
REFERENCES

A le x a n d ru , H .V .,  B e rbeca ru , c., Io ach im , A . ,  Toacsen, M .I ., B a n c iu , M .G . ,  N ed e lcu , 

L ., and G he tu , D . (2004 ) O x id e s  fe rroe le c tr ic  (B a , S r ) T i0 3  fo r  m ic ro w a ve  

dev ices. M a te r ia ls  S c ie n ce  and E ng in ee rin g : B  109 (1 -3 ), 152-159.

B e rbeca ru , c., A le x a n d ru , H ., P o ro sn icu , c., V e le a , A ., Io ach im , A . ,  N e d e lc u , L ., and 

Toacsan , M .  (2008) C e ra m ic  m a te r ia ls  B a (i-  X)SrxT i 0 3  fo r  e le c tro n ic s—  

Syn thes is  and ch a rac te riza tio n . T h in  S o lid  F ilm s  516(22), 8210 -8214 .

C a rte r, C .B . and N o rto n , M .G .  (2007). L o c a lly  R e d is tr ib u t in g  C h a rg e . N e w  Y o rk :  

S p rin ge r

C h ia n g , C .K .  and P o p ie la rz , R . (2002) P o ly m e r  C o m p o s ite s  w ith  M ig h  D ie le c t r ic  

Constant. F e rro e le c tr ic s  275(1). 1-9.

D ia s , C .J. and D a s-G up ta , D .K .  (1996) Ino rgan ic  ce ram ic /p o lym e r fe rro e le c tr ic  

com pos ite  e lectrets. D ie le c t r ic s  and E le c t r ic a l In su la t ion . I E E E  

T ran sa c tion s  on  3(5), 706-734 .

E d lu n d , บ . and A lb e rts so n , A . c .  (2903) Po lyeste rs  based on d ia c id  m onom ers. 

A d van ced  D ru g  D e liv e ry  R e v ie w s  55(4), 585-609.

Fang , F ., Y ang , พ . ,  Zhang , M .,  and W ang , z. (2009) M e c h a n ic a l re sponse o f  

b a rium -titana te /po lym e r 0 -3  fe rro e le c tr ic  n an o -co m po s ite  f i lm  under 

u n ia x ia l tens ion . C o m p o s ite s  S c ien ce  and T e ch n o lo g y  69(5), 602-605.
F u j im a k i,  T . (1998 ) P ro c e s sa b ility  and p roperties o f  a lip h a t ic  po lyeste rs , 

‘ B I O N O L L E ’ , syn th es ized  by po ly co nden sa tio n  reaction . P o ly m e r 

D eg rada tion  and S ta b ility  5 9 (1 -3 ) , 209-214 .

H a e rt lin g , G .H . (1999 ) F e rro e le c tr ic  ce ram ics: h is to ry  and te chno log y . Jou rn a l o f  

the A m e r ic a n  C e ra m ic  S o c ie ty  82(4). 797-818.

H u , T ., Juuti, J., and Jantunen, H . (2007) R F  p rope rties o f  B S T - P P S  com pos ite s . 

Jou rna l o f  the Eu ro pean  C e ra m ic  S o c ie ty  2 7 (8 -9 ), 2923 -2926 .

H u , T ., Juuti, J., Jantunen, H ., and V ilk m a n ,  T . (2007) D ie le c t r ic  p rope rtie s  o f

B S T /p o ly m e r com pos ite . Jou rna l o f  the Eu ropean  C e ra m ic  S o c ie ty  2 7 (1 3 -  

15), 3997 -4001 .



69

Ich ikaw a , Y . and M iz u k o s h i,  T . (2012) B io n o lle  (Po lybu ty len e su cc in a te ). S yn th e tic  

B io d e g rad ab le  P o lym e rs  245, 285-313 .

Ikada , Y . and T su ji,  H . (2000) B io d eg rad ab le  po lyeste rs  fo r  m ed ica l and e co lo g ic a l 

a p p lica tio n s . M a c ro m o le cu la r  R a p id  C o m m u n ic a t io n s  21(3), 117-132.

Ish io ka , R ., K ita k u n i,  E ., and Ich ikaw a , Y .  (2002) A l ip h a t ic  po lye ste rs :“ B io n o l le ” . 

B io p o ly m e rs  O n lin e .

