
การ  เ ตร ี ยมสา ร ไ ดแ ค ล เ ซย ฟอ สเ พ ่ ตไ ดไ 3 เดรตจากกระดู กว ั วหร ื อควาย

นางสาว สุ พเรา ตระการวิ จ ิ ตร

วิทยานิ 'พนธ์ นื ้ เป็นส่ วนหนั ๋ งของการคิ กษาตามหลั กลู ตรปริ ฌูฒูาวิ ทยาคาสตรมหาบั ณฑิต

ภาควิ ชาวั สดุ ดาสตร

บัณฑิตวิทยาลัย จุ ฟ้ าลงกรณมหาวิ ทยาลั ย 

ท. ค 2537

ISBN 9 7 4 - 6 3 1 - 0 3 9 - 9  

ลิขสิฑเของบัณฑิตวิทยาลัย จหํ [าลงกรณมหาวิ ทยาลั ย



PREPARATION OF DICALCIUM PHOSPHATE DIHYDRATE FROM CATTLE BONE

MISS SUPATTRA TRAKARNVICHIT

A T h e s i s  S u b m i t t e d  i n  P a r t i a l  F u l f i l m e n t  o f  R e q u i r e m e n t s  

f o r  t h e  D e g r e e  o f  Ma s t e r  o f  S c i e n c e  

De p a r t me n t  o f  M a t e r i a l s  S c i e n c e  

G r a d u a t e  S c h o o l  

C h u l a l o n g k o r n  U n i v e r s i t y  

1994

ISBN 9 7 4 - 6 3 1 - 0 3 9 - 9



Th e s is  T i t l e Preparation  of Dicalc ium Phosphate Dihydrat

By

D e p a r t me n t  

T h e s i s  A d v i s e r

from C a t t l e  Bone

Mi s s  S u p a t t r a  T r a k a r n v i c h i t

M a t e r i a l s  S c i e n c e

A s s o c .  P r o f .  S u p a t r a  J i n a w a t h ,  Ph.D.

A c c e p t e d  by t h e  Graduat e  S c h o o l ,  Chul a l ong ' korn  

U n i v e r s i t y  i n  P a r t i a l  F u l f i l m e n t  o f  t h e  R e q u i r e m e n t s  f o r  

t h e  M a s t e r ' s  D e c r e e .

(

........................................ ..............................Dean o f  Graduat e

A s s o c .  P r o f .  S a n t i  Thoongsuwan,  P h . D . )

S c h o o 1

T h e s i s  Co mmi t t e e

Chairman

( A s s o c .  P r o f .  Werasak Udomki chdecha ,  P h . D . )

. T h e s i s  A d v i s e r

( A s s o c .  P r o f .  S u p a t r a  J i n a w a t h ,  P h . D . )

ะ - . T h e s i s  C o - a d v i s e r

( A s s i s .  P r o f .  Amorn P e t s o m,  P h . D . )



(Assoc. P ro f .  Charussr i  Lorprayoon, p h.'D. )

( R e i n h a r d  C o n r a d t .  P h . D . )



พิมพ์ต้นฉบบบทคัดบ่อวิทยานิพนธ์ภายในกรอบสีเขียวนี่!พียงแผ่นเดียว

สุหัตรา คระการวิวิคร : การเตรียมสารไคแคลเรียมฟอสเฟตไคไ!)เดรฅ จาก กระดูกวัว
หรีอควาย (PREPARATION OF DICALCIUM PHOSPHATE DIHYDRATE FROM CATTLE 
BONE) อ.ท่ีปรีกษา ะ รศ.ดร.สุหัครา วินาวัตณ, อ.ท่ีปรีกษาร่วม ะ «ค. ดร. อมร เพชรสม, 
137 หน้า. ISBN 974-631-039-9

