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Abstract

To test the fire and thermal properties of PUR foams several standardized and progressive analytical methods are
deployed. In this paper, there are introduced the methods, procedures and results used to determine the thermal
properties of selected types of flame retardant treated and untreated upholstery foams. To study the fire and thermal
properties of PUR foams, we used the thermal analysis methods — thermogravimetry (TG/DTG) and differential
scanning calorimetry (DSC), according to STN EN 1SO 11358, STN EN ISO 11357-1 and cone calorimetry
method according to 1ISO 5660. According to the thermal analyses and cone calorimetry results, we can state that the most
fire hazardous seems to be the non-treated foam V 4010, followed by N 5063, VF 6020, KF 5560 and DEFLAMO KF 4545.

Keywords: Cone calorimetry; Differential scanning calorimetry; PUR foam; Thermal analysis

1 Introduction 1 Uvod

Combustible insulation materials, such as the HorTavé izolatné materidly, ako napriklad
commonly used wood and wood-based materi- bezne pouzivané drevo a materidly na baze
als, foams of polyurethane (PU/PUR), polysty- dreva, peny z polyuretinu (PU / PUR),
rene (PS) and polyisocyanurate (PIR); and con- polystyrénu (PS) a polyizokyanuratu (PIR);
stitutes represent potential fire hazards for life a predstavujil potencidlne nebezpecenstvo
and health of residents. Their flammability and poziaru aohrozenia Zzivota a zdravia
fire risk have drawn increasing attention from obyvatefov. Ich horfavost’ a riziko poZiaru
both scientific and industrial communities. For putajil Coraz vacsiu pozornost vedeckych aj

priemyselnych komunit. Pokial’ ide o poziare
v stavbach, postel'na bielizen a caluneny

80
Delta 2019, 13(2):80-85


mailto:oremusova@tuzvo.sk
mailto:majlingova@tuzvo.sk
mailto:kacikova@tuzvo.sk
mailto:martina.hudakova@minv.sk
mailto:katarina.dritomska@minv.sk
mailto:xuqiang@njust.edu.cn
mailto:jincong603@163.com
mailto:oremusova@tuzvo.sk

13(2): 80-85, 2019

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2019.13.2.73

the residence fire, bedding and upholstered fur-
niture are the first item ignited in roughly 19%
of fatal fires [1]. In a white paper launched at
at the EU parliament in 2014, entitled “Europe
is playing with fire”, Fire Safe Europe called on
the European Commission to act to improve fire
safety in buildings [2].

Recent trends in flame retardancy of polyure-
thane foams (PUR) and, in general of polymers,
have been deeply influenced by regulation re-
quirements and by the concept of "sustainable
development" which implies that the fire retard-
ants should present a low impact on human
health and environment during the whole life
cycle of the polymer; it concerns then also the
toxicity and the density of smoke developed
during burning of the materials. Therefore, the
reduction of the amounts of brominated com-
pounds used in flame retardancy formulations is
one of the main aims of the research in this field,
although this reduction is not very easy because
of their very high effectiveness [3].

To test the fire and thermal properties of
PUR foams several standardized and progres-
sive analytical methods are deployed. In this pa-
per, there are introduced the methods, proce-
dures and results used to determine the thermal
properties of selected types of flame retardant
treated and untreated upholstery foams. To de-
termine the thermal properties of the PUR
foams the TG/DTG, DSC and CC calorimetry
analyses were provided.

2 Material and Methods

The objective of the experiment was to study
the differences in fire and thermal properties of
selected retardant treated and untreated uphol-
stery PUR foams and to assess the fire risk
based on the thermal analysis and cone calorim-
etry results.

Among the PUR foams tested belonged soft
foam types KF 5560 (PUR1), DEFLAMO KF
4545 (PUR 2) - with reduced flammability,
high-elastic VV 4010 (PURS3), high-elastic VF
6020 (PUR4) with reduced flammability and
standard N 5063 (PURD).

To study the fire and thermal properties of
PUR foams, we used the thermal analysis meth-
ods — thermogravimetry (TG/DTG) and differ-
ential scanning calorimetry (DSC), according to
STN EN ISO 11358 [4] and STN EN ISO anal-
yses were provided.
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nabytok su prvymi polozkami zapalenymi pri
zhruba 19% smrtelnych poziarov [1]. V Bielej
knihe publikovanej v parlamente EU v roku
2014 s nazvom ,,Eurépa sa hra s ohnom" vy-
zvala spolo¢nost’ Fire Safe Europe Eurdpsku
Komisiu, aby prijala opatrenia na zlepSenie po-
ziarnej bezpecnosti v budovach [2].

