Flammability — the environment
and the green movement

Ian Holme

The flammability of textile fibres can have a significant effect on
the environment. In this article, Ian Holme looks at textile fibre
flammability from an environmental angle, and discusses the

importance of ecolabelling.

The flammability of textile fibres is a

problem that arises with many end uses

of textile materials. Nearly all commodity

textile fibres burn, creating potential

hazards to consumers where there is a

risk of ignition [1-4]. It must be stressed

that textile materials, suitably engineered

for the end use, present few hazards for

the consumer, and can afford a degree of

protection. When subjected to sources of

ignition, fibres can ignite and burn,

creating risk for the consumer through

one or more of the following hazards:

* Direct consumption by the fire

» Inhalation of toxic gases, irritants and
smoke

+ [nhalation of carbon monoxide and
carbon dioxide during burning

¢ Heat release to the skin from molten
polymer

+ Visual obscuration of potential safe
escape routes by smoke.

Studies have demonstrated that both the
very young and the very old are more at
risk than the rest of the population, and
special provision should therefore be
made when supplying apparel and other
goods for these sectors of the market.

It must be stressed, however, that
consumers must, in the first instance, take
greater steps to protect themselves from
the hazards of burning textile materials.
Many seurces of ignition are avoidable if
simple precautions are employed.

Thus, while regulatory controls may be
applied and carefully adhered to by the
textile and garment manufacturer, it is
stilk difficult to legislate against
consumers who accidentally set fire to
their clothing or upholstery. Protecting,
the consumer from burning upholstery
requires an additional measure to be
installed in the building, for example
smoke alarms to warn the occupants of
impending danger.

The general nature of the problems of

the flammability of textile fibres, and
methods used to flame retard them will
be discussed in this article, with particular
reference to environmental factors and
the growth of the green movement
worldwide. Environmental factors are
now driving the pace and direction of
research and development in flame
retardancy, and this is now seen as a
major sphere of activity within the whole
green movement that considers all
aspects of the environment.

Flammability

Textile fibres are subject to the burning
cycle in which the application of heat to
the fibre in the solid (or condensed phase)
leads to endothermic reactions that result
in the thermal degradation (pyrolysis) of
the polymeric material (Figure 1) [5]. Low
molecular weight pyrolysis products are
thus generated. At a high temperature
and in the presence of an oxidising
atmosphere (generally air, which contains
20.8% oxygen), the pyrolytic products

oxidise and give out heat through
exothermic reactions in the gas (or
vapour) phase.

Free radical reactions occur during this
combustion process, with the resulting
oxidation products being liberated. Heat
is generated as a result of the flame
produced - a flame is a highly exothermic
reaction occurring in the gas phase —and
some of the heat is transferred back to the
surface of the fibre by conduction,
convection and, particularly, radiation.
This burning cycle continues until either
there is not enough fuel {i.e. fibre) or
enough oxidant to sustain any one of the
three stages. Flaming combustion will
then cease. However, many textile
materials may exhibit smouldering (or
flameless combustion), and the
phenomenon of afterglow.

The chemistry of the thermal
degradation (pyrolysis} stage and the
combustion stage is extremely complex.
Many different chemical compounds or
species may be generated, and the type

Figure 1 The burning cycle for polymers
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and amount of any one species will be
markedly dependent upon the applied
heat flux, the fabric mass per unit area,
and the flow rate of air (and oxygen) to
the material. Changes in the temperature
gradients within the textile material or
the presence of other materials such as
chemical finishes can affect the balance of
the chemical reactions that take place.

As a result of the burning cycle for
textile materials, heat is released, and
smeke (particulates), toxic gases and
fumes may be evolved. Toxic gases
produced as a result of burning fibres
include CO, CO,, HCN, H,8, SO,, NH,
and NO, according to the type of fibre
being burned and the conditions. The
type and amount of such products may
vary widely, and this creates difficulties
for the scientist seeking environmentally
friendly products and processes. This has
led to much work being carried out
under controlled heat flux (burning
conditions) as well as uncontrolled
studies where the heat flux rate may
fluctuate widely, as can occur under
practical burning conditions.

