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Abstract

The paper deals with the evaluation of the effect of radiant heat on upholstery fabrics covering polyurethane (PUR) foam,
which are used in production of various upholstery products. The upholstery fabrics based on natural and synthetic fibres were
tested; two fabrics contained a fire retardant. The fabrics were covering two types of PUR foam, Special and Nawapur. The
samples were tested according to the proposed non-standard method; the source of radiant heat was an electric radiator. The
measurements were taken at 15 cm and 10 cm distance of the radiator from the surface. Due to radiant heat, the samples were
thermally degraded by smouldering and heating. The maximum temperatures measured on the surface of samples at the testing
distance of 15 cm ranged from 186.45 °C for the mixed fabric PES/Ba to 246.65 °C for the PES FR; both fabrics combined
with PUR S. Reducing the distance of radiator to 10 cm significantly increased the maximum temperatures. These ranged from
267.25 °C for the PES FR fabric with PUR NW to 357.95 °C for the cotton-based fabric with PUR S. The results obtained by
this method could suitably complement the results from the standardized test methods of smouldering cigarette and match
flame equivalent.

Keywords: upholstered furniture; upholstery fabrics; PUR foams; radiant heat; flammability; relative mass loss

1 Introduction 1 Uvod

Upholstered furniture represents a risk in Calineny néabytok predstavuje riziko
terms of fire protection and safety because, in z hladiska protipoZziarne;j ochrany
the event of a fire, it is not only an abundant a bezpecnosti, pretoze v pripade poZiaru je
source of fuel influencing further spreading of nielen vydatnym zdrojom paliva, vplyvajicim
the fire but also a source of many toxic na dalSie Sirenie poziaru, ale tieZ zdrojom
combustion  products [1]. Toxicity of mnozstva toxickych splodin horenia [1].
combustion products is the most significant Toxicita produktov horenia je najvyznamnejsim
negative impact of fire [2]. The authors [3,4] negativinym dopadom poziaru [2]. Autori [3,4]
state in their scientific works that the uvadzaju vo svojich vedeckych pracach, ze
combustion products are the cause of most fire
death.
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Many statistics show that a significant
number of deaths occur during fires in flats, in
the buildings where upholstered furniture is
commonly used and can be exposed to
accidental contact with ignition sources.
Foreign reports state that at present firefighters
are fighting interior fires that are larger and
faster than ever before. Upholstery materials,
especially upholstery fabrics and PUR foam
fillings, contribute to this. When burning, they
produce large number of various toxic fumes.
According to NFPA statistics, upholstered
furniture, either as the first material ignited by
an initiation source, or as the main material
contributing to the spread of a fire, has played a
role in almost a quarter of all household fire
deaths in recent years [5].

According to Thomas and Gandi [6], if a fire
breaks out in a living spaces, there are only a
few objects that have the potential to create
unsustainable fire conditions as quickly as
upholstered furniture. Residents of the house
are threatened not only by heat, but also by toxic
combustion products. In addition to the total
number of fires, the individual ignition
scenarios are also interesting when assessing the
dangers associated with upholstered furniture
and the fires on mattresses and bed linen.
Research has shown that the fire hazard at
upholstered furniture, mattresses and bed linen
is a function of ignition source.

The Federation of the European Union Fire
Officer Associations (FEU) entrusted a working
group to carry out the research and draft an
opinion on test methods for upholstered
furniture (sofas and chairs) and mattresses. The
results of research are the urgent
recommendations of European fire services
(associated in FEU) to manufacturers, suppliers,
governments, and standardization bodies to
ensure that only upholstered furniture and
mattresses complying with the test methods
mentioned in their report are in domestic areas.
In the European Union, every year, around
5,000 people die of the consequences of fire.
One way how to increase fire safety of
upholstered furniture and mattresses is using
fire barriers between the fabric and PUR foam
[7].

An integral part of upholstered furniture [8]
is the upholstery fabric, which is most often
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produkty horenia su prifinou vacSiny obeti
poZiaru.

Mnohé Sstatistiky dokladuju, Ze znacné
mnozstvo umrti je pri poziaroch v bytoch,
budovach, kde sa caltneny nabytok bezne
pouziva amdze byt vystaveny nahodnému
kontaktu so zapalnymi zdrojmi. Zahrani¢né
zdroje uvadzaji, ze v sti€asnosti hasic¢i bojuji v
interiéroch s poziarmi, ktoré su vicsie
a rychlejsie ako kedykol'vek predtym. K tomuto
prispievajii prave calinnické materialy ato
predovsetkym potahové textilie a vypli vo
forme PUR peny, ktoré pri horeni vyprodukuju
velké mnozstvo roznorodych toxickych
splodin. Podla Statistik americkej agentury
NFPA prave caluneny nabytok, bud’ ako prvy
hlavny material, prispievajuci k §ireniu poziaru,
hral tlohu takmer v Stvrtine vSetkych imrti pri
poziaroch v domacnostiach v poslednych
rokoch [5].

Podla Thomasa a Gandiho [6], ak
Vv obytnych priestoroch dojde k poziaru, existuje
len malo predmetov, ktoré maji potencial
vytvorit’ neudrzatelné podmienky poziaru tak
rychlo, ako calineny nabytok. Obyvatel'ov
neohrozuje iba teplo, ale aj produkované
toxické splodiny horenia. Okrem celkového
poctu  poziarov su  pri  posudzovani
nebezpeCenstva  spojeného s  calnenym
nabytkom a poziarmi na matracoch a postel'nej
bielizni zaujimavé aj jednotlivé scenare
zapal'ovania. Vyskum ukazal, ze
nebezpeCenstvo poziaru calineného nabytku,
matracov a postel'nej bielizne je funkciou zdroja
vznietenia.

