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V2 ABSTRACT
Fire Retardant Finishes for Fiber Art:
A Conservation Perspective
by
Doreen Hudson-Rockliff, Master of Science

University of Alberta’ 1984

Professor: Dr. Nancy Kerr
" Faculty of Home Economics

Division: Clothing and Textiles, _

Fire safety regulations in Canada usually reqﬁire that decorative materials in public

. buildings be capable of passing a vertical flame test either through inherent characteristics or
~ the presence of a fire retardant finish.  Fiber art structures are frequently subject to this

" regulation because of their form and scale.

The purpose of this research was the investigation Of three water soluble fire retardant
finishes namely, borax:boric acid:diamrﬁonium phosphate (7:3:5), X-12, and FlameGard
DSH in order to determine what ef fects they might have on the physical properties of a 100%
cotton substrate.  X-12 is produced by Spartan Adhesives and Coating Co., Crystal Lake,
I1linois and Fl'am_eGard DSH is produced by Jersey State Chemic‘al._;Compafly/Sybron
Corporation, Haledon, N.J.  Both compounds are mixtures of inérganic ammonium salts.
The amount of add-on necessary for the fabric to pass .the vertical flame test was determined.
Fabric samples treated with the required level of add-on were subjected 10 tests to determine.
changes in dimensions, pH, colour, ﬁexural rigidity and tensﬁe strength.  To assess the long
term effects of the agents, treated fabrics were subjected to accelerated aging in an Atlas
weatherometer with carbon arc lamp.  After accelerated aging, tests were conducted to
* determine changes in pH, colour and tensile'strgngth.

From a conservation point of view.all three agents possess some shortcomings. — After

treatment dimensional change was minimal, pH was acceptable, tensile strength was excellent



’ .

and there was negligible colour change in the undyed fabrics. Stiffncsos was considérabl_v
reduced at 65% RH but less so at 21'% RH. When dyed fabrics were tfealcd all treatments
caused a colour change in the red and blue samples. In addition, FlameGard DSH caused
noticeable changes in the orange and yellow swalches,"borax : ooric acid :diammopium phosphaté
('7:3 :5) caused a noticeable cjange in the orange. o 7
E After aging, untreated fabric and that treated with borax: boric acid:diammonium

pﬁosphate (7:3:5) became whitér, whilst the fabrics treated with the other two agents turned a
tan colour. The pH.of all fabrics was lowered, the X-‘12 treated fabric having the lowest at

: 3.8 and FlameGard DSH only slightly better at 4.1. ‘ Both treatments caused a substantial loss
of tensile strength. Tﬁe borax : boric acid:diammonium phosphate (7:3:5) treated fabric and
thq contrel fabric had similar pH levels but the borax : boric acid :diammonium phosphate
(7:3:5) treated fabric had a higher loss of tensile s’treﬁgth. The bofax:boric
acid:diammonium phosphate (7:3:5) treatmen! leached out at 65% RH and there is some doubt
as to whether it survived the accelerated aging prdcess. FlameGard DSH caused corrosion of
steel staples with an accompanyiqg strong discolouration of the fabric.

| As a result of this research, several recommendations regarding the use of flame
retardant finishes on works of art may be made. . Investigation of other commercial
treatments is recommcnded. It is also r?c;r;ﬁended that fiber artists be advised of ways 16
Produce inherently non-flammable structures so that they can avoid th;;. use of finishes.
Fiber artists and textile conservators are urged to communicate and cooperate in the production
and installation or display of fiber art works in order to énsufe that they meet flammability
regulations whilst exposing the art wor!( toa minimlim of damaging effects. It is suggested
tha; a balance can be achieved between ;reativity and preservation to ensure that fiber as an art

~medium has a viable future.
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1. . INTRODUCTION

Textile conservation, is the means by which any article, composed wholly or in part of textile
fibers, is preserved.  Conservation is important for all textiles, historical and present day, if
they make a contribution to cultural continuity. It is best perceived as a preventive measure
to deterioration rather than an interventionist measure after damage has occurred.
Preservation is achieved through immediate treatment techniques, long term care procedures
and environmental control.  The major objectives are avoidance or removal 6f harmful or
disfiguring materials or conditions, the consolidation and preservation of the original textile

fibers and the retention of the integrity and aesthetics of the object.

<1.1 Statement of the Problem

Fiber art, that is, works of a&t wholly or in part composed of textile fibers, is being
created in increasing numbers and scale.  Acceptance as an art medium has made fiber art a
much more familiar component of the built environment than it was twenty years a'go.
Frequently a small percentage of the cost of a new public building is set aside to provide art
work for the enhancement of the building. Competition for these large scale commissions is
strong and fiber artists must prove themselves worthy of receiving them. The |
professionalism, or lack of such, displayed by a fiber artist in fulfilling a contract will affect
the future of all artists who work in the fiber medium. By successfully dealing with the i.ssue
of fire retardancy of their work a major barrier to receiving commissions can be overcome.

Also important to the future of fiber artists and their work is the ability of the art work
to remain-aesthetically pieasing.  Lack of conservétion knowledge on the part of fiber artists
and owners of fiber art has caused many pieces to be neglected or suffcr from a variety of
problem's such as damage from improper mounting techniques or environmentally induced
degradation.  Kimura states that "many artists reflect an alarming lack of knowledge of, and
interest in\, the longevity of their work™ (Note 1). " Generation of an awareness of the need
for conservation of fiber art works is of primary importance so that preventive conservation
procedures will be operative from the beginning of the creative prbcess. This awareness

should create optimum conditions for long term survival of the art work and obviate the need

>y



for costly and intrusive treatment procedures in the future.  The topic selected for this study,
Fire Retardant Finishes for Fiber Art, is just one concern of the textile conservator in the

preservation of fiber art.

1.2 Justification

Fiber art has, in artistic terms, matured with the latest generation of artists.  Whilst

decorative fiber pieces have always been a part of Western culture and have taken many forms,

today's individual constructions in fiber have achieved a place and acceptance in the art world

unknown twenty vears ago.  Writing in 1972, in Beyond Craft: The Art Fabric, the book that

essentially heralded the new art form, Constantine and Larsen introduced their topic thus:
The Art Fabric is one of the robust, vital arts of our time.  Although the
development of Art Fabrics is so recent and so varied that they defy classification into
the accepted disciplines, it can be claimed with assurance that these are works of art.
The artists who create with fiber have united creativity and intuition, principles and
skills to form an aesthetic entity.  They have molded and extended the meaning of
their medium and transcended technique and materials; they have liberated their work
from tradition and thus heightened their recognition by critics and public.  The great
works that have been produced in the fiber medium during the last decade have
validated the whole movement.  These achievements by a relatively small group of
women and men of genius and talent have changed our visual concepts and

comprehension. = Their works have gained status throughout the world, and while
this art form may be in search of nomenclature, it demands and deserves autonomy

(p.7).

|
]
¢

Fiber arts are now an accepted art for;)n and, as such, as well as -being an increasingly
familiar component of interior design and decoration they have become gallery pieces in their
ownright.  In Alberta there has been a fourfold increase in the number of commissioned
textile works between 1975 and 1980 (Thomas,Note 2). Tiley contribute to the total
environment both by ;heir aesthetics and the psychological qualities they impart to the
otherwise harsh, cold or sterile environments frequently found in public buildings.  Fiber art
is one of the art forms that Parkin (1982) says "has the capacity to connect people with the
emotive power of the built environment” (p.x).

Traditioﬁal techniques have been joined. with new ideas and a fresh approach to create
fiber pieces that more and more frequently are constructed on a macro or monumental scale.
Accompanying the variety and complexity of techniques is an increasing array of materials.

ATtistic experimentation naturally leads to-endless _ombinations of materials, construction and

[



surface decoration techniques. These "new concepts in designing have initiated...alunique set
of probleris to be solved” (Davis, 1979, p.24)

The potential for fiber art as a means of fire propagation has been recognized.
Concern for public safety has led to increasingly stringent fire codes regulating the use of textile
products in public buildings.  The National Fire Code of Canada (1980), on which a new
Alberta Provinci;;l Code is being bascd, has set standards c_)f fire resistance for decorative
textiles.  All decorative textiles are expect‘ed 10 pass specif ic test procedures before installation
can be allowed. If an art work is already installed its removal can be demanded should it fail
‘the test. d _

Many factors contribute to the potential flammability of fiber art, the major factors
being fiber content and construction.  Cellulosic fibers, those of vegetable origin such as
cotton, linen, jute, sisal and hemp, are the most dangerous due to their organic origin and
chemical composition.  Where construttion is concerned,ﬂaccess and availability of oxygen‘
necessary for continued combustion, is dependent upon the ‘proximity of yarns to one another
and the type of yarn construction as well as the nature of the fiber itself. Consequently a
tirg\ﬁﬁy constructed fiber piece of heavy rope or cord, having less available oxygen around the
individual fibers will be much less flammable than one of lightweight, airy construction or one
having a brushed or napped surface.

The interest in fire retardkant treatments for textiles is longstanding and there is a
wealth of research on treatments for cellulosics.  Modern research, however, has focused
mainiy on the development of durable treatments for clothing and interior furnishing fabrics,
that is, treatments which can be applied under.large scale, commercial conditions.  The focus
has generally been on comfort and durability: both of finish and fabric.  Whilst these
variables are not directly applicable to fiber art, the concepts involved are.  Comfort relates
to the retention of desirable hand and drape; durability of fabric in wear relates to retention of -
tensile strength in fibers; and durability of finish to laundering relates to stability of the fire
retardant finish to environmental conditions and possibly some cleaning process. Tke
commercial mill applicati‘()n of the finishes, however, limits their usefulness for fiber art.

Other research has focused on the production of inherently non-flammable fibers, that
is, fibers with a chemical composition not conducive to combustion.  These may help the fiber

artist to some extent, but their lack of availability in yarn form, and the restrictions imposed on

.



artistic creativity by limited colour choice or dyeing problems make them only a small part of
the available,options in mecting fire safety standards. In The Art Fabric:Mainstream,
Constantine and Larsen, (1981) explain how the necessity of using "non-flammable” materials
restricted and altered artist Barbara Shawcroft's original concept for a major fiber piece to be.
installed in a BART station in San Francisco. |

° The onus is on the artist to comply with standards.  Because of limited application
and the specificity of a suitable finish for different fibers. fire retardant finishes suitable for
fiber art must be found in the commercial reagents available for general textile usage, or be
made according to proper specifications from readily available chemicals.  Unfortunately the
fiber artist cannot relax even when an apparently suitable finish is found.  Art works are
expected to maintain their original appearance and, unless specifically planned for obsolescence,
po<- ‘*ngevity.

aservation of textile items is becoming increasingly important today because there is

n“ow « .ognition of the need to preserve textiles of a cultural nature for future generations,
for as Pomerantz (1962) says "if continuity in the history of art is important and if we are to
continue to learn from and build upon the past we must have more than literary evidence of the
existence of a work of art” (p.1). At the same time art textiles are increasingly finding a
place in gall'ery'. private and corporate art collections.  Generally speaking, collections policies
include in their mandate the need for preservation of the art works collected.  Nor can the
economic factor be denied; many collectors view art as an investment and, as such, textile art
cannot be allowed to deteriorate causing loss of value.

The type of care that textile art works will require during their life span is vefy much -
influenced by construction and treatment.  Preventive conservation measures should begin in
the conceptual stages and progress through construction and installation. ,-Given careful
thought in the planning and production stages, fiber art works can be produced that will not
deteriorate rapidly.  When a piece must be treated with a fire retardant finish to comply with
fire safety codes, consideration must therefore be given not only td the effectiveness of the fire
retardant finish but.also to the effect that the finishing treatment may have on the fibers in
terms of‘degradation, colour or dimensional change and change in dr\;ipe‘or hvand.

A case that occurred recently in the United States exemplifies 'Lhese problems. The

investigation of problems associated with the fire retardant treatment of a wall hanging was the

~



subject of a paper entitled Preliminary Investigation of a Large Modern Wall Hanging
presented at the 1981 Harpers Ferry Textile Preservation Conference by Karen Clark and Phylis
Dillon (Note 3). A very large hanging, forty two and a half feet wide by ten feet deep,
forming a wall covering h;ad been treated with a water soluble fire retardant finish which was
DuPont X-12 or X-D. Sﬁbsequently the reagent had reacted with water vapou} in the

surrounding air with the result that the chemicals involved had effloresced on the surface of the
fabric. The condition had occurred or been aggravated by lack of knowledge of preventive
conservation procedures.  Proximity to a heating, ventilation and air conditioning (HVAC)
area had not been taken into account and no protective barrier had been installed between the
wall and the hanging.  There were other conservation problems involved in the proposed
treatment of the piece but the major problem centered on the need to remove the disfiguring
deposit caused by the fire retardant finish. : P

Forms and styles of the modern fiber art movement have a history of é}gprggﬁ}mately
twenty years, but treatment of fiber art works for fire retardancy is sometimeéjcenturies old.‘
Use of such historical agents as ammonium sulfate and borax first used two hundred and fifty
years ago is passed on through recipes in publications such as Fiberarts and Shuttle, Spindle and
Dyepot and in handouts to students in fiber arts programs in Alberta. Increasing
sophistication of medium and technique in fiber arts needs to be accompanied by an awareness
of the conservation of textile materials if a viable future for fiber artists and their work is to be
assured. If complying with flammability standards creates too many problems, commissions
are going to be more difficult to get, and once received may be more difficult to execute. If a
treatment proves damaging to the art work it could also prove damaging to the artist's
reputation. ’ _
Because cotton has a natural propensity for flammable behavior and is widely used in

fiber art work it is the focus of this study. The results obtained are expected to apply to

other cellulosic fibers in use.



1.3 Objectives

1.3.1 Major objectives
The purpése of this research study is: |
1. To select effective and available fire retardant finishes and e%:aluate their suitability for use
on fiber art. , \\.\‘ .
2. Td investigate their short and long term effects on the fiber stfucture.
3. To make recommendations to artists and textile conservators who are involved in the
installation of large scale fiber commissions in publiclbuildings.

4. To provide resource material for textile conservators who may beirequired to care for a

fiber art work subsequent to its treatment with a fire retardant finish.

" 1.3.2 Minor objectives
It is Hoped that the following minor objectives will also be achieved:

1. To éenerale within the artistic community an awareness of public responsibility for fire
retardant trgatments fqr fiber art work.

2. To generate an awareness among [iber artists of conservation concerns for their work.

3. To provide resource material by which fiber artists can learn of the different factors
affecting the flammability potential of their art works.

4. To provide the fiber artist with a conceptual framework for underst;inding the chemical
and physical processes related to combustion ahd fire retardant treatments.

5. To provide the fiber artist with basic knowledge d:f fire safety standards and standardized
test procedures. |

6. To provide a basis for discussion of professional 1nd ethical responsibilities for artists and

conservators.

1.4 Definition of terms

Terminology in flammability studies is a problem. es terms such as flame
. and fire, or fés\mant and retardant are used interchangeabiv. - instances resistant and
retardant have been used as a matter of degree.  Because thcre : sounsensus in the

literature as to exact terminology, flammability terms, together consiored
\



noteworthy will be used in this study according to these definitions:

. i
add-on - % increase in weight due to absorbed fire retardant agent after treating and drying,
based on original Hry weight of substrate
aflerglow - the process of continued burning, with incandescence, after flame is extinguished
aging - changes undergone in use by a textile material when subjected to potentiauy destructive
agencies other than mechanical, such as light, hc;ét and moisture
combustion - Teaction of a substance with oxygen with the release of heat, usually-accompanied
by flame or glow . ¢
conservation - the means'by which the true nature of an object is preserved
durable - the ability of a finishing treatment to resist removal by laundering procedures
throughout the life of’ the article ‘ '
fiber art - constru_ctions produced primarily in %he fiber medium conceived for non-utilitarian
purposes, individually created by an artist (Davis, 1979)
fireproof - fibers that are essentially unaffected, chemically or physically, by fire; most
commonly used examples are glass and asbestos
ﬁre resistant - flame and glow resistant’
fire retardant - a substance capable df suppressing, reducing or markedly delaying the process-
of .combustion
flame resistant - w‘ill not support a flame after source of ignition has been removed
flammable - capable of burning with a flame |
glow resistant - will not continue to burn by the glow mechanism once the source of ignition
has been removed or the flame extinguished
ignition - initiation of combustion
inflammable - synonymous with ﬂammablc
inherent - belonging to _[he essential nature of/ a thing .
non-durable - the ability of finishing chemicals to wash or leach out when exposed to faundering
or weathering ) ‘
pyroly‘sis - the degradgtion of substances by heat
semi-durable - the ability of a finishing treatment to withstand a limited number of washings

substrate - the material being treated



tendering - the loss of strength of the substrate as a result of the application of chemical agents

1.5 Delimitations of the study

Because of the dnlimited variables inherent in a study of fiber art and fire retardants
the limits imposed on the experimental work had to be quite severe. It was decided to restrict
the study to three available fire retardant finishes considered viable for a fiber arts application
and to apply the finishes to a cotton substrate with a sifnple fabric geometry.  Test methods

were selected on the basis of the variables considered most crucial for fiber art.



2. REVIEW OF THE LITERATURE

The focus of this study is the conservation implications of fire retardant tfeatments-for fiber
art works composed of cellulosic fibers.  Textile conservation as a discipline is relatively new
and conservation of contemporary fiber art an even more recent concern, hence there is very
little literature which is directly applicable to this topic.  The variables involved, that is the
flammability of cellulosics, fire retardant finishes for cellulosics, art and conservation, have
received a great deal of attention. The review of the literature, therefore, will look‘_at' these
variables with a view to extracting the information which will directly bear upon the problem

being addressed.

2.1 Historical development of fire retardancy
Recognition of the flammability of textile materials and the retardant effect of various
topical applications goes back many centuries. The possibility of fires in theatres was

particularly great because large quantities of canvas were used for curtains and scenery.

“These f. ébrics were the focus of attention as early as 1638 when a mixturé of clay and plaster of

Paris was récommended as a fire retardant treatment to be incorporated into paint pigments
used for painting scenery (Shafizadeh, 1968). A mixture of alum, ferrous sulfate and borax
described in British Patent .551 (1735) was the "first noteworthy atternpt to flameproof
cellulose™ (Pitts, 1973, p.134).  Ammonium phosphate, still in use today, has a two hundred
year old fu’story. In spite of this early start on the fire retardant treatment of textile
materials, very little progress was made in the years before World War 11 towards processes
which are not only effective but also free from objectionable effects on fiber appearance and

properties.  Most early treatments tendered the cellulose fibers, or altered the hand,‘drape or

. appearance of the fabrics.

