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Abstract

Analytical and experimental data on fire hazard of diesel bio fuel, its mixtures with oil-
based diesel fuel, and parameters of processes of their burning and interaction with fire-
-extinguishing agents. Applicability of the types of fire-extinguishing agents having been used
for putting-out of diesel bio fuel was revealed and a number of parameters to describe their
efficiency when extinguishing diesel bio fuel were determined. It was revealed that in case of
diesel bio fuel content in its mixtures with oil-based diesel fuel up to 30% fire-extinguishing
efficiency of foam generated from foam solutions nearly does not differ from that when ex-
tinguishing diesel fuel containing no additives.
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Interakcje srodkow gasniczych z ptomieniem biodiesla
i jego mieszankami

Abstrakt

W artykule przedstawiono dane analityczne i eksperymentalne dotyczace zagrozenia po-
zarowego biodiesla, jego mieszanek z olejem napedowym, jak réwniez parametry procesu ich
spalania i interakcje ze Srodkami gasniczymi. Wykazano mozliwosé¢ zastosowania okreslonych
rodzajéw srodkéw gasniczych przy pozarach biodiesla oraz okreslono szereg parametréw
opisujacych ich skutecznos$é.

Stowa kluczowe: $rodek gasniczy, gaszenie, spalanie, biodiesel, olej napedowy, ester, ttuszcz,
krytyczna predkos$¢ podawania, zagrozenie pozarowe, mieszanka

Przyjety: 20.02.2020; Zrecenzowany: 12.03.2020; Zatwierdzony: 13.03.2020

NMPO B3AEMOAIO BOFHETACHUX PEHOBUH 3 NOJIYM'AM
AVN3EJIbHOIO BIOMNAJIMBA TA MO0 CYMILLEN

AHoTauin

ITpencraBeHi aHAMITUYH] Ta eKCIIepMMEHTA/IbHI [JaHi MIOK0 HOXKeXXOHebe3meuHOCTi 6io-
JV3€/IbHOTO Ma/IMBa i I0T0 CyMillleli 3 AM3e/IbHUM [TaIMBOM, ITapaMeTpPH IIPOLECIB iX TOpiHHA
Ta B3a€MOJIii 3 BOTHETAaCHMMM pe4oBMHaMU. BcTaHOBNIEHO IPUAATHICTD 3aCTOCYBAaHHSA BUKO-
PUCTaHNUX TUIIB BOTHETACHMX PEYOBMH JI/IS TaCiHHA 6i0/113€/IbHOTO ITaNNBa Ta BU3HAYEHO PAL
[apaMeTpiB, 10 XapaKTePU3YIOTh ix e)eKTUBHICTD Iif Yac raciHHs 6i0AM3€e/IbHOrO MaINBa.
BusBneno, 1m0 3a BMICTy 6i0fM3€/IbHOTO Ia/IMBa B JIOr0 CyMilllax 3 A1U3eNbHUM HaINBOM JO
30% BorHeracHa e)eKTUBHICTD IiH, 1[0 YTBOPIOETHCS 3 POOOUNX PO3UNHIB IIHOYTBOPIOBAYIB,
MarbKe He BiIpi3HAETbCA Bif 1i epeKTMBHOCTI ITiff Yac raciHHs IM3€/IbHOTO majBa 63 Z06aBoK.

KniouoBi cnoBa: BorHeracHa Pp€40BIHa, racinss, I‘OpiHHﬂ, 6i0}1]/[3€7[bHe IIa7INBO, NU3CIbHE

[anBo, eip, )KUP, KPUTUIHA IHTEHCHBHICTD IOJABaHH;I, TOXeXXHA Hebe3MeKa, CyMiIi

MpwuiiHaTuii: 20.02.2020; PeuieH3oBaHoi: 12.03.2020; 3aTBepaKeHuii: 13.03.2020
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1. Introduction
1.1 General

The choice of fire extinguishing agents, fire-fighting means as well as firefighting meth-
ods and techniques are determined by a number of parameters characteristic to each
specific case, in particular, by fire class as a whole and properties of the substances and
materials involved in the fire (particularly, by their aggregate state). A specific position
among the fires is occupied by ones involving vegetable and animal fats.

