
C H A P T E R  III

E X P E R I M E N T A L

G e n e r a l

1 I n s tr u m e n ta t io n

Infrared  sp ectra  w e r e  reco rd ed  o n  a P erk in  E lm er  1 7 0 6  Infrared  
S p ec tro p h o to m eter .

A to m ic  ab so rp tio n  w er e  a n a ly z e d  o n  a V a ria n  M o d e l S p e c tr A A  3 0 0  
A to m ic  A b so r p tio n  S p ectro p h o to m eter .

T h e  D S C  and T G A  ch ro m a to g ra m s w e r e  reco rd ed  o n  a N e t z s c h  D S C  
2 0 0  an d  P erk in  E lm er  T G A  7, r e sp e c tiv e ly .

M erck  T L C  p la st ic  sh e e ts  ( s i l ic a  g e l F 2 5 4  p r e c o a te d )  w a s  u se d  fo r  
T h in  L a yer  C h ro m a to g ra p h y  ex p er im en ts .

2 R e a g e n t s  a n d  R a w  M a te r ia l

C h e m ic a ls  u se d  in  th is  w o rk  w er e  o b ta in ed  from  v a r io u s  su p p lie r s  as  
sh o w n  in  T a b le  3 .1 .

i i f c i M K ; J .
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T a b le  3 .1  S o u rce  o f  c h e m ic a ls .

M a ter ia l G rad e o f  
c h e m ic a l

C o m p a n y

D .E .R . 3 3 1  E p o x y  R e s in - D o w
(E .E .W .= 1 8 2 -1 9 2 )
2 ,4 -D ia m in o -6 -h y d r o x y p y r im id in e A R A ld r ic h
1 ,4 -D io x a n e R ea g en t C a rlo  E rba
E th y la ce ta te A R C a rlo  E rba
D im e th y lfo r m a m id e  (D M F ) R ea g en t R ie d e l
D im  e th y l s u lfo x id e  (D M S O ) A R R ie d e l
M e th a n o l A R B a k er
N itr ic  a c id A R B D H
C o b a lt(II )c h lo r id e  h ex a h y d ra te A R F lu k a
C o p p er(II)n itra te  trih yd rate A R R ie d e l
L ead (II)n itra te A R R ie d e l
N ick e l(II )n itr a te  h ex a h y d ra te A R R ie d e l
Z in cn itra te  h ex a h y d ra te A R F lu k a
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3  C o n d it io n s  fo r  I n s tr u m e n ta l  A n a ly s is

3 .1  A to m ic  A b s o r p t io n  S p e c tr o p h o to m e te r  ( A A )  w e r e  u s e d  to  
a n a ly z e  c o n c e n t r a t io n  o f  d if fe r e n t  m e ta l io n s  in  s o lu t io n . T h e  c o n d it io n s  a r e  
s h o w n  a s  fo llo w s :

^ '''''''\  E lem en ts  
V a n  ab 1 e ร

L ea d
(P b 2’ )

Z in c
(Z n 2+)

N ic k e l
( N i2+)

C o p p e r
(C u  )

C o b a lt(C
0 ฯ

In stru m en t M o d e Absorbance Absorbance Absorbance Absorbance Absorbance

C a lib ra tio n  M o d e Concentration Concentration Concentration Concentration Concentration

M e a su r e m e n t M o d e Integration Integration Integration Integration Integration
L am p  P o s it io n - 1 1 1 -
L am p  C urrent (m A ) - 5 4 4 -
S lit  W id th  (n m ) 0 .5 1.0 0 .2 0 .2 0 .2
S lit  H e ig h t  (n m ) Normal Normal Normal Normal Normal
W a v e le n g th  (n m ) 2 8 3 .3 2 1 3 .9 2 3 2 .0 3 2 7 .4 2 4 0 .7
F la m e .Air-Acetylene Air-Acetylene Air-Acetylene Air-Acetylene Air-Acetylene

S a m p le  In tro d u ctio n Manual Manual Manual Manual Manual
D e la y  T im e  ( s e c ) 6 6 6 6 6
T im e  C o n sta n t ( s e c ) 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5
M e a su r e m e n t T im e  ( s e c ) 2 .0 2 .0 2 .0 2 .0 2 .0
R e p lic a te s 3 3 ->ว 3 3
B a ck g r o u n d  C o rrec tio n O n O n O n O n O n
A ir  F lo w  (L /m in ) 13 .5 13 .5 13 .5 13 .5 13 .5
A c e ty le n e  F lo w  (L /m in ) 2 .0 0 2 .0 0 2 .0 0 2 .0 0 2 .0 0
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3 .2  T h e r m a l A n a ly s is

A . D if f e r e n t ia l  S c a n n in g  C a lo r im e tr y  ( D S C )

Sam ple Sam ple H eating Temperature H eating rate A tm osphere
container cycle range (๐บ) (๐บ/!ฟท.)

