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  !"#$%& '()*%(+ ,!-. $/ 012 '(3& 4 5-6 "78& $9:;<

(=93->? @3-6  

 !"#$ !%&'()&*+1,3-./$  !0.1 2./3) 414 56)7 8'$ 9"3:22.%:.;&<= !>?@<= 43  

1
  !"#  !"#$ %&'()*+ ,2-*#.*  /01 2 345 %&'()*+ 6789:&;<2 +*9< =>?0@< %?A()*+  ,  

3%+82*#B  C8&D E9F) 6&G  

 !"#$: 6&G#HI  &<EI 2 J4;K< =;/01 6&G %89L 8+ 6* %+#;FM 89N O" P&" &0!<9:I Q.&5. =G&'(

  =< 8&L O"  ?)28 .         ?R&" =< =<9B S9) &G #HI T.* S*9)* E* =A. .      UV> 8&!F" 6&GE*?M#.+ =<9B W28 &"

                  &X&) -?YR OB&YZ* -2?Y" 2 62#YL =Y)2#A!< O;FY" 6&YG [YK4K$ &" Y:       ?Y!:9$ [Y"&\ ]YL^B =_

=< ?0R&". $8*#`  .*?G               a!) =B#N E* 2 %+9" #;bL 8&!F" &@c.&5 S*9)* #'.+ E* =<9B E*?M#.+ 6&@c.&5 =

     ?0R&" =< 6#$P&" +#> d&Ae;>* 6*8*+ .              +&Yf.* 6*#Y" =)&(Y) gY$I T!'0> d9B E* #Z&` Q!ce$ 8+

      d9B -*a!< #h* 2 ?.+#M %+&i;>* [K4K$,              =.&Y0!<9:I Q.&Y5 6&YG #HI j*9X #"  KD 6&<+ 2 T:9k&L 

 ?R =>8#" .HI  &" Q.&5 6&G#90 %  &0!<9:I    =.&!b!R a!:&)I 8+       6&Y<+ 8+  YKD E* ]YDCº1540 6*8*+ 

U:&" O;!F)*+g/cm
3 75/0>* 2 +#> 68&(B d&Ae;kgf/ cm

2 85 "?)+9.  

 !"#$ %&'#$: !"#! $%& '() * +() ,"- ./"0 *12345/6 ,"- ./"0 .  

1- %&!'&  

        l9b/< 89N O" =;/01 6&G %89L 8+25 &$ 45     m8*#` n^$* ?18+           9YL OY)?" oY>9$ &<#M pqH [!:+ O" 8  2 %

         ?G+ =< r8 o!e< O" %89L st> E* m8*#` l&c;)* .            OY)*+ E* -*9Y$ =Y< m8*#Y` l&c;)* E* 6#!M94H 6*#"   6&YG

        2 n&!:* ,Q.&5 =0;K.8 6&G d#H ,u9DI    +#L %+&i;>* Q.&5 6&G #H .       #!v) J4;K< 6&@R28 E* Q.&5 6&G #HI

      %+&i;>* ,UV> 2 u9D +*9< E* %+&i;>*                d9YB E* %+&i;Y>* 2 =.&!b!R 6&@R28 E* %+&i;>* ,8*#B &. =0;X9> +*9< E* 

?)9R =< ?!:9$]1[.  

++#M =< %+&i;>* +*9< O;>+ O> E* =<9B W28 8+]223[ .  

J:* ( !<2#L 2 %?R -#"++ 6&.a!0< ,&0!<9:I ,C8 ,m9<&R #!v) E*?M #.+ +*9<.  

p (,-9"&1 #!v) d9B -&M?)E&>,-9B94L L 2 T!)9D&> =)&() g$I J.  

w (59*<[E9F) -&b!> 2 6E&FV:&\ xM ,="#5 yb1 ,=:I 6&G zF{ ,3(.#> #!v) JL %?00L 8*?.&D .  

                     [<*95 E* z>&0< O;!F)*+ &" ="&|2+ 2 E*?M #.+ [<*95 E*  z>&0< O;!F)*+ &" 8*?.&D ="&|2+ *?;"* =<9B W28 8+

     +9R =< O;X&> E&>8*?.&D 2 d9B .     }94K< 3G &" p&|2+ 2+ ]~>  ?)9R =<  .        T!Y!/$ =<9YB  p&|2+ O;!F)*+ *q:

       +9" ?G*9X d&X #HI O;!F)*+ %?00L]224[ .     :&\ -28+ 8+  p&|2+ ]~>z            OY;K.8 6aY4B &Y. 2 =.*9Yc< &. ="9{ 

=<                   =Y< d&Yf)*  YX*+#D 2  YKD 2 -?YR U(X m&!4b5  .&@) 8+ 2 +9R   +9YR .  W28 TFY`      +&Yf.* =<9YB 

[K4K$          5 #v) E* OL ?R&" =< 62#L 2 a.8 6&G      !)&YA< d&Ae;Y>* 2 -+9" Q.&A    =Y< p9Y4t< =   ?0YR&"]5 2 6[ .

                #!�;< =kaH m*#!!�$ O" E*?M #.+ O;!F)*+ -+9" C&F` 2 =)P9N -+#L U(X -&<E =<9B W28 m^A(<  &G

=< ?R&"]7[.  

2- (")*+, -./01 2*3:  

                 8&AY> =.&Y0!<9:I E9F) -&b!> ,=)&() g$I T!'0> d9B ,#D9> E9)E T:9k&L 2 O0!F4L 6&0!<9:I80     -*9Y05 OY" 

        l2?H 8+ &@)I m&_K(< OL ?)?R p&K;)* O!:2* +*9<1    >* %?R %+82I  .   9:I 6?Y0" O)*+<   6&Y0! #Y.E mµ 100 
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+9" .              &Y" =Y4A:* 6&G m&i:9> 2 =0.894B  )&;AB89> S9) E* =)&() g$I T!'0> d9B 7PH=     j9_YK< -E2 , 

g/cm
3 09/1 ,     O;.E9AF.2mm/s10    6&<+ 8+ 20   +9" +*#'!;)&> OH8+  .?;"*         &Y" =Yi4;K< 6&YG -9!Y>P9<#B *

                     p&Y|2+  Y.&@) 8+ OL ?.+#M p&K;)* E&> 8*?.&D 2 E&> JL J4;K< S*9)* 2 T:9k&L ,&0!<9:I J4;K< 6&G  VF)

?R p&K;)* 8&L O<*+* 6*#" z>&0<.  

 !"# 1-   !"#$ %&'() *)+$  ,-&.&/ 0&'-12) 13( 456*(  

%")45  6*& 789  Al2O3 SiO2 CaO TiO2 Fe2 O3 K2O Na2O L.O.I 

:";<= 2*>"&8)> !? % 5/99  04/0  04/0  03/0  03/0  0  36/0  0  

/@8A B89B C)8D*=  93/20  9/66  4/1  05/0  4/0  42/0  2/0  7/9  

 E*#A F*G"A80  5/80  1/0  19  1/0  0  3/0  0  0  

     =)E2 z!L#$ &" ="&|2+54 %,&0!<9:I6 %   2 T:9k&L40 %            -I &Y" =)&() g$I T!'0> d9B ]~> 2 ?R O;X&> pI

 ?.+#M }94K< .             +8*2 *8 p&V` T.#;(!" OL ?.+#M p&K;)* 689N -+E 3G -&<E 2 W28 , 5#>     2 ?Y0L p&|2+ 

    =V>&0< 3f` g.*aB*     l2?H8+ OL ?G?" p&|2+ O" *82            %?YR %+82I #Y'.+ 6&G =M�.2 &" %*#bG O_K(< T.* 

 >* .2+8     =\#" -abG 89$9< rpm 300       #�L*?` -+E 3G -&<E 2 3  +9" Oc!\+  .   ?.&D  @H E9F) -&b!>8*  6E&>

          2 ?.+#M OB&Z* p&|2+ O" -+E 3G -&<E 8+3  3G Oc!\+           Y> 2 =<9YB  p&|2+ &$ ?R %+E!     -79YbG �^<&YL -&b

?)9R .       ?.+#M 6#M O;K.8 6a4B z:&\ 8+ p&|2+ ]~> . O;K.8 m&/t\      m?< O" %?R 6#M24    o!e< 8+  5&> 

      .E pI [!:+ O" ?0.*#B T.* OL ?)?R U(X TL U(X 8+ %&M -I 2 ?)?)&< =\&"    #YHI T!k&YD d&YX d&Ae;>* 2 +&

    ?R&" =< C&F`2 3@< 8&!F" .                3YL  5#Y> 2 O/t\ -?R O.P O.P 2 u#$ l&b;`* -+#L U(X +&.E  5#>

             T!" E* *8 8&L 6+&_;\*  WE8* a!)2 +8*+ *8 p&|2+ =0!() O$ l&b;`*  +#" =< .        =Y0e0< &@(Y.&<EI  8*#A$ E* ]D

        8+ OL ?<I  >?"  -+#L U(XI    9$ ["&\ O4`#< O> -OH  ?R&" =< .      m?< 8+ l2* O4`#< 8+24    "9N8  5&> 

  E*40 %O"30 %                     *?YH  #'.?bG E* m*8� 2 ?>#" O!:2* +&c/)*  :&` O" p&|2+ &$ ?"&. =< gG&L o!e< 6&<+ 8+

       E*  "9N8 d2+ O4`#< 8+ ,?)9()30 %    #.E O"6 %   6&<+ 8+80-75       &Y$ ?>8 =< TL U(X 8+ +*#'!;)&> OH8+ 

   . O!:2* d&Ae;>* O/t\                   U(YX OY" %8&Y"2+ 2 %?R w8&X z:&\ E* O/t\ d9> O4`#< 8+ 2 +89K) u#$ 2 O;B&   TYL

 =< [c;0<       m?< 8+ 2 +9R24       O" TL U(X 6&<+  5&> 100    =< g.*aB* +*#'!;)&> OH8+       �^<&L O)9b) &$ ?"&.

++#M U(X.  

 !"# 2- 78-9 4:,)"! ;-< "=$)6-> ( 3-9 6)4,-> ( ?+! 456*  

%98G9  E*G?  1  2  3  4  

H8, !IE6) J*K46 FB4 L*A5 /.(  25/0  5/0  75/0 1  

 L*A5 /. M";<= N*>"&8): F*G"A !IE6 J*K46 FB45/7  5/7  5/7  5/7  

J*K46 /O") FB4(g/lit) 1100  1000  900  800 

J*K46 M0P QR5S,5 !IE6  60  83  130  160 

 (T@  !"#$%)&'() *+,-(  5/1-1 5/3-2 5/3  5/3  

           !"#$ %&$' () *' +!,&$ -*./*' &0 (1.21 3#41350     5 '6789"1&) (:*' 1420       5 '6789"1&;) (;:*' 1540 

       %*6<;=81 >&$? &@ '6789"1&) (:*'5/2                    A&;9!2B 3;#4 ?6 C;4 3;,7D E&;F16 G2HI/&;$  %&;$' *' 3B&;) 

<J E&F16 &0 (1.21 3K6'74 5 %*&LM9J&$ .  '*6<1&";)6 N@&O$ '7) %*&P, E&LQ")6ASTM- C93  ("9R;16' 5 

 N@&O$ &0 (1.21 ST&@ASTM – C134<J U99VW  . -*&2J X.$7, ?63 (VJ6 Y674 %.8T6 x -&8")' &@ XRD 

 X<$(Philips MPD Xpert) -&8")' &@ +4.L)57L9$ A&VT&O$ 5 SEM X<$ Cambridge 360   Z;2B (;@ 

<$[.  
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3- ./0 1 23!4$  

         ' %5&\ (1.21 +!/ ("9R16' 5 '7) %*&P, E&LQ")6 ]H&"1       ?6 E.,  !"#$ %&0 <^*1-25/0    _&)6 7@ <^*' 

        %&0 &$' *' `&a5' >?5Cº1540 – 1350     %&0 ZLJ *' 1 5 2   3)6 -<J -'*5[  .     <Mb E., <^*' cH6I,6 &@

   <0' +$ d* -<H<4. +$ 7"P9@ (VOe *' -<1&$ +e&@ %&0 Z#!#W >6I9$ (/ UH6 X56      f;:.$ <;16.W +;$ (;/ '.J

      g7h ?6 5 ''7D ST&@ ("9R16' c0&/        6.0 %&=@&i\ ><J Z^5 X&2"\6 78H' ) %?&D %&=$., (     *' 5 `&;a5' *'

          <@&H +$ cH6I,6 I91 j*I@ %&0 Z#!#W '&FH6 &H 5 &=1[ k57K (F9"1.      <;@&H (;i!a &;=@&i\ k57;K -<H<4 (l1&Mb

         <;@&H cH6I;,6 &0 (1.21 ST&@ ("9R16' 3)6 UL2$ .                  cH6I;,6 (;@ 7;FM$ (;l1&Mb E.;, cH6I;,6 X&;\ 7;0 (;@

Z#!#W  * %&0           +$ 7"2/ d71 &@ E&LQ")6 c0&/ (@ 7FM$ ''7D %57/ 5 IH        cH6I,6 (@ 7FM$ (l1&Mb UL9T5 '.J

 &@ E&LQ")6 c0&/ ''7D j*I@ %&0 Z#!#W71<0' +$ d* %7"P9@ d.  

  

 !" 1-  !" #$%& '()*+) $, $- ./01/ &23 #4$5+ 6$7893) :)2;;<=  

  

 !" 2-  !" #$%& '()*+) $, $- ./01/ >?$, .9;@/)& :)2;;<=  

 ' ]H&"1   ZLJ N@&O$ ST&@ ("9R162          &;@ SH X.$7, (/ <0' +$ >&P1 25/0     %&;0 ("9R;16' %6*6' E.;, <;^*' 

 %m&@gr/cm
3 7/1+21 *67e NH&B 7:[  H7VW *' (/ <J&@ +$   N@&O$ '79DASTM C155   NH&;B %&;0 7:[ 

  -57D28       ?6 7"2/ ST&@ ("9R16' &@cm
396/0        ?6 7"2/ +2n6' +OK o&ip16 5 2 %   '6' A*67\ ?6 C4    A<;$ (@ >

24     %&$' *' 3B&) 1510    <MJ&@ +$ '6789"1&) (:*' .            *&;=b &W 5' %&0 X.$7, (/ 3)6 +/&\ ]H&"1 U9Ml20

     E., %&0 <^*' &@1-5/0          -57D  q&QT ?6 6* +i)&M$ 39Vr5 <^*' 28 '  <1*6' ST&@ ("9R16 .    %&;0 (1.21 &="M$

             T' (@  `.!O$ s&iH7pW t6.K '.:5 &@ E., <^*' SH &@ *&=b -*&2J       f)&M$&1 Z#!#W uH?.W  +"K6.MLH E<B Z9

                %5&\ %&0 (1.21 t6.K 5 70&v 7w1 ?6 &0 (1.21 UH7"=@ 5 <J -'6' x9#PW75/0       <;J `&;#"16 E., <^*' 
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       %&$' *' 3#4 ?6 C4 (/Cº 1540     ST&@ ("9R16' %6*6' g/cm
3 67/0     '7) %*&P, E&LQ")6 5f/cm

2 kg 74 

'.@ .       O$ '<F$ +OK o&ip16 &0 (1.21 UH6 ?6  N@&ASTMC155  &$' *' %Cº1510      +T6.\ (/ <J (",7D 3/1 %

'.@.  

  
 !" 3-  .AB) #0C?)X ./01/ 3 #$%& 4& DEB .9!"ºC1540  

  

 !" 4-  ./01/ F/G297?) H073G27;% 2(0I=3 #$%& 4& DEB .9!" ºC 1540 F($1JK4*, $, 4000×   

    (VJ6 Y674 %.8T6X    (1.21 UH6 )(1.213 (      *' 3;#4 ?6 C41540      N@&;O$ '6789"1&;) (;:*'   ZL;J 3   cH&;21 

   yE5<16*./ %&0?&, '.:5 -<M0'     1[ 5 3Hm.$.*W  39+$ <J&@ .               I9T&;1[ 5 +,7z;$ (;9T56 '6.;$ <;^*' (;@ (:.W &@

   &=1[ +H&929J)X5<:1 (    -*&2;J (1<@ I9T&1[ y3         Z$&;J 3;#4 ?6 <;V@ Al2O3 2/75 %   5SiO2 5/19 %   5CaO 

9/2 % 54/2 % %&0 <9R/6 7H&)TiO2 y Fe2O3 y K2O 5 Na2O +$ <MJ&@ .   +;nI: (;) E67D&;H' (@ (:.W &@ 

Al2O3 – SiO2 –CaO) ZLJ5 ( f9/7W (Op1 >'7/ 6<94 5(A)+$ -<0&P$       *' (;Op1 U;H6 (;/ '.;J {;!|$ 

 E5<16*./ +i9/7W- +$ *67e 39W*.1[ ; 3Hm.$  '5<\ *' +@5} (Op1 5 '79D1850  (;Op1 5 '*6' '6789"1&) (:*' 

       '5<\ >[ *' `6~$ ?&, �57J1500  &) (:*'   <J&@ +$ '6789"1 .           *' (;VT&O$ '*.;$ %&;0 (;1.21 7"MH? (@ (:.W &@

 %&0&$'1350 &W '6789"1&) (:*' 1540+$ 7w1 (@ '6789"1&) (:*'  '.:5 (/ <)*<9R/6  %&0TiO2 ,Fe2O3 

,K2O ,Na2OU9n&4 %&0 &$' (@ 6* uH&$ ?&, *.�\ *' 7"MH? �57J (Op1   ?6 7W1500    X&;p"16 '6789"1&;) (;:*' 

+$  <0'+$ '&H? I91 6* (P9J ?&, '.:5 X&2"\6 5 <MM/. 

   ZLJ N@&O$4           >?.) '.:5 -<M0' >&P1 +157"LT6 �.L)57L9$ &@ -<J -<0&P$ *&"K&) IH*    +H&03)6    &;@ (/ 

      (VJ6 Y674 %.8T6 (@ (:.WX                  %&;0 >?.;) >.;$6794 (P9J ?&, '.:5 3,7D 7w1 *' 3Hm.$ 6* &=1[ >6.W +$ 

\ *' 7"MH? -<M0' >&P1 3Hm.$+$ uH&$ ?&, *.� <J&@.  
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 !" 5- .3 L$+ 6)2K$(&  F($=CaO-Al2O3-SiO2]4[  

56%78  

1. F. Singer and S. Singer, “Industrial Ceramics”, Chapman and Hall Ltd. London, 
1964. PP.425-30.  

2. P. P. Budnikov, “The Technology of Ceramic and Refractories”, by Scripta 
Technica the M. I. T. Press, Massachusette, 1964. PP. 364-74. 

3. B. B. Subramanian, B. B.Machhoya, Sarsani and K. N.Miti, “Preparation of Hot-
Face Insulation Bicks by Foming”, Interceram, 45 (1996) 4. PP. 272-76 

4. F. H. Notron, “Refractories”, MC Graw-Hill Book Company,1968. PP. 143-4  
5. N. V. Pisarera and E. Aksel Rod, “A New Ultralight Corundum Thermal Insulation 

Material” , Translated From Ogneupory ,September.(1991) 9. PP. 25-27.  
6. P. W. Minnear, “Processing of Foamed Ceramics”, GE Corporate Research and 

Development, Optical and Electrical Ceramics, 2000. PP. 149-156. 
7. K. Leper and M. H.Fuhres, “Heat Insulation Materials”, Material in Refractory, 

Engineering, PP. 24-39. 
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 !"# $%&'( )* +,"-)&./ 012 345 6'!2 7"8"5 +)9:,; 

 !"#$ ...%& '()1%*+, -. %/$ 021 23 4 '5  6-(& 0 2%787+'8& "9'8/$ 03 

1
  !"#$% &'()*%+ ,-. &/0)*%+ 1/2" ,3/-4" &#56 72

 5!895!"% ,:2-; &'()*%+  
3
 1%5<% =2-;# >?@ &'()*%+  

ataallah@asia.com 

:-8;< :  !?!3 $'A*'9 1/2"      ?;'. $+ ,-)B C8         &/DE FG%# HI3 1':354E J5E K'LE M5:"N?!9 

=3% . !O#% ,<'3'-E P')<'"QR $+     $%/DI"  D9 /DE ST)" $'A*'9 U<%Al2O3 # Fe2O3  =D4B 

                       VW'D9 $NDX-"  DY 5DZ'[ \D!I]^ $+ %_DO 7=D3% +$%/*':3% /[ Q% 5:)!Y F<'-; `?a% $+ M5!6$'0Y

Al2O3   # Fe2O3    7V<%+5b c"'E M$#%5. P'!?L@   "5*           MQ'D3%/B # 1N!D3'^N?. 7N)D:AE 7M5!6

  /E d'e*% ,A!f'-g" .        N):AE # V<%+5b P'!?L@ d'e*%  e!:* $+       1%H!" $+ M+'<Q VW'9Al2O3  # 

Fe2O3        N?. P'!?L@ # 5(<+ h5f Q% /E &/W')"             ,.5iD" H<'D3 =<+#/D]" +NB# c!O+  Y 1N!3'^

          Qj M+%QR  B$+  Y P%$k 1/!3$ d/@ $+  )!E 5!X* ,2<'-;         1%HD!" $+ M+'D<Q VW'D9 7dFe2O3 

 +%/* 1')* .        )!E F<'-; $+ ,-)B C!?!3 M'W+5Y$'9 =<'4* $+     #5D. 7MQ'D3        >)Dl 7QNAD* 7C!?!D3

   :T<$  3'" 7 )!E     N?. # ,3$5Y M56            F<'-D; $+ M5!6$'0Y =4B $'A*'9 U<% M$#R5. ,^'"/I" =!E

/E ,[%5f.  

6-8/= >"*/=: )!E 7UWR /!A9% 7M$#R5. 7C!?!3  .  

1- &-?&@  

        ?;'. $+ ,-)B C!?!3 $'A*'9 1/2"8              ,*'D9 M':D3#$ P$#'De" # HID3 1':354E J5E K'LE M5:"N?!9 

   =3% &/E FG%# ,-)B .       m ,<'!.%5gB KNf U!Y ,*/2" n+#/]"21 o 46  m ,O% 22 o 46      m ,<'D!.%5gB p5D@ # 18 o 36 

 m ,O%20 o 36   +$%+ $%5G   .            $N)9 5!3+53 \f'-" qHB  Ir-" U<% ,<%NW # sR 5X* Q%  ,D" sNA]"   +NDE .  $'AD*'9

         ," 1NOj /*Q'3 =<H^$%N9 t'^ \.%  Y uNY5" ,-)B C!?!3             $+ vD*$ /!wD3 ,AD!?!3 \.% P$NiY  9 /E'Y

  v-3  3'" Mj'Y        =3% &/E FG%# v*$ H"5G ,:<H^$%N9 M'W .             UD<% &5D!bk &/DE d'De*% P'.')D:9% x'D3% 5Y

   +#/[ $'A*'95/11     =3% &/<+56 +$#R5Y U^ 1N!?!" ]1[.   AD*'9 U<%        ,*'D9  D@NLe" y'D]O Q% $'      c"'DE ,D3'-E

        =3% $%/-WR P'8!95^ # x$ ,@5. M'WQ'. # H^$%N9 .                  D9 =D3% M/D[  DY $'AD*'9 UD<% $+ UWR # x$ $%/I"

    5. P'!?L@ 1#/Y 1R h5i"         ,"  B%N" c0)" 'Y 7F<'-; `?a% $+ M$#R  +NE .     5. $NX-"  Y =4B U!LW  Y   M$#R

,3$5Y F<'-; $+ &+'w:3% =4B $'A*'9 U<% W=3%  :.56 d'e*% ,<'.  

