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Abstract

Buildings play a very important role in energy consumption and in releasing emissions into the air [2]. Therefore,
one of the most important challenges in constructing new and reconstructing older buildings is to reduce the energy
consumption used to heat or cool them. This paper presents the fire-technical and acoustic properties of insulating
panels made of recycled technical textile Senizol AT XX2 TL60 treated with two liquid retardants (Isonem Anti-
fire solution and HR Prof) as well as a carbon fabric that was mechanically attached to the surface of the insulation
panels. Ignitability of building products subjected to direct impingement of flame and calorific value was studied.
Results of measurement confirmed the classification into the Class E reaction to fire. After fire protection of insu-
lating panels with retardants and carbon it can be classified in a lower class of reaction to fire but must be confirmed
by performing a Single Burning Item (SBI) test. Fire treatment with liquid retardants has also been shown to be
effective in the radiant heat test as it has prevented complete thermal degradation of the samples. Results of sound
absorption measurements show that liquid retardant treatment is preferable to carbon fiber treatment, as the differ-
ence from the original absorbency of the panels were minimal.
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1 Introduction ,
1 Uvod

Today we must face various problems such V sic : , selif 1o blé
as global warming, ozone depletion, waste ac- sucasnosti musime Celit roznym probie-

cumulation and so on [1]. Buildings play a very mom, ako sd gl%balne oteplovanie, na“éseg“e
important role in energy consumption and in re- ozénovej vrstvy, hromadenie odpadu a podobne

leasing emissions into the air [2]. Therefore, one [1]. Budovy zohravaju velmi dlezita ulohu

of the most important challenges in constructing \é spotrgb(ve.energle a tieZ pri uvolfiovani emisii
new and reconstructing older buildings is to re- 0 ovzdusia [2]. Preto je jednou z najdoleZitej-

duce the energy consumption used to heat or Sich vyziev pri kon$truovani novych a rekon-
cool them. By choosing the right thermal insu- Struovani starSich stavieb zniZovanie spotreby
lation material and the right application, it is energie, ktora sa vyuziva pri ich vykurovani
possible to reduce energy consumption by 50 — alebo ochladzovani. Na tieto ucely sa vyuzivaju
70 % [3]. For this can be izolacné materialy, ktoré pri spravnej instalacii

avhodnom druhu used thermal insulation
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panels made of recycled technical textiles from
automotive industry.

This paper deals with fire-technical and
acoustic properties of insulating panels made of
recycled technical textiles (Fig. 1). Used mate-
rial consists mainly of synthetic materials and is
classified in Class E reaction to fire. In view of
this, it’s necessary to propose its treatment with
a suitable flame retardant, which must not ad-
versely affect other technical, hygienic or aes-
thetic properties [4] required for use in building.

mozu znizit' spotrebu energie az o 50 — 70 %
[3]. Ukazuje sa, Ze na tepelnu izolaciu je mozné
vyuzit panely zrecyklovanych technickych
textilii, ktoré pochadzaju z automobilov.

Tento prispevok sa zaobera poziarnotechnic-
kymi a akustickymi vlastnostami izola¢nych
panelov zhotovenych z recyklovanych technic-
kych textilii (Obr. 1). Pouzity material pozos-
tava prevazne zo syntetickych materialov a je
zaradeny do triedy E reakcie na ohenl. Vzhla-
dom Kk tomu je potrebné navrhnut’ jeho upravu
vhodnym retardérom horenia, ktory nesmie ne-
gativne ovplyvnit’ iné technické, hygienické, ¢i
estetické vlastnosti [4] poZzadované pri vyuziti
v stavebnych konstrukciach.

Fig 1. Insulating panel samples intended for experiments.

Obr. 2 Vzorky izola¢nych panelov uréenych na experimenty

2 Material and Methods

Senizol AT XX2 TL60 was used for research
purposes. Material consists of pulped and repro-
cessed textile material. Samples were dimen-
sionally prepared according to the conditions of
each test method and treated with two liquid re-
tardants (Isonem Anti-fire solution and HR
Prof) as well as a carbon fabric that was me-
chanically attached to the surface of the insula-
tion panels. The liquid retardant treatment was
done by soaking both sides of samples in poly-
propylene container and the excess liquid was
let to drop off.

