
CHAPTER IV
RESULTS AND DISCUSSION

4.1 Ag/Cu Zeoltie-A Preparation Appearance

M eta l lo a d e d  z e o lite  w a s  prepared  b y  v a r y in g  th e c o n c e n tr a tio n  o f  A g +  so lu tio n  
a s f o l lo w  in th e  ta b le  1.

Table 4.1 C o n cen tra tio n  o f  m eta l io n s

R atio  o f  A g +:Cu2+
C o n cen tra tio n  (p p m )

A g N 0 3 C u ( N 0 3) 2

V a lfo r  z e o l it e -A 0 0

A g /z e o lit e 2 0 0 0 0 0

C u /z e o lite 0 7 2 0 0

0.5:1 3 6 0 0 7 2 0 0

1:1 7 2 0 0 7 2 0 0

2:1 1 4 8 0 0 7 2 0 0

A fte r  1 h ou r o f  stir, th e  z e o l it e  w a s  w a sh e d  w ith  D I w a te r  and d r ied  at 7 0  ๐c. 
T h e  b lu e  z e o l it e  w a s  o b ta in ed  a s  a fin a l p rod u ct o f  th is  p r o c e ss .



22

4 .2  Ion Exchange S tu d y

T h e  io n  e x c h a n g e  b eh a v io r  o f  z e o l ite  w a s  s tu d y  in  order to  o p t im iz e  the  
e x c h a n g e  t im e  and  co n ce n tr a tio n  o f  m eta l io n . T h e  o b je c t iv e  o f  o p t im iz a tio n  is to  
m a x im iz e  th e  p rod u ct ( z e o li te )  w ith  lo w  c o st .

4 .2 .1  O p tim u m  Ion E x c h a n g e  T im e  S tu d y

T h e  o p tim u m  io n  e x c h a n g e  t im e  w a s  s tu d ie d  b y  stir th e  so lu t io n  o f  
A g N 0 3  and C u S Û 4  at co n cen tra tio n  8 0 0 0  p p m  for 4 8  h ou rs and  th e s o lu t io n  w a s  
c o l le c te d  e v e r y  h ou r w ith in  2 d a y s. T h e  c o n c e n tr a tio n  o f  m eta l io n  that c a n  im p regn ate  
in to  z e o l it e  ca n  b e  c a lc u la te d  b y  u s in g  A to m ic  A d so r p tio n  sp e c tr o sc o p y  (sp ec tra  3 0 0 , 
v a r ia n ).

T h e  resu lt ( f ig u r e  la )  sh o w e d  that A g + w a s  e x c h a n g e  w ith  N a + in z e o l ite  
r e a d ily  w h e n  stir  w a s  started  and  reach  p la tea u  r e g io n  w ith in  1 hour. A s  for  C u 2f(fig u re  
lb ) ,  th e  e x c h a n g e  p r o c e ss  is  s lo w e r  than th e  p r o c e ss  o f  A g +. H o w e v e r , th e  h ig h  a m o u n t  
o f  C u 2+ w a s  b e  a b le  to  e x c h a n g e  w ith in  1 h ou r and  s lo w ly  in crea se  a fter  that. T h e C u 2  + 
c o n c e n tr a tio n  in  z e o l it e  rea ch ed  th e p la tea u  re g io n  in  10 h ou r a fter stir. F urtherm ore, 
s o m e  im p o rtan t cr iter ia  o f  p ro d u ctio n  are m a x im iz a tio n  o f  p rod u ct an d  lo w e s t  c o sts  
(T u n jo  P er ic  an d  Z oran  B a b ic , 2 0 0 8 ) . F rom  th e resu lt, th e  o p tim u m  t im e  that b oth  A g +  
an d  C u 2 +  c o u ld  im p reg n a te  in to  z e o l it e -A  at h ig h e st  rate and  h ig h  c o n c e n tr a tio n  w a s  1 
h o u r  o f  m ix in g .

I  0 10 20 30 40 50 60
Time (h)
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Figure 4.1 grap h  b e tw e e n  a) A g + io n  c o n cen tra tio n , (b ) C u 2+ io n  c o n c e n tr a tio n  
im p reg n a ted  in to  z e o l i t e -A  and e x c h a n g e  t im e  up to 4 8  h ou rs.

