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Effects of Firefighting Suit Contamination, within Selected
Parameters, in Relation to Use during Emergency Interventions®

Skutki skazenia ubrania strazackiego podczas dzialan w sytuacjach nadzwyczajnych.
Analiza wybranych parametrow

IlocnencTBusA 3arpsA3HeHNA OfeKAbI MOKAPHOT0, ICTIONb3yeMOI BO BpeMs1
Ype3BbIYAITHBIX IEICTBUIL. AHATN3 BPIOPAHHBIX IAPAMETPOB

ABSTRACT

Aim: The purpose of this article is to determine the protection parameters of the upper layer of a firefighting suit, by taking account
of potential contamination of clothing and increased oxygen concentration in the local environment. The article is concerned with the
determination of an oxygen index, with the support of laboratory test data, which identifies the burning behaviour and effectiveness of
flame resistant clothing.

Introduction: A firefighting suit is designed to maximise the protection of firefighters engaged in emergency operations. For this reason
materials used in the manufacture of protection clothing are being continuously improved. Current testing methods are used to determine
protection parameters for clothing used in routine firefighting, rescue work and emergency interventions. However, these testing methods
do not take account of issues associated with potential contamination of clothing re-used after prior interventions or used in exceptional
circumstances. In the case of latter, an illustrative incident may include a situation where the immediate environment is exposed to an
increased concentration of oxygen, caused by the leakage of liquefied oxygen. In such circumstances, more attention is necessary to the
protection of operational firefighters, who usually wear standard firefighting suits. This article describes the results of laboratory tests
that allow a better understanding of the risks.

Methodology: The current article deals with experiments conducted on specific materials used in the manufacture of firefighting suits, in
accordance with established testing standards used for evaluation protective clothing, which are exposed to a source of radiant heat, using
established methods for determining the transmission of heat after exposure to flames. Laboratory measurements were made with the
aid of instruments used for the determination of an oxygen index at an ambient temperature according to the standard CSN ISO 4589-2,
and further at higher temperatures according to the standard CSN ISO 4589-3. The Oxygen Index is, perhaps, the most economical and
precise quality control test of combustible materials. This test is determined by the minimum percentage of oxygen in the test atmosphere
that is required to marginally support combustion.

Conclusions: Experiment results reveal that after contamination of firefighting suits with oil or lubricating grease, the upper layer of the
suit can burn ifa flame is applied to the contaminated area. At the next stage it will be appropriate to focus on the behaviour of firefighting
suits at higher temperatures. At increased temperatures, the value of oxygen concentration necessary for ignition is very low. Thermal
analysis experiments were conducted with increased oxygen concentrations It was revealed that in an environment with increased oxygen
concentration, even a clean firefighting suit is not a safety guarantee.

Keywords: firefighting suit, oxygen index, suit contamination
Type of article: original scientific article

ABSTRAKT

Cel: Celem artykutlu jest okreslenie parametréw ochronnych warstwy zewnetrznej ubrania strazackiego przy uwzglednieniu potencjal-
nego skazenia ubrania oraz zwiekszonego stezenia tlenu w atmosferze otoczenia. Przy wykorzystaniu wynikéw badan laboratoryjnych
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wartykule podjeto probe okreslenia indeksu tlenowego, na podstawie ktorego mozna scharakteryzowac palno$¢ oraz skutecznos$¢ ubran
ognioodpornych.

Wstep: Ubranie strazackie jest zaprojektowane tak, aby jak najskuteczniej chroni¢ strazakéw prowadzacych dzialania w sytuacjach
nadzwyczajnych. Dlatego materialy stosowane w produkcji ubran ochronnych sg stale doskonalone. Stosowane obecnie metody ba-
dawcze stuzg do okreslania parametréw ochronnych ubran uzywanych w rutynowych dziataniach ga$niczych, akcjach ratowniczych
oraz sytuacjach nadzwyczajnych. Jednak metody te nie uwzgledniajg problemu potencjalnego skazenia ubrania uzytego ponownie po
weze$niejszej interwencji lub stosowanego w nietypowych warunkach. W tym ostatnim przypadku przyktadowym zdarzeniem moze by¢
sytuacja, w ktorej bezposrednie otoczenie terenu dziatan strazackich jest narazone na zwigkszone stezenie tlenu spowodowane wyciekiem
plynnego tlenu. W takich okolicznosciach wieksza uwage nalezy zwrdci¢ na zabezpieczenie strazakow bioracych udzial w akcjach, ktérzy
zazwyczaj nosza standardowe ubrania strazackie. Artykul opisuje wyniki badan laboratoryjnych, ktére pozwalaja na lepsze zrozumienie
zwigzanych z tym problemem niebezpieczenstw.