Flame retardant mechanisms

Normally, the action of a flame retardant
is to function in one or more of the three
stages of the burning cycle (Figure 1) to
interrupt the three-stage cycle and hence
extinguish the flame or fire [1, 5]. Stage 1
of the burning cycle may be drastically
altered by using a char-promoting flame
retardant, changing the solid (condensed)
phase reactions and minimising the
release of volatile pyrolysis products by
chemically dehydrating the fibre and / or
by other reactions to produce a black
carbonaceous char. The phenomenon of
afterglow may, however, still lead to
smouldering. This flameless combustion
may suddenly burst back as flaming
combustion if there is an onrush of air
into the burning zone.

The second stage is normaily modified
by releasing halogen-containing flame
retardants into the hot air surrounding
the fibres to interfere with (or poison) free
radical combustion reactions. This greatly
slows down the oxidation reactions,
minimising the heat evolved so that there
is insufficient heat output to sustain the
third stage of the burning cycle.

Stage 3 may be interrupted by the use
of a high add-on of a chernical that acts as
a heat sink, absorbing the heat which is
released from stage 2 oxidation reactions.
Compounds such as alumina trihydrate
which absorb heat and liberate moisture
into the reaction zone can be used, but
this technique is very rarely, if ever, used
for textile apparel fabrics because of the
deleterious effect a high chemical add-on
has on the fabric’s aesthetic properties.

Fibre combustion may be regarded as a
feedback system that may be interrupted
at various points to give flame retardancy
(see Figure 2) [2, 4]. Retardants rarely
operate by a single mode of activity and,
in practice, one or more of the following
may function to extinguish the flame;

1. Removal of heat

2. Enhancement of the decomposition
temperature

3. Decreasing the formation of volatiles
and combustible gases and promoting
the formation of char; this often occurs
ata lower temperature so that ignition
will not occur

4. Preventing oxygen access to, or
dilution of, the flame

5. Enhancing the temperature at which
the gaseous fuels ignite (T,) and/ or
interfering with the flame chemistry.

Modes 1, 2 and 3 function in the solid (or
condensed) phase and modes 4 and 5in
the vapour (or gas) phase but, in practice,
they may operate in either one or both of
the condensed or vapour phases so that a
very complex situation is created.

Intumescent flame retardant systems
may also be used, where a carbonific is
charred and a spumific compound is
used to release bubbles of inert gas that
become entrapped within the viscous
char. This expands the char structure to
give a relatively thick black carbonaceous
char that may decrease thermal transfer
to underlying material (such as human
skin) as well as providing increased
resistance to high temperatures.

There are thus various approaches to
producing a flame retardant fabric. In
each case, the nature and amount of
smoke, toxic gases and irritants will vary
according to the burning conditions,
including moisture content of the fibre
and relative humidity of the air in which
the sample is burned. The presence of
natural, acquired and applied impurities,
and the nature, type and amount of any
flame retardant will also modify to some
extent the reactions that occur and the
spectrum of volatile products released. If
combustion is incomplete, highly toxic
carbon monoxide may be liberated
instead of the carbon dioxide formed in
complete combustion of hydrocarbons.

The burning of textile products such as
upholstered furniture is a much more
complex scenario. Here, there may well
be physical and chemical interactions
according to the nature of the composite
structure, as well as chemical interactions
taking place in the gas phase, dependent
upon which of the materials (cover fabric,
liner, foam) are burning. The effect of the
flame retardant on the cover fabric and
the use of combustion-modified foam
yield a complex burning system that is
very difficult to predict theoretically.

Flame retardant fibres

Natural fibres, other than asbestos,
require some form of flame retardant
treatment, normally applied to a textile
material during surface finishing, in order

action, see text)

Figure 2 Combustion as a feedback mechanism, according to Horrocks (
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to render the fibre flame retardant.
However, man-made fibres may be
chemically engineered in a flame
retardant form. This can be achieved
through a number of approaches.

