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 ! "#$ %&'()*+ ,-./0 1 .0234 5-(6 &7 89 ,:  

 !"#$%& '()*+,- ./0$!1(2 3  

 !"#$ %!&'()* +,$)-  %.-/0*)1$ 2) 34"5 . 678 %9:'()* ;<)-  

salehpourz@iust.ac.ir 

1- 45675  

*=)* 9#&,$)-  <*)* >&? @;1( A9#?.= =* 0B#$ =9,CD EF( =!";9D 9; GCH . 3I9  =* 07J =1KD

.)!L$ A9#&,$)- 0$ %*9ML ) 0(!4$ GCH <)1"4D N= O) 0L4"5 . P  -,Q A9R=!";9D EF( S&(T P9U *1?

 V.= W9XL() S&;=1KD *=)* 0;)YCD 3,BR) SL,C,L Z[ !\9]  0&,$)-  ^_1`a$ 3I9  !";)-] =* 0(!4$

*1? 0$ @,,4b 9#,(*.Y]) @;) =)!F$ . c1( S;9[ -D <*)* >&? .S,d.) *)1$ e17X$ SD =!";9D <*.Y]) >&?  2

 3X[ O) >f\ )= <T 0g9hD9i <9&$) 9b !'XD 0$ 3$.9F$ %!? %*)* >&? 6Ci SD . SLI9  -C,$ )= A-;j[

!;9B( 6R)-]]1.[  

GCH  A9R 0(*.Y]) . 9R k)!J-R SJ !(1? 0$ 6,CFb 0(!4$ . 0dT c1(.* SD 2+,$)-  l;9"5 =* 0]-`$

!()* )= *1I m9I A9R*-D=9J .) >,";. 07[ O) P9n$ <)1"4D>&d1Yd17  >,L$ 0CJ1D-J 22
 9# = . 9#(9B,  2   =*

0$ 0&,$)-  ^94K\ !,d1b *-D k9( <)1b . =* 0(!4$ =!";9D @;-Ld.)!L$ <)1"4D 9# = !? %=9?) SJ =1K(9BR

SLX;= *1? 0$ %*9ML ) 9#&,$)-  A-/ .o9f;-Fb !";T-] +; 0D9Q.* A-/ SLX;= !";T-] S&";) >,d!D k)=T )-f(9$O (

0$ $ 2!?9D 6,Xp ^94K\ *=1$ =* m1`XD SL,C()* 3I)1"&;-,Q G,? Y,( . =!";9D @:BR9( l;O1b >&'

*=)* *1i. .o_1B4$ SJ 0F;=Yb A-,:fd9\ V.= =* @,"qBR0$ %*9ML ) 0dT A9R=!";9D O)   . @LI1  2*1?

rb . 0/*=1I s-b 20/*-J*9D S7Bi O) 0M7LX$ W1,8 . SL?)* 0(_1t <9$O SD O9,( =!";9D u.-I k-] -,,

!;T 0$ *1i1D 2!?9D *9;O %*9ML ) *=1$ vJ). 9; -B,7[ 6hU S&,(9$O m1`XD . Y,( V.= @;) 2>,d* @,B#D

**-/ 0$ sO9( 9; +H1J ^94K\ SD *.!a$.  

 @;-b_9D SD 0D9,L * 2<T A=)!;9[ . W9fU !,d1b 2^)=w 0aK  A9R=9D A.= -D 0dT A9R=!";9D =)!F$ . c1(

I k9&aL ) 2!$9i =)!F$!"?9D 0$ -x1$ =!";9D u.-I . @LI1  !";T-] P1t=* W1,8 >,&'b . *94D) P-L"J 2k9 .

 k9&aL ) . _9D k9I SL,C()* 9D 0d1`a$ P9U @,8 =* . %*1D 0dT A9R=!";9D 6J -;*9F$ A.9U SJ 0g9R!";T-]

 !,d1b _9D 0$;9B("!?9D 0$ W17K$ =9,CD 9#&,$)-  0R* >&? =* 2! .&b 2-,I) A9#d9  =* >&? A9#&,"

 A!,g17J 0R* !;!i 0dy A-/ SLX;= !"(9$ 3
 6,FLC$ A) Sd1/)1J A-/ SLX;= . (DCC)

 4 
 <*)* >&? =*

 k9I S(!D =* 0f 9"$ 0":BR 9R V.= @;) =* SJ 3 ) SL]-/ =)-\ %*9ML ) *=1$ %!,q,[ 0&,$)-  ^94K\

3 ) %!? @,$9b.  

$1"$ =!";9D <1, )Y;-B,7[ S;9[ -D SJ 0dy A-/ SLX;= A9#7&? 9D k9I A9R S(!D !,d1b 3,7D9\ 2!?9f,$ 0dT -

*O9  0$ 6R)-] )= %!,q,[ . O) -LBJ -;*9F$ z-`$ 9D ^_1`a$ @;) =*4 % SL,C()* 9D 0;9R S(!D 2=!";9D 0(O.

!;9,$ 3 !D _9D k9I]2.[  

!"D 6,CFb *-D=9J c1( SD Si1b 9D . {7LX$ A9R %9/!;* O) <)1b 0$ )= 9R=!";9D 07J =1KD*1B( A . P9n$ A)-D

                                                           
1 PVA 
2 CMC 
3
 Gel casting 

4 Direct coagulation casting 



 

 

17

 0
#$
4#

  
!"
#$
%

 &
"'
()
*
+

 /
 ,
-'
.
/

4 
0
'1
2
"3

 
13

8
4

 
 O)04,ft . +,LL"  A9R=!";9D @,"qBR . P17a$ -,Q . P17a$ A9R=!";9D 20dT . 0(!4$ A9R=!";9D0$   <)1b

*-D k9(.  

2- 38.9: ;%) 6<=%>  

o9B,FLC$ SJ !"LCR A*)1$ 04,ft A9R=!";9D0$ u)-XL ) 34,ft O) 0b)-,,rb k9h() 9D 9;  1?(! .9#,(*.Y]) @;)2 

=* A*9;O *-D=9J)jQ l;9"5 ;!?9D 0$ 9R=!";9D c1( @;) z-`$ <*1D -KI 0D <)Y,$ %!"R* <9'( SJ *=)* 0.  

 . 0&,$)-  A9R!";T-] =* 9R=!";9D z-`$ 0/*-LC/ SD Si1b 9D>,d!D O) %*9ML ) O) 0?9( ^)-t9X$ 

>;-JT -$1"$ S7Bi O) AYL"  0dT A9R=!";9DT !,$5*=)* +,$)-  l;9"5 =* 04, . *-D=9J SJ 2]2[ A9#d9  =* 2

%!$T *1i1D 9#&,$)-  3I9  A9R!";T-] =* 04,ft A9R=!";9D O) %*9ML ) 3B  SD A!;!i E;)-/-,I)  3 ).  

2-1- 38.9: ;%) 6<=%> *' ?@%AB2' ;%='C5  

-] =* 6R 0b.9ML$ A9;)Y$ A)=)* 04,ft A9R=!";9DT0$ *-D=9J @,U 6R . !,d1b !"; !"?9D]3:[  

  !"LCR 0B  -,Q.  

   -;j[ G;-Xb 3C;O!"?9D 0$ 3C;O |,a$ =)!L .* . %*1D. 

   . 3B,\ <)O=)N-L * =*!"?9D 0$ . 

  !(=)!( 0g9,B,? A9R 0(*.Y]) SD O9,( <!? Py !";T-] >,B&b 9; c.-? A)-D. 

   = <9&$) 04,ft A9R=!";9D Py O) 0I-D<!(9SL,C()*  SD P1`a$ 95 9b 97!5=*  +;=1}b SL,C()* 

!""J 0$ 6R)-] )=. 

  !";9D Py O) 0I-D A9R 3$9Xp 9D A9R=)1( !,d1b <9&$) 04,ft A9R=6J)  >\)!U60<.-&,$  ( )=

!""J 0$ 6R)-]. 

  !"?9D 0$ G 9"$ %!,q,[ P9&?) 9D @:BR 0&,$)-  ^94K\ S,#b A)-D. 

  *)* ER9J <)1b 0$ )= =!";9D z-`$ =)!F$ 204,ft A9R=!";9D O) 0I-D A_9D m)1I SD Si1b 9D. 

  I k9&aL ) SD 0D9,L * <9&$) A9R=!";9D O) %*9ML ) 9D %!? S,#b A9R S(!D 9D SC;9F$ =* -b_9D k9

9,B,?;*O9  0$ 6R)-] )= =!";9D -D)-D 0(O. !5=* 9D -B,7[ . -$1"$ 0. 

!() SL]9;  +,$)-  34"5 . ER.~[ =* A) %*-LC/ *-D=9J 04,ft A9R=!";9D Py %O.-$) . *-D=9J S7Bi O)

 9R=*1[ YL"  =* 9#(T Y,$T 3,F]1$D S!?9D 0$ 0&,$)-  ^94K\ 3I9  =* @,"qBR . Y;9 1(9( A9R=*1[ %~;.. 

o9$1B8 SJ 9R=!";9D @;)<1, _y !";T-] �;-t O) 9$* -,,rb 9D )= 0R* P9`b) >B8 6
  <!? A) Sdy 9; k9h()

0$ !(-,/ 0$ =)-\ %*9ML ) *=1$ 9#&,$)-  0dy A-/ SLX;= . 0F;=Yb A-,:fd9\ A9R!";T-] =* 2!"R*] 3[.   

2-2- 38.9: ;%) 6<=%> DE F'!G'  

o9b!B8 SJ 9#&,$)-  0R* >&? =* P.)!L$ A9R=!";9D Py9R @,}b.-[ 9; 9R !;=9I9  07[ S;9[-D  0$  2!"?9D

 9#(T @;-Ld.)!L$O) !"b=9f8]3[:  

  @,b_y 

  =9/T 

  O=9/T 

  !;=9I9  07[ 

   @,$1fd).))�-$ 6Xb %!,M ( 

                                                           
5 Acryl amide monomer 
6 Gelation 
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   .9/ <1I k-  =* *1i1$ @,$1fdT >n$ 0;9R @,}b.-[ k!"/ @,}b.-[ %-L(9C"J .]3[ 

2-2-1- /.HIE(Gelatin)   

b.-[ %*9$ 081( @,b_y} <yZJ A.9U SJ <T k-( A9#L]9D . <)1,U <)1XL ) <!(9?1i O) SJ 3 ) 0",

0$ !;T 0$ 3 !D �,\= !, ) 9; WT =* 2!?9D.  <.!D �d9I >&? SD . 1D <.!D 2*-b 2z9M? 2�(= 0D @,b_y

!?9D 0$ %Y$ . @L]-/ =)-\ 9D  SD 2*-  WT =*5 9b 10 *1I <O. -D)-D 2%!, = k-i +; SD >;!fb . %*-J *9D 

0$ +,L _) z9M? *1?]4[.  

2-2-2-  %JK(Agar)  

*=)* *9;O A=9hb A9R*-D=9J SJ 3 ) 0dy A) %*9$ =9/T . 0;9;=* +f7i {7LX$ c)1() P17  %=)1;* =* %*9$ @;)

 c1( 0;9, T c)1() %~;1D Y$-\Gelidium*1? 0$ 3]9; .  

/T sO9( A9R S\=. >&? SD . %!? +'I . *-  v�  . !;T 0$ 3 !D 0;9;=* +f7i <!(9?1i 9D =9

o_1B4$ SJ *1? 0$ SLI.-]0$ %!,$9( =9/T =9/T  *1?k9( SJ  07a$ 0;9;=* A9#&f7i A)-D 0;_9$ SB7J +; 

3 ).  N1(9,\) S,?9U �t9"$ -:;* =* %O.-$) 9$) *1? 0$ !,d1b 9, T �-? =* P1`a$ @;) 9,(-M,d9J !"(9$ k)=T

0$ S,#b Y,( 9,d)-L ) . *1?]4[.  

2-2-3- * %JK(Agarose) 

 ^)=!,R1D-J +;)!;=9I9  07[ (3 ) =9/T O) %!$T 3 !D . >$9? O=9/T Y,d9(T2/0 %0(O. 0`d9I9(  0(1; A9R

 >&? SDSO4
2- .  A)=)* O) -LBJ1 %!?9D 0$ -LCJ9I 0(O. .O=9/T A9#d1&d1$ 07J =1KDI . %*1D =)!;9[  O) u=9

 *.!a$4-1 =pH*1? 0B( S;Yhb  . �)* WT =* . !"J 0$ *9D WT =* |,a$ A9$* =* . %*-J Wji WT O=9/T

 *.!U A9$* 9D 
C80*1? 0$ >U .  A.9U P17a$ +; 0dy k9&aL )5/1 % O) -L',D SD O=9/Tgr/cm

2 600  

0$ ! =]2.[  

2-2-4-  %)6= %L%2 3M1 )%) N' 6.)!>(O(  

9#R.-/ SBR SD 9#b)=!,R1D-J G,J-b =* WT >&? SD <y.=!,R . <~,CJ)  >$9? SJ 0b9f,J-b �=YD A

**-/ 0$ �Zt) 2!"?9D 0$ @D-J9D .^=1`D ^9f,J-b @;) G7Q) P1$-] :Cm(H2O)n <9,D 0$ *1? .

^)=!,R1D-J  Yf  <9R9,/ | 1b YL" 1L] >B8 S7, 1D SJ !"LCR 34,ft =* 0dT ^9f,J-b @;-b <).)-] 9R

!(1? 0$ SLI9  . %*9 3 ) YJ17/  <T @;-LB#$ SJ 3 ) !;=9I9 1"$ 9; %*9  !"\ 9#b)=!,R1D-J c1( @;-b .

!?9D 0$ @D-J 6b) �"[ . <~,CJ) 6b) +; O) A) SF7U >$9?  YJ17/ P1&d1$ . A9#Bb) . <~,CJ) A9#Bb) S,FD

 !() %!,fCH SF7U @;) SD <.-,D O) <y.=!,R . @D-J)>&?1(.  

  

  !"1- ! "# $#%&' (%)*%+ ,- .! / 0+ 1/2# 345 678 9 :;<=#5 345 ,- >5 ?5 "@&A B+]4.[  
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                 C%DE%/  ! "# $! %&'()* +  ,-.)/# 01# 23 45-678 93:;<;67=> +? @;A1# "# 93:;<;6 B#?

     "+(/;6  ! %3(&CD> 4/ 93! E>) (FG-H (FI (   J6# "7&K;> + "7&/L)   MFI2 .(  93:;<;6 E5N

              9)=O ;)3 2)3 "# 4)/ J6# B?;3" B;DK7FK7> B#:#?          P9)I 4&<;)6 93:;<;)67=> 9)Q#+ R7)H

J6#]4[.  

