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ABSTRACT

The autoignition temperatures (AITs) of solvent mixture was important index for the safe handling of flammable lig-
uids which constitute the solvent mixtures. This study measured the AlTs and ignition delay time for n-propanol and for-
mic acid system by using ASTM E659 apparatus. The AlTs of n-Propanol and Formic acid which congtituted binary
system were 435 °C and 498 °C, respectively. The experimental AlTs of n-propanol and formic acid system were a good
agreement with the calculated AlITs by the proposed equations with a few A.A.D. (average absolute deviation). And n-
Propanol and formic acid system was shown the minimum autoignition temperature behavior (MAITB).

Keywords: Autoignition temperatures (AITs), Ignition delay time (time lag), ASTM E659, n-Propanol and Formic acid

system, Minimum autoignition temperature behavior (MAITB)
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Table 1o YepITE 2 AF A= 7]& AEE 2A=E
27|55 450°CE A A3 w3l 1041 oAM= T
3P7F dojubA, 71L& BT} 30°C WA 420 °CollA] T
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AR 425°Cet 430°CollME A el dojuix]
etk wekr 5°C Azl 435°ColA Ade Ax
1833 MM FHAaAALE RS gt} FH oAk usle
% 435°C 713202 5°C &2 10°CH FsA1A Esx A
N7FE 243 A3, 470 °CollAlE 5.07s, 490 °ColA=
2.34s 18] 500 °CollM & 1850l wslal i,

AASE AFeA A Walemol WA A AFE 2
(B) ol &3t Wl ofgh WA AN 7S 3] AEA g
A 5AE A(13)2 2o
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Table 1> A3k 2](13)0] 9f st oS8 LA AT
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Table 1. Comparison of Experimenta and Calculated Delay
Time by AIT for n-Propanol

No. T[K] | Tep [d] INTerp. Tored. (ECL. (13))
1 708.15 18.33 2.90854 17.02
2 713.15 12.17 2.49897 14.07
3 723.15 1041 2.34277 9.70
4 743.15 5.07 1.62334 4.75
5 758.15 319 1.16002 3.37
6 763.15 234 0.85015 241
7 768.15 197 0.67803 2.05
8 773.15 1.85 0.61519 174
AAD - - - 0.59




n-Propanols} Formic acidAl®] FAxlddsleze] &4 67

Table 2. Comparison of Experimental and Calculated Delay
Time by AIT for Formic Acid

No. TIK] | Tep. [ INTep. | Torea (EQ. (15))
1 771.15 6.02 1.79509 4.89
2 773.15 4.55 151513 4.35
3 780.15 2.33 0.84587 292
4 783.15 191 0.64710 246
5 793.15 1.79 0.58222 1.42
A.AD. - - - 0.57
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YEeRHSITE n-Propanol®] =435 435°CZ4] NFPA2
%k 412°Col= 23°C9] zlo|E Kol 2o, Sigma,
SFPE, Ignition, SAX 28] Smallwood?] Hth= 5°C
A S AT wEtA 2 Al A2 HAEas &8
st &= E}FaiTial ot

Formic acid®] 7-$- NFPAE 539 °CE A3l 1o,
Sigma, SFPE 28] Hilado 52| ¥3olA 2% 540°C
=2 AN, E3] Ignitionll e HA gl 504 °CE,
SAXOIME gkl 601°CEA <F 100°Ce) 2ol H
o|3L Ut} B Aol =4 498 °CE Ignitione] 504 °C
o} Hls=gt AFEA FA o ARk Ao] virA sttt

5.2 n-Propanol2} Formic acidAle| Afoittsl=s nat
5.2.1 n-Propanol(0.9)+Formic acid(0.1)A1¢] =}iaks}

=
E A3ore= AL n-Propanole] £FEE HaAdw
2% 435°CE AR 430°CoA] HEsk A 2057 s
oA w3l7t Hof, thAl 20°C WHE 410°C, 35.1 014 &
szt 51tk 10°C W 400 °ColX = elrt HA] got
2-3°CH Z7HA AHg A3} 405°C, 36.87 14 FHA
Addsl e =8 ks 5 AT FHAAAsR R E TE
o2 5°C 52 10°CY aAA Welers A% A,
460 °Coll 4= 18.01s, 480 °CollAl= 4.73 s, 510 °CollA &=
2.83 s 12|31 520 °CollA = 1.96 ol &3ls13it.

