
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3.1.1 C h e m ica ls :

• B a r iu m  acetate (A ld r ic h )

• S tron tium  acetate hydrate 99 .995%  (A ld r ic h )

• M a g n e s iu m  acetate tetrahydrate 99%  (A ld r ic h )

• T ita n iu m  te tra -n -bu tox ide  97%  (A ld r ic h )

• P o ly (b u ty le n e  succ ina te ) grade F Z 7 1 P D

3.1.2 S o lven ts :

• G la c ia l a ce tic  a c id  (L ab  scan)

• C h lo ro fo rm  (L a b  scan)

• M e th y l a lc o h o l (L a b  scan)

3.2 Equipment

3.2.1 X - R a y  D if f ra c t io n  ( X R D )

T h e  c ry s ta l phases and structu re o f  so l-ge l m agnes ium -doped  ba rium  

s tron tium  titanate ce ram ic  p ow de r, B a |.x.ySrxM g y T i0 3 w e re  ana lyzed  b y  X -R a y  

D if f r a c t io n  w ith  N i- f i l t e r  C u K a  ra d ia tio n  operated at 40  k v  and 30 m A  w ith  scan 

speed 5 .00  deg /m in  fro m  the 2 0  range o f  20 .00  - 80.00 degree.

3.2.2 S ca n n in g  E le c tro n  M ic ro s c o p e  ( S E M )

M ic ro s tru c tu re  and d isp e rs ion  fra ctu red -su rface  m o rp h o lo g y  o f  B S T  

pow de rs  in  P B S -c o m p o s ite  w ere  obse rved  by  a scann ing  e le c tro n  m ic ro sco p e  ( S E M )  

at v o ltag e  o f  15 k V .

3.2.3 A g i le n t  E 4 9 8 0 A  L C R  M e te r

D ie le c t r ic  m easu rem ent o f  the so l-ge l m agnes ium -doped  ba rium  

s tron tium  titanate pow de r, B a i- x_ySrxM g y T i0 3  and the co m po s ite s  w ere m easu red  by 

A g ile n t  E 4 9 8 0 A  Im pedan ce /G a in -Pha se  A n a ly z e r  in  p a ra lle l capac itan ce  (Cp) m ode, 

w ith  fre quen cy  fro m  20 H z  to 2 M H z  at room  tem perature. T h e  d ie le c tr ic  constan t (e )  
o f  the co m po s ite s  w e re  ca lcu la ted  fro m  the sam p le  th ickn e ss  and capac itan ce  by 

u s ing  the fo l lo w in g  equation:
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w here c  is  the capac itan ce  (F ), So is  the free space d ie le c t r ic  constan t va lu e  

(8 .85x1 O' 12 F /m ), A  is  the capac ito r area (m 2), and d is  the th ickn e ss  o f  sp e c im en  (m).

3 .2 .4  A g ile n t  E 4 9 9 1 A  R F  Im pedan ce /M a te r ia l A n a ly z e r

M ic ro w a v e  d ie le c t r ic  p rope rtie s  o f  the so l-g e l m agnes ium -doped  

ba rium  stron tium  titanate  pow de r. B a i . x_ySrxM g y T iC >3 and the P B S / B S T  co m po s ite s  

th in - f i lm  w ere m easu red  by  A g ile n t  E4_911A N e tw o rk  A n a ly z e r s  w ith  fre q u en cy  

from  1 M H z  to 1 G H z  in s id e  the ch am be r w ith  v a r ia b le  tem peratu re  ran g in g  fro m  - 

60 °c to 150°c w ith  ร บ - 261 B e n ch -to p  T yp e  tem peratu re and h u m id ity  cham ber.

3.2.5 C o m p re s s io n  M o ld in g  M a c h in e

P o ly (b u ty le n e  su cc in a te ) and co m po s ite s  sam p les  w ere  p ro du ced  b y  a 

C o m p re s s io n  P ress (L a b  Tech , m ode l L P  20) at the tem peratu re about 150°c and the 

p ressu re  about 2500  ps i.

