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1. INTRODUCTION AND GiNCRAL CONSIDERATIONS

A rovicowaf "uresle Sonishes" nublished by the "ited Nations in
1970(1) cumwiertzes the requerements for functional propertics in various
end uses as slown in tahle 3, and Ltarey thats

"Present levels of finishing technolegy as regards available
chomicais and tochinical cyuipment, permit the fulfillment of almost
all requiremenrts n¥ consuicrs.”

in fact, Lhe demand fur spacitic tunctional properiies is continuaily
altered hy technological and sociulogical change, and sume of the assump-
tions made just five years ago are no longer valid. Thus, it is appro-
priate to revier again concepts and approaches which apply to the
finishing of fobrics, snecifically cotton-containing fabrics, in the com-
text of centinuing tecmoionical progress and of current requirements im
the market place.

Jurable finishecs cam be classified according to their function--the
property they are designed to import or improve. The ma jor areas of com-
corn and of recent progrecs for dur:hle finishing of cotton-containing
fabrics are shom in Table 2. Fasy-care finishing has been reviewed and
discussed by others at this meeting(2). Finishes which improve release of”
ofly 39113 are of particelar impertance for polyester/cotton blend mru:\"
of high pulyester content, but are not generally required for 1001 ccttoa."
fabries or for blends . which the cotton content is higher than S0%. This
paoer will review approaries to durable finishes which are important for
fonarting vater repellency, resistance to mcro-organfsms, and flame re-

sistance to 100% cotton ‘serics, and to those blend fabrics {n which & hgh
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coton coatent prooerves the essential performance characteristics of
coton,

The continung ~earch for improved product: and techniques for durable
finishing, caaplbed with rew knewlodge of the chenistry, structure, morphol -
ogy enc fundamenta]l praperties of Tilveas assemhling, has produced a new
Tevel of insight into conceplusl defimtions of finishing preblems, of
specific apprdachos, ana ot meaniacful evaluation of results obtained. Thus,
the proaeatic clas.i-ication of Tunctional Tinishes shown in Table 2 may be
cupyYemente¢ by o clnsitication of mriple fimisues besed on the predomi-
nent wechanists of finish-tibatrat > mteraction as outlined in Table 3.
Since crease-resistance amd easy care performence depend primarily on cross-
linking of cellulose chains in {he cotton fiber, fimishes designed for this
use must include polyfunctional molecules, small enough to penetrate the
fiber rapidly,and capable of reactian with kydrexyl groups under mild condi-
tions. S0i1 release and water repnllert finishes on the other hand need
affect orly the surface properties of the fiber (wettability), and cén be
deposited on fiber surfaces o3 continuous films or coatings which do not
react with the functional aroups of the substrate. Resistance to micro-
organisms 1s ge.eraily attained througi. the presence of compoinds which pre-
vent growth of fungi, mildew or bacteria: specific water insoluble compounds
reportcdly exhibit adegquate Jurebility, and yet diffuse sufficiently to come
into contact with the micro-organisms and inhibit their growth. In the case
of flame retardant finishes, effectiveness is dotermmined by the chemical
composition of the finish and by the presence of specific elerents in
amounts sufficient t- minimize flame propagation in the treated fabric. The
distributi.n of the: Finish, and the mecharism of insolubilization do net

affect flame retardant effectiveness significantly, although these factors
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have important secondary effects on durability of the finish and on fabric
Provee i, oo thom e U

The chemical .omaniiti o 07 the €inist, and the finish-substrate inter-
actions outlincd 1n Tahle & cre privary considerations in selecting ap-
proaches tn the moditication of specitic functional properties. However,
the processing crnditions roquired for apphycation and the methods avail-
able for evaluatiny the effocts obuained are also essential components of
finishing deveiopments.

