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Abstract - For the safe handling of 2-methyl-1-butanol being used in various ways in the chemical industry,
the flash point and the autoignition temperature(AIT) of 2-methyl-1-butanol was experimented. And, the lower
explosion limit of 2-methyl-1-butanol was calculated by using the lower flash point obtained in the experiment.
The flash points of 2-methyl-1-butanol by using the Setaflash and Pensky-Martens closed-cup testers
measured 40 C and 44 °C, respectively. The flash points of 2-methyl-1-butanol by using the Tag and
Cleveland open cup testers are measured 49 C and 47 C. The AIT of 2-methyl-1-butanol by ASTM 659E
tester was measured as 335 “C . The lower explosion limit by the measured flash point 40 C was calculated as
1.30 Vol.%. It was possible to predict lower explosion limit by using the experimental flash point or flash point
in the literature.
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2-Methyl-1-butanol& 87, £ % FHRJEE &
A, 7FaA|, A7, ol ~H 2 L oH 28 35E
A FA, 34 EfoA] BEA], tolddE ex
2H 0| E(F2] AAA)) TOE Ag@AdNA thgat
Al AHEE AL ok 28y 2-methyl-1-butanol 9] <A
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2.1, 2-Methyl-1-butanole| S2|& LU AHAAEN

2.1.1. 2-Methyl-1-butanol®] &&]3 &4

2-Methyl-1-butanol-> 2] %] £ sec-butylcarbinal
olgtal s, U 93 3ERt ofu g} EalAl A
= &4 Bl B9 S8 e Aol o) =
SZol1, F71E FY Al A & 9FE F=
SAEHT 4 FollAE ARGl FHE ke
3 - A& g kA% FH, A, FF
#9183 MSDS AreE AlFstal vk 1Eal B
A A LS AR} =EENAE S8H B4
A& AF3sa Aot Table 101 2-methyl-1-buta-
nol® E83 EAL eofsle YehATH3A]
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2.1.2. 2-Methyl-1-butanol®] 454

2-Methyl-1-butanol> @=Lt A2y A 47
AP =9 A 24 F/(FEFAA, AAF=F 1000L)
o|al, AFAJMHEAN S Akl A Foy,
7@l g A AR H7 =2 AAstar 3l
. GHS(Globally Harmonized System of Classifica-
tion and Labelling of Chemicals)2] 13} A &
F 71El M= Category 3(18Hd 23 ~ 60 TC)ell 3l
Feh= EZo|m, NFPASIM = A4 2, 34
A4 2 T8 WA 1= rEska ok

2-Methyl-1-butanol &} 571+ F 3}l &3}x o]
Aol ke Jod - Aspoly I o)

=3

Table 1. Physical properties of 2-methyl-1-butanol

Properties Component 2-Methyl-1-butanol
CAS number 137-32-6
Molecular formula CsH,,0
Boiling point 128 C
Melting point 70 C

Vapor pressure 0.416 kPa (at 25 C)

Viscosity 4.453 mPas (at 25 C)

Solubility(Water) 297¢g/L (at 25C)

Critical temperature 298 C
Critical pressure 2.8 Mpa
Vapor density(Air=1) 3

Specific gravity(Water=1) 0.816 (at 20 C)
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2-Methyl-1-butanol®] &}A] B Z& EXA2] 4
< 9314 KOSHA MSDS9} B3 S04 AAISkAL
Ae dLe5AAES A8k Table 200 LERRL
TH4-10].

bz oz A= Akl el 9ol whet gk
o] et =t, YnbA o g Fha el = HshA] st ol
AEow Sepyle AFolA FLsHEHA (LEL,
Lower explosion limit)& Y11, Zd3HA|(UEL,
Upper explosion limit)& FobA Fhi o= 4§
SRl

Q1812 508k (Lower flash point)Z 75
2138} (Upper flash point) 2.2 &3} Qshd S
ZA = WS D H 2] (Closed-cup, CC)# 742
(Open cup, OC)°] Aot D+ Pensky-Martens
W23 Setaflash g2 ] 9loH, 7§42 Tagid2]
3 Clevelandd 58 & Utk