Tests which were used to determine the fire-
technical properties were STN EN ISO 11925-
2:2011: Reaction to fire tests — Ignitability of
building products subjected to direct impinge-
ment of flame — Part 2: Single-flame source test
[5]. Next was the test method EN ISO
1716: 2010 - 12. Reaction to fire tests for
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2 Material a metody

Na tcely vyskumu bol pouzity material Se-
nizol AT XX2 TL 60. Material pozostava z roz-
vlakneného a prepracovaného textilného mate-
rialu. Vzorky materialu boli rozmerovo pripra-
vené podla poziadaviek jednotlivych skuasob-
nych metdd a upravené pomocou dvoch kvapal-
nych retarda¢nych latok (Isonem anti-fire solu-
tion a HR Prof) a tiez uhlikovou tkaninou, ktora
bola mechanicky pripevnena na povrch izolac-
nych panelov. Uprava kvapalnymi retardérmi
bola vykonana tak, ze vzorky boli v nom
Z oboch stran namacané a nasledne sa preby-
toc¢na kvapalina nechala odkvapkat’. Pouzité re-
tardéry boli polypropylénovej nadobe.

Pre zistenie vplyvu pouZitého retardéra ho-
renia na poziarnotechnické vlastnosti skima-
ného materialu bol pouzity test jednoplameno-
vym zdrojom. Test vychadzal z poZziadaviek
uvedenych v norme STN EN ISO 11925-
2:2011: Skusky reakcie na ohe.
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products — Determination of the gross heat of
combustion (calorific value) [6]. The last test
for completion the fire characteristics of the ma-
terial was a non-standard radiant heat test.
Method to evaluate the absorption properties of
the examined material was used STN EN ISO
10534-2: Acoustics — Determination of sound
absorption coefficient and impedance in imped-
ances tubes — Part 2: Transfer-function method

[7].
3 Results and Discussion

After ignitability test, the raw material was
found to be easily ignitable and the flame
spreads rapidly across the sample surface. How-
ever, the limit of 15 cm was not exceeded during
the prescribed test time. After the sample’s
treatment with HR Prof, local heating of the
samples was observed without further flame de-
velopment. At material treated with Isonem
Anti-fire solution samples didn’t ignite, and
smoke formation was also significantly reduced
compared to previous modification. The last
modification was samples protected with a car-
bon fiber. In this case, samples didn’t burn, only
local charred due to the high temperature on the
opposite side of the carbon layer was observed.

Evaluation of the mass loss that was carried
out by the radiant heat test is given in Tab. 1.
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Zapalite'nost’ stavebnych vyrobkov vystave-
nych priamemu pdsobeniu plamenového hore-
nia. Cast’ 2: Skugka jednoplamefiovym zdrojom
[5]. Druhym testom bolo stanovenie spalného
tepla podl'a normy STN EN ISO 1716:2010-12.
Skusky reakcie na ohen. Stanovenie celkového
spalného tepla [6]. Poslednym pouzitym testom
bola nenormova skiska sadlavym zdrojom tepla.
Na hodnotenie zvukovej pohltivosti skimaného
materialu bol vyuzity postup podl'a normy STN
EN ISO 10534-2: Akustika. Urcovanie koefi-
cienta zvukovej ponhltivosti a akustickej impe-
dancie v impedanénych trubiciach. Cast’ 2: Me-
toda transformacnej funkcie [7].

3 Vysledky a diskusia

Po vykonani sktsky zapaliteI'nosti sa zistilo,
Ze neupraveny materidl je lahko zapalitelny
a plamen sa po povrchu vzorky rychlo $iri. Po-
Cas predpisaného ¢asu skusky vSak ani v jed-
nom pripade vrchol plamena nepresiahol vysku
15 cm. Po uprave vzoriek latkou HR Prof bolo
pozorované lokdlne zahorenie vzorky bez
d’alsieho rozvoja plamena. V pripade materialu,
ktory bol upraveny latkou Isonem Anfi-fire so-
lution nedoslo k zapaleniu vzoriek a tiez bola
znacne obmedzena tvorba dymu v porovnani s
predchadzajucimi modifikaciami. Poslednou
upravou bola ochrana povrchu vzorky uhliko-
vou tkaninou. V tomto pripade nedoslo k zaho-
reniu vzorky, len klokalnemu zuholnateniu
vplyvom vysokej teploty na opaénej strane uh-
likovej vrstvy.

