
C H A P T E R  IV

Results and Discussion

4.1 Synthesis of Modifying Agent: 3-amino-2-hydroxyl-propyltrimethyI 
ammonium(3,5)-dichlorotriazine

T h e 3 -a m in o -2 -h y d ro x y l-p ro p y ltr im e th y lam m o n iu m (3 ,5 )-d ic h lo ro tr ia z in e  

w h ich  w a s  u sed  in  th is  ex p e rim en t h as  th e  fo llo w in g  form ula:

h n -c h 2-c h c h 2-n <— - c h 3
'C H ,

Cl

F ig u re  4.1 T h e  s tru c tu re  o f  m o d ify in g  ag en t, 3 -am in o -2 -h y d ro x y l- 

p ro p y ltrim e th y lam m o n iu m (3 ,5 )-d ich lo ro tria z in e

In  th is  ex p erim en t, tw o  ap p ro ach es  w ere  ad ap ted  to  p repare  th e  m o d ify in g  

ag en t as d esc rib ed  on  sec tio n  3 .3 . T h e  sy n th esiz in g  resu lts  are d iscu ssed  as  fo llow s:

4.1 .1  S yn thesis  o f  th e  in te rm ed ia te  I: 3 -am in o -2 -h y d ro x y l-p ro p y ltr im e th y lam m o n iu m  

ch lo rid e  from  (3 -ch lo ro -2 -h y d ro x y p ro p y l)trim eth y lam m o n iu m  ch lo rid e  

T h e  in tem ed ia te  I: 3 -am in o -2 -h y d ro x y l-p ro p y ltrim e th y lam m o n iu m  ch lo rid e  

w as p rep a red  by  th e  reac tio n  o f  (3 -ch lo ro -2 -h y d ro x y p ro p y l)trim eth y lam m o n iu m  

ch lo rid e  w ith  ex cess am m onia . B ased  on  th e  sch em e  3 .1 , th e  reac tio n  b e tw een  

am m o n ia  and  (3 -ch lo ro -2 -h y d ro x y p ro p y l)trim eth y lam m o n iu m  ch lo rid e  w a s  ex p ec ted
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to  g iv e  3 -am in o -2 -h y d ro x y l-p ro p y ltr im e th y lam rn o n iu m  ch lo rid e , th e  p rim ary  am in e  

co n ta in in g  q u a te rn a ry  am m o n iu m  m o ie ty . T h e  o b ta in ed  in te rm ed ia te  w as  

ch a rac te rized  by  N M R . T h e  q u a n tita tiv e  an a ly s is  w a s  ca rried  o u t u s in g  p H -titra tio n  

m eth o d .

1 N HCl (ทา!.)

F ig u re  4 .2  T itra tio n  cu rv e  o f  in te rm ed ia te  I an d  stan d a rd  h y d ro ch lo ric  ac id  so lu tion

F ro m  th e  titra tio n  cu rv e  in F ig u re  4 .2 , th e  a m o u n t o f  th e  p rim ary  am in e  w as 

ca lcu la ted  from  th e  v o lu m e  o f  s tan d a rd  h y d ro ch lo ric  ac id  so lu tio n  u sed  a t th e  

in flec tio n  p o in t. T h e  p e rcen t o f  co n v e rs io n  o f  (3 -ch lo ro -2 -h y d ro x y p ro p y l)tr im e th y l 

am m o n iu m  ch lo rid e  to  3 -am in o -2 -h y d ro x y lp ro p y l tr im e th y l am m o n iu m  ch lo rid e  w as 

d e te rm in ed . T h e  o b ta in ed  p e rcen t co n v e rs io n  is ab o u t 11%  y ie ld  w h ich  is ex trem e ly  

low . T h is  m ean s th a t s id e  reac tio n s  ex is ted  d u rin g  th e  p rep a ra tio n  o f  th e  in te rm ed ia te . 

S in ce  th e  p rim ary  am in e  p ro d u ced  b eh av ed  s tro n g e r  n u c leo p h ile  th an  th e  am m o n ia  

s ta rtin g  agen t, it co u ld  easily  u n d erg o  n u c leo p h ilic  su b s titu tio n  reac tio n  w ith  u n reac ted  

(3 -ch lo ro -2 -h y d ro x y p ro p y l)trim eth y lam m o n iu m  ch lo rid e  to  p ro d u ce  seco n d ary  am ine. 

L ik ew ise , th e  seco n d ary  am in e  w h ich  is m o re  reac tiv e  reac ted  w ith  u n reac ted  (3- 

ch lo ro -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m  ch lo rid e . It w as  p o ss ib le  th a t th e
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q u a te rn a ry  am m o n iu m  co m p o u n d  co u ld  b e  p re se n t a s  a  re su lt o f  th e  re a c tio n  o f  te rtia iy  

am in e  w ith  u n reac ted  (3 -ch lo ro -2 -h y d ro x y p ro p y l)  tr im e th y la m m o n iu m  ch lo ride . 

T h e re fo re  it w a s  v e ry  d ifficu lt to  co n tro l th e  reac tio n  o f  (3 -ch lo ro -2 -h y d ro x y p ro p y l)  

tr im e th y la m m o n iu m  ch lo rid e  w ith  am m onia . In  th is  ex p e rim en t, a n o th e r  ap p ro ach  to  

p rep a re  th e  p rim ary  an ine  co m p o u n d  w as  p ro p o sed .

