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High-Grqdient  Mognet ic  F i l t rot ion of  Smql l  Pqrt ic les of
Ferro-, Ferr i- ,  qnd Poromognetic Cotolysts

ond Cqtolyst  Supports

C)rtatc 1, .  Ht l t ,  ' \x l tu LA\Iol l lE,  Wot,rce^rc+ ^\LTHOF' l ' ,  , l l -A\  C' l ' l I ' l l r '

I l t t t rx tu ,  , t xn  ( inor tc l :  l I .  Wul rus tnus

D t 1 ' t t t r t t t t t ' t t | o J ' ( | l t t , t t t ' i ; t r t 1 . ) l t t s : ; r t c h i 1 , l . t , l l s I n s l i t t L | t , o . | ' , ] , r h t u l l o

l ie t 'e ivc t l  |  )e t :e t t t l t c t '  1 l '  I1 )7 ;

I ) i l l y r g r r e l i r .  r , i i l l r l . r ' s l  s t r p p o r ' { s , . -  l r l r r r r r i r r l r ,  s i l i l r r ,  r ' r l r l l o r r ,  l r l t o s l r l r i r r c - f t t t r t ' l i o t t l t l i z t ' t l  P o l \ s 1 . r ' -

l e l l ( ' - h r r \ . ( ' l l s g l r . e l r l e l e t l f c l r i n l r g r r c t i t ' l l 1 ' t l e l l o s i l i o t t o f  s t t l t l l  t t t l t g n ( ' t i 1 ( ' ( l " t ' , r ( ) r ) 1 t l t t ' 1 i t ' l t ' s t t s i t r g

s e r . e y u l  < l i f i e r . e r r t  1 l r . 6 r , e t l r r L g s .  S r t r l L l l  ( <  I  l ( X )  p n r )  p l r l t i c l e s  o f  t h t ' s t '  t t r t l t ' t ' i i t l s ,  i t t t t l  o f  f e t ' t ' o -

l r r r g r r c l i t . ( l i r r l e r r -  r r i r , k t ' 1 ,  t , o l t r r l t  o r r  t r r n g s l e n  c r r r l r i < l e ) ,  p l r t ' l r r t t n g t t t ' 1 i < ' , : t t t t l  r t t t l i f t ' t ' t ' o t t t l t g t t t l i t '

( < , o p p e r  r . h r . o r n i 1 e ,  n l r u r g r r n o : t e  t l i o x i t l e ,  r ' o b l r l l  t r t o l r ' l t t l l t l t '  r r i c k e l  o x i t l e )  r ' l t t l t l v s l s  l t t r V t '  l r t ' t ' t t

. e p u r . 1 l e t l  f l q r r r  s r r s l l e n s i o r r s  i r r  r l i l r n u r g r r t ' l i t ' l i t l r r i t l s  l r v  h i g h - g l l r t l i e r r l  t r t r t g t t e t i t ' f i l t I l r t , i o r r

t t i t l f t l f  )  w i t I  r - i t r . r ' i r r g  t l e g l e e s  o f  e l l i c i e n t . r ' .  H ( l ] ' I l "  r l l ) p e a l ' s  l o  h l t v e  p o t t ' t t l i t t l  r t s  r r  s t ' p r t t ' r t l i o l t

l e r , h l i t l r r g  f e r .  l s ( ' i r r  l r  l l i p g e  o f  r , l r l i r l v s l  l ' [ ' ( , o v e r ' l : 1 t t ' o l l [ e t t t s  l o  u ' l t i t ' l t  o l l t e ' t ' s e l t l t t ' l t l i o t r  1 t ' t ' l t t t i t l r t t ' s

r r le  t to l  re r r t l i l - r '  l rp l r l i< 'ab l t ' .

INT l iO l ) t - ( IT IO) ;

l i f f i c ic r r t  s ( ' l ) t t ra t io t t  o f  s t t t t t l l  (  <  100 p l t t )

catlr l l 'st  I)nrt i( t lcs frottr l i t luicl  sttsp( ' l )siolr

oftcn pr( 's( ' l l ts lL t l i f f icult  l l rol l l t ' t t r '  prrt i( ' l l -

l t r lv  i f  h igh f i l t ra t ior l  r r l tos  r l r ( '  r ( ' ( l t l i r ( 'd

r l l ld  i f  i t  i s  i r r tpor t i l l l t  t ro t  to  co l l t : l l ) l i l l l l tc

t l rc  r t ' cov( ' r ( 'd  ( t t l t l l vs t  rv i th  t l i t to l l ) l l ( ' ( 'o t ls

( , r r r t l rs  or  o t l t t ' r  l i l t t ' r  t i t l s .  \ ' t ' r . \ '  s r r l t l l

p ru ' t ic lcs  cr t t t i t t t , r t t l . \ '  t r r i - t t l  i r l  th r t 'c  s i t r r -

r r t ion,s :  u . l t t ' t i  t l r r r  t ' t t r t lvs t  is  l l r t ' l la r t ' t l  i r t

s i l t r  b t '  r t t t l t t< ' t io t t  or  l l r t ' t ' i l l i t l t t io r r ;  n ' l t t ' t t

t t t r i t io r r  o f  l l t rg t ' r  l l i t t ' t i t l l cs  o( ' ( ' t l rs  t t t  l l '

s i gn i f i c l u r t  r l r t t ' ;  r r ' l t t ' t t  r t r r  i r r i t i t l l v  l t o t l l t t -

g( ' l r ( 'o l ls  ( ' r l t r l l vs t  is  l l r t ' t ' i l l i t t r t t ' t l  < l t t r i l rg  t l r r '

( ' (  ) l l rsc  o f  t l  l t t l t t ' t i r t t t .  I r r  s ( ) l l ) ( r  i t l s t l l t tccs ,

i t  i s  poss i l r l t :  t o  s t ' l t t t r r t t c  t hc  l l u l k  o f  t h t '

c t r t t l l ' s t  f t 'o t i t  t l t t '  t ' t ' l t r : t io t t  t l l i x turc  l r ) '

co r r v t ' t t t i o t t i t l  f i l t r t t t i o l r  ( ) r  t r t ' r r t r i f ug t l t i r t l t ,

and to  ig t rorc  th t '  l l r t ' s t ' t l t : t :  o f  s t r t r t l l  r t ' s i t l t ra l

t l uun t i t i t ' s  o f  f  i t r t r  c t r t t l v s t  l l t r t i c l t ' s ;  i r r

o f  hr , rs ,  th t '  loss o1 '  r : l r t l r lvs t  l r t tc l  cot r t i t t t t i t t l t -

t ion o f  pro t l t tc t  t l t t r t  r t ' s t t l t  f rorn  i t t t :o t t t l r l t ' t t l

s t ' l l l tn t t io t t  o l '  r r l t t l t l ) ' -s t  l t t t t l  1 l t 'oduct  l l r ( )

( ' o l r - r ' r i g l r t  O  l 1 ) 7 ( ' i  I ' t  . \ r ' r r t l c t r t i r :  l ' l t ' s s ,  I t t t "

: \ l l  l i g l r t s  o f  r e l r r o r l r t c t i . l r  i l t  l t l t )  f o r l t t  r e s e t t ' t ' r - l '

t t t t u t ' c t ' p t l t l t l c .  1 ' l r i s  p l r p t ' r  t l t ' s t ' t ' i l r t ' s  s t t t d i t ' s

t l t ' s i g t t e t l  t o  t ' xp lo t ' t '  t l t r '  l r o t l l r t i a l  o f  h i gh -

g r i t ( l i o l l t  t t t : t g t t t ' t i t r  I i l t  r r r t  i o r r  ( f I (  I  l l  I r )  r r s

r t  t t ' c ' l t t t i <1 r t t '  f o r  t l r t '  s t ' l l l t r l t t  i o t r  o1  s t l l l t l l

r l uun t i t i t ' s  o f  f  i l r c  c l t t  r t l v s t  l l l r r t i cL ' s  f r t t t t t

l i r l u i d  susp t ' t t s i o t t .

