Flame Retardant
Fabrics

Michael E.-HALL

Dr.

Bolton Inst. of Higher Education ENGLAND
Erhan ONER

Dr.

Marmara Uni. Teknik Egitim Fak. ISTANBUL

This paper reviews the current position on flame
retardant fabrics in the United Kingdom, with
particular reference fo the impact of the legislation on
imported fabrics. The various test methods which are
used to ensure conformance with the legislation, are
also decribed. The principle techniques used to ensure
conformance with this legislation are also briefly
covered.

The final section of this paper describes some of the
work currently being undertaken at Bolton in the area
of flame retardancy and discusses a novel approach to
the flame retardancy of wool fabrics using a reactive
phosphorus compound.

1. INTRODUCTION

The United Kingdom is indeed fortunate in that the
government statistical service has issued an annual
survay of all the fires in the country, together with a
detailed analysis of these fires. The latest of the
statistics issued [Fire Statistics, 1988] show that the
number of casualties has shown a steady decrease over
the last four years: this is shown in Table 1. If we
examine the fires in domestic dwelling, then in the
year 1988 fires, which were caused by the careless
handling of smokers materials were the most frequent
and accounted for 63% of all accidental dwelling fires.
It was further shown that that the careless handling of
smokers materials was the most important cause of
casualties in dwelling fires, which in the same year
totaled 9789.

Table 1. Casualties From Fire

Year Fatal Non-fatal
1985 278 11,926
1088 957 12,768
1987 929 12.567
1988 915 13.376

An earlier study by Christian [1983] showed that
textile materials were implicated in more than 60% of
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all domestic dwelling fires.

This combination of the effects of careless handling
of smokers materials combined with the implication of
textiles as the primary ignition source in domestic fires
has forced the legislators in the United Kingdom to
introduce laws covering many of the percevied dangers
of the use of textiles in the home.

2. LEGISLATION

In the United Kingdom there are three major Acts of
Parliment which carry the full force of law. These are:

The Fire Precautions Act.

Nightdress (Safety) Regulations.

Furniture and Furnishings
Regulations.

However in this paper it is proposed to deal only

(Fire) (Safety)

with the last of these, since this has the greatest !

relevance to fabric exporters into the UKL

The Furniture and Furnishings (Fire) (Safety)
Regulations came into force this year. They are based
on the British Standard 5852 [1979] and apply to all
fabric used in the UK for the covering of domestic
furniture. In the UK approximately 75% of all the
fabric used in covering furniture is imported,
consequently this legislation has caused severe
problems for cloth importers and for furniture
manufacturers. The actual tests that fabries for
domestic furniture have to pass is described in British
Standart 5852 part 1. which is concerned with the use
of the cigarette and match as sources of ignition. These
two tests are illustrated in the first two slides. The first
of these shows the cigarette ignition source which is a
smouldering cigarette placed at the back of a simulated
chair, using the actual infill used in the chair, The
match test on the other hand, consists of a Butane
flame which is applied to the upholstery fabric in the
same test rig as the cigarette test but this time using a
polyether foam of a density of 22 Kg/m3. For both of
these test the flame retardant treatment must be
sufficiently permanant to withstand mild washing
(The water soak test).

The other large market in the United Kingdom for
furnishing fabrics is the so called "Contract" market,
which covers furniture for all government
departments and all public buildings. Furniture for
this particular market segment, in addition to passing
the cigarette and match test of British Standard 5852
part I are also required to pass British Standard 5852
part 2, Ignition source 5.This is a test performed on the
same test rig as 5852 part 1, but using a larger ignition
source as illustrated in the next slide.

On the international scene BS 5852 part 1 has been
accepted as the international standard and is
published the international standard
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Gii¢ Tutusur Kumaslar

Bu makale, gii¢ tutusurluk czelligi-
ne sahip kumaglarin Ingiltere’deki
durumunu ézellikle ihrag kumaglar
icin ylrirliikte olan tiziigiin énem-
li etkisini vurgulayarak ézetler. Bu
tiiziife uygunlugun élgtimiinde kul-
lanilan cegitli test metodlart izah
edilmektedir. Bu tiiztige uygunlugu
saglamak icin kullanilan basglica
muamele metodlartna da ayrica de-
Sinilmigtir.
Bu makalenin son béliimii giic tutu-
surluk konusunda halen Bolton’da
sitrdiirtilmekte olan calismalardan
bazilarini tarumlamakta ve yinli
kumaglarin "gile tutugurluk” ézelli-
Finin reaktif bir fosforlu bilegigin
kullanimy yoluyla saglanmasini ice-
ren yeni bir yaklagimu milizakere et-
mektedir.
1.GIRIS