‘##Both the onset of the second World War and an increase in consumer safety concerns
led to renewed interest in fire retardancy. In order to eliminate dangerously flammable
fabrics f rom the market, the Flammable Fabrics Act was passed ' the United States Congress
in 1953.  In a 1967 amendment the provisions of the 1953 Act were extended to include

household textiles as well as clothing. In addition, the Secretary of Commerce was
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empowered to issue appropriate standards of flammability for textile articles in commerce in
order to-protect the public against occurrence of fire leading to death, injury or significant
property damage. = This amendment generated increased interest in research regarding the
chemistry of fire retardants. |

Canada became actively involved at the federal level with the passage of the Hazardous
Products Act in 1969.  This Act led lofegislation in‘ 1971 reguiating the flammability
ckﬁ%‘racleristics Ufconsumer textile products. ~ The early 1970's saw the peak of actiyity for fire
retardancy research.  The focus appears to have been almost exclusively on durable, reactive
finishes suitable for large scale mill applications under controlled conditions.  These finishes
have little practical application for fiber art except for those works being creaiied with mill
woven cottons.  In his review-of research in the area of fire retardants for cellulosic textiles, -
.Lyons (1970) states "No other aspect of fire safety has been studied so diligently for so long a
time.  Yet, at this writing, many problems remain and the need for\\better methods has never |
been more acute.”  (p.165)

The unfortunate 1977 "Tris" incident in the United States, ;avhere the fire retardant
finish tris(2.3-dibromoprqpyl) phosphate was found to be a potential carcinogen, and a -
subsequent revision of flammability standards for children's sleepwear has caused a set-back in
research.  Chemical companies have withdrawn some f’ ir? retardant chemicals from the
market due to lack of sales; theré has been a decrease in research funds and a marked drop in
Patents issued on new fire retardant chemicals (LeBlanc, 1980).' Vail, Daigle and Frank
(1982) state that "at present the level of fire retardancy research is relatively low and appears
to be decreasing” (p.671}. |

The fire retardant finishes available to the fiber artist today are a selection of old
formulations such as borax/boric acid , and proprietary reagents. Many of the old
formulations still have practical applicability for fiber arts in terms of fire retardancy; however.
the more recent concern of conservation now puts their use into question.  Some of the .
compounds u_sed\ha\ve been found to have negative effects on fibers causing ztiffening, colour
change and loss of Lensile strength (Drake & Reeves, 1971; Lindsay, 1966; Lyons, 1970).
Borax/boric acid treatments have been shown to cause a 28% loss of strength to fabrics at an
11% add-on level (Lyons,1970). A borax:boric acid:dl:ammonium phosphate (7:3:5)

preparation has been found to cause stiffening and a rough, undesirable hand. It has also

<Q
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displayed a loss of retardancy properties and a decrease in [ a‘br'ic tensile strength after six
months storage at 70 F and 30-50% RH (Little, 1947). Little states that, "the majority of
retardants have an appreciable degrading actjon on cellulose even at normal or slightly elevated

temperatures or when subjected to sunlight.

2.2 History of fiber art :

In the past many persons considered most textile articles to have a limited lifetime, the
exception being decorative items; but even these textiles were f requently perceived as domestic
embellishments that would be replaced as fashions changed.  To some extent this attitude still
prevails. Cpnstantine and Larsen (1981) have clearly shown, however, that thére is a growing
body of fiber art works that have transcended the fashionable, replaceable, decorative mode to
beco‘fne art in their own right. Thege new works are deserving of a place in galleries and
collections whose mandate includes their long term preservation.

In The Art Fabric:Mainstream Constantine and Larsen (1981) present an up to date
account of fiber art.  In their review of fiber art work from the 1960's period, they describe
the art work as having a "basic expression.'.,to do with freedom, revolution and primitive_
vigor" (p.19). They relate it to the Brutalism appearing in architecture from the same
period, using such terms as "heavy, aggressively articulated, fough surfaced, hovefihg masses "
(p.19). Typical materials were organic, natﬁraliy coloured, rough fiber, ropes or cords with a
heavy elemental focus.  Whilst the following decade saw increasing sophistication and
experimentation with new techniques "the main attributes of colossal size, organic d.ynamisni,
raw expression and intuitive searching did not die" (p.22). This organic expression was
frequently achieved with cellulosic fibers such as cotton and flax.

_ Whereas the majority of the early fiber pieces were created as wall hangings, later
works expgyrﬂed into free standing or suspended, three dimensional sculptural pieces becoming
an inte;gr/z;l parE of interior furnishing as well as interior finishing. In the mid seventies theré
'we_/e, changes seen in the choice of materials, There was an increased use of cotton; mill
wdven dotton fabric became a pfimary working medium.  "Fabric maniﬁulated as a pliable -~

plang became...a major concentration ...the planes sometimes draped on a grandiose scale .
. . . S Te——— //
(p.52). Cotton fibers have also found their way into the art world through another medium = T—~—
P

of expression. They are used in the production of handmade paper which is increasing in
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, popularity as an art medium. Traditional methods of painting on canvas must also be
< _included in discussions of fire retardant treatrha'ns for cellulosic art works because murals and
large scale paintings are being produced that essentially constitute wall finishing treatments.
‘Such developments in the art world have steered fiber art away from the use of wool, a
relatively non-flammable material.‘ and frequently the material of choice for Wal] hangings,
into the realms of the more dangerously flammable cellulosics. The combination of cellulosic
materials and monumental scale presents the modern fiber artist with a c.onsiderable challenge

when the issues of fire retardancy and conservation must be considered.

2.3 Textiles in fires ,

As "most building fires feed on cellulosic fuels” (Lyons, 1970, p.10) the role of
cellulosic textiles in the early stages of the propagation of a building fire has been recognized
for a long ume. Concern is particularly valid for congregalionland egress areas‘.of public
buildings.  Action can be taken to eliminate some ignitio? ‘soUrées. Smoking brohibitions in
theatres are an example of régulatorf{ action designed to eliminate accidental fires.

Regulations, however, do not compensate for the use of Inherently flammable materials.  For
a safe environment, any textiles used in interiors'should not burn readily and "should not
constitute fuels in their own right" (Holmes, 1971, p.3).

The intrinsic h;zard of af 1ber art work is dependent upon not only the materials
themselves but also upon the environment they are placed within.  According to data collected
by the National Fire Ingident Reporting System (NFIRS) in 1977 and 1978 textiles were the

_first-igniter in 21% of c:;ses involving structural fires (Lynn, 1981).  As the spread of a fire in
a building is dependent upon the surface rﬁaterials of the walls and ceiling, vit can readily be
seen that any large scale fiber art piece could be 2 major propagator of fire. It is the
interactions between the complex systems of a building interior fhat form the hazard rather
than the individual components:  For example, draperies may ignite easily but have so little
heat content that complete combustion causes little démage; uphoI/S‘]Lercd' furniture is difficult to
ignite biii"’once alight has major fire potential.  Together in a géémetrical arrangement where
the drapes can igrgite the furniture they represent a major hazard (Fristrom, 1974).

As well.as“a means of spreading fire.v a fiber art work could also be responsible for the

generation of smoke ar toxic fumes.  These frequently pose a greater hazard to life than



flames because they can lead to asphyxiation in a very short time.  This problem was
graphicélly illustrated on June 2nd, 1983 when the interior of an Air Canada DC-2 caught fire.
The pilot ianded the plane safely in'Cincinati, but smoke and fumes tprom burning interior
finishings and furnishings killed twenty three passengers befl oréwthcy could escape from the
airplane.  The complex nature of the fibers and structure of an art work in the f; i!)er medium
make it difficult to predict the danger of any piece in the event of ignition. "It is suspectedﬁ“
that different toxic gases together constitute a worse physiological hazard than they do
separately” (Holmes, 1971, p.3).

.

2.4 Cellulose structure and combustion

2.4.1 Struhture ‘ . ' |
Cellulose originates as the major component of the cell walls of higher plénis. The
cellulosic fibers most familiar to fiber artists are cotton, linen (flax), and jute. - Pure cellulose
is composed, of carbon, hydrogen and oxygen, but in nature cellulose varies greantly \having a
variety of impurities associated w: ..  Cotton has been found to be the purest natural form '
containing more than 90% cellulose; linen is 60 - 85% cellulose (Peters, 1963).
Cellulose is a linear pol);mer composed of many thousands of anhydroglﬁcdse units.
Figure 2.1 shows a glucose unit with the carbon atoms numbered. ~ When two glucose units
bond together at carbons 1 and 4, one unit rotates 180 degrees and a molecule of water is
“eliminated.  The molecular unit formed is termed ce}!obiose (Figure 2.2).  Cellobiose
becomes the repeating unit for the long unbranched chains of the cellulose polymer as
successive glucose units are added. The bond formed between the carbon atoms at positions 1
and 4 is an oxygen bridge called the glycosidic link (.Peters, 1963). If‘this bond is broken the
molecules depolymerize and éll sembl?mce of fiber behavior is IQst (Lyéns, 1970).
’The number of glucose units in the polymer chain is ref’ erred to as the degree of
polymerization.X(DP). DP varies a great deal with the different types of cellulosic f ibers, and
the method of measurement. Native cellulgses are reported to have a DP greater than 3000
“ (Pf:ters, 1963; Shenouda, 1979). When measured by the ultracentrifuge method coiton is said

to have a DP of 10,800 and linen a DP of 36,000.

."‘f
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igure 2.2 Cellobiose

Many of the polymer chains combine together in a parallel linear arrangement to form

14

a cellulose fiber.  The chains are bonded together laterally by chemical bonding forces known -

as hydrogen bonds. These bonds occur between the hydroxyl(OH) groups of adjacent chains.

A good explanati.on of hydrogen bonding theory can be found in Solomons (1976) Organic

Chemistry.  More detailed discussions on the chemical structure of cellulosic fibers can be

>
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found in the literature (Lyons, 1970; Peters, 1963; Shenouda, 1979).

2.4.2 Combustion

The combustion of cellulose is an oxidation reaction accompanied by the production of
heat and light. It is preceeded by pyrolysis which is the degradation of substances by heat.
The products of pyroly51s supply the fuel for the combustion process. Depending upon
temperature there are two routes by which thermal degradation can proceed (Peters & Still,
1979). At lower temperatures, 120 - 250 C, degradation is a gradual process of -~
depolymerization, hydrolysis, oxidation, dehydration and decarboxylation leading to loss of
strength and a marked reduction in DP.  This is essentially the same as the normal aging
procégs. '

At temperatures above 250 C, such as would be found in a fire situation, a rapid
volatilization occurs producing gaseous and liquid products and charred material (Barker &
Hendrix, 1979; Peters & Still, 1979; Shafizadeh, 1968). The larger amount of energy available
at higher temperatures results in the breaking of the glycosidic bonds of the main cellulose
chain and the hydrogen bonds between the hydroxyl groups leading to loss of fiber structure.

Figgre 2.3 shows a schematic model of the general reactions involved in the pyrolysis and

combustion of cellulose.

o) ,
C0,CO, H,0,C glowing ignition

cellulose —2—1levogiucosan

O; -
combustible volatiles ———————flaming combustion

Figure 2.3 The general reactions involved in the pyrolysis and combustion of cellulose

(after Shafizadeh, 1968)
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‘The course of the reactions and the decomposition products from the thermal
degradation of cellulose are dependent upon the type and rate of heating, the ambient
atmosphere and the inorganic impurities and addi;ivcs in the material.  Heating at the lower
t‘empcratures favours dehydration and charring reactions (reaction ! in Figure 2.3).
Levoglucosan formation takes place at higher temperatures and is further decomposed at
elevated temperatures.  The products of high temperature pyrolysis, above 300 C, are many
and varied and not all have been identified (Barker & Hendrix, 1979; Lewin & .Basch, 1978;
Peters & S;jll, 1979).  "The variety and number of the known and unknown decomposition-
products iﬁiiicalc \LPF;‘ extent and complexity of the secondary reactions involved in the pyrolysis
and combustion of. calu,lose" (Shafizadeh, 1968, p.459). Experiments have shown that after
a total of 661 minutes of heating cotton cellulose under vacuum at 280 C there was a [ofal
weight loss of 70% to volatile fractions composed of tar, water, carbon dioxide and carbon
monoxide (Shafizadeh, 1968). The major component of the tar fraction of cclluloéc pyrolysis

has been identified as levoglucosan (Figure 2.4).

N

CH;——O

H/H
Ny g/}t,

Figure 2.4 Levoglucosan

Extensive discussion of this product can be found in the literature (Barker & Hendrix, 1979;
Kilzer, 1971; Lyons, 1970; Peters & Still, 1979; Shafizadeh, 1968).

The depolymerization and dehydration of cellulose to form levoglucosan has been
confirmed as the first step in cellulose pyrolysis (Lyons, 1970).  Several theories have been
advanced to explain the mechanisms by which this reaction is thought to occur.  (Shafizadeh,

1968). Levoglucosan is proposed as the key intermediai’\é‘product implicated in the high ”
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flammability of cellulosic fibers (Peters and Still, 1979). A great deal of fire retardancy
research focuses on reducing the production of this component of cellulose pyrolysis which can
further decompose to flammable volatiles.

The initial thermal degradation of cellulose at temperatures above 250 C provides the
necessary combustibles for the combustion process. Ignition, defined as initiation of
self -sustaining flaming combustion f or‘an observable time, Qccurs in the gaseous phase in the
presence of oxygen (Miller & Martlin. 1978). It may béi;;iloted or spontaneous and it sets in
motion the exothermic oxidation reaction accompanied by flame or glow that is combustion.
The heat evolved functions in a cyclical manner to continue the pyrolytic process.

Flame and glow are two important aspects of the combustion of cellulose and the
question of its retardation. Flaming is the combustion of the volatile products of pyrolysis
and glow is the combustion of the carbon residue.  Cellulosic fibers can continue to be
consumed by glow even when the flame has been extinguished. This property, known as
afterglow, is an important factor in the consideration of fire retardant treatments for cellulosics
because it is often accompanied by the formation of toxic gases and vapors and can easily start
secondary fires (Aenishanslin, 1969).  Besause flaming and glowing are two separate
oxidation reactions, even though ;hey occur concurrently, they "must be considered

independently when studying the function of combustion inhibitors” (Little, 1951).

2.5 Factors affecting the combustion of cellulosic textile art works

A fiber art work is a complex structure and, as such, is a "system that reflects not only
the material itself but also its geometric configuration and its physical environment”
(Rebenfeld, Miller & Martin, 1979). This‘statement introduces three of the factors that
affect the overall flammability potential of an art work in the fiber medium. These are fiber
content, density of structu)re and environmental conditions. A further factor influencing

flammability of the structure is the presence of additives or finishing compounds.

2.5.1 Fiber content _
This is the major factor to be considered.  As previously discussed, cellulose is a
highly combustible fiber due to its organic make-up of carbon, hydrogen and oxygen. Also,

potential flammability of an art work can be enhanced by the use of combinations of different

—~
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fibers. In multi-fiber structures interactive behavior-oecurs; for example, there is a
"scaffolding effect™ when blends of cellulosi?énfc%syﬁt@pﬁc fibers are combined in a textile.
The ﬂammabiliiy of the synthetic fiber 1s increased\géause of its close association with the
cellulosic fiber.  Essentially the thermoplastic fiber is not allowed to drip away as it normally
would and the cellulosic fiber or char acts as a wick for the molten polymer (Pintauro, 1978).
2.5.2 Geometric configuration .

This aspect of an art work is obviously of major importance in the aesthetic sense, but
it also influences the rate at which the textile will burn.  Physical manipulation of fibers,
yarns and fabrics is the means by which an artist conceptualizes an art piece in the fiber
medium. The form it takes is based upon ihe sym'bolism‘ the artist wishes to project. It
should be _récognized. however, that the spatial arrangements of the materials and the
compactness of the fibers used will affect the surface area to volume ratio of the textile.  The
higher the surface area to volume ratio, the greater the air permeability and, therefore, the
greater the availability of oxygen to support combustion (Hendrix, Drake & Reeves, 1973).
Furthermore, McCullough (1978) found that testing and evaluation of fabrics as single layers
may have little relationship to the potential hazards pf Purn’ing assemblies because it was found
that the flammability hazard z;ssociated with assemblies was greater than fhat expected from the

sumn of the single layers.

2.5.3 Environmental conditions
,. Shafizadeh (1968) states that the rate of combustion or propagation of a fire is highly
sensitive to prevailing environmental conditions.  This statement is supported by the fact that
environmental conditions have been found to affect the Oxygen Index .(OI) values of materials
when tested in a laboratory setting (Beninate, Drake & Reeves, 1973; Drake, 1972; Miller,
Goswain & Meiser, 1975).  "Ol is a precise, reproducible measurement of the minimum
concentration of oxygen, in a mixture of oxygen and nitrogen, that wi':ll just support
combustion of a material” (Timpa, Segal & Drake, 1975, p.86). Therefore, the higher the Ol
level the lower the flammability of the textile.  According to Miller et al (.1'975) it is

generally expected that the presence of moisture in a textile fabric will have some influence on

its flammability behavior” (p.328).  Their research showed that OI values increased with an
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increase in moisture content in a complex manner.  These results support the f indings of

‘ Drake (1972) who showed that moisture content significantly affects the flammability
characteristics of many fibers.  Hendrix, Beninate, Drake and Reeves, (1973) also found that
Ol values decrease with increasing environmental temperatures; that is, the higher the
temperature the higher the f lammability potential. Variations found in actual use conditions
of a fiber art, in many instances, may not be large enough for the effects of moisture and
temperature to play a major role in flammability potential, although this cannot be assumed in

a country such as Canada where environmental conditions vary immensely.

2.5.4 Additives and impurities
. Because flammability is a function of the chemical composition of the textile, any
modification of the cellulose substrate will affect its flammability behavior. Hendrix, Drake
& Reeves, (1973) state that sample purity was shown to have a dramatic effect on Ol values,
impﬁrities cgusing substantially-higher Ol values than those obtained from purer samples.
The yarns and fabrics of fiber art work may contain such additives as dyes or have been
subjected to finishing trcatmeﬁts such as Scotchgarde, a fluorocarbon finish designed to impart
water and 6il repellancy.  Because these are chemical additions to the cellulose substrate they
can affect the products of decomposition and the rate and course of combustion reactions.
Hilado and Huttlinger (1982) found that direct dyes alter the mode of decomposition of-
cellulose, and Yeager and Chapin, ('1972) state that "dyes themselves can increase the
flammability of a fabric [ahd thaf] printing péstes can also contribute to incréeased
flammability " (p.39). |

Pintauro (1978) states that "the overall flammability potential of a [fiber art work] is
based on the behavioral components of textile flammability” (p.2). The parameters given are
ease of ignition, burning rate, heat emission and ease of extinguishment., These behavioral
parameters are governed by the chemical and physical factors of the preceeding discussion.
Weiker (1973) indicates that "it is still not possible to predict, without benefit of experimental
data, whether or not ignition will occur under a given set of conditiéns, when ignition will
occur, and if burning will be sustained once ignition has occurred” (p.13).  Each fiber art
construction has different chemical, physical and thermal properties due to the unique nature

of art; thus, the complex nature of its flammability is unique.
. &



[

20

2.6 Mechanisms of f{ire ‘;etardancy of cellulosic materials

"The theoretical aspect of the mechanism of fabric flame retardancy is complicated
both because of the burning process itself, which varies from polymer to polymer, and because
of the diverse nature of the compounds used as flame retardants” (Kasem & Rouette, 1973,
p.36). Essentially, the application of a fire retarding agent to a textile changes the normal

course and speed of the combustion reaction favoring pathways which depress combustion’

. parameters. Materials treated with a fire retardant agent are, thereby, more difficult to

ignite, burn more slowly, have lower heat emission or are more easily extinguished than the
untreated material. Combustion of f irp retardant treated cellulosic textiles commonly leads to
the production of more char and less flammable gas (Kasem & Rouette, 1973; Lindsay, 1966).
All known fire retardants lower the decomp;)silion temperature of cellulose (Reeves & Guthrie,
1966),.consequently, reactions favoring dchyd’ration and charring will predominate.

