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Abstract
The fire behaviour of electric vehicles (EVs) differs from that of vehicles with combustion engines. Especially the recharge-
able energy storage system (REESS) requires special fire protection measures. The fire behaviour of materials for REESS 
housings plays an important role in the fire resistance of such systems. Full-scale fire resistance tests like gasoline pool fire 
tests on complete REESS according to the UNECE-R100-8E standard are mandatory for EVs. However, these tests are not 
applicable for materials used for REESS housings in the material and process development state, due to the high material 
demand and production costs of the REESS. Standard tests like the limiting oxygen index test, UL94-V test or cone calo-
rimeter test are insufficient to analyse the fire behaviour of thermoplastic and thermoset materials in a gasoline pool fire. 
This paper describes a bench-scale fuel fire test including several test criteria to evaluate materials for REESS housings 
on a laboratory scale. This bench-scale fire test is demonstrated on two case studies: fibre-reinforced thermoset plates and 
thermoplastic sandwich structures.

Keywords  Electric mobility · REESS · Flame resistance · Bench-scale fuel fire test · Thermoplastic sandwich structures · 
Fibre-reinforced thermosets

Introduction

The growing importance of electric mobility has led to an 
increased demand for safety technologies in the automotive 
sector, such as the fire retardancy of materials used for elec-
tric vehicles (EVs) [1–3]. The behaviour of lithium-ion bat-
teries (LIBs) in the event of damage is the subject of many 
studies [1, 4–8]. However, these investigations are mostly 
performed on battery cells or battery modules containing 
several battery cells. Detailed studies on the behaviour of an 
EV battery pack containing several battery modules in the 
event of a fire are rare [9, 10]. Also, little has been reported 
so far about the behaviour of housing materials of LIB mod-
ules and packs, especially housings made from plastics.

Like the fuel tank of a fuel-powered vehicle, the recharge-
able energy storage system (REESS) of an EV is sensitive 
to thermal treatment and fire. If the temperature window in 
which a LIB operates safely is exceeded, a thermal runaway 

of the battery cells and a related fire can be triggered [1]. 
Depending on the battery cells used, a temperature as low 
as ~ 80 °C can lead to damage of the inner cell chemistry, 
and temperatures of ~ 120 °C can trigger a thermal runaway 
[10–14]. The current developments to increase the capacity 
of the battery cells lead to a further reduction in the tem-
perature window of safety. The state of safety for LIBs is 
typically in the range of − 20 to ~ 60 °C [15, 16].

In the event of an external fire, the battery cells inside 
a REESS must be prevented from reaching a critical tem-
perature. For this purpose, the fire retardancy of the housing 
and housing materials of the REESS in particular is of great 
importance.

The United Nations Economic Commission for Europe 
(UNECE) Regulation No. 100 [17] and GTR No. 20 “global 
technical regulation on the electric vehicle safety”, March 
2018 [18] are one of the most important requirements of the 
United Nations for the approval of road EVs. The regula-
tion specifies all tests that must be carried out on batteries 
installed on 4-wheel EVs for passenger or goods transporta-
tion. One of these tests is the “Fire Resistance” test, Annex 
8E (UNECE-R100-8E) [17, 18] which verifies the resist-
ance of a REESS against exposure to fire from outside the 
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vehicle [18]. This test is the UN Regulation No.34 for plastic 
fuel tanks [18], with a few adaptions for EVs and REESS. 
This leads to disadvantages, especially as no test criteria 
and test methodology are currently defined for the battery 
modules and battery cells inside the REESS during and after 
the thermal treatment. Also, the number of tests which must 
be performed was reduced from three to one, according to 
GTR No. 20, justified by the high similarity of Regulation 
No. 34 tests using a vehicle mock-up [18]. However, the 
much higher production costs of a REESS compared to a 
plastic fuel tank most likely played a significant role in this 
decision.

