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Measures taken before a substance,
material or product has become waste

Checking, cleaning, repairing, refurbishing,
whole items or spare parts

Anyrecovery operation by which waste
materials are reprocessedinto products, materials
or substances whether for the original or other purposes

Any operation the principal result of which is waste
serving a useful purpose

Recover

~ Melamine based
FRs

Any operation which is not recovery even where
the ion has as a

y

Europes FRs consumption in 2006, 465k tons [1]
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Introduction

‘ Sources -

In one LCA study, non-durable flame retardants such as ammonium phosphate appeared to have high impact

on the environment. The environmental impacts in many categories such as global warming (GWP100), ozone
layer depletion (ODP), human toxicity, marine and aquatic ecotoxicity, abiotic depletion and energy use [3, 4]

Abiotic Acidification Eutrophication Global Ozone layer Human toxicity Fresh water Marine Terrestrial Photochemical EnergyUse
depletion warming depletion aquatic aquatic ecotoxicity oxidation

(GWP100) (ODP) ecotox. ecotoxicity

M Other Material Inputs W Transport M Normal process energy M Disposal, landfill @ Conventional FR (materialimpacts) B Electricity requirement for FR application

Overall impact of ammonium phosphate salt FR from cradle-to-gate life cycle assessment [5]

‘ Objectives -

The aim of this work was to degrade FR from the textile before it goes through incineration process,
so it can be used as fuel alternative.
The proposed pathway of the degradation of FR of the fabric can be a supportive route to decrease
environmental impacts as well.

AS;
Incineration of textile products is an efficient way to produce energy using discarded textiles, b
incineration of the FR textiles would affect the energy generation and evolves toxic emissions.

Non-durable FRs can be removed by water treatments, but can pollute the water posing concerns
towards environmental sustainability. In addition, the toxicity of FRs is yet to be fully investigated.
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Experimental

’ Materials & Methods-

Flame retardant and application

The non-durable FR type, ammonium phosphate
dibasic (DAP) with CAS. Number 7783-28-0 was
provided by Riedel-de Haén, Germany. The cotton
sample used was plain woven dyed 110 g/m? fabric.
The FR treated cotton samples were conditioned in
dry atmosphere or at 100 % relative humidity (RH).

Infrared emitter

Medium wave (50 Hz) infrared heating element was
used, each of them having a maximum heating
capacity of maximum 1000 W, 230 V. As the IR
heating device has three IR emitters, the total
capacity was 3 kW. The rectangular geometric
assembly of the IR source used was of 533 mm long
(a) and 315 mm wide (b).

IR emitter

IR radiations

Cotton fabric
with FR finish

Receiving
plane

Schematic illustration of FR degradation with IR radiation

View Factor

To evaluate the amount of emitted energy, which
reaches the product, a geometric relationship can be
used. This expression is called view factor and can be
calculated from [8];
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Results -
View Factor

The FR treated cotton samples (dry or with 100 %
RH) were placed at a distance of 300 mm. At this
distance, the cotton sample can intercept 28 % of
the radiated energy absorbed from the emitting
source.
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View factors of the IR emitter at different heights

Flame test

The flame test results of FR treated cotton d
specimen (1D to 5D samples) and with 100 % /
' 0

(1M to 5M samples), shows that samples with 10
RH subjected to 15-20 minutes IR radiation
completely burnt during the flame test.
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Discussion & Conclusions

’ Degradation of FR -

Decomposition of ammonium phosphates has been
reported at high temperatures, releasing ammonia
or phosphoric acid, depending on environment
conditions. It is expected that ammonium phosphate
dibasic upon reaching certain temperature on
cellulosic materials produces cellulose phosphate by
phosphorylation [2].

Ammonium phosphate dibasic as FR needs being
saturated by moisture to degrade when subjected to
IR radiation.

Flame test of flame retarded samples by IR radiation.
Samples in dry conditions (D) and moist conditions (M)

Samples  Weight Radiation time Distance burnt

(e) (min) (mm)

10 7.44 0 50

2D 7.31 5 60

3D 7.01 10 60

4D 7.64 15 70

5D 7.45 p.) 70

iMm 7.12 0 60

2M 7.54 5 70

3M 7.56 10 150

4M 6.95 15 Complete

5M 7.42 20 Complete

Future perspectives -

++ Life Cycle Assessment will be conducted hereafter to
check the benefits of the method proposed.

+*» A simple method to improve the energetic yield of a
flame retardant textile during incineration, the
economical aspect of this step which is preliminary to
any thermal treatment has still to be investigated.

+»* Gasification of discarded textiles is on its way to
generate syngas: in this view cotton treated with FR
may encounter some difficlulty in the process.
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’ Conclusions -~

¢+ Degradation or removal of the FR finish from
textiles can be a suitable route to decrease the
environmental impact at their end of life.

+ IR radiation can be used to degrade FR
ammonium phosphate dibasic from the cotton
fabrics. Decreasing the distance between the
sample and IR emitter enhances the degradation
rate.

+» To maintain the cellulosic nature of cotton
unchanged, 15 minute IR radiation time was
enough to degrade the FR on the fabric at a
certain distance from emitter.
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