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31. EXPERIMENTAL

H.1 POLYEORMALS

The abbreviations used for various chemicals, etc, 
are presented in table II.1.

1(a) Synthesis of Chelating Polymers using Polyvinyl
alcohol and formaldehyde under alkaline condition

Polyvinyl alcohol (KL, SD or LC grade) and water 
(or glycerine or polyethylene glycol) were taken in 250 ml 
round bottom flask fitted with reflux condenser. Formal
dehyde and sodium carbonate solutions were added to the 
mass. The reaction mixture was heated on water bath at 
70-80°C with occasional shaking. The gel was obtained.
It was cured at 90-100°C for 24 hours and weighed. It was 
washed with water and alcohol, dried and then used for 
investigations. The amounts of reactants used, time of 
reaction, wt of the crude product, etc, are given in the 
table II. 2 (a) .

1(b) Synthesis of chelating polymers using polyvinyl 
alcohol and formaldehyde under acidic condition

Polyvinyl alcohol (KL, SD or LC grade) and water 
(or glycerine or polyethylene glycol) were taken in 250 til 
round bottom flask fitted with reflux condenser. Formaldehyde
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Table II.l 

Abb r eviations

PVA, P 
P 

W 
G
AG
Pg
Ale
T
DMF
De
Q
E
Sh
Cl
R

sa
Am
Ah
An

e
G1

Ap
Ad

poly vinyl alcohol
formaldehyde
water
glycerine
aqueous glycerine
poly ethylene glycol
alcohol
toluene
dimethyl formamide
diethylene triamine
8-hydroxy quinoline
ethyl aceto acetate
salicyl aldehyde
chloral hydrate
resorcinol
salicylic acid
4-amino benzoic acid
p-hydroxy benzoic acid
l-amino~2-naphthol-4-sulphonic acid
epichlorhydrin
glycine

m-amino phenol 
anthranllic acid



Table II.1 (contd.)

m
c

B

A

EDTA

M

KL,K 

SD,S 

LC„ L

d.p.

a
b

s
i

ps
d.e.

B*

melamine

starch

bisphenol-A

acrylamide

ethylene diamine tetra acetic acid 

membrane 

Koch Light make 

SD Chem make 

Loba Chemie make 

degree of polymerization 

acidic condition 

basic condition 

soluble 

insoluble 

partly soluble 

degree of extraction 

butyraldehyde
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and hydrochloric acid were added to the mass. The reaction 
mixture was heated on water bath at 70-80°C with occasional 
shaking. The gel was obtained. It was cured at 90-100°C 
for 24 hours and weighed. It was washed with water and 
alcohol, dried and then used for investigations.' The amounts 
of reactants used, time of reaction, wt of the crude product, 
etc, are given in the table 11.2(b).

1(c) Synthesis of chelating polymers using polyvinyl
alcohol and formaldehyde under alkaline condition 
followed by acidic condition

Polyvinyl alcohol (KL, SD or LC grade) and water (or 
glycerine or polyethylene glycol) were taken in 250 ml 
round bottom flask fitted with reflux condenser. Formal
dehyde and sodium carbonate solutions were added to the 
mass. The reaction mixture was heated on water bath at 
70-80°C with- occasional shaking for a definite period of 
time. Then hydrochloric acid was added to the mixture and 
heating at 70-80°C was continued further. The gel was 
obtained. It was cured at 90-100°C for 24 hours and 
weighed. It was washed with water and alcohol, dried and 
then used for investigations. The amounts of reactants 
used, time of reaction, wt of the crude product, etc, are 
given in the table 11.2(c) .

1(d) Synthesis of chelating polymers using polyvinyl alcohol, 
starch and formaldehyde under alkaline condition

Polyvinyl alcohol (KL or SD grade) and water (or glyce
rine or polyethylene glycol) were taken in 250 ml round bottom
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flask fitted with reflux condenser. Starch, formaldehyde 
and sodium carbonate solutions were added to the mass.
The reaction mixture was heated on water bath at 70-80°C 
with occasional shaking. The gel was obtained. It was 
cured at 90-100°C for 24 hours and weighed. It was washed 
with water and alcohol, dried and then used for investiga
tions. The amounts of reactants used, time of reaction, 
wt of the crude product, etc, are given in the table 11.2(d).

1(e) Synthesis of chelating polymers using polyvinyl 
alcohol, starch and formaldehyde under acidic 
condition

Polyvinyl alcohol (KL or SD grade) and water (or 
glycerine or polyethylene glycol) were taken in 250 ml 
round bottom flask fitted with reflux condenser. Starch, 
formaldehyde and hydrochloric acid were added to the mass.
The reaction mixture was heated on water bath at 70-80°C 
with occasional shaking. The gel was obtained. It was 
cured at 90-100°C for 24 hours and weighed. It was washed 
with water and alcohol, dried and then used for investiga
tions. The amounts of reactants used, time of reaction, 
wt of the crude product, etc, are given in the table 11.2(e).

1(f) Synthesis of chelating polymers using polyvinyl 
alcohol, starch and formaldehyde under alkaline 
condition followed by acidic condition

Polyvinyl alcohol (KL or SD grade) and water (or 
glycerine or polyethylene glycol) were taken in 250 ml
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round bottom flask fitted with reflux condenser. Starch52/

formaldehyde and sodium carbonate solutions were added to 
the mass. The reaction mixture was heated on water bath 
at 70-80°C with occasional shaking. Then hydrochloric 
acid was added to the above mixture and heating at 70-80°C 
was continued further. The gel was obtained. It was cured 
at 90-100°C for 24 hours and weighed. It was washed with 
water and alcohol, dried and then used for investigations. 
The amounts of reactants used, time of reaction, wt of the 
crude product, etc, are given in the table 11.2(f).

All these products (II.l) were washed with acid, 
alkali, acid, water, acetone and alcohol respectively and 
dried. The solubility of all these products (ll.l) has 
been studied in different solvents and the data for 
some of them are presented in table II.3.

