
C H A P T E R  I I

L ite ra tu re  S u rvey

2.1 Cellulosic fibe r

C ellu lo se  is th e  m o st ab u n d an t o f  all n a tu ra lly  o ccu rin g  o rg an ic  p o ly m ers. O f  

th e  m a n y  fib e rs  o f  p la n t o rig in , co tto n  is w ith o u t d o u b t th a t  o f  g re a te s t co m m erc ia l 

im p o rtan ce , a lth o u g h  flax , ju te  and  h em p  are  a lso  v e ry  s ig n ifican t. C o tto n  is th e  m o st 

v e rsa tile  an d  th e  m o s t w id e ly  u sed  in  te x tile  in d u stry , is  c o m p o sed  o f  ab o u t 94%  

c e llu lo se .(6) C e llu lo se  is  a  m ac ro m o le c u le  m a te ria l w h ich  s tru c tu ra lly  co m p rises  th ree  

h ie ra rch ica l leve ls: (i) T h e  m o le c u la r  leve l o f  th e  s in g le  m o lecu le ; (ii) th e  

su p e rm o lecu la r  leve l co n ce rn in g  th e  p ack in g  an d  ag g reg a tio n  o f  th e  m o lecu le s  in  

c ry s ta ls  ca lled  m icro fib rils ; an d  (iii) th e  m o rp h o lo g ica l leve l. O n  th e  m o le c u la r  leve l, 

c e llu lo se  is co m p o se d  o f  lin ea r ch a in s  o f  g lu c o se  u n its . T h ese  c h a in s  fo rm  w h isk e r-lik e  

c ry s ta ls  w h ic h  a re  a ssem b led  in  a  su p e rs tru c tu re .(7)

2 .1 .1  M o le c u la r  S tru c tu re

The chemical structural formula o f cellulose can be written as in Figure 2.1(8>. 
It is a linear polymer which is composed o f glucose unit linking together by l,4-(3- 
(D)-glycosidic bond, i.e., a condensation polymer o f J3-(D)-glucopyranose w ith 1,4- 
glucosidic linkages. The repeating unit is the cellobiose which is two glucose units 
joined together at the terminal hydroxyl groups attached to carbon atoms position 1 
and 4 w ith the loss to a molecule o f water (Scheme 2.1)<9).
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F ig u re  2.1 S tru c tu re  o f  ce llu lo se [8 ]

S ch em e  2.1 C e llo b io se  un it[9 ]

T h e  d eg ree  o f  p o ly m eriza tio n  (D P ) o f  ce llu lo se  v a rie s  w ith  so u rce  and  is 

u su a lly  ex p ressed  as  an  av erag e , s in ce  a  w id e  d is trib u tio n  is fo u n d  in  m o s t sam p les. In  

n a tiv e  ce llu lo se , It m ay  b e  as h ig h  as 14 ,000 , b u t p u rif ic a tio n  in v o lv in g  tre a tm e n t w ith  

a lk a li u su a lly  red u ces  th is  to  ab o u t 1 ,000  -  2 ,0 0 0 , w h e rea s  w ith  reg en era ted  fib ers  it 

lie s  b e tw een  2 50  and  7 0 0 <101. T h e  in te rm ed ia te  u n ite s  p o ssess  o n e  p rim ary  and  tw o  

seco n d a ry  a lco h o l g ro u p s  each . T h e  n o n -red u c in g  en d  g ro u p  possesses  on  ex tra  

se co n d a ry  a lco h o l g ro u p  a t € 4, and  th e  red u c in g  en d  g ro u p  is  a  cy c lic  h em iace ta l. It 

ex h ib its  th e  ch arac te ris tic s  o f  b o th  an  a lco h o l an d  a ld eh y d e  u n d e r  ap p ro p ria te  

co n d itio n  (S ch em e  2 .2 )(10).
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S ch em e  2 .2  C h arac te ris tics  o f  a lco h o l an d  a ld e h y d e  o f  a  cy c lic  h em iace ta l o f  

th e  red u c in g  en d  g ro u p  in ce llu lo se  c h a in .[10]

F ig u re  2 .2  C e llu lo se  fu lly  ex ten d ed  co n fo rm a tio n a l fo rm u la  (fla t r ib b o n ) .[10]

ท =  d eg ree  o f  p o ly m e riz a tio n  (D P )

S in ce  each  g lu co se  u n it in th e  p o ly m e r ch a in  co n ta in s  3 h y d ro x y l g ro u p s  (tw o  

seco n d a ry  an d  p rim ary  a lco h o l) a t c a rb o n s  in  p o s itio n  2 ,3  an d  6. T h e  la rg e  n u m b e r o f  

h y d ro x y l g ro u p s  read ily  fro m  h y d ro g en  b o n d s w ith  w a te r  an d  a re  th e re fo re  re sp o n s ib le  

fo r  th e  h y d ro p h ilic  n a tu re  o f  ce llu lo s ic  fibers. T h e  fo rm a tio n  o f  th e  h y d ro g e n  bon d s 

b e tw e e n  ad jacen t ce llu lo se  ch a in  h as  a  p a rtic u la rly  im p o rta n t effec t. C e llu lo se  w ill n o t 

d isso lv e  in  w ate r, an d  in  fac t is in so lu b le  in  all b u t a  few  o rg an ic  so lv en ts . M o reo v er, 

th e  in te rac tio n  b e tw een  th e  p o ly m er ch a in s  is so  s tro n g  th a t  ce llu lo se  d o es  n o t m e lt on 

h ea tin g .

C e llu lo se  co n ta in s no  g ro u p s w h ic h  w ill io n ize  read ily  in  n eu tra l so lu tio n s (8’9) 

b u t all p o ly m ers  d ev e lo p  a  n eg a tiv e  ch a rg e  on  th e  f ib e r  su rface  w h en  im m ersed  in 

w a te r  and  th e  p o ssib ility  o f  th e  fo rm a tio n  o f  so m e  few  ca rb o x y lic  g ro u p s  (-C O O H ), 

d u rin g  b leach in g  o r o th e r d eg rad a tio n  p ro cesses . S in ce  th e  p K a  o f  th e se  ca rb o x y lic  

g ro u p s  is ap p ro x im a te ly  3 .2 , th e  ce llu lo se  fib e rs  co n se q u e n tly  ca rry  a  n e g a tiv e  charge  

in  aq u eo u s c o n d itio n s 1 n . A s th e  d y eb a th  p H  rises  a b o v e  7 .0  th e  f ib e r b eco m es  m o re  

n eg a tiv e ly  ch arged  d u e  to  th e  ion iza tion  o f  th e  h y d ro x y l g ro u p s<4,11). S in ce  th e  m a jo r
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c la sse s  o f  d y e  u sed  fo r  d y e in g  ce llu lo s ic  fib e rs  a re  ap p lied  as  an io n , ex h au stio n  dye in g  

o f  su ch  f ib e r  is ca rried  o u t in th e  p re sen ce  o f  e le c tro ly te  w ith  red u ces  d y e -fib e r 

re p u ls io n  an d  th e reb y  p ro m o te s  d y e  u p tak e .

2 .1 .2  C o tto n  F ib e r

C o tto n  is u su a lly  a  c ream y  o ff-w h ite  c o lo r a lth o u g h  th e re  a re  so m e  d iv e rs itie s  

w h ic h  are  a lm o st b ro w n . P u rified  f ib e r is  p u re  w h ite , h ig h ly  ab so rb en t, ta s te le ss  and  

o d o rle ss , v e ry  sm o o th  an d  so ft, n o n -irr itan t an d  co o l to  to u ch . It is  id ea l th e re fo re  fo r 

all c lo th in g  u ses  b ecau se  th e  p ro p ertie s  ju s t  m en tio n e d  m ak e  it c o m fo rta b le  an d  it has 

n o  d isp lea s in g  w ea rin g  p ro p erties . In  ad d itio n  to  its  p u rity , th e  co tto n  fib e r is v e ry  

c h e m ic a lly  s tab le  w h e n  pu rified . T h e  ab so rb en cy  o f  th e  p u re  f ib e r  an d  its  ch em ica l 

s tab ility  g iv e  it a  g o o d  a ffin ity  fo r dyes.

T h e  m a tu re  s tap le  fib e r ta k e s  th e  fo rm  o f  fla t, co n v o lu te d  r ib b o n , v a ry in g  in 

len g th , fin en ess , co lo r, e tc ., acco rd in g  to  so u rce . C ro ss  sec tio n  o f  c o tto n  lo o k s lik e  a  

b e a n -sh ap ed . It is so m e tim e s  desc rib ed  as b ila te ra l s tru c tu re , w h ic h  in d ic a te s  th a t th e  

d e n s ity  o f  p ack in g  o f  c e llu lo se  ch a in s  is  n o t u n ifo rm  ac ro ss  th e  fiber. H en ce  th e  

a c c e ss ib ility  o f  th e  ch a in  seg m en ts  to  v a rio u s  re a g e n ts  v a r ie s  ac ro ss  th e  fiber. T h ree  

m a in  z o n e s  (A , B  an d  c  in  F ig u res  2 .3 )(10) h av e  b een  id en tif ied  b y  m e a n s  o f  en zy m ic  

d eg rad a tio n . T he ra te  o f  d eg rad a tio n  in c reases  fro m  A  to  B to  c ,  w h ic h  is th e  o rd e r  o f  

d ec rea s in g  d en s ity  o f  p ack in g . T h ese  ch a rac te ris tic s  m ak e  c o tto n  easy  to  reco g n ize  

u n d e r  b o th  op tica l an d  e lec tro n  m ic ro sco p es  th a t a re  illu s tra ted  in  F ig u re s  2 .4  an d  2 .5  

(10), re sp ec tiv e ly  and  b ila te ra l s tru c tu re  is in  F ig u re  2 .3 (10).
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B i

F ig u re  2.3 B ila te ra l s tru c tu re  o f  m a tu re  co tto n  (zo n es  A , B  an d  c d iffe r  in fib rilla r 

p a c k in g  d e n s ity ) .[10]

F ig u re  2 .4  S can n in g  e lec tro n  m ic ro g rap h s  o f  raw  c o tto n  fib e rs .[1 0 ]

F ig u re  2 .5 O p tica l m ic ro g rap h s  o f  raw  co tto n  fib ers  X 184.[10]
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A s w ell as ‘n o rm a l’ (i.e. m a tu re ) f ib e rs , a  ty p ic a l b a tch  o f  co tto n  m ay  also  

c o n ta in  so m e  im m atu re  and  dead  fibers. A  n o rm al f ib e r  m ay  b e  d e fin ed  as o n e  tha t, 

a f te r  b e in g  sw o llen  in  aq u eo u s so d iu m  h y d ro x id e , a p p ea rs  ro d -lik e  w ith  no  co n tin u o u s 

lu m e n  an d  no  w e ll-d e f in e d  co n v o lu tio n s . T h e  lu m en  is  w h a t re m a in s  o f  th e  cen tra l 

can a l fro m  w h ich  th e  lay e rs  o f  c e llu lo se  w e re  la id  d o w n  in th e  seco n d a ry  w all w h ile  

th e  f ib e r  w as  g ro w in g : it co n ta in s  so m e  re s id u a l p ro te in .