K a o , K.c. (2004) D ie le c t r ic  phenom ena in  so lid s: w ith  em phas is  on  p h ys ica l 

concep ts  o f  e le c tron ic  p rocesses. M an ito b a : E lse v ie r .

M o u ls o n , A .J . and H erbert, J .M . (2003) E lem en ta ry  S o lid  State S c ie n c e . C h ich e s te r: " 

John  W ile y .

M u ra lid h a r , c. and P i l la i,  P .K .C .  (1987) D ie le c t r ic  b eh av iou r o f  b a r iu m  titanate 

( B a T i0 3 ) /p o ly v in y lid e n e  f lu o r id e  ( P V D F )  com pos ite . Jou rn a l o f  M a te r ia ls  

S c ien ce  Le tte rs  6(3), 346-348 .

N a ka g aw a , T ., N a k ir i ,  T ., H o so ya , R . and T a jitsu , Y . (2004 ) E le c t r ic a l p rope rtie s  o f  

b iodeg radab le  p o ly la c t ic  a c id  f ilm . IE E E  T ran sa c tio n  on  Industry  

A p p lic a t io n s  40(4). 1020-1024.

N a k ir i ,  T ., K a w a ch i, Y . ,  H onda , M .,  Im oto , K . ,  Y am ak ita , T . and T a jitsu , Y .  (2007) 

D e ve lo p m en t o f  e le c tr ic  w ire  u s in g  b iodeg radab le  p o lym e r. I E E E  

T ran sa c tio n  on Industry  A p p lic a t io n s  43(4), 1069-1074.

N e w n h a m , R .E . , S k inne r, D .p . and C ro ss , L .E . (1978 ) C o n n e c t iv ity  and 

p ie zo e le c tr ic -p y ro e le c tr ic  com pos ite s . M a te r ia ls  R esea rch  B u lle t in  13(5), 

525-536.

O h k i,  Y .  and H ira i,  N . (2007) E le c t r ic a l C o n d u c t io n  and B re a k d o w n  P rope rt ie s  o f  

Severa l B io d eg rad ab le  P o lym e rs . I E E E  T ran sa c tion s  on D ie le c t r ic s  and 

E le c t r ic a l In su la tion  14(6), 1559-1566.

O ls z o w y , M ., P a w la c zy k , c., M a rk ie w ic z ,  E ., and K u le k , J. (2005) D ie le c t r ic  and 

p y ro e le c tr ic  p rope rties  o f  B a T iC f i - P V C  com pos ite s . P h y s ic a  Status S o lid i 

(a) 202(9 ), 1848-1853.

Pan t, H .C ., Patra, M .K . ,  V e rm a , A . ,  V ade ra , S .R ., and K u m a r, N . (2 006 ) S tud y  o f  

the d ie le c t r ic  p rope rtie s  o f  b a r iu m  tita n a te -p o lym e r com pos ite s . A c ta  

M a te r ia lia  54(12), 3163 -3169 .



70

P o p ie la r z , R ., C h ia n g , C .K . ,  N o z a k i,  R ., and O b rzu t, J. (2001). D ie le c t r ic  P rope rtie s  

o f  P o ly m e r/F e rro e le c tr ic  C e ra m ic  C o m p o s ite s  fro m  100 H z  to 10 G H z . 

M a c ro m o le cu le s  34(17), 5910 -5915 .

P o p o v ic i,  D ., O ku ya m a , M .,  and A k e d o , J. (2011 ) B a r iu m  T itan a te -B a sed  M a te r ia ls  

- W in d o w  o f  A p p lic a t io n  O p p o rtun it ie s . In L a lla r t ,  M .  F e rro e le c tr ic s  - 

M a te r ia l A s p e c ts . R ij ik a ,  C roa tia : InTech .

Sebastian , M .T .  and Jantunen, H . (2010) P o ly m e r-c e ra m ic  co m po s ite s  o f  0 -3  

c o n n e c t iv ity  fo r  c ir c u its  in  e le c tron ics : A  rev iew . In te rna tiona l Jou rn a l o f  

A p p lie d  C e ra m ic  T e ch n o lo g y  7(4), 415 -434 .