Hiikiimetin istatistik servisince
bir y1l iginde tilkede meydana gelen
yanginlarin ve bunlarin analizleri-
nin beraberce yayinlanmg olmasin-
dan dolay: Ingiltere gergekten gans-
hdir, Yayinlanmg olan son istatis-
tik veriler, [Fire Statistics,1990] son
dort y11 boyunca yangin yoluyla ka-
zaya ugrayanlarin sayisinda kararh
bir azalg oldugunu gostermektedir

"(Tablo 1). Yerlesim alanlarinda me-

yana gelen yanginlar incelersek,
1988 y1h i¢indeki yanginlarin en sik
rastlanan sebebinin, kibrit, sigara,
vh. gibi malzemelerin dikkatsiz kul-
lanimmin oldugu ortaya cikar ve
bu durum tiim yangin vakalarinin
%63’ inii icerir, Kibrit, sigara, vh.
malzemelerin dikkatsiz kullanim,
yerlegim alanlarinda gkan yangin-
lardaki yaralanma olaylarimin en
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onemli sebeplerindendir ve 1988 y1-
Iinda bu gekilde meydana gelmig ya-
ralanma olayinin sayis1 9789 dur.

Tablo 1.Yangin Kazalar Sonucunda Yara-
lanmalar

Y Apnr Yaralanmalar |Dijerleri
1985 978 11.926
1986 957 12.768
1987 929 12.567
1988 915 13.376

Christian [1983] farafindan daha
dnce yapilan bir calisma yerlesim
alanlarinda meydana gelmig tiim
yanginlarin %60 dan daha fazlas:-
nin esas sebebinin tekstil malzeme-
leri oldugunu vurgulamaktadir.

Sigara, kibrit vb. malzemelerin
dikkatsiz kullamrmin sonuglarina
ek olarak tekstil malzemelerinin
yerlegim alanlarinda birinci derece-
den tutugma kaynaf olarak agia
cikmasi, Ingiltere’de kanun yapici-
larini evlerde meveut tekstil malze-
melerininkullamminda ortaya gika-
cak daha 6nceden sezilmesi muhte-
mel tehlikeleri de kapsayacak ka-
nunlar gikartmaya zorlamigtir.
2.TUZUK

Ingiltere’de kanun hitkmiini ta-
siyan ii¢c yonerge meveuttur,

Bunlar:

The Fire Precaution Act (Yang-
na kargt korunma talimati)

Nightdress (Safety) Regulations
(Yatak kiyafetlerinin emniyeti ile il-
gili yonetmelik)

Furniture and Furnishing (Fire)
(Safety) Regulations (Mobilya ve
mefrusatyapimindakullanilan mal-

zemelerin yangin emniyeti ile ilgili

yonetmelik).
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Bununlaberaber, Ingiltere’yeku-
magihrag¢ edenlerigin en biiyiik ala-
kay tagidigindan bu makalede bun-
lardan yalmizca sonuncusuna degin-
mek uygun gorilmiigtiir.

Furniture and Furnishings (Fi-
re) (Safety) Regulations (Mobilya
ve Mefrusat yapiminda kullanmilan
malzemelerin yangin emniyetiileil-
gili yonetmelik) bu sene yiiriirliige
girmigtir, 5852 sayih Ingiliz Stan-
dardr’n1[1979] esaskabul eder ve In-
giltere’de mobilya kaplamacilifin-
da kullanilan her tirden kumag;
kapsamina alir. Ingiltere’de mobil-
ya kaplamacihfinda kullamlan tiim
kumagin %85’i digaridan ithal edil-
mektedir, dolayisiyle bu yeni tii-
zilk, kumag ithal edenler ve mobil-
yaimalateilar igin 6nemli problem-
ler ortaya gitkarmagtir. Mobilya kap-
lamacibfinda kullanilan kumagla-
rin 5852 (Béliim 1) numaral Ingiliz
Standardi’'nda tammlanan gartlara
uygunlugunun élgiimiinde kullani-
lan test metodu tutugturucu kay-
nak olarak sigara ve kibrit kullani-
mini temel almaktadir. Bu iki test,
ilk iki slaytta gosterilmektedir. Bu
slaytlardan ilki, gercek dolgu mad-
desi ile doldurulmug model bir is-
kemlenin arka tarafina yerlegtiril-
mig, heniiz yanmakta olan bir siga-
ra izmaritinin, tutugturma kayna
olarak kullanithgim gdstermektedir.
Oteyandan, kibrit testi, biitan alevi-
ni ve aym test diizenegini kullanir,
fakat Sigara Testi’nin uygulandif
dégemelik kumaglara uygulanmasi-
na ragmen kullamlan malzeme 22
kg/m3 yogunlugunda polieter siin-
gerdir. Bu her iki test icin de "giig
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ISO 8191 part 1 "Ignition source - smouldering
cigarette." and

