
C H A P T E R  I I I

E xp e r im e n ta l P rocedures

3.1 M ate ria ls

C o tto n  F ab ric  : U n b leach ed  an d  sco u red , p la in  w o v e n  c o tto n  fab ric  w as  u sed  

th ro u g h o u t th is  w ork .

C h em ica ls  an d  d y es  : A ll ch em ica ls  u sed  th ro u g h o u t th is  w o rk  w e re  lab o ra to ry  

re a g e n t g rade .

T ab le  3.1 L is t o f  ch em ica ls  u sed  in  th is  p ro jec t

C h em ica ls C o m p an y

C y a n u ric  ch lo rid e F lu k a

G ly c id y ltr im e ty lam m o n iu m  ch lo rid e F lu k a

(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 F lu k a

A m m o n ia  so lu tio n  2 5 % M e rc k

H y d ro g en  p e ro x id e C arlo  E rb a

S o d iu m  h y d ro x id e B H D  L ab o ra to ry  S u p p lie s

S o d iu m  ca rb o n a te M erck

S o d iu m  ch lo rid e C arlo  E rb a

N o n -io n ic  d e te rg en t U .N .T . C h em ica l C o ., L T D .

R eac tiv e  dyes: P ro c io n  C rim so n  C X -B B A S F  (R ed)

M o d e rc io n  y e llo w  H E 4 R M o d e m  D y e s tu f f  &  P ig m en ts

(Y  e llow )
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3.2 Equ ipm ent

1. L ab o ra to ry  d y e in g  m ach in e , F o n g ’s

2. U V -V IS  sp ec tro p h o to m ete r, Jen w ay  6405

3. R e flec tan ce  sp ec tro p h o to m ete r, M acb e th  7 000

4. E lem en ta l A n a ly zer, P e rk in  E lm e r P E 2 4 0 0  se rie s  II

5. O p tica l m icro sco p e , O ly m p u s B H 2 -U M A

6. X e n o n  W ea th e r M eter, M o d e l X 7 5 , S u g a  T es t In s tru m e n ts  C o ., L T D . Jap an

7. S tan d ard  lig h tin g  cab in e t (L ig h tin g  b o x ), V e riV id e  C A C  60

8. N u c le a r  m ag n e tic  re so n an ce  sp ec tro m ete r, Je o l JN M -A 5 0 0

9. M ag n e tic  stirrer, F ram o -G era te tech n ik  m o d e l M 21 /1

10. M ag n e tic  b a r

11. Ic e  bath

12. p H  m ete r, H an n a  m o d el 400

13. p H  p a p e r 0 -14 , M erck

14. F il te r  p ap er, W h a tm an  N o . 40  an d  42

15. G lassw ares

-  B eak ers  5 0 0 ,2 5 0 ,1 0 0  an d  10 m l.

-  V o lu m etric  flask  100 and  25  m l.

-  T h ree  n eck ed  ro u n d  b o tto m  fla sk  2 5 0  m l.

-  D es icca to r

-  P ip e tte  2 5 ,1 0  and  1 m l.

-  D ro p p e r
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3.3 Synthesis o f the m odify ing agent, 3 -am ino-2 -hyd roxy l-p ropy ltrim e thy l 
ammonium (3,5)-d ich lorotriazine

3.3.1 S y n th esis  o f  in te rm ed ia te  I from  (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

A  10 m l. (0 .0 3 4  m o le) 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  (6 5 %  co n e .)  an d  25 m l. am m o n ia  so lu tio n  (2 5 %  co n e .)  w ere  ad d ed  in to  a 

th ree  n eck ed  ro u n d  b o tto m  flask . T h e  m ix tu re  w as h ea ted  u n d e r  re flu x  fo r one  h o u r on  

a  h ea tin g  m an tle  u n it eq u ip p ed  w ith  a m ag n e tic  stirrer. A fte r  th a t, th e  reac tio n  m ix tu re  

w as co o led  d o w n  to  ro o m  tem p era tu re  an d  le ft u n d e r c o v e red  o v e rn ig h t to  a llo w  

ex cess am m o n ia  to  ev apora te . T h e  co m p le te  rem o v a l o f  am m o n ia  co u ld  b e  d e te rm in ed  

u s in g  litm u s paper.