การวิจัยคร้ังน้ีมีจุคมุ่งหมาย เทือ เตรียมสารไดแคล เรียมฟอสเฟตไคไ!)Iดรค จากกระดูกวัวหรีอ 
ควาย โดยการตกดะกอนจากสารละลายกระดูกภายไค้ภาวะหมีค่าอัตราส่วนจาบวนโมลของธาตุแคลเรียม 
และฟอสฟอรัส, ค่าความเป็นกรดค่าง และอุก!หภูมิท่ีต่างกัน เริมจากการทาความสะอาดกระดูก กาจัดไขมัน 
โดยการต้ม, เ«าแคลไชบ บดเป็นผง และละลายเป็นสารละลาย สารไคแคลเรียมฟอสเฟตไคไ!)เดรตห 
เตรียมไค้ นามากังเคราะห้สารแอลฟาไตรแคลเรียมฟอสเฟต

ภาวะที่เหมาะสมที่สุดในการตกคะกอบสารไคแคลเรียมฟอสเฟตไคไ!)Iครค ไค้แก, ค่าความเป็น 
กรดค่าง น. 5 -5 .5  ท่ีอุณหภูมิห้อง และอัตราส่วนจานวนโมลของธาตุแคลเรียมและฟอสฟอรัสไม่มฺผลต่อการ -. 
ตกตะกอน และพบว่าสารแอลฟาไตรแคลเรียมฟอสเฟต และเบคาไตรแคลเรียมฟอสเฟตเห่านับทเป็น 
ผลตกัณห้จากการเผาแคลไชน้ สารไดแคล เรียมฟอสเฟตไดไ!)เดรฅ และแคลเรียมคารับอเนตห 1200 ° ช 
เป็นเวลา 3 ช.ม.

ภาควิ ชา........วิ!?!?*.?.!?!.?...............
สาขาวิ ชา......L J  .บ!.รุ..'ามี.กุ.
น ิการศกษา...25.2.7......................

ลาขมอชอนิสิต.......£^.r.r.« ท -
ลายมอชออาจารย์ฑึ่ปรีกษา ......
ลายมอชออาจารย์ฑี๋ปรีกษๅร่วม

.วท่ร;ภพ.วรั.ั« ^ /? .........
- K L

/■ J- ะะะT



## C526047 : major ceramics technology
KEYWORD: DICALCIUM PHOSPHATE DIHYDRATE/ HYDRAULIC CALCIUM PHOSPHATE/ CEMENT

SUPATTRA TRAKARNVICHIT ะ PREPARATION OF DICALCIUM PHOSPHATE DIHYDRATE
FROM CATTLE BONE. THESIS ADVISOR ะ ASSO.PROF. SUPATRA JINAWATH, Ph.D.
THESIS CO-ADVISOR ะ ASSIS. PROF. AMORN PETSOM, Ph.D. 137pp.
ISBN 9 7 4 -6 3 1 -0 3 9 -9
The o b j e c t iv e  o f  t h i s  stu d y  was to., prepare d ic a lc iu m  phosphate  

d ih y d r a te  from c a t t l e  bone by s e l e c t i v e  p r e c ip i t a t io n  o f  bone ash s o lu t io n  
under v a r io u s  c o n d it io n s  o f  Ca/P mole r a t i o ,  pH and tem p eratu re . The 
p rocedure s t a r t e d  from c le a n in g  th e  bone, d eg rea sin g  by b o i l in g ,  c a lc in in g ,  
m il l in g  to  bone ash powder and d i s s o lv in g  in to  s o lu t io n .  The o b ta in ed  
d ic a lc iu m  phosp hate d ih y d ra te  was co n seq u en tly  used in  th e  s y n th e s is  o f  
a lp h a - tr ic a lc iu m  p h osp h ate . . " .