4.1.2 S y n th e s is  o f  th e  in te rm ed ia te  n from  g ly c id y ltr im e th y l am m o n iu m  ch lo rid e

It is a  fac t th a t g ly c id y ltrim e th y l a m m o n iu m  ch lo rid e  is  m o re  reac tiv e  th an  

(3 -ch lo ro -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m  ch lo rid e . T h e  re a c tio n  b e tw een  

g ly c id y ltr im e th y l am m o n iu m  ch lo rid e  w ith  a m m o n ia  co u ld  o c c u r  a t m ild e r 

te m p e ra tu re  an d  th e  reac tio n  ra te  w a s  p re su m a b ly  h ig h e r  th a n  th o se  o f  (3 -ch lo ro -2 - 

h y d ro x y p ro p y O trim e th y lam m o n iu m  ch lo rid e -am m o n ia  co u n te rp a rt. T h e  p H  v a lu e  o f  

re a c tio n  m ix tu re  m easu red  a t ab o u t 9.4 p re lim in a rily  in d ica te s  th a t  th e  p resen ce  o f  

p r im a ry  a m in e  is  m ark ed ly  h ig h e r th a t o b ta in ed  fro m  th e  p re v io u s  reac tio n (sec tio n  

4.1.1). T h e  p e rc e n t co n v ers io n  o f  g ly c id y ltr im e th y l am m o n iu m  ch lo rid e  in to  th e  

p rim a ry  a m in e  is fo u n d  to  be  6 3 %  y ie ld . T h e re fo re  th e  in te rm e d ia te  n  w as  used  

th ro u g h o u t fo r  th e  p rep a ra tio n  o f  th e  m o d ify in g  agen t.
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F ig u re  4 .3  T itra tio n  cu rv e  o f  in te rm ed ia te  II and  stan d a rd  h y d ro c h lo ric  ac id  so lu tion .
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4.2 NMR study of the intermediate I, intermediate II and modifying agent
4.2 .1  I n  N M R  stu d y  o f  (3 -c h lo ro -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m  ch lo rid e  and 

in te rm ed ia te  I

T h e  ' h  N M R  sp ec tro sco p y  w a s  em p lo y ed  to  co n firm  th e  ch em ica l s tru c tu re  o f  

in te rm e d ia te  I and  (3 -c h lo ro -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m  ch lo rid e . T h e  เแ  

N M R  sp ec tra  o f  (3 -c h lo ro -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m  ch lo rid e  is sh o w ed  

in  F ig u re  4 .4  and  th e  *H N M R  sp ec tru m  o f  in te rm ed ia te  I in  D 20  so lv e n t is show  

F ig u re  4 .5  an d  th e  ch em ica l sh ifts  o f  all p ro to n s  a re  su m m arized  in  T ab le  4.1

*H N M R  o f  (3 -c h lo ro -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m  ch lo rid e  (see  

F ig u re  4 .4 ) sh o w s th e  s ig n a ls  at 3 .0 7 (A ), 2 .8 0 (B ), 3 .5 5 (C ) an d  3 .2 5 (D ), w h ic h  is 

a ss ig n ed  to  th e  p re sen ce  o f  m e th y len e (A ) p ro to n , m e th y len e (B ) p ro to n , m e th y len e (C ) 

p ro to n  an d  m e th y l p ro to n  resp ec tiv e ly . JH N M R  in  fig u re  4 .5  co n firm s  th a t th e  

reac tio n  b e tw een  (3 -ch lo ro -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m  ch lo rid e  and  

a m m o n ia  co m p le ted  b ecau se  th e  signal o f  m e th y len e (A ) p ro to n  a t 3 .0 7  ppm . 

d isap p ea red . H o w ev e r, th e  reac tio n  p ro d u c t w a s  n o t p u re  s in ce  th e  fo re in g  s ig n a ls  are 

o b se rv ed  a t 3 .4  and  2 .7  p p m . T h e  re su lts  o b ta in ed  in d ica te  th a t tn e  seco n d a ry  am in e , 

th e  te rtia ry  am in e  an d  th e  q u a te rn a ry  am m o n iu m  sa lt w e re  p re se n t in  th e  p ro d u c t.
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F ig u re  4 .4  *H N M R  sp ec tru m  o f  (3 -ch lo ro -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m

ch lo rid e  u s in g  D 20  as so lven t.

F ig u re  4 .5  ' h  N M R  sp ec tru m  o f  in te rm ed ia te !  u sin g  D 20  as so lven t.
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T ab le  4.1 C h em ica l sh ifts  o f  (3 -c h lo ro -2 -h y d ro x y p ro p y l)tr im e th y la m m o n iu m  ch lo rid e  

and  in te rm ed ia te  I

C o m p o u n d C h em ica l sh ift A ssig n

( 6 )  (p p m .) m en t

(3 -ch lo ro -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m  ch lo rid e

O H  0 - £ H 3 3 .07 A
c i - c h 2c h c h 2— n - ^ — -c h 3

A B C  C H 3 2 .80 B
D 3.55 c

3 .25 D

In te rm ed ia te  I

E x p ec ted  p ro d u c t 3 .4 A

O H  c 1- y C H 3

h 2n - c h 2c h c h 2— n - ^ - c h 3 
A  C H 3

S eco n d a ry  am in e

cr H<? ?H Cl- y™ 3
H 3C —JSB— — h 2c h c h 2c - h n —  c h 2c h c h 2—  n ^ — c h

h 3c /  " ~ c h 3

T ertia ry  am in e

H 3C \ c r  H O  <pH c r y C H 3
h 3c -  N4—— h 2c h c h 2c - n — c h 2c h c h 2—  n ^ — c h  

h 3c  c h 2 c h 3c h 2
Ç H -O H

C H
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4 .2 .2  *F[ N M R  stu d y  o f  g ly c id y ltrim e th y l am m o n iu m  ch lo rid e  an d  in te rm ed ia te  II

T h e  *H N M R  sp ec tro sco p y  w a s  u sed  to  co n firm  th e  ch em ica l s tru c tu re  o f  

in te rm e d ia te  n. T h e  *H N M R  sp ec tru m  o f  g ly c id y ltr im e th y l am m o n iu m  ch lo rid e  in  

D 20  so lv e n t is  sh o w n  F ig u re  4 .6  and  th e  เแ  N M R  sp ec tru m  o f  in te rm e d ia te  II in D 20  

so lv e n t is sh o w n  F ig u re  4 .7  and  th e  ch em ica l sh ifts  o f  all p ro to n s  a re  su m m arized  in 

T a b le  4 .2 . T h e  re su lts  in d ica ted  th a t g ly c id y ltr im e th y l am m o n iu m  ch lo rid e  w as 

co m p le te ly  co n v erted  to  (3 -am in o -2 -h y d ro x y p ro p y l)tr im e th y lam m o n iu m  ch lo rid e , 

ju d g e d  by  th e  d isap p ea ran ce  o f  ep o x y  p ro to n  sig n a l a t 3 .1  ppm .