Najnovsie trendy v oblasti retarddcie horenia
polyuretanovych pien (PUR) a vo vSeobecnosti
polymérov boli hlboko ovplyvnené regulac-
nymi poziadavkami a konceptom ,.trvalo udrza-
telného rozvoja®, ktory znamena, ze retardéry
horenia by mali mat’ maly vplyv na l'udské zdra-
vie a zivotné prostredie. pocas celého Zivotného
cyklu polyméru; tyka sa to tiez toxicity a hus-
toty dymu vznikajuceho pri horeni materialov.
Z tohto dévodu je znizenie mnozstva bromova-
nych zlucenin pouzitych vo latkach spomaluju-
cich horenie jednym z hlavnych cielov vy-
skumu v tejto oblasti, hoci toto znizenie nie je
vel'mi jednoduché dosiahnut’ z ddévodu ich
vel'mi vysokej ucinnosti [3].

Na testovanie poziarnych a termickych
vlastnosti PUR pien sa pouziva niekol'ko Stan-
dardizovanych a progresivnych analytickych
metdd. V tomto ¢lanku st predstavené metody,
postupy a vysledky pouzité na uréenie termic-
kych vlastnosti vybranych typov penovych - re-
tardérom horenia upravenych a neupravenych
¢alunnickych materialov. Na stanovenie termic-
kych vlastnosti PUR pien boli aplikované vy-
brané kalorimetrické analyzy TG/DTG, DSC a
CC.

2 Material a Metédy

Cielom experimentu bolo Studovat’ rozdiely
v poziarnych a termickych vlastnostiach vybra-
nych retardérom horenia oSetrenych a neosetre-
nych ¢alinnickych PUR pien a vyhodnotit’ po-
ziarne riziko na zaklade vysledkov termickej
analyzy a vysledkov z kénického kalorimetra.

Medzi testované PUR peny patrili typy
mikkej peny KF 5560 (PUR1), DEFLAMO KF
4545 (PUR 2) - so znizenou horl’avost'ou, vyso-
koelasticka V 4010 (PUR3), vysokoelasticka
VF 6020 (PUR4) so znizenou horlavostou a
Standardna N 5063 (PURS).

Na stadium poziarnych a termickych vlastnosti
PUR pien sme pouzili metody termickej ana-
lyzy - termogravimetria (TG/DTG) a diferenc-
nej skenovacej kalorimetrie (DSC), podl'a STN
EN ISO 11358 [4] a STN EN 1SO 11357-1 [5],
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3 Results and discussion a metoda konického kalorimetra podla ISO
Applying the thermogravimetric method 5660 [6].

(TG/DTG), we have obtained important data on

the course of thermal degradation of each sam- 3 Vysledky a diskusia

ple tested. The resulting values for the PUR

foams are introduced in Table 1. Pouzitim  termogravimetrickej metody

(TG/DTG) sme ziskali dolezité udaje o priebehu
termickej degradacie kazdej testovanej vzorky.
Vysledné hodnoty pre PUR peny su uvedené
Vv tabul’ke 1.

Table 1. Summarized thermogravimetry analyses results

Tabul’ka 1. Sumarizované vysledky termickych analyz

Sample T CO) Tuax (°C) Te (°C) Te-T) CC)  CR C600 (%)
/Vzorka
PUR1 100 323 671 571 1.14
PUR2 110 304 620 510 0.30
PUR3 133 323 694 561 0.46
PUR4 119 334 570 451 0.35
PUR5 100 272 694 594 0.25
Average 112+ 14 311+24 650 £ 54 537157 0.50£0.37
[Priemer

* Note/Poznamka: T, — initial temperature/pociato¢na teplota; Twax — temperature at which mass loss peak was
achieved/ teplota, pri ktorej bol zaznamenany najvys$$i ibytok hmoty; Te — final temperature/kone¢na teplota; CR
— carbon residue/uhlikovy zvysok.