In the UNECE-R100-8E test for vehicles or components, 
the vehicle or REESS is currently exposed to a gasoline pool 
fire by direct flame treatment for 70 s followed by 60 s of 
indirect flame treatment [18]. If the temperature of the gaso-
line used is below 20 °C, a 60-s pre-heating phase of the pool 
fire is required [18]. According to UNECE-R100-8E, the 
heat flux of the gasoline pool fire is around 25–50 kW m−2 
and temperatures of 700–900 °C during the direct fire expo-
sure phase and 300–800 °C during the indirect fire expo-
sure phase are reached [18]. After the thermal treatment, 
the REESS is observed for at least 3 h to confirm that the 
temperature decreases and no dangerous processes resulting 
in an explosion have been initiated during the fire exposure 
[18]. However, test facilities observe that the REESS tested 
can reignite by itself even after a much longer time.

The pan used for the gasoline pool fire shell exceeds the 
horizontal projection of the tested REESS by 200–500 mm 
[18]. Based on the assumption that gasoline with a density 
of 0.74 kg L−1 [19] and a mass loss rate during burning of 
0.055 kg m−2 s−1 [19] is used to produce a 300 s burning 
pool fire, about 134 L gasoline is needed for the UNECE-
R100-8E test of an, e.g. 2830 mm × 1772 mm Tesla Model 
S Mk1 85 kWh Battery Pack [20] using a 3 m × 2 m pan.

Due to the difficulty of controlling the behaviour of a 
gasoline pool fire, a UNECE-R100-8E component-based test 
can alternatively be performed by exposing the REESS to 
LPG burners at 800–1100 °C for 2 min [18]. According to 
UNECE-R100-8E, the LPG burner setup with a LPG mass 
flow of 200 kg h−1 achieves an almost constant heat flux 
of 30–40 kW m−2 and temperatures of 850–950 °C [18]. 
A more detailed analysis of these tests can be found in the 
literature [21–23].

Unlike in the case of fuel-powered vehicles, it is not only 
the REESS inside that requires protection from an external 
damage event like a fire: the EV must also be protected from 
a damaging event caused by the REESS itself, e.g. due to 
a thermal runaway of the battery cells inside the REESS. 
The flame, fire and explosion protection properties of the 
housing and housing materials of the REESS are also impor-
tant here. The national standard of the People’s Republic 
of China GB 38031-2020 “electric vehicles traction battery 

safety requirements” [24] already includes a “thermal propa-
gation” test to evaluate the behaviour of a REESS in the 
event of an internal thermal runaway as well as an “external 
fire test”, which is the UNECE-R100-8E test with a gaso-
line pool fire. In early 2022, Underwriters Laboratories Inc. 
released a “test method for thermal and mechanical perfor-
mance of battery enclosure materials” UL 2596 in which 
three test specimens of a REESS housing material are each 
exposed to the thermal runaway of 25 lithium-ion 18,650 
cells [25]. UL 2596 does not describe how to interpret the 
obtained test results.

However, these tests are not applicable for the hundreds 
of material test samples usually screened in the material 
and process development stage for REESS housing, due to 
the high demands placed on materials for the REESS, the 
demands of the test itself and the high production costs of 
the REESS. Additionally, the release of a high amount of 
soot from the gasoline pool fire as well as the release of 
high amounts of toxic gases and carcinogenic heavy metal 
particles [4], for example if the REESS fails the test, limits 
the applicability of these tests.

In order to implement a fast and cost-efficient evaluation 
method of housing materials for REESS systems prior to a 
vehicle- or component-based fire resistance test according 
to the UNECE-R100-8E standard, a first approach using a 
bench-scale fuel fire test was developed and evaluated in 
this paper.

The paper includes both a description of the practical exe-
cution of the test itself and a discussion on the interpretation 
of the test results using several test criteria. Additionally, the 
presentation and interpretation of the test results are dem-
onstrated using two case studies: fibre-reinforced thermoset 
plates and thermoplastic sandwich structures.

Experimental

Materials

To evaluate the applicability of the newly developed bench-
scale fuel fire test, the two materials—fibre-reinforced ther-
moset plates and thermoplastic sandwich structures based 
on polypropylene (PP)—were analysed.