H ( I I I l i  c l cp t ' r r c l s  o I t  t l r t '  gc t t t ' r l t i t t t t  t r t t t l

u t  i l i z l r , t io r r  o f  vcr . ) '  l r ig l r  t t t r tg t t t ' t  i t r  l i c l t l

g r l t t l i t ' t t t s  ( r t 1 l  t o  t ' l t .  1  l i (  i  p l l r )  t o  co l l t ' r ' t

I ' r ' r ro- ,  f t ' r r i - ,  i r r r t  i f t ' t ' t ' t  ) - ,  I t l l ( l  p l t r l t l t t t tg t t t ' t  i t ;

t n r r t t ' t ' i l r l s  ( I  6 ) .  I t t  l t  r ( ' l ) r ( ' s ( ' l r t : t t i v c  s ( ' l ) l t -

r t t i o t t .  r t  t r t l r t t  l oos t ' l t '  l t l t t ' k t ' t l  n ' i t h  l t  t t r i t t r i x

o l '  - - t r r t l l - t l i r t t t t t ' t t ' r  f i l r t t t t t ' t t t s  o f  [ I  f t ' r ' r r t -

t t t i t g t t c t  i c  t t )  r I t ( ' t ' i : \ l  ( ' r ' . $ . '  s t  l t i  r r  l c ss  s l  t ' t ' l  \ t ' r t o l ,

s t t ' r ' l  s l l o t t g ( ' ,  o t '  f i t t c  s t c t ' l  s c t ' t ' t : t t )  i s  l l os i -
t i o t r t ' d  l t t ' t n - t ' t ' t t  t l r t '  po l t ' s  o f  i I l )  t I l ) l ) r o l l r i t t t l

r r t ug t t c t .  H igh  t t r t g l t t ' t i t ,  l i c l t l  g r l t d i t ' t t t s  l t r t l

g t ' r l c r l r t t ' t l  t ' l o s t '  t o  l  l t c s t '  f  i l l t t t t c t t t s  i r r  t hc

l ) r ' ( ' s ( 'n ( ' ( '  o f  i t t t  t ' x t t ' t ' tu t l  l i t ' l t l ,  l la r t ic t r la r l r '

u 'hc t t  t l rc  t ' x t t ' t ' t t r . t l  f i c l t l  i s  s t r f f i t ' i t ' r r t  to

s u t u l a t r r  t l t c t n  t t u t g t t t ' t i t ' t l l r '  ( >  l 4  h ( i )  ( J ) .

( )ur r l i t l , t i v t '1 . \ ' ,  t l r t ' sc  r t 'g i , r t ts  o f  l i igh l l l l tg -

t r c t i c  f i t ' 1 t l  g r l r t l i c r r t  r l , l ' ( '  o f  l t l l l r r ox i t l l t t t t ' l r '

. ) , r



.il

l l t c  s r t t t t t '  r l i t r r t ' r r s i , , r r  l r s  l  l r c  1 ' 1 ' g i 1 y 1 1  o l '  t l r l
f c r ro t r t r Lg r r c t  i t ;  f  i l r L r r r c l r l -  l l r c r '  . s l l r r . oun (1 .
St  r r , i t r l r ,ss  s tcr , l  u 'ooI  is  l r  pu, r . t  i t , t r l l . r ' l r -  r ' f -
i ' r ' r : t ivc  co l lcc tor ' ,  l r r ' ( , tus t '  i ts  ro t rg l r  l r r r r l
s t ' r r l t tc r l  c r lg t 's  gcr r t ' r r r tc  lo t . l r l  l i c l r l  g r ru l ic r r ts
, r f  r l i r r r t ' r r s i o r r  s r ru r l l t ' r .  t h i r r r  t l r osc  ch r r r r r r . -
t c r i s t i c  o f  t l r r ,  r r ) ( ' r l l r  f i l r r r r r t ' r r 1  r l i r r t r r c t c r :
t l i c s r '  l oc l r l  I i t ' l t l  g r ru l i t ' r r t s  i [ r ( '  ( , o r l t spo ru l *

i r r g l v  n t ( ) r ' ( .  i r r t c r r sc  t l r : r r r  t l r os r ,  - su r ro r r r r t l i r r g
r c l l l l i v ch '  s r r r oo t l r  r cg io r r s  o f  t l r c  r , o l l c c to r
{ i l l r r nc r r t s .  I , ' r ' r r o - ,  I ' r , r r i - ,  l u r r I  l n l n r r r r l gn t ' t i r .
1 t l r , r ' t i t ' k ' s  s r r sp r , r r r k ' r l  i r r  r L  r l i un r r rg r r c t i r .  f l r r i t l
l u t r t I  l l l r s sc r l  t l r r o r rgh  t  l r t '  r r r r r q r r t ' t i z t ' t l  t r r l L t r i x
u . i l l  t ' x y r t ' r i t ' r r c r '  f o r , t , r ' s  r r ' l r i < , l r  u ' i t l  t c r r r l  t o
t ' r t p t t t r t  t l r o r r r  i r r  t l r t :  r ' < ' g i o t r s  o f  l r i g l r  l i c l t l
g l t r l i cn t .  ' f l r c  

t , f f i c i t ' r r r . r '  u . i t h  r v l r i c l r  t l r t ' s c

l r r r l t i r : l c s  i u ' ( '  ( . i r l ) t u l ' ( ' ( l  <L ' l l r , r r t l s  o l l  t l r t '
r c l r r t i v c  r r r r r , g r r i t r r r I r ' s  o l '  t l r c  r r r ug r r c t i < .  i r r l r ' r . -
r r c t i o t r s  t l r l t  l r o l t l  t l r c t r r  i r r  t h r .  h i gh -g r . r r r l i c r r t
r cg io r r s  t ' l , r s t .  t o  t l r c  l l l l r t . l , i x  l i l r L r r r t ' r r t s .  r r r r t l
o i  t l u , s h c r r r  f o r ' < . r ' s  t l n l t  ( , i r r r . \ ' t l r o r r r  u . i t h
t  l r r '  { l on ' i r r g  l i r l r r i t l .  l l r r l i l i t '  r n r " l r \ '  { i l t r . t t i o r r
t t ' r ' l r r r i r l ucs ,  h i g l r - g l l t l i c r r t  r n l l g r r c t i r :  f i l t r . a -
t i o r r  i s  t ) ) ( ) r ' c  r ' l I c r . t i v c  f o r  s rn l l l  l t r r , r t i r . l c s
th l u r  f o r  l l r l g r '  on ( ' s :  t l t l r o r rgh  t l r c  i r r t c r ' -
i l r , t i o r r  l l c t r i ' r ' r ' t r  t h r '  l l l r r t i < . l c  l r r t l  t l r c  g ru -
r l i c t r t  do r , s  r r o t  i l r c l ' r ' r I s r '  . s i g r r i l i c l r r r t l v  u - l r c t r
l  l r t r  p r l r t i r : l t '  r ' x t c t r r l s  ou t s i t l t '  t l r r .  l r i g l r -
gn r t I i c r r t  r cg io r r .  t  l r t '  s l r t ' l r , r .  f o l . t , r ' s  t l o  i r r -
( ' r ' ( ' r s ( '  f o r  l l r ' g r '  1 l l r r t i t . l c  s i zcs .  ' l ' l r c  

c f l i c i ( ' l r c l
o1 '  h i gh -gnu l i c l r t  f i l t r l t i o r r  i s  t l r c r t ' f o r ' < ,
g r t ' i r , t os t  u ' l r t ' r r  1hc  t l i t r r r c t t ' r ' s  o f  t  l r c  l ) r r r -
t  i c l t : s  a r r r l  o f  t l r r :  n r i r t r i x  f  i l r r r r r c t r t s  r I ' ( l
r t l ) l ) r ox i r r r i t t t l v  r ' <3 r l r , l  ( . 0 .

I I (  i l I  I , '  h r r s  l r t ' r , r r  r . ons i t l c r t ' t l  p r t ' v i o r r s l . r '
t ' r  r t '  tn i r tc r i r l  l tc r r r ' l i r . l t  io r r  ( , i )  ,  t l t ,su l f r r r , iz l r -
l i o r r  o f  r : o t l  ( 7 ) ,  s t , p r t n l t i o r r  o f  o i l  t v r r t c r
t t r i x t u r r ' s  ( , 9 ) ,  r ' r , n rov rL l  o f  i t r f l r r t ' r r z l r  v i n r s
I ' t ' r r t r t  -sus l rcr rs ior r  ( . ! ) ) ,  u ' r t tc r '  1xr r . i { i r , r r , t io r r
\ lO ) ,  t r r t l  r cn rov i r l  o t '  c i r< .u l r r t i r r q  l r o i l c r
s c r r l r '  ( 1  1 ) .

l , lx l , l , l l i l l l  I , l \ , " f , \1 ,  t I  l , l ' l . l  I (  ) l  )s

^ \ l r so lu t r :  r ' t l u r r r o l  u r r r l  l c r r gc r r t  gnL r l t '
l r r t ' to l rc  u ' r ' r ' c  us t '< l  n ' i thout  f 'u r t l r r , r  l t r r r i { i -
c l t t i o t r . ' I ' r ' t r t l r v r l r o l ' r r r l r r r  ( 1 ' l l l t ;  \ \ ' : r s  r l i s -
t  i l l c r l  l r , r l r r  r r  r l t r l i  p r r r ' 1 r l c  s o l r r t  i o r r  ( . ( ) n -

t r L i r r i r r g  s o < i i t u r r  l r c r r z o l r l r r , n o n ( ,  l i c t v l  l r r r t l
s o t l i t t t t r  T x l n z a r p l r r ' r r o r r r  t l i t r r r i o r r . ' I ' l r t '  i r o r r

c o t t l u r l  i r r  t l r c  l r l r r r r r i r r : r  .  s i l i r . l  ,  r r r r r l  c l r r -
I r r . r r r  r r u tg r r c t i t t '  s l r r r r l r l ( ' s  \ \ ' t s  t l c t c r . r r r i n l t l  l r v
s1 r l t t t t o t t s  i o t r  n ' t l t r r . t i o r r  f ' o l l ou ' t ' r l  l , ) '  l ) ( ' r -
r ) uu rg l l r l i r t c  t i t r r r t i o r r  ( '  1 ,? ) .  . \ r l r l i t i o r r l l  i r o r i
r t t n t l v s t ' s  u l r ( l  ( f l r f l ) ( ) l ) ,  hv r l r ogcn ,  l r r o rn i r r c
r t t t r l  l l l r osp l r , r r us  l r r n r l vscs  \ \ ' ( ' r ( '  pc r f o rn rc r I
l l t '  l lo l l r , r tsor r  L l r l ror l r tor t ' ,  I i lo r lur r i r  I , r l r l i ,
\ . , 1 .  I l l r o r l i u r r r  l r r r l r l v sos  \ \ ' ( ' r , ( ,  l r e r f o r r r r t ' r l
l , ) '  (  i t l l r n r i t h  L l l r o ra to r i cs ,  I t r r oxv i l l r ' ,
. l ' r ' t u r .  