Priemerny hmotnostny ubytok upravenych
a neupravenych vzoriek materialu pri pésobeni
salavého zdroja tepla je uvedeny v Tab. 1.
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Tab. 1 Mass loss after radiant heat test

Tab. 1 Hmotnostny ubytok po skuske salavym teplom

Sample modification/

Average original sample

Average mass

Modifikacia vzorky (-) mass/Priemerna povodna  l0ss/Priemerny hmotnostny
hmotnost’ vzorky (@) ubytok (%)
Original state/ Bez Gpravy 21.72 2.17
Isonem Anti-fire Solution 33.2 12.51
HR Prof 31.84 10.23
Woven carbon layer/ 22.918 1.97
Tkany uhlik

Mass loss of samples are higher when they
are treated with liquid retardants due to in-
creased initial mass and release of bound sub-
stances from retardants. In contrast, degradation
of the material by high radiant heat was bigger
on untreated samples and samples with woven
layer, which remained only as a dark melt.

Results of the combustion heat test are
shown in Tab. 2. Values show that the combus-
tion heat of evaluated material is lower than that
of other polymeric materials.

Values of the sound absorption coefficient of
insulating panels, which were performed at dif-
ferent frequencies in the large Kundt’s tube, are
given in Tab. 3.

Tab. 2 Combustion heat
Tab. 2 Spalné teplo

Vysledné hodnoty hmotnostného ubytku st
vysSie pri uprave kvapalnymi retardérmi co
bolo spdsobené zvySenim pociatoénej hmot-
nosti a uvolfiovanim naviazanych latok z retar-
dérov. Naopak, degradacia materialu salavym
teplom sa prejavila viac na vzorkach bez tipravy
a vzorkach s upravou tkanym uhlikom, pricom
Z panelov ostala len tmava tavenina.

Vysledky zo skusky spalného tepla sa nacha-
dzaju v Tab. 2. Hodnoty dokazuju, ze spalné
teplo hodnoteného materialu patri k nizSim
V porovnani s inymi polymérnymi materialmi.

Hodnoty koeficienta zvukovej pohltivosti
izolacnych panelov, ktorého merania sa usku-
tocnili pri roznych frekvenciach vo velkej Kun-
dtovej trubici st uvedené v Tab. 3.

Sample mass/
Hmotnost’ vzorky (g)

Combustion heat of insulation
panel samples/ Spalné teplo

Amount of ash/
Mnozstvo popola (%)

vzorky izolacného panelu

(MJ/kg)

0.4458 22.66 0.29
0.4568 22.48 0.26
0.4507 22.53 0.26
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Tab. 3. Sound absorption coefficient of materials before and after flame retardant treatment

Tab. 3. Koeficient zvukovej pohltivosti materialov pred a po uprave retardérom horenia

N/ Modification/ Spasob p
Por , o ()
&islo upravy (kg'm?)
f (Hz) 250 500 1000 1500

1. Original state/ Bez Gipravy 59.41 0.41 0.82 0.93 0.89
2. HR Prof/ Uprava: HR Prof 76.60 0.40 0.81 0.93 0.89
ISONEM Anti-Fire Solu- 7554 039 079 092 089

tion/ Uprava: ISONEM
4. Woven carbon layer/ 62.26 0.34 0.70 0.80 0.83

Uhlikové vldkno

4 Conclusions

In conclusion, results of measurement ac-
cording to STN EN 13501-1+A1 methodology
confirmed the classification into the Class E re-
action to fire [8]. After fire protection of insu-
lating panels with retardants and carbon fiber
has been carried out, it can be classified in a
lower class of reaction to fire but must be con-
firmed by performing a Single Burning Item
(SBI) test. Fire treatment with liquid retardants
has also been shown to be effective in the radi-
ant heat test as it has prevented complete ther-
mal degradation of the samples. Results of
sound absorption measurements show that lig-
uid retardant treatment is preferable to carbon
fiber treatment, as the difference from the orig-
inal absorbency of the panels were minimal.
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