Metodologia: Niniejszy artykul przedstawia badania przeprowadzone na konkretnych materiatach uzywanych w produkeji ubran
strazackich, zgodnie z przyjetymi standardami badawczymi stosowanymi przy ocenie ubran ochronnych, narazonych na zrédto pro-
mieniowania cieplnego, przy uzyciu przyjetych metod dla oceny przeptywu ciepta pod wplywem dziatania ognia. Pomiary laboratoryjne
wykonano z zastosowaniem narzedzi uzywanych do okreslenia indeksu tlenowego przy standardowej temperaturze otoczenia zgodnie
ze standardem CSN ISO 4589-2 oraz przy wyzszych temperaturach zgodnie ze standardem CSN ISO 4589-3. Indeks tlenowy jest praw-
dopodobnie najbardziej ekonomiczng i dokladng metodg oceny materialéw palnych. Technika zaklada pomiar minimalnej zawartosci
procentowe;j tlenu w badanej atmosferze, ktéra moze wplynac na zainicjowanie procesu spalania.

Wnhioski: Badania wykazaly, Ze warstwa zewnetrzna ubrania skazonego substancjami oleistymi i ropopochodnymi moze si¢ zapalié,
jesli ptomien dotknie zanieczyszczonej powierzchni. Przy zwigkszonej temperaturze warto$¢ stezenia tlenu potrzebnego do zaptonu jest
bardzo niska. W kolejnym kroku nalezy skupi¢ si¢ na zachowaniu ubrania strazackiego przy wyzszych temperaturach. Eksperymenty
wykorzystujace analiz¢ termiczng przeprowadzono przy zwickszonej zawartosci tlenu. Ich wyniki pokazaly, ze w srodowisku ze zwigk-
szonym stezeniem tlenu nawet czyste ubranie strazackie nie jest gwarantem bezpieczenstwa.

Stowa kluczowe: ubranie strazackie, indeks tlenowy, skazenie ubrania strazackiego
Typ artykulu: oryginalny artykul naukowy

AHHOTAIONA

Iens: Llens craTby — OnpefennTh 3allUTHbIE TAPAMETPbl BHELIHETO CI0S OFEXKIbI II0XKAPHOI0 C yY€TOM BO3MOXKHOTO €€ 3arpA3HEHN
1 TIOBBIIIEHHOI KOHIIEHTPALNI KICIOPOAa B OKpyKalolielt cpefie. VICIOIb3yst pe3y/IbTaThl 1a00PATOPHBIX UCCIELOBAHNIL, B CTATbe
Obl/Ta coie/1aHa MOIBITKA OIIPe/ie/IeH ) s KMCIOPOIHOTO MHAEKCa, Ha OCHOBE KOTOPOTO MO>KHO OXapaKTep130BaTh BOCIIAMEHAEMOCTD
7 9 PeKTUBHOCTD OTHECTOMKOCTH O €K /BI.