The optimum c o n d it io n  fo r  d ic a lc iu m  phosphaite d ih y d r a te  was p r e c ip i ­
t a t io n  under pH 4 .5 - 5 .5  a t room tem perature and Ca/P mole r a t io  had no e f f e c t  
on th e  p r e c ip i t a t io n .  A lp h a -tr ic a lc iu m  phosphate and b e t a - t r ic a lc iu m  phosphate  
were th e  o n ly  p rod u cts from th e  c a lc in a t io n  o f  d ic a lc iu m  p hosp hate d ih y d ra te  ; 
and CaC0 3  a t  1200°c fo r  3h.

ภาคว ิชา..............................................................  ลายมือชื่อน ิส ิต___ ___ (ff-
สาขาวิชา.......:ไ ..................... ลายม ือช ื่ออาจารย ์ท ี่ปร ึกษา_____

............................. ............  ลายม ือช ื่ออาจารย์ท ี่ปรึกษาร่วม c b - r  / y v T i ï r ----

.*£o £ l. ■ ■ fjj-'.fn -A ’โ.^/''

ป ีการศ ึกษา 2537



VII

ACKNOWLEDGEMENTS

I woul d  l i k e  t o  e x p r e s s  my s i n c e r e  g r a t i t u d e  and 

a p p r e c i a t i o n  t o  my a d v i s o r ,  A s s o c .  P r o f .  S u p a t r a  J i n a w a t h  , 

Ph. D.  f o r  her  p a t i e n c e ,  i n v a l u a b l e  a s s i t a n c e  and f o r  a l l  t h a t  

I have  l e a r n e d  from h e r ,  t h r o u g h o u t  t h e  e n t i r e  s t u d y ,  S p e c i a l  

t h a n k s  t o  my c o - a d v i s o r ,  A s s i s .  P r o f .  Amorn P e t s o m 1 Ph. D.  

f o r  h i s  comments  and c o n t i n u e d  i n t e r e s t

I woul d  l i k e  t o  t h a n k  A s s i s .  P r o f .  Panparn S a n t i s u k ,  

M a t e r i a l s  S c i e n c e  D e p a r t me n t ,  C h u l a l o n g k o r n  U n i v e r s i t y  f o r  he r  

c o n c e r n ,  k i n d l y  a s s i s t a n c e  and v a l u a b l e  a d v i c e .

A p p r e c i a t i o n  i s  a l s o  e x t e n d e d  t o  a l l  t e a c h e r s ,  

g r a d u a t e  s t u d e n t s  and s t a f f s  o f  M a t e r i a l s  S c i e n c e  d e p a r t m e n t  

who ha v e  c o n t r i b u t e d  t h e  c o n t i n u i n g  i n t e r e s t  and co mme nt s .

I woul d  l i k e  t o  e x p r e s s  my l o v e  and g r a t i t u d e  t o  my 

f a t h e r  and mo t h e r  f o r  t h e i r  l o v e ,  and e n c o u r a g e m e n t  and 

a l s o  my a p p r e c i a t i o n  f o r  t h e  r e s e a r c h  f i n a n c i a l  s u p p o r t  f rom  

G r a d u a t e  S c h o o l  Commi tee .



VI 11

CONTENTS

Page

Abs t r a c t /  ( T h a i ) . . . . ................................................................................ ..................  V

A b s t r a c t  ( E n g l i s h ) ........................... .. .................. .. .................................. .. .............  VI

A c k n o w l e d g e m e n t .........................................................................   VII

L i s t  o f  T a b l e s ........................ .................. ............... .....................................................  XII

L i s t  o f  F i g u r e s ............................................................... ......... ..................................  XIV

C h a p t e r

I I n t r o d u c t i o n .....................................................................................    1

1 . 1  M o t i v a t i o n ,  O b j e c t i v e  and S c o p e ...................................... 1

1 . 2  L i t e r a t u r e  S u r v e y . ................................................................   4

II T h e o r e t i c a l  P a r t ........................................ ................... ..  6

2 . 1  P r o p e r t i e s  o f  B o n e ........................................................................  6