C o tto n  fib ers  h av e  a f ib rilla r  s tru c tu re . T h e ir  m o rp h o lo g y , illu stra ted  

sch e m a tic a lly  in  F ig u re  2 .6  , ex h ib its  th re e  m a in  fea tu res: p rim a ry  w a ll, seco n d a ry  w all 

an d  lu m en . T h e  p rim ary w all co n sists  o f  a  n e tw o rk  o f  c e llu lo se  f ib rils  co v ered  w ith  an  

o u te r  lay er, o r  cu tic le , o f  p ec tin , p ro te in , m in e ra l m a tte r  an d  w ax . I t acco u n ts  fo r  on ly  

5 %  o f  th e  w e ig h t o f  th e  fiber, it co n ta in s  a  g re a te r  p ro p o rtio n  o f  th e  n o n -ce llu lo s ic  

co n s titu en ts . T h e  w a x  ren d ers  th e  f ib e r  im p e rm e a b le  to  w a te r  an d  aq u eo u s  so lu tio n s  

u n le ss  a  w e ttin g  ag en t is  p resen t. T h e  se c o n d a ry  w a ll c o n s titu te s  th e  b u lk  o f  a  m a tu re  

f ib e r  an d  co n sis ts  a lm o st en tire ly  o f  fib rils  o f  c e llu lo se  a rra n g e d  sp ira lly  a ro u n d  th e  

f ib e r  ax is , th e  d irec tio n  o f  th e  sp ira l rev e rs in g  (i.e . c h a n g in g  b e tw e e n  ร  and  z  tw is ts) 

m a n y  tim es  a lo n g  a  s in g le  fibril.

Waxes

F ig u re  2 .6  Id ea lised  d iag ram  o f  co tto n  m o rp h o lo g y .[10]
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T h e  g en era l s ta te  o f  k n o w led g e  o f  th e  ch em ica l co m p o sitio n  o f  a  m a tu re  co tto n  f ib e r is 

p re sen ted  in  T ab le  2 .1 (12).

T ab le  2.1 T y p ica l v a lu e s  fo r th e  co m p o sitio n  o f  a  m a tu re  d ry  co tto n  fiber[12 ]

C o m p o sitio n  o f  a  fib e r

C o n s titu en t T y p ica l% L o w % H ig h %

C ellu lo se 94 .0 88 .0 96 .0

P ro te in 1.3 1.1 1.9

P e c tin  su b stan ces 0.9 0.7 1.2

W ax 0.6 0 .4 1.0

M in e ra l m atte rs 1.2 0.7 1.6

M a le ic , c itric  and 0.8 0.5 1.0

o th e r  o rg an ic  ac id s

T o ta l su g ars 0.3

2 .1 .3  D e g ra d a tio n  o f  ce llu lo se

A n  in d u stria lly  im p o rtan t fea tu re  o f  c e llu lo s ic  fib e rs  is  ch em ica l s tab ility , 

en ab lin g  th e m  to  w ith s tan d  d eg rad a tio n  w ith  its  co n seq u en tia l lo ss  o f  te n s ile  s tren g th  

u n d e r n o rm al co n d itio n s  o f  use. E v en  s lig h t d eg rad a tio n  d u rin g  p ro cess in g , h o w ev er, 

m ay  b e  a cco m p an ied  by  u n accep tab le  loss o f  s tren g th  an d  o th e r  u n d e s ira b le  effects. 

T h e  s tu d y  o f  d eg rad a tio n , th e re fo re , h as  im p o rtan t im p lic a tio n s  fo r  sa tis fac to ry  d y e in g  

an d  f in ish in g . S ix  d iffe ren t d eg rad a tiv e  ag en c ies  h a v e  b een  id en tified : ac id s , a lk a lis , 

o x id is in g  ag en ts , en zy m es, h ea t and  rad ia tio n (10). U n d e r  ce rta in  c irc u m sta n c e s  ce llu lo se  

can  a lso  b e  d eg rad ed  m ech an ica lly , b u t th is  is n e v e r  a  p ro b le m  in in d u stria l p ro cess in g .

U ltim a te ly  th e  co m p le te  d eg rad a tio n  o f  c e llu lo se  y ie ld s  ca rb o n  d io x id e  and  

w ate r. H o w ev e r, it is th e  early  s tag es  o f  p artia l d eg ra tio n  th a t  a re  im p o rta n t in  th e  

te x tile  fie ld . O n ly  s lig h t changes in  co m p o sitio n  m ay  a ffec t th e  p h y sica l p ro p e rtie s  o f  

ce llu lo se  p ro fo u n d ly , so m etim es ev en  red u c in g  it to  p o w d er. T h e  w a te r-in so lu b le
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p ro d u c ts  o f  th e  ac tio n  o f  ac id s and  o x id is in g  ag en ts  a re  s till freq u en tly  re fe rred  to  by  

th e  trad itio n a l tr iv ia l n am es o f  ‘h y d ro c e llu lo se ’ and  ‘o x y c e llu lo se ’ re sp e c tiv e ly (10).

2 .1 .4  C o tto n  P ro p e rtie s

T h e  p ro p e rtie s  o f  co tto n  are  sh o w n  in T ab le  2 .2 (14>

T ab le  2 .2  P ro p e rtie s  o f  co tto n [1 4 ]

M o le c u la r  S tru c tu re  

M ic ro sco p ic  F ea tu res

L o n g  ch a in  o f  ce llu lo se

Length: 25 to 60 mm.
Width: 12 to 20 }Im.
Cross-section: Bean-shaped
Color: Usually a creamy off-white color
Light reflection: 

P h y sica l P ro p e rtie s
Low luster, dull appearance

Tensile Strength: 96,700 pound/inch2.
Elongation: 4 to 13% elongation at break
Tenacity (g/den.): 3 to 5 (dry), 3.6 to 6 (wet)
Density (g/cm3): 1.54 to 1.62
Moisture content: 8.50%
Resiliency: Low
Toughness and stiffness: High
Abrasion resistance: 

C h em ica l P ro p ertie s
Fair to good

Sunlight and heat: May be heated in the dry state to a temperature o f 1 5 0 °c
without undergoing decomposition but can be damaged by
excessive light

Organic solvents: Resistant to most organic solvents
Effect o f bleaches: Can be bleached without fiber damage
Acids and alkalis: Highly resistant to alkalis. Strong mineral acids cause

fiber damage readily and organic acids do a little damage.
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Table 2-2 (continued)
Resistant to stains: Poor resistance to water-bom stains
Dyeability: Good affinity for various types o f dyes. Dyeable with

direct, vat, sulphur and reactive dyes.
Biological Properties

Effects of microorganisms: Vulnerable to action by bacteria and mould
Effects of insects Starched cottons are attacked by silverfish

Optical Properties
Axial refraction: 1.596
Transverse refraction: 1.534
Double refraction: 0.062

Electrical and Thermal Conductivity Good heat conductor
Flamability Behaviour Bums very readily and once ignited, a fabric will carry

flame.

2 .1 .4 .1  A p p ea ran ce

C o tto n  is  n e v e r  tru ly  w h ite ; a ll co tto n  sam p le s  h a v e  a  so ft c ream y  tin t  and  

v a rio u s  sh ad es  o f  b ro w n  d u e  to  it  co n ta in s  sm all q u an titie s  o f  fa t an d  w ax , p ec tin , 

p ro te in s  an d  n a tu ra l co lo u rin g  m atte r. T h e  rem o v al o f  th e se  im p u ritie s  is e ffec ted  by  

ap p ro p ria te  m e th o d s  o f  sco u rin g , k ie r  b o ilin g  and  b leach in g .

C o tto n  in  its  n o rm al s ta te  is  n o t lu strous. T o  o b ta in  g lazed  an d  em b o ssed  

e ffec ts  by  sp ec ia l ch em ica l tre a tm e n ts  o r  fin ish es , su ch  as  m e rc e riza tio n  p ro cess  o r 

m ech an ica l a fte r  t re a tm e n t.(I4)

2 .1 .4 .2  C o m fo rt

C o tto n  is v e iy  ab so rb en t an d  it d ries q u ick ly , w a ie r  v a p o r  fro m  th e  b o d y  is 

e a s ily  pass th ro u g h  th e  c lo th  fo r ev ap o ra tio n . T h is  reaso n  m ak es  co tto n  an  idea l fab ric  

fo r  th e  su m m ertim e , w h en  an  easy  tran sp ira tio n  o f  b o d y  m o is tu re  m ak es  a  g a rm en t 

co m fo rtab le  to  w ear.<14)
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2 .1 .4 .3  M a in ten an ce

T h o u g h  co tto n  is  s tro n g , it h as  v e ry  little  e la s tic ity  an d  th e  f ib e r  d o es  n o t resis t 

d e fo rm a tio n  so  th a t co tto n  fab rics  ten d  to  c rea se  eas ily . T o  o v e rc o m e  th is  p ro b lem , 

co tto n  m ay  b e  trea ted  w ith  resin s o r  o th e r ch em ica l fin ish ed . U n fin ish e d  co tto n  fab rics  

g e n e ra lly  m u s t b e  ironed  a fte r  lau n d erin g . In  ad d itio n  to  th e  h y d ro p h ilic  n a tu re  o f  

c o tto n  re su lts  in  w a te r-b o rn e  s ta in s by  trap p in g  th e  co lo ran t in  th e  f ib e r  a fte r  w a te r  w as  

e v ap o ra ted .(14)

2 .1 .4 .4  C h em ica l reac tiv ity

T h e  in te rm ed ia te  chain  u n it o f  ce llu lo se  c o n ta in s  th re e  h y d ro x y l g ro u p s. I t is 

g e n e ra lly  accep ted  th a t th e  p rim ary  a lco h o l g ro u p  a t C 6 is u su a lly  m u c h  m o re  reac tiv e  

th a n  th e  seco n d ary  g ro u p s  at C 2 and  C 3.(10) T h e  o v e ra ll re la tiv e  re a c tiv itie s  o f  th e  th ree  

h y d ro x y l g ro u p s  u n d e r h e te ro g en eo u s c o n d itio n s  a re  d e te rm in e d  by  th e  co m b in ed  

e ffec ts  o f  th re e  facto rs: th e ir  in h e ren t ch em ica l re ac tiv ity , s te ric  e ffe c ts  a ris in g  from  th e  

s iz e  o f  th e  en te rin g  g ro u p , an d  ste ric  e ffec ts  a ris in g  fro m  th e  su p ra m o le c u la r  s tru c tu re

o f  th e  ce llu lo se . In  m o s t re ac tio n s  th e  re a c tiv ity  d e c re a se s  in  th e  o rd e r  C 6 >  C 2 >  C 3.
(10)

2 .1 .5  Im p u ritie s  in  C e llu lo s ic  F ibers

M o s t n a tu ra l f ib e rs  are  n o t p u re  ce llu lo se  b u t c o n ta in  s ig n if ic a n t am o u n ts  o f  

o th e r  m a te ria ls . T h e  an a ly sis  o f  v a rio u s  co tto n  an d  flax  sa m p le s  is  su m m arised  in  