2- A8?BC DE,  

                     \D!I]^ zNDZN" 'DY {8^5D" FY'D-" # +NDBN" P'DE$%H6  D2O'r" Q% Cl 5Z'[ \!I]^ $+]2[   D*NL* 7    M$%+5DY

                  /DE  !4^ h$'2:" \!G+ M'4E#$ Q% M5!6 &54Y 'Y $'A*'9 {3N:"  *NL* # d'e*% ,-)B $'A*'9 Q% |!^'L:A!3 .

        " P'8!95^ # ,3'-E ,*'9 M'WQ'. ,3$5Y h/W 'Y  5})v*'6 (          DY ,lN0D3#50!" M'4!3$5Y Q% ,*/2" &+'" $+

               =95DE =b'D3 M'4lN0D3#50!" Q% &+'w:D3% 'Y ,3'02*% # M$N8@ ~#$Zeiss   # Olympus    /DE &+'w:D3%  .

    U0E v-3 {3N^ V<%+5b P'!?L@           D?!" M'!D3R # 1%$#R5D. VD*%+ =95E =b'3 ,0. M'W   DON?6 # M%  M%

        + Q% # &/!3$ d'e*%  Y =95E 1'LW =b'3            d'De*% M%5DY 1N!D3'^N?. KN?D3 # ,A!f'-g" V<%/B M'4W'(:3

   /E  :.56 &54Y P')<'"QR .            # �%$NDb ,<'!L!E ,0<�NO%5-!" P'8!95^ U!!2^ =4B S!T)^ �?:T" c[%5" $+

 M'4E#$ Q% &/"R =3/Y KNi]"XRF # XRD/E &+'w:3% C�!?!. =95E =b'3 .  
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3- @3F*3 %GHI J8/8K ,"L3"= M  6, 1')  

  *NL* =4B  %+5Y                          08DE |D< $'AD*'9 h5D2" # {D3N:"  H!O'D*R  DY ,D35:3+ # ,-)DB C!?!3 $'A*'9 Q% M$

 *NL*      P'2Y5" P$NiY M$%+5Y250 ×250              /DE d'De*%  08DE >!D35^ # ,D[%5f FDY5" 5:"  .     +$NDb5Y cD]" Q%

c!.#5l       *NL* P'!?L@ 'W            zNLe" $+ # =.56 d'e*% M5�8O  I<5f  Y M$%+5Y22    /E  !4^  *NL* d56N?!9  .  CDl

                   /DE d'De*%  D*NL* 1+5D9 >!ADI^ P'!?L@ cw<$ &'(:3+ {3N^ 7,0. U0E v-3 $+ V<%+5b Q% .   =D<'4* $+

         $'A*'9 {3N:"  *NL* 1%N-2Y  !O#%  *NL* Q% M$%/I"    M'WH!O'*R d'e*% =4BXRD   # XRF        D9 /D<+56 s'DT:*%

 *NL* H!O'*R �<':*  &$'LE K#%/B $+ 'W)1 ( #)2 (=3% &/E &+%+ 1')*.  

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

Trace phase (s)  Minor phase (s)  Major phase (s) 
Muscovite 

KAl2(Al Si3O10)(OH)2  
DDDD  Quartz (SiO2)  

 !"# 2-  !"#$% &'#($XRF)$*+$ ,-*(. /012 3!4!-  5678 9:; <=  /$>?#@5!:AB  

L.O.IP2O5 MnO TiO2 K2O MgONa2OCaOFe2O3Al2O3 SiO2 
0.31 0.032 0.001 0.0620.74 0.05 0.04 0.22 0.58 2.49 95.45 

4- %3"=  'G8& E %K"GN  %O 'PFQ  

                   /DE  D:.56 &5D4Y ,.%56NDO%5-!" # ,D.%56#5:l P'D2O'r" Q% ,*'9 `!95^ \!G+ =b'-E $NX-"  Y .    x'D3% 5DY

,lN03#50!" M'4!3$5Y v-3 zN* Q%  *NL*  D* =I!I[ $+ # &+NY &/E 1N656+ H^$%N9 Q% ,-a ,YN3$ M'W ,@N

 =3% =<H^%N9.               /[ $+ �'^/L@ 1R P%$k +'2Y% # &+NY  *NL* ,?;% &/-W+ c!0)^ H^$%N9100    ,DO% 350   1#5D0!" 

,"  /E'Y.    *%+  0-<% ULZ       +'2Y% 'Y M'W200   '^ 250 /*$%+ M5:)!Y ,*%#%5. 1#50!"  .    c!0)D^ H^$%ND9 5DY &#�@

         zN* Q% H<$ P'@'L:B% # P%$k c"'E �/*% ,*%#%5. 'Y M'W &/-W+=<N03N" 7=!353  ,*'9 #     =D3% ,D3$ M'W

        /*$%+ FLe^ H^$%N9 P%$k U!Y M'}. $+ `?a%  9 .     ,*'9  *NL* $+ 1R 5Y &#�@     �'l#% M'W) $%/-WR P'8!95^ ( H!*

       ," zN* #+ 5Y  9 +NE ," &/W')"  /-E'Y .     c0E  L!* P'2rG c"'E K#% zN*        +'2Y% 'Y =E$+ �':8A* $%+50   '^ 150 

   $+ �'"NL@  9 1#50!"    H^$%ND9 U!Y M'}.      FDLe^ 'DW                 M'D4O'b P$NiDY $%/D-WR P'D8!95^ 5D(<+ zND* # /D*$%+ 

)1N<QN?0*% (   H^$%N9 cb%+ $+ H<$   ," 'W           1#50!" /-� /[ $+ '4*R +'2Y%  9 /-E'Y)   Q% 5:0�N95 1#50!" (   /-:ADW  .

 c0E $+     &$'LE M'W)1 (  #)2 (           &ND]* # ,D3'-E ,*'9 `!95^ &/-W+ 1')*  9 ,lN03#50!" 5<#'i^   M5D!6$+ 

&/-W+ c!0)^ 5<'3 'Y H^$%N9  ,@5. M'W)v*'6 (=3%[9]. 

 
$%& 1-  34"25  !"#!$% &'"()*+(,- +."/0Kg-51 &1"#2- 3"! 34 )PPL( , &.5#67389 59×40 803%": )qtz(  ,

 ;<= >5<?,@:%)Fe2O3(( 
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 !" 2-  A35#B  !"#!$% &'"()*+(,- +."/0Kg-52 A8.3C'3"! 34 )CPL( , &.5#67389 59×40803%": ) qtz(  ,

 D."()"-)MS( , D,)+))Ser( 

5-  !"#$ %&'! ())*+ , -."!/0  

          !"#$ %&'$ &()* + ,(-* .!"$ -& /,(&'0 123 4,'5678                 9:-(;#$ .#!;6! 4#,( -& .#$ <)-( "#= >"#3(SiO2) 

 8  !"$ )( 2?"=  -(2@3* A"BC$': D  E- >"7C!"$ F8"? G('63 .HI"= >"3 (Al2O3 , Fe2O3)J?-& -&    4,'#:

 68 &"K=( JE( 4L .        >&()* .#M-& + @NM OCHCE -"P!"$ >D- '= .5Q'R S"T!(  U;LED'LC8 A"KV"W8 .= .M;: "=

 &D2X &"K=( "= A(-Y -& .@C7=150 %D'LC8 )100/8  (2,&'R Z"[5!( "7CE-'= .8(&( >('= D G2? \[N8.  

5-1- -%1231  #45 6!47$ , -."!/0   

         G"R;HR "=  LQ 4L? ]@E ^E;: (25=( .!;6!   MD'02 "E  5!     G2#? &'0 '58+      ]@#E ^#E;: _;`#a8     4L#?

   ID'[8    MD'0 "=2      .5P= 'CP8 -& '56CHC8    .!(& D /,(&'0 &-;8    JQ'R -('b >2@= .    -& 1'`8 F="b _;`a8

     4C= OCHCE .NC? c,"@d30   ": 100   8 /8        ',) &(;8 D 2?"=100       8 Z;Pa8 .HI"= %(;@e .= /8     .$ &;?

 8 %* )(  .H6M )( 'f,& c,"@d -& %(;:G2@,"E G2@@$'U D "3  D "3 ...&'$ G&"g5E(.  

#$%& 3-  1"E7 >5,)= &F*+G H"/I- >?!+) 8,15!= &6JF K,E,)  !"#! &(,-%+) >%. 

81/5 6'439  

)-7( 

 81/5 :.45

);,/<)7( 

 /.# ="'> ;#,

 81/5)?/@( 

 A*3B+ A1#, 8C'!

81/5  ,' 

 A1#, 8C'!

81/5 /.# A*3B+ 

+20 850 583 2.8 97.2 

+30 500 570.5 4.88 95.12 

+45 355 438.5 26.88 73.12 

+60 250 383.5 36.05 63.95 

+80 180 192.5 68.75 31.25 

+100 150 169.5 71.65 28.35 

+120 125 79.5 86.65 13.35 

-120 125 - 100 - 

5-2- 4)5$ D52+ -."!/0  

                      4#3* 45#?(& D .5#?(& >&"#,) JCE"P#X 4#3* .= .NC? 'Ch! c,"@d iHj( -&  Q'`8 OCHCE    k#e"= l"#=

     8 .NC? _;`a8 %2? Z;j'8"!        .V;HR >"CE* ^E;: /,(&'0 A"CH6e (mV &&'R       2#? S"#T!(  LC8('E >(.  -& 

    ]@E  MD'0 _;`a8 .HX'8 4,(      .V;HR >"CE* &-(D  ID'[8 4L?          nV"U 28"M 2d-& D G2?  LC8('E >(40 

   2? .5Q'R'h! -& 2d-& .        .!;6! OoE D G28* F6K= "CE* ^E;: /,(&'0 A"CH6e         D ;N#5P? A"#CH6e J#a: "3

.8'!       .pBI A"CH6e D .5Q'R -('b >'CR                  G-"6#? _D2#M -& %* .= q;='8 r,"5! .$ JQ'R S"T!( %* >D- '= >2@=

)3 (  JE( G2? G&-D* .     .8'! D ;N5P? A"CH6e )( 2K=            9CV"!* J7M + 56Pb -"7s <D- .= .!;6! )( >-(2p8 >'CR
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         _D2M -& .$ %* .= q;='8 r,"5! .$ 2? Z"[5!(   G-"6? )4 ( 8       #8 %"N#! +2?"=          A"#CH6e )( G&"g5#E( "#= 2#3&

  .8'! D /,(&'0       %(9C8 %(;:  8 >'CRAl2O3            /3"$ >'Cf6Ns %(9C8 .= (- .!;6! -& &;M;8 43* 4C@t63 D 

&(&.  

#$%& 4-  8,15!= L.5M!XRF !"#! >*3 +9   >+,7  -+! * "JM@B N5,E#O $% PQ5R >5<)?Q34 S@R +9.( 

L.O.IP2O5 MnO TiO2 K2O MgONa2O CaOFe2O3Al2O3 SiO2 

0.08 0.0200.0010.0700.260.01 <0.010.11 0.27 0.85 98.25

6- -.47#$ ;2)54+2EF  4G  

        A(-Y  aWE -"= 1u50( v"E( '= %;CE":;HQ)   ":) FCP!"5UZP (   w, -&pH       #8 S"#T!( 4C#K8    &;#? .  -&pH 

   )( '56$8/1     !"$ D 9:-(;$ A(-Y       E -"= >(-(& -(2@3* >"3   8 JBx8  aW      -& D 2@?"=pH   4C= 8/1   D 4/6  A(-Y 

       !"$ D  g@8  aWE -"= >(-(& 9:-(;$         8 JBx8  aWE -"= >(-(& -(2@3* >"3  2@?"= .    8 ^,('? 4,( -&    )( %(;:

    A"!"gV;E 'Ch!  !;C!* -;5LH$ w,    A"gV;E ", "3         !"#$ D &;#6! G&"g5E( "3              4#,( -& &'#$ .#:;HQ (- -(2#@3* >"#3

 +y5PCEpH^Ca8  &D2X -& 2 ": 5/2 8 yCh@:  &;? ] 2 D 10 [  

#$%& 5- T.5-$= N5OCU% V: W5-$ 59 &6JF K,E,)  !"#! >*3+9 W",)50"EX >5<  >+,7)10 Y,Z4 ( W%8,- [

 &\6G ;]*3)gr/ton 50( &\6G ;]*3 ^"! [)?,_) D_!( `15' ?Q34 [)30( [pH) 3 -5/2(A45-= W5-$ [  >$5)5 Y,Z4   

HI ;":)7 #45  
'2J<EI ;":)7 

(gr/ton) 
HI K21 #45  '2J<EI K21 H.!'

G'Wb w, 250 MIBC Aero promeoter 801 1 

G'Wb w, 250 frother65 Aero promeoter 825 2 

G'Wb w, 250 frother65 Aero promeoter 801,825 3 

G'Wb D& 500 frother65 Aero promeoter 801,825 4 

G'Wb D& 750 frother65 Aero promeoter 801,825 5 

G'Wb D& 1000 frother65 Aero promeoter 801,825 6 

G'Wb D& 1000 frother65 Aero promeoter 801 7 

#$%& 6-  8,15!= L.5M!XRF !"#! $% PQ5R   W",)50"EX a*3  9 A?B >3*=+X >5<)?Q34(  

P2O5 MnO TiO2 K2O MgONa2OCaOFe2O3Al2O3 SiO2 

0.011 0.001 0.041 0.420.01 0.02 0.05 0.26 1.73 97.19 

   /,"8)* S"T!( -;h@8 .=        ]@E .HX'8 )( 2K= .!;6! +%;CE":;HQ >"3       .#V;HR >"C#E* ^E;: + @L?      LC8('#E >(

   JQ'R -('b /,(&'0 Ja: .          .NC? c,"@d >('= _;Bb F="b &"K=( .$  ,"T!* )(30   ": 100         (m#V 2#?"=  #8 /#8 

 .!;6! /,(&'0 "3 ":mesh d80=30  JQ", .8(&( .  A"N,"8)*            Q'`#8  ,"C6C#? &(;#8 )( G&"g5#E( "= %;CE":;HQ

      28"M 2d-& +2CgE Jg! F8"?30   +2d-& pH  +5/2   ": 3            G-"6#? _D2#M -& %* A"`[N8 .$ JQ'R S"T!( )5 (

  JE( G2? G&-D* .         G&"8* %"8) 4,'57= +G2? S"T!( zH5[8 A"N,"8)* .= .M;: "=    >)"E5      "#= .#$ 2? 4CCK: .pCb& 

     '8 D&  I -;5LH$ %&'$ .Q"{(              2#8* J#E& .= .HX'8 w, -& %&'$ .Q"{( .= JBP! >'57= |TC5! .HX .  %(9#C8

          2X ": -;5LH$ %(9C8 D G'Wb D& )"E z$1000           &(& J#E2= (- .#@C7= 2#X 4: '= S'R  .       4#,( .#TC5! 4,'#57= )(

            9CV"!* &-;8 D Z"[5!(  56Pb -"7s <D- .= .!;6! >-(2p8 A"N,"8)*XRF         }#BI 9CV"#!* .TC5! .$ JQ'R -('b 

D2M G-"6? _)6 ( 8 2?"= .  

     'Q .!;6! 9CV"!* .= .M;: "=         8 .TC5! +%;CE":;HQ <D- .= G2? >-D*             #d"0 '#CC~: 4#3* 2CP$( 2d-& .$ &;?

   'Q A"CH6e .= JBP!      8 'h! .= D JE( .5?(2! ;N5P? <D- .= >-D*   .#= A(-Y %2CE- S2e '8( 4,( FCV& 2E-

     .!(& G&D2a8 -& +S)l >&()* .M-&      #8 OCHC#E >2@=        #8 .N#C? c,"@#d -&  Q'`   2#?"= .      D "7C#E-'= D'#@,( )(
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                   .N#C? c,"@#d -& 1'`8 F="b OCHCE .=  E'5E& 123 "= %;CE":;HQ A"CH6e S"T!( .$ &(& %"N! A"N,"8)*

 .TC5!  @NM -"P!"$ )(  6! /[= 2?"= .  
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  !"# "$% &'()* &!%+  ,-.   !"# /+- &'()* &!%+  ,-.

  

 !" 3-  !"#$%"&'( )*+,"-*./ 0*., 1% '2 32 45*65  

7-  !"#$% &'()"*+# ,"-  

     !"# $# %&' ()# '*      +,-. /$-0#12 /#34 +567-89: ;6<-" '* =        +: >*-?!0# @A7-4 $# %$'# -4 /-B  *CD . '*

       -)* *#C: EF2 FG'#C. H;6G-IB $# FG'#C. J)#12       #'-K *#C: EF2 ;6G-IB & L67-89:   +: L67-89:       /#3M4 @M. 1D-4

J)#12 ()#          +: >*-?!0# N-4 O1D -4 +567-89: J)#12 $# *#C:   *CD]3[     '-5,-. *'C: '*    @,CI, H+8P2 L6A60

    Q80 R0CG J)#*3" $# LK  (SD     @TCAU /-60V & -B     @,#* @4 +S6:#30 /#         3MW, *'CM: /1M8430    -MG 100   JM: 

 1D >1,-0' . 567-89: O-6AIX+    %&' @4 N-4 O1D     O1D -4 3G2/1  @MY6!, @. ;Z3U [-Y,# @,CI, /&' 34  5G 

         \7 +567-89: O-6AIX $# ]<-^ >1:V ;0* @4 >3!,-58. F6T-,V    >'-ID _&12 `)7 ( +M:   1MD-4 .     F6T-M,V @MY6!, $#

 +: >1B-P:  *CD @.        1^ -G (BV 165.# 1<'* 23/0               @M2'* @M4 O#'a b16M03, ]M6T* @4 @. ;0# @!Z-) JB-. 

     @,#* ;)*&1c: 37-" @4 [$N /*#$V     @P6D d)-8< '* /184      +I, +e2CG ]4-f JB-. H[-2        @. +)-Y,V $# & 1D-4

      /#34 (BV 165.# '#1g: 3h.#1^    [-2 @P6D d)-8<1/0  +: 1<'*             FM6, +5M67-89: O-M6AIX _CiMc: #jT H1D-4

   @P6D kC, ()# /#34    -B +I, l0-8:  1D-4 .      @S8)# ]6T14 3m)* =37 $#    1M6TCG '* (MBV 165M.# 1<'* $-Y: b#F6:

@P6D   +m,' /-B   /#34 H@P6D      Q,' F\0 /-B3/0 1<'*     *'C: '* & @P6D     >Cef & +n-43e. /-B      QM,' /#  oM)

  1<'*+: 1D-4  .+:          @PM6D ;"-0 '* >1D /'&V3Z _Cic: $# b#CG             >*-?!M0# &'#* @PM6D 1M8,-: +Mm,' /-MB

*3.]4H5[.  

#$%& 7-  7+8"5( 9%":5XRF45*65 3;< => ?"> @AB  C+D"EF& G=:5"CEH    E$I J+.+, 3"!)AK<L(  

P2O5 MnO TiO2K2O MgONa2OCaO Fe2O3 Al2O3 SiO2 

0.0180.0010.06 0.390.01 0.02 0.11 0.23 1.83 97.03 

8-              ."/(012 3!4/516 7"/89: ;(<4< => ?!"*@ AB &*CD E(0(F ,"-B4>A"6

,AG%4H  

    +8P2 L6A60 '-5,-.                      & bC6M0-GCAZ HCPM!5D & J)#*3M" 1M8,-: +)-eMD&' $# >*-?!M0# -M4 /'&V3MZ $# LMK

  +567-89:      @PM6D @,-"'-. l0-8: p#'C" b#C8X @4    [-M2 )   +Mm,' 3M6q(     1PM, >*#* r6sPMG       1M6TCG '* +MT& 

@P6D     ;0# =3i: ]4-f +m,' /-B]7H6[.           @5)-g: @4 H '-5,-. ()# *34'-. (!Z-) ;e2 #jT    @6T&# F6T-,V   & '-5M,-.

*'#1,-!0# -4 >1D /'&V3Z _Cic:  ='-i: 3)-0 /-B >'-ID _&12 '*)9(+: >'-D#  *CD.  
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#$%& 8- M"I 4$+B L<2A5":,2 4C%"N&]3 [ E$I J+.+, ;  

 ;(64<)I@AB( SiO2 Al2O3 Fe2O3 

1,-!0#[-2 @P6D *'# 96 2/0 1/0 

>1P, /'&V3Z +8P2 L6A60 45/95 49/2 58/0 

>1D CP!5D +8P2 L6A60  25/98  85/0  27/0  

>1D bC60-GCAZ +8P2 L6A60  19/97  73/1  26/0  

>1D +567-89: +8P2 L6A60  03/97  83/1  23/0  

#$%& 9-  /=O& J+.+, P+> 4C%"N&EKQ%"R.:S& ]3[ E$I J+.+, ">   

I@AB ;(64<&9$G   SiO2  Al2O3  Fe2O3  

+8P2 L6A60 '-5,-.  45/95  49/2  58/0  

@P6D tPK  -  -  4/0  

 >*-?!0# *'C: L6A60d)-8<b-I60   88  2  5  

@!s)' @0-: /3U  96  1  5/1  

8<L6A60 &3Z d)-  97  -   $# 3!I.7  

  

        1,'#1, /*-)$ ;60-5^ u' & (BV @4 b-I60 d)-8<H              '-5M,-. /&' 3M4 J)#*3M" O-M6AIX [-MY,# -M4 ()#34-84  

  +: +8P2 L6A60              *3M4 '-S4 b-I60 d)-8< '* >*-?!0# ;e2 #' '-5,-. ()# b#CG .       tPMK '* lM6.3G ()3M!Ie:

  +: (BV165.# @P6D      V '-6X 1)-4 @. 1D-4b   3)$ 4/0  1D-4 1<'*  .         b#FM6: @M. +8PM2 L6A6M0 F6T-,V @4 @2CG -4

   bV (BV165.#58/0  +: 1<'*     H1D-44    Q80 R0CG @6T&# J)#*3" -      CP!5D & (SD+:          '-M6X +M!^#' @M4 b#CMG

165.#        3M)$ @4 #' (BV4/0                  *3M4 '-MS4 @PM6D tPMK d)-8M< '* #' bV & >1,-M0' 1M<'*  .      @5M)-g: -M4 (6M8vIB

   @!s)' @0-: d)-8< /-B*'#1,-!0#        L6A60 &3Z d)-8< & /3U)   >'-ID _&129(      @M,-. O-M6AIX ()3!I. -4     +M)#'V

     +: CP!5D & @6T&# J)#*3" 18,-:     ,*'C: '-5,-.$#  b#CG   @!s)' d)-8< /#34 3W       *3. >*-?!0# L6A60 &3Z & /3U .

   +: #' +8P2 L6A60            HbC60#3!A6Z d)-8< H (6)-K ;6?6. -4 /-B @P6D '* b#CG        ;M0 4180 & J)-M0 ;w8M< 

F6,*34 '-S4 ]8H7[ . 

9- =8(59 .:B"J*C(K G ,4(L  

          +8P2 L6A60 '-5,-. /*#$V @2'* +KCS0&3S6: O-wT-x: u-0# 34150    +M: b&3MS6:    MD-4   L6A6M0 *34'-.1

              3M6W, +G-M\6.3G @M4 *-M)$ ;60-5^ @. +w)-8< '* +8P2Fe2O3   & Al2O3          H b-I6M0 d)-8M< 1M8,-: 1M,'#1, 

1D-4 +: 3)jy,-S:# /'&V3Z O-6AIX [-Y,# b&14 ;0 4180 & J)-0 HbC60#3!A6Z]8[.  