Some fibres are inherently flame
retardant. These include polyamide
imide, aramid, polyimide fibres, phenolic
(novoloid), chlorofibres, poly(phenylene
sulphide), polyacrylate, fluorocarbon
(fluorofibres) and semi-carbon fibres. In
these, either the chemical structure is
flame retardant (as in chlorofibres and
fluorofibres) or is such that it does not
break down to form combustible
molecular fragments. Semi-carbon fibres
are produced by partial carbonisation of
poly(acrylonitrile) fibres, or by partial
carbonisation of viscose fabrics {3, 6].

Incorporating certain phosphorus and/
or halogen-based comonomers in the
polymer prior to fibre extrusion, as in
modacrylic and flame retardant polyester,
also has the effect of rendering the fibre
flame retardant. Incorporating certain
flame retardant additives in the spinning
dope and/or spinning bath during fibre
spinning, like flame retardant viscose, can
have the same effect.

Flame retardants can also be applied to
a fabric during textile finishing. An
example of this is the application of an
oligomeric cyclic phosphonate (Antiblaze
19 — Mobile Chemical) to polyester fabrics
using the pad—dry thermofix technique.

Flame retardant fibres and the

environment

In any complete life cycle analysis using a

cradle-to-grave approach, a large number

of factors have to be considered, and for
each fibre the weighting of the various
factors within the life cycle inventory
would be different. Some general
principles however may be considered.

1. Energy consumption and the
accompanying energy burden in the
production of the polymer and the
fibre extrusion and manufacturing
process (including that of air pollution
control equipment)

2. Emissions of volatile organic
compounds, exhaust gases (CO, CO,,
NO, and so on) or particulates during
fibre production, which may include
incinerator stack emissions depending
upon the plant design

3. The consumption of organic solvents
and the efficiency of solvent recovery,
recycling and reuse, including energy
consumption for solvent recovery

4, Discharges of chemicals into waste
water, including heavy metals,
catalysts, antioxidants, oligomers and
spin finishes (which may contain
lubricants, antistatic agents,
emulsifiers and biocides)

5. Disposal of solid waste polymer and
fibres, which may be pellets or chips,
chopped or shredded materials, dust
or powder; lost polymer may come
from off-specification production,
spills, product contamination, cleaning
out the system, emergency dumps and
other miscellaneous sources

6. Odour assessed in terms of its

nuisance value

. Noise

8. Packaging materials — waste disposal
or recycling?

9. Transportation of materials and its
effects on the environment,

~

In practice, air pollution control measures
may include the use of carbon adsorption
systems, thermal oxidation systems,
aqueous absorber systems and liquid
waste incineration. Particulate control
measures include bag filters, electrostatic
precipitators and venturi scrubbers.

To the above list must be added the loss
of fibre additives such as flame retardants
during wet processing treatments, and
the loss of sizes during desizing and of
natural acquired or applied impurities
during scouring, bleaching and dyeing,
In addition, discharges of dyes, pigments,
binders, thickeners, auxiliaries, chemicals
and chemical finishes must also be taken
into account as part of the effects of
conventional wet processing upon the
environment. Water and energy
consumption, the production of waste
water and the total energy burden must
also be considered [7].

Flame retardant finishes and the
environment
Flame retardant finishes are normally
applied to textile fabrics or garments
during textile finishing, and are applied
from an aqueous medium. The effects on
the environment using a cradle-to-grave
approach must include the manufacture
of the flame retardant, packaging and
transportation issues and, for the flame
retardant chemical, its application to the
textile fabric, making up into garments or
textile products, packaging of the
garments, effects of aftercare treatments
and disposal of the garments when the
wear life has been reached, or the product
otherwise discarded or recycled.

Manufacturers of flame retardants
must consider alternative routes to
manufacture and the contributions of
these routes to environmental pollution,
the consumption of water, energy and
solvents, the energy burden of the
process and any discharges to land, air
and water. The energy consumption and
energy burden of pollution control
equipment must also be considered.

