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 !"#$ % &'( )*+,-.-/ 0+,#. 1-2 3 ! 45 1! 46  

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

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

Hoseyn-esmaily@yahoo.com 

01"23:            0*1 )&*(2 % 345'6  *- 7%8 95*:( ;<$ 8&=>45*6*?1    *-    0%@AB$       0$ )&*CDA1$ *AE %8&'AF

        =1$ 9DG"B 8$"H I18"E &8'( "4F$ JK*:( . ;<$ 345'6 =>45*6*?              L%@AG$ 0%8 8*,AG 9AE 9AM'6 *AE *A-

                  L*NM  *- 8',? 8& IDO  0*1 %8&'F  *- =?"P 9E *- =5%& @4# % IQ4R( =><0  *- L*(0*1

1     =1$ 8$&8'F"E  &*<0 =4S-$ 0$ T' .            U'# 0$ )&*CD1$ VIW4($"1 %  @XG =>45*6*? U'# %& "- L*4( 0$

             $ )3AY<$@G 8'AZ 9E  0*1 %8&'F [<*Y\ 8& IW4($"1              &%8% ]A45& 9AE ;A<$ % =A1$ 9ADG*< ^<$@AG$

 91  *- =>45*6*?)8*? )TWC( 23P*E I( =_Y\ ;<$ 9E =1$ IW4($"1 U'# 0$ 9?  . ]45& ;4S- 9E

&'P I(  "D,4E 34?*6 =>45*6*? U'# ;<$ "E 95*:( ;<$ 8&. 

,4 5!67"18 :%8&'F V=>45*6*?.  

1- 9:1;:  

 W4($"1 %  @XG U'# %& 9E *- =>45*6*?  3YE `4>:6  =A1*N#2 8& )&*CDA1$ &8'( 9<*/ U'# 8& J%*C6 "Z*F 9E I .

      &K'AG 0$  !*A452 V @AXG U'# 8& 9<*/ ;<$ &'P I( 9DG"B aS? ID<"<&8'? 9<*/ 0$ IW4($"1 U'# 8& 9W45*O 8&

 3P*E I( .     345'6 Ib<8*6 "c# 0$               U'A# 3A45'6 8& "D,4E  *- IB34d4/ &'M% *E IW4($"1 %  @XG  *- =>45*6*?

 - VIW4($"1      =1$ )3P 0*e2 L*(0 `  I5%               &"E8*A? L'<3A( 3A<*E $8 IW4($"A1 U'A#  $"E *f*:6 ^<$@G$   8*Ag6

=>45*6*?    91  *-   )8*?       9-& 8& ;/$! % *W<"(2 8&1970 =>#$& . 8&      IA-& ]WP  IDYA1        *A-  8'Ah#0 9A#K

W4($"1VI         "<i/ j*Q_#$ 9<*/ a<  %8 k>l a< *E )3P 8&'/ IW4($"1 &$'( )IW4($"1 *(%@5 9# ( A18 )&$& m'

   3#'P I( )3#*h>l %.   no1       % )&$& ]WP $8 J*RC\        3AYDb/ I( % )&"? a,F $8 ]\*O 9#3E.      9AE 7%8 ;A<$ 

   7%8 T*#» L&$& ;4l3
«       ]WP 8& 9? =1$ j%"_(1       &'AP I( )3-*,( L2 IX? 3#%8 .        *A- `D>A41 )0%"A($ 

ID>45*6*?      *-8'D?28 0$ *N#2 8& 9? 4
   8'h#0 9#K 

5
       D>B 8'Z 9E &'P I(  )&*CD1$      &"E8*? pXDb( [<*Y\ 8& )&"

  =1$ )&"? $34/.    *- =F'1 j"q( 8&  >G 4XI # 4     5'6 % *-0*B L3P 0'1 ` A4         5'6 )$"AS- 9AE 3A(*M ;E"A? 3 A4 3

*-0*B   S1  I   L'l CO   % NOx   0 "c# 0$ < R( =>4QI*1 ]W,( 0=1$  .$"E $ [G8 <  =A1*- r*1 ]W,( ;

  5*6*? 0$ 9?4    ( 9DG"B aS? *- =>I &'P .    ;<$ =<@(=>45*6*?   *-    3<*E $8         =s"A1 )$"AS- 9E `? 8*,G =G$ 8&

    *N#2 8& r*41 L*<"M &*<0 =>#$& . 5*6*? 4    $ )&*( [H$% 8& =>    $ 9? =1$ <   *-0*B ; %8     A( miAM L2 I    % 3#'AP 

        *- ^Y?$% L3P ](*? % `- *E L*P&8'F"E r*SDO$   "c# &8'( )   ^<*>A?$C   % CO     ^-*A? % NOx(  E  A4 "D,

(I &'P  . $"E *($  $@G$ <  5*6*? L*(3#$8 ^4> # =4   % tQ1 9E 0*< 0 ).<  &*L2   $"E 9? =1$    8'cY(  ;<$     0$ <   0*AG a

   % tQ1 *E ]bXbD(< 0 ).<   ( 9DG"B aS? &*I &'P  . G"Z 0$I $ <      #*AW( T*WRDA1$ ]bXbD( 0*G ;4WI  AS? I  &8$& 

 $"E 9?   $ [G8 <    0$ ]W,( ;< */ a<    i/ u'P % `WRD>( 9<   ( 9DG"B aS? "I &'P  .     5*6*? &$'A( 9AXSM 0$ A4 =>

(I   6v/ 9E L$'6 4 &K*/ V;<  &$8 % `<  &"? )8*P$ ` .  ( ]bXbD( 0*GI   ('52 *(*B 3#$'6 4 3P*E *Y .*/<  *A- 9  5*6*?  A4 =>