1-      &3Z d)-8< '* +8P2 L6A60 *34'-.           3MZ O-6AIX [-Y,# -4 @P6D tPK & $C5, HL6A60      /'&V     =jM^ & >*-M0

 3i!s:+: 3)jK b-S:# u' & (BV O-\6.3G 1D-4. 

2-      [-2 @P6D d)-8< '* +8P2 L6A60                    ;)*&1Mc: 37-M" @M4 H$-M6, *'CM: 1M^ '* (MBV JB-M. [1X ]6T14

@,#*                       +Mm,' /-MB @PM6D 1M6TCG '* +T& 1D-4 +I, 3)jy,-S:#Hl0-8: /*#$V @2'* @4 O#'a b160' [1X & /184

;0# =3i: ]4-f ]12&11.[  

3- 6DCAZ   3Z R" /*-e8P6K ;            >'-IMD ]SMD `M\7 +8P2 L6A60 /'&V)4 ( +M:   1MD-4.      &* ;6MDCAZ (M)# '*

                        d)-8M< '* =3iM: ]M4-f @M. +8SMD Q8M0 O-6AIX $# LK _&# _Cic: ;0# >1D @!Z3U 3W, '* _Cic:

               +M: '-M. @M4 $C5, d)-8< /#34 CP!5D @A^3: o) -4 & ;0 4180 HbC60#3!A6Z          $# LMK [&* _CiMc: & *&'

 0CG J)#*3"      @:3, O-6AIX [-Y,# & (SD Q80 R         @PM6D /#3M4 +567-89: J)#12 & /36U        ;M6?6. -M4 /-MB

 (6)-K+:  1,#CG*CD =3i:.  
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  !"# "$% &'()* &!%+  ,-.

  !"# /+- &'()* &!%+  ,-.

  

 !" 4-  ! "# $%&'()*+ ,*-./! 0()1 2*/*3 $456 

10-   !"#$%& ' ()*+  

        !"#$%&' (& )*+,- .!& /0&'& 1 2*#3- '4   1 "%              54"678 9("6:;< 1 /76:;- 5"8("6: 5"6:"$='"> ?@<('& A"8@B

&C5&D! 5"8(":                  ?@6!4DE ?4"FG:& 5&D!&  <@78 4&;8 4DH'"> 1 A"+*+,- I>D= 1 5"G:4D> 5"G:& 54"78 1 J!"$K 

 8 2#L /H 5&M!ML .!& (&  <&4'@N 1 D3O- I!"P< /> I:&  @!Q.  

11-  ,-./ ' 0123/  

1. "<DH ,  )OL 1 (1DPH  94"HQ , R-D8C1375 ,     ?41@,8 '4 S*T*: '"U<"> V"OG>& W'&ME  6X  <"> 9"%  $O

S<;!D*Y 1.  

2.   >4DZG:4 9D[K&,  \X'C1379C     S*T*: '4 .%Q 5&M*8 ]%">        C@6='&  :"$='"> /8"< 5"!"Y C  ?"^O6<&4

5&DP-.  

3.  TL @#,8 D*8 , 9@#,8D*8C1369C ?'"#= "*#*> /!DO< /O*= J!"$K /*_1& 4&;8 9 /,FK 19-12  

4. 9(&'  %;3= , 4&4DP8C1375, VD`8 "- 5@78 (& S*T*:C1"O8 .*:@$P8 I>D= 5&D^=1"> '.  

5. 5&D!& '4 S*T*: @*_;- 1 '&("H /H  %"^<C ?'"#= /O*= 9a;_;$3- /!DO< 161 17 ,/,FK75-73  

6.  %"O66HDL ,.8;66%  66TL ,1376C.*668( b&;66B  /O66*= 9a;66_;$3- /66TZ8 S*T*66: 54"6678  66:"$=C 

?'"#=16117 ,/,FK18-15  

7.  1"3<@78 '1"O8 .*:@$P8 I>D= C 9&DH /*N c'"! S*T*: 9(":'"*LDY W'&ME/O*= J!"$K, 1369.  

8. d!D> ';Y ,.Ue@#,8C1372 , <"> f$: 1 "%  G7$K 9"% ,@PO8  :41Dg ?"^O<&4,  /,FK63-62  

9. Biskupski, V. S.,1965,The Rapid Determination of silica in Rocks and Mineral  

10. Luuk K. Koopal, Tanya Goloub, Arie de Keizer and Marianna P. 
Sidorova,1999,The effect of cationic surfactants on wetting, colloid stability and 
flotation of silica , Colloids and Surfaces A: Physicochemical and Engineering 
Aspects Volume 151, Issues 1-2, 15 June, Pages 15-2 

11. http://www.weldtechnology. Com/disp/silica-sand blasting-sand- Blaster- glass. 
12. http://www.koicarp.net 
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 !"#$%&"'(  )   *+,-./ 01$234 3 54-.6 78 9,   *+ 

: ;<- 

 !"#$%&'(%) *+! ",-./0'1 2* ! "#$%&#$% 23  

 !"#  !"#$%&'()*  '+,-./ 0. 12(3 ! 456  78,-./ /.9* :;."  

zargarh@metaleng.iust.ac.ir 

 !"#$ :7),<9=>    ?@."A BC7D* )TBC  ( E)* FG-0   .HI. 1J7KA @/ > <7* $7)(0:    @/ LM 7*/> 

  * @7M N7O07P@9Q9* '(-7* R'((M >C"S* 07(3 @/ :TO@9Q ! 7UC.9P $V7P >W7# >R. :7K* 0 'X((M  .  7XO

  . W.  /7KY&.:V      .'P  156 LO 7P F<9= :1 Q@."A 0 ZO $@7   5O7[ ! 4M $1    X< \XEDQ $]  7XP >  XQ@."A 0R 

 .HC. ;7+*.:F 7*/ > @7M > O@9Q $V     .HC. ;^ _7`-/ LO ! :F  .  /W7O :/7a * 0 /9<  . . @/ X:V     FXG- LXb7G* 

 . 4)*:V   .HC. @/ 7),<9= :F   7P @9Q9*  /W7O > / :_H  O@9Q ! $V 7P > W7# >  (cEP ! $V /.9* >     LXO LXM 

* @7M LO ?@."A BC7D* F<9= ;.9(6$'-!"- ! $H7)<!@ >&@"O /@9* 7)-^ _7E6. 01&. LYC"# @."[ . 

%!"&' ()*&' :_H:/ @9Q9* RW7# V$O@9Q R?@."A BC7D* F<9= R0+$*."& F<9=.  

1-  !"#"  

                       ;!HXC. W!@ F:.HXC. ! d"Xe %: W. >f"-. W.  /7KY&. >."O "Y,$O >7g7GQ  ;^ ?.W.9* LO ! 1$2EI h"YZ#

  /"M /7a:. .@ 0i:."< R>f"-. '$b9Q L(:HPGD* hjQ LM 1&.    1EX& LXO R0E56 >7P L($*W 0*7EQ @/ .@ V$G

E6 _9e R\O7G* @/ ! "YEM L(:HP ! 1k9& d"S* 7O 0QN9SD* L2&9Q ! '$b9Q'P/ 0* l9& "Y,$O ".  

                  '$b9Q @/ >.  /"YZ# @9e LO LM '(YZP 0Q.H$)aQ V:"Q/"O@7M "= L5EIW. _H:/ >7P@9Q9* ! >W7# >7P V$O@9Q

         '-"$# 0* @."[  /7KY&. /@9* 7E$=.9P ! !@/9k @9Q9* Rl"O .         "Xa(* LM >W7& L($)O @/ 1C",$= L-9#"P V:."O7(O

        < 7)-^  /W7O F:.HC. ! 1k9& d"S* FP7M LO      '< 'P.9k 0:9I LC"3 LO "a(* R/9 .     >7XP F<9= W.  /7KY&.

                     LXO 7X)-^ 1k9& d"S* FP7M m67O 7UC .9P ! l"O '$b9Q T:7(3 @/ 0C"S* >7P V$O@9Q @/ ?@."A BC7D*

  ;.H$*2-1 %0*                 0X* _7X& @/ 0:9XI LC"3 @N/ ;9$5$* 7P  / _/72* @.'G* V:. LM /9<  'X<7O .     !jX6 LXO

      '(n @/  '< o7a-. ?7G$GDQ              >7P!@/9k @/  p:9O R7P!@/9k @9Q9* @/ 7P F<9= V:. /"O@7M L($*W @/ "$k. _7&

        0* 7),<9= V:. W.  /7KY&. LM  /./ ;7,- R0bH:/         0O7X:W7O LXO "Xa(* '-.9Q15-20 %      >'X$b9Q 0XQ@."A >f"X-.

  /9< @9Q9* q&9Q .                    >'X$5M FXG- ;'X< rs,X* ! d"Xe %: W. >f"-. '$b9Q @/ >W7# >7P V$O@9Q 1$EP.

7KY&.                     1M"X< 7XQ 'X< mX67O R"8:/ d"e W. 7)($O@9Q >f"-. d"S* FP7M @/ ?@."A BC7D* >7),<9= W.  /

       _7& @/ LM 7+:"*^ %:"Y+b. _."(I1995 t7`:"GQ 34 %      >W7# >7P V$O@9Q @.W7O \M;7)I .@      @/ R1<./ 1&/ @/ 

 >f9b9(+Q 1C",$= L*7-"O 05*  f!"= R12(3 V:. "Y,$O L2&9Q 1)I)Advance Technology Program( 

  .@ d.'P. 7O   >@.')8- L(:HP FP7MR     >W7# >7P V$O@9Q  /W7O F:.HC.            1ZX:W q$XD* 7XO >@7#W7X& F:.HC. ! 

 '(M u:"2Q .       W. F$O  f!"= V:. o7a-. >."O20              ! '(YX<./ >@7X+EP 0Y2(3 ! 0Q7G$GDQ HM"* 7P  / !  78,-./ 

           '$b9Q >7P V$O@9Q  /W7O ;.H$* LM '< m67O  f!"= V:. 1:7)- @/      0e @/ 1M"< V:. >10    W. _7& 5/54 %  LXO

   W. F$O60 % 'O7: F:.HC. .          _7& @/ LM 1M"< V:. h!"C ]$Q"Q V:. LO1997  /!'A @/ 8  @/ /9XO @N/ /@7$5$* 

  _7&2002     W. F$O LO 23  @N/ @7$5$*   R_/72*64 %     >W7X# >7P V$O@9Q @.W7O \M  '$X&@ R .      1X$EP. LXO LXI9Q 7XO

     ;7)I @/ >f"-. L(:HP V$*vQ w9g9*        RL2&9Q _7A @/ >7P@9,M @/  p:9O   LO 0* "x-       12(X3 L2X&9Q LM '&@

'<7O LY<./ 7P@9,M V:. ;jM /7SY[. @/ >.  '((M V$$2Q FG- '-.9Q 0* ?@."A BC7D* >7),<9= '$b9Q.  
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2- $%&'( )*+," -+. /012  

'-.  '< \$+,Q L:N !/ W. ]5y. ?@."A BC7D* >7P F<9=:  

  +,-.1
:    < ;/"M 4P^"C ;^ LK$J! LM    ̀ZXn >."XO ]X&7(* 0DiX& q:."XX i& LX:N ;'$ XXX 0D

)Top Coat (*0 '<7O .     ?@9X3 LXO LX:N VX:. ]$M"QMCrAlY  ;^ @/ LXM M= Co, Ni, Co/Ni 

1&. .                     /@9X* HX$- 0#/@9Xk BC7XD* LX:N %X: ;.9(6 LO 7),<9= V:. 1&. V+E* /@.9* 0U2O @/

  /"$# @."[  /7KY&. .    z7sY-. 053. 156Co   7:! Ni   ]b7y oH$-7+* LO         /@9X* LX2i[ {i& @/ 0#/@9k 

  /@./ 08YZO "x- .  @9UAAl   ! Cr              '(`ZXn @7$ZO >'$ZM. >7P L:N \$b'O 7)(Q L:N V:. ]$M"Q @/ 

      \$+,Q LM 1&. 0*!7G* !Y   H$-       >'$ZM. >7P L:N V:. \$+,Q LO  '(M 0* %EM .     R@7XM V$XA @/

                XE6 4XP  '((M'$ZXM. %X: ;.9(6 LO 4$($*9b^ ;/9O .@./ 156 LO L:N V:.  0X* \   'X(M .    @/ TX[.! @/

V$O LM >'$ZM. L:N V:. N7O >7P7*/TC / BC0* /7a:. "Y,$O ;9$&.'$ZM. W. R/9<BC >"$#95I 

0*  '(M . 7a-^ W.        0* /7a:. ?@."A "|. @/ L:N V:. LM     ;^ LO /9<  0Q@."A >'$ZM. L:N2
   7:! )TGO (

0* LYK# /9<  . 

   /01, 2343
:           LX2i[ {iX& >7*/ FP7M ;^ LK$J! LM X&.1          BC7XD* 05X3. LX:N TX[.! @/ ! 

0* ?@."A '<7O . \+< @/11&.  '<  /./ ;7,- L:N!/ 0Q@."A BC7D* F<9= %: W. 0:7E< .]1[ 

 

340 1-  !"#$ %&'()* +,-./ 0123 4! 567/ 869 :-;1  

2-1- $%&'( )*+," -+. /012 5&167 #8 9*':" ;&1" 

             VYC"# "x- @/ 7O ?@."A BC7D* F<9= ;.9(6 LO ]&7(* /.9* z7sY-.:!           LXM ;^ W7X$- /@9X* LX$b!. >7P 0#p

`6 W. '(Q@7 :                    RV$:7X= 0XQ@."A 1:.'XP R7)-^ >@7M >7*/ ! q$D* >7*/ V$O W7C "$$}Q /7a:. o'6 RN7O z!~ LiG-

                     ;'X< "XY(:W �"X- RLX:7= H5C LO z9k 0#'(`Zn RL:7= H5C 7O ]&7(Y* 0Q@."A �7Z`-. ]:"g R0:7$E$< 0:7�(k

    R\s5sY* @7Yk7& V$:7=o7a-. 0*  </9 .              ;.9(6 LO  /7KY&. @9x(* LO LM >/.9* V:"YE)* l9C /@.9* LO  LI9Q 7O

    0*  /7KY&. ?@."A BC7D* F<9=    W. 'X(Q@7`6 '-9< : 1X:N9*)3Al2O3.2SiO2(         7XO  'X< @.'X:7= >7X$-9M":W R

7:"Y:.)YSZ(R4$-7Y-N ?7-9M":W La2Zr2O7.  

2-1-1- <=>1")3Al2O3.2SiO2(  

    V$:7= LY$Z-./ \$b/ LO 1:N9*)gr/Cm
38/2(   0XQ@."A >@.':7= R  z9Xk           R0:7$E$X< >7XP q$XD* @/ >@.'X:7= R

   0Q@."A 1:.'P4M)WM
-1

K
-13/3(          0* 4)* 0+$*."&  /7* %: Rz95i* o7+DY&. ! 0<Hk @7YC@ R '<7O .  VX:.

    7O LZ:7G*@/  /7*YSZ     EM @7$ZO 0Q@."A �7Z`-. ]:"g R     0Q@."A 1:.'P ! "Y / >"Q/7:W        ~9XK- LXO 1`ZX- ! /@.

  ZO 1*!7G* ;p$ZM.  /@./ >"Y,$O @7$ .           0DiX& >7P7*/ LM R_H:/ >7P@9Q9* \�* 0:7P /"O@7M @/   7X)-^  @7$ZXO

       >W7# >7P V$O@9Q W. "Q V$:7=1&.            %X: 1X:N9* R'X<7O 0X* /7X:W @7$ZO F<9= �"6 @/ 0:7*/ ?."$$}Q ! 

            '<7O 0* ?@."A BC7D* F<9= %: ;.9(6 LO 7$-9M":W >."O 0b76 @7$ZO V$,-7I .       !@ "XO LXM 0:7XP ;9*W^ >

                                                     
1 Bond Coat 
2 Thermally Grown Oxide 
3 Top Coat 
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       LXM 0Yb7XA @/ @9XQ9* FX<9= "E6 LM '(P/ 0* ;7,- 1&.  '< o7a-. F<9= w9- !/ "P 7O _H:/ >7P@9Q9*

                /9X<  /7KYX&. 0:7$-9M":W F<9= W. LM 1&. 0Yb7A W. "Y,$O >W@7O @9e LO '<7O 0Y:N9* .      @/ "X8:/ >9X& W.

  W. "QN7O >7P7*/!K1273                "XE6 W. "XYEM @7$ZXO 0Y:N9X* >7XP F<9= 0Q@."A "E6 R      >7XP FX<9= 0XQ@."A

               >N7XO >7XP7*/ @/ 0Y:N9X* F<9= @95`Q ;7+*. L5�Z* V:. 156 '<7O 0* 0:7$-9M":W!K1023   1X&.    7XO LXM

                  0* _7SQ. VYC@ V$O W. 1:7)- @/ ! �"Q LO "a(* La$Y- @/ ! '<7O 0*  ."EP 0EaA �7`G-.  /9X< .   LXO oWN

           (-7* 0Q@."A >"�&. >7)<!@ 7O N9E2* .@ F<9= V:. LM 1&. "M~  _7XE6. L:7= {i& >!@ "O >"�&. 7E&j= '

0*         >7*/ 7Q 0Y:N9* F<9= \$b/ V:. LO ! '((M!K1023   d"*^ R  'X<7O 0* .         >7XP LX:7= >."XO 1X:N9*SiC 

/@./ ;^ 7O 0-7Z+: 0Q@."A �7Z`-. ]:"g .":W '<7O 0* F<9= V:"Q V�Ei*]2[.  

  
340 2-  :<-, '($2;=La2O3 – ZrO2 

2-1-2- ?@A+BA> $+A1C'=DLa2Zr2O7 

 /7* V:.              1&.  '< /7)(,$= ?@."A BC7D* >7),<9= '$b9Q 1)I ]&7(*  /7* %: ;.9(6 LO t."$k.   .    /7X* V:.

"5M!"$=  0`2+* @7Yk7&)Cubic Pyrochlore (    >7XP 0X)I! 1,XP W. 0b7YZ:"M @7Yk7& R/@./ZrO6  W. LXM 

                 $b >7P ;9: R1&.  /"M /7a:. .@ L+`< ;7EYk7& LM  '< \$+,Q '-.  '< \SY* 4P LO L<9#  4$Y)Li
+3 (  HX$-

          >"$# @."[ 4P @7(M W. LM 0:7P  "KA ;!@/6    0)I! 1,P ZrO6     '-9< 0* \$+,Q  >7XI    'X-"$# 0X*  .  VX:.

                  \XD* @/ .@ 0b7Xk >7P7I @9UA '-.9Q 0* R'YC7$O l7KQ. ;^ @/ >W7C "$}Q L+(:. ;!'O @7Yk7&    >7XPLi
+3

,Zr
+4 

!O
-2  '(M \EDQ  .  Tg.9*Li

+3 ! Zr
+4 0*      .  /"YZ# @9e LO '(-.9Q          LO7,X* 0-9X: w72< 7O "37(6 ":7& q&9Q >

           P/ F:.HXC. ;7X+*. 'A 7Q .@ ;^ 0Q@."A >7P 1$5O7[ ! V$*vQ ."-^ 0+:"Y+b. 0:7�(k L+(:. 7Q '-9< V$,-7I X('. 

                      /@./ 7X)-^ �"XDQ ;.HX$* ! �"XDY* 0b7Xk >7XP7I 1Xx5y LXO 08YZO /.9* V:. 0-9: 1:.'P .  7XP!"5M!"$=

(pyrochlore)    .'G* ;7,`$M"Q LO LYZO       0X* ;7,- 0Q!7KY* 0-9: 1:.'P @   'X(P/.          /!'XD* W. 0X+:  /7X* VX:. 

     @/ LM 1&. 0:7P'$ZM. W. "QN7O  z!~ >7*/  /9k   '(YZP @.':7= )\+<2 (         7X)-^ LM 1&. 05$b/ V:"Q 053. V:. !

        * z7sY-. ?@."A BC7D* >7P F<9= ;.9(6 LO .@XXX0 '((M .    "8:/ d"e W.La2Zr2O7   A 1:.'XP  XXXXX 0Q@."

)
1-

K
1-

Wm1,56(    LO 1`Z- >"YEMYSZ                  ]:"Xg 1X56 LXO 7XP FX<9= V:. 0Q@."A "E6 R/9I! V:. 7O R/@./ 

V$:7= 0Q@."A �7Z`-.)
1-

K
6-

10×9,1( LO 1`Z- 7)-^ 4M 08*"Gn ! YSZ1&. "YEM ]2[.  

                               {iX& >!@ "XO @7XsO W7XC W. z9X&@ 7X: ! 0XQ@."A >"�X&. >7XP %X$(+Q W.  /7KYX&. 7O .@  /7* V:. tN9E2*
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L:7=)substrate (<9=  '(P/ 0* F .       h!@ W.  /7KY&. 7O LM  /7* V:. @7Yk7&H:@4
EBPVD        !"#$ %&!' ()* +, 

       &'  - ./0 12 3#45 6'7 8.9 :#;<7 =&>2 %                  !, ?!@5 #A5BC!' D7 E!" +/ ) 80B, 15BC' F*BG  , H9B$ 

   12  I#9  I#9 F*BG .J9#,)KL93 .(           .!"M 1!2 *0 KL9 1;N- KO *#CI#' E" F*BG  , ?@5 H9B$ %&' .

  "* P@JQ P"7                 30)?!R7 #!, P"7+,#!J, .9 ./7BI H9B$ H"#'+R S+5 H"7?R7 ) 1CT' H/#- UVB2 (*#CI#'?

Y2O3     #A5BC' #, 8.9 WXG7 *#CI#'?"* (                     !, #A5BC!' D7 E!" +!/ +!' Y"7+!9 P"7 *0 Z."M 12 6'., U[+2 

12 0#\"7 H9B$ (7+, 7* H"#'+R  , 62)#>2 ) 1CT' P"+C4@,  - ."M 12 *0 12+/ F*BG .J-)KL94 .( 

 
 !" 3-   !"#$SEM%&"'   ($)* + ,!-. /-0EBPVD-La2Zr2O7 1234 Y2O3  a (  %&"' 5678 96:  !"#$

b (1";: <"=  !"#$ -0  

 
 !" 4-   !"#$SEM%&"'   ($)* + ,!-. /-0EBPVD-La2-xYxZr2O7  a (  %&"' 5678 96:  !"#$b (

1";: <"=  !"#$ -0 

2-1-3- #$%&$' #( )*" +'*$#, -#./01%$2)YSZ(
5

 

  *0 ]^#I (#@5B-+"D)o
K273(   12 E@J@N-B5B2  L_9 (7*70            8070 *#CI#!' +@@`[ 80#2 P"7 #20 H"7?R7 #, #27 .9#, 

)       ) :#5BO7+C[ F*BG  , 7.C,7 ab'   1_cL2 F*BG  , ) NR *#CI#'d1C"*B (  1!2 *0   .!"M)  NR *#CI#!' !d"*BC1 :  E!"

