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INTRODUCTION

Wash and wear finishes contain:l.ng formaldehyde are uged
on cotton and other cellulose eontaining fabrics to preduce
’crease recovery ana durable press ei‘fachg thus minimising
ironing after lsundering. To achieve the desired level of
effect, these fsbrics are treated with Iiolymerie' resins as
well as with cress—linking agent'.s, formed by reaeting formal-
dehyde with amine eompounds and their derivatives.

Synthetic resins are eonventionally classifiled ag A)
nitrogenous and B) nox;anitrogénous. The ‘nii;rogenoué regins
include 1) dimethylol urea 2) trimethylol-me lamine 3) dime thy-
1ol ethylene urea k) 'z')rbpylene uz;éa 5) triazone 6):‘carbamates
and their derivatives. The noh-nitrogenous resins include -
1) formaldehyde 2) penta-arythritol 3) butediens-expozide
L) épiachlerorohydr:m and 5) divinylsulphone. The chemiesal
structures of these are given in Table 1 . According to
Marsh ( |9) the chief advantages of the resin produets are ¢

a) Improved resistance to and recovery from creasing.

b) Smooth-drying properﬁies after laundering,.

¢) Durable effects may be impasted by interﬁlediate
mechanlieal treatment. |

d) Re duc_ed laundry shrinkage.

e) Increased dry tensile strength and greatly inereased

wet tensile strength of rayon.
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CHEMICAL STRUCTURES OF RESINS
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f) Improved fastnesg to washing and rubbing of most
dyes. |

g) Decreased water-imbibition and more rapid drying.

h) Iuproved handle and drape of fabrics. '

1) Increased weigﬁt;" :

Application and Reg,gtiog‘ .of Resin

The conventional process for resin finishing consists of
impregnabion with resin, drying .and curing at elevated tempera-
ture. Soke times an after-wash 18 also giﬂ;ren'-to fiﬁished fabries.
The acgqueous imprggnation solution generally contains the follow-
ing ingredients, (1) ’pz;eeo;zde'nsa?e (8 i;e 15 perce;it) (2) eddi-
tive (1 to 3 percent) and (3) catalyst (  to 3 percent).

The ‘purpase of the: a.ddit;iveé is to reduce .the stiffness
or rigidity by the polymerization of the resin snd to improve
the strength and sbrasion resistance. The .zeidic eatalysts
generally used include free acids or latent Lewis aeids. The

- two mzin requirements of a catalyst for the crease-registing
. process are that it should harden resin within reasgsonable .
limits of timej three to five minutes and temperatures; 130 to
160% during curing, and it shonld not interfere unduly with
the life of the impregnation bath.

Theorstical Considerations

There are three possible reactj.ons ogeuring during .

curing (Reaetions I to V, page © )y



1. Self polymerization of precondensate
2, Cross-linking of resin with hydroxyl groups of
cellulose

3. Formation of hydrogen‘bonding

The meehanism of crease—recovery is mainly explained with
polymeric net work formation and eross-linking with substrate.
It 1s quite possible that all these inﬁefactions oceur simule
taneocusly or there may be a number of gradggl ?fansitions

from one into another ( /9).

The concept of thé covalent erogs-linkage between
cellulose and resin, which has s ome similarity to methylene
or oxymethylene linkage 'in the reaction’between cellulose and
formaldehyde, was revived by Cameron ot al, (J4). The existencq
of eross-bonds in resin finished viséase was suggested on‘the
bgsis of water 1mbibiticn value, insolubility in cuprammonium
hydroxlde sclution, increase in elastieity and reduction in
extansibilit.y. According to authars, 8 greaber part of the
matarial is deposited between the molacules of cellulose 1n
the amorphous resin of the fiber; the change in fiber proper-
ties, however, is due mainly to 2 much smaller amount of
1reactant actively cross-bonding adjacent malecules. The true
picture of the crease registing effegt is probably between
the extremes of the éimpie croas;link and the interstitial
resin. It Qas coneluded tha? the modification of the fiber
involves an increase in elasticity and a decrease in plasticity,
‘and this is the basis of‘the erease recoﬁery of the treated
fabrie.
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REACTIONS AND LINKAGES OF FINISHING AGENIS

(1) Cross-linkage of cellulose with formaldehyde

Cell-OH+ACHO + HO-Cell
Reaction 1
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(2) Short methylene bridge
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(3) Polymeric net work of melamine formaldehyde
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(&) - Cross«linking of celiulose with methylol-cyclic
~ethylene-urea.