T a b le  2 .3 . T h e  p ec tin s  are  p o ly g a lac tu ro n ic  a c id s  an d  th e ir  c a lc iu m , m ag n e s iu m  and  

iro n  sa lts , an d  th e  ash  co n ta in s  ca lc iu m , m ag n e s iu m  an d  p o ta ss iu m  p h o sp h a te s  and  

ca rb o n a tes . N o t in c lu d ed  in  th ese  fig u res is th e  v e g e ta b le  d e b ris  p ro d u ced  by  

m ech an ica l h a rv estin g  and  g in n in g  o f  th e  co tto n . T h is  in c lu d e s  co tto n  seed , le a f  and  

c lay x  fo r co tto n . T h e  am o u n t dep en d s on th e  q u a lity  o f  th e  co tto n  fibers. L in te rs  (sh o rt 

s tap le  w aste ) u sed  fo r  m ed ic in a l co tton  can  co n ta in  up  to  2 5 %  o f  th is  w o o d y  m ate ria l.
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T ab le  2 .3  Im p u ritie s  p resen t in  ce llu lo s ic  fib e rs  (%  by  w e ig h t)[1 0 ]

C o tto n F lax

A v e rag e A m erican E g y p tian บทre tte d  R e tted

C e llu lo se 8 8 .0 -96 .0 91 .0 90.8 5 6 .4 64.1

H em ice llu lo se 15.4 16.7

P ec tin s 0 .7 -1 .2 0.53 0.68 2.5 1.8

L ig n in 2 .5 2 .0

P ro te in s 1 .1-1 .9

W ax 0 .4 -1 .0 0.35 0 .42 1.3 4.5

A sh 0 .7 -1 .6 0.12 0.25

T o  th e se  n a tu ra l im p u ritie s  are  add ed  10-15%  o f  s ize , sp in  fin ish  o r  k n ittin g  

lu b rican t. T h e  sp in  f in ish es  and  k n ittin g  lu b rican ts  co n ta in  su rfac tan ts  an d  m in e ra l o ils 

ap p lied  a lo n e  o r in  ad m ix tu re  to  d ecrease  fr ic tio n  on  m a c h in e  parts . S ize s  a re  f ilm ­

fo rm in g  m a te ria ls  u sed  to  coat th e  w arp  y a m s  o f  w o v e n  fab ric s  in  o rd e r  to  m in im ise  

y a m  b reak ag e  d u rin g  fab ric  p ro d u c tio n . S ta rch , u su a lly  e s te rified  o r  e th e rified , is  th e  

m o st co m m o n  size  b u t po ly ac ry la te s , c e llu lo se  e th e rs  (e .g . c a rb o x y m e th y lce llu lo se ), 

p o ly (v in y l a lco h o l) an d  p o ly (v in y l ace ta te) a re  a lso  u sed . T h e  so u rce  fro m  w h ich  

sta rch  is  o b ta in ed , e .g . co m  o r rice , can  a ffec t its  ease  o f  rem o v a l. S ize  p la s tic ise rs  

su ch  as  ta llo w  o r parafin  w ax  are  e ith e r add ed  to  th e  s iz in g  liq u o r  o r  ap p lied , a fte r  th e  

s ize  has b een  d ried  on to  th e  y am , by  k iss-ro ll co a tin g .

M e ta llic  ion  co n tam ian tio n , p a rticu la rly  iron  an d  co p p er, is  o f  m o st co n ce rn  

d u rin g  o x id a tiv e  tre a tm en t as th is  can  lead  to  ch em ica l d am ag e . T h is  d a m a g e  can 

m a n ife s t i ts e lf  as  v e iy  lo ca lised  d estru c tio n  o f  th e  fib e r o r  red u ced  d y e  u p tak e . T h is 

fo rm  o f  c o n tam in a tio n  can  resu lt from  th e  g ro w in g  a rea  w h e re  th e  p la n t ab so rb s  th e  

m in e ra l m a tte r  th ro u g h  its  ro o ts  o r  th e  w in d  s im p ly  b lo w s th e  so il o n to  th e  fiber. It can  

a lso  arise  fro m  w ash in g  o f f  w ith  co n tam in a ted  w a te r  o r  h ea tin g  w ith  co n tam in a ted
* (10) s team  .
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2.2 Bleaching

A ll na tu ra l f ib e rs  a re  co lo u red  and  th e  co lo u rin g  m a tte r  co n fe rs  a  y e llo w ish  

b ro w n  c o lo u r to  th e  fibers. In  th e  case  o f  c o tto n , th is  is b e liev ed  to  b e  a  co n d en sa tio n  

p ro d u c t o f  ca ffe ic  an d  q u in ic  ac id s w h ich  is re la ted  to  ch lo ro g en ic  ac id . T h e  p u rp o se  o f  

b leach in g  is  to  d e s tro y  th is  co lo u red  m a te ria l an d  to  co n fe r a  p u re  w h ite  ap p ea ran ce  to  

th e  fibers. B leach in g  sh o u ld  a lso  d eco lo rise  o r  rem o v e  any  re s id u a l im p u ritie s  le ft by  

sco u rin g  . T he th ree  ch em ica ls  u sed  fo r  b leach in g  a re  so d iu m  h y p o ch lo rite , so d iu m  

ch lo rite  an d  h y d ro g en  p ero x id e . B leach in g  is  th e  lin ch p in  o f  p rep a ra tio n  and  to d ay  

rea lly  m ean s  b leach in g  w ith  h y d ro g en  p e ro x id e (p e ro x id e ), s in ce  so d iu m  h y p o ch lo rite  

(h y p o ) an d  so d iu m  ch lo rite  h av e  b o th  lo st g ro u n d  to  pero x id e .

H y d ro g en  p e ro x id e  has ach iev ed  its  d o m in an t p o sitio n  as  a  b leach in g  ag en t 

b e c a u se  o f  th re e  facto rs:

1. It is  en v iro n m en ta lly  in n o cu o u s (p o ten tia lly  it can  d eco m p o se  in to  ox y g en  

an d  w ater).

2. It is v e rsa tile  (it can  be  u sed  h o t o r  co ld , in  rap id  o r  lo n g -d w e ll p ro cesses, 

b a tch w ise  o r  co n tin u o u sly ).

3. A  v a rie ty  o f  ac tiv a tio n  ro u te s  is  av a ilab le .

It is  w e ll k n o w n  th a t h y d ro g en  p e ro x id e  can  b reak  d o w n  in to  w a te r  an d  ox y g en  

(S ch em e  2 .3 )(15).

2 H 20 2 --------------- ►  2 H 20  +  0 2

S ch em e  2 .3 [1 5 ]

F o r  b leach in g  to  o c c u r th is  s tab ility  m u st b e  o v e rco m e  b y  ac tiv a tio n . 

A c tiv a to rs  in c lu d e  a lk a lis , su lp h u ric  ac id , u .v . irrad ia tio n , h y p o ch lo rite , tran s itio n  

m e ta ls  an d  O - and  N -acy l co m p o u n d s. T h e  u sual a c tiv a to r fo r  te x tile  b leach in g  is 

a lk a li, u su a lly  so d iu m  h y d ro x id e , and  th e  p e ro x id e  m o lecu le  u n d e rg o es  h e te ro ly tic  

fiss io n  to  th e  p e rh y d ro x id e  ion , as sh o w n  in sch em e  2 .4 (10).



16

H20 2 + OH' -------------- ►  OOH + H20
S ch em e  2 .4 [1 0 ]

T h is  n u c leo p h ile  can  reac t w ith  o rg an ic  co m p o u n d s  b y  a d isp lacem en t reac tio n  

o r  by  a d d itio n  to  a  d o u b le  bond . I t is  p ro b a b le  th a t  th e  p ig m en ts  re sp o n s ib le  fo r  th e  

n a tu ra l c o lo u r  o f  co tto n  con ta in  a  ch ro m o p h o ric  sy s tem  o f  co n ju g a ted  d o u b le  bonds. 

T h ese  w ill b e  a tta ck ed  by  a  free rad ica l sy s tem  an d  it h as  b een  p ro p o sed  by  C a tes  and  

T ah er(16,17) th a t  p e ro x id e  b leach in g  tak es  p la c e  b y  su ch  a  m ech an ism  (S ch em e  2 .5 )(15).

S ch em e  2 .5 [1 5 ]

S u ch  free  rad ica ls  m ig h t be  p ro d u ced  b y  re a c tio n  o f  h y d ro g en  p e ro x id e  w ith  an 

e lec tro n  d o n o r, p o ss ib ly  d e riv ed  fro m  a  m e ta l c a tio n  o r  fro m  a  p e rh y d ro x y l an io n . T he  

reac tio n  m ech an ism  p ro p o sed  in  S ch em e  2 .6 (15).

(a) H 20 2 ------— ► H + +  h o ;

(b ) H 20 2 +  M 2+ ------►  M 3+ +  H O ' +  H O »

(c) H 20 2 +  h o ; ------►  H 0 2» +  H O » +  H O

(d) H 20 2 +  »O H ------►  H 0 2» +  h 20

(e) H 0 2* +  M 3+ ----- ►  M 2+ +  0 า +  H +

S ch em e  2 .6 [1 5 ]

The free radicals are considered to induce decomposition through a chain
mechanism. The decomposition within a given time interval is limited by the level of
colour-bearing impurities or by inhibiting metal cations. The latter appear to protect
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2.3 Choosing dyes o f suitable substantiv ity

C o lo ra tio n  is  a  s tep w ise  p ro cess  th a t  in v o lv e s  a ttra c tio n  o f  th e  d y e  fro m  th e  

liq u id  o r p rin t p a s te  to  th e  fib e r su rface , fro m  w h e re  it d iffu ses  in to  th e  fiber. W ith in  

th e  d y e  m o le c u le s  m o v e  from  o n e  p o in t o f  a tta ch m en t to  an o th e r. U n le ss  th ey  beco m e 

c h e m ic a lly  b o n d ed  to  th e  fib e r o r  co n v e rted  to  an  in so lu b le  p ig m en t, th is  p ro cess 

co n tin u e s  fo r  as  lo n g  as  th e  fib e rs  rem ain  in  th e  d y eb a th . B o th  th e  sp eed  w ith  w h ich  

th e  d y e  m o le c u le s  m o v e  in to  th e  fib e r an d  th e  ease  w ith  w h ic h  th e y  can  m o v e  abou t 

( m ig ra te )  fro m  s ite  to  s ite  d ep en d  u p o n  th e  s tren g th  o f  th e  a ttra c tio n  b e tw een  d y e  and  

fiber. T h e  su b s ta n tiv ity  o f  th e  d y e  is a  m e a su re  o f  th e  s tren g th  o f  th is  a ttrac tio n . W ith in  

an y  o n e  c lass  o f  d y e  a re  d y es  w ith  a  ran g e  o f  su b s tan tiv itie s , a n d  th is  is  o f  s ig n ific an ce  

b o th  in  p ra c tic a l ap p lica tio n  an d  in  th e  fa s tn ess  to  w e t tre a tm e n ts  o f  th e  en d  p ro d u c t.(18)

A s  a  g en e ra l ru le  o f  th u m b , d y es  w ith  h ig h  su b s ta n tiv ity  h a v e  p o o r  m ig ra tio n  

p ro p e rtie s , s in ce  th e  s tro n g  in te rac tio n  w o rk s  ag a in s t re lea se  o f  d y e  fro m  th e  in itia l 

p o in t  o f  a ttach m en t. S u ch  dyes a re  m o re  d iff icu lt to  d is tr ib u te  e v e n ly - th e y  a re  sa id  to  

h a v e  p o o r  lev e llin g  p ro p ertie s . B u t w ith  h ig h  su b s tan tiv ity  is  a sso c ia te d  th e  fastest 

e x h a u s tio n  from  th e  d y eb a th  an d  th e  g re a te s t re s is tan ce  to  w a sh in g  o f f  in  c lean  w ate r. 