ISO 8191 part 2 "Ignition source - match equivalent
flame."

However, there is little agreement as yet on the
larger ignition sources.

In the EEC the whole guestion of fire safety is
currently being examined. The commission has
established a committee Committee European de
Normalisation (CEN) which will produce
recomendations on fire safety to be adopted by all
member states. As yet no recomendations have
emerged from CEN but when they do they will carry
the power of law in all the member states and will
consequently override any legislation which exists in
these member states. Of course there exists a
considerable amount of lobbying, which is taking place
with each of the member states trying to ensure that
their own individual standards are the ones which will
be adopted by CEN.

3. FIRE RETARDANT TECHNIQUES

For the majority of flame retardant fabrics which
are used in the UK a permanant treatment is required.
This is because for most end uses, including,
upholstery fabrics, curtains, bedding and nightwear,
some form of washing procedure is gpecified in the
regulations; this applies particularly to the contract
area.

There are three main techniques which are used to
produce flame retardant cotton fabrics these are
illustrated below:

1.Proban

2.Pyrovatex CP

8.Antimony Oxide/Organic Bromine combinations.

The first of these, Proban, is the main permanant
treatment for fire retardant cotton fabrics used in the
UK. It was developed in the UK by Albright and
Wilson Ltd and is based on the phosphorus containing
Tetrakishydroxymethyl phosphonium chloride

P+(CH,0H),CI

This material when reacted with urea and ammonia
gas will form an insoluble polymer inside the cotton
fibre and ensure lifetime flame retardancy for the
suitable treated fabric.

Pyrovatex CP is the next most important treatment
used in the UK. it was developed by Ciba-Giegy Ltd
and is based on the phosphorus containing N- hydroxy
methyl dimethoxy phosphonium proprionamid.

(CH30)9P(:0)CH2CH,CO.NH.CH,0H

This compound which contains the reactive

methylol group ecan be reacted with a conventional
cross-linking resin 1o give a permanant flame
retardant finish.

The final treatment was developed by the White
Chemical corporation in USA and is based on the
combination of antimony oxide and an organic
bromine compound. This mixture is.applied to the
fabric by means of a cross-linked emulsion, which
binds the finely powdered flame retardants onto the
fabrics. The main disadvantage of this particular
combination is that the white antimony oxide causes a
dramatic colour change to any fabric thus treated.
Consequently this type of flame retardant treatment is
most frequently used by a "Back Coating” technique,
so that the face of the fabric does not change. This
technique does have one large advantage in that it is
effective on polyester/cotton combinations, whereas
both Proban and Pyrovatex can only be used on cotton
rich combinations of these two fibres.

4. FLAME RETARDANCE OF WOOL FABRIC

Wool is a natural fibre which does not easily support
combustion, for example a lighted match dropped onto
a wool carpet will self extinguish. However, there are
certain occasions where wool, if ignited from the
bottom of a verticle assembly, will burn readily. Thus
in protective clothing and seating for high fire risk
areas, wool needs an additional flame retardant. The
most influential development in this area was due to
Benisek and his co-workers [1974] at the International
Wool Secretariat in the small Yorkshire town of Ilkley,
They were able to show that an acid solution of
Potasium Hexaflorozirconate would exhaust onto wool
at 70°C in about 30 minutes. This treatment became
known as the Zirpro process and is the most
widespread of the treatments for wool available today.
However, the process is not entirely free from
problems and unless the treatment is carried out on
shrink resistant wool, felting can occur during the
treatment. In addition, the presence of zirconium and
fluorine ions in the effluent from the treatment plant
may also be an enviromental problem.