Several theories have been advanced for the gener'al mechanisms by which fire retarding
agents may function. These are reviewed in a number of publications (Chamberlain, 1978;
Drake & Reeves, 1971; Gottlieb, 1956; Little, 1951; Lyons, 1970). It is generally accepted
that there are two major categories into which the theo‘ries of function can be divided;
categorization is by physical .mechanisms or by chemical change.  The physical functioning
theories suggest that in the. event of combustion the fire retarding agent may act in one of 'th-e
following ways: ' ' l
1. decompose to produce a 'glass-lik‘e co&ting over the textile fibers thereby trapping volatile tars
and excluding the oxygen necessary for the burning process.
2. decompose with the evolution of non-combustible gases thereby diluting the flammable gases
produced by the burning cellulose. '
3. absorb or dissipate heat by an endothermic change in its compostition, such as fusion or
sublimation, the endotherm preventing propagation of cdmbustion {Drake & Reeves, 1971).
According to Kasem and Rouette (1973) these theories are applicable to a limited number of ‘
fire retarding agents, and the chemical theory of catalytic dehydration is more generally
applicable. ‘ )

The catalytic dehydration theo_r"yp'assumes that a fire retardant is a Lewis acid or its
precursor (Kasem & Rouette, 1973; Reeﬂ;es & Guthrie, 1966). Lewis acids have been defined

as electron - pair acceptors (Solomons,1976).  This means that they are capable of forming a
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chemical bond with electron pair donors such as the hydroxyl groups (OH) of the cellulose
molecule. A hydroxyl group is drawn away from the cellulose chain by the hydrogen ion
(H*) of the acid and a molecule of water is climinated..  As successive hydroxyl groups are
removed from the cellulose molecules a skeletal chain high in carbon content remains.  The

dehydration can proceed either by carbonium ion catalysis according to following scheme:

[ H- by (I
—<l:—cl—‘0H — —C—C-OHj —— —C—=C + HO W
H H H ’
. |
C=C|J + H*

I

or by esterification and subsequent decomposition of the ester as follows
o i
cell—CH,0H + R-COOH —— cell—CH,O0CR + H,0
(acid) l (cster) (2)

cell=CH, + HOOCR

(Lewin and Basch, 1978)

No single theory adequately exp]ams the function of all fire retardant agems nor can it
be assumed that there is only one mechanism involved. Flre retardauon essentially interrupts
the burning process at one of the critical junctures' of combustion (Pitts, 1973). These
junctures are fuel production, ignition, flaming combustion and glowing combustion.
According to Chamberlain (1978) "the dominant if not the only mechanism of fire retardance
for cellulose...is alteration of fuel production” (p.122). Catalytic dehydrationl of cellulose by
a Lewis acid through a carbonium ion or esterification mechanism directs the path of cellulose
decomposmon towards the production of carbon char and water and away from the production
of flammable tars and gases.  According to Barker and Hendrix (1978) "by catalysmg the

vdeg'radation so that it would occur at a temperature below the minimum reqmred .for
levoglucosan formation, tar formation and flaming should be reduced” (p.34).
In'c'onclusion. it should be noted that fire retardant agerits are "useful during the

ignition, flame spread and growth phases of a fire where the incident heat flux on the bulk of
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the fuel load is low. Fire retardant agents will have no useful function in the later stages of a

fire where incident heat fluxes are very high” (Chamberlain, 1978, p.114).

2.7 Fire retardant chemicals for cellulosic textiles

As discussed previously, cellulosic fibers are naturally highly flammable, but
"fortunately cellulose has a chemical composition which makes it particularly amenable to
treatments which can render it both flaming and glowing resistant” (Barker & Hendrix, 1979,
p.1). Treatments can be applied to the cellulose subétrate in cither an additive or reactive
manner; that is, the fire retardant chemical may be deposited on the fiber structure as a
separate chemical substance or it may undergo a chemical reaction with the cellulose substrate
and become a part of its chemical make-up. |

Fire retardant chemical agents are generally classified by their durabilitly (Drake &
Reeves, 1971; Lewin & Sello, 1975; Marsh, 1957).  There are non-durable finishes which are
water soluble additive compounds, usually inorganic salts; semi-durable finishes which are
precipitated as insoluble salts on to the substrate; and durable finishes which react with the
fibers at the molecular level or are bound te them by crosslinking agents or resins.

Non-durable treatments are applied from a water solution by dipping, spraying or

"brushing.  Because of their water soluble nature they are removed by washing, or leaching by

moisture in the air. Jhey are alsd very vulnerabie to leaching by moisture in the
environment.  This latter problem is well illustrated by Clark and Dillon in Preliminary
Investigation of a Large Modern Wallhanging, 1981 (Note 3).

Semi-dgrable and durable treatments require two or more steps in order to be durably

fixed to the cellulose substrate. A double bath process is commonly employed. In between

* the two bath dips is a squeezing step which aids penetration of the treatment and removes

£XCcess moisture, Heat, at a temperature specific for a particular treatment, is frequently
emplo‘y{q(\:l as a curing process; this step is considered to be crucial in successful application of a
durabrlerf"inish (Yeager & Chapin, 1972). "For reactive-type flame retardants the exact cure
time and temperature are critical and must be reproducible within narrow limits" (Miles &

: .
Delasanta, 1968).  Other finishing treatments may require a step such as an ammonia gas
cure; most processes re.quire a final wash. A one step process in which a durable fire

retardant was applied from an organic solvent was devedped. It could be applied in the field
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by painting or spraying (Drake & Recves, 1975; Miles & Delasanta, 1968).  Unfortunately it
was based on the use of tris{2,3-dibromopropyl) phosphate which has since been banned.

According to information supplied by the Edmonton Fire Marshall's office the fiber art
works that are required to be fire resistant are those that constitute more than 10% of the wall
space they occupy in a public building.  This figure is derived from flame spread regulations
in the Alberta Building Code, Section 10.4.3 wherein it is stated that 90% of the wall surface
area must have a designated flame spread rating. ”I“he unique nature of fiber art works, their
frequently monumental scale, and the possibility of in-situ construction all preclude the use of
finishing processes that require complex equipment and/or specific, controlled conditions for
successful application should a fire retardant finish be necessary.  Whilst precipitaiion of
insoluble salts may be possible this type of treatment adds greatly to fabric weight and has .
highly degradative effects on the fibers (Lindsay, 1966). 1t would appear, therefore, that at
present non-durable fire retardants, which can be applied easily and successfully in the [icld,
are likely to be the most useful to the fiber artist.

Whilst many inorgahic compounds can be expected to prevent flame propagation if
present in large enough amounts, they are not generally regarded as efficient agents due to the
excessive add-on required which has detrimental effects on the character of the textile (Ma‘rsh.
1957).  Also, many effectivve flame retardants do not prevent afterglow. "In practice, only

_a few very efficient agents, or mixtures of such, are used which are capable of imparting a high
degree of resistarice to both flaming and afterglowing” (Lewin & Sello, 1975, p.21).  Six
elements have been identified as being the most important in fire suppression.  These are
phosphorus, antimony, chlorine, bromine, boron and nitrogen (Lyons, 1970). Phosphorué
compounds are the most effective glow retardant agents.  The chemistry of inorganic fire
retardants for-cellulosic fibers is explored fully in Barker and Hendrix, (1979); Lewin and Sello,

"(1975); and Pitts, (1973). It has been shown that chemical reactions modifying the cellulose
molecule at the C-6 position suppresses the formation of levoglucosan and thereby leads to '
reduced flammability (Barker & Hendrix, 1979). |

Those agents which appear to be most viable for use on fiber art and which are
available commercially are to be found in the non-durable-group.  Of significance afe the
borates, the phosphates and the sulfates, the compounds which have the longest history of use.

In addition, the halogens, ch}orine and bromine in the form of secondary additives have proven
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useful (Lyons, 1970). Ammonium compounds are the ones most frequently used, their main
Advantage being ready decomposition on heating to give an inorganic acid which acts as the fire
retardant.  There is also the liberation of a considerable amount of ammonia gas which is
thought to act as a diluent to the combustible gasses (Pitts, 1978).  Other work, however, -
indicates that the role of ammonia may be negligible in the overall resistance to fire (Kishore
and Mohandas, 1983).

The most frequently encountered m%?‘ture is that of boric acid and its sodium sakt,
borax, used in varying proportions.  According to Pitts (1973), boric acid is considered to be
one of Lhe best afterglow suppressz;ms, but there éppears to be variations in eff_ectiveneés
dependiﬁg upon the ratio of the borax/boric acid formula and the percentage add-on achieved
(Lyons, 1970).  The addition of ammonium phosphate to the borax/boric acid mixture has
been advised as an afterglow suppressant (Lewin & Sello, 1975; McKinnon, 1976). 'Itis
generally accepted that the borates operate by a physical mechanism of melting at relatively low
temperatures and forming a glass-like coating over the decomposing textile fibers, preventing
combustion by excluding oxygen. = There is now evidence that a chemical mechanism is also .
operative. It is suggested that the borates can catalyse an esterification reaction leading to a
change in thermal degradation products (Pitts, 1973; Shafizadeh, 1968).

Phosphates are perhaps the most versatile of the usable agents.  Whilst their use is
historical, many present day durable treatments of significance are based on phosphorus
compounds in a synergistic relationship with nitrogen. Ammonium phosphate and
diamr;lonium phosphate are the most widely used non-durable f ire retardants; they decompose
on heating to give ammonia and phosphoric acid (Lewin &Sello, 1975).  Phosphate retardants
function by altering fuel production during pyrolysis.  They appear to (;bera[e through several
mechanisms, although the relatively low amount of ammonia produced apparently rules out a
gas dilution function (Pitts, 1973).  Liberated phosphoric acid directs the decomposition -
reaction towards the production of char and away from the production of levoglucosan..

There is evidence supportﬁlg both the carbonium ion and ester formation reactions as a means

of achieving this result (Pitts, 1973). As temperatures' increase it is suggested that a polyacid
is produced which is capable of forming a~viscous. glassy melt that forms a [ilm over the char.
The film so formed "would retard the diffusion of oxygen into the reactive layer of carbon”

(Pius, 1973, p.145) resulting in the elimination of afterglow. It should be noted that this
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theory has been discounted by others who support a theory‘of inhibitors interfering with
production of oxides of carbon (Chamberlain, 1978). o -

Sulfates have the longest-history” mmm@e;'rch for fire retardant finishes. The
first known use of sulfite/s was in Roman times; and it was mentioned in a scientific context in
1638 in the first published text on flame resistant treatments for textiles (Pitts, 1973).  The
compounds of interest in this group are ammonium sulfate and ammonium sulfamate.
Ammonium sulfate operates in a similar manner to ammonium phosphate , that is, through the
liberation of ammoﬁia and an acid. Ammonium sulfamate was introd’uccd commercially as a
fire retardant for cotton textiles over forty years ago, and is still found in commercial
formulations. Its action is thought to take place in the gas phase through the endothermic
evolution of ammonia and sulfur trioxide gas.  Neither compound imparts glow resistance.
Sulfur based chemicals have been found to be equally effective on cotton and rayon, whilst
phosphorus based compounds are less effective on rayon than on cotton (Lewin & Basch,
1975). '

According to Lyons, (1970) "there appear to be two or three main classes of flame
retardant treatments for cellulose f ibérs for which there is a significant commercial demand.
These [include] the temporary water soluble types...where contact with water is deemed

unlikely,...[This] class of uses is well served by the soluble ammonium phosphates and the

borates” (p.229).

2.8 Characteristics of a suitable finish for cellulosic fiber art

When cansidering the issue of fire retardant finishes for fiber art there are two
opposing needs or requirements. On the one hand the law requires that a finish be applied in
specific situations and, on the other hand, the textile conservator is concerned for the
preservation of the textile through the elimination of foreign substances in contact with that
textile. In the hanging of an art textile in a public building the artist haé no choice: the
textile art work must conform to the regulations either thropgh inherent characteristics or,
failing that, through the application of a finish. If a finish is found to be necessary it
becomes imperative, from a conservation point of view, that the “f inish selected be as

1
non-damaging to the art work as possible. ~ The following point% should be consideted:

' |
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2.8.1 Ease of application

. This is a primary consideration.  The "one-of -a-kind " nature of a fiber art work,
three-dimensional structure and in-situ construction all preclude the use of complex mechanical
equipment in the application of a finishing treatment. - Spraying, dipping or brushing methods |
of application can be used, but mechanical squeezing or high temperature drying would be,

damaging to the textile fibers.

2.8.2 Minimum ag¢d-on

The chemical formulation used should impart flame and glow resistance with a low %
add-on of the finishing treatment.  Add-on of chemicals increases the weight of a fiber piece.
Should the art work be large and bulky t§o much added weightAwould cause coﬁsiderable strain
on supporting points.  High add-on levels may also create negative effects on hand and drape
such as making fibers stiff and sticky.  These effects will be particularly noticeable in a

lightweight structure. A sticky surface will hold on to damaging dirt in the environment.

2.8.3 Dimensional change

If the fiber art work is in its finishéd form the application of a finishing treatment
should not alter the dimensions in any way, otherwise the artistic concept is altefed. As the
finishes suitable for fiber art application are generally applied from a water solution,

pre-shrinking of yarn and fabric may be necessary (Platus, 1977).

2.8.4 Compatibility with dyes ‘
It is essential that the fire retardant finish not alter the colour of dyes because of the
importance of colour in the aesthetics of art. It is also necessary that the fire retardant
" compound be compatible with any other finishing treatments used. Suzuki ( Noté 4) advised
of problems of associating a fire retardant finish with Scotchgarde. The f inishing treatment

was said t0 have been rendered ineffective by the Scotchgarde.

2.8.5 Freedom from degradative action
The pH level of a fire treatment is of major importance from a conservation

standpoint.  Cellulosics are particulafly vulnerable to degradation by acids, tﬂeref ore the
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finish s .ould be either neutral or alkaline (Lyons, 1970).

2.8.6 Permanency to display conditions A

This is necessary from a regulatory and safety point of view. The f iber artist should
be aware of the conditioﬁs. that is the temperature, relative humidity and lighting levels under
which the fiber art work will be displayed. Environmental conditions should be adjusted
wherever possible to confarm to prescribed optimum levels for the long term benefit of the
textile fibers (Lz;f ontaine, 1979). The finish should have maximum durability under display
conditions, and in particular it should not be vulnerable to leaching under prevailing humidity '

levels.

2.8.7 Durability

It is highly desirable that a finish have some durability-to cleaning proéesses.

2.9 Application and effects of fire retardant treatments
The applicatiod of water soluble fihishes to cellulosic/ iber art wqu can be
accomplished by immersion of the textile in the solution or b)} Sprayifxg of brushing the solution
on to the textile. "The particular method used and the proportion of the water used iﬁ thq )
solution is not important as long as uniform treatment aﬁd required add-on are obtained” -
(McKinnon, 1976, p.3-10). There must be contact between ;_he fnolecules 6f', the finishing .
-agent and the textile f ibers, thus fabric penetration is an important reqt_xiremént, as is uniform- s
penetration (Valko,1971). In order to get a uniform spread the chemicals must be-ﬁpplied in ~ -
a diluted form to fibers that are absorbant (Lindsay, 1966; Valko, 1971). _ - R o
"Pure water is incapable of spomaneously and compleiely wetting capillaries of organié
polymers, with the possible exception of cellulose that has been conditioned at sufﬁciently high\;
relative humidity" (Valko,1971, p.93). In the case of fiber art work it is unlikely that
conditioning would be possible, in which case the addition of a wetting agen.t to the inishing

treatment will act to reduce surface tension of the water and allow. the solution to penetrate the

fabric sufficiently.
If the f inishin’é treatment is applied through immersion of the textile in a bath, some

.uitable method must be found for removing excess moisture. . The usual methods of -

o
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squeezing between rollers or ccmrifughl force are not practical or safe for fiber art.  Hanging
to drip dry would not orly be dctfimental to the art work but it would also cause migration of
the ﬁniéhing chemicals to give a higher concentration at the lower portion of the textile.
Blotting and horizontal drying should be employed if immersion application is used
(McKinnon, 1§76). ‘

Valko (1971) states that "if a liquid in theyform of droplcts (aerosol) is sprayed onto a

'Fabrlc in sufficient amount and wets the fiber surface, capillary mxgrauon tends to distribute

the liquid uniformly through the fabric™ (p.107). It is suggested that "this is a practical

.method for impregnating the fabric with a treating solution without immersing it into an excess

volume of bath and without the need of squeezing out excess liquid " (Valko, 1971, p.107).
Finishing treatments should be dried carefully.  Fast drying may result in the
crystallization of chemicals on the surface of the textile. In the case of ammonium salts, 100
high a drying temperature might result in the loss of ammonia through the decompostion of the

compound by heat (Lewin & Sello, 1975; Lyons, 1970). If a finish of diammonium

phosphate is exposed to too high a heat in drying the loss of ammonia will lead to increased

‘acidity of the fabric which will cause it to tender (Lyons, 1970).  In the application of the

borax/boric acid mixture it is suggested that drying at a temperature below 100 C helps
retention of fiber tensile strength (Lyons, 1970). Ammonium sulfamate has been found to
leave fabrics with a desirable hand (Lewin & Sello, 1975; Marsh, 1957), although it has also
established a reputation for tendering the fabric (Marsh, 1957; Pitts, 1973). It is suggested
that strength properties of the.textile are not affected if drying of a sulfamate finishing
treatment is kept below ZQ_C and the treated article 35 not exposed to strong light for an
extended period of time (Lewin' & Sello, 19;’1;5). It is also indicated that sulfamate requires
the use of buffering agents, such as trisodium phosphate, to préevent the yellowing effeéts of

light (Lewin and Sello; 1975). ;

Fire retardant finishing agents have a history of causing a reduction in tensile strength,”
and changes in colour, hand andgr'drape of fabrics (Drake & Reeves, 1971; K"asem & Rouette, ‘
1973; Lindsay, 1966; Lyons, 1970):. 7 Much has beeri done to modify these negative effects.
Nev‘ertheless, they have not beenltotally eliminated. Care duﬁring the curing process is critical
1o maintaining fdbﬂc tensile strength when semi-durable and durgble‘ treatments are applied

(Drake & Reeves, 1971).  The fiber artist may encounter these types of finishes when usiné



29

commercially produced fabrics in an art work.  Commercial plants have the equipment
necessary to produce fire retardant treated fabriés under optimum conditions. It is to be
expected, thércfore, that these fabrics will exhibit minimal change in properties as a result of
their fire retardant treatment.