II.2 CHELATING POLYFORMALS

2(a) Synthesis of chelating polymers, using polyvinyl 
alcohol, formaldehyde and 8-hydroxy quinoline 
Polyvinyl alcohol (KL, SD or LC grade) and water were 

taken in 250 ml round bottom flask fitted with reflux con
denser and formaldehyde and sodium carbonate solutions were 
added to the mass. The reaction mixture was heated on 
water bath at 70-80°C with occasional shaking for a definite 
period of time. Then 8-hydroxy quinoline dissolved in 
requisite amount of hydrochloric acid was added to the above
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mixture and heating at 70-80°C was continued further.
The gel was obtained. It was cured at 90-100°C for 24 
hours and weighed. It was washed with water and alcohol, 
dried and then used for investigations. The amount of 
reactants used, time of reaction, yield of the product, 
etc, are given in the table 11.4(a).

2(b) Synthesis of chelating polymers using polyvinyl
alcohol, starch, formaldehyde and 8-hydroxy quinoline

Polyvinyl alcohol (KL or SD grade) was taken in 250ml 
round bottom flask fitted with reflux condenser. Starch, 
formaldehyde and sodium carbonate solutions were added to 
it. The reaction mixture was heated on water bath at 70-80°C 
with occasional shaking for a definite period of time. Then 
8-hydroxy quinoline dissolved in requisite amount of hydro
chloric acid was added to the above mixture and heating at 
70-80°C was continued further. The gel was obtained. It 
was cured at 90-100°C for 24 hours and weighed. It was 
washed with water and alcohol, dried and then used for 
investigations. The amounts of reactants used, time of 
reaction, wt of the crude product, etc, are given in the 
table ll.4 (b).

2(c) Synthesis of chelating polymers using polyvinyl 
alcohol and ethyl acetoacetate under alkaline 
condition
Polyvinyl alcohol (KL, SD or LC grade) was mixed 

with water in presence or absence of starch in 250 ml
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round bottom flask fitted with reflux condenser and 
ethyl acetoacetate and sodium carbonate solution were 
added to the mass. The reaction mixture was heated on 
water bath at 70-80°C with occasional shaking. The gel 
was obtained. It was cured at room temperature and 
weighed. It was washed with water and alcohol, dried and 
then used for investigations. The amounts of reactants 
used, time of reaction, wt of the crude product, etc, are 
given in the table 11.4(c).

2(d) Synthesis of chelating polymers using polyvinyl
alcohol and ethyl acetoacetate under acidic condition

Polyvinyl alcohol (KL, SD or LC grade) was mixed 
with water in presence or absence of starch in 250 ml 
round bottom flask fitted with reflux condenser and ethyl 
acetoacetate and hydrochloric acid were added to the mass.
The reaction mixture was heated on water bath at 70-80°C 
with occasional shaking. The gel was obtained. It was 
cured at room terrperature and weighed. It was washed 
with water and alcohol, dried and then used for investi
gations. The amounts of reactants used, time of reaction, 
wt of the crude product, etc, are given in the table 11.4(d).

2(e) Synthesis of chelating polymers using polyvinyl 
alcohol andebhyl acetoacetate, initially under 
alkaline condition followed by acidic condition 
Polyvinyl alcohol (KL, SD or LC grade) was mixed 

with water in presence or absence of starch in 250 ml
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round bottom flask fitted with reflux condenser and ethyl 
acetoacetate and sodium carbonate solution were added to 
the mass. The reaction mixture was heated on water bath 
at 70-80°C with occasional shaking. Then hydrochloric 
acid was added to the above mixture and heating .at 70-80°C 
was continued further. The gel was obtained. It was cured 
at room temperature and weighed. It was washed with water 
and alcohol, dried and then'Used for investigations. The 
amounts of reactants used, time of reaction, wt of the 
crude product, etc, are given in the table 11.4(e).

2(f) Synthesis of chelating polymers using polyvinyl
alcohol and salicyl aldehyde under alkaline condition

Polyvinyl alcohol (LC grade) and water were taken in 
250 ml round bottom flask fitted with reflux condenser. 
Salicyl aldehyde and sodium carbonate solution were added 
to the mass. The reaction mixture was heated on the water 
bath at 70-80°C with occasional shaking. Yellow coloured 
gel was obtained, which turned black on standing at room 
temperature. The amounts of reactants used, time of reac
tion, wt of the crude product, etc, are given in the table 
11.4(f).

2(g) Synthesis of chelating polymers using polyvinyl
alcohol and salicyl aldehyde under acidic condition

Polyvinyl alcohol (KL, SD or LC grade) was mixed with 
water (or alcohol) in presence or absence of starch in 
250 ml round bottom flask fitted with reflux condenser.
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Salicyl aldehyde and hydrochloric acid were added to the 
mass. The reaction mixture was heated on the water bath 
at 70-80°C with occasional shaking. The gel was obtained. 
It was cured at 90-100°C for 6 hours and weighed. It was 
washed with water and alcohol, dried and then used for 
investigations. The gel obtained was pink in colour, but 
turned black on standing. The amounts of reactants used, 
time of reaction, wt of the crude product, etc, are given 
in the table 11.4(g).

2(h) Synthesis of chelating polymers using polyvinyl
alcohol and chloral hydrate under alkaline condition

Polyvinyl alcohol (LC grade) and water were taken in, 
250 ml round’ bottom flask fitted with reflux condenser. 
Chloral hydrate and sodium carbonate solutions were added 
to the mass. The reaction mixture was heated on water bath 
at 70-80°C with occasional shaking. The gel was obtained. 
It was cured at 90-100°C for 4 to 4% hours and weighed.
It was washed with water and alcohol, dried and then used 
for investigations. The amounts of reactants used, time 
of reaction, wt of the crude product, etc, are given in 
the table 11.4(h).

2(j) Synthesis of chelating polymers using polyvinyl
alcohol and chloral hydrate under acidic condition

Polyvinyl alcohol (LC grade) and water were taken in 
250 ml round bottom flask fitted with reflux condenser. 
Chloral hydrate and hydrochloric acid were added to the 
mass. The reaction mixture was heated on water bath at
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70-80°C with occasional shaking. The gel was obtained.
It was cured at 90-100°C for 4 to 4% hours and weighed.
It was washed with water and alcohol, dried and then used 
for investigations. The amounts of reactants used, time 
of reaction, wt of the crude product, etc, are given in 
the table II.4(j).