Fibre‑reinforced thermoset plates

Fibre-reinforced unsaturated polyester polyurethane hybrid 
(UPPH) resin plates from a previous project [26] were used. 
The UPPH resin systems Daron 41/42 from AOC AG was 
used in two variants to produce sheet moulding compound 
(SMC) with Johns Manville MultiStar 272 glass fibres (GF) 
and Zoltek PX 35 continuous tow carbon fibres (CF), respec-
tively. Daron 42 with lower initial viscosity than Daron 41 
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was used for the preparation of the CF-formulation. Alumin-
ium trihydrate (ATH) of the type Apyral 22 with a mean par-
ticle size of 12 µm from Nabaltec was used as flame retard-
ant (FR). The components of the UPPH resin formulation 
are listed in Tables 1 and 2.

The SMC was produced on an HMT 800 SMC line 
from Schmidt & Heinzmann. The line speed was set to 
4 m min−1. The target fibre content was set to 40 mass% for 
GF-SMC and 50 mass% for CF-SMC. The resin paste was 
prepared using a dissolver of type Dispermat LC 400 from 
VMA Getzmann. The ATH (21 mass% ATH for GF-SMC; 
20 mass% ATH for CF-SMC) was added to the resin just 
before resin thickening was initiated by adding isocyanate. 
The mixture was filled manually into the doctor boxes. Fibre 
length was set to 25.4 mm. Production failures were analysed 
visually. The finished material was stored at 20 °C for at 
least 3 days for maturation.

After maturation, compression moulding of sample 
plates was performed using a DYL630/500 hydraulic press 
with parallel motion control from Dieffenbacher and a flat 
plate mould of 457 × 457 mm2. The mould temperature was 
145 °C, and the target moulding pressure was 100 bar for 
110 s. The SMC was cut and stacked manually. For each 
material, two different sizes of 250 × 250 mm2 and 350 × 350 
mm2 were used, which corresponded to a mould coverage 
of 30% and 60%, respectively. The target thickness of the 
sample plates was 3 mm.

Thermoplastic PP sandwich structure

Sandwich structures with 1 mm PP-GF tape laminated face-
sheets containing the FR magnesium hydroxide (MDH) 
ANKERMAG®-H2 from Magnifin and 10 mm expanded 
PP bead foam (EPP) core were produced as already reported 
[27] by three process steps—production of the face sheets, 
production of the EPP foam core and fusion bonding of foam 
core and face sheets. To produce the face sheets, a tape pro-
duction process step is applied followed by UD-tape lay-
ing and consolidation. The fusion bonding process for the 
sandwich panels is a newly developed vacuum moulding 
technique based on the radiation-induced vacuum consoli-
dation process.

PP‑GF tape laminate production  The MDH-modified unidi-
rectional continuous fibre-reinforced PP tapes are produced 
by melt impregnation. The reinforcing glass fibre roving’s 
GF TUFROV 4599 from NEG are pulled from their spool 
inside the pay-off creel and guided into a static spreading 
unit. After passing the spreading unit, the fibre belt is pulled 
through the impregnation die where the thermoplastic melt 
of PP BJ100HP from Borealis is brought into contact with 
the fibres and the infiltration with the molten resin takes 
place. The impregnated fibres pass a chill role system and 
are finally wound on a cardboard core for further process-
ing steps. UD-tapes containing 60 mass% GF and 20 mass% 

Table 1   Components of the 
UPPH resin formulation for 
GF-UPPH

*10% Cyclohexa-2,5-diene-1,4-dione (pBQ) dissolved in methyl 2-methylprop-2-enoate (MMA)

Component Content/parts per hun-
dred parts of resin

Description Supplier

Daron 41 100.0 UPPH resin, dissolved in styrene AOC
BYK 9085 2.0 Internal release agent BYK
BYK-A 530 0.5 Defoamer and air release additive BYK
pBQ, 10% in MMA* 0.3 Inhibitor Fraunhofer ICT
Trigonox 117 1.0 Peroxide AkzoNobel
Lupranat M20R 19.5 Isocyanate BASF

