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WET P R 0 C E S S I N ~ ( F I N I S H I N G ) 

by J. Zartl 

1. Introditction 

Unlike to cotton or rayon, the synthetic fibres (nylon 6 
and 6.6, polyester and polyacrylonitril) already have 
easy - care criteria. The imparting of special properties 
to synthetics is described more generally as "finishing". 

-~Synthetic fibre woven and knitted fabrics are usually 
···· _., finished by application of physical processes. Apa.rt from 

the setting that is unavoidable in the case of polyester 
and polyamide f::i.brjcs, finishing has the object here of 
imparting special prope=ties to the goods according to the 
purpose intended and the hence associated requireme~ts of 
the consUJr.er, or to diminish equally specific disadvantages • 

. 
The ·application of chemicals to synthetic t~xtile materials 

• has now attained consider-able importa11ce. The number and 
reactivity of the functional groups in synthetic fibres is 
less than in cellulose, so that these chemicals are frequen~ly 

· only denosi ted on the fibre or they are caused to'. react, 
~4t whereby. the Qolecular size is increased. A chemi~~i bond with 

the substrate is often doubtful. 

It is therefore more difficult to attain permanent effects 
on synthetics th::i.n it is with cellulose which frequently 
undergoes a chemical reaction with the applied products, as 

in resin finishing. The finish effects obtained on synthetics 
are more pe~manent when the chemicals can diffuse into ~he 
interior of the fibre and diasolve in the substrate. Hitherto, 
this was the c3se only in dyeing and optical brighteninJ, 
more recently, method~ based on this principle have been 
dovaloped to prod.ice permanent fini:Jh effcc·ts. 

... . . . . 

but, 
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The chemicals which are used can be devided into two main 
groups: 

1) Textile Proces~in~ Ai~~. 

These nre products used in the processing of tc~:-tile fibres 
y~ns aad fabrics prior to d~'eing and finishin&. They include 
such t~ings as wettin~ agents, lubricants, emulsifying agents, 
antistatic agents and detergents. About this group we have it 
heard during the prece~ing lectures. 

2) Textile Finis~ln~ A~ents • 

.. J. ___ These are applied to scoured (washed) woven or knitted fabrics 

to impart a particular type of finish. Such agents include 
water repellants, softeners, stiffeners, 11 was:1 wear" resins 
and others. 

1."'.iy lecture will deal only with the secona group, the group 
of the "wet processing" • 

.:_ ... ,-" 

2. Washi~rr Processes ~nd ~e~ ?~oce~sin~ 

2.1. General Asnec~s 

,. e The "wet processing" begins after the dye has bee~ bonded 
\._'. to the fibre by steaming. The thickenings and the· sur:,plus 

dyes a1 .. d chemicals mu3t be removed by wash5.ng. Concerned 
are vrater :Joluable or unsoluable substances such as pigr.1ents 
or oils. 

These processes can be continuous vr discontinuous washing
processes vii th a high speed of the goods, short con·~act
time and a rel~tiv low bath-ratio. 

It appears to be moot successf~l when the washinB processes 
are broken down accordine to the steps at which d. particula:.' 
particle is tJ be removed, 

.. .. , .. ·, 
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Fi~re 1 

• P r e c 1 e a n 1 n g " is the first washing process of 
the untreated ioods (raw ma:terials) 

• I n t e r m e d i a t e - c 1 e a n i n g " follo 1us after 
the bleachingproceszes. 

The further " i n t e r m e d i a t e - c 1 e a n i n g s 11 are 
used after the dying and printing process in order to remove 
nonbonded dyes acd chemicals to increase the fastness. 
The " P o s t c 1 e a n i n g '• is one of the last steps 
within the finis:iing processes with sriecial treatments. 
By this process the synthetic resin particle is removed from 
the surfac~ of the fibres after the application in tae 
finishing. 

In the washing of the modern continuous units; the full 
widt~ washing units, the dwell-ti~es are often on!y seconds 
long. Therefore t~e characte~istics of the fibre are 
important in the determination of the len~th cf ti~e in . 
the:wash bath. It is most importar.t that the fibre, fabric 
or yarn in use shall oe rapidly and uniformly ·:1etted. Wate'!' 
may not give a sufficiently rapid and ev2n result and therefore 
certain products are used to in~rease the speed of wetting • 

. '· :•. ··•.1 
The wetting-agents or detersents have many dutie-3·: 
(wetting: emulsify.;_ng, dispersinz and so1:1.-sup:porting-abili ty) 

The substanc0s '.".'Lich are used and whose molecules consist of 
. one hydrophobic and one hydrophilic part are signified by 
certain properties. 

Figure 2 

In the wash-bath, thn hydrophilic parts are surrounded by 
watermoleculeo, while the hydrophobic part & ... tempts to leave 
the watczymedium. By this orienta·tion of the molecules the 
suriacc-tcnnion of the water and 1nterf~cial-ten3~on between 
water and textilGood are de~reased, whereby the wottine is 

.. ..... ·, 
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made pos3ible. 

Figure 3 

In the washing process, the interfacial-active molecules are 
orientated to the hydrophobic foreign body, and also the 
hydrophobic deter~ent-parts are orient~ted to the t~xtil5ood. 
In order to make a washing-procedure possible it is necessary 
that the foreign bodies be e lim:i.n.ated from the textil. This 
procedure takes pl~ce in several places althou~h it should 
follow spontaneously • 

.... <itFigure 4 

This procedure has the effect, that the foreign bodies on the 
fibres are pushed together in b2ll shaped drops in the wash bath. 
These drops are tb.~n v1ashed away by the r.iechanics and tu.rbulence 
of the wash-bath. T";1ey are at the sam.e time eoulsified in the 
wash-bath. Anionic and :ionionic Agcn"!;s are used as deterge:its. -· 
Anionic agent: 
Representativ~ cocpounds are shown on Fi3ure 5. 

j Nonionic agent: 
~ On Figure 6 

In the last twenty years the nonionic agents h2ve proved 
themselves very useful in textile finishing processes. They 
have a very eood pigment-washing effect. The number of ether
bridges determines the watersolubility, respectively the 

solubility in oil. 

