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fUNDAñENTAL   ASPECTS  Dr   THE   COCER IS ING  PROCESS. 

INTRODUCTION 

The commercial  objectives  of   the mercerising  process  for cotton  fabrics can 

be  quito  simply  stated as   follows   (SLIDE  l). 

Dyestuff  cost  savings 
Uniformity of  dyeing 
Lustre 
Dimensionai  stability 
Flat  setting 

Retention  of   tensile  strength 
after  easy-care  finishing 

The possibilities  and  limitations  in achieving  these objectives,   in  terms of 

the currently available machinery,   will  be  dealt  with by   the  following speaker. 

In   the present paper,   ue will   have  a  look  at  the  fundamental  background of  the 

mercerising  phenomenon  to   try   to get  some  insight  into what  is   happening  to 

the  cotton   fibre  to  bring  about  such changes,   and   to  try   to  estimate what is 

perhaps  the  maximum   theoretical  potential  benefit  of  the mercerising pro-ess. 

I.     MECHANISMS 

Let us  start with a brief  description  of   the  cotton  fibre and   the may 

it is  changed  by mercerising-strength caustic   soda  solution.-. 

A cotton  fibre  is constructed  from so-called  elementary   fi.hr ile:  which Gre, 

in BffRct,   long,   thin crystal     of  cellulose which an;  apparently  very 

strong  as  it is   very  difficult   to disintegrate   tho;n mechanically.     In 

the cross-section of a  mature  fibre  there will   be  several   millions ui 

such crystalline  fibrils  which  aggregate  together into  bundles   of a  feu 

hundreds.     These  fibrillar   bundles are  packed   together   in  ,-onrenLric 

layers   to  form  the  fibre.     Tne   fibrillar  bundle-,  do not  lie   straight 

along  the  fibre  axis,   but  spiral  around  at an  anglb which varies  from 

about 55u   near  the fibre  surface  to about  20     at   the  inside.   Periodically 

along the langth,   the direction of the spiral  changes at a  so-called 

fibrillar  reversal zone  (SLIDE  2). 
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to psn.tr.te not only lnbBtueBn the fibtuiar b 
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by shrinkage in length (SHOE 6). 
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„T i r"urtr
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in prectic.   tensions in th. fiores ate caus.d by th. , 
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This pen.tr.tlon „in .. obsttucted lf the „^ on ^ 

r;,":;:::::-abie to -11 -—°° - -—- 
ro. M, i    uhlch . t>n9e of yar tMatM ^ a of 
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Tron  the  resulti.,,   the  follow! 

(SLIDE: C). 
no  empirical  relationship was  derived 

P   ~    .'0       iv£       flog    S    _     \.l    ) 
t-1 

Uherü p  i,  the  percentage of   ribrer  uhich remained unmercerisod. 

According   to  these results,   the  viscosity of  the liquor and  especially 

the degree of  selling  of  the Ubre,  ,uct be kept to a minimum,   in 

order   to  ensure  acuate penetration  into  the interior of   the  yarn.   Also, 
very  short  times  and uory  high   tenGion;:   muct bc tiuoidedi 

The viscosity  of   ,hû iiquor and   thy  ^^ Qf   ^ ^  ^ ^^ 

.y raxing  the   temperature,   tension,  tire minimised by allouing  unrestric. 

ted snrlnkage of   the yarn and by  „voiding  very  tight constructions. 

Presumably,   the  same considerations apply  to fabric  treatments. 

Slide 9  shows  the changes in total selling,  i.e.  the change in volume 

as indicated by  the water retention v.lu.. after rinsing out the swel- 

ling liquor.    Th, higher the temperature,   the lower is the degree of 

swells  for a given concentration of caustic soda, when the concentration 
is above  about  8% w/w. 

The in.luence of  temperature on penetration is illustrated by slides 

10 4 li,   uhich are cross-sections of yarns taken from fabrics which 

had previously been mercerised at different temperatures and then dyed. 