Beepnenne: One>x 1y IOXXAPHOTO IPOEKTUPYIOT A/Ls1 Hanbosee 3G PpeKTIBHOI 3aIUTHI IOKAPHOTO, OCYIIECTBIIAEMOTO [eATENbHOCTD
BO BpeMs Ype3BbIYaliHbIX cuTyanuii. Ilo05ToMy, MaTepuaibl, UCIIOb3yeMble B IPOU3BOJCTBE 3L THON OfIeXKIbl, BCE BpDEMS COBEpP-
LIEeHCTBYIOTCA. HoBeillue uccnenoBaTeIbCKue METObI IO3BO/IAIOT ONPEe/NATh 3allUTHbIE IIApAMETPhI OJEX/Ibl, MCIIOIb3yeMON
B IIOBCEHEBHOII IeATe/IbHOCTI HOXKAPHBIX, IIPY CIHACATEeNbHBIX pabOTaxX I Upe3BBIYAHBIX cUTYauax. OTHAKO, 9TV METOLBI He
Y4YUTBIBAIOT BO3MOXXHOI'O 3aTPA3SHEHMSA OfIeXKIbI IIOC/IE PaHee MPOBEIEHHOM MHTEPBEHIIM MU BCIENCTBIE HETUIIMYHBIX YCIOBUIA.
Tax IpuMepOM IOC/IETHErO MOXKET ObITh CUTYALNsI, KOTTA B BO3[yXe BOKPYT AeMCTBIUII IOXKAPHBIX [OBbIIIIEHA KOHIIEHTPALIILS KIC-
JIOPOfa BCIEACTBILE €10 YTeUKM B XKMAKOI popMe. B Takux ycnoBusax 60/blnoe BHUMAHIE CIeAyeT OOPaTUTD Ha 3aLUTY IOXKAPHBIX,
Y4YaBCTBYIOLIVX B [IEIICTBIUSIX, KOTOPBIE, Yallje BCETO, OfeThl B CTAHAAPTHYIO0 0feX Y. CTaTbs OIMUCHIBAET Pe3y/IbTaThl Ta60PATOPHBIX
MCCTIe[OBaHMIL, KOTOPbIe IIO3BOJIAIOT Iy Yllie IOHATh IIPOOIeMBI, CBSI3aHHbIE C STUMIU OIIACHOCTAMI.

Metoponorua: JJannas cTaTbs NPeACTaBAsAET SKCIIEPUMEHTDI, IPOBEJEeHHbIE HA KOHKPETHBIX MaTepuanaX, KOTOpble UCIIO/Nb-
3YIOTCS B IIPOM3BOJCTBE MOXKAPHOM OfI€XK /b, COTJIACHO IPMHATBHIM CTaH/apTaM MCCAEJOBAHNIL, IPMHMMAEMbIM IIPU OLIEHKE
3aIIMTHOI OffeXKAbL, KOTOPasi IOABEP>KeHAa BO3AECTBUIO HCTOYHMKA TEI/IOBOTO U3y YeHN S, MICIIOIb3YsI OO PUHATEIE METOABI
/IS OL[eHKY TEIIOBOTO ITOTOKA IO BO3/eiiCTBMeM OrHs1. JlabopaTopHbIe CCIefOBaHNs ObUIN IPOBEAEHBI C UCIONIb30BaHIEM
MHCTPYMEHTOB, IIPMHUMAEMBbIX JI/I1 ONPeJle/IeHNs KUCIOPONHOTO MHEKCa P CTaHNAPTHONM TeMIlepaType Cpelibl COIZIaCHO
craumapty CSN ISO 4589-2, u mpu BhICIIMX TemTepaTypax cormacHo crauaapTy CSN ISO 4589-3. KucmoponHblit MHIEKC ABS-
eTCs1, BepOsITHee BCero, CAMbIM 9KOHOMUYIECKUM U TOYHBIM METOJOM OL[eHKI TOPIOYMX MaTepranos. TeXHIKa BKII0YaeT B ceOs
M3MepeH)e MYIHIMAa/IbHOTO NPOLIEHTHOTO COflepXKaHUs KUCIIOPOAa B McClefyeMoll atMmocdepe, KOTOpOe MOXeT MOBIUATD Ha
MHULIMALNIO IIPOLlecca TOPEH M.

BriBopbl: VccmegoBaHus MOKa3aty, YTO BHELTHMI C/I0J1 II0XXAPHOI OREXXAbI, 3aTPA3HEHHOI MAaC/sIHBIMMU U HepTeIIpor3BOAHBIMU
BelleCTBAMM, MOXET BOCIVIAMEHUTbCS, €C/IM IIaMsA KOCHETCA 3arpA3HEeHHOI noBepxHocTu. [Ipy noBbILIeHHO TeMIIepaType, 3Ha-
JeHMe KOHIIEHTPALII KUCTOPOAaOHY XHOTO [I/Is1 BOCIUIAMEHEH NS eCTh OYeHb HM3Koe. [lajee CllefiyeT yAelnTb BHUMAHNE IOBefe-
HUIO OffeXK/IBI TO)KAPHOTO MPY BBICUINX TeMIepaTypax. DKCIIePIMEHTSI, UCIIO/Nb3YIOLIVe TeI/IOBOI aHa/IN3, ObIIN IIPOBEAEHbI IIPK
MOBBILIEHHON KOHIIEHTPaLMM KUCIOPO/a. VIX pesynbTaThl MOKa3aln, 4TO B Cpefie C IOBBIIIEHHOM KOHIIeHTPaLleil KUCTIOPOJa, aXxe
41CTas1 OBEKAA OXKAPHOTO He TapaHTUPYeT 6e30IMaCHOCTI.