Cellulose + methylol cyecliec ethylene urea
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Rleac tion IV

(5) Formation of hydrogexi bonding :
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Benerito et al. (/0) have also dfawhvattentiqn to a
number of factors which cannot be explainéd on the basis of
‘cross—linkage'ﬁheory. They suggested a series of pointg whieh
§hould be considered to explain the meéhépism of resiliency,
the wost important of which are (a) the original overall:
hydr'ogen-’:.:b:énded network of native cotton and the importance
of the biéhtly bound watér“iﬁ‘thé)netwerkg (b) the'realization
that a new hydrogen bonded network must be .formed’ simultaneously
as the originai is broken either by use of solvents or reactants
capable of breaking and mak;Qg new hydregen bonds ifxthe‘fiber

properties of cotton are to be maintained.

© Carter (/)) suggested, that the desirable effects are
achieved by the introduction of covalent gross—lings and not
by the internal deposited polymer resulting from the self
condensation reaction ofﬁﬁhe diméthylol‘eress»linking agentsg"
All asyeets of this question have not been resolved, but it
has been shown that only & small fraction of the reagent
| which is added to the fiber is involved in covalent cross~‘

*

The reactions during a)chemieél modification have been
studied by Hollins gt al. (30). via electron microscopy. By
examining flber fragments and‘ﬁhin‘cross-sect;ons_gfter
treatment wiﬁh‘cellulose'solvépts which dissolve the unreacted
cellulose, qﬁe can 1o§ate‘the eross-linked reéions,,\Observa-

tion of cross-linked cotton in this way showed that the
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periphery of the fiber may he crosslinked before the centre.
Fibers, uniformly reacted in the wet or swollen state, can

swell éxtensively in a solvent bubt will not disseolve.

Properties Introduced by Wash and Wear Finishing

Crease recévrary inereases with inereasing percentage of
resin up to a limit, whiléi the strength decreases with increa-
sing concentration of ie-sin. There exists a simple relation
between recovery and decrease in'strength, a8 given by
Marsh ()2) and N:Lkerson (e? %)« A review of the effects of
various products on cotton fabries has been given by Nuessle

(25). According te Nuessle, for efflciency of recavery on a
basis of resin ccncentratlcn* dimethylol ethylene urea is best
followed by trimehhylol melamine and then dimethylol urea,

in all cases, the inerease in recevery was accompanied by a
"f£all in tearing strength' the resins oan be arranged in the

reverse ord.er for the loss in strength.

In a stu&y on wear life of easy-care cotton fabrics
Neelakantan et al. (Qél,) have reported that these should have
suffieient durasbility to alternate vwear-and-laundering cycles
in order to meet the str:mgent demand of eonsumers. The direct
‘method of assessing this durability by service tests, which
are tedious, time consuming .and expensive .\ Two diffsrent ways
of assessing the wear resistance of garments were suggested.
' In the first, the wear resistance has been cbtained from

statistically planned wesr traits; in the second set of data



the wear resistance is obtained in terms of the number of
repeated laundering cyé¢les. The results indicated that,
inspite of complexity of the phenomenon of wear, it is possi-
ble to draw conelusione on the wear performance of = fabrie
‘from 2 knowledge of its initial tear strength and elongation.
Theve was no need ko include the lsboratory assessment of
gbrasion resistance. Tney further suggested the need to
identify other fundamental paremeters that are related to

the fabric wear life,

Fetouh gt al. (Ib) experimented on improving properties
 of Egyptian cotton with ﬁr&a—formaiﬁehydé resin finighes.
They~§eported that,gfficiency of the precondensate depends

on urea/formaldghyde ratio. It improved crease recovery but
drbppea_tne tensile and tear strength, beeause:strength,lﬁss
increased as portion of formaldehyde was inereased., Inereasing
emount of formaldehyde were tried, aiming ©0 inerease the
effect to produce at a 1ldw gdd-on of sélid resin. They found
that ralsing urea/formaldehyde 1: 2.8 with addition of catio-
nic softening agent gave optimum increase in crease recovery

with the least possible losses in weer and tear ‘strength.

