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SELECTED ALIPHATIC ALCOHOLS

AS FLAMMABLE LIQUIDS AND THE

DETERMINATION OF THEIR LOWER EXPLOSIVE

LIMITS

The re are spe ci fied the vo lu mes of flam ma b le
li qu ids (me t ha nol, et ha nol, 1-bu ta nol) by ca l cu la tion
and the ir ex pe ri men tal dete r mi na tion of lo wer
ex p lo sion li mits was in ve sti ga ted in this pa per.
We co m pa red them then with the te ch ni cal
cha rac te ri stics of fire sa fe ty data she ets. The
re lia bi li ty of te ch ni cal equ i p ment VK 100 was
con fi r med by methodology.
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1. In tro du c tion

Al t ho ugh fos sil fu els have be co me the do mi nant ene r gy re so u r ce for the
mo dern world, al co hol has been used as a fuel thro u g ho ut hi sto ry. The ali p ha tic
al co hols,  me t ha nol, et ha nol, and 1-bu ta nol  are of in te rest as fu els be ca u se they
can be syn the si zed che mi cal ly or bio lo gi cal ly, and they have cha rac te ri stics
which al low them to be used in cur rent en gi nes.  One ad van ta ge sha red by all
three al co hols is the ir high oc ta ne rating. 



Dete r mi na tion of the lo wer exp lo si ve ness li mit (LEL) has an ex tra ordi na ry
im po r tan ce for the as ses s ment of ex p lo sion dan ger in si de tech no lo gi cal sy stems,
whe re an ex p lo si ve at mo sp he re is pre sent fo r med by flam ma b le li qu id va po urs
as are me t ha nol, et ha nol and 1-bu ta nol, and air oxy gen. Kno w le d ge of the LEL
va lue is di re c t ly used to de te r mi ne the at mo sp he re with re spect to fire dan ger or
flam ma b le li qu id va po urs ex p lo sion ac cor ding to te ch ni cal stan dard STN EN
1127-1 Explosive atmospheres.

2. Kno w le d ge abo ut an ex p lo sion

An ex p lo sion can oc cur un der a con di tion if in a clo sed area a fi ne ly di spe r sed
flam ma b le ma te rial in suf fi cient con cen tra tion is blen ded with an oxi di zing
agent. In ad di tion, a suf fi cien t ly strong so u r ce of ini tia tion must be pre sent.
Flam ma b le ma te rial may be flam ma b le gas, flam ma b le liquid’s va po ur or mist,
stir red flam ma b le dust or a co m bi na tion of the se ma te rials cal led hybrid
blend [1].

The me a su re ment me t hod for de te r mi ning the lo wer exp lo si ve ness li mit is
ba sed on the abi li ty of flam ma b le li qu id va po urs to burn exp lo si ve ly with oxy gen 
af ter they have been ig ni ted by a so u r ce of ig ni tion. The lo wer exp lo si ve ness li mit
is the mi ni mum con cen tra tion of the flam ma b le li qu id va po urs with an oxi di zer,
which ena b les the spre ad of the ex p lo si ve bu r ning. It forms the bo un da ry
be twe en an ex p lo si ve and non-ex p lo si ve mi x tu re. It is a nu m ber de te r mi ning the
mi ni mum amo unt of homo gene ou s ly di spe r sed com bu sti b le mat ter in an
oxi di zing at mo sp he re (air) that af ter ini tia ting by a suf fi cien t ly po wer ful
ini tia tion is able to de ve lop a tem pe ra tu re high eno ugh to ig ni te next, not yet
reacting layers of the mix [1].

3. The amount of the ex p lo si ve mi x tu re

The de nsi ty of flam ma b le li qu id va po urs with air is gi ven by the pres su re of
liquid’s va po urs, which de pend on tem pe ra tu re. Va po urs of a li qu id me t ha nol,
et ha nol and 1-bu ta nol with lo wer de nsi ty than the air rise fa ster the lo wer is the ir
de nsi ty. Du ring this pro cess they gra du al ly mix with air. The co ef fi cient of
dif fu sion de te r mi nes the amo unt of an ex p lo si ve mi x tu re in clo sed spa ce only if in 
this spa ce the re is no air flow. In the case of air flow the amount is influenced
especially by convection.
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The fo r ma tion of an ex p lo si ve at mo sp he re is in flu en ced by ope ra ting
con di tions, if the ma te rial is in clo sed spa ce and if the re is an ou t flow po ssi bi li ty
also any ae ra ting and the spa tial di stri bu tion. For exa m p le, we must take into
ac co unt the pre sen ce of flam ma b le ma te rials and mi x tu res in spa ces which are
not ven ti la ted eno ugh like ho les, se wers and shafts. In the case of ga ses and
va po urs even small air ven ti la tion (a na tu ral dra ught, mo ve ment of a per son) can
ca u se air to mix with com bu sti b le [2]. 

