
CHAPTER III
EXPERIMENTAL

3.1 Materials
3 .1 .1  M a te r ia l

3 .1 .1 .1  K o h - s a m e d ’s s a n d
3 .1 .2  C h e m ic a l s

3 .1 .2 .1  P o ly v in y l  a lc o h o l  ( M w ~ 1 0 8 ,0 0 0 g /m o l  a n d  9 9 .7  m o le %  
h y d r o ly s is )  w a s  p u r c h a s e d  f ro m  P o ly s c ie n c e s .

3 .1 .2 .2  B o r ic  a c id  ( M e r c k )
3 .1 .3  S o lv e n ts

3 .1 .2 .3  D is t i l l a t io n  w a te r
3 .1 .2 .4  A c e to n e  ( L a b - S c a n ) ,  4  L
3 .1 .2 .5  E th a n o l  ( M e r c k ) ,  2 .5  L

3.2 Equipments
3 .2 .1  C e n t r i f u g a l  b a ll  m il l  ร  1 0 0 / B a ll M il l  M a c h in e

T h e  c o l le c te d  S a in e d  s a n d  w a s  g r in d e d  b y  b a ll  m ill  m a c h in e ,  u s in g  3 0 0  
rp m  f o r  4 5  m in u te s .

3 .2 .2  C a r b o l i te  F u r n a c e /  F u rn a c e  E q u ip m e n t

A  f u r n a c e  w a s  u s e d  to  e l im in a te  o r g a n ic  r e s id u e  f ro m  S a m e d  s a n d . T h e  
h e a t in g  ra te  u s e d  to  p re p a re  c a lc iu m  c a r b o n a te  f ro m  S a m e d  s a n d  w a s  s e t  a t  5 

๐c / m i n  f ro m  2 5 °  to  6 0 0  ๐c  a n d  h e ld  a t  6 0 0  ๐c  fo r  5 h.

3 .2 .3  T h e r m o  N ic o le t ,  N e x u s  6 7 0 /  F o u r ie r  T ra n s f o r m  I n f r a r e d  ( F T I R )  

S p e c t r o p h o to m e te r

F T IR  s p e c t r a  w e re  o b ta in e d  to  d e te r m in e  th e  f u n c t io n a l  g r o u p s  o f  c h e m ic a l  
c o m p o s i t io n  o f  c a lc iu m  c a r b o n a te  s a n d , P V A - C a C O î  h y b r id  c o m p o s i te  m a te r ia l ,  a n d  
th e  a p p l i e d  m a te r ia l  w h ic h  a d d e d  d im e th y lg ly o x im e  (D M A )  to  d e te c t  N ic k e l ,  u s in g



23

an  a n a ly s i s  r a n g e  o f  4 0 0 - 4 0 0 0  c m '1 w ith  a  r e s o lu t io n  o f  4  c m '1. T h e  s a m p le  
p r e p a r a t io n  w a s  c a r r ie d  o u t  b y  m ix in g  f in e  p o w d e r  o f  a  s a m p le  w ith  K B r  p o w d e r .

3 .2 .4  P e rk in  E lm e r  T h e r m o g r a v im e tr ic  a n a ly z e r  (T G A )

T G A  th e r m o g r a m s  w e r e  a n a ly z e d  to  in v e s t ig a te  th e r m a l  s ta b i l i ty ,  
c o m p o s i t io n ,  a n d  m e c h a n is m  o f  d e g r a d a t io n  o f  c a lc iu m  c a r b o n a te  s a n d  a n d  P V A -  
C a C C >3 h y b r id  c o m p o s i te  m a te r ia l .  A p p r o x im a te ly  5 m g  o f  s a m p le s  w e r e  a n a ly z e d ,  

u s in g  a  p la t in u m  p a n  a n d  a  t e m p e r a tu r e  r a n g e  f ro m  3 0 °  to  7 0 0  ° c  in  d y n a m ic  o x y g e n  
a tm o s p h e r e  w ith  a  f lo w  r a te  o f  8 0  m l /m in  a n d  a  h e a t in g  ra te  o f  10 ๐c . m i n -1 .

3 .2 .5  D M A X  2 2 0 0  H V /X - R a y  D i f f r a c t r o m e te r  (X R D )

K o h  S a m e d ’s s a n d  w a s  c h a r a c te r iz e d  b y  u s in g  X R D  in  2 0  b r a g g  a n g le  to  
c h a r a c te r iz e d  o f  c a lc iu m  c a r b o n a te .  P e a k  p o s i t io n s  w e re  c o m p a r e d  w i th  th e  
In te r n a t io n a l  C e n te r  f o r  D i f f r a c t io n  D a ta  S ta n d a r d  ( J C P D S )  p a t te r n s  to  id e n t i f y  
c r y s t a l l i n e  p h a s e s .

