
CHAPTER II
THEORETICAL BACKGROUND AND LITERATURE REVIEW

Zeolite

Z eo lite  is on e  form  o f  an a lu m in o  silica te  crystal that w a s fou n d  by A x e l 
Fredrik C ronstedt, S w ed ish  m in era log ist. In an easy  w a y , w e  can  think about the 
structure o f  z e o lite  in that it is a s ilico n  o x id e  crystal in w h ich  so m e  S i4+iร replaced  b y  
A l3+. Z eo lite  is rea lly  attractive for com m ercia l b eca u se  it is  cheap and it has really  
e ffe c t iv e  properties in b e in g  absorbent, ca tion  exch an ger, and catalyst.

2.1 Zeolite’s Properties

Z eo lite  has four w on d erfu l properties that are rea lly  attractive for 
co m m erc ia lize  and researching.

2.1.1 A d sorben t
Z eo lite  can be u sed  as an adsorbent b eca u se  it is a porous m aterial. S o the 

p article that is sm aller  than the pore s ize  can  be adsorbed and stay in the pore.
2 .1 .2  C ation  E xch an ger

D u e  to the n eg a tiv e  charge on  the su rface  o f  zeo lite , th ey  can adsorb a 
m etal ion on  their surface. S o m e  type o f  cation  is an ex ch a n g ea b le  ion  for exa m p le  N a +  
ion , so  ze o lite  can  exch a n ge the cation  on  the surface w ith  th e ion  in the surrounding.

2 .1 .3  C ata ly tic  A b ility
Z eo lite  can b e u sed  as a cata lyst due to its sp e c if ic  site  adsorption  ab ility  

and its s ilica  fram ew ork. It can adsorb proton and m ak e that site  be m ore acid ic . T he  
s il ic a  structure m ak e zeo lite  tolerate h igh  d egree  o f  heat. S o  it can  be u sed  a catalyst that 
n eed  an a c id ic  cata lyst in a w id e  range o f  heat.
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2 .1 .4  Shape S e lec tio n
W hen z e o lite  adsorbs p article , it w ill adsorb on ly  th o se  fit the pore and  

ex c lu d e  a too  large m o lecu le . T h is w a y  ze o lite  acts as a m olecu lar  s ie v e . Furtherm ore, 
b y adding a steric constraint into the pore, the adsorption  w ill be m ore se le c t iv e  on s ize  
and sh ap e o f  the m o lecu le . S o , w e  can u se  zeo lite  as a sh ap e se le c t iv e  m aterial as w e ll.

2.2 Zeolite’s Structure

A ll fascin atin g  p roperties o f  the z e o lite  can  b e d eterm in ed  b y studying a 
structure o f  the zeo lite . For exa m p le , z e o l ite ’s sorp tion  ab ility  is d ep en d en t on the s ize  
and num ber o f  the pore. Z e o lite ’s ex ch a n g e  cap a b ility  is d ep en den t on  the A l/S i ratio in 
w h ich  te lls  the am ount o f  ion  that z e o lite  can carry. S o  it is n ecessa ry  to study about 
crystal structure o f  z e o lite  in clu d in g  a co m p o sitio n  o f  them .

2 .2 .1  C haracteristic o f  Z eo lite  F ram ew ork T y p es,
O ne feature that all z e o lite s  h ave in co m m o n  is they  share the sam e 3 -D  

and 4 -co n n ec ted  fram ew ork structure con stru cted  from  com er-sh ar in g  T 0 4  tetrahegral, 
w h ere T is any tetrahedrally coord in ated  cation . A  d escr ip tion  o f  the z e o lite  structure is 
u su a lly  d escrib ed  in the ch aracteristic o f  the s iz e  o f  the pore op en in g s and the 
d im en sio n a lity  o f  the ch an n el system . T h e s iz e  o f  pore op en in g  is u su a lly  d ependent on  
the s iz e  o f  the ring in the crystal. Furtherm ore the s iz e  o f  the ring is  determ ined  b y T  
atom  a c o m e r  cation  in the crystal. For exa m p le , in an 8-r in g  w h ich  is con sid ered  as a 
sm all pore, 10-ring w h ich  is m ed iu m , and a l2 -r in g  w h ic h  is a b ig g est s ix e  o f  all three  
s iz e s  o f  ring, they  have an d iam eter as 4 .1 , 5 .5  and 7 .4  angstrom  resp ectiv e ly . A t present 
there are a hundred o f  the con firm ed  z e o lite  fram ew ork  typ es.