  

  !"2- 93:;<;6 B#? @7FK7> 23  )"+(/;6](4[  

2-2-5-   !"#$%&'&(Ovalbumin)  

  ! "# $%! &'( )*+ ,-./% 01 1232( 4.5+6'7 4.(289!6!400': ";.(< -.%! ,'.=>  < ,106) ?.960-.@ A2BC(

4.5+6'7 (,'.=>  DE FGH "IJ-.KL7 MN7  (Polypeptide) MG+ $%! ,-H F.GO+]4[.  

2-2-6-  !()'*+ (Protein) 
PQ+-RS "# )+! T!0!?@  ! 4.5+6'7 A2G92( DE   ,-H F.GO+ U-;HQI M( TV6'K.> 6 4I'# UTW.X#! UTV60-.@

$%!.-Y01 ,1?>Q7   ! TQX>! T-I  F(QH "# ,-H F.GO+ 4.5+6'7100U000M( ZNK*( [2>  HQI;-.  "KXGH  !

  QI  4.5+6'7 \0?I JQ]92G92( T-H Q.N^ QE -.%! QI T< T12R> _.#'+ QI QE `< 01 T< a-( M>b2c T->QH23

M( 1232I ";.(< JQ@-.%! J'+ ,1Q% 0QKdQ% "# -;E< ->0!1 4.5+6'7 "I $8X>]4)[FGH3(. 

 
  !"3- 4=->! 9-6# @7FK7> 23 :;&<;6 %-S1+(N]4[  
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2-2-7- ,-. /0'1*2 34!"1 /56-!7&7
 

2( DE 4K:'e  ! -fI A2G9 2G92( DE  ! `<U";.(< -.%! A ': ";.(< JQ@-.%! "I g2%2( MR+! JQ]@6'e< ,106

M( Q=I -;>Q( .=>  ,-.(Q> -.KL7 MN7 JQ@'.=>  U4.5+6'7 ?.960-.@  ! FYQh ";.(< JQ@-.%! 4E! M>b2c JQ@'.

->2H M( .-;KX@ \0?I MN.d Pb2Rf( Q@'.=>  4E!. 16-h Q]R+! 4.I "NYQ: Q@'.=>  4E! 0102/0 6 g6'KXi>< 

  16-h MjQ.R.H JQ@->2.7 4.I "E6!3 "301  -HQI M() FGH4 .( U10!1  MYQd $.R@!  "#  0QKdQ% MNY!  k?3

 -.(< ,6'e gQ;I MR+! lH JQ]@6'e(CCNHC)->0!1 J! "C/Y lE!0< "# -;KX@  .  -.(< ,6'e 4E!

"C/Y -;@1 M( F.GO+ !0 -.KL7 MN7 '.=>  _NY $RX^ UJ!. @6'e 01 MjQ.R.H JQ@ ->2.7 "I -.(< JQ]

$%! 'E  a02Y61:  

  06Q=( TW.X#! )+! 6 4I'# )+! 4.I ">Qe61 ->2.7 1236  

  06Q=( TV6'K.> )+! 6 "IQO( 4I'# )+! 4.I ">Qe61 ->2.7 1236)FGH5 (  
  

  

  !"4-T-K+:9-U "# MV;Q 93;&WN E5N B;U (-XH" ]4[  

  

 89.5--.(< JQ]@6'e J! "C/Y 0QKdQ% ]4[  

-.KL7 MN7 JQ@'.=>  01J ->2H M( FBK( 'iE-GE "I M>V60-.@ ->2.7 m%2+ -.(< JQ]@6'e . M>V60-.@ ->2.7

 ->2.7 'iE1 ,6'e TW.X#! )+! QI !0 -.(< ,6'e DE  ! TV6'K.> )+! "# $%! Z.fn ->2.7 DE U-.(< ,6'e 61 4.I

M(  -@1)FGH6 .( 01 -.KL7 MN7 JQ@'.=>  01 -.(< JQ]@6'e 4.I ">V60-.@ ->2.7 $EQ]> 01 6 U-fI "%

 gQ> "I o.70Q( J0QKdQ% - Helix -EQR> M( 1Q=E! ]4 ) [FGH7.(  

                                                           
7 Amino Acid Residue 
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+
+

  

89.6--.(< ,6'e 61 4.I M>V60-.@ ->2.7 ]4[  

  

89.7--EQKL7 MN7 JQ@'.=>  MjQp: 0QKdQ% ]4[  

2-3- 5:9!"&*7 ;<47 0= >?!$@ /560-4A5B CD =*B05E / A#F  

MG.(!'% aQfq^ $dQ% J!'I Mf.8c JQ@0-;EQI AV  ! ,1Q/K%! 6 $X.I T'^ 01 U?EQ%2>Q> JQ@0127 ?K;% ?.> 6 

 )@!': $S'% "I $XE  m.C( 0!-K%61 JQ@0-;EQI [2> 4E! J0Q=+ JQ@ ";.(  6 "K:QE J1QE  "f%2+ )GE

M( 11'e .  ! MEQ@ ">2R> "I D.(!'% rEQ;Y 01 Q].>16?:! 4E! s'B( t'KXe "I "32+ QI M>QEQ7 l*I 01

0QH! Mf.8c JQ@0-;EQI JQ@1'I0Q#M( , 11'e.  

2-3-1- G*" HI) ,-!J7   
2-3-1-1- 5:9!"&*7 >%D /*K 3<IA0 0= G*" HI) ,-!J7 =*B05E  

 m%2+ "# Mu.uC+ 01Dhara 6 Bhargava $dQ% 01 0-;EQI T!2;fI &'( )*+ ,-./%  ! ,1Q/K%! U-H gQ=>! 

"K*E0 a02BI Q;.(29< 4.i;% `Qv61 ! ,1Q/K%! QI  MEQ;.(29< aQfq^ *E0 ?.> 6 _9Q^ 01 wE0?+ 6 J'e J'e "K

J0!2>8
 0!'^ "f9Qq( 102( $:'e]3[.  

$%! ,12I `< 01 T< T->QH23 QI &'( )*+ rEQ( aQE2KC( MGE?.: '..x+ J1QS ,-@QO( Uw.uC+ 4E! ,?.i>!. 

01  w.uC+ 4E! My.Nv JQ]IQv61(slurry)-(Q3 MR=h a6Q/K( -Y01  QI   Q;.(29<)50-34 (% )*+ ,-./% 6

 U`< 01 ,-H z2N*(  &'(,1Q(< ( M ->2H.  

-IQE M( l@Q# ".96! z2N*( 01 1232( 4.(289!6! 0!-u( U-(Q3 0!-u( lE!?:! QI . UD9QI JQ@ ">-I ".]+ J!'I

`Qv61"K*E0   JQ(1 Q+ ,-H J'e80  1!'i.K>Q% "301 g'e M( K> 01 "# 12H AV a02BI 4.(289!6! "=.

M(01 -E< . {L% U,-H  A'K;# $I2c0  QI '/XR+! $C+ M9V JQ@ ">2R>6 ,-H DOd TQEQ7 01 T-.%0 J!'I 

                                                           
8 Tape Casting 
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"K.X>!1 "I 94 Q+ 97-Y01 M( 'K;E  !2@ 01 DE025+ "K.X>!1  12H. 

 $(Q*n QI JQ@0!2> -.92+ J!'I60 T6'G.( JQ]IQv61  !QI  MEQ;.(29<   &'( )*+  ,-./%6  `<  ! ,1Q/K%! T6-I 

12H M( ,1Q/K%!..  

4.jQ7 UDOd gQd ">-I 01 ,->QR.^QI 0-;EQI T!?.( + 16-h 6 ,12I 0!-u( 4E'4-6/0 % 01 ,->QR.^QI 0-;EQI  0!-u(

-HQI M(  M9< JQ@0-;EQI  ! ,1Q/K%! QI M9V J'e "K*E0 t60. 

 L5M'= /N57 ,=5"1)/0O7&( 

  A2NC(1-  A2>QK#! )5 '@ J! ! "I 'K.9 MN.( 100&'( )*+ ,-./% 'K.9 MN.(  ( "I Z# ,-;;# A'K;# T!2;fI

 )*+ ,-./% a-( "I MX.cQ;x( T?R@ DE m%2+ 6 ,-H ":Qn! &'(2M( ,1?R@ $SQ%  12H .6  QI 4.(289!

M( z2N*( ZNK*( JQ]K8X> QI 'qu( `< 11'e.  

3<IA0 /-?B P5!QRS ' /*K  

 T-H ,1Q(<  ! {7Q]IQv61|d $C+  Q]><  Uk a-( "I 4.jQ7 1 JQ]89Q^ 01 {L% 6 ,-H ME!1 !2@ $SQ% 

 t2e0Q]} AV MS2> QI "#,->QH27 MK/>M( J'e "K*E0 U->! ,-H  ->2H.  01 g'e l.7 ,02# DE 01 Q]89Q^

 JQ(1°C 80 a-RI 1 ,1!1 0!'^ $SQ%  6 ,-HM( 1'% ~Qc! JQ(1 Q+ {L%  ,-H !-3 _9Q^  ! Q@ ">-I 6 ->2H

U,-H A'K;# MKI2c0 mE!'H $C+ 6 M( DOd  ->2H. 

 JQ(1 Q+ 4.(289!6! T1'# g'e°C80QKdQ% '..x+ �SQI  U"9QCK%! 4E! F.9-I 6 ,-H M�.70Q( 4.5+6'7 0`Qv61 

M( ->! ,-H )GC( AV 0QKdQ% 01 "# MG.(!'% a!0� QI M9V "I FE-8+ 11'e . _NY ,-H AV gQd MG.(!'% ">-I

M( !-3 _9Q^  ! MKh!0 "I 6 ,12I )GC( 6 12H.  M8q^ $.@Q( F.9-I Q;.(29< a!0� �2q% J60 0-;EQI `�3

 0127 a!0� 6 0-;EQI-HQI M( Q;.(29<.  

2-3-1-2- >T54!"#%1 /560&#F 3!:)  

� Q> aQC/Y J60 Q@0!2>PET
9M@QiOEQ( < �Q.u( 01 J0!2> J'e "K*E0 t60  ! ,1Q/K%! QI   J'e "K*E0

 6 ,-H bQI  $I2c0  �'f(  01 {L%)95 (% JQ(1 6°C 60M( ,1!1 0!'^  ->2H.  Q+ �E0-KI $I2c0 �q%

50 %  M>Q(  ,061 DE 016( l@Q# "KSQ% -IQE M.  

M( gQ=>! 'E  a02Y "I �;E'K;E  6 0-;EQI 4Kd2% Fh!'( UJ0!2> 6 D9QI [2> 61 '@ 01 12H:  

U4A*<4AN 8V&*" 

  JQ@Q(1  ! DE'@ 01 J0!-]i> $SQ% ).>: 120 U 350 U 5501!'i.K>Q% "301   

   JQ(1 01 $E2GX.I $*7°c 900 a-( "I 2$SQ% .  

   JQ(1 01 ">Qe!-3 ,02# 01 �;E'K;E °c 160I  a-( "2$SQ%   

 "# -H "K:'e "=.K> w.uC+ 4E! 01 FGH J!'I &'( )*+ ,-./%IQv61 T1!1QI MI< JQ]  "# bQI -(Q3 T!?.(

 0QK:0D.K%|7612%(shear thinning) 12d  ! M( TQO>   -;@1 6 ,12I `2Nq("KE 2GXE6IQv61  ).y;+ QI Q]

 Q;.(29< -(Q3 a!0� �*O( MR=h -Y01 J!'I 4.(289!6! 0!-u($%! ).y;+ FIQ^.  

-;>Q( J1QE  JQE!?( 0-;EQI DE T!2;fI 4.(289!6! 1'I0Q# "}'e! : UT12I 'E�7 _E'*+ $XE  UT! 0! $R.^

T12I A2Y29! F]% 6 MR%'.vU10!1  Q(! F.9-IT1'# `Q.%< 6 T1'# z2N*( -;E<': A2c 01 `Q8h F.GO+ U 

 T!2+ M( T< A'K;# J!'I "# -EQR> M( 1Q=E! !0 M+|GO(S  !12R> ,1Q/K%! Z# -n F(!2]3[.  

2-3-1-3-  !%5<WA*E#F5F /54!"#%1 ;<47 0= G*" HI) ,-!J7 =*B05E  

 m%2+ "# ?.> J'iE1 w.uC+ 01Dhara AQ% 01 2005-H gQ=>! J1|.( ]5[ ?K;% J!'I J-E-3 t60 U

-E1'e 1Q];O.7 4.(289!6!  ! ,1Q/K%! QI J'K(2>Q> 1QfI! 01 4.9QKXE'# JQ;.(29< .t60  A6!-K( JQ@ ".]+ J!'I

                                                           
9 Poly Ethylene 
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 !"#$ %&'($ )*#+,- .#/012 345#67*,8 &"#" .#/94$:,; :<= >%#$,?12 4= >%@ A;  0#- B$ B-&;2 . 2C #$:

 D,$ <E? F 4G; H: >,I#J K12)34$&L5:1: ( *C,M FC#G6;: B-N O;:1 P* 2C <4!4$&5N Q:,64" 1 . Q:,44R?

&4;S@ TU#- <4!4$&5N Q:,64" V*:WX: .:H: )- B"&* Y#9(6;:CC,M B$ 34$&L5:1: Z . F 0 FC1WX: .W'X .#/"&*

 C1 J 34[#+ .#$C 2C >B5@ FC&? 3*: B?2:,J Q#4'\U H: ]+ 1 F *C,M VE+ B5@ )!4$H 3*: 2C W4" 
C330 > 

!- FH: ": FC1 ($ #- W*#;&"#" .#!4$&5N nm 80- 15 *N B$ C&^&-  .  

N B$ 2C %@ A90 )- )8 D,$ <E? F 4G; 2C C&^&$ .#/!4_?1,+ ZC,8 `&L($ .:,- BL;#!$ 2#47- )!4$H > !*

 a,$N #* B5#67*,8 .#= 478: )- A* L? B?2:,J Q#4'\U #- )8  !!8 B$ C#b*: .W'X .#/"&* 36c: ": Y:C )- 1

 "C,M B$ W*2 2#47- Q:2d FH: ": #- .,X P* 1 FC&\" Z#;N :2  !*N,X 3*: >D,$ <E? F 4G; H: FC#G6;:N  !*

; .:,- .,e*C 3*We*#^ 0#- B$ B94$:,; Q:2d .C#f6g: W6!.  