In the case of li qu ids as are me t ha nol, et ha nol and 1-bu ta nol, the su r fa ce area
of va po ri za tion and the wor king tem pe ra tu re have also in flu en ce on the
fo r ma tion of an ex p lo si ve at mo sp he re.

4. Li qu ids vapo u ri za tion into a sta g nant en vi ron ment

Va po ri za tion of flam ma b le li qu id as are me t ha nol, et ha nol and 1-bu ta nol into
a sta g nant en vi ron ment is cal led mo le cu lar dif fu sion. It is a re la ti ve ly slow
pro cess, which una b les the liquid’s va po urs to spre ad to la r ge di stan ces. On the
con tra ry, it ena b les the va po ur to con cen tra te at its so u r ce and hen ce it le ads to
cre a tion of lo cal ex p lo si ve con cen tra tions.

The con cen tra tion chan ge abo ve the su r fa ce can be de scri bed by the fo r mu la: 

c a y bn= × +                                                              (1)

whe re: 
c – va po ur con cen tra tion at the con si de red po int over the flam ma b le li qu id
su r fa ce [vo lu me %],
y – di stan ce of the con si de red po int from the ori gin of the co or di na te sy stem [m],
a, b – con stants, which can be de fi ned from the bo un da ry con di tions [-].

5. La bo ra to ry Part

5.1. Ex pe ri men tal equ i p ment VK 100

Ex p lo si ve Cha m ber VK 100 is a cu bic. Its length l is less or equ al to two
dia me ters d : 1 £ 2.d. With the in cre a sing ca pa ci ty of the ves sel de cre a ses the
ra pi di ty of ex p lo si ve pressure’s gro wing. This cha rac te ri stic is in the case of cu bic
ves sels de scri bed by the so-called cubic relation:
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     or [bar.s-1] ,
V – ca pa ci ty of the ves sel [m3],
K(G), K(St) – cu bic con stant for ga ses or dusts [MPa.m.s-1] or [bar.s-1].

This cu bic con stant can be a te ch ni cal ly sa fe ty pa ra me ter if the fol lo wing
con di tions are sa ti s fied – the op ti mal con cen tra tion of ex p lo si ve mi x tu re, the
same sha pe of the ves sel, the same rate of mixture’s tur bu len ce, the same kind
and ene r gy of the ini tia ting so u r ce as re a li sed in the VK 100. Va li di ty of the cu bic
re la tion ac cor ding to [3] in the case of flam ma b le li qu ids va po ur mi x tu res be gins
from vessel’s ca pa ci ty 5 l and in the case of dust-air mixtures from capacity 40 l.

5.2. De scri p tion of the te ch ni cal ap pa ra tus
for me a su ring the lo wer exp lo si ve ness li mit

and in the exp lo si ve ness ex tent

The te ch ni cal ap pa ra tus for the lo wer exp lo si ve ness li mit me a su ring –
ex p lo sion cha m ber VK 100 – is la bo ra to ry equ i p ment for the dete r mi na tion
of exp lo si ve ness li mits of flam ma b le li qu id va po urs. The equ i p ment has a fra me
con stru c tion, the cha m ber it self is on the up per part of the fra me, on the bot tom
part the re are the pne u ma tic va l ves, the stir ring equ i p ment, the ex p lo sion so u r ce,
the fire ex tin gui s hing equ i p ment and the ad di tio nal electrical.

In si de the cha m ber the re is a he a ting pla te which can be ta ken out and which
se r ves the eva po ra tion of the te sted li qu id. This pla te is po we red by 24 VAC, the
tem pe ra tu re is scan ned by a ther moco u p le and re gu la ted by a HT60B re gu la tor
(Fig. 1, 2).