Uncured closed  A1 pans 1 - 100-210 20 nitrogen gas
ep oxy  resin w ith pierced lids coo l dow n 210--10 0 10

2 - 10 0-210 20

closed  A1 pans 
w ithout pierced  
lids

-80  - 350 10 nitrogen gas

C rosslinked closed  A1 pans 1 - 100-210 20 nitrogen gas
resin w ith pierced lids coo l dow n 2 1 0 - -100 10

2 - 10 0-210 20

B . T h e r m o g r a v im e t r ic  A n a ly s is  (T G A )

S a m p le S a m p le
co n ta in er

T em p eratu re  

ran ge ( ๐บ )
H ea tin g  rate  

( ๐บ /แ น ่ท .)
A tm o sp h e r e

C r o ss lin k e d
resin

c lo s e d  A1 
p an s w ith  
p ie r c e d  lid s

a m b ien t - 6 0 0 20 n itro g en  g a s
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E x p e r im e n ta l  P r o c e d u r e s

1 P r e p a r a t io n  o f  C r o s s l in k e d  R e s in s  (4 )  D e r iv e d  fr o m  th e  
R e a c t io n  o f  B is p h e n o l-A  E p o x y  R e s in  (2 )  w ith  2 ,4 - D ia m in o - 6 -  
h y d r o x y p y r im id in e  (3 )  C r o s s l in k e r

Cli t  _  CIlj _
-a i-C H -a i crç-ÇH-cii-o—ป ี^ - Ç—@>—o ~

cife OH \  /  OH CH,

N |  OH 0 ,1 a t
(4) a t  -CH -CI4 - o  —^ 2 ^ —Ç —ป ี} - o  ~  

OH CI1,

T h e  d ia m in e  (3 )  and e p o x y  res in  (2 )  w e r e  m ix e d  at e q u iv a le n t  w e ig h t  
ra tio s  (3 :2 )  o f  2 :1 , 2 :1 .2 5 , 2 :1 .5 , 2 :1 .7 5 , 1:1, 3:1 and 4 :1 . T h e  s p e c if ie d  ra tio s  
o f  th e  tw o  c o m p o n e n ts  w e r e  w e ig h te d  a c c u la te ly  u s in g  e le c tr ic a l b a la n c e  an d  

m ix e d  w e l l  in  a b eak er. T h e m ix tu res  w e r e  su b se q u e n tly  h e a te d  up to  1 0 0 ° c  
fo r  a f e w  m in u te s . T h en  the m ix tu res  w e r e  p la c e d  o n  a w a tc h  g la s s  c o a tin g  
w ith  s i l ic o n e  g rea se , an d  th e y  w e r e  w e ig h te d  a c c u la te ly . L ater th e  m ix tu res  in  

th e  w a tc h  g la s s  w e r e  h ea ted  up to  1 8 5 ° c  and m a in ta in ed  to  that tem p era tu re  
fo r  2 h ou rs. T h en  th e  m ix tu res  w e r e  c o o le d  to  ro o m  tem p eratu re . T h e  o b ta in e d  
c r o ss lin k e d  res in  w a s  p la c e d  in  a b eak er  c o n ta in in g  5 0  m l o f  d io x a n e . T h e  r e s in
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an d  th e  so lv e n t  w e r e  w a rm ed  up  w ith  c o n tin u o u s  stirrin g in  ord er to  r e m o v e  
u n rea cted  e p o x y  res in  (2 )  fro m  the c r o ss lin k e d  resin . T h e  so lu t io n  w a s  
s u b se q u e n tly  f ilte r e d  y ie ld in g  th e  c r o ss lin k e d  resin , w h ic h  w a s  th en  rep u r ify  b y  
r e w a sh in g  w ith  d io x a n e  u n til th e  u n reacted  e p o x y  res in  (2 ) w a s  n o  m o re  
p re se n te d  in  th e  filtra te , w h ic h  w a s  te s te d  u s in g  T h in  L a y er  C h ro m a to g ra p h y  

(e th y l a ce ta te  as e lu en t). T h e  c r o ss lin k e d  re s in  (4 )  w a s  d r ied  in  an  o v e n  at

1 1 0 ° c  fo r  1 h ou r  to  re m o v e  d io x a n e  m in o r  r em a in in g  in  th e re s in , and  
r e w e ig h te d  a ccu ra te ly .

