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Summary

Currently the U.N. building complex in New York, built in 1952, is undergoing a
massive renovation. The Swedish National Public Art Council and the Ministry for
Foreign Affairs have decided on a donation of a contemporary work of textile art
for the United Nations, to replace earlier works. Conservators from the Swedish
National Heritage Board take part in the planning and now act as advisors on
historical and artistic values of the Economic and Social Council Chamber -
ECOSOQC, as well as on the quality and long-term stability of the proposed new
artwork. The New York City Fire Code as well as the Security department of the
UN Capital Master Plan call for the new work of art to be fire safe. Modern textiles
for interiors such as curtains or upholstery material are often treated with fire
retardants but are usually not expected to last longer than ten years, but the
Swedish National Public Art Council has asked for the new ECOSOC curtain to
last for sixty years. The new curtain is going to be made entirely of wool. Since
earlier studies at the Swedish National Heritage Board had proved that flame
retardants in the long run can be harmful to cellulose material an evaluation of the

effects of flame retardants on wool was needed.
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Introduction

Currently the U.N. building complex in New York, built in 1952, is undergoing a
massive and much needed renovation. Conservators from the Swedish National
Heritage Board and the Moderna Museet have evaluated the condition of the
Swedish donations to the building. Those donations form a landmark in Sweden’s
modernistic design. The Economic and Social Council Chamber - ECOSOC,
designed by Sven Markelius, was furnished with an artwork by Marianne Richter.
This very large woven curtain was destroyed by a combination of flame retardant
treatment, sunlight and humid climate conditions (Finch, 1969). It was replaced by
a velvet curtain with the print "Pythagoras™, a pattern designed by Sven Markelius
in 1952. The Swedish National Public Art Council and the Ministry for Foreign
Affairs have decided on a donation of a contemporary work of art for the United
Nations, to replace the lost curtains. Conservators from the Swedish National
Heritage Board have taken part in the planning, acting as advisors on the historical
and artistic values of the ECOSOC chamber, as well as on the material quality and

long-term stability of the proposed new artwork, by Swedish artist Ann Edholm.

Flame or fire retardants (FR) are in many ways damaging to textile material as well
as to the environment and to human health, but have been deemed necessary in
order to save lives and property from the outbreak of fire. Textiles are considered a
risk in public buildings and laws and regulations for fire safety are becoming more
demanding. It has for a long time been known that the original fire proofing
treatment was a contributing factor to the damage of the first curtain in the
ECOSOC. With the ongoing restoration of the United Nations building complex
(2009-2013) conservators and scientists from the Swedish National Heritage Board
Conservation Department have performed a closer study of the two earlier curtains
from the ECOSOC as well as two other textile works of art.

The New York City Fire Code as well as the Security department of the UN
Capital Master Plan call for the new work of art to be firesafe. Modern textiles for
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interiors such as curtains or upholstery material treated with fire retardants are
usually not expected to last longer than ten years but the Swedish National Public

Art Council has asked for the new ECOSOC curtain to last for sixty years.

According to an earlier study from the Swedish National Heritage Board
(Bergstrand, 2013) where four existing flame retardants were examined, flame
retardants are harmful to cellulose textiles. Wool on the other hand appears to be in
a better condition after flame retardant treatment. The study points to the
complexity of the flame retardant issue. Flame retardant products vary widely and
are applied to materials with very different properties. Many flame retardants are
based on organic and inorganic salts that, in the long term, will make the material
acidic. Cellulose fibres, cotton and linen, are very sensitive to acidity, which in
some cases has caused severe degradation. Environmental factors such as light,
humidity and temperature seem to accelerate the degradation process. Wool, a
protein fibre, is not as sensitive to acidity as cotton. Although wool in itself has
flame retardant properties, flame retardants are sometimes used for wool when
extra security measures are deemed necessary. Since the new curtain is going to be
made entirely of wool it would be useful to evaluate two commercial flame
retardants for this material. One of these products may be used for the new U.N.

curtain.