  *#CI#'FCC   6'7   e[7 3M *0  -        e[7 ) UcL2 =f7B2 *0 e@gN- (#/        *#AQ F7+hi *0 *BdNR (#/  .5*70 *7+j (.  #, 

    ,  VB[     0#"D e\i +@@`[  ,   D7 19#5  1;5  ^#kC'7 P"7              8l"B!, m#g!i ="#J!G *0 ]^#I (#@5B-+"D D7 37B[ *0

   (#/ U@9  - 1"#/0+,*#-    0+- 80#hC'7 0*70 0BV) 1"#20 .8)Xc,     n7B!I +"#!' 6!N<  ,   U!'#J2  D7 #!@5B-+"D

   1[*7+i o#g_57 U"+f  N;V )     1"#2+O pBh5   P@"#$1;5  B[            8*7B;/ )* P"7 D7 697qO *#J- 1N-  , 7* 80#2 P"7 37

rX[          6'7 8.9 s#\57 80#2 P"7 30+- *7."#$ (7+, 1"#/ .e/           3M (D#!'*7."#$ (7+!,  - 19)* P"+C;A2 3BJ-7

  12 *#-  ,       #!, 1"#/.@g!-7 30)?R7 .5+,  6!@R+t     P@"#!$   .!J5#2CaOZMgO ZY2O3       !- 6!'7    U!'#J2#5 D#!R

    D#R F*BG  , 7* E@J@N-B5B2    3*#>C2 1^#Cg"+- (#/*#CI#' #, 1"#/   5#2 +[J   :#5BO7+C[ .(t)    1!_cL2 #!" )c (  *7.!"#$

12  .JJ- .  8.9 *7."#$ (#@5B-+"D   6N<  ,     uB!9  !, 6!2)#>2 ) e- 1[*7+i 6"7./ Zv#, 1[*7+i o#g_57 U"+f

                                                     
4 Electron Beam Physical Vapor Deposition 
5 Ytrria Stabilized Zirconia 



 

 

49

  
!"
#!

 $
%&
!"
'

 (
&)
*+
,
-

 /
 .
/)
0
1

5
 2

 
6 

  
)3
4
5)
6 
2 
/)
7
5 

13
8

5
 

 eA2 *#@g, 1CcJG 80#2 E" v#, 1[*7+i12 F*7+i wR#k2 (#A49B$ .@^B[  J@2D *0 8l"B, .9#,.  

     (D#'*7."#$ (7+, D#@5 0*B2 150)?R7 *7.>2  #@5B-+"D K2#-   0#"D x#C_g5   Z  x#_"+>[8 %  1!2 1^B2   .!9#,]3[ .   D7 80#hC!'7

YSZ     8.9 +-p (#"7?2 +, 8)X< Z      1!2 0#\"7 e/ 6"0).k2 (+gL"          H/#!- Z3M P"+!C;A2  !- .!J-   (#!20

3M 0+,*#-) K1473!T ( *0F.23#2D  - 15vBy (#/12 (+,*# .9#,.   *0 =!j7) *0  +[v#!, (#!/#20D7   K1473 

                      ^#kC!'7 P!"7 *0 0#"D e\i +@@`[  - .CR7 12 z#h[7 E@J@N-B5B2  , ab' ) 1_cL2  , :#5BO7+C[  ^#kC'7   !,

    12 1ACJ2 H9B$ 30*BI u+[  0B9.          1Ol")  - 0+- 8*#97 ?@5  CL5 P"7  , ."#,  C_^7            .!i #![ 8.!9 +!-p (#!/

   <7 8Bk5  , (0#"D    {Cg!, H9B$ P"7 :#;1 0*70  .            D7 K!G#i *#CI#!'?"* :#!|2 37B!J<  !,YSZ      r)* #!,  !- 

EBPVD
6      12 15BC' F*BG  , 8.9 :#;<7   .9#,          H!9B$ 1![*7+i 6"7./ H"7?R7 }<#, (*#CI#'?"* P@JQ Z

   Z.9 ./7BI     D7 KG#i *#CI#'?"* 1^)YSZ        8.!9 (+b!'7 #;!'X$ (ps)       (+!' E!" D7     8.!9 P!A$ F7*p(77
 

*  - 8.9 K@L4[ CR+O *7+j e/ () .57)KL95.( 

 
 !" 5-  5678 96: )-;>-:?!)a ( @3& / A:* -B:C'b (EBPVD 

 
 !" 6-  1D2?E*  FGH$La2O3 @3& I ' /-0)D"' / !J' ;K!L /2)  4 4YSZ /-8D M*"0  NOB$* )D ºC 1300 2 

 )-PEMPa 1/0  

          6@;/7  ,  VB[ #, Z.9 8*#97 +C4@$  - *B&5#;/YSZ     ") 0B_A, (7+, (0#"D (#A9X[   (#A@Ol   80#2 P"7  .!J5#2

             s#\57 3M H"#'+R ) 1O0*BI  , 62)#>2 H"7?R7 ) 1[*7+i 6"7./ H/#- 6'7 8.9 .    P!"7 P"+!C;A2 D7 1L"

        U@-+[  , 150)?R7 (*7.>2 30+-  R#f7 #A9)*YSZ 12  .9#, .          !, 8D)+!27  - 1"#/ 150)?R7 P"+C;A2YSZ 

12  R#f7  D7 .J[*#_< .5B9La2O3, CeO2, SiO2 .1OD#[  ,     !- 6!'7 8.!9 ~4- La2O3   +"#!' 3#!@2 *0 

                       C@g!570 ) H^#!{Q H/#!- ()* +!, 7* +@��[ P"+C4@, ) P"+CA, Z.57  CR+O *7+j 1'*+, 0*B2  - 1"#A@50)?R7

 8.9 m+$ (#/*0B$YSZ12  0*7qO)KL96.(  

        30)?R7 #,  - 6'7 8.9 ]T42 P@J�;/ La2O3                30)?!R7 Z.!,#" 1!2 H/#!- ?!@5 1![*7+i 6"7.!/ 37?@2 

La2O3      12 :#5BO7+C[ D#R  C@^#5BO7+C[ H/#- }<#,  0B9 .           !- .!/0 12 3#45  C@^#5BO7+C[ H/#- P"7La2O3 

                        6!@^Xi  !- F)#!h[ P!"7 #!, .J- 12 *#CR* #@5B-+"D 8.JJ- *7."#$ E" .J5#;/ ) 8.9 Ki  J@2D *0La2O3  *0 

                                                     
6 Electron Beam Physical Vapor Deposition  
7 splat 
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    *0 1^0#c[ 6^#iZrO2    D7 +C;- 1    .9#, 12 1^B2 .G*0  .      - #\5M D7 6>@>i*0La 5     , 6_gZr   1g5v7B- 0.< 

     30)?R7 #, Z0*70 (+C;-La2O3     |JI P@2�[ *B�J2  , #        *0 3l@g!-7 1^#!I (#/#V (+"0#>2Z  L_9 1L"+CL^7 1"

 12 0#\"7*#CI#' 0B9)    30)?R7 #,  - 1j#h[7 .J5#;/Y2O3  .!CR7 12(]4[ .     (#!/ 3B!"La         15B!" �#c!9 6!N<  !, 

         0#\"7  L_9 *0 (+CO*?, H5+- .5*70  - (+!!!!CO*?,             1![*7+i 6"7.!/ H/#!- }!<#, +27 P"7  - .JJ- 12

3B5BR 07DM+@g2 P@{5#@2 H/#- �"+y D7 +C4@,(phonon)12  0B9)KL97.(  

  
 !" 7-  1D2?E*  FGH$La2O3%&"' ($)* + Q!*30 R! S /2)  4  @3& TF=U 2 / A:* /-0  

  
 !" 8-  1D2?E*  FGH$La2O3V="B= )D WFKFXY"="8 L-E (Z"8 Q[O= /2)  4   /-8D VY /*ºC 1400 \38 V4 200 

Q:* @3& TF=U Q.-:.  

 30)?R7 6'7 +-p  , sDvLa2O3D7 .J[*#_<  - 0*70 :#_50  , ?@5 7* 1"#AC"0).k2 :  

1-    30)?R7 #, La2O3              �B'* K@L4[  , +27 P"7  - .,#" 12 H/#- :#5BO7+C[ D#R (*7."#$ La2Zr2O7   6_g!5

  6'7 8.9 8070 .      K@L4[ +�7 *0 =j7) *0La2Zr2O7   i H"7?R7   12 0#\"7 e\         s#!\57  , +\J2 6"#A5 *0  - 0B9

      .9 ./7BI E@J@N-B5B2  , :#5BO7+C[ (D#R  ^#kC'7 . KL9 *08              .!G*0 H"7?!R7 #!,  !- 6!'7 8.!9 ]T42 

La2O3.,#" 12 H"7?R7 E@J@N-B5B2 D#R *7.>2 ]4[ .  

2-    30)?R7 #, La2O3        .,#" 12 H/#- 1[*7+i (#/ KL@' 07.c[ )KL99 .(   e@570 12  - *B&5#;/     H"7?!R7 #!, 

.G*0Y2O3  37?@2  , 61^7 8   +C4!@, H"7?!R7 #, ) .,#" 12 H"7?R7 H9B$ 1[*7+i KL@' 07.c[ 12+V .G*0 

Y2O3      .,#" 12 H/#- 1[*7+i KL@' 07.c[  .        30)?R7 #,  - .'* 12 +�5  ,La2O3        !- #\5M D7 La2O3    0B!I 

           .G*0 �B;\2 Z.J- 12 *#CR* 8.JJ- *7."#$ E" .J5#2 ?@5La2O3+Y2O3           P!"7  !, ) 8.9 +C4@, 1^0#c[ *7.>2 D7 
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       .,#" 12 H/#-  1[*7+i KL@' 07.c[ K@^0 .    U"+!f 37B!C@2 7* 1[*7+i KL@' 07.c[ H/#- KN< D7 +{"0 1L"

    (#/ H9B$ +C;- o#g_57dope6g570 8.9  .    .!G*0 H"7?!R7 #!, =j7) *0La2O3     1![*7+i o#g!_57 U"+!f 

  .,#" 12 H/#-)KL910 (    f �XCI7 U@[+[ P"7  ,           07.c[ ) 8.9 +C4@, H9B$ )  "#$ P@, 1[*7+i o#g_57 U"+

0B9 12 +C;- 1[*7+i (#ANL@']4[.  

  
 !" 9-  1D2?E*  FGH$La2O3 /2)  4  %&"' ($)* + T]F:  B.4YSZ  

  
 !" 10-  1D2?E*  FGH$La2O3 /2)  4  %&"' ($)* + ^-O[=* R! S4ysz  

       12 8.9  ChO K27B<  <B;\2  ,  VB[ #,      7  L@[*BG *0 0+- 3#@, 37B[  30)?RLa2O3   #[ 1      s#!\57 1^B2 .G*0 

       .,#" 12 H/#- 3M D7 80#hC'7 U"#c2 0B9 .           +!, 8)X!< .!9  !ChO  - *B&5#;/La2O3    .!J5#2 (07B!2 SiO2  ) 

CeO2   12  R#f7 ?@5         �7q!2 (#!AL;5 K!,#>2*0 �70 1O0*BI  , H9B$ 62)#>2 37?@2 0*B2 P"7 *0  - .5B9

  6R#" ./7BI H"7?R7 .        - 6'7 3M +27 P"7 6N<CeO2              K@L4![ v#!, (#!20 *0  !- 0*70 K"#;[ +C4@, CeO2 

           .@^B[ ) 80+- HJ-7) �7q2 E;5 #,  LJ"7 #[ ./0CeVO4 ."#;5.  K!,#>2 *0 1O0*BI  , 62)#>2 U@[+[ P"7  , 

     (#A49B$ (7+, �7q2 E;5�)08
     12 +C4@, Z#"+' #, 8.9   .!9#, .      30)?!R7 +!�7 *0SiO2       37?!@2 ZH!9B$  !, 

    "#$ %&'  , H9B$ 1O.J_gQ           .!,#" 12 H"7?R7 H9B$ 1[*7+i uB9  , 62)#>2 ?@5 )   .       6!N<  !, =!j7) *0

      *B�i *0 ="#2 6^#i*0 �J"+CJ"DSiO2          1!2 0#!\"7 %&!' )0 P@, (+CA, 1O.J_gQ         6!N< K!,#>2 *0 Z0B!9

       37?@2 H/#-  , 1[*7+i uB9  , 62)#>2 H"7?R7       #!A-+[?"* 0#!\"7 ) 8.5#;@j#, HJ[          +!�7 *0  !- H!9B$ *0 

                                                     
8 dope 
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 +@T_[SiO2 !" #$ %& #$ '%"% ()*+ ,%-. %-. .  

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

                     ,/0"123 45&26$ 72.-8 92! :&;<=>!? @<<AB 0% C;$ D$"-E F" #G! (H" 'I. JKL= M-NO&B JO 0-P+&QR

       #$ J!&8 SPH :?0 1T MU V&QE" W?0 I.&T .         (H" 'I. #51A$ M-NO&B &;X.-8 V&QE" :"1T #LYKZ$ :&;.?0

 @!" @!1KQ;$ JO F" INB0&)E &;.?0:  

  #B0"13 :1[H" J!&8 1T :&;.?0)TS(
9 

  #+?1KG\" JG!0&T F" '%&LKH" &T 0&ZT F&5 F" #G!]<5 ^-H0)EBPVD(
 10 

  :0& L+" _NLB W?0)D-GUN(
11 

  0]<\ F" '%&LKH" &T 0&ZT F&5 F" #!&<Q<. ^-H0)LCVD(
12 

  :1[H" ? 0]<\ F" M&$]QR '%&LKH" #)<O1B W?0)LHS(
13 

  :1[H" &QH`8 #)<O1B W?0)HTPS(
14
  

  CO 0&X5 &T :" J!a :&QH`8 F" '%&LKH" &T #B0"13 :1[H" W?0)LPLPS(
15 

                #2B0"13 :1[H" :&;.?0 JE-Q $ 1!F JO :1[H" &QH`8 W?0 ,'I. #51A$ :&;.?0 @<T 0%   I2.&T #2$   J2T 

           /0"13 45&6$ :&;X.-8 V&QE" W?0 @!1B %1T0&O18 IN!U15 #+"F0" (YE I.&T #$ .     #B`GX2$ W?0 @!" JK)\"

         :" JKH-8 0&Kb&H]!0 &;+U @!1KQ;$ JO %0"% CR 'I$U (HIT  I.&T #$      2c d"-2b eE&T JO A     J2T (2$?&f$ g<

  %-X<$ &;+U 7!&H .      #$ "0 :0&Kb&H]!0 @<Nh @!" :&!"]$ JK)\"          72.-8 @2!" 1KQO #B0"13 (!"IR i!1c M"-B

 :&;X.-8 &T J*!&f$ 0%EBPVD(*+"% .  

3-1-  *#45" '156/ 73!  

                          M&2G$" , :1[2H" &Q2H`8 I2N!U15 :a&2T :&$% ? 7.-8 :"1T JK50 0&O JT %"-$ j-+ JT Jk-B &T IN!U15 @!" 0%

                  7!&2H F" (2l&L3 ,a&2T :&2$% #=%0-b IN+&$ gYKZ$ :&R%1T0&O :"1T #!&R 7.-8 V&QE")wear (   ]2<+ ?

    &R JN<$F 0% d&b :&R%1T0&O     "15 %"-$-<T ? #G!1KG\" ,#B0"13 :    %-2. #2$ CR .  0%  U15 #2m      n-2o 92! I2N!

                    #2$ :1[2H" &Q2H`8 0% :p1+" @<$qB r)N$ ,(H" 'I. %& !" a&T s+&O15 &T Jo1k 9! &T JO #G!1KG\"   I2.&T .

        C<fK*$ M&!1k :&QH`8 _NLB 9! 0% n-o)DC (            C2R ? #E&A2. I+U ? #NK*tNB DG. :0INY<H IB&O @<T

     #$ CR VF&+ JO #Yu" ]O1$    %F-H #$ I.&T .       :&2RF&= VF&2+ @!" 0%   n-2oAr    &2! He     &2! ? N2      C2R #R&2= ? 

 %-. #$ %0"? &;+U F" #m-YZ$.]5?6[  

          INNO #$ 0-)E n-o F" &RF&= @!" JO #$&tNR  :&;XNO"? 1v" 0%            #2$ %&2 !" n-2o &2T &2;+U :&;QB" @<T    %-2.

  #$ %& !" &QH`8 INNO .            #2$ 0%-8 /0-u JT w"1xO" JO J!yzB %"-$ &QH`8 D<GXB F" s8        {2!0]B MU J2T IN2.&T

.      #$ ^&K. MU V-m 0% ? 'I           JT W?0 @!" 0% (H" @GQ$ /"0| (E1H ,I+1<=m/s 700-300    @!" JO IH1T 

               J!yzB %"-$ ? &QH`8 :&RF&= j-+ ,IN!U15 #3"1m JYQkF" #LYKZ$ D$"-E JT JK*T"? 1$"   I2.&T #2$ .   /"0| @2!"

          /0-u JT 7.-8 SPH :?0 1T %0-b1T F" s8  'I. @;8 /"0|          <GX2B J2T 12 N$ ? 'I2$U 0%      72.-8 J2!a D

                                                     
9 Thermal Spraying 
10 Electron Beam Physical Vapor Deposition 
11 Detonation Gun 
12 Laser Chemical Vapor Deposition 
13 Laser Hybrid Spraying 
14 Hybrid Thermal Plasma Spraying 
15 Low Pressure Laminar Plasma Spraying 
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#$ %-. )DG.11.(  

  
89- 11-  !"#$ %&#'( )*+( ,- .+&/0 1%23%#4-1  

  
89- 12- 561$!7  !"#$ )*+( ,- .+&/0 1%23%#4-1 ,86%&*  

 }1k M&!1k ~1+ 1<�+ #!&R1K$"0&8 W?0 @!" 0%)mass flow rate ( ,&R n&8 %"IAB ? &QH`8 DAX$ (E1H ?

     #$ @<<AB "0 7.-8 #!&;+ ($&Zc    INNO)!m250-50=d .("  #$ IN!U15 @!      M-=&2+-= :&R1L*2QB" 0% I+"-B  ? 

  &T   %-. }& +" gYKZ$ :&R0&X5]7[ .          DG2. 0% W?0 @2!" F" #2.&+ 0&Kb&2H]!012      (2H" 'I2$U 0% 7!&2Q+ J2T  .

        0&Kb&H ]!0 (H" �ZX$ DG. @!" 0% JO 0-P+&QR             'I2. D<GX2B &2;\&bU /"1L3 ? &;O1B]!0 :%&!F %"IAB F"

(H" .   #$ eE&T ^-<E @!"   M&G$" JO I+-.              0% %-2k-$ ^"y2$ :&2;GQ+ &2! ? /"]2Y5 ^"y2$ :&R M&!1k |-L+ 

                %-. CRU15 JAPo i!1ZB ? (*G. (!&;+ 0% ? V&�B" 7.-8 #=%0-b M&G$" ? 'I. CR"15 �<6$ .   J2k-B &T

                  @!" F" Du&3 0&Kb&H]!0 %-);T (;k #LYKZ$ :&;.`B I.&T #$ W?0 @!" #=>!? @!1KQ;$ JO CO JN!]R JT

(H" 'I. %&;NX<8 W?0 .$F" INB0&)E &;.?0 @!" @!1KQ; :  

  :0]<\ :0&O (b"%18)LG(
16 

  0]<\ &T :0&O ~"0-H)LD(
17 

  #)<O1B M&!%"1= 9! F" '%&LKH")FGM(
18 

  &<+-O1!F -+&+ F" '%&LKH" 

  &N<$-\U J!a 9! &T 7.-8 SPH M%"% 7.-8  

                                                     
16 Laser Glazing 
17 Laser Drilling 
18 Functionally Graded Materials 
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                  JA." &T "0 7.-8 SPH ,:1[H" &QH`8 &T 7.-8 V&QE" F" IAT ,:0]<\ :0&O (b"%18 W?0 0%  ^?0&k :0]<\

#$ INNO .          #$ %& !" &;O1B F" JKH-<8 JG). 9! DQE @!" 1v" 0%          J2T ($?&f$ 7!"]5" eE&T JG). @!" JO %-.

                       M"]2<$ 72.-8 SP2H MI2. �&2u (2YE JT '?`AT ? 'I. I+&Q*8 :&;XNB 7R&O {!1m F" #B0"13 �-.

     IT&! #$ 7!"]5" 7!&H15 JT ($?&f$ .       I2AT 72.-8 0&Kb&H]!0 :&;<=>!? 1t!% F"        :0&2O (2b"%18 /&2<YQE F" 

       DG. #+-KH 0&Kb&H 9! %& !" ,:0]<\  JO I.&T #$      #$ %& !" 7.-8 SPH 1!F 0%  %-.)DG.13(   JT J <K+ 0%

                    J2T (2$?&f$ M"]<$ ,F&T :&;O1B MI. JK*T (YE JT 7.-8 M?0% JT ^"y$ :&;GQ+ 0-)E M"]<$ 7R&O (YE

 M-<H"I<*O"BCIT&! #$ 7!"]5" :%&!F 0"If$ JT ]<+ ))!1fBw&41T"1T (]8[    .  

  
89- 13- a ( 59:; <=> ; 5?+2# 1%23%#4-1 5@A#  B+C+D1+0b ( E<* F;G 5?+2# H87%? IAJ0 KA# !-+L6

c ( M!2N0 OLD H87%?d (P#$ H2D!Q 1$!R S1$!7 !8TU6 P@6 HV E<*  !"#$ %&#'( H87%?.  
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d>7!"K              9K! 9%b!06P ,%(F 9>/(7 V! JI(% ;/  @ EP ,%&!5 JH!C _:t d# (/ .      5&!5 m(R% 35"RH _:t M#! .

    E%!5 +V!,%! "T! "8#5 B&(]:F    5 JK,)X7 5!67 3(/               &(>^RF +1R#0 m(-NZRK! 3!&!5 5!6R7 MR#! \,I(F "Z76%(% 5(:F! &

56F ,)/!6[ JF6<o7 ]2 .[  

d>7!"K                 ERZW"T &!"RU 35(R#V EG6H 5&67 EZIuT E/5 d# &5 3"Z76%(% E%!5 +V!,%! (F J#(/  ,R%! .      +V!,R%! (RF ER%!5

    E%!5V"7 5(#V  !O>7 0 de6P           s6RD:7">q J->%(R-767"H i!6R[ EF "j)7 (/ JR7   56RI    &(R]= ERF     0 JZ`RK JH

J7 n#!OW! EZ>^>ZKh2  ,F(#]3.[  

            5&!5 b(F (75 '#()* &5 J:>K0 35"F&(P +"Z^T ()>76?@ J->7!"K 5!67 M>F &5 .    ER%,F JRW"v V!     J->7!"RK 3(R/

   EZ[(K m6>)>76?@,>^P! V! J=6)Z7 0 5,:Z7J7 ,%6I      l#!"RI 0 +&C +V!,R%! ERF J8Z^RF B,RI EF  (.*!6[ EP 

 5&!5 ,)#@"W]4 .[  

 ?@ (A?@      w6W 3&6% 0 J-#"Z-?! \J->%(-7 i!6[ ()>76         +5"Z^RT &6Rv ERF 0 5&!5 +5(:?!   +,)#(RK &5 3!    (DRKh2 \(R/

     0 3&6% 5!67 \3"xK! ...   J7 &!"U +5(AZK! 5&67 5">T .  9`K ()>76?@ (A?@   s(8e 0 M#"H     m6>)>76?@ ,>^P! Y-I M#"H
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    J<2 B&!"a V! 0 9K! y"7       &5 ()>76?@ B!&,>/ (# ()>76?@ "8#5 3(/     J7 9K5 EF b(F 3(75  ,#@ .    "Z.R>F ()>76?@ (A?@

     Y*(a c0C ,)#@"W V!J7  56I          V! n>F (H ()>76?@ B!&,>/  @ &5 EP ºC2000    +5!5 B&!"a J7  56I    5"K zxK 0 

   5"[ 0J7  56I .     {=(F b(F B&!"a M#!J7  56I       +5 (RH ()>76?@ (A?@ 3(/&6<F EP             ERF 0 ,R))P ,RI& "RZ70"->7 (R/

   5(7 0 +,>]^e "8#,-#+     ,)P 5(j#! !& 9`K &(>^F 3! .            \Q0& MR#! V! YR*(a 3(R)>76?@ 3b(F J?(8e 0 JZ`K

       J7 &!6I5 &(>^F !&  @  5"P 5"[ ,)#@"W5V(K .           9^-I !& B!&C M>F 3(/,%6>2 ,#(F \O#& B!&C EF JF(>ZK5 3!"F

                  !& E>?0! 3(/&6<F ,#(F \;>F(# 9K5 "ZDP (#  0"->7 ,a &5 35(:F! EF ;>/!6`F "T! JZa 0  ;>)P 5"[ O>% . JX#,F

          9K! 35(#V 34"%! y"* ,)7V(>% 0 Y-.7 &(>^F "7! M#! 9K! .      (RF 3"Z76%(% 3(/&562 r!">[!Q0&   #(R/   ,R)%(7 J

YK \J->%(-7 3V(K4(>?@  R     56R]XF !& +,RI EZ[(RK B(:oU i!6[ 0 9K! +5"P y"v"F !& Bh-.7 M#! \s4

+,>.`F ,%!]5 .[  

    E?(L7 M#! &5Q0&   _<Z`7 3(/  %(% 9[(K               B(RL>LNH 0 J->%(R-7 3V(RK4(>?@ Q0& "RF E>-H (F J#()>76?@ &5626

9W"T &!"U JK&"F 5&67 Q0& M#! (F ()>76?@ OZ)K 30& "F EZW"T B&6*.  

