Korean Chem. Eng. Res,, VVol. 43, No. 1, February, 2005, pp. 181-185

=

Tagh JHYH| HAIE 0188 714 OdEA EEE2
ELE RS
sis’ olA" - sus™
ARSI S, ey

M easurement and Prediction of the Flash Point for the Flammable Binary Mixtures
using Tag Open-Cup Appar atus

Dong-Myeong Ha', Sungjin Lee* and Young-Ho Song**

Department of Safety Engineering, * Department of Liberal Artsand Science, Semyung University,
21, Snwoul-dong, Jecheon 390-711, Korea
**Department of Safety Engineering, Chungbuk National University, San 48, Gaesin-dong, Henngduk-gu, Cheongju 361-763, Korea
(Received 22 September 2004; accepted 26 November 2004)

0}

] Xyglo
= =

QAsHe 718 ] B
Z44 x%zz]—s]- 74] 13

OF
=]

71—;H_|464M o QX% O].-—[ﬂ 7]—@— =Q3t A
A A2 s B Yl A o] S

EAJA 7R shelet. 15}
Q) B Oﬂ—?ﬂ]/ﬂ n-butanol+n-propionic acid4 2,

n-propanol+n-propionic acidA ] 71HA Aekd-2 Tagd] WA Z=(ASTM D 1310-86)2 ©]&-3te] S7433ict. A

Az 222 H AT van Laard] el 23 74’?}% 3 v asielvh. 2 A3, van Laard]ell €3t A3
o o1t

off &gk ASE Zoy At v DA

Aol el

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 isimportant in developing appro-
priate preventive and control measures in industrial fire protection. The flash points for the n-butanol+n-propionic acid
and n-propanol+n-propionic acid systems were measured by using Tag open-cup apparatus(ASTM D 1310-86). The
experimental data were compared with the values calculated by the laws of Raoult and van Laar equation. The calcu-
lated 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. Photograph of the experimental apparatus.
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n-Propanol +n-propionic acid7l| 2}, n-butanol+n-propionic acid| 2] 7]
A AE DECHEMA FH[1814 A0, van Laardl S

olg3t FFLATE At F AsS 53t Table 101
L 913k Akl »06} 7+ =522 Antoine 455 LERIQL

th18, 19].

oo, 13k S A 9] RG-S dRla] A B ATl
A 4% 55448 (npropanol, n-butanol, n-propionic adid)2] 7
Qs 3} 71&2] A [201F Bl sl B8kt n-propanol, n-butanal,
n-propionic acid?] ¥& %= z}2} 29°C, 42°C, 57 °CE A| A ¥ o]
glom, ol # A+ AWk A UA|5HA, oF 05-2°C Ao
71 BARgE 208 AA A=) B2l Z1R1sith. Wk £ AR
AHg HoR gekdct,

Table 274 3o A= AT o] &2 (Raoult?] 2 van Laar2])e]
9t S gk vlasto] YERIQAL, A et dSake] Aol 4
55 &7 338 A.APE.(average absolute percent error)2} A.A.D.
(average absolute deviation)E AR&-3F31 L, Begk g7 45 S
EEEAe FEAAASTE ARSIt 21, 22].

Table 1. Antoine constants for n-propanol, n-butanol and n-propionic

acid
Components Propeties A B ¢
n-Propanol 7.84767 1499.21 204.64
n-Butanol 7.838 1558.19 196.881
n-Propionic acid 7.99064 1929.300 236.430

Table 2. Comparison of the experimental and calculated flash points
for n-propanol (X,)+n-propionic acid(X,) system

Molefraction Flash point (°C)

Xy X, Exp. Raoult van Laar
1.000 0.000 285 25.99 25.99
0.916 0.084 30.0 27.17 27.25
0.813 0.187 30.5 28.76 29.02
0.710 0.290 345 30.56 31.06
0.509 0.491 36.5 34.90 36.00
0.306 0.694 425 41.17 42.83
0.081 0.919 53.0 53.55 54.87
0.000 1.000 59.0 61.86 61.86

