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Abstract — The flash point is one of the most important combustible properties used to determine the potential for fire and
explosion hazards of industrial material. An accurate knowledge of the flash point is important in developing appropriate pre-
ventive and control measures in industrial fire protection. The lower flash points of the n-Propanol+n-Propionic Acid and n-
Butanol+n-Propionic Acid systems were measured by using Pensky-Martens closed cup tester. The experimental data were
compared with the values calculated by the laws of Raoult and van Laar equation. In case of the lower flash point of the n-Pro-
panol+n-Propionic Acid system, the calculated values based on the Raoult’s law were found to be better than those based on
the van Laar equation. In case of the lower flash point of the n-Butanol+n-Propionic Acid system, the calculated values based
on the van Laar equation were found to be better than those based on the Raoult’s law.
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Fig. 1. Flash temperature(T; and T ) for a pure substance by means
of vapor pressure and explosive limits.

R

py

2] <lskd 2 187
3 918k F4k wdle A7) st9eH, Hanley[14F tH3EA LHAA
Ashd At g Rd-E AA] At Ha§[15] 2454 7194
A ERF=9] s B - QeSS4 B skl o, Mitchell

S116]2 AHAAGAA] Bo] ARgehe ofvIA 9] Qlehd-S S48,
Joness (1717 Godefroy 518} Formic Acid thal 7] ¢labd =
AR =S ﬁﬂ%}oiﬂr

2 A= Ao o J1AAd 288A sk AEe] AlF
A AR Hsﬂfﬂ WA et B gk sl Fig.
19 VERH Hie) o] FusiaiAloh 1] the oA &3
Row, vhed e 4 (1= Z9EH

2 8] 2% o &
9] Qg Hde &S 93 Le Chateller‘?jzlg O]ﬁo}i’d‘:‘r. o] 3
3}

A= e ohea) 2,

714 P= %‘—‘:‘r%%olﬂr

A (I (2= o188t 71ddestEe) gk S dsstiaat & A4
5 FERP)E OLOPO]E ot B2 A7) el AEE 71-48Y
dRiEiaL 7Pt e n = o8-l 49 Raoulg] WHH o8] Ty
F o] ekl < 3l

P, = xP’ ®)

ulo] gl A9 Pe BAASR] E5EAF()E o183 Ao
T3 2ol E' E‘r
P = yix,P} 4)

BG EA slakde d5a] g8 F71% A 9
AH-E]E Antoined[1912 o] 85151t}

QL AZFH] AHAE F7I0 Hek AR oheh Bt
(@A BE AANE Basich FuaAe wake] EAY u)
RAzsh 717 B8 QR SRS Wl At ol ol
A WAE B BUAE BUSIAG AIA R LrrolAe] of
BE 2%, 8, Ak B, —gg_vwé 59) 4 Wit Yu
o BUWA ARE VIS, 25°CHN HAdTEe) PoimEe

(volume percengt -3 (volume fraction® A A= 2
U o] YR A5 et Sk B et e

2 olo] #e ARAG AHgaTh
Alcoholl] 3l ZdkslsHA) &5 &4 9]

B N
L,(t) = L,(25)[1-9.5x 10%(t—25)]

735l Hal20pF A|A 2

®)

Acidl] thek AS-dl= Zabetakis[2Y} AA] &+ 4-S g8t 2 4

< ez .
L,(t) = L,(25)[1-7.8x 10%(t—25)]

714 Li(25) V1Y, 25°CAIA 9] ZstatA o).,
van Laat)[2212 o]4-3lo] BFEAGE Altet

ulo]gd-g-onel A4
o, ol dEA ExtEl 484714 vt At
A

A0 aX  f

In
Y1 = Rz 12%1 + A XU

HWAHAK KONGHAK Vol. 41, No. 2, April, 2003



188 3l - opgl
A X ﬁ
Iny,= A, 2—122 10
27 TEIA X A x,0 (10)

714 ASt Ao van LaardrEA], olE2 Z1A9 3y A5t 9
745 E@[23]4 AAH 3

o]¢} 7+o] Modified Raoult] =, Daltore] *83], Le Chatelie?)
2 agd BEEAT A T8 ARl A e 218k

L
=
W

=0
=2=

Al
=

3.

oo

3-1. MEEZR|

B Ao AHe-H A48 = Pensky-Martens Closed Cup(ASTM-
DI3yIA & 288l 2, = AAg BARE Fig. 2 Yeriict & 4
A= wA-, Test cupdA -, 2o, 319 F55-2 A v 5 AUt

EAY= 7HE ) x, A9 AV, AG 227, B 502 7
=o] 9o, Test cupd= -] Test cug &) 100 mIB =0, A
AL AEE7E & R E o] 913, Test cup handleZ=A) 4
T, Test cupd- 71#7] =330l 2 FAE o] vk Wik Wi, =

Fig. 2. Schematic diagram of experimental apparatus.