Table 2   Components of the 
UPPH resin formulation for 
CF-UPPH

*10% Cyclohexa-2,5-diene-1,4-dione (pBQ) dissolved in methyl 2-methylprop-2-enoate (MMA)

Component Content/parts per hun-
dred parts of resin

Description Supplier

Daron 42 100.0 UPPH resin, dissolved in styrene AOC
BYK 9085 2.0 Internal release agent BYK
BYK 9076 3.0 Fibre impregnation BYK
BYK-A 530 0.5 Defoamer and air release additive BYK
pBQ, 10% in MMA* 0.3 Inhibitor Fraunhofer ICT
Trigonox 117 1.0 Peroxide AkzoNobel
Lupranat M20R 24.2 Isocyanate BASF
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MDH were produced. The tapes show no sign of a non-
homogeneous distribution or aggregations of the MDH.

To produce the tape laminates (TL) from self-made MDH 
containing UD-tapes and from FR-free PP tapes Celstran® 
CFR-TP PP GF70-13 from Celanese, a Fiberforge automated 
tape laying process (ATL) from Dieffenbacher was used. 
Four layers of UD-tape with an orientation of 0/90/0/90 
were stacked and spot-welded to get the predefined lay-ups. 
UD-tapes were cut in length and placed adjacent to each 
other. Subsequently, the lay-ups were consolidated using a 
radiation-induced vacuum consolidation process (RIVC). 
This process uses infrared radiation to heat the lay-ups 
above the melting temperature of the polymer, while at the 
same time vacuum with an absolute pressure of 1000 Pa is 
applied. For this purpose, the lay-ups are placed between two 
IR-transparent tool walls. For thickness calibration, spac-
ers with a cavity size of 500 × 500 mm2 and a thickness of 
1 mm were used. The consolidation temperature was 175 °C. 
Solidification was achieved using contact cooling. TLs with 
of 400 × 400 mm2 and a thickness of 1 mm were produced.

EPP production  200 kg m−3 EPP are produced by sintering 
ARPRO 5195 from JSP using an Erlenbach—EHV 670/570 
steam chest moulding unit with a 500 × 500 × 10 mm3 tool. 
The EPP is dried at 80 °C for 4 h before further processing 
by hot wire cutting into 400 × 400 × 10 mm3 plates.

Sandwich production  Sandwich (SW) structures were pro-
duced by a modified RIVC process at a vacuum pressure 
of 80  kPa and a joining temperature of 150  °C for 30  s. 
400 × 400 × 1 mm3 tapes were placed on top and bottom of 

an EPP core of 400 × 400 × 10 mm3. The fibre orientations 
of the tapes were mirrored to the sandwich core. SWs with 
12 mm thickness, an overall density of 440 kg m−3 and an 
areal mass of 5340 g m−2 were produced.

Bench‑scale fuel fire test FFEP 20‑001.01

To evaluate the fire protection performance and fire behav-
iour prior to the standard fire resistance test UNECE-
R100-8E, housing materials can be examined cost-efficiently 
on a small scale using a bench-scale fuel fire test.

A laboratory fire test stand for evaluating coatings, devel-
oped by Rütgers Organic GmbH (see Fig. 1), was modified. 
Instead of using a Teclu gas burner, gasoline (60 mL, Super 
95 E5, DIN EN 228, ROZ 95) in a steel pan (170 × 170 mm2) 
was used to create a fuel fire with a burning time of about 
130 s. The real burning time of the fuel is influenced by test 
specimen tested and therefore, varies between 100 and 130 s. 
The distance between steel pan and surface of the test speci-
men is about 300 mm. Test specimens of 190 × 190 mm2 
were fixed in a steel test specimen holder, which has a flame-
exposed area of 180 × 180 mm2. The temperature of the back 
surface of the test specimen was measured (surface thermo 
sensor form B & B Thermo-Technik, K type, − 50 °C to 
650 °C) and recorded in increments of 1 s. Figure 1 shows 
the bench-scale fuel fire test.