Two high vo l ta ge ele c tro de le ads ai med at ini tia tion are in se r ted to the
chamber’s s in ner spa ce. The cha m ber has fu r t her a gas in put, an ele c trova l ve for
flam ma b le li qu id ga ses stir ring, an ele c trova l ve for cha m ber cle a ning and an
ele c trova l ve of the fire ex tin gui s hing equ i p ment. In si de the cha m ber an in ten si ve
stre a ming can be car ried out by the use of a blen der with va ria b le ro ta tion spe ed.
The de vi ce con trol is pro vi ded by an ex te r nal desk, whe re the ope ra ting ele ments
are pla ced in ve r ti cal pla ne. The ir fun c tions are mu tu al ly loc ke d -o ut in the
particular modes. This allows safe operation and forecloses an accidental
hanging.
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6. Experimental substance Methanol, Ethanol
and 1-butanol – a flammable liquid belonging

to alcohol group

Most methanol is produced from natural gas, although it can be produced
from biomass using very similar chemical processes. Ethanol is commonly
produced from biological material though fermentation processes. When
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obtained from biological materials and/or biological processes, they are known as 
bioalcohols (e.g. bioethanol). There is no chemical difference between biologically 
produced and chemically produced alcohols [4].

Methanol and ethanol can both be derived from fossil fuels, biomass, or
perhaps most simply, from carbon dioxide and water and ethanol has most
commonly been produced through fermentation of sugars, and methanol has
most commonly been produced from synthesis gas, but there are more modern
ways to obtain these fuels. Methanol is the simpler molecule, and ethanol can be
made from methanol, can be produced industrially from nearly any biomass,
including animal waste, or from carbon dioxide and water or steam by first
converting the biomass to synthesis gas in a gasifier. It can also be produced in
a laboratory using electrolysis or enzymes [4].

For industrial use ethanol is produced by a reaction of ethylene with sulphuric 
acid, by catalytic hydratation of ethylene and by synthesis from fossil materials or 
gas. The so-called ethanol fermentation and the following distillation of ethanol
to asked purity is another method. Ethanol is the basic component of alcoholic
drinks. It is also used as solvent (medicines, cosmetics, cleaning and disinfecting
agents, etc.) and as base material for further processing (acetaldehyde, butadiene,
diethyl ether, ethylene, vinegar, etc.) [4]

Butanol is considerably less toxic and less volatile than methanol. In particular,
butanol has a high flash point of 35°C, which is a benefit for fire safety, but may be 
a difficulty for starting engines in cold weather. Energy Environment
International developed a method for producing butanol from biomass, which
involves the use of two separate micro-organisms in sequence to minimize
production of acetone and ethanol byproducts [4]. 

Ta b le 1. Ba sic cha rac te ri stics of me t ha nol [5]

Molecular formula CH3OH Structural formula H3C-OH

CAS number 67-56-1 molecular weight 30,04 g.mol-1

melting temperature –97°C boiling temperature 64,7°C

density at 20°C 791,8 kg.m-3 vaporization heat 1098,94 kJ.kg-1

heat of formation –239,2 kJ.mol-1 combustion heat 22,68 MJ.kg-1

LEL 6,0 volume, % UEL 36,5 volume, %

flash temperature
12°C

self-ignition
temperature

464°C
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Ta b le 2. Ba sic cha rac te ri stics of et ha nol [5]

Molecular formula C2H5OH Structural formula CH3-CH2-OH

CAS number 64-17-5 molecular weight 46,07 g.mol-1

melting
temperature

–114,15°C boiling temperature 78,39°C

density at 20°C 789,42 kg.m-3 vaporization heat 836,99 kJ.kg-1

heat of formation –277,6 kJ.mol-1 combustion heat 29,67 MJ.kg-1

LEL 3,5 volume, % UEL 15 volume, %

flash temperature
13°C

self-ignition
temperature

363°C

Formula of 1 mol fuel complete combustion is:

           C2H5OH+3O2+11,28N2
     -1366,83 kJ         2CO2+3H2O+11,28N2              (3)

Ta b le 3. Ba sic cha rac te ri stics of 1-bu ta nol [5]