The low  temperature treatment shows a clearly non-uniform treatment, 

whereas the high temperature proche has given a much more uniform 
dyeing. 

II. CHANGES   Il\f  FIBRE   PRnPfRTji-c; 

The most interesting properties of merceri.ed fabric, .r. the i«*•* 

colour-yield on dyeing,  which allows l.rg. s.ülngs ln dyMtuff.f  B- 

the better uniformity of dyeing, «hich ello«. an i,*rov.d product to 



bo nade uith   *.h,    : ame    lye  recipe. 

íh«:,_   irlt„c)u,,r,,.r>t:.   huue   .asrti   e:   boon   attiihuted   to   thr    inerc,   ,JÜ   í;...LI1 

ti.-ity  and   i al;,  o.    ,jy, jn,   . •    • ICLTíC...'   ,irrt...     r.er t.air, ly,   it   ,     ,/u,; 

thai   :ites   ot    .jy.-in.,   ,.,r,  !J,    inr.ru.. vjd   í.y   up   t.o   ten   foi,Jf     ,    xl iur: tr.^c: 

in   Ubivi.    I   Ä   II,   J(1,j   thi;   equilibrium  uptake   c..,n  aj-..o   er.   inpiu.ed     ig- 

nifnantly.      ff», ,   -,M   tuLÍL.,   J¡;x   nìu,iitiil,.   lh,     ,, , or ,   cf   , ibrp  . .^ _ 

ne.-   upon   dyeing   ,-v,     -   thL   liner   the   : ibr- ,    <r,,   l^ter   th-    r • S.u   of 

dyoin:,.      ¡his   i,.   .0  t.,,  type ted,   D!   Lour.L,    ,na  i:.   explained   an   tht. 

pounds  Oí    the   -iiu.t,,     pecüi,   «urtare   ire.,   o,    finer   fibre..     Tht    .able. 

also  indi- ate   th,t   Lh,    type   ,•   dye.:.tuff   has  *   large   influence.   Generally 

speaking    jyent.uîf^   With   •   -r.-u   molecular   size  arc   less   influenced  by 

libre   fintT,£T-:.-./maturi:.y  and  by  mercerising   than  dyc-ctuiis  uith 

moluL ular   ni zu. 
•1 a i.') i 

Houever,   the   important point   about mercerised   fabrics   is   that   they  ha„r 

an apparently   deeper   shade  than corresponding  unnierccriseü  rri.:feriale, 

even when  the   percentage  add-on of dyestuff   is   the  same.     This  phenomenor 

nas  to  do  uith   the  amount   and   the quality  of   the  light  uhicrh  i:   reflected 

from the  fibre   sui taces,   and  this has  a  purely geometrical  cause  fSLIDE 

12). 

There are at   least  tuo major  geometrical  changes,   namely   the  elimination, 

or substantial   decrease,   of   the  fibre convolutions   to  yield  a more  smooth 

and almost circular cross-section,  and  the  thickening  of  the fibre uall. 

The effect  of   the  removal  of  convolutions  arid  the  approach   towards  a 

circular cross-section can be   judged  from slide  13,   uhich  actually  re! er- 

to dfcta  obtained  mostly on unmerenrifu rl  fibres,   but  will   coi-vu  our 

purpose well   since it  shows  the influence of   the ratio of  the major 

and minor axes  of  the fibre cross-section upon the intensity of  the 

reflected light.     The effect «f mercerising  is  to reduce  thi.   ratio 

and thereby  to considarably increase the intensity of   the   light reflected, 

i.e.  the lustre.     But as well as the amount of light directly  reflected, 

the quality of  the light is changed.    Because of  the thicker fibre wall 

after mercerising,   the path length of  the light through the  libres is 

increased and  therefore the unmercerised fibre appears paler,   just as 

a solution of  dye of a certain concentration appears lighter in a  fine 

capillary glase  tubs comparsa  to the same solution in a larger   tube. 
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» »-ut extent to which fho f,-u 
shrink in the , ^icerisino H * *" allowed t° 

drasti. 1n  • e deuel°Ped and fhere is u- „ aStAu loss • the extensibility. ^u.lly a 

^ the fibres are all0Ued to shrink th   « 
"-stretching for the dB(,.lopB,nt Qf ' *"" iS *" "P"• ^ of 

illustrated m siide 15  Tn       
maXlmUm tBnallB st"n9th, ae lü*      The   POSition   Of   thi<5   rmfl 
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Th. elongation at brM|< 
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the original,   unmercerissd fihr^o     • 

1-1 i. .3ain  t. a.„u        ; •   "T^ *" "" """•*"". 
y^ of  the original  fibre length. 

