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n Introduction pvc £ CABLES

The paper addresses common misconceptions about PVC cables, particularly those
surrounding the role of HCl in fire safety and the presence of more toxic fumes during the
combustion in comparison to Halogen Free Flame-Retardant (HFFR) cables. Those
misconceptions are often utilized in the brochures of our competitor plastics to remark the
lower toxicity of HFFR alternatives and inside technical committees to give a priori exclusion of
PVC in specific application often without any scientific basis. [1,2,3]

Construction Product Directive (CPD) [4] and Construction Product Regulation (CPR) [5] P
contributed to this witch hunt with the introduction of additional classification for acidity only

for cables, where acidity assessment is seen as fundamental parameter in fire safety. Most of

the fire scientists consider acidity as a secondary parameter, while heat release rate is the

“single most important variable in fire safety.” [6,7] Smoke is another critical parameter,

while toxicity before and after flashover is ruled by mainly by CO. [8-12]. In a real fire scenario

CO is the big toxic killer in smoke [7] while HCl rarely exceed its LCs,. After flashover it is

released from every polymer despite its chemical structure for a 20 % of its weight. [7] Before

the flashover tenability is mainly driven by CO. [11,12] Therefore, “...there is no relationship
whatsoever between acid gases (or acidity of solutions) and smoke toxicity.” [7]
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n Introduction pvc £ CABLES

Despite all considerations about the role of acidity in fire safety, the paper presents the
performance of advanced PVC compounds for cables developed to reduce smoke and acidic
fumes during fires without affecting flame retardance. They are developped by Gruppo Cavi
Italia through a research funded by PVC4cables [13-26]. They are called low smoke acidity
(LSA) compounds.

This new compounds were evaluated vs. the HFFR counterparts in terms of effluent emission
in thermal decomposition and combustion using as hyphenated technique pyrolysis gas
chromatography mass spectrometry (PY-GC/MS) and toxicity index according to CEl 20-37/4-0
[27]. Both are based on a bench scale test which burns completely the test specimens and
does not take in account the quantity of the material in the cable.

Furthermore, an Italian kind of CPR cables FG160R16 manufactured with LSA PVC compounds
was tested vs. the counterpart HFFR FG160M16, performing the medium scale fire test EN
50399 [28] in terms of flame spread (FS), Fire growth rate (FIGRA), total heat release (THR),
peak of HRR and SPR, and total smoke production (TSP).

CO, CO2 and HCl release were also measured, and the toxicity of effluents expressed as
fractional effective dose (FED) according to ISO 13344 was calculated. [29] ®
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n Decomposition / Combustion of PVC and PE PVC {1, CABLES

Ref. 30 from Pasquale Lombardo studied the decomposition / combustion at 500 °C and 950°C of a
standard R16 PVC compound, R16 LSA and the HFFR counterpart (M16), utilizing PY-GC/MS

Decomposition & combustion PVC [17] Decomposition & combustion HFFR
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n Misconceptions PVC £ CABLES

Withstanding|misconceptionsion PVC fire
behaviour

If not 2 PVC deselection

Smoke production ) PVC releases black & dense smokes

Smoke toxicity mmmm) PVC releases more toxic smokes

acidity mmmm)  Acidity is a critical p‘a\.rameter in fire safety

4™ PVCACABLES 2024 8



n Misconceptions. Fire safety in nutshell Pvc £ CABLES

Fire Scenario number 1: 3 minutes between ignition and flashover (the point of non-return)
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n Misconceptions. Fire safety in nutshell PvC £ CABLES

Fire Scenario number 2: 10 minutes between ignition and flashover (the point of non-return)
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n Misconceptions. Fire safety in nutshell Pvc £ CABLES

Fire Scenario number 3: 15 minutes between ignition and flashover (the point of non-return)

heat release rate is the “single most important variable in fire safety” [6]
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n Misconceptions. Fire safety in nutshell PVC L} CABLES

Fire Scenario number 4: 15 minutes between ignition and flashover (the point of non-return), dense smoke
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n Misconceptions. Fire safety in nutshell Pvc £ CABLES

