
C H A P T E R  I I I  
M E T H O D O L O G Y

3 .1  M a t e r ia l s

3 .1 .1  C a rb o n  B lac k
T h e  c a rb o n  b la c k  (ty p e  4 0 0  R ) u se d  in  th e  s tu d y  w as  

m a n u fa c tu re d  b y  C a rb o t C o rp o ra tio n . B e ca u se  c a lc iu m  c o n c e n tra tio n  w a s  o ne  
o f  so m e  p a ra m e te rs  w h ic h  w a s  c o n s id e re d , an d  io n ic  sa lts  in c lu d in g  c a lc iu m  
a ie  p re s e n t h ig h ly  in  th e  c a rb o n  b la c k , so  it w as  n e c e s sa ry  to  re m o v e  th e se  
io n ic  sa lts  b y  w ash in g .

T h e  c a rb o n  b la c k  w as  m ix e d  w ith  d is til le d  a n d  d e io n iz e d  w a te r  
in  th e  ra tio  o f  1 to  4  an d  a g ita te d  th o ro u g h ly . A fte r  th a t  th e  m ix tu re  w as 
c e n tr ifu g e d  a t 2 5 0 0  rp m  fo r  15 m in u te s , an d  w a te r  w as  d e c a n te d  o ff. T h is  
p ro c e d u re  w as  re p e a te d  4  tim es  w h ic h  w e re  su ff ic ie n t to  re d u c e  th e  c a lc iu m  
c o n c e n tra tio n  in  th e  rin se  w a te r  to  less  th a n  0 .2  p pm . F in a lly  th e  w a sh e d  
c a rb o n  w a s  d r ie d  a t 5 0  ° c  fo r  5 day s. T h e  su rfa c e  a re a  o f  w a sh e d  c a rb o n  
b la c k  d e te rm in e d  b y  B E T  su rfa c e  a re a  w as  96  m 2/g.

3 .1 .2  S u rfa c ta n t
S o d iu m  d o d e c y l su lfa te  (S D S , C i2H 25S 04N a ) w ith  a  p u r ity  o f  

9 9 %  w a s  p u rc h a s e d  fro m  S ig m a  C h e m ic a l C o m p a n y  (S t. L o u is , M O ) an d  u se d  
w ith o u t  fu r th e r  p u r if ic a tio n .

3 .1 .3  C a lc iu m  C h lo rid e  as C o u n te rio n
T h e  re a g e n t g ra d e  c a lc iu m  c h lo rid e  d ih y d ra te  (C a C l2.2H 20 )  

o b ta in e d  fro m  F lu k a  C o ., L td . (S w itz e rla n d ) w as  u se d  in  th e  s tud y . D ue  to  the
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c h e m ic a l h y g ro s c o p ic  n a tu re , i t  w as  n e c e s sa ry  to  d ry  a t 9 0  ° c  fo r  12 h o u rs  ju s t  
p r io r  to  m a n u fa c tu r in g  th e  s to c k  so lu tio n .

3 .1 .4  p H  A d ju s tin g  S o lu tio n
S o d iu m  h y d ro x id e  (N a O H ) m a n u fa c tu re d  b y  J .T . B a k e r 

C h e m ic a ls  B.v. (D e v e n te r, H o lla n d )  w as  u se d  as rec e iv e d .

3 .2  E x p e r im e n t a l  P r o c e d u r e

3 .2 .1  A d so rp tio n  Is o th e rm  E x p e rim e n t
T h is  e x p e r im e n t w as  c a rr ie d  o u t in  o rd e r  to  f in d  th e  a m o u n t o f  

so lu tio n  a d s o rb e d  o n  th e  so lid  su rfa c e  as a  fu n c tio n  o f  so lu tio n  c o n c e n tra tio n .
T w e n ty  m l o f  so lu tio n  w a s  ad d ed  to  2 .5  g  o f  w a sh e d  c a rb o n  

b la c k  in  a  s c re w  cap  v ia l. T h e  f il le d  v ia ls  w ere  a llo w e d  to  e q u ilib ra te  a t 30  ° c  
fo r  4  d ay s  in  a  sh a k in g  b a th . A fte r  th is  tim e , th e  e q u ilib ra te d  sa m p le s  w ere  
c e n tr ifu g e d  tw ic e  b y  a  h ig h  sp e e d  re fr ig e ra te d  c e n tr ifu g e  (S o rv a l S u p e r T 2 1 ) 
a t 3 0  ° c ,  16500  rp m  fo r  2 0  m in u te s . T h e  su p e rn a ta n t l iq u id  w a s  ta k e n  o u t b y  
d isp o sa l p ip e tte , a n d  k e p t in  sc re w  cap  v ia l fo r  fu r th e r  a n a ly s is . T h e  
s u p e rn a ta n t l iq u id  w as  th e n  a n a ly z e d  fo r  th e  re s id u a l c o n c e n tra tio n s  o f  
su rfa c ta n t a n d  ca lc iu m .