2- $%& '()(*+!,-. &/,0,1(1 23*4   

                       !V&! 0  !0!"RW r(Z]^R% \5"RW ERF "pN)7 &(>^F i!6[ MZI!5 MDt EP 9K! J->7!"K E>?0! +5(7 d# ()>76?@

9K! .Y>?5              d>7!"RK EF 9]^%  @ $)#"Z)>K 3(75  56F M>#(2 V! JI(% ()>76?@ 9>D/! "8#5       JRK,)X7 3(R/

         EW"* EF  0"L7 !&  @ JZ:)* 5"F&(P EP 9K! "8#5    d>7!"K V! "H     J7 "8#5 JK,)X7 (/  5V(K .     w6RW YR#b5 EF

              RF (R)>76?@ ;>#6R8F "RT! ,RI(]% w!"q! ,#(I !u? \9K! &(DI JF _<Z`7 '#()* &5  @ 5"F&(P 9^R>7!"K 3!"   (R/

      9^#4&6?(Z7 3!"F 5b6W EP 5&!5 9>D/! &,L%(D/    (/)  s0,G1 .(           "R8#5 V! n>RF ()>76?@ Y>?5 M>D/ EF MDt &5

d>7!"K                @ _<Z`7 i!6[ 0 9K! EZW"T &!"U 3&6|H JK&"F 5&67 JK,)X7 3(/)   3"#u2"Z)>RK E<DG V! (  ERF

s,7 d>KhP +5(7 d#  !6)= 9K! +,I 3V(K]6[.  

5%"6 1-  !" #$%&'() *+,&-./ #$%"0'1 234/ *]6[  

? !@ 82)!A B%?  -C*D$  EC-"$  

J->%(-7:  

1-c(>K@   

 0  !V&! 9<= EF '>K0 5"F&(P

 56F 35(pZU!  

 \;P JZ)#46D/ \;P i6<[

g&OF B!&C +V!,%!  

2-J#(>D>I J->%(-7 OZ)K   3,>^P! ">q M>#(2 (75 Q0& \(/  ;P JZ)#46D/ \;P i6<[  

J#(>D>I:  

1-n)P!0  E#OjH 3(/ ! \,7(G 9?(a 3

(/,7(G  (>7 n)P!0  

 !V&! \+5(K 3(X/(8ZK5  

 \+,I +"768?@ 3(/&562 ,>?6H

 3(/&562 3!"F \;P JZ)#46D/

J}OG ,)e  

2-JF6K& ;/ (# '#(7 s6<N7 c6K& :  

sha ">`]H  

spraydrying \spray pyrolysis\ 
freeze drying 

 \de6P B!&C +V!,%! \b(F i6<[

#46D/ \S>P"H s"Z)P 9?6XKJZ) 

 ">q 3!"F +5(AZK! m,= \ !"T

 3(/&562 ,>?6H \(/ 3,>^P!

 Y-.7 d# r(76D= +,I +"768?@

9K! Q0& M#!.  

JF@ ">q '#(7 n)P!0  de6P B!&C +V!,%! \b(F i6<[  3,>^P! ">q EF 50,N7 (/  

3-&(`F V(W n)P!0   

V(T 3(/ n)P!0-,7(G   

 (F J#(/&562 ,>?6H 3!"F r(76D=

&! \g&OF B!&C +V!,%! !V  

,)Z^/ ;P i6<[ 3!&!5 r(76D= .

 +V!,%! (F J#(/&562 ,>?6H 3!"F

,)Z^/  !"T \ B!&C de6P.  

 V(T 3(/ n)P!0–'#(7   de6P B!&C +V!,%! \b(F i6<[  5"F&(P &5 9#50,N7 \ !"T  

(/V(T  (>7 n)P!0  
 \de6P B!&C +V!,%! \b(F i6<[

(/ 3,>^P! 3!"F  !V&!  

3,>^P! ">q 3!"F  !"T  \(/

8?@ J76D= Y-.7  ,I +"76

9K! Q0& M#!  
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                      ERF M>#(R2 3(R75 &5 EG6H YF(U JZ`K 0 J7"% (F J->7!"K 5!67 EF JF(>ZK5 3!"F B(L>LNH 0 B(:?(o7 +V0"7!

     E%!5 +V!,%! (F &562 OZ)K 9DK        9#!,/ M>#(2 M-D7 ,a (H 3!J7    ,%6I]7 .[       (XRIhH ED/ \&05 J<>[ 3(X%(7V V!

K& \ J#()>76?@ 5!67 5&67 &5 50,a +V!,%! (F M>?(Z^#"P6%(% 5!67 EF  ,>nm100  9K! +56F]8 .[  

d>)-H+,I +5!5 E:K6H 9<= M#,)e EF &562 ,>?6H ,#,G 3(/ V! ,)H&(]= EP ,%!:  

  "Hb(F i6<[ 

  de6P0  (^-# B!&C +V!,%! 

  +,I s"Z)P B!&C +V!,%! Y-I 

  ,#,G B(]>P"H 

Q0&  3(/        56G0 J->7!"K 3(/&562 OZ)K 3!"F JA<Z`7            56G0 &562 OZ)K 3!"F Q0& 05 J<P &6v EF J?0 5&!5

5&!5:  

  Q0& 3(/J->%(-7  

  Q0& 3(/J#(>D>I  

Q0& 3(/ +5(AZK! J:>]v E>?0! 5!67 V! JZ)K 3(X->7!"K 3(/&562 OZ)K 3!"F rb6D:7 J->%(-7 J7 ,%6I. 

 s0,G1E*h[   V! 3!Q0& 3(/J7  (.% !& &562 OZ)K s6D:7  ,/5]6.[  

d>)-H  0(AZ7 3(/               \J#(>D>RI \JR-#O>W YR>]U V! JH0(RAZ7 3(/,R)#@"W Y7(I M-D7 ()>76?@ B!&C6%(% 9[(K B

        (/,)#@"W M#! V! 35!,:H S>P"H (# J-#46?6>FJ7  ,I(F .     V! 35!,:H (j)#! &5Q0&  3(/      ERF ()>76?@ B!&C6%(% OZ)K 

 +5!5 ~>t6H E*h[ B&6*J7 56I] 1.[  

5%"6 2-56'(6 $%  !" 57 89:234/ *+,&-./ 0-'& ;- *<=$>? #;$/*+,6$+& ]12[  

=*?+ 7F*8G* 7 %8H$  I2$*3J0)-K#C3<!G-G ;-L 

5-15µm  -Al2O3, TiAl3, Fe4Al13 

10nm<  -Al2O3/TiN 

10-20nm !- Al2O3 

50nm~ Al2TiO5 

50nm~ BaFe12O19 

)9>?(Z^#"P +V!,%!(  10-15nm

16-20nm 
BaTiO3 

30nm CaBi4Ti4O15 

20nm CaTiO3 

2-1- 7+1(7! "*8.9:;8(+<+= ;  

             EZW"T "�% &5 J->%(-7 ,)#@"W J:>]v E:K6H  !6)= EF J#(>D>I J->%(-7 ,)#@"WJ7  56I .     lRLW E% \,)#!"W M#!

       +5(7 +V!,%! &5 J-#O>W n/(P Y7(IJ7  56I              J#(>D>RI n)RP!0 3!"RF ,)#@"W M#!  5"P c(>K@ 34"%! V! E-<F 

      c(>K@ EP 35!67 M>F E>?0!J7  ,%6I   +5(AZK! J7  56I .3!"F           ,R)e (# 05 Y7(I c(>K@ l>N7 (X.)P!0 M#! m(j%! 

  "8.)P!0J7  ,I(F .             m(Rj%! JT5(K SG67 J->%(-7 3V(K4(>?@ M>a &5 +,I ,>?6H JH&!"a 34"%! n)RP!0   3(R/ 

       �!OG! Y>-.H EF "j)7 0 J#(>D>IJ7  56I]1 .[            n)RP!0 �#"v V! ,7(G O<W +,))P �(>a! JW":7 (F (/,>^P! S<q!

    EP &!,#(2">q JU!"Za!                    JRU!"Za! 356R[ ERF 56R[ 3b(RF (R75 OZ)RK \9R:>]v &5  @ EF(.7 JR7   ,RI(F   �(R>a! \

J7  ,%6I]9010.[     (RF E^#(L7 &5 n)RP!0   3(R/       &5 ,R7(G 9R?(a Q0&   3(R/          \b(RF 3(R75 &5 J->7!"RK s0!,RZ7 

s(:W 3V(K 6%(% f(>L7 &5 JH!&C +V!,%! Y>-.H EF "j)7 J->%(-7 J7  56RI ]11 .[    3(/,>^RP! V! 35(R#V 5!,R:H

+5(K \E%6D% (/Y7(I (X%@ V! J#:Al2O3 \Fe2O3 \CeO2\ Gd2O3 \SnO2 \ZnO\Cr2O3 \TiO2 s(:W lK6H \ 

   +,I OZ)K J->%(-7 3V(K ,%! .           ,>^P! \,#!"<P ,)%(7 J?@">q dD% d# (F ,)#@"W M#! &5J7  ,%!6H     n)RP!0 9RNH 

    M>a &5 J)#O8#(G s(R:W   3V(RK                "a B(R><D= \c(>RK@ YRD= V! ,R:F 0 56RI 5!V@ J->%(R-7      +50,RN7 &5 JRH&!
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150(H600 EG&5     m(j%! 5!"8>Z%(KJ7  56I .s0,G2 E%6D%  (/           ERF +,RI OZ)RK M>?(Z^#"P6%(% J->7!"K 5!67 V! J#

 Q0&s(:W 3V(KJ7  (.% !& J->%(-7   ,/5]12.[  

      M>I(7 _<Z`7 �!6%! &5 J->%(-7 3(/,)#@"W +V0"7!    c(>K@ 3(/ ) E?6<T c(>K@  +&!6/(7 \3!    +"R>q0 JIV"? \3! (

%!  m(jJ7  56I             YLZ)7 +5(7 EF c(>K@ y"� lK6H J->%(-7 34"%!  @ &5 EP J7  56I     &!56D% &5 EP 1   +5!5 �"I 

J7 56I] 2.[ 

 (@-"A 8;-96- B%$C) !"# $%"& '()*+ 

($%"& ,-%./ 0 $%"&  12%34% .56)7 89(-):;" $%"& '()*+ 

 )<;.=% >3! ?4#@4%# A;.B/ 0 (9C(5D;.- (; 1342(* (9 )<;.=% "(5E(*:;" #3FG 8;%"+) 1342(* H(9 IJK 0 (9

 )<;.=%  '()*+ L@)M0% $%"& #3FG "JNO/$%"& #3FG "JNO/ 0 (9  

  

 !" 1- PQ)4(QG H2(*R()M+ 3S;+.T $"(UJNT]2[  

2-2-  #$% &' ()*+,-. /0%1 ,2(234)56(78 9:(5 ;!*2(!+   

        !"# $%&! '(") *+ $,-./0! 1/".2&3/4  567      *-84/ 5/9:/ ;.6: <86= )    5;->?3/0-@ A67;->3/ ;&B6.   A6?7

$#6&+03   *-84/ 1/". 4 67 (     9%&! C6+ 5676.1 (1$.  ;B"D .        E-./0! <F6! G4/;%. 567;&HI0J  !"# 1":4 KH/ 6+

  G6%>H03"B6B *+ L;-!(   M,N. 67$.  ;D6+              L;?D *F"O3 4 *B/1 ;D( *+ 0P&. L"-!6&->O3 5C6+ 56.1 *3 /0Q 

    $,-./0! 9H( '/(R$.  1"D . ("S *+    TO@/ A*+6N. U4(  567                *?+ L;-?!( 5/0?+ 0?# $V-?D *?H6W 0?+ 5(4I0J 

             <-86%>H03 4 *%!/"F6B '/(R ("X= 0S6F *+ *3 A<!/ Y1"+ ZJ".6B $,-./0! K-86%>H03"B6B 567(6%F6!  56?7

 <-[H0\/4 <D(1     L"-!6&->O3 56.1 (1 67$.  ;D6+           ]6?&%:/ M+6^ 0-@ *O=0. L"-!6&->O3 *O=0. 1":4 KH/ 6+ A

$.  ;D6+ .         (1 _6J M-,N# A'46`%. ab.63 U4( EH (1G6cJ  5_6!           ;?&Q 6H EH EV3 *+ d6#/ 56.1 (1 $,-B6,. 

      *%>7 A$,-B6,. '6-OVe 0f/ (1 $H6-V-D 2&3/4                 A5_6?J 'C6?g%B/ 4 *?H9P# Ah("?.I <?86= _/ ;?D( 4 5(/i\

       j6PB/ $,-./0! Y16. k"B *+ *%>+/4$.  1"D .  $S10         9%&?! (1 $V3 <J0N-W *%Di\ G6!       6?+ $,-./0?! 1/"?.

G6cJ  5_6!                   $,-B6?,. 5_6?!l6-8I *?Q0\/ A<!/ *%J0\ '(") 9%&! E-&,# KH/ M->B6%W  *+ *:"# 6+ $,-B6,. 

 K-+4 '/9OJ 59OJ     _/ 2-+ 6730    ;D k/0%F/ 2-W G6!  .  (150    d"J ]6%D A*%Di\ G6!  Y16c8/    50-\(6,+ 5/0+ 5/

          ?! 1/". _/ $`O%m. k/"B/ ;-8"# (1 $,-B6,. 5_6! G6cJ      567;->?3/ M.6?D $86%>?H03"B6B $,-./0   A$,-./0?!

    *HC 567(6%F6! AnOoV3 <H6,!40W 567;->3/     5;->?3/0-@ A$O&-o!/ 4 5/    E-./0?! A6?7     A$>?-S6&p. 56?7

E-./0!40%,8/ <H_"o.63"B6B 4 67  <!/ Y;D $,-./0! 67]12.[  

             6-8I U4( *+ 6&-."8I (1"W "B6B 9%&! 1(". (1 5(6->+ '6NH6._I G6= *+ 6#    <!/ Y;D j6PB/ $,-B6,. 5_6!l .  *?+

274qW KH/ _/ $F0+ 0r%m. ("S <!/ Y;D Y1(4I 2m+ KH/ (1 '6g-gs# 4 67.  

A.V.Somers         (1"W *+ 51C"J *8"O\ $B_4 <t>B 6+ /( "-%3/( 56&-."8I 32 *+ 1  ';?. *+ 5 <e6?! A  <e0?! 

rpm 50 4 4 *8"O\ j0\"O-3 1 ]6-!I (1 $u&H/ 3/1 1(4I <!;+ $B"86\ ]13.[  

Poluboyarinov 4 Kirshenbaum             6?+ 0H6?+ 56?&-."8I ENF ]6-!I *3 ;B1/1 L6NB  *?8"O\   6?75/   51C"?J 
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   _/ 0%cH0!*8"O\  675/   $. '(") $&-Q  10-\ .      6+ ]6-!I j6PB/ *3 /0Q*8"O\  675/      ]6-?!I ;&._6-B 51C"J 4 6?#6 

  *%e6!$.  ;D6+      6+ *3 $86= (1 *8"O\  675/    ;&._6-B $&-Q 106#15    ]6-!I <e6! $.  ;D6+ .    $O-F K7I 14(4 L/9-.

       1(/;B G"rs. $H6vB <-`-3 0+ 50f/ 4 9-Q6B .    Y;D *&->O3 56&-."8I $?.   ;?B/"#        (1 $%-86%>?H03 567;?=/4 *?+ 

 ';.4/1<e0! 6+ $76[NH6._I ]6-!I (1 <e6!  rpm70  ("X= (112  51C"?J *?8"O\ j0\"O-3 in 4/1 4 1 

"8I j0\"O-36&-.A 1"D MH;t# ]13.[  

Poluboyarinov   4 Ershova) 1949 (       6+ Y;D ]6-!I 56&-."8I *3 ;&%J6H(1*8"O\  675/ $&-Q A    56.1 6# 1750 

  *:(1               6?+ Y;D ]6-!I 56&-."8I *3 $86= (1 <!/ Y;-!0B w&H0%&H_  H/0D *+ 1/0[-%B6! *?8"O\   6?75/   51C"?J 

)6+ Y;D x-8 HCl ( 56.1 (1 w&H0%&H_  H/0D *+1600*:(1  L6>,H  H/0D <s# 1/0[-%B6!$. ;!(] 13.[  

Yiguan Wang;B1(4I <!;+ 6&-."8I 6.6\ _/ /( 6&-."8I 6`8I '/(R"B6B 2B/(6,V7 4  .  _/ /( 6?&-."8I 6.6\ (1"W 6vBI

;B103 *-v# yO%m. zt&. 41 . '/(R Y_/;B/ 6+ {86F 56&-."8I 6.6\ $,H50nm  _/ Y;?D *-v# Dalin Luming 

Nanometr Mater Ltd   56?&-."8I 6?.6\ 50[H1 4 50nm        _/ Y;?D *?-v# 6?&-."8I 6?`8I $?V3 (/;?g. 546?= 

Buehler Ltd1"+  .(1 67(1"W KH/  Y(/"76?. ]6-!I    G;?. 5/SPEX 8000D     _/ Y16`%?!/ 6?+ d6?#/ 56?.1 (1 

*8"O\  67       ;B;D ]6-!I wB_ ;| 51C"J h0} 4 / .*8"O\  67H/    0~^ *+ $2/1   4 4/1    ;D Y16`%!/  x&H/     <t>?B 4 ;B

 (1"W *+ *8"O\ $B_410 *+ 1 1"+ ]14.[  

 *+6N. $g-gs# (1E.Kostic $D_08 ]6-!I  !"# 2B/(6,V74 Pulverisett 9(Fritsch)  6?&-."8I 6.6\ '/(R 

    ;B103 MH;t# 6&-."8I6`8I *+ /( .             x+ (1 G4;: (1 Y;D *�/(/ '6rmN. 6+ 56&-."8I 6.6\ (1"W 274qW KH/ (1   56?7

10A 20A 60 $.0\      $B6._ �B( (1 2   6# 600      ;&%J0\ (/0^ ]6-!I MVe <s# *g-^1  . G6cJ 567(1"W    L4;+ 4 Y;D

  Y_/;B/  !"# '6-OVe   YqH4 �~! 50-\BET)SP (  !"# Y0."O\I 5l"8"J(". Y;76N. 4SEM  5;?&+ *rmN. 

;B;D . 9-86BIXRDE-W $OF/1 ';D *>H6g.  !"# /( 6&-."8I 6`8I L/9-. $. K--c# U/0W 567 ;&3]15.[  

 MHR �0D *+ 274qW KH/ _/ Y;.I <!;+ �H6%B$. ;D6+:  

   G6cJ (1"W K-86%>H03 567_6J    G4;: (1 Y;D3  ]6-?!I (1 1":". (1"W L/9-. 4 ]6-!I L6._ _/ $c+6# '(") *+ 

<!/ Y;D *�/(/  

6$<= 3-  H(92(T #JK0Al2O3V7 '()*+ W)X "# YN5BG H(9]15[  

  !"#$ %!&' )()"*+( 10g 20g 50g 

0           

2   +!+" +!+"  +!  

5  !+"   +!+"  +!  

7  !+"+# !+"   +!  

15  "+#  !+"+#  +!  

30  "+#  "+#   +!  

50  "  "+#   +!  

90    "+#   +!  

120    "   +!  

600       +!+# 

G.R.Karagedov  6&-."8I"B6B *+ L;-!( 5/0+ *-84/ Y16. L/"&e *+ L40,-. 0H_ 56&-."8I 6`8I _/ 2B/(6,V7 4 

 ;B103 Y16`%!/ .BI      �"OF 6+ $H6&-."8I _/ 6v99     ;B103 Y16`%!/ $%c&) *:(1 6+ ;)(1 .      6?+ (1"?W $,-B6,. '6-OVe

Y(/"76. ]6-!I _/ Y16`%!/  5/AGO-2;D j6PB/  .*8"O\ 675/51C"J  mm 10 K-+ *%->B/1 6+ 4  6?# 8   0?+ j0?\ 

     ;B;D Y16`%!/ ;&HI0J KH/ 5/0+ Tc,.0%V-%B6! .        <?s# L103 ENF _/ ;c+ (1"W YqH4 �~!      (1 L"?\(I L6?H0: 

 56.1200*:(1    U4( _/ Y16`%!/ 6+ 1/0[-%B6!BETY_/;B/   ;?D 50?-\ .  '6N?H6._ISEM  4 XRD   0?+ 9?-B /( 
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  54(*B"VB  67  ;B1/1 j6PB/  .            G4/;: '(") *+ 2B/(6,V7 4 0[N74qW KH/ (63 _/ M)6= �H6%B4 4 5     Y;?D *?�/(/ 

 <!/]2.[  

6$<= 4- 12%34% 0 PQ)4(QG $()NZ[ >(G2 $3G W)7 @\7%"(S)GJM+ $%"& ]2[  

 !"#$ ,-& )()"*+( ."/!01234 5'6-76)nm( 5829 :;#)m
2
/g( 

0  195  4/6  

5  100  -  

10  65  12  

20  63  11  

  

6$<= 5-  '()*+ H0" .7 @MJN= @5)D4%# .]%20 ^.=Al2O3]2[  

 !"#$ ,-& (/<=> ?@A  (/<=> (0"176+)g/cm
3( 5829 :;#)m

2
/g( B!01234 5'6-76)nm( 

)min(20  Al2O3 9/3  12  63  

)min(15 51C"J  9/3  11  51  

)min(15 51C"J  4/5  5/17  -  

)min(15 51C"J  8  8  45  

)min(15 WC 16-17 -  66  

)min(15 WC 16-17  -  5/39  

  

Roberto Tomasi]6-!I 56&-."8I 2B/(6,V7 4  ]6-!I 6+ Y;D  ;?B1/1 (/0^ $!(0+ <s# /( 5l0B/0W 567 . (1

 274qW KH/A    Y;D Y16`%!/ Y16. 2-W    56&-."8I A1000     <30D <F6!  Alcoa 1"+  .      5l0?B/0W ]6-?!I ;?&HI0J

*8"O\ ]6-!I (1 ENF (1"W 5l0B/0W $D_08 5/)Spex 8000mixer/mill  (  1C"?J *8"O\4 h0} _/ Y16`%!/ 6+

      ;D j6PB/ /"7 0`>V#/ <s# wB_ ;| .                 <?s# 4 '46?`%. (1"?W *?+ *?8"O\ $?.0: <t>B  H/0D <s# 67(1"W

L6._   . ]6-!I 567  ;B;D ]6-!I yO%m .    *,&H/ _/ ;c+*B"VB  67        5/0+ EH40O34(;-7 ;-!/ G"Os. (1 ;B;D ]6-!I 

;B;D "N%>D 0~g. ]I 6+ no! 4 K7I �40F .  no?! *?B"VB  6?7  '6N?H6._I <?s#  SEM  4 XRD 4 BET 

 ;B;D $!(0+ .                !/ 10# E-./0! (1"W '/(R "B6B ;-8"# *+ (16^ 5l0B/ 0W ]6-!I *3 1/1 L6NB 2H6._I �H6%B< .  6?+

 1":4 KH/A  Y0."O\I M-,N#                   10+(6?3 _/ Mt^ $H/1_ Y0."O\I EH *+ _6-B 4 <!/ 0#;H;D U4( KH/ (1 <m! 567

 (1"W$. ;D6+] 16.[  

J.M.Wu       *8"O\ ]6-!I 6+ /( 9H6!"B6B h(".I 56&-."8I      (1"W T-30# 4 5/Al   4 ZnO  103 9%&!  .   *?c86~. KH/ (1A 

  (1"WZnO )   �"OF5/99  $B_4 ;)(1 A _/;B/    '/(R Y10-20 L40,-.  (  4Al ) �"OF5/99  $B_4 ;)(1 A  Y_/;B/ 

   0H_ '/(R150 L40,-.  (              ]6-!I Y;D <m! wB_ ;| 51C"J L/;&^ (1 4 ;B;D �"Om. 50%."-3"%!/ ("S *+

;B;D .  0~^*8"O\  67     2H6! MVe 5/0+ /5/9   0%V-O-. $.  ;D6+        (1"W *+ *8"O\ $B_4 <t>B 4 30   *+ 1 1"+  .  L/9?-.