Sha rm a , FI.B ., T a n d o n , R .P ., M a n s in g h , A . ,  and R up , R . (1993 ) D ie le c t r ic  and 

p ie z o e le c tr ic  p rope rtie s  o f  so l-g e l-d e r iv e d  barium  titanate  ce ram ics . Jou rna l 

o f  m a te r ia ls  sc ience  le tte rs 12(22), 1795-1796.

S h iib a sh i, H ., M a tsu d a , H ., and K u w ab a ra , M .  (1999) Low -tem pe ra tu re  p repa ra tion  

o f  (Ba , S r) T iC >3 p e ro v sk ite  phase by so l-ge l m ethod. Jou rn a l o f  S o l-G e l 

S c ien ce  A n d  T e ch n o lo g y  16(1-2), 129-134.

S o m a n i, V .  and K a lita ,  S .J. (2007 ) Syn thes is  and ch a rac te r iza tio n  o f  n an o c ry s ta llin e  

B a r iu m  S tro n t iu m  T itan a te  p ow de r v ia  so l-ge l p ro cess ing . Jou rn a l o f  

E le c tro ce ra m ic s  18(1-2), 57-65.

S onoda , K .,  H u , T ., Ju u ti, J., M o r iy a ,  Y . ,  and Jantunen, H . (2010 ) F a b r ic a t io n  and 

p rope rties  o f  co m po s ite s  from  B S T  and p o lyp rop y len e -g ra ft-po ly (s ty rene - 

s ta t-d iv in y lb en zene ). Jou rn a l o f  the Eu ro pean  C e ra m ic  S o c ie ty  30(2), 381- 

384.

รน , B .  and Bu tton , T.w. (2004) M ic ro s tru c tu re  and d ie le c tr ic  p rope rtie s  o f  M g -  

doped b a r iu m  s tron tium  titanate ce ram ics . Jou rn a l o f  A p p lie d  P h y s ic s  

95(3), 1382-1385.
T a i,  H .-J . (2007 ) D ie le c t r ic  spec tro scopy  o f  po ly (bu ty len e  succ ina te ) f ilm s .

P o ly m e r 48 (15 ), 4558 -4566 .

W o d e c ka -D u s , B ., L is in s k a -C z e k a j ,  A .,  O rk is z ,  T ., A d a m c z y k , M ., O s ih ska , K .,  

K o z ie ls k i,  L .,  and C ze k a j, D . (2007 ) T he  so l-g e l syn thes is  o f  ba r ium  

stron tium  titanate  ce ram ics . M a te r ia ls  S c ie n ce -P o lan d  25(3), 275-294 .



71

X ie ,  S .-H ., Zhu , B . -K . ,  W e i, X .-Z . ,  X u ,  Z . -K . ,  and X u ,  Y . - Y .  (2005)

P o ly im id e /B a T i0 3  co m po s ite s  w ith  co n tro lla b le  d ie le c t r ic  p roperties. 

C o m p o s ite s  P a rt A :  A p p lie d  S c ien ce  and M a n u fa c tu r in g  36(8), 1152-1157 .

X u , J. and G u o , B . -H .  (2010) M ic r o b ia l S u c c in ic  A c id ,  Its P o ly m e r  P o ly (b u ty le n e  

succ inate ), and A p p lic a t io n s . In C h en  G .-Q ., P la s t ic s  fro m  B a c te r ia . C h a p .14 
(347-388). B e r lin :  Sp ringe r.

X u .  J. and G uo , B . -H . (2010) P o ly (b u ty le n e  succ inate ) and its  copo lym e rs :

Resea rch , d eve lo pm en t and in d u s tr ia liz a t io n . B io te ch n o lo g y  Jou rn a l 5(11), 

1149-1163.

X u ,  ร . ,  Q u , Y., and Zhang , c. (2009) E ffe c t  o f  M g 2+ con ten t on  the d ie le c tr ic  

p rope rties o f  Bao .65 . xSro 3sM g x T i0 3  ce ram ics . Jou rn a l o f  A p p lie d  P h y s ic s  

106(1), 014107 .

Y u , L ., K e , ร ., Z h ang , Y . ,  Shen, B ., Zhang , A . ,  and H uang , H . (2011) D ie le c t r ic  

re la xa tion s  o f  h ig h -k  p o ly (b u ty le n e  succ inate ) based a ll-o rg a n ic  

n an o com p os ite  f i lm s  fo r  capac ito r ap p lica tio n s . Jou rn a l o f  M a te r ia ls  

R esea rch  26 (19 ), 2493 -2502 .