Fire Scenario number 5: 15 minutes between ignition and flashover (the point of non-return), no dense smoke
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n Misconceptions. Fire safety in nutshell Pvc £ CABLES

Fire Scenario number 5: 15 minutes between ignition and flashover (the point of non-return), no dense smoke
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n LSA Cables n1 (2024): PY-GC/MS of compounds rvc&-castes

Ref. 33 gives the decomposition / combustion at 500 °C and 950°C of a standard R16 PVC compound, R16
LSA and the HFFR counterpart (M16), utilizing PY-GC/MS. Focus on total fuels
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n LSA Cables n1 (2024): : PY-GC/MS of compounds Pvc&:castes

Ref. 33 gives the decomposition / combustion at 500 °C and 950°C of a standard R16 PVC compound, R16
LSA and the HFFR counterpart (M16), utilizing PY-GC/MS. Focus on fuels from polymers
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n LSA Cables n1 (2024): CEl 20-37/4-0 of compounds rvc& casies

Ref. 33. evaluated each plastic component of the
cables in Table 15.1 according to CEl 20-37/4-0. [27]

| . ” | h 1 f d . ” Sheath Insulation Filler -
t I1s a small-scale test where 1 g of compounads is totally Weight Weight (g/m. Weight .
burnt at 800 °C in a tube furnace with an air flow of Cable Diameter  Construction (g/m) each) (g/m)
120 I/h for 20 min. Polythene-based cable 123mm 1 sheath, 5 1376 43 41
FG160M16 SG 1.5 mm? insulations, 1
. . . . ! hal " (Lab ref: fill
Toxicity Index T is calculated through the following 920324; cosn R -
formUIatlon PVC-based cable 12.1 mm 1 sheath, 5 145.8 44 4.3
FG160R16 SG 1.5 mm? (Lab insulations, 1
ref: 901/24) filler
T=Cy/Cr+ CfCr + ... + G/CA + Cf CA,
Table 15.1
. . . Component C CO2 (p.p.m.) C CO (p.p.m.) C_HCl (p.p.m.) Index T
Using as reference the toxic potentials of each
“Zero halogen” cable Sheath 66364 2532 0 1.30
component.
“Zero halogen™ cable Insulation 50734 4453 0 1.62
. . "Zero halogen™ cable Filler 96927 3755 0 1.91
The method is a lab scale test burning completely the :
. . . PVC cable Sheath 85313 3580 469 2.69
sample and not considering the amount of the material
in the Cables. PVC cable Insulation 50734 3754 0 1.45
PVC cable Filler 111946 5414 1340 5.15
Table 15.2 .
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n LSA Cables n1 (2024): EN 50399 + gas detectors PVC £ CABLES

Ref. 33. evaluated also the classification of the 2
cables according to EN 50399 and using specific
sensors for CO, CO, and HCl even the FED (fractional

exposure dose) according to according to ISO 13344 ‘N Vol Eva;l:(t)ili)en of

valuation of heat
elease and burn

\
‘Qg\

SMOKE DETECTOR

Evaluation of
laming droplets

!
2t lasts 20 min

|
I

il JLJILM _
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n LSA Cables n1 (2024): EN 50399 + gas detectors PVC £ CABLES

Ref. 33. evaluated also the classification of the 2
cables according to EN 50399 and using specific
sensors for CO, CO2 and HCl even the FED (fractional
exposure dose) according to according to ISO 13344

Table 17.1. shows the classification parameters.
FG16R0O16 LSA is much more performant than
FG160M16

Table 17.2. shows the FED. PVC cable ha a lower
value due to the fact that it burns less.