2-3-1-4-   ! "#$ %&' ()*+, !#- ./0&1&2$ 3.4 56)- 78.,109:*$;#, )<=>(  

Dhara 1 Bhargava %#; 2C )8 ,e*C Bh4h(? 2C 2003 )- > "C:C Y#b":  != .@&5&!9? &6467": 2C .Ci4$ 

 H: FC#G6;: #- .W'X 1 B94$:,; .#= Y&X <4h67$ .,M )6E*2 .:,- FC#; B012 >B-N .#/-#j1C 2C 34$&L5:1:

 !6X#* k;C]6.[  

 34!l\= Q2:,J m*#U >Z&4;:,6'4X >k745#?#8  !"#$ >n'6E$ .H#;: ^ .#=C,-2#8 .:2:C B94$:,; .#= Y&X

 W'X .#= k*H&o$#8 .:,- )451: %#90: >S#- Fp*1 Y#9(6;: #- C:&$ >,4M )-,I .#=2#6c#;  >P4$:,; 

k!'o\*: J: .#/'qr$ 1 B90W+ .#= !0#- B$ S#- FCH#- #- Bg:,6 . .#= )" -  )4/? .:,- .C q6$ .#/012

 A; )8 C2:C C&^1 2C&+ W6!; K12 `#;:,- AE'E6$  0#- B$ F 0 )6c#!0 .#= !*N,X 3*: H: B9* %@ .  

  

0:?8-F 0 ,6!*H 1 Y#c AE'E6$ .#= )" - .2#9!40#$ #- F 0  45&? n'6E$ %#90:  . k$iU #- .#= )"&\"Gs&-,$  )- 

 k$iU #- F 0 tEr$ .#= )"&\" 1 Y#c .#= )"&\"S 0#- B$ F 0 ,6!*H .#= )"&\" )- s&-,$ ]6.[  

 )451: FC#$ Z&4;:,6'4X >1,8#$ .#= AE'E? #- B94$:,; .#= )" - )4/? .:,- #/012 3*,651: 6$ H: ,e*C B9*

Z#?21: B'+11B$ >k;: B94$:,; B-N .#/-#j1C #- F:,\= S&\q$ )8   0#- ." F 0 Prc >F 0 ,6'4X .#= )"&\

B$ u2#c P4$:,; )9L0 H: 1 )6c&; Z#?21: B'+ 1 B$ k; - B94$:,; Y&X P* >,6!*H H: ]+ )8 C&0  *N . 2C

 ZC&- B\; >K12 3*:NOx .:,- v: * 0 >ZN 36c&; W4" 1 Z#?21: B'+ .H#; FC#$N )'J,$ 2C F 0  U#f6$ 

                                                           
10 Foam 
11 Polyurethane 
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B$ ,w$ k7*H O4($  0#- . Y&X 2#6c#; 34!l\= >K12 3*: )- F 0  45&? B94$:,; B'+ Z#\6c#; )- C1 ($

v#6b46" 1 FC&- Z#?21: C&^1 A45 - K12 3*: 2C F 0  45&? Y&X  Q:,GJ .:2:C >Z#?21: B'+ u1,c H: B0#" 

 0#- B$ n4qI .2#9!40#$ k4'-#g.  

,8 C#b*: <9(67$ 1 AE'E6$ .2#6c#; H1,8#; 1 34$&L5:1: H: FC#G6;: #- m4h(? 3*: 2C >ZN 2C )8 FC

 0#- B$ )67-:1 x#j1C .@&5&[2 )- v: * 0 )'y#J Y&X 2#6c#;W*2 . H: V4-  $#^ FC#$ 2: h$ )94?2&y 2C20 %

 W4" 2 !*#- Q,^#/$ z"#$ >Y&X K,4M ,- F1iU )8 >CC,M B$ FC#G6;:  4;: H: Y&X K,4M .:,-  0#- B\bJ

C&0 B$ .b46" 2C 1 ,6r4- {#Lh": TU#-  4;: V*:WX: #$: H: V4- 2: h$ #- Y&X ZC2&c |,? )20 % B\bJ

 AE'E? #- }4U H: .2#U Y&X )b46"2C 1 F 0 {#Lh": z"#$ >x#j1C )- H1,8#; ZC1WX: )8 C&0 B$  $#^ FC#$

 H: V4-95 %CC,M B$  45&?]6 .[  

 34$&L5:1: kL7" >B94$:,;  $#^ FC#$ Z:W4$ 2C ,44R? #- Y&X 2#6c#;W*2 1 B'8 AE'E? M Z#$H >xN  Y&X K,4

C&0 B$ %,6!8 ~!*,6!*H .#$C 1 H1,8#; 2: h$ > . > "C,M B$  45&? K12 3*: )- )8 B94$:,; .#= Y&X

A90 )- #/"N A* L? 1 Y#c k5#J2C .2#9!40#$ k4'-#g 1 S#- Y#c Y#9(6;: .:2:C  !0#- B$ n'6E$ .#= .

) A908.(  

2-3-2- @ .AB 

2-3-2-1- *$;#, %/;#2$ 3.4 56)- 9CD 94! 0:?  ! @ .AB !#- ./9:  

 %@ A$#U Z:&!q- H2#MN H: #!4$&5N .,M )6E*2 .:,- >Bh4h(? 2C 34� .:&/e!4; F#er":C 34hh($ H: .C: q?

 "C21N k; - .W4$N k4hX&$ 2#47- �*#6" 1 FC&\" FC#G6;: >F "&0]2.[  

 .1#J >34[#+ .,=#� )6*H&97*1 #- B94$:,; .#/"&47"#o;&; B5@ .,M )6E*2 )q5#�$ >m4h(? 3*: H: a =

Nk;: FC&- 3e\= vi$#8 1 F 4l4+ %#90: #- Y#c .#= )" -  45&? .:,- >2 !*#- Z:&!q- H2#M.  

  
 0:?9- 34-2&? 2&?12  ) ,�g )-110,6$ B'4$  (~!4$2&X %@ K12 )- F 0 )4/?]2[  

 H: K12 3*: 2CB*#/-#j1C #- 55-53 1  $#^  y2C 05/1-7/0 % H2#MN B"H1 *C,M FC#G6;: . )'y#J �*#6"

Z#r" F !=C Y#c )" - 2C )647":C Z@&\= z*H&? 1  H: ,6r4- Y#c Y#9(6;:3%#9;#+ #e$  0#- B$  . K12 3*:

 .:,- .C#q-: kgC  1  a#y  �&�;  #- F 4l4+ Q#q�g )4/?v#\4h67$ )8 34-2&? 2&?12 A�$ S#-  )- H#4" Z1 - 1

B$ ,6!*H >2 !*#- 36c&; .:,- Fp*1 AJ:,$  "&0M B$ FC#G6;: B-&E- > )8 CC, ,44R? H: .2#U B*#/" %&f($

 0#- B$ |,? 1 Y,X) . A909(  

 :2 K12 3*: )- F 0 )6c#; .#= )" - ~!*,6!*H 1 .,M )6E*2 >B?2:,J Q#4'\U >x#j1C .H#; FC#$N AJ:,$

C&\" )yic ,*H 2:C&\" 2C Z:&? B$:  
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 !"#$!"% 

&'#( )*+ 

,-./ %0 12#+ 

&34567 

8#9 :$;"< 

=>' ?<0#@ 

AB.5#CD"' 

EF 

=G4H0#5 <'3I %<.9F 

(Agarose) 

 !4J4H K.L

=M0'% %.9 

  

 0:?10 - B5@ .,M )6E*2 K12 )- B94$:,; )q�g P* kc#; AJ:,$ 2:C&\" ]2[  

2-3-3- %EF6B G H*'ID  

2-3-3-1- .E=,  ! !=J=$ %EF6B G H*'ID !#- ./12.K:*$;#, 3#A 52&E   !   

.H ~!+ .@13
 k;C B94$:,; Y#c )" - B=C A90 .:,- Z&4;S@  !*N,X H:  * ^ �&" P* )- Z:2#9\= 1 

k;: F 0 FC#G6;: F21: 1 #*&; 2C C&^&$ <*W"N >34?S@ H: ZN 2C )8  !6X#*]7 .[@ D:C %&'($ )94"#$H 34?S

vi$#8 Z&47"#o;&; P* #? CC,M B$ 34?S@ .#/5&95&$ 34- )-d#^ 1 Z 4L7� H: z"#$ F21: C&0 B$ C,; 

CC,M B$ B[:CH H#M O4($ O*:,0 2C ]o; 1 C&0 C#b*: A4$ %#- O;&? `,o7*C . )- <*W"N ZC1WX: H:  q-

%&95&$ Z&47"#o;&; . q- ); )9L0 P* 1 FC&\" x�^ :2 ,e* 9* 34?S@ .#= B0#" B"@12 4= .#= "&4+ #- 

 "21N B$ C&^&- <*W"N )*Wb? H:.  

 #- Y#c )" - P* 1 C,4M B$ �#�: .#$C 2C ,8�5: �&X Z&4;S@  !*N,X #- 34?S@ 1 #!4$&5N .1#J .#/-#j1C

 *N B$ k; - a#y ��; 1 Z@&\= 2#6c#;W*2]7.[  

2-3-4- H*L'G#MH*$=NCB G   

2-3-4-1- #, H*$=NCB G <)OA H*L'G#M (#26.PO/ !#- ./ 9CD 94! 0:? 3;#- 3G.A <

 .K:*$;#,  

k'4X P*S S1:14
 %#; 2C > [&; P4$:,; .&6467": H: Z:2#9\= 1 2000 .:,-  * ^ B012 )- .Ci4$ 

                                                           
12 Urease 
13 Zhi-Peng Xie 
14 OlaLyckfeldt 
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  !" #!$%& '& ()* +,- % &!./-0 12!3 4056/7  %89  !" :,;<%8= >0 ?&!@AB0 !7 !CD,208B EFG E"& 1DH

I6AJ!K LB& ED,208B]8 .[,25MFN O%' :K0 '&  %!P Q8B :(BSA) :,25MFN R)S82 TU< ?I,@B '&5= ( %

 QI6P :,;<%8= ?8A-!)69
15

(WPC)I-IK&8P ?&!@AB0 ?I-5H VG 12053 40563 W7  .45,)-!XB5B   %!Y  !"

Si3N4 , Al2O3 % ZrO2 I2!Z ?&!2 [\AU2  !"I]'& !7  )55-44 %E^_Y ( R?IH W,C< '5`62 :K0  087

P WJ!a0 89bF0 c5J  !" :,;<%8= '& % ?IH  8P WAUK' ?&!B V!DH0 !7  !CMF!d '& W\]!Y #!$%& % ?IK&8

  !2& C80 #!$%& O8,P 1^3 )45,BeG ( &8,P E2 Q!_-0 ) 1DH11 .( 1DH W-I7 RI6KN8J >0  0 W\Y82 '&

e!7 WA,)-0& W7 4I,B'  087 ?IH ?&0& )  '5;< WA,)-0&99 %> ( 9 R&&8P E2 8A6K>W I-05< E2 f6K8A6K> 1^3 

0 >!P '!gJ Lh< f6K8A6K> i5- >(GPS)  087 Si3N4 !"I,)90  087 05" 8@)^<0 Lh< '!gJ 4%I7 f6K8A6K> % 

IH!7 . RW/F!j2 &'52  %89  !" :,;<%8= 4!,2 '&WPCW\^Z >0 LB0 ?&0& 4!g- &5k >0  8A75\j2 l05k  :

 4IH T,Ua >0  8,P5\Z)4IH L@B (#!$%&
16

0 R8A/K8B 45,BeG R8A^9 [9 &!_K0 R '!,)7 Q!k Q!DhAB

 I6KN8J V5m '&  8A^9 n8< % ?&5^- 8Kb= 4!D20 8< LF!Y '& 0' (F!d >0 Q!k W-I7 o%8k 4!D20 W9 8<e!7

E2 &!_K0 4&89 pgk &5H . >0  8<e!7 '0I.2 :K087!67WPC W)K!.2 '& R#5\j2 45,BeG W7 4I,B'  087 

IH!7 E2 >!,- &'52 R8qK&  !" :,;<%8= !7 .E75\j2!- 8r0 W9 WPCE2 f6K8A6K> sK08H  %'    t3!7 &'0bP

E2 A,)-0& W9 &5Hu-I7 u  !"'&5=  &!3 f6K8A6K>  !CH%' !7 W)K!.2 '& O%' :K0 W7 ?IH ?&0& 1DH 

IH!7 8A6,v!= ED,208B .[9 1,Dg< >0  8,P5\Z % 05" 12!9 o%8k R8a!Y I6KN8J '& W\Y82 :K8< E-08h7    

E2 ,Y '& EP&'5k n8< >0 !< IH!7&5H  8,P5\Z R?IH WAUK'  !" W-I7 4&89 pgk % (F!d >0 o%8k :.  

  

  !"11-ED,208B '&5= 45,)-!XB5B pK '&  %89 :,;<%8= pK  !7 VG 1,Dg< p,<!^H 8K5w< ]8[  

#$%&'  

1.  R&5/)2 T,"0870 8A9&" p,208B x'!/^F0 ?8v0&" R>08,H IK5- y0'!gA-0 R1376 
2. Z.P.Xie, J.L.Yang, D.Huang, "Gelation Forming of Ceramic Compacts Using Agarose", 

British Ceramics Transactios, 1992, vol.98, No.2 
3. Santanu Dhara & Parag Bhargava, "Egg White as an Environmentally Friendly Low - Cost 

Binder for Gel Casting of Ceramics", J.Am Ceram. Soc. 84 [12]3048-50, 2001 
4. Microsoft Encarta Reference Library, 2003. 
5. Santanu Dhara, " Synthesis of Nano crystalline Alumina Using Egg White", J. Am. Soc. 

88[7] 2003-2004, 2005 
6. Santanu Dhara and Parag Bhargava, "A simple Direct Casting Route to Ceramic Foams", 

J. Am. Soc. 86[10] 1645-50, 2003 
7. Zhi-Peng Xie, Ya-Li Chen, Yong Huang, "A Novel Casting Forming for Ceramics by 

Gelatine and Enzyme Catalysis" Journal of the European ceramic society, 20 253-257, 
2000 

8. Ola Lyckfeldt, Jesper Brandt, Silvia Lesca, " Protein Forming – A Novel Shaping Technique 
for Ceramics" Journal of the European ceramic society, 20, 2551-2559, 2000 

                                                           
15 Wheat Protein Concentrate 
16 Slip Thickening 
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  !"# $ %&  !"# '()*+ - ), -"./0-1%+ 2%34"50*( 

'4#678098, 

 !"#$%&!' (&!)#!* +!,-. /0"12 3-&!' 

