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Abstract — For process safety, fire and explosion characteristics of combustible materials handled at industrial fields must
be available. The combustion properties for the prevention of the accidents in the work place are flash point, fire point, explo-
sion limit, and autoignition temperature (AIT) etc.. However, the combustion properties suggested in the Material Safety
Data Sheet (MSDS) are presented differently according to the literatures. The accurate combustion properties are nec-
essary to safely treatment, transportation and handling of flammable substances. In the chemical industries, n-ethylani-
line which is widely used as a raw material of intermediate products and rubber chemicals was selected. For safe handling
of n-ethyl aniline, the flash point, the fire point and the AIT were measured. The lower explosion limit (LEL)of n-ethylaniline
was calculated using the lower flash point obtained in the experiment. The flash points of n- ethylaniline by using the Setaflash
and Pensky-Martens closed-cup testers measured 77 °C and 82 °C, respectively. The flash points of n-ethylaniline using the
Tag and Cleveland open cup testers are measured 85 °C and 92 °C, respectively. The AIT of the measured n-ethyl ani-
line by the ASTM E659 apparatus was measured at 396 °C. The LEL of n-ethylaniline measured by Setaflash closed-cup
tester at 77 °C was calculated to be 1.02 vol%. In this study, it was possible to predict the LEL by using the lower flash point of
n-ethylaniline measured by closed-cup tester. The relationship between the ignition temperature and the ignition delay time of
the n-ethylaniline proposed in this study makes it possible to predict the ignition delay time at different ignition temperatures.

Key words: Process safety, MSDS (Material Safety Data Sheet), n-Ethylaniline, Flammable substances, Explosion char-
acteristics

TTo whom correspondence should be addressed.

E-mail: hadm@semyung.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

474



o dobd® o] A

LA B

B1871EA S ARGl 3] B Fe] Al wAe|
S Fael sl B B 54, 34

Fol7] 915t 3 vl e
sl 7heel kR A =

AL 7P tisEA] o7 QIS A4, e, H A she
5, dad, HadslellvA] 55 & 7 UTHL2)

Q3L s W AHtelsld o 7 FRE Y, E3] sl e
2, AP R A, GHS (Globally Harmonized System of
Classification and Labelling of Chemicals) 514 HFE22] £
AERE ok AEE AREE AL Aok SIS S 7=
= 718 W U2 71 SO ARG RIS atstel gehs F
AL Aolstal 1o, A (fire point) 213} o] F 3} 0]
5% oA AEA F Sl 2EEA Y E ugt Q1sbd ) zlo]
7} Ak, FstA = 7RI 7 G ST)7E A E = g ol
A E W87 s SR ZA, 7HA87 s 52 5717 3718
EHEHAE A S o= Y25 HHelA Feta 1 oshut 1
o delM= FkalA] ghi=dl o] WIE HugAletar gt kgt
ARs ThE a5 X Rt o] ofgle- 97t o, o] A9
A5 o] g3te] HeA 9 o S0] 7hssith AR R =
7HAEFTY REE A Eol7bi AFERE EEou 314 5ol
7W7ko] AtakA] ek WelsA| wed awe] HAREE #
o AFAS}2- & (Autoignition Temperature, AIT)2} $FCH2,3].

Q131 9] A E Mitchell 5[4 =E-eolnz) Ao 24
o1 8] -9 F3 el whet oF 11 K &fol 7} Q& A L,
Chen & [512 7FA/d A 2] AIT 37 ellA] 5ol AlAE AITE
1128k A3 2-Butanone> 310l whek ©F 110 K ©]74€] 2fo] 7}
Uere GRIBISITE Peper T [61:> AFd @ olA de] AREE A1 Q=
Phenol el whe} oF 110 K 217k 9158 H.313t3it}. Britton
(712wt A (7] FiaiA| €] 7]
W EAE vtk 2ol 7} Q52 vetshal, ¥

sfehan Skgck. 531 FoIA A

AT oG TEof| opd S A5E o] BAlo] WHe-S
AXA RE=E e glold # (n-Ethylanilineys 4174813331, 59
o] & ethylphenylamine 2 n-ethylaminobenzene ©]2}3l 3}, =
odopd S obd-IgAf o} v]Szebar ¢t 9 el 7]
Gl o 23 olH| 2 Folle 54 b=tk 1 el
Hopd @l o}zl s 4l Egjudue] 59 SR T2 o]
51 glom, EgjaldugA, okxA 52 S|, oRE
52 A5 Z ARSE I 9k 53] mdeldobd #e 312300 °C) 7}
(100 719hellA REEAX B R FHF Al FoF WHEA] 7]ofof
st