2 . 1 . 1  Bone s t r u c t u r e . . . , ..........................     6

2 . 1 . 2  Bone C o m p o s i t i o n . . ........................................  8

2 . 2  C h e m i s t r y  o f  P h o s p h o r o u s  C o m p o u n d s . . . . . . . . . . . .  11

2 . 3  S o l u b i l i t y  C h e m i s t r y  o f  Ca l c i u m P h o s p h a t e s . . . .  16

2 . 3 . 1  S o l u b i l i t y  P r o d u c t  C o n s t a n t s ........................   17

2 . 3 . 2  S o l u b i l i t y  P h a s e  D i a g r a m s ..........................   18

2 . 4  T r i c a l c i u m  P h o s p h a t e  Ce r a mi c s 32



IX

2 . 5  Thermal  T r a n s f o r m a t i o n  o f  C a l c i u m  P h o s p h a t e s . .  37 

II I  E x p e r i m e n t a l  P a r t . . ................................................................................  41

3 . 1  D e s c r i p t i o n  and S c o p e ..................................................... ..  41

3 . 2  M a t e r i a l s  and E q u i p m e n t ................................................... .. 43

3 . 2 . 1  M a t e r i a l s .............................................................      43 ..

3 . 2 . 2  E q u i p m e n t s ................................................ .............................  43

3 . 3  E x p e r i m e n t a l  P r o c e d u r e ................ ..................... ..  45

3 . 3 . 1  P r e p a r a t i o n  o f  Bone Ash P o w d e r . . . . . ...........  45

3 . 3 . 2  Ch e mi c a l  P r e c i p i t a t i o n  o f  D C P D . . . . . ...........  46

3 . 3 . 2 . 1  Wi t h o u t  A d j u s t i n g  The Ca/P Mole

R a t i o  o f  The Bone Ash S o l u t i o n . .  46

3 . 3 . 2 . 2  A d j u s t i n g  The Ca/P Mole  R a t i o  o f

The Bone Ash S o l u t i o n  t o  1 : 1 . . . .  48

3 . 3 . 3  P r e p a r a t i o n  o f  T r i c a l c i u m  P h o s p h a t e . . . . .  50

3 . 3 . 4  C h a r a c t e r i z a t i o n ................. ...................... ....................  51

IV R e s u l t s  and D i s c u s s i o n . . . ................................ ................................ 53

4 . 1  Bone Ash P o w d e r ..................... .. .......................... .. ..........................  53

4 . 1 . 1  Ca/P Mole R a t i o  and I m p u r i t i e s ......................... 53

4 . 1 . 2  P h a s e  P r e s e n t ................................................................... 55

4 . 1 . 3  The I n f r a r e d  S p e c t r a ............. ............................................   56

Chapter page



X

4 . 2  Ch e mi c a l  P r e c i p i t a t i o n  o f  DCPD........................ ................ 57 \

4 . 2 . 1  P h a s e  P r e s e n t  i n  P r e c i p i t a t e s  f rom

V a r i o u s  C o n d i t i o n s .............................................   57

4 . 2 . 3  Ca/P Mole  R a t i o  and I m p u r i t i e s . . . . . . . . . .  78

4 . 3  T r i c a l c i u m  P h o s p h a t e .................................................................... 82

4 . 3 . 1  DTA S t u d y .................................................................................  82

4 . 3 . 2  P h a s e  P r e s e n t . . . ................................................   86

4 . 3 . 3  I n f r a r e d  S p e c t r a ................................................  93

4 . 3 . 4  Ca/P Mole  R a t i o ......................'..........................................  97

V C o n c l u s  i o n s ................................................................................................... .......................... 10 2

