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t.   !NTRont;mw AND cmtm. tONSinr. RAT IONS 

A r~v1*of * Turalo Faches" lublishod by the "-\ited Nations in 

19/0(1)  «uiiw.ic'r îPS ^  Tqu rrmcrif. for fund io'-al  properties in various 

end uses as ".low!.  ì;ì 'lúblt; ', dit!  ..la* •.•«.,  that.: 

"Present levels of finishing technology as regards available 

chemicals und technical equipment, permit the fulfillment of almost 

all requirements of consumers." 

in fact,  ihn üÉnioru» <cr sprich ic  functional properties  is continually 

altered hy technologic.il  ^nd sociological change, and some of the assump- 

tion» «ade just five years ago are no longer valid.    Thus, it is appro- 

priate to teviev àg.ilr. cjr.ceptr. and approaches which apply to the 

finishing of fabrics, specifically cotton-containing fabrics, in the con- 

ttxt öf continuing technological progress and of current requirements In 

tht market place. 

3yr*b1e finishes can bo classified according to their function—the 

•reptrty tSey are designed to import or improve.    The major areas of con- 

cern ami of recent progress fer dur ble finishing of cotton-containing 

fabric* or* tho*n in Table I.   Easy-care finishing has been reviewed and 

discussed by others at this neeting(2).    Finishes which improve release 0*7 

oily Mils «re of particular importance for polyester/cotton blend fabric^ 

tf high Bblyester content, but are not generally rehired for 100* cotton' 

fabt íes er for blends ir. which the cotton content is higher than W».    This 

pmatr will review epproarüs to durable finishes which are important for 

Imnarti;« water reeellency, reiisUnct to mero-organisms, and flame re- 

sistance to 1001 cotton fabrics, and to those blend fabrics 1n which • Men 

oVmm««mmmmmmmmmmmmmmmmmmmmmml 



cot.'on ci ¡ti rit im   ervo.. !h*.: rsswtial performanci' characteristics of 

cot'on. 

The cnntimrn<! -^îrr}.  f'.r  improved product:, .»id techniques for durable 

finishing, coupl-d with M'W kiu?wl.:dge of the chemistry, structure» morphol- 

ogy «ne! fuml.wnpnr.iil  fiv i|.«(.<! tifv, oí   :i¡.'iv.r, absemhlios, has produced a new 

Uvei of insight into com'.Fptiuil dormions of finishing problems, of 

specific a¡Hró,iL.hos,an;; ut  menili''fill evaluation of results obtained.    Thus, 

the pr-'n-natic f.1ar.<.i^ HJ* u»r, of fune'tona',  finishes shown Ir. Table 2 »ay bt 

'uPïlHîM.'îii>"G by .1 <.l r.Mlicjti(a oí   ¡uñólo í;nis<iüS bused on the prédomi- 

nant meehiiiiiifiii of finish-sub,'rat •  mtr-action à s outlined in Table 3. 

bince crease-restsumr.e ami t:.isy <.are performance depend primarily on cross- 

linking ot c:el lulos» eh?, ¡ns  in fch*» cotton fiber,  finishes designed for tMs 

use must include poiyfun'tionat liioleajlf s,  snail enough to penetrate tht 

fiber rapi(!ly,and ^apabl«; of re.ii.tien with hydroxy! gro-jps under wild condi- 

tions.    Sos i release and water rrppllert finishes on the other hand need 

affect oily the surface properties of tht  fiber (wettability), and cm bt 

deposited on fiber surfaces a:, continuous  films or coatings which do not 

relet with the functional groups of the substrate.    Resistance to artcro- 

organisms 1s gceraily attained througi, the presence of cj«pounds which pri- 

vent growth of fungi, mildew or bacteria: specific water insoluble coapounds 

reportedly exhibit adequati» vlurubiHty, and yet diffuse sufficiently to cow 

Into contact with the micro-organisms and inhibit th»>ir growth.    In the cet« 

of flame retardant finishes, effectiveness is determined by the chtaictl 

composition of the finish and hy the presence of specific elements 1« 

«».•Hints sufficient t   minimize flan« propagation in the treated fibrk.    t*t 

distribution of th»: finish, and the mechanism of Insolubilizatinn do not 

affect flamt. retardant effretivness significantly» although thest facto** 

 --- • '•- --  - ^....^¿^*^a«ioyL^^ 
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have important secondary effect'- on durability of the finish and on fabric 

pro*'i-< t ;«•-•   ':>..:•••'   • .• .    ' '• •'»••  • t• ; 