In‘a study conducted by Darwvalla gt al. (iﬁﬁrdiffErent’
catalyst systems with Nemethylecl resins were studied. Sulpha=
mic acld elther alone and in combination with other catalysts,
megnesium~-chloride, citricacid and ammonigmﬁsulphafe vas

examined., Three different curing methods were used, a) hot



air cure b) steam cure and c) rapi& cure. Results indicated
that the extent of hyarolysis of cellulose resulting from the
use of sulphamic acid is much lower as compared with that of
hydrochloric acid and more or less equal to or élightly lower
than that of both breaking and tearing strengths of fabrics
finished to the same level of dry-wrinkle recovery, improve-
ment either by rapid cure or steam cure technique is greater
than that observed wilth the pad-dry-eure method of application.
Sulphamic acid has been found to be an effective catalyst and
engbles satisfactory levels of wrinkle recovery improvement

and vash and wear ratings,

Achwal (¥ ) in a review report on'recent developments
in finishing suggested that special techniques of finishing
are necessary to enhance other wearing properties of cotton
fabries such as diment.iénal stability, ability o recover
- from wrinkles, the wear life of medium and cheap quality
fabrics for common man. For the purpose pifunct:l.onal Cross-
linking, Nemethylol type agents are widely used. To overcome
the draw backs of loss of strength and abrasion resistance

the use of film forming additives are recommended.

There are, in general, two mzin methods for modifying a
resin finishing prjdcess, apart from the use of a specially
selected type of resin, with a view of reducing the magnitade
of the adverse effects, namely, ((a) use of a softening agent

and (b) use of a swelling treatment (19).



Séfteners have been used witil beneficlal results in
respecet to tearing strengths it s probible that they aet as
‘lubricants ensbling the fibers to slip on one another and
then tzke )up the tearing stresses more or less together, the
improvement in abragion reéistanc;e and crease recovery being
relatively less. The softening agents are more often added |
to the precondensate }.iquar depending upon their compatibility.
It is also possible to use a wide cholece of softening asgents
as an after-treatment, Since thorough washing is important
to remove the exbernally deposited resin, it is also equally
‘imp’ortant to have the beneficial effect of softener fast to
lanndering. Nuessle gt al. (2b) have presented reviews which
deal with the importance of softening agents and their effects
in Qash and wear finishitig. ’ ‘

. Monerieff (2\) reported that inclusion of thermoplastic
additive in the resin hath preserves fiber strength conside-
rablys This if suitably.chosen and present in right quantity,
does not have any great e¢ffect on anti-crease properties of
cotton fabric. He studlied the effect of thermoplastic additives
namely, 1) synthetic latex@) polyacrylamide, 3) Aaerﬁflic emulsion
and &) polyvinyl-alechol. N-Methylol acrylemide was used as |
main resin component. The results showed that 0.5 percent
concentration of polyvinyl alcchol served as best _additive
quahtlity whereas other t;hermoplas‘tic, a&ditivés needed l.ébt;ut
one percent concexit.ratién. It was éiplained that 'polyvinyl

aleohol film is harder, more brittle and less springy than



others. In the curing éréssélinking of thermopiéétic additive
with the fiber and with polymerized methylol aerylamide was
‘suggested. '

In another research work. in the department Pandya (27)
studied the effect of starch (0.5%), diethylene-glycol (1%)
polyethylene glyeol-400. (1%) and polyvinyl alcohol (1%) as .
sdditives alongwith urea-formaldehyde (10%): The finishing
treatment was given by tvo step_pracess.,First, the cotton
fabric was padded with resin solution containing eatalyst ané
dried. In the second step the dried samﬁle wasurapadded with
the additive, dried and then cured at 140% for five minutes.
Samples treated with ureas-formaldehyde alongwith additives.
‘showed an increase in both wet and dry tensile strength
compared with urea-formaldehyde. Increase in break.mg elonga-—
tion was also cbserved. However a decrease in the crease
recovery angle was observed with resin-additive treatments.

In the case of starch anﬁ’pc&yvihyl alechol the decrease in’
the wrinkle recovery was attributed to the film forming nature
ef‘the additive, while with glycols the 1ubricatin§ actioﬁ vas
contributed. With resin-additive treated sauples an increase

in vwater-retention was alse dbserved.