KnroueBbie cioBa: ofeXXa IMoXKapHoro, KVICHOPOHH])IVI VIHJIEKC, 3arpA3HEHNIE OLEXX DI IT0KapHOT'O
BI/IH CTAaTbU: OPUTMHA/IPHAA HaAY4YHaA CTaTbA
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1. Introduction

The personal experience of each firefighter during an
operational incident has a significant impact on the progress
of the intervention. In order to avoid physical injury, an
operational firefighter should be adequately protected by
a suitable firefighting suit. Protective clothing must fulfil
strict safety requirements and protect the firefighter in
a range of situations.

This article is a part of experimental research into the
behaviour of fabrics and series of material layers used in the
manufacture of firefighting suits. It addresses the problem
of consequences associated with potential contamination of
clothing from prior operations and issues emerging during
incidents where increased oxygen concentration occurs as
a result of liquefied oxygen leakage into the surrounding
atmosphere. In circumstances where the O, concentration
has increased, a fire risk is higher than that at standard O,
concentration. Therefore, firefighters normally equipped
with standard firefighting suits should be afforded cor-
responding protection when operating in a more intense
hazardous environment. Illustrations of such environments
include: a tragic fire at a retirement home caused by a defect
in an oxygen concentrator [7], accidents involving leakage
of liquefied oxygen in hospitals [8] accidents during space
travel — most notably Apollo 1 [9].

DOI:10.12845/bitp.38.2.2015.1

The aim of this article is to determine fire resistance
parameters of the upper layer of a firefighting suit, sup-
ported by results derived from laboratory experiments,
with a focus on the degree of suit contamination and oxy-
gen concentration in the local environment. The outcome
provides data about burning behaviour and effectiveness
of flame-resistant clothing and the determination of an
oxygen index.

2. Experiment

2.1. Preparation

Experiments were performed in the laboratories at the
Faculty of Safety Engineering of VSB - Technical University
of Ostrava. Three types of firefighting suits were selected
for examination (see Table. 1), namely suits TigerPlus and
Premium 20 from the company DEVA F-M, s.r.0., Frydek
- Mistek [1] and suits GoodPRO FR3 FireHorse from the
company VOCHOGC, s.r.0., Pilsner [2]. Only the upper layers
of firefighting suits were exposed to the tests. The choice of
samples was influenced by two factors [6]. The first is that
these suits are most widely used in the Fire and Rescue
Service of the Czech Republic [3] and secondly that they
were also used in a series of tests conducted in a flashover
container at Zbiroh in June 2012 and October 2013.

Table 1. Material composition of the upper layer of firefighting suits

Material composition of upper layer Suit type Grammage (g.m2) Company
NOMEX DIAMOND Ultra - SOFIGUARD TIGER Plus 210 DEVA F-M, s. 1. o.
53% KERMEL, 39% Lenzing FR, 6% Technora, GoodPRO FR3
2% carbon fibre, RipStop weave FireHorse 230 VOCHOG, s.r. o
DIAMOND FORCE - SOFIGUARD Premium 20 245 DEVA F-M, s. 1. o.

Source: Own elaboration.