O f  co u rse  th e  co n v erse  is  a lso  true : d y es  w ith  lo w e r  su b s ta n tiv ity  e x h a u s t m o re  s low ly , 

h a v e  b e tte r  m ig ra tio n  p ro p e rtie s  and  a re  g o o d  lev e llin g  d y es .(18) T h e  p e n a lty  in  th is  

case  is  p o o r  w e t fa s tn e ss  p ro p erties , s in ce  th e  w e a k e r  d y e -fib e r lin k a g e s  a llo w  ea sie r 

rev e rsa l o f  th e  d y e in g  p rocess.

D y e rs  a re  th e re fo re  o b lig ed  to  s trik e  a  b a lan ce  b e tw een  th e se  p ro p e rtie s  w h en  

fitt in g  th e  ch o ice  o f  d y es  to  th e  in ten d ed  u se  o f  th e  p ro d u c t. D y e in g  m e th o d s  a re  th u s  

g o v e rn e d  as  m u c h  b y  ap p lica tio n  c rite ria  fo r  lev e l d y e in g  a s  th e y  a re  b y  th e  ch em ica l 

n a tu re  o f  th e  d y e  an d  th e  fiber. C o n seq u en tly  th e  lo g ica l w a y  to  a id  d y e  se lec tio n  is by 

so rtin g  d y es  in to  g ro u p s  acco rd in g  to  th e ir  b e s t m e th o d  o f  ap p lica tio n .

the cellulose from chemical damage by minimising the production of molecular
oxygen in the alkaline medium(15).
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D u rin g  1953 I D  R attee  and  พ  E  S tep h en  d isco v ered  th a t  d y e  m o lecu le s  

c o n ta in in g  ce rta in  ch em ica l g ro u p s  (reac tiv e  g ro u p s) co u ld  reac t ch em ic a lly  w ith  

c e llu lo se  u n d e r  a lk a lin e  cond itions. T h u s fo r th e  first tim e  it b ecam e  p o ss ib le  to  m ak e  

a  d y e  re a c t w ith  th e  fib e r and  b eco m e  p art o f  it, ra th e r th an  re m a in in g  as an 

in d e p e n d e n t ch em ica l en tity  w ith in  th e  fiber.

2.4 Reactive dyes fo r cellulose

P rodon M X

Dnm arçne K

Levaftx E -A /P -A

Cibacron F

L e v a f tx  E

Kayaceton

R em azd

SumHix Supra

Cibacron

Procion H

C foa c ro n T

D n m a r e o e X  I n c r e a s i n g  r e a c t i v i t y

F ig u re  2 .7  R e la tiv e  reac tiv itie s  o f  re ac tiv e  d y es  fo r  ce llu lo se  fib e rs  [18]

R attee  an d  S te p h e n ’s d isco v ery  w as fo llo w ed  by  th e  in tro d u c tio n  o f  th e  

P ro c io n  ra n g e  o f  d y es  b y  IC I, w h ic h  illu s tra ted  th e  te ch n ica l p o ss ib ilitie s  o f  p ro d u c in g  

b rig h t sh a d e s  o f  h ig h  fas tn ess  th ro u g h  a  v a rie ty  o f  ap p lica tio n  m e th o d s. S in c e  th en  

m an y  s im ila r  d y es  h av e  b eco m e  av a ilab le . T h e  cu rren t ran g es  o f  re ac tiv e  d y e s  in c lu d e  

m an y  th a t h a v e  a  b ro ad  sp read  in  th e ir  level o f  re ac tiv ity  an d  su b s tan tiv ity . S o m e  

ex a m p le s  a re  sh o w n  in F ig u re  2 .7 , in  w h ich  th e ir  re sp ec tiv e  lev e ls  o f  re a c tiv ity  are 

com p ared . S in ce  th e ir  in tro d u c tio n  o f  th e se  d y es  h av e  p lay ed  a  d o m in a n t ro le  in  th e  

d y e in g  o f  c e llu lo s ic  fib e rs  and , a t th e  tim e  o f  w ritin g , th e ir  u sag e  is s till g ro w in g  

(T a b le  2 .4 ).
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T a b le  2 ,4  W o rld  co n su m p tio n  o f  d y es  fo r  c e llu lo s ic  fib e rs  by  d y e  c lass[18 ]

D y e  c lass C o n su m p tio n  ( to n n e  X 103/y ea r)

1973 1979 1988

D irec t 75 74 74

V a t 55 57 48

S u lp h u r 108 100 90

A zo ic 29 29 26

R eac tiv e 23 42 60

T o ta l 290 301 300

M a n y  re a c tiv e  d y es  p o sse ss  a  re s is ta n c e  to  d ay lig h t p rev io u sly  o n ly  a sso c ia ted  

w ith  v a t  d y es, and  th is  is  re flec ted  in  th e ir  u se  fo r  to p -q u a lity  cu rta in s , fu rn ish in g s  and  

aw n in g s . T h ey  a lso  c o n trib u te  to  th e  c o lo u r  q u a lity  o f  m a n y  d o m estic  g o o d s th a t 

re q u ire  freq u en t w ash in g s , su ch  as  to w e llin g s , an d  a re  u sed  ex ten s iv e ly  fo r  sh irtin g s, 

ta p e s , r ib b o n s , d ress  g o o d s  an d  k n itted  sp o rtsw ear; th e  last-n am ed  acco u n ts  fo r  a ro u n d  

4 0 %  o f  th e  reac tiv e  d y e  m ark e t.

2 .4 .1  S e lec tio n  o f  re a c tiv e  d y es

V e ry  m an y  re a c tiv e  dyes a re  n o w  co m m erc ia lly  av a ilab le , w ith  a  v a r ie ty  o f  

re a c tiv e  g ro u p s. T h e ir  s im p lic ity  o f  a p p lica tio n  an d  b road  sp read  o f  re ac tiv ity  an d  

su b s ta n tiv ity  m ak es  th em  v e ry  v e rsa tile  in  ap p lica tio n . B u t, as w ith  o th e r  c la sses  o f  

d y e , th e  q u a lity  o f  th e ir  d y e in g s  d ep en d s  u p o n  carefu l d y e  se lec tio n . A p p ro p ria te  lev e ls  

o f  reac tiv ity , su b s tan tiv ity  and  ra te  o f  d iffu s io n  are  n eed ed  fo r  th e  m e th o d  o f  

ap p lica tio n  b e s t su ited  to  th e  g o o d s in  han d . In d eed  th e  d y e in g  o f  re ac tiv e  d y es  m ay  be  

d e sc rib ed  q u an tita tiv e ly  in  th e se  te rm s, b u t u su a lly  a  s im p le r em p irica l rep resen ta tio n  

is  m o re  ap p ro p ria te  o n  th e  sh o p  floor.
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T h e  tw o  essen tia l s tag es  in  th e  ap p lic a tio n  o f  re a c tiv e  d y es  are  (a) d iffu sio n  o f  

d y e  in to  th e  ce llu lo se  fiber, and  (b) re ac tio n  b e tw e e n  th e  d y e  an d  ce llu lo se . T h e  fo rm er 

is  c o n tro lled  by  v a ry in g  th e  d y e in g  tim e , th e  d y eb a th  tem p e ra tu re  an d  th e  sa lt 

co n cen tra tio n , and  th e  la tte r  is  a ch iev ed  b y  th e  se lec tio n  o f  an  ap p ro p ria te  a lk a lin ity  

(pH ).

2 .4 .2  S u b stan tiv itv  o f  re ac tiv e  dyes

T h e  low  su b s tan tiv ity  o f  th e  re a c tiv e  d y e  m o le c u le s  b e fo re  fix a tio n  by  a lkali 

p e rm its  v e ry  easy  lev e llin g , b u t o n ce  th ey  re a c t w ith  th e  f ib e r  th ey  ca n n o t m ig ra te  

fu rth e r an d  th e y  b eco m e  res is tan t to  n o rm a l d o m e s tic  w a sh in g  trea tm en ts . In ev itab ly , 

o n ce  a lk a li is ad d ed  to  th e  d y eb a th , re ac tio n  o f  th e  d y e  w ith  ce llu lo se  b eg in s . A t th e  

sam e  tim e , h o w ev er, th e  d y e  b e g in s  to  re a c t w ith  w a te r  (h y d ro ly sis), and  th e  

h y d ro ly se d  d y e  b eco m es a  n u isan ce . I t  re ta in s  its  su b s ta n tiv ity  b u t n o t its  reac tiv ity , 

an d  n e e d s  to  b e  rem o v ed  in  th e  fina l w ash in g -o ff . T h is  s itu a tio n  is  u su a lly  ex p ressed  in  

te rm s o f  th e  ‘e ff ic ie n c y ’ o f  a  d y e  o r  d y e in g  p ro cess , w h ic h  is  rep re sen ted  as  a  ra tio  o f  

th e  a m o u n t o f  d y e  ch em ica lly  co m b in ed  ( ‘f ix e d ’) to  th e  a m o u n t o f  d y e  ap p lied . T h is  

e ffic ien cy  can  n e v e r  reach  u n ity , b ecau se  th e  p re se n c e  o f  h y d ro ly sed  d y e  can n o t be  

a v o id e d  ev en  i f  th e  co n d itio n s  co u ld  b e  ad ju s te d  to  g iv e  100%  tak e -u p  (ex h au stio n ) 

fro m  th e  d y eb a th .