BLVCIDYL-1H

รพเท่

f D . ^ -

รr a g  - •» ^ y 1 1

c J  }
A B

— AA ... —̂—A. AA*. <๘ \  I  /I
4.4 - 4.3 4.2 4.'} 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2 ?,*i 3.0 2,9 2.8 2,7

F ig u re  4 .6  ' h  N M R  sp ec tru m  o f  g ly c id y ltr im e th y l am m o n iu m  ch lo rid e

u sin g  D ,0  as so lven t.
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F ig u re  4 .7  N M R  sp ec tru m  o f  in te rm ed ia te  n  u s in g  D 20  as so lv en t.

T a b le  4 .2  C h em ica l sh ifts  o f  g ly c id y ltr im e th y l am m n iu m  ch lo rid e  an d  in te rm ed ia te  n

C o m p o u n d C h em ica l sh if t ( 6 ) A ss ig n m en t

(p p m .)

g ly c id y ltr im e th y l am m o n iu m  ch lo rid e

A  ° 7 c h 3
H 2C — C H -C H 2- N z— C H .

3.1 A

A  B  c  A 2 .8 -2 .9 B

3.6 c

3 .2 -3 .3 D

In te rm e d ia te ll

O H  c r 3 .4 -3 .5 A
h 2n —c h 2c h c h 2— N  -^—  c h 3

A B C  C H 3 2 .7 -2 .8 B
D 3.58 c

3.23 D
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4 .2 .3  H  N M R  s tu d y  o f  m o d ify in g  agen t: 3 -a m in o -2 -h y d ro x y l-p ro p y ltr im e th y l 

am m o n iu m (3 .5 )-d ich lo ro tr ia z in e

T h e  ' h  N M R  sp ec tro sco p y  w a s  u sed  to  co n firm  th e  ch em ica l s tru c tu re  o f  

m o d ify in g  agen t. T h e  'h  N M R  sp ec tru m  o f  m o d ify in g  a g e n t in  D 20  so lv en t is show n 

F ig u re  4 .8  an d  th e  ch em ica l sh ifts  o f  all p ro to n s  are  su m m a riz e d  in  T ab le  4.3

F ig u re  4 .8  'f i  N M R  sp ec tru m  o f  m o d ify in g  agen t: 3 -am in o -2 -h y d ro x y l-  

p ro p y ltr im e th y la m m o n iu m (3 ,5 )-d ic h lo ro tr ia z in e  u s in g  D 20  as so lven t.
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T ab le  4 .3  C hem ical sh ifts  o f  m o d ify in g  ag en t:3 -am in o -2 -h y d ro x y  1-propyltrim ethyl 

am m o n iu m (3 ,5 )-d ich lo ro tria z in e

C o m p o u n d C h em ica l sh ift (Ô ) 

(ppm .)

A ssig n m en ts

Cl.
!_ j I C1 / C H 3

. N N - C H 2C H C H 2- N ^  C H 3
A B C  C H 3

3.68

3 .45 -3 .55  

3 .62 

3 .2-3 .3

Cl

A

B

c

D

4.3 Effect of the modifying agent concentration on whiteness property
T ab le  4 .4  and  F ig u re  4 .9  sh o w  w h iten ess  index  w h ich  o b ta in ed  from  th e  

m o d ify in g  ag en t on  b leach in g  s in g le -b a th  trea tm en t. T h e  w h ite n e ss  in d ex  o f  

c o n v en tio n a l b leached  fab ric  w as  th e  h ig h e s t v a lu e . In  th e  p re sen ce  o f  m o d ify in g  

ag en t, th e  w h ite  ap p ea ran ce  o f  b leach ed  fab ric s  k eep ed  to  g rad u a lly  d ec rease  w ith  an 

in c rea se  in  co n cen tra tio n  o f  m o d ify in g  agen t. B ecau se  th e  re s id u a l so lu tio n  o f  

m o d ify in g  ag en t tha t p resen ted  p a le  y e llo w ish  c o lo r o f  m o d ify in g  ag en t a lso  consum ed  

H 20 2 d u rin g  co n seq u en t b leach in g , red u c in g  th e  b leach in g  e ffec t on  w h iten ess , 

H o w ev er, a t th e  h ig h est co n cen tra tio n  o f  m o d ify in g  ag en t ap p lied  (40  g/1), a  s ligh t 

d ec rea se  in  w h iten ess  in d ex  is o b serv ed , su g g es tin g  th a t th e  ad d itio n  o f  m o d ify in g  

a g en t to  b leach in g  p ro cess d id  n o t g rea tly  a ffec t th e  p e rfo rm an ce  o f  b leach in g  agen t.
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T ab le  4 .4  W h iten ess  in d ex  o f  m o d ified  b leach ed  co tto n  fab ric  a t v a r io u s  m o d ify in g  

co n cen tra tio n s

C o n cen tra tio n s o f  M o d ify in g  

agen t

W h ite n e ss  in d ex

S coured  F ab ric 5 2 .013

C onven tiona l B leach 78 .443

10 g/1 M o d ifie r 7 1 .5 1 2

20  g/1 M o d ifie r 6 7 .3 6 8

30  g/1 M o d ifie r 6 2 .0 0 6

40  g/1 M o d ifie r 5 8 .6 7 8

><JÙ
.ร
CO

a

#  #  ๙
y  > 0#  0#  0#  0#^5? J[P Jfp

^  ^  0# *  5# *e p  # °  ร^

F ig u re  4 .9  W h iten ess  index ch a rt o f  m o d ified  b leach ed  co tto n  fab ric



