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Cables are a major concern for fire safety in building

v" 100 m? of office contain 200 kg of cable

v’ 48% of residential fires are attributed to electrical distribution systems between
2007-2011 (US) and in 30 % of the cases, a cable/wire was the source of ignition

v’ Cables can spread fires in particular due to cables tray in building - Propagation of
the fire through floors and doors

v’ Cables are complex
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Fire retardancy or fire protection?

Cables
/ Fire retardan@
e  Why?
— To save lifes
e How?
— Delaying the fire growth

Means?

. .. will continue to operate
— Decreasing the fire kinetics / normally in the presence of

will resist the

propagate of
fire into a
new area

prolonged fire for a
specified time under
defined conditions

Why? Fire protection

— To save lifes iretullydeveloged
* How?
— Limiting the progressing of fire from
one to another area
* Means?
— Using fireproof barriers to — > Time

compartment the fire areas  Roleof ~ Roleof
fire reaction fire resistance

Fire extinction
and escape
poiaihle

Temperature

Startof fire &

Ignifion prepagation
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Fire retardancy : Euroclass

Critéres de classification

Classification supplémentaire
(seulement pour les classes B1_, B2 , C_and D_}

ENISO 1716 EN 50399 EN 50399 EN A0332-1-2 BN 50399 EN 61034 EN 50399  EN 60754-2
Provoir Dégagement de Non peogagation Nan propagation Production Transmission Procuction Acidit
CI calorificue chaleur et indice de de lNincendie de la flamme e fumées e fumeées. de particules
aASSES oraissance du feu enflammees
_ | Aa C

s1

s2

s3

Contribution a la propagation du feu

+
g

http://cpr-cables.com

do
sla

d1
s1h

d2

Production
de particules

Acidité des

fumées

al

a2

a3

EN 60332-1-2

Small scale method:
« 1kW burner
* 0.5 m of cable

EN 50399

Large scale method:
* 20.5or 30 kW burner
*  >20m of cable
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EN 50399

* Boxsize:1x2x4m/Specimen=17*3,5m long cables
* Burner:20.5 or 30 kW (different scenario)

* Measure HRR, THR SPR, flame spread,

Fire Growth Rate Index = FIGRA = max (HRR/t)

* Main differences with classical tests (cone, etc.):
— Based on cables = multi component system / complex geometry
- More complex — larger scale
— Burner is applied during all the test (20 min)
— # than UL-94 test
— Study of flame spread
- #than cone experiment

- No correlation between classical test and standards
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Development of FR Cable : Our approach

Insulation

Flame retarded Insulation
thermoplastic Non-FR
thermoplastic
Sheathing/Jacket

PE / ATH
EVA / ATH
+ synergists

Copper core

12mm

Tape

22.8 wt% \

2.7 Wt% — =

555 wt%

18.5 wt%

- Sheathing =2 -HFFR insulator = 3 - Non-FR mnsulator 4 - Conductors
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Development of FR Cable : Our approach

Insulation .
Insulation
Flame retarded
thermoplastic Non-FR
thermoplastic
Sheathing/Jacket

PE / ATH
EVA / ATH EN 60332-1-2
+ synergists Small scale method:

* 1kW burner
0.5 m of cable

Copper core Bl

12mm

Tape
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Development of FR Cable : Our approaches
Insulation Insulation = —
Flame retarded Non-FR Cone on raw Sheating 24.5 20.6
thermoplastic ) materials
P thermoplastic o e HFFR Insulator 25.3 25.3
Sheathing/Jacket [MJ/kg] No-FR Insulator 38.2 38.2
PE / ATH TTI [s] 83 147
EVA / ATH :I:’e'::iz“ PHRR [kW/m?] 137 119
+ synergists 9
THR [MJ/m2] 131 111
(] 140
[ =—Dca
. — 120
- Copper core £
. PP E 100 =—B2ca
X x,
% 60
40
20 J 50 kW/m? - 6 mm thick Time [s]
0
I_ E N I 0 500 1000 1500
o T Ca D., Bel Ca C. Bel Ca B2, Bel
ape 1 - Sheathing 71 % 66 % 68 %
2 — HFFR insulator 24 % 28 % 26 %
3 — Non-FR insulator 5% 6% 6 %
Total Heat Released
347 3.02 3.18

M/ Mcabie]
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Development of FR Cable : Our approaches

Insulation
Flame retarded
thermoplastic

LEONI

Insulation
Non-FR
thermoplastic

Sheathing/Jacket
PE / ATH
EVA / ATH

+ synergists

Copper core

Tape

Sheathing :
of the heat released when a cable burns
the underlying material

Idea of the test:

~
Study flame spread on a whole cable g

L4

P

Study flame spread on a

Avoids cable production
Lower amount of material for test specimen

More suitable tool
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Small scale test apparatus

S le hold
~1/8 scaled down enclosure of EN 50399 am?giid;) e Oxygen

analyzer

Parameters observed: q(t) = E(m, —mb,)

Insulating backing

Door +
windows
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Small scale test apparatus

5cm

—> Metallic grid

-»

— Sample strip

8
cm

8
cm

10
cm

5
Insulated backing board / cm
« Time to ignition/flameout ?

50 W burner  Flame Spread ?

Flame is applied during all the duration « » . "
of the test Strength” of the residue
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Test protocol
Collect background for O, analyzer without burner (I)
Collect background for O, analyzer with burner (II)

Application of the burner on the sample
Measurement of HRR by oxygen depletion and Flame Spread by visual observation (IV)

After flame out, baseline with burner to check if no drift of the burner power (V)

I I

=603

—— ]

=30 s Il =60 5 l 600 5 or 180 s after flamecut

O, consumption | . |
PHRR O © ©, ©

A

()
() / V)
1)) / lCheck burner power \

THR Time [s]




Unité Materiaux Ef Transiormations

i
] Université
R,Fire . u de Lille

. @A -1,
w LAAAA

iMi7vie
ECOLE NATIONALE  SUPERIEURE DE CHIMIE

1 iciowam

Repeatability of the measurement

Damaged length [%]

Heat Release Rate [KW]

1.5
1.3
1.1
0.9
0.7
0.5
0.3
0.1
-0.1

100%

80%

60%

40%

20%

0%

S For a cable classified D,

FS =100 % (flame spread completely)

pHRR =1,31 kW % 3,7%

FIGRA=7,22 W/s + 8,5%

300 400 500 600
Time [s]

THR =260kl £5,1%

= — Experiment | Good repeatability of HRR measurement

— — Experiment 2
Experiment 3

= = Experiment 4

Average

400 500 600
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Flame spread results on benchmark cables

«  Selection of 5 different benchmark materials

100%

80%

60%

ged length [%]

40%

Dama

20%

0%

— 1 Euroclass D

— 2 Euroclass C, N
— 2 Euroclass B2, HE
T s A A A A N N N N N N . .
~T L £ L L & & &t +f L
S S S S S S S S S S S S S S
+ S N N I N N S . . . I N
0 100 200 300 400 500 600
Time [s]

Heat Release Rate [kKW]

Fire classification using the bench
scale test follows the same trend as in

—_
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the EN 50399 apparatus

0 100 200 300 400 500 600

Time [s]
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Flame spread results on benchmark cables

CBL2-MOD2-001 — Euroclass D CBL2-MOD2-001 — Euroclass B2
Time to ignition 40" Time to ignition | 1° 10”
Dripping | 2’ 15” Time to flameout | 1’ 50”
Time to reach the clamp | 6’30 ° Apparition of a white residue | 2’ 40”
Time to flameout 7 Breaking of the white residue No

- Correlation ?
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Correlation bench-scale test - EN50399

Search for possible correlations = Plot of test Parametergysgsq VS. Paramater

35 T
3

25 +

Flame spread gy 5p300 [M]

5
0 f
20%

50 T
45 +

N
=
l l
T T

40% 60% 80%
Flame spread g, scate [%0]

y=022x+1.19
R>=0.788

(e}
I
T
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!
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THREN 50399 [MJ]
—_— N & W W

S L O W
!
T

100%

0 50

100 150 200
THRSmall scale test [MJ]

250

small scale
70 T
_ 60 .
550 Toy=yaax+3y e
240 4+ R=09718 LT
[ (4
ME: 30 + . T .
%20 1 i
“10{ N
0 t t t t t t i
0 0.2 0.4 0.6 0.8 1 1.2 1.4
PHRRg ) a1 [KW]
Euroclass EN 50399 Small scale test
Damaged length < 1.5 m Damaged length < 44.2 %
B2 THR <15 MJ THR <63 kJ
PHRR < 30 kW PHRR < 0.45 kW
Damaged length < 2.0 m Damaged length < 56.5 %
Cea THR <30 MT THR < 133 kJ
PHRR < 60 kW PHRR < 1.25 kW
- Damaged length > 56.5 %
Dca THR <70 MT THR > 133 kJ
pHRR < 400 kW pHRR >1.25 kKW

300
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Materials screening

Use of Design of Experiments (surface response)

o
o

|
£ 4 o5t
i

—10 materials N S
43 s 15

.............