Finishing processes troditionally have been based on impregnation from
aqueous solution, drying, curing, and--in some caces--after-washing, In
recent yéars. a considerabie amount of work has been carried out on “non-
conventional" processes for fabric finishing. The notential usefulness of
non-aqueous systems, whire water-sensitive reagents could be employed, has
been dnvestigated extensively(3), Tiquid anmonia has been suggested as @
visble medium for several specific finishing processes(4) and treatments in
which fabrics are exposed to # gaseous environment containing rcajents and/
or catalysts have becn evaluated on a comercial scale(5). However, an
overwhelming proportion of the yardeje produced commercially is finished by
conventional processing sequences in which padding from aqueous solution,
drying, curing and washi~g still constitute the essential steps--preferably
carried out as parts of a continuous operation. The specialized finishing
techniquns discussed in this paper have actua® or potential commercial
significance, do not require extraordinary machinery, instrumentation or

devices, and thus can he implementad in textile mill equipment which is

either available, or readily adapted to specific processing requirements. .
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Fabrice tv arvd watn wiene repeile ot finfshos are pe readily wet by
water--iot rete.n Sueil poracitv. toitare and aupearance  The surface of
indfvidual fiters o uenifiod Ly the finish, while intersiices between
Vibers ano eorwe an yoras eamaing in peiaciple, acsentially unchanged. (By
contras:, the 2ifestizenc,s of waoer ropeiient coatings depencs on the
Format 00 31 3 cortinvgi ayavephotis sarface whicr aYeers tne porosity of
the faicic, ne ‘s peraeaniiity to air and moisture.)  Several classes of
durehle vater rapellent. fininies hive attained comiercial success. These
are sumari;ed n ibte &0 [rivatives of 1anag chain Fatty acids (such as
stearamidan oty ny id riue chineddt) were Jeveloned nany ears ano, and
were thoujit i 15 react ve fimiske., opaihle o covaipt bonding with the
hydrox:d gronus ot (Ve e T e s e e Hght af recent knowledge
of the fibar (~0tten; sirlure ndvcactivite, the affocts and durabiiity
obtafnec with th.u to3e o coipam. iTe A0k i Peted a0 resulting from
deposition of “vdrophoaitc, valer sasolublie comeounds on Tiber surfaces
rather than -- the furmation o -ovale.. onds. The silicone and fluoro-
chemical polymars Fuwm a hydvonhobic tilm or Tiber surfaces  Effectiveness
depends on tac contiouity ¢f the £1ln. and or. the absence 2f contaminents
which enharce wettings he water. Since the nolymers arc generally opplied
trom agueons emulsions ty padding, drying onti curing, th: presence of
restdual eruisifiers on te Tini:hed fabrics can pose problems. Memufoc-
turers of the silicune and Muorochemical emu'sicns have developed fermmle-
tions coataiuing “non-roweiling omlsifrers™ specifically s:lected to aveld
this shortcoming. he amourt 0/ water repellent applied 1c gemerally Jed}
(on the weight of fibric treated) for tia fatty compowrds, 124 fer the
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silicones and 0.5% or Yower for the fluorochemical. In part, these dif-
ferences cuviseet e ot eictencies of the compouads, and i part
81%0 the hi h chemici) cost of the ilicone and »f th  fivorochemica)
polwmers  Formu'atrons bave alea beon developed and synergistic effects
have buen claime:d for roehination. of foty acid derivetives and fluoro-
chemtcals(6). Advantages n efficiency have bren (laimed tor the applica-
tion of stlicores and of £ uoiacrem calc from chlorinated solvents(?) byt
Tt is pot known abethor tar, aopreach v uced comrorciallv,  The detatls
of specific fomutation, ond procedurcs usod “or the apnlication of water
repellent finisher ure genecally Lunsidercd proprietary, and are dependent
on the fiber composition and censtruction of the fabric treated. Comstruc-
tiom is particularly imporint v determinine the cequired amount of water
regelient, ard the uptimen cndition. of procce.sing. The level of water
repeilency vbtained s (valuated by standard test procedures, and standerds

for wtting and water penatration of fabrics have been defined by the

American National Standards Institute(d). From the results of these tests,
industry defines the performance of a given fabric as "water repelient”
(reststs wetting), "showsr resistan*” (protects again.t weter pemetration
during A bricf shewer), “rain resistant” (protects against water penetration
n moderete rain), and “ torm resistant® (protects atainst water penetratien
n vy ratn),
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Femishes vhizt o 0 atistance Loomicra waanise (bucteria and
fungi) can, in principic, e grovped aocording to several approaches sum-

marized in Tab'e 5. e fihec way be chompcally rodified to re,ist attack:

Cor exempie, comvorsoun 07 2lilose (o glaccele or triacetate yields a
fiber which doct not suppor: mnld growth, and even dcetyl deqgrees of sub-
critution lower than 7 have o ..gniticant effect.  This approach essen-
tially implieu a chemical tranuformation of poiymer und fiber which has far
reaching consequence’s on Lhe praperties and performance 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 fairvics. where conuiderations of porosity, permesbility
and apprarance arc secondary.

Improvetents n rot resistance and bacter:astatic properties have alse
been obtained on cotton in conjunction with the application of crosslinking
agents, of fire retardant fanishes, and of other fimishing agents inselu-
pilized in sitL. The must etfective a, sroach to rot res: tance threugh
application of resins hdas been the poiymerization of N-methylol-melanine
derivatives in water-swollen cabric{9; which is known as the ARTGAL (M
process (Ciba Geigy). Cotton ‘abric trecated in this manmer 1. reported te
retain 1007 of its .trength 1fter 011 burial for up to 15 weeks. The
mechanism by which polyfunctional N-nethylel comjounds and other finishes
capadle of generating formaldchyde inhihit the growth of micro-organisms i
treated cotton may en'ail rostrizted dftfusion of muisture into the cross-
Vioked fibrous substrate, as weil 3s slow controlled release of formeidehyde

frem treated fabric or irom the resin neiwork formed in or on fibers fn 0
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ourse of appuicaivun,

Yhe divent 0 - e U eyt e istance to
micro-organt-r.e o the depasr fon pf octive compound . whivh are effective
bactericides or furdicraen.  Faee aust he o ctticient, non-41s.c0loring,
durable to vashing and, ahove ', ron-oxic Do Sumne Thit halance between

activity, which impives dittuc vity in the oy tew, and durabiiily to wash-
ing, which implies Tack of wnlubility and restistance to Ieaching in water
s particularly difficult to attein. Fw among the namerou- c¢laims found
in the patent Viterature wiscriby compeunt. which are in commercial use.
Tables & and 7 show compoundc which have been used conmercially for fabric
finishing: those 1isted in Toble 6 have varying deqrees of solubility, and
generally lirited vesi tance to leaching.  Far the urganometallic com-
pounds shown in Table 7, activity depends on the presence of heavy metal.
Copper compound:; are binth fungistatic and bacteriostatic, and extensively
used for preservation o tent convas and sandbags, cven though they impart
3 green color to the treated fabrics.  Tin compounds have the advantage of
being colorless, but they exhibit varying degrees of toxicity. Zlinc com-
pounds have lower activity, but low.r toxicity as well. Mercury compounds
(Mot shown in Table 7), have been essentially ruled out by the Lnvirommental
Protection Agency du~ t potential cimulative toxicity ctfects. Generally
speaking, compcund:, desigued to inhihit mildew and rot are used primarily
for military and institutional fabrics. Vhey are effective in low comcen-
trations and applied by ped/dry/techniques from emulsiony or organic
selvents. Uurability to lea-hing depends uni the solubility of the specific
compound, and durability to laundering is a* best wwited. The relative
effoctiveness of some of the cumpounds, shown in Tables 6 and 7, and the

concentrations used in fabric tinishing, vary greatly: for example, for
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the highly effective (and now forbidden) phenyl mercuric acetate, a 0.01%
concentyabion oy o oal e 0L aennit rewention dter ten days'
s0il burtel For copprr -8 <qurinelmilote, the necded concentration 1s

0.05%: and for talicyionilide, CG.L..