W e ig h ts  o f  d ia m in e  (3 )  and e p o x y  res in  (2 )  u se d  at v a r io u s  e q u iv a le n t  
w e ig h t  ra tio s and y ie ld  (% ) o f  e a c h  ratio  w e r e  rep orted  as sh o w n  in  T a b le  3 .2 .

T a b le  3 .2  W e ig h t  o f  B is p h e n o l-A  e p o x y  res in  (2 )  an d  2 ,4 -d ia m in o -6 -  
h y d r o x y p y r im id in e  (3 )  and y ie ld  (% ) at v a r io u s e q u iv a le n t  w e ig h t  ra tio s o f  3 :2 .

E q u iv a le n t  w e ig h t  
ratio  o f  3 :2

W e ig h t  o f  3  (g )  
(M W .= 1 2 6 .1 2 )

W e ig h t  o f  2 (g )  
(E .E .W .= 1 8 7 )

Y ie ld  (% ) 
o f  4

2:1 1 .26 3 .8 8 6 9
2 :1 .2 5 1 .26 4 .7 3 63
2 :1 .5 1 .26 5 .7 8 5 0
2 :1 .7 5 1 .26 6 .7 4 4 9
1:1 1 .26 7 .5 0 4 2
3:1 1 .89 3 .8 0 9 2
4:1 2 .5 3 3 .7 9 9 7

T h e  c r o ss lin k e d  re s in s  w e r e  cru sh ed  in to  f in e  p o w d e r . T h en  it w a s  
p a sse d  th ro u gh  d r y -s ie v e d  to  ob ta in  a p a rtic le  s iz e  o f  20 m esh .
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T h e  structure an d  th e  cu re tem p eratu re o f  th e  p ro d u cts  w e r e  
d eterm in ed  u s in g  th e  In frared  S p ec tro p h o to m etr ic  (IR ), D iffe r e n tia l S c a n n in g  
C a lo r im etr ic  (D S C )  and T h erm o g ra v im etr ic  (T G A ) m eth o d s.

2 C h a r a c t e r iz a t io n  o f  th e  C r o s s l in k e d  R e s in s  (4 )

2 .1  F o u r ie r -T r a n s fo r m  I n fr a r e d  S p e c tr o p h o tr o m e tr y  (F T I R )

Infrared  sp ectra  o f  sa m p le  (K B r) w e r e  o b ta in ed  u n d er  dry air p u rge . 
T h e  IR  a b so rp tio n s  w e r e  ap p ea red  at the w a v en u m b er  o f  1 0 2 8 , 1 2 4 8 , 1 4 6 3 ,  
1 5 0 9 , 1 6 3 4 , 2 9 2 6 , 2 9 6 4 , 3 0 3 8  an d  3 3 9 0  cm '1.

2 .2  D if f e r e n t ia l  S c a n n in g  C a lo r im e tr y  (D S C )

T h e  D S C  m ea su rem en ts  w e r e  carried  ou t o v e r  a - 1 0 0  to  2 1 0 ° c  
tem p era tu re  ran g e in  c lo s e d  A1 p a n s u n d er n itro g en  a tm o sp h ere  w ith  a h ea tin g  

rate o f  2 0  ° c /m in .  T h e  g la s s  tran sition  tem p era tu res o f  th e  c r o ss lin k e d  re s in s
(4 )  at th e  e q u iv a le n t  w e ig h t  ra tio s (3 :2 )  o f  2 :1 , 2 :1 .5  and 1:1 w e r e  1 1 7 .0 , 1 1 2 .7  

an d  1 1 4 .9 ° c ,  r e sp e c tiv e ly .

2 .3  T h e r m o g r a v im e t r ic  A n a ly s is  (T G A )

T h erm o g ra v im etr ic  a n a ly s is  w a s  carr ied  ou t u n d er  n itro g en  

a tm o sp h ere  from  a m b ien t up to  6 0 0 ° c  w ith  a h ea tin g  rate o f  20° c /m in .
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3  D e t e r m in a t io n  o f  P e r c e n t  W e ig h t  I n c r e a s e  o f  t h e  C r o s s l in k e d  
R e s in s  (4 )  u p o n  S w e l l in g  in  D io x a n e  [8]

