
During recent years chelating polym ers have been  gained num erous 
attention from  research scientists in the fie ld s o f  polym er chem istry, analytical, 
inorganic and organic chem istry. The interest originates from  their p ossib le  
applications in m etal processing, w aste w ater treatment and in so lv in g  problem s 
in environm ental chem istry. In the last decade several review s [1] have been  
published describing the applications o f  com m ercia lly  available chelating  
resins. Properties o f  the resins including high capacity, high se lectiv ity  and fast 
kinetics o f  chelation  are primarily concerned in order to m eet u sers’ 
requirem ents. Therefore the trends for developm ent o f  resins have been  
im proved directly to such the properties.

C h e la tin g  P o ly m ers [2]

C helating polym ers have received  considerable attention ow in g  to 
their inherent advantages over sim ple ion exchange resins in their high  
se lectiv ity  o f  m etal ions in sorption p rocesses [3], T hey have been used  for 
w ater treatment, pollution  control, and recovery o f  m etals or in analytical 
chem istry. The se lective  adsorption depends on a stab ility  constant o f  a 
com p lex  o cu m n g  betw een  a particular polym er ligand w ith  a particular metal 
ion at a defin ite pH. The higher value o f  the constant is, the m ore stability o f  
the com p lex  obtains. H ow ever, the selectiv ity  o f  m ost ligands w ith  m etal ions 
resides predom inantly in their ability to form  com p lexes, w hich  rely on m any  
factors.



In general, the selectiv ity  coeffic ien t o f  chelating polym ers for 
sp ecific  separation is influenced  by (a) the nature and type o f  ions to be 
separated, (b) the nature and structure o f  the chelating group, (c) the m olecular  
structure surrounding the chelating group, (d) the degree o f  m etal ion  
adsorption, (e) stability o f  the resulting metal com p lex , (f) so lven t and pH used, 
and (g) temperature o f  separation.

Polym ers containing coordination groups (ligands) have been  used for 
a se lective  separation o f  m etal ions depending on the coordination num ber and 
the geom etry o f  the ions. Polym er ligand (1 ) w ith a m axim um  o f  four N -donor  
atom s restricts to a tetrahedral arrangement o f  the com p lex  that w as found to 
favour chelation  o f  ions such as Cu2' over F e3\  1 have higher ability  to form  
com p lex  w ith  C u2 [2],

PS = Polystyrene
1

B ond length and angles betw een  the chelated  central m etal ion and the 
ligands are dependent upon types o f  m etal ion s and ligands. W hen a 
coordinated stereostructure o f  a polym er-m etal com p lex  is fixed , then the 
central metal ions are rem oved, w h ile  the stereostructure is m aintained fixed. 
The rem aining polym er ligand w ill have pockets esp ec ia lly  fitted for the same
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metal ion .T he coordinated stereostructure o f  a polym er-m etal com p lex  chain  
has been  m ade by crosslinking the com plex. The m etal w as rem oved by  
deform ation o f  the polym er-m etal com plex. The crosslink ing procedure 
corresponds to a kind o f  tem plate form ation. For exam ple, w hen  a metal 
com p lex  o f  p olyvinylpyrid ine is crosslinked w ith  dilute acid, the remains 
m etal-free resin sh ow s se lectiv ity  to adsorb the sam e type o f  m etal ions that 
w ere rem oved [4 ,5],

P olym ers attached to m acrocyclic  ethers have been sh ow n  to com p lex  
m etal ions. R ecently , three different types o f  polym eric ethers, crow n ethers, 
cryptands and podands have been introduced as a n ew  class o f  neutral ligands 
to replace the conventional ion exchangers [6], The ion-chelating properties o f  
these neutral ligands have led  to their se lective  applications in extraction or 
separation o f  trace m etals or isotop es and organic solutes. Their selectiv ity  
depends on the ring m em ber as w ell as on the diam eter and steric factors o f  the 
ring [7], A  num ber o f  neutral ligands w ith  considerable enhanced se lectiv ity  to 
bind metal ions have therefore been developed  over recent years.

The chelating resins are usually regenerated for reuse by eluting or 
extracting the sorbed m etal from the resins. M ineral acids such as HCl, H2SO4 or 
HNO3 have been used  to regenerate loaded chelating resin.

Feng and his co-w orkers [8] synthesized  the chelating resin 
by cop olym erization  o f  l-(p -acry lam id oeth y l)-3 -h yd roxy-2-m eth y l-4 ( 1H) 
pyridinone (A H M P ) and N ,N '-d im ethylacrylam ide (D M M A ) in the presence o f  
N .N '-eth y len e-b is-acry lam id e (E B A A ) as a crosslink ing agent. The resins 
sh ow ed  high se lectiv ity  for iron (III) and the iron (III) chelating capacity  w as



1 4 6  p .m o l/g  in  th e  b a tc h  p r o c e s s .  W h i le  th a t  u s in g  th e  c o lu m n  p r o c e s s  w a s  1 4 4

p m o l /g .

Latha et. al. [9] reported the preparation and application  o f  the 
chelating resin based  on the hydrophilic polyacrylam ide using N ,N '-m eth y len e-  
bis-acrylam ide as the crosslinking agent. The resins cou ld  be u sed  to adsorb 
F e3\  Fe2+, N i2' and Cu2~ at the capacity o f  3 .62 , 4 .2 2 , 1.48 and 1.67 m eqv/g, 
respectively.

Table 1.1 lists som e o f  the chelating polym ers that have been  used in 
se lective  separation o f  m etal ions.
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T a b le  1 .1  C h e la t in g  p o ly m e r s .

