
CHAPTER III 
EXPERIMENTAL

3.1 Material

S yn th etic  z e o lite -A  (V alfor  100 Z eo lite )  w a s  su p plied  b y  PQ  C h em ica ls  
(T hailand) Ltd. L ow  d en sity  p o lyeth y len e  (L D P E , E L -L E N E  L D 1 9 0 5 F A , lo w  MI, M I=  
5) w as su p p lied  from  S iam  C em en t G roup C h em ica ls  C om p an y  Ltd. A g N 0 3 ,  100g , A R  
grade w as p urchased  from  F isher S c ien tific  Inc. Cu(NC>3)2-3H 20 ,  5 0 0  g, A R  grade w as  
purchased  from  L ob ach em ie P V T  L T D , India. B oth  B a c to ™  A gar and B a cto ™  Tryptic  
S o y  Broth, soy b ea n -ca se in  d ig est m ed iu m  w ere p u rch ased  from  B e c to , D ick in son  and  
C om pany, U S A .

3.2 Equipment

T h e absorption  iso th erm  o f  A g /z e o lite -A  and C u /z e o lite -A  w a s ob ta ined  b y  
co lle c t io n  the data o f  a tom ic adsorption  from  a tom ic ad sorption  sp ec tro sco p y  (Spectraa  
3 0 0 , V arian). D S C  an a lyses w ere carried out u sin g  a P erk in -E lm er D S C  7 instrum ent. 
T h e sam p les w ere  heated from  0 ° to 2 0 0  °c at a h eatin g  rate o f  10 ° c /m in  under a N 2 
atm osp h ere w ith  a 10 m l/m in  flo w  rate. T G -D T A  cu rve o f  m aster batch  w a s co llec ted  on  
a P erk in-E lm er Pyris D iam o n d  T G /T G A  instrum ent. T h e sam p le  w a s  load ed  on  the  
platinum  pan and heated  from  30 °  to 7 0 0  °c u sin g  h eatin g  rate at 10 ° c /m in  under in N 2 
atm osp h ere at a f lo w  rate o f  50  m L /m in . H IT A C H I ร -4 8 0 0  scan n in g  electron  
m icro sco p e  w a s  used  to o b serv e  the su rface m o rp h o lo g y  and filler  d isp ersio n  o f  m aster  
batch at 5 0 0 0 X  and 3 0 0 0 0 X  m agn ifica tion . B efore  an a ly sis , sam p les  w ere  cut in after  
soa k in g  in liqu id  n itrogen and then coa ted  w ith  p la tin u m  under vacu u m . N 2 adsorption- 
d esorp tion  iso th erm s w ere ob ta ined  at -1 9 6  °c on  a sorp tom atic  B E T . S am p les w ere
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d ega ssed  at 3 0 0  ๐c  for 17 hour in a vacu u m  furnace prior to an a lysis . Surface areas w ere  
ca lcu la ted  u sin g  the B E T  equation . T h e pore s iz e  d istributions w ere  constructed  based  
on Barrett, Joyner and H alenda (B JH ) m ethod , u s in g  the adsorption  branch o f  the 
nitrogen isotherm . T h e quantity o f  A g  and C u that w a s  in the z e o lite  w a s m easured  by  
X -ray F lu orescen t S p ectro sco p y  (A X IO S  PW  4 4 0 0 ) . Furtherm ore, X -R A Y  diffraction  
w as u sed  to d eterm ine the d ifferen ce  o f  ze o lite  crystal and crysta llin ity  o f  m aster batch  
w h en  m ix e d  w ith  filler . M aster batch production  w a s  carried out b y  m ix in g  in twin  
screw  extruder, Lab T ech  E n gin eerin g  C om p an y  Ltd., (2 0  cen tim eters in d iam eter o f  
screw  and 80  cen tim eters in length  o f  screw ). C o m p ression  m o ld in g , Lab T ech  
E n gin eer in g  C om p an y  Ltd., w a s u sed  to com p ress the m aster b atch es into 0.1 m m  X 5 X 
10 cm  film  for X R F  and bacteria test.

3 .3  M e th o d o lo g y

3 .3 .1  Ion E x ch an ge P rocess

Z e o lite -A  w a s w eig h t at 2  gram s and stirred w ith  5 0  m illiliters o f  A g N o 3 
and C u (N 0 3)2 so lu tio n  for 1 hour. T h e con cen tration  o f  Cu w a s f ix  at 7 2 0 0  ppm  and  
vary the con cen tration  o f  A g  as a ratio o f  A g:C u  from  1:1 to 2 :1 . T h e b lu e z e o lite  w as  
ob ta ined  after m ix in g . T h e sam p le  w a s  w ash ed  w ith  d e io n ized  w a ter  and dry at 70  ๐c  
for 2 days.