E v en  n o w  there are ov er  133 typ es o f  z e o lite  crystal type, o n ly  a few  o f  them  
describ e z e o lite s  or z e o lite - l ik e  m aterials that are actu a lly  u sed  in industrial app lication . 
T he fifteen  typ es b e lo w  are the ex a m p le  o f  th ose  se lec ted .
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2.2.1.1 LTA (Zeolite A)
T h is fram ew ork  con sists  o f  p rim itive cu b ic  arrangem ent o f  alpha  

cage  jo in e d  through s in g le  8-rings. T h is kind o f  crystal is con sid ered  as a z e o lite  A . It is 
u sed  as a d esicca n t in  the laboratory g lass w are and b etw een  the panes o f  g lass in 
d o u b le -g la zed  w in d o w s.

Figure 2.1  L T A  fram ew ork.

2.2.1.2 CHA (Chabasite)
T h is k ind  o f  fram ew ork is a m em b er o f  the A B C -6  fam ily  o f  

zeo lite  fram ew ork. C H A  has an A B C  stack in g  o f  d ou b le  6 -r in g  arrays. T h is stack ing  
p rod u ces an e lon gated  ca g e  w ith  s ix  8-ring p ores and a 3 -d im en sio n a l channel system . 
H o w ev er , the ch an n el in C H A  are nor straight. T h is fram ew ork  is su ited  for a 
co n v ersio n  o f  m eth an ol to o le fin s  and in the a ld ol con d en satio n  o f  ald ehyd e.
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Figure 2.2  C H A  fram ew ork.

2.2.1.3 GIS (gismondine)
T his fram ew ork can d escrib e as a sta ck in g  o f  2 -d im en sio n a l 

arrays o f  d ou b le  crankshaft ch ains. There are 8 -r in g  ch an n els in the p arallel to X and y. 
T h o se  ch an n els are d isp la ced  w ith  respect to z -a x is . From  the in tersection , th ey  fo m i a 
3-d im en sio n a l ch an n el system . G IS is suita for b e in g  an ion  exch a n ger  in detergents.

Figure 2 .3  G IS fram ew ork.
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2.2.1.4 M F I (ZSM-5)
Z S M -5  can be d escrib ed  as a group o f  p en ta sil un it (e igh t units  

o f  5-ring structure). P en tasil unit are lin k ed  together v ia  an o x y g e n  b rid ges to form  
corrugated sh ee ts  w ith  10-ring h o les. E ach sh eet is lin k ed  b y  o x y g e n  b rid ges to the n ext  
to fo n n  the 3 -d im en sio n a l structure. A d jacen t sheets are related  to o n e  another b y  an 
in version  center. T h is p rod u ces straight 10-ring ch an n els parallel to  the corrugations  
(a lo n g  y), and s in u so id a l 10-ring ch an n els perpendicular to the sh ee ts  (a lo n g  x ). T he  
latter ch an n els link the straight ch an n els to o n e  another to fo n n  a 3 -d im en sio n a l 10-ring  
channel sy stem . Z S M -5  has found m an y  ap p lication s in refin ery and p etroch em ical 
p rocesses.

Firgure 2.4 Z S M -5  fram ew ork .

2.2.1.5 MEL (ZSM-11)
In th is fram ew ork, it has the corrugated  sh eets  o f  p en tasil ch ains  

that are in the Z S M -5  are a lso  present.
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Figure 2 .5  Z S M -11 fram ew ork.

2 .2 .2  Z e o lite ’s A p p lica tion  and M o d ifica tio n
2.2.2.1 Zeolite as an Adsorbent

V e lu  ร. et al (2 0 0 3 )  researched about the a b ility  to rem ov e su lfur  
from  je t  fu e l b y  u sin g  z e o lite -b a sed  adsorbent. B efore  th ey  u sed  m aterial, they  m o d ified  
the m aterial by e x ch a n g in g  various io n s (C u 2+ , N i2 + , in to zeo lite . T h e y  fou n ded  that the 
C e-zeo lite  ex h ib ited  a g o o d  sulfur adsorption . T he cap a city  o f  the adsorption  is about 10 
m g /g  o f  adsorbent.