Along with the deterzents a certain amount of e~ergy is 
necessary in removal of the foreiGn bodies from the substrate. 
Water itself is a very imporLan.t factor in the tra.nsport of 

' I 
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enerzy. It is sup:ported by the actual mechanics in the form 
of squ~ezing, rubbing etc. whereby_ the r".?sult of washin.?; L .. 

positively influenced by the raisi~e of the washing te!nperature. 

2 2 , ... h. u . t • • ,;~S. l.n~ Ill. S 

One sees that the rinsing of water inscihble materials is an 
excepticnally complex procedure and that thera is no stand~rd 
description. Experience and the enjoy:nent in experimentation 
play an important rolL in this procedure as in cany other 
finishing pro::::esses. The equipr;ient has a very import~.nt 
influence on the cf feet of :::ashing. ';'raen can choose he tween 

---~-· two types of washingunits. 

The "rope" washing unit and the "full - width" - w: shi~g unit. 

"R o u e" - washin~ unit: 

The goods run as a rope through the machine and are creased. 
The goods can therefore not have a high crease-sensibility. 

"F u 1 1 - w i d t h " - washi~~ unit: 

Puts less stress on the goodb since they are not creased 
1n the washing. In order to have a good ·::ashing-c.ffe~t the 
unit 1nust be of lar~e de:.1~i.1tion or. the .;i:}chanica~ tre::?.t.::e::t 

. .. 
of the ~oods must be intensified by additionql equipment. 

Figures ·. ; 8, 9. show a 11 r o p e - a - m a t i c " 
·Possibility exists for different washing and rinsing baths. 

The continuous washing-unit was developed from the winch
beck and is supported by an auto1~iatic rinsing-equipment. 

Pu 1 1 - width - washing unit is shown on Fieures 10, 11, 12. 

·, ·~ 
. '' I 
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The effect of wash:ing is increased-bi addition.al equipment 
as f. e.x:. "Turbonators". 

Figure 13 

After -:.he washing, the te:.....tile is mechanically drained and 
t~en dried with warm air. Since the drainage is cheaper 
the the drying, the drainage must be for economical !'easons 
opti~ized, so that the drying is used as seldom as possi~le. 
A good finisher will always try to treat the drained goods . e further ( ·.'let on wet process) and leave the e::;:pensi v~ drying 

· process for the very end. Because of the rapidly_ incre~sins 
cost of energy, this wet on wet - treat::i.ent is no·:1adays very 
important. 

In the drainage-pr~cess o~e uses the squeezine-press~re 
of rolle~s, the cc~t1ifug2l po~er or the suction-air 
{vacuup) for reraoving the surplus water. 

- .: ... --

The principal of a sqaee~inz unit is t~at the flatly laid 
textile is drained as it passes between two rubbe!'-rollers. 

. . , 
'.,- 2.4. Pie}: uu :~··."~ 

If we want to "finish" - the material, we "pick-up" in t:'lis 
step a finishing agent on a dry (or wet) fibre or fabric. 
Usually, this is an impregnation of the fabric in a (aqueos) 
solution of the finishine agent on the pad. 

Figure 14 , 1 5 , 16 • 

The textile is passed through a horizontal bath of finishing 
agent and then through a pair of pressure rollers, which 
control the pick-up of agent and, at the snmc time, enoure 
complete impregnation with the minimum of solvent. 

, I 
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Furthermore there is the pos,ib~lity of applying the 
finishing product to the text~.1 by. coatinz, brushing or 
sprayine. 

2.5. Dryin~ 

The final dryi:ig vii t;1 wa1·m air must remove the re::.:ii:ling 
water. The textile shoul.d not be ove!'dryed, if n'l.tural 
fibres are present. The drying tem~e!'at~re, the direction 
or the air and the speed of the air, are aJl important 
for econor.iical dryin;. There h3.ve been r:!~ny new dicoveries 
in this field in the last ~aenty years. 

Drying ra~chi:ies ~~y be divided into three types, 
(a) drying cylinder3, 
{b) stente:cs and 
(c) hot air stoves. 

Drying Cyli~de~s. This equipaent consists of a battery of 
ste~~ peated metal cyli:iders, the clot~ passing fro~ one 
cylinder to another in cont~ct wit~ the metal su~face. The 
steam pressu!'e used is low. (0,7 At; 115° C) and a range 

containing 20-30 "cans" or cylinders is corru!lon. 

A Figure 17 
4 .. '-...... ~ 

. '· :•"" ·u.1 ... 

Stenter Dryiri.[.:_ Stenter drie,.,s consist essentially of two 
p~rallel end~ess travelling chains on which are mounted a 
aeries of clips or pins which grip the ~daes of the c:Jth 
and carry it into a hot air char.'!ber. The selvedges may be 
gripped by eit~er clips or ~ins fixed to the travelling 
chains. As the cloth is held ~the cdaes only, hot air 
blasts ~ring about very rapid dryinG and water vapou~ is 
rapidly removed from the vicinity of the f~bric. Sin~e the 
dist~nce between the chainLJ can be controlled, dryina can be 
carried out at predetermined wi~tha whilat warpways dirncn~ions 

•, 
.. ·,· 
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can be controlled by adjusting the ·tension of the cloth 
es it enters the stenter. As the b~dy of the cloth dces 
not make contact with any surface during drying, its 
appe~rance is unalte~~d and the lofty, fuller handling 
properties of a fabric are maintained. Cloth can be dried 
at c ntrolled temperatures which may vary between 65 and 
220° C. Air cushon dryers do not need clips or pins. The 
cloth is carried by a special hot-aj r gui - i..1g. 