It is interesting to note that the 05% ro-stretchinn ,      , 

* "v. th. maximum changes in fibre Lsi   h r ;;:
aiso srs 

and further more,   it marks approximately  ^ J      *^« -nation, 

"hich can be achieved by BXerting .  ^ ^J    "* »"'»tching 

bundle,     m other .orda,  increata  tn7d ^ ^  '"" 

** quires increasing y ;      r e '' °' r6*StretChÌn9  ^ 
benefit in tensile -t        fh ^ '"^ " n° fUrther 

tensile strength and orientation,  but reduce. fho       *.       , 
bility to weil  belo. M or the startlng m;t8rlai

r:dUCe> the 

ÏV'     MENTION OF  STRENGTH arrrq ron.., „„,„,. 

"any of  the cotton fabric- ,„M.h - 
"jonc which a-?e mercerised are lafor „< 

for. of easy-care treatment by croaslinkino 1 ^ 

of our detailed research into 17 T "' ' ^^  ^^ 
out if ann h    i. mercerising of cotton fibres  to find 
o      if and by ho. much the tensile strength of cotton could be  retained 
after crosslinking  (SLIDE 17). retained 

Now,  in many conventional cotton fabrics  this  in«  •    * 
is not very important,  slnce u is     '*"  ^ l0SS in '•"-"« ^rength 

of the durability of    he f h —arUy a good indication 

fior., „„ich „,,, bMn J*'"'     In '"'• » f°"* *.t cotton 

lOS.   ,,.„ P   lmal   mer«''i»^   tPMllWlt,   „OUid 

* «T: t r ZZ^T "mt•M M-h -•— 
~t.rw which h H K r0"Inga'  '°3"het "lth ""»"1 

-/r:::::;hwzr"d °niy ~ •*- - - - 

gooo or wc.ll.nt ..ay-care performance. 
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rtV   ""Ujti:   i3Ul,E   lH>  ^   that   for   mp ^   '*•>"  JJüqüJt0   ;or 
dn e«y-caro  i01/cl  uhith  ,;; 

• ' 01  most purposes    j  ni-.-     . 
b*  -Pcteu.    c,f.n  for  the  .urin    ... ""   Stren9th  Mention can 

"upcr    durable orr--»  • 
ani"e  finich'  -  rrtcntion of  ...„ u 

PrC-'    typc of *ilh porform- 
••'" Ujr Possible. 

I"""' ,ta *««"!«) procos arc no[ r      „, 

f*„  ,tructurc  .n      c mt.Herence „r yarn and 

- -«, tecaust aot omügh
0

o;   ' ; -;—" .* fUíl „^ 
«»"««nt or  -orc efficlBnt ana  »    ;    •<•» <• >ee„ Put lnt0 the 

aL"VB piece mo re erigir,,, „ erioin9 Processes. 

