
;M » * i 

• 6 * J 

SUMMARY 
& 

CONCLUSIONS 

o b e i k a n d l . c o m



SUMMARY& CONCLUSIONS 

SUMMARY& CONCLUSIONS 

Barium titanate BaTi03 (BT) and lead titanate PbTi03 (PT) are 
ferroelectric ceramic materials with perovskite structure (ABO3). 
Barium titanate and lead titanate are very important for several 
industrial and academic points of view because of high 
permittivity, high dielectric constant, low dielectric loss, high 
breakdown voltage and excellent volumetric efficiency of the 
capacitance. These materials are mainly applied in multilayer 
ceramic capacitors (MLCCs), sensor and actuators, PTC 
thermistors, piezoelectric devices, IR detectors, dynamic random 
access memories (DRAM), capacitance in printed circuit boards 
(PCB) and non-volatile memories. 

BT & PT have been successfully prepared using solid state and 
wet chemical methods. Powders with high homogeneity, uniform 
shape and narrow size distribution can be obtained using wet 
chemical methods which including sol-gel, co-precipitation, 
microemulsion, hydrothermal synthesis and organic acid precursors 
methods. Organic acid precursors method is the most intensely 
examined route for generation BaTi03 from complex precursor. 
The advantages of organic acid precursor process are the low cost 
starting materials, fine microstructure, high performance, 
homogeneity, narrow particle size distribution and friendly 
environment. Hydrothermal method gives nanosized powders, 
chemical homogeneity of produced powders, high purity, reduction 

176 

o b e i k a n d l . c o m



SUMMARY& CONCLUSIONS 

of high temperature calcination stage and synthesis of lead titanate 
was in closed system that consider environmentally process. 

The present study deals with synthesis of barium titanate and 
lead titanate nanopowders using organic acid precursor and 
hydrothermal methods using low cost starting materials. The 
factors affecting on the synthesis of powders were systematically 
studies and the optimum conditions were determined. ; 
The present thesis comprises three chapters. 

Chapter I 

The chapter involved introduction and literature survey on 
synthesis of barium titanate and lead titanate nanopowders by 
different synthesis methods. Moreover, the properties, 
characterization and applications of BT and PT were discussed. 

Chapter II 

The chapter contained the procedure for synthesis of barium 
titanate and lead titanate by organic acid precursor and 
hydrothermal methods. Moreover, the materials, reagents, 
equipment and instrumentations used for synthesis and 
characterization were also involved. 
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Chapter III 

In this chapter, the results and discussion for preparation, 
properties and characterization of barium titanate and lead titanate 
nanopowders by organic acid precursor method and hydrothermal 
methods were discussed in details. The results obtained from these 
studies were summarized in the following:-

Preparation of Barium Titanate 

A.Organic Acid Precursor Method 

1- XRD patterns showed that tetragonal barium titanate BT phase 
is formed in presence of oxalic, tartaric and citric acid whereas 
the pure phase is absent for benzoic and acetic acids. 

2- BT single phase nanopowders was formed using oxalic acid as 

a precursor by statistical design experimental at low oxalic acid 
o 

mole ratio 0.5, low calcination temperature 800 C and low 
calcination time 2.25 h. Moreover single phase of BT formed 
with an increase calcination time and temperature at oxalic acid 
mole ratio 1, 1.5. The average crystallite size of single-phase 
BT is 68.4 nm 

3- Addition of Zr4+ ions at calcination temperature 1000 C, 
calcination time 2h and oxalic acid mole ratio 0.5 showed that 
addition of different Zr4+ mole ratio led to formation of BaTi03 
and cubic barium zirconate BaZiC^ phases. Increasing the Zr4+ 

mole ratio decreased of barium titanate phase and increasing 
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the percentage barium zirconate phase. The dielectric constant 
was decreased by increasing Zr4+ ions. 

4- Barium titanate nanopowders (66-75.4 nm) using citric and 

tartaric acids as a source of carboxylic acid at mole ratio 1.2, 

calcination time2 h and calcination temperature using tartaric 

and citric were 900 and 1000 C, respectively 

B- Hydrothermal Method 

1- The XRD patterns showed that tetragonal BT phase was formed 
via hydrothermal method using statistical design experimental 
(Box-Behnken design). The factors affect on synthesis of BT 
were hydrothermal temperature, hydrothermal time and pH. 

2- Well crystalline BT nanopowders were formed at hydrothermal 

time 12h, pH 13.5 and hydrothermal temperature 180 C. 