AddsteEs gE ol obFd e FA
AL &7] &0 FeolM FRFEH EHE 4=
HH 7td=o] AEH o s HitE s 25E TRt
Qs s A8 T2 MNARE, EgEY],
/719 271, F, 7%, 7HdEE, 799 SR/
I AFARE 5 B Aol &3
0] 2-methyl-1-butanol®] %
o3l KOSHA MSDS$} Lange
A= 14 Vol.% 18]3L Sigma} SAXNA & 1.2
Vol.%2A Fd5ol whe} 2fel7h 24 ¥ 18
FWERAE ZE FdoIA 9.0 Vol.% S AlAskar
Stk 18hg-& KOSHA MSDSE HI =3l 45 23
A= /M2 50 TE AASIL 2™, Stephen-
sone 7Hg B ok 44 CE AL Yok 181
AITE 340 ~ 385 C2A 3 we} oF 45 T
J=E Hola Ut wehA 2-methyl-1-butanol-&

Aehs 3o dHe YAAE A dLEH
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Table 2. Comparison of explosion limit, flash
point and AIT of 2-methyl-1-butanol
by several references

LEL - UEL Flash poin AIT

References (Vol.‘[%j) & (QCI))O t )
I;[(;SDI?;? 14 - 90 50(0C) 385
NFPA[6] NA 50(0C) 385
Sigmal7] 1.2 -90 46 340
SAX[8] 12 -90 50(0C) NA
Lange[4] 14 -90 50 NA
Stephenson[9] NA 433,44 NA
Hilado[10] NA NA 385

X ¢] m}eto] & Q3T Table 2914 NA(not avail-
able)= @ AAHo] YA Fh= ov]ojtt.
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31. A=
£ AFolA AREgE 2-methyl-1-butanol(Junsei,
99%)2 HEo| AAAGS AXA il AMH3FATH

32 olsly =3

ol AUtk

£ AT A Pensky-Martens®} Setaflash H | 2]
18]3L Tagst Cleveland 7134 Q18 AAE A}
|3 TH11].

Pensky-Martens W # 2] 3] &A%, Test Cup
A, wikE 319 FEEE Us 7 Utk Test
Cup A 59| Cupd] AEL dHEET} & T
=2 5o 9)al, Test Cup Handle, =54 447, Test
Cup 745 M7 &Fol2 FAEA Aok

Setaflash W2 AX| = FAF, AEH AXE,
3 FFHEE IA ' T dh sARE 7HEF
71Z, A A7), AE 247 T2 FAFH 9
o AR AAEE AEH, 24 49T AEH
AR A7 EFelE FAE Ak 3 FEF
= 349 HA4A, 988, 49 247, k=3, v
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Table 3. Comparison of several flash point test methods

Test methods Test vessel Test vessel Test vessel Heating
diameter(cm) depth(cm) volume(ml) method
Sample cup is electrically
ASTM D3278
5.0 1.0 2 or 4 heated or chilled and sample temperature is
Setaflash closed-cup
kept constant
ASTM D93 For ordinary liquids,
Pensky-Martens 5.085 5.6 100 the temperature of the specimen is increased
closed-cup at 5-6°C /min
ASTM D1310 53 50 70 The temperature of the specimen is
Tag open cup ’ ’ increased at 1+0.25°C /min.
ASTM D92 6.4 34 20 The temperature of the specimen is
Cleveland open cup ’ ’ increased at 5-6°C/min

A%Qo] oh;]_

Tag 714 43 e s sl Gk 9
27 ZHol Ved AN, ARA, 52 r:}ol
2 AU B SO PAso) slen ¢

R g

NARNZE= A2 A2 F95 243 4+ 9=

dlsE FAAR7E A
Cleveland /¥ Ax= ¢lsld 2 A e =
=]

Aile AAZ, FAR, A5 AR E, 3 F55
Z A UE F Utk AR AR F AR, AR
H 247, e5A AYT, ANEH AR A &
o2 FA=o] St & FFEE gd HIAA,
ARF, 39 47], 7k, 7k QbHlE 5o g
TAEA St

Zy st SRS 87 B E AEUH
S Q9Fte] Table 39 UERAATH

3.3, xlpidtsies &%

AAutsly =48 ASTM E659 A& AL&-3t
o, A& 2, 25 247, A, ka3,
A1, AL, ool o2 FAE 0‘4[11].