1¥. FLAME RETARDANT FINIGHES

Research and developmenti work on flame retardant finishing has been
greatly stimulated by recent legislation in the U.S., and in other countries.
At this time, thiu field is perhaps the most important, and certainly the
most active area of investigation in textile chemistry.

purable flame retardant finishes for cotton-containing fabrics may be
defined as those which mpart self-extinguishing behavior, and are not re-
moved in laundering. A fabric which is described as *self-extinguishing®
when placed in a vertical position and ignited at the bottom, will not com-
tinve to burn 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 selt-extinguishing behavior, but,
in the U.S., the term is gencrally used with reference to the conditions
specified for the test of the U.S. children's sleepwear standard (23) which
is a modtfication of previously developed vertical flammability tests.

Finishing of cotton and cotton biend fabrics to impart self-extinguish-
ing behavior and flame resistance durable to laundering, involves problems
which are far more complex than those emcountcred in other finishing |
processes. Firstly, the amount of insolubilized or fixed finish required
s cpnsiderably greater then for other functional finishes: the added non-

fibrous material tends to impair the aesthetics and performance properties
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of the fabric., and to increase fto cost qreatly. Secondly, finish uni-
formity and durebliz: nuui be crgorously cantrolled since duviations can
have disest ms consequences in 1t gatfon or product Yiability suits,
Lastly, results <f tests for tiw rvaination of fYarmal.il ty are ~vciticalny
dependeri cn o Vargs aumter of variable. ond Yaboratory testing of finisy
fabric becomes an exacting and costly part of finishing develorment, and . .
quality controtl

Interest in Lhe application of Flame retardant compounds to cotton
fabrics dates back to the seventeenth cantury(”4), when clay and slasto
paris were applied to canvas used for theatcr curtains as flame retardent .
From that time until World War I1, investigations of textile flame rotarc
ants were limited to water soluble salts, even though in 1913, William |
Weary Perkin difined the requirements for flame retardant finishes in wo
which still anply Loday(25):

"A proces;, to be successful must, in the irst plice, not dawn. -
the fael or duratility of the cloth. or cause it 10 go damp as so mar
chemicals cc, and it west not make 1t dusty. It must not affect the
tolors or the desian wmven irt~ the cloth or dyo. or printed upon it
sothing {such .s arsenic, antimopy or 1ead) of'a’po-isonous nature or
in any way deielorious t6 the skin may be used and the fireproofintj
-must be peraanant, that is to say, it must not be removed even in ih
-cAse of » garment whick may possibly be washed 50 times or more.

Fyrthermores, in order that it may have a wide application, the pruc. -
must be cheap.*
Progress frum Perkin’s time to World War 71 15 wel) documented in a

book by Littie(26), which remains a classic cormerstone of our currest

knowledge on flane retardant finishing techniques for cotton fabrics. 'n
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this book, important generalizations are set forth concerning the chemistry
of fire vela. danls Fur cotton. The wutstanding effectiveness of phosphorus
is recognized; and the tuundation is laid for most subsequent work on the
mechenism for inhibiting combustion in cotton fabrics, and on approaches

to the development of durabie finishes.

It s now establisned that phosphorus-containing conpounds exert thefr
flame retardant action hy decompos ing o species which alter therma) de-
gradation roactions in the subsirate and decrease the concentration of cem-
bustible products wivile enhancing dchydration reactions (27). It has also
been shown thet piosphorus containing flame retardants are more effective
when used in conjunction with nitrogen-containing compounds (28). 1In a 1008
cotton fabric, the presence of a suffictent amunt of phosphorus (2% to 4%,
depending on fabric constiuction), preferably in conjunction with nitrogen
(2% to 6%) effectively imparts self-extinguishing behavior. When dura-
bility of the flame retardant finish is required, the phosphorus and
nitrogen must be insolubilized either 1in substitutent groups coulutly.
bonded to cellulose hydroxyls, or in a crosslinked polymer network formed
in or on fibers. Phosphorus and nitroger thus must be part of melecules
cepable of forming a threc-dimensional polymer "in sity" and/or of rescting