S D S  c o n c e n tra tio n s  w e re  d e te rm in e d  b y  H ig h  P e rfo rm a n c e  
L iq u id  C h ro m a to g ra p h y  o r H P L C  (H e w le tt  P a c k a rd  s e n e s  1050) w ith  an  
e le c tr ic a l c o n d u c tiv ity  d e te c to r  (m o d e l 550  A llte c h  A sso c ia te s , In c .). T h e  
c o n d u c tiv ity  d e te c to r  w as se t u p  a t c o n d itio n  o f  p o s itiv e  s ig n a l an d  
te m p e ra tu re  o f  d e te c to r  w as  a d ju s te d  a t 3 0  ° c .  T h e  se n s itiv ity  o f  d e te c to r  fo r  
h ig h  su rfa c ta n t c o n c e n tra tio n  an d  lo w  s u rfa c ta n t c o n c e n tra tio n  w as 
m a n ip u la te d  to  5 0 0  (iS a n d  100 (J.S re sp e c tiv e ly . B e c a u se  c h lo rid e  sa lt w as 
u se d  in  th e  e x p e rim e n ts , i t  w a s  n e c e s sa ry  to  se p a ra te  th e  su rfa c ta n t re sp o n se  
f ro m  c h lo rid e  re sp o n se  o n  th e  H P L C  (B ittin g  an d  H a rw e ll, 1987).
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T he separation  w as accom plished  using b icratic  operation  or 
g rad ien t e lu tion  m ode o f  tw o m obile  phases th rough Ci8 reverse  phase silica 
colum n. T he prim ary  m obile  phase w as 30 %  by volum e o f  m ix tu re  o f  
m ethan o l in  w ater. A t th is point, su rfactan t adsorbed  on  the reverse  phase 
silica  and ch loride salt elu ted  from  the colum n. D uring H PL C  operation , the 
com position  o f  m obile  phase w as changed  g radually  fro m  0 to 2.5 m inutes. 
A fter th a t the com position  w as m ain ta ined  at 80 %  by  volum e o f  m ethanol in 
w ater. F inally , the m obile  phase w as sw itched back to  30 %  m ethanol to 
com plete cycle. The SDS concen tration  w as analyzed tw ice  in  order to obtain  
m ean value o f  area  und er curve and the experim ental error w as less th an  5%.

C alcium  concen trations w ere analyzed by  A tom ic  A bsorp tion  
S pectrophotom eter (A A S V arian  300). The accuracy from  m easurem en t w as 
less than  3% .

3 .2 .2  Z e ta  P oten tia l D eterm ination
T he zeta  po ten tia l o f  carbon particles in aqueous so lu tion  was 

determ ined  by Z e ta  M eter 3.0+.
The suspension p laced  in the electrophoresis cell w as prepared  

by p lacing  1.5 m g o f  carbon  black in  40 m l o f  solution. The suspension  w as 
requ ired  to equilib rate  at 3 0  ° c  for 24 hours. The pH  o f  equ ilib ra ted  sam ples 
w as m easured . B efore m easurem ent, the electrophoresis cell w as c leaned  w ith 
d istilled  and  deion ized  w ater and dried thoroughly. A pprox im ate ly  5 m l o f  
suspension  w as rinsed  th rough the cell, and then  rem ainder w as loaded  into 
the cell. B efore track ing  the particles, the appropriate track ing  voltage fo r the 
co llo idal system  w as selected. For the suspension, w hich  had  a high specific 
conductance, low  voltage w as required.

F or each sam ple, the zeta poten tial w as m easured  abou t 12 
values, in order to take an average m ean value o f  zeta  po ten tia l w ith  small 
standard  deviation. F inal su rfactan t concentrations w ere calcu lated  by
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assuming an adsorption of surfactant on the basis of the separately determined
adsorption data.
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