2(k) Synthesis of chelating polymers using polyvinyl 
alcohol and chloral hydrate initially under 
alkaline condition followed by acidic condition

Polyvinyl alcohol (LC grade) and water were taken in 
250 ml round bottom flask fitted with reflux condenser. 
Chloral hydrate and sodium carbonate solution were added to 
the mass. The reaction mixture was heated on water bath at 
70-80°C with occasional shaking. Then hydrochloric acid 
was added to the above mixture and heating at 70-80°C was 
continued further. The gel was obtained* It was cured at 
90-100°C for 4 hours and weighed. It was washed with water 
and alcohol, dried and then used for investigations. The 
amounts of reactants used, time of reaction, wt of the crude 
product, etc, are given in the table II.4(k).

All these products (II) .2) i^ere washed with acid, 
alkali, acid, water, acetone and alcohol respectively and 
dried. The solubility of these products has been studied 
in different solvents and the data for some of them 
are presented in tables II.5.
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II.3 CHELATIISE POLYFORMALS - FURTHER RESINIPICATION

3(a) Synthesis of chelating polymers using polyvinyl 
alcohol formaldehyde and resorcinol

Polyvinyl alcohol (KL grade) was mixed with glycerine 
(or polyethylene glycol) in presence or absence of starch 
in 250 ml round bottom flask fitted with reflux condenser 
and formaldehyde and sodium carbonate solutions were added 
to the mass. The reaction mixture was heated on the water 
bath at 70-80°C with occasional shaking. Resorcinol and 
additional amount of formaldehyde were added to the above 
mixture and heating at 70-80°C was continued further. The 
gel was obtained. It was cured at 90-100°C, washed with 
water, acid, alkali, acid, water and alcohol respectively, 
dried, ground to 35-100 BSS mesh size and used for investi
gations. The amount spf reactants used, time of reaction, 
time of curing, yield of the product, etc, are given in 
the table 11.6(a).

3(b) Synthesis of chelating polymers using polyvinyl 
alcohol, formaldehyde, 8-hydroxy quinoline and 
resorcinol

Polyvinyl alcohol (KL grade) was mixed with water in 
presence or absence of starch in 250 ml round bottom flask 
fitted with reflux condenser and formaldehyde and sodium 
carbonate solutions were added to the mass. The reaction 
mixture was heated on water bath at 70-80°C with occasional 
shaking. Resorcinol and additional amount of formaldehyde
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were added to the above mixture and it was heated for 3-5 
minutes. 8-hydroxy quinoline dissolved in hydrochloric 
acid was added to it and heating at 70-80°C was continued 
further. The gel was obtained. It was cured at 90-100°C, 
washed with water, acid, alkali, acid, water and alcohol 
respectively, dried, ground to 35-100 BSS mesh size and 
used for investigations. The amounts of reactants used, 
time of reaction, time of curing, yield of the product, 
etc, are given in the table 11.6(b).

3(c) Synthesis of chelating polymers using polyvinyl 
alcohol, ethyl acetoacetate, formaldehyde and 
resorcinol

Polyvinyl alcohol (KL grade) was mixed with water in 
presence or absence of starch in 250 ml round bottom flask 
fitted with reflux condenser and ethyl acetoacetate and 
sodium carbonate solutioh were added to the mass. The 
reaction mixture was heated on the water bath at 70-80°C 
with occasional shaking. Resorcinol and formaldehyde (with 
or without HC1) were added to the above mixture and heating 
at 70-80°C was continued further. The gel obtained was 
cured at 90-100°C, washed with water, acid, alkali, acid, 
water and alcohol respectively, dried, ground to 35-100 BSS 
mesh size and used for investigations. The amount of 
reactants used, time of reaction, time of curing, yield -of 
the product, etc, are given in the table 11.6(c).
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3(d) Synthesis of chelating polymers using polyvinyl

alcohol, chloral hydrate, formaldehyde and resorcinol

Polyvinyl alcohol (KL grade) was mixed with water in 
presence or absence of starch in 250 ml round bottom flask 
fitted with reflux condenser and chloral hydrate and sodium 
carbonate solutions were added to the mass. The reaction 
mixture was heated on the water bath at 70-80°C with 
occasional shaking. Resorcinol and formaldehyde were added 
to the above mixture and heating at 70-80°C was continued 
further. The gel was obtained. It was cured at 90-100°C, 
washed with water, acid, alkali, acid, water and alcohol 
respectively, dried, ground to 35-100 BSS mesh size and 
used for investigations. The amounts of reactants used, 
time of reaction, time of curing, yield of the product, 
etc, are given in the table 11.6(d).

The solubility cf all these products (II.3) has been 
studied in different solvents and the data are presented 
in table II.7.

II.4 SORPTION AND IOR EXCHANGE STUDIES ,

4(a) Conversion of resins into H-form

Approximately 5.0 g of resin were taken in the flask. 
1 litre of IN hydrochloric acid was added to it and kept 
with occasional shaking for 24 hours to convert it into 
H-form. The resin was filtered, washed to neutrality with 
water and dried at room temperature.



89

5.
9

5.
6

6.
7

6.
9

9 17 14 10

36
0

12
0

30
0

12
0

60 60 60 60

0.
1

1.
0

0.
1

1.
0

3 3
3H

’R 3
KP

C1
RF

C

1H
'R
 IKP

CI
RF
c

3K
PC

1R
F

1K
PC

1R
F

3H
R

1H
R

Wt
 o

f 
pr

od
uc

t
(g
)

Ti
me

 o
f 

cu
ri

ng
(h
r)

Ti
me

 o
f 

re
ac

ti
on

(n
)

(m
in
)

Ti
me

 o
f 

re
ac

ti
on

(i) (m
in
)

Wt
 o

f
Ns
^C
O.