A e 7E 255 A, AY AAE
7tdsta, 4 23—9_—501] Tt Eekad il F
A2 AEE 01 mlE YA 283 108 5
J?{r% = %5}7} dojuz] o A 255 AA

Z 10240l 237} °‘°M‘11 A7 & Hr} 30
L WA AAsa 3~5 T 5L 10 T8 F7HA171H
Al 43891, st ?4_01M§ o A 22E
71 &34t
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Table 201 AJA1E 2-methyl-1-butanol®] F&gHA|

A5E H5317] 93] Antoine 2& AM8ste]

stEHAIE AlLtstd =T, AHEE Antoine 22 Ths

7 Zo12].

9_'%[_ i,EH"

In P! =16.2708 — % 1)
&37]4, P 2719 mmHg)©] 1, T & 5(K)elch
2 )E ol gst FLIAE 5T & Uk £

AT A= Setaflashi?»]- Pensky-Martens®] H 2],
Tag®} Cleveland®] 7-2el &Jal Aojzl /A3 -&
o] &3t o SH FL3SHAIS AF}E Table 49
ERf ATt

2-Methyl-1-butanol®] stF-<1s}xde] 7, U
21Ql Setaflasholl A= 40 C, Pensky-Martensol| A&
44 C, /ME21%] Tagoll A& 49 T2t Cleveland ©ll A
= 47 CE ZAFATE B ATl A Setaflash ]
o o5 A ¥ -3 40 T Table 290 #A|
HPd e 3t 4 CROE 4 CAHE A S
A= AT

B AgoA e A3 S o] 83t Zdst
A S o =319t} Setaflash B 2] 2] 1521314
40 CTE A A& Adx FdeeA= 1.30
Vol% 2 A= ok AxkE Z3313kA] 1.30 Vol%
+ KOSHA MSDSE H| &3t &30 AAgE Fds}
Al 9] FUF S E AME AT mhEka] B ATl A
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Table 4. Comparison of estimated lower explosion limits 28
(LEL) by experimental lower flash points for 24] o
2-methyl-1-butanol N
204 ¥ \
. ; T v
o) A
Testers Expen‘mental Estimated 1.‘EL by lower 3 16 \ v Exptl. AIT
flash points (C) flash points(Vol.%) ® v A\ — A Calc. AIT
[5) v
© -
Setaflash 40 1.30 g N
»‘é s \\v
Pensky-Martens 44 1.71 = \Z\ .
44 A—x
Tag 49 239 St—s
0 T T T T T T T
Cleveland 4 210 600 620 640 660 680 700 720 740 760

ANG ARE AEIHE S0l Bsinia B =
B AN AL 0§ FWIA ASHS
T A g3 okt Aspol @ B A

T B8l shsaicin 2ok

42. 2-Methyl-1-butanole| Xjoitsl=e &t
2 A= 7|2 A5E AR 300 CollAl
Ak A3} vt o, Al o] Boh #2130 C
Q1330 CeollA &g Ax, vEste] A 30 T
E =21 360 CollA AFs A} 13.64 secoll A T3}
Utk TA 20 T 23 340 ColA AFE A
18.11 secoll A L&l o], o]& 7|Ho& 2~5 T ¥
Fo] Age Ay} 335 T, 22.07 secol A H At
S2E(AINE 2H& 5 UATH 2-Methyl-1-butanol
9] AIT 335 TE A|ZC 2 390 T+ 10.53 sec,
400 CollAE 894 sec, 410 ColAE 7.10 sec, 420 C
AN A= 6.60 sec, 430 CollA= 6.05 sec, 40 CoAA=
4.00 sec, 445 CollA 3.14 sec, 450 Coll A 2.60 sec
283 470 CAAE 1.67 secoll A &3}ttt