5.2.2 n-Propanol(0.7)+Formic acid(0.3)41¢] =13

H Aol A= 410°C, 413°CollA] AA3 A3} Wit
o] L, thA] 2°C 29 415°ColH A3 Azt
247 A HaoAALs e w s 2t HaAdwske
TE 7|92 5°C 52 10°CY dsAA Hele s &
A A7}, 430°ColH= 36.39s, 450 °ColA= 21525,
470°ColM= 4.15s, 510°Col-+= 3.21s, 520 °CollA=
2.49 s 18] 31 530 °CollA = 1.49 ] H3lsh3d e

2.3 n-Propanol(0.5)+Formic acid(0.5)A1¢] AFiats

ju
2 AFolA= 430°Ce 440 °Collx] Ae Ax ws)

Table 3. Comparison of Autoignition Temperatures (AIT) between Experimental Data and Severa Reported Data for Pure Sub-

stances
AlTs (°C)
Compounds - " — -
Thisstudy | NFPA | Sigma | SFPE | Ignition | SAX | Hilado | Scott | Lange | CRC | Smalwood
n-Propanol 435 412 440 440 439 440 435 439 440 412 440
Formic acid 498 539 540 540 504 601 540 - - - -
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5.2.4 n-Propanol(0.3)+Formic acid(0.7)A1¢] =}idks}
L
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Azt 13} 51 %ol 463°C, 31.73 A FH A
sle=E ks ¢ QST HAAAWUSREE V|FEo
5°C 32 10°CY dsAlA dslens 4% A,
490 °ColA+ 10.03's, 510 °CollAl= 8.23's, 520 °CollA =
4.03s, 530 °CollAE= 3.16 s 2] 37 550 °CollA = 1.84 <0l
35T
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S
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2 FHdAAws et SUvshs A4S Holal it
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I o3 28 HAskE 2 AT

Tam mix=421.01-21.48X,+102.61X2 (18)

Tam mix=429.61-212.41X,+625.50X{-345.98X;  (19)

n-Propanol} Formic acidAlollA ztzhe] EdkzAdolA
D& AITS A3 A5 7 o Sgks vast
Table 49} Figure 10 YERHSATE. & A-llA] AAIgH 2]
(19)°1 93 o Egke Adgel AAAL(Y)E 0.972A
BAPdol AA Yeha ok web 2 Aol A4S

2

Table 4. Experimenta and the Predicted AlTs for n-Pro-
panol and Formic Acid System

Mole fractions AlTs (°C)

X1 Xs Exp. Egn. (18) Eqgn. (19)

0 1 435 421 430

0.1 0.9 405 420 414

0.3 0.7 415 424 413

05 05 443 436 437

0.7 0.3 463 456 469

1 0 498 502 497
A.AD. 9.27 5.04

3k 42Hets] =8X], A2748 A|5%, 20139

500
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® Exptl. AIT .
—O— Calc. AIT

m{\ S

400

460

AITCC)

T T T T T T T T T
0.0 0.2 04 0.6 0.8 1.0

Mole fraction(X,)

Figure 1. Comparison of AIT prediction curves with experi-
mental data for n-propanol (X,)+formic acid (X,) system.
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1) o|EAE F/43= n-Propanolz} Formic acid®]
AlTE 7+ 7} 435°C9} 498°CE Ao, 843}
YA 159 kI¥mol} 284 k¥ymol = AJAL= AT}

2) n-Propanol+Formic acidA oAl &34 Wslel <Jsk
AITE =43t 23}, n-Propanol (0.9)+Formic acid(0.1)A]
& 405°C, n-Propanol(0.7)+Formic acid(0.3)Al¢lA+=
415 °C, n-Propanol (0.5)+Formic acid(0.5)Al9l1- & 443°C
2223 n-Propanol (0.3)+Formic acid(0.7)A]¢14+= 463 °C
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