T h e  in te rm ed ia te  I w as  then  p rec ip ita ted  in  ace to n e . Id en tif ic a tio n  o f  

in te rm ed ia te  I w as  ca rried  o u t u s in g  titra tio n  w ith  s tan d ard  h y d ro c h lo r ic  ac id  so lu tio n  

to  d e te rm in e  th e  co n cen tra tio n  o f  the  p re sen t p rim ary  am in e . In  ad d itio n  'h  N M R  

sp ec tro sco p y  w a s  em p lo y ed  to  ch arac terize  th e  s tru c tu re  o f  th e  co m p o u n d .

3 .3 .2  S y n th esis  o f  in te rm ed ia te  II from  g ly c id y ltr im e th y lam m o n iu m  ch lo rid e

A  5 m l.(0 .0 3 7  m o le) o f  g ly c id y ltr im e ty lam m o n iu m  c h lo r id e  (5 0 w t% ) an d  20  

m l. o f  am m o n ia  so lu tio n  2 5 % (ex cess) w ere  ad d ed  in to  a  b ea k e r w h ich  w as p laced  on  a 

m ag n e tic  stirrer. T h e  m ix tu re  w as th en  stirred  a t th e  ro o m  tem p e ra tu re  o v e r  n igh t. T he  

reac tio n  m ix tu re  w as left o v e r n ig h t to  a llo w  ex cess a m m o n ia  to  ev apora te . 

In te rm ed ia te  II w as  id en tified  by  titra tio n  w ith  s tan d a rd  h y d ro c h lo ric  a c id  so lu tio n  to  

d e te rm in e  th e  co n cen tra tio n  o f  the  p re sen t p rim ary  am in e . In  ad d itio n  ' l l  N M R  

sp ec tro sco p y  w as em p lo y ed  to  ch arac terize  th e  s tru c tu re  o f  the  co m p o u n d .
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3 .3 .3  S y n th es is  co n sis tan cy  o f  th e  m o d ify in g  ag en t, 3 -am in o -2 -h y d ro x y I-p ro p y ltri 

m e th y la m m o n iu m (3 .5 )-  d ic h lo ro tn a z in e  from  in te rm ed ia te  I 

A  18.4 g. (0 .1  m o le ) o f  c y an u ric  ch lo rid e , 100 m l. o f  ace to n e  and  100 g . o f  ice  

w e re  ad d ed  in to  a  b e a k e r  2 5 0  m l. in  ice  b a th  w h ich  w a s  p laced  in  a  m ag n e tic  s tirre r  at 

th e  te m p e ra tu re  o f  0 -5 ° C . A fte r  th a t  th e  in te rm ed ia te  I w as  ad d ed  d ro p w ise  in to  th e  

su sp en s io n  o v e r  10 m in . T h e  p H  o f  reac tio n  m ix tu re  w a s  m a in ta in ed  b e tw een  4  to  6 by  

th e  ad d itio n  o f  sa tu ra ted  N a 2C 0 3 so lu tio n  an d  th e  te m p e ra tu re  b e ing  k ep t b e lo w  5 ° c  

th ro u g h o u t. T h e  co m p le te  reac tio n  w o u ld  be  o b ta in ed  w h en  th e  p H  o f  reac tio n  m ix tu re  

w as s tab le . F in a lly , th e  co m p le te  reac tio n  w as p rec ip ita ted  in  ace to n e  a t th e  

te m p e ra tu re  o f  5 ° c ,  w ash ed  w ith  a ce to n e  and  d ried  in  a  d es icca to r.