   &8'? 0$ 3Y68*hs 8'N,(<"<  */ % =<9 *-  @XG   .$"E  B&*1 I    $ 9As'Sg( 9E  A<     5*6*? V9A_QH 9A1 ; A4   9ADCB =>

                                                     
1 6 *E 9SX? 3#'P I( ^Y?$% T*g#$ 8& [<">6 ws*E x:G % )&"W# =?"P ^Y?$% 8& 9? 3YD>-  $ 9#'B 9E 9? =>45*6*? &$'( &"?8*? 9E 9M'

»^Y?$% 0*1 «&'P I( &*NY,4/ 9SX? ;<$ I18*G r&*_( L$'Ys 9E.  
2
 three-way catalyst 

3
 corrugation 

4 T*g#$ ]R( IY_( 9E 8'D?$8 9SX? IY_( 9E 9M'6 *E r&*_( V^Y?$% »^Y?$%)*B «&'P I( &*NY,4/ 9SX? ;<$ I18*G r&*_( L$'Ys 9E  
5
 honeycomb 
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(I &'P .$ 8&<*- 7%8 95*:( ; 5'6 45*6*? 34Y_( 9E =>I18"E &8'( L2 "F2 I( 8$"H I B4&".  

  
 !" 1-  !"! #$% &" '!()*+" (, -.$/"0+ 1%2(3.4 5$678 2"!79: ]1[.  

2- <("7!=!4 1"7&= >?%+2":$@/ 8!A   

     r%3M 9E 9M'6 *E1                  =>A45*6*? y@AM 9A1 9AWY<$ 9E 9D>E IW4($"1  *- =>45*6*?  &%"D>?$ 345'6 7%8 8& 

              l `- 9E =h># V&*<0 ).<% tQ1 *E 0*G % 9<*/ V=>45*6*? )&*( IY_< IW4($"1       *A< 3YP*E z'Xb( v{( 3YP*E 9#'+

               =A1$ J%*CD( *N#2 345'6  *- 7%8 % =>45*6*? U'# V )"4e % ^P'/ J8'\ 9E .          U'A# 8*ANl |*A1$ ;A<$ "AE

    J8'\ 9E =>45*6*?I (       &*<0 ).<% tQ1 *E ]bXbD( 0*G  %8 ^P'/         U'# V 9<*/  %8 )3P )3#*P'/ %II ( z'Xb(

        % &*<0 ).<% tQ1 *E ]bXbD( 0*G % =>45*6*?        U'# V%& L2 *E 9<*/ L3#*P'/ III (         U'A# % y@AM 91 "- z'Xb(IV (
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  9l8*oW<  %8 ^P'/6
    &*<0 ).<% tQ1 *E      &"E T*# L$'6 I( $8 .     )8*? 91  *- =>45*6*?)TWC (  U'A# 0$»I «  *A<

»II «3YD>- .                      IXA\$ 9AXO"( %& ](*AP 3A45'6 ]AO$"( 9? =G*<8& L$'6 I( )3P 9}$8$  3YE `4>:6 9E 9M'6 *E

  / I-& ]WP9<*)   &%"D>?$ 7%8 9E (     3P*E I( I-& ^P'/ no1 % .             U'A# % &$3A_6 =>A45*6*? U'A# 9AE 9D>AE

   &'E 3-$'F J%*CD( ^P'/ .   U'# v{(IV             U'A# 9AW45*O 8& =>A4# ^AP'/ 9XO"(  $8$& »I «    9AXO"( %&  $8$&

  =1$ I-& ^P'/ .                      A1 % 9ADG"B 8$"AH 8$"AH wARE &8'A( 9<*/ U$'#$ % 9<*/ L&$& ]WP 7%8 $3DE$ 9($&$ 8& no

7%8 &&"B I( ~"Q( L&$& ^P'/  *-.  

#$%& 1-  5$678 2"!79:;(< =>$6(8(?@A*B/ -.$/"0+ . 

  

2-1-  B$B C2D >?%  

»%"D>?$ L&"? &«               =>A#$&  0%"($  *-  8'h#0 9#K 345'6 7%8 ;<"6 )&"D>B "�*O r*O 8& 3<*E $8  .  IAO$"Z

k5*H   &%"D>?$ )]WP2(              % I<*4S4AP kA4?"6 @4# %  8*DF*1 ;4Yl ;<$ 345'6  $"E  'AF  L*A<"M �$   IE*A<   ]AB 

L*>('(      3<*E $8 0*4# &8'(   0$    =>#$& 7%8 ;<$ I1*1$ J*W#.                8& )3AP 9ADCB =>A45*6*? U$'A#$ 0$ aA< "A- 8& 

   L*<"M �$'F ]hH =S>H IE*<                  9A<*/ U'# 91 345'6 9E "gY( 9? )&'E J%*CD( `- *E  &*<0 3O *6 ]B k4?"6 % 

)9l8*oW< (I( 9DF$&"/ L2 I18"E 9E 9($&$ 8& 9? &'P I(&'P .  

  
 !" 2- #408 -4(C:  5$678 ;"0, '5D E(F:" G6(H -I"0J =>$6(8(?-.$/"0+ ;(< ]10[. 