Hot Air Stoves. The simplest form of ~ot air stove consists 
of a chamber carrying rollers along the top and oottoia. The 

-~ cloth runs ap and down the stove over the rollers, and is ... e dried by circulating ::iot air v1hich is usually heated bJ 

closed steam. coils. There is little contact bet\·1e~n the clot:1 
and any sur.:'ace (IIie:raly the rollers surf:~ce3) and so ..i:l::?.tteni~g 

effect f')f can d:::ying is not obtained. ·~:ie re is no ·,·;aft tens ion 
device, and ti.sually so!le stretching results fro:!l the tcr..zioned 

condition of the cloth as it passes over the rollars. 

Figure 18 shows t~1e entr2nce section oz a. ste 01ter. 

FiguEe 19 give~ a survey of the stenter-dryer. 

: There are also other drying-syste:;1s such as over beated steam 
·~ or direct contact-warmth, infrarec.:.-litjhting, but .th,ese systetas 

are not so universally applicable. 

,2.6. Curinc;; or Bak~n~ 

For satisfactory working, a machine is required w~ich will 
operate continuously at temperatures as hi3h a~ 150 - 160° C. 
Lower ternperatures car.. be used dependin~ en the type of finish 
and time of bak:ng and dry heating is, of cours(:, essential. 

The most common bakinc machine consists essentially of a 
simpla hot air stove carry~.n~ rollers top and bottom over 
which the cloth pa3ses. The necessary heat is supplied by 

high pre9sure steam, Gas burners, non-glow electrie heatina 

.:.· 
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elements, or a combination of these. In such a drying and 
curing unit, the drying time at 110-140° C is JO seconds 
and the corresponding curing-temperature of 170-185° C for 
30 seconds. The denired rate of productio~ in such a flush
curing-process is 18 m/sec., if t!le stp·.1ter has a length 
of 18 m, 

FigUre 20 

2 7 lf h "" . 1 li'i . h; • • l •. ec ~.:.nica __ n1s ._n.!?' 

It must be rerr.e~bered that in many cases the appli~ation of 
finishing agents is only a contribution to the final fi~ish. 
Apart from the mechanical ~ff ect p~oduced by different drying 
machines, e.z. c?ns and stenters, the finish produced on a 
fab!'ic can be conside~ably rr:odified by mech~nical t:?:eatE:.E!lt. 
However, a~art fro~ the thin, highly lustrous finish given 
by calendering, the re are 1:1an~r n:achines used in the finishing 
trade which are e1!!ployed to pro C.uce the fir~::il effect. 
Scheinering machines are used to give more dura~le and less 
"highly polished " lustre than is obtained by calenc.lering. 
In addition hydraulic i:~esses, er:i.bossing machines, re.ising 
machines and many others play a ve-=y irc.l1ortunt part in· 
finishing. Whilst many of these machines are lone? established 
they can be used with adv£!.nt3ge alon0 with finish.ing a[;ents, 
as for ex2.mple in the production of duraole JJ.azed and durable 
e~bossed effects. 

3. Ftnishin,z of Synthetic Fibres 

Mox·e recently, woven and knitted fibre fabrics have increasingly 
been finished by the application of chemicals. S•tch are: 

3.1. Filling and St!~fenina Finishea 

A stiffening fini:::;h is of ten required for certa.in polya1nide 
and polyester materials, such as those used for collar 

--~..,.., 
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interlinin~s, petticoats, lacework, tulle, or trouser 
abrasion tapes. Methylol-ureas ad~ere very Vlell to the 
smooth surface of the polyamide fib~e and im~art a stiffening 
effect. At the same time, they reduce the slipperiness of 
the smooth polyamide fabric. Too rouch a surface, which can 
cause "chalkin~", can be satisfactotily prevented by usin[; 
of an anionic silicat or specific non-ionic oxyalkylation
product as a smoothing a.sent. 

During the last few years, synthetic knitgoods have inc~eased 
very much in importance. Texturized polyester, polyar.:ide and 

(' 6 acrylic fibre materials are used mainly ih the g3.rEent industry, 
\ ,''• -- · where a finish that improves the wearing properties of these 

lnherently easy-care materials is der:ianded. In the majority 
of cases, depending on the nature of the ~aterial, effects 
such as ereater fullness or resilience are sotight. For inst~nce, 
the application of filn:-fonr..ine; ~ cz-yla te dispersions ei ves a 

fulJ~r material. 

Softening a.Gents are intended t0 impart a pleasarrt hanole 
and srri.oothness to the tre~ted r.1aterial. At the sar.ic. tin:e, 
a great majority of these products also modify the fullness 

- 1 

:·~.C. of the handle. :•.-';·•i 

There are no objective scales for assessing the handle of 
~fabric. This situation has led to a multiplicity of ratin~s 
for designating the handle. In the case of softening agents, 
the m.ain criterion in the actual softness, as opposed to 
stiffness, and the surface smoothness, that is, low friction 

characteristics. 

Another criterion is the elasticity (supplencso) of a fabric 
when subjected to eloncation o.nd comprec!Jion. Althouch there 
are inotrumcnts for testina this property, 1t is customary 
to aoscss it by hand. 

-. ____ ..,... 
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There h~s been no l~ck o! attempts -to devise a suitable .r.iethod 
of test for obtaininr; objective and re1>roducible nwnerical 
values so as to provide eenuine comparisons. Up to no.,, hottever 
no satisfactory solution has been found •. 