”Breggrties Introduced bx Formgldehyde and
Their Importance ]

As eross-linking agent for cellulose, formaldehyde has
established itself because of the ease of application, ready



avallability, low cost and fastness to washing, Although 1t
has quite a few advantages, its disadvantages are also many

. 'lthe major‘ ones being adour and toxicity.
; de v
A

A
/// / Reactians with Pormaldehyde hag been studiled by Meyer
/ et. al. (20). It was found formaldehyde under acidiec conditions

‘;eaet withicellulese to produce stable methylene ethers or

el N

gfarmals (oxymethylene bridge).
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/ The stable oxymethylene bridges alters both the physiecal and

/ ghémical properties to a marked degree. Prinecipal changes
/<’{ ﬁ;ﬁélude reduction in swelling on exposure G0 water, increase
n) g ‘

%* /in elastlec recovery and stiffness.

Walker {33) suggested thatb. only a small percentage as

much as 0.1% of formal linkages are necessary to effeet

T e

/radical modifications in thQical properties of cotton fabric.

A
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B
fiThese formal linkages cannect hydroxyl groups in seperate
/

\

WGM,

ellulose chains. A ring clo»ure involving neighbouring

/ ayaroxyl groups in the same glucopyranose unit is believed
:un;zkely since the resultant depeosition of atom would lead

fq straiﬁed and complex rings. It is the location of oxymethy-

/ 'iéhe bond in the fime structure of the cellulese which is



the controlling factor rather than the chemical nature of
the bath on the physical properties.

Singh gt al. (32) studied the role of moisture in
crogss-linking rezetion of formaldehyde. The results showed
that the _‘extgnt of fiber svwelling at the time of cross-linking
can affect the cross-link distribution throughout the fiber
cross section which is in turn determine the chemical and
physlcal properties of final product.

Watanable et al. (34) also studied the role of moisture
in cross~-linking of formaldehyde. The results showed that
relation between bound formaldehyde and crease recovery was
not affected by fabric moisture content for dry-crease recoe
very. The changes in wet-recovery was reported. Wet and dry
recovery are affected when moisture content goes above 15%,
because the decompesition speed starts to exceed the cross-

linking speed at high moisture content.

Segal et gl. (3!) attributed the loss of strength by
formaldehyde cfoss¢linking to embrittlement of cotton fiber
arising from insbility of the fiber microstructural unit to
distribute stresses because of restriction of movement |
imposed to cross-links., The losses have also been atiributed
to a eoﬁbinaticn of this embrittlement together with molecular

.degradation of cellulose.
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Technioues snd Mechanisms used to Reduce
Free and Liberated Formaldehyde

The' formaldehyde conj:aining thermosettling resin finishes .
impart good wash g.ﬁ{i vear and duraible press effeets but not
free frc‘)m‘ drawbacks. The trested maferial shows loss in
s_trength and abrasion reslstance. vApart f‘;’om thege, the resin
treated fa';)rics ga.r;a also known for their chlorine retension,

free formaldehyde and fishy odour (/7).

Recently attention is drawn on presence of free formal-
dehyde in resin treat;ed: ;‘aﬁrics. Firtually all the amine-
formﬂdeﬁyde durable presgs finishes for cotton are considered
as -potential éourcea of formaldehyde. Formaldehyde vapours
are present during textile finishing, garmeht finishing so
also ;iuring distributi;m; rehgil;ng'and ﬂingl use. Liberaticn
of formaldehydg during storage :condit;ons was also reportéd.
Wiﬁh growing aWaQI"e»ness of hea;l.th hagar@g all over the world,
pi'oblems about sensitivity of human belings has been reported.
The formaldehyde 1is reportedly ées'ponéjblé ‘for most cases of
contact dermatitis from clothing finishes (1 ). |

Japan has been a pineer in formaldehyde-cellulose resear-
ches.’ They have iaid d‘oyn maxlmum specifications for the amount
of formaldehyde to be present in.the fabrie depending on the
use of the fabriec and t‘.he' age group for which it is intended
(1) The group speeifiéa{:ions of formaldehyde are as given

below



GROUP

 FORMALDEBYDE LIMIT

IEXTIIES

il

111

Legss than 1000 PRM

Less than 300 PFM

(a) Less than 75 PPM

(b) Zéro PPM

lLadies, gents and

children over garments,
school uniforms, pull-
overs, lining mabterials

Blouses, polo and open
shirts, pajamas, under-
shirts ete.