                                                     
6
 monolith 
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2-1-1- 93%!E2FG4 0HF? IJ/ !K 8!A )  L&# 8!A <("7!=!4 <MNI ? II O?1N 1(  

    !"# !$%&'#()*+!#!,        -./)0 123 4%5 65 72.,5 80 9:;2< =!0 .               (<!>? :; &>@3 ;:2>A B>%!C &>D%; E>.FA BG 

     H:!, B? =!0 ()*+!#!,     ;2I EA B/<!? J%&K 4%5 65.      4%5 65 B, EL52< BM:!NO%    E>A :!@/35 !0     ->.#:!$P ;9: 

65:  

-8, :!*)G E#:5&Q R!)$35 S%&T )16105   
! K (U2< E#:5&Q V2I BG (A9!'A BW*/3 :; 9.  

-!A; 7X :; S?!.A EO*3!OA Y52< 9 E#:5&Q =:5-%!C 4/I5; 9 Z!G U9[ =!A; .  

-EDA&'M 4/I5; -FG \Q5&A =5&G \]^]# _*3 9 S?!.A .  

                         ;9: E>A :!>, B>G H;&/)>` a:2>L BG H69&A5 9 -., EA 4*A!# S?!.A -Q !# 5: Z!G Y52< B, EO*A5&? H;!A 

 (?5 (%&%;:2, .H;!A              ($)>3 !G !.*A2+X 9 !O*^*? b!%_*.A 65 B, EO*A5&? =52:3:2      (>?5 H->I \*Oc>#  .  =5&>G

EA \"P a:2L 9; BG 7X =6!? H;!AX 2I;:  

1- E3-FA H;!A d% 752.P BG (%&%;:2, :;2C 65 H;!e/?5:&@3 ;:2A :;2C b 6!>? H&A2^`5 \A!P 9 UX !G  )  -*)>,5

    b_,2^` b4^*#5 E^C ( ...  R2^]AbH-I    ;9&/),5 fN?    ;2>I E>A    =!>A; :; 9  1300    !># ºC1400  &>G 5  =3  !>#  4 

   ;2I EA B/]C (P!?.         G g^/]A \A52P &*h!# ;:2A :; H-I  !W35 a!'*'i#         E%!>j3 k2liA _*3 9 \` Y52< &

   -I!G EA ;!%6 :!*)G . k!mA =5&G           ->352# EA B/?!c3 !% H:5 V!< b!0 a!.G&, 7;&, Bn!T5      \>]^]#9&O*A ;!>W%5

-%!"3 !%9          EO*3!OA Y52< -352# EA !*32,&%6 !% (*+2A 7;&, Bn!T5     B>M:!NO% B>Fop      ->0; q%5_>n5 5: .   \>A!P

      52< -352# EA 8*32AX a5-$*+2A H-.., dc<     -., &/jG 5: \` 7r9&/),5 Y .     52# E>A d%&/*3 -*?5 4*.s"0 >3 -

-0; q0!, 5: E#:5&Q R!)$35 S%&T 9 H;5; q%5_n5 5: Ht%9 uo?.  

2-      (%&%;:2, H-36!? H;!A q*C 65 H;!e/?5 :       E/F.L -*+2# =5&G (%&%;:2, E3-FA H;!A :5-'A  7X    ()>*3 En!,  .

       .3!A a!O*^*? !.*A2+X a!$*,&# 65 :2@.A 4%5 =5&G       ;2>I E>A H;!e/?5 !.*A2+X !% 9 d+!# :5-'A H5&"0 BG 4+2v!, -. 

 4%&# H;!?    7X 123  65     6!? H-.,5&C bd+!# b4+2v!, 7;&, R2^]A7
 ) 8%-? a!e+2?2.D*+(   6!>? H&A2^`5 b)PVA ( 9

6!)359:8
) UX (    ->%X E>A (?-G.          (>%&%;:2, =5&>G ($)>3 4%&>/jGSiO2:Al2O:MgO   b 7/13 :9/34 :4/51 

EA -I!G .!$%&'#   !$*,&#  !"# :; a   (?5 ;2w2A d+!# .             =5&>G 9 7X -*),9:-*0 65 8%_*.A 4*A!# =5&G k!Q 4%5 !G

 4*A!#Si9   Al =5&G 9 (*32C!? 9 (%_%2+!0 65 Al*0 65 -EA H;!e/?5 _*3 7X -*),9: ;2I .   7;&>, H;!>AX 65 -FG

d*/?xC \`bE0; \OI 9  :; 5: 7X 1200 !# ºC1450 =5&G 2 E+5 3B.*)^, (P!? EA  -..,.  

65 -.#:!$P ;:2A 4%5 :; 8jA =!0 B$.w:  

-     9 !>.*A2+X 9 !O*^*>? &/c*G 7;&, Bn!T5 y?2# -352# EA E#:5&Q y)$35 S%&T 8, :!*)G &%;!'A     q.>,59 !>%

-%X (?-G =2p -*?5 d% !G 7!cw5&]/?5 =-FG \Q5&A :; !0 -*),5 4%5 7;5;.  

-              >]C 9 8*>/*+ a!O*^*>? !>G B>M:!NO% 7;&, 1!$I5 !G     :; 7X 4/ºC1200    =5&>G 2         :5->'A 752># E>A (P!>? 

\]^]# ;5; q%5_n5 5: 7X =!0.  

- 7;9_n5 2-10 %-0; EA q%5_n5 5: E#:5&Q V2I BG (A9!'A \` BG &e)n -*),2/.C.  