(g
)

Wt
 o

f 
st

ar
ch

 
(c
)

(g
)

No
 Ex

pt
 Pr

od
uc

t

5 
ml

1 
g

Vo
l 

of
 F

Wt
 o

f 
re

so
rc

in
ol

 (R
)

3 
g 

1 
g

Wt
 o

f 
ch

lo
ra

l 
hy

dr
at

e
(C
l)

Wt
 o

f 
PV

A 
(K
L 
gr
ad
e)

Ta
bl

e 
11
.6
(d
)



So
lu
bi
li
ty
 i
n

90

i i i i i i

i i i i i i

i i i i i i

i i

6K
PF
QR
c o

ra
ng
e

6K
PF
QR
 re

d

6 6
C'
R

5 6
CR

4 2
5A
'(
R)

q 
5 
25
KP
FR
'c
 r
ed
di
sh
 b
ro
wn
 p 

p 
i

 ̂
' :
 

b.
PV
A 

(K
L 
gr
ad
e)

i 
i 

i

P 
P

i 
i

25
KP
FR
c 
br
ow
n

2 5
KP
FR
' r

ed
di
sh
 b
ro
wn

25
KP
FR
 re

dd
is
h 
br
ow
n

0.
5

3 
25
A'
R

2 
25
A(
R)avsz 

I

a.
PV
A 

(K
L 
gr
ad
e)

IN
 IN

HC
1 N

aO
H A

lc
oh
ol
 Ac

et
on
e B

en
ze
ne
 DM

F 
5 

6 
7 

8 
9 

10
4

Co
lo
ur

Pr
od
uc
t

No
 Ej

qp
t

Ta
bl
e 
11
.7



Ta
bl
e 
II

.7
 (

co
nt
d)

UD

i 110

i i6
8

10
 3H

'R
 3K

PC
lR
Fc
 r
ed
di
sh
 b
ro
wn
 id.
PV
A 

(K
L 
gr
ad
e)
 

i 
i

9 3
HR
 3KP

C1
RF
 b
ro
wn

8 5
E*
R 5

KP
ER
PC
 r
ed
di
sh
 b
ro
wn
 ic.

PV
A 

(K
L 
gr
ad
e)
 

i 
i

7 5
ER
 5KP

ER
F b

la
ck

6



92
K-form of the resin having 35-100 BSS mesh sise 

was used for studying water content of resin, % sorption 
in water and saline solution, uptake of Cu, Mi and Zn 
ions, etc.

4(b) Water content of resins
eWater content of the resin was determined by drying 

exactly weighed (H-form) resin at,'100-110 °c-for 24 hours 
and reweighing it after cooling it in a desiccator. The 
calculation is as follows:

Wt of dried resin x 100 _ c/ . , ,Wt of resin before drying o so i

100 - % solid - % water
The observation for the resins presented in II.3 

are presented in tables II.8

4(c) Percentage sorption by resin from water and
saline solutions

0.2 g (exactly weighed) H-form of the resin was taken 
in a dry 250 ml glass stoppered bottle.' To the sample in 
the bottle were added 50 ml of distilled water (or NaCl 
solution). The mixture was kept for 24 hours with 
occasional shaking. It was filtered till the water got 
completely drained and reweighed it without allowing it 
to dry.
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The calculation is as follows : 97
wt gain/g = WAg - WDS

W.DS

Wt loss/1 = W0S

V

ii-qi-Wps 
es x10'3

where# WAS=wt after sorption, WDS = wt of dried sample,

^BS=wt before sorption, Vgg= vol_Before sorption and
q= moisture content per g.

1

The observations for the resins presented in II.3 
are presented in tables II.9, II.10 and II.11.
4(d) Cu(ll) ion uptake

0.2 g (exactly weighed) H-form of the resin was 
taken in a dry 250 ml glass stoppered bottle. To the 
sample in the bottle were added 100 ml of standardized 
(pH~10) ammonical copper sulphate solution. The mixture 
was kept for 48 hours with occasional shaking. 25 ml 
aliquots of the supernatant liquid were titrated against 
standard sodium thiosulphate solution. Blank reading 
for 25 ml solution was also taken.

The copper ion uptake is calculated as follows ;
(T -T ) x 4 x molarity of so^ura thiosulphate solution o s

Wt of sample x (% solid)
100

= millimoles of Cu-exchanqe 
g of dried H-form resin

Where, T = Titration reading for 25 ml solution ° without resin_ _ _ _ _ ...... .

T = Titration reading for 25 ml solution 
with_resin (at equilibrium)

The results are presented in tables 11.12.
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4(e) Ni(ll) ion uptake

0.2 g (exactly weighed) H-form of the resin was taken 
in dry 250 ml glass stoppered bottle. To the sample in 
the bottle were added 100 ml of standardized (pH^ 10) 
ammonical nickel sulphate solution. The mixture was kept 
for 48 hours with occasional shaking. 25 ml aliquots of 
the supernatant liquid were titrated against standard 
M/20 (or M/10) EDTA solution. Blank reading for 25 ml 
solution was also taken.

The nickel ion uptake is calculated as follows :
(T -T ) x 4 x molarity of EDTA o e_
Wt of sample x (% solid)

_ 100
= Millimoles of -Mi-exchange 

g of dried H-form resin

Where, T = Titration reading for 25 ml solution without resin
T = Titration reading for 25 ml solution with e a;jcesin„(at equilibrium).
The results ace presented in table 11.13.

4(f) Zn(II) ion uptake
_0.2 g_ (exactly_weighed) H-form,of the resin was taken in 

a ,dry 250, ml glass stoppered bottle. To the sample in the 
bottle were added 100 ml of standardized (pH~10) ammonical 
zinc sulphate solution._ The mixture was kept for 48 hours 
with occasional shaking. 25 ml aliquots of the supernatant 
liquid were titrated against standard EDTA solution. Blank
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reading for 25 ml solution was also taken 121

The zinc ion uptake is calculated as follows:

(Tq-T ) x 4 x molarity of EDTA

Wt of sample x (% solid)
100

= Millimoles of Zn-exchanqe 
g of dried H-form resin

Where, Tq = Titration reading for 25 ml solution without 

resin

Tg = Titration reading for 25 ml solution with 

resin (at equilibrium)

The results ace presented in table 11.14.

