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@ Fire Safety. Why Use Fire Retardants? 1isola

European TV. Low Level Ignition Source

Time (min/sec) Time (min/sec) Time (min/sec)
0:08 7:23 8.00-9:00
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Flashover - all combustible materials

The fuel peIIet burning in the room Spontaneous|y |gn|te Flames blaze out of the window
underneath the rear of the TV. and reach up to 8 metres
A moment before, the room temperature high on the facade

shot up to 700 - 800 °C (1292 °F - 1472 °F).

Note how the newspaper on the
table bursts into flames.
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Fire Safety. Why Use Fire Retardants? 1isola

American TV. Low Level Ignition Source

Time (min/sec) Time (min/sec) Time (min/sec)
0:05 1:30 1.45

|.5 minutes

Five seconds after a lit methenamine After the fuel pellet has been burning When the fuel pellet consumes itself,
tablet (a small fuel pellet) is placed for about 90 seconds, the TV backplate there is no sustained burning on the TV.
underneath the TV backplate, which is only slightly affected. The fire goes out by itself and
is part of the plastic housing, the TV the TV has hardly been damaged.

resists ignition quite well.
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Flame Retardant Function isola

Flame retardants are chemicals, which added to
materials during or after manufacture, inhibit or
suppress the combustion process

They interfere with combustion at various stages of
the process, e.g. during heating, decomposition,
ignition or flame spread. They prevent the spread of
fires or delay the time of flashover so that people can

escape.
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@ Flame Retardant Types isola

AReactive Flame Retardants

These are chemically bound to the polymer molecule. This prevents
them from bleeding out of the polymer and their flame retardancy is
thus maintained.

AAdditive Flame Retardants

These are incorporated into the plastic prior to, during, or most
commonly following polymerisation. If they are chemically
compatible with the plastic they act as plasticisers otherwise they
are considered as fillers.

ACombinations
Reactive and additive flame retardants can act synergistically to
produce a greater flame retardant effect than the sum of the
individual components.
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@ Flame Retardant Mechanisms isola

APhysical Action

A Cooling - endothermic process triggered by additives cool the
substrate to a temperature below that required for sustaining
the combustion process.

A Formation of protective layer - The combustible layer is shielded
from the gaseous phase with a solid or gaseous protective layer.
The oxygen required for the combustion process is excluded and
heat transfer is impeded.

A Dilution - Inert fillers are incorporated which evolve inert gases on
decomposition diluting the fuel in the solid and gaseous phase so
that the lower ignition limit of the gas mixture is not exceeded.
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@ Flame Retardant Mechanisms isola

AChemical Action

A Reaction in the solid phase - The flame retardant causes a layer
of carbon to form on the polymer surface. This can occur through
dehydration of the flame retardant forming a carbonaceous layer
by cross-linking.

A Reaction in the gas phase - The free radical mechanism of the
combustion process which takes place in the gas phase is
interrupted. The exothermic processes are thus stopped, the
system cools down and the supply of flammable gases is
suppressed.
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Halogens

Five highly reactive non-metallic

elements found in group 17 of

the periodic table
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@ Where are halogens used in everyday life? isola

Fluor ine Chlor ine Brom ine lodine

- UFe - NacCl, Table salt - Flame retardants |- Thyroid hormone
Used for Uranium - PVC - Fumigants and production
Enrichment Pipes, building disinfectants - Dietary supplement

- Fluoroplastics
PTFE (Teflon)
Viton (synthetic rubber)
- SFs
Gaseous insulator in
high voltage switchgear
- NaF, SnF,, Na,POsF
Anti decay additive in
toothpaste

materials, electrical
insulation, clothing
SiCl,

Manufacture of Silicon
for semiconductors
HCI

Medicine

Pesticide

Water purificants
Medicine
Sedatives, anti-
convulsants, anti-
histamines
Photographic
paper

Halogen lighting

- X-ray contrast agent
- Chemical catalyst, for
example in epoxy
resin manufacture
- Water purification

- Antiseptic
- Halogen lighting
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Halogen Containing Flame Retardants isola

Fluorine and lodine are not used because neither type effectively interferes
with the combustion process.

Chlorine-containing flame retardants release HCI over a wide temperature
range so the flame retardant concentration is reduced and is thus less effective.

Bromine is the most effective since its bonding to carbon enables it to interfere
at a more favourable point in the combustion process. The effective agent,
HBr, is assumed to be liberated over a narrow temperature range so that it is
available at a high concentration in the flame zone.
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@ Halogen containing components ]
in epoxy resin isola

Br Br
cle3 f|3H3
H,C — CH—CH,-0— : : —cCc— : : >—O—CH,-CH-CH, 4 HO C OH —>
2 2 \ / 2 | 2 \ / 2 |
O CH, @ CH,
Br Br
Diglycidylether of Bisphenol A _
gyecy (DGEBA) P Tetrabromo-bisphenol A (TBBA)
Br Br
i A b
H,C — CH-CHZ-O-@-C-@-O-CHZ- CH=CH,=0 -@C@o-CHZ-CH-CHZ-o-@C»@Q-CHZ- HC — CH,
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CH, OH Br CHy  pr OH CHy

Bromine modified epoxy resin
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Bromine Flame Retardant Mechanism 1isola

—=> The bromine breaks down to form a bromine radical which then reacts
with the hydrocarbon to form HBr.