The type of packaging used and
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whether it can be recycled must be
considered, as should pollution arising
from the transport of the flame retardant
to the textile finishing plant.

Methods of application of the flame retardant
Flame retardants may be applied by one
or more of the following methods {1-3].

1. Exhaustion methods. Here, the higher
the liquor ratio, the greater the water
and energy consumption. The degree
of exhaustion and fixation of the flame
retardant are important in relation to
minimising the discharge of flame
retardants into waste water. Normal
considerations relating to consent to
discharge must be observed; for
example, a pH of between 6 and 9, a
temperatutre less than 42°C, and
limitations on colour, electrolyte,
heavy metals and AOX (absorbable
organchalogen compounds).

2. Application by impregnation followed
by drying. Impregnation may utilise
dip or nip padding, or low wet pick-
up application methods like vacuum
extraction, porous bowls, compressed
air, lick roll, spray or foam application
methods. Methods of drying could
include steam heated cylinders, hot air
dryers such as infra-red (gas-fired or
electric), stenters (gas, oil, thermal
fluid heating), radiofrequency or
microwave drying. Contributions to
discharges into waste water are mainly
from excess liquor dumps or end-of-
run bath drops. Some flame retardants
may release ammonia, formaldehyde
or other volatile organic compounds
during impregnation and/or drying .

3. Application by impregnation followed
by drying and high temperature
cuting. Usually this consists of a pad—
dry—cure technique, but any of the
other application methods for low wet
pick-up may be used. Hot air
treatment on a stenter is usually used.

4. Application by pad-dry-thermofix (or
Thermosol) treatment. This may be
conducted using conventional
padding or low wet pick-up
application followed by infra-red
drying and hot air thermotixation on a
stenter or hot roll machine. The fabric
may be washed and dried to remove
loose flame retardant.

5. Application by coating fellowed by
drying and curing, The system may
contain a flame retardant, synergist or
afterglow suppressant, and a coating
formulation which itself may or may
not be inherently flame retardant. Any
form of coating method may be used,
such as knife over roll, knife over flat
bed, foam or spray coating, but usually
back coating is practised, particularly
for upholstery fabrics.



6. Application involving specialised
curing techniques and other
treatments. Certain flame retardant
systems require lengthy processing
with special curing techniques.
Tetrakis(hydroxymethyl)phosphonium
chloride/urea (THPC/urea) may be
applied by padding, drying and then
curing in ammonia, followed by
hydrogen peroxide oxidation and then
washing and drying.

For each method of application, discharge
of flame retardant and/or other chemicals
into water and any emissions into the air
must be taken into account, Drying and
high temperature curing stages may
release volatile organic compounds like
formaldehyde and solvents. Water and
energy consumption {including the
energy burden) must also be considered.
Particular care is required with high
temperature curing and thermofixation
methods as well as appropriate disposal
or treatment of end-of-run bath drops.

Making up and subsequent processes
Operations such as Hoffmann pressing,
ironing, fusing and hot air or steam
finishing may give rise to the release of
volatile products such as formaldehyde
into the air of the workroom causing
discomfort to workers. The garment
packaging may be wholly or partially of
recycled materials, and may in turn
eventually be recycled, or disposed of by
disposal to landfill or incineration.

Flame retardant articles intended for
washing or laundering normally employ
durable flame retardant systems and the
lass of flame retardant in each wash~
wear cycle is extremely small. Semi-
durable treatments would release more
flame retardant into the waste wash
water, but the end-use may only
involve infrequent laundering.
Breakdown and/or migration of flame
retardants may be promoted by hot
ironing or steam pressing operations.
Flame retardant losses in dry-cleaning
should normally be at a very low
level.