Justification for the study

The aim is to arrive at conclusions which will enable the Swedish National
Heritage Board to evaluate which flame retardant can be used on the new curtain
should the security regulations of the U.N. so demand. The life expectancy of the
curtain, the mechanical strength of the material and the impact of light and flame
retardants on the colours as well as the overall aesthetic impression, will be
estimated. The conclusions will help in establishing a maintenance plan for the
U.N. curtain. In the future the recommendations made in this study will be of value
to those who commission works of art as well as to those who make the objects, the
artists and craftspeople, and to those who take care of the objects in museums, the

curators and conservators. However this investigation does not aim at explaining
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why flame retardants influence wool in a harmful way. As mentioned above flame
retardants vary widely and explaining all the effects of all their components calls

for a broader study.

Objectives of the study

The objective of the study is to further explore the possible use of flame retardants
for wool. The aim is to arrive at recommendations for the new ECOSOC curtain,
should the U.N. Capital Master Plan arrive at the conclusion that the new curtain
must be treated with a flame retardant. The study will compare two flame
retardants and indicate which flame retardant will cause the least damage. The

study will also explore the projected lifespan of the new curtain.

The main objective is to ensure that the intentions of the artist and the aesthetic

values of the textile work are not obscured by the effects of flame retardants.

Selection of treatments

In an earlier study performed at the Swedish National Heritage Board (Bergstrand,
2013) four flame retardants were chosen and applied to cotton. The results were
disappointing as the cotton was severely damaged by the application of flame
retardants. Based on this study a decision was made to use two of these flame
retardants, Apyrum and Secura. In the study Apyrum had been found to be the least
damaging to the cotton material. Secura was available on the Swedish market,
while the two other prodcts from the earlier study no longer were available.
Apyrum and Secura also represent two different types of flame retardants - organic
salts (Apyrum) and ammonium phosphates (Secura). Because only two flame

retardants were used the number of samples in this study was kept to a minimum.
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Experimental Work

Fabric selection and preparation

Samples were obtained from HV Ateljé, the studio that was commissioned to make
the curtain for the ECOSOC. Two fabrics that were chosen for the new U. N.

curtain, one orange felted wool (UN 1) and one sand-coloured crépe wool (UN 2).

The orange felted wool was chosen from a range of colours offered by the firm
Kvadrat but the sand-coloured fabric was dyed to order and reactive dyes were
used. As a control reference a tabby weave wool (Wool adjacent as per ISO 105-

FO1) was chosen. This fabric was not dyed.

Selection of flame retardants

Two flame retardants on the Swedish market in 2012 were chosen for experimental
work. Apyrum R Bio-FF (FR1) is fairly new on the Swedish market. According to
the marketing of the brand it is not harmful to the environment. The main
components are “citrate and acetate” and it has a pH of 7-8 according to the

product data sheet. See appendix 1.

The other flame retardant used in this study was Secura Anti-Flame FRT (FR 2),
which has a more traditional composition containing mainly “modified ammonium
phosphate” according to available information on the product. According to the
data sheet the product is not harmful to health or the environment and has a pH of

6.2. See appendix 2.

Preparation and application of flame retardants

Samples of the three fabrics were placed lying flat and sprayed with deionised
water and 0.1% tenside Anglamark. Fintvattmedel fran Coop, pH 6.5 to 7. After
being thoroughly wetted the fabrics were dried lying flat in the washing table.
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Drying time was less than 24 hours. This set of fabrics was used as a control and

for comparable studies.

A second set of the three fabrics was used and the two flame retardants were
applied to the fabrics in a similar way. The fabrics were placed lying flat and
sprayed with flame retardants according to the recommendations made by the
suppliers. The samples treated with Apyrum (FR1) took a long time to dry and
smelled strongly of vinegar. The Secura (FR 2) treated samples dried in less time.
It was observed that on the surface of the fabric was the remnance of what seemed

to be salt crystals.