 !"#$  !"#$%&'()*+,-. / &%*. 0% 1234 / 567  ,8#$%& 9:;%< 

mdabir@yahoo.com 

 !"#$:   !"#$%& '$() *%! +& ,"-.& /0123"4 "5 6+"%+"7 6&87 "9 *0:;<5& +& '= *%">?"%

@00= /A . /$5+B;A"= C 68<1:D E/F1A&8% E6G:( H:$IA !&BA +& ">$0:;<5& J5& *K"% 6&87

'21L C '21L EJ78= E6@1M=& 6">F1A&8% NA"L !BK "9 O1A&8% !BL /A  !"#$%& - 

@L"7 /A ">F1A&8%.  

 @9&BK P)BQ /RS"T#3& C NT( EU83 "5 *I% +& V.& EW(&8X& *("7 C *0:;<5& J17 '21<9

 J$M3&! C *(8Y *1<9& +& !B7 @9&BK 8-A "5 @1#A Z@7 6&87 W0=&C J5& '= '$F3 J5&

*M9 C  !B7 )&!)BK87 /5S"7 )"1M7 . '= @L /A /T%  !)&C 6"9)8[ W9"= 6&87 V5@\ )!

8$<= W0=&C Z@7 )! '= !BL  !"#$%& 6!&BA +& Z"FAS& /$]6 8^3 +& C @09! U"_3& 

@0L"7 `"T( 81a /$M5+ .*0:;<5& O5 6"b7 "A& "7 )&@5"D c8$2A Nd( O5 N1F2R @0A+"13 

@L"7 /A Z"7G1A e@3+ *("7 . !8F:<.  @9"2A C /FLG;3&@3! )! B1$=&B5"7 !&BA /%)87 "7

'21L 81K& 6">?"% )! E">3f Z&C&8( @5&B( C g%"0A - *K"% 6&87 B1$=&B5"7 6">F1A&8%

)&8\ /Q"K '4BR !)BA /3&@3! 6">$0:;<5& @3& '$(8Y .  

1- %&!'&  

*= >?&*@ '. >-AB 136CD:% &*@ >-@,E ;!? )& >E 'DFG <H >? '6E ) .  !$I 1J,? )& '3-@,E K&,. LMH

1FM$ N3E%/ ;/!? / 'O3P .0% >QMH,. 5-FMR >? !:!G K&,. &/)/ ,?- S/,A-. N3E%/ T*$ ),UV 9'$%*W-R% 

 1J<B !H%*P X,Y$% '-J,?:  

1. Z[G \?,] &%*.1
:;!? )& &%*. ^:% I%  &,A-R% ,?  1J,?!$&<B '. ;_ ^:`8:,G a%<=% .  

2. b,c:<de &%*. 'O3P 
2

 :;!? )& &%*. ^:% I%  &,A-R% ,?  !3H%*P \M"#e <Mf-. '-.,Wg ,? 0<cMJ 1J,?

&%&.  

3.  1F:I &%*.h,2J3
 :,?&)/_ !3H%*P &*G*? i<-#. \jJ )& '+,je% '6c] 1J,? !M+*e >.%&% .  

4. 'DR &%*. :!@ !3H%*P &*P a%<=% 1J,? k<. lG*..  

"M$,.I &/!m. a%<=% nMm. ,? 136CD:% ^M? N3E%/ > !@ 0<cMJ 5MWg 1J,? o: &,Y:% >? <Y3. N3E%/ ,: 9

 i<-#. \jJ >YM-$ )& 1@%& !H%*W$ &*G/ 136CD:% / 1J,? ^M? '+,je% <8:& 9&&<B 136CD:% a%<=% )&

'D$  N3e !$%*e0&,:I!3E \Dme %)  .>E 1R% '+,p )& ^:% &*P 0,G )& !:,? ,H 136CD:% !3@,? 1?,q . 0%<?

;!$,cFV \Mc] I% 'A6-W. '"M$,". 0,U@/) I% ,H 136CD:% ^-@%& >8$ 1?,q / ;&<E 5"m.4
 ;!$,QMr 95

  ,:

!33E '.  &,A-R% \W6W-. stR ;/)& >? 1J,? !@) . &,Y:% I% \c] *M-E%*:,? &%*. I%  !@ >-P,R 0,U-36CD:%

                                                           
1 Resorbable 
2 Bioinert 
3 Bioactive 
4 Cementing 
5 Screwing 
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/ !@ !3H%*P 5"m. 1WR / u:<R 90<cMJ h*FCE ,? ,Y:%>? 0*] h,je% & 9a%<=% 1J,? / ;%*W-R%  0%<?

\.%*7 >? ;!@ 5"m.  \c] )& >E '"M$,". &<? X,$ ,U$_ I%!$)%!$ 'G,M-p% 9!@  . ,: 91Me,r_5Mv*8? <-U? 

'FE/)!MH 5MF6E  1Me,r_)Ca10(P2O5)6(OH)2 ,: HA( !3$,. 91WR 0,H 1J,?  !3H& \M"#e '64% w`G 

 '. ;%!$& 0,3M. / x,7 9;%*W-R%!@,? /  \?,] >3:`B  &,. ^:% 9;%*W-R% )& 1Me,r_ 'FE/)!MH &*G/ ,?

!@,? '. >-:*M-E%*:,? 'R)<? / ,U-36CD:% )&  &,A-R% 0%<? 'UG*e . 1Me,r_ 'FE/)!MH 0&yM. &,-AH >H& )&

nR%/% )& / &*?  !@ &,U3#Mr '$%!$& / '$%*W-R% 0,U-36CD:% 0%<?^MDH  1Me,r_ 'FE/)!MH >H& 5E%<-. / 

!@ >-P,R  !@ <-3:I . &%*. I% X%!"QMH >$,ARz-.HA 'cR,3. '"M$,". {%*P 9h,2J 1F:I 0,H >#M@ ,: / 

 / !$)%!$ |,? N3e ,? ':,H&<?),E 0%<? ,U3e'.,83H  / X*M$,-Me !3$,. 9Z*P '"M$,". {%*P ,? 0&%*. 0/) >E

 9!$*@ '.  &%& N@*r ;_ 0,H(,M+_&*D$  &,A-R% ,U$_ I% ;%*e '..>?  0&%*. 1P,R 0%<? }ye \M+& ^MDH 

>#M@ N:%!Mr >? <Y3. 1:,U$ )& / !@ I,~_ lR,3. '"M$,". {%*P ,?- {%*P ,? *M-E%*:,? 0,U"M.%<R 

. '"M$,".Z*6t!:&<B ] .1[  

2- %(") *"+,-*./0 1/2  

>E )*t$,DH h/!G )& )1( *M-E%*:,? 0,H >#M@ ),-P,R '64% w`G !M3E '.  !H,#. SiO2 '32: 1R% ^:% 

 ,H >#M@ 9!$)%& )%<] 'e,"M6MR 0,H >#M@ >-R& )&>E !3V <H Na2O / CaO !3H%*W$ 'DE )%!d. `M$ 

 >? %) &*P 0,G  !3:_ )& >E 91@%&CaF2 /P2O5 &%& !3H%*P . 

34!51- lME<e )'+*. !4)& ( nR*e  !@ 'J<2. *M-E%*:,? 0,H >#M@ I% >$*D$ !3VHench N$%),"DH / ]1[  

455F 52S4.6 45S5  

46.1 
24.4 
13.4 
13.5 
2.6 

52.1 
21.5 
23.8 

- 
2.6 

46.1 
24.4 
26.9 

- 
2.6 

SiO2 
Na2O 
CaO 
CaF2 
P2O5 

 stR 0/) <? 9<:I �<@ >? >6p<. >$ )& 0%  !MQMr 0,U#3E%/ ;!? )& *M-E%*:,? >#M@ 0<MB)%<] I% �r

 &,-J% !H%*P �,Ae% >#M@]1/7[: 

1 .h5BTRNa
+"5K

+
   "7H

+"5 H3O
+`B:iA )!  )3BY8Y!/'21L ,&G4& (   

2 .`B:iA NK&! '7 '21L N] N7"\ 6">R"F1:1% Z!&! *%! +&  

) 6"9@3"7Si-O-Si6">9C8Y '7 N5@jR C  @L '$MFL Si-OH C Si(OH)4'21L kl% 6C) 87 @09&BK 

@L(  

3 . kl% 6C) 87 85+ W0=&C "7 !@_A Z@L  G58<1:D C V=&8R  

Si-OH + OH-Si       Si-O-Si + H2O  

4 .4">A 6">9C8Y P8Ca
2+ C PO4

3-   

5 . +& /0a 6"><:1( N1F2RCaO-P2O5   

)C)6 P"#M( V:1( O5 "F1:1% +& /0a '5S -@9&BK N1F2R `m "1M:= @L (  

6 . '5S @L)SiO2   

7 . +& /0a n)BAf '5S @L)CaO-P2O5   

8 . +& /0a n)BAf '5S ZB1%&G1?"$M58=CaO-P2O5    

9 ./?f ,&G4& J$%B1D    
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6#)1- B \"@h( ,"M6MR 0/) <? 1Me,r_ !MFE/)!MH �:| o: 0<M]8[  

3- %(")-*"+,-*./0 1/7#"&-89   

>#M@- / Z*6t. lME<e ,? >#M@ o: 'e)%<p S,M6D7 ,? >E !3-FH 0% >$%&`:) 0,U+,-F:<E '6r ,U"M.%<R 

!$<MB '. \"@  !@ h<-3E ;*MR%`M+,-F:<E >YM-$ )& . 1M6?,] ,H >#M@ '.,De 5M$%& '. >E )*t$,DH !M+*e

>#M@- )& !$*@ '. h,-F:<E >? \:!ce '-WR >? /  &*? )%!:,r ),MF? ,H >#M@ '�2? 9!$)%!$ %) oM.%<R 

  &,._ !@ !H%*P Z*6t.,$ ),-P,R `:) &,Y:% >? <Y3. >E '+<-3E \?,] <M~ )*= >? <8:& '�2? >"M+,p

!3-FH ;!@ >+,-F:<E .>#M@ !M+*e 0%<? >M+/% 0,H >#M@ lME<e-H oM.%<R  5U. ),MF? 9h*c] \?,] 0,

1R% .>#M@ !M+*e 0%<?-95:)%& 1Me,r_ I,J o: !M+*e >? I,M$ *M-E%*:,? 0,U"M.%<R #M@ '.,De )& >YM-$ )& >- 

�m? &)*. *M-E%*:,? 0,U"M.%<R <OE% I,J ^:% &,Y:% 0%<? / &)%& &*G/ 1Me,r_ 'FE/)!MH ^M+,-F:<E I,J 9

>#M@-R �:,r <? *M-E%*:,? 0,U"M.%<R !$%  !@ ,3? ,Ue,AFJ*"M6M .>#M@ I% >$*D$ !3V lME<e- 0,H oM.%<R 

 h/!G )& *M-E%*:,?)2 (1R%  !._.  

34!52- '"@`r )&  &,A-R% &)*. *M-E%*:,? 0,U"M.%<R I% >$*D$ !3V lME<e ]8[  

  

>#M@ ^:% )& &*G*. w%`G%<-#M?-3-FH *M-E%*:,? 0,H >#M@  !3H& \M"#e w%`G% >? >Mc@ ,U"M.%<R  ,.% 9!

 I% 0<e|,? !4)& 0%)%& b|*D2.P2O5 0<-DE !4)& / Na2O!3@,? '.  . )& h,O. ;%*37 >?A/W / 
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CERVITAL 0<-DE !4)& P2O5 &*@ '.  !H,#. .>#M@ ^:% 0%<?- 9,U"M.%<R P2O5  \.,7 ;%*37 >?

>$%*G '. \D7 %I '. / !3E F?%/ >E !@,? '3M+,-F:<E 1Me,r_ I,J 0%<? 'DU. w`G !$%*e>#M@ lME<e >? >- 0,H

&*@ \M"#e 1Me,r_/)*�6J ,: / 1Me,r_ S,3?<E \MFE/)!MH 91Me,r_ 'FE/)!MH 1R% ^"D. )&,. . 0)%[B <Mqze

P2O5  ;*: 0|,? ;%!M. S)!] >? >-F?%/ '6E )*= >? ,H >#M@ )& %I >$%*G \.,7 o: ;%*37 >?P
5+1R%  .

P2O5  9!3E '. �:*#e %) >#M@ )& >#M@ 0I,J N:%!G\"@ >E S)*4 ^:!?  �:<� ),-P,R`:) o: 0<MB

&&<B <q*. ),MF? '$I >$%*G >? <Y3. !$%*e '. >E 9&,-J% !H%*P �,Ae% S/,A-. lME<e ,? >#M@ /& I% \"#-.. 

>#M@ )& >E 1R% <E� \?,]- '64% I,J 91R%  !@ x),P h,.<$ 1+,p I% ;,#cME<e >E ':,U"M.%<R 

&*? !H%*W$ ^M+,-F:<E .>"M$,.I>E >#M@ ->-W:) / Z/� '+*D2. }/) ,? ,U"M.%<R  >#M@ 0<B  / >M+/% 0,H

>$%*G / >-J<B X,Y$% 5Yp )& '$I >$%*G >E 1R% 0)/<g 9!$*@ !M+*e ,U$_ ;*MR%`M+,-F:<E �CR  )& '$I

&*@ &/!m. stR .>$%*G )& b|*D2. ^Mv,r 0,.& )& '$I 9DYp '$I >$%*G I% ;,3MD=% 0%<?'>-FH >?  0,H

 '$/)&5:)%& x,M-p% 'J,E] .8[  

3-1- :#);<=-!=> ?> *"+,-*./0 >-*& >80?/, 

3-1-1- @-!=> @/A+B/9  

x,e 1DF] /& I% ;%!$& <H '6E )*= >?6>#:) / 7
 %  !@ \M"#e1R .;,H& )& 1:/) \?,] 1DF] x,e >#:) / 

&)%& )%<] oJ ;%*W-R% \P%& >E 1R% ;%!$& I% '#W? . 0/,p >E &)%& &*G/ 0%  <Ap ;%!$& <H nR/ )& `f.

�+,r ,: ;%!$&8
 1R%  >E&)%& )%<] >#:) )& ;_ >Md? / x,e nR/ )& �+,r I% '-DF] . / �/<7 0/,p ;%!$& �+,r

!$*@ '. ;_ &)%/ ;%*W-R% I% >E 1R% '?,j7% .  