“Zero h}iogeh; PbTy_thene ~ based cable | PVC - based cable '
Measurement FG160M165G 1,5 mm’ FG160R165G 1,5 mm’
{Laboratory reference no. 900/24) (Laboratory reference no. 901/24)
Flame spread
£S (m} 2.25 o 0.85
Total heat release |
16.2 { 7.01
___THRy300, (MJ) 1 = |
Peak of heat release rate 58 76
Peak HRR (kW) t
Fire growth rate index (max) |
a
| Figra(W/s) 40 . S—
Peak of smoke release rate ‘
SPR(mfs) | . . "N hi |
Total smoke released
TSP 1200 s (m’) " - -
Flaming droplets None None
Class according to EN 13501-6 Dca, s1-d0 l B2ca, s2-d0
Table 17.1
“Zero halogen” Polythene —based cable PVC - based cable j
FG160M16 5G 1,5 mm’ FG160R16 5G 1,5 mm’
{Laboratory reference no. 900/24) (Laboratory reference no. 901/24)
[ co, 3500 ¢ 2890
co 408 g 388
HCI N/A i0g A
‘ FED 0.81 0.77
Table 17.2 Nt
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n LSA Cables n2 (2022): : EN 50399 + gas detectors

CO emission ‘

Ref 34, performing EN 50399, highlighted that the measure of CO
production from low smoke acidity cable decays in time (yellow
curve, Figure 18.1), while CO HFFR increases (green curve, Figure
18,1). CO particularly drops because it is linked to HCI

concentration in the gas phase. (equation 1) om0
CO+OH = CO,+H (1) f

In absence of HCl this reaction can happen. When HCI decays CO

decays. The cumulative production of CO LSA compounds is ) Figure 18,1

therefore much less comparing to standard PVC compound for FR(LS) PVC vs HFFR compounds: total CO Production evolution
cables even better than the best HFFR. (Figure 18,2 ) '

PVC (] CABLES

Total CO production

Increase
of smoke
toxicity
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n New LSA Cables: real fire scenarion. 1

Fire Scenario number 1: A room goes in flashover, people die for:
CO monoxide
Hot air (> 80 °C)

Heat

Collapse of the structure

FR(LS) PVC vs HFFR compounds: total CO Production evolution

Total CO production

Increase ’
of smoke
toxicity
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n New LSA Cables: real fire scenario n. 4/5

Fire Scenario number 4 and 5: A room goes in flashover, and people die for:

CO monoxide is the dominant intoxicant, HCl decays and it is release later
because PVC article burn later than the common furnishing in the location.

FR(LS) PVC vs HFFR compounds: total CO Production evolution

=

— — CO drives

Increase

of smoke tenablllty limits

toxicity

Total CO production

<191»
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n New LSA Cables: real fire scenarion. 6

Fire Scenario number 6: A room goes in flashover, HCl is released
(Acid scavengers do not work), HCI decays, CO from PVC is less than
HFFR and does not travel far from the location where it originated.
CO is released in the same amount after the flashover from every
polymer (20% of their mass)

CO emission

i
“lll | o

— ) —

476 4 -
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n Conclusions pvc £ CABLES

1) Toxicity of the effluents is mainly related to CO, and acidity assessment has no O
correlation with toxicity

2) Small scale tests that evaluating toxicity are not representative of real fire
scenarios |

3) The use of EN 50399 with sensors for CO, CO, and HCI confirmed that it can be a
powerful method for assessing the effluent toxicity in combination with ISO
13344 through FED

4) LSA cables showed higher toxicity potential in small scale and lower in medi®h
scale (FED 0,77 vs. 0,81)

5) The EN 50399 + sensors must be repeated for the third time to confirm definitely
the data

6) In real fire scenarios HCl decays and the HC| quantity in the gas phase could be
even less

7) Large scale tests are suggested for assessing if HCl is a real concern in the fire
safety
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society, and end-users of PVC.
VinylPlus® operates in the 27 European
Union countries plus Norway,
Switzerland, and the UK. VinyIPlus® is
registered as a SMART partnership on
the UN's Partnerships for the SDGs
platform.

vinylplus.eu

PVC /' CABLES

PVC4Cables is the ECVM platform
dedicated to the PVC cable supply chain. It
brings together PVC resin producers,
stabilizer and plasticizer manufacturers,
and PVC compounders. It is open to the
participation of PVC cable manufacturers,
recyclers, and industry associations.
PVC4Cables aims to be a driver for
environmentally compatible innovations in
the PVC cable sector and to serve as a
point of reference for dialogue and
communication with all stakeholders: cable
manufacturers, legislators, designers,
installers, electricians, media, and the
general public.

www.pvc4cables.org
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