All samples treated with flame retardants had an oily unpleasant feel.

pH

pH was measured using a Horiba B212 Twin pH meter before and after treatment

with flame retardants after accelerated ageing and after wet-cleaning.

Flammability test

A flammability test to make sure that the flame retardants were applied correctly
according to the manufacturers recommendations was made, using small samples
approximately the size of 140 mm x 26 mm. The samples were tested hanging
vertically and subjected to a gas burner using propane (C*H®%) gas for 60 seconds.
After the flame from the gas burner was extinguished observations were made to
see if the sample kept burning or forming coal. The test was modelled after SIS 65
00 82.
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Dimensional stability and rigidity of fabrics after
application of flame retardants

The samples were observed and evaluated by several colleagues at the Swedish
National Heritage Board but no formal Flexural rigidity test according to the

standard was performed.

Accelerated ageing

One series of samples was subjected to accelerated ageing for 10 years and another
series for 60 years. After accelerated ageing 10 years a series of samples was wet-
cleaned in deionised water and a neutral wetting agent (see details under Wet-

cleaning).

The accelerated ageing was performed using light ageing with a 430 watt Sol500
lamp from Honle UV technology with a metal halide light bulb with radiation
efficiency in the ultraviolet and visible range (295780 nm). The samples were
placed flat on a table. The ageing period was set to 4 days which corresponds to
10.6 years with 100 lux 8 hours per day, 7 days a week, 365 days per year
(museum exposure) and to 21 days, which corresponds to 61.2 years with 100 lux 8
hours per day, 7 days a week, 365 days per year (museum exposure). Lux levels
and UVA levels were measured once a week whilst RH and temperature were
measured once a week using 22 measuring points and the samples were rotated
once a week to create even exposure. The samples were exposed to an average of
30 700 lux and 13 W/ m? per 24 hours at 21-25°C and 45% - 50% RH.

Tensile test

Breaking strength and elongation at break of fabrics were determined in principle
according to SS-EN ISO 13934-2 using a Shimadzu AutoGraph AGS-X tensile

tester.
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Sample preparation for tensile testing

The sample specimens were prepared according to the Swedish standard SS-EN
ISO 13934-1. The specimens were cut to a size of 140 mm x 35 mm and frayed

leaving 5 mm on either side of the sample. The gauge length was 100 mm.

Test procedure and conditioning of samples for tensile
testing

RH should be kept to an average 60% (+ 2.1%) and the temperature to an average
23 °C (%1 °C) during the tensile testing differing from the standard atmosphere of
the Swedish Standard SS-EN ISO 139:2005. The specimens were pre-conditioned
according to the SS-EN ISO 139:2005. See also sample preparation regarding the

size of the specimens. The samples were tested only in the warp direction.

Spectrophotometer

Colour measurements were carried out using a Konica-Minolta CM-2600d
spectrophotometer with an 8mm aperture mask before and after treatments with

flame retardants and before and after accelerated ageing (10 and 60 years).

Wet cleaning

Samples from the 10 years accelerated ageing session were wet cleaned after the
ageing using deionised water and 0.1% tenside Anglamark. Fintvattmedel fran
Coop, pH 6.5to 7. Any colour change during the wet-cleaning was observed and
recorded by Spectrophotometer. After drying the size of the samples were

measured.

Other

Samples of the treated and not treated fabrics were exposed to natural daylight for
one year from August 28 2012 to August 27 2013. The samples were mounted with
metal staples on Coroplast® sheet and placed in a window facing north at the

Swedish National Heritage Board in Visby.



Flame retardants and wool — long term effects 13

Results

pH

The pH values of the treated fabrics before and after treatment as well as before
and after accelerated ageing are shown in table 3. The pH of the control test weave

after wetting in water was 6.30.

Table 1. pH measurements
Mean of five measurements.