Moreover, BT single phase was achieved at hydrothermal time 

up to 24 h, hydrothermal temperature 165 C and pH 13. 

3-The crystallite sizes of produced barium titanate were 85 nm. 
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Preparation of Lead Titanate 

A-Organic Acid Precursor Method 

1- XRD patterns showed that tetragonal lead titanate PT phase 
was formed using organic acid precursor method. The factors 
affecting on synthesis in presence of (oxalic, citric and tartaric) 
acids were acid mole ratio, calcination temperature and time were 
prepared 

2- PT nanopowders (31nm) using oxalic acid as precursor at 

calcination temperature 600C and calcination time 1.5 h. 

3- Lead titanate nanopowders (ll-12nm) were prepared using 

citric and tartaric acids at calcination temperature 600C and 

calcination time 2 h. 

4- Addition of Zr4+ ion using oxalic acid as a source of organic 
o 

acid at calcination temperature 600 C, calcination time 1.5 h was 
decreased the percentage of lead titanate phase and increasing the 
formation of lead zirconate phase. The dielectric constant was 
increased with increasing the Zr4+ ions content. 

B- Hydrothermal Method 

1- The XRD patterns showed that tetragonal PT phase was formed 

using hydrothermal method. The factors affect on synthesis of BT 

were hydrothermal temperature, hydrothermal time and pH. 
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2- The optimum conditions for preparation of PT nanopowders 
were pH 13, hydrothermal time 3Oh and hydrothermal temperature 
200 °C. 

3- The microstructure of PT is strongly dependent on the synthesis 

conditions. 

4-The dielectric constant was 2153 KHz which' decreased 
compared with organic acid precursor method 

In conclusion, barium titanate and lead titanate nanopowders have 

been successfully synthesized by organic acids precursor and 

hydrothermal methods using low cost starting materials. Moreover, 

synthesis of>high expensive materials, prices of 1 kg of barium 

titanate 112$ and lead titanate to 200$ can be attained using 

commercial routes (hydrothermal and organic acid precursor 

method). The obtained materials have high dielectric constant and 

they applied in several fields, namely, industries, medicine, 

aerospace and military applications. 
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AJAUIA f\*a.\ J* (j-at-fljJi ilujULuj fjJjUl ^nilVi f£f&J jj 'frVi 

< > 

C5-Sill j ^ i sJ I cJJ^ c r ^ *j3j-*l l cJ-xljxll AjoiJjj <1IA1 J5J ^jL-aSSI J«J <juiij^U (Ja-ao 

AluJSl i ( > A J J ^ I j t . M ^ j j ^ ] ) ( j h A*S\\ p j ^ i <J** (j-aL-sajl l ( J l ^ l l a j j AJJJVJ I I CTVJILLIS <j-o 

4 - ^ ) ^ J ^ j V ^ j j J ^ l l (jiaLAik j l AAs^Ja} AjjuiiSL ^ I J X U Ajia^SkJl Aojuullj Sj\^)aJt A A J ^ J 

tsLSij A - j J j ^ j j ^ i l A J J J ^ M ^ <8r5^jj^^< o ^ b <J-ol£!i u-^Jj ojlj^Jl 

S j l ^ k <2wj^ ,i i& AjVjuiSjj jSH { j i a L a ^ U j A t n A ^ iiLUjua^jVI <J-aATk f i ^ 1 » i l j A j J j L l I 

t i L j I j n i ti ( j la-xaJ A-jJjxlt Aua ill j A ^ L J U I Y *g i a (Jj£l Alia Ktt < j - ^JJ ^ J ^ * 4 - ^ J ^ 

A j n » a l l (j>>,A^ *h*s*t mlj A J J j L j l l (.r ni l 111! 0.JJ1^M A^aJl £ j l j J J j ^ , t iiL^)Ia^)Iall j 

A j j j U i C l ^ t t u j j . ^ i V f l O l a l ! c J j j 3 i M C u & Ldiu . j l a j i U VO & n 1 t S L j i a j i i l l j 

P J " 
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A j i j i * A - A j J A ♦ ♦ A-L 

(jxj L̂ ft ^-JLuaJl A^^ti £ j i j i j Ac-LuaX A unKti (J*JJ 4J>** ^?^P *l • ♦ A UHKII SJI^)^. 

f * * ^ ^ ̂  < j r ^ J J 1 ^ f S j l l j A^-LJI r * CJSJI! < > J J AJJIA A*> J ^ t • * S j | ja . A+j* 
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4^Jj*Ji (yiMrtt i 

