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Abstract - Flash point is the important flammability indicator characterizing the risk of fire and
explosion of flammable liquid mixture. In this study, flash points of water+formic acid and wa-
ter+acrylic acid were measured by Seta flash apparatus. The flash points estimated by the methods
based on empirical equation and Raoult’s law were compared with experimental flash points.
Absolute average errors of the results estimated by Raoult’s law are 10.7°C and 4.8C for water+for-
mic acid and water+acrylic acid, respectively. Absolute average errors of the results estimated by
empirical equation are 1.0C and 0.5C for water+formic acid and water+acrylic acid, respectively. In
conclusion, the estimated values by empirical equation simulated the measured values better than
those calculated by Raoult’s law.

Key words : empirical equation, Raoult’s law, flash point, Seta flash apparatus, water+formic acid,
water+acrylic acid

L ME T AlY 22 2:=oltH2].
Aehde dddoll ofsf 2dske e A
AL WA 9 ALt Ze] I =E Ue Mol ol k. shue A 54 FAES
Y 293t A7 ZF shjolm[1], AA o md ¢ ARESHE Aol thE shite dHl4 54 AAE
of 2utaE WAL uf o] WAEE L% < o83k Zolth3]. o] =wollAl= HHA &4
A2 & Bh]l Seta flash FAE AHESHAT:
TCorresponding author:pappi68@hanmail net & 34 A9 vud o] A= mlEH(2ml) 9]
Copyright © 2019 by The Korean Institute of Gas oA AleFo 2 913}l HS =HT 4~ 9l7|of H|ES

1
N
o

1



AEELS Al
o] AATH5].

Affensi} Mclaren:= AFS S &3l4-as2 LA
o o4k golo] QIBHES ol Zsh W e Alskela
TH6l. o At ML ol o] BakE] 48
3 ) @e exsh WAtk ol gl

Liaw 52 Le Chatelier?] H2|[7]7} =45 2=
o] HA[8]S &t HAF &H9 A3tFS A4k
Sk WS ASHATHIL. o] RS EE Al
A& ggsto] vjol g At &N 9 QS
How AgsHA A 4= o, SsEAFA
9} o] A=A "tu|El7t EASHA] e Afele
S AL £ givks Ho] ol
Ha 52 Clausius-Clapeyron 4]} Watson 2][8]
2hgoto] o] dwA FEAY TS B EHC
AArshs WS AAISEH10]. 22U o] Y
AEA &N QS AT 5 k=
gtA o]t}

Formic acid®} acrylic acid= &3 2l H|&
2 2 Aol BEFEA A dAA A A
E4Eo°|t} Formic acid= HF &4 4k,
7t Az A AEAA] A EoF SollA AR
E 3 9tk Acrylic acid+= Y43, YA AR 2
A AEE FAANA e EEE AREEI glon,
Zctag HRIE F9 AxE % S8 YRR
Al AREE DL Sl

Formic acid®} acrylic acid =88 FF3H=
A AR S BASH] leiA 1 AR
£ gHsto] AFst= Zlo] wjg Fa3sith oo o
2} o] = oA water+formic acid #|2} water+
acrylic acid A& AA3sFAct

Seta flash A& A&sto] A3MHE
o, o] AL 2k HA[8]e o3 A4k
H| R IL, 2 Aol Al AAIGE 4o
b QIS At wlaskit o] WSS
A9 o] JEA Hepu|gzE EA5HA] o
LA QSHHE AL 4= Qlok= o] Ao

1
e

v
o
ol
ol

1o 2 4
ol

= o

ox 2 M K ¥@

rr

m'
offt
2 H

o

® =Rl A Bobx AR W el dggel o
S WAS s nlmstel, W AolN Aleke
29N A= st st

I elsty &8

Water(HPLC 5-3)+ JT Baker A}, Formic acid
(99.0%)+= ACRO A}, acrylic acid(99.0%)+= Samchun
AllA st om, Al B glol vk ARSIt

- 41 -

[11]. 9 HES ofg
D3278[12] Aol ola) lshde ZAshart

fifg
=
ku
tlok
ot
ot
#
>
9}
;%
<

I olsk A e
3. Bl29 HAS o|8% olsid oS
AR i0] PRI TRt o] EATHY]

sat
ifp
P

LFL, =

Psat L 9]

71N Pe Eatmel AA delolu, 2= Q

719 45

A7z AR 19 A

o) N BEE, P AR 9 23570t

Le Chatelie®] $2lo] oJ5lw o] 4&A 3=
o] 44 o| ShREurstA|sL /)4 BRE 7ke] B
= o= A7),