Table 5°+= 2-methyl-1-butanol®] AL 5
9} dralx AT BAE AEI A3 YeERYATE
£ AFlA &%= 2-methyl-1-butanol®] 42
W3l = 335 CE Table 201 AJAE Sigma®] %k
340 C9F vIs=3 A7E A Rola glom, KOSHA
MSDS2] 385 CHRU= 9F 50 C WA SAHEAS o
gA] B AFA AAG ARE ARSI °olE HF
St 349 WA= F2o H83h= Zlo] B
sichal 2ot

Table 5 A|A]E 23} T 9} whal2| A A|7H)]
A3 25 E Arrhenius FE] 2|02 A 3slst A3}
oS3 22 #AAAE Aok

]

it iy

lnT:—9447+7686.66(%) @)
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Temperature[K]

Fig. 1. A comparison between the experimental
and calculated delay times for 2-methyl-1-
butanol.

4 % logrsh L)) A= o) s o

logr=—4.11 +3338428(%,) 3

2} @)l &3t S TIAANTES A
v 2 5}e] Table 59} Fig. 10 YeR ATk oS5kt
T Aole] AEE= A AD.(Average Absolute
Deviation) ¢} A A S A3 TH13].

|Test. - Texp. |
SSR
= ( SST) ©)

AZNA 1= TR of3) FAkE B A AT
O, Ty = AP, N AES, 1° & A
F, SSR2 3| Al 2§ A FF(Sum of Squares due
to Regression), SST= SSR¥ Zkatel] o) &+ AlFF
(Sum of Squares due to Residual Error)$] o]t}

2} (3)°ll 2% A= A Abeld] Hod
23 141sec, AAAGF(A)E 09324 APz
AR BAg o] AA] Ve

g3l A|(E)e] A4k Semenov[14]7F A Al
g 24 ()= ol&3td 7hssith

52.55F
logr= 2222+ B ©)
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2-Methyl-1-butanol 2] 3} A

Table 5. Comparison of experimental and calculated ignition delay time by the AIT for 2-methyl-1-butanol

9 i 5450

B

&

No. TIK] 7 expls] In 7 exp. T e (Eq. 3)
1 608 22.07 3.09422 2391
2 610 20.58 3.02432 22.94
3 613 18.11 2.89646 21.57
4 623 15.03 2.71005 17.64
5 633 13.64 2.61301 14.52
6 643 12.03 2.48740 12.02
7 653 11.88 2.47486 10.01
8 663 10.53 2.35423 8.38
9 673 8.94 2.19054 7.06
10 683 7.10 1.96009 5.97
11 693 6.60 1.88707 5.07
12 703 6.05 1.80006 4.33
13 713 4.00 1.38629 3.72
14 718 3.14 1.14422 3.45
15 723 2.60 0.95551 3.20
16 733 221 0.79299 2.77
17 743 1.67 0.51282 241

A.AD. - - - 1.41

2 @) 4 (60l sk A 2SR

= 63.23 kJ/mol°| T}

3) & AelAM =
2AAEL2 5 335

~ 385 CollA &2 &

%]
T

2-methyl-1-butanol®]
71E9] EAFR 340 T
Ak vl Az A oF

V.ZE

e

Aol A+ 2-methyl-1-butanol 2] 2454 %)
Fed sk 3 & aAdds 2 AN E

1€ =3 vwstRia, =3 88 U3t
qEg o] 83t ZAAAE A 2HE Al
AE FEY vaste e g A8

AL O
o 8 « r
N

2) Setaflash “&X]°l o3 slF-<13}d 40 TE ©]
£3lo A" ZLE3HAIE= 1.30 Vol. %2 A, 71&
o] EFEo)] AAE 1.2 Vol.%%} 1.4 Vol.%2 &3+
o2 AstsElnz A sk o3¢ FashA 9] o
=Nl =

- 13 -

340 CAHEsh= Zlo| Efgsith

4) 2-methyl-1-butanol®] A+AL 32 =9} W3]
AR #AE v At

logr=—4.11 +3338.28(%,)

5) Semenov2]& ©]-8-& 2-methyl-1-butanol 2] &
A3l 2| (E)= 63.23 k]/molZ Al4+= Tt
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