2.2.2.2 Zeolite as a Catalyst
P an agio tis G. et al m o d ified  the beta z e o lite  w ith  P f P t C f  

im p regnation  for a ca ta lyst in reform in g reaction. T h ey  cou ld  transform  arom atic and 
c y c lic  saturated m u ltib racn ch ed  m o le c u le s  to higher octan e  num ber sp ec ie s .

2.2.2.3 Zeolite as an Ion Exchanger
From  M ilan  z., (1997), th ey  reported about the am m on ia  

rem oval b y  ex ch a n g in g  w ith  the h o m o io n ic  zeo lite . T h ey  u sed  K -z e o lite , M g -z e o lite , 
N a -z e o lite , and C a -zeo lite . T he result sh o w ed  that N a -z e o lite  is the b est exch an ger. It 
rem oved
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2.2.2.4 Antibacterial Zeolite
D u e to rem arkable properties o f  z e o lite , th ey  are b e in g  used  in 

m any ap p lica tion s. O n e o f  the m ost in teresting ap p lica tion s is antibacteria l z e o lite . There 
are m an y  ap p roach es that have b een  u sin g  to m o d ify  z e o lite  to  b e  an antibacterial 
m aterial.

M atsum ura Y . et al said  that z e o lite  im p regnated  w ith  A g  can 
inhib it the grow th  o f  bacteria (E sch erich ia  co li)  at the com p arab le  lev e l to the silver  
nitrate so lu tio n  both in an anaerobic system  and an aerob ic con d ition .

Figure 2.6 B acteric id a l a ctiv ities  o f  s ilver  z e o lite  and s ilv er  nitrate in a n a erob io sis  and 
a ero b io sis  c e lls  w ere  treated at 37°c w ith  s ilver  z e o lite  at 10 m g /m l in 2 0  m M  p otassiu m  
p h osp h ate  b u ffer (c irc le s)  or s ilv er  nitrate at 1 p M  in 20  m M  H E P E S -N a O H  buffer  
(sq u ares) an aerob ica lly  (op en  sy m b o ls) or aerob ica lly  (c lo se d  sy m b o ls).

Furtherm ore th ey  su gg ested  tw o  m ech a n ism s o f  an antibacterial 
action  o f  s ilv e r -z e o lite . First, in order to inhib it bacteria grow th , s ilv er  ion  n eed  to 
con tact w ith  the bacteria d irectly . S econ d , silver  io n s in z e o lite  p rod u ce an a c tiv e  o x y g en  
sp e c ie s  from  the respiratory in h ib ition  process o f  s ilv e r  tow ard bacteria.
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(M . H otta et al, 1998 ) th ey  d id  exp erim en t on  A g -Z n -z e o lite  in 
order to stu d y the antibacterial activ ity  at various ratio o f  A g  and Zn. T h ey  tested  on four 
typ es o f  bacteria (Streptococcus mu tans, Streptococcus mitis, Streptococcus salivarius, 
Streptococcussanguis). T h ey  fou n d ed  that there is n o d ifferen ce  in grow th  inhib ition  
w h ile  in creasin g  the am ount o f  A g  and Zn ion  released  from  z e o lite . Furtherm ore, they  
m ix ed  ze o lite  w ith  urethane acry la te-b ased  resin  in order to u se  it as a f ill in g  m aterial in 
dentistry.

A zb en  T. and Sem ra Ü . (2 0 0 3 ) , th ey  reported that th e  se lec tiv ity  
o f  the exch a n ger  le v e l o f  A g + com pared  w ith  N a +, Z n2+ and C u 2f in N a -c lin o p tilo tite  
(o n e  form  o f  z e o lite )  is in the trend like A g +> N a +>Z n 2+> C u 2+. T h ey  ca lcu la ted  the 
eq u iva len t fraction  o f  the in g o in g  ion in the so lu tio n  (A s) aga in st that in the so lid  phase  
(A z) b y  u sin g  the eq u ation s b e lo w .