. \ t l  c ( )n rpos i t i o r r s  : u ' ( '  n ' po r . t c t l  l s
n ' r ' i gh t  pc r r : r ' r r t .  I ' t r t i r . l c  s i zcs  \ \ . ( , 1 ' ( '  r ' s t i -
t t u t t c t l  r l r t r l i t l t i v c l r '  b . r '  ( ' \ l u ) ) i r r i r r g  r ' ( ' l ) r ( , -
sc t t t t r t i v c  s l r r r l l l t ' s  l , ) '  o l r t i r . l l  n r i c r . r  ) s ( f  (  ) l ) \ ' .
(  l r t s  l i t l u i t l  p t1 l c r  r . l r r o r r r l L tog r t l r hv  t r n r l vscs
\ \ ' ( ' l ' ( ' r ' a r r i c t l  o u t  r r s i r r g  r r  l ) r ' r ' k i r r - l , l l t r r c r ,
J I o t l t ' l  1 ) 1 X )  i r r s t n r r r r t ' r r t  c t l r r i l r l r c t l  u ' i 1 l r  f l t r r r r c
i o t t i z l t i o r r  < l t ' t c r , t o r s  l u r r l  r r  r l i s t .  i t r t c g n r t o r .

. l l  u t r r i u l x .  
' l ' l r c  

u l u r r r i r n r ,  r r r r r l  s i l i c l  g ( ' l
t t s c r l  t o  I ) r ( ' l ) r r r ' ( '  t  hc  s111 r1y1yy '15  n ' r ' r r '  0 .O i i
0 .20  r ) l n ) .  r r ( , t i v i t . \ '  gn r r l l  I .  \ \ r o r ' l r r r .  o l l -
t l i r r c r l  f r o r r r  \ \ ' l r t c r s  . \ s s o r . i r r l c s ,  I r r r , . ' l ' l r t '
t ' l t r l r o r r  r r s r , r l  \ \ ' i r s  l , l t s t r r l r r r  \ r r r . l r r r r  l 1 l 0 - ( l
r ' l t r r r co l l  t  l r a t  u ' r r s  r . l c r r r r c t l  n ' i t  l r  r r i t  r . i c  l r t . i t l ,
r i ' r t s l t t ' r l .  l u l ( l  r l r i e t l  p r i o r .  t o  1 l s ( '  (  1 , J ) .
I i c t ' r ous  c l r l o r i r l t '  t c t r r r l n ' r l n r l c  J l l l l i n t , -
l i r o r l t ) ,  f c r r i c  r , l r l o r i r l c  h t ' xa l r l r l r . i r t  r .  (  l 3 t l < r ' r ) .
s o t l i t t t t t  l r l t l r o x i r l t '  ( \ l t r t l r c s o t r ,  ( l , r l c r r r t r r

r u r t r l  l i ' l l ) ,  p u l l u t l i r r r r r  r , l r l o r i t k '  ( 1 , ' i s h r , r ) ,

r l t o t l i r r r t r  t r i r . l r l o l i cL '  t  r , i l r l t l r . l t  r '  (  l , l t r gc l -
l u t r t l ) ,  s t v r c t ) ( :  ( l t l t s t r r r l t t r ) ,  l r r l ' r r - l r r o r r ro -
s t v t ' t ' t t t r  ( ' \ l t l r i g l r ) ,  r l i v i r r r ' l l r t ' t r z l l r r '  ( ( l l t 3 r t r .

S l t t r l t l c s ) .  l l c r r z o v l  l r c r , o x i t l r ,  ( \ l r r t l r c s o r r ,
( ' o l c t r u r t r  l r r r < l  I i , l l ) ,  l r r o r r r i r r r ,  \ l a l l i r r t ' -
l i r o t l t ) ,  l ) , r r o r r  t r i f l r r o r i t k .  ( ] l l r , t l r r , s o r r  ( l u s )

r t t t t l  l r r l r l t l r o r r s  s t l l r r r r i t .  r . l r l , r r i r l r '  ( 1 , ' i s l t c r )

\ \ ' ( ' r ( ,  rc tgcr r t  gnr t lc  l r " t rc l  r i ' r ' r , r '  l l sc t l  n ' i t l ro t t l
f t r r t l r c r '  p r r r i { i c i L t i o r r .  ( ' o l x r l t  r r r o l r . l r t l t t t , , '
t l u r r r i r u r ,  t . o l x r l t , , t u r rgs t r , r r  r . l r r l r i t l r ' ,  r t r r t l
r r i c l i c l  ox i t l r '  - t l t t r r r i r r a  c l r t l t l v s t s  \ \ ' ( ' r ' o  ( . o l ) l -

t n t ' r c i r t l  s r r r r r p l t ' s  o l r l  l l i n r , r l  t ' r ' o r r r  , \ l l r l r l
I t t o rg l r r r i c s .  I ' h l r r r r l r gc l  l i s l r  l r r . o t c i r r  f o r
. sus l r t , r r s i o r r  l l o l vn rc r i z t t i on  \ \ ' i r s  o l r t t i r r t ' t l
1 ' r o t t t  l l o l r n t  l r r r t l  H l l r s .  l ) o l vs t v ro r r t ' - ' ) ( . i
r l i v i r r , r ' l l r r , ' l rz ( ' r ) ( r  t :opo l l r r rc r  l rc lu l -s  (  l I t ' r r i -
I ic l t I  po lvrncr ,  2(X)  +00 r r rcs l r )  \ \ ' ( '1 , ( r  o l r -
t t i r r c t l  l ' r o r r r  l l i o - l l r r r l  ( l l i o - l J c r t l s  S - X 2 ) .
' l ' r ' i s  (  t  r i  I  r l r u r l l  1  r l r ,  r s l  r l r i  r r r . )  r , l r  l ,  r r o r l ) o r l  i r r r  r r  (  I  )
t vus  s t ' t r t h t , s i zc r l  l r l  t l r c  r r r t ' t l r o t l  o1 '  (  ) s l l on r

cl ul.  t t .D urr( l  u' lslrr, t l  thor,,ughl i l i : i th



r l t ' g r r s s r ' < l  t ' t l t l t t t o l  1 , ,  l ' ( ' l ) l ( ) v ( '  ( ' \ ( ' ( ' t \ s  1 r ' i -

phc r r v l l l l r osp l t i t t r ' .  I t t ' r os t ' t t t ' - so l t t l r l t '  l t t t t l

u .  t t  t ' t ' -so l  r r l  r l  t '  fc r ro f l  r  t  i t  l s -  s t t l  l ' l t t ' t  l t t  t  t  -s t  l l  r i -

l i z t ' r l  t ' o l l o i t l l r l  s t l s l l t ' t t s i , r t t s  o f  t t t l t g r t t ' t i t t '

h u , v i r r g  r r  t ) ) ( ' r t t ) ' p l L r t i c l t '  s i z t '  o f  r l l l l r o x i -

r r u r t c l v  i t  r r r r r  (  |  : ; - - 1 ,9 ) ' _ ' ' u ' r ' r t '  o l r t : r i t r t ' t l  f t ' o r t t

l i t ' r r o f l r r i t l i t , s  ( ) o r ' 1 r . ,  l l t r r l i r r g to t t ,  I I t s s .