This led us at Bolton to investigate the use of
reactive phosphorus compounds, which could be
applied via a pad-dry technique, thus minimising both
felting and effluent problems.

The compound used for this study was the
previously mentioned N-methylol dimethoxy
phosphono propionamide or Pyrovatex CP [Ciba
Review, 1969]. The reactive methylol qroup will react
with an active hydrogen in the presence of an acid
catalyst as follows:
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tutugurluk” muamelesi, thmh or-
tamyikamalarina dayanahilecek ye-
terlilikte kalic: olmalidir (Suda Bas-
tirma Testi).

Ingiltere’de kaplamalik kumasg-
lar igin diger genis bir market de
hiikiimete ve halka ait tiim binalar-
daki mobilya kaplama iglerini yiirii-
ten "kontrat" adi altindaki market-
tir. Bu ozel market bélimi icin ha-
zirlanacak mohilya ve mefrugatin
5852 (1.Béliim) sayih Ingiliz Stan-
dardr’nin "Sigara ve Kibrit Testle-
ri"nin kosullarimi saglamasinin ya-
ninda bunlara ek olarak ayni numa-
ralistandardm 2.bélimi’'nin (5nu-
marah tutusturma kaynag ile) de
kogullarin1 saglamas: gerekmekte-
dir. Bu test de 5852 (1.Béliim) deki
ayn test donaniminda gergeklegti-
rilmektedir, fakat bir sonraki slayt-
ta gosterildigi gibi daha genig bir tu-
tugturma kaynagini kullanmakta-
dir.

Nuslararasi alanda, 5852 numa-
rali Ingiliz Standardr’min 1.Bolimi
enternasyonel standard olarak ka-
bul edilmig olup, 8191 (Boliim 1)
(Ignition Source-smouldering ciga-
rette) ve 8191 (Béliim 2) (Ignition
Source-match equivalent flame) sa-
yih Enternasyonel Standard (ISO)
olarak yaymlanmigtir. Bununla be-
raber, daha genig tutugturma kay-
naklarinin kullanim iizerine gimdi-
ye kadar ¢ok az fikir beraberligine
varilmigtir,

Avrupa Ekonomik Toplulugu’n-
da, yangm emniyeti sorununun ta-
mami su an gozden gecirilmekte-
dir. AET, yangin emniyeti konusun-
da tiim {iye devletleri tarafindan ka-
bul edilecek tavsiyelerde bulunacak
Comittee European de Normalisati-
on (CEN) adi altinda bir komite
olugturmugtur. Su an i¢in CEN ta-
rafindan bu konuda hig bir tavsiye-
de bulunulmamis olmasina rag-
men, komitenin aldig1 herhangi bir
karar tiim iye devletlerde kanun
giiciinde olacaktir ve tiim fiye tilke-
lerdeki bu konuda meveut hertiirlii

tiziigiin {izerinde olacaktir. Tabii
ki, CEN tarafindan kabul edilecek
standartlarin kendi standardlari ol-
mast konusunda her iilke gerekli ca-
bay1 ve ikna edici faaliyetleri siir-
diirmektedir.

3.GUC TUTUSURLUK
SAGLAYICI TEKNIKLER

Ingiltere’de kullamlan gii¢ tutu-
gurluk §zelligine sahip kumaglarin
cofunlugu icin, kumagia bu ozelligi
"kaher” kilabilecek muamelelere ge-
reksinim duyulmaktadir. Bunun se-
bebi, bu malzemelerin dogemelik
kumaglar, perdeler, yatak icleri ve
gecelik taril kiyafetlerin yapim gi-
bi gegitli alanlarda kullaniminda
ozel bir yikama prosediiriiniin yo-
netmeliklerde belirtilmesidir. Bu
durum ozellikle "kontrat" kapsam-
na girenlere uygulanir.,

Gii¢ tutugur pamukliu kumasgla-
rin dretiminde kullanmlan ii¢ temel
teknik mevcuttur.

