600 K(+ 150 K)E AA]
vk W FPLEE HL: 2= & ALE

~10-



LLAER FL 59X 7o) AAEA L TUeA Y LB €&

Table 3. Prediction of flame temperature for lower explosion limits of n-alkylketones.

Molecular LEL Tttame Tiim
COmPOUIldS fO rmula (VOl% ) Cst,vo)% Csr,.wt% T oo Y 0 (K) (K)
Acetone C;H,O 2.6 5.43 4.99 0.00760 0.0283 2430 1409
2-Butanone C,HgO 1.8 4.01 3.68 0.00560 0.0196 2441 1346
2-Pentanone CsH,,0 1.5 3.18 2.29 0.00441 0.0164 2450 1407
2-Hexanone CeH, 0 1.2 2.63 241 0.00363 0.0131 2455 1371
2-Heptanone C-H,4,0 1.11 2.25 2.25 0.00307 0.0111 2484 1378
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Table 4. Comparison of literature and predicted values for
temperature dependence of LEL of acetone.

Temp. LELe,, ' .
0 (vol%) Zabetakis | This work
25 2.6 26 26
100 24 2.46 242
200 2.0 227 2.18
AAD. - 0.110 0.067

Table 5. Comparison of literature and predicted values for

temperature dependence of LEL of MEK.
Temp. LEL,, . .
°C) vol%) Zabetakis | This work
25 1.80 1.80 1.80
100 1.70 1.70 1.68
200 1.33 1.57 1.51
AAD. - 0.080 0.067
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