External conditions were always recorded before
the experiment. Laboratory temperature was kept at
(23 + 2)°C and air humidity moved within the range of
(32.2 - 67.2)%. For oxygen index determination, samples
sizes of 140 x 52 mm were cut and coated with a layer of
grease before the experiment. Contamination sources which
could be encountered by firefighters during incidents were
identified. In our experiments these were oil and lubricating
grease. Samples were contaminated with standard year-
round motor oil and lubricating grease A4 (plastic grease
for gudgeon and antifriction bearing lubrication). Oil was
mixed with hexane and sprayed on to the material. After
a period of time hexane evaporated. The samples were
covered with filter paper and dried at 60°C in a horizontal

position to a constant mass. The application of lubricating
grease was tested in two ways, namely by mixing it with
hexane and using brushes and spatulas (without the use
of a solvent). The latter method appeared to be better, by
providing a more even layer of grease. Average amounts of
applied grease are given in Table. 1. For comparison, two
quantities of lubricating grease A4 were used; the larger
quantity is designated as A4 - higher grammage. The sam-
ples were prepared and kept in the laboratory at standard
conditions and were always weighted before testing. Sam-
ples were prepared twice with an endeavour to achieve the
same degree of coverage in both instances. Table 2 indicates
better grease coverage.
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Table 2. Mass samples with grease

DOI:10.12845/bitp.38.2.2015.1

NOMEX DIAMOND Ultra KERMEL/LENZING FR/TECHNORA

Applied grease clean applied | applied | applied clean applied applied applied
sample grease grease grease sample grease grease grease

(®) (@) (%) (g/m?) @) @) (%) (g/m?)

QOil 0.509 25.173 69.959 0.565 24.770 77.610

1.513 1.716

A4 0.580 27.711 79.670 0.648 27.411 89.011
Oil 0.404 21.075 55.426 0.568 24.869 78.022
A4 1.513 0.594 28.192 81.613 1.716 0.592 25.650 81.319
A4 - higher grammage 0.900 37.298 123.626 0.900 34.404 123.626

Source: Own elaboration.

2.2. Measurement Procedure

The Oxygen Index is, perhaps, the most economical and
precise quality control test of combustible materials. This
test is determined by the minimum percentage of oxygen
in the test atmosphere that is required to marginally sup-
port combustion.

Laboratory measurements were performed with the
aid of instruments (see Fig. 1) to determine an oxygen
index at an ambient temperature in accordance with the
standard CSN ISO 4589-2 [4], where the oxygen index (OI)
corresponds numerically to the minimum oxygen concen-
tration by volume percent in an oxygen-nitrogen mixture
at a temperature of (23 £ 2)°C. Such conditions allow for
burning of materials under prescribed testing conditions.

Further measurements were performed at higher tem-
peratures in accordance with the standard CSN ISO 4589-3
[5], where the oxygen index (henceforth referred to as OI)
corresponds numerically to the minimum oxygen concen-
tration by volume percent in an oxygen-nitrogen mixture
at a temperature higher than 25°C, at which the material
still burns under prescribed testing conditions. The test
sample was held in a steel holder and inserted into a test
tube. Furthermore, the required concentration of oxygen
in the nitrogen mixture was set and the flow rate of the gas
mixture was adjusted. In elevated-temperature tests, the test
sample was pre-heated in a testing column for (240 + 10) s
to achieve the test temperature in given tolerances before
ignition. The samples were ignited by the method B - igni-
tion supporting vertical burning and the burner flame was
kept for a maximum of 30 s.

Fig. 1a. Apparatus for the determination of oxygen index at
standard temperature
Source: Own elaboration.

If the duration of burning or its extent did not exceed
the prescribed values, the duration and extent were recorded
with a designated response “O”. However, if the duration of
burning or its extent exceeded the relevant limiting value,
the result was recorded with a designated response “X” [5],
see Table 3.

The oxygen index was calculated according to a rela-
tion: Ol =c.+k.d,

22

Fig. 1b. Apparatus for the determination of oxygen index at
elevated temperature
Source: Own elaboration.

where c_ is the final value of oxygen concentration used in
a series of measurements N

d - interval between oxygen concentrations

k - constant obtained from CSN ISO 4589-2 [4]

N,, N, - series of measurements according to CSN ISO
4589-2 [4]

N, - first series of measurements until were not recorded
response of “X” and “O”.
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Measurement continues from the last sample of this
series of measurements.

DOI:10.12845/bitp.38.2.2015.1

Measurements begin with preliminary concentration
determination, which do not differ by more than 1% con-
centration of O2.