S t l , i r r l t ' s s  s t t ' t ' l  u -oo l  t r - r r s  o l r t l t i t t c t l  f r o r r r  , \ l l

S t t i r r l r ' - * s  ( ) o r ' 1 r . ,  I { i l r gh i r r r t .  l I i t s s . ,  l t t t t l  t ' x -

t  r t ' t t t t ' l v  f  i r r t '  s t l t i t t l t ' s s  s t t ' t ' l  v l t l ' l I  \ \ ' l r s  o l l -

t u i r r c t l  l ' r ' o r r r  l Jn r r t sn ' i < . l i  ( ) o t ' 11 . ,  Wt ' s t l r o t ' o ,

J  I : r ,ss .

l ' rc lx t r r t l io t r  o . [  u l t tn t  i t r t t - ,  t t t t r l  ru , r l t t t t t -

t t t t t r l t r t ' t i t t  su l t l t t t t ' t s . ' l ' l t t ' s t '  s t t l l l l o t ' 1s  \ \ ' ( ' l ' ( r

l l r r ' 1 l t u ' r ' t I  l , )  t ] r t '  t l t ' l l o s i t i o t r  o f  l r r t ' f o t ' t t t t ' t l
s r r r r L l l - t l i r Ln ) r ' t c I '  t r u tg t t t ' t i t t '  (  l " t ' ; (  )  1 )  1 l : r r t i t ' l t ' s
o t t  l t l t t t t i i n l ,  s i l i cu  g t ' 1 .  o r  t t ' t i v l t t t ' t l  t ' l t l t r co l l l ,

t t r t l  l , ) '  l r r t ' r ' i l r i t r t t i o t t  o f  t t r t g t t t ' t i t t '  i r r  t  l r t '

I ) r ( ' -s ( ' t ) ( ' ( '  o1 '  t l t t ' sc  r : t l l ) l )o f ts .  I ' l fTor ts  t t t

t L ' l r os i t  t l t c  t t l t g t r t ' t i t r '  ( ' o r ( '  o1 '  l L  f t ' r t ' o f i t r i r l

o l r  t l r c  s t t l l l r o r t s  \ \ . ( ' r ' ( '  o t t l r '  p r r r ' 1 i l t l l v  s t l ( ' -

t ' t ' s s f t t [ .  l l t ' 1 l t ' r ' s c t t t  l t  i v r '  p t ' o t ' t ' t l r t t ' t ' s  f o r  t ' l t t ' l t

l r r c  o l l t  l i r r t ' t [ .
' f l r t '  

l l r r ' 1 l r r t ' : t t i o t t  o1 '  r t  s t t l r l r o t ' t  t ' o t t t l l t t s t ' t l

r f  i l . 7 ( , 1  t r u rg t r c t i t ( '  o t )  l t l t t t t t i t u t  i s  t r ' 1 l i t ' l t l

o f  t l r osc  l r u t ' t l  ( ) r I  l t r t ' f o t ' t t t t ' t l  t t uLg l t c t i t r ' .

. \ r r  i r r i t i t l l v  t ' o l l o i t l l l  sus l l t ' t t s i o t t  o i  l ) ) : t g -

t r t ' t i t c  ( l  t r t t t r o l )  i r r  \ t ' l t t  t ' l ' .  p r t ' 1 l l t t ' t ' t l  l , ) '

t t ' r ' l t t i r r g  0 .2  g  ( l  r t r r i r o l )  o f  f t ' t ' t ' o t t s  t ' h l o r i t l t '

t t ' t t ' r t l r v t l t ' t t r '  r t t t t [  0 .5 - t  g  ( 2  r r r r r r o l )  o I  f c r r i < '

t ' l r l o r i t k '  l t t ' xu l t v t l n t t t '  i r r  30  t r t l  o t '  u . r t t t ' t '

r r t  70 ' ( l  r r ' i t l r  0 .5  g  o i '  so t l i t t t t t  l r v t l r ox i t l t '
( . ?1 / ) ,  u . t s  l r t l t l t ' t l  t o  5 .75  g  o f  t r , l t t t t t i t t i t  l t t t t l

t l r c  u ' l r t l r  \ \ ' i t s  f t ' l t t t , v t ' t l  o l t  l I  r o t l t t ' t -  ( ' v t l l ) ( ) -

r t to t .  
' I ' l i t :  

r ' t ' su l t i r rg  ! { I ' ( ' J '  por t ' t l t ' t  \ \ ' iLS

.s t i r r t ' r l  i n  50  t r r l  o i  r c f l t r x i r r g  t t ( ' r ' t o l I ( ' f o t '

l i  l r r ,  co l l t ' < ' t t t l  l r t '  su t ' t i o t t  f i l t t ' l t t i o l r ,  l t t t t l

t v r t s l t t ' t l  u ' i t h  2 (X )  t t i l  o f  l I ( ' ( ' t o l t r ' .  So l t t t '

r r u rg t t t ' t i t ( '  \ \ ' r t s  l os t  t l t r r i r r g  t l r t l  l ' l t s l t i t t g .
' l ' l t c  

f i r n t l  l t l t t t t t i t u r - t t l t g t t t ' t i t t '  s t t l r po r t  co t t -

t r r i nc t l  : 1 .7 ( , ' ;  n rag r ro t i t r ' .  - \ l un r i t t r t ,  ,  s i l i t ' r t  ,

l r r r l  c l t r l l ( ) r I - r ) ) l I g t I t ' t i t t '  suppo t ' t s  t ' o t t t l t , i t t i t r g

r rnu t t r t ' t i t r '  \ \ ' ( ' l ' ( '  l r r r ' 1 l r t t ' t ' t l  l , ) '  r t t t l t l t ) go t t s

l  l roc t ' r  lu t ' t ' s .

1 ' h r '  p r cc i l r i t u t i o r r  o l '  I t l t g t t t ' t i t c  t l i r t ' r ' t l r '

o r r t o  r I  s l l l ) l ) o r t  i s  i l l t r s t r r L t t ' t l  l r v  l t  l ) t . t ' l ) : l r t t -
t i o r r  o f  - [ ( i (  f  t r u tg t r r ' t i t r '  , r t t  < ' r t t ' l r o t t .  . \  s t t s -

pc t t s i o r t  o1 '  { . ( i  g  t t I  c l t t ' l r o t t  i r r  : J00  r r r l  o l '

t t ' r r t t ' r  co t t t u i t t i t t g  2 .0  g  (0 .01  t t t o l )  o f  f c t ' r ' o t t s

;  ) ,  )

l h l , r l i t L '  t t ' t r r r l r v r l n t t t '  r t t t r l  i r . - t  s  ( 0 . 0 2  I r r o l )

, r f  l ' r ' t ' t ' i < '  t ' l r l o t ' i t L '  l r t ' . r r r l r v t l r l L t t '  : r t  70o ( l  l ' l t s

t r t ' r r t t ' r l  u ' i t l r  i r  g  o f '  s , r t l i t t t t r  l r v t l t ' , r x i t L '  i r r

50  r r r l  o f  t t ' l t t ' t '  ( ! ( ) ) .  
' l ' l r t '  

t ' l t t ' l r o t l  t l t l Lg l r t ' t i t t '

s i t l r l r o t ' t  t ' r ' t r r i t t t ' t l  l , l '  t t t l l g t t t ' l i t '  f i l t r l r t i o r r

( t l r l t '  i t r , l ' t ' o )  t ' , r t t t r t i t t t ' t l  t ' l L .  { ( i (  ,  r r r i r g r r c t i t r ' .
' l ' l r i s  

sc t ' o r t t l  p t ' t ' t ' t ' t l t t t ' t '  p r c t ' i l l i t a t i o r r  o f

r ) ) r r g r r c t i t t '  i r t t o  t l t t '  l ) ( ) l ' ( ' s  o f  t l r t '  s t t l r l l o t ' t

t t l r t c r i r r l -  u ' r r s  l c ss  s t l t ' t ' r ' s s f  t l l  l  l r l r r r  t  l r t '  f  i r s t

l l r o t t ' t l t t r t '  i t t  t l r t '  1 t t ' r ' 1 x t t ' r t t i r t t , r f  s u l l p o r t s

h l v i ng  l o r t .  I o l t t l i r r gs  o l '  t t t l l g t t t ' t i t t ' :  l t l t t t os t

l l o  t r n tg t t t ' t  i t c  l t y r l r t ' l t . t ' t ' r l  t r t  l l t '  f o t ' t t t c t l  l , ) '

t h i s  l l r o ( ' t ' t l t l r c  r t ' l t c t t  l l t c  t ' o r r t l l i t r c t l  ( l t l l t l l -

t i t v  o f '  l ' t ' t ' t ' i t '  t ' l r l o r i t l t '  r t t t r l  I ' t ' r r o t t s  t ' l r l , r r i r l t '

\ \ ' l r , s  l t ' s s  1 l t : t t t  7  u 1 ( ,  o f ' t l r t ' s t t l l l l o t ' t .

I ) r ' l r os i t i o r r  o l '  p r r ' f o t ' r t t t ' t l  t i u t g t t c t i t r '  ( ! i r l r

. s r rp l r r )  p t ' ov i t l t ' t l  t  l t t '  r t t os l  l r r l i t ' t  i t ' l t l  p t ' , , t ' t ' -

t l t t r c  f o t '  1 l t ' r ' 1 x t t ' i t t g  t t u tg r r r ' 1  i t ' l r l I v  l ' r ' s1 t , r l ) s i v t ,

s r r l r l r r u ' t s  f o t '  r r u t g t t t ' t i t t '  l , r r r t l i t r g s  [ < ' s s

l  h r r n  7 ( , ,  .