Underwears, hand
gloves, socks ete.

All textlles for
children below the sge
of two years.

Additives are generally used in resin finishing bath to

reduce rigidity of treated fzbric and thus improving the

strength and abrasion resistance. In an attempt to reduce

free formaldehyde apart from the modification of resin addi-

tives are also used. These aét as elther binder or scavenger.

The use of additives for the purpose should be carefully

considered as these may also modify the functional properties

of substrates.

Achwal et g&.'(j,) studied optimisation of precessing

conditions during finishing of cotton fabrics with Nemethylol

‘agents to get minimum free formaldehyde on finished fabrie

using different additives. In the study dimethylol urea (DMU),

dimethylel ethylene urea (DMEU) and dimethylol dihydroxy

LI
$ 9
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ethylene urea (DYDHEU) were used. The free formaldehyde content
on fabric was analysed at three stages, pad, dry and cure.
Liberated formaldchyde on storage was determined using extrac-
tion method followed by ééetylacetone method. The three addi-
tives studied for use in the pad bath were sodium sulphite,

dicyandiamide and urea. From the study it was concluded :

1. The fres formaldehyde content of commercially finished
cotton fabries with N-methylol type agents is normally
very high ( > 1500 PEM). ‘ ,

2, Washing of finished fabrics reduces the free £ ormal-
dehyde content substantially, which however, increases
on storage.

3. Addition of urea to finishing bath reduces free formal-
dehyde content of finished fabric. Spraying of urea,
however, will be practically useful to reduce free
formaldenyde,

%, Gebtting 79 PPM of formaldehyde wlll not be possible
by using common methylol type and getting zero PEM

can be met only with nonenitrogenous agents.

Andrews gt a2l. (&) studied variables that influence
formaldehyde release from cotton finished for durable press.
The variables studied were 1) influence of catalyst 2) influ-
‘ence of cross-linking agent 3) influence of available formale
dehyde and 4) influence of free formgldehyde in the pad bath.

It was coneluded that concentration of cross-linking agent



its ratio with catalyst are impoﬁtant in detérmining~forma1—
dehyde release in finished fabric. Formaldehyde release

decreases with deercasing agent concentration and increases

with decreasing catalyst econesntration. Damage from retailned

chlorine in the Scorch test was parallel to the relationship
and reflects a coummon mechanism for both relationships. For
most agents formaldehyde release cannot be predicted from pad

bath eoncentration.

In another study Andrews gt al. (V) reported a new
approach to reducing formaldechyde release from cotton and
cotton blend fabries finished for durable press and that is
the additien of polyhydroxy alcohols to the pad bath. Polyhy-
droxy alcohols used were, ethylens glycol, diethylene glyecol,
propane-diol, pol&ethyiene~glycol—300 and polyvinyl alcchol -
1400, The resin, N-methylol type along with the additive was
applied using pad-dry~cure method. The effect of differen%
catalysts, zincnibtrate, zinc-chloride and magnesium chloride
was also studied. Formaldehyde release was determined using
AATCC test method 112-1978. It was reported that at the
conditions used, the glycols do not interfere appreciably

with cross-linking reaction between methylol-amides and cotton.

Glycols reduced formaldehyde liberation values by one~half
to one-third. However investigators were of the opinion that
the mechanism invelving the reactions between the polyols,

eross-linking agents and cellulose are too complex.
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Reeves et al. (QP)“haVe studied formaidehyde release in
formaldehyde and resin treated fabries. The purpose of the
study was to determine whether 1ess formaldehyde is released
from formaldehyde tregted fabrics than N;mnthylol treated
fabrics with respect to total. fermaldehyde. The tctal formal-
dehyde analysis indieated that the dimethylol dihydroxy
ethylene urea (DMDBEU) finish may be slightly less durable
than the formaldehyde finish fabrics. Progreaszve loss of
formaldehyde vas 6bserved during repeated laundeérings with
DMDHEU finishes, whereas with formaldehyde finished fabries
rapld decrease of free formaldehyde was observed and arrived
more guickly at a low level of freeaforméldehyde. Furﬁherﬁare'
washing‘virtually eliminated formaldehyde release from formal-

dehyde treated fabrics.: .