T h e  c r o ss lin k e d  re s in s  w ith  th e e q u iv a le n t  w e ig h t  ra tio s (3 :2 )  o f  2 :1 , 
2 :1 .5 , 1:1, 3:1 an d  4:1 w e r e  u sed . T h e re s in s  w e r e  w e ig h te d  e x a c t ly  to  0 .5  g  
an d  p la c e d  in  a 5 0  m l b ea k er  c o n ta in in g  2 5  m l o f  80 %  d io x a n e  so lu t io n  in  
w a ter . T h e  m ix tu res  w e r e  a l lo w e d  to  stan d  fo r  2  h ou rs. A fte r  s w e l l in g  th e y  
w e r e  f ilte red  th ro u gh  f ilte r  p a p er .T h e  s w o lle n  re s in s  w e r e  w e ig h te d  w ith in  15 
m in u tes . T h e  p ercen t w e ig h t  in crea se  w a s  c a lc u la te d  u s in g  th e  f o l lo w in g  
e q u a tio n :-

%  w e ig h t  in crea se  =  (weight o f  the swollen resin - initial weight) X 1 0 0
initial weight

4 S e le c t iv e  C h e la t io n  o f  th e  C r o s s l in k e d  R e s in s  (4 )

P re lim in a ry  s tu d ie s  o f  s e le c t iv e  c h e la tio n  o f  th e c r o ss lin k e d  r e s in s  (4 )  
w e r e  in v e s tig a te d . T h e v a r io u s  m eta l io n s  su ch  as C o (II), C u (II), P b (II), N i(I I )  
an d  Z n (II) in  w a ter  w e r e  u sed . T h e  m eta l c o n ten t o f  th e se  so lu t io n s  w a s  
m ea su red  b y  A to m ic  A b so rp tio n  (A A )  sp e c tro p h o to m eter  u s in g  ca lib ra tio n  
m eth o d .

T h e  c h e la tio n  a b ilit ie s  in  v a r io u s so lv e n ts  w e r e  a lso  in v e s t ig a te d . T h e  
so lv e n ts  w e r e  100%  w a ter , 4 0 %  d io x a n e  so lu tio n  in  w a ter , 8 0 %  d io x a n e  
so lu t io n  in  w a ter , 80 %  D M F  so lu t io n  in  w a ter , 80 %  D M S O  so lu t io n  in  w a ter  
an d  80 %  m e th a n o l so lu t io n  in  w a ter  (v /v ).
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- M e t a l -u p ta k e n  E x p e r im e n ts

E x a c t  w e ig h t  o f  0 .5  g  o f  the c r o ss lin k e d  re s in s  (4 )  w e r e  p la c e d  in  a 
125 m l E r len m ey er  fla sk . 2 0  m l o f  0 .5  M  m eta l s to ck  so lu t io n s  in  w a te r  w e r e  
a d d ed , an d  th e  f la sk  w a s  c o v e r e d  w ith  p ara ffin  f ilm  to  p rev en t so lv e n t  
ev a p o ra tio n . T h e  m ix tu re  w a s  sh ak en  at ro o m  tem p eratu re fo r  3 h o u rs . T h en  

th e  so lu t io n s  w e r e  filte red , and the c r o ss lin k e d  re s in  (4 )  w e r e  th o r o u g h ly  
w a sh e d  w ith  w ater. T h e  m eta l s to ck  so lu tio n s  and th e filtra tes  w e r e  d ilu ted  to  
ap p rop ria te  co n cen tra tio n . T h e  m eta l co n ten ts  o f  th e se  so lu t io n s  w e r e  m e a su red  
b y  A A  sp ectro p h o to m eter .

8 0 %  d io x a n e  a q u eo u s  so lu t io n  w a s  u se d  in  c o m p a r iso n  to  c h e la t in g  in  
w a te r  bu t n o w  th e  co p p er  so lu t io n  w a s  n o t u se d  b e c a u se  th e  co p p e r  sa lt  c o u ld  
n o t d is s o lv e  in  that so lu tio n .

T h e ch e la tio n  w ith  m eta l io n s  in  b a s ic  N H 4O H /N H 4CI b u ffer

so lu t io n s  c o u ld  n o t  b e  p erfo rm ed  b e c a u se  th e  form ation^ o f  p rec ip ita te s  fro m  
th e  rea c tio n s  o f  N i(II ) , C o (I l) , C u (II) and Z n (II) w ith  h y d r o x id e  an d  P b (II) w ith  
c h lo r id e .