In many cases, synthetic materials are required to have a soft 
handle. Various softening agents are available, depending on 
the desired h_andle and on the material. Gener~lly, the nonionic 
aoftenine agents (polyethers) are used in conjunction with 
N-methylol compounds. These products can be used on a ~ide 

variety of cloths, 2nd they are highly compatible 
products in finishing baths. A silk-like, scroopy 

be achieved. 

with other 
handle c:?.n 

A great number of products of varying efficiency are mar~:eted 
by different firms for use as softening asents. The choice vf 
any particuler agent will depend, of cou~se, not only on the 
effect sought, but also on the price and efficiency of ti1e 

agents available • 
.. .. -: 

As is well-kno·;m, synthetic fibres and fil£.:r.ents pos~ess 
relatively little water absorb~nce. The ;olya~ides take up 
about 5~~ v:ater and thus bei1ave :no!'e favourC!bly thap. polyes-cers 
with only O, 5~~ equilibrium moisture. However, when polyar.1.ide 
underv;ear comes into direct contact r1i th the skin, it can 
b~co~e very uncomfortable. To ioprove this situation, such 
textiles should be given a hydrophilic ~~nish. 

In general, products based on modified polyamides, arc used 
for this purpose. These products do not Lla.ke water-repellent 
textiles more absorbent, but t~1ey do reduce the cohe~ion of 
the water so that it spreads itself out over a larger area 
and thus evaporates more rapidly. This m!lltes the wenring of 

such ma.terio.l~ more pleaaant. 
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3. 4. Water P!"oofin11: :!nd '.=!::i. ter Renellent ?inishin~ 

Water resistant text.1..les can be gr.oupcd into tVJo bro~d 
clc.sses, name::;,,y the water i11:pervious conte~ (Water Proof) 
type in which the interstic~D bet\·!een the yarns are com!:1letely 
filled up and the so-called ;·mter repellent ty:pa in which 
porosity and air permeability of the f~bric are preserved. 

In this first groui:; fall rubber and plastic coated fabrics 
which are made by applying a succession of very thin films 
in the form of a soft, sui·tably com:,1ounded dough, and 
aften·rards heating to cure the coating. An alternative method 
of mP.nufacture is to bond t..,·;o l~yers of fab!'ic with a ru".:ber 
adhesive. The .fabrics e!:i.ployed in these processes 2.:oe usue.lly 
ccmposed of cotton and n:.ore recently also pol~·ester. 

Fabrics of the lea-:;'!1.ercloth type can be classified with 
rubber coc:.ted fabrics and find r;c.ny a:p::plications ~s water 
imperrr.eable finishes. Leathercloths are rr..aC.e by coating a 
cottoq or synthetic fibre non-woven base f~bric with a oil 

.. If - • 

of the liLs.re1 oil class; polyvinyl chlorice, a~~ylic or 
polyurethane; these coatings when dried a!'e converted to 
tough pliable filrr.s. Such coatings are used for boots, 
garments, upholsteries and for the big blowable tents • 

. '· ;t. , .... -.. 
"Water-repellent" finishes are those which resist surface 
wett~ng by water, but which do not impair the air porosity 
of the fabric. Water under presnure, water vapour and air 

can pass throu~h the cloth. 

The properties exhibited by water-repellent fini~hes which 
make them of value of prevention of water clinging to the 
surface of the fab.:ic and delaying wetting of the surface. 
Theoc are due to surface tenDion effects, i.e. to surface 
forces at the fabric-water interface. This surface tension 
effect acts as a barrier which aradually loses ito effectiveness 
on continued con ta.ct of the fabric with water, the.- time taken 

---=i 
I 

I 



. : 

...... e 

13 -

to s.rrive at the stage .where water.penetrates and wets 
the fabric being der:endent upon the nature of the surface 
finish, the fibre from which the fa.bric is m.~de, the fabric 
31iructure end the presence of any contaminants (e.g. dirt 
picked up du=ing use). 

A variety of method"' is available for rendering textiles 
water-repellent, the .Methods having 2.E ti1.eir basis th.a 
ap~lication cf waxes, fatty bodi~s of metallic salts, or a 
combination of these substances. 

The application of paraffin wax alone im9arts only mode=~te 
water repelle:lcy unless :?."elati vely high qun.nti t:i.es of wax 

are used. This is of course undesi~able in the c~se of 
clothing fabri~s because of the greasy handle 1::-hich results 
and the ease \"Ii t~ which the treated fabrics pie~:: t~p dirt. 
However, it is not~mor·:;:.y t:-iat if t:1e fa'Jric is first 
treated wi ti1 an alumL'lia.~ salt, an excellent J.'ini:d1 can be 
obtair ... ed by the subsequent use of relatively s:nal:. amounts 
of war. The modern types of aqueous paraffi:l waA: emulsions 

- have excellent stability. ·,'/hen sui tab!y c.lilu ~ed with water 
and used i~ conjunction with altir~ini~m salts in one bath 
give highly effective results. T:ie final d:L·ying teml··e ra tn!"e 
should be about 120°c if best results are to be q?tai~ed. 

;~- .·".J. 

All the water repell€nt finishes produced by the use of Wu.A 

have little or no resistance to washing and dry cleaning. 
All the finishes bas~d on paraffin ·uax _e.nd allied fatty 
bodies are virtually destroyed if the fabrics to ~1ich they 
have been applied, are wa.s:'!.ed or dry cleaned. t.rany people 
who have had rainco~ts dry -~leaned will substo.nti~te thin. 
The inclusion of ztrconiurr. .alts as metal components results 
significant n.dvanta.ecn as coinpo.red with :products containin~ 
aluminium salts. 

... 
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Resin-forming or reactive water-repellent :!~ents have 
rernarl<:able -mish res ist:ince. Rese~rc.h hm; shown th;J t a 
combin.a tion of water-repellent co1r..~1ounds with crosslinkin8 
agents 11arkedly Ln~>ro·1es the water-repellent e~·fect on 
cellulosic fibres as a result of simultaneous reduction 
of swelling. Trials were then carried out to use as 
water-repellent fini3hinz agent.s N'-metl1ylol co1:1pounds 
substituted with higher al:ry~ residtl..es. Of the coillinercially 
availai:>le products of this group, those ba3ed on met'hylol 
mela.I!lines or .:nethylol ureas with hi~her fatty acid sub
stituents have established the~selv~s in the textile inaustry. 