1.2 Chemical nature of analysed flammable liquids

Fats as such are ethers that are products of etherification of higher carbon acids (stearic,
palmitic, margarine, oleic acid etc.) and glycerol (triatomic alcohol). The chemical
properties of fats including specifics related to the course of their interaction with
atmospheric oxygen during burning differ significantly from those of other liquids
and solids. In particular, in the course of burning of such substances temperatures
reach 400°C and more, and at that temperature spattering of burning fat is possible,
accompanied with further fire propagation (generally while attempting to put it out
with solid water jets) as well as an intensive evolution of fire products. Due to the above
mentioned features and to a number of other reasons, firefighting techniques involving
hydrocarbons may not be relevant for putting out fats.

1.3 Regulations of normative documents

As is generally known, fighting fires involving commercial kitchen equipment which
contains fats is generally conducted with the use of specific fire-fighting agents known as
“Wet Chemicals” According to NFPA 17A [1], aqueous solutions of sodium carbonate,
acetate or citrate should be used. EN 16282-7 [2] regulates issues concerning installa-
tion and operation of fire-fighting systems to protect commercial kitchen equipment.
Nevertheless, fires involving fats outside kitchen appliances should be considered as
class B fires as specified by [3]. Principal approaches to fighting fires at oil extraction
plants which stipulate the use of water spray or foam fire-fighting systems are generally
the same (see NFPA 36 [4]) as for fighting fires involving spills of other flammable
liquids as specified by NFPA 16 [5].
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Bio diesel fuel as such is a mixture of ethers of higher fatty acids and lower monohy-
dric alcohols. In Ukraine requirements to the former, as well as technological processes
of their manufacturing, are regulated with standards [6-8]. In order to derive bio diesel
fuel they conduct re-etherification of vegetable oils with these alcohols followed by
thorough purification of the mixture from water, glycerol and other impurities. This
fact along with results of the below described studies indicate that pure bio diesel is
more similar to vegetable and animal fats than to conventional diesel fuel according
to its fire hazard performance and specific features of interaction of fire extinguishing
agents with flame when extinguishing. Nevertheless, these theoretical assumptions
did require experimental verification. Moreover, no appropriate data concerning the
extinguishing of bio fuel were found in the literature sources.

The importance of the issue is supported with information on fires involving
vegetable oils, fats and materials derived from them which took place in the last years.

2. Purpose of the study

The purpose of the study is a generalization of appropriate analytical and experimental
data concerning the fire hazard of bio diesel fuel, parameters of its combustion pro-
cesses and specific features of interaction with fire extinguishing agents in order to
substantiate their possible use in practice and to determine fields of further studies.

3. Study of the fire hazard performance
3.1 Determination of actual values

Results of analyses of Internet information [9-11] indicate that the specimens of bio
diesel having been manufactured by domestic plants differed significantly by their
quality performance, especially by fire hazard performance; their majority have ex-
tremely low flash point, which indicates insufficient purification from ethyl alcohol.
A study was performed of a specimen of fatty acid methyl esters (FAME) to be used
for diesel engines and three specimens of bio diesel manufactured by some domestic
plants were. Moreover, similar studies were conducted on a specimen of diesel fuel
and its mixtures with FAME at various ratios. Results of the experimental studies vs.
performance normalized by DSTU 6081 [6] are presented in Table 1.
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Table 1 - Results of experimental studies for the determination of fire hazard

performance of some bio diesel fuel specimens

Performance
Flash point Ignition Flash point | Self-ignition
(open cup), | temperature, | (closed cup), | temperature,
°C °C °C °C
! ! S !
Matter E’ E E’ ;‘5 E’ ;3 E’ i:f
B g B g B g B g
N —_— N —_— N —_— N —_—
= < = < = < = <
< B < B < B < B
el 2| E| 2| E| 2| E| 2
Z Z Z Z
FAME 164 194 | Not | 145 | Not | 228
B?o d?esel (spec%men No. 1) N/A 133 N/A 174 less 112 less 396
Bio diesel (specimen No. 2) 106 140 | than | 88 | than | 280
Bio diesel (specimen No. 3) 94 170 | 120 45 320 254