According to McKinnon (1976) most treatments in use today do not result in a
reduction of tensile strengt‘h under normal use, nor will colour and hand be unduly affected by
most treatments.  This comment, however, is at variation with other rescarchers such as Vail,
Daigle and Frank (1982) who record some adverse effects depending upon treatment or method ‘
of applic.ation. Nor does it take into account lack of control associated with the application
of non-proprietary mixtures or commercials reagents by unskilled personnel.  Exposure to
high temperature and light reduces fiber strength, with sunlight being particularly damaging
(Drake & Reeves, 1971; Lyons, 1970; Marsh,'1957). Of the inorganic soluble compounds |
considered suitable for fiber art, borax and" ammonium phosphate have been found to have the
least destructive action (Marsh, 1957). It is suggested that a boro-phosphate combination of
fire retarding a;ents will afford good fire resistance properties without the disadvantage of
acidity (Marsh, 1957). Lindsay (1966) advises the addition of a small.quantity of ammonia.
to a formulation to neutrlalize any residual acids.

2.10 Fire codes \

Historically, regulatory measures related to fire saf éty and the combusti&lity of textiles
in public buildings have become more r;strictive with time.  There are localized differences in
codes and in application and enforceme;lut of the codes, because there is no single legislated code
for the whole of Canada. The National Fire Code of Capada &1980) is a "mode! set of
technical requirements designed to provide an acceptable lével of fire protection and fire
prevention within a community...written in a form spitable Tor adoption by appropriate
legislative authorities in Canada"” (p.vii). It is being used as the foundation of the new
Alberta Fire Code upder consideration at this time.  The Alberta Fire 1Code is expected to beg
passed into law by early 1984. - '

The requirements for interior textile finishings will almost certainly be the sarhe as
those set down in the.National Code.  The section relevant to fiber art is Section 2.3 Interior

Finishing, Furnishing and Decorative Materials, Subsection 2.3.2. which is quoted in full.
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SUBSECTION 2.3.2. FLAME SPREAD

2.3.2.1.(1) No person shall install drapes, curtains and other decorative materials including
textiles and films used in buildings that do not meet the requirements for a high degree of {lame
resistance as described in Note 4 of Method 27.1 of CAN2-4.2-M77, "Textile Test Methods”,

" when such drapes, curtains and other decorative materials are used in

(a) any Group A or Group B! occupancy that contains a room or an area that has an
occupant load of more than 100 persons,

(b) any lobby or exit, or

(c) any open floor areas in any Group D, E and F occupancy exceeding 500 sq.m,.
except when the floor area is divided into fire compartments not exceeding 500 sq.m in
area and separated from the remainder of the floor area by fire separations having at
least a 1 h fire-resistance rating.

2.3.2.2.(1) Flameproofing treatments shall be renewed as often as is necessary to ensure that
the material referred to in Article 2.3.2.1. will pass the match flame test in NFPA 701-1977,
"Standard Methods of Fire Tests for Flame Resistant Textiles and Films”. -

An additional requirement is proposed for the Alberta Fire Code.

"A written record of any tests and/or flameproofing treatments carried out shall be maintained
by the owner for a minimum of two years”.

The Albéf;é Fire Prevention Act (Assented to May 4, 1982) Chaptef F-10.1 delineates
enforcement précedures. Under section 11.2.d a person authorized to make.an‘ inspection
may "perform or cz;use to be performed any tests he considers necessary on the building...or
anything in it, and may remove anything for the purposes of the inspection” (p.5). - Under
section 13 if "the pefson making the investigation or inspection is of the opinion that a
condition of emergency exists due to a fire hazard...he may not withstanding anything in this

Act, forthwith take any steps he considers appropriate to remove or lessen the hazard or risk "

(p.7).

‘for classification descriptions see Alberta Building Code 1981, Section 3.1
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2.11 Toxicity

This aspect of fire retardancy is complex and cannot be explored in any depth in this
review. It is an important fa'ctor for the fiber artist to consider, howcvcf, particularly in light
of the problem with tris(2,3-dibromopropyl) phosphate.  "The 'Tris' experience suggests that
exposure and health hazard may be critically dependent on specific properties of the textile
substrate, on the mode of incorporation of the compound in the substrate, on the interactions
(including chemical reactions) of the compounds with the substrate and on the conditions of
processing” (Tesoro, 1979, p.243).  There are two aspects of toxicity to be considered; they
are the hazard potential of chemicals in the application process and the hazards associated With
the decomposition products during combustion of the treated textile.

The chemicals which are considered suitable for fiber art applications have either very
low levels of toxicity or no toxicity rating at all (Windholz, 1976). Ammonium sulfate and
the ammonium phosphates do not have toxicity problems. Ammonium sulfamate has a very
low order gf toxicity; ingestion may cause gastro-intestinal disturbances.  Ingestion or
absorpu'on' of very high amounts of boric acid can cause death (5-20g for adults,<5g for
children).  Lesser amounts or chronic use may cause gastric disturbances, dry skin and
eruptions.  Ingestion of 5-10g sodium borate (borax) by young children can cause severe
vomiting, diarrhea, shock or.death. |

According to McKinnon (1976) "excépt for some of the more complex compounds used
in durable treatments, few of the chemicals in common use have any irritating or toxic
properties, and there are rarely any problems encountered in the handling of most chemicals or
treated fabrics” (p.3-10).  Should the fiber artist find it necessary to apply fire retardant
treatments personally, sensible handling and storage make them safe to use. It is always wise
to protect the hands with gloves and the respiratory system with a mask. X

Fire retardant treatments are designed to alter theprocess of thermal decomposition of
the cellulose substrate.  Whilst this change leads to a reduction in the flammable components
of the combustion process, it cannot be assumed that the;e will be a reduction in toxic
byproducts (Uehara & Yanai, 1973).  According to Lewin and Sello (1975) "little is known
about the influence of flame retardants on the production of toxic gases in the combustion of
cellulosics” (p.11).  For example, evidence has been found for both a reduction in carbon

monoxide levels (Lewin & Sello, 1975), and for an ingrease in carbon monoxide levels (Hilado
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& Brauer, 1979).  Also the degree of hazard may not necessarily be explained by the
concentrations of individual chemical components. .

Data on individual compounds cannot be used 10 assess toxicity hazards since a mixture
of toxic gases is usual‘ly produced in fires and synergistic effects are to be expected. For
example, the presence of carbon dioxide increases respiration thereby acceleratiﬁg the uptake of
such substances as carbon monoxide which has a high affinity for hemoglobin (Lewin & Sello,
1975). Research has shown that during combustion a fabric treated with a fire retardant
agent, tends to produce greater amounts of smoke and gas than an untreated fabric (Uehara &
Yanai, 1973). (‘\Be’cause both smoke and toxic gases occur together it is difficult to separate the
effects of the tvi;o; both are easily able to cause asphyxiation.

Smoke is a double hazard in that it also reduces visibility. Where burning textiles are
concerned, smoke is a greater hazard than toxic gases.  The results of smoke emission tests
show that the amount of smoke emitted from the burning of fire retardant treated cotton is
nearly twenty five times the amount emitted from the burning of untreaied cotton {Benisck,
1975).  These figures are based upon measurements of decreased visibility; the type of fire
retardant treatment was not mentioned. Diammonium phosphate has been shown to affect
smoke levels in a complex manner depending upon the concentration of the compound and the

temperature to which it is exposed (Uehara & Yanai, 1973).

2.12 How fire retardancy issues éffect the fiber artist
In accepting a commission to produce a fiber piece to be placed in a public building the.

artist should accept responsibility, not only for the aestheu’cs,‘ but also for the care and
preservation of the work. To do otherwise would display a lack of professional committment
unless the work is specifically planned for obsolescence, in which case there should be an
understanding between the artist and the client from the very beginning (Constantine & Larsen,
1981).

~ Whilst ultimate legal responsibility for the fire retardancy of a fiber piece in a public
building rests with the owner of the building, it is in the artist’s best interests o accept
responsibility for seeing that the work conforms to standards setvby local fire codes. That
this should be done with the Best interests of the textile in mind is the rationale for this study.

Lack of information on codes and finishes appears to be a major problem (Platus, 1977).
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Personal communication with fiber artists has illustrated that the issue of fire retardancy is -
uéually acknowledged but not always dealt with in an informed manner. In the handbook
Commissioning Textile Artworks (Note 5), Thomas raises the issue and places the onus on the
artist. However, the réferences only guide the reader to the regulations. A United States
artist, Ove (1978) expressly states that she was "motivated to experience some of the realistic
conditions involved in designing and executing a large textile hanging for a specific public
building” (p.1), but nowhere was the issue of fire retardancy mentioned.

When it becomes necessary to apply a fire retardant finish to an art work the artist has
three viable alternatives.  These are self application of a non-proprietary mixture, self
application of a commercial reagent and commercial application. ~ Three artists who have
worked on large scale pieces, Platus (1977), Watson,(Note '6) and Suzuki, (Note 4) have found
it preferable to contract the work out to commercial concerns. It should be noted, however,
that these artists work in centres large enoqgh that knowledgeable, commercial treatment
personnel are available.

McKinnon (1976) warns against the use of commercial concerns of unknown reliability

‘because it has been found that "there are some concerns in this field which have not treated

fabrics properly or have used relatively ineffective chemicals™ (p.3-10). Even where
commercial firms are knowledgeable of fibers and chemicals they are frequently unfamiliar
with fiber art (Platus, 1977). Sinﬁilarly, fiber. artists who are trained in the aesthetics and
technology of their medium are rarely knowledgeable of the chemicals used as f inishixig
treatments.  McKinnon (19765 concludes that "with few exceptions, flame retardant
treatments can be entrusted safely only to skilled persons" and as a final admonition states "it
is ...a field which is'especially vulnerable to entry by unskilled entrepreneurs and charlatans.
Let the buyer beware!” (p.5-70).

In'a 1978 study of the fiber arts market in the southern United States Davis(1979)
indicated that the problems of meeting "flameproofing” standards constituted a significant
barrier to the commissioning of fiber art by commercial architects.? She recommended that
fiber artists become more familiar with "textile" properties because fiber content of the art
work is a major factor in meeting flameproofing policies. ~ She further recommended
increased knowledge of {lameproofing finishes and local and federal flameproofing regulations.

‘commercial architects are defined as those whose work mainly constitutes designing public
buildings :



It was suggested that ease of meeting f’larheproofing policies should be investigated by fiber

artists as a means of increasing their market potential.
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3. PROCEDURE

3.1 Materials

Each fiber art work is unique. In developing an artistic concept for a specific
commission the artist will combine dyes, fibers, yarns and/or fabrics in a manner unique to
that individual construction.  Since scientific study requires a set of conditions that are
controllable and reproducible, a commercially produced test fabric was used as the cellulosic
substrate for this research study. This-"choice of fabric allows for a direct comparison of test
results between Athe control samples and the samples treated with different finishes.

Selection of the fire retardant finishes used in the study was based upon the availability
of bcommercial reagents and upon the chemical compounds which a review of the literature

showed to be the most likely to be used on fiber art.

3.1.1 Test fabric
The fabric used for treatment and testing is a plain weave, unbleached, desized 100% -
cotton print cloth, having a weight of 120g/m’ and a yarn count of 35x32 per cm (warp x

weft). It is designated style 400U by the manufacturer, Testfabrics Inc., Middlesex, NJ.

3.1.2 Fire retardant finishes
Two commercial reagents and one non-proprietary mixture were used to give three
different sample treatments which were compared with an untreated control sample. The

treatments were as follows:

1. A mixture of borax, boric acid and diammonium phosphate in proportions of 7:3:5
mixed with 110 parts water.  This is formula #2 in Fire Protection Handbook.
(McKinnon, 1976, p.3-10). ' |

2. X-12 supplied courtesy of Spartan Adhesives and Coating Co..-Crystal Lake, 1llinois.
Ownership and manufacturing rights of this product were recently acquired from E.I.
du Pont de Nemours and Company. Due to the proprietary nature of this reagent no
formula could be obtained. Information from accompanying technical literature

suggésts that the major component is ammonium sulfamate.
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3. FlameGard DSH préduced by Jersey State Chemical Company/Sybron Corporation,
Haledon, N.J., and supplied courtesy of Tanatex/Sybron Canada Ltd., Downsview,
Ontario. The company would only indicate that these proprictary compounds are a

blend of inorganic ammonium salts.

For chemical analyses of X-12 and FlameGard DSH see Appendix 1.  The analyses
were done courtesy of the National Research Council's Edmonton, Alberta laboratory.
Control samples were immersed in distilled water and the same wetting age‘m‘, JWet
‘FR, used with above treatments. ‘ It was supplied courtesy of Tanatex/Sybron Canada Ltd.
The only difference between the control and treated fabrics was in the fire retardanpchcmica‘ls

applied. - ,
3.2 Methods ’ s

3.2.1 Sample preparation

The ultimate objective of the physical testing of textiles is to predict behavior in use.
In order to obtain reliable results samples taken from the test fabric must be representative of
the whole.  When accelerated aging is carried out the end product of the fabric aging process
should be similar to that whvich results from natural aging even though the route may be

different.

3.2.1.1 Cutting procedures: .
Prior to treatment four pieceg of test fabric 150cm long and 70cm wide were cut ~
from the bolt and marked with contré)l and treatment designations. In addition,
measurements for dimensional change in wetting. as specified in Can 25.1 (CGSB
1977) were marked on the fabric in grey silk thread.  No piece was cut within 10cm of
the selvedge or within Scm of either end of the bolt. After treatment, safhples for
each series of tests were cut so that each sample in a test had a different set of warp
and weft yarns. No sample was cut within 5cm of any edge of the treated fabric with

the exception of samples required for establishing fire retardant effectiveness.
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3.2.1.2 Dyeing procedure: '

Coloured samples were prepared by dyeing swatches of test fabric with
Procione fiber reaclivg dyes in six colours.  They were red, yellow, blue, orange,
green, and purple.  The method used for dyeing was the long method for Procione

M-Series dyes shown in Appendix I1.

3.2.1.‘3 Accelerated aging procedure:

 Accelerated aging provided controlled, reproducible conditions of degradggion
required for the study. The condiu’oné used in the acceleralted aging process dié »‘n'o“t
‘necessarily éimulate conditions of use for fiber art, but provided uniformly degraded
material suitable for evaluating and comparing the effects 'of the different fire
retardant treatments.  The accelerated aging process involved exposure of test -
specimens to a temperature of 60-65 C, and a relative humidity of 20-35%.
Continuous light was provided by a carbon arc in an Atlas Weatheroxﬁeter model
18-WR. The aging technique was designed to impart a loss of tensile strength of

about 50% to.the control fabric and required an exposure time of 495 hours.

3.2.2 Treatment preparation and application
The aim of the fire retardant treatment was to enable the test fabric to pass the vertical
flame test as prescribed by the National Fire Code of banada (1980). Preliminary
experimentation with X-12 and FlameGard DSH indicated the appropriate concentration of
solution required to provide sufficient add-on of chemicals for treated fabrics to ‘pass the test
in one appﬁ?:ation. The concentration of the non-proprietary reagent, borax:boric
acid :diammonium phosphate, as specified in Fire Protecﬁon Handbqék (‘McKinnon, 1976),
was adhered to and sufficient add-on achieved by repeated applicatim‘ls. '
Il»should be noted here that the level of add-on required for the fabric to pass the
vertical flame test is specific to the type and weight of test fabric used. A heavier weight or
.closer weave fabric would require a lower add-on than a lighter weight or looser weave fabric.
Treatment preparation and application was as follows:
- Control: warm distilled water (35 C) with the addition of 1% JWet FR (wetting agent).
- solution pH - 7.6 : .

- application procedure - immersed/dried
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- Borax/boric acid/diammonium phosphate: 7:3:5 parts in 110 parts by weight distilled water
with the addition 1.5% JWet FR (wetting agent), (McKinnon, 1976, p.3-10). %&
Distilled water was heated to 65 C. 'fhe boric acid mixed with a small amount of water was
added along with fhe remaining chemicals and wetting agent to the hot water and stirred until
dissolved leaving a clear solution. It was allowed to cool before application.

- solution concentration - 13.6% (w/w)

- solutfon pH - 8.4

- application procedure - immersed/dried/immersed/dried

Testing at this juncture indicated a ‘13% add-on but the fabric was unable to pass the vertical
flame test. A further immersion”and dry followed which enabled it to pass the flame test.

- add-on - 15%

X-12: prepared using distilled water heated to 80 C in accordance with the manufactufcr's
specificalioné. An addition of 1% JWet FR (wetting agent) was used for experimental
control.  The solution was cooled prior to application.
- solution concentration - 18% (w/w)

- solution pH - 6.7

- application procedure - immersed/dried

- add-on - 15.2%

FlameGard DSH: prepared using distilled water at 35 C and 1% JWet FR (wetting agent)
according to manufacturer's specifications.

- solution concentr 1n - 20% (v/v),

- solution pH - 8.2

- application procedure -'immersed/drie_d

- add-on - 10.7%

The temperat:~. =7 the treatment solutions upon application was about 27 C. The
equipment used for the application of the finishing treatments consisted of a plastic trough,
sold for the purpose of wetting out wallpaper, and a piece of ABS‘tWo and a half inch diameter

sewer pipe cut to the length of the trough. Interior measurements of the trough were 75cm



long, 12cm wide and 9cm deep.  Inside the trough was a plastic rod 3cm from the base and
3cm from one side which formed a channel for pulling the wetted material through. The
prepared treatment solution was placed in the trough and the leading edge of the fabric was
rested on the rod.  The ABS pipe, ;avh‘ich acted as a roller, was then placed on the top of the
fabric and the fabric was gently pulled through onto a flat table top protected with white cotton
terry cloth.  The treated fabric was allowed to dry aided by a cool air fan. When completely .
dry it was rolled onto a Mylar protected cardboard tube and covered with acid free tissue.

As preliminary work had indicated the borax:boric acid :diammonium phosphate
(7:3:5) treatment had a tendency to crystallize out onto the surface of the fabric at 65% RH it

was decided to"store all the treated f abrics under ambient conditions until required for testing.
3.3 Test Methods

3.3.1 Mass of Fabrics

.The purpose of test Method 5.A-1977 (CGSB, 1977) in this study was to determine the
- amount of finish deposited onto the test fabric during treatment with the fire retar 1t
solutions.  The treated fabric was conditioned at 65+2% RH and 212 C.  Five die cut
specimens were taken, no two specimens containing the same warp or weft yarns.  Specimens
were weighed on a Sartorius balance:  The difference between the weight of the control fabric
and the weight of the treated fabric expressed as a % of the control fabric, indicated the level of -

add-on, or the increase in weight due to the presence of the finish.