AAPE. - 6.12 541
A.A.D. - 2.18 1.96

Table 3. Comparison of the experimental and calculated flash points
for n-butanol(X,)+n-propionic acid(X,) system

Molefraction Flash paint (°C)
X3 X, Exp. Raoult van Laar
1.000 0.000 25 42.24 42.24
0.916 0.084 425 43.07 45.05
0.824 0.176 450 44.05 46.25
0.714 0.286 47.0 45.33 4753
0.507 0.493 50.0 48.13 50.09
0.306 0.6%4 53.0 51.57 53.07
0.098 0.902 56.0 56.36 57.02
0.000 1.000 59.0 59.35 59.35
A.A.PE. - 191 165
A.A.D. - 0.93 0.76
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n-Propanol+n-propionic acidA|oll 4] 7IHAl 13F42] 74-9-, Raoult
o] 2ol 95 Arke gt AR AAPEE 612%0) 31,
5 Apol 7k 218°Co|H, FF A} 256°C 1)L AAAG()
+ 0952 YERITE van Laardl el 28 Ak ghak A ghe]
AAPE+= 541%°) 11, 2% &Fo]7k 1.96°ColH, EFA7H
2.38°C 28] 3 ARAS (e 09602 YR webr] o] A2
Z3-Folle, van Laardloll &3l Ak 3ol Raoulte] & ol 23 7]
Ak ghRok Agkel] oS Akl

n-Butanol+n-propionic acid7| oA 71l Q188 9 Aol =,
Reoult®] ®1=oll oJsf AR ghat A gke] AAPES 191%°] 1L

2% 2|7} 0.93°Co|H, EFHR7) 1.19°C 18] r2S 0.96
o7 VERTE van Laarlel &J3) Ak w3 A9eke] AAPE
£ 1.65%0] 17, H2 = 2ol 0.76 °Col v, EFHA7) 1.17°C 1
g1 3= 097% VERdT) webA] n-butanol+n-propionic acidAl <]
A$-oI%, van Laard] 02 AlARE Fho] Reoulte] H2ol o Ak
A Fmrt Akl vE ARt 3R, 7 A AEL] A <1
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Fig. 2. Comparison of the experimental and predicted flash points for
n-propanol (X,)+n-propionic acid(X,) system.
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Fig. 3. Comparison of the experimental and predicted flash points
for n-butanol(X,)+n-propionic acid(X,) system.
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(1) n-Propanol+n-propionic acid7ll 2] 7-¢-ol+= Raoult®] ¥ ol
o) Ak gk APz AAPEE 61201, L% Xjo]
7} 218°CE K331, van Laar2)ell &J3) Alike 3tk HR3ke] AAPE
= 541%0) 31, BH2 % 2o)7} 1.96°CE By t)

(2) n-Butanol+n-propionic acidA|2] 73-$-+= Raoult?] ¥ 2]s)
AR 3k A7) AAPEE 1.89%0) 11, B % 2107} 093°C
Z B, van Laard] el 93] Alakd @3 435S AAPEES
1.65%°| 1, P2 = zoli= 0.76 °CE B.3th.

(3) 7143 28wA =F=l digt A sk o5 2dE
A8, AAD. gollA & = 9ol van Laardlell <3| A
Ak gho] Raoulte] H&]oll o3l Ak ghEek A gkl de &
ARt

A=
A, B, C : antoine constant
A Ay 1 parameter in the equation of van Laar
l; : flashing index
M; : molecular weight
PF, : vapor pressure of component i at its flash point
M, : calculated mean vapor molecular weight
P, : actud partia pressure of component i in vgpor-air mixture
[mmHg]
P? : vapor pressure of component i [mmHg]
X; : mole fraction of component i
S : sample standard deviation
Y : sample
Y : sample mean
n : sample number
SSR : sum of squares due to regression
SST : sum of squares total
J2[0|A=K}
Y; : activity coefficient of component i

2

r : sample coefficient of determination
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