 ;%!$& x,e ;,D-P,R:&)%& &*G/ >:| >R \P%& >? x),P I% ;%!$& <H )& :,3M.9
 x,7 910

 `f. / . x,e I% 1DF] ;_

 >E ;%!$&&*@ '.  !M.,$ ,3M. 1R% �D+ /  !H,#. \?,] ;,H& )& .&)%& )%<] ,3M. <:I )& x,e 0,U-DF] <:,R .

1R% <-#M? 5H ;%*W-R% I% ;_ X,"m-R% >":)*= >? 1R% ;_ '-WR ,3M. S,M4*jP I% '": . ^-@%& ,? ,3M.

96 %&&<B '. Z*Fm. ;!? 1J,? ^:<e 1WR '"H_ / '$!2. &%*. .E ),MF? x,7 X,"m-R% / 1R,3M. I% <-D

!H& '. ;,#$ 1MR,Fp S,":<me \?,d. )& /  &*?  !$I '-J,? ,3M. ayP <? .  

 ;%!$& �#:) ;,D-P,R:  \P%& >? x),P I% lMe<e >? >E &*@ '. \M"#e 1J,? T*$ >R I% `M$ ;%!$& �#:)

 I% !3e),c7 :;,DMR11
 x,7 912`f. / 13

. $& �#:) 'G),P stR )& >E 1R% 'EI,$ �:| ;,DMR&)%& )%<] ;%! .

1R% <e ^@/) `M$ ;_ �$) / <e 1FR x,7 I% 'E!$% X,"m-R% <�$ I% ;,DMR. x,7 I% 0% >:| ;,DMR <:I )&

&)%& %) S,M4*jP ;,DH b,c:<de / 1R% x,e 1DF] x,7 �.%&% >E &)%& &*G/.  

 /& ;%*e '. �,R% ^:% <?7*3j. S)*4 >? 9�+,r ,: `f. I% <�$ a<4 %) >#:) / x,e 1DF] I%  &,A-R% ,? / '

>#M@-&<E !M+*e ,U"M.%<R ] .9[  

3-1-1-1- C<A.-DE /2   

1@%& !3H%*P '4,P \"@ / T*$ !$*@ '. >-@,E >E 'v,G >? >-F?%/ ,U-36CD:% . &%*. I% ,U-36CD:% 1P,R 0%<?

&*@ '.  &,A-R% ,H oM.%<R / ,H<DM6r S%`6J T%*$% \O. 'A6-W. . oM.%<R ;,H& )& >-J) ),E >? K&,. ^M+/%

                                                           
6 Crown 
7 Root 
8 Pulp 
9 Enamel 
10 Dentin 
11 Cement 
12 Dentin 
13 Pulp 
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?1R%  &* /  I%  &,A-R% �QW:),e;_ ;,-R,? <j. >? '"@`C$%!$& )& I,?&&<B '. .  

 &)%*.&*D$ 5MFde 5U. >-R& >R >? ;%*e '. %) '$,H& 0,H 'p%<G )& ,U-36CD:% I%  &,A-R% . \.,@ h/% >-R&

 &*P >-R& ^:% 9!$/) '. ),E >? >-J) 1R& I% 0,U$%!$& '3M#$,G 0%<? >E &*@ '. ':,U-36CD:% <:I /& >?

&*@ '. 5MFde >7*DY.:) �+% ( ^:`8:,G 5Md-F. )*= >? ;%!$& oM.*e,$_ \"@ ,? &*P >E ':,U-36CD:%

. >O+ <:I )& 9x,e 0<MB )%<] 0%<? %) 0% >:,r / ),-P,R<:I ,: !@ !3H%*PU 9&<E !3H%*P ,M)Z ( >E ':,U-36CD:%

!U8$ >? '$%*W-R% 0,H >fMe S)*4 >? / 5Md-F. <M~ )*= >?!33E '. oDE ,U$%!$& 0)%].10[  

 !$)%& ;%!$& ^M#$,G 0,U36CD:% '32: h/% �-R& %) &<?),E ^:<-#M? <g,p h,p )&)\"@2 .( <H ;&<E ^M#$,G

 ),3E `G '6p  %) NMr h,R !3V ,e >E &)%& h,c$& >? %) 0%  !D7 Sy"#. ;,H& )& '7*3j. 0,U$%!$& I% T*$

 h,p )& '+/ 91@%!$ &*G/ ;_ ,? ;!._ &,Y:% ;/!? %) &)%*. ^:% '.,De '3:`8:,G ':,$%*e 136CD:% <g,p

.&)%& >:*$,q &!2-. Sy"#.  

  
6#)2->:,r / x,e 1DF] /& I% \"#-. 136CD:%   

 \O. 'A6-W. &%*. :\M-R% �63M-R%14
 0,H(,M+_ 9Co-Cr-Mo 9Ti9 0,H<DM6r PMMA 9 HDPE 9,3M.*+_ 9 

M-M+/<Mr ^?<E 9�6B*:,? 9,3M.*+_ 5MF6E/ o !$%  !@ N:,.I_ '$%!$& \W6W-. 0,U-36CD:% 0%<? 90% >#M@ .  

)& ,U$_ 0/) <? 1Me,r_ 'FE/)!MH �:,r &,Y:% ;,".% / 0`6J �6-W. 0,H(,M+_ &)*. )& \c]  <j-W. )*= >?

!@ >v%)% 'e,mMg*e . \"@ )& >E )*t$,DH `M$ ,H<DM6r)3 ( )& \W6W-. S)*4 >? !3$%*e '. !M3E '.  !H,#.

6CD:%!$*@ >-J<B ),E >? ,U-3. ]11[  

&*@ 'D$ 1J,: <8:& &%*. )& >E !$)%& 0&<J >? <jm3. / S/,A-. {%*P ,U3?<E .'. by.,E &%*. ^:%  ,? !3$%*e

!3@,? >-@%& i<-#. stR 'O3P S)*4 >? X<$ / 1WR 1J,? /& <H.  oM-M+/<Mr ^?<E 'J<2. I% �r

 h,R )& '"@`r 567 >? �/<e/`:%1969 &,. ^:% 9!@ >-J<B ),E >? ']/<7 0,U-36CD:% 0%<?  . >?  &,. ^:%

 '?*P �3:`B 9'8-FP ^-@%!$ ^M3QDH / ;%*W-R% >? o:&`$ oM-R|% h/!. ^M3QDH / |,? X,"m-R% <=,P

1R% ,U-36CD:% )&  &,A-R% 0%<? . 0,UB) 0,H!$*Mr / l6] 0,H >Q:)& )& 0%  &<-FB )*= >? '3?<E 0,U#@*r

$)%& &<?),E 9'$*P! .1R% ;_ )& )*-E,J ^:<-DU. 9S%<MMfe &,Y:% ;/!? 9^?<E )& ,U3M�e/<r Z[G 1M6?,] .

\"@ )& / !@ >-AB >E )*t$,DH)3 (&*@  &,A-R% '$%!$& 0,U-36CD:% )& !$%*e '. `M$ ^?<E !M3E '. >�py. .

]12[.  

\M"#e 0<cMJ h*FCE >E 1F3:% |,? &%*. X,De 'R,R% \"#.  >YM-$ )& &%& !3H%*P &%*. ^:% I% X%!"QMH

 5"m. &*P 0,G )& 'A6-W. �<= >? >"3:% <8. !@ !3H%*P �+ 'e!. I% �r / 1@%& !3H%*W$ '":`MJ S,cq

!$*@ .>#M@ 9'$%!$& 0,U-36CCD:% )&  &,A-R% 0%<? &%*. ^:<-U?- / 0),BI,R 1F:I ,? >E !3-FH ,U"M.%<R 

@ !3H%*P 5"m. &*P 0,G )& 'B&,R >? |,? '+,2J 1F:I>#M@ T%*$% >.%&% )& \M+& ^MDH >? 9!- 

!$%  !@ 'J<2. '"@`C$%!$& )& a<j. &)*. *M-E%*:,? 0,U"M.%<R. 

                                                           
14 Stainless steel 



 

 

32

  
!"
#!

 $
%&
!"
'

 (
&)
*+
,
-

 /
 .
/)
0
1

4
 /

 
 
)2
3
&4

 
13

8
4

 

  
6#)3-^?<E I%  &,A-R% ,? ,U-36CD:% I% >$*D$ /&  \W6W-. <DM6r / 0% >#M@  

 X,$ >? 0!:!G K&,. b%<MP%SiCA-R% 0%<? *M-E%*:,? N@*r ,? >E 1R%  !@ 'J<2. `M$ oMJ)*.*:,?  )&  &,

&/) '. ),E >? ,U-36CD:% . &*P 0,G )& /  &<"$ h*FCE &,Y:% &)%& >E 0*M-E%*:,? N@*r >? >G*e ,?  &,. ^:%

!$,. !H%*P 1?,q|,? X,"m-R% \M+& >? /  0,H&<?),E 0%<? %) '3@/)  !3:_ Z*6t. {%*P / ^Mv,r �-MF$%& 9

1R%  &%& ;,#$ o:!r*e)% / '"@`C$%!$&] .13[  

3-2- %(")-&-89 F" :=-!=> 1/2  

>#M@ 1J<#Mr ,?- 0,H&<?),E 0%<? h,2J 1F:I / ),BI,R 1F:I 0,U"M.%<R '"@`C$%!$& >-R& /& 9  &,.

 >E !$%  !@ 'J<2. Z*6t. {%*P / 0<?),E nMm. )&!3-FH S/,A-.:  

1.   !@ >-@,E w,�7% 0%<?  &,A-R% &)*. &%*.),H 136CD:%(  

2. 'DM.<e '"@`C$%!$& 0%<?  &,A-R% &)*. &%*.  

 0%<? XI| n:%<@1P,R>#M@ -1R% S/,A-. by.,E �*J >-R& /& )& ,U"M.%<R  . {%*P ,H 136CD:% 0%<?

>#M@ o: 91R% <�$ &)*. <-#M? '+,2J 1F:I / 0),BI,R 1F:I- >:| o: >E *M-E%*:,? oM.%<R 

!3E !M+*e 91WR / X<$ 0,U-J,? >? |,? h,je% S)!] ,? h,2J 1F:I 1Me,r_ 'FE/)!MH . &<?),E >? >-F?

>#M@-%<R  9'#DP X,"m-R% 9,. S%),�-$% ;!@  &)/_<? 0%<? 9,U"M.'8.<dV Z*6t. '4,P �$,: h/!. / 

!$)%!$ '-MDH% ,. 0%<? >-R& ^:% )& �$) 91MJ,A@ \O. '"M-r% {%*P >V<B% 91R%.  &)*. )& 1M2g/ ^:%

>#M@-1R% S/,A-. 'DM.<e 0,U"M.%<R  .H& nMm. '32: &*P a%<=% nMm. ,? 1F:,? '. &%*. ^:% ;,

!3@,? ),BI,R . ^:% )& 0<-DU. 'mtR {%*P 9&)%!$ '-MDH% &%*. T*$ ^:% stR >-:*M-E%*:,? >"M+,p )&

>#M@-�$) 'B<Me \O. ,H oM.%<R 
151MJ,A@ 9 16

 9'8.<dV '2Mc= ;%!$& ,? >?,#. !:,? ,U$_ N:,R / 

!@,? .Mc= ;%!$& >? 1cF$ 0<e|,? 0,H&)%!$,-R% &%*. ^:% ':,MDM@ 0)%!:,r 0%<? )& 1R%  !@  &%& )%<] '2

>#M@ ^:% )& \W6We &,Y:% I% >YM-$-0<MB*6G S!@ >? ,U"M.%<R  '. &*@ . 9,Ue/,Ae ^:% &*G/ <=,P >?

!$*@ '.  &,A-R% 'A6-W. ':,MDM@ 0,UD-FMR . &)*. )& %!-?% 9 /<B /& ^:% 0,Ue/,Ae ;!@ <e ^@/) 0%<?

>#M@- '$%!$& *M-E%*:,? 0,U"M.%<R  1cm4 '.5M3E.  

3-3- %(")-:=-!=> *"+,-*./0 1/7#"&-89 :  

 0,U-36CD:% h,O. )*= >? 9!$/) '. ),E >? ;&<B / <R o:!r*e)% 0,H 'p%<G 0%<? '"@`r &%*. I% >-R& ^:%

>#:) 0,H  !33E<r / '$%!$&17!$)%& �62e  /<B ^:% >? 9!$*@ '. ;,F$% ;!? &)%/ >E   .  

 )& >E )*t$,DH h/% 1DF]) ;&<E <r 0%<? !@ �m?'. ;%!$& �#: *M-E%*:,? 0,H)&*r ,: / S%)� I% ;%*e

                                                           
15 shade 
16 translucency 
17 root fillers 



 

 

33

  
!"
#!

 $
%&
!"
'

 (
&)
*+
,
-

 /
 .
/)
0
1

4 
 
)2
3
&4

 
13

8
4

 
 '+/ 9&*D$  &,A-R% 0,U-J,? >? |,? h,je% S)!] ,? '+,2J 1F:I / 0),BI,R 1F:I {%*P ,H 136CD:% 0%<?

1R% <�$ &)*. <-#M? 1WR / X<$ .'67 <? *M-E%*:,? 0,U#@*r I% ,U-36CD:% 1P,R <g,p h,p )& >"3:% 5~)

*M$,-Me S,2t] 0/) / '"M$,". {%*P / '$%!$& 0,U-36CD:% �mc. ;&*? *$ >? >G*e ,? ,.% 91R% �:%) '.

>#M@ Z*6t. o:`MJ- ,U"M.%<R )lR,3. �$) / 1MJ,A@ !3$,.( <H ;,.`DH &,Y:% ':,$%*e ,? &%*. ^:% 9

 &%& {,j-P% &*P >? %) 0%  �:/  ,8:,G 9'$%!$& &%*. I,M$ &)*. 1M4,P/& !$%)\"@4(M+& ^MDH >? `M$ ,. \

 ^:% )& <-#M? ':,3@_ 0%<?1DF]>$*D$ !3V 'J<2. >? >#M@ I% - *M-E%*:,? 0,U"M.%<R >G*e ,?>?  0,HI,J 

 '?*R)I% '@,$>M+/% lME<e  5:% >-P%&<r.  