According to the results achieved, we can state Na zaklade dosiahnutych vysledkov mo-
that the initial thermal degradation process was zeme konStatovat’, Ze proces termickej degrada-
initiated at temperature of 113 °C. At this tem- cie bol zapocaty pri teplote 113 °C. Pri tejto tep-
perature, the TG curves begin to point out a lote krivky TG zacinaju poukazovat’ na mierny
slight mass loss. The maximum mass loss oc- ubytok hmotnosti. Maximalny ubytok hmot-
curred in the second stage of thermal degrada- nosti nastal v druhej faze procesu termickej deg-
tion process, except the PUR4 and PURS5 sam- radacie, s vynimkou vzorick PUR4 a PUR5. V
ples. In the case of PUR 4 sample, it was found pripade vzorky PUR 4 sa zistil v tretej etape a v
in the third stage and in the case of PUR5 sam- pripade vzorky PURS uz v prvej etape procesu
ple already in the first stage of thermal degrada- termickej degradacie. Teploty, pri ktorych sa
tion process. The temperatures at which the dosiahol maximalny ubytok hmotnosti, boli
maximum mass loss was achieved were close or blizko alebo v teplotnom rozmedzi 304 - 334
within the temperature range of 304 — 334 °C, °C, s vynimkou vzorky PURS5, kde sa maxi-
except the PURS sample, where the maximum malny ubytok na hmotnosti bol dosiahnuty pri
mass loss was achieved at temperature of 272 teplote 272 °C.

c. Z DSC analyzy vzoriek PUR pien sme zis-

In the DSC analysis of the PUR foams sam- kali kvantitativne vysledky v priebehu procesu
ples, we obtained quantitative results on the ich termickej degradacie. Tieto vysledky, t. j.
course of their thermal degradation process. porovnanie pociato¢nej a kone¢nej teploty, hod-
Those results, i.e. comparison of initial and final noty zmeny entalpie a hodnoty uvolnen¢ho
temperatures, enthalpy change values, and the tepla, stt uvedené v tabul’ke 2.
amount of heat released values are introduced in
Table 2.
82
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Table 2. Summarized DSC analyses results

Tabul’ka 2. Sumarizované vysledky DSC analyz

Enthalpy Enthalpy
Heat released change change
Sample T Tr Tax /Uvolnené peak/Naj%yééia peak/Najg/y§§ia
Nzorka (0 (0 Q) teplo hodnota zmeny  hodnota zmeny
Jgh) entalpie 1 entalpie 2
(g% (-g%)
PUR1 254 595 349 6,515 3,315 3,199
PUR2 259 595 592 6,538 3,179 3,359
PUR3 243 595 343 5,696 3,878 1,818
PUR4 214 595 380 7,393 4,070 3,323
PURS 244 595 322 7,299 4,200 3,099
Average 243 £ 17 595 397+110 6,688 £ 691 3,728 £ 457 2,860 £ 700
[Priemer

From the results is clear that the initial
temperatures of the samples were comparable.
The PUR1 and PUR2 samples showed the
existence of a retardation treatment because the
samples had a higher initial temperature. The
reason of only one value of final temperatures
for all samples was the fact that thermal
degradation process was not completed since
the maximum temperature of the measuring
apparatus was reached during the testing. The
DEFLAMO retardant treated (PUR2 sample)
released the highest amount of heat at
temperature of nearly 600 °C. The lowest
amount of heat was released by the PUR3
sample.

From the cone calorimetry we obtained the
information on ignition time, peak heat release
rate, peak heat release rate time, the effective
combustion heat (EHC) and the total heat
released (THR). All the PUR foam samples
were ignited at lower incident heat fluxes. All
of them showed two-stage course of thermal
degradation process, which was also described
by Pitts (2014) [7], Ezinwa et al. [8], Lefebvre
et al. [9] and Xu et al. [10]. The summarized
cone calorimetry results are introduced in Table
3.
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Z vysledkov je zrejmé, Ze pociato¢né teploty
vzoriek boli porovnatelné. Vzorky PURI a
PUR?2 preukazali existenciu retardacnej upravy,
pretoze vzorky mali vyssSiu pociato¢nu teplotu.
Dovodom iba jednej hodnoty konecnych teplot
pre vsetky vzorky bola skutocnost’, Ze proces
tepelnej degradacie nebol dokonceny, pretoze
maximalna teplota meracieho pristroja bola
dosiahnuta pocas skusky.