II. 5 CHELATING POLYMERS (BIS-PHBTOL-A RESINS)

5(a) Synthesis of chelating polymers using bisnhenol-A, 

formaldehyde and phenol derivatives under acidic 

condition

Bisphenol-A dissolved in sodiumhydroxide solution 

was taken in 250 ml round bottom flask fitted with reflux 

condenser. Formaldehyde and phenol derivative (salicyl 

aldehyde or salicylic acid) dissolved in requisite quantity 

of sodium hydroxide solution were added to it. The 

reaction mixture after adding hydrochloric acid was heated 

on sand bath at 100-110°C with occasional shaking. The 

gel obtained was removed, cured at room temperature for 

two weeks, washed with water, acid, alkali, acid, water 

and alcohol respectively, dried, ground to 35-100 BSS mesh
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12G
size and used for investigations. The amounts of reactants 
used, time of reaction, yield of the product, etc, are 
given in the table 11.15(a).

5(b) Synthesis of chelating polymers using bisphenol-A. 
formaldehyde and phenol or amine derivative under 
alkaline condition
Bisphenol-A dissolved in sodium hydroxide solution 

was taken in 250 ml round bottom flask fitted with reflux 
condenser. Formaldehyde alone or containing salicyl 
aldehyde (or 4-amino benzoic acid) or starch and 4-hydroxy 
benzoic acid (or l-ramino-2-naphthol-4-sulphonic acid) 
dissolved in sodium hydroxide solution was added to the 
mixture. The reaction mixture was heated on sand bath 
at 100-110°C with occasional shaking. The gel obtained 
was, removed and cured at room temperature for two weeks, 
washed with water, acid, alkali, acid, water and alcohol 
respectively, dried, ground to 35-100 BSS mesh size and 
used for investigations. The amounts of reactants used, 
time of reaction, yield of the product, etc, are given in 
•the table 11.15(b).

5(c) Synthesis of chelating polymers using bisphenol-A, 
formaldehyde, phenol or amine derivative and 
resorcinol under acidic condition
Bisphenol-A dissolved in sodium- hydroxide solution 

was taken in 250 ml round bottom flask fitted with reflux
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condenser. Formaldehyde alone or containing 8-hydroxy 
quinoline (or 4-amino benzoic acid), or starch and 
8-hydroxy quinoline (or salicyl aldehyde or salicylic 
acid or 4-hydroxy benzoic acid or 4-amino benzoic acid or 
l-amino-2-naphthol-4-sulphonic acid) dissolved in requisite 
quantity of sodium hydroxide solution was added to the 
mixture. The reaction mixture after adding hydrochloric 
acid was heated on sand bath at 100-110°C with occasional 
shaking. Soft gel was formed. It was dissolved in sodium 
hydroxide solution. Resorcinol and additional amount of 
formaldehyde (with or without starch) were added to the • 
above mixture and heating at 100-110°C was continued 
further. The gel was obtained. It was cured at room 
terrperature for two weeks, washed with water, acid, alkali, 
acid, water and alcohol respectively, dried, ground to 
35-100 BSS mesh size and used for investigations. The 
amounts of reactants used, time of reaction, yield of the 
product, etc, are given in the table 11.15(c).

5(d) Synthesis of chelating polymers using bisohenol-A, 
formaldehyde, phenol derivative and resorcinol 
under alkaline condition
Bisphenol-A dissolved in sodium hydroxide solution 

was taken in 250 ml round bottom flask fitted with reflux 
condenser. Formaldehyde and salicylic acid dissolved in 
requisite quantity of sodium hydroxide solution were added 
to the mixture. The reaction mixture was heated on sand 
bath at 100-110°C with occasional shaking. Soft gel was
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formed. It was dissolved in sodium hydroxide solution.
Then resorcinol dissolved in sodium hydroxide solution 
and additional amount of formaldehyde were added to the 
above mass and heating at 100-110°C was continued further.
The gel was obtained. It was cured at room temperature 
for two weeks, washed with water, acid, alkali, acid, 
water and alcohol respectively, dried, ground to 35-100 
BSS mesh size and used for investigations. The amounts 
of reactants used, time of reaction, yield of the product, 
etc, are given in the table 11.15(d).

5(e) Synthesis of, chelating polymer using bisphenol-A, 
formaldehyde, phenol derivative and epichlorhydrin 
under acidic condition
Bisphenol-A dissolved in sodium hydroxide solution 

was taken in 250 ml round bottom flask fitted with reflux 
condenser. Formaldehyde, salicyl aldehyde and hydrochloric 
acid were added to the mixture. The reaction mixture was 
heated on sand bath at 100-110°C with occasional shaking. 
Epichlorhydrin and sodium hydroxide solution were added to 
the above mixture dropwise and with continuous shaking, and 
heating at 100-110°C was continued further. The gel obtained 
was cured at room temperature for two weeks, washed with 
water, acid, alkali, acid, water and alcohol respectively, 
dried, ground to 35-100 BSS mesh size and used for investi
gations. The amounts oE reactants used, time of reaction, 
yield of the product, etc, are given in the table 11.15(e).
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5{£} Synthesis of chelating polymers using bisphenol-A,

. formaldehyde, phenol or amine derivative, 

epichlorhydrin and resorcinol under acidic 

condition

Bisphenol-A dissolved in sodium hydroxide solution- 

was taken in 250 ml round bottom flask fitted with reflux 

condenser. Formaldehyde and 8-hydroxy quinoline- (or 

salicylic acid or 4-amino benzoic acid) dissolved in 

requisite quantity of sodium hydroxide solution were added 

to the mixture. The reaction mixture after adding hydro

chloric acid was heated on sand bath at 100-110°C with 

occasional shaking. Then epichlorhydrin and sodium 

hydroxide solution were added to the above mixture drop- 

wise and with continuous shaking and heating at 100-110°C 

was continued further. The gel obtained was removed and 

dissolved in sodium hydroxide solution. Resorcinol 

dissolved in sodium hydroxide solution and additional 

amount of formaldehyde were added to the above mixture and 

hearing at 100-110°C was continued further. The gel was 

obtained. It was cured at room temperature for two weeks, 

washed with water, acid, alkali, acid, water and alcohol 

respectively, dried, ground to 35-100 BSS mesh size and 

then used for investigations. The amounts of reactants 

used, time of reaction, yield of the product, etc, are 

given in the table 11.15(f).
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5(g) Synthesis of chelating polymer using bisphenol-A, 