Y u , L . ,  Zhang , Y .,  T o ng , พ . .  Shang , J., Shen , B ., L v , F ., and C h u , P .K . (2012) 

G reen  d ie le c t r ic  m a te r ia ls  com posed  o f  natural g raph ite  m in e ra ls  and 

b iodeg radab le  p o lym er. R S C  A d v a n ce s  2(23), 8793 -8796 .

Z h o u , J-, W ang , X . ,  H ua , K .,  D u an , c .e . , Z h an g , พ . ,  J i, J., and Y an g , X .  (2013) 

Enhanced  m ech a n ica l p rope rties  and d eg rad ab ility  o f  p o ly (b u ty le n e  

succ inate) and p o ly ( la c t ic  a c id ) b lends. Iran ian  P o ly m e r Jou rna l 22 (4), 267- 

275.



APPENDICES

Appendix A Lattice Parameter Calculations

Table A1 T he  id e n t if ic a t io n  o f  XRD peaks o f  the BaojSfojMgoTiO:, pow de r

2 -Theta d (A ) h k 1 a -A x is C -A x is

22 .509 3 .9468 1 0 0 3.9468

31 .947 2 799 1 1 0 3 .9584

39.353 2 .2877 1 1 1 3.9468 3.9941
45 .753 1.9815 2 0 0 3 .9629
51 .496 1.7731 2 0 1 3 .9468 4 .0398
56.812 1.6192 2 1 1 3 .9468 4 .0679

A ve ra g e Lattice Con stan ts  = 3 .9514 4 .0339

c/a 1.0209

Table A 2  T he  id e n t if ic a t io n  o f  X R D  peaks o f  the Bao.695Sro 3Mgo.oo5T i0 3  p o w d e r

2 -The ta d (A ) h k 1 a -A x is c - A x is
22 .47 3 .9536 1 0 0 3 .9536

31 .907 2 .8024 1 1 0 3 .9632
39.315 2 .2898 1 1 1 3 .9536 3.9911
45.711 1.9832 2 0 0 3.9663
51.455 1.7745 2 0 1 3 .9536 4.0261
56.774 1.6202 2 1 1 3 .9536 4 .0464

A ve ra g e  L a tt ic e  C on stan ts  = 3.9573 4 .0212

c/a 1.016
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Table A3 The identification of XRD peaks of the Bao.ôgSpuMgo.oiTiO} powder

2-Theta d(A) h k 1 a-Axis C-Axis
22.48 3.9518 1 0 0 3.9518
31.92 2.8013 1 1 0 3.9617

39.329 2.289 1 . 1 1 3.9518 3.9907
45.73 1.9824 2 0 0 3.9648
51.479 1.7737 2 0 1 3.9518 4.0248
56.771 1.6203 2 1 1 3.9518 4.0572

Average Lattice Constants = 3.9556 4.0242
-

c/a 1.0173

Table A4 The identification of XRD peaks of the Bao.ôgSrojMgo.coTiCb powder

2-Theta d(A) h k 1 a-Axis c-Axis
22.433 3.9599 1 0 0 3.9599
31.877 2.8051 1 1 0 3.9669
39.282 2.2916 1 1 1 3.9599 3.9881
45.679 1.9845 2 0 0 3.969
51.409 1.7759 2 0 1 3.9599 4.0169
56.712 1.6218 2 1 1 3.9599 4.0383

Average Lattice Constants = 3.9626 4.0144

c/a 1.0131

Table A5 The identification of XRD peaks of the Ba0.6Sro.4MgoTi03 powder

2-Theta d(A) h k 1 a-Axis' c-Axis
22.524 3.9442 1 0 0 3.9442
32.012 2.7935 1 1 0 3.9506
39.446 2.2825 1 1 1 3.9442 3.9719
45.872 1.9766 2 0 0 3.9532
51.634 1.7687 2 0 1 3.9442 3.9992
56.965 1.6152 2 1 1 3.9442 4.0197

Average Lattice Constants = 3.9468 3.9969

c/a 1.0127
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Table A 6 The identification of XRD peaks of the Bao.595Sro.4Mgo.oo5TiC>3 powder