4 .2 .2  Ion  E x c h a n g e  E q u ilib r iu m  Isoth erm  S tu d y
E q u ilib r iu m  d istr ib u tio n  o f  C u -N a  p air b e tw e e n  z e o l i t e - A  and  so lu t io n  

p h a se  w e r e  in v e s t ig a te d  at 25 °c. T h e c o n cen tra tio n  o f  so lu t io n  is  v a r ie d . T h e in itia l and  
f in a l c o n c e n tr a tio n  o f  io n  w a s  m easu red  b y  u s in g  a to m ic  a d so rp tio n  sp e c tr o sc o p y . Ion  
e x c h a n g e  e q u ilib r iu m  iso th e r m s w ere  p lo tted  in  term s o f  the e q u iv a le n t  fraction  o f  th e  
io n  in  so lu t io n  (A s )  and  io n  in  the z e o l it e  (A z ) . A s  and  A z  w er e  c a lc u la te d  from  the  
eq u a tio n  b e lo w .

As น —  and  A n  c°

z C EC

c  =  c o n c e n tr a tio n  o f  ion  in  th e  so lu tio n .
Co =  c o n c e n tr a tio n  o f  ion  in  th e  s o lu t io n  at th e  b e g in n in g  
C E C  =  C a tio n  e x c h a n g e  c a p a c ity  o f  z e o l ite  ( 5 .3 0  m e q /g )
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Figure 4.2 ion  e x c h a n g e  iso th erm  o f  C u 2+-N a + pair.

F rom  th e  iso th erm  o f  C u 2+, the lin e  is  a b o v e  th e  d ia g o n a l lin e  o n ly  at the  
lo w  c o n c e n tr a tio n  o f  C u 2+ that m ea n  C u 2+ can  e x c h a n g e  w ith  N a + in  z e o l it e -A  
c o m p le te ly  at lo w  co n cen tra tio n . T h e  m a x im u m  v a lu e  o f  C u 21 that can  im p reg n a te  is at 
A z  =  an d  A s  =  th is  p o in t  is at the 7 2 0 0  pp m  o f  C u 2+. I f  th e  c o n c e n tr a t io n  o f  C u 2+ g o e s  
b e y o n d  th is  p o in t, it w i l l  ca u se  a partia l e x c h a n g e . F rom  b oth  iso th e r m s, A g + h a s a better  
s e le c t iv ity  and h ig h  c a p a c ity  o f  e x c h a n g e  to z e o l i t e -A  c o m p a red  w ith  C u 2+.

4.3 Master Hatch Preparation
T h e  a im  o f  m aster  b atch  p rep aration  is  a d d in g  as h ig h  a s  p o s s ib le  a m o u n t o f  

f ille r  in to  p la stic . S o , th e  50%  o f  e a c h  fo rm la  o f  m e ta l/z e o lite  w a s  ad d ed  in to  th e  L D P E (  

สตร). A fte r  ex tru d ed  an d  cu t in to  c y lin d e r  p la st ic  p e lle t , th e  m a ste r  b atch  that m ix e d  w ith

z e o l it e  c o n ta in in g  C u 2+ w a s  a b lu e  c o lo r  and turn ed  in to  dark b lu e  an d  g ree n  w h e n  the  
A g  c o n te n t  in  z e o l it e  in crea sed . T h e  c o lo r  o f  m a ster  b atch  tu rn ed  in to  dark b ro w n  c o lo r  
w h e n  A g /z e o l i t e  w a s  c o m p o u n d ed .
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4.4 Master Batch Characterization
4 .4 .1  C r y sta llin ity  C h an fie  o f  M a ster  B a tch