66

4.4 Total nitrogen content determination
T ota l n itro g en  co n ten t o f  m o d ified  co tto n  w as m easu red  in o rd e r  to  ev a lu a te  

th e  e x te n t o f  m o d ify in g  ag en t fix a tio n  an d  th e  re su lts  a re  sh o w n  in ta b le  4 .5

T ab le  4 .5  T o ta l n itro g en  co n ten t o f  m o d ify in g  a g e n t on  co tto n  fab ric  a fte r  f ^ O /N a O H

C o n cen tra tio n  o f  m o d ify in g  

ag en t (g/1)

T o ta l n itro g en  co n ten t 

b e fo re  add in g  H 20 2/N aO H

T o ta l n itro g e n  co n ten t 

a fte r  a d d in g  H 20 2/ N aO H

10 0 .1 4 9 0 .1 1 7

20 0.155 0 .1 2 7

30 0 .169 0 .142

40 0 .196 0 .168

T h e  b u lid -u p  o f  p o s itiv e  ch arg es on  fib e r su rface  w as  lik e ly  to  b e  th e  m a in  

in flu en ce  cau s in g  n o  fu rth e r ab so rp tio n  o f  th e  m o d ify in g  ag en t. I t  w a s  th o u g h t th a t 

o n ce  N a O H  b e in g  ad d ed , ab so rp tio n  o f  c a tio n ic  m o d ify in g  ag en t sh o u ld  in crease  

fu rth e r d u e  to  th e  g en e ra tio n  o f  c e llu lo sa te  an ions.

T h e  to ta l n itro g en  co n ten t o f  H 20 2/N a 0 H  tre a te d  fab ric  in c rea se s  w ith  an 

in c rea se s  in  th e  co n cen tra tio n  o f  m o d ify in g  ag en t. C o m p ared  to  th e  co rre sp o n d in g  

v a lu e  o b ta in ed  b efo re  H ^ O /N a O H  ad d itio n , h o w ev er, th e  la tte r  v a lu e  w a s  fo u n d  to  be  

lo w er. I t  w a s  p ro b ab le  th a t so m e o f  ab so rb ed  m o d ify in g  ag en t w a s  su b jec ted  to  

a lk a lin e  h y d ro ly s is  d u rin g  b leach in g , lead ing  to  th e  red u c tio n  in  th e  to ta l n itro g en  

co n ten t. H en ce , th e  p resen ce  o f  to ta l n itro g en  co n ten t in d ica ted  th a t th e  q u a te rn a ry  

am m o n iu m  g ro u p s  w e re  in co rp o ra ted . T h e  in crease  in  to ta l n itro g en  co n ten t im p lie s  

th e  p re sen ce  o f  h ig h e r am o u n t o f  a n io n ic  d y e  s ite s  th a t  sh o u ld  m ean  h ig h e r cap ab ility  

o f  d y e  u p tak e .

T h e  reac tio n  o f  m o d ify in g  agen t, 3 -a m in o -2 -h y d ro x y l-p ro p y ltr iam m o n iu m - 

d ich lo ro tr ia z in e , o n to  ce llu lo se  m ay  be  rep resen ted  as fo llow s:
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Cell-OH + C l^  NHCH2CHCH2-N^CH f3
^ r x h 3

N ^ N

Cl

Cell-( ,N
?H c r  c h3 

n h c h 2c h c h 2-n Æ h 3 
x c h 3

Cl

F ro m  th e se  resu lts , it m ay  b e  sa id  th a t b leach in g  p e rfo rm an ce  o b ta in ed  from  

th is  sy s tem  such  as  w h iten ess , ab so rb en cy  an d  rem o v a l o f  m o te  co u ld  m e e t th e  

b leach in g  stan d ard  req u ired . In a d d itio n , c a tio n ic  g ro u p s  w e re  a lso  co n cu rren tly  

in co rp o ra ted  in to  ce llu lo se  b ack b o n e  d u rin g  b leach in g  p ro cess.

4.5 Effect of increasing concentration of modifying agent on dye uptake and dye 
fixation

T h e  d y e in g  o f  m o d ified  co tto n  fab ric  in  th e  ab sen ce  o f  sa lt w as  in v estig a ted . 

C o tto n  fab ric s  m o d ifie d  w ith  v a rio u s  c o n cen tra tio n s  o f  m o d ify in g  ag en t w e re  dyed  

w ith  2 %  o w f  P ro c io n  C rim so n  C X -B  a t 8 0 ° c  fo r 4 0  m in  in  th e  p re sen ce  o f  2 0  g /L  

N a 2C 0 3. T h e  d y e  ex h au s tio n  and  c o lo r y ie ld  v a lu e s  o f  re su ltin g  d y ed  fab ric s  are  sh o w n  

in T ab le  4 .6  and  F ig u re  4 .10 .
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T ab le  4 .6  C o lo r y ie ld , %  dye  ex h au s tio n  and  %  fix a tio n  o f  m o d ified  fab ric s  at v a rio u s

m o d ify in g  co n cen tra tio n s
Concentration o f 

modifying agent (g/1)
K/S

B efo re  so ap in g  A fte r  so ap in g
% Exhaustion % Fixation

Conventional bleach 5.569 4.433 43.040 34.260
10 g/1 Modifier 7.757 6.571 56.120 47.540
20 g/1 Modifier 7.931 6.404 63.140 50.983
30 g/1 Modifier 7.742 6.760 60.760 53.053
40 g/1 M odifier 8.691 7.636 65.350 57.417

□  % Exhaustion 

El % Fixation

F ig u re  4 .10  C h art o f  th e  ex h au s t d y e in g  o f  m o d ified  co tton

T h e  resu lt o b ta in ed  from  th e  con tro l co tto n  fab ric  (co n v en tio n a l b leach ) 

d em o n stra te s  th a t th e  p e rcen t dye  ex h au stio n  and  c o lo r  s tren g th  w ere  q u ite  low  due  to  

th e  rep u ls iv e  in te rac tio n  b e tw een  an io n ic  d y e  and  n eg a tiv e ly  ch a rg ed  fib e r su rface . 