Federacia zdruzenia hasi¢ov Eurdpskej tunie
(FEU) poverila pracovni skupinu, aby
uskutoc¢nila vyskum a vypracovala stanovisko k
suboru skusobnych metod caluneného nabytku
(pohovky a stolicky) a matracov. Vysledkom
tohto vyskumu st naliechavé odportcania
eurépskych hasicov (zdruzen¢ v FEU)
vyrobcom, dodavatel'om, vladam a
normalizaénym organom, aby zabezpe¢ili, ze v
obydliach je umiestneny iba ¢aluneny nabytok
a matrace, ktoré vyhovuju testovacim metdédam
uvedenym v ich sprave. V sucasnosti
kazdorocne zomiera okolo 5 000 ludi na
nasledky poziaru domu v Eurdpskej unii.

Moznost'ou ako zvysit’ poziarnu bezpecnost’
calinen¢ho nabytku a matracov, je pouzitie
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used material. (A variant is leather and imitation
leather.) Because it is Vvisible, it is crucial for
most customers. It contributes greatly to the
aesthetic appearance of the product. In addition
to the aesthetic point of view, other parameters
which add the value to the given fabric are also
important:  strength,  stain  resistance,
cleanability, thickness, properties in contact
with human body, etc. The decorative fabrics
used for upholstered furniture is a common
offense. According to the author, these are
totally unsuitable for these purposes.

However, the safety of the upholstery fabric
is also important in terms of its fire safety. From
the point of view of overall safety, flammability
testing is an important area of testing of
upholstered products. According to [9], the
essence of the tests is always to define the
ignition source, which simulates the potential
danger in using of the product. Most often it is
evaluated whether the material ignited,
smouldered, or melted dripped. From a safety
point of view, the melt is almost as dangerous
as burning with a flame. An important
parameter is the speed of flame spreading,
which is important for a person to put out a fire
or escape in time.

Hafez and Hawas [10] investigated the effect
of some construction elements, including weave
structure, hair length, and hair materials on the
flammability of chenille fabrics used in
upholstered furniture to improve its properties.
This research shows that there is a direct
relationship between the weight of the fabric,
the thickness, the length of carbonized material
and the fire resistance of the fabric.

Makovicka Osvaldova et al. [11]
investigated the selected upholstery materials
using flammability tests for upholstered
furniture with ignition source of a smouldering
cigarette and match flame equivalent. They
noticed significant differences in length of
degradation among the samples. They also
indicated the need to research the issue in a
larger aspect.

In the Slovak Republic, the ignitability of
upholstered furniture is assessed according
to the standard STN EN 1021: Part 1:
Ignition source smouldering cigarette and Part
2: Ignition source match flame equivalent. The
analogy is the STN EN 597 standard for
assessment of mattresses. However, there is no
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protipoziarnych zédbran medzi textiliou a PUR
penou [7].

Neodmyslitelnou  stcastou  ¢aluneného
nabytku [8] je potahova textilia, ktora sa
najCastejSie pouziva V Calinenych vyrobkoch
(variantou je koza a kozenka). Pretoze je
viditelna, ma pre vacSinu zakaznikov
rozhodujucu doblezitost. Velkou mierou sa
podiel’a na estetickom vzhl'ade vyrobku. Okrem
estetického hladiska su dolezité aj dalSie
parametre, ktoré danej textilii pridavaji na
hodnote napr. pevnost’, odolnost’ voci Spineniu,
Cistitelnost, hribka, pocit pri kontakte s
Tudskym telom atd’. Castym prehreskom byva
pouzivanie dekora¢nych textilii na ¢alinenom
nabytku. Tie st podla autora absolutne
nevhodné na tieto ucely.

Dolezita je vSak aj bezpecnost potahovej
textilie z hl'adiska jej protipoziarnej ochrany.
Z pohladu celkovej bezpecnosti dolezitou
oblast'ou sktiisobnictva ¢alinenych vyrobkov je
skuSanie horl’avosti. Podla [9] podstatou skusok
je vzdy predovsetkym definovanie zdroja
zapalenia,  ktory  simuluje  potencialne
nebezpeCenstvo  pri  pouzivani  vyrobku.
NajcastejSie  sa vyhodnocuje, ¢i sa material
zapalil, tlel alebo z neho odkvapkavala
tavenina. Ta je z hladiska bezpeénosti skoro
rovnako nebezpeéna ako horenie plamefiom.
Vyznamnym parametrom je rychlost’ Sirenia
plamena, ktora je dolezita preto, aby mal ¢lovek
Sancu ohen uhasit’ alebo véas uniknut’.

Hafez a Hawas [10] sa zaoberali skimanim
ucinku niektorych konstrukénych faktorov,
vratane §truktiry vizby, dizky vlasu a
vlasovych materialov na schopnost’
spomal’ovat’ horenie Zenilkovych tkanin, ktoré
sa pouzivaju pri aplikacii ¢alineného nabytku,
na zlepsenie jeho vlastnosti tak, aby vyhovovali
funkénému ucelu, pre ktory sa vyraba. Tento
vyskum ukazuje, Ze existuje priamy vztah
medzi hmotnostou tkaniny, hrubkou, dizkou
zuhol'nateného materialu a odolnostou proti
ohtiu vyrobenych textilii.

Makovicka Osvaldova et al. [11] sa
zaoberali vyskumom vybranych potahovych
materidlov skuskami horlavosti pre caltineny
nabytok so zdrojom zapalenia tlejicou
cigaretou a zapalkou. Dospeli k zaveru, ze
medzi vzorkami boli pozorované vyznamné
rozdiely v dizke degradacie. Tiez uvadzaju,
ze vysledky ich prezentovaného vyskumu
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standard where the ignition source is radiant
heat.