Table 3. Example of evaluation of measurement of a clean sample of NOMEX DIAMOND Ultra at 120°C

Clean sample NOMEX DIAMOND Ultra Preliminary concentration determination
Concentration of O2 (%) 22.8 23.8
Burning time (s) 32 122
Burned length (mm) 25 100
Response (X or O) (0] X

Determination of value of oxygen index
NOMEX DIAMOND Ultra series N,
Series N [
Concentration of O2 (%) 23.8 23.6 23.6 23.8 23.6 23.8 23.6
Burning time (s) 122 80 80 120 74 119 76
Burned length (mm) 100 55 55 100 60 100 60
Response (X or O) X (0] (@) X (0] X (0] OI=23.7

Source: Own elaboration.

Actual measurements were carried out at various tem-
peratures. The first measurement was made at a stand-
ard temperature, the average of which was determined
at 24°C. Other measurements were performed at higher
levels of 60°C, 120°C and 180°C. Altogether, 365 samples

were measured. One series of measurements of material
of a firefighting suit contained 10 samples, see Fig. 2. Each
material was measured once at different temperatures and
types of pollution.

Fig. 2. Example of KERMEL/LENZING FR/TECHNORA samples with lubricating grease A4 after measurement at 180°C
Source: Own elaboration.

3. Results

The measuring exercise revealed a range of oxygen index
values at temperatures of 24°C, 60°C, 120°C and 180°C and
these are presented in Tables 4, 5 and 6. From obtained re-
sults it is evident that, in the case of clean suits, the oxygen
index is higher than 21%, even at higher temperatures (Fig.
4). For a better comparison of the materials the results were
illustrated in Figure 3. Therefore, the samples do not burn
in standard conditions at all tested temperature levels.

A different situation occurs when suits are contaminated. In
these circumstances tested materials burned even at oxygen
concentrations of less than 21%. Of course, it is true that the
higher the air temperature, the lower is the oxygen concen-
tration necessary for burning (Figs. 4, 5 and 6). Moreover,
there is also a dependence on the level of contamination,
where the quantity of contamination increases the required
oxygen concentration decreases.
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Table 4. Results of measurement of oxygen index of NOMEX DIAMOND Ultra samples

NOMEX DIAMOND Ultra 24°C 60°C 120°C 180°C
clean 26.1 24.9 23.7 223
oil 20.3 19.7 18.5 17.3
lubricating grease A4 19.2 18.9 17.7 17.4
lubricating grease A4 + =% 18.6 17.1 =X

Note: * - measurements were not performed
Source: Own elaboration.

Table 5. Results of measurement of oxygen index of KERMEL/LENZING FR/TECHNORA samples

KERMEL/LENZING FR/TECHNORA 24°C 60°C 120°C 180°C
clean 29.3 27.2 25.7 23.5
oil 20.7 20.3 18.7 17.6
lubricating grease A4 194 19.7 18.0 17.6
lubricating grease A4 + =* 18.9 17.3 =%

Note: * - measurements were not performed
Source: Own elaboration.

Table 6. Results of measurement of oxygen index of DIAMOND FORCE samples

DIAMOND FORCE 24°C 60°C 120°C 180°C
clean 30.7 28.6 27.3 26.3
oil 22.5 214 19.3 18.7
lubricating grease A4 20.7 19.6 17.9 17.1

Source: Own elaboration.

OI determination

30.7 & DIAMOND FORCE
@ KERMEL/LENZING
FR/TECHNORA
26.1 A NOMEX DIAMOND Ulira
21 23 25 27 29 31

Concentration of 02 (%)

Fig. 3. Comparison of oxygen index of samples of clean firefighting suits at ambient temperature of 24°C
Source: Own elaboration.
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Ol determination - clean suits
32
430.7
30 @ NOMEX DIAMOND Ultra
< 29.3
3 " A 28.6
g 28 27.3
5 27.20 A/ 263
S 26 * - B KERMEL/LENZING
2 261 o 245 25.7 FR/TECHNORA
g $,:;  235m
s 2 L 2 A DIAMOND FORCE
o
22.3
20 T T T T T T
0 30 60 90 120 150 180
Temperature (°C)

Fig. 4. Comparison of oxygen index of samples of clean firefighting suits at selected temperatures

Source: Own elaboration.