Fig. 1   Bench-scale fuel fire test; 
(1) drawing of the test bench, 
the test specimen is placed at 
the blue area; (2) picture of the 
test bench; (3) test bench with 
test specimen (sandwich struc-
ture with additional internal 
thermocouples) fixed in the test 
specimen holder
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Bench‑scale fuel fire test characterisation by heat 
flux measurement

For the determination of the energy transfer from the fire 
into the test specimen by radiation and convection, the 
heat flow was measured. The water-cooled sensor HFS01 
from Hukseflux with a black absorber has a range from 0 to 
800 kW m−2 and can be used for heat flux measurements of 
fire and flames in unfriendly environments and at high tem-
peratures. The sensor settings were set to a max heat flux of 
400 kW m−2. Comparative measurements were carried out 
with the water-cooled Hukseflux heat flux sensor SBG01. 
With its smaller measuring range of 0–100 kW m−2, more 
precise measured values can be determined. The data were 
collected by the handheld read-out unit LI19 with integrated 
datalogger. The sensor was fixed in a vermiculite plate and 
attached at the level of the sample surface exposed to the 
pool fire of the test.

Results and discussion

Heat flux of the bench‑scale fuel fire test

The heat flux of the bench-scale fuel fire test burning 60 mL 
gasoline was measured with heat flux sensors (Figs. 2 and 
3). Three main stages of different heat flux densities are 
detected. The first stage takes about 30 s. During this stage, 
an increase in the heat flux to 40 kW m−2 is observed. In the 
second stage, the pool fire is fully developed with a heat flux 
of 40–52 kW m−2. This stage lasts about 60 s. In the third 
stage, the heat decreases continuously until the fire goes out 
after 60–70 s.

Test criteria of the bench‑scale fuel fire test

The bench-scale fuel fire test is not yet validated to the 
UNECE-R100-8E test but allows to study several important 
burning characteristics.

Temperature of the reverse side of the specimen

The inside temperature of an REESS is of particular 
importance. If the battery cells become too hot, a thermal-
runaway can be triggered. It is assumed that a temperature 
above 80 °C leads to an irreversible damage of the battery 
cells, e.g. by the decomposition of the electrolyte. Above 
120 °C, the thermal-runaway is most likely initiated. The 
REESS housing should protect the inside from high tem-
peratures during an accident. In the bench-scale fuel fire 
test, the temperature of the reverse side of the specimen 
is an important test criterion. The test specimen reverse 
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Fig. 2   Heat flux of the bench-scale fuel fire test measured with a heat flux sensor of 400 kW m−2 (left) and of 100 kW m−2 (right). Both sensors 
show the same result. The measured values of the sensor with the smaller measuring range fluctuate more strongly due to the higher sensitivity

Fig. 3   Test setup with 400 kW m−2 heat flux sensor (left) and burning 
fuel fire during the heat flux measurements
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side temperature should not rise above 120 °C (test criteria 
class B) or even better not rise above 80 °C (test criteria 
class A).

Ignition of the reverse side of the specimen

The protection of the critical components, systems, and 
sensors inside a REESS from open fire is a main feature of 
the REESS housing. Therefore, housing materials should 
not show any breakthrough of the flame. In the bench-
scale fuel fire test, the test setup does not allow an eas-
ily ignition of pyrolysis gases released from the specimen 
reverse side. Ignition of the reverse side of the specimen 
indicates that the flame has penetrated the specimen from 
the pool fire side. Ignition of the reverse side of the speci-
men should be classified as a failure criterion.

Self‑extinction

A burn-through of the housing and flame propagation 
within the vehicle must be avoided after the fire treatment 
of the REESS. Therefore, materials for the REESS housing 
with low after-flame time and self-extinction properties are 
preferable. The test specimen should show self-extinction 
property and not continue to burn after the 120–130 s fuel 
fire treatment.