  
  !"4- !"#$%&  '()*+ ,& -& ./%)01  .2'+ 3 -4"( -)5-67'1&89   

3-3-1- P2O5-Na2O-CaO-SiO2) #$%&'((  

& .5: 8;&31960 8+ .<0=.2'+ >+? @3- A'B3& 4'1C  '0(D1 EDFG1 HIJ/'9 A%& ?: 6J'K)LC -)M7'1&89 

:DN O)/=& O>N ?: O&DPJ9& 6!'2=)Q -&8N D'JR&D%)N .2'+ . )1&Hench -8'S T7+ 6!U% .J%D'JR&D%)N 8V= ,& 

-& .2'+ ,& W>=, O&DPJ9& 3 E)%8J1D%)N A'N HW>!!R XYK81  ()N :DQ3 O3>N HI'0J/1 E)FK& 3 Z%89 ?: 

.2'+ .N  Y/= -8JMN [%)J= \"SD%)N IJ/'9- (8S ]'R8K O)$5 ,& W>+ .J;)9 ^'1&89 . 

3-3-2- F- P2O5-CaO-MgO-SiO2) #$)*+,-. /#$%&'( (  

.2'+ IJ/'9 A%&->+ _)PJ=& O&DPJ9& A%4`%)Q -)MB)%8J1D%)N  ;)9 a>5 )N &>JN& ,& ^'1&89  . 6N)'J9:

.2'+ ?:  'K)LC :)%, ?&>01 .N-K 3 ^'1&89  ZY!1 A'1bCa
2+  '$5&  !"#$%& ?: OD% c%)5? ,& O)!'$d& -&8N 

 .e'J= ?:  +&: -& Wf%3CaO 3 P2O5.2'+ ]'R8K .N ->=>+ W:34(& ^'1&89 .  

O&8`253fL .'MK .2'+ OD'9&4'B)J/%8R -)5>!%C8( ,& W:)*J9& )N &? O>N 6U'Yd O&DPJ9& .N .'Y+ 6J%,D#1)R 

R=& W:8> . )M=C -   '=DJ9g3)CaO.SiO2 ( .N H 9& W>+ T'72K 6K)7'"'9 -& W8'e=, ?)J;)9 ^% ,& .R &?

 _)PJ=& W>!!R  %D0K ,)( O&D!h=:D$=> . E)9 ?:1993 .2'+ H.2'+ ?:DL 6G<9 OD'9&4'B)J/%8R E8J!R )N- 

 'K)LC H^'1&89-  '=DJ9g3 )CERABONE )% A/W (>+ .J;)9 . 6$R ?&>01CaF2 ?:)1 .2'+ ]'R8K .N 

>+ W:34(&WW>+ .'MK -& .2'+ ?:DL 3 H.N ^%:4= 6%)1: ?: û
C830 IR&8J1 >+ . ?:DL >!%C8( A%& .e'J= ?:

  'K)LC 3?Di"( 6/R& \#9 3 W>+ IR&8J1 T1)R ?Dd .N .2'+)Ca10(PO4)6(O, F) ( _D9?  '=DJ9g3 3

.2'+ 3 >=:8R->1C  9>N TP"PK 3 j8K O3>N 3  ;&D!7% 67'1&89 ].14[  

.2'+ A%&- )N ^'1&89 62$; k)7GJ9&MPa215 -?)2( k)7GJ9& HMPa1080 3 6`180l  /7+ 

MPa.m
0.52/0 O)2= H>!J/5 ?)N T$GJ1 .R 6%)MJ!"#$%& -&8N mDF; .N H&? 6ND"<1 ?)'/N 67'=)71 m&D; 

:&: 

3-3-3- P2O5-CaO-K2O-Na2O-MgO-SiO2) #$%&'((  

.2'+-.%)L 8N 6*"JP1 -)M7'1&89   P2O5-CaO-K2O-Na2O-MgO-SiO2%8R ,)( 3 X9DK  'K)LC A'B)J/
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 6=)#$RLeitz, Wetzlar-?)eK k)=  GK E)J%&389 
18>+ >'BDK  9& W . ,& \L .%)L .2'+ 6=, .=&DQ24 

 ?:  h)9û
C600 ?:  'K)LC OD'9&4'B)J/%8R 3 W>+ k)e=& û

C750 ,& \L 24>5: 61 n?  h)9 .  E)9 ?:

1977.2'+ A%& - c%)1,C O&>=: .2%? -)MJ!"#$%& -&8N )M7'1&89 >=>+ ..2'+--)M7'1&89 E)J%&389  )N 

 A'N 6B)J/%8R W,&>=&nm40-50 62$; k)7GJ9& MPa150 -?)2( k)7GJ9& 3 MPa500oP21  

61>=D+].14315[ 

3-3-4- F- P2O5-K2O-Na2O-CaO-MgO-Al2O3-SiO2) &!$0 /#$%&'((  

>!!R 61 :)e%& 6!'N c'L TN)p -?)7!'+)1 m&D; )7'1 -)MB)J/%8R ..2'+-%)L -)M7'1&89  TN)p 6%)7'1 .

 X9DK ?)N A'B3& -?)R A'+)1Beal>=>+ .J;)9 6!( -)5:8N?)R -&8N 3  . IJ/'9 ,& .'B3& .2'+ ]'R8K

q)7'"'9-:DN W>+ _)PJ=& )5 6%)'"p 3 ?DN H?Di"(  . ,)( 3: 85 -?)7!'+)1 TN)p 3 D'JR&D%)N -& W:)1 >'BDK -&8N

>!J/5 k,g  'K)LC 3 )7'1 .  

.2'+ A%&-)N )M7'1&89  %?3D%19
 W>'1)= >!J/5 @D= .9 8N 3 W>+ c%&>Q ?:)1 .2'+ k3: 3 E3& @D= ?: H

>!!R 61 >+? 3 6=, .=&DQ  'K)LC 3 )7'1 ,)( 3: -)MB)J/%8R 6K?&8r q)'"$h A'r ?: 3 .J()% -,)( . 3: A%&

&4N& )N 6r&8Q k)`!5 ?: .R ->r )K >=?&: -:)%, -?)7!'+)1  '"N)p )7'1 ,)( :DQ3 T'B: .N @D= -4"( ?

:8R O)2rst& O&DK 61 6Jr&? .N :?&>=)J9& . uD7U1 .2'+ .N a38U1 H-?:)1 .2'+ ,& .R kD9 @D= ?:

 ,& 6K)*/( -)MB)J/%8R 8`%: 3  'K)LC -)MB)J/%8R 3 .J+&>= -,)( c%&>Q H:D+ 61 .J;)9 6K)*/(

T'72K 6K?&8r q)'"$h 6d ?: -8`%: -)5>!%C8( >=D+ 61.3 .2'+ 67'=)71 -)M'Sf%- -)M7'1&89 

 @D=  %?3D%)Nk3: 3 E3&  O&D!h .N :8N?)R -&8N &? )M=C H /7+ 6`180l 3 62$; k)7GJ9& ODv$5

 9& .J;)9 ]9)!1 O&DPJ9& A%4`%)Q ..2'+ A%&-6r&8Q ?:  !"#$%& q?Dt .N )M7'1&89  O:8S 3 89 -)5

>=& W>+ .J(8S ?)R .N -4'1C  '0(D1 ?Dd .N ->LDK?& 3 H .=)71 -)M'Sf%3.2'+ 67'-  %?3D%)N -)M7'1&89 

@D=kD9 .2'+ ,& w& 67'=)71 k)7GJ9& Wf%3 .N - 6K?&8r -)M'Sf%3 6B3  9& 8J$R 6%)7'1 -)M7'1&89 

 -)5x)'BC Wf%DN A'U1 q&4"( )N  %,D#1)R  ;)9 -&8N OCCo-Cr-Ni 9& ]9)!1 ?)'/N ].14316[  

3-3-5- P2O5-TiO2-CaO-MgO -SiO2) 123$40 5&)&+2&% /#$%&'((  

yR&.2'+ 8-D%)N O&D!h )N 6J'K)LC -)M7'1&89 D'JR&>=& W>+ 6(8U1  ..2'+ ,& IJ/'9 A%&- :DQ3 )N )M7'1&89 

6y!; zs<t& .N 3 H.J%D'JR&D%)N >p)(  'K)LC ,)( 3 -?)S,)9  /%,20
 >+)N 61 . .J9: A%& >'BDK -&8N

.=&DQ,&2'+ ?: -,)( c%&>Q 3 :D+ 61 W:)*J9& 6$er OD'9&4'B)J/%8R 3 6=, -&8N .%)L ^'1&89 .

.=&DQ61 6$M1 T1)h 6=,>+)N.  

.2'+- ,& 6%g)N >t?: )N 6%)M7'1&89 CaO 3 P2O5)  -g)N15 % 6=,3CaO -g)N 3 9 % 6=,3P2O5 ( ?:

 IJ/'9P2O5-CaO-MgO-SiO2 >%)/LD%&: 3  'K)LC H 'K)LC3?Di"( 6"t& 6B)J/%8R ,)( )N21
 

)MgO.CaO.2SiO2 ( )MB)%8J1D%)N >'BDK )NJ()% >+? H67+4#=&>=: -)5:8N?)R -&8N& .>= . 6=&>=: :&D1 -&8N

 A%& .7'K?Dt ?: >!J/5 k,g k)7GJ9& 3 6%)'$'+  13)01 W&8$5 .N g)N ?D= ?DYh Ty1 67'JL& Wf%3 m&D;

>!!R 61 W:?3C8N &? q&?)VJ=& A%& ->r )K :&D1 ..2'+ A%& .e'J= ?:- X9DK -:3>G1 q>1 -&8N )M7'1&89 

Kyocrax  -?)eK k)=  GK AL&CeraPearl>=>+ >'BDK .  

>=3? 61 ?)R .N O&>=: {)K  ;)9 -&8N 8J2'N )M7'1&89 .2'+ ,& @D= A%& . 6"t& -)5,)( .7!%& ,& \L

.2'+ H>!J(8S T7+ I%4'!1 q)=)J%)K 3  'K)LC H6B)J/%8R-  1)P| )K -)5 .%g )N  ^'1&89 mm1 :D; ,& 

                                                           
18 Cervital 
19 Bioverit 
20

Bioinert 
21 Diopside 
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 '()*+2261 O)2= >!5: ..2'+ A%&-  62$; k)7GJ9& )M7'1&89MPa2053 6`180l  /7+ 

MPa.m
0.51/4661 O)2= :D; ,& &? >!5:.] 14[ 

3-3-6- F- P2O5- K2O-Na2O-CaO-Al2O3-SiO2) #2&,*6 /#$%&'(23
(  

.2'+ -)MJ(82'L .%)L 8N- ^% H&, .=&DQ T1&Dh ,& W:)*J9& 3 ]'R8K .!1&: w8J/S )N H6J%)9DB -)M7'1&89 

'$'+ -?&>%)L )N >%>Q W:)1.2'+ k)= .N ]9)!1  '()*+ 3 g)N 6%)- 'K)LC ^'1&89 ->!J;)9 6J%)9DB  .

>!R 61 _D9?  'K)LC3?Di"( q?Dt .N  'K)LC ..2'+ ?: H)e!%& ?:- 6=,D9 -)MJ'K)LC H^L& >'*9 -)M7'1&89 

>=& W>+ W>5)21 6J%gD1 6J'K)LC -)M=,D9 )% T7+ . )1 >%>Q W:)1 H %)9DB IJ/'9 )N ./%)01 ?:CaOH 

P2O5HF=:34(& 3 :?&: 8N ?: &? -8`%: :>UJ1 -)M'.]17[  

 .=&: W,&>=& ?: -& .2'+ ?:DL )N .2'+ .%)L A%& W>+ E8J!R OD'9&4'B)J/%8Rmµ40- 20:8'S 61 k)e=&   .

.=&DQ A'N 6%)1: ?: .l?)#7% .=>N ^% >'BDK .N 8e!1 }!%8J!%, 3 6=,û
C1100- 800 >+ >5&D; . ,& \L

 3 6=, .=&DQ 69?8N W>5)21 ,)( 3: O)14$5 OD'9&4'B)J/%8R H>+? 2S.=&DQ )N  %)9DB H 3 6G<9 6=,

>!J(8S T7+ Ier ?: 6=, .=&DQ )N  'K)LC . ?: )e!%& ~)U%89  'K)LC 3 .J+�S  h89 .N .2'+ 6BD"G1)= ."r81

 a?D1C -)5,)( ,81 ?:)W8<p-)5 W8<p  (+? ?: 6L38K34'i=& �'5 8`%: 6%D9 ,& H:8R >5&D; >+? W>5)21 >

+ 6$=D: ..2'+ ?: 6=, .=&DQ ,& \L- 'K)LC -)M7'1&89 - q)MQ ?: �38K34'i=& q?Dt .N  'K)LC H6J%)9DB 

>!R 61 >+? 6=,D9 q?Dt .N 6G'Q8K .MB)J/%8R A%& TYp ?:+ 61 >'BDK E)18K3?>'5 X%&8+ ?: X0( )>=> .

d  'K)LC 6/R3?>'5 ?)J;)9 .N .'Y+ ?)'/N ?)J;)9 A%& -xDBD(?D1 O&>=: 6U'Y)enamel ( 9&.] 14[  

.2'+ O)'1 ,&-.2'+ H>=>+ 6(8U1 .R 6%)M7'1&89 - -)M7'1&89 ODN&8924
 ) 'K)LC- '=DJ9g3 ( H

 E)J%&389) 'K)LC- %&8J%&3: 25
 ( 3 %?3D%)N26

 ))7'1- 'K)LC ( !"#$%&  ;)9 -&8N H)5  69?8N :?D1 6=&>=: -

 &? E)$Jr& A%8J2'N 8|)r E)r ?: 3 .J(8S ?&8p>=& W:&: m)FJ;& :D; .N >'BDK -&8N.  

-?)eK k)= )N .R >=?&: :DQ3 4'= -D'JR&D%)N -)5 .2'+  +&: .QDK >%)N\"SD%)N 27
  3 89 -)5 6r&8Q -&8N 

SO:8?)R .N 6=)'1 wDS ?: W:)*J9& :?D1 q)U<p  ;)9 3 H >=3? 61 . .N )5 .2'+ A%& O)5: 67+4L ?:

% 3 ^( T;&: -)M"L -?&>M`= ?&4N& T7+.2'+ )1& >=3? 61 ?)R .N �%?4K TN)p q&?� )- )N 6%)M7'1&89 

>!J/'= )5:8N?)R ,& 6U'93 .!1&: A'!l ?: W:)*J9& TN)p )5 .2'+ A%& )N .N)21 ]'R8K.  