*1 J-A*J1 C^AS 2UJ& * CJL^ISJ 2LSLUI C^J^AJ 3_ujj3£iy» O b ^ a J t j ^ i u ^ J i 

<jjjaJt S j ^ V ' j U j O ^ ^ ' j (JJA^AW oj^aJj AjjjjucJi (jjj* C1AAJ>JJJ jLa*Vl Ac-liua 

(JAJJLJJ jJ-cal-J-^jlij &j*ju2\ ^ J^ " f f i J j > ^ ^1 ( J J - ^ AIJUS #LA J^C-J 4-C-LlaH S^-j-r^J 

^Uaa i l ^?JX O ^ J c W 3 ^ J J ^ ^ * J J * ^ J ^ <^ £^*J2 AJL^ I I * i j k J l 

<LujJt*JLa $ j ^>J g i f f i 4-i laj l t 4,, j'alj^jMi SjLjjlall t^al ^^SJ ^)-jC. ^ j j ^ l o l t J jJa f i J ^fcj£ 

^ j J j U J i Ci-Hl iu t > * dS j j i o ^ ^ J i A l ^ j j S l C J O ^ J J 4 - U J J U f W J ^ J j 4 _ & j 

AIA ^jUrfVffl JbU AJUJI jJlU (Jx^J LAX A^ l la 
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^ j j jU l t <.~ni\Vi ju>>Vi V j i 

5JLUI£JJJSJ | (jialAA.VI p JJ AJUII j^4 tSllij AJ1UU£JJJ&M (jlaLoaOM AJL^ia - ' 

a_J .13j <_£ jjJa_*ll (jla^tadl A-llbjaJl 4 jmiM JjSLij AJtnKM ^ll^JJ Aim KM ft j l ^ a . 

A_Ai*M vJ.j j .kM ^ J j . o ^ t t Aj lU^V)H C j L J j l M f h V i m U C J J ^ * * J ^ 

,X3 j L̂alaJLuuaM CJJ IAJM .Ho ( J J & I J AJJjbM t̂ n'A'Vn <j« AjJjjU Sj^ jJ jOjJaaui 

i i U l l j ^ J J S I V I e^uLaltj AiuuJl Ax^Vi J j £ * J lo AJJIJ3I S j ^ V l f f c i U ^ 

. Ajjbjg£J! ASJIXAM j ^ ^ - j eljAaJll C i a j AXJS }Mj 

^ ^ L O A . ! abaiuib AJJJLAM Cni l l j i QJ* ^LjJ^all Jj-1»M tr^" ( J j ) " ^ ^ f$ «^J 

j—Sj j j i a (3J^JJ A! I A ^ J A J L U £ J J J & (_paL«A.\£ tiLjIixuMj i^LjlajJaMj tdiLuilSjVl 

# A J L U & J J J S (_paLaaA£ liLljjuiVij »il}j JJJM (jJbLa&l a l^ lu ib a j j j b M t"iji\ m ( j * 

AJSJ 3 j j j - a (-3 A J J J U I I «*nilu1 ^Je (Jj^uoaJl AJIHAII c_ij jJail ,U -̂s*i AJJ 

A_}jio A_2k,jl A * « Aim KM ftjlj-^. A_a>jJ . l i e v*LlL*£jVt (jr> <a% al.vWmlj - I 

- a ^ J | j • , 0 «-*tjtl...<j^ft ^jia^taJ A_I1JAM 4a**iMj AcLai X, Y O Aim KM O-4 j j 

. j l a j j t i 1 A, i f j J jbM CliuUul ^ J a J l 

4-Jjlo 5-ikj^ ^ * » • AJm KM Sj l J A A-a^jl l i e . <ibj*V)*iiM (jVy <a-v AIIAJLUIIJ -C_J 

,—AUaJl a-^aJlj ^ ,Y t*Lji iuJl (j>> o%\ A^IJAM AjwiM J 4cLm Y AimKM ( j ^ J j 

j l a j j l i 1 1 AJJjLM t"nit'ij*i1 

A_J s i * A_3k j l ° * * Aiui S j l j_ak. 4 - ^ . j l . l ie . c d j j J a j L M (jia_A2k. al.'^'l mU -£-

A^xaJ! j ^ , Y t*Ljjla jlaM ĵ>> <a%\ <L}1JAM A)>« jM j Ae-Lui Y Aim KM (j^aj* j 

j i a j j l i V O «jjJLJM »"nil*ij"i\ ^ 1J1%M 
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(jJb^aaJ <_J1JAH 4ou»_ilij <CLJUI Y 4*un 1MI (j- - 0 j j 4-Jj^* ^ - ^ P ^ * * » ^*... \<U 