+2#*  !0 6!n -= ; %  Q :; &D*  ;:2, _/.? 4%&% A (E -352#   G2^oA Y52<E         ->I!G B/>I5; H5&>"0 B>G 5:  . >.s"0* 4

    2# z9: 9 B35; H65-35+* ;:2, -%&% 3 (*  2P 65 _5 )G \A*  -./)0 8jA :! . 5&>G=    'i# :; k!>mA * >'E     -*)>,5 S>*,&# 

  8%_*.A)<45 79&O*A  + (4+2v!,)< 2579&O*A  + ( 8%_>*.A a!O*^*? )<45 79&>O*A  (    y>?2# H->AX (>?-G

 z9:-A!w (+!Q q.,59(?5 H;&, En&FA S*,&# 4%&/jG 5: ]12.[  

2-1-2-  !"#$%&'#&( )*&+ ,-. #/ #0 ) 1#2#3 456 789 :#0 4;<IV =+>6 1(  

  (*'n2A  BM:!NO%                     _>*3 !>0 ;&G:!, &D%; :; !j3X 65 H;!e/?5 B, -I {P!G 9:;2< |%!.L :; 8, Ht%9 uo? !G =!0

                                                     
7
 dispersant 

8
 lubricant 
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 -G!% z&/)` .                     7!>.s3X E>#:5&Q R!)>$35 S%&>T 9 E>#:5&Q =:5-%!C BG =6!*3 &D%; !W.%5 :; B, a9!e# 4%5 !G

     Z!G Ht%9 uo? BO^G ()*3 E%Z!G)gm /400200 2
  (   (?5 &# 8jA :!*)G .       4>%5 :; B, E/.? ;52A B>M:!NO% 

         3!/*# b!O*^*? b!.*A2+X -352# EA ;&*` EA :5&p H;!e/?5 ;:2A*            k!>Fn 4G&, &*<5 =!0 k!? :; E/Q !% 9 !*32,&%6 b!

->>I!G .G:!>>,&C k!>>Q 4>>%5 !>>G&4%&>># ;!>>j3X >>$*,&# a!3!/*# B>>%!C >>*(>>?5 ! . 4>>%5 (>>]C =!>>A;!>>0 ()>>*+!#!,  

ºC 500- ºC 700 (?5 .                    !>G \>]^]# q0!>, \>*+; B>G EO% E^$p H9&` BG ($)3 !A; 4%5 7;2G 4*%!C \*+;

            6!>n \%-$# 65 =&*`2^w =5&G =&D%; 9 ;:5;  !Oi/?5 &G EG2< &*h!# B/$+5 B, (?!A; q%5_n5TiO2  }!>#!3X 65 

   -I!G EA \*#9: BG.          d%;_3 \*#9: BG }!#!3X 65 B+!i/?5  !W35 =!A; ºC 600  G EA      !># k!>Q 4%5 !G -I!Cû800 

     -I!G :5-%!C -352# EA }!#!3X _*3 .         ;:5; ED/)>G =!*"*I S*,&# BG =;!%6 :!*)G ;9-Q !# !0!A; 4%5 .   6!>n \%->$#

;2I EA !*3!/*# 65 :!@/35 ;:2A Y52< q0!, {P!G H-I  !W35.  

BM:!NO%                 G :!, BG _*3 U[!w d% 752.P BG k!Fn 6!n 79-G -352# EA z9: 4%5 65 \L!Q ;9&)        :; k!>mA :2>K B>G

  a5_^n ~5&]/?5 |%!.L( .                 (*>L!< -.>I!G q.,59 d%  !W35 =5&G k!Fn 6!n ;2< B/n: :!, BG ;52A &`5 4*.s"0

/)*+!#!, -.3!A -.., EA 5-*C _*3 ETiO2 :; =:23 ()*+!#!,-*),5 -.%X&n =5&G 7-I H.  

2-1-3- ?8@AB  !"#$%& ) 789 :#0 4;<1#2#3 456III =+>6 1(  

    =5&G &D%; H5:   k!Fn 6!n 7;&, ;:59 )  qI2C _w BG(    7;&, ;:59 b  7X      (>?5 7r9&/),5 =5&G &*"< S*,&# BG . :;

            \><5; :; (<52.O% a:2L BG k!Fn 6!n _*3 9 -G!% EA q0!, =5 B@QxA \G!p :2K BG -*+2# \Q5&A z9: 4%5

BM:!NO%   ;2I EA H-.,5&C .     !0 (%_A 4%5 ;2w9 !G b       4>%5 -*+2# \OcA :!*)G k&/., B>M:!NO%  >0       ;:59 &K!>< B>G !

                 (>?5 B/<!? 9&G9: E%!0 (%;9-iA !G 5: z9: 4%5 z&/)` bd*/?xC \` S*,&# BG g^/]A a!$*,&# 7-I .

    4%5 ;&G:!, 4%&/c*G()*+!#!,                   B>G 8*3!>/*# 9 8%;!359 =!0 -*),5 65 B, (?5 V!< 9 ;&`&C =!0 8/)*? :; !0 

      ;2I EA H;!e/?5 B%!C =!0 -*),5 752.P .   :; &*<5 =!0 (n&c*C         4/)D.# =!0 -*),5 U2^oA &*h!# b z9: 4%5 

+2A 9$* 4%5 Y52< :; 7-()*+!#!,(?5 H;5; 7!c3 5: !0 .  