In recent year^   r • 

r -*—r;::ii; ~;rhas bem—- - 
"»1». the ,80 0,  a,ulf¡Bd amml  °" "'""= « '*««. „hich 

*>">=.   the ether r„ ,dbpl„ 
e"Sl0PM! m« f" «» tre,t•„t of 

« detailed exaction „f 

•' «* ««. ** lt is ma,\ :i°~:r '• o— th8 scope 
«p-ruw slnilarltlM „Btceri"'al7u9h the" • — 
- •.  1- ,„t,  aeallng uUh Bntlte " ;    3 M    '«»  tr.at„ent, 

. *. .,,, uiu _ t;:z^;^2: "•- —- 
Slide 19 shows   the results nf 

«P.•, t. citKUc J    *     t; • ~9  test in llqula _nl„ 
„,„,.. ,uce tnat ammonia hi-  -> r    i. 
stoBlung,   but a  l0Wsr BniIílíh A ^ a  faster  rate of wsr equilibrium i/,iiue      r*h, • 
length durino suelI1 

e-    r«""" »re held to constant 
2°>-    **•> that a«o„ia caus8s J^" *"•**- « «M  (SUOE 

'• *l SiOnlfiea„tly tMlICM by a
i* "    '"« «*« in a•„„la,  but „ 

"=^ -eume O091ns. (s,.,« J,    ' ^ * P"'Sn8im to «» fbrlc 

from those  tuo sets of Mta    ,nd 

«- cotton fibt. uhB„ suon;n        ""^ "he". » have coneluded th.t 
j 
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The major benefits from raneta 
by the „blllty t0 rp  r T  ÖOda "»-«^ing are brought about 

•mty zo  rp-stretch and re-shano th« fJu 

•-ollen.  Such manipulation of ^^ " ls ful1* »angulation of an ammonia swollen fihT-«, 
hardly poasible. *•.uen fibre seems to be 

ne riDre. At levels of belou about 60* thp «>«h i 
more is capable nf co„ ,, * ^ he fabric once 

capaDie of easy deformation (SLIDE 22). 

Results of experiments on fibre bundles haw« „, 
basic fibre strengtn of cotton   J 

&
s  

ü a S° «*"*- th-t the 

in ammonia and re-stwtrM slightly increased by swelling 

g   less than that of mercerised fibres. 

Crosslinking experiments on ammonia treated fabrin H 

the most important factor is th   J SU"eSted that raccor is the method of aa«?v n=.^„ r,   ,   ._. 
th- daedal methods are used, it is dim! 

9' ^ 

for ammonia treated fabrics   "   T^" t0 find an «"«ntag. 

« - - -hods ^ ::;Bm 11:::tr ::;eu:f
finishin9 -— 

of «»«Unking . then ,„.       '     °    "•1" ° mi° u"ir°• distribution 

.<9nlflc.ntly    ,tte I 'er "' ^ — * *-" 
" "n8lle 8tre"äth r.t,ntion i. conc.tned. 
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Trtlki   \ 

RATE OF DYEING OF COTTON fIBRCS 

t ¿min» 

SEA  ISLAND 

SAKEL 

SAKEL, MERCERISED 

EGYPTIAN UPPERS 

AMERICAN 

AMERICAN, MERCERISED 

INDIAN 

0.7 

1.1 

0.2S 

1.6 

1.4 
0.35 

3.7 

* tin* to raacfc half tha aquilibrium uptaka. 

RECIPEt    0.127t Sky Blu« FF, 5* NaCl 40 voluntas at 90°C 
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TABLE      T¡ 

RELATIVE RATFS OF OyfTwr. agp éQUILIBRAI« UPT^-C 

OF DELTAPINE  COTTDN p a FUNCTION ùf wpTypjyy 

rtlCRONAIRE 

RECIPE A 

3.69* 
3.34 
2.56 

RECIPE B 

3.69* 
3.34 
2.56 

RELATIVE RATE 
UNWERCERISED    MERCERISED n/u 

1.0 
0.96 
2.60 

1.0 
1.22 
1.67 

7.78 
8.51 
9.96 

2.44 
2.56 
3.22 

7.78 
8.87 
3.83 

2.44 
2.10 
1.93 

RELATIVE EQUILIBRIUM UPTAKE 
UNPCRCERISED    MERCERISED    M/u 

1.0 
1.03 
1.01 

1.0 
1.02 
1.10 

1.26 1.26 
1.24 1.20 
1.25 1.24 

1.50 l.SO 
1.56 1.53 
1.62 1.47 

No«»! matura fibres usad as referanca point 
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