R e f e r e n c e

A p p e n d i c e s

A P h a s e  p r e s e n t

B I n f r a r e d  S p e c t o p h o t o m e t r y

c I n d u c t i v e l y  Co upl e d  Plasma

D I n s t r u m e n t a l  N e u t r o n  A c t i v a t i o n  A n a l y s i s

E D i f f e r e n t a l  Thermal  A n a l y s i s

F X-Ray D i f f r a c t i o n  Card o f  H y d r o x y a p a t i t e

G X-Ray D i f f r a c t i o n  Card o f  Mo n o c a l c i u m P h o s p h a t e

Chapter Page

M o n o h y d r a te



H X-Ray D i f f r a c t i o n  Card o f  D i c a l c i u m  P h o s p h a t e

• D i h y d r a t e

I X-Ray D i f f r a c t i o n  Card o f  p - T r i c a l c i u m  P h o s p h a t e

J X-Ray D i f f r a c t i o n  Card o f  c c - T r i c a l c i u m  P h o s p h a t e

K ASTM f o r  C o m p o s i t i o n  o f  Cerami c  H y d r o x y a p a t i t e  f o r

S u r g i c a l  I m p l a n t s

V i t a



L i s t  o f  T a b l e s

T a b l e  Page

1. R e s u l t s  o f  h y d r a t e d  bone  a s s a y s  f o r  16 s p e c i e s  u s i n g

c o r t i c a l  bone  from t h e  t i b i a  and f e m u r .....................................  9
2.  R e s u l t s  o f  h y d r a t e d  bone  a s s a y s  o f  c o r t i c a l  and 

t r a b e c u l a r  bone  f o r  f o u r  s p e c i e s  u s i n g  c o r t i c a l  bone

from t h e  t i b i a  or t r a b e c u l a r  from t h e  v e r t e b r a e ...........  10

3 - 5 . C o n d i t i o n  o f  e q u i l i b r i u m  o f  t h e  c a l c i u m

o r t h o p h o s p h a t e s  i n  a q u e o u s  s o l u t i o n  p h o s p h o r i c  a c i d ,

a t  25 c ,  40 c and 50 c ........................ .................. .. ..................  12

6.  Ca l c i u m o r t h o p h o s p h a t e  compounds  and t h e i r  s o l u b i l i t y

p r o d u c t  c o n s t a n t s .....................................................................      16

7 .  V a r i o u s  pure  t r i c a l c i u m  p h o s p h a t e s  . .  ... ............................. ...............  33

8.  S o l i d  o f  p-TCP s t r u c t u r e  and c h e m i c a l l y  c l o s e

compounds  r e l a t e d  t o  t h i s  s t r u c t u r e ............................................  4 4 4 4 4 3 4

9 .  Thermal  t r a n s f o r m a t i o n  o f  s e v e n  c a l c i u m  p h o s p h a t e s ............  89

10.  Ca/P mol e  r a t i o  and i m p u r i t i e s  i n  bone  a s h  p o w d e r ........... 4 53

11.  I d e n t i f i c a t i o n  o f  c h e m i c a l  p r e c i p i t a t i o n  o f  bone

a s h  s o l u t i o n  under  v a r i o u s  c o n d i t i o n s ..............4 ..................................  70

XII



XIII

12.  Ca/P mo l e  r a t i o  and amount o f  i m p u r i t i e s  o f

p r e c i p i t a t e s  o b t a i n e d  a t  pH 4 . 5 - 5 . 5  from w i t h o u t

Ca/P mo l e  r a t i o  a d j u s t m e n t  o f  bone  a s h  s o l u t i o n . . . .  79

13.  Ca/P mo l e  r a t i o  and amount o f  i m p u r i t i e s ,  o f

p r e c i p i t a t e s  o b t a i n e d  a t  pH 4 . 5 - 5 . 5  from Ca/P m o l e

r a t i o  a d j u s t e d  bone  a s h  s o l u t i o n .........................................................  80