3 .2 .6  H ita c h i  F E -S E M  S 4 8 0 0 /S c a n n in u  E le c tr o n  M ic r o s c o p e  (S E M )
S E M  w a s  u s e d  to  in v e s t ig a te  m o r p h o lo g y  o f  P V A - C a C 0 3  h y b r id  

c o m p o s i te  m a te r ia l .

3 .2 .7  Q u a n ta c h r o m e ,  U l tra p y c n o m e te r lO O O / P y c n o m e te r

T h e  p o r o s i ty  o f  P V A -C a C C >3 h y b r id  c o m p o s i te  m a te r ia l  w a s  c h a r a c te r iz e d  
b y  a  g a s - p y c n o m e te r .

3 .2 .8  R e f le c ta n c e  s p e c t r o s c o p y
T h e  r e f l e c t a n c e  s p e c t r u m  w a s  m e a s u r e d  w i th  f i b e r - o p t i c  

s p e c t r o p h o to m e te r  (O c e a n  o p t ic  re d  t id e  U S B  6 5 0 ) ,  w h ic h  w a s  c o n n e c te d  to  a  P C  
a n d  u s e d  A y a n te s  s o f tw a r e .  A ll th e  P V A - C a C 0 3  h y b r id  c o m p o s i te  m a te r ia l  w a s  
te s te d  f o r  c o lo r im e t r ic  r e s p o n s e .
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3.3 Methodology
3.3.1 Synthesis of calcium carbonate (CaCC>3) from Samed sand

S a m e d  s a n d  w a s  f in e ly  g r o u n d  b y  a  b a ll m i l l .  T h e  o b ta in e d  s a m e d  s a n d  
p o w d e r  w a s  s e p a r a te d  b y  a  s ie v in g  m a c h in e  to  c o l le c t  p a r t ic le s  le s s  th a n  150  m ic ro n ,  

fo l lo w e d  b y  c a l c in a t io n  in  a  fu rn a c e  f ro m  ro o m  t e m p e r a tu r e  to  7 0 0  ° c  w ith  a  h e a t in g  

ra te  o f  5 ๐c / m i n  a n d  h e ld  a t  6 0 0  ° c  fo r  5 h . W h ite  p o w d e r  o f  C a C 0 3  s a n d  w a s  k e p t  
in a  d e s s ic a to r .

3.3.2 Synthesis of PVA-CaC03 hybrid composite material
P o ly v in y l  a lc o h o l  w a s  d is s o lv e d  in w a te r  a t  85  ๐c  fo r  4  h . w i th  m a g n e t ic  

s t i r r e r  ( 4 0 0  rp m ) , fo l lo w e d  b y  a d d in g  c a lc iu m  c a r b o n a te  s a n d . V a r io u s  a m o u n ts  o f  
p o ly v in y l  a lc o h o l  in  w a te r  (3 , 5 , 7 , a n d  9 %  w e ig h t  in  w a te r )  b y  f ix in g  th e  o p t im u m  
c o n te n t  o f  b o r ic  a c id  w h ic h  w a s  a  c r o s s l in k in g  a g e n t  a t  1.5 m L  o f  1M  b o r ic  a c id . 
D i f f e r e n t  t h e  w e ig h t  r a t io s  o f  p o ly  v in y l  a lc o h o l  a n d  c a lc iu m  c a r b o n a te  s a n d  ( 7 5 :2 5 , 
5 0 :5 0  a n d  2 5 :7 5 )  w e re  v a r ie d .  T h e n  th e  m ix tu r e  o f  p o ly  v in y l  a lc o h o l  a n d  c a lc iu m  
c a r b o n a te  s a n d  w a s  h o m o g e n iz e d  fo r  1 h w i th  m a g n e t ic  s t i r r e r  (4 0 0  rp m ) . B o r ic  a c id  
s o lu t io n  (1 .5  m L , 1M  o f  b o r ic  a c id )  w a s  a d d e d  in to  p o ly v in y l  a lc o h o l  s o lu t io n  a t 85 

° c  a n d  s t i r r e d  u n ti l  h o m o g e n e o u s .  A f t e r  m ix in g ,  th e  o b ta in e d  h ig h ly  v is c o u s  s o lu t io n  

a n d  w a s  a d d e d  in to  a  p la s t i c  m o ld  b e fo re  p la c in g  in to  a  r e f r ig e r a to r  a t -3  ๐c  f o r  12  h . 
T h is  f r e e z e /T h a w  p ro c e s s  w a s  r e p e a te d  fo r  5 c y c le s ,  fo l lo w e d  b y  im m e r s in g  in  
a c e to n e  fo r  s o lv e n t  e x c h a n g e  fo r  3 d a y s .
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Figure 3.3.1 F lo w  d ia g r a m  s h o w in g  s y n th e s i s  o f  P V A - C a C 0 3  h y b r id  c o m p o s i te  
m a te r ia l  v ia  s o l - g e l  p ro c e s s .