The chemical   .on>:.ir > ^  ;» o "  tin« finis!, =md the 1 iriisïi-suhstrate  inter- 

actions outT.ncci  in Juble ¿ cm pri'i.jry corisiderjtionr,  in selectinq ap- 

proaches  te the ¡nodi! kit ion of   -.piviüc. fum tiunal properties.    However, 

the processino. t'-nJiUons re^irrod for appi »  it ion and the methods avail- 

able for evaluating the effets obtained oro also essential components of 

finishing developments. 

Finishing processes traditionally have been based on impregnation from 

aqueous solution, drying, curiny, and--1n some tares--after-washing.     In 

recent years, a considerable amount of work has been carried out on "non- 

conventional" processes for fabric finishing.    The potential usefulness of 

non-aqueous systems, where water-sensitive reagents could be employed, has 

bten Investigated extensivelyO), liquid ainnonia has been suggested as a 

viable medium for several specific finishing processes^) and treatments in 

which fabrics are exposed to a gaseous environment containing reagents and/ 

or catalysts have been evaluated on a commercial scale(S).    Howt-ver, an 

overwhelming proportion of the yaroVje produced commercially is finished by 

conventional processing sequences in which padding from aqueous solution, 

drying, curing and wash i "<¡ still constitute the essenti.il steps—preferably 

carried out as parts of a continuous operation.    The specialized finishing 

techniques discussed in this paper have actua1 or potential coaiwrcial 

significance, do not require extraordinary machinery,  instrumentation or 

dtviceSi and thus tan be implemented in textile mill equipment which is 

either available, or readily adapted to specific processing requirements. 
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Febricî «ri  a:-.,) w.t* w.-.^r r^-oil» ,t finish-:!, ar-j ne   i>Nidily »net by 

water-- but »et;'.n '.•;*.• ir rwro^tv..  te; ture and ¿^pearanco     Tnt surfice of 

individuai 1 ft>rs   r, -ì*O--if»y»i tv the finish, while interstice between 

i ibprs ov.il ivMWái' y-Hvr. ivu-iìn. in p"¡..ir.1u'ie,  •r.SRntiilly unchanged.    (By 

contrai,  , the e^fe^t ¡/int.'.,:, of w-.ner r")* Tient  ooat1ny.~, dfjiencîs on the 

FnrM.it f^!  0! a coi,t.iiii'C'¡;.  iy<in-|)'iofJt : s irnL.- which -Jì »e» s trie porosity of 

the fVt.-ic,   mri    ts ¡ler.nodirhty tj air a-ití no inure.)    Sverni  classes of 

durable m>r ra\:e\\Qu^ f:n¡->¡i*:s hv/« fittalne.i conwercia'l success.    Those 

•re summarized -i. Iih1r '••    l:- r ;va+ive-; -f lonq ch-ii" fatty nid«  (such it 

stfc«raiT¡i<h:.^!.riyi  !V i d ' r i (*•.. cVrìiiiT) w«re developed muy vears aqo, and 

were thouiü' o»   »i »"e^c*. ;'>H- iini:>|'?,,  -.pable o' rovai.ut bending with tdt 

hydroxyqtoiiu*. >.• I^^'-M'  ./   'r  .-:.    in i:'i.* lifjht   if nxent knowledfe 

of Ut» fiber  f-ottor,;  si-ir.t.jr'-   n! »Mctivii •',  the ftfc-.U and durability 

Obtili^c; with th.* t   v •>> .'o¡ |.J'H. .r.' ¡ìow  ¡n^T'^lcd a.  resulting fro» 

depositici  ff   'vt!mphr»t H . m:.r:   •.i'.olub!*' c^wti'iunds on (.be»- iurfaces 

ratfitr than  •-  ri« 'unnai.iori uf   ov.ilf.. ucmds.    The siiitont» and fluoro- 