14.  Ca/P mo l e  r a t i o  o f  TCP from p r e p a r e d  DCPD

s t o i c h i o m e t r i c a  1 l y  mi xed  w i t h  c a l c i u m  c a r b o n a t e  

h e a t e d  a t  v a r i o u s  t e m p e r a t u r e  by f a s t  and s l o w  

c o o l i n g  t e c h n i q u e ......................................................................................    97

15.  I d e n t i f i c a t i o n -  o f  p r o d u c t  f rom p r e p a r e d  and

r e f e r e n c e  DCPD s t o i c h i o m e t r i c a l l y  mi xe d  w i t h  

c a l c i u m  c a r b o n a t e  h e a t e d  a t  v a r i o u s  t e m p e r a t u r e s  

by f a s t  and s l o w  c o o l i n g  t e c h n i q u e s .........................................   98

Table  Page



XIV

List ,  o f  F i g u r e s

F i g u r e s  Page

1. L o n g i t u d i n a l  s e c t i o n  o f  f e mu r ,  i l l u s t r a t i o n  o f

c a n c e l l o u s  and c o r t i c a l  b o n e .................................................    7

2.  S o l u b i l i t y  p h a s e  d i ag r a m f o r  t h e  t e r n a r y  s y s t e m

Ca( OH) 2 - H3P0 +- H 2 0 ............................................................................................ 20 ,

3 .  S o l u b i l i t y  p h a s e  d i ag a r m f o r  t h e  q u a t e r n a r y  

s y s t e m  Ca( 0H2 ) - H 3P0^-HC1-H 0 a t  37 c and f i x e d

HC1 c o n c e n t r a t i o n  o f  0 . 1  m o l / 1 ........... .. .................................. ..  25

4 .  S o l u b i l i t y  p h a s e  d i ag r a m f o r  t h e  q u a t e r n a r y  

s y s t e m  Ca(OH) -H -po -NaOH-H 0 a t  3 7 ' c and f i x e d

NaOH c o n c e n t r a t i o n  o f  0 . 1  m o l e / 1 . . . . . . ..............................    27

5.  S o l u b i l i t y  i s o t h e r m  o f  t h e  q u a t e r n a r y  component

s y s t e m  o f  t h e  f o u r t h  component  ♦ HC1 or NaOH...................  29

6.  P o t e n t i a l  p h a s e  d i ag r a m f o r  c a l c i u m  p h o s p h a t e s . . ..............  31

7 .  S t r u c t u r e  o f  p - T C P . . . . ..................................     35

8.  S t r u c t u r e  o f  cc-TCP.............................       36

9 .  Thermal  c h a n g e s  o f  ACP p r e p a r e d  a t  d i f f e r e n t

( Ca ) X ( P ) p r o d u c t s  and Ca/P m i x i n g  r a t i o ......................................  40

10.  Flow c h a r t  o f  e x p e r i m e n t a l  s t e p s ............................   42

11.  S e l e c t e d  p a r t  o f  b o n e ..................      45

12.  D r i v i n g  bone  marrow o u t  from b o n e . . ................................   45



XV

13.  X-Ray d i f f r a c t i o n  o f  bone  a s h  p o w d e r ................... .. .................. ..  55

14.  C h a r a c t e r i s t i c  IR s p e c t r a  o f  bone a s h  powder

( c a l c i n e d  a t  700 C ) . .............................................. .. .....................................  56

15.  X-Ray d i f f r a c t i o n  o f  p r e c i p i t a t e s  o b t a i n e d  from

a h o t  s a t u r a t e d  bone  a s h  s o l u t i o n  w i t h o u t  Ca/P mo l e  

r a t i o  a d j u s t m e n t ........................................................................................      57

16.  X-Ray d i f f r a c t i o n  o f  p r e c i p i t a t e s  o b t a i n e d  from

a s a t u r a t e d  bone  a s h  s o l u t i o n  a t  room t e m p e r a t u r e ,  

w i t h o u t  Ca/P m o l e  r a t i o  a d j u s t m e n t .......................................................  58