2 Aol widedopdde] SIS AITE 57951
712 AR5 vwsllon, AAE AEE ARE AN S
o i Al S 9 sRlsS o] gato] Akt ket s

(3

e CACEEEEE 475

710l AAE s vl 2SI AN E mdedold 714
A3 A7 e} FHESHA ASFS o) & AHEsh Tl S
k= &&5H71E 7vs, thE 7R ER ] 194 B0t
9} AR ARE-E 3L Q1= MSDS (Material Safety Data Sheet)2] 7)41
of =28 1A it

2. LLUOIOFIRIO| QBT S5t B2IN U
AIASNZ| £A

2-1. 2of|ElolEle| 22X £y

Aol A S ARE de o] 85 1 Qs mHeldobd ™)
E2)4 EAAE Table 19 HERAATHS,9].

7y & AFska e 8- @ EZ e gt MSDS (material
safety data sheet)®] A5 A= F 2ol Ade|A & S
UHE 7971 gt ol 24l gk A7 2] A= FE 549 A

S5 a2 ARk o7 E = slnk
edopd 2 Ak bR A ol 2]t Aol o3l 2%

B

N o,

ZAUPIEA AUl Ed, ES AR w27 E
Ao, s daeelM = A5, e de e

A7 B EL AB3AR-FEITEA AA, A% 2000 L), #7]
EHHE AH7E % Alsk e Y13/ oh gt
= & EZo|th GHSS Q1M A 2577 1F A= Category
4 (A3} 60~93 °C)°l| 3l Fshi= &2 ] ™, NFPA (National Fire
Protection Association)l| A& B1¢184 3, skAl$184 2, RES-$
g 0024 T 7RI EA el vlE) s3SIt v
A& yoltt,

igodobd Y& Ao Q1] 342 glont, 7Hdskd
Ax$go] AXLE T2 T2 FH N AFFHOE T2t Ri=
Al D sttt AAstuA Aiibsls, obdd 59 547
PIAZICE, Z12] a1 37] i didlel] o3| EallE 4= Q1AL AlsHA|

A EQ T WS st} webr] 12, ks 53 &S T
3710l EmH A =S sljof gt
Dodopd o] F7)= F7)1H} oF 420 H & FAFERE 7

b

Table 1. Physical properties of n-ethylaniline

bropertin Component n-Ethylaniline
CAS number 103-69-5
Molecular formula CgH N
Boiling point 204.5°C
Melting point -60 °C
Vapor pressure 1 mmHg (at 38.5 °C)
Viscosity 2.047mPa-s (at 25 °C)
Solubility (Water) 0.0241¢g/L (at 25 °C)
Critical temperature 425°C
Vapor density (Air=1) 4.18
Specipic gravity (Water=1) 0.958 (at 20 °C)
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Table 2. Comparison of flash points, AITs and explosion limits of n-
ethylaniline by several references

References Flash points (°C) AlITs (°C) LEL - UEL (vol%)
KOSHA MSDS [10] 85 (0C) 480 1.6~9.5
Sigma [11] 85 - 1.6~9.5
NFPA [12] 85 (0C) - -
SAX [13] 85 - -
Lange [14] 85 - -
Stephenson [15] 85 (0C) - -
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Table 3. Comparison of estimated lower explosion limits (LEL) by experimental lower flash points and fire points for n-ethylaniline

Testers Experiment (°C) Estimation(vol%)
Lower flash points Fire points LEL by lower flash points (vol%) LEL by fire points (vol%)
Setaflash (CC) 77 - 1.02 -
Pensky-Martens (CC) 82 - 1.31 -
Tag (OC) 85 85 1.52 1.52
Cleveland (OC) 92 101 2.31 3.20
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Table 4. Comparison of experimental and predicted ignition delay time
by the AIT for n-ethylaniline

No. TIK] Togp. [5] Ty T, (Eq.3)
1 669 747 2.01089 735
2 673 5.15 1.63899 632
3 683 457 1.51951 438
4 693 3.66 1.29746 3.07
5 703 2.89 1.06126 2.16
6 713 1.12 0.11333 1.54
A.AD. - - 0.54

Fig. 1. Comparison between the experimental and calculated igni-
tion delay times of n-ethylaniline.
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