F rom  th e D S C  th erm o g ra m , L D P E  and its m a ster  b atch  h a v e  th e sam e  
m e lt in g  p o in t, arou n d  1 0 8 .0 0  -  1 1 1 .0 0  °c. T h e  s im ila r ity  in  m e lt in g  p o in t  sh o w e d  that 
z e o l it e  w ill n ot d e ter  the therm al p rop erties  o f  p la st ic  a fter  co m p o u n d  th em  togeth er. 
H o w e v e r , th e  c r y s ta llin ity  o f  L D P E  w a s  red u ced  d u e  to  th e  a d d itio n  o f  f ille r  in to  p la stic  
in  w h ic h  it can  o b se r v e  b y  th e red u ction  o f  th e  area o f  m e lt in g  p ea k  ca m p a red  w ith  the  
m e lt in g  p eak  o f  n o n -f il le r e d  L D P E (fig u r e  12 ). T h e  c r y s ta llin ity  o f  m aster  b atch  w a s  
arou n d  50%  to  80 %  as f o l lo w  in  ta b le  3 . T h e  lo w e s t  c r y s ta llin ity  w a s  th e  m a ster  batch  
that h as a u n trea ted  z e o l it e  as a f iller .

V___________ Ag:Cu = 2:1 MB
■ 'ร/

V Ag:Cu = 1:! MB

V----

ร / ”
Ag:Cu =0.5:1 MB

"N/
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■----
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V

- v
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-------------- N /
0 80

Temperature (๐c)
160

Figure 4.3 D S C  th erm o gra m  o f  L D P E  and L D P E  m aster  b atch .
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T a b le  4 .2  T h erm a l p rop erties  o f  L D P E  and  L D P E ’s m a ster  b atch

M a ster  batch O n se t E n d set p eak E n th a lp y C ry sta llin ity

(°C) (°C) (๐๑ (J/g) (% )

L D P E 101.42 114.09 109.81 112.03 100

L D P E + z e o lt ie 1 0 2 .0 2 i0 .3 1 1 1 2 .9 2 i0 .6 4 109.5 Ü 0 .6 7 5 4 .5 2 i6 .2 3 4 8 .6 7 i5 .5 7

L D P E + A g /z e o lit e 103.19± 0 .96 1 1 5 .3 5 i l .6 3 1 1 0 .9 7 i l .8 5 7 4 .2 3 i l5 .2 7 6 6 .0 7 i l4 .0 6

A g :C u  =  0 .5 :1 104.12±2.08 1 1 4 .7 8 i l .2 4 1 1 0 .7 9 i l .2 4 6 7 .4 5 i l3 .8 8 6 0 .2 1 i l2 .3 9

A g : C u =  1:1 1 0 2 .1 3 ± 2 .11 1 1 5 .5 2 i l .5 6 1 l l . 2 6 i l . 3 4 8 7 .9 6 i l .3 1 7 8 .5 1 i l .1 7

A g :C u  =  2:1 1 0 3 .9 5 i l .3 8 114.72±2.01 1 1 0 .6 6 i l .6 3 6 5 .4 2 i5 .5 3 5 8 .3 9 i4 .9 3

4 .4 .2  M o istu re  C o n ten t and W e ig h t o f  F iller  in  M a ste r  B a tch  S tu d y

T h e  therm al b e h a v io r  in  th e  ran ge o f  3 0  ๐c  to 7 0 0  ๐c  w a s  in v e stig a te d  b y  
T G A . T h e th erm o gra m  g a v e  the s lo w ly  lo s s  o f  the sa m p le  w e ig h t  at 1 0 0  ๐c  d u e to the  
su b lim a tio n  o f  w a ter  in  the m aster  batch . A rou n d  4 5 0  ๐c  a ll m aster  b a tc h e s  w a s  starting  
to  d eg ra d e  an d  d eg ra d a tio n  p r o c e ss  f in ish e d  around  4 7 0  °c T h is  s h o w  that f ille r  ad d ed  
in to  th e  p la s ic  had  n o an y  e f fe c t  o n  th erm al p rop erties  o f  L D P E  . A fte r  th e  d egra d ation  
p r o c e ss  w e ig h t  o f  sa m p le  h a v e  lo s se d  ab o u t 60%  w h ic h  is  a p o ly m e r  c o n te n t. T h e fin a l 
r e s id u e  w a s  a  w e ig h t  o f  z e o l it e  w h ic h  w a s  around 20 %  to  30%  o f  o v e r a ll w e ig h t  o f  
m a ster  batch .
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Figure 4.4 T G A  th erm o gra m  o f  m aster  b a tch es.