332 Flaﬁe Resistance - Vertical Flame Test

Samples of treated fabric were tested. following the procedure prescribed in Method
27.1-1977 (CGSB, 1977) using the equipment shown in Appendix 1I1I.  Flame resistance is
evaluated on the basis of flashing of flame over the surface, af[erﬂame, afterglow which can
occur once the 7' me is extinguished and length of char. In general a high degree of flame
resistance is inc.c. d by absence of flashing, an average af terf’lamé of less than 2 sec,
afterglow not extending beyond the area originally charred by the flame aﬁd an average char
length not exceeding 90mm. It is recognized that the average acceptable char length may vary

with the mass and type of fabric being tested.



3.3.3 Dimensional Change in Wetting
The fabric was conditioned at 65+2% RH and Zl\i 2 C prior to treatment.
Measurements were marked as prescribed in Method 25.1-1977 (CGSB, 1977) uéing grey silk
;
thread. Following Lrealr}lenz the {abric was reconditioned and remeasured withou: pressing.
Six measurements were made.in the warp direction and six in the weft direction.  Dimensional
change was calculated as the percent difference between the average of the six measurements

taken before treatment and the average of the six measurements taken after treatment.

3.3.4 Fabric Tensile Strength

Test spccimené were conditioned at 65+ 2%RH and 21£2 C prior to testing. Ter;sile
strength of the fabric was measured using the prescribed Method 9.1-1977 (CGSB, 1977) but
with a reduced specimen size and samples cut in the warp di.rection only. The size of the cut
specimens was 150x20mm and th;y were ravelled to 50 warp ends. Tensil-e\strength was
measured on an 11 nstron( CRE)“machine using a 75mm gauge length, and a load range of

0-20kg. The cross head speed was varied from 1 - 3cm/min to provide an average time to

break of 20'% 3 secs.

3.3.5 Stiffness of Fabrics
Test specimens were conditioned at 65+2% RH and 21 =2 C prior to testing.  Fabric
stiffness, also known as flexural rigidity, was measured as prescribed in ASTM D 1388-64,
Option A - Cantilever test (ASTM, 1983).  Flexural riridity is calculated as foliows: -
G =cw | (1)
where G = flexural rigidity (mg/cm), ¢ = bending length.(cm), and w = mass(g/m?)
The overall flexural rigidity of a fabric is calculated by the formula:

G, = (G, G, ¥, . (2)
where G, = overall flexural rigidity, G, = warp flexural rigidity, and G, = weft flexural
rigidity. | _—

Bending length is "a measure of the interaction between fabric weight and fabric stiffness as
shown by the way in which a fabric bends under its own weight. It reflects the stiffness of a

fabric when bent in one plane under the force of gravity, and is one of the components of

drape.” (ASTM, 1983, p.295). The test was repeated with the same samples under ambient
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conditions of 21% RH and 22 C.

3.3.6 Fabric pH

The pH of the {abric was recorded using an aqueous extract technique.  Aqueous
extracts were prepared according to Method T 509 os-77 (TAPPI,1977) Cold Extraction
Method, but with reported results being an average of seven deterrﬁinations for unaged cotton
and two for aged cotton. The readings were recorded with a Fisher Accﬁrpet Model 230

pH/ion meter using a E-5D combination electrode.

3.3.7 Fabric Colour Change

The colour of undyed urraged specimens, dyed specimens, and undyed aged Specimens
was measured and colour differences between the water treated control fabric and treated .
fabrics were calculated in CIELAB units. A Hunterlab Model D25M/L tristimulus
| colorimeter with micfoprocessor was used for these measurements and calculations. The L
value is a measure of lightness and darkness; a is a measure of the degree of redness or greeness
(+ais ared valut; and -a is a green value); b is a measure of the degree of yellownessy or-
blueness (+bis a yellqw value and -b is a blue value). The colour difference (a E) is

calculated by the following CIE 76 L*a*b* colour difference formula:

oE (CIELAB units) =[(aL)*+ (aa)* + (ab)*]*/,
(AATCC, 1982/3)

Ut e haiy o Ees et T
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4. RESULTS AND DISCUSSION

This chaptcr' will commence with a description of the statistical analyses performed on the
numerical data resulting from the tests pcrformeéi. The results will then be discus.;ed in
relationship to the findings of other researchers wherever possible, keeping in mind the
conservation focus of the study and the impdrtance of the findings to the fiber artist.
Significant changes occuring in the variables of dimension, tensile strength, stiffness, pH-and
colour as a result of trcaimem and accelerated aging procedures will be identified. .

In general, it was founa that each test performed to determine changes of importance
to the aesthetics and preservation of fiber art indicated that treatment with a fire retardant

finish has detrimental effects on the cotton substrate.

4.1 Statistical analysis ‘ .
. T}]e analysis work was done using the Statistical Packages for the Social Sciences SPSSx
program (SPSS, 1983) in operation .at the University of Alberta, Edmonton, Alberta, Canada.
The results of the program runs are presented in Appendix IV. A oneway analysis of

variance 1o test . or a significant difference among means (a=0.01) was performed Aon
measurements of the dependent variables dimensional change, tensile strength, pH and colour
change by the indepe{nd.em variable, treatment. - In addition, Duncan's Multiple Range Test
was used to determine which pairs of fréatmems were significantly different at the 0.01 level

and which means formed a homogeneous subset. Homogeneous subsets are subsets of groups -
whose highest Emd lowest means do not differ by more than the shortest significant range for a
subset of that)size. .In this study, therefore, means falling into a homogeneous subset did not
differ significantly at the 0.01 level. A stringent « level was selected in order to be assured of
a 99% certainty that the results had not occurred by chance because it was considered that even

minor changes could be important to the aesthetic and conservation requirements for valuable

art works.

42
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4.2 Test results

4.1.1 Dimensional change

The changes in dimension of” the Cotton test fabric as a result of experimental treatment
are recorded in Table 4.1.  The results of the statistical analysis of this data are presented in
Tables IV.1, V.2, IV.3, and IV 4 in Appendix I V. '

I't can be seen from these results that shrinkage occurred when the cotton fabric was
immersed in water.  This is a normal occurrence and to be expected in fabrics that have not
lbcen stabilized. Thié'type of shrinkage is known as relaxation shrinkage and results from a
release of the tensions introduced into fibers and yarns during manufacture of the fabric.

The effect of the fire retardant treatments on fabric dimensions varied but it was found that
they modified the shrinkage effect of the water.  This finding is difficult to explain bec;use
the release of tensions by immersiqn in water would occur regardless of the added chemicals.
As the fabric dries the fire retardant finish may crystallize within the fabric structure. It is
possible that the chemical compounds present in some way interfere with the normal
repositioning of hydrbgen bonds that occurs during relaxation shrinkage.

The results of the ‘oneway analysis of variance indicate that there is a 51gmf1cam
dxf f erence between the mean changes in dimension as a result of the experimental treatment.

As can be seen in Table 4.1 the mean dimensional change for the borax:boric acid :diammonium
phosphate (7:3:5) treatment is slightly lower than that for water alo“ne but the two form a
homogeneous subset in both warp and weft qlrecuons as determined by Duncan's Multiple
Range Test and are therefore not significantly dif ferem X-12 and FlameGard DSH
exhibited similar behavior in this test, and these two treatments formed an homogeneous subset
in both warp and weft directions.

The % changes in dimensions are relatively low.  Shrinkages of 1.4 - 0.6% in the warp
direction and 0.8% - zero in the weft direction are considerably less than the 3% maximum-
normally acceptable after fabrics such as draperies are cleaned (ASTM, }983). Where a fiber
art work is concerned, however, the dimen«innal change which the artistrconsiders accé‘ptable
will vary depending upon the scale o° *“¢ v~ znd the method of installation.  Should a fiber
piece be installed in a free haﬁging? 1,7 ~7.... Zhanges in dimension wouid not be noticeable.

If, however, the art work is designec '+, - .cific archit 2lion and, moreover, is



Table 4.1 Dimensional change of cotton treated with [ire retardant finishes!
. 4
warp weft
Treatment change(cm) % of original  change(cm) % of original
water -0.35 -14 -0.20 -0.8
B/BA/DAP’ -0.28 -1.1 -0.17 -0.7
X-12 -0.17 -0.7 0.0 0.0
DSH’ -0.15 -0.6 0.0 , 0.0

! mean of 6 measurements
’borax : boric acid :diammonium phosphate (7:3:5)
‘*FlameGard DSH

NB: a negative value indicates shrinkage

< UL
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designed to be attached to the wall on all sides, dimensional change after treatment with a fire

retardant finish could be crucial.  The problem could be further exacerbated if a very large
scale piece is involved as even a 1% change could amount to many centimetres difference in
size.

Preshrinkage of the cotton will eliminate the problem of relaxation shrinkage caused by
immersion in water, but without further testing it would appear that a fire retardant finish
might modify the effeét of the preshrinkage. This .aspect docs not appear to have been
investigated in research into the effects of fire retardant treatments.

It should be restated at this point that in accordance with Method 25.1-1977
(CGSB,1977) the dimensions were recorded at standard conditions of 65+2% RH and 212 C.
These conditions, particularly the relative humidity, are not-typical of atmospheric conditions
in many parts of the country. Therefore, dimensional changes will vary not only with the
type of fire retardant treatment being used, but also with prevailing relative humidity.

Cotton fibers can absorb moisture from the air ~ausing them to swell and become rounder in
cross section.  This results in a contraction of the fabric structure, and consequently smaller
dirr;ensions. N

For the artist who is working on a commission that may be installed in a different

location than it is constructed, the potential for a change in dimensions as a result of different
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conditions should not be overlooked. It should also be noted that dimensional changes can
occur whether or not a fire retardant treatment is used.

It is clear from the results of these tests that dimensional change due to fire retardant
treatments requires consideration in ;he planning stages of a fiber commission.  Pretesting is
the only sure means of evaluating potential changes in dimension of a given art work when a

fire retardant treatment is planned.

4.2.2 Fabric tensile strength

"Breaking strength is considered the most generally useful property of a textile material
because il is indicative of the inher;:nt quality of fhe textile and because it provides a useful
measure for following changes or detecting damage resulting from chemical, physical,
mechanical or microbiological effects in processing or in use” (Warner, 1966, p.1102):
Mechanical testing for evidence of fiber degradation requires a substantial decrease in polymer
chain length before an observable chan‘ge occurs. .Therefore, when a decrease in tensile
strength is observed ii is indicative of considerable destruction of the glycosidic linkages of the
cellulose polymer chain. | ‘

The tensile strength of the treated cotton test fabric both before and after accelerated
aging is recorded in Table 4.2.1 as mean breaking force (newtons) plus the 95% confidence
interval.  The percent strength retained by the fire r'etardam treated cotton, before and after
accelerated aging, is presented in Table _4.2.2. .The first column "unaged, % of control”
represents the change in the tensile strength resulting from application of the finish. The
breaking force of treated specimens before aging is expressed as a percent of the water treated
control fabric before aging.  The second column "aged; % of unaged " represents the percent
strength retained when specimens were subjected to accelerated aging in an Atlas
Weatherometer with carbon arc le ap.  The breaking force of the aged specimens is expressed
as a percent of the breaking force of the unaged specimens.  The unaged fabrics were tested
four months after treatment and the aged fabrics three months after completion of the

accelerated aging process.  Statistical analysis 'reéults are recorded in Tables IV.5, I1V.6, IV.7

- and FV.8'in Appendix IV.
e

In the unaged samples a oneway analysis of variance indicated a significant difference

among the tensile strength of treéted specimens. Duncan's Multiple Range Test showed that



Table 4.2.1 Mean breaking force(newtons) of fire retardant treated cotton before and after

aging'

Treatment Unaged Aged
water 156.4 + 4.5? 99.2 +29
B/BA/DAP" 153.7 % 2.9 79.4 + 2]
X-12 1594 + 4.1 226 £ 1.7
DSH* 166.2 + 3.2 236+ 1.3

'mean of 10 breaks

mean t 95% confidence interval
*borax : boric acid :diammonium phosphate (7:3:5)

‘FlameGard DSH

Table 4.2.2 Percent strength retained by fire retardant treated cotton before and after aging
Unaged, % Aged, %
Treatment of control of unaged
water(control) 100.0 63.4
B/BA/DAP! 98.3 51.7 )
X-12 101.9 14.2
DSH? 106.3 14.2

'borax : boric acid :diammonium phosphate (7:3:5)

’FlameGard DSH

<3

subset, therefore, the tensile strength of these fabrics was not significantly different. Fébric

\\
other three experimental treatments. It exhibited a 6.3% increase in strength compared to 011\e

' . » . . . . v . . \,
control fabric.  An increase in tensile strength after treating cotton with fire retardant finishes.

has been noted by other researchers (Marsh, 1957).

‘water, borax : boric acid :diammonjum phosphate (7:3:5), and X-12 formed a homogeneous

_treated with FlameGard DSH was shown to be significantly different from fabric given the,

Cotton fibers typically exhibit an

incréase of 10 - 20% in strength when wet (Joseph, 1977). It seems possible, therefore, that

the increased moisture content of the fabric attributed to the hygroscopic nature of the fire ,

retardant finish could have imparted this strength increase to the cotton [abric treated with

FlameGard DSH. The presence of the fire retardant finish may also affect the mobility of

\

\

\
3
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the fibers and by introducing friction may impart a slight increase in tensile strength.  Water
soluble fire retardant fi'nishes, in general, have been found to lower tensile strehgth by 5 -
although this strength loss is not considered excessive (Little, 1947; Lyons, 1976).

A oneway analysis of variance of the data from the aged specimens indicated a
sigm’f icant difference among the tensile strength of these samples.  Duncan's Multiple Range
Test indicated that fabrics treated with X-12 and FlameGard DSH formed a homogeneous
subset. Both treatments caused a substantial loss of tensile strength in the cotton fabric after -
aging, the treated fabrics retaining only 14.2% of their strength before aging.  Agents
containing ammonium sulfate have been found to cause considerable loss of strength in
response to heat aging (Marsh, 1957). FlameGard DSH was found to contain sulfate in the
chemical .aalysis. Fabric treated with borax: boric acid:diammonium phosphate (7:3:5) was
significantly different in tensile strength after aging compared to the X-12 and FlameGard
DSH treated specimens. In addition, the strength of aged fabrics treated with all three fire
retardant treatments were significantly different from the water control treatment. The |
borax: boric acid :diammonium phosphate (7:3:5) treated fabric exhibited the best strength
retention. It retained over 50% of its strength before aging.  Borax and ammonium
phospﬁate have been found to have the least destructive action of the inorganic fire retardant
agents (Marsh, 1957). However, there is some question as to whether this treatment survived
the conditions of accelerated agmg f or any length of time. Loss of this retardant is known to
occur through volatilization (Lmle 194*%)\ In borax-boric acid mixtures that have added
-ammonium phosphate the loss of ammonia czzlmfe;\theTOnﬂailon offan\acxd phosphate which
" accelerates the subhmauon of boric acid and also causes an mtera tion bﬂtween borax and the
phosphate f ormmg additional amounts of volatile boric acid (Little,1947).

Sunlight and water are the main elements that destroy fire retardant agents (Drake &
Reeves, 1971). . Whilst the level of moisture in the Weatherometer accelerated aging chamber
may not have been high enough to cause leachiné it seems possible the that high level of radiant
energy to which the samples were exposed could destroy the borax : boric acid:diammoniem
phosphate (7:3:5) treatment during the cycle of aging.  Even without aggravated conditions
this particular fire retardant treatment been found, in previous experiments, to have lost
practicaklly all its fire retardancy characteristics after one year's exposure to normal roem

conditions (Little, 1947).
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The resulis of the tensile tests indicate that there is a strength loss'in the control fabric
after aging of 36.6%. This means that without any chemicals present on the fabric
degradation has occurred, as a result of the action of heat and light, causingua loss of over one
third of fabric strength.  The fabric treated with borax:boric acid:diammonium phosphate
(7:3:5), by comparison, lost almost one half of its tensile strength during accelerated aging.
The fact that the borax:boric acid:diammonium phosphate (7:3:5) treated fabric lost more
strength than the untreated control fabric can, therefore, be attributed to the effect of the
finishing treatment degradation products. |

vAccording to Little (1947), it is the fabrics that retain some or most of their fire
resistance under accelerated aging conditions that are most severely impaired with regard to

fabric strength.  Although testing for retained fire resistance was not a part of this study,
such a finding could account for the results obtained from the tensile tests of X-12 and
FlémeGérd DSH treated fai)ric. Both treatments contributed to over an 85% loss of strength
in the fabrics after exposure to lhevconditions of accelerated aging.  Both treatments fall into
the generic category of inorganic ammonium salts.  Ammonium phosphate and ammonium
sulfate have been found to be the most common constituents of such mixtures. These
ammonium salts are unstable and apt to become acidic resulting in damage to the cloth (Marsh,
1957).  Although the exact composition of the two commercia} reagents is not known, it is
thought that X-12 is an ammonium sulfamate-phosphate combination.  Mixtures such as this
have been found to retain fheir et‘~ fectiveness under accelerated aging procedures similar to those
used in the prese‘r_lt sfti‘dy and to show an excessive accompanying loss of tensile strength
(Little, 1947). ‘

The f indings ‘of t}{is test appear to have grave consequences for fiber art.  The
relationship of the accelerated aging prbcedure to normal use conditions of fiber art work,
however, is not definable. ~ The conditions of 60-65 C and continuous high intensity ultra
violet light would never be encdun[ered under normal conditions and it would take an enormous
length of time, if ever, for the éffect to be achieved in a cumulative manner.  The results do
indicate, héwevér, that heat and light interact with the chemical system formed by the cellulose
;nd the fire retardant finish in a more aggressive manner than occurs when a fire retardant
finish is not present on the cellulose; therefore, the degradation occurring in cotton fabric as a -

result of environmental conditions is greater when a fire retardant finish is present.