A  w id e r  ran g e  o f  su b s tan tiv ity  lev e ls  is  fe a s ib le  fo r  re ac tiv e  dyes; th e se  h av e  

b een  c la ss ified  as sh o w n  in  T ab le  2 .5 (10). M an y  re a c tiv e  d y es  o f  co m m erc ia l in te res t 

h a v e  su b s tan tiv ity  fac to rs  w ith in  th e  ra n g e  4 0 -8 0 % . I t  co u ld  b e  a rg u ed  th a t v a lu es  

a b o v e  ab o u t 8 0%  are  to o  h ig h , s in ce  su ch  d y e s  ten d  to  s tr ik e  rap id ly , m ig ra te  w ith  

d iff icu lty  an d  w a sh -o ff  s lo w ly . T h e  m o s t su ccessfu l d y es  fo r  ex h au s t m e th o d s  often  

b e lo n g  to  th e  6 0 -8 0 %  ca teg o ry . D y es  w ith  su b s ta n tiv ity  v a lu es  less  th an  4 0 %  are  m o re  

su itab le  fo r p ad d in g  m eth o d s; in ex h au st d y e in g , e sp e c ia lly  a t long  liq u o r  ra tio s , th ey  

g iv e  p o o r  y ie ld s  and  rep ro d u c ib ility  p ro b lem s.
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T ab le  2 .5  C la ss if ic a tio n  o f  reac tiv e  d y es  b y  su b s ta n tiv ity

S u b s tan tiv ity  fac to r (% ) C a teg o ry

> 8 0 V e ry  h ig h  su b s ta n tiv ity

60-80 H ig h  su b s tan tiv ity

40 -60 M e d iu m  su b s tan tiv ity

< 4 0 L o w  su b s tan tiv ity

2 .4 .3  D y e in g  te m p e ra tu re  and  reac tiv ity

T h e  d e c re a sed  su b stan tiv ity  cau sed  b y  ra is in g  th e  d y e in g  te m p e ra tu re  a id s  b o th  

lev e llin g  b e fo re  th e  ad d itio n  and  w a sh in g -o ff  th e  u n fix ed  d y e  a t th e  en d  o f  th e  p rocess. 

A  g re a t d ea l a lso  d ep en d s  u pon  th e  reac tiv ity  o f  th e  d y e , h o w ev er.

T h ere  a re  tw o  g ro u p s o f  re ac tiv e  d y es, d iffe rin g  in  th e ir  lev e l o f  reac tiv ity . T h e  

f irs t in c lu d e s  h ig h ly  reac tiv e  dyes th a t  can  b e  ap p lied  e ff ic ie n tly  a t te m p e ra tu re s  as  lo w  

as ro o m  tem p e ra tu re ; th e se  are re fe rred  to  a s  c o ld -d y e in g  re a c tiv e  d yes. D y es  o f  th e  

se c o n d  g ro u p  a re  ap p ro x im a te ly  1500 tim e s  le ss  re a c tiv e  an d  req u ire  te m p e ra tu re s  o f  

8 0 -1 0 0  ๐ c  fo r  fix a tio n ; th ey  are  h o t-d y e in g  re a c tiv e  d y es(18).

T h e  re a c tiv ity  o f  a  p a rticu la r d y e  can  b e  in c rea sed  fu r th e r  b y  (a ) in c rea s in g  th e  

a lk a lin ity  o f  th e  d y eb a th  (i.e. inc reasin g  th e  p H  v a lu e ), an d  ( b ) ra is in g  th e  tem p e ra tu re . 

H ig h e r  te m p e ra tu re  in c reases th e  reac tiv ity  o f  th e  d y e , w h ic h  i ts e lf  c a rrie s  a  d a n g e r  o f  

u n lev e l d y e in g ; th is  in  tu rn  requ ires  fu rth e r co n tro l o f  re a c tiv ity  th ro u g h  a  re d u c tio n  in  

th e  p H  o f  th e  d y eb a th . T hus su b s tan tiv ity  an d  re a c tiv ity  a re  m a n ip u la te d  to g e th e r  to  

co n tro l th e  q u a lity  o f  dyeings.

2 .4 .4  E ffec t o f  s a lt co n cen tra tio n

In  a  n eu tra l so lu tio n  reac tiv e  d y es  a re  an io n ic  in  c h a ra c te r  ( lik e  d ire c t o r  ac id  

d y es), b u t th e ir  su b s tan tiv ity  is low . T h is  lo w e r level o f  su b s ta n tiv ity  th a t co n fe rs  th e  

ex c e lle n t lev e llin g  p ro p ertie s  on  reac tiv e  dyes. C o m p e n sa tio n  is m a d e  fo r  th is  in
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b a tc h w ise  d y e in g  b y  u s in g  m u c h  h ig h e r  sa lt co n c e n tra tio n s  th an  a re  u sed  w ith  o th e r 

d y es  fo r  c e llu lo s ic  fibers. T h e  lo w ered  su b s ta n tiv ity  p e rs is ts  u n til th e  reac tio n  b e tw een  

d y e  an d  f ib e r  is  in itia te d  b y  th e  ad d itio n  o f  a lk a li to  th e  d y eb a th . O n ce  f ix a tio n  has 

ta k e n  p lace , h o w e v e r, m is ta k e s  can n o t be  re c tif ie d (18).

2 .4 .5  S tru c tu re  o f  R e a c tiv e  D y es

R e a c tiv e  d y es  a re  co lo red  co m p o u n d s w h ic h  co n ta in  o n e  o r  tw o  g ro u p s  cap ab le  

o f  fo rm in g  c o v a le n t b o n d s b e tw een  a ca rb o n  o r  p h o sp h o ru s  a to m  o f  th e  d y e  ion  o r 

m o le c u le  a n d  an  o x y g en , n itro g e n  o r su lfu r a to m  o f  a  h y d ro x y , an  a m in o  o r  a  m ercap to  

g ro u p , re sp ec tiv e ly , o f  th e  substra te . S uch  c o v a le n t b o n d s  a re  fo rm ed  w ith  th e  

h y d ro x y l g ro u p s  o f  c e llu lo s ic  fibers, w ith  th e  am in o , h y d ro x y l an d  m e rc a p to  g ro u p s  o f  

p ro te in  fib e rs  an d  w ith  th e  am in o  g ro u p s o f  p o ly a m id e s (19).

In  g en e ra l re a c tiv e  d y es  fo r  c e llu lo s ic  m a te r ia ls  h a v e  ce rta in  ch a rac te ris tic  

s tru c tu ra l fea tu res , re p re se n te d  d iag ram m atica lly  in  F ig u re  2 .8 (15)

F ig u re  2 .8  C h a rac te ris tic  s tru c tu ra l fe a tu re s  o f  a  re a c tiv e  dy e[1 5 ]

ร  is  th e  so lu b ilis in g  g ro u p s, u su a lly  su lp h o n ic  ac id  su b s titu e n ts  a ttach ed  to  th e  

c h ro m o p h o ric  g ro u p in g .

c is th e  ch ro m o p h o ric  g ro u p in g , co n trib u tin g  th e  c o lo u r  an d  m u ch  o f  th e  

su b s ta n tiv ity  fo r  ce llu lo se .

B is  th e  b rid g in g  g ro u p  th a t links th e  re a c tiv e  sy stem  to  th e  ch ro m o p h o re .

X  is  th e  re a c tiv e  g ro u p , en ab lin g  th e  d y e  to  reac t w ith  th e  h y d ro x y  g ro u p s  in  

ce llu lo se .
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2 .4 .6  A d v a n ta g e  o f  re a c tiv e  d y es

T h e  p ro d u c tio n  o f  re ac tiv e  d y es  o f  c o m m erc ia l in te re s t n u m ero u s  fac to rs  o th e r 

th an  th e  ch em istry  o f  su ch  reac tio n s  h a v e  to  b e  ta k e n  in to  acco u n t. S o m e  o f  th e  m o st 

im p o rtan t are  th e  fo llo w in g (10)

(1) E c o n o m y  - an y  reac tiv e  sy stem  se le c te d  as  th e  b a s is  o f  a  ran g e  o f  d y es  m u st 

en ab le  th e m  to  b e  p ro d u ced  a t a cc e p tab le  cost.

(2 ) A v a ila b ility  -  th e  sy stem  se lec ted  m u s t b e  free  fro m  p a te n t re s tric tio n s , h ea lth  

h aza rd s  o r  o th e r lim ita tio n s  to  e x p lo ita tio n .

(3) F ac ility  -  it m u s t b e  p o ss ib le  to  a tta ch  th e  re a c tiv e  sy s tem  to  th e  d y e  ch ro m o p h o ric  

g ro u p in g s  read ily  in  m an u fac tu re .

(4) S to rag e  s tab ility  -  th e  d y e  co n ta in in g  th e  re a c tiv e  g ro u p s  m u s t b e  s tab le  to  s to rag e  

u n d e r  a m b ien t co n d itio n s.

(5 ) E ffic ien cy  -  th e  y ie ld  in  m a n u fa c tu re  o f  th e  re a c tiv e  d y e  m u s t b e  e ffic ien t an d  th e  

d y e  fix a tio n  m u st b e  h ig h  u n d e r  c o n v en tio n a l co n d itio n s  o f  ap p lica tio n .

(6) B o n d  s tab ility  -  th e  d y e -fib e r b o n d  m u s t b e  re a so n a b le  s ta b le  u n d e r sev ere  

co n d itio n s  o f  w a sh in g  an d  d u rab le  fin ish in g .

2 .4 .7  C la ss ifica tio n  o f  R eac tiv e  dyes

2 .4 .7 .1  D y es  w h ic h  reac t u n d e r  ac id ic  co n d itio n s

T h e  s tru c tu res  o f  m a n y  o f  th e se  d y e s  w e re  b a sed  on  th e  v e rsa tile  in te rm ed ia te  

3 -am in o p h en y lp h o sp h o n ic  ac id  a ttach ed  to  ty p ica l m o n o azo  ch ro m o g en s  in  v a rio u s  

w ay s. T h ese  d y es  w e re  u sual in  b e in g  ap p lied  to  ce llu lo s ic  fib e rs  u n d e r  m ild ly  ac id ic  

co n d itio n s  (p H  5 -6 )(20). A  ca ta ly s t is re q u ire d  in  o rd e r  to  fix  a  d y e  m o le c u le  to  th e  fiber. 

L a te r, th e  p h o sp h o n ic  ac id  d y es  w e re  w ith d ra w n  from  th e  m ark e t d u e  to  th e ir  

d isad v an tag es  in  te rm s o f  lack  o f  v e rsa tile  ap p lic a tio n  an d  cau se  o f  f ib e r  dam ag e .



24

2 .4 .7 .2  D y e s  w h ich  reac t u n d e r a lk a li co n d itio n s.

T h e  reac tiv e  sy stem s w h ic h  reac t u n d e r  a lk a li co n d itio n s  a re  m a in ly  d iv ided  

in to  tw o  ca tago ries:

-  T h o se  th a t reac t b y  a  n u c le o p h ilic  su b s titu tio n  m ech an ism  b ased  on  th e  

p resen ce  o f  lab ile  h a lo g en o  su b s titu e n ts  in  a  h e te ro a ro m a tic  sy s tem , e .g . th e  

ch lo ro triaz in y l d y es  (S ch em e  2 .7 )(15). A m o n g s t th e  p rin c ip a l reac tiv e  

sy stem s o f  th is  ty p e  are  th e  h a lo g e n o -su b s titu te d  tr ia z in e , p y rim id in e , 

p y raz in e , q u in o x a lin e , th iazo le  an d  p y rid a z o n e  g ro u p s.