Table 3 .3 .2  T h e  p r e p a r a t io n  o f  m a te r ia l  w i th  d i f f e r e n t  r a t io  c o m p o n e n ts

%  P V A  in  w a te r  (w t)
C o n te n t  o f  P V A

(g )

C o n te n t  o f  b o r ic  a c id  s o lu t io n  

(ทา L )

3 %

2 5  : 75
1.0

1.5

2 .0

5 0  : 5 0
1.0
1.5
2 .0

75  ะ 2 5
1.0

1.5

2 .0
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5 %

2 5  ะ 75
1.0
1.5

2 .0

5 0  ะ 5 0
1.0

1.5
2 .0

7 5  : 25
1.0

1.5

2 .0

7 %

2 5  : 75

1.0

1.5

2 .0

5 0  : 5 0
1.0

1.5
2 .0

75  : 25
1.0

1.5

2 .0

3.3.3 Testing of PVA-CaC0 3  hybrid composite material as nickel sensor
In  th is  s tu d y ,  D im e th y g ly o x im e  ( D M G )  w a s  a d d e d  to  th e  m a te r ia l  a s  a  

s u p p le m e n t  to  fo rm  c o m p le x  w ith  n ic k e l .  F in a l ly ,  its  p r o p e r t ie s  w i l l  b e  u s e d  a s  h e a v y  
m e ta l  ( N ic k e l )  d e te c to r .

3 .5 .1  M a te r ia l

•  P V A -C a C C >3 h y b r id  c o m p o s i te  m a te r ia l

•  S y r in g e
3 .5 .2  C h e m ic a l s

•  D im e th y lg ly o x im e  (บ ท iv a r ) ,  1 0 0  g

•  N ic k e l - S ta n d a r d  s o lu t io n  ( M e rc k ) ,  1 0 0 0  m g /L  N i
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3.5.3 Solvents
• Distillation water
• Ethanol (Merck), 4 L

3.3.4 Synthesis of PVA-CaCOî hybrid composite as a nickel sensor
The synthesis produces were similarly to preparation of PVA-CaCC>3 hybrid 

composite material as mentioned earlier, but the first step, 2 wt% DMG dissolved in 
ethanol was mixed together with 5 wt% of PVA in water. The volume ratios of water 
and 2 wt% of DMG in ethanol were varied as follows: (9:1, 8:2, 7:3, 6:4 and 5:5) 
with 1.5 mL of 1M boric acid solution.

Figure 3.3.3 Flow diagram showing synthesis of PVA-CaC0 3  hybrid composite 
material as nickel sensor via sol-gel process.
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The optical response of the sensor is based on the well known reaction 
between nickel and DMG leading to the formation of a red complex of Ni(DMG)2  

with an absorbance peak at 547 nm. 2% DMG in ethanol by weight was directly 
mixed with PVA-CaC0 3  in a water and then crosslinked with boric acid solution.

The content of PVA was fixed at 5% wt in solvent which was water and 
2% wt DMG in ethanol in different ratio that shown in table 3.3.4. The mixture was 
heated at 85 c  to dissolve PVA with 200 rpm stirring.
Table 3.3.4 The mixture of the PVA-CaC0 3  composite sensor to synthesized

condition Content of PVA (g) Content of water (g) Content of 2% wt DMG in 
ethanol (g)

1 5 9 1
2 5 8 2
3 5 7 3
4 5 6 4
5 5 5 5

3.3.5 Sensor performance testing
The Ni (II) solutions (0.1, 0.5, 1, 2, 3, 4, 5, 8 and 10 ppm) were prepared 

by diluting 1000 ppm stock solution with distilled water and adjusting the pH to 9 
with 10% ammonium solution. The samples were cut into a disc-shape with the 
diameter of 2.4 cm and placed in Ni (II) solutions for 2 hrs. After drying in air, the 
color change of the samples was then observed by UV-spectrophotometer at 547 nm.
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