4.2.3 Fabric pH

The reason for the concern of the textile conservator about the pH level of celluloSic
“textiles is because of the ability of acids to promote hydrolysis of the 1,4 glycosidic links of the
cellulose polymer chain.  The increase in chain ends resulting from these broken links leaves
the fabric in a reactive state and, therefore, more vulnerable to further degradation.
Hydrolysis leads to a reduction in DP and a concomitant reduction in fiber tensile strength with
the ultimate result being the disintegration of the fabric structure. However, other factors
such as light also play a role in fiber degradation.  Interaction between different degradative
factors precludes direct COrrelation"between specific pH levels and émoum of fiber destruction.
Nor caﬂ/’%pH value obtained in the testing be taken as definitive because of the potential for
contamination from sources such as CO, in the air. However, changes in the hydrogen ion
concentration in aqueous solution(pH) of the fabric do provide:' a‘'means of assessing
modifications in the level of ac;i‘dit)7 of cotton fabric. pH is the negative logarithm of the
hydrogen ion concentration. The decrease from a neutralnlevel of pH 7 to pH 6 therefore,
means a tenfold increase in acidity. A decrease from pH 7 to pH 5 means a one hundredfold
increase in acidityl . The pH measurements of the treated fabrics, before and after aging, are
‘presemed in Table 4.3, and the results of the statistical analysis can be seen in Tables 1 V9,

[V.10, IV.11 and V.12 in Appendix IV.

b

Table 4.3 ‘ ;I;hl;eriecfl fect of | fire retardant finishes and accelerated aging on the pH of cotton
Treatment Unaged? Aged’
water (7.6) 7.2 ' 6.2
B/BA/DAP* (8.4) 7.3 6.1
X-12 (6.7) 6.3 3.8
DSH? (8.2) 5.5 4.1

'pH of treatment solution in parentheses

’mean of 7 determinations

‘mean of 2 determinations

*borax :boric acid:diammonium phosphate (7:3:5)
*FlameGard DSH
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A oneway analysis of \;ariance for the unaged fabrics indicates a significant difference
among pH means.  The fabrics treated with water and borax :boric acid :diammonium
phosphate (7:3:5) both remained close to neutral having a pH of 7.2and 7.3 respectively.
These two treatments formec = homogeneous subset in Duncan"s Muitipte Range Test and
therefore, are not significahtly different. Thé X-12 treated fabnc was slightly acidic with a
pH of 6.3 and FlameGard DSH was the most acidic with a pH'of 5.5, These two treatments
were significantly different from water and borax:boric acid :diammonium phosphate (7:3:5)
and from each other.  None of the levels of acidity;found in this test are considered aggressive
enough to be damaging to the cellulose m;ers especiz;lly in the short term.

A oneway analysis of variance of the data frogl the aged samples indicated a significant
difference among mean pH readings. ~ As with the unaged fabrics, Duncan's Multiple Range
Test showed that water and the borax:boric acid:diammonium phosphate (7:3:5) treatment,
with mean pH values of 6.2 and 6.1 respectively, were not significantly different. FlameGard
DSH treated fabric with a pH of 4.1 anéi X-12 treated fabric with a pH of 3.8 were both |
significantly different from the water and borax:boric acia:diammonium phosphate (7:3:5)
treatments and from each other. .

The relationship of the pH of the treated, unaged fabric to the pH of the treatment
preparation was not as expected in all cases. The control fabric and that treated with X-12
exhibited a difference of only O.4-pH'Uni[s' between the pH of the treatment solution and the
pH of the treated fabric.  Because the pH values are close to neutral [hlS ;ﬁf ference is not a
concern. The pH of the borax:boric acid.:diammonium phosphate (7:3:5) treatment was
slightly basic (8.4) and tha[ of the ‘treated fabric was close to neutral at 7.3. A mixture of
borax and boric acid has been promoted as a buffering agent in the deacidification of paper’
(Daniels, 1980). It is said to have a stable.pH and be capable of neutralizing residual acids.
When diammonium phosphate, which is basic but known to-lose ammonia through
volatilization, is added to t”he mixture it becomeé less stable. In the borax:boric'
acid:diammonium phosphate (7:3:5) mixture, phosphate remaining after volatilization of the
ammonia can react with borax to create boric acid (Little, 1947). These two factors could
account for the drop in pH from 8.4 for the treatment solution to 7.3 for the. treated fabric.

The major difference between treatment pH and fabric pH occurred with the

FlameGard DSH treatment.  Whilst /\th&})H of the treatment solution was 8.2 the pH of the .
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_ treated fabric was found to be 5.5. It is not possible to explain this result due to a lack of
knowledge of the composition of the proprietary mixture.  Technical information
accompanying the product indicated that an ammonia odor was to be expected on use.  This
loss of ammonia could be one reason for the noted decrease in the pH of the treated fabric.

After the treated fabrics were subjeét to accelerated aging in an Atlas weatherometer
the pH of the fabric was lowered as was to be expected.  Cotton fabrics tend to become acidic
with age, and fire retardant finishes typically become acidic on breakdown induced by heat and
light. The increased level of acidity, however, was only marked for the X-12 treated fabric.
The change from 6.3 to 3.8 represents well over a hundredfold increase in the hydrogen ion
concentration.  There is a dearth of research on this particular aspect of f ire retardant treated
cotton. However, one study did indicate that a fire retardant finish containing diammonium
phgéphate. but no borax or boric acid, did not have any appreciable éf fect on fabric pH after
héat aging (Williams, 1974).  The levels of 4cidity found are, in general, not considered
aggressive for short terin purposes (Leene, 1972); but it must be realised that any long term
exposure of cellulosic fibers to even low levels of acidity can only have deleterious effects on
the fiber structure howeVBr minimal it may be. thlst avoidance of acidic propemes in
cellulosic fi 1ber/art is l}lghly desirable minor levels of acidity can be tolerated.

Itis oby@,us from the results of the testing that the selection of a fire retardant finish
on the basis of the pH level of the treatment mixture will not automatically provide a similar
level of pH within the fabric; and it is 10 be expected that the level of acidity of the fabric wfll
increase over time_ with exposure to heat aﬁd light. '
4.2.4 Colour change

The problem of .colour change in textiles\irgated with a fire retardant-finish can give the
texdile conservator two reasons for concern. In co;ton textiles a colour change can cause not
only aesthetic problems, but can also be indicative of f iber degradation Natural undved
cotton can be bleached by sunlight.  The radiant energy absorbed also results in
photo-sensitized degradation.  The amount of degradation occurring will vary witﬁ the
impurities in the cellulose; the more impure the cellulose the more degradation results.
Yellowing or darkening of cotton is a visual indication that the cellulose molécules have been

oxidized. ~ Whilst oxidation does not cause fracturing of the cellulose polymer chain it leaves
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the fiber in a more reactive state and vulnerable to hydrolysis which does result in a reduced DP
and loss of fiber strength.

Undyed cotton: Colour change as a result of the application of a fire retardant finish to
undyed cotton and as a result of the acceierated aging on the treated cotton is shown in Table
4.4.1.  Changes in colour have been measured and calculated by comparison to the water
treated conirol fabric.  In order to give meaning to the numerical values for colour change an
AATCC Gray Scale rating has also been included (AATCC, 1982/3).  Verbal descriptions of
thé,Gray Scale ratings appear in Table 4.4.2. For the purposes of thls stud) a Gray scale

rating of 4 has been selected as the maximum lével of” colo

(ASTM,1983). Statistical analyses of results are p_rqgcpt; ' sand V.14 in
. . i M =~
Appendix IV. _ S .
A oneway analysis of variance mdlcateEa gxgm amonm{he mean colour

changes observed in the undyed fabrics. Duncan S Mulnplc Ran‘geﬂest showed that the
colours of the aged fa.brics treated with X-12 and FlameGard DSH werec significantly different
frbm the unaged samples and the aged sa;nples treated with water and borax : boric

acid :diammonium phosphate (7:3:5). Homogenéous subsets could not be obtained pecause
of the unbalanced design for this data. ”

Undyéd fabrics treated with fire retardant finishes exhibited no noticeable colQur
change in the unaged state.  Upon being subjected io accelerated aging the treated fabrics
varied in their response to the conditions of th‘e:laging process.  The fabrics treated with X-12
and FlameGard DSH became ian in colour possibly due to the interaction of an agent in the
finish with the intense light of the carbon arc lamp. Lai et al (1977), invesiigalilng the effects

of chlorine in f ire'suppression recorded a tan coloured substrate upon chlorination of cellulose.

none was found in X-12. A further example of colour change on a natural coloured fiber is
provided by Platus~(1977) who found that an area coméminated by mold turned "toast brown"
when treated with a fire retardant finish. .

The water and borax:boric acid :diammonium phosphate-(7:3:5) treated fabrics both
became whiter as a result of accelerated aging, the change being sdmeWhat noticeable compared.
to the unaged control fabric.  The use of sunlight Is a traditional method of bleaching

cellulosics.  Radiation from a carbon arc lamp is similar but not identical to visibie light.
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Table 4.4.1 The effect of fire retardant treatment and accelerated aging on the colour of
undyed cotton'

"

Colour change

Treatment State (CI EAIFAB units) AATCC rating?
water unaged ‘ 0.0 ) 5 .
aged 2.52 .' 3-4
B/BA/DAP? unaged 0.99 4.5
aged 2.29 3-4
X-12 unaged ; 0.91 4-5
1 aged 10.54 ) l-i
DSH*  unaged 0.60 4-5
Lo . aged 13.20 1

!calculations based on the mean of 5 readings for the unaged samples; 8
readings for the aged,borax:boric acid :diammonium phosphate (7:3:5)
samgl!e; and 10 readings for the X-12 and FlameGard DSH aged samples
see Table 4.4.2

*borax :boric acid :diammonium phosphate (7:3:5)
*FlameGard DSH

Table 4.4.2 Relationship of colour change in CIELAB units to AATCC Gray Scale ratings
- -with verbal description ‘

Colour change AATCC Gray
CIELAB units Scale rating Verbal description
0.0%0.2 5 negligible or no change
0.8 £0.2 4-5
1.7 O.‘3 . 4 ‘ slightly changed
2.5 £0.35 3-4
\ 34 +04 o 3 : noticeably changed
.48 £ 0.5 2-3
. 6.8 £ 0.6 2 considerably ct'ranged
9.6+07 1-2
- 13.6 i'l 0 1 much changed
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Thus, it is possible that the colour changes seen during accelerated aging would not occur
during natural aging.

Dyed cotton: The colour changes which occurred When the swatcheé dyed with Procione
fiber reactive dyes were treated with fire retardant agents are reported in Table 4.4.3. The
results of the statistical analysis of this data can be found in Tables V.15 through IV.26 in
Appendix I'V. It can be seen that no particular treatment caused a marked colour change in
all dyed fabrics.  The borax :boric acid :diammonium- phosphate (7:3:5) treatment, for |
example, caused a noticeable change in the red, blue and orange swaichdd.  X-12 caused'a
noticeable change in the red and blue samples. FlameGard DSH caused a noticeable change
in the red, yellow, blue and orange samples.

Statistical analysié was performed on the colour change data for the dyed samples
individually by colour. A oneway analysis of variance indicated a significant difference
among mean colour changes for each colour. Duncan’s Multiple Rang¢ Test results are
summarized below: -
" Red: FlameGard DSH and X-12 formed a homogeneous subset and X-12 also formed a
homogeneous subset with borax : boric acid:diammonium phosphate ( 7:3 :5)2 all treétments
were significantly different from the water control treatment.
Yellow: Each treatment formed a separate subset; therefore, all treatments were signif’ icantly‘)
different from each other.
Blué: FlameGard DSH and X-12 formed a homogeneous subset and were signif’ iczimly different
from the water treated control and from the borax:boric acid:diammonium phosphate (7:3:5)
treatment. ,
Green: Each treatment formed a separate subset, therefore, all treatments were significantly
different from each other. o ' |
Orange: Each treatment fofmed a separate subset, therefore, all freatments were significantly
different from each other. ) ‘
Purple: FlameGard*DSH ahd..boraxzﬁbric acid:diammonium phosphate (7:3:5) formed a
homogeneous subset and were sigm#ficantly different from both the X-12 and water control
treatments. | . h

In this research the testing of fire retardant finishes on dyed cotton swatches was

limited in scope and provides the artist with only a genéra} ’inﬁf}ééﬁpn of the potential for colour
e -

o
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Table 4.4.3 The effect of fire retardant treatment on. the colour of cotton dyed_with
Procione fiber reactive dyes.

i Colour chan'gé

Colour Treatrfxent ‘ (C]E%,AB units)* gcﬁiggglggmy RS
Red B/BA/DAP* y 302 3
X-12 282 34
. DSH? - am 3-4
Yellow B/BA/DAP . 0.74 4-5
, X-12 . oam 4
DSH 2.60 3-4
) Blue 'B/BA/DAP 2.95 3-4 o
X-12 226 3-4
DSH | -;;j‘ﬂ 2.33 34
Green . B/BA/DAP 092 4-5
X " "3128 | 4
~ DSH ‘qos o4
Orange B/BA/DAP Rty 3
X-12 14 .
DSH v 246 34
Purple B/BA/DAP 153 . 4 o
x12 L, o1 4 o
DSH ¢ -.':" BRI 4 s

'mean of 5 Teadings S o
*borax :boric acid; dlammomum phospha[e (7: 3 5)

*FlameGard DSH
_ Lo
change. The results obtdined can only be considered applicable tor the specﬂ' ic dyes and f ire
retardant chemlcals used in the study. Hunnmgs (1976) in Fire. retardancy and the zntenor

designer (1976), graphically illustrates a problem he encountered with ¢olour change caused by

a fire retardant finish; the design concept was totally alterq.d and a sxgmf icant cost overrg; Wias

A

encountered.  Platus (1977) also cautxons the fiber %vr;nspzpf this potential problem.



b standard relative humldrty of 65 :f:Z% o 4‘ -
' 'water treated control f}abrrp :

. exhrblted an mcrease in strftlnégg‘of 20 8‘% and 12 6% respectrvely It should be noted,

It should be emphasized again that pre-testing is essential when a fiber art work must
be treated with a fire retardant finish. It is the only way to obtain a valid prognosis for a

particular project. , . oom

4.2.5 Fabric stiffness

Fabric stiffness is a measurable component of the f abric properties of hand and drape.
Hand, particularly, is a property that relies t0a great extent on descriptive, subjective
evaluation, whilst drape is more. measurable in terms of bending length and flextiral r1g1d1tv
Measuremerits of flexural rigidity have been shown 0 nge excellent correlauon with subjective
evaluatrons obtamed by the handling of fabric samples. A 10% dtff erence in flexural rigidity
is reported as being the minimum level capa.ble of being detected subjectivel_v (ASTM, 1983).’
A negaltive .change indicates that the f ahric has lost stiff ness, that is, it has become limper. A
positive change in flexural rigidity indicates that the fabric has become stiffer.

Fiexural ngldrty was measured under both standard and ambient conditions because the

-

: standard relative humrdxty of 65+2% is considerably hrgher than that found in many area: ..

the countr# Measurements of flexural ngrdrty and % change in f abrlc stiffness are reco-ded

tn Table. 4 5

Under standard condmons the stlff ness of the f abrrcs was consrderably reduced by the

frre retardant t:eatments when comrared tc the original fabric.  The greatest change occurred

IS

“in the fabric treated wrth FlameGard ’SH which was 38 1% less stiff than the ongmal fabric.
, Sunple treatment wrth water, “however, accounted f ora loss of 12.3% of st1f fness, so that the

" fire retardant f mrsh accounted for approximately 25% of the loss of stlf fness. The

borax: borrc’ ac1d dlammomum phosphate (7:3:5) and X- 12 areated fabrics exhrbxted a 16% and

12.9% reducuon in strffness respectlvely compared to the control. The hygroscopic nature of

‘the fi ire retardant f 1mshes is thought to have contnbuted to the hlgh loss of stiffness under the

>
[ A

ﬂ’f\— -

Under an ang&aen g re t

Eﬁ;&fﬂldlty of 2'1% the- change in strf f ness compared to the

L
reversr:d for the borax bonc acid: dlammomum phosphate

(7:3:5) and X 12 tr'eatmen; . ZI'he fabncs treated wrth these two fire retardant agents

however that in. measurrng ffre strffness of the control fabric under ambient condrtrons an-
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Table 4.5 The effect of fire retardant treatment and relative humidity on the stiffness of
cotton fabric!

Flexural % change % change
Treatment Conditions? rigidity from from
: (mg/cm) original control
original standard 118.946 . -
. ambient 416.550 - -
wateﬁ’éontrol) ./ standard - 104.260 & - i'12.3  T
T amblent 335153 -19.5 . -
) B@A{DAP{ standard 87.576 - 264 " - 16.0
e ambient 404.928, P +20.8 .
"‘\".c"IC. . . . " . \'W
X-120 standard 90331 -23 6 - 12.9
EREE ambient ?"'7-9_'377»42% =94 4126
. DSH* - standard . B 55 g - 294
' ambient -, 332864  --20.1 5 07,

_ _ 'calculated from 16 measurem,ems -of bending length in both- warp, and wef t-
- directio
- 'standazd conditions: 65+2% RH; ambient conditions: 21% RH

‘borax : boric acid: dxamrnomum phosphate (7:3:5)

‘FlameGard DSH

(™

inconsistency exists.  The numerical values indicate a higher"_l'oss of stiff ness,«;/hi’ch suggests
that the fabric is limper under ambieht conditions. (21% RH)'thei-n unc  standard conditions
(65+2% RH). This result is df'ff icult to justify, but one possible ei(pl'a’natiop is} that a h&gher
degree of distortion ( tvyisting)y octu_rred in the leading edge of the samplé when stiffness was
measured at 21% RH, which may have in‘cr‘eésed the error in bending length measuremeﬁt witt}
a fabric lower' in moisture content.  Under ambient conditions the fabric treated with i ‘\;  ‘
FlamcGard DSH exhibited a-similar degree of suf f ness to the control fabric. o
Although a controlled, scientific test for f abnc hand wis not conducted, subjéctive
evaluation by three co-workers was done in the Iaboratory at 21% RH The fabric treated
thh borax : boric acid: dlammomum phosphate (7:3:5) was- Judged to have a chalky érispy
hand and to be the suf fest of the experimental treatmen}s. - The X-12 treated fabric also‘ felt

slightly crispy and stiff but less so than the borax:boric acid :diammonium phosphate (7:3:5)

o'
“«
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treated fabric.  The fabric treated with FlameGard DSH felt quite similar to the water treated
control but was said to have a slick or glossy feel to it.

There has been considerable emphasis on hand and drape of fabrics treated with fire
retardant finishes in past research because frequently the finishes were required for usc on
clothing. For example, Little (1947) re‘ported that borate mixtures im sa:( a :!ight harshness

to the cloth, whereas #ie sulfamates ~nd their mixtures function as sof ~ning ~ecats producing

~aslightly softer finish. ~Marsh (1v./) also supports this finding, statin « special feature

of ammonium sulfamate is its lack of adverse effects on the hand of the cloth. Lewin and

. Sello (1975) state that the softening effect is independent of humidity. If X-12isa

sulfamate/phosphate preparation it appears the phosphate may be contributing to the
stiffening.  Lindsay (1966) agrees that the borate mixtures leave 'goods' with a stiff hand,
but suggests that ammonium sulfamate does affect hand to some extent.

For fiber art works a change in I;and. which implies tactile sensations. will rarely be a
factor to consider in the selection of a fire retardant finish.  The visual impact derived from -
draping qualities, in contrast, could be very 1mportant depending upon the construction

technique mvolved and the visual image the artist wxshes tv‘?;rmect A two drmensronal piece

- that is rpounted on a wall is unlikely to be affected visually by changes in stiffness. However,

if a hanging banner were to be treated with a fire retardant finish and became either boardy or

very limp its visual qualities would be impaired.  For a three dimensional piece which relies

upon fabric manipulation for its aesthetic impact a loss of stiffness could alter the artistic

cohcept The 1mportance of changes ir fabric stiffness, theref ore, will vary depending upon "
the art work involved and the artist's rc uirements of aesthetics and structure

In addition to the specific test results which: have been drscussed other effects from the

~use of fire retardant agents on the cotton substrate have been observed Samples of fabric ‘

treated wrth the three different finishes were stapled to paper and hung in the condmonmg
room to observe the effects of continued exposure to standard conditions of 65%+2% RH and
212 C.  As has been previously mentioned, the borax : boric acid :,dxammomum phosphate
(7'3'5) treatment leached out under conditions of high humidity. Crystals appeared on the ;
surface of the fabrrc within two days Wlthm the space of three months the surf ace of the

fabrii‘,“ was f ree of crystals, thus it is possible that the f mxsh had completely volatilized away.