Fabrics TW Test UN 1 Orange UN 2 Beige
Weave

Not treated 6.52 4.16 3.88

FR1 8.40 7.58 7.38

FR 2 5.38 6.00 5.80

Fabrics aged 10 years

Not treated 6.24 3.80 3.90

FR1 8.74 8.34 7.50

FR 2 4.96 5.06 4.92

Fabrics aged 10 years, wet-

cleaned

Not treated 6.48 412 3.90

FR1 8.26 8.60 7.54

FR 2 4.66 4.20 4.00

Fabrics aged 60 years

Not treated 5.80 3.88 3.92
FR 1 8.98 9.02 7.30
FR 2 4.46 4.46 4.00
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Flammability test

The flammability test performed at the Swedish National Heritage showed no
significant difference in the flammability of the treated fabrics and the not treated
wool fabrics. The untreated orange fabric UN1 showed a better resistance to

flammability than samples of the fabric treated with flame retardants FR1 and FR2.

Figure 1. The untreated orange fabric UN1 (specimens in the middle) showed a
better resistance to flammability than samples of the fabric treated with flame
retardants Apyrum (FR1) to the right and Secura (FR2) to the left. Note the spots of
moisture from Apyrum (FR 1). Photo Margareta Bergstrand.

Dimensional stability

Dimensional measurements were taken in warp and weft directions after
application of the flame retardants and after the samples had dried. An increase in
weight was observed in all the treated samples. Shrinkage after flame retardant

treatment was also observed. See tables 2 to 3.
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Table 2. Weight increase.
A single prepared sample (with or without frayed edges) was weighed before and
after the flame retardant application. Measurements in grams.

Before FR +FR1 + FR2
treatment
UN 1 2.31 frayed edges  3.99 frayed (+1.68 -
g) 73%
UN 1 3.37 not frayed - 3.45 not frayed

(+0.8) 23%

UN 2 2.29 frayed 2.8 g frayed -
(+0.55) 24%

UN 2 2.82 not frayed 3.46 not frayed 3.08 g not frayed
(+0.64) 23% (+0.26 ) 9%

TW Test weave 0.58 frayed 1.01 frayed -
(+0.43) 74%

TW Test weave 0.75 not frayed 1.20 not frayed 0.82 g not frayed
(+0.45) 60% (+0.07) 9%

Shrinkage and length and width changes

After application of water;

The orange felted fabric (UN1): shrinkage 7% in the warp direction and 2% in the
weft direction.

The sand-coloured crépe fabric (UN2): shrinkage 3% in the warp direction and 2%
in the weft direction.

Control Test weave (TW): A minimum shrinkage in the warp direction of 0.2% and

1% increase in the weft direction.

After application of flame retardants;

Flame retardant Apyrum (FR1), pH 7, applied to UN1 orange fabric made the
fabric increase by 2% in the warp direction. No increase or shrinkage in the weft
direction was observed.

UN 2 beige fabric increased by 3% in the warp direction and did not increase or
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shrink in the weft direction.
The control test weave did not change in the warp direction but increased by 1% in

the weft direction.

Flame retardant Secura (FR2), pH 7 applied to UN1 orange felted fabric made the
fabric increase by 2% in the warp direction and shrink by 0.3% in the weft
direction.

UN 2 sand-coloured crepe shrunk in both the warp and weft directions by 2%.
The control test weave did not change in the warp direction but shrunk by 0.7% in

the weft direction.

Shrinkage after 10 years accelerated ageing and after wet-

cleaning

Shrinkage after 10 years accelerated ageing and after wet-cleaning was measured.
After wet - cleaning the shrinkage in the warp direction of the fabrics was most

significant in the fabrics treated with flame retardants.

Table 3. Shrinkage after 10 years accelerated ageing and after wet-cleaning.
Measurements in cm. Mean of 5 measurements.