17.  X-Ray d i f f r a c t i o n  o f  p r e c i p i t a t e s  o b t a i n e d  from

a s a t u r a t e d  bone  a s h  s o l u t i o n  a t  room t e m p e r a t u r e ,  

a d j u s t i n g  Ca/P m o l e  r a t i o  by a d d i n g  HaP0 + ..............................  58

18.  X-Ray d i f f r a c t i o n  o f  p r e c i p i t a t e s  o b t a i n e d  from

a s a t u r a t e d  bone  a s h  s o l u t i o n  a t  room t e m p e r a t u r e ,

a d j u s t i n g  Ca/P mo l e  r a t i o  by a d d i n g  HaP0^

and CaCl_1................ ...................................................................................................  59

19.  X-Ray d i f f r a c t i o n  o f  r e f e r e n c e  d i c a l c i u m  p h o s p h a t e

d i h y d r a t e  from F l uka  ! a n a l y z e d  a g e n t  ( > 9 8 % ) . . ................. 60

2 0 .  X-Ray d i f f r a c t i o n  o f  p r e c i p i t a t e s  o b t a i n e d  a t

pH 3 . 5 ,  4 . 0 ,  4 . 5 ,  5 . 0 ,  5 . 5  and 6 . 0 ,  r e s p e c t i v e l y ,  

w i t h o u t  Ca/P mo l e  r a t i o  a d j u s t m e n t , . . .....................................   61

F igu res  Page



XVI

2 1 .  X-Ray d i f f r a c t i o n  o f  p r e c i p i t a t e s  o b t a i n e d  a t  pH

3 . 5 ,  4 . 0 ,  4 . 5 ,  5 . 0 ,  5 . 5  and 6 . 0  r e s p e c t i v e l y ,

a d j u s t i n g  Ca/P m o l e  r a t i o  by a d d i n g  H P0 ......... ..................  64

2 2 .  X-Ray d i f f r a c t i o n  o f  p r e c i p i t a t e s  o b t a i n e d  a t  pH

3 . 5 ,  4 . 0 ,  4 . 5 ,  5 . 0 ,  5 . 5  and 6 . 0  , r e s p e c t i v e l y ,  by

a d j u s t i n g  Ca/P m o l e  r a t i o  by a d d i n g  H3P0 4 and CsCl  • • •  67

2 3 .  S o l u b i l i t y  p h a s e  d i a g r a m s  o f  t e r n a r y  s y s t e m

C a ( 0 H ) 2 - H 3P0 4 - H20 ..........................    74

2 4 .  R e l a t i o n  b e t w e e n  w e i g h t ( g )  o f  DCPD and p H . . . ......................... 76

2 5 .  DTA c u r v e  o f  s t o i c h i o m e t r i c  m i x t u r e  b e t w e e n  t h e  

p r e p a r e d  DCPD and c a l c i u m  c a r b o n a t e  , h e a t i n g  r a t e

5 0 /  min ....................................................    83

2 6 .  DTA c u r v e  o f  p r e p a r e d  p -TCP w i t h  h e a t i n g  r a t e

5 c / m i n ..............................................      84

2 7 .  X- Ray d i f f r a c t i o n  o f  p r e p a r e d  DCPD

s t o i c h i o m e t r i c a  1 l y  mi x e d  w i t h  c a l c i u m  c a r b o n a t e

h e a t e d  a t  1100 c ,  3 h o u r s  w i t h  and w i t h o u t  q u e n c h i n g

i n  a i r .............................................................................................................................  87

