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ae-ent develorments in mooain vy o om0 i
roke Lie noose roduction of pocd qutitl Pl L p , o 1 ier
taor .or ¢ . e . [ el LA !

e tdoL R !
* . b b e e Y roating, e odntiodae ' orn and
colourgto incroase (noim;crtarce,

Ssucu a technically o ible and economs 0y .- rable
trend can oniy be successfuliy rea oed, Lo ver, 1 due et oon 4. &L oen
to standirds of dewlym and toe surieting of U e printed tiee . a0 ort
mivkets,  resium ricer will ve obt .incd for ;ronts with cu to o ey

pul mediocre ;rint. with jcor colour sense = be oo jeabie o N 1S
jroduction vout levi-ls. The f snion tr e inevit tly exys o+ ‘v the
diflererces vetween hiph and low idemund for colour qnd yley v 0 cives
jrinter: the extry jrotlems of se sornl Ae-and. with this g,
that ; rinting requires ju;-sment and ccurn;re of a hirter orier t+ an moot

occu  ationt, we can return to the t:chnicnl develo, ments,

It is ;essible to conniser epuritely toe ~ee o 1,
;mpre..uion. orer tions n tuye o oericul, colour-tioh, i ‘. T rirtini,
e S .

1o Tl Raw s i ON

leio npraved rolicr jrinting. v tic acrld oo wols 03 -t till

be tre mout uned technijue, althourh s tinf .ct ry stutiviice re 10 ficult
to ob' .ir. In Euro e, however, more { .tric i.. row irinted Ly :roreen

techni ues,

The esaential -rinci)! of reller rwirting survivea e o noed sinoe
vell's ratent of 1783, Improvements in d- t- il hive been mie, c.:icocia y
in mecha ising of patternerepister ad justmemt , vut attempts to overcome
the funuzmentul limitations of the mettiod may :rove to have been left w.t.l

it waa too late.
The limitutions of the stand.rd ty:e of machine are!

(a) the pre-sure required to tran.fer colour pacte from ihe erjri.ving
to the fzbric lends to non-uniformity across the fis.r.c width,
because the pres.ure is applied at the ends «f the roller mandrel,
and limite the fabric width that can be satisfactorily printed,

(b) the precsure forces colour paste through the fabric structure,
reducing the effective colour dej.th, unless a very shallow
engraviang caa be used.
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o) tvre wure ol Lubue:wnt rocoan, rollers "cruuuen' the
froo lyerrintod urcas od recve. s 890m of cciour whiich

cont minalo tne foiloving celour,

() Lie ue oo ctor sliden redires cossia eole skl s,
cven Loy 4o e te tre en voved roller . o rint foults

soccinted with doctorine « ot ve  yoice e

() Pall rnecrcen are Line Co.suming bocroise o0 tie weirht and

com, lex 't ol the coler o io tiin 5y tem,

Cric mcent'y uevelor o ty e of acoiiine regu e the
pricting yre cure re uirea Ly srovidin on oirran e ent of individuenl
pre. cure oy liner, bt binereases 4 oo contoct time between tne U rie and
e eved roilers Theoe macnines ey Vo be used vit.out  ndrels,
voore wee pattern 2o cpeing tive,

Prhe use of onn owee vuvinges and  rinte:oute of low
viiecotbe viso ik it josnisle to rint with less pre cure, und
exjerieni a1l work on the grovure riutin of japr hoo sacwn that an
clectro .ttt ¢ cvure o lied t the pre oure cylinier o be 1, lied to
jwiuce an op oiite charge on tre poite and bring about comilcle emptying
of tre ensravings It scems unlikely however that ensagh roduction in

pre.curi ¢ bo senieved to chiuge the situ tion radicully.

‘he onc cleirecut  viail-ce of en;ruved roller :rinting
biotie cuarpne.s of mark that i be obtuinca witn very line jutierns

concintini; of line.., snsll objects or twoetone effecte,

dece Screen dri tipgs In Buroie and tue UJs.As, handeicreem-printing is

now orly uned for the rroduction cf gnort len;ths of hiirhe ushion y rints,
bec..use substuantiul quantities cun be obtained at lower cost by LGing
automatic tichines.  Where labour coits are not a limiting f:ctor, nowever,
and a lew cjital cost and geoprayhically wideesprend develo ment is
decired, .creen jrinting by hand h.s many advuntages. The ucreens are
cheap to jroduce, by compirison with ergr ved rollers and rotury screens,
and expcrience of :esign and of the uue of dyes and pigments can be
acquired by many reojle, among whom some will be fourd to have natural
sbility.