T h e  reac tio n  sch em e  m ay  b e  w ritten  as fo llow s:

° H C1 . CH3 ° H  cr ,CH3
C1-CH2-CH-CH2-N^-CH3 + n h 3 ---------- ►  2HN-CH2-CH-CH2-N"-CH3

CH3 , 1 CH3J Interm ediate I
3 - c h l o r o - 2 - h y d r o x y l p r o p y l  t n m e t h y la m m o n i u m  c h lo r id e

?H cr c h 3
2HN-CH2-CH-CH2-N;-CH3

Inte rm ed iate I

N

Cl

N
m o d i f y i n g  a g e n t

Scheme 3.1 The overall reaction scheme of the preparation of
modifying agent from intermediate I
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3 .3 .4  S y n th es is  co n sis tan cy  o f  th e  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 i 

m e th y lam m o n iu m (3 .5 )-  d ich lo ro tr ia z in e  from  in te rm e d ia te  n

A  6 g .(0 .033  m o le ) o f  cy an u ric  ch lo rid e , 25  m l. o f  a ce to n e , 2 .5  m l. o f  d is tilled  

w a te r  an d  10 g. o f  ice  w ere  add ed  in to  a  b e a k e r  in  ice  b a th  w h ich  w as p laced  in  a 

m a g n e tic  s tirre r a t th e  tem p e ra tu re  o f  5 ° c .  T h e  in te rm e d ia te  แ  w as ad d ed  d ro p w ise  

in to  th e  su sp en sio n  o v e r 10 m in . T h e  p H  o f  reac tio n  m ix tu re  w a s  m a in ta in ed  b e tw een  

4  to  6 by  th e  ad d itio n  o f  sa tu ra ted  N a 2C O , so lu tio n  an d  th e  te m p e ra tu re  b e in g  k ep t 

b e lo w  5 ° c  th ro u g h o u t. T h e  co m p le te  reac tio n  w o u ld  b e  o b ta in ed  w h en  th e  p H  o f  

reac tio n  m ix tu re  w a s  s tab le . F in a lly , th e  co m p le te  reac tio n  w a s  p rec ip ita ted  in ace to n e  

a t th e  te m p e ra tu re  o f  5 ° c ,  w ash ed  w ith  a ce to n e  an d  d ried  in  a  d esicca to r.

T h e  reac tio n  sch em e  m ay  t

A
c h 2-c h -c i^ - n (— c h 3 

X C H 3
g lyc id y ltrim e ty la m m o n iu m  ch lo rid e

° H  C l '^ C H 3
h 2n -c h 2-c h c h 2-n <— c h 3

X CH 3
In te rm ed ia te  I]

Cl

Scheme 3.2 The overall reaction scheme of the preparation of
modifying agent from intermediate II

: w ritten  as  fo llow s:

+  N H 3 (excess)
° H C f^ C H  3

-►  H 2N -C H 2-C H C H 2-N t— CH 3
vC H 3In te rm ed ia te  I I

C k • Cl

N ^ N

Cl
c1^

N

OH
I

C T^C H 3 
'H N -C H 2-C H C H 2- N < ~ " C H 3

^ c h 3

m od ifym g  agent
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3.4 Method o f the modification and bleaching o f cotton fab ric  in single-bath 
process

A p p lic a tio n  o f  the  m o d ify in g  ag en t w as  c a rried  o u t u s in g  ex h au s tio n  m ethod . 

P la in  w o v en , sco u red  co tton  fab ric  w as cu t in to  rec tan g le s  each  w e ig h e d  ex ac tly  5.00 

g ram s an d  w as trea ted  in so lu tio n s o f  d iffe ren t co n c e n tra tio n s  o f  m o d ify in g  agen t 

ra n g in g  fro m  0 -40  g/1 sea led  sta in less  dye po ts  h o u sed  on  th e  F o n g ’s lab o ra to ry  dyeing  

m a c h in e  (F ig u re  3 .1 ) at a  liq u o r ra tio  o f  1:10. T re a tm e n t w as  co m m en ced  at room  

te m p e ra tu re  fo r  10 m in. an d  th en  20  g/1 N a 2C 0 3 w as  ad d ed  to  d y e  po ts. T he 