2-Theta d(A) h k 1 a-Axis C-Axis
22.496 3.9491 1 0 0 3.9491
31.983 2.796 1 1 0 3.9542
39.41 2.2845 1 1 1 3.9491 3.9.726

45.817 1.9788 2 0 0 3.9577
51.574 1.7707 2 0 1 3.9491 4.0009
56.916 1.6165 2 1 1 3.9491 ' 4.0135

Average Lattice Constants = 3.9514 3.9957

c/a 1.0112

Table A 7  The identification of XRD peaks of the Ba0 59Sr0.4Mg0.0iTiO3 powder

2-Theta d(A) h k 1 a-Axis c-Axis
22.463 3.9547 1 0 0 3.9547
31.922 2.8012 1 1 0 3.9615
39.342 2.2883 1 1 1 3.9547 3.981
45.746 1.9817 - 2 0 0 3.9634
51.507 1.7728 2 0 1 3.9547 4.0024
56.836 1.6186 2 1 1 3.9547 4.0156

Average Lattice Constants = 3.9573 3.9997

c/a 1.0107

Table A 8  The identification of XRD peaks of the Bao.5sSro 4Mgo.o2Ti03 powder

2-Theta d(A) h k 1 a-Axis c-Axis
22.504 3.9476 1 0 0 3.9476
31.989 2.7955 1 1 0 3.9534
39.423 2.2838 1 1 1 3.9476 3.9717
45.832 1.9782 2 0 0 3.9564
51.603 1.7697 2 0 1 3.9476 3.9963
56.931 1.6161 2 1 1 3.9476 4.0152

Average Lattice Constants = 3.95 3.9944

c/a 1.0112
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Table A9 The identification of XRD peaks of the Bao.5 Sro.5 MgoTi0 3  powder

2-Theta d(A) h k 1 a-Axis C-Axis
22.61 3.9293 1 0 0 3.9293

32.123 2.7841 1 1 0 3.9373
39.583 2.2749 1 1 1 3.9293 3.9624
45.999 1.9714 2 0 0 3.9429
51.814 1.763 2 0 1 3.9293 3.9952
57.137 1.6108 2 1 1 3.9293 4.0299

Average lattice Constants = 3.9329 3.9958

c/a 1.0160

Table A10 The identification of XRD peaks of the Ba0.495Sr0.5Mg0.005TiO3 powder

2-Theta d(A) h k 1 a-Axis c-Axis
22.586 3.9335 1 0 0 3.9335
32.094 2.7866 1 1 0 3.9408
39.536 2.2775 1 1 1 3.9335 3.9677
45.974 1.9724 2 0 0 3.9449
51.766 1.7645 2 0 1 3.9335 3.9953
57.129 1.611 2 1 1 3.9335 4.0107

Average Lattice Constants = 3.9366 3.9912

c/a 1.0139

Table A ll The identification of XRD peaks of the Bao.49Sro .sMgo.oiTiCL powder

2-Theta d(A) h k 1 a-Axis c-Axis
22.572 3.9359 1 0 0 3.9359
32.071 2.7886 1 1 0 3.9436
39.514 2.2787 1 1 1 3.9359 3.969
45.942 1.9738 2 0 0 3.9475
51.707 1.7664 2 0 1 3.9359 4.0069
57.08 1.6122 2 1 1 3.9359 4.0176

Average Lattice Constants = 3.9391 3 9978

c/a 1.0149



Table A12 The identification of XRD peaks of the Bao.48Sro.5Mgoo2Ti03 powder

2-Theta d(A) h k 1 a-Axis C-Axis
22.537 3.9419 1 0 0 3.9419
32.06 2.7894 1 1 0 3.9448
39.503 2.2793 1 1 1 3.9419 3.9602
45.926 1.9744 2 0 0 3.9488
51.734 1.7655 2 0 1 3.9419 3.9721
57.059 1.6128 2 1 1 3.9419 3.9945

Average Lattice Constants = 3.9435 3.9756

c/a 1.008
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Appendix B Frequency-dependent Dielectric Properties of Magnesium-Doped 
Barium Strontium Titanate Powder and PBS-Composite Thin 
Film

Table B1 Frequency-dependent dielectric constant of magnesium-doped barium
strontium titanate powder

Ba|.x.jSrxMgyT i03 Frequency
X y 1E+06 5E+06 1E+07 5E+07 1E+08

0.3
0 602.60 428.23 422.93 421.87 420.27 '