*Proban

*Pyrovatex CP

*Antimon Oksit/Brom igeren or-
ganik bilegikler

Bunlardan ilki, Proban, Ingilte-
re’de kullanilan, pamuklu kumag-
larda gii¢ tutugurluk 6zelligini "kah-
ct" lulan muamele i¢in yararlamlan
temel maddedir. Ingiltere’de Alb-
right & Wilson Ltd. tarafindan ge-
ligtirilmigtir ve tetrakishidroksime-
til fosfonyum kloriir ihtiva eden,
fosfor esash bir maddedir.
P+(CH,0H),CI

Bu malzeme iire ve amonyak ga-
z1 ile reaksiyona girdiginde pamuk
elyafi igerisinde ¢oziillemez yapda
bir polimer olugturur ve iyi muame-
le gérmiis kumaslara omiirboyu
gii¢ tutugurluk ozelligini kazandi-
Iir.
Pyrovatex CP, Ingiltere’de kulla-
nilan, Proban’dan sonra en énemli
olarak sayilabilecek maddelerden-
dir. Ciba Giegy Ltd. tarafindan ge-
ligtirilmigtir ve N-hidroksimetil di-
metoksifosfonyumpropionamidige-
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ren fosfor esash bir maddedir.
(CH,0),P(:0)CH,CH,CO.NH.CH,0H

Reaktif metilol grup igeren bu hi-
lesik, konvensiyonel capraz-bag ya-
p1e1 regineler ile reaksiyona sokula-
rak "kahe1” gii¢ tutugurluk ézelligi-
ne sahip bir bitim iglemi saglanabi-
lir.

Son muamele sekli Amerika Bir-
legik Devletleri’'nde White Chemi-
cal Corporation tarafindan geligtiril-
migtir ve antimon oksit ile bromlu
organik bir bilegigin kangimim
esas almaktadir, Bu karsim, kuma-
sin iizerine, ¢ok ince toz zerrecikle-
ri haline getirilmig gii¢ tutugurluk
saglayicimaddelerikumasgin iizerin-
de tutacak capraz-bag yapia bir
emiilsiyon yardimi ile uygulanmak-
tadir. Bu sekilde hazirlanan kangt-
min esas sakineasy, beyaz renkli an-
timon oksit’in bu gekilde uygula-
nan herhangi bir kumas iizerinde
meydana getirecegi belirgin bir
renk degigimidir. Bunun sonucu
olarak, bu gekilde gii¢ tutusuriuk
muamelesinin en fazla kullanildign
alan "arka yiiziikaplama" teknigi-
dir, ki bu durumda kumagin &n yii-
ziinde herhangi bir degigiklik mey-
dana gelmez. Bu teknigin bir bii-
ylik avantaji poliester/pamuk kar-
simlarinda etkili olmasidir. Bunun-
la beraher, Proban ve Pyrovatex bu
iki elyafin yalmizeca pamuk muhtevi-
yatincazenginkangimlarimdakulla-
nilmaktadir,
4.YUNLU KUMASLARIN GUC
TUTUSURLUGU

Yiin elyafi, tutugmaya kolayhkla
destek saglamayan doZal bir elyaf-
tar. Mesela, yiinli bir halinin iizeri-
ne yanan bir kibrit diigiiriildiigiin-
de, bu ¢ok ge¢meden kendi kendine
sonecektir. Bununla beraber, diki-
ne asilmig olarak alttan tutugturul-
masl gibiyiiniin kolayhkla yanmasi-
n1 saglayan bazi 6zel durumlar da
meveuttur. Bundan dolay: koruyu-
cu elbiselerde ve yiiksek yangin ris-
kine haiz yerlerde kullamldiginda,
yiin elyafi gii¢ tutugurluk saglayica
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R-NH,+HO.CH,NH.CO.CH,CH,P(:0).(0CH,),

l
R-NH.-CH,NH.CO.CH,CH,P(:0).(OCHy),

We have shown that Pyrovatex CP can be reacted with
wool using the Pad-Dry technique, to give a finish with
good flame retardancy and good wash fastness to
laundering. It is proposed that the reactive N-methylol
residue will react with the basic amino-acids in the
wool molecule Lysine and Arginine.