The aim of the paper is to evaluate the
flammability of upholstery fabrics using an
initiation source — an electric radiator — and to
determine the effect of radiant heat on
upholstery fabrics. The priority was to verify the
suitability of the proposed procedure of non-
standard method. Upholstery fabrics based on
natural and synthetic fibres were tested. During
measurements, the fabrics were placed on two
types of PUR foams.

2 Materials and Methods

In the research, we focused on testing of
upholstery fabrics based on natural and
synthetic fibres covering PUR foam. During
testing, the samples of fabrics, which were the
primary subject of the research, were placed on
a PUR foam substrate. Basic data on tested
samples are given in table 1 and 2.

naznacuju potrebu pokracovat’ vo vyskume v
SirSom aspekte.

V Slovenskej republike sa pre hodnotenie
horlavosti  Calineného nabytku pouzivaju
metddy podl'a normy STN EN 1021, kde v 1.
Casti je zdroj zapalenia tlejuca cigareta a V jej 2.
Casti je zdrojom zapalenia ekvivalent plamena
zépalky. Analogiou je norma STN EN 597 pre
matrace. Neexistuje vSak norma, kde zdrojom
zapalenia je salavé teplo.

Ciel'om prispevku je hodnotenie horlavosti
potahovych textilii pomocou iniciacného zdroja
- elektrického ziarica a zistit’ vplyv salavého
tepla na potahové textilie. Prioritnym zamerom
bolo overenie vhodnosti navrhnutého postupu
nenormovanej metody. Testovali sa potahové
textilie na baze prirodnych aj syntetickych
vlakien, ktoré boli pri meraniach umiestnené na
dva druhy PUR pien.

2 Material a metodika

Vo vyskume sme sa zamerali na testovanie
potahovych caltnnickych textilii na baze
prirodnych aj syntetickych vlakien v skladbe
s PUR penou. Vzorky textilii, ktoré boli
primarnym predmetom vyskumu boli pri
testovani umiestnené na podklad z PUR peny.
Zakladné udaje o testovanych vzorkdch st
uvedené v tab. 1 a 2. Textilie st znazornené na
obr. 1. Vtab. 2 st uvedené zédkladné udaje
0 PUR penach.

Tab. 1 Upholstery fabrics
Tab. 1 Pot'ahové textilie

Sample Composition/ Area Weight (g/m?)/ Note/
Designation/ ZloZenie Plosna hmotnost’ (9/m?) Poznamka
Oznacenie vzorky

V1 61 % PES, 39 % Ba 186

V2 100 % Ba 202

V3 100 % PA 334

V4 60 % Vs, 40 % VI 358

V5 50 % PES, 50 % PP 158 FR

V6 100 % PES 198 FR

Notes: PES - polyester, Ba - cotton, PA - polyamide, Vs - viscose, VI - wool, PP - polypropylene, FR -

with fire retardant

Legenda: PES - polyester, Ba - bavina, PA - polyamid, Vs - viskdza, VI - vina, PP — polypropylén, FR

- s retardacnou Upravou
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The fabrics are in Fig. 1. Textilie st znazornené na obr. 1.
Table 2 shows the basic data on PUR foams. V tab. 2 st uvedené zakladné udaje o PUR
Polyurethane foams are in Fig. 2. penach.

PUR peny st znadzornené na obr. 2.

V2 V3 V4 V§ V6

Fig. 1 Upholstery fabrics tested

Obr.1 Testované pot'ahové textilie

Tab. 2 Polyurethane foams
Tab. 2 PUR peny

Sample Type of PUR/ Density  Hardness at Note/Poznamka
Designation/ Typ PUR peny (kg/m®)/  40%compression
Oznacenie Hustota  (kPa)/Tvrdost’
vzorky (kg/m3®)  pri 40% stlageni
(kPa)
S Special 28 3.2 FR
(S2832)
NW Nawapur 48 3.5 polyoly nahradené
wellness ricinovym olejom/
(4835) polyols replaced by
castor oil

Fig. 2 Polyurethane foams (PUR) — Nawapur wellnes left, Special right

Obr. 2 PUR peny — Nawapur wellnes vl'avo, Special vpravo

The tested samples consisted of: Testované vzorky pozostavali zo skladby:
- upholstery fabric (V1 to V6) + PUR foam - potahové textilia (postupne V1 az V6) + PUR
Special 2832 (PUR S), pena Special 2832 (d’alej PUR S),
- upholstery fabric (V1 to V6) + PUR foam - potahova textilia (postupne V1 az V6) + PUR
Nawapur wellness 4835 (PUR NW). pena Nawapur wellness 4835 (dalej PUR NW).
40
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The samples were exposed to radiant heat
according to the proposed non-standardized
method. An infrared radiator was used as a
source of radiant heat. The parameters of the
radiator were: power input 1000 W, surface
temperature of the heating elements 579.4 °C.
The radiator was heated up for 15 minutes. It
was placed in a metal holder in the distance of
15 cm from the surface of the sample (or in the
distance of 10 cm). Exposition time was 300
seconds.

Given the temperature and dimensions of the
heater, the approximate radiant heat flux from
its surface is | = 25 KW/m?, The emitting surface
was approximated as a rectangle and the
radiative heat flux | calculated through the
Stefan-Boltzman law using Equation (1):

I=A-¢-

Where:

| — radiative heat flux (KW/m?),

A — area of radiating surface (m?),

¢ — surface emmisivity (-),

o — Stefan-Boltzman constant 5.670373.10°8
W/m2.K4,

T — temperature of radiating surface (K).

The above calculated heat flux imposes an
incident heat flux of approximately:
- 6.25 kW/m? when the sample is 10 cm away
from the heater, and;
- 3.5 kW/m? when the sample is 15 cm away
from the heater.