(a5Jc (JJJMOJXII AjjU^StVi <Jl»Lu)ljJxH &t.laJLuii a-J l l j A j j i ^ ^ j j ^ J l AjLl^L -T 

^ 3 J J I J di-S^ii Cy-AJ J$--*J • j l > = ^ l 3— -̂.jJ <—UJ!JJJ t iL lJ j 4 jH^t l e i j ^ J a l ! 

alaaiuib A J J J U I I ^MilVi ^j io ( J J > / T \ ^ <LilL!ull c j j ^ a l l Cut£ j # t5iia.jjJL}^J) 

A_3k.jJ XJc. ACLUJ ^ Y S j ! j ^ . A_a.jO lie. 4J£J ejjjk-a ^ f l A J J I j a . j j ^ i l A i ^ ^ l 

Y £ ^ t <—iSjll ft^Ljjj La* ^ » ° ( ^ > J J > ^ ^ ^ A^J Ssj^* ^ - j ^ ^ A * ^J^^ 

> V <S?J±?.Jjxi^i fS^ l j "i 1 © s j l ^s . A A j j ^j& ^ J J J U I coijliu U J ^ < & u 
j l o j j U Ao AJJJLJII Ciji\*nfl <_iuaJl ■*?'v^ J 

C 
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Sj l^a . 4-a.j.i J fcd-J^iajisllj «^LJJJJJJJIJ >-*!jtl >».^jV< Q>y A-\ <JJL* «Lsliiu*£i^jj£JI 

. 4 j J ^ l j ^ j J a j W j « M * ^ j V I <>aUa.f f haAJL 

(J-4JJ A j j l o ^ - ^ J J ^ * * 4-J»"Kll *J^^afc ^ J ^ •^ c ^J^-m^jVl <J-a-«k ahAlinb-l 

AcLuiY <jjuiKJl (3^^)j ^ L ^ * 

£y*jj ^-J^° ^ A J J "̂  * * 4-*»"^l *J>^J^ ^■J^ *^& PJPj^Jjl^ «fJ«?^V^ 4 i l ix» 

C l L j j S j J j jj^aLi-ajll t,"l JlVni <j-« V i jK ( « - ^ <JjJu<a_=Jl A J < & L U I ^ ,O A.,i>»iKti 

»L_ajJ j_f l (j-aLj-*ajll t"i jUTn j u r i -vl a_J X S j A_jj!JA.JjJ!u^ll 4JL_)lalt - T 

0 j l^aJl <-3kjJ <_u>! J^J t*Lbj 4_Jjl j a k j j ^ J l ^ - ^ L ^ fl"^"i *»ib j i juoJl 4_jAbla 

• t . r ^ J J - ^ ^ b ^ J 1 1 J^J 

1 
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C_l 

jj^aLk-ajJlj A J J J L J I r^X^j A J ^ U L J I I j 1 i <-\ A^ ^JLault AJJJLJJJ]! ,lj».u£j ^jjLj 

4_L j ia alwVaJLuiL c-J-JjjSl! ĵ y-ic- ( j^Luuflj lt j A J J J L I I I j ^ l t n *& <jj>>> r. J-J*ll 

aJi X 3 j *\jfc j_jfi.liju.aj ^jlj-auJfll OAJ 4_u»lj^il (J ,ir.>j LAA AJLJJJSLJJJ^II jj-aLoA-Vl 

jOjJa^aJlll 4 _ J j t ^ j a . j j ^ H j 4 rtjm^jjj^H jjiaLA2».Vi <—J-£l j i a ^y-JSJjla AbV\ >«t 

(a5J!c .JIJ-AII SJLA J j - ^ ^ 4JULLAJ1 4JJ|L»J1I (jjjJalJ L»A ^jJjL^iall (jJjlA jjt £ua. 

Clt j j j t j . ,̂ 11 j j l ! j^Jc JJJSU J V j - i Y ♦ « & ^ V ( j o L - a j i t C-OJJLLUJ AJJ jL i l l 

U > 4 L L * ^ djUxj^b A j j l i a j^Lc- (Jjx. CJU\J L$J a j . ^ ^ t i Jtj-«ll <j1 2 U j . i l l 

.LA J 4 C j pLuaillj 4_ujaJ|j 4_nUJj AJJJJJSVIVI 
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