te m p e ra tu re  w a s  ra ised  to  5 5 ° c  fo r 30  m in . an d  th en  5 ml/1 FI20 2 an d  2 g/1 N aO H  w ere  

ad d ed  to  d y e  p o ts , an d  the  tem p era tu re  w as ra ised  to  9 0 ° c .  T h e  tem p era tu re  w as 

m a in ta in e d  fo r  30  m in . b e fo re  the  dye  po ts  b e in g  tak en  ou t. F in a lly , th e  m odified  

b le a c h e d  c o tto n  fab ric  w as rin sed  w ith  w a te r  an d  d ried  in  th e  o p en  air.

F ig u re  3.1 F o n g ’s lab o ra to ry  d y e in g  m ach in e
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T h e  d iag ram  o f  tre a tm en t o f  ex h au stio n  m e th o d  can  be  sh o w n  as fo llow s:

90°c 30'

D iag ram  3.1 C o n cu rren t b leach in g  and  m o d ify in g  co tto n  in  s in g le  b a th

3.5 General Dyeing Procedure

3.5 .1  D y e in g  o f  m o d ified  fab ric  u sing  ex h au stio n  m eth o d

M o d if ie d  co tto n  fabric  w as  d y ed  in  a  so lu tio n  o f  v a rio u s  co n cen 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  20  g/1 N a 2C 0 3. A ll d y e in g s  w e re  c o n d u c ted  in  

100 m l. sea led  s ta in le ss  stee l d y e  p o ts  h o u sed  on  th e  F o n g ’s lab o ra to ry  d y e in g  m ach in e  

a t th e  liq u o r  ra tio  o f  1:10. D y e in g  o f  m o d ified  co tto n  fab ric  w a s  co m m en ced  a t 8 0 ° c  

fo r  4 0  m in . T h e  d y ed  co tto n  fab rics  w ere  tak en  o u t an d  rin sed  th ro u g h ly  in  tap  w a te r  

an d  cu t in to  tw o  eq u a l po rtions. O n e  o f  th e se  p o rtio n s  w as  so ap ed  in  a  b o ilin g  so lu tio n  

c o n ta in in g  2 g/1 N a ^ O j  and  5 g/1 n o n io n ic  su rfac tan t fo r  2 0  m in . ( liq u o r ra tio  1:20). 

T h e  d y e in g  p ro file  o f  th e  ex h au stio n  d y e in g  can b e  sh o w n  as fo llow s:
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80°c 40'

î
Modified cotton + Reactive dye

D iag ram  3 .2  T h e  d y e in g  p ro file  o f  m o d ifie d  fab ric  u sin g  ex h au s tio n  m e th o d

In  th is  w o rk , th e  v a rio u s  fac to rs  th a t  a ffec ted  th e  d eg ree  o f  d y e  fix a tio n  fo r 

ex h au stio n  d y e in g  w e re  in v estig a ted .

3 .5 .1 .1  T h e  e ffec t o f  m o d ify in g  a g en t co n cen tra tio n s  on  th e  d eg ree  o f  d y e  fix a tio n  

T h e  m o d ify in g  ag en t co n cen tra tio n s  in  m o d ify in g  so lu tio n s  w e re  v a ried  from

0 -4 0  g/1. T h e  d y e in g  o f  m o d ifie d  co tto n  fab ric  in  th e  ab sen ce  o f  sa lt w a s  p e rfo rm ed  in 

a  so lu tio n  o f  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 se n c e  o f  20  

g/1 N a ^ O j .  T h e  d y e in g  p ro ced u re  w a s  fo llo w ed  acco rd in g  to  th e  ab o v e  m e th o d .

3 .5 .1 .2  T h e  e ffec t o f  d y e  co n cen tra tio n s  on  th e  d eg ree  o f  d y e  fix a tio n

T h e  d y e in g  o f  m o d ifie d  co tton  fab ric  in  th e  ab sen ce  o f  sa lt w a s  in v estig a ted . 