¿nemicai po'yr.?r? f>nt. <s ltyd»-o»^oi>1c film on fiber surfaces     EffecttvtiitM 

spendi on t. ne cor.tuuiitv oí the f;lm. and or. th» absence if con tuoi Muts 

«Meh enhance wettinys by water,   ^¡nce the oolywers are quereli/ oppi i od 

tro» aqyeons ewlsions fc-y padding, drylnq ?mì curine, the prostrici of 

rettdvaì timil alfiere on fie finished fabrics cw pos» problems.   WtmifHc- 

turers of the silicone and r1uorochemic«l emulsions Have de'alopod fomenta- 

tions coittai.iing 'nor»-ro**»n.fwj .*iiuK ¡fiers" specifically s It*ted te eeeM 

tMt shortcO!fli"»j.    ïhe *wuunt. or'water repoli *nt applied Ir. generally Jffï 

(tu tHe welgitt of fihtic 1r«att>d) for V.t fatty cowpont'ds, imtt for t*t 

^AMrfy||iilitaMarikiit|na^ftariaiaa|a||M^^dia^^ 



silicones end 0.5Î or lower for the fluorochemical.    In part, these dif- 

ference:, ivi it'..L     :ü >   •• t   >•.' cnJernrs of :he ampornuU, and ;r, part 

•lso the hi h chtiric.-.l cos:   )1 the    il icone and   -f  th    f It.orochcmical 

polymers     Forntuétions ^jv,.' al?.c» b">n deveknx ú .-UK< v/norqistic effects 

haw buon c1«iimc:l f, r ru t,i:i<(iioii:, uf fc't/ acid d-.Tivuti ves and fluoro- 

cheiMcals(6).    Advantages   n cíiu loncy rMve bw i1dinu>d tor the applica- 

tion of s11ic.or.os oi.d of f uoi x^enn alr   front chlorinated solvents(7) but 

1t 1s not know   ¿reti >r tur.  '.iprcdcii v. u't-ci coirincrclally.    The details 

Of specific fj-mtjlaMon, < mi procedures us-^d   or the application uf water 

repellent finish«?  «¡re fft'fMvally nin> trier cd proprietary, and *rt dépendent 

•n the fiber composition «tt.d u-n'.t ruction of the fabric- treated.    Construc- 

tion is particuìirly impoi Lv.nt v, determiniti.; th«> required amount of »iter 

repellent» aid 'he uptimj-.i ondU-ion-. jf procce.siny.    The level of wetor 

lency t>btair.«?tl :s c.aluateti by standard test, procedures, and standares 

•fitting and water penetrarían of fabrics have been defined by the 

AMricait national  Standards Institute^).    Fro» the results of these Usts, 

Industry defines the performance of a given fabric as "water repellent" 

(resists wettlny), "show-r resisten*" (protects against utter pénétration 

durine « brief shower), "ni« resistant" (protects aoainst »iter penetration 

t* MOJtrtte rain), and "-torn resistant" (protects atainst water penetrati«« 

In heavy rain). 



-6- 

"T    l'Oise;' iMi'.-.r:' "IG ',rr" ¡Afin T" Mir.rr; orcANîSMS 

r>ni;hfs v.-h i -'    ."•   ;      '--ist t:u" íJ   micro wi,inH^'   (buctevla and 

fungi) can,  in ¡.Hiu-ijr.o, •><   yioiM»e«1 ..>-urdinn to several  rtporoachos sum- 

i/nn/od in T.ibV b.     ;.¡c < !>-• «i-iy IT i/h^iically rortifio«i  lo re-» 1st. attack: 

for .*ju,!»|iie. iv»nvjrs-«n fr  •'.,1.<iljse    o o'via'.de or triacetate yields a 

fiber wh.ch tioc.. nut  suitor•:  wild qrowt.h, anii even acetyl  decrees of sub- 

stitution loww  th;in ; h we .->   , .grntiont tHcct.    This approach essen- 

tially implies a chwicil  transformation oí polymer utid fiber which has far 

reaching, consequences on the proper ties ¿nú pcTfornkino' of the products. 

In a second approach, a resin which provides an impermeable barrier 

to bacteria and fungi is added to the fabric.   This approach is generally 

used for Industrial  fdi-rics. where considerations of porosity, permeability 

and appearance arc secondary. 