·· .:. - An Ii-r.ict'hylol urea substituted wit~ higher fatty acid 
subs ti tuen·~s !1as the following cons ti tu ti on: 

_,,,,,, · . 
.... ---

R =fatty acid residue, e.g., c17H35 -CO-

Products of this t~rye impart to textiles of native cellulose 
regenerated cellulose or their blends with synt~~tic fibres . . 
an excellent water-repellent effect with very go6a resistance 
to washing. If these products are co;:ibined 'iii t:1 ~~-;1~et~1ylol 

compounds, the water repellency and the wash resistance 

improve still further. 

Finishes with silicone compounds have become very sirrnificant. 
Silicones can be used for water repellent finishin~ of all 
types of fibren; and they offer, in addition to superior 
values of v1ater repellency, the important au ... 'antnze of im

parting a smooth, "silicone" handle. 

'/ 

---~-, 



I 

' 
- 15 -

Pract-=..cally all COCffiuerci;:i.1 silicor.e ·.n1ter-repe}.lent C.Gents 

contain polymerized siloxanes, i.e~, hydroe~runet~yl polysilo~an~ 

or dimethyl polysilo:~anc or blends of both types in aqueous 

emulsion. 

H H H 
I I I 

-Si-O-Si-0-Si-0-
1 I I 

CH3 CH3 CH3 

Hydrogenmethyl polysiloxane 

CH CH CH 
t"· I 3 I 3 I 3 . it -Si-0-Si-0-Si-0-

/'. 

1 I I 
CH3 CH3 CH3 

Dimethyl polysilo~ane 

The emu.ls ions also often contain zirconfum .3al ts; so:-!1eti!r.es 

zirconi'..l!'.n. o.::· tin salts are also added to t:1e liquor. Addi ti on 

of zirconium salts has the :purpose of sui taoly arr~:~eing the 

met~~i groups of the silo~ane molecules on the substrate to 

prodv.ce an opti:!!u1n v;ater-repellen t effect; thd tin sul ts 

prot'lota fu:-ther crosslinkage. Excellent ~csul ts have been 

obtai:ied ":Jy cros3li:ikin.g hydroeern:..et:1yl polysilo;~ane wi t"h . 
epoxy resins in :pln.ce of metal salts, because thes·e o:Ztan 

impair the rub fastness of disperse-dyed shades. 

J.5. Oil-renellent ?inishing 

Although this type of finish is expected to have a relatively 

extensive field, it is not yet ve~y popular in practice. 

The reasons mny be those connected with the costs involved. 

Oil-repellent finishins should not be connidered alone, 

because, generally spenlcin~, it is carried out in cou1bina ti on 

.. .. 

1 
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. 
with water-repellent finishin~ and ~ossibly resin finishing. 

It is u::>ed primarily on upholstery material, cover3, linit1g 

materials, basi'::: !'abric .for convertible root's in the 
autor11oti ve indastry, tablecl·:>ths, ou ter\:ear, and textiles 

for military use. 

The products. used for oil-repellent finishi:i~ are com9cmnds 
that contain flourinated hydrocarbon ch~ins in their Iaolecules, 
e.g., Scotch.;ard :::?C 203 (3~\I Conpany) and Zepel B (Du.Pont). 

····9 Reactive, resin forming -.·:ater-repellent a~ents can be used 
successfuily wit~ speci-:.1 perflour coI.1:!.JOUnds for combined 
water- and oil-re~ellent finishes. This ~rocess is beco~ing 
more popular, pa~ticula=ly for soil- a~J stain-re9ellcnt 
finishes on oute=·:;e:?.r. It has been .found that a resin-~orr:ing 

water-repellent a~ent not only prod~ces a good ~ater-rapellent 
effect but also i~proves the oil- and fat-repellent effect 

of_ :ceFfluorine CO!~]oun.<is. 

3 6 • t• 7.>·11· ~· .. ~ • ......n .1-.i: i l.r..r" ~ l.!1:.snes 

Pilling is an unpleasant phenomenon associated with spun 
yarn fabrics, es~~ci~lly when they coatain synth~tics. ?i~res 

.~ are released fror.i the yarn by bendinG anci abre<>i·o·~', 9.nd t:iey 

combine to~ethe~ at the surface of the material to for;n knots 
known a~ "pills". Th~se little lmots contain fibres th<lt ::ire 

.. still partially embedded in the yarn, so that they are secured 
to the surface of the fabric. ~esin-finichin.:; fand:lm~ntally 

reduces pilling, but, in acdition there are also the anti
pillin3 synthetic resin dispersion3 (polyacrylate3) that h~ve 
proved hiGhly satiofactory; their wash fastness is irn1n·ovl .. ~ 

by the preoence o I: cros:3lL111cing a.gents. 
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With synt!'letic textiles rmd e~pcci-n.11;,r with ~cni "t,:jOOd$, t:1e 

abrasion exp~rienccd llu.rin~ une c:i:n c:tU:113 i;_1diviCiu:.:i.l f:i_J_ , _ _.;i(~'tts 

to -.-1ork tlH:;w;~lvE::~; ou~ o:L i.hc yarn L'..lld vc:i.l ov~-!~ -!;h~ knit 

patter~1 <ls a .linG. of pile of varying density ( cf. Fieu,re 21, 

left). The te::rm "pic!;:.ing" is us0d. 1.'o::- ~his e:fl'ect, .,.,hich 
producc.:.:s a fluff~, ur..attr[°.ctive appearance on the garment. 
Even less pleasa!1t is the drawing out of filaments or y<:!.rn 
loops onto the surface of aaterials made o~ film1ent yarns, 
when the garment catches on pointes or rou~h objects (cf. 
Figure 22). Such drawing out of thre~ds is kno\·m as "snacging" 

.. ~-- and it can soon rake the gar;-;ren.t \·:o!'t:1less. Pic~~ing and 
snagging 2.rise &11 the mo!'e quic!-:ly, the more open the v;eave 
and the bulkier the yarns. !':rri t goods made of tex:turized 
filaz::ent ~·arn.s are therefore the most ex~os~d. to the danger 
of pickinG and snas~ing. 