formaldehyde, phenol derivative and epichiorhydrin 
in non-aqueous solvent under alkaline condition 
Bisphenol-A dissolved in toluene was taken in 250 ml 

round bottom flask fitted with reflux condenser. Formal
dehyde alone or containing 8-hyd-roxy quinoline (or salicyl 
aldehyde or l-arrdno-2-naphthol-4-sulphonic acid) and 
sodium hydroxide pellets were added to the mixture. The 
reaction mixture was heated on water bath at 80-90°C with 
occasional shaking. Epichlorhydrin was added dropwise 
and with continuous shaking to the above mixture, and

hheating at 80-90°C was continued further. The gel obtained 
was removed, cured on stearnbath at 90-100°C for 24 hours, 
washed with water, acid, alkali, acid, water and alcohol 
respectively, dried, ground to 35-100 BSS mesh size and 
used for investigations. The amounts of reactants used, 
time of reaction, yield of the product, etc, are given in 
the table 11.15(g).

5(h) Synthesis of chelating polymers using bisphenol-A, 
formaldehyde, phenol derivative, epichlorhydrin 
and diethylene triamine in non-aqueous solvent 
Bisphenol-A dissolved in toluene was taken in 250 ml 

round bottom flask fitted with reflux condenser. Formal
dehyde alone or containing 8-hydroxy quinoline .(or salicyl 
aldehyde or salicylic acid) and diethylene triamine were
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added to the mixture. The reaction mixture was heated on 
water bath at 80-90°C with occasional shaking. Then 
epichlorhydrin was added dropwise and with continuous 
shaking to the above mixture, and heating at 80-90°C was 
continued further. The gel obtained was removed, cured on 
steam bath at 90-100°C for 24 hours, washed with water, 
acid, alkali, acid, water and alcohol respectively, dried, 
ground to 35-100 BSS mesh size and then used for investiga
tions. The amounts of reactants used, time of reaction, 
yield of the product, etc, are given in the table 11.15(h).

The solubility of all these products (II.5) have 
been studied in different solvents and the data are 
presented in table 11.16.

H-form of the resin having 35-100 BSS mesh size was 
used for studying water content of the resin, % sorption 
of water by the resin, Cu(ll) ion uptake, Ni(Xl) ion up
take and Zn(Il) ion uptake. The data are presented in 
tables 11.17, 11.18, 11.19, 11.20 and 11.21 respectively.

H.6 CHELATING POLYMERS (ACRYLIC AND XANTHATB RESINS)
6(a) Synthesis of chelating polymers using acrylamide,

formaldehyde and amine derivatives
Acrylamide dissolved in water and potassium persul

phate solution were taken in 250 ml round bottom flask 
fitted with reflux condenser. The reaction mixture was
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heated ©n water bath at 50 - 60°C with occasional shaking 

for definite time. Formaldehyde and 20% hydrochloric 

acid solutions were added to the above mixture and heating 

at 50 - 60°C was continued further for definite time.

Then glycine (or anthranilic acid or 4-aminobenzoic 

acid or m-aminophenol) dissolved in sodiumhydroxide 

solution and sodiumhydroxide solution were added to the 

mixture, and heating at 50 - 60°C was continued still 

further. The gel obtained was removed, cured at 90 -100°C, 

washed with water, acid, alkali, acid, water and alcohol 

respectively, dried, ground to 35 - 100 BSS mesh size and 

then used for investigations. The amounts of reactants 

used, time of reaction, time of curing, yield of product, 

etc, are given in the table 11.22(a).

6(b) Synthesis of chelating polymer using m-aminophenol

and formaldehyde

m-Aminophenol dissolved in sodium hydroxide solution 

was taken in 250 ml round bottom flask fitted with reflux 

condenser. Carbon disulphide and sodiumacetate solution 

were added to the mixture. The reaction mixture was 

heated on water bath at 50 - 60°C with occasional shaking 

for definite time. Then formaldehyde and sodiumhydroxide 

solutions were added to the above mixture and heating 

at 50 - 60°C was continued further. The gel obtained 

was removed, cured at 90 - 100°C, washed with water, 

acid, alkali, acid, water and alcohol respectively, dried,
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ground to 35 - 100 BSS mesh size, and then used for inves

tigations. The amounts of reactants used, time of reaction, 

time of curing, yield of product, etc, are given m the 

table 11.22(b).

The solubility of these products have been studied in 

different solvents and the data are presented in table 11.23.

H-form of the resin having 35 - 100 BSS mesh size was 

used for studying water content of the resin, % sorption 

of water by the resin, Cu(II) ion uptake, Ni(II) ion uptake 

and Zn(ll) ion uptake. The data are presented in tables 

11.24, 11.25, 11.26, 11.27 and 11.28 respectively.

II.7 CHELATING MEMBRANES

7(a) Preparation of chelating membrane using polyvinyl

alcohol, formaldehyde and resorcinol

Polyvinyl alcohol (KL grade) and glycerine (or poly

ethylene glycol) were taken in 250 ml round bottom flask 

fitted with reflux condenser. Formaldehyde in presence 

or absence of starch solution and sodium carbonate solution 

were added to the mass. The reaction mixture was heated 

on water bath at 70 - 80°C with occasional shaking for 

definite time. Then resorcinol and additional amount of 

formaldehyde were added to the above mixture and heating at 

70-80°C was continued further. The gel obtained was pressed 

between two glass plates applying mild pressure and kept
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overnight. The membrane formed was cured (i) by separat

ing it from glass plates and keeping it on steam bath (SB) 

at about 100°C for 24 hours or (ii) by dipping the glass 

plates with the membrane in water bath (WB) at 80~90°C 

for 24 hours. The membrane was washed with water, acid, 

alkali, acid, water and alcohol respectively, dried and 

then used for investigations. The amounts of reactants 

used, time of reaction, yield of the product, etc. are 

given in the table 11.29(a).