Source: [own study]

As may be seen from the above table, FAME is a flammable liquid. The normative
document for FAME [12] standardizes two quality performances that describe fire
hazard to some extent, namely closed cup flash point and self-ignition point. The
specimen of FAME having been put to test did comply with requirements of the first
of these quality performances, but its self-ignition temperature was almost 100°C
lower than the standardised value. Fire hazard performance values of the bio diesel
specimens differed considerably from each other. In particular specimens No. 1 and
No. 2 are classified as flammable liquids, whereas specimen No. 3 is classified as an
extremely flammable one. When comparing results of the experimental studies, based
first of all on the magnitudes of flash point, it may be assumed that such a difference
is due to availability of different residual content of methyl alcohol in them.

3.2 Normative requirements as compared with experimentally determined values

As we have already mentioned above, there are several standards for bio diesel fuel, for
instance, EN 14214 [12], DIN V 51606 [13], ASTM D 6751 [14]. Table 2 shows flash
points of bio diesel specimens specified by normative documents while Table 3 shows
the ones derived experimentally.
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Table 2 - Normalized values of bio diesel fuel flash point

Normalized values
Performance
DSTU 6081 | DSTU 7178 | EN 14214 | DINV 51606 | ASTM D 6751
Flash point. °C Not less Not less Not less Not less Not less
ash point than 120 | than101 | than120 | than 110 than 130

Source: [own study]

Table 3 - Results of the determination of flash points of some specimens of bio diesel fuel

Experimentally determined values

Flash point FAME

Specimen No. 1

Specimen No. 2

Specimen No. 3

(closed/open cup), °C 145/164

112/133

88/106

45/94

Source: [own study]

As seen from Table 2, the minimum flash point of bio diesel fuel may be not less than

101°C. But two specimens of bio diesel manufactured domestically met this require-
ment. Specific features of its production in Ukraine and insufficient purification of the
end product from residual alcohol are likely to lead to significant flash point reduction.

Results of the studies aimed at the determination of fire hazard performance of

diesel and bio diesel fuels as well as their mixtures are specified in Table 4.

Table 4 - Results of studies for the determination of fire hazard performance of diesel

fuel, bio diesel fuel and their mixtures

Flash point Flash point Ignition Self-ignition
Composition (closed cup), | (open cup), | temperature, | temperature,
°C °C °C °C
Diesel fuel - 100% 64 60 86 227
Diesel fuel - 90%,
71 72 92 225
bio diesel fuel - 10%
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cont. Table 4

Flash point Flash point Ignition Self-ignition
Composition (closed cup), | (opencup), | temperature, | temperature,
°C °C °C °C
Diesel fuel - 85%,
74 75 93 225
bio diesel fuel - 15%
Diesel fuel - 70%,
77 87 111 225
bio diesel fuel - 30%
Diesel fuel - 50%,
78 97 115 226
bio diesel fuel - 50%
Diesel fuel 100% 145 164 194 228

Source: [own study]

The above table shows that diesel fuel has higher values of flash point and ignition
and self-ignition temperatures than conventional diesel fuel, which indicates that its fire
hazard is lower. On the other hand, such fuel is a great deal more hazardous than vege-
table oil from which it can be manufactured. Flash point as well as ignition temperature
of the latter one rise with the content of bio diesel, whereas self-ignition temperature of
all the mixtures is nearly the same. This is due to virtually equal values of self-ignition
temperatures of the specimens used and indicates the unavailability of formation of any
additives, complexes, new chemical compounds etc. when mixing them.