Test Weave UN 1 UN 2
Fabrics aged 10 years
Not treated 14.20 14.00 14.10
FR1 14.34 13.90 14.18
FR 2 14.30 14.28 14.04
Fabrics aged 10 years,
wet-cleaned
Not treated 14.16 -0.28% 13.38 -4.43% 14.00 -0.71%
FR1 13.80 -3.77% 12.82 -7.77% 13.50 -4.80%

FR 2 14.00 -2.10% 13.16 -7.84% 13.60 -3.13%
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Flexural rigidity

The fabrics treated with flame retardants became very stiff after application of the
flame retardants and remained so even after accelerated ageing for 10 and 60 years.
This was a general subjective evaluation made by several colleagues at the
Conservation Department but the samples were not subjected to a standardized

flexural rigidity test.

Tensile tests

Tensile tests show that elongation at break is altered more after accelerated ageing
in the specimens treated with flame retardants than in specimens not treated with
flame retardants. In all, samples treated with flame retardants aged 10 year and
wet-cleaned showed the most significant difference from the not treated not aged

samples.

Diagrams

Comparison of tensile tests after no treatment, FR treatment, FR treatment aged 10
years and aged 60 years. FR treated fabric aged 10 years and wet-cleaned is also

measured.
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Diagrams 1-3 showing changes in
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Spectrophotometer

Colour changes of the treated fabrics directly after application, before and after
accelerated ageing were measured and recorded. The 10 year aged samples were

measured before and after wet-cleaning as well.
Diagrams

dE*values over or below 1 indicate a colour change visible to the human eye.
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Spectra

These spectra show colour change of the sand-coloured fabric UN2.
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Wet-cleaning

When wet-cleaning UN1 orange fabric samples aged 10 years and treated with
flame retardants Apyrum (FR1) and Secura (FR2) a dye component visibly leaked
into the water. The sample treated with Secura (FR2) emitted a strong smell of
sulphur as observed by Judith Bannerman who performed the wet-cleaning in

July/August 2012. Shrinkage was observed as described above.
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Discussion

Dimensional stability

Water made all the investigated fabrics shrink to varying degrees. Contrary to this,
flame retardants, although they contain a rather high amount of water, did not make
the fabrics shrink but made them stretch in the warp direction with a small increase
in the weft direction in some cases. Doreen Rockliff and Nancy Kerr, (Rockliff,
Kerr, 1984) made the same observation when investigating three flame retardants
in the 1980s. They suggest that changes in dimension of the fabric are caused by
the wetting action of the water. The presence of the fire retardant agents in solution

appears to reduce the shrinkage caused by water.

Drape

The fabrics treated with flame retardants became very stiff. They remained so even
after washing and after exposure to daylight. This altered the appearance as well as
the drape of the fabric and may make the curtain difficult to handle, for example,
when pulling it to and fro in front of the window. The oily feel of the treated

fabrics also remained.

Flammability

The small scale flammability test performed at the Swedish National Heritage
Board showed no significant difference in the flammability between the treated
fabrics and the untreated wool fabrics. Samples of the orange fabric UN1 even
showed a better resistance to fire than samples of the same fabric treated with

Apyrum and Secura.

In a thesis from Lulea tekniska universitet (Luled University of Technology)
Marcus Lagerkvist (Lagerkvist, 2010) investigated the properties of four flame

retardant treatments among them were Apyrum and Secura. Apyrum does not
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provide the resistance to fire expected from a flame retardant treatment while
Secura on the other hand provides better resistance to ignition in Lagerkvist’s
study. It is interesting that although his study was on upholstery fabrics his findings
correspond to the experiments performed at the Swedish National Heritage Board.
However in our experiments neither Apyrum nor Secura applied to wool performed

better than untreated wool fabrics.