—>Small scale test and cone test for comparison ;

05 4

CBL1_DOEO01_001 0,8 5,0 59,2 35
CBL1_DOEO01_002 0,8 10,0 54,2 35
CBL1_DOEO01_003 0,8 0,0 64,2 35
CBL1_DOEO01_004 0,8 5,0 59,2 35
CBL1_DOEO01_005 0,0 5,0 60 35
CBL1_DOEO01_006 0,2 1,5 63,3 35
CBL1_DOEO01_007 1,3 1,5 62,2 35
CBL1_DOEO01_008 0,8 5,0 59,2 35
CBL1_DOEO01_009 1,3 8,5 55,2 35
CBL1_DOEO01_010 1,5 5,0 58,5 35
CBL1_DOEO01_011 0,8 5,0 59,2 35
CBL1_DOEO01_012 0,8 5,0 59,2 35
CBL1_DOEO01_013 0,2 8,5 56,3 35
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Materials screening

2 50
— CBL1.DOE1-001
—CBL1.DOE1-002
2,00 ——CBL1-DOE1-003
—CBL1-DOE1-005
—CBL1-DOE1-008
——CBL1-DOE1-007
1,50 —CBL1-DOE1-008
E} —CBL1-DOE1-009
0 —CBEL1-DOE1-010
3 —CBL1-DOE1-013
@
§ 1.00
]
[+
"
[
£ p,50

0,00 ”
3 450 480 510 540 570 600
0,50 Time [s]
100% —CBL1-DAE1 001
0% —CBL1-DOE1-002
——CBL1-DOE1-003
a0% —CBL1-DQE?1-005
_ ——CBL1-DOE1-008
% 70% —CBL1-DOE1-007
—CBL1-DOE1-008
& 60% ——CBL1-DOE1-009 - g—
2 —CBL1-DOE1-010 /
g 0% —CBL1-DOEt-013/
E 40%
E
) 30%
20%
10%
0%

a 100 200 300 400 500 800
Time [s]

EUROCLASS
C

CBL1_DOEO1_001

CBL1_DOEO1_003
CBL1_DOEO1_004
CBL1_DOEO01_005
CBL1_DOEO1_006
CBL1_DOEO1_007

CBL1_DOEO1_008

O O o0oOo0Oo0 -0

CBL1_DOEO1_009

B2

CBL1_DOEO01_011 /

/
caii_ooeorors
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Materials screening

Cone testing
- All the formulation behaves similarly
- No indications about flame spread

Small scale testing

- Differences can be observed

160 -
140 +
~ 120 ¢ T N —
§ 100 - Average values E 40
=2 80 3
4
2 o] 2 20
2 40
20 A
0 4
0.90 10
;0'75 I c 180
= 0.60 7 150
E 0.45 - T 3 120
2030 T E 9
0.15 + 60
0.00 - t t t t t t t t t 30
1 2 3 4 5 6 7 8 9 10 0

- Validation ?
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|
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New materials screening

Choice of the formulation to be tested at the large scale test

Bench scale test

THR = 40 k)

Il THR=40-200k)

Additive 2

B tHR=z00k

Additive 1

Small scale test EN 50399 predicted EN 50399 experiment
Damaged length 342+6.1% 0.84-1.06 m 0.66 m Q
pHRR 0.43 £ 0.02 kW 28-30 kW 15 kW Q
THR 25 + 8 kJ 4.9-8.4 M) 6 M (V)
Classification B2, B2, @
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Conclusion about small scale testing

Development of a small scale test based on large scale standard test
Possible to evaluate flame spread and HRR parameters
Repeatable measurements
Down scaling conserve the Euroclass classification
Linear correlations were found

Helped to develop a new formulation — Good prediction of the EN50399 results

- Mode of action ?

- Model System EVM/ATH/AIPi
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Mechanism of action???