For all tests, samples with dimensions of 100
X 50 x10 mm were used. After heating the
radiator, the individual composite samples of
fabrics (V1-V6) and PUR S were inserted into
the stand. Then the same procedure was done
with the fabrics and PUR NW. Before testing
each sample was weighed. A NiCr-Ni
thermocouple was attached to the surface of the
sample (fabric) and the temperature throughout
the test was recorded using an Almemo device.
Each sample was placed in a rack on a grid with
Al-foil. The measured values were evaluated
using a PC. After testing and cooling, the
samples were weighed again. For each
sample, 3 measurements were performed.
The testing device is shown in Figure 3.
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Vzorky sme vystavili sdlavému teplu podla
navrhnutej nenormovanej metddy. Ako zdroj
salavého tepla sme pouzili infracerveny ziaric,
ktor¢ho parametre boli: prikon 1000 W,
povrchova teplota vyhrievacich telies 579.4 °C.
Ziari¢ sme nechali zohriat po dobu 15 minut.
Umiestneny bol v kovovom drziaku vo
vzdialenosti najskor 15 cm a potom 10 cm od
povrchu vzorky, na ktora posobil 300 sekind.

Pri danej teplote arozmeroch ziaria je
priblizna hustota vyzarovaného tepelného toku
na urovni jeho povrchu | = 25 kW/m2
Vyzarujici  povrch  bol  zjednoduSene
reprezentovany ako obdiznik a hustota
tepelného toku bola vypocitana Stefan-
Boltzmanovym zakonom podla rovnice (1):

o-T* 1)
Kde:

| — hustota salavého tepelného toku (kW/m?),
A — plocha salajuceho povrchu (m?),
¢ — emisivita salajuceho povrchu (-),
1% - Stefan-Boltzmanova
5,670373.108 W/m2.K*,

T — teplota salajuceho povrchu (K).

konStanta

Vyssie uvedeny salavy tepelny tok posobi na
exponované strany vzoriek:

- 6,25 kW/m? pri vzdialenosti vzorky od Ziari¢a
10 cm, a;

- 3,5 KW/m? pri vzdialenosti vzorky od Ziari¢a
15cm.

Pri vSetkych skuskach sme pouzili vzorky o
rozmere 100 x 50 x 10 mm. Po zohriati ziarica
sme do stojana postupne vkladali jednotlivé
vzorky textilii (V1 — V6) v kombinacii s PUR S
aVvdruhom pripade s PUR NW. Kazdu
sktSobmi vzorku sme pred samotnym testom
odvazili. Na povrch vzorky (textilie) sme
pripevnili termoclanok NiCr-Ni, ktory v
priebehu celej skisky zaznamenaval teplotu
pristrojom Almemo. Kazd4d vzorka bola
V stojane umiestnena na mriezke s alobalom.
Namerané vysledky sme vyhodnotili pomocou
PC. Po skonceni merania a vychladnuti vzoriek
sme kazdu vzorku opétovne odvazili. Pre kazdu
vzorku sme vykonali 3 merania. Schéma
zariadenia je znazornena na obr. 3.
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Fig. 3 The testing device
1. metal frame, 2. infrared radiator, 3. metal stand, 4. test sample, 5. thermocouple
6. measuring device Almemo 2290 — 8

Obr.3 Schéma testovacieho zariadenia
1. kovovy ram, 2. infraziari¢, 3. kovovy stojan, 4. skisobna vzorka, 5. termoclanok
6. meracie zariadenie Almemo 2290 — 8

Before testing, the samples were conditioned
in a laboratory with a temperature of (20 + 2) °C
and a humidity of 65 % for one month. Under
the same conditions they were tested.

The characteristics examined were:
surface temperature of the sample and the
percentage relative weight loss of the sample
calculated according to equation (2):

the

u

Where:

m, — relative mass loss (%),
m; — weight before testing (g),
m, — weight atfer testing (g).

3 Results and Discussion

The samples were exposed to the radiant
heat in the distance of 15 cm from heat source;
there were 2 sets of test samples — one set with
a PUR type S layer and the second set with PUR
type NW. Figures 4 a 5 show the samples after
testing; they are arranged from left to right,
from sample V1 to sample V6.
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Vzorky boli pred meranim kondicionované
jeden mesiac v laboratoriu s teplotou (20+2) °C
a vlhkostou 65 %. Pri tychto podmienkach sa aj
testovali.

Skumanymi charakteristikami boli teplota
na povrchu vzorky, percentudlny relativny
ubytok hmotnosti vzorky vypocitany podla
vztahu (2):

m =~ 409 @)
m

Kde:

my — relativny Ubytok hmotnosti (%),
m; — hmotnost’ pred meranim (g),

m; — hmotnost’ po merani (g).

3 Vysledky a diskusia

Vzorky sme podrobili najskor vplyvu
salavého zdroja vo vzdialenosti 15 cm postupne
s podkladovou vrstvou PUR typu
S anasledovne s PUR typu NW. Na obr. 4a 5
su zobrazené vzorky po testovani, ktoré st na
jednotlivych obrazkoch vzdy usporiadané zl'ava
doprava od vzorky V1 az po vzorku V6.
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Fig. 4 Thermal degradation of samples (V1-V6 left to right) + PUR S — 15 cm
Obr. 4 Degradacia vzoriek (V1 —V6 sprava dol'ava) + PUR S — 15 cm

Fig. 5 Thermal degradation of samples (V1 —V6 left to right) + PUR NW — 15 cm
Obr. 5 Degradacia vzoriek (V1 —V6 sprava dol'ava) + PUR NW — 15 cm

Due to radiant heat, the samples began to
degrade and smoke, the colour changed from
light brown to dark brown. These characteristics
varied depending on material composition of
the fabrics. No sample was burning with flame
neither was heating. All samples degraded by
smouldering. Thermal degradation is the
chemical decomposition under the action of
heat, which can occur during both flame and
flameless combustion — heating or smouldering
[12].