Y Yy

LEL, LEL, 1 ®)

Liaw 5 H7}AA Aol 23He o] d&A =
FE HS 4 (3)2 obefet 2ol +HATHI3Y

Y2
LEL, ! @

A7|A A& 2& 7tad BEHolth

ololA Liaw 5 4 ()3 4] (2 4} (@°l of
Qlste] A% 20 T ko] Al FEdch

LUQP;at_ 5

Psa{ - ()
2.fp

St 7k~ 8k A] A23W A3E 2019 6



5573

A (5)ll A, Py} P;}; L o}gf¢] Antoine 4]
(6]l <3l A4kt

1 psat:A _ BQ (6)

0g 17 2 t+ CfQ

7| A t= ARN2=(TC)olH A4, B¢ Cy= 7}
A4 ER9 AR 29] Antoine AF4=o]t}. Antoine
Fre 71E wR[14]0lA F-3en, Table 19 A
A,

A () WEste tE PR sk A
tsieH13)

32. ZelAlo] o3t OIsHE oS

AshH2 Bt gy, A Bed, SR,
#E Y AEy T3 e Aduidol |lHH15,16]

2 =wollAe Bt gy, A BT ek
2] Qo] 28, o JEA A goje] olsh
qe AR A chgel FUAL Akt

Fpm_a’+b' Tnbm+c. T;Ibm+d' Ny, (7)

o7|A FP, = oA EFES A8, T,
L oolyRA THEY BY BLA, 0, BT @
szeolth. 2T 0, b, ¢ di B MaSolt

Catoire 59 Aoko] utel, H4F B ot
AH AR BARR()E HEIAAE e

AAsATH15].

F = (2P + 2,Py" ) — 760 =
5 R

B -

O g0 YY)

4
(2,10 —1760 ®)

017]/\1 A;, B2} C= AR 2] Antoine AF=o|th
A1 (8)oll AAE n,, 2 T3t o] Aolsto] Akt

Table 1. Antoine coefficients of each pure com-

ponent
Component A B C
Water 8.07131 1730.63 233.426
Formic acid 6.94459 1295.26 218.00
Acrylic acid 8.68508 2409.29 274.87
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Table 2. Measured and estimated flash points for
water(1)+formic acid(2) system

Mole fraction Flash point (C)
I
0.000 1.000 48.0 - 48.5
0.100 0.900 51.0 50.5 50.3
0.301 0.699 60.0 56.8 59.2
0.501 0.499 66.0 65.6 66.3
0.700 0.300 68.5 80.0 70.7
0.900 0.100 79.0 116.7 71.5
AAE - 10.7 1.0
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Table 3. Measured[18] and estimated flash points
for water(1)+acrylic acid(2) system

Mole fraction Flash point (C)
x - Exp. Raoult’s Empil?'cal
law equation
0.000 1.000 48.0 - 48.2
0.103 0.897 50.0 50.1 50.0
0.307 0.693 54.0 55.0 54.5
0.502 0.498 61.0 61.7 60.6
0.601 0.399 63.0 66.2 64.1
0.650 0.350 67.0 69.0 66.0
0.900 0.100 76.0 98.0 76.1
AAE - 4.8 0.5
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Fig. 2. Ccomparison of estimated flash points with
measured flash points for water(1)+acrylic
acid(2) system.
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Fig. 1. Comparison of estimated flash points with

measured flash points for water(1)+formic
acid(2) system.
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Table 4. Estimated normal boiling point(Tmm) and
average number of carbon atoms(nm) for
water(1)+formic acid(2) system

Mole Fraction Tnb,m(C) N
X1 X2
0.000 1.000 100.85 1.00
0.100 0.900 100.64 0.90
0.301 0.699 100.48 0.70
0.501 0.499 100.33 0.50
0.700 0.300 100.17 0.30
0.900 0.100 100.06 0.10

Table 5. Estimated normal boiling point(Tp,m) and
average number of carbon atoms(nm)
for water(1)+acrylic acid(2) system

Mole Fraction Tnb,m(C) Ny
X1 X2
0.000 1.000 140.85 3.00
0.103 0.897 132.68 2.69
0.307 0.693 121.44 2.08
0.502 0.498 113.56 1.49
0.601 0.399 110.26 1.20
0.650 0.350 108.77 1.05
0.900 0.100 102.22 0.30
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