In ad d ition , they  tested  the an tim icrob ia l a c tiv ity  o f  them  and  
p lo tted  the d iam eter o f  in h ib ition  zon e  against A z o f  the three ion s. T h ey  fou n ded  that 
s ilv e r  is the stron gest bacteria grow th inhibitor. H ow ever , h igh er ex ch a n g er  lev e l d oes  
not a ffec t the s iz e  o f  the in h ib ition  zone.

F ox  ร . et al. (2 0 1 0 ) reported a p rod u ction  o f  N O -lo a d e d  Z n2 -̂ 
e x ch a n g e  z e o lite  m aterial for antibacterial and other c lin ica l ap p lica tion s. A s  a result, 
T h e antibacteria l properties o f  N O - re lea sin g  z e o lite s  against gram -n egative  
P seu d o m on as aeru g in osa and gram -p ositive  m e th ic illin -se n s it iv e  and m eth ic illin -  
resistan t S ta p h y lo co ccu s a w ra /ssh o w e d  a p oten tia l to inhib it bacteria l grow th .

Y . Z hou  et al. (2 0 0 3 )  sh o w ed  an an tim icrob ia l o f  C u 2 - 
m on tm orillo n ite  against E. coli and ร. faecalis  bacteria. T h ey  found  that the m in im al 
in h ib itory  con cen tration  (M IC ) and k illin g  con cen tration  o f  C u 2 -m o n tm o rillon ite  on  
th o se  bacteria w ere  ~ 1 0  and ~ 5 0  ppm , resp ective ly . H o w ev er , the a b ility  o f  this 
an tim icrob ia l c la y  is not better than that o f  A g +-zeo lite .

H aile  T. et al. (2 0 0 8 )  reported an a b ility  o f  s ilv er -zeo lite to to  
in h ib it corrosion  cau sed  b y  bacteria. T he eva lu ation  w a s  p erform ed  b y  th e am ount o f  
lea ch in g  C a2+and S i4+ from  the cem en titiou s m atrix, rate o f  bacteria l su lp h u r ox id ation ,
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in crease  in b io m a ss  con cen tration , and acid  production . T h e cu m u la tiv e  con cen tration  o f  
ca lc iu m  ion  lea ch in g  w ere 3 .5 -fo ld s  h igher and 2 -fo ld s  h igh er in the u n coa ted  and ep o x y  
coa ted  m ortar sp ec im en s com pared  to th ose  o f  ze o lite  coa ted  sp ec im en . T h e cu m u lative  
lea ch in g  s il ic o n  ion w as a lso  2 .6 -fo ld s  h igher in the con trol m ortar sp ec im en s. B io m a ss  
con cen tration  in the con trol reached 2 1 0  m g  T S S /L , and that o f  the ze o lite s  coated  
m ortar w as 103 m g T S S /L . T he bacterial sulphur ox id a tio n  w a s fou n d  to fo llo w  the 
sam e pattern o f  the bacterial concentration  o f  2 3 0 -2 7 0  m g S 0 4 /g  ร and 15 8 -18 2  m g  
S 0 4 /g  ร  in the control and ze o lite  coated  m ortar sp ec im en s, re sp ectiv e ly . T he resistance  
o f  the z e o lite  coa tin g  w a s further ev id en ced  by in crease  in pH  o f  the control mortar 
sp ec im en s w h ich  dem onstrated  the lea ch in g  o f  gyp su m  (C a (O H )2 ) from  the cem en t  
m atrix. T h e stab ility  o f  z e o lite  coated  sp ec im en  w a s a lso  co n firm ed  b y  the lack o f  
c o ix o s io n  product exa m in ed  b y  F E -SE M  and X R D  results.

Zeolite particles

F ig u r e  2 .7  S can n in g  e lectron  m icrographs o f  m ortars (A )  u n coa ted , (B )  e p o x y  coated , 
(C ) typ e A C  an tim icrob ial z e o lite  coated , and (d) typ e A K  an tim icrob ia l.
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B right el al (2 0 0 7 )  did their research on  sy n th esis  o f  z e o lite  X 
and load ed  A g  by ion  exch an ge. T heir purpose w a s  to u se the m ateria l in antibacterial 
action . A s  a result S yn th esized  ze o lite  X can load  A g + at 2 .0  % พ /พ  I the crystal and 5.8  
% w /w  on  the surface. Escherichia coli and Pseudomonas aeruginosa  and  
Staphylococcus aureus suspen d ed  in so y a  broth w ere  e x p o sed  to 0 .1 5 , 0 .2 5 , 0 .5  and 1.0 
g/L  o f  m aterial for 2 4  hours. In one hour, there is no v ia b le  ce ll o f  b acteria  su rvived .