Improver wits 1n rot resistance and bacteriostatic properties have oltt 

toen obtained on cotton in conjuration with the application of crossiinMfif 

•tents, of fire retardant finishes, and of other finishing agents inselu- 

bili/ed in siti.    The must effective a, >roach to rot res<  tance through 

application of resins has been the polymerization of N-we1-hylol-e*laiMite 

derivatives 1n water-swollen   abrici.9) which is known as the AR!6AL(W 

process (Cina Beigv).    Cotton 'abric treated 1n this maimer v, reported to 

retain 100"' of its    trwgth if ter   ,oil burial for up to H weeks.    Tmi 

mechanism by which polyfunctional N-methylol compounds ènu other finishes 

cáptele of generating   formaldehyde inhibit the growth of wicro-ürfjellllm» 1« 

treated cotton may en'all restur.u-u diffusion of misture into the erett- 

lieked fierw substrat*--, as »«¿I as slow control ltd release if 

treated fabric or from the resin network formed in or m fffcefl ml 

••'-- -—-••••' •     -  ...~*~~~.— —  ~. "i-~*—ji***—**• 
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tour;.(j ot appi ita; >on. 

Ito-di"-, t     :.- '        ••::.   ..h-  l   ;.    >  l  ••-, >•;<•.' re. i stance to 

J ml ero-organ--f.!:   ••   ihr - îOF> • s r i. •<•, o*  dcUvo c.f'ipmjnd    whi.h are of furtive 

bactericides  or  fue.jit '••*•>.     ~> i*sr .¡lu*!  tu   •.•ft'itient.  non-dis.olorinq, 

i 
durable to v.ashiii'j un<!,   ihi.vt    i'|,  rvm-• nx ir   :.-, '¡'.inure      Ih.?  balance between 

« activity, which   ¡mr-h«--, di Mus > vi!.,   i?» the   .v  toil', ,ind durability to wash- 

ing, which implie«.  Idf.t of   .^lui'ility jn: resist.an:c   to loarhinn in water 

1$ particularly difficult, to attain.    F •* amono, the "imerou .  claims  found 

j in the patent  literature -K v;i ih.   compouu'1. which are in commercial  use. 

i Tables 6 and 7 show compound'  which have been used commercially for fabric 

finishing:  those listed in i<)ble 6 have varying decrees of solubility, and 

9tnera11y liirited rosi tanet   tu leaching.      for the onjanometallic Com- 

pounds shown  in Table 7, activity depends on  the presence of heavy metal. 

Copper compound'/, ^re both fungistatic and bacteriostatic, and extensively 

used for preservation c* tent canvas and sandbags, oven though they impart 

i creen color to the treated fabrics.    Tin compounds have the advantage of 

being colorless, but they exhibit varyiny do.jrec-i of toxicity.    Zinc com- 

pounds have  lower activlt/, but lowi.r toxicity as well.   Mercury compounds 

(not shown in Table 7), have been essentially ruled out by the environmental 

Protection Agency du" t'  potential cumulative toxicity effects.   Generally 

speaking, compounds designed to inhibit mildew and rot are used primarily 

for«ilitary and Institutional fabrics.    They are effective in low concen- 

trations and applied by pad/ dry /technique?,   from emulsions or   organic 

»•1 von ti.    Unrobility to leading depends or. the solubility of the specific 

cenpound, and durability to laundering is a?  be.>t limited.    The relative 

•ffictitreness of sot* of the compounds, shown in Tables 6 and 7, and tht 

cenctfttrations used in fabric tinishiny, ^ary greatly:   for example, for 

••••••••••MMHItll 
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the highly effective (and now forbkUen) phenyl mercuric acetate, a 0.01* 

ccmcenl.,Uor,  ,s Vü,I..I,I!.   •       v,   0    : ,r *:•..:,!.-, nu-Mi,n liter todays' 

soil buriel     lor copper -8 -TJinol »K,!..t^ the needed concentration Is 

0.05%; and for ;.al icyionilMc 0.!-. 

IV.    t'LAMF. RETARDANT riKISHlS 

Research and development work on flame retardant finishing has been 

greatly stimulated by recent legislation  in the U.S., and iti other countries. 

At this time, this field is perhaps the most important, and certainly the 

most active area of investigation in textile chemistry. 