100

B 0)) oo
o o (@)

residual mass (wt-%)

N
o

@
Al3+ OIE\\ =f= Al(OH),

14
1 — ATH
e AIPi
o= Mix cal L9
i - Mix exp
-—=- AM
— 4
| e P Rt T - ,/'---‘ ------------------- g
] ~ 1 -1
\/ \\ ] %
‘ —
i \ | S
\ | 6
\
\
\
| \
\! 11
v
I I I T ‘ | ‘ _16
0 100 200 300 400 500 600 700 800

Temperature (°C)
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Mechanism of action??? AP O
} \\ Gas phase o
L ~_ I
/\/ CO2 HO'P
AI(OH), Ethene  But-2-ene k\\
phosphinic acid
Condensed phase
+
as ph 7 7
as phase .
’ Interactions? B.o- AlB* -O-P—O- AR* O-P
Al 04 ‘o \\ -0
Aluminophosphonate Gas phase
J\A Ethyl phosphonate
Phosphine  Phosphinic acid
Aluminophosphonate Ethene 2-butene CO,

Char
AIPO, (amorphous)

|

AIPQO, (crystalline) Char

onll . R )

HTT, 250°C,-9.5% HTT, 350°C,-12% HTT, 450°C,-27% HTT, 550°C,-58%
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Thermal degradation of ATH-OP1230 mixture O

550 °C f o
RO N T '-
*’1 Tetrahedral Al
" I Octahedral Al
450 °C ¥ ol Pl ™| ix__ AIOOH?
__________ | R I = . N o D
7-'- (AI-O-P)47 Oy, | a0
ALY
0" | ™0
350 °C O
Octahedral Al
1]
PY Al -O-P
250 °C \\
Octahedral Al
® AI(OH),
20 °C

-50 [p pm]
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Thermal degradation of ATH-OP1230 mixture

550 °C Phosphonic acid

Pyrophosphate
Phosphonate? Aluminophosphates O O
Al-O),-P I 1
(Al-O), P _Pe-
* O™ (™Mo "0
450°C y ) O )
Phosphonate
* i
350 °C -
. bl
_ O_I R
O
* :
250 °C - Phosphinate
— D -
RL— |F|*--o' 3+
* 7
20 °C " L RZ |,

T T T T T T T T T T T T T
100 50 0 [ppm]



-

eraux rans . ' BT TECHNOLOGINE
Thermal degradation of ATH-OP1230 mixture
~ T -
Al(OH), +
AIO6 ( )3 R |P-—- o a3t

= |
Spatial correlation ‘

31 27
between °'P and /Al Aluminophosphates

Sample treated at 550°
.36 Organic phosphonic acid
o %r
--40 D
Aluminophosphate 3 B
-20 2 CI'
2 |
Organic phosphoni . o0 % RL— T-—-o a3t
b
acid/ phosphonate? L g % 2|,
- 40 R
Aluminophosphonate

I R R ERE
50 0 -50 Aluminophosphate

2T Al chemical shift / ppm Char
*Hu B. et al. Journ. Magn. Reson. 192:112-122
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Thermal degradation of ATH-OP1230 mixture

AI(OH),
Gas phase
H,0 — S
Gas phase o Eihene  ButZ-ene
ALO; AP O-P-
o A\ Phosphorous compounds
~ - dicthyl phosphinic acid orand phosphinate
andior phosphonats
? Condensed phase
HO-P-0OH
. ﬁmnrphom
Ethyi e aluminophosphates
aeid P linked to MO, entities, and P
linked fo ATC, and AIO, entities
R R
AN P [ ] o
R 0 0 R ‘ 0 R I
AR e HH —_— P=0 N =
fHARE o oo T o| /i /1N
P ( 0 D? O OOHOH O 00
(I)P | I [ 11 1 I
AI(OH}3 ALO, ALO, ALO,
unstable IF
intermediate ~ P=0
/|
OH OH
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‘ acides organiques
polymere Structure phosphinique/phosphonique
degradé +ATH bulles vitreuse (phase gaz)

X v (poreuse) &

Igniti
EVM/ATH/OP1230 | o e e————

/
Gaz piégés (H;0,
acide acétique)

structure vitreuse + char

A

01

000

200, wm

IEC60331-11 & -21 & -23 Sample characteristics
(cable horizontal on metallic rings) * Cable diameter : mm
= Minimum length : 1200 mm

Test _characteristics
* Flome temperature 750°C
- Ring number :

+cable dia =10 =5

+ cable dia =10 =2
*Voltage : cable nominal voltage
* Duration : 105 min
($0min with fire + 13 min under veltage)

nS

®
5
—

Function continuity =105 min
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IEC 60331-11 & -21 & -23

[cobls horzamal on matolic rings) = Cooble omater

)
= Mineenum lergih = 1200 mm

* Durgiion : 105 min
mman v e+ 13 mn e vsinga]

Begvirement ;
Furchon cortinudy =105 man

F Y

acides organiques

polymére P phosphoniq
degradé +ATH bulles vitreuse (phase gaz)

u ; (poreuse)
;;" Igniti
/
Gaz plégés (H,0, l

aclde acétique)

structure vitreuse + char
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