In 2012 a full scale model of the curtain (7 x 1.40 m), made at HV Ateljé out of the
two wool fabrics intended for the ECOSOC curtain and not treated with any flame
retardant, was tested at the Southwest Research Institute, SwRI, San Antonio,
Texas, USA according to ASTM E 84 — 12, Standard test method for surface
burning characteristics of building material. According to the evaluation of the test
report from SwRI made by Per Thureson, Deputy Head of Section, SP Fire
Technology at SP Technical Research Institute of Sweden, the wool fabrics fulfil
the requirements of class B according to the 1968 Building Code of the city of New
York. This strengthens the assumption that wool in general does not need flame
retardants to add to its flame retardant properties.

pH and chemical changes after accelerated light
ageing

According to the aforementioned study from the Swedish National Heritage Board,
analysis showed that Apyrum (FR1) contains potassium and not only "citrate,
acetate and water" as was stated in the product data sheet. Potassium content may
explain the relatively high pH values of the solution. However the pH does not sink
to a more acidic level after accelerated ageing. A pH level as high as 9 may

damage wool fibres.

The fabrics treated with Secura (FR2) and aged for 10 and 60 years became more
acidic over time. Acidity may in the long run damage the fabric even if wool is

more resistant to acidity than cotton and linen.
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All the untreated fabrics show a slight change in pH to a more acidic level after

accelerated ageing, 60 years more than 10 years. See also table 3.

Colour

Colour changes, even very small changes, on a textile work of art may affect the
aesthetical appearance of the art work and alter the intended impact of the art work
on the observer. The application of Apyrum (FR1) visibly changed the sand-
coloured fabric UN2 from a beige or very light brown colour to a greenish hue. On
the other hand the colour of the not treated fabric faded and became lighter after
exposure to light but did not visibly change the colour tone as much as the fabrics
treated with FR1 or FR 2. Both flame retardants turned the bright orange colour of
fabric UN1 to a more dull orange hue. These colour changes could be visibly
observed in the fabrics that were accelerated aged for 10 and 60 years as well as in

those subjected to daylight for one year.

The samples treated with flame retardants which had been exposed to daylight for
one year, mounted in vertical position, showed significant visible colour changes as
seen in the diagrams of spectrophotometer measurements. However this is not as

visibly evident as the spectrophotometer measurements show.

The influence of flame retardants on the wet-fastness

of dyes

The leaking of the dye when wet-cleaning the samples may be a reaction to the
lowered pH of the fabric but is more likely due to the influence of the flame
retardant on the reactive dye. Similar leaking was observed when wet-cleaning a
piece of velvet from a curtain that had been hanging in the ECOSOC in the UN

headquarters in New York. (See introduction).
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Tensile tests

A previous study on the tensile strength of naturally aged textiles (Bergstrand,
2013) showed that flame retardant treatment will weaken cellulose fibres. This was
easily proved by looking at the breaking strength results from the tensile tests.
Protein fibres differ from cellulose fibres and evaluating tensile tests with wool is
more complicated than cellulose fibres. By looking at only the breaking strength it
may in some cases seem that flame retardants make the material stronger. However
elongation at break results may point in another direction. There are indications
that for wool, per cent elongation is a more sensitive indicator of change. (See for
example Peacock 1999) The tensile tests in this study all show significant changes
in elongation at break, especially in the samples treated with flame retardants, aged

10 years and wet-cleaned.

Other observations

It was observed that in some cases dark spots formed around the staples on the
samples that were mounted with metal staples on Coroplast® sheet. In one case, the
sample treated with Secura (FR1), the staple corroded after a very short time (see

figure 2).
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Figure 2. Samples exposed for one year placed vertically in window facing north.
Effects of Secura (FR2) on test weave (to the left), orange fabric (1) and sand-
coloured fabric (2). Salt migration can be seen in the lower part on test weave and
fabric 2 (to the right). To the far left; brown discoloration on test weave sample
treated with Apyrum (F1). Photo Margareta Bergstrand.

Ammonium salts, especially ammonium chloride, corrodes metals. This causes
spots on textiles but may also be a threat to curtains that are often mounted with
metal devices.