Durable flame retardant finishes for cotton-containing fabrics may be 

defined as those which impart, self-extinguishing behavior, and are not re- 

moved in laundering.   A fabric which is described as "self-extinguishing" 

when placed in «) vertical position and ignited at the bottom, will not con- 

tinue to bum after the source of Ignition is removed.    The conditions of 

testing (specimen size and mounting, source, site and time of Ignition, etc.) 

must be carefully defined when indicating self-extinguishing behavior, but, 

In the U.S., the term Is generally used with reference tc the conditions 

specified for the test of the U.S. children', s1eepwe*r standard (23) *Mch 

1s • modification of   previously dPV<?loped vertical flemmabilUy tests. 

Finishing of cotton and cotton blend fabrics to impart self-txtlnfmlfh- 

1ng behavior and flame resistance durable to laundering, involves problem 

which ore far more complex than those encountered 1n other finishinj 

processes.   Firstly, the amount of insolubilized or fixed finish required 

is considerably greater than for other functional finishes:    the addtd »»•- 

fibrous material tends to impair the aesthetics and porforaonce properties 

a. ...^     ^.-  -  •-.   - .^.^.:. .^- ^ 
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Of the fabric, and to increase 1U cost qreat.ly.    'Jocondly, finish uni- 

formity ar.ti (iurüb:i;t- i»u-A ho rigorously controlled since deviations cm 

hive disíst   M*;; cciiseque.-KPs in lit'oätfor. or product 'lability suits. 

Lastly, results cf testi Tor r.hr rvaiuation of n.»rniaLM ity are ritirai i> 

dépendent c* a 1r»rgr; .wm'.er of «/.ir.db'.G. and 'abord tory testina of finis.i 

ftbric becomes an exacting and costly pnrt of finishing development, on J , 

quai Uy control 

Interest in the application of flame retardant compounds to cotton 

fabrics dates back to the seventeenth cantury(?4), when clay ¿ml ¡aut t 

peril Were appliod to canvas used for theater curtains as flame ret.nd^nt . 

Fro» that time until World War It, investigations of textile flame rotare 

•tits Mere limited to water soluble salts, even though in 1913, William 

NwWy PerMn dtfined the requirements for Urna retardant finishes in w:>t 

which still apply ;,oday(2M: 

"A procesa, to bu successful must, 1n the first place, not da„iv 

the feel or durasi 1 ity of the doth, or cause it to go damp as so mar/ 

chemical: nc, ami it must not *wike it dusty.    It rmjst not affect the 

colors or the design viven ir*" the cloth or dye;.' or printed upon ft 

Mtht-nq (such is arsenic, antimony or lead) of a poisonous nature or- 

ili any way cHsie(»nous to the skin iwiy be used and the fireprooflnn 

--nut be perawnant, that is to say, it must not be removed even in th 

citt of t garment which may possibly be ««shed 50 times or more. 

Fwrtherwore, in order that it may Mve a wide application, the prue 

»«st bo cheap.M 

Progress fro* Perte in's time to World War U is well documented in a 

boa* hy L1ttle(26». which remains a classic cornerstone of our currtfit 

kMwIedfe on fl««» retardant finishlno techniques for ratton fabrics.   T«i 

jAtM<lte—*- - -^•-^L—<• —-^ - ***^ 



miÊmm^mmmm 

-10- 

this book, important general izations tre set forth concerning the chemistry 

of fir? leU.'dtfiits for cotton.   The uuistandlng effectiveness of phosphorus 

is recognized; and it»: foundation is laid for most subsequent work on the 

mechanism for Inhibiting combustión In cotton Fabrics, and on approaches 

to the development of durable finishes. 