Determination of Ol NOMEX DIAMOND Ultra samples
27
® 261 "
g » o ¢23.7
S 23 .
= 223 &
(=4
o 21
5 0203 197
g 19 55X PN 0185
g . 18. X . 17.3
S 47 17.7
o 17.4
15 T T T T T T
0 30 60 90 120 150 180
Temperature (°C)

@ clean

Ooil

X lubricating
grease A4

Fig. 5. Comparison of oxygen index of NOMEX DIAMOND Ultra samples at selected temperatures

Source: Own elaboration.

Determination of Ol KERMEL/LENZING FR/TECHNORA samples
31
29 & 293
©27 4272
25.7
g > ¢ 23
e 5
® 23 ®
c 20.7
o 21 O
£ 19 X 197%%3 18.7
o 17.6
5 19.4 18.0 X X
17.6
15 T T T T T T
0 30 60 90 120 150 180
Temperature (°C)

@ clean

Ooil

X lubricating
grease A4

Fig. 6. Comparison of oxygen index of KERMEL/LENZING FR/TECHNORA samples at selected temperatures

Source: Own elaboration.
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Determination of Ol DIAMOND FORCE samples
33
30.7
31
X 29 * ‘28.6 ® clean
S 57 4273
5 263 & .
c 25 [oil
2
® 23
£, 225 214 ‘
2 20.7 18.7 X lubricating
s 19 : 196 0193 o grease A4
8 : 179X ¥
17 171 N
15 T T T T T : T
0 30 60 90 120 150 180
Temperature (°C)

Fig. 7. Comparison of oxygen index of DIAMOND FORCE samples at selected temperatures
Source: Own elaboration.

4, Discussion

The hypothesis concerning higher temperatures dem-
onstrates that the value of oxygen index decreases. Test
results reveal that samples from DIAMOND FORCE ex-
hibit higher oxygen index values at a standard temperature
(see Fig. 7) and also at higher temperatures compared with
samples from NOMEX DIAMOND Ultra and KERMEL/
LENZING FR/TECHNORA. Nevertheless, the value of
oxygen index in almost all contaminated samples (but oil
contamination at 60°C in a sample of DIAMOND FORCE)
was below the limit of 21% O, and thus the contaminated
area of the firefighting suit could be ignited on contact
with and during subsequent action of a flame source.
The contaminated material was deformed during testing,
see Fig. 2, and ripped at 60°C temperature level of the
oxygen-nitrogen mixture. Moreover, results reveal that
at a temperature level of 180°C, the differences between
oxygen index values of individual contaminated materials
are almost blurred.

The biggest problem, evident before measurement, was
the application of grease to samples. The initial method
selected for suit contamination, by spraying oil mixed
with hexan, is not appropriate, because this did not always
guarantee the same surface coverage of applied grease in
all prepared samples and thus the method was difficult to
replicate. Although a 29% deviation was achieved in the
application of grease this did not have a significant im-
pact on the determination of OI. Nevertheless, this issue
should also be addressed in the future and it is anticipated
that more sophisticated technology, for grease application,
will make it possible to prepare better quality samples.
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5. Conclusion

Measurement results reveal that after contamination of
firefighting suits, with oil or lubricating grease, the upper
layer of suits can burn if a flame is applied to the contami-
nated area. At higher temperatures, the values of oxygen
concentration necessary for ignition decrease (at 180°C,
OI moves in a range of 17.1 - 17.6).

Interventions in an environment with increased oxy-
gen concentration pose additional hazards and a “clean”
firefighting suit is not a guarantee for safety. In situations
where oxygen concentration is higher than 30.7%, the suit
can ignite ata standard temperature of 24°C. At a tempera-
ture of 120°C the concentration of oxygen necessary for
ignition of KERMEL/LENZING FR/ TECHNORA samples
decreases to below 26% and that of NOMEX DIAMOND
Ultra samples even further, to below 24%.

In the next stage of research it will be appropriate to
focus on, and extend knowledge about the behaviour of fire-
fighting suits at higher temperatures. Additionally, further
work is planned for the completion of measurements and
thermal analysis at higher concentration levels of oxygen.

Project relevance

This article was written with support from the grant SGS
No. SP2013/187 “Experimental research into the behaviour
of fabrics and whole series of material layers of firefight-
ing suits, in various conditions of thermal load and other
environmental parameters, and determination of limits
in use of material utilised in prior operations, as well as
firefighter’s comfort”.
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