3 .3 .2  M aster B atch  P roduction  P rocess

T he L D P E  and z e o lite  w a s heated  at 6 0  °c ov ern igh t b efore m ix in g . 
W hen m ix in g , the tem perature in each  zo n e  o f  tw in  screw  extruder w as 130 ๐c in 
feed in g  z o n e , 150 °c in com p ressio n  zo n e  and 170 °c  in m eterin g  zo n e . T he ration o f  
L D P E  and ze o lite  w a s 50%  o f  z e o lite  tow ard L D PE . A fter  extruded, p la stic  w as cut into  
3 m m  p elle t.
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3.4 Characterization of Zeolite and Master Batch

3 .4 .1  D eterm in ation  o f  O ptim um  Ion E xch an ge T im e

Z eo lite  w a s stirred in 80 0 0  ppm  A gN C fi and C u (S 0 4 ) so lu tio n s separately  
(20%  m etal ion w e ig h t tow ard z e o lite  w eigh t) for 4 8  hours. D u ring  the exp erim en t, the 
so lu tio n  w a s co lle c te d  at 0 , 3 0  m in  and 1 hour. A fter  that the so lu tio n  w a s co llec ted  at 
every  1 hour until 8 hour, after that the so lu tio n  at 1 day and 2  day  w as co llec ted . T he  
A to m ic  absorption  sp ectro sco p y  w a s used  to determ in e the am ou nt o f  A g + and C u 2+ left 
in the so lu tion  in order to p lo t the graph o f  the con cen tration  o f  m etal ion  at various  
tim e.

3 .4 .2  E quilibrium  Ion E x ch an ge Isotherm  ร ณ dv

Ion ex ch a n g e  stu d y w as รณdied  in tw o ions: a) A g A N a + sy stem  and b) 
C u 2 +-N a +. T he z e o lite  w as stir w ith  the so lu tio n  at 60 0  rpm at room  te m p e r a to e . A fter  
ex ch a n g e  p rocess fin ish ed , the so lu tio n  w as co lle c te d . T he con cen tration  o f  each  ion left 
in the so lu tio n  w a s determ ined  b y  A to m ic  A b sorp tion  sp ectro sco p y  (sp ectra 300 , 
varian). In the ex ch a n g e  p rocess, in itia l con cen tration  o f  m etal w a s  varied  b etw een  80 0  
to 2 0  X 104 ppm  and varied the w e ig h t o f  ze o lite  from  0 .5  gram  to 2 gram . T h en  the 
iso th erm  w a s d eterm in ed  fo llo w  th ese  equations

1 (Q-c)
Q)

and A. = c
CEC

A z  =  Ion in the zeo lite  

A s =  Ion in the so lu tion

Co =  Initial con cen tration  o f  m etal
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c  =  C on cen tration  o f  m etal after ex ch a n g e  p rocess  

Co-C =  C on cen tration  o f  m etal in  z e o lite  

C E C  =  cation  ex ch a n g e  cap acity

3 .4 .3  M in im al In h ib ition  C on cen tration  (M IC ) D eterm in ation

T h e m in im u m  con cen tration  o f  zeo lite  that w a s  be ab le to k ill bacteria  
w a s determ ined  in tw o  strains o f  bacteria: a) Escherichia coli as gram  n eg a tiv e  bacteria  
and b) Staphylococcus aureus as gram p o s it iv e  bacteria. T h e con cen tration  o f  ze o lite  at 
each  form ula w a s  varied  b etw een  25 0  p g /m l and 4 0 0 0  p g /m l. F irst o f  a ll, bacteria w as  
n eed ed  to activate  overn igh t and d ilu te the bacteria con cen tration  h av e  the num ber o f  
ce ll at 108 C F U (c o lo n y  form in g  unit) b y  ad d in g  2 0 0  p i o f  E. colilyu v  absorption  at 2 3 0  
nm  0 .1 3 0 ± 0 .0 1 0 )a n d  3 0 0  p i o f  ร. aureus (U V  absorption  at 2 3 0  nm  0 .1 5 0 ± 0 .0 1 0 )  into  
the 9 m l o f  sa lin e  so lu tio n  (0 .85%  N a C l). T he sam p le  at each  con cen tration  w as  
d isp ersed  in an agar p late and dropped the 5 0  p i o f  bacteria on  the agar. A fter  24  hours 
o f  in ocu lation , the turbidity o f  bacteria w a s  ob served .