By comparison with engr.ved roller ;rinting, ccreem
printing produces ctrong, '"bloomy", colours and encourages innovatiom im
design. The mechanisutior of this technique was firat achieved in the
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ccriod 194«1% vd 1.r € nusber, of L.e v ricus "f “tebed" icoine:
were in t lles wry foung to be competitive wit rpe!lep ri:ting unaer

Buroi e co.d.tion. . oot run...er cvsnigne U Gy omown e ot Ly

o

it ternit ent, howe v ry boousne tue ritting o ure L ow ile tie Vidrie o

!

it co ve cr elt) . - CTORLrye  sle maxioan orood ol sinable was oo
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Letres per cour for a1l metre - ern re « t. ae'; NI NN S S ve
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VEery jrecise irvints and : re eajecinl’y ;;uit.\u]e for wide 1 .uric,, w.d

lar;e re:e..t cutterns, tor exwg le tubleacicthu, butl te mehines are q1iite
com lex .d .t be well sadntaineds o) oLicut Loyl gt Wi Coonr that t. o
ucvelorment, tne mechunisation of a hand-o, er tion, ww couy sruble with

the mech ni. tion of nandeblocke: rintin: by kerrotine in 17w,y whiich 41.iso
biad a subst rtial but only short-lived succe . In it Chuely truly
continucus,roliry,  roce.: ey were develojed luter, cnd 1rove: (o be more
cucceuiful tian intermittent techninuess oince 1973 tie rnunber of flatebed
machines vurchases hw f+1)en cignificantly, but 5. e of rot ry- creen

tochines hove been mointaineu at ‘ibout (L ;er ye.r,

Rotury(cylinuirical) ucreens .t be ricid cucuch to be
riechanically mounted nnd ariven, [lexible encupgh to ride over {:hric sewin.
"4 celvedyres, :id durable enough to withotand uccicental micuandling; trey
Lust also yrovide a uniform, denue fattern of fine orenings for poisoae
of colour through the screen. Ihe most winely used somtion 1o Lo Ll 14
noooerfor bad iolel oo Mg cor o troe opo L S g

Pl of UG08 e, oluiil, tum ender) ‘“ o remented e

oY

. linuer. The d:-ign can be builtein to the ..creen (/- Ivinoe;l c tin) or
cin bpe tranaferred to plaim ccreens using a lirnt-scenoitive lacjuer. In
the l.tter cuse lucquer stri)jing und re-use cof the icrcen is joscibles,

These screens are now re: dily available 211 rcund the world,

8Such screens nust be carefully h.ndled to achieve the
expected 100,((L metre life. An alternative ty:® of . creen with gre:ter
robustnecvs is m.de from woven wire mesh, with a tubular n:lon sleeve shrunk
onto the cylinder. At present the s3:ms on such ucreens limit the jattern
telectiom for smooth surface fabrics. Frogress in the production of
robust and fine screens can be expected.

Rotary screen printing is usually effected om conveyo:
belts, significantly shorter than those required for flat-bed printiag,
and speeds of 75 metrea/minute are commonly attained. The iot-air drying
machines must therefore de of high efficiency. Squeegees inside the rotury
screen may be of the olectro-magnetically held rod type or of the flexible
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blue (Liually :t.inleccecteel) tyre. Very wiue f:lrics, and carpets up to
L metr.. wiue, ire more rcadily rrinted with the former ty:e of squeegee,
the dimeter crnosen being | reater wien more colour is required. lrint paste
1o jumied in to tue sireens as required using automatic level controllers.
Lsttorn clan;ing cun be achicved in about three minutes jer screen becuuse