2-2- C0' DE8F + DE8F  

;!W%5  ()*+!#!, _^n     B%!C =9: &G   BM:!NO%) A B,E            -%X (?-G \$p (")p :; H;&G  !3 z9: B? &0 65 -352#  ( 5:

         (*e*, &G \A52P 4%&# H-.., 4**F# 9 4%&/"jA 65 -%!G ()*+!#!, E%!j3  ()35;  .     qI2C 7!)O% |%62# BG Bw2#

                 -3!>?&G \p5-Q BG 5: E.D"0!3 B, ;2I E#5-*j"# 4/n&` &@3 :; BG &W.A -352# EA k2^? :; .     :; Y2l>< B>G

                     |3!>A 9 H;2G Z!G =!0 q.# =5:5; b=6!? 1!$I5 &K!< BG \L!Q uo? B, ;!%6 k2^? E+!DM !G E%!0 BM:!NO%

    ;2I EA E.D"0 4%5 65.        =9: EcI2C 4*.M ;!W%5 =!0 z9:  B>M:!NO%        ->I!G E>A 72`!>32` :!*)>G  .   &>%6 :;

-35 H-I H;&"I&G !0 7X 65 =;5-F#:  

1- B/c�X   b=6!? 2-    9 U�w k;!$# bE32%  3-      bE3!c.G2?&"0 !% E3!c3 U2?: 4-     bE.*c>.j# E3!c.G2?:5- 

 \? z9:-bkr 6-   bU!�9; :; 7;&G9&n 7 -     b!w :; :2^$#8- CVD)  c3 U2?:       6!>n 65 E%!*"*I q.,59 !G E3!

:!]G( b9- !G E0; qI2C qI!C.  

              -I!G EA B/n: :!, BG k!Fn 6!n H;!A q*C (@^� 9 (F*$K |G!# z9: U!]/35.      B, (?5 =-.%X&n |G!# 4*.s"0

()*+!#!,       ;&*` EA :5&p H;!e/?5 ;:2A 7X :;  .        ->*+2# y%5&I 9 H;!e/?5 ;:2A z9: BG B/)G59 )     b!>A; b7!>A6pH b

 9 (@^� (...   b   ()*+!#!, _^nEA                 H:52%; :; |%62# k-A :!jM BG &W.A 9 H-I (%5-0 :52%; 79:; !% ~:!< BG -352#

   65 -.#:!$P B, ;2I :1-   b7!)O% 2-     b�&A 8]# B/?2C 3-   b�&A 8]# H-*e?  4-   �&A 8]# H;:6  .   \O>I :; B,4 

-35 H-I H;5; 7!c3.   

           b;2>w2A =!0 B*T&n J$K b=-.G 8*)'# 4%5 &G H9xP          9 \>]^]/A 6!>n 4*>G k!l>#5   ()>*+!#!, _>^n    12>3 65 

9&*3   (?5 E.+2, =!0 .    752# EA 4%5&G!.G\A52P         ;5; :5&p E?:&G ;:2A 5: k!l#5 4%5 &G &h2A  .   72M E^A52PpH b
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;:5; k!l#5 4%5 a:-p &G =;!%6 &*h!# &D%; =!0 72% ;2w9 9 6!n (@^�.  

  
 !" 3-   !"#$ %&' ()*+,-.&$&/ 012345&67! 859#!: 5: ]1[. 

2-3- 4;<1#2#3  . :#0 )"#3)TWC(  

      =!0 qI2C q]G 4%5 :;BM:!NO%      8, Ht%9 uo? !G     -3&*` EA :5&p E?:&G ;:2A.        =9: 7->I _>,&"/A \>*+; 

H9&` 4%5b%6 ;&G:!, ;!-I!G EA Eo*iA ()%6 ;:52A :; !j3X  .  

TWC               5 H-I |p59 H9&` 4%5 :; ;:5; 5: Eo*iA ()%6 =!0 ;&G:!, 8@P5 q]G B, (? .       4>%5 :!/<!>? &>@3 65

()*+!#!,               \>]^]/A 6!>n d% 7X =9: B, E/%&%;:2, EO*A5&? B%!C 65 !0 alumina "      H->I H;5; q>I2C 

      a5_^n 9 -35 H-I \*Oc#()*+!#!,            ->3&*` E>A :5&>p \>]^]/A :!*)G 6!n 4%5 =9: .        &>*<5 a!>'*'i# :; B>/$+5

(%!O?9&C 72s"0 =-%-w ;52A 65 H;!e/?59!0  )LaCoO39  (... k!Fn 6!n 752.P BG (?5 B/n!% z&/)`.  

         4%5 !G &/c*G E%!.IX =5&G 5-/G5 BA5;5 :;()*+!#!,             fN? 9 ;2I EA H;5; !j3X :!, z9: ;:2A :; E#!i*T2# !0 

;2I EA �&oA !j3X E0; qI2C -%-w z9: 9;.  

2-3-1-  "#3 G+"TWC  

   k!? :;1977   4%5 ()*+!#!,          7X 65 9 -3-I 4C5r :56!G ;:59 !0             =5 H->.%5_n :2>K BG !j3X ;&G:!, k!Q BG !# 7!A6

   BG 9:5 (?5 q%5_n ..$A=!     4%5 :!, E^L5 ()*+!#!,   !0     !j3X =:5�`  !3 \*+; 9   4*A!# =&%�C q.,59   =5&G  6Z 

    7!A6 80  !W35B?  -*),5 q.,59  7-I H CO       �!>*Q5 9 B/<2)>3 =!0 4G&,9:-*0 9 NOx (>?5  .   65 :!>, 4>%5

H-.., H&*<[ ;52A J%&K )57r9&/*3 9 7t*),(EA a:2L  *` ;&) \OI4 9 5.(   

  
 !" 4-  ; 5&/ <;5=1>9: 5&?>&@ +,-.&$&/;5:#> ]8[. 