. \ l t t t r r i t t r t .  s i l i t ' r r ,  : t t t t l  t ' r t t ' l r , l t  s t t l r p o t ' t s

c o r t l t l  t l s o  l r t '  t ' t ' t t t l t ' t ' t ' t l  t t n t g t t t ' t i t '  l r v  t L ' 1 1 r , -

s i t i o r r  o t '  r t ' r t 1 r ' t ' - so l t t l r l t '  t , r  l t c l ' r , s t ' t t t ' - so l t t l l l t

1 ' r ' r ' r o f l t r i t l s .  I  t t  r L  t r ' 1 r i < ' r t l  l r r r ' l x t t ' l t l  i o l r  t  l r l t t

o f  ( ' l I .  3 '  ;  i c l r o f l t r i t l  ( ) l r  l t l t t t t t i t t r t  0 .2+  g

, r f  u ' r r t t ' r - so l t r l r l r '  l ' t ' t ' t ' , r f l t t i t l ,  t l i l r r t r ' < l  n ' i t l r

S t r r l  o f  tv r t t t ' r ' ,  \ \ ' l I i .  r r t l tk ' t l  t  o  5 .7  5  i {  o f

: t l t t t n i t u t  i n  l t  t ' o t l r t t l - l r o t t r ) l ) l ( ' ( l  1 1 1 1 - s l i . ' l ' l t t r

u - l t t c t '  \ \ ' l t s  l ' ( ' n I ov t ' t l  r ) l r  r l ,  t ' o1 l t t ' t '  ( ' v l l l ) o l ' l t t o l ' .
' l ' l r c  

l c s t t l t i r r g  g r ( ' ) '  so l i t l  \ \  r t s  s t i r r t ' t I  f ' o t '

s c v c t ' l r l  l t , r t t t ' s  i r t  l t t ' r ' 1 , , t t t ' ,  r i l t t l  t ' o l l t ' t ' t t ' t l  l l v

s r r c t i o r r  f i l t n t t i o t t . ' f l t t  c o l o t ' r ' t l  s t t l l t ' t ' t u t t r t t t l

c o t r t l r i t t t ' t l  s r r l r s t  l L t r l  i l r l  t t l t g t t t ' 1 i t  t '  ( t ' l L .  ' ) i r (  
i

o I '  t l r c  o r i g i r r t l  f t ' t ' r o f l r r i r [ ) .  l i t t r t I t t ' r  t t ' r t s l t i t t g

s ' i t l r  r r ( ' ( ' t ( ) n ( '  t ' r ' t t t o v t ' t [ , r l t l v  s t r l t l I  t t l t l i -

t i o t n r l  t l t u t r t t i t i c s  o1 '  f ' t ' r ' r ' o f l r t i t l .  - \ l t l r o r t g l t

l l r i s  p ro t ' t ' t l t t t ' ( '  l ) l ' o v i t l t ' s  l t  t t t t ' t l t o t l  o1 '  t l t ' -

l r o s i l  i n g  s t r u l l l  t t u t g r r r ' 1 i t r '  l r l r r t i t ' l t ' s  , ) l )  s t l l ) -

po r t s ,  t l r c  t ' t ' s t t l t i r t g  t t r t t c r i t L l s  t t t t t l o t t l r t t ' t l l v

co t r t i t i t r  s t t l r s t r t t r t i r r l  r l t uL r r t i t i c s  o t '  t l r t '  s t t t ' -

f r t c t r u t t , r r i g i r r t l l v  t t s c t l  t o  s t n l r i l i z t '  t l r t r

I ' r ' r ' r r  r f l r r i r l  (  /  , t  I  9 )  ,  u t r r l  r r r i g l r t  r c t l u i r t '  r t t l -

r l i t i o t r t l  t r c l t t t t t t ' t t t -  r ' i t l r t ' r '  l , ) '  t ' x t r l t t ' t i o t t

o r  l r i g l r - t t ' t t t l l cn t t t t r c  ox i t l l t t i o t r  t t t  l ' t ' l t t ov t '

t l r i s  r t t l so t ' l t t ' t l  s t t r f l t t ' t r t t t t . ' l ' ] t t ' s t '  l ) r ( ' l ) l t l ' l t -
t i o r r s  \ \ ' ( ' r ' ( '  t t o t  t ' x l r l o t ' r ' < l  i t t  t l r ' 1 r r i l .

I )  r r 'T t t t r r t l t ' r tn  t l l '  r t  ( i (  t  lmi l ru l i t t t t t  , t t t  t ' t t t ' l t , t r r

t t t t t t l r r t ' t i t t '  l r ry r l t ' t t t1 r ' t r t t l io r r  t 'u lu l rys( . ' l ' l t t '  l r l t l -

I u t l i r t r r r  < r r r t l r l v s l - {  \ \ ' ( ' l ' ( l  l l r r ' 1 r i t t ' t ' t [  t t s i t r g



; ( i

cr l rbon---1( i (  i  r r r lLgrr t ' t i t r '  l r r r l t i r . lcs t l r t r l  \ \ ' ( ' r ' ( l
rctui t tcr l  l t . r '  nrugrrr . t i r :  I i l t rut iorr  r r t  u f lou-
rr t t t '  of  i l00 nr l  nr i r r__r througl t  thc strrrr t l i i rc l
f i l t rat ion al tparatus (uir le I t tJ ' t 'a) .  Tl i is  suyt-

l lurt (0.5 g) in 20 nrl of \r-irtcr u'us t rctted
rvi t l i  a solut iorr  of  pal lacl iurr i  chlor idrr
(0 .05  g ,  0 .213 rnnro l )  t r rc l  H( l l  (0 .12  rn l )  in
') ntl of u-lttt 'r. ' I. lrr: rnixtttrc u'lrs rt 'r lut.t 'r l
( .H' : ,  50 1ts i ,  : l  hr) ,  r :o l loct t 'c l  l r . r '  suct iorr
f i l t r r t iorr ,  l 'ushcd u' i th t l r rctr  100-nr l  I )or ' -
t i t r t ts of  \ r ' r r t ( ' r ,  t r r<l  c l r icc l  i t r  l ,et ' t t t t  to v i t ' ld
rL 6 ' .L pal Iadiunr orr  t 'ur l ton nragnct i tc
t 'utulvst .  I l r .c luct ion of  pt l l td iunr chlor idc
bv bts ic fornlr ldchvdc (1,3) gtvc l r  r . t tu lvst
of  cot t r l l l i r r r l t lc  i rct iv i t r ' .

. ' \  t i ( , i  l ru, l lar l iunr orr  r .ur l torr  cutulvst  u.rrs

l l r t ' 1 ) t r r ' { l  t s  r r  co t r t ro l  l , } ' thc  l i t c ra t t r rc

l r roct 'c l t t rc (13) using i rct iv l r tccl  <:harc, ,n l  i r r

l t l l tcc of  cr t r l lon -  nurgrrct i t r ' .
P re poratio t r, oJ' nr ay1 trr:t itally t '0s 1to n sit ' t, ,

pr i lynter-bouttd hl l r l r tx let tat ior t  tntalysts.
1 ' r is  ( t r iphcrrv l l rhosphinr ' ) r .h lororhor l i rurr  (  I  )
( \ \ r i lk inson's cat t l . l 's t )  u ' ts t l ic  honrogcrr t ' -
olls h.1'drogcrurtiorr cutul.i 'st rrsccl irr this
u'ork. IJromirultiorr of t l ic ytolvst.r 'n'nc 2(,, i
t l iv i t rv lbcnz( 'n( '  (21) usirrg l roron tr i f luor ickr
cir ta lvst  f  ic ldcd iL y lo lvnrcr contrLining
lrroniinc orr 90',,1, of t l ic lrcrrzcno rings.
- ' lna l .  I , ' our td :  I l r ,  4 l .1  l J ro r r r inu t ion  us i r rg
l t thvdrous stannic r ,h lor idc i rs thc Lt 'u ' is
a t r id  (21)  . r ' i r . ldcd  & l ro lvnrer  < .o r r tu i r r i r rg
br<r t t t i t t c  on  95 ' i  o f  thc  l r t ' r rz t ' r r t '  r ' i r rgs .
- l  r ta l .  ] 'ound :  lJr ,  - l iJ .  l .  I ) ip l rcrrv l l rhoslr ] r i r r r ' -
st t l ;s t i t t t tcd polvstvrcrr t '  l tcrr t ls  \ \ ' ( ' r ' ( .  l ) r ' ( ' -
l l l t rccl  f roni  l tat 'a- l t ronr inatcr l  y lo lvstvr t ' r rc
b c r r c l s  ( 2 1 ) .  , l t r a l .  l , ' o u r r t l :  l ' ,  I 1 . 5 .  I ) i -

I lhenvlpl iosphinorrrcth1' l -srr l rst i tutcr l  poIr ' -
stvrctte bctids \\ '() l 'c l lrr '1lin't l frorn I)ata-
clr l r r ronrcthvlat t 'd l ro lvstvrcrrc l r r , tc ls (  2 1).
; l  t raL.  F ourr t l  :  J ' ,  ( i . : j .  ' I ' r is  ( t r i l lhcrrv l l rhos-

l lh in i ' )  chlororhocl iurrr  (  I  )  u 'ns tnclrorct l  to t  l rc
phos l lh in t .  rcs ins  l r1 '  thc  n rc t l ro t l  o f  I ) i t tn ra r r
t l  u l .  (22) . ' I l r c  t ' xe l ) r l )g ( '  r t ' uc t ions  fa ik ' t l
to  g ( )  to  conr l l l t ' t  i o r r  i f  iu ) \ '  u r r r t ' t r . t t ' t [

l thos l th i r rc  \ \ ' r t s  1 r r l sp1 t  i r r  t l r r '  1 r [os1r I i r r r . -
co t t t l r i t r i r rg  rcs i r )  o t '  i r r  th r '  \ \ i i l k i r rsor r ' s
c r t t r t l vs t  .  - l  t ta l .  l i o r r r r r l  fo r  t l ro  l cs i r r  ( ,o l r -

t i t in ing  Tra la - r l i1 r l rc r rv lp lu rs1 l l r i r r r )  ! { l ' ( ) l l [ )
l l t t ' s i r r  I ) :  I l l i ,  6 . l i ;  fo r  t l r c  n 's i r r  cor r tu i r r ing

Tra i ' a - c l i p l t c t t l l l r l r t i s l r l r i r r o r r r r , t l r l l  r r r r i c t i t ' s
( l l t ' , s i r r  I I ) ,  . . 1  r r u l .  l i o  r r r r t l :  I t h ,  ( i . - 1 .