4, Studies of combustion processes
Information pertaining to averaged values of burning process parameters of bio diesel

fuel and its mixtures with diesel fuel having been derived with the use of a special
protocol are presented in Table 5.
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Table 5 - Experimentally derived data on flame temperature and mass burning rate of
bio diesel fuel and its mixtures with diesel fuel

Specific burni
X Highest flame Mass burning pe.c1 ¢burning
Title temperature. °C rate. ke/s rate in 34B test fire,
P ’ K8 kg/(m?s)

Diesel bio fuel DSTU

1esel b1o fuet as per 651.3 (on 68s) | 0.010...0.027 0.009...0.025
6081 [6]
Mixture containing 70% of
diesel fuel to DSTU 3868 [15]

866.5 239 0.008...0.031 0.007...0.029

and 30% of diesel bio fuel to (on )
DSTU 6081 [6]
Diesel fuel to DSTU 3868 [15] 897.0 (on 250 s) 0.030...0.039 0.028...0.036

Source: [own study]

The above information shows that the mass combustion rate of bio diesel is two-fold
lower than that of diesel fuel. The mass combustion rate of bio diesel fuel is signifi-
cantly different depending on its burning duration and remains within 0.54 kg/(m?s)
to 1.50 kg/(m?s). Increasing the content of bio diesel fuel in its mixture with diesel fuel
leads to lowering of the mass burning rate and flame temperature. It has also been
found that burning of bio diesel is accompanied with the phenomena characteristic
of warming and burning of fats of vegetable and animal nature, in particular, loud
crackles and hisses.

5 Interaction of flame with fire extinguishing agents when putting
out studied flammable liquids

5.1 Studies for the use of foam solutions
5.1.1 GENERAL
As is generally known, burning fat or oil can be theoretically put out with water, powder

or foam; nevertheless, when water comes into contact with hot oil intensive splashing of
the latter may be expected. It is these phenomena that caused withdrawal from the use
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of powder extinguishing agents as means of fighting fires involving fats and oils. Their
fighting with foam is also complicate due to the destruction of adsorption layers in foam
films and boiling of water after reaching of certain temperatures. Consequently using
results described in paper [16] it was found that the interaction of foam with burning
sunflower oil resulted in its almost immediate destruction; moreover, boiling up of the
mixture, intensive evolution of steam and splashing of the flammable liquid took place.

u_n

5.1.2 PERFORMANCE OF AN “S” CLASS FOAM CONCENTRATE
Results of the studies for the determination of extinguishing duration and critical ap-
plication rate of foam solution prepared using “S” class foam concentrate (“PO-3NP”)

while extinguishing diesel fuel, bio diesel and FAME are presented in Table 6.

Table 6 - Experimentally derived data on firefighting performance of an “S” type foam

solution
Critical
) Diameter | Foam solution | Extinguishing application
Specimen under .. .
tad of test fire, application duration, s rate of foam
Y mm rate, dm®/(m?s) | (average value) solution (I ),
dm?/(m?s)
Diesel fuel 3815 0018 20 0.016
(specimen No. 1) 436.2 0.013 fail '
Diesel fuel 3815 0018 205 0.016
(specimen No. 2) 426.3 0.013 fail ‘
Bio diesel fuel 4362 0.013 o 0.012
(specimen No. 1) 477.9 0.011 fail ‘
204
Bio diesel fuel 4263 0.013 0.012
(specimen No. 2) 477.9 0.011 fail ‘
436.2 0.013 196
FAME 0.012
477.9 0.011 fail
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cont. Table 6

Critical
. Diameter | Foam solution | Extinguishing | application
Specimen under L. K
stud of test application rate, duration, s rate of foam
Y fire, mm dm?/(m?s) (average value) | solution (I ),
dm?/(m?s)
Mixture ofdlesel 381.5 0.018 110
fi i )
uel Fspeamen No. 2 0.016
specimen No. 2, 70%)
and FAME (30%) 436.2 0.013 fail
Mixture o.fdiesel 381.5 0.018 123
fuel Fspeamen No. 2 0.016
specimen No. 2, 85%)
and FAME (15%) 436.2 0.013 fail

Source: [own study]

Table 6 shows that the critical application rate of the above mentioned foam solu-
tion is nearly the same in all the cases and comparatively low for conventional diesel
fuel, bio diesel and FAME and its mixtures with diesel fuel. In the course of studies
it was also ascertained that specific features of the interaction of medium expansion
foam with flame while extinguishing diesel fuel, bio diesel FAME and its mixtures
with diesel fuel differ significantly from each other. Consequently, the accumulation of
foam at the surface of the liquid takes place in the first place and becomes uniformly
dispersed across the surface and does not collapse, i.e. putting out of the test fire takes
place due to isolation of the burning matter from oxygen inflow. In the second case
the accumulation of foam at the time of its application was taking place slowly, much
of it was decaying and spattered hot droplets outside the pan; reaching of the boiling
temperature of the liquid was accompanied by its boiling up and entire destruction
of foam upon the surface. Putting out of the test fire was due to steam evolution.