                                                     
9
 perovskite 
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 !" 5-  5: AB;C?-D %"&@ 8C->E F0-D&7*TWC]7[. 

   &*@3 =;52ACeO2-ZrO2           ;2>I E>A H;!e/>?5 7t*)>,5 =6!? H&*<[ =5&G  )
10

OSC .(      65 =&*`2>^w =5&>G 9

    !A; !G B35; H65-35 q%5_n5b   !j3X   5: *A2+X !G    EA :5-%!C !.  -..,]7[ .   B32` BG ;52A 4%5  =5        EA!>D.0 B>, -.., EA :!, 

EA 8, Ew9&< 6!` :; 7t*),5 B, EA ;2I -.., EK 5: &%6 -.3!A Ec.,59 -.352#:  

2)1(22 xOCeOCeO x # 
!

 

       !" #$ %&'$ ()*+,- .*/!0 12 1, .       345 678 .9-!0 #$ :;<= ()*+,->+*/<0<,  ?.'', .*+,-  )Pt   @ Rh  7 

A-  -%*Pd (CO      12 -8 B2%,78.*C 7 CO2    .', :D.E0 FG 7  .  8!$ 8 NOx    ? <HIJ5- (G ?.J'', ?%*AK  -!$ L- M*9 

  !" #$)
11

NSR .( 8<, BD- 6-%2Ba BD%IN2 F<OI9->5- ]7[.   

 :P" QER5 !" #$ ?.D  1, 8!R (<SC    ()*+J,-  !T7 UD-%" 8 NOx 1J2   !3NO   678 7 ?.J" .*+J,- 

D8<2         ()*+,-  !ES, UD-%"  <&D- V<W'C 7  !" #$ ?%*AK X)lean-burn (!3NO      7 B2%,78.*C ?-%SC 12 CO 

     6  7 ? -  Y',-7 B*0Z[ 678       7 FG 7 B2%, .*+,-N2   .', #$  <&D-  .          !JT7  8!J$ BD- 8  1, #\;- :P]$

 -     68!H/!5 (." #S5  8>+*/<0<,       M*9 :P]$ BD- := 6-%2 1, >5-   9<I*0 L- *    !" #$ ? <HI5- <]7[ .   :J= ?-8

>5- 68!E9L 19^ :P" %**_0 QD%R L- Y"![ >$<O` %**_0 %WD  BPS$]7) [ :P"6(.  

  

  

 !" 6-  !"#$%& '#( )*+, '-./ 0&01 )#%2-]11[.  

2-3-2-  !" #$%& '(! )*+ TWC  

                78 #J$ 8<J, 12  8!$ BD- 8  ?L7%$- 1, #C  Y"![ 6<C a78 (<*$ L- YO2 BD- 8 7  T 1J, a78   %0.JD.

    %28<,%[ M*9 7 ? !2%0     3*`!0 -%bIO$ .'I+C     !J" #$ ? -  .      L- .J'08<Ec a78 7  BJD- :     @F<Jd7  8  ( %J27%e

>A<5 <T8  .                  .J*/!0 6<JC #f.*g*[ 6-8-  #/7 >5- 1D<[ L<e 12 #f.'E+h 6-%2 %IN2 i-!A 6-8-  V7  a78

            - 8- !A%2 6%IS, #f.*g*[ M*9 7 #f.'E+h L- #2<d7  a78 <$- ."<2 #$>5.       6-%2 j7- a78 %WD  #C<W9 L- 

                      <J2 #C  Y"![ 6-%2 V7  a78 7  78 #$ 8<, 12 6M\e >+*/<0<, L<e <2 ?8<, 15 6<C >+*/<0<, #C  Y"![

 !" #$ ? <HI5- #ID<P57%[ >+*/<0<, L<e.  

                                                     
10

 Oxygen storage catalyst 
11

 NOx storage-reduction 
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2-3-3-  ,(-*" '(! #$%&  

7  6<C Y"![d 12 1, #2<"#'I+" Y"![ 12
"   k-8K <J2 #D<JC F<Jd7  L- lm-7 8  .'I+C n7%o$ 8     7 .J=

       >5- ?." :*P]0 1D<[ 6<C :O\O0 6<C ?L-.9- .         1P\2 >5- (G V<&9- #f <5 19 a78 BD- #\;- >DM$  1\;<e 

    >+*/<0<, M\e %0 ?<0!, K!H9>5- 6.*+,- L<e 8 .      L- 6%JWD  i-!JA @B*Jo$ k-8K ?L-.J9- <2 #2<d7  %2 ?7Zc

     78 #$ 8<pI9- M*9 F<d7 :1-       @.$<T k-8K 12 q!2%$ i-!A 2- -!A      @jZ= 12 q!2%$ i3-    @.$<T  -!$ .;8  

4- pH @5- 67%9-78F<d7  7  6- <0L :*+9<I[.  

        a78 8  1\r+$ BD%0 XN$ lm-7 8    8  ( %27%e7 d             J, .J"<2 #J$ 1JD<[ 12 F<d7  1D^ #f.'E+h (-M*$ F<1 