Table 4.3 T h erm al p ro p er tie s  o f  m aster  b a tch es

M a ster  b atch es W ater co n ten t F iller  c o n te n t D e g ra d a tio n  tem peratu re

(% ) (% ) (°C )

L D P E + z e o lt ie 3 . 7 5 i l  .4 4 1 9 .2 0 ± 2 .2 4 4 6 7 .6 9 ± 2 .0 0

L D P E + A g /z e o lite 3 .2 9 Ü .3 2 2 4 .6 6 i2 .0 9 4 5 9 .6 7 i 3 .1 2

L D P E + C u /z e o lite 3 .9 2 ± 0 .2 4 1 4 .4 6 ± 2 .2 6 4 7 1 . 0 0 i l . 0 0

A g :C u  =  0.5:1 4 .5 5 ± 0 .1 2 1 4 .4 6 ± 2 .2 6 4 7 1 . 4 4 i l . 0 0

A g : C u =  1:1 3 .4 3 ± 0 .3 8 1 8 . 8 0 i l . 8 2 4 6 7 .4 9 ± 4 .4 4

A g :C u  =  2:1 4 .7 Ü 0 .5 1 3 4 .1 4 ± 2 .0 1 4 6 4 .1 5 ± 1 .1 1
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4 .4 .3  M eta l C o m p o s it io n  in  Z e o lite  S tu d y  b y  X R F

T h e  c o m p o s it io n  o f  z e o l ite  w a s  in v e stig a te d  b y  X -r a y  f lu o r e sc e n se  
s p e c tr o sc o p y  te c h n iq u e . T h e  sa m p le  u sed  in  th is  stu d y  w a s  f ir s t ly  e x c h a n g e d  w ith  
C u ( N 0 3 ) 2  and A g N C > 3  in  the c o n cen tra tio n  as f o l lo w  in the ta b le  4 .

Table 4.4 C o n cen tra tio n  o f  A g + and  C u 2+ u sed  to  e x c h a n g e  w ith  N a  in z e o l it e  for X R F  
in v e s t ig a t io n

S a m p le
C o n cen tra tio n  (p p m )

A g + C u 2+

A g :C u  =  0 .1 :1 7 2 0 7 2 0 0

A g :C u  =  0.5:1 3 6 0 0 7 2 0 0

A g :C u  =  1:1 7 2 0 0 7 2 0 0

A g : C u =  1.5:1 1 0 8 0 0 7 2 0 0

A g :C u  =  2:1 1 4 4 0 0 7 2 0 0

T h e  resu lt  w a s  as f o l lo w  in  the ta b le  5 . It s h o w e d  th e  p e r cen ta g e  o f  SiC > 4  

and A I 2 O 3  o f  the z e o l ite . T h e ratio o f  S i/A l c a lc u la t io n  w a s  1 .7 7  w h ic h  is  a ch aracteristic  
o f  z e o l it e -A . F u rth erm ore, th e  resu lt sh o w e d  th e in c r e a se  o f  C u 2+ and  A g + q u an tity  and 
th e  red u ce  o f  N a +, a m o b ile  io n  w h e n  th e z e o l ite  w a s  e x c h a n g e  N a  w ith  C u 2+ and A g +. 
T h e grap h  in  fig u re  5 s h o w e d  the red u ctio n  o f  C u 2+ in  z e o l ite  w h e n  th e co n cen tra tio n  o f  
A g + in c r e a se . T h is  a ls o  su p p o rted  th e c o n c lu s io n  fro m  io n  e x c h a n g e  eq u ilib r iu m  study, 
that z e o l it e  h as h ig h er  s e le c t iv ity  to w a rd  A g + than  tow ard  C u 2+.
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Figure 4.5 Q u a n tity  o f  C u  and A g  in z e o l it e  o b ta in ed  from  X R F  data.

T h e  c o m p o s it io n  in  m asterb atch  w a s  a lso  in v e s t ig a te d  from  X R F . T h e  
m a ster  batch  w a s  c o m p r e ss  in  to f ilm  and cu t in to  c ircu lar  sh a p e (5 c m  in  d ia m eter) in 
ord er  to fit th e  X R F  pan.