Very little, if any, flame
retardant fibres and fabrics are
recycled, and most materials will be
disposed of safely to landfill in a
designated site, or incinerated at a very
high temperature. In the latter case,
the conditions for halogenated flame
retardants must not give rise to dioxin
formation. The Jong term effects of
disposal to landfill are clearly complex,
the major concerns generally being to
minimise the release of heavy metals and
toxic species into the watercourse, and
thence into drinking water. Some flame
retardants may inhibit biodegradation

because of their reinforcing effect on the
fibre, or their general chemical inertness,
or through their inhibiting effect upon
the degradative action of microorganisms
in the soil.

The ideal environmentally friendly
flame retardant system

Flame retardants should be non-toxic,
non-dermatitic, non-mutagenic and non-
teratogenic to humans. They should
preferably not contain or release
formaldehyde as it is a skin irritant, On
disposal, it should biodegrade, or be
capable of being incinerated, to form
harmless breakdown products, yet must
be relatively stable during the life of the
textile material. It should not be toxic to
plants, animals or microorganisms,
particularly those operating in waste
water treatment facilities. Manufacture
and application should not consume
large quantities of natural resources nor
of energy. The use of the product should
give rise to no eco-toxicological problems
and impart minimum pollution to land,
water and air,

Major considerations are thai the flame
retardant shouid function effectively at
low add-on and low cost, and should
minimise the release of toxic gases,
irritants and particulates during the
pyrolysis and combustion stages. These
are difficult to achieve, but research and
development are continuing,
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Figure 3 The European
Union Ecolabel logo
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One of the projects within the
Postgraduate Training Partnership
scheme controlled jointly by research
staff at the British Textile Technology
Group (BTTG) Manchester, and academic
staff in the Department of Textile
Industries at the University of Leeds, is a
multi-sponsor research project on such
systems. Present research has been
directed towards integrating combustion
toxicology and combustion methods with
sophisticated analytical techniques to
provide a reasonable assessment of the
likely toxic potency of textile materials
under various fire conditions.

BTTG continue to seek more sponsors
for this important research topic, for the
state of knowledge in this field is still in
the embryonic stage. The opportunities
for a breakthrough in our understanding
of the fundamentals of fibre flammability
and for the development of more
environmentally friendly flame retardant
systems are good. Such research deserves
support from fibre, textile, garment and
flame retardant manufacturers as well as
retailers and consumer organisations.

The green movement and ecolabelling
The 1990s are proving to be the age of the
environment, and there is no doubt that
the influence of environmental issues
now pervades most aspects of our lives,
Many consumers are concerned about
environmental pollution, and
increasingly stringent legistation and
regulations are emanating from within
the member states of the EU.

The fact that more environmentally
friendly products and processing
methods are often more costly has not,
however, as yet received universal
acceptance by consumers. Price is a
potent marketing factor in textile
products; the consumer will not always
pay extra for a more environmentally
friendly product. The recent recession
within most European countries may
have also played some subtle part in this
equation as consumers begin to realise
that strict environmental legislation can
export jobs and the accompanying
environmental pollution to countries
where environmental regulations, or
their enforcement, are less strict.

Nevertheless, there have been a
number of national labelling schemes
such as the Blue Angel scheme that
originated in West Germany, and now
various private ecolabelling schemes
within Germany and Austria that are
intended to convey to the consumer that
a product is more environmentally
friendly [8]. These schemes are not based
on a cradle-to-grave approach, but
monitoer for the presence or absence of
various chemicals within specific parts of
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the product life cycle. The proliferation of
these private ecolabels may be leading to
some confusion amongst consumers who
may ask the question — which ecalabel is
the most environmentally friendly?

The EU ecolabelling award scheme

The European Community (now
European Union) Ecolabelling Award
Scheme was published in the Official
Journa! of the European Communities on 11
April, 1992 (No. L99/1), referring to
Council Regulation (EEC) No. 880/92 of
23 March, 1992. This is to be a voluntary
scheme based on life cycle analysis, with
all stages - pre-production, production,
distribution (including packaging), use
and disposal - being considered using the
cradle-to-grave approach. Environmental
fields to be considered include waste
relevance, soil pollution and degradation,
water and air contamination, noise,
consumption of energy and natural
resources and effects on ecosystems.