78&40  
1. Rees D.Rawlings , Bioactive Glasses and Glass- Ceramics,Clinical Materials,vol. 14, 1993, 

pp.155-179 
 by Allison A.Campbell, Bioceramics for implant coatings , Elsevier 2003

3. L.L.Hench, Bioactive Glasses and Glass- Ceramics, Materials Sience Forum, vol.293, 
1999, pp. 37-64 

4. Kaj H. Karlsson , Heimo Ylanen , Hannu Aro ,Porous bone implants , Ceramics 
International ,vol. 26,2000 , pp. 897-900 

5. A.U.J.Yap ,Y.S.Pek ,R.A.Kumar ,P.Cheang ,K.A.Khor, Experimental studies on a new 
bioactive material: HAIonomer cements,Biomaterials,vol. 23 , 2002,pp. 955-962 

6. O.Peitl, E . Dutra , Zanotto, L.L.Hench, highly bioactive P2O2 – Na2O –CaO – SiO2 glass- 
ceramics, Jornal of Non-Crystalline Solids, vol 292, 2001, pp. 115-126 

7. P.Gonzalez,J.Serra,S.Liste,S.Chiussi,B.Leon,M.Perez-Amor,J.Martnez-Fernandez,A.R.de 
Arellano-Lopez,F.M.Varela-Feria , New biomorphic SiC ceramics coated with bioactive 
glass for biomedical applications, Biomaterials, Vol. 24, 2003, pp. 4827-4832 

                                                           
22 Translucency 
23 Leucite 
24 Cerabone 
25 Devitrite 
26 Bioverit 
27 Bioglass 
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8. T.Kokubo, Novel Biomedical Materials Based on Glasses,Materials Sience Forum, vol. 
293,1999, pp. 65-82 

9. 7+4#=&>=: ?: IM1 ]B)<1 3 q)7= H wD%?&: HO)%:)56 H>!M9 H1373 q)G*t H7- 14   
10. D.Williams, Dental Implants,  Encyclopedia of medical and dental materials, Deragamon 

Press, 1990, pp.134-139 
11. Sojata , V.Bahat, Dental Materials, Biomaterials, Alpha Science, 2002, pp.201-206 
12. Sojata , V.Bahat, Ceramics, Biomaterials, Alpha Science, 2002, pp.39-50 
13. P.Gonzalez,J.Serra,S.Liste,S.Chiussi,B.Leon,M.Perez-Amor,J.Martnez-Fernandez, A.R.de 

Arellano-Lopez, F.M.Varela-Feria , New biomorphic SiC ceramics coated with bioactive 
glass for biomedical applications, Biomaterials, Vol. 24, 2003, pp. 4827-4832 

14. W. Holand , G.Beal , Glass- Ceramic technology, The American Ceramic Society, 2002, 
pp.145-159  and pp. 272-308 

15. U.M.Gross, C.Muller-Mai, C.Voigt, Cervital bioactive glass- ceramics, in An Introduction to 
Bioceramics, ed. L.L.Hench & J.Wilson, World Sientific, Singapore, 1993, pp.105-123 

16. W.Holand, W.vogel, Machinable and Phosphate glass- ceramics, in An Introduction to 
Bioceramics, ed. L.L.Hench & J.Wilson, World Sientific, Singapore, 1993, pp.125-137 

17. I.Szabo, B.Nagy , G.Volksch, W.Holand, structre, chemical durability and microhardness of 
glass- ceramics containing apatite leucite crystals, Jornal of Non-Crystalline Solids, vol 272, 
2000, pp. 19 1-199 
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 !"  !"#$% &'() *+ ,-'. /0'1-' 2 3!4 *5'   -1$+(6 789

 :$;$< 

  !"#$% #$%&'()!*+&(, -"./  !0123.4 5'6)  &4+%23 7'89   

!:';< =&>/ !?@ +%#4  !1#(9  

 !"#$% &'$()*+,-./0" ' 1#-" 2%345" &3678#1 )9#$:# ;<4= ' >?@ &/A78#1   

hrezaie@iust.ac.ir 

A&'0B :2B */CD#3($:1  E6F 2G!?!%2" 283!B-H */CD#3($:1 I?JK D#  E!.1 IB IH 34F/BILM8  

N/B O'P)91-B *3!%# )91-B 9#D,# ) Q%/4" 2R,#$S T/GU8# Q:$V ) 2R,#$S W-F IB ;"'/M" 

&,-H ,1 2?=# 1$B,/H *#,#1 *D/X YZ:3UR D# $RN/B &1'3[" ,1 O-\  *3!%# &,/B$% /B 2:/M.# */C

2" 34F/B .I<./L" D# ]3C $V/S *)I8#1 ^:D-R $_# 2%,$B   $!`8 2G!?!% a$K 26:b!X c#-\ $B *34B

>dS ,#3:/e Y#$!!fR)2?H I0!G8#1 ) 9g $J@ h-i ' j:/%$X $B IH ;%# *,/7X a/6[0%# ' Ek?kR 

2" *1/:D $!_lR 1,#m( .3F O/k08# &344H3!.-R ;H$F ,/5n D# 2G!?!% a$K o-8 ,/5n ,-`4" p:3B .

58g 2:/!J!F b!./8gq', IB /  */CXRF ' ICP q', IB 2.#$4!" b!./8g ' XRD3"g ;%3B  . ^:D-R

I8#1 *34BI8-J8 /C I8#1 $:'/rR ' &3F p!!<R $R q', IB 6%'$6!" /B /C 27B', 28'$06.# s-)SEM (

3F 2%,$B .a$K D# I8-J8 283!B-H q', IB /C  */C/"1 ,1 ' &3F I0\/% 2:/CC°500 ) C°1000 ' 

C°14501 Y,#$S 383F &1# .>dS ,#3:/e Y#$!!fR)I8-J8 Ek?kR ' I0!G8#1  &D#38# /C  a/6[0%# ' *$!(

3F p!!<R /58g *,/7X .2" 9/78 t:/08 Y,-= IB I8#1 E6F 3C19/58  ,-?B) cryptocrystalline ( '

 ^:D-R &D#38#;UG8 /B Y#,P */C 41 28D' ;JGu ;F,1) 18 28D' ;JGu v%-0" ' 4128D' ;JGu  

b:, :/08 t a/6[0%#2" *$05B 3C1.  

1- C/&D/  

2B */CD#3($:1 D# &1/w0%# &D'$"#  E6F)a$K /C (,-H ,1 & 8g 1/:D */:#b" IL%#' IB 20<4= */C/5 IB ;UG8 

E6F o#-8# q', I?JK D# ,#1 I4:bC )9/%g ' ^:$% Qr8 */C 2./rR# */CD,1 ,-xS a3@ ' $0JH 3!.-R */C) 

;%# q$0G( h/S ,1]1 .[>!GMR $" *34B2B */CD#3($:1 a-%  E6F) !0!.-8-" ( Qr8 */C q', y/%# $B

a$K ' YZ" )283!F/e )240k:, )283!B-H YN-r[" Y,-= IB 1$B,/H ' 3F/B 2" 2R#$!J<R */C]2 .[I0%1  *#

a$K 9#-4@ /B 283!B-H */CD#3($:1 D#  283!B-H */C IB 2G!?!%IL%#'  * ,1 Q%/4" 1$6?J@ ' *,#3:/e

&,-H  2:/M.# */C&,/B$% /B * *3!%#  *,/!GB 1$B,/HI0X/: 38#]3[.   

 #, 2G!?!% D#3($:1 >`@# jkB 2:/!J!F Q!H$R $`8 D#SiO22" E!67R 3C1)  2G!?!% D#3($:1 p!4zJC

 */C3!GH# *'/SAl2O3 ) Fe2O3 ) CaO ) MgO2:/!?u */C3!GH# ' ;%#  .ILM8 91,'g p!:/e ,-`4" IB *

I8#1 2[L% O'PR# ' {!?!% */C$A:36: IB /58g h/r)B ;5K I&,#3K 91,'g ;%1 In,/|6: *) 1#-" D# 

 $!`8 O'P  JH ,-B 3!GH#(B2O3) 9#b!" IB 4/0 /R 12" &1/w0%# 3=,1 1-F.I8-J8  2:/!J!F Q!H$R D# *#

&,#3K ,1 IH 2G!?!% D#3($:1 &,-H * 2:/M.# */C2" ,#$u &1/w0%# 1,-" 1$!(h'3K ,1 )1;%# &3F &1,'g ]3[.  

EF&91-I8-J8   2G!?!% D#3($:1 2:/!J!F Q!H$R D# *#]3[  

&'6G+  SiO2 Al2O3  Fe2O3  CaO  MgO  !"#'8H #I  

!*JF &,%K  9/98  6/0  2/0  1/0  04/0  2/0  

I8#1 a$K *34B  &1'3[" ,1 2G!?!% */C0 /R 6 a$K o-8 ' &,-H ;!X$} /B Q%/40" $0J!?!" D#3($:1 O/k08# 
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2" 11$( .I8#1 !GB $!_lR *34BI0!G8#1 $!`8 26:b!X c#-\ $B *,/)1,#1 D#3($:1 a/6[0%# ' Ek?kR ) p:#$B/4B 

I8-( IB 3:/B  >!`4R *# 3:g ;%3B 93!B-H D# {e >H#$R $~H#3S IH 1-F .>H#$R $~H#3S  p0X$($`8,1 /B *$:me

I8#1 E6F /CI8#1 91-J8 T-?k" D# )  ;%3B �k7" */C3=,1 /B ;F,1 ' v%-0" ' b:, */C *34B

2" 3:g]4.[  

I8#1 ^:D-R Iz8/4n 1$!( Y,-= /58g ,1 j:#3K ' 3F/U8 Q%/4" *34B) I8#1 ;F,1 */C  ' IML4"  : ,1 $R

I8#1 4" ,1 b:, */CIML J8 ^JdR $A:1 *2" &,#3K ;"'/M" ' >H#$R 9#b!" jC/H QU% ' &1- 381$( . ,1

I8#1 IH 2Mi/4" ;F,1 */C &3F ^JK $R 38#1/:D Ek?kR E!.1 IB ))J0S#  1-K' &,#3K E\#1 IB O#m" P-w8 h/

1,#1)Ek?kR 1-K' /B IH *,-i IB  &D#38# /B 2:/C # j!B * Dµm 05/0&,#3K ,1 i ) $J@ h-D#3($:1 Y3F IB 

2" jC/H 3B/: .E[" ,1 I8#1 IH 2:/C  $Rb:, */CR ^JdI0X/: 38# )ILM8 jC/H  E!.1 IB $04:D *24�  93F

 p:# ' &1#1 �,  :,-B 3!%# D# IML4"O'P $_# ,1 Y3F IB 2S#-8  I0%-e Y,-= IB /: ' &3F &1,-\ *$!(

2" &34H &,#3K �L% D# I0%-e 38-F]5.[  

a$K Qr8 ;5K */C2G!?!% )I:N  2" &3!B-H ' &3F I0k:, &,-H �H *', 9g D# *# 1-F . ,1 9-?B/F {|%

 9-0B ' 9-?B/F p!B */xX ,1 283!B-H D#3($:1 ' &3F ,#-% &,-H bH$"D#3($:1  �!e >!% *', ,1 1-K-"

2" &3!B-H ' I0k:, 1-F . ,1 q/<R,# IB )D#3($:1 93!B-H p!S 9-?B/F )c-rk" ,-R#$U:'  : D# &1/w0%# /B

2" >6[" 1-\ E[" ,1 &,#3K /R 3:g $R  1-F]6 .[  

I<./L" D# ]3C  2%,$B $V/S *# $_D#38# ' E6F  I8#1 *I0!G8#1 $!`8 2G!?!% a$K 26:b!X c#-\ $B) 

k?kR2" 9g $J@ h-i ' 2(1,-\ c#-\ $B *,/!GB $!_lR IH ;%# a/6[0%# ' E 1,#m(.  

2- L'1#:M =#I!@.NO   

I8#1 ^:D-R $_# 2%,$B ,-`4" IB 26:b!X c#-\ $B *34B) ,/5n  o-8 &344H3!.-R ;H$F ,/5n D# 2G!?!% a$K

3F O/k08#3F a/d8# /58g $B E:P 2?J@ ES#$" ' &:  

2-1-  P'1#*Q F !"#'('< .9 !1+.?'/#>/  

I8-J8 )2:/!J!F b!./8g p!!<R *#$B  D# {e /CO/!%g#  j"  .# D140 # 1,#38/0%ASTM ,-U@  &1#1 3F b!./8g ' 

 bdB �?0k" $=/4@B2O3 &/A0%1 /B XRF  h3"PW1480/10 a/d8#  $(;X . D# ,-B 3!GH# p!!<R *#$B {|%

 &/A0%1ICP  h3"V5 *$r4@ b!./8g IB T-B$" t:/08 IH 3F I0X$(  JH  h'3K ,12;%# &3"g .  

 p!!<R *#$B b!./8g *D/X *,#3M" D# I<F# q#$e ;[R &3F O/!%g */C,1-eX &/A0%1 /B XRD h3" JDX-

8030E6F ,1 9g t:/08 IH ;X$( ,#$u 2;%# &3"g .  

2-2- C*+K P'1#*Q &?@.O =  

j:/"Dg   */CI8#1 b!./8g 34B 1,#38/0%# �Ui *ASTM C92;X$( a/d8#  . ,1 p:#q',)  ,#3M"100I8-J8 a$(   *

 I!.'# */"1 ,1C°110-105 Y3" IB 32"  7\ ;@/%  1-F .I8#1 q', ,1  aDN Og 91'bX# /B $R *34B IB

 ,#3M"&1/"  7\ * &3F)B/�'1  2 I!5R 3F : 1'3S D# {e ' & ;@/% pAJC ;5K 93F) ;F,1 *',  p:$R

&38/" )I0%-!e 91$H  .# IM!u1  : D# {e ' &3F EM04"  .# # *', * Y3" IB  .2 */"1 ,1 ;@/% 

C°110-1052"  3%$B ;B/_ 9D' IB  /R 38/" .%# /B b!8  .# D# *,-U@ O/�'1 *#$B .# D# &1/w0 /C) D# Q!R$R IB 

 ,#$6R �-X EJ@ b:, IB ;F,1 F3&IR D# {e b!8  .# p:$Rb:, D# *,-U@ O/�'1 Og ;:/58 ,1 '   93F p!78

 IB 1#-" 2u/B ' &3F b:,$% )b:, 1#-" 7\ 2" EM04" pH 1-F. .#   b!./8g D# E=/S t:/08 ' I0X,,/6B */C

I8#1  $R *34BE6F ,1  3;%# &3"g  .  
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2-3- AK#/Q  C*2(* =J#4  #I  

a$K $C D#  )I8-J8   26:b!X c#-\ p!!<R ;5K aDN */C 283!B-H q', IB 1,#38/0%# IB/7"BS 1902-7.5 IB 

2" I0\/% E:P �$F 1-F: %# E6F IB *1N-X Q./uI8#-0  $Lu /B mm 50 1'3S o/wR,# ' mm 70 *,/H p�', 

2" 1-F . /B  7\ 283!B-H a$K {|%5/7 % ' Og3 % 28D' b.-?% E!0" 2GH-B$H QGn)CMC ( IB ;UG8

Og)  T-?k"  Y3" IB Q%/4" 24AJC IB 93!%, *#$B ' &3F4 ;@/% 2" *,#35A8 I0GB v![" ,1 1-F. *#$B 

I!5R  I8-J8 $C *140k" D# a$(  I0k:, Q./u ,1 E=/S T-? F&$!A0%1 938/\$n /B ' &3  ,1 Ii-B$" *

 )jB-H &/A0%1202" &3!B-H ' &3F 1,#' 9g IB IB$V  1-F . ' &3F &1,'g 9'$!B jB-H &/A0%1 $:D D# Q./u

&34F#$\ /B  &3F &3!B-H a$K ]/= �L% 2" ,#-JC/8 *# 1-F . &,/B'160 ' &3F I0k:, Q./u ,1 a$K a$( 

/JC jB-H /B EUu ;./S 348202" ,#$6R IB$V  1-F . pH  7\ ,1 ' &3F �,/\ Q./u D# I8-J8C°110-105 

 Y3" IB24% 2" ,#$u ;@/   1$!(.  