'\..~ 

Thus, the finisher is faced with the tas1c of "cementing" the 
.fib;ps within the yarn with a finish so thzt the draGeing 
out of fibres or fila~ents is ~ade more difficult, but the 
handle of the goods L.ust not suffer thereby. This can be 
achieved ~articularly ~ell with special polyacrylate 
dispersions. 

J. 8. -A~tistetic Finish 

All synthetic fibres, have a tendency to accur.~ul:ite electrostci.tic 
.. charees. These electrostatic charges c~use difficulties during 

processing of su.C'h textiles and also durin~ their use, and hence 
an antistatic finish is usually required. Static charges are 
lareely dependent on hmr.idity. For this reason, an antistatic 
finish of cellulosic/syn~hetic fibre blends is alway.a beneficinl 
when the humidity i::: low, whereas under hi~h humidity conditionr;, 
such a finish may sometiMes be unncce~sary • 

. .. 
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Synthetic fibres are ziven nn antistatic textile processin~ 
aid or spin finish already durin~ .their ri:o.nuiacture. This 
finish, however, dissolves partial in subsequent wet treat
ments. An antist:-.tic :r::.r:ish is therefore important durin~ 
or after further processing in o!'der to facili tute ~arn~ent 
manu.f~cturing and to ir.1:.;rove the wearine properties of t~.e 

ga::r.ent. 

In view of the laree variety of antistatic agents on the 
market, it is difficult for the finisher to selecli a :f:roduct 
suitable for his r.articula!' article. Available are cationic, 

.. ; :9 nonionic ~nd anionic products. 

It must be considered that al.most o.11 of these ~!'od~cts 
infl~ence tbe haadle of the goods and also so:r.eti111es that 
their effect has only li~ited ~~sh resistance. 

Per~anent antistatic agents are based on the physical 
prin~tble of therrnosoling under conditiones sirr~ia!' to 
-those for dyes. This grov.p also h~s ~ good soil-rele::'.se 
action, ~hich is equally as per~nnent as the anitstatic 

effect. 

. 1 
• ... . ,..1 ... 

The tendency of synthetic fibres to soil is ofien a result 
of static ch3rges on the fibre. Dust hes approximately the 
same runounts of positively charges and negatively chnr~ed 
particles. A positively char~cd fibre will therefore attract 
neee.tively charged dust particles. The object of antistn.tic 
finishing is to impart to the fibrous lliaterial propertieb 
that make it electrically neutral. If this is achieved, the 
soiling tendency is reduced. Some anti~tatic finishing UGenta, 
however, produce a tacky film, to which soil adheres deDpite 
the good antistatic effect obtained. Thus, soil adheres to 

.~· ' 
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the fini~;hed f~=?-bric I?lore than it doe$ to the unfini:.:;hed. 

?roducts that Give the 1;iaterio.l stiifne~;s and smoothness 

prevent deposition of soil ~ore efficiently thon antistatic 

finishing a~ents th:!t produce a so.ftenin:; effect. Soiling 

is reduced by antistatjc finishing aGents that produce a 
non-tacky film, al thou0h the handle may become somer:irn.t 
scrcopy. 

4. The Finishin·,. of ?ibres ~1-~nded ni th Synthetic :?iores 

4.1. General I~for~~tion 

The arrival of the synthetic fib:-es provid.ed the textile 

industry Hi th sor1e r-ew f::..bre n;ateri<.!.ls with remarkably 

good prope~ties. Fibres of different types were blended 

to proviC:e coL'::>inn.tions of prop€rties th~t nc one kinci. 

of fibre can exhibit. Ele!lds of c~llulosic and syn"!;~1etic 

fibres ~ere particularly successful. miile wate~ absorb&nce 
and the ability to transport moisture c:1~rac-'.:e::-ize 

cellulosic fi briss as regards \'!ear cofa:'o.rt ~:1d le·:; 
1 ... ..L t . h tb . ' ... . ~ . , . e ec ... ros i..a ic c" r.:.r5e, .e syr.:t.:1.E 111.C .:iores 1ri1prove the 

durability a~d the easycare p~o~erties of ~ate~icls. 

This possibility of cosoining certain properties is, indeed 

the basis of <i.Uite a nLur.bcr o:: v1ell-knorm fibre blends, 

but blends of 9olyester with natural end recenerated 
-1 

cellulosic fibres enj~y ~articul~r popularity. · 

In the case of ~hite eoods, the finishing of synthetic/ 
cellulosic fibre blends generally proceeds in two steps 

in orcle.c to impart optimum easy-care properties to b-;>th 

components. First of all, the synthetic fibre is heat-set, 

whereupon the celluloBic fibre is resin fini~hed. If the 

flash curing process is used, and the tem9erature iz 

sufficiently high, hea. t-Gct ting and cro~rnlinking CL'.n be 

carried out in one step. This procedure has proved particularly 
uacful with knitcoods • 

.. . , .. 
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4.2. P.esir..-:!.i'inishinr.- of Cellulosic/Polyester Fibre 3ll:ncls 