Structural integrity

During and after an external fire, the REESS housing 
should not show a loss of load bearing capacity as well 
as no disintegration, e.g. by the formation of holes and 
falling down of reinforcing fibre layers. However, the cur-
rent test setup of the bench-scale fuel fire test only allows 
a visual observation of the specimens during the test and 
an organoleptic evaluation of the specimens after the fire 
treatment. The application of additional mechanical stress, 
e.g. simulating the mass of the REESS inside components 
is under development.

Mass loss

The mass loss of the test samples helps to understand the 
flame retardant behaviour of the housing material. It indi-
cates how much material is lost by both the decomposition 
of material and dripping of, e.g. molten parts and detach-
ment of, e.g. loose char layers or GF, as well as the forma-
tion of protective layers, e.g. caused by a flame retardant. 
The mass loss is determined by weighing the samples before 
and after the fire test.

A demonstration on the presentation and interpretation 
of the bench-scale fuel fire test is given in chapter 3.3. It is 
suggested to use the format of Tables 3 and 4 for the pres-
entation of the test criteria results.

Table 3   Fire test results of UPPH-GF-ATH and UPPH-CF-ATH

UPPH-GF-ATH UPPH-CF-ATH

Shape Plates Plates
Thickness/mm 3 3
Fibre reinforcement Glass fibres Carbon fibres
Fibre amount/mass% 40 50
ATH amount/mass% 21 20
Temperature of the reverse 

side of the specimen/°C
 > 120  > 120

Tmax, reverse side/°C 1st 149/173 230/252
2nd 157/171

tTmax/s 1st 76/79 124/118
2nd 165/137

Ignition of the reverse side 
of the specimen

No No

Self-extinction Yes Yes
After burn time/s 0 0
Structural integrity Remains Remains
Mass loss/% 1.8 ± 0.20 0.9 ± 0.36

Table 4   Fire test results of PP-GF-EPP and PP-GF-MDH-EPP sand-
wich structures

PP-GF-EPP PP-GF-MDH-EPP

Shape Sandwich Sandwich
Thickness/mm 12 12
Fibre reinforcement Glass fibre Glass fibre
Fibre amount/mass% 70 in TL 60 in TL
MDH amount/mass% 0 20 in TL
Temperature of the 

reverse side of the 
specimen/°C

 < 120  < 80

Tmax, reverse side/°C 83 ± 3.3 77 ± 3.8
tTmax/s 332 ± 22 382 ± 7
Ignition of the reverse 

side of the specimen
No No

Self-extinction Yes Yes
After burn time/s 20–40 3–15
Structural integrity Flame treated TL & 

EPP core damaged
Flame treated TL 

& EPP core dam-
aged

Mass loss/% 5.9 ± 0.3 4.6 ± 0.1
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First results on test samples

Due to their very high mass-specific mechanical proper-
ties such as strength and stiffness, composite materials are 
becoming increasingly valued in the transport industry. 
These materials are starting to replace more traditional mate-
rials such as aluminium and steel. For EVs, mass-specific 
battery capacity as well as overall vehicle mass is gaining 
importance. Composites from thermosets as well as from 
thermoplastics offer a possible advantage over the current 
mainly metal-based housings of REESS for EVs [26, 27].

In this paper, 3 mm thermoset plates and thermoplastic 
sandwich structures with 1 mm tape laminates and 10 mm 
foam core were tested. The thermosets show high tempera-
tures at the test specimen reverse side of 150–250 °C, while 
the thermoplastic sandwich structures show reverse side 
temperatures of about 80 °C. However, the thermosets do 
not lose their structural integrity, while the thermoplastic 
sandwich structures show strong damage of the fire-treated 
TL and of the foam core. The test results of the different 
materials showed that material specifics have to be con-
sidered in the overall analysis. The results are presented in 
detail below.

Fibre‑reinforced UPPH thermoset plates

Fire tests were performed with two UPPH resin plates con-
taining 40 mass% GF and 21 mass% ATH as well as two 
plates containing 50 mass% CF and 20 mass% ATH. The 
test results are shown in Table 3, Figs. 4 and 5.