5.1.3 PERFORMANCE OF “AFFF” AND “FP” CLASS FOAM CONCENTRATES

Results of the studies aimed at the deriving the extinguishing duration and critical ap-
plication rate of “AFFF” class foam concentrate (“Tridol 6-10°C”) while extinguishing
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the diesel fuel, bio diesel and FAME are presented in Table 7. Results of similar studies
using “Fluoropolydol” (“FP” type foam concentrate) are shown in table 8.

Table 7 - Experimentally derived data on fire-fighting performance of an “AFFF” type

foam solution

. Foam solution | Extinguishing i
X Diameter . R Burnback time,
Specimen under application duration,
of test fire, s (average
study mm rate, s (average value)
dm?/(m?s) value)
Diesel fuel
fesel ue 589.0 0.046 30 690

(specimen No. 2)
Bio diesel fucl 589.0 0.046 16 760
(specimen No. 3)
Mixture of diesel
fuel (specimen No. 2

589.0 0.046 12 750
specimen No. 2, 70%)
and FAME (30%)

Source: [own study]

Table 8 - Experimentally derived data on firefighting performance of an “FP” type foam

solution
F luti Extinguishi
' ' oam .so u ion X 1ngu1.s ing | Burnback time,
Specimen under | Diameter of application duration, s (average
study test fire, mm rate, s (average value)g
dm?/(m?s) value)
Bio diesel fuel
N .1ese e 589.0 0.046 17 420
(specimen No. 3)

Source: [own study]

These results point to a high fire-fighting capacity of low expansion foam generated

from the solutions of the aforementioned foam concentrates. Consequently, extin-
guishing was reached rather quickly (within 30 s from the moment of initialization
of foam application) in all the cases. Burnback time was rather long (7 to 10 minutes).
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5.2 Studies using water mist

Figures 1 and 2 show results of the experimental studies aimed at the derivation of
fire-fighting performance of water mist while fighting fires involving bio diesel, diesel
fuel and their mixtures.

_— »
L dm?/ (ﬂl S) I dm-‘.-'(mls)
0,06 0,03
_—»
0,05 B 005 |
0,04 & * 7 T 5,00%
, L (-3 E—" —— *5,00%
e ¥ ."‘——l—-______ B
+ —
0,03 0ms ‘_ :‘_ —— # 5%
I
0,02 am 1,00%
Water K2C0s sohation
0,01 0,005
o 0
0% 0%  40%  60%  8O0%  100% o % MR % BK 1008
Content of bio diesel m its moxture Content of bio diesel in its mixture
with oil-based diesel fuel with oil-based diesel fuel

Figure 1 - Results of experimental studies of firefighting performance of water mist
(including that containing K,CO,) when extinguishing bio diesel fuel, diesel fuel and
their mixtures

Source: (own study)

Figure 1 clearly shows that the critical application rate of pure water mist while
extinguishing of bio diesel is 0.052 dm?*/(m?s). Its value is 40% higher than that for
diesel fuel (0.052 dm?*/(m?s)). This indicates that fighting fires involving bio diesel with
water mist is possible but less efficient than fighting the ones involving diesel fuel.
At the same time, in addition to bio diesel to diesel fuel leads to lowering of critical
application rates (except for water containing no additives).