Molecular formula C4H9OH Structural formula CH3(CH2)2CH2-OH

CAS number 71-36-3 molecular weight 74,12 g.mol-1

melting
temperature

–89,3°C boiling temperature 117,73°C

density at 20°C 809,8 kg.m-3 vaporization heat 584,05 kJ.kg-1

heat of formation –327,3 kJ.mol-1 combustion heat 36,1 MJ.kg-1

LEL 1,4 volume, % UEL 11,2 volume, %

flash temperature
29°C

self-ignition
temperature

343°C

Aerosols of liquids and mists create drops with a size less than 1 mm.
Practically there are often aerosol and mist drops with proportions of 0,001 mm
and 0,1 mm. In the case of gases and superheated vapours of flammable liquids
in mixtures with air, oxygen, chlorine and other oxidizing agents an explosion
hazard threatens if:

Safety factors are usually considered:

k LEL c k UELB skut B1 2× < < ×                                   (4)

kB1 = 0,5,
kB2 = 1,04 till 1,1 for low UEL rate,
kB2 = 1,32 till 2,52 for high UEL rate (e.g. H2, C2H2, CH3OH).
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7. Methods of results assesment
calculation method for the assesment of volume

concentration for methanol, ethanol and 1-butanol

The mode of evaluation is based on physical, chemical and dynamic principles 
of a liquid’s behaviour. Vapours concentration above the liquid’s surface is
directly proportional to the saturated vapours pressure

c
p

p
skut

n

o

= ×100% (5)

where:
cskut  – vapour concentration [volume %],
pn  – liquid’s saturated vapours pressure [Pa],
po  – pressure of the surrounding [Pa].

The molar volume Vt at the temperature tPRAC is to calculate:

V V
T

T

p

p
t o

PRAC

o

o

PRAC

= × (6)

where:
Vo  = 22,4135 m3.kmol-1  (at To  and  po),
po  = 1,01325.105 Pa, 
TPRAC = tPRAC + 273,15  K,
To   = 273,15 K,
tPRAC – working temperature [°C],
pPRAC – working pressure [Pa],

The calculation of the gas’s capacity results from the state equation of a perfect
gas which has the form:

p V n R T× = × × (7)

whereas for the amount of substance n stands:

n
m

M
= (8)

Because the liquid’s weight is a non-measurable quantity it is necessary to
express it via capacity and via density using the formula:
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m Vkvap kvap= ×r (9)

Through the combination of formulas (11) and (12) we get the final form of the
formula for liquid’s volume calculation:

V
V M p

R T
kvap

plyn
=

× ×

× ×r
          (10)

where:
n – amount of substance [mol]
m – mass of the gas [g]
M – gram molecule of the gas [g.mol-1]
R – universal gas constant [8,314 Pa.m3.K-1.mol-1]
T – gas temperature [K]
R – liquid density  [kg.m-3]
p – gas pressure [Pa]
V – gas volume at the given pressure and temperature [V]

The introduced mathematical procedure was used for the theoretic calculation 
of flammable liquid’s vapours concentration [6].

8. Results and discussion

Calculation Results of the needed volume Vkvap of the flammable liquid
methanol for its LEL assessment are presented. The presented calculation is
realised under the given conditions (Table 1):

M = 30,04 g.mol-1

R  = 791,8 kg.m-3

T = 20°C
Vvýbuchového priestoru = 100 l (volume of the outburst space)

On the basis of calculations we get the results listed in Table 4.
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Ta b le 4. Ne e ded amo unt Vkvap for as ses s ment of me t ha nol LEL

Measuring
number

Vkvap  [ml]
Vapour capacity

in the VK [m3]
Liquid mass

[g]
LEL

[volume, %]

1. 8,83 0,0056 6,994 5,6

2. 8,99 0,0057 7,119 5,7

3. 9,15 0,0058 7,243 5,8

4. 9,31 0,0059 7,368 5,9

5. 9,46 0,0060 7,493 6,0

Ta b le 5. Ex pe ri men tal as ses s ment of low exp lo si ve ness li mit

Measuring 
number

Flammable liquid
ethanol amount

[ml]

LEL
[volume, %]

Test results
P – positive, N – negative

Number of the experiment

1. 2. 3. 4. 5.

1. 8,83 5,6 P P P P P

2. 8,99 5,7 P P P P P

3. 9,15 5,8 P P P P P

4. 9,31 5,9 P N P P N

5. 9,46 6,0 N P P P P

On basis of the experiments the low explosiveness limit (LEL) for methanol
was confirmed as 6,0 volume %. It corresponds with the literature Wiley, VCH [5] 
stated in Table 1. 