In !)rincl.ple, there ure t·.10 funCi.r:.n;.entally clif.l'erent net:1ods 
of finishing cellulose '.'Ii th <'heuiculs. The" first rnethod 
consists of depozi tine a lo\·;-rr.olecular-wcight chemical by 
polycondensation in the form of a high-molecul~.:.r-v:ei.:;ht 

elastic synthetic resin on the fibre. Thio involves no 
fonuation, or hardly any formation, of bonds between the 
resin and the fibre. TC..e secor.d.1~ethod uses a chen~ical that 
does not undergo polycondensation. This c~ernical is made to 
react with the cellulose, resultin~ in its raodificn.tion. 
In this reaction, the reactive eroups of the crossll.2~L6 

agent fc :..· .. • crosslir1~L~,;.;;3 with the hyclrox:-fl grou~s o:;: tl:le 

cellulose, with for-wa ti on of stl"!ahle e.to:r.1ic bonds between 
different cellulose r.:olec1.A.les. The term "resin fini$hin;" 
is, the~efore, not quite cor~ect in this case, although it 
is often used to cover both cethods of finishin~. I~ fact, 
thoue;h, both kir..ds of reaction i.12_y oc~:.A.!" toc;ether. The resin
finishing chemicals can be Sl..<.bdivided ir.to 11 self-c:~:osslin~cir..g 

agcr1ti11 and 11 re~ct:::..nt ty:pes", deper.dir.g on which of tte tvro 

re~ctions predomin~tes in the condensation reaction. 

Crosslinl~.:.ng of cellulose reztricts the possibility o: the 
chain rnolec\;.les being displaced. The hichl;y valu~d p:ropertiEs, 
such as crease recovery and dimension~! st~bility, are i~
proved acco::-ding to the degree of crosslin!dr..g. At -~ '1.e s8.me 
tin~e, the extensibtlity of the fibre is diminished to a greate!' 
~r lesser degree. This becomes evident.in the fibres becoraing 
somewhat mo:re brittle with a consequent loss in abrasion re
sistance, tensile strength, and tearing strength, again to a 

varyinG dceree. 

Deco.use of its different morphological structure reeenerated 
cellulone docs not behave quite like nntural celluloDic fibres 

towards resin finishing • 

. ' 
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Compared with cotton, ~1e regenerated fibre has a considerably 
higher water retention, ~nd this is di~inished by the finish, 
so that t~1c rel2.tivel:,.- lower wet fastnc::;s is improved thereby. 
The reduction ::n the tensile and tearin:; strength is also lower 
than with cotton. The residual shrin1rn.~e end the abrasion 
resist~nce of c~ea~e-resist finished re~cnerated cellulosic 
textiles are the most important criteria of their usage 

properties. 

The improvenent in eas:{-care properties and the lowering of 
·the strength values are always liri ... ked together, particularly 

Yli~h cotton. 

A further possibility lies in co~pensati~; fo~ the loss i~ 
st~ength of the cotton in fi~ishing by b!e~ding ~ith synthetic 
fi~res. Eesin-fi~ished cotton/~olyes~er fibre f&brics are 
therefore acq_uirir.:.g a ster!.cli ly increasir.g signif5 C::!.r~ce. 

An im:;iortant ·:1?..y of lir.:i ting the losses in st!'ent:th and 
abr~:si.on resistance is to apply c:~emic2.ls that cov.n~erc..ct the 
lowering of the elesticity of ~he fib~e withoat, ho~ever, 
adversely ir-fluer:cir.g the finish effect. Almost every resin

finishing rec~pe cont~ins such additives. 
"l 

I 

As a staple fibre, polyester is used predoruinant7y in 
textiles as a blend with other types of fibres. In mixtures 
with cellulosic fib~es, the prefe~red percentage of the poly
~ster comuonent is either 50 or 65-70 •. Urea form~ld&hyde 

products e.g_ Dimethylol urea (DI.IU) 

•• " 

_NH-CH20H 
o = c·· 

'NH-CH20H 
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or reactant types e.g. Dimethylol-dihydro:::y-ethylene urea 

(D~IDHll!) 

CH2 .0H 

(\ = c - N - C!I.OH 

N CH.OH 

CH2-0H . 

can be.used fer imparting an easy-care finish to the 
cellulosic fibre COI!;.:!?Ollt:nt, depending on the type of mate~ic:.l, 

_. -. the blend ratio, and the h2nC.le desired. 
:-9 

Conv'ntion2l finishing with the dry-curin~ process involves 

the folloning operations: 

-p2ddir:g, 
-drying (to a specified residu2l m0~.s-';•tre content), 

-curing, 2nd 
-if n~cessary, an afternash and aftertrea~~ent. 

In resin finishing these blends, tne core sensitive 
partner, the cellulosic fibre cor~ponent, is weakened • .A!!5 

regards the tensile and tear stren6th, this is acta~lly 
. I 

of no great sienificance, since these lenses can.~e 
compensated for by the pol~·ester component. The sar.~e 

applies to abrasion resistance in the c2se cf white or 
~olid-shade materials. However, with bicolour fabrics, 
resin finishing must be carried out with great discreti~n 
and controlled by the use of additives so that no change 
in shnde arises with the abrasion of the resin-finished 
cellulosic fibre. In order to kecv the losses in abrEsion 
resistance of the cellulosic f ~bre component as low as 
possible, it is recommended that in resin finishin6 thcze 
blends, additions shoul1 be made of polyethylene dispcrnions, 

or acrylic dispersions, or certain surface smoothers. 

- ____ -.p \ 
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. 
4.3. Fini£hir..r: of ~·rool lnenn Fnbric!J 

The most popular V!ool blends on the· m:?.rket are: 

wool/polyester 45:55, wool/polyacrylonitrile 45:55, 
wool/polyar:iide 50:50, and wool/rayon staple 70:30. 

To improve resilience nnd rn~iG.u:i.l shrinkage of \'lool/R:-_Yon 
Staple 70:30 b~end fabrics it is ap~=io~cte to finish the 
spun rayon component with urea-form~ldehyd conden~ations 
p_roducts, such as Dimethylol urea (D;.:u) • 

91nend fabrics consiEting of '.Wol ==.nd synthetic fibres 

.. -

are inherently e~sy-care fabrics. In general, such ~ate~ials 
are not treated with :i!-raethylol co~J::Ot;.nds. 