7(b) Preparation of chelating membrane using polyvinyl 

alcohol, formaldehyde, resorcinol and 8-hydroxy 

quinoline

Polyvinyl alcohol (KL grade) and water were taken in 

250 ml round bottom flask fitted with reflux condenser. 

Formaldehyde in presence or absence of starch solution and 

sodium carbonate solution were added to the mass. The 

reaction mixture was heated on water bath at 70-80°C with 

occasional shaking for definite time. Then resorcinol and 

additional amount of formaldehyde were added to the above 

mixture followed by the addition of 8-hydroxy quinoline 

dissolved in hydrochloric acid and heating at 70-80°C was 

continued further. The gel obtained was pressed between 

two glass plates applying mild pressure and kept overnight. 

The membrane formed was cured (i) by separating it from 

glass-plates and keeping it on steam bath (SB) at about 

100°C for 24 hours or (ii) by dipping the glass-plates with
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the membrane in water bath (WB) at 80-90°C for 24 hours.

The membrane was washed with water, acid, alkali, acid,

water and alcohol respectively, dried and then used for

investigations. The amounts of reactants used, time of 
\

reaction, yield of the product, etc, are given in the 

table 11.29(b).

7(c) Preparation of chelating membrane using polyvinyl 

alcohol, ethyl acetoacetate, formaldehyde and 

resorcinol

Polyvinyl alcohol (KL grade) and water were taken in 

250 ml round bottom flask fitted with reflux condenser.

Ethyl acetoacetate in presence or absence of starch solution 

and sodium carbonate solution were added to the mass. The 

reaction mixture was heated on water bath at 70-80°C with 

occasional shaking for definite time. Then resorcinol and 

formaldehyde were added to the above mixture followed with 

or without HC1 and heating at 70-80°C was continued further. 

The gel obtained was pressed between two glass-plates apply

ing mild pressure and kept overnight. The membrane formed 

was cured (i) by separating it from glass-plates and keeping 

it for 24 hours on steam bath (SB) at about 100°C or (ii) by 

dipping gel with glass-plates with the membrane in water 

bath (WB) at 80-90°C for 24 hours. The membrane was then 

washed with water, acid, alkali, acid, water and alcohol 

respectively, dried and then used for investigations. The 

amount of reactants used, time of reaction, yield of the 

product, etc, are given in the table 11.29(c).
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7(d) Preparation of chelating membrane using polyvinyl

alcohol, formaldehyde, chloral hydrate and resorcinol

Polyvinyl alcohol (KL grade) and water were taken in 
250 ml round bottom flask fitted with reflux condenser.
Chloral hydrate in presence or absence of starch solution 
and sodium carbonate solution were added to the mass.
The reaction mixture was heated on water bath at 70-80°C 
with occasional shaking for definite time. Then resorcinol 
and formaldehyde were added to the above mixture and heating 
at 70-80°C was continued further. The gel obtained was 
pressed between two glass-plates applying mild pressure 
and kept overnight. The membrane formed was cured (i) by 
separating it from glass-plates and keeping it on steam 
bath (SB) at about 100°C for 24 hours or (ii) by dipping 
gel with glass-plates with the membrane in water bath (WB) 
at 80-90°C for 24 hours. The membrane was then washed 
with water, acid, alkali, acid, water and alcohol respect
ively, dried and then used for investigations. The amounts 
of reactants used, time of reaction, yield of the product, 
etc, are given in the table 11.29(d).

7(e) Preparation of chelating membrane using polyvinyl 
alcohol, formaldehyde, starch, salicylic acid, 
resorcinol and ammonium nitrate
Polyvinyl alcohol (KL grade) -and glycerine (or poly

ethylene glycol) were taken in 250 ml round bottom flask 
fitted with reflux condenser. Formaldehyde, starch, salicylic
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acid and sodium carbonate solutions were added to the mass. 
The reaction mixture'was heated on water bath at 70-80°C 
with occasional shaking for definite time. Then resorcinol- 
and additional amount of formaldehyde were added followed 
by solid ammonium nitrate and heating at 70-80°C was 
continued further. The gel obtained was cooled and then 
pressed between two glass-plates applying mild pressure 
and kept overnight. The membrane formed was cured in 
glycerine at 60-70°C for 24 hours, washed with water, acid, 
alkali, acid, water and alcohol respectively, dried and 
then used for investigations. The amounts of reactants 
used, time of reaction, yield of the product, etc, are 
given in table 11.29(e).

7(f) Preparation of chelating membrane using polyvinyl
alcohol, formaldehyde, starch, salicylic acid,
8-hydroxy quinoline, resorcinol and ammonium nitrate

Polyvinyl alcohol (KL grade) and water were taken in 
250 ml round bottom flask fitted with reflux condenser. 
Formaldehyde, starch, salicylic acid and sodium carbonate 
solutions were added to the mass. The reaction mixture was 
heated on water bath at 70-80°C with occasional shaking 
for definite time. Then resorcinol, additional amount of 
formaldehyde and 8-hydroxy quinoline dissolved in hydro
chloric acid were added to the above mass followed by solid 
ammonium nitrate and heating at 70-80°C was continued 
further. The gel obtained was cooled and then pressed
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between two glass-plates applying mild pressure and kept 
overnight. The membrane formed was cured in glycerine at 
60-70°C for 24 hours, washed with water, acid, alkali, acid, 
water and alcohol respectively, dried and then used for 
investigations. The amounts of reactants used, time of 
reaction, yield of the product, etc, are given in table 
11.29(f).