The courses of the temperature on the
surface of upholstery fabrics in the distance of
15 cm are shown in Figures 6 and 7. The
temperature profile of each sample is averaged
from three measurements.
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Vplyvom séalavého tepla zacali vzorky
degradovat’, dymit’, farba vzoriek sa zmenila od
svetlohnedej az po tmavohnedd. Tieto
charakteristiky sa 1i§ili v zavislosti od
materidlového zloZenia textilii. Ani jedna
vzorka nehorela plamefiom ani neZeravela.
Vsetky vzorky degradovali tlenim. Termicka
degradacia je chemicky rozklad latky za
poOsobenia tepla, ku ktorej modze dojst’ pri
plameiiovom aj bezplamenovom horeni —
zeraveni alebo tleni [12].

Priebeh vzostupu teplot na povrchu
potahovych textilii pri vzdialenosti 15 cm je
zobrazeny na obr. 6 a 7. Priebeh teplot kazdej
vzorky je spriemerovany z troch merani.
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Fig. 6 Temperature on the surface of samples (V + S) — 15 cm

Obr. 6 Priebeh tepl6t na povrchu vzoriek textilii (V + S) — 15 cm
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Fig. 7 Temperature on the surface of samples (V + NW) — 15 cm
Obr. 7 Priebeh teplot na povrchu vzoriek textilii (V + NW) — 15 cm

Significantly  different course of
temperature was in sample V6, both for the
PUR foam S and the PUR foam NW; a rapid
increase in temperature is seen at the
beginning of the test in time up to 60 sec
when the temperature reached its highest
value about 180 °C and then it stabilized in
a slight decrease. Other samples (with PUR
S) showed a similar course of temperature
up to about 80 sec and only then they began
to differentiate with the upward trend. In the
case of PUR NW, the courses of
temperature were interesting as if they
stabilized evenly at time of 95 sec and then
at time of 210 sec, they began to show
bigger temperature differences.
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Vyrazne odlisny priebeh teplot bol pri
vzorke V6 ato pri obidvoch PUR penach
S aj NW, kde je mozné vidiet rychly narast
teploty na zaciatku skuasky v €ase do 60. s.,
kedy teplota dosiahla najvyS$iu hodnotu,
priblizne 180 °C apotom sa ustalila
Smiernym klesanim. Ostatné vzorky
priblizne do 80 s. mali podobny priebeh a az
nasledne sa zacali diferencovat’ s trendom
stipania. Pri podklade sPUR NW je
zaujimavy priebeh teplot, ktoré pri ase 95
s. akoby sa rovnomerne ustélili a nasledne
sa zacali prejavovat’ vicsie rozdiely teplot
v 210s.

Na konci merania tj. v 300. sekunde je
rozdiel medzi najnizSou a najvysSou
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At the end of the measurement, in time
of 300 seconds, the difference between the
lowest and the highest temperature on
samples with PUR S was 59.85 °C (V1 -
187.65 °C; V5 - 247.45 °C). At the samples
with PUR NW, the difference between the
lowest and the highest temperature was
smaller — 23.2 °C (V3 - 213.10 °C; V4 -
236.30 °C).

Figures 8 and 9 show the samples after
testing in the distance of 10 cm from heat
source, the exposure time was the same —
300 seconds (samples in the picture are
arranged from left to right: from V1 to V6).

l

dosiahnutou teplotou vzoriek sPUR
S 59,85°C (V1 —187,65 °C, V5 — 247,45
°C) u vzoriek s PUR NW je mensi rozptyl
hodnét, rozdiel je 23,2 °C (V3 - 213,10 °C,
V4 — 236,30 °C).

Na obr. 8 a9 su znazornené vzorky po
testovani vo vzdialenosti 10 cm, Cas ostal
rovnaky 300 sekind (vzorky opét
usporiadané zl'ava doprava od V1 az po
V6).

Fig. 8 Thermal degradation of samples (V1 -V6) + PUR S - 10 cm
Obr.8 Degradacia vzoriek (V1 —-V6) + PUR S —10 cm

-

Fig. 9 Thermal degradation of samples (V1 -V6) + PUR NW — 10 cm
Obr. 9 Degradacia vzoriek (V1 —-V6) + PUR NW — 10 cm

Reducing the distance of the radiator from
the surface of samples to 10 cm, there were
significant changes in degradation of the
samples if compared to previous measurements.
In this case, all samples released more intense
and denser smoke after 2-3 seconds. The
samples were not burning with flame, most of
them smouldered and the samples V3 + PUR S
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Znizenim vzdialenosti ziarica od povrchu
vzorieck na 10 cm, nastali vyrazné zmeny
Vv degradaciach vzoriek oproti predchadzajicim
meraniam. U vSetkych vzoriek sa Vvtomto
pripade prejavil intenzivnejsi a hustejs$i dym uz
po 2-3 sekundach. Vzorky nehoreli plameniom,
vdésina tlela, vzorky V3+PUR S a V2+PUR
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and V2 + PUR NW heated. Only carbon
residues remained of all the upholstery fabrics,
which was a significant difference from the
results of testing in the distance of 15 cm. When
tested in the distance of 15 cm, the fabrics did
not degrade completely, unburned residues
remained. When tested in the distance of 10 cm,
also the PUR foams significantly degraded, they
began to melt, formed a viscid mass, and the
degradation was significant also on the
underside of the PUR foams. In the distance of
15 c¢m, the degradation on the underside did not
occur.

The courses of temperature measured on the
surface of upholstery fabrics are shown in
Figures 10 and 11.
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ﬁ

NW Zzeraveli. Zo vSetkych pot'ahovych textilii
zostali len uhlikové zvySky, €o predstavuje
podstatny rozdiel od merani vo vzdialenosti 15
cm, kde textilie nedegradovali celé, ale zostali
aj nezhorené zvySky. Vyrazne degradovali
v tomto pripade aj PUR peny, ktoré sa zacali
topit, vytvarali mazlavi hmotu a degradacia
bola vyrazna aj na spodnej strane PUR pien, ¢o
sa pri vzdialenosti 15 cm neprejavilo.