  1"W T-30# M3    Y;D Y16`%!/ 5(15  1"+ j0\  .    Y(/"76. ]6-!I (1 2H6! MVe   5/QM-ISP    $NF0Q <e0! 6+ 

 rpm230        ;D j6PB/ C6+ �"OF 6+ L"\(I 0`>V#/ <s#  .      _/ Y16`%!/ 6+ 5(1"W '6t-30#XRD    �",?!40,-. 4 

   $N+4( $B40%,8/JEM-100CX      ;&%J0\ (/0^ $!(0+ 4 2H6._I <s#  .    54( 0+ K-&uV7 *?B"VB   6?7  6N?H6._I  '

DTA 4 TEM ;D j6PB/ 9-B  . J.M.Wu (1"W T-30# ;.6: <86= $H6-=/ 2&3/4 *3 <J0\ *P-%BZnO 4 Al 

          Y_/;B/ 6+ h(".I 56&-."8I '/(R 4 *%J0\ '(") $,-B6,. 5_6!l6-8I 6+10-50      M-,N# $86%>H03 54( 4 0%."B6B 

 <!/ Y;D .             1 �>?-B6,.  ?!"# j"?-&-."8I 6+ 54(;->3/ *3 1/1 L6NB K-&uV7 4/   G0?%&3 L"?H_"`H    6?-=/ Y;?D

$.  1"D .       $. '(") K-H6W a6%t>B 56.1 (1 6-=/ 2&3/4           <?!/ T?!6&. h("?.I 56?&-."8I M-,N# 5/0+ *3 10-\

]17.[  
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191 (2001) pp.16-20. 
6- G. R. Karagedov and N. Z. Lyakhobv, " Preparation and Sintering of nanosized 

 -Al2O3 Powder" Nanostructured Materials, VOL.11, pp. 559-572, 1999. 
7- Ranjan K. Pati, Jagadish C. Ray, Panchanan Pramanik, "A novel chemical route 

for the synthesis of nanocrystalline  -Al2O3 powder" Materials Letters 44 2000 
299–303. 

8- Jiang Li, Yubai Pan, Changshu Xiang, Qiming Ge, Jingkun Guo ," Low 
temperature synthesis of ultrafine a-Al2O3 powder by a simple aqueous sol–gel 
process" Ceramics International xxx (2005) xxx–xxx. 

9- R. Sarathi, S. R. Chakravathy and C. Venkata Shaiah," Studies on Generation 
and Characterization of Nano Alumina Powder Using Wire Explosion Technique" 
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 !"# $%&'() * +,%-. "/0 1(23045/. +3333+ 

)Artificial Neural Networks (67.8%9 '$  

 !"#$  !"# $%&'()*+ ,-./*012  

 !"#$%&'( )*#' +,-./' 0-123*)4 5*67* 89.: ( ;<= 0%>23*)  

m.mazloom@gmail.com 

1-  !"# $%&'(  $")* +,-(ANN)  

 (* ")*        ?#<=  %/&@62AB C*D*#' EF ;&GAF 56H I,           ( D%J, 8K%.L M6&GN %F OA.PQR ( +,%.23*(" ( +1LSB

                     TU%GJ' TJA<VW  *6JF  "*SF* 5*#.= EF +XY=  %R E1XL ZA.1W  EA$(*  %R E7%B 45%G3* +XY= ;&GA, "%[

-L 0)%/3 %.F +,-./' 5#N%3#N.  

           D%, \-'  *6F +L]W +XY=  %R E1XL ZA.1W ^H*( ")

      -L%F +' 5%G3* S_' ( +XY= ;&GA, .  JF 5%G3*    )(-J` %100 

   +' -$#&' 5(63 5#A<AF )#L .       -J3"*) "*6JH S_' ") %/3(63 6&2AF .

      5(63 E&,#AB 5)*) 8,) D* ;a" +<=       5%GJ3* 6Q= \#b ") %R

-F%AA' E'*)* 5%.PQR  6AN)%7 4 . 

   +=#.Y' +XY=  %R E1XL  SA3        ;AJQ9W (  6AN)%J7 8A<F%H 

        +' -.QL#R TA<VW  %/L(" cSd TA$) OAQR EF -3"*) -.L%F .

L          V' M("  D%J, EAXJL ") +9, +XY=  %R E1X%  ") EXJ,

   -3"*) +3%G3* +3(63  %/Q&GA, .      V' M(" D* +<9@ 0-'e 8,-F f3*)%           OJ7* %JF 48J,* gH%J3 D#.R S_' +W%X,

            +' 5%G3* S_' +W%X,%V'  %/'SA3%1' D* 0-L  "(e ^Qd )#/L ( C%=]b* )#d(        %/$-J'  *6JF +'%/$* -3*#W

0-7* ( -7-d h6b  *6F \e  %R-L%F +<Q= ] 1 ( 2.[ 

2-  !"# .,/0,1  $")* +,-  

       +' +7%R 5(63 D* T12&' +XY= E1XL 6R        E&@6N  %d i<&j'  %R E7k ") E[ -L%F -3*.       +7%J/.W EJF 5(63 6R

         +' lA[6W ;R%F %/3(63 E[ +'%>.R +$( )"*-3 +3*-.m 8A<F%H              %JR 8JA<F%H -J.R) +J' E1XL TA12W ( -3#L

     -.R) +' 5%23 )#K D* +7k%F .        +9H*(  %/3(63 D* E&@6N6F +=#.Y' 5(63 \-')       5%GJ3* 5-JF +XYJ= \#<J, (

+' -L%F .                         ( %JR  )("( 5%JA' nJAH) 8JA9F%W ( 5#3%JH EJ[ )"*) )6F"%J[  )"*#J' ") +XY=  %R E1XL M("

+d(6K   %R)         -..[ +' %o7* *" %R 6A_&' fp3 5#N%3#N TU%G' E[ (  -L%X3 8,) ") .        IJF*(" EJ[ +<U%G' ") ^H*( ")

 _&' OAF6A                  "%[ +XY=  %R E1XL M("  6AN"%1F -3* 0-L gj2' nAH) "#qF )#K r%K OA3*#H I,#W %R

8,* 0)#/AF] 1[ . 

     E1XL "%&K%, -L 0"%L* E[ "#q3%QR      E7k D* 4 D(6'* +XY=  %R          8J,* 0-JL TA12JW +J3(63  %R .   OAJ.m ")

 5(63 4 "%&K%,              * 6>7-17 EF  )(-V' T1L EF )#K E7k ") E13e 6F 0(]= %R    0-JL 0)*) \%YJW       nJ76b D* 4-J3*

  E7k OAF \%YW*     5(63 EF SA3 %R       +' 0)*) s%XW"* "(%t' C%pXb  %R  -3#L .    EJF +3D( l7*6u I,#W %/3(63 ^H*( ")

   -3#L +' s#F6' ;R .                 OAJA9W *" 5(6J3 5e Z76VW E3%&,e ( 8,* 5(63 Z7 +$%YW* C"-H 6>3%AF +3D( l76u

 -.[ +' .       +3D( l76u Z7 5(63 6R O76F%.F      )"*) +d(6K +3D( l76u Z7 (  )("( .     IJ,#W E1XL Z7 "%&@"
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   +' OAA9W \%p&3* ^F%W )#L .           +J' OAA9W E1XL MD#'e OA3*#H v%,*6F ( h*6b I,#W ^F%W O7*  )#JL .    ?%J>.R EJF

              +' fR%[ O1Q' "*-p' TH*-` EF %qK ( 0-L E.A/F %/3(63 OAF IF*(" E1XL MD#'e -F%7 .   T1L ")1 E3#Q3     *

7k "%&K%, D*E 8,* 0-L 0)*) f7%Q3 +=#.Y' +XY= E1XL Z7  *.  

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

     5(63 D* +R(6N 4 !#$#B#W O7* ")      )("( n76b D* %R        -3"*) s%XW"* +9H*( 5%/d %F )#K  %R .     D*  6J>7) 0(6JN

5(63      +d(6K n76b D* SA3 %R       +' *" w"%K 5%/d 4)#K  %R  -3D%, .  * ^H*( ")O7         EJ[ 8J,*  67#YW w"%K 5%/d

     +' )#K  )("( D* +XY= E1XL    +' %7 )D%,              D* +XY= E1XL E[ 8,*  "#YW w"%K 5%/d E[ 8oN OA.m 5*#W

  )"*) )#K  )("( .                  +Jd(6K (  )("(  %R 0)*) OAF s%XW"*  "*6H6F ( TA<VW +3(")  %R E7k %7 ( E7k EoAx(

+' -L%F .  

3 - 34,56  !"#  74. ,8 $")* +,- +,-94:;/( $6,"1,<(  

&oN -L E  E1XL E[           +J' EU*"* C%=]b* SA$%3e ( MD*)6B  *6F +W(%o&' M(" +XY=  %R  -J.R) .    OJ7* -J7%X3 %J'*

    E1XL E[ )#L s%X.&,* E3#N    +' +XY=  %R            -3#JL ^H*( 0)%o&,* )"#' +W%X,%V' TU%G' ?%QW T`  *6F -.3*#W .

M("         Yj2' 0(6N T`  *6F 5%.PQR \(*-&' +W%X,%V'  %R          (  "*)"%JX3* 4 "*-F%GJ` "#'* -.3%' TU%G' D* +

    \#'6@ 6F +.&X'  )-= C%X,%V'         +J' y#GJV' E.7SN O76&/F 4gj2'  %R   -3#JL . \(-Jd 1  C(%JoW 4     %JR

+' 5%23 *" +W%X,%V' M(" ()  )%A.F -R).  

94;= 1-  ./01 -'5  2/3 6 76,8(9 .:'/*';9 -'<36& =6'>:]1[ 

3456#  789 0# %:;<+;"# =8> 3&<? %<4@ A;B %@(C4# 

MD*)6B M(" +XAW6W   D*#' 

^F*#W +pq.'  +F6tW  

 6AN*6@ M(" EF -=*#H ZQ[ %F \%z'   

)6F"%[ 4 "*-F%G` 0!*(  4 D*)6B

C%b%XW"*4C%Au%7" \%&At7) 

 4"%&oN gAj2W 4%R6>G` MD*)6B

4"%&L#3 #>$* 

E1XL       +'6F ?%N  6AG' ") +XY=  %R        36F (  6AN*6@ +7%3*#W %R"*SF* E[ -3"*)E'%         -.JL%F E&JL*) *" )#JK  S7" .

E1XL"%&K%,     E3#N EF +XY=  %R               EJ'%36F ( gYj&' )6@ ZQ[ 5(-F *" E<{G' T` 8A<F%H E[ 8,*  *     SJ7"

  -.L%F E&L*) +d"%K .E1XL            |AR E[ -.&GR C%=]b* ") +7%R#>$* O&@%7 EF ")%H +XY=  %R    |AJR 4}[     D* 0%JN

8,* E&L*-3 ~]b* %/3e )#d( ]2.[  

  +<[ "#b EF                      ( +JQ<=  %JR EK%JL D*  "%AGJF Ed#W )"#' +XY=  %R E1XL E[ 8,* 0-L �=%F 67D  %7*S' 

-3#L ^H*( +&9.: :  
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1.                     6JF*6F ") lJ,%.' �J,%B ( )#JK +J3(") h]J:* EJF ")%H *" E1XL E[  67�B �%Xq3* (  6AN)%7 8A<F%H

+' +qAV' C*6AA_W -.[ .  

2.         +' C%X,%V' 8=6, f7*S@* ld#' E[ MD*)6B 5)#F  D*#' L)#.         EJF +XYJ= E1XL  %/$-' -.m 6R 

                   D*#J' C%XJ,%V' ?%t3* Eq,*#F 8=6, 4 6AN)%7 D* -9F +$( -3"*) D%A3  * E�`]' TF%H MD#'e 5%'D

+' k%F )(". 

3.         +' ")%H *" E1XL E[ S7#3 EF 5)#X3 v%G`                   6JAa  %JR 0)*) SJA3 (  6JAN 0D*-J3* ") %JqK )#d( %F )D%,

nAH) ,    -L%F E&L*) +pAH) +.AF fAB .W             +XYJ=  %JR E1XL E[ 8,* +:*#K D* +17 %qK  67�B TQV

      -3* E&@6N +17!#$#AF +XY=  %/Q&GA, D* +=#.Y' .      EJ3#N EJF +17!#$#AF +XY=  %/Q&GA,    "%J&@"  *

+'                +J' %J/3(63 +K6F 4+XY=   * EF6u C%97%u D* +Wk%` ") +&` E[ -..[        %/$#<J, EJoAx( -J.3*#W

       /3e OA23%d ( -36A>F *6@ *" 0-7) lA,e -3#L % .             EJF +JN�7( OJ7* D* ?%/$* %F +=#.Y' +XY=  %R E1XL

-.L%X3 v%G` E1XL Zm#[  %/XA,e EF E[ -3#L +' +`*6b  * E3#N. 

4.  +qK 6Aa TU%G' T` +7%3*#W  

4 -  >?(:&1 @'AB .C $")* +,-  !"# C&8.,D  

                   %JW 0-JL -JA$#W \#YV'  %R +N�7( ( r*#K )*#' +,-./' E<Qd D* +,-./' ?#<= D*  "%AGF ")  TJ'*#= ^F 

 )-9&'   )"*-3 )#d( T'*#= O7* OAF +Yj2' +u%7" s%XW"* |AR )"*#' l<a* ") ( 8,*  .   %J/AN�7( EtA&3 ")

                  \#YJV' O76&/F  C%t3%K"%[ ") }�, ( 0-L gj2' %qK ( 5#'De  %/L(" I,#W Ck#YV' D*  "%AGF

   0-L f7%'De   -A$#W 0#X3* C"#: EF  )#L +'  .      D* D(6'*  %A3) ") E[ +7%t3e D*         EJF +F%A&J,) 8=6,  �6b Z7 

                        6J>7) �6Jb D* ( 8J,* 5%N-J..[ -JA$#W OAJF 8JF%H" ") +W%A` T'%=  -A$#W Ck#YV' ") 8AoA[ O76&/F

              +' +=#.Y' +XY=  %R E1XL 4-3)%7D "%AGF Ck#YV' D*  "%AGF 8AoA[ ") "*�N 6A�%W  %R6&'*"%B   EF -.3*#W

         ' +7#>2AB ") )%Q&=* TF%H ( ^76, "%A&,) Z7 5*#.=       )6JAN "*6H 0)%o&,* )"#' 0-23 f7%'De )"*# .   8JpAp` ")

                       %J7 ( E.A/F I7*6L +R%W#[ C-' ") %W )D%, +' ")%H *" "#W*6B* -A$#W IK ") 0-7) MD#'e E1XL Z7 D* 0)%o&,*

-.[ +.AF fAB Ck#YV' 8AoA[ 8@* D*  6AN#<d 8/d *" -A$#W IK  %/AN�7(.  

       .' EF  * 0)6&GN  %/L]W 6AK*  %/$%, ")             O76J&/F EJF +F%A&,) "#�.' EF +XY=  %R E1XL D* 0)%o&,* "#�

E3#Q3                    6J&/F Ck#YV' -A$#W EF 6t.' 5e �7%&3 E[ 8,* E&@6N C"#: +<Q= y"%tW ( C%27%'De TH*-` %F %R

    8,* 0-L 6&Q[ E.7SR ( .  ")  O7*     @ -.m D*  * E:]K fjF9     0-JL ?%Jt3* 8JA$%   %JA3) ")     'D OJ7* ") A    6J[� EJ.

+' )#L:   

 +17 ")   %/2L#[ O7* D*       +1A'*6,  %R"*SF* +1A3%1' r*#K    D%@ ()! "CTiWOAl ,32 #        D%J@ EJ, (  

232 ZrOTiCOAl ## 8@6N "*6H +.AF fAB ( +F%7D"* )"#' +XY=  %R E1XL D* 0)%o&,* %F] 3.[ 

7-F      +qK 6Aa IF*(" "#�.' O *Sd* 5%A'4       %R E3#Q3 0-.R) TA12W ?%K )*#' 5*SA'  ,V&,*    +>'6pm ( +2QK ?%1

      l<q' "*S@* ?63 I,#W ZA'*6, "*SF* Z7 (Matlab)      8J@6N "*6JH +,"6F )"#' .       %JR"*SF* +1A3%J1' r*#JK

   +2QK ?%1V&,* 6A�3 +1A'*6, , 8G1L +>'6pm ,         6A�3 +<'*#= 6A�%W 8VW 06Aa ( E&AGA&,k* \(-' +&j,

"%&K%,S7" ,        -3"*) "*6H EA$(* )*#'  %R +N�7( ( -A$#W  !#$#.1W .         *"*) 0-JL +J`*6b +XY= E1XL12   5(6J3 

   )("(8     ( +3%A' 5(63 2   +' +d(6K 5(63  -L%F .      D* -3)#F C"%X= E1XL  )("(  %R 6&'*"%B : +&jJ,4   \(-J' 

E&AGA&,k* ,E&AG3*) ,   %R +3)(S@* ( E.A'D 0)%' C%7#&V' .    +J>'6pm ( +2JQK ?%1V&J,* T'%L SA3 %R +d(6K

 )#F 8G1L .  T1L2   fAB T`*6' C"%m#<@    5%2J3 +1A'*6, +&7D#�'%[ "*SF* ~#3 () O7* +1A3%1' r*#K +.AF

8,* 0)*).  

    I,#W E1XL MD#'e60   8@6N C"#: E3#Q3  .        D%@ () ZA'*6, )"#' ") �7%&3! "CTiWOAl ,32 #  5%23 
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                      0-2J3 f7%J'De  %R E3#Q3 +1A3%1' r*#K +.AF fAB EF ")%H +$#XH TF%H 8H) ( ;[  %qK %F E1XL E[ )*)

' -L%F + .   \(-d ")2                   0-JL 0)*) 5%2J3 %JR E3#Q3 O7* +1A3%1' r*#K 0-L +.AF fAB (  6AN 0D*-3* 67)%p' 

8,*.  

  
2!# 2-  .2?!'29 @,") .A?B C?D =&'E"FG ]3[ 

94;= 2-H83 .A?B C?D 6 H83 -I?J H+,8!, .2?!'29 @,")] 3[ 

%!D/  E>2  %6!F G;&"0+9(MPa) H.&? %I#*JK MPam
1/2 

 L>;!?

L8*M Al2O3 (W,Ti)C LN9 O9 L ? A*-M P-) L ? %C-Q
;RF 

LN9 O9 L ? A*-M P-) L ? %C-Q
;RF

1 90 10 629 636 7 4,61 4,63 0,02

2 85 15 -- 657 -- -- 4,66 -- 

3 80 20 702 700 2- 4,84 4,88 0,04

4 75 25 -- 774 -- -- 5,11 -- 

5 70 30 765 753 12- 5,2 5,17 0,03

6 65 35 -- 742 -- -- 5,08 -- 

7 60 40 728 733 5 5,06 5,07 0,01

            !"# $%!& '()  *+,-.  /01 $/ 2*3-4) 5*+ANN           -/  %6)+27 ,+8/+ 9*  %6:-%) ;+01  <6/ =6> ,3 +, 

 ) (6*-? @A-B C3  D*A0E)-. $<6)A (<..  

@A-B $7  %6)+27 ,+8/+ 3,0) ,3 Al2O3-TiC-ZrO2  FG(6H6> I6.2? C  %6:-%) ;+01 $J/+, ? ,+8/+ 9* A+ 2

  K7+ @A-B C3 .         LMN ,+(4) '() @A-7 G3-7 ,0O<) $/Al2O3      P+86) $/ +(D/+ ,3 60 %  C (Q& $D&+3 $R: K/-S

 2R*3 A-B C3 2*3-4)(TiC, ZrO2)  F G3C(T) ,30 -? 40 %(& G3+3 266U? .  LMN ,+(4) (V/ $WN2) ,3TiC  $Q/ 

 P+86)20 %  2R*3 A-BC3 2*3-4) C (& $D&+3 $R: K/-S(Al2O3 , ZrO2) G3C(T) ,3 0 -? 80 %  (Q& G3+3 2Q66U? .

 'C+(X ,3 Y*-D:3C 4K7+ G(& G3,CZ  .  
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 !"# 3-  !"# $%& '()# *)+ ',)-.,/ 0!12 Al2O3-TiC-ZrO2] 3[ 

Al2O3  

) !"# $%&'( 

TiC  

) !"# $%&'( 
ZrO2  

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

(MPa) 

12,3  45678  

MPam
1/2

 

60 10 30 956 12,24 

60 15 25 975 12,32 

60 20 20 966 11,83 

60 25 15 763 8,07 

60 30 10 593 7,4 

 !"# 4-  !"# $%& '()# *)+ ',)-.,/ 0!12 Al2O3-TiC-ZrO2 ] 3[ 

Al2O3  
) !"# $%&'( 

TiC  
) !"# $%&'( 

ZrO2  
) !"# $%&'( 
 (!) *+,-./0  

(MPa) 

12,3  45678  

MPam
1/2

 

50 20 30 836 11,88 

55 20 25 949 12,04 

60 20 20 966 11,83 

65 20 15 867 10,21 

70 20 10 632 8,38 

     'C+(X ,3 $. ,0J:-L[3   C 4  30\6) G(*3 F   'C(X ,3  <6/ =6> ]C, (<^2[ 3 'C(X -/ 4    Q_C  3,+3 `C-Qa? 