Due to the higher thermal conductivity of the carbon 
fibres, UPPH-CF-ATH reaches Tmax, reverse side of 230–250 °C, 
while the glass fibre containing UPPH-GF-ATH reaches 
Tmax, reverse side of 150–170  °C. However, both materials 
show a Tmax, reverse side higher than 120 °C. Therefore, further 
improvement of the thermal conductivity of the materials, 
especially for the carbon fibre containing material, seems to 
be necessary. Beside the temperature of the reverse side of 
the specimen criterion, UPPH resin plates show promising 
properties for an application as REESS housing material. No 
ignition of the reverse side of the specimen, self-extinction 
and structural integrity as well as a very low mass loss is 
observed. The mass loss of about 1–2% indicates that only 
the surface of the specimen is pyrolyzed during the test.

For thick thermosets, the temperature of the reverse 
side of the specimen seems to be the criterion of highest 
importance.

Thermoplastic PP sandwich structure

Three PP-GF-EPP sandwich structures containing FR-free 
TLs as well as three sandwich structures containing the FR 
MDH were tested with bench-scale fuel fire test. The test 
results are shown in Table 4, Figs. 6 and 7.

Both sandwich structures show a low Tmax, reverse side of about 
80 °C during the test and no ignition of the reverse side of the 
specimen. Tmax, reverse side is reached 2–3 min after the pool fire 
is out. Self-extinction of both materials occurs, and an after-
burn time up to 40 s is observed for the FR free specimen and 
a significantly reduced after-burn time for the FR containing 
specimen. However, the fire treated TL and the EPP core are 
strongly damaged. The PP polymer matrix of TL is pyrolyzed 
completely and a major area of the EPP foam melted, due 

UPPH-GF-ATH

3 mm plate

Fire 
treatment

UPPH-CF-ATH

3 mm plate

Fire 
treatment

Fig. 4   Surface of the UPPH-GF-ATH and UPPH-CF-ATH plates 
before and after fire test
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to its thermoplastic nature. The incorporation of 20 mass% 
MDH in the PP-GF TL leads to delay of the reverse side tem-
perature rise. Compared to the MDH-free sandwich structure, 
PP-GF-MDH-EPP shows an about 50 s delayed and about 
5 °C lower Tmax, reverse side. The endothermic decomposition of 
MDH seems to be mainly responsible for this observation as 
well as the increased formation of thermal stable char on the 
specimen surface which is stabilized by the remaining glass 
fibres. However, the thermal protection effect of this thin GF 
reinforced char layer is assumed to be low.

Based on the Tmax, reverse side results, PP-GF-EPP and espe-
cially PP-GF-MDH-EPP are very promising for REESS hous-
ing application. The influence of the loss of structural integrity 
cannot be assessed with the current test results.

For thermoplastic sandwich structures, the structural integ-
rity is the criterion of highest importance due to the low melt-
ing points of the polymeric materials. Further improvements of 

the test by, e.g. the application of additional mechanical stress 
seem to be necessary and are currently under development.

Conclusions

The bench-scale fuel fire test is a cost-efficient pre-evalu-
ation method for developing materials and manufacturing 
processes for REESS housings prior to a standard fire test 
according to UNECE-R100-8E. The fire behaviour of the 
materials and their changes due to the pool fire allow an 
assessment of the usability. Changes in the mechanical prop-
erties of the components can also be determined after the 
fire test. The reverse side temperatures provide information 
about the insulation behaviour of the materials and thus, an 
initial assessment of the internal temperatures to be expected 
in a REESS housing. This makes it possible to estimate the 
thermal loads on the batteries contained and, if one knows 
the properties of the battery system, to predict its possible 
behaviour or damage. First tests on thermoplastic and ther-
moset samples showed the different behaviour in the bench-
scale pool fire test. A more detailed analysis of investigations 
into the flame retardancy of PP-GF-EPP sandwich structures 
as housing materials for REESS of EVs is available [28]. 
However, the verification of conformity with the standard 
UNECE-R100-8E gasoline pool fire test as well as further 
improvements to the test arrangement is in progress.
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