Priebeh vzostupu teplét na povrchu
potahovych textilii je zobrazeny na obr. 10
all.
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Fig. 10 Temperature on the surface of samples (V + S) —10 cm

Obr. 10 Priebeh teplot na povrchu vzoriek textilii (V + S) =10 cm
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Fig. 11 Temperature on the surface of samples (V + NW) — 10 cm
Obr. 11 Priebeh teplot na povrchu vzoriek textilii (V + NW) — 10 cm
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At the end of the measurement, at time of
300 seconds, the difference between the lowest
and the highest temperature on the samples with
PUR S was 35.95 °C (V6 - 263.05 °C; V4 -
299.0 °C). For samples with PUR NW, the
difference was 146.35 °C (V6 - 161.60 °C; V3 -
307.95 °C). A significant difference in course of
temperature was again manifested at the sample
V6, especially on PUR NW. If the "outlier"
value of sample V6 was excluded from the
comparison, the difference between the
temperatures at the end of measurement would
be 47.25 °C (V2 - 260.70 °C, V3 - 307.95 °C).
The sample (V6+PURNW) was not tested 3
times as with the other samples, but 4 times. The
course of temperature was always confirmed, so
all values were kept in the evaluation.

The achieved maximum temperature for the
individual samples are shown in Figures 12 and
13.

w
o
o

Vyrazny rozdiel v priebehu teplot sa znovu
prejavil hlavne pri vzorke V6 predovsetkym na
podklade NW. Na konci merania tj. v 300.
sekunde je rozdiel medzi najniZSou a najvyssou
dosiahnutou teplotou vzoriek s PUR S 35,95 °C
(V6 — 263,05 °C, V4 — 299,0 °C). U vzoriek
s PUR NW je rozdiel 146,35 °C (V6 — 161,60
°C, V3 - 307,95 °C). Ak by sme z porovnania
vynali ,,odl'ahlu“ hodnotu vzorky V6, rozdiel
Vv teplotach na konci merania by bol 47,25 °C
(V2-260,70 °C, V3 —307,95 °C). Tuto vzorku
sme podrobili nie 3 meraniam ako pri ostatnych
vzorkach, ale 4 meraniam a vzdy sa priebeh

teplot  potvrdil, preto ponechdvame  pri
hodnoteni vSetky hodnoty.
Najvyssie  dosiahnut¢é maxima teplot

jednotlivych vzoriek si zobrazené na obr. 12
a13.
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Fig. 12 Maximum temperature on the surface of samples tested in the distance of 15 cm

Obr. 12 Maximalne teploty vzoriek — 15 cm
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Fig. 13 Maximum temperature on the surface of samples tested in the distance of 10 cm

Obr. 13 Maximalne teploty vzoriek — 10 cm

When measured in the distance of 15 cm,
higher values of maximum temperature were
measured on samples with upholstery fabrics on
the foam PUR NW. For both PUR foams, the
highest temperatures were measured on samples
V5 and V6. Maximum temperature ranged from
186.45 °C (V1+PUR S) to 246.65 °C (V6+PUR
S).

When measured in the distance of 10 cm, the
results were more differentiated. In this case,
the temperatures on the samples with PUR NW
were not significantly higher if compared to the
samples with PUR S. The maximum
temperatures were significantly higher, ranging
from 267.25 °C (V6+PUR NW) to 357.95 °C
(V2+PUR S). The increase in maximum
temperature measured in the distance of 10 cm
(if compared to the 15 cm) represented 43.34 %
at the lowest values of maximum temperature
and 45.13 % at the highest values of maximum
temperature.

It is also important to note that the individual
samples reached the maximum temperature at
different time. For instance, in the distance of
15 cm, on the PUR NW substrate, the samples
V5 and V6 reached similar value of maximum
temperature. But sample V5 reached the highest
temperature in time of 290 sec while the sample
V6 reached it already at time of 110 seconds.

When evaluating the results of measurements
in the distance of 15 cm, the relative mass loss
for samples of the upholstery fabrics themselves
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VysSie hodnoty maximalnych teplot pri
vzdialenosti 15 cm  dosiahli  vzorky
S pot'ahovymi textiliami na podklade PUR peny
NW. Pri obidvoch PUR penidch dosiahli
najvyssie teploty vzorky V5 a V6. Maximalne
teploty sa pohybovali v rozmedzi od 186,45 °C
(VI+PUR S) do 246,65 °C (V6+PUR S).

Pri vzdialenosti 10 cm boli vysledky
diferencovanejsie. V tomto pripade neboli tak
jednoznaéne vyssie teploty vzoriek s PUR NW
Vv porovnani so vzorkami s PUR S ako pri 15 cm
vzdialenosti. Hodnoty maximalnych teplét boli
podstatne vyssie, pohybovali sa v rozmedzi od
267,25 °C (V6+PUR NW) do 357,95 °C
(V2+PUR S). Tento narast maximalnych teplot
pri vzdialenosti 10 cm predstavoval 43,34 % pri
najnizSich hodnotdch maxim teplot a 45,13 %
pri najvyssich hodnotach maxim teplot.

Dolezity je tiez poznatok, ze maximalne
teploty dosiahli jednotlivé vzorky v ro6znych
Casoch. Napr. pri vzdialenosti 15 cm na
podklade NW dosiahli vzorky V5 aV6
porovnatel'né maximalne teploty, av§ak vzorka
V5 dosiahla najvyssiu teplotu v 290. s, zatial’ ¢o
vzorka V6 uz v 110 s.