2 8 .  X-Ray d i f f r a c t i o n  o f  r e f e r e n c e  DCPD 

s t o i c h i o m e t r i c a  1 l y  mi xe d  w i t h  c a l c i u m  c a r b o n a t e  

h e a t e d  a t  1100 c ,  3 h o u r s  w i t h  and w i t h o u t  q u e n c h i n g  

i n  a i r

F igures  Page

88



XVII

2 9 .  X-Ray d i f f r a c t i o n  o f  p r e p a r e d  DCPD 

s t o i c h i o m e t r i c a l l y  mi xe d  w i t h  c a l c i u m  c a r b o n a t e  

h e a t e d  a t  1200 c , 3 h o u r s  w i t h  and w i t h o u t  q u e n c h i n g

i n  a i r . .......................................................... ............................... .. ..........................  89

3 0 .  X -  Ray d i f f r a c t i o n  o f  r e f e r e n c e  DCPD

s t o i c h i o m e t r i c a  1 l y  mi x e d  w i t h  c a l c i u m  c a r b o n a t e  

h e a t e d  a t  1200 c ,  3 h o u r s  w i t h  and w i t h o u t  q u e n c h i n g . .  90

3 1 .  X -  Ray d i f f r a c t i o n  o f  p r e p a r e d  DCPD 

s t o i c h i o m e t r i c a l l y  mi xe d  w i t h  c a l c i u m  c a r b o n a t e  

h e a t e d  a t  1300 c , 3 h o u r s  w i t h  and w i t h o u t  q u e n c h i n g . .  91

32 .  X -  Ray d i f f r a c t i o n  o f  r e f e r e n c e  DCPD 

s t o i c h i o n m e t r i c a  11y mi xe d  w i t h  c a l c i u m  c a r b o n a t e

h e a t e d  a t  1300 c ,  3 h o u r s  w i t h  and w i t h o u t  q u e n c h i n g . .  92

33 .  IR s p e c t r a  o f  p r e p a r e d  DCPD s t o i c h i o m e t r i c a l l y  mi x e d  

w i t h  c a l c i u m  c a r b o n a t e  h e a t e d  a t  l i o o ' c ,  3 ho u r s

w i t h  and w i t h o u t  q u e n c h i n g  i n  a i r ................... ............. ..  94

3 4 .  IR s p e c t r a  o f  p r e p a r e d  DCPD s t o i c h i o m e t r i c a l l y  

mi xe d  w i t h  c a l c i u m  c a r b o n a t e  h e a t e d  a t  1200 c ,

3 h o u r s  w i t h  and w i t h o u t  q u e n c h i n g  i n  a i r ................... ..  95

3 5 .  IR s p e c t r a  o f  p r e p a r e d  DCPD s t o i c h i o m e t r i c a l l y  

mi xe d  w i t h  c a l c i u m  c a r b o n a t e  h e a t e d  a t  I 3 0 0 ' c ,

3 h o u r s  w i t h  and w i t h o u t  q u e n c h i i n g  i n  a i r .............................. 96

F igures  Page



XVI11

F i g u r e s  Page

36 .  P h a s e  d i a g r a m ,  s y s t e m  CaO-2CaO. p^o ................ .................. ..  t oo

37 .  Pha s e  d i a g r a m ,  CaO-P^O5 .............................................................. .. ................ 101

38 .  S c h e m a t i c  o f  x - r a y  d i f f r a c t i o n  d i f f r a c t o m e t e r . . . . . . . .  107

39 .  A b l o c k  d i ag r a m o f  an i n f r a r e d  s p e c t r o p h o t o m e t r y .............. 113

4 0 .  S c h e m a t i c  r e p r e s e n t a t i o n  o f  an i n d u c t i v e l y

c o u p l e d  p l as ma d i s c h a r g e  .........................................................    117

41 .  C o n c e n t r i c  a n n u l a r  n e b u l i z e r ,  s p r a y  chamber ,

and t o r c h  a p p a r a t u s  f o r  ICP e m i s s i o n  s p e c t r o s c o p y . . . .  119

42 .  S c h e m a t i c  d i a g r a m o f  an a p p a r a t u s  f o r  d i f f e r e n t i a l

t h e r m a l  a n a l y s i s ....................................................................    126


	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