This Regulation thus established a
Community ecolabel award scheme
which is intended to promote the design,
production, marketing and use of
products which have a reduced
environmental impact during their entire
life cycle. It should also give consumers
better information on the environmental
impact of products. without, however,
compromising product or worker safety
or significantly affecting the properties
which make a product fit for use.

The EU ecolabelling regulations do not
apply to food, drink or pharmaceuticals,
and cannot be awarded to products
which are substances or preparations
classified as dangerous in accordance
with EU Directives 67/548/EEC and 88/
379/EEC. However, the EU ecolabel may
be awarded to products containing a
substance or preparation classified as
dangerous in accordance with that
Directive in so far as the products meet
the original objectives of the EU
ecolabelling Award Scheme. In addition,
the EU ecolabel shall in no case be
awarded to products manufactured by
processes which are likely to harm
significantly man or the environment.
Product groups, the specific
environmental criteria for each group,
and their respective periods of validity
are to be established according to strict
procedures following a consultation
procedure. In respect of the specific
ecological criteria for each product group,
these will be established using a cradle-
to-grave approach. The criteria must be
precise, clear and objective so as to ensure
uniformity of application by the
competent bodies. In the UK, the
competent body is the UK Ecolabelling

Board, 7th Floor, Eastbury House, 30-34
Albert Embankment, London SE1 7TL.

The environmental criteria must ensure
a high level of environmental protection,
be based as far as possible on the use of
clean technology and, where appropriate,
reflect the desirability of maximising
product life. An EU ecolabel may be
awarded for one year, the period of
validity of product groups will be about
three years and the scheme will be
reviewed every five years. The scheme is
self-financing through payment of a fee
of £500 (including VAT) and 0.15% -+ VAT
of annual sales within the European
Union at ex-factory prices.

At the present time, the Danish
Ministry of the Environment, Denmark
National Agency of Environmental
Protection based in Copenhagen, has the
overall responsibility for establishing the
environmental criteria to be adopted for
two textile product groups, namely T-
shirts and bed linen. The specific
environmental criteria to be adopted for
these product groups are still under
discussion.

The design of the logo adopted for the
EU Ecolabel, pictured in Figure 3, is an
adaptation of one originally produced by
British designers Newell and Sorrell
under a contract from the Department of
the Environment. The logo should be
printed either in two colours (the letter E
and the stem in Pantone Green 347 and
the stars in Pantone Blue 279), or
alternatively in black on white, or white
on black.

Conclusion

Clearly, flame retardant textile preducts
that are produced using environmentally
friendlier flame retardants and
application methods will have a greater
chance of success in achieving the award
of an EC ecolabel. This should have

greater ‘street credibility” for the
consumer because it is based on life cycle
analysis, using the cradle-to-grave
approach.

Irrespective of which ecolabelling
scheme is considered, either the
prospective European Union ecolabel or
the various private ecolabels, it is clear
that the goal of decreasing textile
flammability by the use of more
environmentally flame retardant systems
is a worthy objective. Perception of this
by the consumer should in turn lead to a
greater market share for those companies
that demonstrate their initiative and
expertise in the environmental field in the
longer term by gaining the EU ecolabel
for their flame retardant textile products.
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Journal 1995

Most readers will be aware that each year the Journal is published in ten
issues: monthly, with combined May/June and July/August issues in the
summer. For 1995 only, this schedule will be changed, with a combined
January/February issue and separate issues in May and June. This is to
allow the Society to bring its schedules into line with those of the
International Dyer, which is distributed to members along with the
Journal. The effect of this change from 1995 will be to bring the
publication date of the Journal forward to the third Tuesday of the month
preceding that indicated on the cover.

The January/February issue wili be published on 17 January. In the
meantime members will receive their December issues of the Journal
and International Dyer by separate mailings, and there will be nc
Journal distributed with the January issue of the International Dyer.
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