0.005 524.12 372.68 369.12 369.47 368.34
0.01 485.93 341.84 337.99 337.69 336.13
0.02 426.91 302.31 299.19 299.52 298.66

0.4
0 486.87 345.33 341.28 340.52 338.63

0.005 470.00 333.91 330.17 330.25 329.07
0.01 459.37 327.31 324.15 324.23 323.03
0.02 381.76 270.70 268.34 268.63 267.34

0.5
0 470.76 332.90 328.80 328.29 326.53

0.005 446.90 316.42 313.00 312.74 311.00
0.01 416.78 295.69 292.88 293.42 292.43
0.02 233.97 164.68 163.10 163.60 163.01

Table B2 Frequency-dependent loss tangent of magnesium-doped barium strontium
titanate powder

Ba,.x.ySrxMgyT i03 Frequency
X y 1E + 06 5 E + 06 1E +07 5E + 07 1E +08

0.3
0 0.1127 0.0165 0.0171 - 0.0168 0.0146

0.005 0.1057 0.0115 0.0125 0.0127 0.0106
0.01 0.1099 0.0148 0.0154 0.0140 0.0111
0.02 0.1057 0.0120 0.0129 0.0130 0.0110

0.4
0 0.1084 0.0148 0.0155 0.0153 0.0128

0.005 0.1088 0.0132 0.0143 0.0131 0.0101
0.01 0.1072 0.0126 0.0143 0.0132 0.0105
0.02 0.1047 0.0100 0.0120 0.0119 0.0094

0.5
0 0.1097 0.0159 0.0160 0.0145 0.0116

0.005 0.1093 0.0139 0.0143 0.0138 0.0110
0.01 0.1051 0.0113 0.0114 0.0114 0.0089
0.02 0.0998 0.0095 0.0106 0.0108 0.0080
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Table B3 Frequency-dependent dielectric constant of PBS-composite thin film
PBS/BST Frequency

1E+07 5E+07 1E+08 5E+08 1E+09
100/0 4.56 3.63 3.14 2.24 1.99
90/10 5.26 3.63 3.23 2.70 2.55
80/20 9.08 4.72 4.09 3.30 3.08
70/30 12.13 5.57 4.56 3.63 3.36
60/40 16.70 6.75 5.21 3.42 2.94

- 50/50 18.70 8.75 7.21 5.42 4.94

Table B4 Frequency-dependent loss tangent of PBS-composite thin film

PBS/BST Frequency
1E+07 5E+07 1E+08 5E+08 1E+09

100/0 0.3749 0.2612 0.2902 0.2511 0.2045
90/10 0.4004 0.2866 0.2400 0.1340 0.0962
80/20 0.5114 0.4528 0.3472 0.1891 0.1409
70/30 0.5647 0.5757 0.4431 0.2113 0.1587
60/40 0.7203 0.5856 0.4579 0.2283 0.1559
50/50 0.7473 0.6126 0.4849 0.2553 0.1829
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Appendix c  Data Sheet Of Poly(ButyIene Succinate) Grade Blown Film 
Extrusion (AZ91TN)

Table Cl Data sheet of poly(butylene succinate) grade blown film extrusion
(AZ91TN)

Properties Test
method Unit AZ91TN

MFR ( 190 C/21.18 N) IS01133 g/10 min 4
Specific gravity ” IS01183 g/cm3 1.26
Flexural modulus IS0178 MPa 530
Flexural strength ISO 178 MPa 34
Yield stress IS0527 MPa 37
Stress at break 1S0527 MPa 37
Strain at break IS0527 % 300
Izod impact strenght (23 °C) ISO180 kJ/m2 8.2

'Deflection temperature under load (0.45 MPa) IS075-2 °c 84
Rockwell hardness (R scale) ISO2039-2 - 96
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Appendix D Breakdown Strength and Effects of Corona-poling of
Poly(butylene succinate)/Barium Strontium Titanate Thin-fdm 
Composites on Dielectric Constant at Low-Frequency

Table D1 Breakdown strength of poly(butylene succinate)/barium strontium titanate 
thin-film composites

BST content Breakdown Strength 
(kV/mm)