However, in n~ny cases, it is desired to im~art ~ore 
firmness and fullness to these f~brics. Selected pl~stics 
dispersions or solutions, such as poly~crylate or poly
viny~_ propionate, can be used as finishing agent. 

1.fodifi_ed :.:ethylcl-urea too, ca!'l be used vii th '.':ool/poly
acryloni trile blend f~brics to impart a full handle and 
some fir::::mcss • 

Silicones o~ circonium salt-~ontaining paraffin wax 
emulRiones are available for giving '':'.lter-repellent 
to wool/synthetic fibres blend fabrics. 

finishes 

Blends contajning synthetic fibres have to be washed at 
relatively ~LOW temperatures because synthetic fibres become 
plastic in hot water. Coruparcd 1:1i th the eood cleansing 

effect obtained on cotton by v1ashing at the boil, that 
obtained in a milder w~nh at 30-G0° C is relatively poor • 

.. .. 

--~-. 
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This fact, together with the special behaviour of syn
thetic fibren towards soil, made i:t; nece!'tssary to develop 
a finish that facilitates good cleansi~~ of the ea~y-c~re 
textiles also under milder vmsh conditions. This rcqti.ired 
the study of the types of soil and the soil-~epellent 

properties of special finishes. 

Speci~l finishes which prevent soiling or facilitate 

cleansing are explained in Figure 23. 

The term stain repellency is the term given tc a finish 
which prevents soil from entering the fabric bond. This 
type of finish is principally of hydrophobic nature. 

Soil-release is the ter~ that is eiven to a type o= finish 
with hydrophilic nature, ~hich does not prevent soil fr~o 
entering the fabric but facilitates removal of soil during 
washing. Th~s is obt£ined by p~oducts with special functional 
groups that facilitate ~ewoval of the soil particles frora 

thp,·fabric to the wash liquor. 

The term anti-soil redeposition de!lotes a finish that . 
prevents redeposition of the soil which hes alre~dy been 
dissolved or dispersed in the wash liquor. In t~i~ case, the .. 
detergents and tl:e finishing chemicals rr..ust develop a 
synergetic effect. Anti-soil redeyosition is an important 
prerequisite for an effective soil-relea~e finish. 

The object of soil-release finishins is to improve the 
removability of sciil particles in wash~nG at relatively low 
temperatures. The effect should be as wash permanent as 
possible. For this reason, it is advisable to use a combination 
of react~nt crosslinking 'lgent and soil-release product. The 

finichina recipe ehould contain: 

• f 
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(a) Crosslinkin~ agent (N-methylol com1~ounds) 
(b) Soil-raleasc che~ical (Polyacrylate) 
(c) Selected resin-finishing additives, which do not impair 

the soil-release properties 

(d) Catalyst 
(e) Bath stabilizer 

Impregnate on the pad, dry as usu.al, -:md cure under the 
speci:ic conditions recommended for the crosslinking a~ent 

used. 

__ ~--· It is advisable to cclender an.d/or sa:1forize after tha curing 
operation in order to correct the h?.Udle. 

GeneralJ.y spea!:ing, preli1!lina.::y trials are al•:1ays advis::i.ble, 
because the type of substr:!te 2.nd the faerie con$tru.ction 
are liable to influen~c the soil-release prcperties. 

The e_ffect t~1at can be achieved a~d the ~·1aGh per-:1a:icnce of a 

soil-release finish are shown in tests. 

5. "0ne-ba t".-1 ?i.~e nt :Jye in-r" :?.~16 ?i_:--. is':'l.in: .:;.....;---------·"----------
The priviously describad p~oceGses can be combin~~ and used 

·1·9 according to the desire for the individu2.l fabric's- (a:aterials), 
whereby :.for economical reasons it is necessary to v1ork wet 

on wet-proces:; ~nd dry only at the v~ry end. 

Procesaes such as the one-bath dyeing with pigment-dyes 
and simultaneous finishin,~ a.re then the desired tar~et 

of each finishing plant. 

Pigment dyeing and fininhing with pi~ment dyes and 
methylolurea resin~ cnn be carried out in one hath and 
at the oc.r!le time. The method of fern the economical 
advnntaccs of a continuotw process, includin[; savinBs 

___ -.,.., 
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in labour, machine and ·eneraY co~ts, no after·:rash, etc. 

It produces dyein~s with very good_ wash, light, :ind rub 

fastness, even in pale shade3, and a soft handle. A further 

advar1ta.}e of tha proccs::. is that it permits no lid sl1~des 
to be dyed with dyes of only one class on cotto~ and s9un 

rayon f:ibrics, on polyester/cellulosic fibre ble~ds, and 

purely synthetic fabrics. 

The sequence of operations is only: ?ad - dry - cure. 

Figure 24 

An esseGtial condition for good evenness and good fastness 

properties is that the Goods have GOOd 1bsoprtivit7. T~ey 
must, th-=r-efore, be desized and 9retreatcd S!li ta~ly. :,T~en 

the blend cont2ias synthetic fibres, it i~ advisable to 

heat-set the sya~hetic fib!"e if this is no do!le si:n:il

taneously in curing the crosslin}:ing agent. 

Liqu·1·r pick-t:.p: as lo·.'l as possible. After !)adding is 

followed by dr~,ring nt 100-120° C and cu!"ing for 5 minutes 

at 150° c. 

Summar.x . t 

:·.-· .. , .... 
A revue is 6iven of the finishing processes afte~ the dyeing 

ar:id printing, such as washing, drainin3, and dr;fing, and 

applicl3.tion of the finishing-materials. 

A discussion concernin~ the possihilities in finishin~ the 

synthetic fibres and blends with natural fibres. Examples 

are filling and stiffening, softening, hydroyhilic, hydro

phobic, antipillinG, antistatic-finishing, rcsin-finiGhing 

and soil-relcane finishinG. The profitablcncna of the wet 
on v1et process and the simul taneouu 1iyeing and finishin~ is 

mentioned • 
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