Cl

S chem e 2 .7  T h e  n u c le o p h ilic  su b s titu tio n  reac tio n [1 5 ]
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N .  . N .
\ ร ' Cl

1 ^ 1
Cl Cl

(a) (b)

F ig u re  2 .9  Im p o rtan t rep re sen ta tiv es  o f  th e se  re a c tiv e  g roups: [21]

(a), (b) d i- o r  m o n o -c h lo ro tr ia z in e s

(c) 2 ,4 ,5 -tr ih a lo g en o p y rim id in e

(d) 2 ,3 -d ich lo ro q u in o x a lin e

-  T h o se  th a t reac t by  th e  ad d itio n  o f  a  n u c le o p h ilic  g ro u p  to  a  ca rb o n -carb o n  

d o u b le  b o n d  o f  th e  reac tiv e  sy stem  (S c h e m e 2 .8 )(15).

D D -E H Z H 10 = C H 2 + Cellulose-O' ------- *■

[ I H Z H Z h  CH2CH20-C ellu iose

S chem e 2.8 T h e  n u c le o p h ilic  ad d itio n  reac tio n [1 5 ]

In  m o s t in s tan ces  th e  u n sa tu ra ted  reac tiv e  g ro u p  is n o t p re se n t in  th e  d y e  as 

su p p lie d  b u t is  fo rm  a  p recu rso r in  th e  p resen ce  o f  a lk a li. T h e  m o s t im p o rta n t 

p re c u rso r  fo r  d y es  o f  th is  ty p e  is  th e  su lp h u ric  ac id  e s te r  o f  P -h y d ro x y e th y lsu lp h o n e , 

w h ich  fo rm s a v in y lsu lp h o n e  in  th e  d y eb a th  b y  e lim in a tio n  o f  su lp h u ric  ac id  

(S ch em e2 .9 )(15).
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ร๐2CH2ch2oso3h ร๐2CH = CH2 + h2so4

S ch em e  2 .9 [1 5 ]

T h e  fo llo w in g  a re  im p o rtan t re p re sen ta tiv es  o f  th is  sy s te m (F ig u re  2 .1 0 )(19):

-S02-CH2-CH2-0S03H

-n h -ch2-çh-ch2 - HQ»
i n i i

-NH-CH2-Ç=CH2 l~OH
-n h -ch2-çh-çh2VO

F ig u re  2 .10 [19 ]

A n  im p o rta n t d iffe ren ce  b e tw een  th e  fix a tio n  re a c tio n s  o f  su b s titu tio n  

m e c h a n ism  an d  ad d itio n  m ech an ism  is th a t th e  fu n c tio n a l g ro u p  o f  th e  te x tile  f ib e r  in  

su b s titu tio n  m e c h a n ism  p a rtic ip a te s  in  th e  ad d itio n  as  w e ll as  th e  e lim in a tio n  reac tio n , 

w h ils t  in  ad d itio n  m ech an ism  th e  firs t e lim in a tio n  s tep  is  in d e p e n d e n t o f  th e  tex tile  

su b s tra te (19). T h e re fo re , w ith  th e  reac tiv e  sy s tem s o f  g ro u p s  th a t re a c t w ith  ad d itio n  

m e c h a n ism , th e re  is  th e  p o ss ib ility , a t co n s tan t d y eb a th  pH , o f  o p tim iz in g  re la tiv e  to  

each  o th e r  th e  ra te  o f  fo rm a tio n  o f  th e  v in y lic  in te r m e d ia te ^  in  F ig u re  2 .11  an d  th e  

ra te  o f  d iffu s io n  o f  th e  dye.
-Q-CH2-CH2-Y

+ HY l k 2

*1 # k- -Q-CH2-CH2-X "t.tQ-CHCH 2
+ h 2o / * 3\ ^

-q -c h 2-ch2-oh

F ig u re  2 .11  T h e  sp ec if ic  b ase  ca ta ly zed  ad d itio n  o f  th e  n u c le o p h ilic  fu n c tio n a l g ro u p

H Y  o f  th e  te x tile  fiber[19]
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2 .4 .8  P ro b le m s o f  R eac tiv e  D y e in g

E v en  th o u g h  reac tiv e  dyes o ffe r u n iq u e  ad v an tag es  b u t c e rta in  p ro b lem s such  

as  p o o r  ex h au s tio n  an d  d y e  lo se  d u e  to  h y d ro ly sis  rem ain  th e  ch a lle n g e  to  be  so lved . 

A ll co n v en tio n a l re ac tiv e  dyes fo r ce llu lo se  re ly  on  th e  rea c tiv ity  o f  th e  ce llu lo sa te  

an io n  (C ell-C f) as  th e  n u c leo p h ilic  reag en t and  h e n c e  h y d ro ly s is  o f  th e  d y e  b y  reac tio n  

w ith  h y d ro x id e  io n s  fro m  w a te r  w ill a lw ay s co m p e te  w ith  th e  d esired  fix a tio n  reac tion . 

R e a c tio n  b e tw een  th e  d y e  and  ce llu lo se  can  o c c u r  o n ly  w h en  th e  d y e  has been  

a b so rb ed  in to  th e  ce llu lo se  p h ase (22).

T h e  e ffic ien cy  o f  f ix a tio n  is a  fu n c tio n  of*10):

1. T h e  rea c tiv ity  ra tio , th e  ra tio  o f  ra te  co n s tan ts  fo r th e  fix a tio n  reac tio n  and  

h y d ro ly sis

2 . T h e  su b s tan tiv ity  ra tio , th e  re la tiv e  co n cen tra tio n s  o f  d y e  ab so rb ed  in to  th e  

su b stra te  an d  rem ain in g  in  th e  d y eb a th

3. T h e  d iffu s io n  co e ffic ien t o f  th e  d y e  in  th e  su b stra te

4 . T h e  liq u o r  ra tio

5. T h e  su rface  a rea  o f  th e  su b stra te  av a ila b le  fo r  a b so rp tio n  o f  d y e

D y es  o f  h ig h e r  su b s tan tiv ity  d iffuse  m o re  s lo w ly  th an  le ss  su b s ta n tiv e  dyes. 

L o w erin g  th e  liq u o r ra tio  fav o r increases in  th e  ra te  an d  e ffic ien cy  o f  f ix a tio n . In  o rd e r  

to  a tta in  th e  m ax im u m  ra te  and  e ffic ien cy  o f  f ix a tio n , m o re  e le c tro ly te s  is  n eed ed , b u t 

th is  in c reases  th e  r isk  o f  ag g reg a tio n  and  p o ss ib le  p rec ip ita tio n  w ith  d y es  o f  lim ited  

so lu b ility . M o re , h ig h  e lec tro ly te  co n cen tra tio n s  in  d y e  ba th  d isc h a rg e s  m ay  in c reases  

sa lin ity  o r  ac id ity  in  riv e rs  and  destro y  d e lica te  b a lan ce  o f  w ate rw ay s.

A n  in c rease  o f  d ye ing  tem p era tu re  lo w ers  th e  su b s ta n tiv ity  ra tio  and  

acce le ra te s  th e  ra te  o f  h y d ro ly sis  o f  th e  dye; b o th  o f  th e se  e ffec ts  red u ce  th e  fix a tio n  

e ffic ien cy . A n  in c rease  in  e lec tro ly te  co n cen tra tio n  a lw ay s en h an ces  su b stan tiv ity  

w ith o u t im p a irin g  reac tiv ity  p rov id ing  th e  d y e  rem a in s  co m p le te ly  d isslo v ed .
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A n y  red u c tio n  in th e  m a g n itu d e  o f  liq u o r  ra tio  m u s t fa v o r  in c reases  in 

e ffic ien cy  and  ra te  o f  d y eing . H o w ev e r, red u c in g  th e  v a lu e  o f  liq u o r  ra tio  m ean s  th a t 

fo r a  g iv en  d ep th  o f  sh ad e  th e  d y e  co n cen tra tio n  m u s t b e  in c reased . F u rth e rm o re , h ig h  

risk  o f  u n ev en  d y e in g  as w ell as d y e  ag g reg a tio n  can  b e  ob ta in ed .

2 .4 .9  P rev io u s  research  w o rk s  on  ch em ica l m o d ific a tio n  o f  c e llu lo se  fib e rs  to  im p ro v e  

d y eab ilitv

T h e  m a in  p ro b lem  in v o lv in g  in  re a c tiv e  d y e in g  is a  p o o r  d y e  f ix a tio n  on  th e  

f ib e r re su lte d  in  m a n y  effo rts  to  d ev e lo p  n a tu ra l an d  sy n th e tic  fib e rs  w ith  en h an ced  

co lo ra tio n  p roperties . T h ese  d e v e lo p m en ts  o ften  req u ire  ch em ica l m o d ifica tio n , 

ap p licab le  du ring  th e  fib e r p ro d u c tio n  stage , p r io r  to  d y e in g  or, m o re  d esirab ly , du ring  

d y e ing .

T h e  a ttem p ts  to  m o d ify  co tto n  fib ers  to  e n h a n c e  th e ir  d y e a b ility  w ere  

p re v io u s ly  p ro p o sed  by  K a rre r an d  W eh rli in  1926. T h ey  to sy la te d  co tto n  an d  then  

reac ted  th is  m o d ified  co tto n  w ith  v a rio u s  a m in es  to  p ro d u c e  fib e rs  co n ta in in g  p rim ary , 

seco n d ary , te rtia ry , and  q u a te rn a ry  a lip h a tic  am in es . S ch em e  2 .1 0 (23) sh o w s th e  

to sy la tio n  o f  co tto n  w ith  p -to lu en esu lp h o n y l ch lo rid e , fo llo w ed  b y  n u c leo p h ilic  

d isp lacem en t o f  p -to lu en esu lp h o n ic  acid  w ith  am m o n ia , to  g iv e  co tto n  am in a ted  w ith  

p rim ary  am in o  residues.

S ch em e  2 .10[23]
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A n o th e r  ro u te  to  am in a ted  co tto n  m e n tio n e d  b y  K a rre r  and  W eh rli is th e  

reac tio n  o f  co tto n  w ith  p -n itro b en zo y l ch lo rid e  fo llo w ed  b y  red u c tio n  o f  th e  g ro u p  

(S c h e m e  2 .11)(23).

S ch em e  2 .11  [23]

H artm an n  desc rib ed  th e  p rep a ra tio n  o f  2 -a m in o e th y lc e llu lo se  b y  reac tin g  2- 

c h lo ro e th y lam in e  an d  s im ila r  co m p o u n d s w ith  so d a  ce llu lo se  o r  c e llu lo se  trea ted  w ith  

18%  so d iu m  h y d ro x id e  (S ch em e  2 .1 2 )(24). L a te r, co m p o u n d s  re la ted  to  2- 

am in o e th y lsu lp h u ric  ac id  w ere  in tro d u ced  s in c e  it  w a s  fo u n d  to  b e  m o re  e ff ic ien t at 

p ro d u c in g  a  2 -am in o e th y lce llu lo se , re la tiv e ly  in ex p en s iv e , an d  n o t req u irin g  o rg an ic  

so lv en ts . A m in o a lk y lce llu lo se s  w ere  c a p ab le  o f  en h an c in g  d y eab ility  w ith  m o st co tto n  

dyes.