Pri  hodnoteni vysledkov merani vo
vzdialenosti 15 cm sme ziskali hodnoty
relativnych ~ Ubytkov ~ hmotnosti  vzoriek
samotnych potahovych textilii bez podkladov
PUR pien S a NW (vid obr. 14).
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(without PUR foams S nor NW) were calculated
(see Fig. 14).
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Fig. 14 Relative mass loss of upholstery fabrics tested in the distance of 15 cm
Obr. 14 Relativny ubytok hmotnosti potahovych textilii — 15 cm

Relative mass loss also showed significant
differences. The largest percentage of relative
mass loss of the upholstery fabric alone was
measured for the sample V4 on both substrates;
the difference between the substrates was
minimal. No measurable relative mass loss was
recorded for the upholstery fabric alone on the
sample V6 — PES fabric. This may be attributed
to melting and subsequent solidification of the
fabric  without ~much  evaporation or
pyrolysation.

When tested in the distance of 10 cm, it was
not possible to determine the relative mass loss
for the fabrics alone. Exposed to heat, the
fabrics and PUR foams melted together and
formed a greasy substance. Fig. 15 shows the
weight loss of the whole assembly (fabric +
PUR foam) tested at the distances of 15 cm and
10 cm.
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Aj pri tomto parametri sa prejavili znacné
rozdiely. Najvacsi percentualny relativny
ubytok hmotnosti bol uvzorky samotnej
potahovej textilie V4 ato pri obidvoch
podkladoch, pri ktorych navzajom boli rozdiely
len minimalne. Pri samotnej vzorke potahovej

textilie V6 nebol zaznamenany Zziadny
meratelny  relativny  ubytok  hmotnosti.
Uvedené spravanie moéze byt dosledkom

roztavenia a nasledného vytvrdnutia potahovej
textilie bez vyznamného odparovania i
pyrolyzy.

Pri meraniach vo vzdialenosti 10 cm sa
nedali stanovit relativne ubytky hmotnosti
samostatne u textilii, pretoze PUR peny
s textiliami sa vplyvom tepla roztavili a
vytvorili zataveni mazl’ava hmotu. Na obr. 15
su uvedené¢ hodnoty relativnych tubytkov
hmotnosti celej skladby (textilia + PUR pena)
vo vzdialenosti 15 cm aj 10 cm.
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Fig. 15 Relative mass loss of upholstery composites (V+PUR)
Obr. 15 Relativny ubytok hmotnosti skladieb

If tested in the distance of 15 cm, the highest
percentage of relative mass loss was measured
for the upholstery composites V4 with PUR S
and NW. If tested in the distance of 10 cm, the
highest values of relative mass loss were
measured for sample V2, also with both PUR
foams. For the sample V2, in both variants
(PUR S and NW), the biggest difference
between the values of relative mass loss was
measured when the sample was tested in the
distance of 10 cm. It was the biggest difference
in relative mass loss between the two
measurements (15 cm and 10 cm).

In the overall evaluation, it can be stated that
the obtained results were influenced by the
material composition of the fabrics and the PUR
foams as a base. We expected better results for
the fabrics with fire retardant and the foam PUR
S, which was not clearly confirmed. The
distance of the radiator from the surface of the
samples showed a significant effect on the
degradation of samples, which may be
attributed to the decrease of incident heat flux
by approximately 45 % (6.25 kW/m? at 10 cm
to 3.5 kW/m? at 15 cm). In the distance of 15
cm, lower values of maximum temperature on
the surface of samples were measured for the
samples with PUR S. In the testing distance of
10 cm, it was not so clear; lower temperature
maxima were reached by three samples with
PUR S (V1, V4, and V5). When evaluating the
relative mass loss of the fabrics themselves,
(obtained only at testing in the distance of 15
cm) there were no significant differences in
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Najvyssie percentudlne relativne ubytky
hmotnosti pri vzdialenosti 15 cm dosiahla
skladba vzorky V4 sPUR Saj NW.Pri
meraniach vo vzdialenosti 10 cm to boli
najvysSie hodnoty u vzorky V2, taktiez aj
v tomto pripade s PUR penou S aj NW. Pri tejto
vzorke V2 sa v obidvoch variaciach s PUR S aj
NW, prejavil najvyssi narast relativneho ubytku
hmotnosti pri 10 cm vzdialenosti. Bol to
najvacsi rozdiel hodnét relativnych ubytkov
hmotnosti medzi meraniami pri 15 cm a 10 cm.

Pri  celkovom hodnoteni je mozné
konstatovat’, ze na dosiahnuté vysledky vzoriek
malo vplyv materialové zlozenie textilii aj PUR
peny ako podklad. Predpokladali sme lepsie
vysledky pri textiliach s retardacnou upravou
aPUR S, ¢o sa jednoznatne nepotvrdilo.
Vyrazny vplyv na degradaciu vzoriek mala
vzdialenost’ ziari¢a od povrchu vzoriek, co
mdze byt pripisané redukcii  hustoty
dopadajticeho salavého tepla na povrch vzorky
occa. 45 % (6,25 kW/m? pri 10 cm na 3,5
kW/m? pri 15 cm). Pri vzdialenosti 15 cm
maxima teplét na povrchu vzoriek dosiahli
nizsie hodnoty vzorky s PUR S. Pri 10 cm to
nebolo tak jednoznacné, niz§ie maxima teplot
s PUR S dosiahli tri vzorky V1, V4, V5. Pri
hodnoteni relativneho ubytku samotnych
textilii, ktory sme ziskali len meranim vo
vzdialenosti 15 cm, neboli vyrazné rozdiely
hodnét medzi vzorkami s PUR S a vzorkami s
PUR NW. Zrejmy rozdiel vSak bol pri
hodnoteni relativneho Ubytku hmotnosti celej
skladby (textilia + PUR). ZniZenim vzdialenosti
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values between the samples with PUR S and the
samples with PUR NW. However, the obvious
difference was seen when evaluating the
relative mass loss of the whole composition
(fabric + PUR). Reducing the testing distance to
10 cm, the relative mass loss of all the samples
was significantly higher. At both testing
distances, the samples with PUR NW showed
lower relative mass loss if compared to the
samples with PUR S, which may be attributed
to the higher initial weight of PUR NW sample
substrates when compared to PUR S due to their
different densities.