Calculation Results of the needed volume Vkvap of the flammable liquid ethanol 
for its LEL assessment are presented. The presented calculation is realised under
the given conditions (Table 2):
M = 46,07 g.mol-1

R  = 789,42 kg.m-3

T = 20°C
Vvýbuchového priestoru = 100 l (volume of the outburst space)

On the basis of calculations we get the results listed in Table 6.
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Ta b le 6. Ne e ded amo unt Vkvap for as ses s ment of et ha nol LEL

Measuring
number

Vkvap 

[ml]
Vapour capacity

in the VK [m3]
Liquid mass

[g]
LEL

[volume, %]

1. 8,98 0,0037 7,087 3,7

2. 8,73 0,0036 6,895 3,6

3. 8,49 0,0035 6,704 3,5

4. 8,25 0,0034 6,512 3,4

5. 8,01 0,0033 6,320 3,3

Ta b le 7. Ex pe ri men tal as ses s ment of low exp lo si ve ness li mit

Measuring
number

Flammable
liquid

ethanol
amount

[ml]

LEL
[volume, %]

Test results
P – positive, N – negative

Number of the experiment

1 2 3 4 5

1. 8,98 3,7 P P P P P

2. 8,73 3,6 P P P P P

3. 8,49 3,5 P N N P N

4. 8,25 3,4 N N P N N

5. 8,01 3,3 N N N N N

On basis of the experiments the low explosiveness limit (LEL) for ethanol was
confirmed as 3,5 volume %. It corresponds with the literature Wiley, VCH [5]
stated in Table 2. 

Calculation Results of the needed volume Vkvap of the flammable liquid
1-butanol for its LEL assessment are presented. The presented calculation is
realised under the given conditions (Table 3):
M = 74,12 g.mol-1

R  = 809,8 kg.m-3

T = 20 °C
Vvýbuchového priestoru = 100 l (volume of the outburst space)

On the basis of calculations we get the results listed in Table 8.
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Ta b le 8. Ne e ded amo unt Vkvap for as ses s ment of  1-bu ta nol LEL

Measuring
number

Vkvap

[ml]
Vapour capacity
in the VK [m3]

Liquid mass
[g]

LEL
[volume, %]

1. 5,71 0,0015 4,622 1,5

2. 5,33 0,0014 4,314 1,4

3. 4,95 0,0013 4,006 1,3

4. 4,57 0,0012 3,698 1,2

5. 4,19 0,0011 3,390 1,1

Ta b le 9. Ex pe ri men tal as ses s ment of low exp lo si ve ness li mit

Measuring
number

Flammable
liquid ethanol

amount
[ml]

LEL
[volume, %]

Test results
P – positive, N – negative

Number of the experiment

1 2 3 4 5

1. 5,71 1,5 P P P P P

2. 5,33 1,4 P N P P N

3. 4,95 1,3 N N N N N

4. 4,57 1,2 N N N N N

5. 4,19 1,1 N N N N N

On basis of the experiments the low explosiveness limit (LEL) for ethanol was
confirmed as 1,4 volume %. It corresponds with the literature Wiley, VCH [5]
stated in Table 3. 

9. Conclusion

The measurements principle was to create flammable liquid vapours with air
oxygen and to produce an explosive system initiated by an energy source –
starter. The purpose of the measuring was to find the minimum of a flammable
liquid vapour or mist concentration in air whereat in the mixture at the given
initiatory energy an explosion spread occurs. Experiments were carried out by
atmospheric pressure and the VK 100 chamber’s structural temperature. 
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S U M M A R Y

dr ing. Eva MRAÈKOVÁ

SELECTED ALIPHATIC ALCOHOLS AS FLAMMABLE
LIQUIDS AND THE DETERMINATION OF THEIR LOWER

EXPLOSIVE LIMITS

The explosion Chamber VK 100 is introduced in the paper, in which we
determined the lower explosive limits (LEL) of selected aliphatic alcohols as
flammable liquids methanol, ethanol, 1-butanol. First, the calculations of the
volume of flammable liquid necessary for setting of LEL were carried out. Next, 
the lower explosive limit of methanol, ethanol, 1-butanol was carried out
experimentally. All three aliphatic alcohols (methanol, ethanol and 1-butanol) are 
considered as fuels.
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