of lie low w:ights and simyple drive couplinys used,

leJe srancter Printing, Witn the large growth in jroduction of jolyecter

fibre wnd of weft-knitted ;oiyester fabrics in recent years, the concept

of trin:ferring a prtturn yroduced with heat-volatile disperse dyes h' s
berome nore interesting., Faper Lns a smooth surface, and uniforwm thickness,
“nd can be yrinted 2t hirh speed and with greter accurucy than textile
tobrics.s  drint faults can be cut out and the printed poper transjorted
sround tie worlde ns und w en required, the design is them transferred by
bringing tte fubric and ;aper to ether and heating to 200°- for 15-30
necondss  Transfer calendars for this jurrose are now widely available.
Altcrnirivel , parments may be "printcd" in not-prestes. The dye sublimes
on to the polyeutsr and diffuses into the fibre. Satisfuctory w sh and
Liht f.stness are obt.ined without w shing-off treatment, so that water
consumjtion and 0l .ution yroblems are almost eliminated and overall costs
cun be competitive with direct [rinting on to the fabric. The technique
hi:s been of ..ecial interest to knitters with no printing facilities and

to paper jrinters. The paper hus been printed by gravure and flexographic
methous Lut re ently rotary screem printing has also been used. A textile
jrinter can therefore ashieve comjlete flexibility with a rotary screen
machine clioosin; either to yrint on to paper and transfer when fabric orders
ure obtained, or to print directly on to the fabric.

Blends of cotton and polyester may be transfer printed if
the projortion of polyester is high. Below 80% polyester the colours
obtained are weak and staining of the cottonm may make the result
unsatisfactory,

Woollen garments huve beem transfer printed using a wet-
transfer technique and reactive dyes, but a w:sh-off is required. Cottom
cen also be tranafer printed with reactive dyes but agoin the necessity for
s washing-off stage and therefor a re-drying stage makes it unlikely that
it will ever be a profitable approach,

b 5 b e e bt g ot
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Ile CCLULHATION

1le 1. ives for Cotton. {here h.ve teen no recent develorments of
interest to yTinters ‘n the une of vat or @zoic colourants and bectuse of
tie comrlic tiong and cost of tie drplic.tion methods, t:. e d.es are ud

much less than tlie: were,

Heactive dyen are, conver: ol of ~uch incrensed
imjortunce, Developments full inte twe coteporien; ¢ reilability

ol nmore sietinfoctory dyes and chivwing fix .tion nelhods,

Dye..tuff manufacturcr Ave inve tigated  wiue viariely
of cremically different reactive sy.tems :u.g many hiuve veen e availunle
commercially but, for cotton cristine, none h ve g Wn ire criies cleorly

Superior to the oripfinal cilorotriavine any vin;liulyhene ¢ S

o wbiton o,
been cle:rly demonstrated (1) i:, tin.t for yiven fi.ition cena s tien  a
valance must be Mmuint: .ined of re.ctivity, substants v trod alsdanion
sroyerties. A cleap dvant:jre liis algso boer shewn () n the core of
thoue aye molecules wi th two sejurate reactive centres, which le i, to
increase in fixation eificiency from a tyiionl ars u; to O, wsedurtion
of the substa tivity, by chromoyhore selection ¢y ulkylation
of the imino brid;e ’roury then tikes the rericval of Ui gnat) amount
of hydrolysed dye at the w- shinpeoff st e rel: tively simles Tiie b o

removed the major hazard of priuting with re.ctive dyes,

Most rinters .o lonrer u: e tre original stoowm fixat on
at 1°C for 5-1C minutes, preferring the more economical +,T, sLeaming
at 150°C for %0=60 seconds or n two=st re method. lhe lntter ray be eithor
puddi'ng in alkali and electrolyte followed by flusheweing for Li=4t5
seconds at 110-125% or Fas. age through a boiling alkuli and electrol: te
bath, immediately followed by the washing-off. Tuis wet-fixation a:jrouch
has the attractions of low cajital cost, bocuuse the stemmer i not
required and eusier washing-off. I and cold=bitcuing, usually with

Sodiwm silicite, is also used.

Cotton and polye:ter blends may be ;rinted witkh
Selected mixtures of reactive and disperce dyes and [I.T. steumed at 160-
18000, but satisfactory washing-off is rot at al] e By to achieve. A
novel alternative approach ( 3 ) uses selected disperse dyes in a solvent-

water mixture that carries some of the diaperse dye into the cotton fibre,
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to Ye tropped therein after removal of the solvent in the ii.T. polyester fixation
and wiush-off stupes. This developnent seems not to h.ve been a commercial success,
however. Ueciuse of the difficulties of yrinting these . lrnds with dyes, the

use of jipmernts has been ctimu!ated.