M o d ifie d  co tto n  fab rics  w ith  d iffe ren t co n cen tra tio n s  o f  m o d ify in g  ag en t w e re  d y ed  in 

so lu tio n s  co n ta in in g  v a rio u s  d y e  c o n cen tra tio n s  in  th e  ran g e  o f  1-4%  o w f  in  th e  

p re sen ce  o f  20  g/1 N a 2C 0 3.
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3 .5 .2  D y e in g  o f  u n m o d ified  co tton  fab ric  b y  c o n v en tio n a l ex h au s tio n  m e th o d

D y e in g s  o f  u n m o d ified  co tto n  fab ric s  a t fo u r  d ep th s  o f  sh ad e , 1% , 2 % , 3%  and 

4 %  o w f  o f  P ro c io n  C rim so n  C X -B  w e re  c o n d u c te d  in  s im ila r  m a n n e r  to  th e  d y e in g  o f  

m o d if ie d  fab ric s  an d  can  b e  d iv id ed  in to  tw o  ca teg o rie s ; d y e in g  w ith  an d  w ith o u t 

e lec tro ly te , N aC l. A s  in d ica ted  in th e  d y e in g  d iag ram  (D iag ram  3 .3 ), th e  v aried  

a m o u n t o f  e lec tro ly te  (N aC l 0, 1 0 ,2 0 , 3 0  an d  4 0  g/1) w a s  a d d ed  in to  th e  d y e  so lu tio n  at 

th e  te m p e ra tu re  o f  50°c  fo r 10 m in . to  p ro m o te  d y e  ex h au s tio n . T h en  th e  tem p e ra tu re  

w a s  ra ised  to  80°c and  N a 2C 0 3 w as a d d ed  to  th e  d y e  po ts . T h e  d y e in g  w a s  co n tin u ed  

fo r  4 0  m in . A fte r  th a t, th e  dyed  co tto n  fab ric s  w e re  ta k e n  o u t an d  th e n  w a sh e d -o ff  in 

th e  so lu tio n  o f  5 g/1 n o n io n ic  su rfac tan t an d  2 g/1 N a 2C 0 3 a t th e  b o il fo r  2 0  m in . to  

re m o v e  u n fix ed  dyes. F in a lly , th e  w a sh e d -o ff  fab ric  w a s  d ried  an d  th e  d eg re e  o f  dye  

fix a tio n  w as  m easu red . T h e  re su lts  o b ta in e d  w e re  u sed  la te r  in  c o m p ariso n  w ith  th e  

m o d if ie d  co tto n  fabrics.

8 0 ° c  4 0 ’

C o tto n  +  R e a c tiv e  dye

D iag ram  3.3 E x h au s t d y e in g  o f  u n m o d ifie d  fabric .
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3.6 N M R  Analysis

N u c le a r  M ag n e tic  R eso n an ce  S p e c tro sco p y  (N M R ) te c h n iq u e  is  based  on  th e  

m e a su rin g  o f  d iffe ren ce  en erg y  level o f  n u c le u s  u n d e r  th e  in f lu e n c e  o f  an ex ternal 

m a g n e tic  fie ld . T h e  im p o rtan t n u c le i th a t  e x h ib it th e  N M R  p h e n o m e n o n  such  as JH , 

13c ,  14N  etc . T h e  s im p le s t N M R  e x p e rim e n t c o n s is ts  o f  e x p o s in g  th e  nucle i to  a 

p o w e rfu l ex te rn a l m ag n e tic  field . I f  th e se  n u c le i w e re  irrad ia ted  w ith  a  b eam  o f  

ra d io fre q u e n cy  en erg y  o f  th e  ap p ro p ia te  f req u en c ies , th e  lo w -en e rg y  n u c le i m ay  

ab so rb  th is  e n e rg y  and  m o v e  to  a  h ig h e r  en e rg y  sta te . S o  th is  ab so rp tio n  o f  en erg y  can 

b e  re c o rd e d  in  th e  fo rm  o f  an  N M R  sp ec tru m , th is  g a v e  rise  to  th e  te rm  “ch em ica l 

s h if t” b e c a u se  th e  p ro fess io n a l freq u en cy  o f  n u c le i in  th e  sam e  ex te rn a l ap p lied  fie ld  is 

n o t th e  sa m e  an d  th e  sh ift in  freq u en cy  d e p en d ed  o n  ch em ica l en v iro n m en t.