CO,H
|

HC.CH,.CH,.CH,.CHy.NH, Lysine
|

NH,

CO.H
|

HC.CH,.CH,.NH.C.NH, Arginine
I |l

NH, NH

We have used the Intrinsic Oxygen Index to
determine the relative flammabhility characteristies of
the treated fabries. This is based on a technique
developed by Fenimore and Martin [1966]. The basic
equipment ig illustrated in the next slide and the
burning rate of a vertically clamped sample is
measured at various oxygen concentrations. These
results are then plotted and the percentage oxygen at
zero rate of burn is the Intrinsic Oxygen Index. A

DOGAL GAZ’9

typical curve is shown in the next slide.
The results of the Intrinsic Oxygen Index on the
treated wool fabric are given below together with the

percentage phosphorus obtained by elemental
analysis.
Table 2.
Intrinsic Oxygen Index | %Phosphoras
Asli Oksijen Indeksi %Fosfor
Pure Wool/Saf Yiin 21.8 0
Treated Wool/
Islem gérmis yin 29.7 0.35

This table shows the remarkable increase in the
oxygen Index at an unusually low phosphorus
concentration, Further we have also assessed the
burning behaviour of the treated fabric using BS 5438
[1976] where again the treated fabric shows excellent
flame retardant properties.

One unexpected advantage of this treatment was
the retention of handle by the fabric and the fact that
there was little deterioration in the strength of the
material, |
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SEMINER
P ANE.L
S ER G I

15 OCAK - 19 OCAK 1991 HOTEL ALMIRA - BURSA

Seminerde ifk giin BOTAS tarafindan verilmesi diigiiniilen bilginin ardindan Bursa Kentsel Déniigiim Projesi ve Bursa
Organize Sanayi Bélgesi Dénilsiim Projesi tamitilarak, ikinci ve tigiinci giin, Tiirkiye’de dogal gaz uygulamasinda en de-
neyimli kurulug olan Ankara Beledliyesi EGO Genel Miidiirliigii igbirligi ile konutlarda ve sanayide dogal gaz déniigiimii
ile ifgili teknik bilgilerin aktarilmasi amaglanmaktadir. ikinci ve figiincii giin saat 16:00-18:00 arasinda dogal gaz igin ev
tipi araglar ve kazan iireticileri ile TSE temsilcilerinin katilacagi degerlendirme oturumian yapilacaktir. Belgelendirmeye
yonelik bir egitim galigmas: nitelifinde gerceklegtirilecek olan Seminere devam zorunlulugu olup, eksiksiz katilanlara
MMO onayl belge verilecektir. Seminerin ardindan 19 Ocak 1991 Cumartesi giinii saat 14:00’de baglayacak Bursa’da
Dogal Gaz Uygulamasi Paneli yapilarak konunun diger boyutlanyla tartisilmast amaglanmaktadir.
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ek bir maddeye ihtiya¢ duymakta-
dir. Bu alanda en fazla stz edilen ge-
lismeler, kiigiik bir Yorshire kasaba-
s1 olan Nlkley’deki Benisek ve arkag-
lanna aittir [1974]. Potasyum heg-
zaflorozirkonat'in asitli bir ¢dzeltisi-
nin yiin elyafi izerine 70°C de yak-
lagik 30 dakikada "¢ektirilebilecegi-
ni" gostermiglerdir. Bu muamele
Zirpro prosesi olarak bilinmektedir
ve giiniimiizde yiin elyafi i¢in kulla-
nilan en yaygin muamele metodla-
rmdandir. Bununla beraber, bu
proses tamamen problerden arin-
mg degildir ve eger ufalmaya karg
diren¢ kazandirie: bir bitim iglemi
gormiig yine uygulanmamigsa bu
muameleesnasindakegelesme mey-
dana gelebilir. Buna ek olarak, zir-
konyum ve flor iyonlarinin fabrika
atigonin iginde olmasi gevrecilik ag1-
dan bir problem olabilmektedir.

Bu durum Bolton’da bizlerin re-
aktif fosforlu bilegiklerin kullanimi-
ml kegfetmemize olanak tamdi. Bu
bilesikler sikma-kurutma teknigi
ile uygulanabilecek ve bu da kece-
legme ve atik problemlerinin her
ikisini de en aza indirehilecekti.