, N m7(g) Preparation of chelating mebrane using polyvinyl
alcohol, formaldehyde, starch, ethyl acetoacetate, 
salicylic 'acid, resorcinol and ammonium nitrate 
Polyvinyl alcohol (KL grade) and water were taken in 

250 ml round bottom flask fitted with reflux condenser.
Ethyl acetoacetate, starch, salicylic acid and sodium carbo
nate solutions were added to the mass. The reaction mixture 
was heated on water bath at 70-80°C with occasional shaking 
for definite time. Then resorcinol and formaldehyde with 
or without hydrochloric acid were added to the above mass 
followed by solid ammonium nitrate and heating at 70-80°C 
was continued further. The gel obtained was cooled and 
pressed between two glass-plates applying mild pressure 
and kept overnight. The membrane formed was cured in 
glycerine at 60-70°C for 24 hours, washed with water, acid, 
alkali, acid, water and alcohol respectively, dried and 
then used for investigations. The amounts of reactants used, 
time of reaction, yield of the product, etc, are given in 
the table 11.29(g).
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7(h) Preparation of chelating membrane using polyvinyl 

alcohol, formaldehyde, starch, chloral hydrate, 
salicylic acid, resorcinol and ammonium nitrate

Polyvinyl alcohol (KL grade) and water were taken in 
'250 ml round bottom flask fitted with reflux condenser.
Chloral hydrate, starch, salicylic acid and sodium carbo
nate solutions were added to the mass. The reaction mixture 
was heated on water bath at 70-80°C with occasional shaking 
for definite time. Then resorcinol and formaldehyde were 
added to the above mass followed by solid ammonium nitrate, 
and heating at 70-80°C was continued further. The gel 
detained was cooled and pressed between two glass-plates 
applying mild pressure and kept overnight. 'The membrane 
formed was cured in glycerine at 60-70°C for 24 hours, 
washed with water, acid, alkali, acid, water and alcohol 
respectively, dried and then used for investigations. The 
amounts of reactants used, time of reaction, yield of the 
product, etc, are given in table 11.29(h).

7(j) Preparation of chelating membrane using polyvinyl
alcohol, formaldehyde, starch, salicylic acid, melamine 
and ammonium nitrate
Polyvinyl alcohol (KL grade) and glycerine (or poly

ethylene glycol) were taken in 250 ml round bottom flask 
fitted with reflux condenser. Formaldehyde, starch, salicylic 
acid and sodium carbonate solutions were added to the mass.
The reaction mixture was heated on water bath at 70-80°C
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with occasional shaking for definite time. Then melamine 
and additional amount of formaldehyde were added followed 
by solid ammonium nitrate and heating at 70-80°C was con
tinued further. The gel obtained was cooled and then 
pressed between two glass-plates applying mild pressure 
and kept overnight. The membrane formed was cured in 
glycerine at 60-70°C for 24 hours, washed with water, acid, 
alkali, acid, water and alcohol respectively, dried and 
then used for investigations. The amounts of reactants 
used, time of reaction, yield of the product, etc, are 
given in table II.29(j).

7(k) Preparation of chelating membrane using polyvinyl
alcohol, formaldehyde, starch, salicylic acid,
8-hydroxy quinoline, melamine and ammonium nitrate

Polyvinyl alcohol (KL grade) and water were taken in 250 
ml round bottom flask fitted with reflux condenser. Formal
dehyde, starch, salicylic acid and sodium carbonate solutions 
were added to the mass. The reaction mixture was heated on 
water bath at 70-80°C with occasional shaking for definite 
time. Then melamine, additional amount of formaldehyde and 
8-hydroxy quinoline dissolved in hydrochloric acid were 
added to the above mass followed by solid ammonium nitrate 
and heating at 70-80°C was continued further. The gel 
obtained was cooled and then pressed between two glass- 
plates applying mild pressure and kept overnight. The 
membrane formed was cured in glycerine at 60-70°C for 24 hours.
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washed with water, acid, alkali, acid, water and alcohol 
respectively, dried and then used for investigations.
The amounts of reactants used, time of reaction, yield 
of the product, etc, are given in table II.29(k).

7(1) Preparation of chelating membrane using polyvinyl
alcohol, butyraldehyde, starch, ethyl acetoacetate, 
salicylic acid, melamine and ammonium nitrate

Polyvinyl alcohol (KL grade) and water were taken in 
250 ml round bottom flask fitted with reflux condenser.
Ethyl acetoacetate, starch, salicylic acid and sodium 
carbonate solutions .were added to the mass. The reaction 
mixture was heated on water bath at 70-80°C with occasional 
shaking for definite time. Then melamine and butyralde
hyde were added to the above mass followed by solid ammo
nium nitrate and heating at 70-80°C was continued further. 
The gel obtained was cooled and pressed between two glass- 
plates applying mild pressure and kept overnight. The 
membrane formed was cured in glycerine at 60-70°C for 
24 hours, washed with water, acid, alkali, acid, water and 
alcohol respectively, dried and then used for investigations. 
The amounts of reactants used, time of reaction, yield of 
the product, etc, are given in table 11.29(1).

7(m) Preparation of chelating membrane using polyvinyl 
alcohol, butyraldehyde, starch, chloral hydrate, 
salicylic acid, melamine and ammonium nitrate 
Polyvinyl alcohol (KL grade) and water were taken in
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250 ml round bottom flask fitted with reflux condenser. 
Chloral hydrate, starch, salicylic acid and sodium carbo
nate solutions were added to the mass. The reaction mixture 
was heated on water bath at 70-80°C with occasional shaking 
for definite tinne. Then melamine and butyraldehyde were 
added to the above mass followed by solid ammonium nitrate 
and heating at 70-80°C was continued further. The gel 
obtained was cooled and pressed between two glass-plates 
applying mild pressure and kept overnight. The membrane 
formed was cured in glycerine at 60-70°C for 24 hours, 
washed with water, acid, alkali, acid, water and alcohol 
respectively, dried and then used for investigations. The 
amounts of reactants used, time of reaction, yield of the 
product, etc, are given in table II.29(ra).

The solubility of all these products (11.29) have been 
studied in different solvents and the data are presented 
in table II .30 .

H-form of the resin having 35-100 BSS mesh size was 
used for studying water content of the resin, % sorption of 
water by the resin, Cu(ll) ion uptake, Ni(ll) ion uptake 
and Zn(II) ion uptake. The data are presented in tables 
11.31, 11.32, 11.33, 11.34 and 11.35 respectively.

The results obtained are discussed in the following 
chapter.

N
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