F o r  id en tif ic a tio n  o f  th e  ch em ica l s tru c tu re  o f  m o d ify in g  ag en t, th e  d iffe ren ces 

in  f re q u e n c y  a re  m easu red  w ith  re sp ec t to  so m e  re fe ren c e  g ro u p  o f  n u c le i. F o r  ' h  

N M R  te c h n iq u e , th e  sam p le  w as  d isso lv ed  in  D 20 ,  u sed  as  th e  in te rn a l re fe ren ce  and  

re c o rd e d  on  a  JN M  5 00  M H z  fro m  Jeo l, Jap an .

3.7 To ta l n itrogen content determ ination

T h e  to ta l n itro g en  co n ten t o f  th e  tre a te d  co tto n  f ib e r  w a s  m e a su re d  acco rd in g  to  

th e  ra p id  co m b u stio n  m e th o d  and  q u an tita tiv e ly  d e tec ted  b y  th e rm a l co n d u c tiv ity  

d e te c to r  b y  u s in g  E lem en ta l A n a ly se r (P e rk in  E lm e r  P E 2 4 0 0  S erie s  n  : o p tio n  C H N ).
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3.8 Eva luation o f whiteness property o f modified bleached cotton fab ric

T o  m easu re  th e  e ffec t o f  the  m o d ify in g  a g en t o n  b le a c h in g  p e rfo rm an ce  o f  

m o d if ie d  an d  u n m o d ified  b leach ed  co tto n  fab ric  o b ta in ed  fro m  s in g le -b a th  trea tm en t, 

th e  sam p le s  w e re  sub jec ted  to  w h iten ess  index  m e a su re m e n t u s in g  M acb e th  

sp e c tro p h o to m e te r  (F ig u re  3 .2 ) to  o b ta in  th e  av e rag e  w h ite n e ss  v a lu e  (fro n t an d  back  

o f  fab rics). M easu rem en t p aram ete rs  w ere  u se d  as fo llo w s: uv (e x c lu d e d  o r included): 

1 0 °  o b serv er.

F ig u re  3.2 M acb e th  sp e c tro p h o to m e te r  

3.9 Measurement o f dye exhaustion

T h e  to ta l am o u n t o f  dye tak en  b y  b o th  m o d ified  an d  u n m o d if ie d  co tto n  fab rics 

w a s  m e a su re d  b y  sam p lin g  the  dye  b a th  b e fo re  an d  a f te r  th e  d y e in g  p ro cess . T h e  

a b so rb an ce  o f  th e  eq u a lly  d ilu ted  dye so lu tio n s  w as m e a su re d  a t th e  w av e len g th  o f  

m a x im u m  ab so rp tio n  o f  each  dye u s in g  a U V /V IS  sp e c tro p h o to m e te r  (F ig u re  3 .3 ). T he 

p e rc e n ta g e  o f  d y e  ex h au stio n  (% E ) w as ca lcu la ted  w ith  th e  fo llo w in g  equ a tio n :

% E  =  100 (1 -A 0/A 1)

W h ere  A 0 and  A , are the ab so rb an ce  o f  d y e  so lu tio n  b e fo re  an d  a fte r  dyeing

p ro cess  resp ec tiv e ly .
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F ig u re  3.3 U V /V IS  sp ec tro p h o to m e te r 

3 .1 0  M e a s u r e m e n t  o f  d y e  f ix a tio n

T h e  d eg ree  o f  dye  fix a tio n  w as d e te rm in ed  sp ec tro p h o to m e tric a lly  w ith  an  