T ' l t c  r cs i r t  l t cu t l s  < :o r r t r i i r r i r r g  t h t '  hv r l r o -
gctur t io t r  c r t t t lvs t  \ \ ' ( ' r ( '  rcnr lc l ' t 'd  r rurgnct i r :

l r ) "  t r cu tn rcn t  l ' i t h  f r csh l r '  l l r c r . i l r i t r t c r l
r n l t g t t c t i t c  t t n t l t ' r '  l u r  r r r go l t  t t r r r os l l hc r r ' .
I l t ' s i r r  l r t 'u t ls  r i ' i th  th t .  hvr l rogcnu, t ion c t t l -
l v s t  ( 0 . 0 2  g )  \ \ ' ( ' r ' ( . s u . r ' l l c t l  i r r  5  n r l  o f

t lcg l rss t ' t l  1 'HI i .  t r r r l  t l l t '  r ' x r , r 'ss  THI , '  \ r . ts
t l r r i c k l v  t ' r ' t r t ov r ' ( l  r r r r d r , r '  r u ' g ( )n  l t ' l v i ng  on l r '
su- r ' l l r , t l  c : t t l r l r ' -s t .  

' l 'o  
thc  r l l r i t l l v  s t i r r t , r l

s t t .o l lcn  crL t t lvs ts  l rc l r ls  \ \ ' r r ,s  t t l tk , t l  4  nr l

o f  l t  d t ' g l l s sc t l  l r ( l l l ( ' ous  ( . o l l o i t l l t l  sus l l c r r s i o r r

o f  r r u rg r r c t i t c  ( 20 ) .  ' I ' h c  
r ( ' s l l l t i l ) g  n r i x t  r r r c

u- l ts  s t i r r t ' t l  l t r t l  r l l i c t l  t t r r rL ' r  r r  s t r t ' l tn r  o l '

r I r 'gor ) .  
' f l rc  

t l l r rk  on l r lg( '  t ' r ' s i r r  l l c t t ls  \ \ ' ( ' r ' ( .
t ' r ' sus l l t ' r r t L , t l  l r r r d  s t i r r c r l  i t r  b0  r r r l  o f ' r l t ' -
g r t sscd  r r cc to r r t '  f o r  t l r r cc  l r ou rs ,  t l r c r r  co l -
I t ' r ' t c d  l t t ' s r r < , t i o r r  f i l t l l t i o r r  u r r t l  d r i c r l  t t l

t : e ( u o .  l J o t l r  r t ' s i t ) s  I  l u r r l  I I  g r r v t ' t l ) r ' s r u l r r .

r t t l t l v s i s  f o l  i r o r r .  , l  r r u l .  I , ' o t u rd  f o r  l l o t h  :
I f r ' ,  0 .47.

l ' t ' t :1tot 'ut i t tr t ,  o. l '  t t t t t t l t t t , t i r  l tut 'u-brottt  iaterl

Txt lys ty t 'e r re  bear ls  l t ry  sr rsTt t ' r tx ior t  pr i l lp t rcr iza-

t i o r r  ( r e s i r r  I I I ) .  I ) r ' g u s s t ' t l  u ' r r t o r  ( : J 5  r n l )

t ' o t t t l t i t t i t t g  0 . : t 5  g  o f  I ) l n r r r r u rg t ' l  f i s l t  p ro t c i r r

\ \ ' l Is  s t i r r r , t l  r l l r i t l l v  i r r  l r  100-r r r l  rour rc l -
l r o t t o t t i t ' t l  f l ask  r r s i r r g  r r  r r r r r g r r c t i c  s t i r r i r r g

l r : t r .  - \  I t r i x t r r r c  o f  10  i {  ( l i t  r r r n ro l )  o1 '

7 r - l l r o r ) r o s t v r c l ) r ' ,  0 . l - t 2  g '  ( t . I  r t r r r r o l )  o f
r l i v i r r v l l r < , r ) z ( ' t ) ( ' .  uu t l  0 .01 t5  g  o f  l r t ' r r zov l

1rcrox i t l t r  u ' l rs  l t l t l c t l .  I i c rosc l ) ( ' -soI t t l r l t ,  fc rnr -
f l u i t l  ( 0 .2  r r r l )  u ' us  t t l t l c t l  t o  t l r c  r os r r l t i r r g
t ' t t ru ls ior r .  '1 - l r is  

r r r ix t l l r t '  u ' r rs  s t i r rc r l  v igor -
o t t s l v  f o r  5  l r r  t t  E0 " ( l  u r r r l t ' r  a rgo r r .  Thc
r t 's t t l t  i r rg  : r r r r  or l l l ro t ts  l l ron 'n  l rc r t t ls  \ \ - ( ' r (  l
t r i t u r t r t cc l  i r r  u ' l t c r .  l r r r l  u . l s l r c t l  i r r  su ( . -
ccss io r r  n ' i t h  o l r o  2 - l i t c r  l r o r t i o r r  o f  n ' t t c r
i t t t t l  l i vc  100-r r r l  l ror t io r rs  o f  

' fHI , ' .  ' l 'h ts t ,

l rcat l .s  t ' t ' l cust ' r l  L 'ss  th i rn  5(  I  o f  t l t t :  fc r ro-
f lu i t l  a f tc r  r ) ) l rgno l ic  s t i r r i r rg  i r r  i r r : r ' tonc i l t ,
- +0 ' ( l  I ' o r  5  h r .  , l  t t o l .  l ' o r r r r t l  :  ( 1 ,  50 . t i f i ;
H .  ' 1 . 05 ;  l l r ' .  + l  . 1 : l  I  I , ' 1 , ,  1 . ( i 2 .  

' l ' r c t t  
n r cn t

o f  t  l r c sc  rn tg r r c t  i t ,  l l r o r r r i t r : r t  c t l  r cs i r r  l t cac l s
r i ' i t h  c i l h c r  l r r r t l l l i t h i r r r r r  ( ) I '  l i t h i r r r r i  ( l i -

l r l r r ' t r v l l r l r o s p l r i r l c  l ' ( ' l ) ) ( ) v ( ' ( l  r r r , r r r , l v  r r l l  o l '  t l r o
rn r rg r r t ' t  i 1 r '  1 ' r on r  t  l r t  r . r ' s i r r .

. l  1 t1 ta t 'a t t ts  u t t r l  1 t t ' r t r t t l t t t ' t ,  . l 'o t '  t t t r t r l t r r , l i t :

J i I t t ' u l i o t t . ' f l r t :  r r l l l l r r l t r r s  r r sc r l  1 ' , r r  r r u tg r r r , t i c



I i l l r l t i o r r  \ \ ' r r s  : r  i r O - r r r l  l r r r l r ' 1  l r r r v i r r g  ( ' : r .

0 . { ) 5  t ' r r r :  ( ' r o s s - s r ' ( ' l i o r l r l  l r r ' ( ' r r  ( ' o r r 1 r r i r r i r r g  l r

l oos r ' l r '  p l c l i t ' t l  p l r r g  ( r ' r r .  0 .O i r  g )  o l '  (X )  o r

0000 s t t ' t ' l  r r 'oo l  ( ) t '  s t l t in l t ,ss  s1r ' r ' l  n .oo l

l los i t io t rcr l  l l t ' tu ' r ' r ' r r  th t '  1 )o l t 's  o f  l  n i lgnct .

I l os t  o f  t hc  r r r t q r r c t i c  f i l t r a t i on  i n  t  h i s

u-ork  u ' l rs  c t r r ic r l  out  us i r rg  l l  s rn l i l l  I ) ( ' r -
n l l lncnt  n 'nrgr rc t  rv i th  t  f ic ld  s t r t ' r rg th  o f

2 .5  l iG;  t l i c  r t ' t tu t i r tc l t ' r  t 'n rp lovt ' t l  i ln  c lcc-

t ro tn l ig t rc t  (6 .9-cn i  l lo lc  g tp)  o l rc ru t i r rg  t t
10.0  k( ; ,  or  r r  I l i t tc r  so l r , r ro i t l  n rugut ' t  o f

bore d iun ic t r , r  5  r ' r t r  o l lc ru t i r rg  u t  i14.1  k( i .