H en ce , in  o rd e r to  ach iev e  h ig h  d y eab ility  w ith o u t re q u ire m e n t o f  sa lt, it is e ssen tia l to  

m o d ify  co tto n  fab ric  by  in co rp o ra tin g  ca tio n ic  s ite s  in to  ce llu lo se  b ack b o n e . A fte r  

b e in g  m o d ified , th e  dye  ex h au stio n  and  co lo r s tren g th  o f  d y ed  m o d ified  fab ric  show
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m ark ed  in crease  w ith  an  in crease  in  th e  co n cen tra tio n  o f  m o d ify in g  ag en t . A n  

en h an ced  d y eab ility  p ro p e rty  o f  m o d ified  co tto n  fab rics  w as  a ttr ib u ted  to  th e  p resen ce  

o f  c a tio n ic  g ro u p s  th a t  h av e  a  la rge  e lec tro s ta tic  a ffin ity  w ith  an io n ic  dyes. A s a re su lt, 

th e  d eg ree  o f  d y e  ex h au s tio n  as w e ll พร c o lo r  s tren g th  w a s  c lo se ly  d ep en d en t on  th e  

ex ten t o f  m o d ify in g  ag en t fixa tion . A s  can  be  seen , an  in c rease  in  m o d ify in g  ag en t 

co n cen tra tio n  fro m  2 0  g/1 to  40  g/1 b rin g s  ab o u t little  ch an g e  in  th e  ca tio n ic  ch arg es 

ac ted  a s  ch a rg e  b a rr ie r  to  p rev en t fu rth e r ab so rp tio n  o f  m o d ify in g  ag en t in s id e  th e  

fiber. In  fo llo w in g  ex p erim en ts  up  to  40  g/1 m o d ify in g  ag en t w as  em p lo y ed  sin ce , in  

p rac tic e , h ig h e r  co n cen tra tio n  is n o t p re fe rab le  d u e  to  th e  co st o f  m o d ify in g  ag en t i ts e lf  

an d  p o ss ib le  y e llo w in g  o f  b leach ed  fabrics.

4.6 Effect of different dye types on dye uptake and color yield
T w o  ty p e s  o f  d y es  , low  su b s tan tiv ity  (P ro c io n  R ed ) an d  h ig h  su b s tan tiv ity  

(M o d e rc io n  y e llo w  H E 4 R ) w ere  ch o sen  to  s tu d y  th e  e ffec t o f  d y e  ty p es . T h e  re su lts  

a re  p re se n te d  in  T ab le  4 .7  C o m p ared  w ith  P ro c io n  R ed , M o d e rc io n  y e llo w  H E 4 R  

ex h ib ited  h ig h e r  ex h au s tio n  on  con tro l an d  m o d ified  fab ric  d u e  to  its  h ig h  su b s tan tiv e  

c h a rac te ris tic  to w a rd s  co tto n  fiber.

T ab le  4 .7  C o lo r  y ie ld , %  d y e  ex h au stio n  an d  %  fix a tio n  o f  m o d ified  d y ed  fab ric s  a t 

d iffe ren t d y e  ty p e s

Concentra tion o f  K /S  % Exhaustion %  F ixa tio n

m o d ify in g  agent (g/1) Befo re soaping A f te r  soaping

Y e llo w Red Y e llo w Red Y e llo w Red Y e llo w Red

C onventiona l oleach 4.914 5.569 3.844 4.433 49.170 43.040 38.463 34.260

10 g/1 M o d if ie r 5.565 7.757 4.692 6.571 56.670 56.120 47.780 47.540

20 g/1 M o d if ie r 7.153 7.931 5.476 6.404 63.330 63.140 56.393 50.983

30 g/1 M o d if ie r 6.425 7.742 5.687 6.760 66.670 60.760 59.012 53.053

40 g/1 M o d if ie r 6.727 8.691 6.045 7.636 70.830 65.350 63.649 57.417
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F ig u re  4 .11  C h art o f  th e  ex h au s t d y e in g  o f  m o d ifie d  co tto n  a t 2 %  o w f  d y e  

co n cen tra tio n  a t d iffe ren t d y e  types.

4.7 Effect of increasing dye concentration on dye uptake and color strength
C o tto n  fab ric s  m o d ified  w ith  v a rio u s  co n cen tra tio n s  o f  m o d ify in g  ag en t in  

b leach in g  p ro c e ss  w e re  d y ed  w ith  1, 2 , 3 and  4 %  o w f  P ro c io n  C rim so n  C X -B  and  

M o d e rc io n  y e llo w  H E 4 R  a t 8 0 ° c  fo r  4 0  m in  in th e  p re se n c e  o f  2 0  g/1 N a 2C 0 3. T h e  

d y e  e x h a u s tio n  v a lu e s  an d  c o lo r  s tren g th  o f  re su ltin g  d y ed  fab ric s  a re  sh o w n  in T ab le

4 .8 . T h e  d eg re e  o f  d y e  fix a tio n  (% F ) and  to ta l d y e  fix a tio n  (% T ) a re  sh o w n  in T ab le

4 .9 .
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T ab le  4 .8  E ffec t o f  in c reas in g  d y e  co n cen tra tio n  on  d y e in g  p ro p e rtie s  o f  m o d ified  

fab ric

Concentrations  

o f  m o d ify in g  

agent (g/1)