In s tru m en ta l C o lo r S y stem  (I.C .S ) sp ec tro p h o to m e te r (M acb e th  700 ) w h ic h  w as u sed  

to  m easu re  th e  re fle c tan ce  v a lu es  o f  th e  co lo u red  sam p le s  in  th e  v is ib le  reg io n  o f  the 

sp ec tru m  (4 0 0 -7 0 0  nm .), th e  re fle c tan ce  v a lu es  w as m e a su re d  a t % m ax  550  nm . for 

P ro c io n  C rim so n  C X -B  an d  % m ax  4 4 0  nm . fo r M o d e rc io n  y e llo w  H E 4 R .

T h e  c o lo r s tren g th  o f  th e  fab rics  b e fo re  an d  a fte r  so ap in g  w e re  ex p ressed  as 

K /S  v a lu es  ca lcu la ted  b y  the  K u lb e llk a -M u n k  eq u a tio n .

K /S  =  (1 -R )2/2 R

W h e re  K  is the  ab so rp tio n  co e ffic ien t 

ร is th e  sca tte rin g  co e ffic ien t

R  is th e  re fle c tan ce  o f  the  fab ric  at th e  w a v e le n g th  o f  m ax im u m  ab so rp tio n

( K j
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A ssu m in g  K /S  w as p ro p o rtio n a l to  d y e  co n cen tra tio n  on  th e  fib e r, th e  ex ten t o f  

fix a tio n  o f  d y e  co u ld  b e  ca lcu la ted  u sin g  th e  fo llo w in g  equa tion :

D eg ree  o f  d y e  f ix a tio n  (% F ) =  K /S  a fte r  so ap in g  X 100

K /S  b efo re  so ap in g

T o ta l d y e  fix a tio n  (% T ) =  K /S  a fte r  so ap in g  X (% E )

K /S  b e fo re  so ap in g

T h e  ap p a ren t d eg ree  o f  d y e  fix a tio n  (% F ) d e sc rib e s  th e  a m o u n t o f  ex h au sted  

d y e  w h ic h  is fix ed  co v a len tly , th u s  g iv in g  an  in d ica tio n  o f  th e  a m o u n t o f  u n fix ed  dye  

w h ic h  is  rem o v ed  d u rin g  a  w a sh in g -o ff  p ro cess  to  ach iev e  m a x im u m  w e t fastness 

p ro p ertie s . A n d  th e  to ta l d y e  f ix a tio n  (% T ) d e sc rib e s  th e  p e rc e n ta g e  o f  fix ed  dye  

co m p ared  to  th e  o v e ra ll d y e  ap p lied  a t th e  b eg in n in g . U su a lly , % T  v a lu e  is le ss  th an  

% F  v a lu e .

3.11 Image m icroscopic analysis (fibe r cross sectional exam ination)

A lth o u g h  m ic ro sco p ic  o b se rv a tio n s  are  ex trem e ly  u se fu l fo r  d e te rm in in g  

n u m e ro u s  s tru c tu ra l fea tu res  and  in flu en ces  on  fib ers , ca re fu l sam p le  p rep a ra tio n  

u su a lly  req u ired  is tim e -co n su m in g  an d  ted io u s . T hus, im ag e  an a ly sis  o p tica lly  

sc a n n e d  w ith  te lev is io n  cam era  w as  in tro d u c e d  as an  a lte rn a tiv e  o p tica l m e th o d  to  

d e te rm in e  struc tu ra l ch an g es  o r  s ta in in g  in  fibers.