     (G %2 8-sf%*t<0 :$<c BD%0 XN$@     >5- F<d7  8 ![ k-8K ?L-.9-  .     ZJ= BD%0 %28<,%[ (!h #e%R L-     8<J, 1J2 j

            (!h #;-!A BD-%2<'2 ."<2 #$ FG <C F<d7  BD- 8  1Ie8 F<d7  67%9-78       8<*+2 F<d7  8  k-8K #f.',-%[ 7 

 jZ= 12 )        #/G %*d <D #/G lD<$ U*u$ %C <D FG(      ."<2 #$ 1I+2-7 1Ie8 8<, 12 .         j<J= 1J2 <0 ?." V<&9- k<o/<4$

         4$ Uve 7 >5- ? !2  7.u$ w\IO$ 6<C jZ= ?8<28 <  k<o/  %$ ?." V<&9-2          7 FG 1J2 ?.J" 1e<`-  -!$ 12 q!

."<2 #$ <N9G 12 q!2%$ k-%**_0.  

                       .J*/!0 1J2 q!J2%$ k<Jp=Z$ BD%0 XN$ L- .D<2 -8 <C 1"!f M*9 7 ?8-!D  678 ?." :*P]0 >$<O` B*'gSC

         >5- F<d7  .$<T  -!$ .;8  L- #o2<0  !A 1, >+9-  .  %f-  !" 1I5-!A          E0%J$ XJC <J2 #c!9 12 ^<2 x/<4$  U

.9!".DG #$ >5.2 %DL 142-8 :  

5.2)1(

1)(

"#

"#

!
$

 
  

 1, 
# 67%9-%f <$<f 7 y/<A FG %+,>5- .$<T  -!$ #S&= .  

              78 #$ 8<pI9- ?." .*/!0 1D^ L- 1, #SN$ i-!A %WD  L-#5.'C    >J5- (G ( !2  .        BJWSC %JWD  #J'o$ 1J2

         !T7 j!\5 zD 8  .D<2 <N'0 19 1D^ ( !2            j!\J5 V<JS0 8  ( !2 BWSC BD- .D<2 1P\2 ."<2 1I"-    <JC    8-%JP0 

 !".  

2-3-3-1- ./(0 (1+"  #$%& '*+23+(456  

              1D^ F<d7  8  ( %27%e 6<T 12 (-!0 #$ ." 1IHf 1, 8!R (<SC  >+*/<0<,     <J2 -8 %Jp9  8!$     6L<J5 1I]JdG 

    >A<5 <S*vI+$ <C%W]',-7 j!\u$ U5!0.         J"![ F!A 8<*+2 #f.'E+h a78 BD- #\;- >DM$    7 Y 1Jh8<{PD 

      8-  #E5<'$ X,-%0 Y"![ 7 >5- .             >J5- ? %, -.*[ #9-7-%e  %28<, <C >*/!|L .*/!0 8  i!bA 12 a78 BD- .

  (G #\;- :P]$ >5-    #2<D >5  1,   !$ %IS,     12 <C j!P/@>+*/<0<,      i<JA  8-!J$ 1J2  7.Ju$ -8 (G  %28<J, 

 >5- ? %,.         >+*/<0<, L<e (-!'c 12 >D<P57%[ L<e MI'5 (!h 6 8-!$        #\;- (-!0 #$ -8 <C 1h8<{PD 678    BD%0

>+9-  (G  %28<, .>5- YD-Me- 12 78 >D<P57%[ L<e L- ? <HI5- a%I+f %R<A 12 a78 BD- L- ? <HI5- ?L7%$-.  

3- 23+(456'789 '(!   

  }7%"1h8<{PD    j<5 .D<2 -8 6M\e 6<C 1950>+9-   . 1*/7- 6<C  %28<,1h8<{PD     >o'J; L- %J*d 6MJ\e 6<JC 

   ? !2 78 !A            F!JA #D<*S*J" 7 #P*9<JP$ 68-.JD<[ (!h x5<'$ 1*/7- i-!A  !T7 j<= BD- <2 >5-@ i-!JA  

                        @34J5 .J=-7 8  %I]J*2 j!\J5  -.Jo0 1&*I9 8  7 %I,L<9 ?8-!D  12 (.*58 M*9 7 x5<'$ 8<*+2 #D<$%f >D-.C

 ." 78 !A >o'; 12 1D<[ BD- BIe<D ?-8 ~c<2.     <J&D- 8  #D<J9-!0 7 6�8!/<JI$ >o'; >e%]*[ <2   6<JC :JD!e 

       .*/!0 M*9 7 6 ^!e �L<9 8<*+2>+*/<0<,  #R7%O$ 6<C @ 1h8<{PD          >o'J; 8  Z$<J, 6MJ\e 6<C  >+J*/<0<, 

    .9 %, L<2 -8  !A 6<T.                      <JN9G 6<JC YJ"![  8!J$ 8  7 1JIA- %[ 6M\e 6<C 1D<[ .*/!0 a78 7 ? <$ 12 1$- -8 

 #$ ~u2 !".  

                                                     
12

 wash-coat 



 

 

51

  
!"
#!