Dye concentrations

1% o w f 2% o w f 3%  o w f 4%  o w f

K /S % E K /S % E K /S % E K /S % E

C on tro l Y e llo w 2.332 55.560 3.844 49.170 4.585 51.340 5.997 49.580

Red 2.890 59.650 4.433 43.040 6.754 35.290 6.424 35.730

10 Y e llo w 2.781 65.080 4.692 56.670 5.842 53.480 6.614 50.000

Red 3.515 58.250 6.571 56.120 7.665 52.520 7.504 44.290

20 Y e llo w 3.173 76.190 5.479 63.330 6.648 62.030 7.919 55.930

Red 3.888 62.140 6.404 63.140 8.774 52.810 8.253 48.720

30 Y e llo w 3.552 76.190 5.687 66.670 7.074 62.030 8.077 57.630

Red 3.998 67.960 6.760 60.760 9.081 55.490 8.727 48.720

40 Y e llo w 3.713 79.370 6.045 70.830 7.334 62.030 8.873 58.900

Red 4.438 67.960 7.636 65.350 9.487 56.970 10.098 48.950

T a b le  4 .9  E ffe c t o f  in c reas in g  d y e  c o n c e n tra tio n  on  d e g re e  o f  d y e  fix a tio n (% F ) an d  

to ta l d y e  fix a tio n (% T ) o f  m o d ified  fab ric
Concentra tions Dye concentrations

o f  m o d ify in g  l% o w f  2%  o w f  3%  o w f  4%  o w f

agent (g/1) %F % T % F % T % F % T % F % T

C on tro l Y e llo w 81.481 45.271 78.225 38.463 76.826 39.443 81.536 40.426

Red 84.627 50.480 79.601 34.260 86.170 30.409 88.084 31.473

10 Y e llo w 85.517 55.654 84.313 47.780 84.826 45.365 85.221 42.610

Red 86.110 50.159 84.711 47.540 85.499 44.904 84.695 37.512

20 Y e llo w 91.152 69.449 89.046 56.393 86.789 53.835 86.860 48.581

Red 89.730 55.758 80.746 50.983 87.417 46.165 84.664 41.248

30 Y e llo w 93.696 71.387 88.514 59.012 87.420 54.226 90.397 52.096

Red 89.441 60.784 87.316 53.053 87.858 48.752 85.794 41.799

40 Y e llo w 95.108 75.487 89.862 63.649 88.266 54.751 90.800 53.481

Red 91.354 62.084 87.861 57.417 92.701 52.812 88.285 43.215
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□ % Exhaustion 
% Fixation

1% owf 2% owf 3% owf 4% owf 

Dye concentration

F ig u re  4 .1 2  P e rcen t ex h au stio n  and  p e rc e n t fix a tio n  o f  d y ed  m o d ifie d  fab ric  

(3 0  g/1 m o d ify in g  ag en t) a t u s in g  P ro c io n  C rim so n  C X -B

F ro m  th e  re su lts  o f  d y e  ex h au stio n  an d  th e  d eg ree  o f  d y e  f ix a tio n , it can  be  

seen  th a t  th e  tre n d  o f  d y e  u p tak e  o n to  th e  f ib e r  as  w e ll as  th e  d eg ree  o f  d y e  f ix a tio n  

g ra d u a lly  d ec reases  w h en  th e  d y e  co n cen tra tio n  in creases. T h ese  re su lts  re fle c t th e  

b u ild u p  o f  fix ed  d y e  o n to  ce llu lo se  re ta rd s th e  fu rth e r ab so rp tio n  o f  d y e  m o le c u le  from  

d y e b a th  d u e  to  th e  e ffec t o f  n e g a tiv e  rep u lsio n .

In  all cases o f  m o d ify in g  ag en t co n cen tra tio n s , tre n d s  o f  p e rc e n t d y e  

e x h a u s tio n  is  g rad u a lly  red u ced  as th e  co n cen tra tio n  o f  d y e  in creases. D iffe ren tly , 

c o lo r  s tren g th  in creases  w ith  an  in crease  in  d y e  co n cen tra tio n  an d  reach ed  th e  

o p tim u m  v a lu e , and  th en  fu rth e r in c rease  in  d y e  co n cen tra tio n  re su lted  in  little  ch an g e  

in  c o lo r  s tren g th . I t is b e liev ed  th a t dye  ex h au stio n  w as co n tro lled  by  io n ic -io n ic  

in te rac tio n , h e n c e  th e  am o u n t o f  ab so rb ed  d y e  w as  c lo se ly  d e p e n d e n t on  th e  am o u n t o f  

c a tio n ic  s ite s  in s id e  th e  fiber. O n ce  th e  ca tio n ic  s ite s  w e re  fu lly  o ccu p ied  no  fu rth e r 

d y e  ex h au s tio n  to o k  p lace . T h is  ty p e  o f  d y e  ab so rp tio n  w as su ited  w ell w ith  L an g m u ir 

ab so rp tio n  iso th erm . T h ese  resu lts  o b ta in ed  w e re  fo u n d  to  co n trad ic t th o se  ob ta in ed
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from  c o n v en tio n a l re ac tiv e  d y e in g  w h e re  in c reased  d y e  co n cen tra tio n  a lw ay s  re su lts  in  

a  g rad u a l in c rea se  in  c o lo r s tren g th . T h ere fo re , d y e in g  o f  c a tio n ic  co tto n  m ay  o ffe r an  

a d v an tag e  in  te rm s  o f  rep ro d u c ib ility  w h e n  co m p ared  to  co n v en tio n a l d y e in g  sin ce  

d ep th  o f  c o lo r  sh ad e  is  n o t so  sen s itiv e  to  a  sm all v a ria tio n  o f  ch an g es  in  d y ebath  

co n cen tra tio n . T h e  b u ild -u p  o f  p o s itiv e  ch a rg e  on  fib e r su rface  w a s  lik e ly  to  be  th e  

m a in  in flu en ce  cau s in g  no  fu rth e r a b so rp tio n  o f  th e  m o d ify in g  ag en t ab o v e  th e  

co n cen tra tio n  o f  3 0 g /l. T h is p h e n o m en o n  w a s  found  s im ila rly  w ith  th e  d y e in g  o f  

ce llu lo se  w ith  ca tio n ic  reac tiv e  dye.