M ic ro sco p ic  an a ly sis  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 ltr im e th y l 

am m o n iu m (3 ,5 )-d ich lo ro tr ia z in e ,- tre a ted  d y ed  y a m  w a s  in v es tig a ted  u s in g  op tica l 

m ic ro sco p e  (F ig u re  3 .4 ). T h e  f ib e r sam p le s  th a t  sh a rp ly  cu t in  p e rp e n d ic u la r  to  th e  

f ib e r  ax is  w e re  p laced  ag a in s t tran sm itted  lig h t to  b e  m ag n ified  b y  len ses  and  v iew ed  

on  a  sc reen  to  sh o w  th e  d e ta ils  o f  s tm c tu ra l fea tu res, ch an g es  in  fiber, an d  s ta in in g  o f  

dye.
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F ig u re  3 .4  O p tica l m ic ro sco p e  

3 .1 2  M e a s u r e m e n t  o f  c o lo rfa s tn e s s

T h e  IS O  105-B O 2 : 1994 co lo r fa s tn ess  to  a rtif ic ia l lig h t w a s  u se d  to  d e term ine  

th e  re s is ta n c e  o f  the  co lo r o f  tex tile  to  th e  ac tio n  o f  an  a rtif ic ia l lig h t source  

re p re se n ta tiv e  o f  n a tu ra l day lig h t (D 65). In  th e  te s t, a  d y ed  fab ric  is  e x p o se d  to  X en o n  

a rc  fa d in g  c a b in e t u n d e r p re sc rib ed  co n d itio n s  a lo n g  w ith  e ig h t d y e d  b lu e  w oo l as 

re fe ren ces . T h ese  re fe ren ces are b lu e  w oo l c lo th s  d y ed  w ith  th e  d y es  lis ted  in  T ab le  

3.2.

T a b le  3 .2  D y e s  fo r b lu e  w o o l re fe ren ces  1 to  8

R eferen ce D y e -c o lo r  in d ex  d e s ig n a tio n

1 C .I. A c id  B lu e  104

2 C .I. A c id  B lu e  109

3 C .I. A c id  B lu e  83

4 C .I. A c id  B lu e  121

5 C .I. A c id  B lu e  47

6 C .I. A c id  B lu e  23

7 C .I. S o lu b iliz ed  V a t B lu e  5

8 C .I. S o lu b iliz ed  V a t B lu e  8
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T h e  ran g e  fro m  1 (very  low  co lo r fastn ess) to  8 (v e ry  h ig h  fa s tn ess) so that 

each  h ig h e r  n u m b e re d  re fe ren ce  is ap p ro x im a te ly  tw ice  as fa s t as  the  p reced in g  one. A t 

in te rv a ls  th e  d y e  is assessed  v isu a lly  to  co m p are  its fad in g  ra te  w ith  th a t o f  the 

re fe ren ces . T h e  lig h t fastness ra ting  co rresp o n d s to  th e  n u m b e r o f  b lu e  refe ren ce  

sh o w in g  a co n tra s t equa l to  tha t o f  th e  te s t d y ed  sam p le  (v isu a l co n tras t b e tw een  

ex p o sed  an d  u n e x p o se d  p arts  o f  the specim en).

F as tn e ss  to  lig h t o f  m o d ified  an d  u n m o d ified  d y ed  co tto n  fab rics  w as 

co n d u c ted  u s in g  X en o n  W ea th e r M e te r (F ig u re  3 .5 ), M o d e l X 7 5  (S u g a  T est 

In s tru m e n ts  C o ., L T D , Jap an ) and  fo llo w in g  th e  IS O  te s tin g  m e th o d . B lu e  w o o l fab rics 

w e re  u sed  as th e  s tan d ard  o f  n u m erica l ra tin g s  and  w e re  a ss ig n ed  to  d e sc rib e  the 

co lo rfa s tn e ss  o f  th e  fabrics.

F igu re  3.5 X en o n  W ea th e r M e te r


	Chapter III Experimental Procedures
	Materials
	Equipment
	Synthesis of the modifying agent, 3-amino-2-hydroxyl-propyltrimethyl ammonium(3,5)-dichlorotriazine
	Method of the modification and bleaching of cotton fabric in single-bath process
	General Dyeing Procedure
	NMR Analysis
	Total nitrogen content determination
	Evaluation of whiteness property of modified bleached cotton fabric
	Measurement of dye exhaustion
	Measurement of dye fixation
	Image microscopic analysis (fiber cross sectional examination)
	Measurement of colorfastness