4.5 Preliminary Antibacterial Activity' Test
A n tib a cter ia l a c t iv ity  o f  m aster b a tc h e s  w a s  in v e s t ig a te d  u s in g  tw o  m eth o d . 

F irst m eth o d  is  m in im a l in h ib it io n  c o n cen tra tio n  (M IC ) te st  to  m ea su re  th e  lo w e st  
c o n cen tra tio n  o f  z e o l it e  that can  in h ib it the g r o w th  o f  b a cter ia . S e c o n d  m eth o d  is 
b a cter ia  red u ction . T h is  m eth o d  is  to test th e  a b ility  o f  m a ster  b a tch es  to  in h ib it  b acteria  
gro w th .



4 .5 .1  M in im a l In h ib itio n  C o n c en tra tio n  T e s t(M IC )

T h is  te st  w a s  carried  o n  fo r  ea c h  ratio o f  z e o l it e  and  th e  resu lt sh o w e d  
th e  tab le 4 .5  a s  fo l lo w .

Table 4.5 T h e  m in im a l in h ib it io n  co n c e n tr a tio n (M IC ) te st  o f  a ll z e o l it e -A .

S a m p le S tra in
C o n cen tra tio n  o f  z e o l it e (p g /m l)

4 0 0 0 2 0 0 0 1 0 0 0 5 0 0 2 5 0

Z e o lite -A *
ร . au reu s - - - - -

E .c o li - - - - -

A g /z e o lit e
ร . au reu s + - - - -

E .c o li + + - - -

C u /z e o lite
ร . a u reu s - - - - -

E .c o li - - - - -

A g :C u = 0 .5:1 /z e o l i t e
ร . au reu s - - - - -

E .c o li - - - - -

A g : C u = l : l / z e o l i t e
ร . a u reu s - - - - -

E .c o li - - - - -

A g :C u = 2 :1 /z e o li te
ร . a u reu s + - - - -

E .c o li + + - - -

=  T h ere  is  th e  c o lo n y  o f  b a c ter ia  g ro w th  in  th e  p la te

+  =  T h ere  is  n o  c o lo n y  o f  b a c ter ia  gro w th  in  th e  p la te
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T a b le  4 .5  sh o w e d  th e M IC  on  tw o  sa m p le s  w h ic h  are A g /z e o l i t e  and  
z e o lite  at A g :C u  =  2:1 at 4 0 0 0  p g /m l fo r  ร.aureus and 2 0 0 0  p g /m l for  E.coli. T h e  
c u /z e o lite  s h o w e d  no a n tib acter ia l a c t iv ity  b e c a u se  C u 2+ c a n n o t r e le a se  or r e le a se  not  
en o u g h  c o n c e n tr a tio n  fro m  th e  z e o lite .

4 .5 .2  B a c ter ia l R e d u c tio n  T e s t

F ig u re  5 sh o w e d  th e r e d u ctio n  o f  c o lo n y  n u m b er in  A g :C u  =  2:1 m aster  
b a tch es  o n ly . T h is  is  b e c a u se  the m eta l io n  from  th is  m aster  b a tch  ca n  re le a se  from  the  
f ilm  to in h ib it  th e  g r o w th  o f  b acteria . A s  for orther m aster  b a tc h e s , th e  m eta l io n  can n ot 
re le a se  fro m  th e  f ilm , th is  is  b e c a u se  s o m e  m eta l io n  in  the z e o l it e  w a s  red u ced  to  be  
m eta l o x id e  d u rin g  th e  p ro d u ctio n  p r o c e s s . T h e c o lo r  ch a n g e  o f  p la s t ic  after ex tru d e  can  
su p p ort th is  h y p o th e s is . T h e  m eta l o x id e  w a s  so  s ta b le  and n ot r e le a se  to b e  a  free  m eta l 
io n  w h ic h  is  an a n tib acter ia l a c t iv e .

6.00E+007 -1 |EZJ E.coli 
'l 1 ร. aureus

coo0
v * _๐
aJD1
Z3z

Figure 4.6 Number of bacteria colony when shaking with master batches for 24 hour.
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