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Abstract : The thermochemical parameters for safe handling, storage, transport, operation and process design of flam-
mable substances are explosion limit, flash point, autoignition temperatures(AITs), minimum oxygen concentration
(MOC), heat of combustion etc.. Also it is necessary to know explosion limit at high temperature and pressure. For
the safe handling of benzene, lower explosion limit(LEL) at 25°C, the temperature dependence of the explosion limits
and flash point were investigated. And the AITs for benzene were experimented. By using the literatures data, the
lower and upper explosion limits of benzene recommended 1.3 vol% and 8.0 vol%, respectively. This study measured
relationship between the AITs and the ignition delay times by using ASTM E659-78 apparatus for benzene, and the
experimental AIT of benzene was 583°C. The new equations for predicting the temperature dependence of the explo-
sion limits of benzene is proposed. The values calculated by the proposed equations were a good agreement with the

literature data.

Key Words : benzene, flash point, explosion limit, autoignition temperature, the temperature dependence

1.ME

FEHZHE Y2 AZS THEAY,
1Y 5o ARgSte] Bz E #EA|T)
g, BAL Ae)shs oA 3 @ Zw
I §Z 59 7RsAo] g4 2A3
3t}

CE
A @ AT FYE 54, A 9 HISH Q)
on, 77 Hegko] gl AJAgo] Bilsto] FE
o] =2 L 3 Y gl 28 Alur) BAg
Aol 3 Yo ZEAEa ofe), 3 A2
o] zul 9 A7k B3t G 7|44 Dok
wteha] FAHNA HF BAY AAEA more o
A Rl 714 Fas ZAolth,
AAENERL ksl <1347, HaxdAws}

o,
IILl o

I rle
ul

A, HAadlase, HadsouX], d4ad 58 &
% itk 7hAKE Yol B 2AFY BRo= o
hadm@semyung.ac.kr

28

8 rEwlof 290 B9 ERPCHL, B
slo] wahelo] ojs) A} 2 Hiro] WA 4
A4 BHS SO Rs FFRAL B
A B 4 U

ARPOIA A ool FRie sk,
S ke AEAE AgsbIRTRE Ao 9
sl golakis o] SR, REo) dhA At
7] ofele Tt dSAle Agtel ohile Sng
NN SE S EREAT R
Ak, AR UBE ok & B9 54 958
FolAu, dolnl 24 Al AYS DA
Y 2 943 @ 5 ok

B APoAE ek whEe] 7Hed Htel
A= AR Bk B oA, AR, Hok
434 ARBE ohlet Fa3 Soiel WAl o)
S B 9L B9 E4XE Dol WA 3
Sl 4Hd WO SIS BT 5 G ARE
AZshee] B lct.

=

T
o]

-

_?_1



2. Xtz MEH

°ﬂ/\1 HFoke gEo) Bho 34 o

42 AR AT oA AFs}
MSDS(Matena] Safety Data Sheet)Z %3
ook 28 o2& d#xl DBSI vl
3}813-8135] DIPPR(Design Institute for Physical Pro-
perty Data)”] 317, obd, B 7 EXJX|(Properties in
the Environmental, Safety and Health Database)o]] 4]
3k & 249} whebulEl(Fire and Explosion Parame-
terS)"ﬂ/\i ZHUSIIA R} A, sk, Favdsle
299 AEE 42 5 Utk 2 3 ¥

e EM chepg 244 Ao) o]Foly
OF AP ARG FHE Ut B A7 1
o] Basick

3 94 2 A - HE AE4Y9] e UN
IMDG(United Nations International Maritime Dan-
gerous Goods) @ UNRTDG(United Nations Recom-
mendations on the Transport of Dangerous Goods)

=9 Hmste] GHS"9] WSl £7 e} 1
SAE 17l Atk ae 2A7) gl A

SaEzle GajAzaE ZAN= HSDB(Hazardous
Substanoes Data Bank), [IUCLID(International Uniform
SANE 82 4 9
oﬂtﬂ-g] opo. eru_i
Zl_ﬂ 8- 10)

Chemical Information Database)

E]_GJ) _q_j_oﬂx_. §]_ZH o) ZEuk

R=2
ALEYAG AN A=H o] ¥

]