0 wt% 2630
10 wt% 24.76
20 wt% 24.00
30 wt% 18.10
40 wt% 16.40
50 wt% 15.30

Table D2 Frequency-dependent dielectric constants of poly(butylene 
succinate)/barium strontium titanate thin-film composites 
(poled at 12.5 kv/mm, 80°C, and 30 min)

F req u en cy State F req u en cy
1 .00E +02 1 .00E + 03 1.00E +04 1 .00E + 05 1 .00E + 06

0 wt% unpoled 3.11 -  3 .07 3.03 2 .95 2 .22
poled 2 .99 2.98 2.93 2 .83 1.91

10 wt% น ท poled 3.23 3.19 3.12 3 .02 2 .76
poled 2.05 2.01 1.98 1.92 1.78

20 vvt% U11 poled 4.02 3.98 3.91 3 .80 3 .54
poled 3.92 3.88 3.81 3 .69 3.43

30 wt% unpoled 7.88 7.57 7.17 6 .80 6.43
poled 5.91 5.67 5.38 5 .10 4 .8 2

40  vvt% unpoled 8.52 8.19 7.92 7.64 7 .26
poled 6.82 6.55 6.33 6.11 5.81

50 \vt% unpoled 17.11 16.79 16.48 16.11 15.61
poled 14.54 14.27 14.00 13.69 13.27
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Appendix E Experimental Data Fitting of Poly(butylene succinate)/Barium
Strontium Titanate Thin-film Composites

The prediction of dielectric constant of polymer matrix composite in 
0-3 connectivity system as the function of dielectric constant of each phase and filler 
volume fraction. The equations below were used to calculate the dielectric constant 
of PBS-BST composite at low filler volume fraction.

Series mixing rule :
I  V f  , ( > - ^ )

£  e f f  £  f i l le r  £  matrix

Modified-Lichtnecker’s mixing rule :

= log ๔ m alm+(1 -n )V  1 log (iji"ÏL)
matrix

Maxwell-Wagner equation :
malnx+ £  f i l l e r fillet ~ £  matrix )

2 £  matrix+ £  f i l l e r ~ V f ( £  filler ~ £  matrix )  _

Where e’eff , s ’fliler , and e’niatrix are the dielectric constant of the 
composite, filler, and polymer matrix, respectively, Vf is the volume fraction of the 
filler. In Modified-Lichtnecker’s equation, ท is fitting parameter, which was reported 
to be 0.3 in well-dispersed system. In this work, the experimental data was mostly 
fitted to the Modified-Lichtnecker’s equation where ท = 0.28 and at the filler volume 
fraction between 0.2 and 0.4, which can be implied that the fillers phase were 
essentially dispersed in matrix phase.

๔*  = ๔''
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Figure El Dielectric constant of PBS/BST composites as a function of volume 
fraction of BST filler and experimental data fitting.
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Appendix F Poly(butylene succinate)/modified - Barium Strontium Titanate 
Composite Thin-film Characterizations

Preparation o f modified - Barium Strontium Titanate
The PBS-nanocomposite with the PBS:BST ratio of 90:10 were taken 

into further investigation on the effect of surface treatment in BST powder using 
Triethoxyvinylsilane coupling agent, Ethylene glycol and Propylene glycol as surface 
treatment agents. Firstly, barium strontium titanate powder were stirred in ethanol for 
10 min at 6 0 °c. Secondly, each surface treatment agent was slowly dropped for 
10%(v/v) and taken to sonicated bath for 30 min. Then, the mixture were taken to 
centrifugal machine at 5000 rpm for 10 min to separate the surface treated powder 
and ethanol, dried in the heating oven for 24 hr. Finally, the surface treated BST 
powder were mixed with PBS pellets by using solution mixing method following by 
compression molding.

Morphological Investigation

Figure Fl SEM image of surface treated BST/PBS composite a) non-treated
b) Triethoxyvinyl silane-treated c) Ethylene glycol-treated d) Propylene 
glycol-treated.
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Figure F2 Tensile strength of surface treated BST/PBS composite.

Figure F3 Strain at break of surface treated BST/PBS composite.
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Figure F4 Tensile modulus of surface treated BST/PBS composite.

Frequency-dependent Dielectric Properties
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Figure F5 Dielectric constant of surface treated BST/PBS composite.
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Figure F6 Loss tangent of surface treated BST/PBS composite.
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