For  nragnt ' t ic  f i l t r t t io r r ,  t ' thar ro l  or  n- l t t ( ' r

\ \ ' rrs l tcldr.d to thr '  l turct urrt i l  thcrc \ \- :rs
lbot t t  10 cnr  o f  c thruro l  (n ' r r , t t ' r )  l r , l rovc tho
n rag t t t ' t  and  t l r t r  s t ( ' ( ' l  \ \ ' oo l .  T l t c  c tha r ro l i c
( t t lucous)  s t rspt ' r rs ior rs  o f  thc  nur t t ' r iu l  to

bc n i r ignc ' t i r ,u l lv  f i l tc rer l  \ \ ' ( ' r ' c  i r r t roc l r rcr . r l

: t t  thc  to l l  o f  thc  l t r r rc t  lu rc l  th t '  f lon-  ru tc

of  t l t t '  s t ts l lc t ts io t t  thro t rgh thc r r ragnct iz t '< l

s t t ' t ' I  t t 'oo l  \ \ - r rs  t< l j r rs t t 'd  l tv  thc  s topcoc l i
o t t  th t '  l t r r rc t .  Thc nurgnt , t i r .  p t r t ic lcs  co l -

I t ' c t t ' d  o l )  t h t ' s t r l i n r l s  o f  t hc  s t t ' t ' l  u -oo l
cou ld  bc r  r ' ( 'ovcr r ' ( l  r r t  thc  cr r t l  o f  t l rc '
f i l t r a t i o r r  l r ) - l ou ' r ' r i r r g  o r  r c r r r ov i r r g  t h r .
tnagriet ic f i t .kl .

Hyrlntyyettatt ' r tr t  t tr tr l  ntagttet ir  ) ' (cot,et ' ! /  of

cata lys ts .  H.1 ' r l rogcr ru t ion l t . r '  l ro th  l r t l I l c l i r r t r r
and rhodiunt  cutu lvs ts  n ' ls  cur r i t 'd  out  i r r

40- r l l  ccr r t r i f t rg t '  tu l ) t ' -s  t ' r3r i1r1rcr l  n . i t l i

tn rg t tc t ic  s t i r r i r rg  bars  lnc l  No- t i r  s to l )pcrs .
HYdrogcn \ \ . r ts  i t t t ror l r rc t ' t l  i r r to  thc  rc l r r , t io r r

vcssc l  b t '  t  svr i r rgc  nccr l lc  inscr tcr l  thro t rgh
t l ic  No- l r i r  s toyrpcr .

H. r 'drogct t l r t io t i  l r . t '  p l l l l r l i r rnr  r , t t t lvs t -s

u ' l ts  r : l r r ic t l  o r r t  l r1 '  t tk l i r rg  0 .5  r r r l  o f  cvc lo-

I t t ' xc t t r r  to  l t  d t ,g l tss t ' t l ,  t t t l tg t tc t i t ' t l l t '  s t i r rc t l ,
suspcns ion  o f  0 .1  g  o1 ' t h t '  r , l t l L l . r ' s t  i r r  10  n r l
o f  t ' th t t t ro l .  Hvt l rog( ' t l  g i t -s  n 'as  thur  i r r t lo -

d t tecc l  i r r to  thc  r t ' tc ' t ion v( 'ss( ' l ,  ln r , l  thc
eoursc o f  thc  h . r ' r l rogcr r t t ion u ' l rs  fo l lon ' r ' r l

l r ) '  g l1 tc .  l [ lgnt ' t ic  r ( 'cov( ' rv  o f  t l r r '  p t l -

l l td i tun t 'u , tu l t ' s ts  u ' ts  cur r ic t l  o t r t  fo l lo r i ' i r rg

thc s t l rnr l ln l  proct ' t l r r rc  u ' i th  r r  f lou '  r l r t ( '
o f  r : i t .  5  t i r l  n r i r r  1 'hc  nr i rgr r< ' t i r . t r l l v  r ( ' -
( 'ov t ' r r , ( l  c l i t l r lvs t  \ \ ' l rs  s t r i l l l l t ' t l  o1 '  so lv t ' t r t
( ) r l  r t  ro t l t r t '  r ' v l r l lo r l l to r ,  u ' t ' ight ' t l ,  lu r r l  r r ' -

i n t r o< l t t c t ' r l  i r r t o  l  c l t ' l r t  c t ' r r t r i f r r gc  t r r b r '  f o r

f t t r t hc r  hv t l r ogc t r l t i on .

[ J l t l r o g c t n t t i o t t  1 , )

, , 1

n r i r g l r c l i r ' .  t ' r ' s i t t -

l r , r t t t t t l ,  \ \ ' i l l i i r r s o t r ' s  c r r l r r l v s t .  ( r c s i t r s  I

: u r t I  I  I  )  r t ' r r s  c l t t ' t ' i r , t l  ou l  l , ) '  su  r , l l i t r g  l r t r t l

s t i r r i r r g  0 . I  g  o f '  t  l r c  r t t r t g r t c t i c  r cs i t r - r ' r r t i r l v s t

i r r  l 0  n r l  o f  t l cg l ss t ' t l  t t r c t hv l c r ro  ch lo r i c l t , .
( l t ' t ' lo l i t ' x t 'n r '  (0 .5  rn l )  \ \ - r rs  r r r l t lc r l  to  th is
s t i r r t ' c l  sus l lc t ts io t t .  l r l r l rogcr t  \ \ ' i rs  in t ro-

< l t tc ' r 'c l ,  l t r t r l  t l re  l rv r l rogcr r l t io r r  r i ' l s  fo I Iou- r ' r l

l , ) ' g l p t : .  I l ag r r c t i c  r ccovc l i c s  o f  r cs i r r s  I

l r t tc l  I  I  \ \ ' ( 'n )  < 'ur r ic t I  or r t  ur r r lc r  l lqon fo l -

lou- i r rg  thc  s t t t r t l l r r r l  l r rocr , r l r r rc  u ' i t l i  a  f lo r i '

r : r t t '  o l '  5  t t r l  n r i n - r .

I i  I . ]S I ' I , ' I ' S  AN I  )  I  ) IS ( ] ( 'SS I ( )N

Preltarat iott  oJ' J 'et 'r i t t t  u1 rret i t  totol! /st sl tp-
pr t r Is .  I " ( )ur  ( ' ( ) ln t ) )o t t  l tc tc t 'og( 'n( ' ( )us  r , r t t l t l . r ' s t

s t t p l l o r t s  -  l l r t r r r i r uL .  s i l i < . r t ,  r . l r r l ) o l l ,  l r r r r l

1 to l r - s t v r c r r c  - 2 (  f  t l i v i r r v l b t ' nz ( ' r ] ( '  r . o1 lo l v rnc r

l l t ' rLds < 'o t t t l t i t t i t rg  r r  r l i -  ( ) r '  t r i - l rn ' lphos-
ph i r r r ' - -  h r r vc  l r cc r r  r c r r r l c r t t l  r r r r r g r r c t i r :  b ) '

t r c l t n r c r i t  u ' i t h  r r r : r g r r c t i t t ' ,  r , i t l r c r  l r s  : l , l t
l I ( l t tco l ls  t 'o l lo i t l l r l  s r rs l lcns i r ) l )  ( ) r '  l ,s  l r  f ( ' f r ( ) -

f l u i t l . , \ t r  i r r r l l o r t : r n t  l l l r u r n t ' t t ' r  i n  t l r , t ( ' r -
r r r i r r i ng  t hc  r r t i l i t v  o f  t l t c sc  sup l l o r t s  i s  t hc

t t ' t u r c i t v  r v i t h  u ' h i ch  t hcv  r t ' t l r i r r  t l r c  a ( l -
sor l l t ' r l  o r  ocr ' l r rd<, r l  nurgnct i t r ' .  I ) r ' l los i t ion

of  prc for r t to t l  tn l tgr t t ' t i t r '  1 ' ront  l l ( l l l ( 'ous su.q-

1 l t ' r t s i o t t  s ( ' ( ' l ) t ( ' ( l  t o  l t t '  t l r r '  l l r occ t l t t r c  t t r os t

t ' fTr . r ' t i vc  in  pror luc i r rg  r r l r tc r i l r ls  u 'h ich r r ' -
t l r i nc r l  t hc i r  r r l r g r r t ' t i t c  i r r  us ( ' .  - \ f t c r  l t r t ' -
p r rn r t i o t t .  s rn r t l l  r l t n r r r l  i t  i c s  o f  r r r ag r ro t i t c
\ \ - ( ' r ( '  l o s t  r ) r )  r ) u tg r ) ( ' t i r ,  s t i r r i r r g  i n  t { . r ' t o r l r ' ,

l n r t  t h i s  l oss  l ) r ' r , r r r r r c  r r t ' g l i g i l r l c  r r f t c r  c r r .
l 0  h r  o f  s t i r r i r r g :  : r t  l t . l s t  S O t  ;  o f  t h c

t t u rg t r c t i t c  o r i g i r r : r l l v  t t l so r l r cc l  u ' t s  r c t l i r r cc l .