130°C,
15 mincell-OH + HN2-CH2CH20 S 0 3'Na+ + NaOH — — ►  cell-0-CH2CH2NH2 + Na2S04 + H20

2-aininoethyl cellulose

S ch em e  2 .12  [2 4]
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H e rlin g e r  e t al. su g g ested  a n ew  tw o -s ta g e  d ry  f ix a tio n  p ro cess  fo r the 

p ro d u c tio n  o f  am in o e th y la ted  ce llu lo se  w ith  2 -a m in o e th y lsu lp h u ric  ac id (23). I f  

v in y lsu lp h o n e  dyes w ere  ad d ed  to  the  p ad  liq u o r, ex c e lle n t c o lo r  y ie ld s  w ere  ob ta ined , 

an d  ev en  h y d ro ly se d  v in y lsu lp h o n e  dyes w e re  co v a len tly  b o u n d  to  th e  fiber.

S o ig n e t e t al. fo u n d  th a t th e  te rtia ry  am in o  g ro u p s  co n ta in ed  in 

d ie th y la m in o e th y lc e llu lo se  (D E A E  ce llu lo se ) a c ted  as a  ‘b u ilt  in ’ c a ta ly s t to  increase  

th e  re a c tiv ity  o f  ep o x id es  an d  e ffec tiv e ly  q u a te m ise d  th e  f ib e r<25). T e rtia ry  am ino  

g ro u p s  h a v e  b een  in co rp o ra ted  in to  ce llu lo se  b y  re a c tio n  o f  c o tto n  b y  reac tio n  o f  

c o tto n  w ith  J3 -ch lo ro e th y ld ie th y lam in e  h y d ro c h lo rid e  a c c o rd in g  to  th e  H artm an n  

p ro c e ss , p ro d u c in g  D E A E  ce llu lo se (26) (S ch em e  2 .1 3 ).

T h e  D E A E  co tto n  co u ld  be dy ed , in  th e  ab sen ce  o f  sa lt, w ith  d irect, 

re a c tiv e ,a n d  ac id  dyes. C o v a len t fix a tio n  o f  a  D rim a re n e  K  re a c tiv e  d y e  o ccu rred  

u n d e r  n eu tra l an d  s lig h tly  ac id ic  d y eb a th  co n d itio n s . E L -A lfy  e t al. e x p la in e d  th is  by  

p ro p o s in g  th a t  th e  te rtia ty  am ino  g ro u p s o f  th e  D E A E  co tto n  w e re  b e h a v in g  as a ’b u ilt- 

in  c a ta ly s t’ (S ch em e  2 .1 4 , w h ere  D  is the  dye  c h ro m o p h o re )(26).

/ C 2H 5

x c 2h 5
cell-O H  +  C1-CH2C H 2-+N -H  ------— ►  ce ll-0 -C H 2C H 2-N

c 2h 5

S ch em e 2 .1 3 [2 6 ]
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F

C2H5
+ cell-0-CH2CH2-N ^

C2H5

F

O-cell

cell-0-CH2CH2-+̂ K  
H x

C2H5 
C2H5

S ch em e  2 .14[26]

T su ji an d  co lle ag u es  ace ty la ted  co tto n  and  sh o w ed  im p ro v ed  u p ta k e  o f  d irec t 

d y e  w ith o u t a d v e rse ly  a ffec ting  fastn ess to  lau n d erin g (27). E n h an ced  d y eab ility  o f  th e  

ace ty la ted  co tto n  w a s  p resu m ab ly  d u e  to  ch an g es  in  th e  c e llu lo se ’s c ry s ta llin e  s tru c tu re  

an d  h e n c e  d y e  acce s ib ility  w ith in  th e  fiber.

L ew is  an d  L ei e s te rified  co tto n  w ith  ch lo ro p ro p io n y l ch lo rid e  (C P C ), an d  th en  

am in a ted  th e  m o d ified  co tton  by  n u c leo p h ilic  su b stitu tio n  o f  th e  c h lo ro p ro p io n a te  

re s id u e  w ith  v a rio u s  am in es  to  p ro d u ce  co tto n  fab rics  co n ta in in g  p rim ary , seco n d a iy , 

te rtia ry , an d  q u a te rn a ry  am in es(2S). It w as  in tia lly  a ssu m ed  th a t th e  reac tio n s  w o u ld  tak e  

th e  co u rse  o f  S ch em e  2 .1 5 , w h ere  R j, R 2, R 3 =  H  o r  C H 3
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cell-OH
OïC1-C-CH2CH2-C1

O\\cell-0-C-CH2CH2-Cl

cell-aC-CH2CH2-N+(CH3 )3 c r

S ch em e  2 .1 5 [2 8 ]

D y e in g  w as  ca rried  o u t w ith  re a c tiv e  d y e s  u n d e r n eu tra l to  s lig h tly  ac id ic  

co n d itio n s  in  th e  ab sen ce  o f  sa lt(23). T h e  re su lts  sh o w  th a t  th e  am in a ted  co tto n  

co n ta in in g  seco n d a ty  am in o  re s id u es  ( tre a tm en t w ith  m e th y lam in e) g a v e  th e  h ig h est 

c o lo r  y ie ld s . B u t a lk a li w ash in g  sh o w ed  th e  p ro p io n a te  s tab ility  to  b e  poo r. H o w ev er, 

th is  p ro b lem  w as o v e rco m e  as it w as  d isco v e red  th a t  a  m o re  sev ere  am in a tio n  step  

(am in e  tre a tm e n t a t 1 0 0 °C )  d id  n o t p ro d u c e  m o d ified  co tton  co n ta in in g  an  e s te r  

lin k ag e . In stead , b o n d s o f  th e  ty p e  C e ll-N +R jR 2R 3 w e re  o b ta in ed  (S ch em e  2 .1 6 ), w h ich  

g a v e  reac tiv e  d y e in g s  o f  ex ce llen t a lk a li s tab ility .

o  Cl" o
100°C _

cell-0 -C -C H 2CH 2-Cl + N R 1R 2R 3 ---------- ► - cell- N R  1R2R 3 + H 0 -C -C H 2CH2-C1

S ch em e  2 .1 6 [2 3 ]
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E v an s  e t al. ca rried  o u t a  co m p re h e n s iv e  ev a lu a tio n  o f  th re e  ty p e s  o f  q u a te rn ary  

co lo rle ss  co m p o u n d , c ap ab le  o f  co v a len tly  b o n d in g  to  ce llu lo se  to  im p a rt c a tio n ic  

c h a ra c te r  w h ic h  sh o u ld  en h an ce  c o tto n ’s d y e a b ility  w ith  re a c tiv e  an d  s im p le  ac id  dyes 

(29) (F ig u re  2 .1 2 ).

T y p e  1 w a s  th e  ch lo ro h y d d rin  p re c u rso r  to  g ly c id y ltr im e th y lam m o n iu m  

ch lo rid e

T y p e  2 co m p o u n d s  w ere  m o n o c h lo ro -s - tr ia z in e s  co n ta in in g  b is -q u a tem ary

am in es

T y p e  3 co m p o u n d s  w e re  b is -m o n o c h lo ro -s -tr ia z in e s  c o n ta in in g  b is -q u a tem ary

am in es
OH C1 ch3

C1-CH2-CH-CH2-+N-CH3
ch3

Type 1

] " NH-R+

N\ ^ N

Type 2

N v N N^ / N

Type 3

F ig u re  2 .12[29]

Owing to the low substantivity of type 1 and type 2 compounds, their
application to cotton demanded a semi or fully continuous process, and the compounds
also showed poor penetration of the fiber due to migration of the agents to the surface
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d u rin g  d iy in g . T y p e  3 co m p o u n d s  are  read ily  reac tiv e  an d  ex h ib it h ig h  su b stan tiv ity  

to w a rd s  co tto n , b u t reac t p re fe ren tia lly  a t th e  su rface  o f  th e  f ib e r  re su lted  in  ring  

d y e in g .

W a ly  e t al. in tro d u ced  te rtia ry  am in o  g ro u p s  b y  im p reg n a tin g  co tto n  fab ric  

w ith  a  so lu tio n  o f  e p ich lo ro h y d rin  and  tr ie th an o lam in e  (3 :1 ) in  a ce to n e  an d  c u rin g (30). 

T h e  tre a te d  c o tto n  sh o w ed  co n sid e rab le  c rease  reco v e ry , su g g es tin g  th e  reac tio n  to  be  

in te rm o le c u la r  c ro ss lin k in g  (S ch em e  2 .1 7 )(30). T h e re  w a s  m ark ed  d y e  u p ta k e  on  th e  

tre a te d  co tto n  co n ta in in g  te rtia ry  am ino  re s id u es  in  th e  case  o f  an  ac id  d y e  and  a 

d ic h lo ro -s -tr ia z in e  (D C T ) reac tiv e  dye. T h is  w a s  ex p la in ed  th a t th e  p ro x im ity  o f  th e  

p ro to n a te d , c a tio n ic  n itro g en  to  th e  seco n d a ry  h y d ro x y l g ro u p  m ig h t en co u rag e  

io n iz a tio n  o f  th e  h y d ro x y l g roup , th u s  c rea tin g  a  n u c le o p h ile  th a t p ro m o te s  th e  fix a tio n  

o f  D C T  d y e s  u n d e r  m ild  p H  co n d itio n s(30).

Form ation o f ep ichlorohydrin/triethanolam ine composite

HOC2H4 OH
^N-C2H4OH + 3 C1CH2-HC-CH2 »» N-(C2 H40-CH2 -HC-CH2 ) 3

HOC2H4 V  x0'

In te rm olecu lar reaction w ith cellulose

N-(C2H40-CH2-HC-CH2)3
V

+ 3cell-OH N -(C2H40-CH2-CH-CH2-0-cell)3 
OH

S ch em e  2 .17 [30 ]

T h e  S an d en e  p ro cess  w as  d ev e lo p ed  b y  C o u rtau ld s  an d  C la rian t(23) and  

in v o lv e d  th e  ap p lica tio n  o f  a  ca tio n ic  p o ly m er, S a n d e n e  8 4 2 5 , to  ce llu lo se  fib e rs  u n d e r 

a lk a lin e  co n d itio n s  by  an  ex h au s t m e th o d  to  en h an ce  th e  f ib e r’s d y e a b ility  w ith  an io n ic  

an d  re a c tiv e  d y es(31). T h e  p o ly m eric  p re trea ted  co tto n  p ro v id ed  a  su b s tra te  th a t had
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h ig h  n eu tra l su b s ta n tiv ity  fo r an io n ic  dyes; re ac tiv e  d y es  co u ld  be  co v a len tly  b o u n d  to  

th e  resin  fro m  n eu tra l to  s lig h tly  ac id ic  d yeba ths.