In an attempt to reduce formaldehyde releasé in éurable
finishes of cottcn textilas, Cashen (/%) ‘studied the effeet
of carbohydrazide as an additive. Dimethyloladihydroxy-
ethylene urea (DMDHEU), Dimethylol ethylens urea (DMEU) methyl
carbamate and ethyl carbamate were used as eross»linking agent
along with zincniﬁrate eahalyst. “The introduotion of two
percent or more carbdhydrazide to the resin bath EMDE&U caused
almost instant gelling due to pe&ymerization. For pad-dr;—cure“
the samples were dipped and nipped at approximauely 531 percent
pick ups The dried samples were cured at 160% for three
minutes. With higher concentrat;on of carbohydrazide (2 percent)

the two step process was used, the fabric was treated fifst



2%

w1ﬁh cfoss-linking agent of catalyst as abeve and dried. In
the seoend step the dried sampie was padded with additmve
ﬂsolution, dried and then cured..mhe cured samples were analy-

1sed for formaldehyde r&lease before and after wash.

Cois

N,

{, i(f In the sbove study it was suggestadvﬁhat in acid medium
fprmaldehyde and carbohydrazide react subsequently produeing
Sehiff base - CH2 = NNHCONHNHZ, Fynathetically the carba-
zane readily undergoes polyaddition through methylene bridges
to form a polymer having the structure -
"0

;i;(,-CH wNmeincwﬁrH“m")ll

2
Tﬁé polymer possesses active hydrogen atom that can'bé we thy-

lated with formaldehyde and subsequently grafbed to cellulose.
Thus reducing free formaldehyde. The deecrease in formaldehyde
rg;gase,was cbserved without serious adverse effect on durable

properties or strength.

‘i. in another study Cashen (/4 ) studied the effect of
'earbdhydrazide (8.6%) sddition to commercial preparation of
unhuffered dime thylol-dihydroxy-ethylene urea (45%). The
gﬁgelarated formaldenyde release and arrest of formaldehyde
Jr;éléase was pfamoted by series of three hour incubation in a
pggeis1on scientific-foreced draft over at 60%. The formal-
ddh&de~earbohydrazide insoluble solid which was formed from
Q?mmercial IMDHEU resin was separated by use of an Aubomatic-

,s rvale super speed contrifuge, ‘type 88-3, at 15,000 RPM.

e alternate incubation and cenprlfugation was carrlied out
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without further éddition of carbohydrazide for seven times.
The modified DMDHEU-M was then diluted and applied on cotton
by pad-dry-cure method. Free formaldehyde was dstermined by
the A.A.T.C.C. sealed jar method 112-1975 with colour develo-
ped 1n chromotropic acid. Tests were also conducted, treating
‘cotton with 10 bercent DMDHEU with one percent carbohydrazide
)direatly to the pad bath. It was reported tha‘c free formal-
,’dehyde content. in both earbohydraziae applieations was reduced
51;0 243 PPM by incubation and centrifugation compared to 1 ,olm
,PPVI assoclated with conventional finish. It was further
rreported that free f’ormaldehyde associatea wit'.h a finish

/ obt;ained with the modd‘ied resin can be further Iawered if

/ »0.‘2 or Q.S percent carbazide :Ls gdded to the pad bath.

RS-

‘ ’:};;l"  Recently, Bunsucker gzt al. {?é) studied the effect of
/alkyl nitro aleohol in combination with dimethylol dinydroxy
ethylene urea (DMDHEY) on formeldehyde release properties.
The alkyl nitro alcche»l was a.dded directly to the pad bath,

vl xThe catalyst used, with a buffered and non-buffered DMDrﬂi’-E-,

7 wwg;e 'hot! megnesium chloride and zinc nitrate. &ubstantial

s,‘ /,(35 | to 59%) lowering of formaldehyde was chserved in all

\qormulatz.ons however, lower level of formaldehyde was achie-
/ /Yed with zine nitrate catalyst in both buffered and non-

4 | .j \v%ffered systems, The durable press properties of the fsbric ’
,’~ / p'eat;ed not significantly different. There was no increased

// >di\$colouration on the fsbric. The nitro alcohol used in the

/J

f[of;mulation is non-sensitming and mutagenic.