with the fabric substrate during the finishing process. The amount of
Tinish required to attatn the desired phosphorus content in the treated
fabric depends primarily on the phosphorus content of the "active® flame
retardant species, and on the insolubiiization yield (efficiency) in the
finishing process. The chemicai stability of the insolubiVized products
determines the amount of finish retatned in laundering (durability). Phes-
phorus compounds used in durable 1ame retardant finishes must moet the
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requirements summarized in Table 8 and, in addition, compatibility with
nitrogenous co-reactants and with additives must be considered. The essen-
tia) requirements for the tinishing nrocess include ab-ence of toxic com-
pounds, aad, preferably, the use of conventional cquipment and procedures
in the finishing plunt. The overall abjnctiven of satisfactory (or ade-
quate} fabric performance {1ncluding but not limited to flame resistance),
aesthetics, and economics must of course be met.

Numcrous organophosphorus compounds and formulations have been evalu-
ated for flame rotardont finishing of cntton fabrics over a period of 20
or 30 years. Many have failed to mect vne or more among the ciitical re-
quirements outlined, and thus have not attained commercia) status. At this
time, only three chemical systems are used commercially in the U.S. The
summry presented in Table 2 indicates the organophosphorus compound, the
other essential components of the finish (if any), and the principal
wachanism of finfsh insclubilizition for these systoms, Salient informa-
tion on the finishing processes is summarized in Tablr 19,

Performance properties of the finished cotton fabrics are considered
eccoptadle, with advantages in fabric hand or strength retention claimed
for specific fabric/fintsh combinations by individuai chemfcal manufacturers
or textile mi1) procescois. However in 211 instances, the finish stiffens
the fabric somewhat, causes tensile strength losses of about 20-30%, and
teer strength losses of abou® 35-45%, depending on the fabric construct ion
and finish add-on. Treated fabrics are self-extinguishing according to the
vertical flasmadbility test specified in the children's sleepwesr standard
(23), inttially and after 50 launderings with high phosphate detergents.
~ Aecwmulation of calcium and magnesium salts (which may occur on laundering
in Mrd water without adequate amounts of phosphate) impairs flame
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resistance. This effect is reversible and flame resistance can be restored
by rinsing witih ol 'd. uleechiny with iypochiorite, on the other hand,
sccelirates 1¢-s of fianish ard flame r-sistance 15 irrev-rsibly lost. In
teief, commercial flame retardant finishes for cotton fulfill the require-
ments out incd (Tabie 8) only in part. More efifcient oryanophosphorvs
crmounds are needed in voder to decrease the amount app'ied and, therefere,
stue effrcts and cust.. Rescarch to develop new reagents 1s continuing with
tins ohjeclive in ind. For example, results obtained in the laboratery
gy th emides of chiarnuweihyl phosphauic actd and of methy! phosphonic acid
133), (34) demonstrate considerable progress towards the geal of imparting
self-extinguishing behavior at law weight gaims.

Finishing of polyester/cutton hHlend fabrics is far less advenced. The
problem i« compler, since the tun fibers differ in their physical respenee,
and In the course of their chemicai degradation at elevated tempereture.
Flame retardant finishes that are effective on 100% cotton de met nesssser-
ily decreasc the flammability of poiyester/cotton blends--at lesst met i
terms of the results obtained in the vertical {lasmability test for self-
cxtinguishment (23). Finishes applied *o blends frem squeous solutiens tend
to penetrate cetton {ibers preferentially, and the concenatration of resctive
compounds in the cottin becomes exceedingly high. Furthermere, the coneen-
tration o7 hydroxy! groups in the totel substrate is lower in the cese of
blends {in proportion to the polyester content), and the stoichiemetry of
“he insolubiltzaticn reactions is inevitably affected by these facters.
Fxtensive research act.vity on durable flame retardint finishes for poly-
estor/cotton Dlends during the last few years has resuited in considereble
progress(35). and somc promising appreaches are cmerging even though cemmer-
cially finished biend faorics containing 508 or more polyester are aat
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evailable. Table 11 shows some finishing systems claimed to he effective
on polyester/cotton HYend . Fiame retardancy is obi. ‘ned throujh the presence
of prospharus, or Lrowiue, or combinations of these clements,  In these
finishes, compound, cortairing phos. hovus and/or Lromine are not reacted
with the substrate.  Adequate durenility to wishing iv related to the salu-
bility characteristics of the flam: retardant compound<, and to the use of
resin binders in the finish ‘ormulat ‘on. Large umounts of the fimishes arec
needed to mpart self extinguisking behavior to the fabric ind fatric stiff-
RESS 5 d MAJO1 prodhien in wosl instances.