T h e  c r o ss lin k e d  res in s  sh o w e d  u n s ig n if ic a n tly  o n  c h e la t in g  c a p a c it ie s  
w ith  th o se  m eta l io n s  e x c e p t  for  P b(II). T h ere fo re , th e  P b (II) c h e la t in g  o f  th e se  
r e s in s  w a s  in v e s tig a te d  m ore  d eta iled .
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5 Measurement of Chelating Capacity of Pb(II)

5.1 Batch Method.

Exact weight o f 0.5 g o f the resin at various equivalent weight ratios 
(3:2) were placed in a 125 ml Erlenmeyer flask containing 20 ml (1 mmol) o f  
the Pb(II) stock solution in 80% dioxane aqueous solution. The flasks were 
covered with paraffin film and shaken for 3 hours at room temperature. After 
that the mixtures were filtered and washed well with 80% dioxane aqueuos 
solution. The stock solution and the filtrate were diluted to appropriate 
concentrations, and the Pb(II) contents o f these solutions were measured.

For the Pb(II) solution in 40% dioxane , 80% DMSO , 80% DMF and 
80% methanol aqueous solutions were analogous to the 80% dioxane aqueous 
solution. For the three latter solutions, the crosslinked resins at the equivalent 
weight ratios 3:2 o f 2:1.25 and 2:1.75 were not used.

5.2 Column Method.

The resins with the equivalent weight ratios (3:2) o f 2:1 and 1:1 were 
used. An exact weight o f 2.5 g o f the specified ratios were placed in a 50 ml 
beaker containing 40 ml o f dioxane, and let stand for 2 hours to allow dioxane 
permeating through the resins to yield swollen resin. Then they were packed 
into a glass column (<j) 1x40 cm). Resin height was about 90 mm. Then 20 ml 
o f 0.05 M stock Pb(II) solution in 80% dioxane aqueous solution was passed 
through the column at a flow rate o f 0.5 ml/min. Three equal portions o f 60 ml 
80% dioxane aqueous solution were passed through the column to elute non- 
adsorbed Pb(II) ions. Pb(II) ions adsorbed on the column were eluted by
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passing 1 M nitric acid in 80% dioxane solution through the loaded resin with 
three equal portions o f 45 ml. After elution, the resin was washed again with 
80% dioxane aqueous solution till the neutralized filtrate was obtained testing 
using pH paper.

The adsorption and elution o f Pb(II) ion in 80% dioxane aqueous 
solution was repeated by the same procedure. The stock solution and the 
filtrates were diluted to appropriate concentration, and the Pb(II) contents o f  
these solutions were each measured. The amount o f Pb(II) ions adsorbed on the 
resin was calculated by the change in the Pb(II) concentration.

5.3 Determination of the Maximum Pb(II) Chelating Capacity.

The resin prepared from the equivalent weight ratio (3:2) o f 1:1 was 
used for the investigation. Exact weight o f 0.5 g o f the resin was placed in 125 
ml erlenmeyer flask. 20 ml o f Pb(II) solution in 80% dioxane aqueous solution 
with various Pb(II) concentrations (0.005, 0.01, 0.02, 0.03, 0.04 0.05, 0.06,
0.08, 0.10 M) were added. The mixtures were allowed to stand for 3 hours with 
stimng at room temperature. The amount o f Pb(II) remaining in the solution 
was determined using AAS, and the amount o f Pb(II) chelated on the resin was 
calculated from the changes o f the Pb(II) concentration in solutions.

5.4 Determination of Pb(II) Chelation Rate

Exact weight o f 0.5 g o f the resin prepared from the equivalent 
weight ratio (3:2) o f 2:1 was added into 20 ml o f 0.05 M Pb(II) solution and 
stirred at room temperature. The Pb(II) concentration in the supernatant at time 
intervals o f 10, 20, 30, 40, 50, 60, 80, 100, 120, 150, 190 minutes was
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measured using AAS. The amount o f Pb(II) chelated on the resin was 
calculated from the changes o f the Pb(II) concentration in the solutions.

6 Investigation of Using the Crosslinked Resin (4) for Pb(II) 
Chelation in W aste W ater Obtained from Battery Factory

The method used was developed in this laboratory in order to 
determine amount o f Pb(II) presented in waste water from battery factory.

Waste water was filtered and neutralized with NaOH pellets. The 
sample was then diluted with dioxane to the concentration of 50% v/v. 20 ml o f  
the solution was added into the 125 ml erlenmeyer flask containing exact 
weight o f 0.5 g o f the crosslinked resin prepared from the equivalent weight 
ratio (3:2) o f 2:1. The mixture was allowed to stand for 3 hours. Subsequently, 
the solution was filtered and diluted to the volume o f 50 ml. The Pb(II) 
contents in the waste water and the sample were determined using AAS. The 
adsorbed mole was calculated by the difference in Pb(II) contents o f the stock 
solution from the sample.
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