Based on comparison of the results by the
method of sorting the fabrics themselves
according to the best results in terms of
flammability (lowest maximum temperature,
lowest relative mass loss of fabrics), the
following order of fabrics can be made: V1 (61
% PES, 39 % Ba), V3 (100 % PA), V6 (FR 100
% PES), V4 (60 % VS, 40 % V1), V5 (FR 50 %
PES, 50 % PP), V2 (100 % Ba). In most
parameters, a fabric based on 100% cotton
showed the worst results. Wanna [13] pointed
out the flammability of cotton and emphasized
the need to treat it by a fire retardant, for
example by using suitable salts.

These results are difficult to compare with
results of other authors. There is a great
variability in the composition of upholstery
materials; we have not found a similar
evaluation from the available sources, both in
terms of methodology and in terms of the
material composition of the samples. An
analogy with our results can be seen in Sulekova
and Kacikova [14], who researched the
influence of radiant heat on selected types of
PUR foams (testing distances 15 cm and 10 cm,
exposure time 300 seconds). They concluded
similarly that the samples did not ignite,
degraded considerably, especially in the
distance of 10 cm when they turned into a
greasy substance. Surface temperature of the
samples reached 250 - 300 °C, which is below
the 350 °C at which the autoignition behaviour
selected polymeric materials of this type
(artificial fibres and foams) begins to manifest
[15].

Conclusion

Several interesting results were obtained
from the research. The results need to be
analysed more deeply and be supported by the
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merania na 10 cm sa vyrazne zvysil relativny
ubytok hmotnosti vSetkych vzoriek. Vzorky
s PUR NW dosiahli nizsie hodnoty relativnych
ubytkov v porovnani so vzorkami s PUR S a to
pri obidvoch vzdialenostiach merania, co moze
byt pripisané vys$Sej hmotnosti PUR NW
vzoriek  vporovnani sPUR Sz dévodu
rozdielnosti ich hustot.

Na zaklade porovnania vysledkov metodou
zoradenia vzoriek samotnych textilii od
najlepsich dosiahnutych hodnét =z pohladu

v

svwr

textilii) mozno urcit nasledovné poradie
vzoriek: V1 (61 % PES, 39 % Ba), V3 (100 %
PA), V6 (FR 100 % PES), V4 (60 % VS, 40 %
V1), V5 (FR 50 % PES, 50 % PP), V2 (100 %
Ba). Vo vicsine parametrov dosiahla najhorsie
vysledky textilia na baze 100 % bavlny. Na
horl’avost’ baviny poukazuje Wanna [13], ktory
zdoraziiuje potrebu jej retardaCnej Upravy,
napriklad pouzitim vhodnych soli.

Uvedené dosiahnuté vysledky je narocné
porovnat’ s vysledkami inych  autorov.
V zlozeni cCalunnickych materidlov je velka
variabilita, nenasli sme z dostupnych zdrojov
podobné hodnotenie, jednak ¢o sa tyka
metodiky, ale tiez materidlového zlozenia
vzoriek. Analogiu s naSimi vysledkami vidime
u autoriek Sulekova a Kagikova [14], ktoré
porovnavali vplyv salavého zdroja tepla na
vybrané druhy PUR pien vo vzdialenosti 15 cm
a 10 cm po dobu 300 s. ako v nasom vyskume.
Podobne dospeli k zaveru, ze vzorky sa
nezapalili, ale znacne degradovali
predovsetkym pri vzdialenosti 10 cm, kedy sa
menili na mazl'avi hmotu. Teploty na povrchu
vzoriek dosahovali 250 - 300 °C, ¢o je pod
teplotou 350 °C, ktora je spodnou hranicou, pri
ktorej sa zaCina prejavovat samovznietenie
vybranych polymérickych materidlov tohoto
typu (umelé tkaniny a peny) [15].

Zaver

Uvedenym vyskumom sme ziskali viacero
zaujimavych  vysledkov, ktoré bude
potrebné este  hlbSie analyzovat, podlozit’
tiez Statistickym vyhodnotenim, zamerat’ sa na
rozbor vplyvu salavého tepla na textilie rozneho
materidlového zlozenia. Ciel'om tohto vyskumu
bolo vsak prioritne overit’ vhodnost’ navrhnutej
metodiky.



FIRE PROTECTION & SAFETY Scientific Journal
A@ eém 14(2): 36-53, 2020
DOI: 10.17423/delta.2020.14.2.90

statistical evaluation. The effect of radiant heat
on fabrics of various material composition can
also be analysed. However, the priority aim of
this research was to verify a suitability of the
proposed methodology.

We can state that the methodology is suitable
for testing of the effect of radiant heat on
upholstery materials; it offered number of
important findings. However, the procedure still
needs to be innovated, improved, such as: to
wrap the PUR foams with fabric also on sides,
to use thermocouples with a flat end, to place
them on the bottom side — away from the source
of radiant heat, to increase the time of
exposition to heat, etc. In future, we will test not
only the fabrics, but entire assemblies —
upholstery cover fabric, separating material,
PUR foam. We want to point out the importance
and need to test the flammability of upholstery
materials also from the point of view of the
method, where the initiating source is radiant
heat. The results obtained by this method could
suitably complement the results from the
standardized test method of smouldering
cigarette and the match flame equivalent.
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