H e rc o se tt 125 (H ercu les) is a  c a tio n ic , re a c tiv e  p o ly m e r p rep a red  by  a 

c o n d en sa tio n  reac tio n  o f  ad ip ic  ac id  and  d ie th y len e triam in e , fo llo w ed  by  partia l 

c ro ss lin k in g  o f  th e  p o ly am id e  w ith  e p ich lo ro h y d rin (23). B u rk in sh aw  e t al. ap p lied  

H e rco se tt 125 to  co tto n  by  a  p ad -d ry -cu re<32). S ch em e  2 .18  rep resen ts  th e  reac tiv e  and  

n u c le o p h ilic  s ite s  th a t  m a y e x is t on  th e  su rface  o f  th e  p o ly am id e -ep ich lo ro h y d rin  

tre a ted  ce llu lo se .

k Secondary + พ ุ่แ2 aminek
'ๆ  ̂ jS  Tertiary amine,rN—CH2ÇHCH2—NT secondary hydroxylr  I XOH

^N^CH2CHCH2- } /  
H OH H x

..i; . — OH Cellulosa
พ^พ : ^ -

hydroxyl
W W m Covalent Bnk
" j — o - c h 2ç h c h 2- n ' to polymer
V . *■.• X o h

S ch em e  2 .18 [32 ]

T h e  p re trea ted  p o ly am id e -ep ich lo ro h y d rin  co tto n  co u ld  b e  d y ed  fro m  n eu tra l 

d y eb a th s , in  th e  ab sen ce  o f  sa lt, to  g iv e  h ig h  ex h au stio n .

พ น  an d  C h en  ap p lied  p o ly ep ich lo ro h y d rin -d im e th y lam in e  to  co tto n  to  im p ro v e  

its  d y e a b ility  w ith  d ireac ts  and  reac tiv es  by  p o ly m eriza tio n  o f  ep ich lo ro h y d rin  w ith  a 

r in g -o p e n in g  m ech an ism  in ca rb o n  te trach lo rid e  w ith  a bo ron  tr if lu o rid e  e th e ra te
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catalyst to produce polyepichlorohydrin (PECH)<33 35). The amine derivative was
achieved by adding dimethylamine to PECH at 95°c (Scheme 2.19).

/  \  BF30(C2H5)2
h2c ----- CH-CH2-C 1 ------------------- ►

CC14

NH(CH3)2
------[-CH2-ÇH-0-j-—

CH2NH(CH3)2
cr

CH2-CH-0—j—
พ Cl ”

S ch em e  2 .1 9 [3 3 ]

H ig h e r  to ta l n itro g en  co n ten t on  th e  f ib e r  re su lted  in  d y e in g s  o f  h ig h e r  co lo r 

y ie ld . P o ly m ers  co n ta in in g  s im ila r  n itro g e n  c o n te n t b u t d iffe ren t m o le c u la r  m ass  w h en  

ap p lied  to  co tto n  sh o w ed  th e  h ig h e r  m o le c u la r  m a ss  sp ec ie s  to  g iv e  b e tte r  c o lo r y ie ld s , 

p re su m a b ly  d u e  to  th e  h ig h e r su b s tan tiv ity  o f  th e  h ig h e r  m o le c u la r  m ass  po lym er.

S ak am o to  et al. lo o k ed  a t th e  in tro d u c tio n  o f  su lp h o n iu m  d e riv a tiv es  in to  

c o tto n (36). T h e  co tto n  w as  tre a ted  w ith  b is - |3 -iso c y an a to e th y l-d isu lp h id e  in  

d im e th y lfo rm am id e  at 8 0 ° c  fo llo w ed  b y  re d u c tio n w ith  tri-n -b u ty lp h o sp h in e  in  

m e th an o l co n ta in in g  10%  w a te r  to  g iv e  ce llu lo se  (3 -m ercap to e th y l-am in o ca rb o x y la te  

(R D T C ). T h e  R D T C  ce llu lo se  w as  th e n  trea ted  w ith  m eth y l io d id e  to  from  th e  

su lp h o n iu m  sa lts  (S ch em e  2 .20).

Q J  J

cell-0-C-NHCH2-CH2SH ---- ——\\o
p-Mercaptoethylaminocarboxylate cellulose 

or RCTC cellulose

-►  cell-OCNHCH2CH2SCH3
c h 3i

น
ceU-OCONHCH2CH2S+-(CH3)2 r

Scheme 2.20[36]
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T h e  su lp h o n iu m  d eriv a tiv es  w e re  d y ed  w ith  D ire c t S k y  B lu e  A  and  g av e  

in c reased  d y e  u p tak e  due  to  ion ic  in te rac tio n ; d y e  u p ta k e  in c reased  w ith  inc reasin g  

su lp h o n iu m  co n ten t(36).

V ig o  and  B lanchard  im m ersed  so d a  ce llu lo se  in  an  a iy lsu lp h o n iu m  sa lt 

so lu tio n (37). D y e in g  o f  th e  trea ted  c e llu lo se  w a s  ca rried  o u t a t p H  5 .0  w ith  d irec t, 

re ac tiv e , su lp h u r, and  d isp e rse  dyes. Im p ro v ed  c o lo r  s tren g th  w a s  seen  fo r  all th e  

a fo rem en tio n ed  d y e  c lasses b u t d y eb a th  ex h au s tio n  le v e ls  an d  fa s tn ess  re su lts  w ere  

n o t rep o rted .

It w as  tru e  th a t all tre a tm en ts  d e sc rib ed  a b o v e  w e re  ca rried -o u t in  sep a ra ted  

p ro cess  p rio r  to  d y e ing . A d d itio n a l p ro cess  m ean s  lo n g e r  p ro d u c tio n  tim e  an d  an 

in c rease  in  w a te r  an d  energy  co n su m p tio n . H en ce , th is  m ig h t be  o n e  o f  reaso n s  w h y  

th e  m o d ific a tio n  o f  ce llu lo se  fibers h as  n o t w id e ly  u sed  in  co m m erc ia l p ro cess . It is 

b e lie v e d  th a t com b in in g  th e  d y eab ility  m o d ific a tio n  w ith  p re tre a tm en t p ro cess  is 

in te re s tin g  in  te rm s o f  v iew  p o in ts  o f  p rac tic a l te x tile  ch em ist.

2.5 Concept o f the M od ifica tion and Bleaching o f Cotton Fab ric  in  Single-bath  
Process

F irs tly , scou red  co tton  fab ric  w a s  tre a te d  w ith  m o d ify in g  ag en t th a t be  

sy n th es ized  in  o u r labora to ry . T h e  c o n seq u en t p re tre a tm en t w as  co n tin u ed  in  th e  sam e 

b a th  w ith  h y d ro g en  p ero x id e  an d  so d iu m  h y d ro x id e  to  f in a lly  o b ta in  m o d ified , 

b leach ed  co tto n  fabric . A d v an tag eo u s ly  w h en  co m p ared  to  p rev io u s  m e th o d s, th e  

ap p lica tio n  o f  th is  m o d ify in g  m e th o d  is tim e  and  co st sav in g  as  a  re su lt o f  m in in iz in g  

w a te r  and  en e rg y  co n su m p tio n  as  w e ll as  red u c in g  w a s te  v o lu m e . T h ere fo re , it sh o u ld  

b e  c la im ed  th a t th is  p rocess is en v iro n m en ta lly  fr ien d ly  s in ce  sa lts  w h ic h  are 

co n sid e red  as  p o llu tan t co u ld  be  e lim in a ted  from  c e llu lo s ic  d y e in g  p ro cess  and  th en  

recy c lin g  o f  d isch arg ed  w a te r  is p rac ticab le . T h e  m o d ify in g  ag en t u sed  in th is  

e x p e rim en t is a  ca tio n ic  reac tiv e  co m p o u n d . T h e  sy n th e s is  re su lt w ill be  fo llo w ed  as 

sh o w n  in reac tion  F igu re  2 .13.
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e u ,N

N ^ N

? H c r  CHJ 
n h c ^ c h cHz-n Æ hj 

x c h 3

Cl

F ig u re  2 .13

T h e  m o d ify in g  ag en t ob ta in ed  w ill b e  ap p lied  to  ce llu lo s ic  fab ric s  d u rin g  

b leach in g  p ro cess. T h e  reac tio n  b e tw een  ce llu lo se  h y d ro x y l g ro u p  an d  th e  m o d ify in g  

ag en t co u ld  b e  w ritten  as  sh o w n  in sch em e  2 .21 .

Cell-OH + Cl> „N

N

Cl

N

OH or CH3 
nhch2chch2-n Æ h3

Cell-C ,N.

N. N

Cl

OH cr  Œ  
NHCH 2CHCH2-NÆh3 

x ch3

S ch em e  2.21

It is b e liev e  th a t th is  ty p e  o f  m o d ify in g  ag en t co u ld  b e  read ily  se lf-ab so rb ed  

in to  co tton  f ib e r d u e  to  it co n ta in  th e  q u a te rn a ry  am m o n iu m  g ro u p  w h ich  p lay s  an 

im p o rtan t ro le  in  p ro m o tin g  d y e  ad so rp tio n  th a t w ith o u t th e  req u irem en t o f  sa lts , as

sh o w n  in  S ch em e  2 .21 .
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Cell-' ?H CI/CH3,N ^  NHCHzCHCHz-N̂ Hj

N ^ N

Cl

CH3 + Dye-S03H

Na2C 03

Cell-'
"0 3S-Dye 

OH ^CH3 ^^^NHCHCHCHj-N̂ CHj 3
CH,

Cl

S ch em e  2 .22

T h e  fix a tio n  o f  th is  c o m p o u n d  to  ce llu lo se  u su a lly  can  b e  ach iev ed  by  e ith e r 

a lk a li a ss is ted  c o v a len t b o n d in g . In  b leach in g  step , h y d ro g e n  p e ro x id e  w a s  u sed  to  

rem o v e  im p u ritie s  co n seq u en tly  o b ta in  s tan d ard  w h ite n e ss  an d  c lean  fab ric  su ita b le  fo r 

su b seq u en t d y e in g  p ro cess. M e a n w h ile , it is ex p e c te d  th a t u n fix ed  m o d ify in g  ag en t 

m ay  b e  re m o v e d  s im u ltan eo u s ly  u n d e r  th e  b leach in g  co n d itio n . T h e  b leach in g  

p e rfo rm an ce  o f  h y d ro g en  p e ro x id e  is e v a lu a ted  as w h ite n e ss  index  u s in g  M ac b e th  

sp ec tro p h o to m e te r. C h a rac te riz a tio n  o f  m o d ified  fab ric  is  a lso  ca rried  o u t u sin g  

e lem en ta l a n a ly s is  te ch n iq u e  to  d e te rm in e  n itro g en  co n ten t. T h e  d y e in g  p ro p e rtie s  

in c lu d in g  c o lo r  s tren g th , th e  d eg ree  o f  d y e  fix a tio n  an d  c o lo r fa s tn ess  to  lig h t w ill be  

ev a lu a ted  and  th e  co m p are  to  th o se  o b ta in ed  fro m  th e  co n v en tio n a l d y e in g  o f  

u n m o d ified  co tto n  fab ric  in  th e  p re sen ce  o f  salt.
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