C helating polym er A pplication R eference

- ( -  N-tCHj)2-NH-(CHj >2-)-
e  ^ร

adsorption o f  various 
metal ions

[10 ,11 ]

/  « c-(^NH-R'-NH—c —R—c-y-
adsorption o f  various 
m etal ions

[12]
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se lective  separation  
o f H g 2*

[13 ,14]
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Me Me

adsorption o f  Cu2~ [15]

R โ . ' C C . ' Çcc

ท
r
X)R

selective  separation  
o f  Cu2+

[16]
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T a b l e  1 .1  ( c o n t in u e d ) .

C helating polym er A pplication R eference

" " « r  ° » ' " '
M .

se lective  separation  
o f  K +, Pb2* and C s+

[17]
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binding o f  alkali 
m etal ions

[18-20]
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extraction o f  U 0 22 
from  seaw ater

[21]
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ท

binding o f  various 
m etal ions

[22]
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T a b le  1 .1  ( c o n t in u e d ) .

C helating polym er A pplication R eference

4 c h > 0
C ( O H ) = C H - C O - C H 3

adsorption bivalent 
transition m etal ions

[23]

NO>w N° :CHj^ N - N h J Q J
1 OC OC H 3

0 ,! j 6 - c o o h
OH f "

adsorption o f  b ivalent 
m etal ions

[24 -26]

O b jec tiv e s  and  S cop e o f  th e  R esea rch

8-H ydroxyquinoline is know n to form  com p lexes w ith various metal 
ions, such as F e3+, Ca2+, N a  , Pb2 etc. [27], W hen 8-hyd roxyq uinolin e is 
incorporated into phenol-form aldehyde resin, the resulting p olym er show s  
se lectiv ity  in m etal separation [2],

T herefore, 2 ,4-d iam ino-6-hydroxypyrim id ine ( 3 )  w as ch osen  as a 
chelating ligand and 3  can be incorporate into the polym er backbone by  
crosslink ing reaction o f  3  w ith  B isp h en o l-A  ep oxy  resin ( 2 ) .
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I t  i s  b e c a u s e  t h e  e x c e l l e n t  p r o p e r t i e s  o f  p o l y e t h e r s ,  s u c h  a s  g o o d  

c h e m i c a l  r e s i s t a n c e  a n d  f l e x i b i l i t y .  B e s i d e s ,  t h e  a d d i t i o n  o f  c h e l a t i n g  g r o u p s  o n  

t h e  p o l y m e r  c h a i n  c a n  b e  p e r f o r m e d  e a s i l y .  T h e r e f o r e ,  p o l y e t h e r  w a s  c h o s e n  a s  

t h e  b a c k b o n e  o f  c h e l a t i n g  p o l y m e r s .  T h e  i n t r o d u c t i o n  o f  c h e l a t i n g  g r o u p s  i n t o  

t h e  p o l v e t h e r  m a t r i x  c a n  b e  a c h i e v e d  u s i n g  c r o s s l i n k i n g  r e a c t i o n .

O b j e c t i v e s

T h e  p r i n c i p l e  o b j e c t i v e  o f  t h i s  ร ณ d y  w a s  t o  p r e p a r e  c h e l a t i n g  

p o l y e t h e r s  c o n t a i n i n g  d i a m i n o  l i g a n d  a n d  t o  i n v e s t i g a t e  t h e i r  c h e l a t i n g  a b i l i t y  

w i t h  m e t a l  i o n s .

S c o p e  o f  t h e  R e s e a r c h

1 .  S y n t h e s i s  o f  t h e  C h e l a t i n g  P o l y e t h e r

B i s p h e n o l - A  e p o x y  r e s i n  ( 2 )  c o u l d  u n d e r g o  a  c r o s s l i n k i n g  r e a c t i o n  

w i t h  2 , 4 - D i a m i n o - 6 - h y d r o x y p y r i m i d i n e  ( 3 )  t o  y i e l d  t h e  c r o s s l i n k e d  c h e l a t i n g  

p o l y e t h e r  r e s i n  ( 4 )  c o n t a i n i n g  a r o m a t i c  d i a m i n e  l i g a n d s .  T h e  p r o p o s e d  

c r o s s l i n k i n g  r e a c t i o n  a n d  s t r u c t u r e  o f  t h e  c r o s s l i n k e d  r e s i n  a r e  s h o w n  i n  

S c h e m e  1 . 1 .
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OH 04

C r o s s l i n k e d  c h e l a t i n g  p o l y e t h e r  h a v i n g  a r o m a t i c  d i a m i n e  l i g a n d s  ( 4 ) .

S c h e m e  1 . 1

2 .  C h a r a c t e r i z a t i o n  a n d  A n a l y s i s  o f  t h e  C h e l a t i n g  P o l v e t h e r s

C h a r a c t e r i z a t i o n  o f  t h e  o b t a i n e d  c r o s s l i n k e d  r e s i n  ( 4 )  w e r e  c a r r i e d  o u t  

u s i n g  t h e r m a l  a n d  s p e c t r o s c o p i c  m e t h o d s .  C o m p l e x i n g  a b i l i t y  o f  t h e  r e s i n  ( 4 )  

w i t h  v a r i o u s  m e t a l  i o n s  w e r e  i n v e s t i g a t e d .  T h e  c h e l a t i n g  c a p a c i t y  a n d  

s e l e c t i v i t y  o f  t h e  m e t a l - r e s i n  c o m p l e x  w e r e  d e t e r m i n e d .  R e u s a b l e  a b i l i t y  o f  t h e  

r e s i n  ( 4 )  w a s  i n v e s t i g a t e d .
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