&}
i
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Approximately two months after being placed in the conditioning room the samples
treated with FlameGard DSH were observed to have caused corrosion of the staples.  Within
three months, that is, a month after the corrosion was noticed Athe' f ab_ric around the staples was
heavily stained a dark yellow colour. Amménium sulfate has been found to accelerate the
corrosion of steel and other metals compared to the corrosion occurring when no finish is
present (Lyons, 1970).  The fiber artist should note this effect, which is also mentioned by
Platus (1977), when considering the use o}” metal support mechanisms in conjunction with a
fire retardant finish. The h‘umidity level had no observable effect on the X-12 treated fabric.

4
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

\
5.1 Summary | . l‘ .

The major objective of this research was to identifl'v suitabie fire retardant agents for
use on art works in the fiber medium. To be judged suitable an agent must first of all impart
the required level of fire resistance to enable the treated fabric to pass the verticai flame test.
Secondly, there must be an absence of deleterious effects on fiber properties and thirdly, an
absence of aesthetic changes in the art work.  To evaluate the latter two requirements, treated

fabrics were tested for changes in dimension, colour, stiffness, tensile strength and pH after

treatment; and for changes in colour, tensile strength and pH after treatment, afiizi
aging in an Atlas weatherometer.

Textile conservators charged with the care and treatment of contemporary textile art are

"cdneemed about the application of f ire retardant chemicals to valuable fiber w'orks. The

" resulis of the tests performed in this study indicate that such concern is justified. The short

“tetmi ‘changes observed are, in the main, of minor importance except in very specific instances:

~-for.example, a change in stiffness could affect the appearance of a piece relying on drapeability

qualities.  There is no doubt, however, that in the long term the presence of a fire retardam

~ agent on a cellulosic substrate tends to magnify the effect of natural degradation processes.

o
FlameGard DSH was the easiest treatment to prepare and apply and the treated fabric

passeg the flame test most easily of the three treatments in spite of the fact that it had only’
14

- about two thirds of the add-on of the other two. It caused negligible dimensional change and

T

negligible colouf change on undyed, unaged fabrics. When épplied to dyed fabrics it causeda =
noticeable change in the red, yellow, blue and orange swatches.  Treattd samples were quite
limp at 65% RH but the same as the water treated control fabric at 21% RH. Tensile strength

of the treated fabric before aging waS increased It did cause a totally unacceptable colour

* change, however, and a substanual Ist of tensﬂe strength in the undyed, aged cotton.  The

pH Tevel of the treated fabric before agmg wa§ 5.5, con51derab1y less than the pH of the .

-

treatment mxxture and lower than that co%31dered desxrable fgr cellulOsxc textiles.  After

aging the pH was lowered further, a faet reflected in the eakk?red state of the cotton fabric.
The other propnetary reagent, ‘X 12 rec?ulred a'much h}gher axdd - pn (15 2%) to

achieve the desired level of fire- resistance than did FlameGard DSH. Bemg in powdered form

ug_.J -,

"G“"

v
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it was less easily prepared than FlameGard DSH but,once dissolved, application was
accomplished just as eaéiiy. In many respects it had similar eff ects on the cotton to
FlameGard DSH. Negligible dimensional change occurred and a slight increase in tensile
strength before aging was followed by a substantial loss of tensile strength after agihg. X-12
and FlameGard DSH caused the same colour change of the dyed swatches in all cases except the
fabrics dyed 6range and yellow. Fabrics treated with X-12 and FlameGard DSH had slightly
different pH values , although the same general trend was seen. = X-12 was less acidic (pH
6.3) on the fabric before aging and more acidic (pH 3.8) after aging than FlameGard DSH.

A major difference between these two reagents occurred in the stiffness test_l with the X-12
treated fabric exhibiting greater stiffness under standard conditions (65% RH) and ambient
condifions (21% RH).

The borax : boric acid:diammonium phosphate {7:3:5) treatment also required as high

.

an add-on (15%) as the X-12 treatment.  This mixture required time and care in thg
dissolving of the chemicals, and the fabric required three treatments before suf ficientgadd-on
was attained to enable it to pass the vertical flame test. Of the three fire retardant finishes it
exhibited the most acceptable levels of pH before and aftér aging. It was the only finish that
did not darken the fabric upon aging but it caused more noticeable colour change in two of the
dyed swatches, narhely red and orange, than did X-12 and FlameGard DSH. 'It had a grea}‘ter e
effect on dimensional change, having shrinkage of over 1% in the warp direction and 0.7% # m
the weft direction, behaving in.a similar manner to the water treated control fabric. Ten"sifé“
strength of the fabric after treatment with borax :boric acid:diammonium phosphate (7:3:5)
was mirimally lower (98.3% of water treated controls, bu‘f this treapment gave by far the best

. results in tensile tests after aging. After almost 500%hours of exposure to a temperature of

&%

60-65 C and 20-35% RH with continuous carbon arc liéht it retained ‘over 50% of its after
treatment strength, compared to the 14% retained By the samples treated witﬁu X-12 and
FlameGard DSH. Its effect on fabric stiff ﬁess was fhe moét undesirable of the three
finishing treatments ;xaminefj leaving the fabric f f_:eling "chalky" and "boardy" at low relative

humidity.

TN
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5.2 Conc,lu_sions

+From a conservation perspective the three fire retardant finishes examined for this

‘study all possess some shortcomings.  There were two major problems with the borax : boric

acid:diammonium phosphate (7:3:5) treatment; firstly. the difficulty of obtaining aneffecuve
leyel of add-on necessitated repeated applications which are more stressful to textile fibers than
a single application; and secondl  .he the chemicals appeared to leach out of the fabric with -
easc at 65% RH. Previous research attests to the short life expectancy of this finish even
under normal room conditions (Little, 1947). .}

In this study the chemical agents were applied to the test fabric as it came from the
bolt. Ii was not washed before treatment because it was suspected that few iper artists
would prepare yarns or fabrics by wast_;ing before use.l A pre-wash, howe;'er, would allow
for better pick-up of the fire retardant chemicals and the desired level of add-on would likely
be achieved without repeated immeréiiens. - A wash would also act to pre-shrink the yarns ‘or
fabnc Cifitis suspected that the fire resistance properties of the borax : boric

ac1d diammonium phosphate (7:3:5) are bemg"lost a mamtenance program should be

established for an art work treated with thxs f mxsh It should be cleaned:and retreated on a

- vf 4
frequent basis so that the intent of the fire safety regulations is not defeated, and so that h

damaging products from the degradation of the fire retardant finish are removed.  This
approach is only advocated on the basis that all 'other aspects of this treatment are acceptable.

& .
The two proprietary reagents, X-12 and FlameGard DSH, had similar effects on fabric

" properties and aesthetic changes.  Ease of preparation and lower add-on make F lameGard

DSHa better choice Lhan X 12; however given the aggressive effects displayed by each reagent
in the agmg process, nexther treatment, at this stage, can be advocated for long term use on
valuable textiles. As an immediate and short term solution to the problem of having to treat
an existing pie?e in order to comply vyith regula.iions either treatment coulei be considered fer
use with ﬁw pIOViSO ;ha't pre-testing be dorie to determine suitability for a specific application.
Should such an approach'be considered necessary it would be incumbent upon the artist or
conserva.u.)r' to establish a monitoring system whereby signs of degradation could be observed in

the early stages.  This course of action would allow an opportunity to clean the piece to

temove the finishing agents and degragation products.  The situation would have to be -

'reappraised at that point to determine whether retreatment should take place or the art work

v
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rembved |

It must; be stated that the conclusions being drawn here are based on the results of the
specific tests pcrf ormed before and after accelerated aging and such conclusions are approprlate
only for the chemical reagents used in the study. The advice given by Drake, Perkins and
Reeves (1973, p.25) is still appropriate: "At this state of the art, no one finish is applicable to
all types and weights of fabric, nor for all end uses.  In selecting the best treatment for a
specific application; one must consider f abric construction, properties affected by the finish,
end-use, chemical and processing costs, and the availability of materials™.  The fiber artist
who has to apply a fire reta’rdar}_t.finish in order to install a work. Oi art must, therefore,
evaluate any proposed treatmentmby‘_ the criteria above and on the basis of which changes can be
most readily accepted. Whethef the fire retardant treatment is applied by a commercial
company or whether the artist applies the finish personally it can be doneeither before
construcuohn of the art work by treatmg the matenals to be used or after construction by
treatment of th_e finished piece. There are advantages and disadvantages to both approaches.
These are well outlined by Platus (1977) who has learned through experience the pitfalls of -
both. Pretesting df proposed treatments cannot be ‘stressed s‘trongly enough. Planning the
treatment as part of the project rather than allowing it to be an afterthought allows tr}e
apportunity for pretesting and will eliminate many of the pitfalls. ]

A majof poi}lt in the overall issue of fire retardancy that must be emphasized is the fact
that fire resistance properties in a fiber art work can be achieved without the use of finishing
treatments.  As hasv_been mentioned in section 2.5 several factors influence the flammability .
potential of a textile construction.  The use of inherently non-ﬂar\nmable fibers and a high
density structure are two methods of construction >that can be employed to produce an art work
capable of passing the vertical flame tést.  This may consutute somewhat of a dilemma to the
fiber artist. It may be difficult or 1mp0551ble to achieve’ the desired effect with an mherently
non-flammable construcnon or the required materials sxmply may not be available.

However, at some point the fiber artist will most likely have to acknowledge the exxstence of
fire safety codes and come to terms with the regulatory requirements of the Fire Marshall.

Any piece created for a public space covered by the regulations can be required to pass the

vertical flame test should it constitute more than 10% of the surface area it occupies.



In practical terms, the piece as a whole or part cannot be tested, therefore, it behooves
the artist to prepare a suitably realistic model or sample which can be tested. It hés been
proven that the flammability behavior of a system (such as a fiber work) is not predictable
from knowledge of the behavior of the individual components ( Yeager, 1972).  This means
that testing of the individual components of a fiber art work will not suffice, and a composite
structure identical to the finished work but smaller in scale could be required for proper
evaluations,

‘F ire retardant finishing treatments should possibly be viewed as a last resort for fiber
artists. They do have to be considered, however, for use on existing textile works some of
which may be historical pieces.  In the latter case the conServatorf,s COncerns gather added
weight.  An occurrence of improper fire retardant treatment on museum textiles was one of
the factors conmbutmg to the initiation of this research. |

The 1ndlscnmmate use of fire retardant agents on valuable textiles must be avoided.
When there is no alternative to treatment, care in selection of a treatment is essential. Textile
conservators would do well to consider the potential damage any treaimem may cause in the
long term and endeavor to modify problems by a regular program of washing to remove an old
and degrading f irﬁsh and the application of a new one if it proves necessary. Failure to
evaluate fire retardant treatments for a specific application only provides for problems in the
years ahead. By then, of course, damage from the acidic residues resulting from the
breakdown of the fire retard&!& could be extensxve and expensive (o treat; it may even be so
great Ehat nothing can be done and the piece is irretrievable.

7 This ki\nd of scenario also has long range implications for the fiber artist. ~ An artist's
work may be popular and commissions be obtained over a short term on aesthetic capabilities
alone. Burtln ‘the-long term other professional qualities besides creative ones are required to
maintain :i}“fe‘ﬁiftétion and develop.status as an artist 6f note. Quality of technique and the
finishing of .textile piéces cannot be stressed highly enough. Second only to paper in
vulnerabfli_;y to environmental degradation, textile fibers need knowledgeable treatment for
optimum preservation.

Confronting the fire retardancy issue and dealing with it successfully can only be
advantageous to the fiber artist in the long term.  Commissions will be lost to artists who

work in media of a non-combustible nature if those with the power to grant commissions

!
%
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perceive the fire retardancy of textile pieces as a barrier (Davis,' 1979). Fiber works have not

been readily accepted into the fine arts community. Traditionally texti.lesihave been linked

h(\;vith craft and guilci organizations.  This association with crafts has created a resistance to
}&qa inclusioq in the fine arts dicipline. Today's fiber artists have worked hard, and continue

‘;to "dd s0, to become accepted as creators of "fine art”, and to have their work accepted as equal
“*1o painting and sculpture. It would be most regrettable if the effort was negated by the

failure to deal with the issue of fire retardancy.

5.3 Recommendations h~
Due to the conscrvation orientation of this study it is not possible, in light of the
results obtained, to recommend unequivocally any of the reagents for use on valuable Itextile art
pieces. It has been demonstrated by the high loss of tensile strength, the increase in acidity
and the unacceptable colour change after acpeleraled ‘aging that the pogen[ial for damage in the
long term existe. . The possibility of the damage beirig extensive cannot be excluded. .
" Ama jor recommendation to be made is that when a piece must be treated, the fire

- retardant finish be considered a short term measure and provision made for removal of the
finish at a specified time, Dependingv upon the situation the treatment cBuld be reapplied or
the textile placed m a different location not subject to fire safety regulations. -

By necessity, this study has been limited in scope to three finishes readily available to

fiber artists in Western Canada and it is suggested that mpre finishes be evaluated, particularly

additional finishgs that are available to fiber artists or are being used by commercial
applicators.  There are also many non- propnetary mixtures that could b“ mvestxgated
although these tend to have been well researched in the past (Lmle 1947) Because research
into fire retardé’ht finishes is ongoing, albeit at a slower pace than ten years _new finishes
'may appear on the market at any time and will, hopefully, be devoid of the uudesirabie v
characteristics found to date. ~ The ideal fire retardant will be durable in nature and not affect
‘fiber properties or aesthetics in any way; will be stable to all environmental conditions but

unstable at flame temperatures; and it will be easy to apply and non-toxic.

‘.;5 -

Because the application of fire retardant finishes has been found to cause mcreased
degradation when compared to that occurring when no finish is Dresem on the textile, another

major recommendauon to be made is the necessxty for educatmg flber artists in the theoretical
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aspects of their mexﬁum. A knowledge of fiber science and textile conservation will enable the
artist to use fibers, yarns, fabrics, dyes and finishes in a technically competent manner,
thereby, allowing the creation and treatment of art works best able to comply with fire 'saf ety
regulations with a minimum of deleterious effects on the fibers. = A greater understanding of
the fundamentals of fiber properties, rather than restricting aesthetic expression, could generate
exploration that otherwise may not be considered. It could lead to aesthetically exciting art
works that do not need a fire retardant finish in order to pass the vertical flame test.  Thus,
"an equilibrium between creativity and preservation” can be achieved. (Kimufa, Note 1,
1984). (

Itis hoped that . iber artists and textile conservators will communicate and cooperate in

' the production and fire retardant treatment of the textile works that will find their way into the

art market. Only when the aeslhetxcally accepted works have proven they can comply wnh

' f1re safety regulations and can survxve é\ver time, without damage from a fire retardant

flmshmg treatment, will a future for fiber as an art medium be on firm ground.

" | ,
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EQUIPMENT &
PLASTIC, STAIMESS STFEL. or [MAMCL OTC CONTAINER: plestic dishoens,
wattebashets,[or Q}tﬂ cant wort etpecially wall, Must be
large j- comfortably held the plece being dyed.
SCALE “or '(ASUIN :roo-u-
nIXiNG CuPs .
A CLOVES 3.
BUPPLIEQ @ { NOTE! Do not use ara & Heswmer brand
CALCON® {only 1€ water 1t hards “Buper Weshing Soda® seld in ‘.
auper mernetal A ntly the

ute | Toep, to 1 Qll. water)

PROCION  M-SERICS OVE-
TABLC SALT
3004 ASH (SAL SOOA or eure

VASHING SODA) MOT BAKING S00A!
PREPARATION

1. Cacept for fadric which het been etpecia:i
(P.F.P. goods), all fabric should De washed 11 “ot water and detergent
befare dyeing te resave all 3¥2ing and starch,
Sut nred rot be dry,
faprics should be’wathed.)

7. Cetlylose fibres, particularly viscose reayon and mercerized cotton,
aye significantly b-ucr than other types of fibres,
1pecial tregtment 1n which the cotton fabric it rmun through & tertes of

Mg held under tention.
ﬂ& cellulote tn the cotton which drametically increases
Unbleached and urmercerized cottons

rinted well,
LN AN

Yye dathi.wmile by
“ine ttructure 0

the affinity of ane Tidre for dye.)

3

menuferturer begen to (nclude
Bleach and othar chemicale
which prevent the dyes (row
fining peaperly. Use only .
pure 00db ash oc.weshing sodat

5.

(If shrinkage 13 critical, even

orepared for dyeing

The fabric should be

fabrics,
to medium thades of color uiing Immersion techaiques.
calors on 311K, try direct apolication techniques. f.a., printingor
{The PROCION® H-SCRPCS OYES are especially we)l

peinting, Instesd.
suited for thiv purpose!)

amount of dye required,
obtained with teuller sanunts of dye.
aof 1hade 13 contrullied 0y the asount of dye powder uted,
smount of tiew 14 the dyedath,
bath before the dye process s completa In an altewot to get
1ighter shades wil] only result fa Toss of wathfastress.

BLACK MI-CUA,
“weater”
sore dye and talt then called for in the recipe.
the sore 1alt you 4dd, the deeper Lhe thade you are goirq to get.
(Chech the table on the top of the neat peage.)

Long,Method for- Dyemg

(QN M- semes DYES ONLY!

.}1 .

S

Tike mutlin will mot dye nearly a1 deeply 4% bleached ang ewrcerized
Also, with PROCION® R-SERIES OYC(S, s1l1h will only dye pastel

To schieve deed

Fropartions ef dye and 1alt In.the dyeing recipe oare bited on one

pound (450 grees) of dry fabric, spprosimetely 2-4 yards, W

= wide,

This “long” method for dyeing 13 sore ecomomical tn tarws of the

Mote Chat each color varies

f.e., deepar, more Intense thades Can Do

the the mn
AT the *

Remeober, toa,

Rewoving the (adric from _F‘yv .

||an(-|y a1t nature. for fnstance,

PROCION® M-SERIES colors PII7 RAYY SUBE MI-2GA, P11S BROMN XX-CRA! PI1)
P114 TURQUOISE MX-C and PO RUST MI-CAN tend to be
colors and for really deep thadets 1t may be necetssry to vie
Up to’'a certain paint,

Don’t shimo 1f you want dark ghades.