Retardérom horenia upravena vzorka
DEFLAMO (vzorka PUR2) uvoltovala
najvyssie mnozstvo tepla pri teplote takmer
600 tepla bolo
uvol'nené zo vzorky PUR3.

[N

Z vysledkov konického kalorimetra sme
ziskali informacie o dase Vvznietenia,
maximalnej rychlosti uvolfiovania tepla,
maximalnej dobe uvolnenia tepla, uc¢innom
spalovacom teple (EHC) a celkovom
uvolnenom teple (THR). Vsetky vzorky PUR
peny boli zapalené pri nizSich zapalnych
tepelnych  tokoch.  Vsetky  vykazovali
dvojstupiiovy  priebeh  procesu  termickej
degradacie, ktory opisali aj Pitts (2014) [7],
Ezinwa a kol. [8], Lefebvre a kol. [9] a Xu a kol.
[10]. Sumarizované vysledky konickej
kalorimetrie st uvedené v tabul’ke 3.
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Table 3. Summarized cone calorimetry results

Tabulka 3. Sumarizované vysledky konickej kalorimetrie

. Peak Peak HRR

sample /Hvr\g‘:glr:st, Time/Cas  EHC /Najvyssia ~ time THR

IVzorka (s) (MJkg?)  hodnota HRR /Cas dosiahnu- (MIm?)
) (KW-m?) tia najvyssej
hodnoty HRR

PUR1 8.00 20-37 28.50 390.01 165 24.10

PUR2 15.50 5-57 24.50 363.90 270 39.79

PUR3 14.70 4-163 28.60 683.07 130 51.13

PUR4 11.00 19-176 25.50 417.29 140.00 32.80

PURS 7.90 5-123 31.90 417.49 105.00 27.02
Average 27.80 + 45435+ 35.00 +
/Priemer 11.42 +3.59 - 292 129 80 162.00 + 64.10 359

According to data introduced in Table 3, we
can state that the longest time to ignition
showed the samples PUR1 and PURA4. Both
were treated by flame retardant. We expected
similar behaviour by sample PUR2, which was
also treated with flame retardant but it had
comparable time to ignition values like the non-
treated PUR foam samples. The maximum
value of HRR was recorded by the PUR 5
sample, representing the normal type of PUR
foam without any flame-retardant treatment.
The lowest value of HRR was recorded by
PUR2 sample, which also reached its HRR peak
latest (after 270 s).

From the THR point of view, we can stet that
the maximum amount of heat released the
PUR3 (V 4010) sample.

4 Conclusions

According to the thermal analyses and cone
calorimetry (time to ignition, HRR peak and
THR) results, we can state that the most fire ha-
zardous seems to be the non-treated PUR foam
PUR3 (V 4010), followed by PUR5 (N 5063),
PUR4 (VF 6020), PUR1 (KF 5560) and PUR2
(DEFLAMO KF 4545).
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Podla tudajov uvedenych v tabulke 3
modzeme konStatovat, ze najdlhsi cas do
zapalenia preukazali vzorky PURI a PURA4.
Obe boli upravené retardérom horenia. Podobné
spravanie sme ocakavali i v pripade vzorky
PUR2, ktora bola tieZ upravena retardérom
horenia, ale tito mala porovnatelné hodnoty
Casu do zapalenia so vzorkami retardérom
horenia neuravenej PUR peny. Maximalna
hodnota HRR bola zaznamenana pri vzorke
PUR 5, ktora predstavuje normalny typ PUR
peny bez akejkol'vek upravy retardérom
horenia. Najniz§ia hodnota HRR bola
zaznamenana pri vzorke PUR2, ktora tiez
dosiahla najvyssiu hodnotu HRR najneskor (po
270 s). Z hladiska THR mozeme konStatovat,
7ze maximalne mnozstvo tepla uvolnovala
vzorka PUR3 (V 4010).

4 Zaver

Vychadzajuc z vysledkov termickej analyzy
a konickej kalorimetrie (¢as do zapalenia, naj-
vyssia hodnota HRR a THR) m6zeme konstato-
vat’, ze najviac nebezpecnou z hl'adiska vzniku
poziaru sa zda byt retardérom horenia neupra-
vena vzorka PUR3 peny PURS3 (V 4010), nasle-
dovana PURS (N 5063), PUR4 (VF 6020),
PURL1 (KF 5560) a PUR2 pena (DEFLAMO KF
4545).
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