4.8 Evaluation of color fastness to light
T h is  s tu d y  w as  to  in v es tig a te  th e  in flu en ce  o f  th e  p re se n c e  o f  c a tio n ic  g ro u p s  

on  th e  lig h t fa s tn e ss  p ro p erty  o f  d y ed  ca tio n ic  fabric . T h e  d y e  fab rics  w e re  te s ted  fo r  

th e  re s is ta n c e  o f  th e  c o lo r to  th e  ac tio n  o f  d ay lig h t, a cco rd in g  to  N O . IS O  m e th o d  by  

u sin g  X e n o n  W e a th e r  M e te r  (as seen  in  F ig u re  3 .8 ) M o d e l X 7 5  (S u g a  T est In s tru m en ts  

C o ., L T D , Jap an ). T h e  d eg ree  o f  d y e  fad in g  w a s  a ssessed  u s in g  stan d a rd  b lu e  w o o l 

sca les. T h e  re su lts  a re  sh o w n  in  T ab le  4 .10

T ab le  4 .1 0  L ig h t fas tn ess  o f  d y ed  co tto n  fab rics  m o d ified  w ith  v a rio u s  co n cen tra tio n s  

o f  m o d ify in g  ag en t

C o n cen tra tio n s  L ig h t F a s tn e ss

o f  m o d ify in g  l % o w f  2 % o w f  3 %  o w f  4 %  o w f

ag en ts R ed Y e llo w R ed Y e llo w R ed Y e llo w R ed Y e llo w

0 2 6 2 6 2 6 2 6

10 2-3 5 2-3 5 3-4 6 3-4 6

20 2-3 5 2-3 5 3-4 6 3-4 6

30 2-3 5 2-3 5 3-4 6 3-4 6

40 2-3 5 3 5 3-4 6 3-4 6



74

T ab le  4 .1 0  sh o w s th a t, lig h t fa s tn e ss  ra tin g  o f  d y ed  fab ric s  w ith  P ro c io n  

C rim so n  C X -B  d ec reased  w ith  an  in c rea se  in  th e  a m o u n t o f  th e  m o d ify in g  ag en t 

ap p lied . T h is  in d ica ted  th a t  th e  p re sen ce  o f  c a tio n ic  g ro u p s  cau sed  th e  red u c tio n  in 

fas tn ess  to  lig h t. P a rtly , th e  ca tio n ic  g ro u p  is  k n o w n  as p h o to c a ta ly s t th a t m ig h t 

acce le ra te  th e  ra te  o f  d y e  d eco m p o sitio n . A n o th e r  p o ss ib ility  w a s  th a t  th e  ca tio n ic  

m o d ify in g  ag en t ten d e d  to  lo ca te  on  th e  y a m  su rface , re su ltin g  in  co n se q u e n t su rface  

d y e in g . T h ere fo re , th e  su rface  d y e  w a s  p ro n e  to  p h o to -d eg rad a tio n  w h e n  co m p ared  to  

co n v en tio n a l d y e in g  as fo r M o d e rc io n  y e llo w , th e  lig h t fas tn ess  ra tin g  p ro p erty  is n o t 

d ec rea sed  w ith  an  in c rea se  in  th e  co n cen tra tio n  o f  m o d ify in g  agen t. P ro b ab ly , th is  d y e  

m ay  co n ta in  th e  n itro  g ro u p  w h ich  is  k n o w n  as p h o to d eac tiv a tin g  g ro u p , h en ce  

p rev en tin g  th e  d y e  ch ro m o p h o re  fro m  p h o to d eg rad a tio n . I t is  re c o m m e n d e d  th a t th e  

ca tio n ic  g ro u p s  sh o u ld  b e  rem o v ed  a t th e  en d  o f  d y e in g  p ro cess  in  o rd e r  to  im p ro v e  

fa s tn ess  to  ligh t.

4.9 Microscopic analysis of cross-section of dyed yarn
M ic ro sc o p ic  an a ly s is  o f  th e  c ro ss-sec tio n  o f  m o d ify in g  ag en t trea ted  y a m s  

dyed  w ith  2 %  o w f  P ro c io n  C rim so n  C X -B  an d  M o d e rc io n  y e llo w  H E 4 R  are  sh o w n  in 

fig u re  4 .13  an d  4 .1 4 , re sp ec tiv e ly . T h e  d is tr ib u tio n  o f  d y e  on  tre a te d  y a m  in d ica ted  th e  

d is trib u tio n  o f  m o d ify in g  ag en t a c ro ss  th e  tre a ted  y a m  w h ic h  th e  d is tr ib u tio n  o f  

m o d ify in g  ag en t ac ro ss th e  tre a ted  y a m  is d e s irab le  in  o rd e r to  o b ta in  g o o d  d y e in g  

p ro p ertie s  in c lu d in g  ev en  d y e in g  and  lig h t fastness.



75

F ig u re  4 .1 3  o p t ic a l  m ic ro g ra p h  o f  m o d ify in g  ag en t tre a te d  y a m  d y ed  w ith  2 %  o w f

P ro c io n  C rim so n  C X -B

F ig u re  4 .1 4  O p tic a l m ic ro g ra p h  o f  m o d ify in g  ag en t tre a ted  y a m  d y ed  w ith  2 %  o w f

M o d e rc io n  y e llo w  H E 4 R
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F ro m  th e  figu re , in d iv id u a l fib e rs  on  th e  y a m  su rfa c e  and  in  th e  in n e r  o f  y am  

ex h ib ite d  ev en  d istrib u tio n  o f  d y es, in d ica tin g  th e  g o o d  m ig ra tio n  p ro p e rty  o f  

m o d ify in g  a g e n t th a t w as  ca tio n ic  re a c tiv e  co m p o u n d s. S in ce  th is  c o m p o u n d  carries  a 

c a tio n ic  g ro u p , th e  su b stan tiv ity  to w a rd s  co tto n  f ib e r  sh o u ld  be  h ig h  en o u g h  to  fo rce  

th e  m o d ify in g  ag en t to  d iffu se  in to  th e  in n e r  o f  th e  fiber.