R-Br . RA + Br A
RH + B+ARA + HBT

—> The HBr removes the high energy H and OH radicals by reaction.
The high energy radicals are replaced with low energy bromine radicals.

HBr +—0OHAO + Br A
HBr +—HA H,+ Br A

—> The HBr consumed is regenerated by reaction with the hydrocarbon.

RH + B+ARA + HBT
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@ Halogen free components in epoxy resin isola

O T Q I
H,C— CH-CH,-O C O—CH,CH-CH, 4+ HO—P—OH —»
2 2 \ / 2 | 2 \ / 2 |
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Diglycidylether of Bisphenol A Organophosphorous compound
(DGEBA)

T I e
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Phosphorous modified epoxy resin
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@ Phosphorous Flame Retardant Mechanismisola

HO

=> The phosphorus containing compound is converted by thermal
decomposition to phosphoric acid. The phosphoric acid dehydrates the
oxygen containing polymer and causes charring.

O
|

P—O
|

OH

DEHYDRATION

H + 'CHz'O'

H,0O

HyPO, + C
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@ NHal ogen freen base, mat
Halogens 15014

Epoxy resins are produced by reacting bisphenol-A

C| —> with epichlorohydrin, which contains chlorine.
Therefore all epoxy resins contain measurable

traces of chlorine.

lodine is often a constituent part of the catalyst
used in the production of epoxy resins.
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@ IPC 4101C isola

| PC recognizes that nhal ogen
guantities of halogens.

In practical terms therefore,ihal ogen freeo me

NFree of halogenat'ed f | a

IPC-4101C
Halogen content, max.
- Chlorine 900 ppm
- Bromine 900 ppm
- Total 1500 ppm
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@ Comparison of IPC Specifications  isola

Halogen free FR-4| Brominated FR-4

Property IPC 4101C/92 IPC 4101C/21
Glass transition temperature Tg [°C] 1107 150 min. 110
Cu peel strength after thermal [N/mm] min. 1.05 1.05
stress
Volume resistivity C-96/35/90 [ Mg A mim] 10° 10°
Surface resistivity C-96/35/90 [ Maniin. 10* 10*
Moisture absorption [%] max. 0.8 0.8
Dielectric breakdown resistance [kV] min., 40 40
Permittivity e at 1 MHz max. 54 54
Loss tangentt a ratil MHz max. 0.035 0.035
Arc resistance [S] min. 60 60
Electric strength [kKV/mm] min. 30 30
Flammability to UL94 min. V-1 V-1
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Duraver DE104 Duraver DE156
Property Unit Thickness < 0.5mm Thickness 00.5mm Thickness < 0.5mm Thickness ©0.5mm
Typical value Typical value Typical value Typical value
1. Peel strength . min
A. Low Profile copperfoil and
Very Low Profile copperfoil
Thicknesss > 17 pm N/mm 1.20 n/a* n/a* n/a*

B. Standard Profile copperfoil (35 um)

1. after thermal shock N/mm 1.50 1.50 1.50 1.70

2.at150 °C N/mm 1.40 1.40 1.10 1.40

3. after process solutions N/mm 1.50 1.50 1.60 1.60

C. All other foils N/mm n/a* n/a* n/a* n/a*
2. Volume resistivity. min ] )

A. C-96/35/90 Mg Ac 6.0 - 10° n/a* 5.0 - 10° n/a*

B. after moisture resistance Mg Ac n/a* 8.0 -10° n/a* 3.0 - 10

C. at elevated temperature E-24/125 MgAc 7.2 10° n/a* 2.0 10’ 2.8-10°

3. Surface resistivity . min. ) )
A. C-96/35/90 Mq 1.3-10° n/a* 2.0 - 10° n/a*
B. after moisture resistance Mq n/a* 4.0 - 10° n/a* 4.0 - 10°
C. at elevated temperature E-24/125 Mq 6.0 - 10° 7.0 - 10 1.0 -10° 1.0 - 10°
4. Moisture absorption . max. % n/a* 0.16 n/a* 0.17*
5. Dielectric breakdown t. min. kv n/a* 45 n/a* 46
6. Permittivity at 1 MHz. max.

(Laminate or pressed prepreg) 467 4.9 467 4.9 467 4.9 467 4.9
7. Loss tangent at 1 MHz. max.

(Laminate or pressed prepreg) 0.020 0.019 0.020 0.020
8. Flexural strength . min.

A. Length direction N/mm2 n/a* 600 n/a* 600

B. Cross direction N/mm? n/a* 480 n/a* 500
9. Flexural strength at elevated temperature

Length direction. min. N/mm?2 n/a* n/a* n/a* n/a*
10. Thermal stress at 288 °C. min.

A. unetched S 010 010 010 010

B. etched S 010 010 010 010
11. Electric strength . min.

(Laminate or pressed prepreg) KV/mm 39 n/a* 50 n/a*
12. Flammabili ty Klasse V-0 V-0 V-0 V-0
13. Glass transition temperature  (Tg) DSC °C 135 135 150 150
14. Thermal coefficient of expansion (a) TMA

Warp direction (beneathTg/above Tg) ppm/K 17/12 17/12

Weft direction (beneath Tg/above Tg) ppm/K --- 12/7 --- 12/7

Vertical direction (beneath Tg/aboveTg) ppm/K --- 45/230 --- 40/200
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Comparison of resin rheology of halogen containing
and halogen free resin systems

isola
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