2-4-  !R@F% !*F.S01+ T204F.0'/ =."2UO P'1#*Q  

 27B', 28'$06.# s-6%'$6!" D# &1/w0%# /B)SEM) (Cambridge 360 (I8#1 E6F  I8-J8  /C 7\ * &3F) 

 3F &3C/7"HE6F ,1 I 4 ;%# &3"g .  

2-5- O%+.) V#'8(WC*2(* !  #I  

I8-J8  7\ */C &3F D# E=/S I?S$" &1/"g *D/%)E6F �B/L" 1 */C/"1 ,1 C°500 ) C°1000 ' C°1450 

2" &1#1 Y,#$S F-38:  

( !"#5)$"%&

( !"#5)$"%&

( !"#5)$"%&

0

200

400

600

800

1000

1200

1400

1600

0 2 4 6 8 10 12 14 16 18 20 22

(    !"#)  $"%&

 (
°C

 )
  
"%
'

500'"%( 1000'"%( 1450'"%(

  

70<1-I8-J8  !" #$%&'(  )*  

2-6-   !!"#$%& '()*+, -(.!!/#0  1232# 4 56!78(958:;8 +<  

+,$-($  ./01" 2$/0034( 567 #$-8)9(&' :;<!= .)*)=% #% )*>  9(&'( %)?@$ 9AB)C= )@ 9@ 9D&4 )@ %#$-()<B$B.S 

1902-Part IA-Section 8  E  F!;!4 E 9<0G($%9(&'(  9@ 9D&4 )@ )* %#$-()<B$ASTM C20H)6($  I/1  . J8-@

K;L 567 /@ +EMN O04/4>9PQR=  /* ,$ F8S .)*  9(&'( T)U(V #% 9L -=V  B-@W,E W)AX$ Y> DZ[\ Y,E >  

V E ZQ)@ 567 S9]&^ Y,E  .#E9(&'(   )*K= -X)@: 

  !4 ./*)_ F!;)Apparent Porosity( : 567 9@ ,)@ F!;!4 567  AG(K;L 
P%=[(W-D)/V]×100 
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   9<0G($% ./*)_)Apparent Specific Gravity(:     T=D/(D-S) 

  9<0G($%  K;L) Bulk Density(:     B, (g/cm
3
)=D/V 

2-7- =>()8( ?9.@ A'+BC D+EF6@( A.!  

 9D&4 )@ %/B .#)[I H)`C<B$ 9@ASTM C133+,$-($  ./01-X  .9CPa .E# 9(&'(  %#$E YV 9@ #)@ 9L .$

K= K= b)'N$ .,$&= #&] 9@ #)@ >+-X +%$% #$/c %&X 9(&1 9@ %&X  d/"  \$&e`8 #&] 9@ 9(&'( FL 9L .$

%&X . /@$/@ E/0( b)'N$  N/Blbf/min5500)  kN/min3/24 (K= -X)@.F`X #% f8)<( 9 B$ +-=V .  

3- GFH 4 I*+68  

bE-D 9@ 9D&4 )@2  g![= B$ 9L  .$#$% h/i= %#&= KG0;0B .)U=/DSiO2  ,$ j0@97 % 9L +%&@

 Y$k0=Al2O3  .)U=/D #%1E4 l)@ m)<AG( =K -X)@K= n0;0B .,$-1/8% -8-X  I$ oN)@ 9L  %%/1.  H/D

+#)'X1K= )U=/D /8)B 9@  AG( ./<[0@ #&@ -0GL$ .E)7  K= /p( 9@ 9L -X)@  .)*)=% #% %/@#)L .$/@ -B#

 B$ +-X K7$/] J08)" .  

F`X #% )U=/D KQ$/e0= k0Q)(V2K= Y)[(   9L -*% k4#$&L ,)I9(&'( 9'* #% K;a$ ,)I Y$&eN 9@  E %#$% %&DE )*

 .)*,)I K8kD #$-q=  0AQV)NaAlSi3O8 ( E  0;8$)2)OH(Al2Si3AlO10)K>H3O (( k0( %&DE KiQ)\)( 2#&a 9@

%#$%.  

J4)K2- f8)<(  ./ieN k0Q)(V9(&'( KG0;0B H/D .)*  

58:;8  

)!7L( 
!" #" $" %  

SiO2 &'/())" &(/&))" &(/())  &'/#))"

Al2O3 !/*))" )/'*)" )/'()" !/$))"

MgO )/!$)" )/)(!" )/)('" )/&*)"

Fe2O3 )/!))" )/)$)" )/)'%" )/)'!"

CaO )/)$#" )/!$)" )/)&'" )/!')"

Na2O )/)%*" )/)+%" )/)'%" )/)&)"

K2O )/#%)" )/)$+" )/)+#" )/)+*"

MnO )/)))" )/)!#" )/)!*" )/)!$"

TiO2 )/)!(" )/)))" )/)))" )/)#%"

B2O3 )/$%'" )/!'$" )/!()" )/!(&"

F`X #%3bE-D E 39($% k0Q)(V  9(&'( .-e@  B$ +-=V )* .bE-D #%3 9($% (&'( .-e@9  )* 9B 9@ X#%  'Gc> 

rB&<= E #k8  B$ +-X 50Gq4]3.[ ,$ 9($% sE# .-e@ /4 9($% .$/@   #% KI)L  c% )4 -X +%)P<B$ .-e@

+,$-($ %%/1 Fa)7 k8# .)* .9($% .-e@ F`X t@)u= )*3bE-D E 3 9L  B$ YV /v()0@ 9($% -a#%   X#% .)*

9(&'( 19($% -a#% E /<'L  9(&'(  X#% .)* 3 /<[0@ 9(&'( /v8% ,$  B$ )*. K1%/[I 9@ Y-0B# .$/@ ml&a$ 

9($% ,$ KAB)e= .)*-a#% 9L  B$ H,l OB)e= -(/0v@ #$/c 5* #)eL #% k8# E rB&<= > X#% .)* . J8$

 Y,)8#-(V b&=/I t@)u= )*-a#%K= g![=   %&X]7[ ZQ$ #)Uw )8 9B 50pe4 9@ 9D&4 )@ K<?ea -0Q&4 #% )=$ 

9($% >-0Q&4 r\ #% @2E)P4 J8$ f8)<( 9L %/L -*$&\ 2E)P4 .#&x4 ,$ K'L .-e bE-D #% )*3 Y)[( K@&\ 9@ 

 B$ +-X +%$%. F`X #% K[@E# K(E/<`Q$ y&`BE/`0= /8E)i4 9@ 9D&4 )@4K= /p( 9@  -B#> 9(&'( k4#$&L1  ,$

Y)U( W&( @#&;) cryptocrystalline (9(&'( /8)B k4#$&L E )*.)UQ)<G8/L J<X$% F0Q-@  #% .)*,/= E  X

 /8&i4 #% +-X/LS K8)'e1#k@ )@ g![= KQ)<G8/L+/!a W&( ,$  .$K= -X)@ .  
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1EM2- 9?X$ s$/" .&vQ$ X9(&'(  )* KG0;0B H/D . (a)9(&'( 1  (b)9(&'( 2   (c)9(&'( 3   (d)9(&'( 4  

J4)K3-9<B%  -e@.+,$-($  .9(&'( 9($%  )*  

N*' O@:6P QM'9 

µm 250< µm 600 -250 µm 600> 

56@9  

  

58:;8 =>()8( 

41 18 41 1 

42 9 49 2 

34 11 55 3 

45 12 43 4 
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0

10

20

30

40

50

60

70

80

90

100

10 100 1000 10000

 (µm ) !!"#$  !"#$$%"     

 %
 !

"#
$$
%" 

&$
$'

! 
#(

)*
  
  

1 !"#! 2 !"#! 3 !"#! 4 !"#!

  
 !"3- !"# $%&'( )*+",( -"#'*!   !'*! ./01 23 ,( 45-  1  

678  1  9'( 215 :;1 .2<# -# C°110 2( C°1000 #5/= )*>= ,;;?( 7/1-9/0 % @#,+ A,B A2C03 D-

)< /3# .%,(  1 E(-"'+ 6%/F(  + )%2>!G &"21 H;*%/ 2/14 % I#'1 I",*3 )*>= J2KF!"]8[ #5/= .2<# -# 5 

C°870)< A2>!"   #,;B]9[ .2<# -# )L,M &" 5 C°1000 &" ,N*+ )*>= ,;;?( 7/1 %HO" I#"# D-P)<   @"'(

HL,B  >;N!  !'*! -#  23 Q2RNO" H;*%/%,(  1 E(-"'+  S+ -2;K1I/8 A2>!"  HO" 5 Q2RNO" @G .2>1 . 

,+  1 E(-"'+1'NK% H;Q2 TQ2U &2L ,;;?( @"'0V  1I#"# D-  "OH E(-"'+ &2L -20+ -# H;Q21'NK%,+ &2L -'W=  + 

.'CQ" -#  X8" 4",Y X) XRD( !'*!   .2<# -# 23C°1450HO" @G /%Z< E;! .  

  !"#!1         !"#!2 

   

 !"#!3         !"#!4 

    
  !"4-)!5,N7Q" ['7O5,7;< ,%52\( )]15-  (SEM) !'*!  23  
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.2<# -#:;1  C°1000 2( C°1450]^ -'M  1 S>= * .,;C) #5/=18-9 (%)< _%"EL"  @2]!  + /12%

)< /3# .2<# -# C°1450 Q2RNO" &" 6`2= J2KF!"   . H;Q21'NK%,+  1 E(-"'+ #5/= .2<# -#C°1200]10  [

 a2Fb!" ,1 ,N0%&#-"#  FcU . !'*! /0^ ,31 2(  .2<#C°1000 678 d12e< .,N*+ )c+  N;K!"#6 @2]! 

)< /3#P .2<# -# 2<" C°1450 21  ,;;?( T;8 :%,N*+)21/9(%P !'*! ,C%#  1 HFK! .,N*+ S>=  1  23 

 678 d12e<5HO" I/;O-  . !'*! S>= )L,M &"2 f/8  1 )26/17 (%)< _%"EL" /12%.   

 H%E(-"'+ -# Q2RNO"+ E(-"' )< f-'` g%-/(  1 )K;c;O @2*;O #'95 6;Q#  1 H;Q21'NK%,+  1 #,;B]10[P   1

 .-'M.23&2L -'W= 21  +.'CQ" -# E(-"'+ &2L -20+ -# H;Q21'NK%,+  X8" 4",Y   .X) XRD( !'*!   -# 23

 .2<#C°1450)< ,h!  1   @2<& /O-5/82F! )L2+ HiY HV2O  .6`2= .&2L ,;;?( S>= _%"EL" &" )]i1P 

Oj" 6;Q#  1Nk; @2*;O @#'1 ;c;O)< lm9 )K #'8. )< ,h!  1 :%",1201 + S>= ,;;?( T;8 6%j# &" /O- S

 !'*!1P  !"# I&"/!"  E%- -# 5   >;N! -"/b< )K;c;O @2*;O 5 I#,NKB  + /821 @G TO20<678 d12e<4  -#

 !'*!4 6;Q#  1 E;!  P)K;c;O @2*;O @#'1 j21HO" I#'1 ,N*+ S>=.  

-2

0

2

4

6

8

10

12

14

16

18

20

110 500 1000 1450

 (°C )  +,*

 (
V
ol

 %
 )
-$

$.
/

 )
"#

'+
0 1

"&
223

4 

1 2 3 4

 

1.66

1.68

1.7

1.72

1.74

1.76

1.78

1.8

1.82

1.84

1.86
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1.9
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1000 1450

 (°C ) +$$,*  

 (
g r

/
c m

3
 )
  5

$$$
6+7

 8
92$

$:
%"*

  

1 2 3 4

  

 !"5- !'*! S>= -"/%2Y f",;;?(  232<# TK=,1                !"6- !'*! kQ21  N;K!"# f",;;?(  3TK=,1 22<#   

20.0

20.5
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1000 1450
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V
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2 .20

2 .22

2 .24

2 .26

2 .28

2 .30

2 .32

2 .34

2 .36

2 .38

2 .40

2 .42

2 .44

2 .46

1000 145 0
 (°C ) +$$,*

 (
gr

/
cm

3
 )
;
&<

+$$
$=

 8
92$$

$:
%"*

 

1 2 3 4

  

 !"7-#$%&&'(  !'*! .,32n 6ici(  232<# TK=,1           !"8-  !'*! .,32n  N;K!"# f",;;?( 232<# TK=,1   

2<#)Cº( 

#2< )Cº( 2<#)Cº( 

g
/c

m
3

  
g

/c
m

3
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678  1  9'( 219P !'*! A27RNO" 4 .232<# -# C°110 5 C°500I&"/!" $%&'( @#'1E%- 6;Q#  1   . !"#  .23

 !'*! ,%2O &" ,N];1 @G HO" 23 . .2<# &"C°110 2( C°500 HL" /= -# A27RNO" 46-33 %)< D-   + /3#

)< lG o5,p 21 6ici( #2>%" &" )82! /!"'(  k%-'1 /;O"  #5/= .232<# -#C°170 5 C°300 q1"5- dFM 
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