          3,+3  :+0bL[ c[ -/ '() C32[ ,3 G(&  <6/ =6> 2*3-4) .      '()  *+,-. 86: IWJ) 5*+ANN   6> ,3 +,    <6/ =

 ) (6*-? @A-B $7  %6)+27 @-[,+8/+  %6:-%) ;+01 (<. .  

               !"# $%!& 9* d70? e-/ -<6)0_Z @-[2XZ @,-\B f-%TD7+ `+266U? @2R*3 =&0. ,34       3,0Q)  @+ $Q*e 

KB2g ,+2h  7,2/] 4[. 

               TD7+ 326g ,+2h $X0? 3,0) e-/ -<6)0_Z @-[2XZ i-bD:+ ,3 (*-/ $.  Lj) @-[2D)+,-> A+  %*  K7+ @,-\B f-% .

              (Q&-/ $D&+3  /01 ,-/ KT? K)C-4) Kk*-/  ) A+(g2*3 9* e-/ @-[-)3 ,3 56<HL[ .        5Q*+ $Q/ lQ6: KQjX

        326g ,+2h '2D<. KT? ,0D.-B 5*(<^ Kk*-/  ) m([ .              /-Q* PC2Q/ 2Q6O:  *-j_(Q) P0<.-Q? $Q<6)A 5*+ ,3F 

        (:+ $DB2g ,+2h  7,2/ 3,0) @A-B nJ<) C P0672g, .   -J) 5*+ ,3  _C   '() $V_ANN      KQB2g ,+2h  7,2/ 3,0) 

         G3+3 A+ @+ $#0LM) -/  /-*A,+ KjX $o0/2) Y*-D: C         KQB2g ,+2Qh =*-Q)AZ 3,0)  Vh+C @-[ .G3+3     3,0Q) @-Q[

                         nQ!o 2Q/ `-\Q*-)AZ C (Q& $QDB2g $Q6.2? ,3 A+(g2*3 2XZ G(<<. (6_0? $:-1,-. 9* A+ $V_-J) 5*+ ,3 G3-aD7+

 3,+(:-D7+ISOKB2g f-M:+  .  

26UD)               ) ,+2h 26S-? KT? +, 2XZ p0: 5*+ (6_0? c64Dk) ,0o $/ $. @3C,C @-[     A+ (Q:30/ `,-!# (<[3:   IQ6.2? 

 *-6L6& )%32OAl,,,,,,,% 222232 ONaOKSiOMgOTiOOFeCaO(  F cQMN  2QXZF   @-Q)3 

2D<*AF     @2[-q lbWb? C  W. $D6k:+3  .     '() 9* K1-7 m([ANN        2QXZ @,-\B f-%TD7+  <6/ =6> KjX 

30/ ./     '() r-7+ 5*+ 2ANN      A+ 30/ G(& l6%\? 12     @+2/ @3C,C PC2: 12 266UD)  ,      l%\QD)  Qab) $*e C3

  A+24   C 12            'C(QX ,3 @3C,C @-[ G3+3 $. 30/ @,-\B f-%TD7+ m2V) $.  XC21 $*e 9* C PC2: 5  $Qs+,+ 

 K7+ G(& .   p0LM) ,3250     l. A+ $M6D: 300           ]A0Q)Z KjX  B3-"? `,0t $/ $DB2g f-M:+ Kk?     $Q/ '(Q)

    C KB, ,-.50         KB2g ,+2h G3-aD7+ 3,0) $%!& =*-)AZ KjX G(:-L6h-/ $M6D:  .       $%!Q& =*-Q)AZ A+ lt-N Y*-D:

 @,-\B f-%TD7+  <6/ =6> ,3 -J1 56R:-6) $. 3+3 P-\:50$:0L:  , -!*24?75/230/ .  

            KB2g ,+2h  7,2/ 3,0) @3C,C @-[ 266UD) $/ K!k: '() K67-kN P+86) 56<HL[ . M:Z A+      A+ -Q[ $:0L: $. -

      (:30/ G(& i-bD:+ $:-1,-. 9* @,-M? `e0"T) ,            C (:(Q& muQN cQ. `+266U? l6_3 $/  *-6L6& @-[26UD)

         2XZ cMN 26O:  *-[2D)+,-> `+266U? $/ K!k: '() K67-kN -j<? , v<*2D<*A @-)3 ,      lQbWb? C  QW. $D6k:+3

    KB2g ,+2h  7,2/ 3,0) @2[-q .     \B f-%TD7+ $. 3+3 P-\: Y*-D:          C  QW. $D6kQ:+3 `+266U? $/ K!k: 2XZ @,-
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                  @2QDL. K67-kN A+ 2XZ cMN C v<*2D<*A @-)3 `+266U? $/ K!k:  _C K7+ r-kN ,-6k/ @2[-q lbWb?

K7+ ,+3,012/.  

 !"# 5- 3%/ 45 $5.678! 541/  .9  5:4: ANN ] 4[ 

9$5 1)+/ &' :'+;./0 '&<5 =+> :'0'
$? ='@&@ 6AB.5 

CD0$# 6E?0$# 

X1 SiO2 36,63 37,74 

X2 Al2O3 56,2 56,61 

X3 TiO2 1,59 1,85 

X4 Fe2O3 1,45 1,84 

X5 CaO 0,22 .26 

X6 MgO 0,62 2,12 

X7 Na2O 0,07 0,08 

X8 K2O 0,15 0,16 

X9  2XZ cMN (cm
2
) 0,84 2,02 

X10 v<*2D<*A @-)3 C)°(  1305 1400 

X11  9_-/ $D6k:+3(g/cm
3
)  2,22 2,51 

Y12 @2[-q lbWb? (%) 16,62 24,94 

Y1 @,-\B f-%TD7+ (N/mm
2
) 60,4 95 

86: -j%6)+27 C2D%_+ $<6)A ,3 P067e0)2B3BaTiO7,2/ 3,0)  #0<")  !"# $%!& d70?   $QDB2g ,+2h  

  K7+]5.[        $. 30/ `,0t 5*(/ ,-. (:C,3BaTiO      :3C8B+ Y<> C             lQ6) '-Q/ 9Q* dQ70? C 5*A0? G(& 2.w

 (:(& x0Wb) .                     @-Q)3 ,3 -jQt2h yEQ7 C (Q& G3-)Z  *-[ ;2h `,0t $/ P(& 9\1 A+ y> $Wt-N ,30>

1280   D:-7 $X,3      `() $/ 3+2g4          (:(& G3+3 =&0> G24: 26L1 -/ C G(& 2D<*A K#-7  .     $B-Qz+ -/ I6?2? 5*(/

 A+  QQaWDb) @-[(QQt ,3 P32QQ.52ONb C 32OLa C 32OSm C 32OLi C 32OCo  D/-QQS ,+(QQ4) $QQ/ 

3BaTiO ,21       p0Q: A+ PA-1 $:0L: RX 7                  d6QT) @-Q)3 ,3 -Qj:A-1  Q%*2D%_+ @3 `-QaW? C (Q& $D1-Q7 

 !25"tg F   d6QQT) @-QQ)3 ,3 @2*uQQ>w0a: KQQ6W/-h  !25#   PA-QQ1  *-QQ)3 I*2QQz 2{.+(QQN C )TCC (K 

$
$
%

&
'
'
(

) *
+

25

max25

#

##
K      *-)3 G3C(T) ,3 55-   -? 125   D:-7 $X,3    3+2g        (Q& @2Q6g GA+(Q:+ PA-1 2[ @+2/. 

              (&  N+2o @+ $*e $7  !"# $%!& 9* -[ G3+3 5*+ A+ G3-aD7+ -/ yE7     KB2g ,+2h ]A0)Z KT? C  .  -M:Z A+

   ,+(4) $.3BaTiO     '() FK7+ K/-S ANN      A+ K7+ G(& l6%\? 5  @3C,C PC2:  ,8      C  :-Q6) PC2: 3   PC2Q: 

 XC21 .     :-6) PC2: 3+(V?)8 (           ) ,-. $/  !"# @-[ $%!&  N+2o KjX $.  _0t+ d70?     (Q& 56Q6V? 3C, .

aD7+ 3,0)  !"# $!& @,-D1-7 '() l%& ,3 G3-3K7+ G(& G3+3 P-\: .  

  
$%& 3- $%& ';!"< =,>& 3%/ ?! ',)@.A&  .A- B1)8C1/"D '#.E?4! FGH 3BaTiO] 5[ 
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     *-Q? (Q<^  QJ1 P0672g, 86_-:Z  _0LV) ]C, d70? Y*-D: 56L[ A+ P-)8L[( MNLR)    @2QR*3 '(Q)

        2o  XC21 C @3C,C @-[ 26UD) 56/  :067e0),0B 5DB-* KjX (&  N+ .       *-Qj: @-j_(Q) '-Q{) P+0Q<# $Q/

 !25"tg C  !25#()Z ,3 2*A `,0t $/  : 

32323232

32523252

323232

3252

**)4.02593.1(**)032898.1(

**)57886.8(**)044387.2(

*)032345.9(*)043571.3(*0332.0

*)037261.2(*)035799.1(2338.

COLiOCoEOSmOLaE

OSmONbEOLaONbE

COLiEOCoEOSm

OLaEONbEtg

*,**

*,*,

*,**,

 !   "#

 

323232323252

32523232

32325225

**6048.9**5871.57**0792.4

**8240.78*9705.35*1283.338

*8280.266*6985.866*0488.2349063.7869

COLiOCoOSmOLaOSmONb

OLaONbCOLiOCo

OSmOLaONb

!! 

!  

   "$

 

         !"# $% &'()*+, !,(-. /0 !1 $+mg   1"2 3. /&)% .     4, 5#&6 78&9:2     5;2 !1 <(. 4   <(=. >,?% MNLR 

@ 5;2 !1 5%  <(. >,?ANN AB, C(2 C1,1 /&D: .  

  
 !" 4-  !" #$%& '!( )*$+," - '!( '!.+/"   012 )3245MNLR ] 5[  

  
 !" 5-  012 )3245% &25$  !" #$%& '!( )*$+," - '!( '!.+/" ANN] 5[ 

 3. $E6F.     <(. $+ 1"2ANN       G@! 4, ?H I)J1 !&)*% MNLR            3=KL ?=)M 5N&*=. !1 O%,@! P9Q&8 $% !1&J 

 3.(2&%.  
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          3. /&D: R).,?B !1 3STU >&' $;S2 1?%!&+ V"TL !1  &-)-WH            C,! >,(=9%, !1 G@! P=8, $=X?Y (='1

3.                 3=. ?=E: $% @ 1!,1 3Z[U 78&9: &% 3SB&\. 3:,"][' C(.0 AB(% 78&9: &., (2&%          &=% R=81^: C(=\80 !1 (=B!

            $=.&:?% ('&=2 _3ST=U >&=' $;S2 >1?%!&+ G?9*Y @ $`B"H  >^=8!      ?=% >?=9-)J1 >&='     A=)a)+ 1"=Sb% >,

$\8^' c'&+ P)\d[' @ >()e"H  f"TW.g)2&% 3'&hD8&.40 >&' .  

 !"#$ 

1.  >()`B 1"`*._    !"# $% &'$(#)     &"*+, -$+. )Neural Networks(        C!&[=2 $;S=2 $=.&\'&.51_ 

 P[b%1383. 

2.  /&8?E9\. Ci)\._          3ST=U >&' $;S2 R[+ $% 3B!&Q $9B")j !&9aY 3B&\24&% _       3=B&\2!&+ $=.&: /&=8&j 

!,(2 _A`\# @ gZU C&hD:,1_?H")k.&+ C(;D:,1 _ 1378.  

3. C. Z Huang, L. Zhang , L. He, J. Sun, B. Fang, B. Zou, Z. Q. Li, X. Ai, A study on 
the prediction of the mechanical properties of a ceramic tool based on an artificial 
neural network  . Journal of Material Processing Technology 129 (2002) 399-402. 

4. M. Oguz Guler, Recep Artir. Modular neural network modeling of compressive 
strength of high-alumina bricks by using tangent function. Materials and Design 
(2005).  

5. Dong Guoa, Yongli Wanga, Juntao Xiab, Cewen Nana, Longtu Lia. Investigation 
of BaTiO3 formulation: an artificial neural network (ANN) method. Journal of the 
European Ceramic Society 22 (2002) 1867–1872. 
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   !""#$!%& '()#*+) ,*-. /0 12 0#3/%4 

 !"#$ %&'()*1+,#-,&./ 0%12 3145678  9"1: ;#<)* 32 =*>? @$&A 31 

1
  !"#$% &$'( )*+,-%./ 02

 "123 "1($ 45678 )*+,#$&  

m-valefi@merc.ac.ir 

1-  !"#!  

  9&20    0"1:$ ;*<  *-"=     >$'7? @A 'B%%"CB*(  D$ 4CB 4E8$   FB*<% GB"H    :IJKL "5,1A 9& @#*     4( 9*3 @A *-  M#%9 .

     % "56B"< NO/ >*(D   P3 Q"R(          4( *S#L @1T%$  *B$I( D$ U'<"( NO/  *SK%9 @A N2V#  !"#$  M7K*A . )&*W5<$

                %  9%L"X= >*(D Y-*3 9& @A*,( 4B*B$I(  $9$& &$'(  9%L"=  $"A 'B%%"CB*(  !"#$ D$   PX3 Q"RX(    !"X#$ 

4(  MK*A]1 [.  

     Z%*W5( [*<*<$ 'B%%"CB*( YB*("\   N<$ U'<"(  *SK%9 *A .     @XA *("\ 'B%%"CB*( M7BL"= 9&        ]X<'H @XC7B$  *X^

        4( M1T'H )&*( F:$& 9& &'K &*_B$ 4^9*: `27(    &'K)FCK1 .(        a1XK ]<'H  !"#$ 0Z9$"b ;*c5#$ 9& G17de-

  4( ;*c5#$ 4H9$"b               'K 4( FBM2H 4H9$"b  !"#$ @A f1g*7h(%"5CT$  !"#$ 0'B%%"CB*( *A YB*("\ 9& 4T% 0MA*B &

[*HMe? %!"#$ FBM2H ijA  !"#$ ;*c5#$  *H N<$  ]102 [ .  

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

            4( NBI( GBM7k  $9$& 4T'CT'( l'm< 9&  !"#$ ;*c5#$ 04e_b YB*("\ "A )%n?  MK*A . 4( 'B%%"CB*(    MX#$'H

      &%9 9*3 @A &$'( 46o'( YB*("\  $"A .   B*#$'H "A 4T'CT'( 9*5:*<             ;*Xc5#$ % )&*X( % 'B%%"CB*X( FXA*c5( "Xp$ 4

 "1p*H  !"#$   N<$ 9$q\ .        & r$':  $9$& s*eH &9'( )&*( @3 4#*(D            QnXH$ *XA &$'X( 0MXK*A Z%*W5( 4CB"5CT$

  "5,1A   'B%%"CB*( tu*^ M#'K 4( .                &9$& &"A9*X3 4#'\*X#'\ Q$MX-$  $"XA 046Xo'( YB*X("\ )MXBM/ GXB$ . 9&

    %  !"#$ 0*SC1($"< U'<"( Zv*RH$   @wbn( FA*x >*(D                 @E1X<% @XA y"5,X( FRX= >&"X3 U"\ U*+7- 9&  $

    4( zEH @B*/"BD D$ NB$M-  &'K .      $ )&*(  "1\9*CA% 0'B%%"CB*( D$ )&*W5<$ *A   ,1A QnH$ *A      0y"5,( FR= 9& "5

 YB*("\ N1EA*x   N=*B M-$': YB$I=$ .                 >MXK NXW^ "5,X1A >*XC($ *X-D*= D$ 4{X6A 0 D*X= M7k &$'( 9&1
   *XA 

B%%"CB*(   4( $9$& $9 '  M7K*A .                    @E1X<% @XA &"X= @XA "RXj7( *XB MXBM^  *-9*5:*<IB9 *A &$'(  9%L"= >*C($ f/

    &9$& &'^% $I_(  *-D*= YB*("\ .  4( G17de- 'B%%"CB*(    U'X<"(  *-M7BL"= 9& @3 4B*1e1K  *S,73$% M#$'H

                                                     
1 Coupling  
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>*C($   4e# "Bq/        )M7-& Y73$% 46o'( YB*("\ *A $9 MK*A   U*_#$ *-   M#D*< "Bq/ .7A      MXBM^ &$'( I57< >*C($ GB$"A*

4( &'^% @A MBL.  

  D$FBv& "+B&          U'<"(  *SK%9 @A N2V# 'B%%"CB*( *A  9%L"= @A @xn?  :1 (         @XA @X^'H *XA M1T'H @7BI- Y-*3

 P3 Q"R(        M7B$"= >*(D Y-*3 %  !"#$ 2 (         Zv'RXj( 4BL9*X3 % 45:$'X7CB &'2SA3 (     9*5:*X<IB9 % r$'X:

 &"= @A "Rj7(4 (^ &$'( I57<MBMMK*A 4( 0  ]2 [. 

2- '())*%(+! ,'-.  

2-1-  /0(1+2  

  G1T%$ @A Z$9*K$ "=    [v*e5b$ 'B%%"CB*(   9& @E_( @T*c(          )&'A 4B$'- |'m:  *-9$&$9 MBM^  *S5=",1/ )9*A9&  $

N<$ .  GB$"= 4(        9& $9 NB'CV1A NV#$'H29      9& $9 "\"2e- 0@1#*p 3         9& $9 f1X<'<  *SK"A % 0@1#*p 10   @X1#*p 

 M73 NO/ .1T%$  G *-"=     ]<'H  9*_H 'B%%"CB*( P.Spencer    N3"K D$ 0Raython    ;*< 9& 1952   @6X<'H 

N=*B .P.Spencer     *S#$'H )M773 M1T'H `27( @3           4X( @6T*m( $9 9$&$9  *-&"A9*3  $"A 'B%%"CB*(  v*A     &"X3

      MK YB*S21^ 9& *SHnCK >MK t%u @^'5( .      4X( @X5W\ "+B& Q"g D$       @X3 &'XKP.Spencer     @X3 4(*X+7- 

                         &'XA )&*5VXB$ 9*X3 ;*Xb 9& v*XA f#*X3"= 'B%%"CB*( `27( }B "A$"A 9& % )&'A Y21^ 9& 4B$q~ &$'(  9$Mc(

    MK 4�$q~ &$'( NO/ @^'5( .      M1T'H @A "_7( )MB$ GB$ *-"=     ;*< 9& 'B%%"CB*( 1961        *XS#L >MXK  9*X_H % 

MK .     4+#*: &"A9*3 `1<% �"5V\"=     *ST*< 4g 9& *-1970   % 1980   #$ @_15# 9&     !'XT'7CH ;*Xc5  @XA     % GX/$! 

 &'A >L 4#*S^ >MK  9*_H]3 [.  

  

$%& 2- 234&56$)#7,89 :34 ]3 [. 

2-2-  345645+78!)*9%:.  

          $9%*( @6K$ >*1( 4T*c5#$ )&%Mj( 9& 'B%%"CB*( @6K$ 0f1g*7h(%"5CT$ z1g 9&         &9$& 9$"x 4�'B&$9 �$'($ % I("x �

    FCK 9& @32    N<$ )MK )&$& >*,#  .         G1XA *X( *XS#L �'( ;'gcm1   %m1         G1XA *X( f#*X3"= % GHZ30   *XH 

MHZ300N<$ ]3 [ .      % *X-9$&$9 9& @X3 &9$& &'X^% 4B*SVX#*3"= 04VX1g*7h(%"5CT$ z1g D$ YOA GB$ >%9&

 )9$'-*( Z*g*2H9$      4( 9*3 @A *S#'BIB'EH  $  &%9 .              @X51e3 ]X<'H @X3 f#*X3"= %& D$ 'B%%"CB*( *A YB*("\  $"A
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   Z*g*2H9$ ;$9M=(FCC)    % U'E? 0`B*78  $"A      4( )&*W5<$ @5=*B �1ROH 4CKI/   &'K .     @XA U'<"( f#*3"= %&

   @5=9 9*3915/0   % GHZ 45/2 4(   MK*A .P-   )9'3 >'73$          "1h5(  *SV#*3"= 9& Z*1Ee? @A D*_( 'B%%"CB*(  *-

 D$9/0 *H GHZ 30 @5=*B @6<'H &$'(  9%L"=  $"A  M#$]1 [ . *-"= f#*3"= 9& 4#'73 'B%%"CB*( GHZ 45/2 

4( Fe? 34( f#*3"= GB$ 9& tL  *ST'CT'( @E1<'A tq^ MBM,H "g*: @A @3 M77 MK*A.  

2-3-  ;.<=.'())*%(+!  

    *- )9'3     4( )Me? YOA @< F(*K 'B%%"CB*(  M7K*A :    )M773 ;*e?$ 0;*c5#$ |'m: 0`27(  *- .    'B%%"CB*X( `X27(

@6K$      4( M1T'H $9 f1g*7h(%"5CT$  *-        $9 f1g*7h(%"5CT$  !"#$ 0;*c5#$ |'m: % M73     )M773 ;*e?$ @A `27( D$    *-

4( Fc57( M73 .)M773 ;*e?$ 9& 4( fC67( *B tq^ )&*( ]<'H  !"#$ *-  &'K]1 [.  

2-4- '())*%(+! ) >?+! ?1'@*A  

           4X( )&*X( f1g*7h(%"5CT$  !"#$ tq^ N1="� s*<$"A 'B%%"CB*( *A YB*("\   MXK*A.       &9'X:"A ]X<'H  !"X#$ 

      c57( )&*( 9& 0)&*( *A 4V1g*7h(%"5CT$ >$M1( 4( F       & r$': U*_#$"< % &'K       >$M1( "p$ )M773 G116H 4CB"5CT$

    N<$ )&*(  %9 @A 4V1g*7h(%"5CT$ .             ).XB% NX1e-$  $9$& )&*X( *XA 'B%%"CB*X( &9':"A }BI1= 0GB$"A*7A    9&  $

N<$ &$'(  9%L"= . 

        4(  %"1/ }15/$ G1#$'x D$ G17de- 'B%%"CB*(    4( % M73        73 9'2? )&*( �'# @A @5VA M#$'H7M      *XB % &'K tq^ 0

  fC67(&&"\) FCK3 .(      9& *S#%"5CT$ 0 &*- &$'( 9&(&*)             @X#$&$DL Z9'X8 @XA 4XCB"5CT$ >$M1( @A Y73$% 9& 

4( N3"b  Z$IE= GB$"A*7A M773 �$'($4( t*HD*A $9 'B%%"CB*( M773. 

  
$%& 3- !+))#,+&$ #;9#; *< <9!$ *&7=*]2[.  

   1/ >*B"^ @#$&$DL Z9'8 @A *S#%"5CT$ 0�B*? &$'( 9&4e# $M   4X2mx %& �*X^'?$ *B % &M_( `BD'H 4T% 0M773    *X-

    4( )MK *cT$ *B 4e�$&   ("\ M#$'H &*_B$  * MK )   &"2A v*A $9  .    &  *SC1($"< >'de-  &$'(    }B"5CT$)   *XScB*?