 $
%&
!"
'

 (
&)
*+
,
-

 /
 .
/)
0
1

12
 2

 
13

  
)3
4
&5

 
8

6
 /
)6
7 2

 
8

7
 

3-1- (:;< '(! #$%& * '789 '(! 26(&  

 .D<2 <C 1D<[ BD-15*$<0 -8 XN$ >*;<A .'', B:  

1- 12 q!2%$ i-!A :$<" @>+*/<0<, L- ? <HI5-#08-%= 7 #D<*S*" @#P*9<P$ >$7<v$68<, UD-%" 8    

2-#f.'E+h 12 q!2%$ i-!A Y"![   

3-.*/!0 .'DG%e 12 q!2%$ i-!A  : >*\2<m1m876%Ds[ a!T 7 (."   

    BD- #\;- 1D<[1m87       !2%$ i-!A (!h @."<2 #$  ^!e <C    12 q  ̂ <2 j7- 1I5        .J', #$ B*$<0 #2!A 12 -8  .Cr  

         78 #$ 8<, 12 #9M9 �9L i-!A 6-%2 M*9 .               1J2 q!J2%$ i-!JA #c!J9 12 1, >5- X*'*$!/G %WD  #\;- ? <$

      #$ B*$<0 -8 (G #f.'E+h 7 Y"![ .', .         6-8-  1JIe8 8<J, 12  ^!e ^!So$17-22 % Cr   7 5-8 %Al  >J5-  .

    9 #,<A F<*S, %;<'c 68-.v$     i-!A  !EN2 6-%2 M*`           !J" #J$ 1e<`- Y"![ 1D^ #f.'E+h M*9 7 #W9L. .

    #C  Y"![ ?!*"Al          >J5- ? %J, %**_0 8<*+2 (!', <0 -.I2- L-  .  L-e           L- ? <HIJ5- 7 X*'*$!J/G F-sJ$ 8  ( %J27%

       8!9 <0 1Ie%f 8 ![ 6�8!/<I$7 ?M\e13
              !J" #$ ? <HI5- #C  Y"![ 6-%2 #WSC @ #I*/7%IP/- 6<C a78 7  .

          6<CM\e 1, >+*9 X*'*$!/G M\e BD- lm-7 8>+*/<0<,               6.*+J,- 1JD^ 1JP\2 .J', #J$ :JS= -8 Al2O3  678 

          .J', #$ :S= -8 <C M\e BD- 1, >5- X*'*$!/G.    1J2                L- ? <HIJ5- 8  #oJ5 .JD.T 6<JC a78 8  :J*/  B*JSC

a78     .'9<$ #I*/7%IP/- 6<C68<P2G                ]J*2 :JO\O0 6-8-  ?.J" .J*/!0 X*'*$!J/G 1JD^ 1J, >5-   .J"<2 6%I . L-

a78    :O\O0  <&D- %WD  6<C@      >5- ?." .*/!0 X*'*$!/G 1D^ 68<,.*5-  .        1J2 ?.J" :*P]0 6.*+,- 1D^ 1IE/-

  ^!e 6-%2 M*9 -8 #W9L.` >*;<A #c!912 8-  ?-%SC .  

#$%& 2- !"#$%& 3&*4 "5 65#78,- 5"*9 '#( 5:*4 ;&#<=<2 ><?.@]1[. 

  
        k8!; 7  12 M*9 6 ^!e 1D<[ .*/!09<I\d(.     6L<5 1I"<E9- <D7           8-  B*Jh 7 n<J; 6<JC 1Jm87 F7<'I$   V<J&9- 

#$  !" ):P" 13( .                      lJm-7 8  ?L7%J$- 7 .J9- ? %J, 6 <JDL k-%J**_0 (!', <0 �!e 6<C a78 L- V-.,%C 1IE/-

 78 #$ 8<, 12 a78 7  %C L- #E*,%0 ):P" 14.(  

  
 !" 7-  !"# $%&'  ()* +,-&."/ +0(0 123 456 )78(6 798 (-( 456 :;<=> 5?5&@.>  A&8 $.3&B  

)CD 798](1.[ 
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 bimetal rolling 
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 !" 8- +&>A &*  !"#  &E $D6&F2% 1>&2G]1.[ 

4-  !"# $%"&'  

 !"#$%$&                      '& ()* +(, -. '/0$1 23/4. 5$6 789: '; <$= '; $% >$?@ >* A8B90  CD: 8B '/E8 8$& '; 5$6 

       -F".*G1 $H  1* +B9; 5I3E $H $J)@ 'H$K .              B9L0 'L; M9L;G. N*90 5*8*B $6 'H$K >* O*(& G6   (L)* +B9L; .  5*GL;

'H$K  1* +(, +BGP,G; GH> 5$6  HI. -/HGHB89& 5$6:  

  Q$; -%8*G= 58*(H$K A R"H$K -%8*G= M$!S)* THGU GV$0 '; Q$; -%8*G= W9, ';  .A$X..  

  Y434% +>*()* ZH>9% $; Y434% [,9K 5*G; T1$D.. 

  A8B90 8B +B$\/1* 5*G; -E$& -F")$F. O$F]/1*. 

  (D6 +^HA _`1 A a& b>AQ$; -1. 

  a& -/cK 8$cE14
)(,$; '/,*B 5G/P& GHB$X. ()*9% -.  !"#$%$& >* YSd >$e 8$cE.( 

  a&  P"d. 

 1* fG`. GH> B8*9. 5I3E g9) 5*G; '& -#$= 8B:  

  <931 +8*9HB bB9; G% W>$) GV$0 '; G/P& 8$cE  E*.  

  G/J; -%8*G=  H*(6. 

  G/c"; -F")$F. O$F]/1*.  
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 Low back-pressure 
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