(Mercerizing is o

STNIS Fesulls fn & change (n

i

PROCEOURE  1er 1 pound tas0 womu of oy todeic’,

SHADE AMT OF DYE Yowt

PALE ve tup (2.28 ¢ .3t 3
mOIUN 2y tap (6.7 ¢

QARE ¢ tsp (18 ¢

REALLY '
oces 120 tee ( Mg} o 3

NOTE: “ouf ‘= percent of welight of ffbre
1) Place the required ssowmt of dye

) !nr the thede éesired (RLO 4 One-

mllln) Pyren measucing cug.

ud o (411 seount of celd water and
work 1Ate & taoeth paste free from
lusps with o stainless steel or
plastic spoon.

2) Asd water at & temperature
of ¢0°C {105°F, slightly warmer

than body tewperetude) to dissolve

the dye compldtaly. Thls will

require at leett“Y-cup (125 al) of

water for eack t“woon (3 'rm)

of (e, o

3} For each pound (450 g.) o
ute 2 gallons (9 Titres)
st 80°C (105°F). If the watér {n your
ares 1t “hard®, odd Calgon rater
softener at this pofat. Add the dis-
solved dye and stir. Then sdd the
cleaned fadric and stir 1nqmv.ly
for:10 mimutes. ,

4) Add the required smount of SALT

to the dyedath in J equal parcs
with § minvtes betueen sdditions.
Continuve ts stir frequently for |§ .
ainutes after 411 the SALT (5 (n,

. You should motice the fadric

becoming darter with each addition
48 the talt forcas the fadric to

absord the At N3 point, (f
zl nat appear dart by

the fabric
enough, séditional salt and/or d"
cat be added. Be ture to pre-,
¢1ssolve the 341T or dye 1A werm
water before séding. walt 10-15
afnuties before judging the color

ain. Algo resemder that wet fabric
gonl ) thedes darker than dry
hbﬁ'c. . -

§) For each pound (450 4.) o' fadric,
T gitsolve ) tablespoons (40 q.) of
SO0& ASH 1n a small asount of warm
water and #dd to the dyebath. The
addition of the SOOA ASH ttarts the
dye resction and since mo3g of the
reaction takes place fa the first 10
afnyles 4fter the S00A ASM ft added,
1t 15 Important to be agitating or
stiering during this period to pre-
vent ttreaking or blotching. Continue
to stir every 5 minutes or sa for at
Teatt JO minutes, and wo o 1 Pour to
‘achieve maximem depth of thade.

6] Minse the dyed cloth well fn cold
ruening water

AMOQUNT OF SALT
™ { % |f 0t v

1.3¢ E-9 Tesp

L S CIUR - 11

20 cups {

Woarwrf

40-601
106- 1607

180-270 ¢
480-720 ¢

1200+ ¢) 2641

#Asrs DYE WITH
COLD WATER

l"‘JClO'l’ M SERIES OYES PLO4 FUCHSIA MX-88, P122 BRILLIANT YELLON MI-8G
and PI3) CERULEAN BLUE ME-C (OMC are mare Intense than ather colors
4nd require lets dye and salt to achieve full thades of color

M ¥

l

OISSOLVE COMPLETELY

WITH WARM WATER

PREPARE DYEBATH WITH

TER:

WARM:-YMAT
FABRIC

ADO OY

a

\{

ADD 1/3 SALT°
{$ MIN)

AD(!.VJ SALT
(8 Mine }

ADO 1/3 SALT
(1s ey e

PO

DISSOLVE SODA A
& ADO TO DYEBATH

———

¢/
AGITATE CONSTANTLY
FOR 10 MIN;

AGITATE FREQUENTLY
FOR UP TO 30 MIN

£l

!

Y

RINSE FABRIC

IN COLD WATER

Salt 13 relaCively cheap.
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Table 1V.1 Analysis of variance for dimensional change(cm) in the warp direction

v

+

SUM OF MEAN F A
SOURCE D.F. SQUARES SQUARES RATIO PROB. ;
. - N ’ ;
BETWEEN GROUPS 3 . 1646 .0549 21.2366 0000, . :
' : A
WITHIN GROUPS ’ 20 .0517 .0026 \‘_/k,l}
TOTAL 23 .2162 \
Table IV.2 Duncan's Multiple Range Test for dimensional change(cm) in the warp direction
(*) DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE O.010 LEVEL
wB XD
a/ - S
. t B8 1H
e A 2 *
\ r/
‘ / o
. A
ME AN GROUP P .
~;
-.3500 water £
-.2833 B/BA/DAP
-.1667 X-12 . .
-.1500 , DSH . -

(SUBSETS OF GROUPS, WHOSE HIGHEST‘AND LOWEST MEANS\
DO NOT DIFFER BY MORE THAN THE SHORTEST \
- SIGNIFICANT RANGE FOR ‘A SUBSET OF THAT SIZE)

HOMOGENEOUS SUBSETS

SUBSET 1 4
GROUP water B/BA/DAP .

MEAN -0.3500 -0.2833 ’,/\\’

e e e e e e e e e

SUBSET 2 o

GROUP X-12 DSH 2

MEAN . -0.1667 -0.1500

A .



4 .
Table IV.3  Analysiof variance for 'di'mcnsional change(cm) in the weft direction

I8 SUM OF . v:‘MEAN F F
SOURCE D.F. SQUARE'S SQUARES RATIO PRQS8.
s ‘BETWEEN GROUPS ‘A 3 . 2050 .0683 7.8846 412
WITHIN GROUPS . 20 ..1733 .0087
23 .3763 s

TOTAL

Table IV.4 Duncan's Multiple Range Test for dimensional change(cm) in the weft direction

(*) DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.010 LEVEL

¢
'

w B X D -
a/ ~-sS
t B 1 H
e A 2
[y f‘/
- D ) N
° A
MEAN GRQUP P °
-.2000 water
-.1667 B/BA/DAP
. 0000 X-12 .
. 0000 DSH B

* ‘HOMOGENEQUS SUBSETS (SUBSETS OF GROUPS, VHOSF HIGHEST AND LOWEST MEANS
' DO NOT DIFFER BY MORE THAN THE SHORTEST
SIGNIFICANT RANGE FOR A 'SUBSET OF THAT SIZE)

SUBSET 1 ,

r4

GROUP water ’ B/BA/DAP . .
MEAN ~0.2000 -0.1667 JUEN

SUBSET 2

GROUP X=12 DSH ’ N

. MEAN 0.0 - 0.0 )
\v! \ *
%



Table IV.5 Analysis of variance for tensile strength before aging i

. o SUM OF‘ MEAN 2 F F

SOURCE D.F.  SQUARES SQUARES _RATIO PROB.
BETWEEN GROUPS 3 863.9610 287.9870 10.6097 0000
-WITHIN GROUPS . 36 977. 1740 27.1437 .
TOTAL 39 1841 . 1350

“ -

Tablc.I‘V.g Duncan's Multiple Range Test for tensile strength before aging

(:*) DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.010 LEVEL

Y

B w XD
/ a - 5§
Bt 1H
A e 2
/ r
o]
A ~
MEAN GROUP 4
153.7300 B/BA/DAP
156.3700 water
159.4200 xX-12 t
166. 1800 DOSH . .

%

HOMOGENEOUS SUBSETS (SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST. MEANS
DO NOT OIFFER BY MORE THAN THE SHORTEST
SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZE)

«l

v

SUBSET 1
GROUP B8/BA/DAP water X-12
MEAN 153.7300 156.3700 159.4200
T \ ‘ ‘
SUBSET 2 ; ) et .
GROUP DOSH

MEAN ' 166.1800 . .
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Table 1V.7 Analysis of variance for tensile strength after a'ging

87

SUM OF MEAN . F F
SOURCE D.F SQUARES SQUARES . RATIO PROB .
BETWEEN GROUPS 3 45954 . 5940 15318. 1980 1865 .4063 oooa
WwITHIN GROUPS 36 .295.6220 8.2117
TOTAL 39 46250.2160 ‘
—

,

@

s

Table 1V.8 Duncan's Multiple Range Test for tensile strength after aging

(*) DENOTES PAIRS OF GROUPS

MEAN

22.
- 23.
79.
99.

HOMOGENEOQOUS SUBSETS

SUBSET

GROUP
MEAN

5600
3400
3500
1900

1

SUBSET

GROUP
MEAN.

_SUBSET

GROUP
MEAN

2

3

GROUP
)

X-f2
DSH

I wno

N 1 X
VP ONPEONMO*

B/BA/DAP  + *

water

B/BA/DAP
79.3500

P

T+~ X
7

-

SIGNIFICANTLY DIFFERENT 'AT THE 0.010 LEVEL

(SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS
DO NOT DIFFER.BY MORE THAN THE SHORTEST
SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZE)

)



Table IV.9 Analysis of variance for pH before aging

88

SUM OF MEAN . F F
SOURCE D.F. SOUfRES SQUARES ~ RATIO PROB .
BETWEEN GROUPS 3 14.4811%, 4.8270 375.4352“ . 0000
WITHIN GROUPS 24 .3086 .0t129
27 14.7896

TOTAL

Table IV.10 Duncan's Multiple Range Test for pH before aging

-

(*) DENOTES PAIRS OF ,GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.010 LEVEL

D X w B
s - a/
H1t8
2 e A
r/
St D
A
MEAN GROUP p *
5.5429 DSH
6.3429 X-12 L
7.2286 water . .
7 .3000 8/BA/DAP L
{

HOMOGENEOUS SUBSETS (SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS
DO NOT DIFFER BY MORE THAN: THE SHORTEST
SIGNIFICANT RANGE FOR A SUBSET OF THAT  SIZE)

SUBSET 1
1 1
GROUP DSH ) '
MEAN 5.5429
SUBSET 2
Al
GROUP x-12 .
MEAN 6.3429
SUBSET 3 | .
GROUP water B/BA/DAP

MEAN 7.2286 7.3000 ) -
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Table 1V.11 Analysis of variance for pH after aging . -
SUM OF ME AN F F
SOURCE . D.F. SQUARES SOUARES . RATIO PROB.
BETWEEN GROUPS 3 9.9738 | 3.3246 ° 2659.6667 .0000
WITHIN GROUPS - o 0050 L0012
TOTAL 7 9.9788 .

Table IV.12 Duncan's Multiple Range Test for pH after aging

i

T3\ .-
- . (*) DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.010 LEVEL
1 ; : '
X D8 w ’
-5/ a » -
1 HB t
2 A e
/r
D
A
MEAN GROUP P
" Y
3.8000 X-12
4.0500 DSH . Y
, 6. 1000 B/BA/DAP . .
" 6.2000 water L
HOMOGENEDUS SUBSETS (SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS
: 4+ DO NOT DIFFER BY MORE THAN THE SHORTEST
SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZE)
l‘ ’
SUBSET 1 .
GROUP X-12
MEAN 3.8000
SUBSET 2 ' : .
) GROUP  DSH )
P MEAN 4.0500
/,q SUBSET 3
GROUP B/BA/DAP water
MEAN 6. 1000 6.2000

TPV CRIPACIO U

NSO R VY

N N

SEALra Bl
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Table ¥V.13 Analysis ol variance for cblour change of undyed cotton

iy

W
AW

. SUM OF ME AN F f
SOURCE D.F SOUARES  SQUARES RATIC PROB.
BETWEEN GROUPS 7 1450 1177 207 . 1597 77.0923 .0000
WITHIN GROUPS . as 120.9224 2.6872
TOTAL ' 52 1571.0401
'S

Table IV.14 Duncan's Multiplc Range Test for colour change of undyed cotton

(*) DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.010 LEVEL

w DX BB wXD
as-//a-35
tH188B¢t1H .
e 2 A A e 2
r u / /r a
u DD a . ~
/¥
u a 4
MEAN GROUP u a
. 0000 water u G
.5960 DSH u
.9120 X=-12 u
. 9900 8/8A/D u
2.2850 B/BA/D a
2.5220 ‘water a
10.5450 X-12 a - LA A
13.1960 DSH a ¢ e -
u = unaged ,
a = aged : ‘
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Table 1V.15 Analysis of variance for colour change of cotton dyed red

SU& OF MEAN F F
SOURCE D.F. SQUARE S SQUARES ’ RATIO PROB.
BETWEEN GROUPS 3 30.6488 - 10.2163 516.4291 . 0000
—HITHXN GROUPS 16 .3165 .0198
yOTAL 19 30.965)

Table IV.16 Duncan's Multipie Range Test for colour change of cotton dyed red

(*) DENOTES PAIRS OF GROUAS SIGNIFICANTLY DIFFERENT AT THE 0.010 LEVEL -

N

w DX B
as -/
tH !B
e 2 A -
. - /
D
. A .
MEAN, GRQOUP 4
. 0000 water
2.6960 DSH ..
2.8180 X-12 -
3.0240 B/BA/DAP - -

&

HOMOGENEOUS SUBSETS (SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS
DO NOT DIFFER BY MORE THAN THE SHORTEST
SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZE)

SUBSET 1

GROUP water

MEAN 0.0

SUBSET 2

GROUP DSH X-12 .
MEAN 2.6960 2.8180

SUBSET 3

GROUP X-12. B/BA/DAP |

MEAN 2.8180

3.0240 !



Table 1V.17 Analysis of variance for colour change of cotton dyed yellow

[y

SUM OFf MEAN F F
SOURCE D.F.’ SQUARES SQUARES RATIO PROB.
BETWEEN GROUPS 3 N 19.2955 6.4316 85.1806 .0CO00
WITHIN GROUPS 16 1.0812 .0676
TOTAL 19 20.3767

Table I'V.18 Duncan's Multiple Range Test for colour change of cotton dyed yellow

(*) DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.010 LEVEL

e

w B XD
a/ -~ S
t B8 1 H
e A 2 :
r/
. D
A
ME AN GROUP P
. 0000 water
.7440 B/BA/DAP .
1.7180 X-12 . -
2.6000 DSH . e -

HOMOGENEOUS SUBSETS (SUBSETS OF GROUPS, WHOSE HIGHEST AND.LOWEST MEANS
DO NOT DIFFER BY MORE THAN THE SHORTEST
SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZE)

SUBSET
GROUP water .

MEAN 0.0 : .
SUBSET 2

GROUP ‘. B/BA/DAP .

MEAN 0.7440

SUBSET 3

GROUP X-12

MEAN 1.7180

SUBSET 4

GROUP DSH

MEAN 2.6000



Table I'V.19 Analysis of variance for colour change of cotton dyed blue

93

e

SUM OF ME AN F F 3
SOURCE D.F. SQUARES SQUARES RATIO PROB: :
BETWEEN GROUPS 3 25.0702 8 3567 2539.0028
WITHIN GROUPS 16 5162 0323 ey
TOTAL 19 25.5864 ;
S ST L
S
A
L Y
u e

Table [V.20 Duncan's Mgltiplc Range Test for colour change of cotton dyed blue

(*) DENOTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE O.010 LEVEL

. MEAN

. 0000
2.2600
2.3260
2.9460

HOMOGENEOUS SUBSETS

-

SUBSET

GROUP
MEAN

SUBSET 2

GROUP
MEAN

SUBSET 3

GROUP
MEAN

w X DB
a-5S/
t 1 HB
e 2 A
r /
D
A o
GROUP P
water
X-12 . :
DSH . ' -

B/BA/DAP b

(SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS
DO NOT DQIFFER BY MORE THAN THE SHORTEST
SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZE)

B/BA/DAP
2.9460
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" Table V.21 Analysis of variance [ar colour change of cotton dyed green

SOURCE
BETWEEN GROUPS
WITHIN GROUPS

TOTAL

]

_SUM OF MEAN F F

D .F. SQUARES SQUARES RATIO PROB.

3 10.9236 3.6412 148 .0009 .0000
16 .3936 .0246
19 11_3172. .

¢

Table V.22 Duncan's Mufliple Range Test for colour change of cotton dyed green

(*) DENOTES PAIRS OF GROUPS SIGNIFJICANTLY DIFFERENT AT THE 0.010 LEVEL

MEAN

. 0000
.9160
1.2800 °
2.0560

' HOMOGENEQUS SUBSETS

SUBSET 1
GRQOUP water
ME AN 0.0
SUBSET 2

GROUP B/BA/DAP
MEAN 0.9160
SUBSET 3

GROUP X-12
MEAN 1.2800
SUBSET 4

GROUP DSH

MEAN 2.0560

GROUP

water

S0~
TPONP O~N®
N - | X

Iwno

B/BA/DAP .

X-12

DSH

»
.

(SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS
00 NOT DIFFER BY MORE THAN THE SHORTEST
SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZE)

]

e
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Table 1V.23 Analysis of variance for colour change of cotton dyed orange

SUM OF © MEAN F F
SOURCE D.F. SQUARES SQUARES RATIO PROB.
BETWEEN GROUPS . .3 2842383 9.4794 263.5555 .0000
WITHIN GROUPS — 16 5755 .0360
TOTAL - 19 29.0138 ‘
s —

TablciY.24 Duncan's Multiple Range Test for colour change of cotton dyed orange

~——_

4 "/

(*) DENDTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.010 LEVEL

w X DB
a-5/
, t 1 HB
e 2 A
r /
D
A ;
MEAN GROUP P ’ ¢
A
. 0000 water
1.4380 X-12 . i
2.4580 DSH . . p
3.1740 B/BA/DAP . ..

(SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS
DO NOT DIFFER BY MORE THAN THE SHORTEST
SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZE)

HOMOGENEOUS SUBSETS

SUBSET 1
GROUP “ water
MEAN 0.0
oot ¢
SUBSET 2 : -

. N (-4
GROUP : X-12 -

MEAN N\ 1.4380

SUBSET 3 .

GROUP DSH '

MEAN 2.4580

"SUBSET 4

GROUP " B/BA/DAP !

MEAN 3.1740 . .
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Table IV.25 Analysis of variance for colour change of cotton dyed purple

SOURCE

BETWEEN GROUPS -

WITHIN GROUPS

TOTAL

19

SUM OF
SQUARES

10.9727
.8356

11.8083

MEAN
SQUARES

3.6576

.0522

F
RATIO

70.0312

F
PROB.

. 0000

Tablc 1V.26 Duncan's Multiple Range Test for colour change of cotton dyéd purple

(*) DENQTES PAIRS OF GROUPS SIGNIFICANTLY DIFFERENT AT THE 0.010 LEVEL

'

MEAN

. 0000
1.3900 °
1.5260
1.9840

HOMOGENEOQOUS SUBSETS |

GROUP

water
DSH

T~ €

8/BA/DAP -

X~12

SUBSET 1

GROUP " water

MEAN 0.0

SUBSET 2

GROUP DSH

MEAN 1.3900
. ]

SUBSET 3 )

GROUP X-12

MEAN ' 1.9840

- = = = = = -

I wnwo

VP ONP @N®

N - X

SIGNIFICANT RANGE FOR A SUBSET OF THAT SIZE)

B/BA/DAP

1.5260

(SUBSETS OF GROUPS, WHOSE HIGHEST AND LOWEST MEANS
.DO NOT DIFFER BY MORE THAN THE SHORTEST