   F�( 4CB"5CT$Al2O3   % MgO   % SiO2 (       M75V- Q*WK ]1j(  *(& 9& 'B%%"CB*( @A N2V# .      *X(& YB$IX=$ *XA

( tu*^ &$'( GB$4( U"\ % )MK 'B%%"CB* M#'K .    FX�(  "X+B& &$'X((CuO, MnO2, Co2O3, SiC)  tu*X^ 

    4( �*H$  *(& 9& 'B%%"CB*(  MK*A .4(                &$& YB$I=$ $9 *S#L tq^ >$I1( Q*WK &$'( @A tu*^ &$'( >&%I=$ *A >$'H

 FCK 9& @33 N<$ )MK )&$& >*,# ]2 [.  
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2-4 -1- ;? B.'@ C(*9%:.    +D  

      !"#$ ;*e?$ *A �B*? &$'(    4( v*A f#*3"= 4V1g*7h(%"5CT$       M#'XK U"\ M7#$'H .        FBMX2H GXB$ 4XCBI1= FX8$

              4( )MK U"\ )&*( 9& *-9*A >'1<$IB9n/ &*_B$ @A 4CB"5CT$ >$M1( N1EA*x "A 4C5( Z9$"b  MK*A .   >*X1( &9':"A

    u'W# @E1<'A )&*( 4V1g*7h(%"5CT$  *S^'(    &  "Bq/      Z9'8 @A }B"5CT$    !  "#    $%&' . (&)*     &+,-.+/0 

   !  123456!7-.+/0 8%!      $%' 49:4; <4,-) =>4; ?@0%A .        ! B?' CD.! 49:4; E#-F =>4; G25H"9 4I@J  ?@%' .

                         K&,-LA M@4&#-N 4&; OPA-&!  &A:0-F C,?&PA 7 QR&SRA $:%&! O2&L! :$  1&23456!7-.+/0 TU-&@0 B-2VW

     <%2X0(,:YZ B?,?Z  [\0 ]P5) 7$  123456!7-.+/0               O2&L! 7 M234&56!7-.+/0 8%&! <4&2! $:%&V-; ^0  &'4@ 

T$    !  +,-.+/0  ?'4; .                   W%&_@ T0-&; O[.&`! a%&!-N 4&; B$4&! 4; %,77-+,4! 8%! $%V -;  [\0 ]P5) 7$    T-,b&Z

T$ $%'  ! <42; -,^ ]c;0: OX%A K,-.+/0:  

128.86 10o

f

m
 !" #

$ %& '
( )

  

o r o rj j       * ** * **$ ! $ !                        (1) 

  ]#o  W%_@    T$ T-,bZ     *YV  +,-.+/0 *   7  **          W%&_@  &d2dF -&2e 7  &d2dF f`;     $ T-,b&ZT   K&,-.+/0 

 g O[.`!r *   7 r **        d2dF -2e 7  d2dF T4IR`; W%_@    T$  P1@ T-,bZ      &! O[.`! K,-.+/0   ?5&'4; .WV  B-&2

 EX0  d2dF -2e f`; 4; hX45.!  A:0-F C,?PA 7  d2dF f`; ][2X%; M23456!7-.+/0 TU-@0]1g4 [.  

T$ i0%V <42; T0-; -j,$ k%X-! l:4P>  EX0  NYA0 E@0m@4A K,-.+/0]2 [.  

2
g

o

t
f

 +
,

 -   

**
$ $

* *
                           (2) 

 ]#+ 7 4I@4,-)  n4o;4) 7 E,0?9 =>4; ]# C# -p%! E,0?9 f ! M@4#-N  ?5'4;.  

       T$ E2X41F ]; ]# $:0$ $%)7 i0%V T$0?SA       ! B$0$ EP1@ B$4! K,-.+/0  $%' .      fP&cq C!4&' i0%V G,0

     fPcq g "A0 fPcq g @7-.+/0)EI)  T-2r ( Pcq7$     Pcq T4I!(2@4+! 7 49  -j@07 a%1#4! f2
  !    ?5&'4; . :$

M@4#-N      Pcq7$ fPcq %,77-+,4! T49              /%+/%! s%cX :$ TU-@0 a4d.@0 T0-; k(2@4+! G,-."I! <0%5> ]; 49

 $%'  ! ].N-r -t@ :$] 4 [.  

 uoF ?F07 :$ B?' vb) <0%A
2

W
P

m

" #
& '
( )

 ! ]PX4L! -,^ ]c;0: ^0 f,4!-r T0-;  $%':  

(3)
2 2

2 tanoP E f r E+ -   ,*$ $                   (3) 

  ]#
v
E

m

" #
& '
( )

    EX0  [V0$ <0?2! :0?d!  .  ]/$4S!3   ! <4R@                4&;  &cV l:%&\ ]&; B?&' vb&) <0%&A ]&# ?&9$

  gM@4#-Ntan,       ! -226A  +,-.+/0 <0?2! Q;-! 7   ?5# .           &V0%5+, u&oF k4&"A :$ <0%A ]# EX0 B?' w-N E

EX0 B?!J EX?; (2@  A:0-F a$4SA 7 ?'4; . B7Y> ];tan , ,e f,  *  7 E].1;07 -j,?+, ];   ?&@0.7  G2&5H"9 

E ! ]t_L! E2N-x 7  F0-3 7 %,77-+,4! ]t_L! <7:$ B$4! CL! 7 ]X?59 gB^0?@0 ]; ].1;07  ?'4;.  

          W%_@ 7 :4R.@0 4; g +,-.+/0 <0?2! ]# 4o@J ^0  ,77-+,4! %        ! y2SzA vW4) B$4! :$ 49       h&X45! -.!0:4Z g$%'D 

    ! W%_@ {"> ]#                  0-&; T:4&2S! <0%5> ]; ]# EX0 ]2/70 :0?d! yD@ <0(2! ]; <0%A f94# :$ ?'4;T   ]1&,4d! 

$7:  ! :4# ]; y[.`! $0%! 4; %,77-+,4! f5+"9-; l?':  

1/ 2

3

8.686 tan

o

o

D
r

.

 
- ,

 

$
" #*
& '
( )

 

                                                     
1- Maxwell Wanger
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 ]#o.! a%3  ! ]2/70 8%  ?'4;]2 [.  

  
 !" 4-  !"#$%& '( )*+& ,-#./0 123&, 456 7!/8&-+ 9  :(/; <=> '&"3 -!99"$!/;]1 [.  

            ! f94# |cX ^0  +,-.+/0 <0?2! ]@%j} ]+5,0 G.1@0$ 7 W%_@ {">       u2`~ $0%! T:7J-N T0-; �4\%DV ?;4,  

 ! uI! ?'4; .4; B$4! E!4`~ ^0 -."#  [2V %,77-+,4! W%_@ {"> -r0k-r B$4! |cX OdN ?'  !  ]2d; 7 $%'

      ?90%V k-r E,0?9 OX%A B$4! ?' .     u&# E&2N-x 7 �4&; E,0?&9 4; $0%!)  l0(&[N C&�! (T0:0$    �Y&A0 :%.#4&N

T$    ?5.19 �4; K,-.+/0 .     T$ �YA0 :%.#4N <?' $4,^ 4;       -_\ ]; �4P,-dA W%_@ {"> gK,-.+/0  !   ?&X: .    4&; $0%&!

    ! %,77-+,4! B?5;4A^4; i0%V G,0   ?5'4; .          ?5.1&9  n�4; W%_@ {"> T0:0$ u# �YA0 :%.#4N 4; $0%! .   ]&o2.@ :$

        ! vb) $0%! G,0 :$  "#  [2V TU-@0           ?5.19 �4_' %,77-+,4! TU-@0 -;0-; :$ $0%! G,0 7 $%' .    G&,0 -34&`;

      0:0$ $0%! :$ %,77-+,4! TU-@0 a4d.@0 g:4.N:T   T$ �YA0 :%.#4N          O&X%.! E,0?&9 �$7?&L! :$ K,-.+/0   -A-p%&! 

 !  ?'4;) .C+'4 .(            �4&; E,0?&9 4&; $0%&! :$ g-p%&! :%&3 ]&;  4!-r a4d.@0 k%X-! f,4!-r :$ gC;4d.! :%3 ];

$%'  ! B?94R!.  

   T$ i0%V          Pcq 7$  ,4o;4) ]; ].1;07  +,-.+/0                T0-&; 7 M@4&#-N g4!$ Q;4A  G,0-;45; 7 EX0 :4.V4X :$ 49

     ! f5#07 ]):$ g R5#07 T4I".12X  ?'4; . -&;       T4&!$ :$ ga4&�! T0   O2&L!       :%.#4&N T0:0$ u21&2[2X ?&2;:4#

�YA01,71    M@4#-N :$ GHZ 45/2 EX0  .     T4!$ :$ �YA0 :%.#4NC�695   M@4#-N G2"9 T0-; 27,99  !    ?'4;

]1 [.:7-! ^0 MZT49$-;:4# ]; f`; G,0 :$ %,77-+,4! a%\0 -; B4A%# T     $0%&! :$ i%D&V ]&; g%,77-+,4&! 

+2!0-X u,^0$-Z  ! .  

3 - #$%&'(()!'$* +$,-).  

                 ]&9$ C&,070 ]&; %,77-+,4&! 4&; $0%! T:7J-N :$ T:4oA T49$-;:4# G2/701960         ES5&\ :$ $-;:4&# $:%&! :$ 

].`,:        EX0 B?' �:0(r {2q$ T-r ].`,: 7 T-r.             -&V070 :$ -.52&X 7 <$-&# v7W C�! �4; T4!$ T49$-;:4#

 ]9$1960 C,70 7 1970?' ^4eJ  ]2 [ . &! T49$-;:4# G,-."I! ^0      :$ (&2@  .S5&\ l:%&\ ]&; ]&# %,77-+,4

B?!J                     7  @?&S! $0%&! aYL@0 l42["> g ;4e7$ T-r ].`,: ?5,0-N Q,-1Ag -.52X g <$-# KRV ]; <0%A  ! ?@0

      $-# B:4'0 $0%! (.5X G25H"9 7 4I+2!0-X .            �:0(&r ES5&\ :$ %,77-+,4&! T49$-;:4# ^0 T$?S.! T49 ]@%"@

 a7?) :$ ]# B?'1EX0 B?' ]\YV .  
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/(01 1- ?@=A ,( -!99"$!/; B& 7!/C"3,/. ]5 [.  

  ! "#$%&'! ($)!*+

,)--./)$+  

 "0112 3456 72.8

9,:;+  

 "#$%&'!  !"#$

%&'() *+ ,-##.  
-#!/01  

 !"# $%&'()*+%(,  Cober 
Electronics,Inc.  

-'./0 12&,34 &5637,8 19:  

 ;<,  !"# $%&'()*+%(,

=39> ?&5@<A'  
CME Corp.   %&3!3B C3D&EF  

 G33@/ HIJE0 K 1L.MN

O3,0  

P&'Q NR  %.S TU(V  EA Technologies   E&!72&,  
 19: K PR(W XY2

 63'0(, Z8F O3[,  

T\%C] $]&W*120.\6% $%&'()  NIRIN/Astex,Inc./ 
Wavemat,Inc.  

 &L Z&@<^ 12&,

G3B&'  

 TL N&9L Q&U Q0 _.,N

`&!D0 .%KK(6%&' X!W  

 K &!,I: HIJE0 ?8&L 1a(,

8 ?8&L b.c2 E&YE T%  
NIRIN/Astex,Inc./ 

Wavemat,Inc. 
X3EK(76D0  

 TL N&9L Q&U Q0 _.,N

`&!D0 .%KK(6%&' X!W  

 K &!,I: HIJE0 ?8&L 1a(,

 E&YE T%8 ?8&L b.c2  
Astex.Inc.  ?R&] T!3E  PR(W d0  

  L&97E0 $%&'()*120.\6%

+%(,K  
Lambda 

Technologies,Inc.  
X3EK(76D0  

 NR efg 19:

&' ?h.D.\6/ J<, 1E  

 13[3W* T\%C] NR  %.S TU(V

*8&L  
Cyclean,Inc.  &] i0N R0QF ?N0R TjE  1D&[,F 1U&%Q&L  

                     G3kL l.k,(' ?&k] iN.W &L Tf%&A' NR TW OB&L  ' ?h(E0 NR  %.S TU(V .%KK(6%&' 1%C' G%(7!5'10   &k/ 

90 %R.B  ' R&"%0  %.S TU(V ?h(E0 m(n' NR .  

      1U(Y3: 1,0 (Wo TL lQ8 1%&5E NR             R&k"%0 lCc7fk' 1@\kV NR .%KK(6%&k' (7Yk3L POB  7@\V T\3'Q NR &] 

             Z0Ck35"/ iOk\\W O3D./ K H.nJ' iO\\W O3D./ G3L ?.^  M&-/N0)         Xk3E&6' K p(kL G3k,O\5' * .%KK(6%&k' (

 ' OB&L .                  (7Y3L POB  7@\V NR 0N i0N *qc79' R0.' &L .%KK(6%&' RN.2 (L T\3'Q NR ?0 T%&: Z&A3AJ/ G3\r!]

(6%&'RQ&,  ' (/N0.!]  63'0(, ?&] O\%0(U NR .%KK.  

NR P&%&:                  iOk%O: TkW  k^0(7#0 C7\, is%K TL R0.' C7\, NR .%KK(6%&' R(LN&W TL $9L G%0  ?0       NR Ok%OS N&3fkL 

 T\3'Q=%Q0R(:  ' OB&L  ' ?(7'.E&E R0.' O3D./.  

           6%&' X!W TL H&'(/KNO3] C7\, TL P0./  ' .%KK(6%&' ?&]R(LN&W G%(7!5' Q0     ?&]NR.: O3D./ 15S TW .%KK(

R(W iN&B0 RKN  ' N&W TL P.)&E.) ?(7'.E&E.Komarneni  $E0N&6!]K ]7[O\7fE0./ TW OER.L  ]K() G3DK0  

?(7'.E&E ?&]NR.: Q0  @3,K iRKOJ' .%KK(6%&' X!W TL H&'(/KNO3] C7\, t3[c/ &L  C7\, 0N ?CcUK  63'0(,

O\%&!E . 0N (%Q u(B TL  %&%0C'  &5EFOER(W vN0C) :  

1 (        wa&L Z&3c!a ?&'R &/ $%&'() +%(, 1a(,     m(n' NR  %.S TU(V      R.kB  ' ?h(E0K P&'Q2 (  $%0CkU0

      ?N0OA' TSNR Q0 $\W0K X37\3,1   TL 2                  R.kB  k' ?h(kE0 K P&k'Q i(k32o TL ("\' =] Q&L TW* 3 (  436Yk/

 _.c<' ?&]Q&U.  

Bondioli P0N&6!]K ]8[P.g  %&](7'0N&: pH 1xcy H.cJ'      ?NR.k: b0.k2 (kL $\W0K P&'Q K &'R *&5E.% 

                        &kL H&'(/KNOk3] C7\k, NR 0N P.3k, 0('.kc)F P0C3' K Z0No iQ0OE0 +%Q./ *&] zN.cL iQ0OE0 *m('  c: {.E P.g

     OER0R N0(^  ,N(L RN.' &3E.W(%Q .%KK(6%&' .    &k] zN.kcL iQ0OE0?              vKN Gk%0 &kL iOk'F 1k,OL &k3E.W(%Q NR.k: 

nm 20-10  1,0 iOB vN0C) 

3-1-  !""#$!%& '() *+ ,-.#/0. 1/23  

 &L/0(L .%KK(6%&' ?h(E0 R(LN&W *.%KK(6%&' &L $%&'() ?&%0C' TL TS.?       p0(k7#0 |k,./  kDF (k3y R0.k' C7\,
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         O\W  ' R&5\Y3: l.,(' p0(7#0 ?&5Y\W0K TL 1-fE 0N  %&%0C' .           ?h(kE0 Q0  kA3[c/ R(LN&kW ?ROk@7' Z8&kA'

 O\%0(U i0(!] TL .%KK(6%&'SHS?0(L  OE0 iR(W vN0C) 0N  63'0(, R0.' C7\, ]9*10[.  

               ' O%OS N&3fL  63'0(, ?&]NR.: C7\, ?0(L H.cJ'  ^0(7#0 $\W0K i0(!] TL .%KK(6%&' ?h(E0 R(LN&W  OB&L

       1,0 R.S.' T\3'Q G%0 NR  WOE0 Z8&A' K .       H&, NR O\%F(U G%0 vN0C) G3DK01998   |,./ Park  $E0N&6!]K 

1,0 iOB T%0N0]11[.  

Kiminami   $E0N&6!]K ]12[             Ok\720R(: .%KK(6%&' X!W TL &\3'.DF &[DF  ^0(7#0 C7\, TL ?(/ 4'&W N.M TL  * .

                        K (k/C%N .%KK(6%&k' &kL  k^0(7#0 C7\k, Q0 iO'F 1,R TL NR.: TW 1,0 G%0 (jE&3L iK()KR G%0 Z&A3AJ/ }%&7E

H&@U                '() Q0 iR&[7k,0 &kL PF p0(k7#0 O\%0(U TW ?NR.: TL 1-fE 1,0 (/         1k,0 iOkB l&k"E0 l.k,(' ?&5Yk%& .

   &\3'.DFNR.: is%K ;<, G3\r!]?          vKN Gk%0 Q0 iOk'F 1,R TL m
2
/g 5/25      TkW 1k,0       vKN  &kL Tfk%&A' NR

    iN.W NR TL&Y'm
2
/g  13      1,0 iOB (L0(L KR ~&-%(A/ *  .    NR p0(7#0 O\%0(U        1k20.\6% �K(k2 TL ("\' .%KK(6%&' 

       R.B  ' ZN0(# +%(, POB iO\W0(: K Q&) . G%0('0      (k/ 4kc97'  /8.nkJ' K (k/ =3"#  '.U 436Y/ wa&L

     R.B  ' l.,(' ?&5BKN TL 1-fE .         Q0 0N $\W0K P&'Q .%KK(6%&' +%(, $%&'() G3\r!]5     Q0 (7!W TL TA3^R 

2O]R  ' $]&W TA3^R .  

 Manoharan  P0N&6!]K]13[             k!] TL qc79'  /0(73E ?&5M.c9' Q0 iR&[7,0 &L 0N .%KK(6%&' p0(7#0 O\%0(U  i0(

O3'F/       OkE0 iR(W vN0C) 12., P0.\a TL O%Q0NO3] .     P.kg ?R0.k'Fe2O3  *Fe3O4* MgCr2O4* CaCr2O4* 

La0.7Ba0.3MnO3 TL          OE0 iOB C7\, vKN G%0 X!W TL ?C3'F 13AU.' N.M  .     1k,0 iOB �9Y' G3\r!]

OB&L  ' ZK&[7' p0(7#0 N&7UN e3W(/ {.E TL TS./ &L TW.  

   H&7f%(W.E&E NR.:ZnWO4   0 &L *             12., P0.\a TL X%(73, O3,0 K �.L(' ?&5E.3/&W  /0(73E �.c9' Q0 iR&[7,

     1,0 iOB C7\, .%KK(6%&' X!W TL .       &k] zN.kcL |,.7' iQ0OE025-18 nm      1k,0 iOkB vN0Ck)  .  G3k\r!]

                   i&/.W P&'Q  P.g  %&53)s%K l.,(' ?&5BKN &L Tf%&A' NR .%KK(6%&' &L  ^0(7#0 C7\, Q0 4V&# NR.:  ?&%0C'

$\W0K Z0No iQ0OE0*  =W OB&L  ' 8&L b.c2K X%N&L Z0No iQ0OE0 +%Q./ *]14[.  

~0(320Fu         &k%(7%0 &kL iOkB �KR &%(k, P.kg ?R0.k' OEOkB tU.' P0N&6!]K ]15[ *Y3Al5O12)YAG(] 16[K  

   =373D ?&57%(U]17[  *LiMn2-xCrxO4 ]18[                 Tk35/ .%KK(6%&k' Xk!W &kL  ^0(7#0C7\k, Ok\%0(U Q0 iR&[7,0 &L 0N 

&!EO\% .       ^0(7#0 C7\, *H&�' P0.\a TLLiMn2-XCrxO4              Tk3DK0 1k3U(� G3k\r!] K 8&kL 1a(k, .%KK(6%&' &L

(75L ?R(6c!a 463, K T3c9/        .%KK(6%&k' &kL  k^0(7#0 C7\k, ?&k57%C' Q0 Ok'&S 1D&# vKN &L Tf%&A' NR *

 ' O\B&L.  

3-2-  456 7%89. :%;<%)  

    &]N&W (L ?NK(' Q0 �:?       C7\, T\3'Q NR iOB l&"E0         &k]N&W TkVI2 ZN.V TL .%KK(6%&' &L  ^0(7#0?   l&k"E0 

         =3\W  ' P&3L 0N b.n2 G%0 NR iOB .   &3E.W(%Q N.cL .E&E NR.:?     &L iOB N0O%&: 8 %      iR&[7k,0 RN.k' &%(7%0  D.'

              NR.: b0.2K C7\, vKN G%0 X!W TL ?C3'F 13AU.' ZN.V TL  72., 43: 13DK(76D0 NR?     iOkB T\35L PF 

1,0 .  &"E0 P&'Q ZO'       Q0 (7!W .%KK(6%&' NR $\W0K l20 T3E&�            C7\k, (j%R ?&5BKN &L Tf%&A' NR TW OB&L  '

    &k] $%&'() &L  ^0(7#0        1k,0 (7]&k/.W N&3fkL l.k,(' ? .             N(kB Tk<L0N Xk!W TkL &k] zN.kcL iQ0OkE0]19[ : 

 

!

cos

9/0

B
t "O'F 1,OL . 

    T<L0N G%0 NRB         f# (L PF {&[/N0 T!3E NR X3: G%(/O\cL ?&\5:    *P&%R0N e!         �k6%0 .k/(: v0(k: �.' H.M 

  ef#(L(7'.E&E  *t   TE0R |,.7' (<^         K (7'.E&E ef# (L &]               P&k%R0N efk# (kL Xk3: G%(/Ok\cL p(k[/ T%K0Q 

 '  *OB&L G3L7- 9  nm     OkB ?(k3) iQ0OkE0 Tk7UN N&W TL 12., P0C3' TL T7fL.   (%K&nk/SEM   N.�k# Ck3E 

  Ok%&!E  k' O3%&/ 0N 1,0 p0(7#0 O\%0(U Z&3V.n2 Q0 TW &]NR.: P.3,0('.c)F K  PR.L  '.UK 49c9/ ]21[. 
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iOB ?(3) iQ0OE0 is%K ;<, T\3Y3L G3\r!]m
2
/g  26    NR Tk7UN N&kW TkL 12., P0C3' TL T7fL TWOB&L  ' 

O\W  ' (33�/ p0(7#0 O\%0(U  .  

  

  
=$6 5-   !"#$SEM %&'(") !* +,"-  &. /01 +20!&-8 %&! 3!2 45"6 7. /01 7'8$  &. 492 3:2 ;3<= >?+

"!?? @!&6 ]20[  

                      Tk%0N0 iOk\%F NR (/ 4'&W ZN.V TL PF }%&7E TW*OB&L  ' 43!6/ H&# NR P.\W0 =] t3AJ/ G%0 4'&W vN0C)

 R.B  ' .         463E 1'(, C7\, ?0(L ?(j%R ihK(: t3AJ/ G%0 (L iKIa-   &3E.W(%Q –      &[7k,0 &kL &k%(7%0     Gk%0 Q0 iR

OB&L  ' 0(S0 H&# NR P.\W0 =] vKN.  

       8&L 1a(, P0./  ' P&%&: NR*          &5BKN (j%R &L Tf%&A' NR vKN  )R&, K =W T\%C] ?       Q0 0N N.cL .E&E NR.: C7\, 

&%0C'?1fE0R vKN G%0 .  
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