Il.2, Vipment Prints

Improverents in the ;ijments and polymer binding systems
aviilable are illustriated by the acceptance on the British market of pigment
printed polye. ter-cotton sheets. Ten years eurlier the handle and washability

could not hive been obtained.

Pigment prints also huve the advantages of high light-fastness
of sclected yigments and, above all, the economy of eliminating the washing and
drying stages. Developments in thic area have been well surveyed (4). The
overall improvements have been achieved by many small developments and attentiom

to detail ruther than any dramatic discoveries.

Moct pigments are printed from oil-on-water emulsions which
may consist of 80% white spirit. Because of the increasing pressures to reduce
the pollution of our atmos;here and rivers, and the rapid increase in petroleum
prices, attention has been directed to alternative means of obtaining the required
print-paste viscosity. It is now increasingly the practice to replace part or
811 of the white spirit with synthetic polymers which give high viscoasity at low
solids content and form relatively soft films. Thece polymers invariably contain
carboxyl groups which on neutralisation with ammonia, give a highly ionised polymer
with extended chains and therefore the high viscosity. B8uch polymera may be used
together with the same polymeric binders used with emulaion thickenings and
suitable softening agents, Alternatively, complex co-polymers may be used which
combine, in the same molecules, thickening and binding properties (5). It is
interecting to note that this is a revival of a practice at least fifty years
old, of using natural polymers such as albumen, from blood or egg-vhitea, as
both thickener and binder for metal powder prints,

11.3. Polymer systems for printing dyes.

Although pigment printing aystems have been much improved, the
use of pigments has obvious limitations, especially of wet abrasion resistance and
delustred appearance. If dyes could be used in such a way that no washing-off
was required after the fixation stage, they would be more attractive thes pignents.
A major reason for the success of transfer printing is the elimination of the
washing-off and re-drying stages, together with the brightness in appearance of
disperse dyes after diffusiom into the fibdres.




kecear h at U 1o during tie 1 ot Wo er Lae saown it

tuch an apjroach cun be procticatle. We haye nenieved 97% fic tion of "t lected
reactive dyes on cotton, me sured by extr:ction of mlixed dye in boiling ures/
deter; ent solution. Fistness to the 13C 3 wash test nd to the more criti-al

colid watep bleeding test are rertectly satiof ctors ot the hat' Jrey coaje lovel,

The method recommeraen i to make o emulsion of w.ter jp
white spirit, containing only Tt S owiite sririt, ceactive dye, sodjum hicurLante,
a witereasoluble volymer ond an emuls; {§0d icrylate jolymer., *er-ineoil emulsions

have been unjopular for use with ripments beciuse of diffieulties ip woehing tre

trinting equijment., With a watcr soluble dve nd wiler=soluble ;ojvirer pre:ent

we find wishing rives no difficulties,

The water-solublec ;olymer is a reactive fulyumide, contuining
cationic charres, which ig alre iy wirely used for ipere sing ‘the viet-itrength
of paper unu for setting wool (6 Ihe structure of tie polymer, siwn below,
is such tit self-urosn-lihkinx 1 reaction wit, cellulose or polyacrylic acid
Freups ocsurs during drying and sleaming to rive a cleur film thot adherce well
to tie fibres und is resist-pt to weshing at the boil, Chemical reaction with
the dye is alse possible, but phyuicalechemical associztion is a more probable
explanstion of the increused fixution,

CHOH
G2 c
e -
N* oo
-leownten,’ 77 \ed,), 1w coCH;), J5

It seers reasonable to expect th:t different rolymers can be
found th:t will be equally or more etfective.