It *s now established that phosphorur.-containing compounds exert their 

flama retardant action by decomposing t.o species which alter thermal it- 

gradation reactions in the substrate and decrease the concentration of co»- 

bustiblo products dril* enhancing dehydration reactions (27).    It has also 

been shown that phosphorus containing flame retardants are «or» effective 

when used in conjunction with nitrogen-containing compounds (28).    In a 1001 

cotton fabric, the presence of a sufficient amount of phosphorus (» to Of, 

depending on fabric construction), preferably in conjunction with nit 

(H to 6S) effectively Imparts self-extinguishing behavior.   Whet 

bH1ty of the flame retardant finish 1s required, the phosphorus and 

nitrogen must be insolubil i zed either in substituted groups covalently 

bonded to cellulose hydroxyls, or in a crossi inked polymer network foraed 

In or oi» fiber«.   Phosphorus and nltroger thus must be part of molecules 

capable of forming a three-dimensional polymer "in situ» and/or of reacting 

with the fabric substrate during the finishing nrocess.   The amount of 

finish required to attain the desired phosphorus content in the treated 

fabric depends primarily on the phosphorus content of the "active" flame 

retardent species, and on the InsolubilIzatfon yield (efficiency) in the 

finishing process.   The chemical stability of the Insolobilited products 

determines the amount of finish retained in laundering (durability),   Phot- 

phorus compounds u*ed in durable flam« retardant 'Mints must mut the 

^.^^.^.^^^ifc^.....^^.i^^,    ,.^.,,A..-    .....  ,.a^&.. .„^..,^ 
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requlrements summarized in Tabic 8 and, in addition, compatibility with 

nitrogenous co-reactantc and with additive«; must be considered.   The essen- 

tial requirements for the finishing Process include aderite of toxic com- 

pounds, aid, preferably, the use of conventional equipment and procedures 

1n the finishing plant.    The overall obj-ct :•/?:. of satisfactory (or ade- 

quate) fabric performance (including but not limited to flame resistance), 

aesthetics, and economics must of coursp be met. 

Numerous orgarioplto'.phorus compounds and formulations have been evalu- 

ated for flame retardant finishing of cotton fabrics over a period of 20 

or 30 years.    Many have failed te meet une or more among the critical re- 

quirements outlined, and thus have not attained commercial status.   At this 

time. Only three chemical systems are used commercially 1n the U.S.    The 

iVMJftry presented in Table 9 indicates the organophosphorus compound, the 

ether essential components of the finish (if any), and the principal 

Mechanism of finish Insolubili? ition for these systems.    Sdì lent Informa- 

tion en the finishing proces--.es 1s  -.umiwri/cd In Table 10. 

Performance properties of the finished cotton fabrics are considered 

acceptable, «rltb advantages In fabric hand or strength retention claimed 

fer specific fabric/finish combinations by Individuai chemical manufacturers 

or tent 11« mill procesáis.    However in ill instances, the finish stiffens 

the feerie somewhat, causes tensile strength losses of about 20-3CHC. end 

tear strength losses of about 35-H5X, depending on the fabric construct««* 

ted finish add-on.   Treated fabrics êr§ sel f~extingu1 shine according to the 

vertice! flammaolllty test specified in the children's sleepwear standard 

(tl), Initially and after 50 laundering* with high phosphate detergenti. 

Accumulation of calci un and magnesi um salts (which my occur on laundering 

Ih hard «éter without adequate amounts of phosphate) Impairs flame 

.«•»«i^^^.^Ma^Jht^^J^dhfc. i^...^.,-^.     ..    ,..,..       ^..^.    ..... .      ,.^-,; ,.._. 
—•*"•-•   • •--— 
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res Is tance     This effect is reversible and flanc resistance con bo 

by rinsing wit;» m'ii.   u\puü\m\¡ witn hypochlorite, on the other hand« 

jccekrates If s of finish dr.d flame resistance is. irreversibly lost.    In 

b-l^f, rowtiercial fiante retardant finishes for cotton fulfill the reojMlre- 

roents outlined (Tabic 3) only ir* purl.    More efHclent oryanaphosohoru» 

expounds art? nwkei in traer to decrease the amount applied and« therefore, 

slue effects and cu;.t,.    Rest «tri. h to develop new reagents Is continu taf »Wl 

this objective   in .ilnd.    For example, results obtained in the laboratory 

.»¡th émidos, of chi »ro'iicihyl p'»o>pho iir add ¿md ut methyl phosphontc ad«" 

¡33}, (34) dewnttt ite considerable progress towards the goal of impartial 

self-extinguishing hehavinr at low welqM gains. 

Finishing of polyester/cotton b!end fabrics 1s far less advance*.   Ut 

phobie» 1' '.orple>, slnre the two fibers differ in their physical 

and In the cuursr of their chemlca'i degradation at elevated 

HUM retardant finishes that arc effective on 100% cotton da not 

ily decrenso the fìamnability et polyester/cotton blends-at least not »n 

teins of the results obtained ir the vertical ilaaoabillty tttt for tilf- 

rxt1*OMlshpent^3)    Finishes apollad 'o blends fra« etueoos »©let loos 

to penetrato oottcn fibers preferential 1y, end the concentration of reactivo 

expounds In th« cotton becomes exceodlnf 1y Mfh.   Fyrtharnoro, toe otnoon- 

mtlon or hydroxyl groups in the total substrate 1s loner In ton cato of 

blertdi (in proportion to the polyester content), and the steteMoNtry of 

.he insolubili mien reactions is inevitably affected by these faeton. 