The critical application rate of 5.0%, 2.5% and 1.0% potassium carbonate containing
the latter while extinguishing bio diesel equals to 0.013 dm?*/(m?s), 0.016 dm?/(m?s)
and 0.018 dm?*/(m?s), respectively. This shows that the addition of some potassium
carbonate (K,CO,) to water makes it possible to raise several times its firefighting
performance while extinguishing bio diesel.
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L. dm3/(mls) L. dm/(m?s)

0,03 00z

00

o 0.10% e i 0,10%
"AFFF" class foam solution §" class foam sohrtion
0005 0,005
0 0
% 0% 0% 0% 80% 100% 0% 1w s 6074 8% 100%
Content of bio diesel in its mixture Content of bio diesel in its mixture
with oil-based diesel fuel with oil-based diesel fuel

Figure 2 - Results of experimental studies of firefighting performance of atomized “AFFF”
and “S” type foam solutions in extinguishing bio diesel fuel, diesel fuel and their mixtures

Source: (own study)

Figure 2 indicates that the critical application rate while extinguishing of bio diesel
with aqueous solution containing “AFFF” type foam concentrate in the amount of
0.5%, 0.25% and 0.1% is 0.014 dm?/(m?s) for all these concentrations. The same magni-
tude for “S” type foam concentrate equalled to 0.012 dm?*/(m?s), 0.014 dm?/(m?s), and
0.013 dm’*/(m?s), respectively.

Consequently it was proven experimentally that fire-fighting performance of water
mist while fighting fires involving bio diesel and its mixtures with diesel fuel could
be risen approximately 4 times by adding of some potassium carbonate or synthetic
or otherwise “AFFF” type foam concentrates to water.

5.3 Studies with use of powder and gas fire extinguishing agents

In addition, the possibility of extinguishing test fires filled with bio diesel and its mix-
tures with diesel fuel was proven experimentally in case of applying “ABC” class powder
at the rate 0f 0.012...0.016 dm?/(m?s); specific consumption of the powder was equal
to 0.9 to 1.1 kg/m? and had no drastic dependency on the composition of the liquid.
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Figure 3 shows plots of extinguishing concentration of some gas extinguishing
agents vs. composition of the mixture consisting of bio diesel and diesel fuel.
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Figure 3 - Extinguishing concentrations of carbon dioxide, nitrogen and halon 2402
versus composition of bio diesel fuel (BDF) and diesel fuel (DF) mixtures

Source: (own study)



Interaction of Fire-Extinguishing Agents with Flame of Diesel Bio Fuel ant Its Mixtures 21

Results of studies confirm the applicability of such extinguishing mediums, as
carbon dioxide, nitrogen and halon 2402 (burning inhibitor) for putting out bio die-
sel and its mixtures with diesel fuel. Moreover, in the course of the studies derived
were extinguishing concentrations and calculated application rates for putting out
the aforementioned liquids. Increasing the fraction of bio diesel in the mixture leads
to some diminishment of extinguishing concentrations of both inert gases (carbon
dioxide, nitrogen) and burning inhibitor (halon 2402).

Conclusion

Taking the above into consideration, the implemented desk and experimental studies
allowed the evaluation of both fire hazard performances of bio diesel (flash point, igni-
tion and self-ignition temperatures) and parameters of their burning processes (burning
rate, flame temperature) as compared with diesel fuel. Results of the studies showed that
bio diesel was less hazardous when compared with diesel fuel, but specific features of its
combustion process included the availability of a number of phenomena characteristic
of the processes of warming and burning of fats of vegetable and animal nature.
Possibility of use of conventional fire extinguishing agents (foam solutions, “ABC”
powders, and gaseous extinguishing agents) for fighting fires involving bio diesel was
proven. Efficient application of water mist for putting out bio diesel and its mixtures with
diesel fuel has been proven, as well as the possibility of gaining its efficiency by addition
of potassium carbonate or foam concentrates to it. It was also ascertained that fires in-
volving mixtures of these liquids containing up to 30% of bio diesel could be fought with
foam while preserving conventionally realized parameters of foam solution application.
We intend to carry out further studies to substantiate normative parameters of ap-
plication of fire extinguishing agents when fighting fires at the facilities where bio diesel
available for the purpose of drafting appropriate normative documents and recommenda-
tions for fire protection of such facilities and fighting fires involving them with fire engines.
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