A bromine-contatning polyester (Dacron 900F (K, a copolymer in which

part of the ethyiene giycol is replaced by the brominated glycol below)

8 Br
- ‘r\—'—t\\ \ —<,>==£=\

MOCH (Hy6  — M- ¢ OCHpCHo0H

“Q#;/ / \ﬁ__/

4

Br CH 3 Br

fs now available trom the Dupont, Company in semi-comm:rcial quantities. Whea

"esaventions!" polyrster TiLe in polyester/.otton lend fabrics is replaced

by this copriymer fiter (which cont*#ns approximately 6% Bromine), or by an
owtvalent modified polyester fiber, lower amounts of flame retardant finish
e required (o meet a . ivin flammability test and undesirable effacts on
fobric properties are reduced. The major problem then becomes ome of cest.

In swmmry, the goal of imparting durable flame resistance te 108K
ootton fabrics without significantly altering sesthetics and performence
praporties i< nox within resch. Fer polyester/cotton blends, research sust
Wntinve for some time to cone and new approiches must be developed before o
osmparable status is neeched.
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Table 4.

Effective compounds in finishing

for resistance to micro-organisms
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Table 7. Organometallic compounds in finishing
for resistance to micro-organisms

STAUCTURE
(EXANPLES) APPLICATIONS AND LIMJTATIONS

N1 cwme ROTPROOFING OF OUTDOOR FABRICS,
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Toble 8. Phospherus compounds used
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Toble §. Cemmercial chemicals for flame
~ reterdent Tinishing of cotton fabrics

INSOLUBILIZA- TRADE
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; Al e LR
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processes for

Flame reterdant finishing
cotton fabrics

CMEMICAL SYSTEM
(see Table 9) ((smm steps) A‘ﬁ!ﬁ”%
PYROVATEX CPe PAD/DRY %N-0 20-0 1-2.§
NMETHYLOL MELARINE+ M (320-350‘!);
+ACID CATALYST ,
- , F

PON (neutralized | PAD; »-40 28%8-% -5
™we) BRY TO 108 MOISTURE: .

ENPOSE TO Wiy GAS:

OXIDIZE/MASH. +
FYRlL 76 %-% 20-9 24
u-mm.l’. wﬁ-m)s
. mﬁ “ﬁ WASH.

sy .
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for polyerter/cotton blend fabrics

-

Durable flame retardant finishes

FLAME RETARDANT COMPOUNDS
IN FINISH

INSOLUBILIZATION ON
FABRIC

L

PROBLEMS N
TREATED FABRIC

—

e e SR

CONDUNSAT ION PRODUCTS OF IN SITU POLYMERIZATION (36)] HIGM % P WEEDED:
TETRAKISHYDROXYL ME T HYL STIFFENING;
PHBSPHONIUM CHLORLDE (THPL) HIGH COST.
(PMOSPHONIUM O1 11:OMER)

THPC + N-METHYLCL COMPOUNDS | TBPP “TRAPPEL" BY (37)] STIFFENING;

+ TRIS-2.3-DIBROMO-PROPYL | POLYMER FORMED IN LIMTED OURABILITY
PHOSPHATE (TBPP) ¢ITU OF DRGNINE

THPC ¢ N-METHYLOL COMPOUNDS (:u)ﬂ STIFFENING;

¢ POLYVINYL BROMIDE (PVB) 01SCOLORATION
SECABROMO DIPHENYL OXIDE + | BINDING OF SOLID (39N STIFFENING;

¢ ANTINONY OXIDC + INSOLUBLE FLAME RE- DUSTING , MNITENING:

ACRYLIC BINDER (P.44)

TARDANT COMPOUNDS .

LINITED RESISTANCE
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