In addition, the sand-coloured fabric (UN1) and the control weave (TW) treated
with Secura (FR2) showed signs of so called salt migration (see figure 2). Salt
migration has been observed in textiles treated with flame retardants, but has often
been deemed the result of flooding or water damage. The salt migration often
appears in the lower parts of hanging textiles. It is possible that it is caused by the
humidity in air which even under relatively normal indoor climate conditions may

release the salts in the flame retardants thus forming spots and colour changes.
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The salt crystals on the surface of fabrics treated with Secura (FR2) remained after
accelerated ageing 10 and 60 years and were not entirely removed in the wet-
cleaning process. It is possible that the salt crystals would wear off from the
surface under normal indoor use, influence of air currents from ventilation and
from handling the textile, but these samples have been kept in protective plastic
cases. However many fire retardants do emit from the surface that is why many

manufacturers recommend that the treatment is repeated after a couple of years.
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Inauguration of the ECOSOC chamber in April 22, 2013. Photo: Margareta
Bergstrand.
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Conclusions

The two tested flame retardants Apyrum and Secura both show shortcomings from
a conservation perspective as well as from an aesthetical view. Neither do they add
much to the flame resistant properties of the wool fabrics. Apyrum (FR1) showed
least damage when looking at tensile strength. On the other hand it caused a
significant and unacceptable change in colour to the sand-coloured fabric UN2. It
also added weight and made the fabrics quite stiff altering the drape. Secura (FR2)
altered the drape and handle of the two fabrics as well as changing the colour.
Secura caused corrosion on metal and the treated fabrics also showed signs of salt
migration. The two flame retardants caused changes in pH values as discussed

above.

Considering that the curtain will be installed in an indoor climate that may, at times
be warm and humid, as found in the ECOSOC, these shortcomings may be
accelerated. Shrinkage and colour running as well as loss of fibre strength when

wet-cleaning make cleaning and remedial conservation a challenge.

The Swedish National Art Council has asked for the curtain to be in good condition
for at least 60 years but as a result of the study performed at the Swedish National
Heritage Board, it appears that neither Apyrum nor Secura, or any other flame
retardants containing the same chemicals (that is phosphate, acetate or other
organic and inorganic salts), can be considered for the new textile work of art for

the ECOSOC as they will reduce hanging life significantly.

Furthermore the evaluation of the flammability test performed at Southwest
Research Institute (SwRI) by SP Technical Research Institute of Sweden adds to
the recommendations of the Swedish National Board, that no flame retardant will
be required for the new curtain installed in the ECOSOC.
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Materials

Fabrics

Orange felted wool fabric
“Divina 3” 4-end broken twill from Kvadrat A/S

Sand-coloured crépe wool fabric

“Topas 2” crépe binding from Kvadrat A/S. Dyed to order at Kvadrat.

Test weave
Wool Adjacent Fabric as per ISO 105-F01 (Warp 22 tr/cm Z-sp, weft18 tr/cm Z-

sp) from Testfabrics Inc. represented in Sweden by Cromocol AB.

Chemicals

Apyrum
From Deflamo AB, Sollentuna

See also Product data sheet appendix nr X

Secura
From Svensk flamskyddsteknik, Vasteras

See also Product data sheet appendix nr X

Wetting agent and surfactant

Anglamark, fintvattmedel from Coop.
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Standards

Svensk standard SS-En 1SO 6940:2004
Textile fabrics — Burning behaviour — Determination of ease of ignition of
vertically oriented specimens (ISO 6940:2004).

Svensk standard SS-EN 1SO 139:2005/A1:2011
Textiles — Standard atmospheres for conditioning and testing — Amendment 1 (ISO
139:2005/AMD 1:2011).