}./\_4 El:ﬂ-‘s]-z"‘— 27]_9‘5, z7]OP
g, *J*%E Aad, BEAE, YIkRlo B4, £
A7k20] ], 24879 =27, EF7IA 9 E4
AYe Q.OTIZ_L} F8F Soof 82 wrlrh B oI
ol wiAle] tigh TEFAG TUgHA Y 2%
4 RS st 2E dE5AE AA
shch B sk oA Wkl Fi
of whe} getA|a, Ak A Aol wet &4
ol theu g olof tiyt #HESE st /-8
g AuE AEstA g

3.0, SN WO GE Zwst

ZuriA Aol olo] Wakael 910 uet
LshA grol g, YurHoR Zuns)
£ B3} Sho] ABOR Sebr ARty

Zdr5SEALEL, lower explosion limit)«= Wil 2

BH=orE I K|, Mj247 M5%, 20094

Table 1, Explosion limits by means of the direction of flame
propagation for benzene in air

Explosion Limits
oot Tubefcm or L
Vessel state| Direction of { ] [vol%]
propagation -
Diameter | Length | Lower |* Upper
30.6 39 132
75 150 1.41
5.0 150 145 745
Upwards
5.0 91 1.50 8.00
5.0 10 1.40 7.70
2.5 150 1.55
7.5 150 1.46
Confined | poizontal | 5.0 150 | 146 | 665
tube
5.0 91 1.55 6.50
7.5 150 1.46
5.0 150 1.48 5.55
5.0 91 1.60 5.00
Downwards
5.0 65 1.47 5.45
2.5 150 1.58
1.9 40 2.65 6.50
Upwards 1.30 7.90
Sphere 20L
Pownwards 1.46 7.00
Vertical | U.S. Bureau
tube of Mines 1.5m 140

BEAMSHAI(UEL, upper explosion limit}+= T 1.8
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Table 2. Comparison of AAD. of the LEL with temperature
variation using several correlation for benzene

No. Temp.(C) LEL Eqn.(2) Eqn.(5)
1 25 132 132 1.28
2 100 1.10 1.24 1.14
3 200 098 1.14 0.96
4 300 0.80 1.04 0.77
AAD. 0.135 0.034
1.4
1.3
[ ]
1.2 —— Exp.
J " —e— Calc.
3 1.14
g J
= 1.0+
u H
0.94 \
0.8 .
L]
07 T T T A T T T T
0 50 100 150 200 250 300
Temp.°C
Fig. 1. Temperature dependence of lower explosion limit for
benzene,
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Table 3. The flash point of several reported data for benzene
Flash points {C]
SFPE” CRC"”
-11 -11

Compound
P NFPAY

-11

Langelx)
-11(TCC)

Sigma'®
-11

Benzene
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Table 4, The autoignition temperatures of several reported data for benzene

Compound : AITS[ C]
NEpAY SFPE” Sigma'? Hilado' Jackson™ Egolft? Smyth™* Zabetakis™**
Benzene 498 498 5617 498 591.7 562 9374 1020
* Tgnition source : Heated metal surface

** Ignition source : Hot gas
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Table 5. Comparison of experimental and calculated ignition
delay time by the AT for benzene

Z
g1l

T[K] Tewp 5] Ty, Te(Eq. 6)

1 856.15 7045 425490 74.89
2 858.15 56.72 4.03813 68.69
3 873.15 42.03 3.73838 3637
4 878.15 36.88 3.60767 29.56
5 888.15 20.58 3.02432 19.67
6 898.15 1420 2.65324 1321
7 908.15 9.58 2.25968 895
8 918.15 590 1.77495 6.11
9 923.15 4.50 1.50408 507
10 933.15 3.84 1.34547 3.51
1 943.15 2.55 0.93609 244
12 948.15 1.58 0.51879 2.05

AAD. 2,90
80 -

v

704 =,
60+ = Exp

) - —w— Calc.

£ 50-

s .

S 40- v .

s AN

S 30- Y.

g \

= 20 .
10

\'\”"”1_-%.,

0 W, S

BéO 8é0 Q(I)O 920 940 960
Temperature(K)

Fig. 2. Comparison between the experimental and calculated

ignition delay time for benzene,
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