1. Test cup CHIE R

2. 47 10. Test cup handle
3=HH 11. 72 bzl Wi B
4.7V9 37 = 12. 7y 2=

5. F¢ 13.20¢ 7+ 7]

6. == A 14. 49 247

7. Flame exposure device 1857

8. stgx47]

sieizel

M4 25 20034 48

5, 140-15@] /ming whkshz AE712 FA ] Stk 8 F55-
= gIHA (flame exposure devicell 5%, 31 287, 712=#,
7k QP WH Fo= 44 Hol 9]

32 HENE

B AgoMe A4 de] AR-E 2 21+ n-Propanol, n-Butanol
Z} n-Propionic Aci& dj4-2.2 31t} n-Propanght n-Butanof <7
BLEHHIIE )2 B AH99%)K] A)9ke AM-5+513Z, n-Propionic Acid
= Acrosth(99%)] Alete ARESEEH. oS Aok 24t ThE 2]
(mole fractionyz &3§}se] HH AT}

3-3. gty

B Aofxe] A WhE-S ASTM-D93(Pensky-Martens Closed Cup)
Tl BEeo] st

(1) AMlokg 247 AFsarA) sk El(mole fraction &3St

(2) Test Cupll AEEZEA)S 65 mldal, Test Cupdi-s B
F LA} IS AU F Wl E o] 8-ete] AR 2B R

(3) Test Cug 7Fg7=x7] otoll B AR & WS 24355
I} AAstsct.

(4) AN EE 140-156)/minZ ZREIY R, 5-6°C/minz 7FE 3kt

(B) A ES] %7 1°C 458 W vt} A7) &5 o] g-5te] Test
Cupldl] el el-g H AlFTE BEo] dshs 253 s o= &
Fou], AT AES vhEAASH sk gl leir e AFdS
2 AHE el

al
=

4. 4zt o nE

25t 89 Ay AEGEA A tiE) AsE S48 2
AEE A Fe8il ot B At A @A doixl Ak
9} o] &AM Doizl F4IgkE vl HES AAE
s zAsith

£ A= n-Propanol+n-Propionic Acitl2}, n-Butanol+n-Propionic
AcidAl¢] 1k AEAET} o) -8-A 3} vlol el o] A JHEH] of
= g AFE AU deA| 2B SJEjA olgde R Ty
g 5 Raoul®] HA-& HE38I9, Hlo]-g-oQl Agoll= BFEA
TE o3 &g ARgET.

ARAAES AEY 225 9JE) Hlo) gl Ag FEEATe] ARt
o] FastH, o] AL ) 1 HHPAEI} Slefof sttt n-Propanol+
n-Propionic Acidll<}, n-Butanol+n-Propionic Acid®] 7|83 25+
DECHEMA Z8[23]14] 4921, van Laatl-S o83ty &55A)
TE AR S Q3kS Sl Table Ple s A 2@
g 7t o452 9] Antoine <1, A S VERAITH24-26].

Table 2} lM e AP} o]224 (Raoultd ¥ van Laad)d <&
of S3E vlaste] e, Adgat o Sgke] Aole] A=E 4]
98l A.A.P.E.(average absolute percent e&oA.A.D.(average absolute
deviationg- A-8-51A 3L, Bk §A) 412 918 EFEHEAR) BB A4
AGE A8 TH27-29].

2
A

EERECR

Table 1. Antoine constants and lower explosive limits for n-propanol,
n-butanol and n-propionic acid

Properties

0,
Components B c LEL(vol%)
n-Propanol 7.84767 1499.21 204.64 2.1
n-Butanol 7.4768 1362.39 178.77 14

n-Propionic acid 7.99064 1929.300 236.430 2.9
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Table 2. Comparison of experimental and calculated lower flash points
by Raoult's law and van Laar equation for n-propanol(X)+n-
propionic acid(X,) system

Mole fraction Flash poirtC)

X, X, Exp. Raoult van Laar
0.100 0.000 21 21.36 21.36
0.910 0.090 21 22.53 22.61
0.710 0.290 25 25.58 26.03
0.510 0.490 30 29.54 30.64
0.301 0.699 36 35.46 37.34
0.109 0.891 42 44.48 46.35
0.045 0.955 44 49.24 50.38
0.000 1.000 50 53.67 53.67

AAPE. - 4.96 6.38
A.AD. - 1.86 2.39

Table 3. Comparison of experimental and calculated lower flash points
by Raoult's law and van Laar equation for n-butanol(X)+n-
propionic acid(X,) system

Mole fraction Flash pointC)
X, X, Exp. Raoult van Laar
0.100 0.000 31 31.83 31.83
0.949 0.051 31 32.37 33.87
0.909 0.0901 35 32.81 34.63
0.698 0.302 38 35.44 3751
0.507 0.493 40 38.42 40.37
0.296 0.704 46 42.83 44.43
0.107 0.893 49 48.69 49.56
0.000 1.000 50 53.67 53.67
AAPE. - 4.90 3.38
A.AD. - 1.98 1.34
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Fig. 3. Comparison of lower flash points of experimental and predicte
for n-propanol(X ,)+n-propionic acid(X,) system.
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Fig. 4. Comparison of lower flash points of experimental and pre
dicted for n-butanol(X,)+n-propionic acid(X,) system.
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A, B, C : antoine constant
A, A, 1 parameter in the equation of van Laar
L; . lower explosive limit
U; : upper explosive limit
Tt : lower flash point
Tus . upper flash point
Li(25) : lower explosive limit at 1atm, 25 [vol%]
L;(®) : lower explosive limit at°C [vol%)]
P, : actual partial pressure of component i in vapor-air mixture [kPa]
PiS : vapor pressure of component i [kPa]
X : mole fraction of component i
t : temperature®fC]
S : sample standard deviation
Vi : sample
Y : sample mean
n : sample number
SSR : sum of squares due to regression
SST : sum of squares total
J2(0|Aa 2Kt
r . activity coefficient of component i

2

r : sample coefficient of determination
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