Svensk standard SS-EN 1SO 13934-2
Textiles — Tensile properties of fabrics — Part 2: Determination of maximum force
using the grab method (ISO 1 3934-2:1999).
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Appendices



Appendix 1. Sample codes

Samples

Test weave 1SO wool Adjacent Fabric

Not Treated Test Weavel-5

Not Treated Test Weave Wet

Not Treated Test Weave Wet Aged 10 years

Not Treated Wool Test Weave Wet Aged 10 years Washed

Test Weave treated with Flame Retardant 1
Test Weave FR1

Test Weave FR1Aged 10 years

Test Weave FR1Aged 10 years Washed

Test Weave FR1Aged 60 years

Test Weave treated with Flame Retardant 2
Test Weave FR2

Test Weave FR2Aged 10 years

Test Weave FR2Aged 10 years Washed

Test Weave FR2Aged 60 years

Orange felted wool

UNL1 Not Treated

UN1 Not Treated Wet

UNL1 Not Treated Wet Aged 10 years

UNL1 Not Treated Wet Aged 10 years Washed

UN 1 fabric treated with Flame Retardant 1
UN1FR1

UN1 FR1Aged 10 years

UN1 FR1Aged 10 years Washed

UN1 FR1Aged 60 years

UN 1 fabric treated with Flame Retardant 2
UN1 FR2

UN1 FR2Aged 10 years

UN1 FR2Aged 10 years Washed

UN1 FR2Aged 60 years

Sand-coloured fabric

UN2 Not Treated

UN2 Not Treated Wet

UN2 Not Treated Wet Aged 10 years

UN2 Not Treated Wet Aged 10 years Washed

UN?2 fabric treated with Flame Retardant 1
UN2FR1

UN2FR1Aged 10 years

UN2FR1Aged 10 years Washed
UN2FR1Aged 60 years

UN?2 fabric treated with Flame Retardant 2
UN2FR2

UN2FR2 Aged 10 years

UN2FR2 Aged 10 years Washed

UN2FR2 Aged 60 years

Sample code

NTTW 1-5
NTTWW 1-5
NTTWWA10 1-5
NTTWWAL0W 1-5

TWFR1 1-5
TWFR1A10 1-5
TWFR1A10W 1-5
TWFR1AG60 1-5

TWFR2 1-5
TWFR2A10 1-5
TWFR2A10W 1-
TWFR2A60 1-5

UNINT 1-5
UNINTW 1-5
UNINTWA10 1-5
UNINTWAILO0W 1-5

UN1FR1 1-5
UN1FR1A10 1-5
UN1FR1A10W 1-5
UN1FR1A60 1-5

UN1FR2 1-5
UN1FR2A10 1-5
UN1FR2A10W 1-5
UN1FR2A60 1-5

UN2NT 1-5
UN2NTW 1-5
UN2NTWA10 1-5
UN2NTWA10W 1-5

UN2FR1 1-5
UN2FR1A10 1-5
UN2FR1A10W 1-5
UN2FR1A60 1-5

UN2FR2 1-5
UN2FR2A10 1-5
UN2FR2A10W 1-5
UN2FR2A60 1-5



Appendix 2





http:www.deflamo.se
mailto:info@deflamo.se
http:www.deflamo.se

Appendix 3





http:www.flamskydd.com



http:www.namskydd.com



http:www.namskydd.com



http:www.flamskydd.com



http:www.flamskydd.com
mailto:support@flamskydd.c0111

	Summary
	Introduction
	Experimental Work
	Fabric selection and preparation
	Selection of flame retardants
	Preparation and application of flame retardants
	pH
	Flammability test
	Dimensional stability and rigidity of fabrics after application of flame retardants
	Accelerated ageing
	Tensile test
	Sample preparation for tensile testing
	Test procedure and conditioning of samples for tensile testing
	Spectrophotometer
	Wet cleaning
	Other
	pH
	Flammability test
	Dimensional stability
	Shrinkage after 10 years accelerated ageing and after wet-cleaning

	Flexural rigidity
	Tensile tests
	Diagrams

	Spectrophotometer
	Spectra

	Wet-cleaning

	Discussion
	Dimensional stability
	Drape
	Flammability
	pH and chemical changes after accelerated light ageing
	Colour
	The influence of flame retardants on the wet-fastness of dyes
	Tensile tests
	Other observations

	Conclusions
	References
	Materials
	Fabrics
	Chemicals

	Standards
	Appendices