N arin  G. et al (2 0 1 0 )  reported the antibacteria l activ ity  o f  nitric 
o x id e  releasin g  natural zeo lite . T h ey  reported the resu lt that z e o lite  it s e lf  has no any  
antibacterial action. T h e antibacterial cap ab ility  w a s occurred  after lo ad in g  w ith  N O  by  
purging N O  at the rate o f  2 0  m l/m in  for 12 hours.

F ig u r e  2 .8  SE M  m icrograph o f  N Z  (sca le  bar are 100 m icron  and 2 m icron  for A  and B.

A fter treating a supernatant g o t from  treatin g m aterial w ith  P B S  
buffer w ith  a gram  p o s it iv e  B a cillu s su b tilis  and gram  p o s it iv e  E sch erich ia  c o li, it 
sh o w ed  a c o m p le te ly  eradication  o f  the bacteria ce ll at 7 .5  m g /m l and 12.5 m g /m l o f  
z e o lite  con cen tration  in P B S  rep ectively .
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F ig u r e  2 .9  B acteric id a l activ ity  o f  N Z -N O  in P B S  pH  7 .4  3 7  °c against (A ) E. coli and 
(B ) B. subtilis.

G aleano B . et al (2 0 0 3 )  stu d ied  the an tib acteria l action  o f  A g-Z n -  
z e o lite  coated  on  sta in less  cou p on s. T h ey  coa ted  A g -Z n -z e o lite  con ta in in g  2.5%  (พ /พ )  
silv er  and 14% (พ /พ ) z in c  and w a s app lied  on to  a substrate for 0 .5  m m  o f  th ick ness. 
T h ey  tested  w ith  three B a cillu s sp p .(B.anthracis Sterne, B. cereus T , B. subtilisl68)  in 
the interval o f  0 , 2 , 6 , 12, 24 , or 4 8  hours. T h ey  found  that w ith in  2 4  hours all bacteria  
ce ll is reduced for 99% . H ow ever , dorm ant sp ores are resistan t to s ilv er -z in c  zeo lite s  
o w in g  to the h igh  resistan ce to R O S  conferred  b y  spore coat layers (R iesen m a n  et al., 
2000) .

G abriek C ik  et al (2 0 0 1 )  reported ab ou t the z e o lite  (Z S M -5 )  
m od ifica tion  by e x ch a n g in g  the N a f w ith  C u 2+. A fter  that th ey  sy n th e sized  the Cu(II)- 
c o m p le x e s  o f  th iop h en e v ia  o x id a tiv e  p o lym eriza tion  reaction . T h ey  tested a b io lo g ica l  
activ ity  o f  the m aterial w ith  m icro sco p ic  fun gi (.A.niger, c .  albicans), bacteria (gram  
n ega tive  E. coli, gram  p o sitiv e  ร. aureus). In testin g  w ith  fu n g i, m aterial seem ed  to 
en h an ce a sporu lation  p rocess and in v o lv ed  in k illin g  o f  yeast. F urtherm ore, sporulation  
en h an cem en t w a s in flu en ced  b y the th iop h en e o lig o m ers in the b io ch em ica l p rocess, in 
w h ich  they  can fu n ction  as an organ ic carbon reservoir. D e sp ite  o f  the th iop h en e  
in v o lv em en t, the k illin g  o f  ce ll w a s cau sed  b y  the re lea sin g  o f  C u  ion  into the m ed iu m . 
In bacteria testin g , the percentage o f  k illed  c e ll w a s in creased  under the co a ctio n s o f
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light. Sothey concluded the light effect attributed to the photogeneration of reactive
oxygen species (hydroxide radical), which can be produced either in the material or on
the surface of the zeolite.
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