3 .2 .6  T h e rm a l G ra v im e tr ic  A n a ly s is  ( T G A )

R e s id u a l w e igh t and d e co m p o s it io n  tem perature o f  the p o ly (b u ty le n e  

succ ina te ) and the co m po s ite s  w e re  m easured b y  P e rk in  E lm e r  P y r is  D ia m o n d  

T G / D T A  in strum ent b y  u s ing  the p la t in u m  pan fo r  re fe rence  and ope ra tin g  at the 

heat fro m  25 °c to 600  °c and hea ting  rate o f  10°c/min. T he  e n v iron m en t c o n d it io n  

w i l l  be f lo w  under O 2 w ith  f lo w  rate o f  1 0  m l/m in .

3.3 Experimental Procedures

3.3.1 P repa ra tion  O f  M ag n e s iu m -d o p ed  B a r iu m  S tro n t iu m  T itana te  P o w d e r 

(B a  1 .v -vS ryM gyT iO A

M ag n e s iu m -do p ed  b a r iu m  stron tium  titanate, B a i- x.ySrxM g y T iC >3 
ce ram ic  pow de r sp e c im en s  w ere p repared  b y  d is s o lv in g  the s to ic h io m e tr ic  am oun t o f  

b a r iu m  acetate, s tron tiu m  acetate and m agnes ium  acetate in  50 m l o f  a ce tic  ac id . 

F o l lo w in g  by m ix in g  o f  those th ree p re cu rso r so lu t io n  and ad d in g  50 m l o f  m e th y l 

a lco h o l. T he  so lu t io n  w ere  m ix ed  and stirred  to ob ta in  a c le a r  so lu tion . T h e n  an 

e q u im o la r  am ount o f  t ita n iu m -n -b u to x id e  w as added in to  the m ix tu re  under v ig o ro u s  

s tirr in g . T h e  a tom ic  ra t io  o f  B a :S r:T i = 0 .7 :0 .3:1 .0, 0 .6 :0 .4 :1 .0  and 0 .5 :0 .5 :1 .0  w i l l  be
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used in  the add it ion  o f  m agnes ium  the a tom ic  ra t io  o f  (B a :S r :T i) :M g  = 1 .00 :0 .00  

(0 m o l% ), 0 .995:0 .005  (0.5 m o l% ), 0 .990:0 .010  (1.0 m o l% ) and 0 .980 :0 .020  

(2.0 m o l% ). W hen  the so lu t io n  becam e a w h ite  ge l, the m agnes ium -doped  b a r iu m  

stron tium  titanate ge ls  w e re  taken to ca lc in a t io n  p rocess by  u s in g  “ 2 -step the rm a l 

d e co m p o s it io n ”  m ethod  in  order to decom pose  o f  the o rg a n ic  co m po u nd s  and 

c ry s ta lliz e  the B a i.x-ySrxM g y T i0 3  p ow de rs , the o v e ra ll so l-g e l p ro cess  sch em a tic  is  

show n  in  S chem a tic  3.1 and the tem peratu re p ro f ile  in  2-step the rm a l d e co m p o s it io n  

is  show n  in  F ig u re  3.1.

Schematic 3.1 Preparation of magnesium-doped barium strontium titanate powders.
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Figure 3.1 T w o -s te p  therm a l d e co m p o s it io n  tem perature p ro file .

3.3.2 P repa ra tion  o f  B S T - P B S  C o m p o s ite

T he  co m po s ite  o f  p o lv (b u ty le n e  succ inate) o r  P B S  and b a riu m  

stron tium  titanate pow de r, Bao,7Sro.3T iC >3 w ere prepared by  m ix in g  tw o  co m po n en t 

u s ing  so lu t io n  m ix in g  m ethod. F ir s t ly ,  P B S  p e lle ts  w ere d is so lv e d  in  the c h lo ro fo rm  

so lven t. S e co n d ly , B ao .vS ro jT iCb  p o w d e r w ere  added to the P B S  so lu t io n  in  the 

co m p o s it io n  o f  0, 10, 20, 30, 40, and 50 w t% . Then , the P B S - B S T  m ix tu re s  w ere  

casted in  the a lu m in u m  tray, d ried  in  the oven  at 60 °c fo r 5 hou rs  and cut in to  sm a ll 

flakes. F in a lly ,  the com pos ite  f la k e s  w ere  fab r ica ted  as th in - f i lm  co m po s ite  

spec im ens w ith  the th ickne ss  o f  0 . 2  m m  by u s in g  co m p re ss io n  m o ld in g  at the 

tem peratu re about 150°c and the p ressu re  about 2500  psi.

Time (min)
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