One of the major problems ic that many reactive dyes show a
colour change when heated under alkaline conditions that ic rever.ed by washing
Or by neutralisition. If the fabric is given a chemical cross-linking finish it
is a simple matter to make an addition of acetic acid to neutralise the residual

alkali in the printed areas. The long term solution will be to make dyes suitable
for this application method.

l.4s  Frintepaste thickeners,

The natural products traditionally used as thickening agents,
etpecially the starches and alginates, are becoming too costly or will be in
short supply. Cellulose ethers are widely used as substitutes for alginates in
reactive dye pastes, but completely synthetic polymers containing carboxyl groups
€48 also be used. These latter may be derived from saleic anhydride (7) or fres
®ethacrylic acid.
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kussian workers have shown tuat bentonite, o natural clay,
can reploce up to “Co of trickenin: ajent un many applic “icns, with aivaataces

in coot nd esce ol removal,

in trne particulr case of uniyester-cotton blenis, where el
steanr nr i e remov .l of some th:ickeniny a,ents difticult it hus beer. shown
thut ron- onic diopersing ayents car iujprove trickener removil and ac: elerate
tixation. 4he use ot emulsicns and of taickeners not intendeu to be removed by

washin, has been discu.sed above. ;

There is imjroved under t nding of the way in which the viscosity
of different t:ickeners chanpes under ohe riay stress, but still too little
s«nowleure cf what rueolopical jroperties are iqenl for practical printing. This
is mainly nu to ui&{&yulties in measuling almost instantanecous changes im
visco.ity. However, the control of reprodu ibility of rrint-paste viscosity,
perfe tly s.tisfactory inotrument: are now uvailable. That designed and sold oy

the Shirley Institute is one of tre .ont sultable.

J1.5¢ OSteumerss,

lor maximum flexitility jrinters are incre.singly using modern
festoon stemer:. which can be uced at temperatures from 100° to zoc°c' with
saturated or sujer-heuted stcam or even dry air. The festoons can be formed
without touching the irinted face of the fubric, and entrance and exit should
be from below. Wwien saturation of the steam is required it ic well worth
having provision for cooling of tne steam during circulatiom. ln thic way the
heat gener:uted by exothermic reactiom: on the fibre cun be removed without the

wasteful use of excess steam,

Festoon steamers also have the advantage of beimg suitable for
knitted fiubrics of all types. They are displacimg pressure steamers for ;rints
on polyester, und may be projeriy described as universal steamers. The fixatiom
of pigment prints can be more s:fely and satisfactorily achieved in i{.T. steam

than in hot air,

Wi.shing after steaming is <till often c-rried out in continuous

rope soapers but perforated drum washers are now available, suitable for knitted

fabrics, in which large volumes of wush wuter are driwn through the favric to

produce efficient washing.

1.6, Discharge and Recist Styles

Because modern screem printiang tectniques can be used to achieve
good quality blotch prints with accurate pattera fitting, it has become less
common to print the more expensive discharge and resist styles. A wide range of

resist effects can however be obtaimed with reactive dyes. Combinatiocas of
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reettive and aseic 4yes have doen used very offectively in the predustion
of Afvicen-etyle primts (8). The wet-fization methed i¢ recenmcaded for
ressiive gos primted on t¢ napgh®doted sotten Yosause remeval of Abe
saghtibel is fastlitated.
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SUNRARY

Lnjruved roller (rinting; has fund nmental limitatioms th-t
are unlikely to be overcome. :land icreen printing nust be consilered for low
e it cost develoymenti. Flutebed screem machines are likely to be useful
onl. in limited circumstances. Hotary screem machines hive been proved to
be technically and economic::1ly the "bestebuy" for most ,ur.oces. Ucrecns

wil' ir.roved recistance to mise<hapdling should be avail:: 1~ this vear,

irenafer printing is im ortant for polyest r wut unlikely to

be u va for cotton,

, Fective dyes; for cotton vrints are row more e sily wicihrdeoff
becuze tne fixation of urlected d;rs has been increnced to ., wetefix tion
asnd HoT. steaning methods are recommended. 4he uce of pijrin‘s om roljestore
cotton rlemd: avoius many difficulties, Ihe quality of ifmert yrint: Laa

tmyrovee and Tt G now jousible to eliminate the o of wiite toirit emmision

whore recessarye

The use of :electid 0l mors in A witirelnecil emulcion rukes
it practicable to print resa tive a, ., /iry and stcum, to ob! /im wach=f .t

prints without the normal washing-off an. re«drying.

The reylacement of nitural thickering «ent: vy ..nthetis

polymers is increusingly practised, and "universal” foitoem tesmers ;ive

m.xirwm flexibility of handlimg all (ibres and all fubriec trres,
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