3 .4 .4  A n tib acteria l A c tiv ity  T est

T h e antibacterial activ ity  test o f  m aster batch  against Escherichia coli, 
gram -n egative  (E. coli) bacteria and Staphylococcus aureus, g ra m -p o sitiv e  bacteria (1ร'. 
aureus, A T C C ) w a s carried out accord in g  to shake flask  m ethod . T h e m aster b atches  
w ere com p ressed  into film  b y  com p ressio n  m o ld in g  (Lab T ech  E n g in eer in g  C om p an y  
L td.). T he co n d itio n  u sed  to com p ress the m aster b atch es is p reh eatin g  10 m in u tes, 
com p ress at 150 k g /cm 2 for 5 m inutes and c o o lin g  7 m in u tes. T h en  the film  w ere cut 
into 15 m m  circu lar d isk s and ster ilized  under u v  lam ps for 2 hours. A fter  activation  o f  
bacteria, the bacteria  w ere d ilu ted  into 108 C F U  (c o lo n y  form in g  u n it)/m l o f  ce lls  
(absorption  at 2 3 0  nm  is 0 .1 3 0  ± 0 .0 1 0  for E. coli and 0 .1 5 0  ±  0 .0 1 0  for s.aureus) in the  
100 m l T riptic so y  bloth in order to obtain  the stock  o f  bacteria  so lu tio n  and d ilute again  
in to 105 C F U  in 100 m l a lk a lin e  p ep ton e w ater. Each d isk  o f  m aster b atch es w as drop
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into each  p ep to n e  w ater flask . T he sam p le  w as shaken  at 150 rpm in the incubator 37°c 
for 2 4  hours. T h en  1 m l o f  the so lu tio n  w a s  d iluted  in 9 m l o f  sa lin e  (0 .85%  N a C l) for 5 
tim es in order to d ilu te  for o . l x  each  tim e o f  d ilu tion . T h en  the so lu tio n  w as spread in 
the p late and incu b ated  at 37°c. A fter  incubation  for 18 hours, the num ber o f  ce ll w as  
cou n ted  and ca lcu la ted  w ith  d ilu tion  factor. Then the a ctiv ity  o f  antibacterial cou ld  be  
com pared.

3 .4 .5  M oistu re C ontent and F iller  A m ou nt S tu d y

M oisture con ten t and f iller  that can b e added into the p lastic  cou ld  be 
determ ined  b y u sin g  T G /D T A . T em perature p rofile  that w a s carried out w as 3 0  ๐c  to 
7 0 0  ๐c at 10 °c h eatin g  rate in N 2 atm osp h ere (5 0 m l/m in  o f  N 2 f lo w  rate). The m oistu re  
con ten t w a s  d eterm in ed  b y  ca lcu la tio n  o f  Y -d ifferen t v a lu e  from  100 ๐c to 150°c. 
Q uantity  o f  f iller  w a s determ ined  b y  determ in e the fin a l w e ig h t o f  the m easurem ent. In 
addition  D e c o m p o sit io n  (Td) w as a lso  calcu lated .

3 .4 .6  C rysta llin ity  C h ange S tu d y

C rysta llin ity  ch an ge o f  L D P E  w h en  fill w a s added  w a s ca lcu la ted  b y  
u sin g  the D S C . T h e con d itio n  used  in th is exp erim en t w a s  0°c to 2 0 0  ๐c at 10 ° c /m in  o f  
heatin g rate in the N 2 atm osp h ere (3 0  m l/m in  o f  N 2 f lo w  rate). T h e en th a lp y  in 
n orm alized  v a lu e  w a s ca lcu la ted  for neat L D P E  and L D P E  w ith  filler  at all con d ition . 
T he crysta llin ity  can be ca lcu la ted  b y  u s in g  the equation .

AHJTJ  
Xc = A H } ป ี

W h ere X c  is T h e d egree o f  crysta llin ity . AHf is  T h e en th a lp y  o f  fu sion  m easu re  
at m eltin g  p o in t and AHf0 is T h e en th a lp y  o f  fu sion  o f  to ta lly  crysta llin e p o lym er  
m easured  at the equ ilibriu m  m eltin g  p oint.
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3 .4 .7  M etal C on ten t in Z eo lite  and in M aster B atch  M easu rem en t

T h e m eta l content in ze o lite  and in m aster batch w a s  m easure b y  X -R A Y  
flu o rescen ce  sp ectro scop y . B efore  an a lysis , sam p le  w a s prepare b y grin d in g the sam p le  
onto X R F  pan filled  w ith  6 gram s b oric acid (B2O3) and then p ressed  the sam p le  pan by 
hydraulic pressure (carver) at 10 ton  for 2 m in u tes. T he program  u sed  to a n a lyze  the 
sam p le  is Super Q m anager. For qualitative an a lysis , IQ + w a s  u sed  to m easu re the 
e lem en t in the sam p le .

3 .4 .8  M o rp h o lo g y  and F iller  D isp ersion  o f  M aster B atch  S tu d y

T h e m orp h o log y  and filler  d isp ersion  o f  z e o lite  w a s ob serv ed  by 
S can n in g  E lectron  M icro sco p e  (H IT A C H I ร -4 8 0 0 )  at 5 0 0 0 x  and 3 0 0 0 0 x  m ag n ifica tio n .
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