4.10 Dyeing of unmodified cotton fabric
D y e in g s  o f  u n m o d ified  co tto n  fab ric s  u s in g  d iffe ren t co n c e n tra tio n s  o f  

c o m m erc ia l P ro c io n  C rim so n  C X -B  an d  M o d e rc io n  y e llo w  H E 4 R  (1% , 2 % , 3 % , and  

4% o w f) w e re  co n d u c ted  in  s im ila r  m a n n e r  to  th e  d y e in g  o f  m o d ifie d  fab ric s  ex cep t 

v a r io u s  a m o u n t o f  e lec tro ly te  (N aC l 0, 10, 2 0 , 30 , 4 0  g/1) w e re  ad d ed  in to  th e  dye 

so lu tio n  a t th e  tem p e ra tu re  o f  5 0 ° c  fo r  10 m in . D y e in g  p ro p e rtie s  o f  re su ltin g  fab rics 

a re  sh o w n  in  T ab le  4 .11 , T ab le  4 .1 2 , and  T ab le  4 .1 3 , re sp ec tiv e ly .

T a b le  4 .11  C o lo r  y ie ld , and  %  d y e  e x h a u s tio n  o f  u n m o d ifie d  fab ric s  d y ed  w ith  v a rio u s  

c o n c e n tra tio n s  o f  e lec tro ly te

Concentrations D y e  c o n c e n tra tio n s
electrolyte 1% ow f 2% ow f 3% ow f 4% ow f

(g/1) K /S % E K /S % E K /S % E K /S % E

0 Yellow 2.646 60.320 4.231 46.430 5.459 51.720 6.309 38.790

R ed 3.888 54.620 5.797 50.630 6.759 42.450 8.147 34.700

10 Yellow 3.286 76.190 5.671 63.390 6.695 65.520 8.092 54.310

R ed 5.143 66.920 8.202 64.140 9.240 55.030 11.757 50.910

20 Yellow 3.729 77.770 6.321 75.000 8.242 73.560 9.633 64.220
R ed 5.964 76.920 9.211 74.260 11.298 65.720 14.086 60.050

30 Yellow 3.887 82.540 6.828 83.040 9.230 80.460 10.723 70.690

R ed 6.637 80.770 10.166 81.010 12.338 73.580 15.712 67.350

40 Y ellow 4.138 84.130 7.400 86.610 10.362 81.610 11.641 75.430

R ed 6.717 83.850 10.462 84.390 13.176 77.040 16.460 73.970
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T a b le  4 .1 2  T h e  d eg ree  o f  d y e  flx a tio n (% F ) an d  to ta l d y e  f ix a tio n (% T ) o f  u n m o d ified  

fab ric s  d y ed  w ith  v a r io u s  co n cen tra tio n s  o f  e le c tro ly te

Concentra tioi 
o f  electrolyt 

(๙1)

as D y e  co n c e n tra tio n s
e 1% ow f 2% ow f 3% ow f 4% ow f

% F % T % F % T % F % T % F % T

0 Yellow 81.215 48.989 85.544 39.718 77.886 40.282 86.036 33.373

R ed 86.573 47.286 81.763 41.397 83.900 35.616 88.161 30.592

10 Yellow 80.264 61.153 90.548 57.398 80.945 53.035 87.434 47.485

R ed 86.919 58.166 87.098 55.865 87.733 48.279 89.680 45.656

20 Yellow 85.040 66.136 90.897 68.173 86.959 63.967 88.669 56.943

R ed 90.749 69.804 87.682 65.113 89.888 59.074 96.275 57.813

30 Yellow 83.358 68.804 90.222 74.920 89.577 72.074 90.489 63.967

R ed 91.874 74.207 90.284 73.139 90.968 66.934 96.057 64.694

40 Y ellow 91.125 76.664 94.028 81.438 87.332 71.272 91.907 69.326
R ed 91.177 76.452 93.228 78.675 93.387 71.945 96.145 71.118

T a b le  4 .13  L ig h t fas tn ess o f  u n m o d ified co tto n fab rics d y ed w ith  v a rio u s

c o n c e n tra tio n s  o f  d y es  an d  e lec tro ly te

C o n c e n tra tio n s  L ig h t F a s tn e ss

o f  e le c tro ly te  1%  o w f  2 %  o w f  3 %  o w f  4 %  o w f

R ed Y e llo w R ed Y e llo w R ed Y e llo w R ed Y e llo w

0 2 6 2 5-6 2 5-6 2 5-6

10 3-4 6 3-4 6 4 6 4 6

20 3-4 6 4 6 4 6 4 6

30 4 6 4 6 5 6 5 6

40 4 6 4 6 5 6 5 6
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A s can  b e  seen  fro m  T ab le  4 .1 3 , lig h t fa s tn ess  o f  d y ed  u n m o d ified  co tton  

fab ric s  in c rea se s  w ith  an  in c rea se  in  c o n c e n tra tio n  o f  sa lt. Y e llo w  d y e  ex h ib its  th e  

h ig h e r  lig h t fa s tn e ss  v a lu e s  th a n  th e  red  dye . It can  b e  co n c lu d ed  th a t th e  p resen ce  o f  

sa lt p ro m o te s  th e  d ee p e r p en e tra tio n  o f  d y e  m o le c u le s  to  th e  in n e r o f  f ib e r  y a m , h en ce  

av o id in g  th e  d ire c t ex p o su re  to  ligh t. A s  a  re su lt, red  d y e ’s lig h t fastn ess o f  

c o n v en tio n a l d y e in g  is  still g re a te r  co m p ared  to  ca tio n ic  co tton  f ib e r  b u t y e llo w  d y e ’s 

lig h t fa s tn e ss  is  n o t ch an g e  w h e n  co m p ared  to  ca tio n ic  co tto n  fiber.
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