Extensivo research act.vity on ¿arable flame retardant fini shot for poly- 

rstor/cotton blends during the last, fee years has resulted In consieortelo 

prctgr»ss(3S), and some promising approaches are emerging even 

dally finished blond fabric* coniai nine 50* or aere polyester eft not 
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available.    Table 11   ¡»hows sow finishinq systems r Ini mod to ht* effective 

on po1y«it.tr/tot».ori bien;1'. F i awe r-ptjr.ldncy is ¿»Li-   ned through the presence 

•f pbosphorus, or bromi,i*;, ot  combinat ions o*  these elements.    In these 

finishes, o-npound', cortair.ng phov hot us and/or brow »no an« not reacted 

with the substrat.-.     4d"qi<,)te durali lit;   *o washimj i., related to the solu- 

bility character i st i cs of the fia».- retardant compound*, and to the use of 

resin binders in the  finish formulation.    Large .«mounts of the finishes arc. 

needed to Impart self extiwfiiisMn'j behavior to the fabric ind fabric stiff- 

ness  is ù npjor prob ¡Mû in uou instantes. 

A bromine-contain ¡no polyester (Dacron 900FW, a copolymer in which 

•art of the ethylene glycol is replaced by the bromi M ted glycol below) 

if CH3 ,Br 

Br' CM3 'Br 

ft ne* available trow th»? Dupont Coffipanv in senl-ctieaurcttl quantities. 

•fjemweaifclener polyester Tibe   in polyes tor/, otto« blend fabrics Is replaced 

If tMs coprlyee,- fibrr (which contains approximately 6X Bromine), or by an 

•fjMlvalent modified polyester fiber,  lower amounts of flame retardant ftntsb 

•re reejmtred to meet a c ,v>n flaenebllity test and undestreble effects on 

fttrte properties er» reduced.   Ine major problem then becomes one of cost. 

1« sajwary, the 90a! ef impartì»*« durable flame resistance te 10« 

eetten fabrics without significantly altering aesthetics and oerfermance 

ireoeUles Is no* wHbin reacn.   for pot wester/cotton blends, research eut 

«•¿fan* fir teme time to come and ne« approaches must be éwlapid befar» • 

status is «ttch**. 
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Tibie f>.    Effective compoun« In finishing 
for resistance to micro-organisms 
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Têble 7.   OrgênomeUlHc compounds 1n finishing 
for resistance to ml ero-organi MS 

STWCTURC 
(EXAMPLES) 
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REF. 
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APPLICATIONS ANO LIMITATIONS 
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TIN ACHATE. 
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Tofclt t.   C—ititi dwrtciU for ft» 
rttoroont fta1sHlNf of cotton fabrics 
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Ttèle 11.   Dw'iblt fl«w rturdmt f1«Hhe* 
for polftrter/cottoa Mt«4 fibrtcs 

nm RETARDANT COHPOUNOS 
M FINISH 

IHSOLUTILIZATION ON 
FABitIC L" 

CONfcNSATION PRODt* TS OF 
HTRAKI5HYDR0XYLWE1HYL 
WOSPH0W1UM CHlOlUDf. (THK) 
(WNJSPHONIUM Ol ICOUFR) 
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PROBLEMI IN 
TREATED FABRIC 
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WK • N-METHYICL COMPOUNDS   TBPP   "NfÄS" ,** 
rSU-2.3-DIBROMO-PROPYL     | POLYMER FORMED IN 
PHOSPHATE (TBPP) 

.„. „ • N-MCTHYLOL COMPOUNDS 
• POLYVINYL BROMIDE (PVB) 

SITU 

(37) 

H16H ï P NCEOCO; 
STIFFENING; 
MltH COST. 

STIFFCNINB; 
LIHITEO DURABILITY 
0F 

<») 

BCCABftOMO DIPHEHtl OXIDE • 
• ANTINOMY oxioc • 
MltllC MttKN (P.44) 
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