Bu ¢aligma i¢in kullanilan bile-
gik daha once bahsedilmig ola N-
metilol dimetoksifosfono propiona-
mid ya da Pyrovatex CP’dir [Ciba
Review, 1969]. Realktif metilol grup

asit katalizli bir ortamda aktif hidro-
jen ile agagnda gosterilen gekilde re-
aksiyona girer;

R-NH2+H0.CI-IZNI-I.OO.CI-IZ(iI-TZP(:O).(0C£[-I3)Z

R-NH-CH,NH.CO.CH,CH,P(0).(OCH,),
"Sikma-kurutma" teknigi yoluy-
la Pyrovatex CP ile reaksiyona gi-
ren yiin elyafinin iyi derecede "giig
tutugurluk” Gzelligine sahip olmasi
yaninda “yikama yoluyla uzaklag-
maya olan direnci’nin de iyi oldugu-
nu gostermig bulunuyoruz. Reaktif
N-metilol kahntisinin yiin molekii-
liniin temel amino asitleri Lisin ve
Arginin ile reaksiyona girecegi éne
siirtilmektedir,
CO,H
I
HC.CH,CH,CH,CH,NH,
I
NH,

Lisin

CO,H
I Arginin
HC.CH,CH,CH,NH.C. NH,

I Il
NH, NH

Muamele gormiis kumaglarnn
giig tutugurluk dzelliklerinin relatif
olarak tamimlanmasinda Asli (in-
trinsic) Oksijen Indeksi’ni kullan-

mig bulunuyoruz. Bu metod, Feni-
more ve Martin [1966]'in geligtir-
mig oldugu teknii esas almaktadir.
Cihazin esas1 bir sonraki slaytta
gisterilmektedir, Diklemesine yer-
legtirilmig bir numunenin yanma
hiz1 gesitli oksijen konsatrasyonla-
nnda 6lgiilmekte ve daha sonra, el-
de edilen sonuglar grafiksel olarak

- ifade edilmektedir. "Sifir" yanma hi-

zindaki oksijen konsantrasyonu As-
li Oksijen Indeks’tir. Bunun tipik
bir egrisi bir sonraki slaytta gosteril-
mektedir.

Muamele gormiig ylinli kuma-
gin Asli Oksijen Indeks degerleri,
element analiz sonucunda elde edi-
len fosfor yiizdeleri ile beraber aga-
gnda verilmektedir.

Bu tablo, umulmadik oranda dii-
siikfosforkonsantrasyonunda QOksi-
jenindeks’deki oldukea énemli arti-
s1gostermektedir, Ayrica, 5438 sayi-
I1 Ingiliz Standardi’ni [1976] kulla-
narak dakumagin yanma davranigi-
n1 deferlendirmis bulunuyoruz. Bu
durumda da muamele gérmiis ku-
mag oldukea iyl "gii¢ tutugurluk”
ozelliklerini gostermektedir. Bu
muamele metodunun tek umulma-
dik avantaji kumagin kullanim ozel-
liginin degismeden kalmas: ve mal-
zemenin ¢ekme mukavemetinde
¢ok az hozulma olmasi durumudur,

BiLGISAYAR DESTEKLI TASARIM VE URETIM (CAD/CAM) SEMINERI
8-11 OCAK 1991 HOTEL ALMIRA-BURSA |

BILGISAYAR DESTEKLI TASARIM - URETIM VE BILGI ARACLARI SERGISI
7-12 OCAK 1991 HOTEL ALMIRA-BURSA

Seminer, miihendislik uygulamalarinda bilgisayann yerini belirleyerek, yeni bir galisma ve yagama bigimi olugtur-
mak amaciyla bu alanda kullanilan yazilimfari ve bu yazilimlar igin gerekli donatimlari tanitmaya yonelik olarak diizen-

lenmigtir,

Seminerde, dért giin sirastyla, bilgisayar destekli tasarim, mithendislik, tiretim ve bilgisayarla tiimlegik iiretim konula-
rinda, éncelikle uzman 6gretim iiyelerince gerekli bifgi aktarimi yapilacak; seminer bu alanda calisan, yazihm pazarla-
yan firmalann makina ve tekstil milhendislerine yénelik hazirlars olduklart yazilimlarin tanitimi, gésterimi geklinde sii-
recektir, Seminerde hergiin 16:00-17:30 saatleri arasmnda, konuyu anlatan 6gretim iiyesinin baskanhginda yazihmlarimni
tanitan firma temsilcilerinin katilacagi degerlendirme oturumlan yapilacak, seminere katilanlar arasinda tartisma orta- §

mu yaratilacaktir.

TEKSTIL VE MAKINA YIL:4 SAYI:24 ARALIK 1990
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