I n i t i : r l  hou t  t r c l l t r r r t ' r r t  co r r l r l  l l r o l x r l l l v  i r n -

I ) l 'ovc lh is  pcr f r )n) ) l l l ( ' ( ' .  l r r r t  u 'us  t ro t  t r ic r l .
I ) t ' l lo .s i t ion o f  t ' i th t ' r  \ r - t t ( ' r -so l r r l l l c  or  k t ' ro-
s t ' t t r ' -so lu l l lc  f ' r ' r ro f lu i r ls  o l l  t  hc  sr r l t l to r ts

l r ro t luc t ' r l  n r : r tc r i l r ls  t l ra t  k rs t  : rp l l rcc i l l t l . r '
l ror ( '  (10 to  )  i t } ( , , ,  )  rn tgnt ' t i tc  l ' , ) '  I ) r ( ) -
I o t t gcd  n l r g r r c t i c  s t i r r i r r g  i t r  r u )  { r cc tonc
sus l l e r r s i o r r  t l u r r i  t l r c  n r l g r r c t i r :  r n l t t t ' r i a l s

l r r t ' l l r l r t ' t l  l r1 '  r l r ' l ros i t i , r r r  o f  lL r l r lcor rs  r ,o l lo id l i l
t t t : Lg r t c t i t r ' . ' I ' l r c  u ' l r t c r ' - so l r r l l l c  f c r ro f l u i c l

r t t l so r l l t ' t l  r ) ) ( ) r ' ( '  s t r o r rg l . r -  t o  : r l r r r r r i r r l  a t r d

s i l ic l i  su l l l lo r ts  thr rn  l  l rc  kcroscr re-so l t r l t l t :

fc r ro f l t t i< l ;  t l rc  tn .o  1 ' r ' r ' r ' r , f l r r i r ls  l l l l r r . r r ror l  tc t



is

: t t l s o t ' l r  t  o  l l  ( ' ( ) l ) r l l r r ' r r l r l c  r l c g r r , r '  o l r  1 l r r .  r ' r ' s i t r

l r o l < l s .  l ' r ' r ' r ' i l r i t  l t  i o r r  o l '  r r u r g r r c t  i l r '  r l i r c r . t l l
o l t t o  t l r c  s t t l l po t ' 1  \ \ . i r t \  l c ss  c l i ' r ' r ' t i v r r  t h l Ln

r t r l so r ' p t i o r r  i n  t c r r r r s  o I  r ' f f i r . i u r c t '  o f  r r t i l i z t -
t i o r t  o f  i r o r r  s l l t s :  ' \ l un r i r u r ,  s i l i r , l  g r ' 1 ,  t r r t l
cn r l r r ) l l  n l ) l ) ( ' l r r c r l  t o  i nh i l l i t  t hc  f o r r r l r t i o r r
o f  n r t gn t ' t i t t ' ;  po l vs t v r c r r c  bc l t l s  l i l r l  no
r ' lTcct  o l l  thc  fo l tnnt ior r  o f '  th t '  n tLgt rc t i t r ' ,

but  cvr r l lonr t ior r  o f  t l r r r  1111111 'o t ts  l lh r rs( l  \ \ ' l rs
r ( ' ( l u i r ( ' ( l  t o  r l r ' l r os i t  t l r c  n r l r g r r c t i t r ,  o r r  t hc

] rcnc ls .  I i l l lo r ts  t  o  i r r  c l r r t lc  r r  r  lg r r  c t  i t  c  i r r

l r o l t ' s t v r c t t c  l l r . l r l s  l r . r '  l l ,  r l v r r r c r i z l r t  i o r r  o f

s t v r cn r r  i r r  t l r c  l ) l ' ( ' s ( ' l r ( l ( ,  o i '  : r  f r ' r r o f l r r i r l

\ \ ' ( ' r ' ( '  , , t r l r '  l r r r r ' 1 i r r l l v  s r t c c c s s f ' r t l  :  r r l l  l r o t t g l r

t l t c  n l r g r r c t i l r '  u ' r r s  l r ' 1 : l i r t c r l  r r r [ r ' r l t t r r t c l r  i r r

l l r c  i r r i t i l l  l r r r ' 1 r r r l r r t i , , n ,  i t  \ \ i r s  l o s t  ( ) n

t r c l i t r ) r c r ) t  r i . i t h  t l r t '  s t r o r r g l v  l l r r s i c  l i t h i r r r r r

t l i l r h t ' r r v l l r l r o s p h i r l r '  : r n r l  l r r r t l l l i t h i r r r i r  r t s c t l

t o  i n t r o t l r r c r '  l r h o s l r h i r r c  l i g : r r r r l s . ' l ' l r r t s ,  t h i s

l l r occ t l t t r ( '  \ \ ' l r s  t t o t  t t s r ' [ ' t t l  1 ' o t '  l l r r ' p : r t ' i t t g
" l t c t c r o g c r r i z r ' < 1 "  n r c t r r l s .  r r l t l r , r r r g h  i t  n r i g l r t

f i r r t l , r t h t ' r  l l r p l i c r r t i o t r s .

, l Iu r l r t t ' t i r '  , l i i t t 'a t io t r .  
'1 ' l rc  

t rurg t tc t  ic  f  i l t t ' r '

t t s c t l  i t t  t l r i s  I : r l r on r to l ' . r '  t r ' , r t ' l i  \ \ ' : r s  : l  s t t l r l l

l l l t r g  o 1 ' s t c c l  u ' o o l  c o r r t l i t r c r l  i t t  r r  i l 0 - r r r l

l r t t r r ' 1  t  h r r t  \ \ ' l I S  p l r r c r , r l  l r r ' 1 \ \ ' ( ' ( ' n  l  l r r '  ; r o l r ' s
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"  l ' l s l i r n l r l t ' r l  r r v t ' r ' r rg r '  l l r r l  i r . l t '  s i z r ' .
t '  " r ;  l i t ' l l r i r r c r l "  i s  1 h t ' r v 1 / i  o i  l l t t ' r , r r l r r l v s t  t . t ' t r r i r r t ' r l  i r r  l l r c  I i l t t ' r ,
'  I ' l . r l t ' r ' r r l l  n r r rgn t ' l i r .  f i t ' l r l  s1  r ' t ' r rg t l r .
' 1  l i i t t t t ' r '  r r i cke l  i s  f t ' r ' r ' o r r r l rg r r t ' 1 i r . .
' '  ( l r l l r r l l - t . o l r l  t . r l  l  r r r rgs l  e r r  r . l l l r i t l r '  {  20 ' ,  l v  :  u '  ( ' o ) .

l l r t r ' 1  i< ' l c  s i z t ' .
t t  ( 1 1 ; 1 ; 1 1 ( r l '  t ' l t t ' o l t r i l t '  i s  1 r u ' r r t t t l r g r r t ' 1 i r ' ;  n I r n g i l l l ( ' s 0  r l i o x i < 1 0  i >  l l ( ) r ' n r l l l l Y  r r r r l i f t , r . r . o r r r l r q r r t , l i r . .
r '  ( l o l r : r l 1  r r r o l l l l r l : r 1 r '  o r r  l t l r r r r r i r u r  :  i i '  i  \ l o (  ) , , .
'  20 /  ;  N i (  ) .
,  l ) l r t ' 1 i r ' l t  s i z r , r ' r n g ( , g i v r , n  f ' o l  l , l r c  r . r  ) r r r n r ( ' r ' ( . i l r l



] 1 , \ (  iN l . l ' l ' l ( '  I r l l , ' l ' l l , \ l ' l (  ) \  (  ) l f  ( ' , \ ' 1 " \1 , \ ' s ' l ' s ; 1 )

(  ) l  i r  l ) u t g r r c t  .  l i o t l r  s t c l l  n ' o o l  : r r r r l  s l  r r i r r l c s s

s t c t ' l  n ' oo l  o l '  v l t t v i ng  ( ' ( ) r u ' s ( ' n ( ' i \ s  u ' r , t ' r '  usc r l
i t s  l l u r  f e r ro t ru rg r r t , t i r :  r r u r t r i x  o1 '  l l r r '  l i l t o r ' .

S t c t ' l  t t ' oo l  i r t t t l  s t t i t t l c ss  s t c r ' [  u ' o , r l  r r l r l l r , l r c r l

to  l lc  corn lxr r lL l l l v  c f fc r . t iv r r  ts  t  l rc  f i l t r . r

nu r t c r i t l  i n  H ( ' i l { l ' .  T l r c  r r l r y r r r r : t t us  us ( ' ( l
f o r  I u r s t ' - sc l t l o  H ( l l I F  l u r s  l r cc r r  <L ' -

scr ib t '< l  (2) .

Th t '  l t t ' l i r t v i o r  o f  i r  v l r i c t v  o f  c r r , t r r l l ' s t s
i t l l ( l  r : t tu l . r 's t  suppor ts  i r r  t rur ,g t rc t i r .  I i l t r r r -

t io r t  \ \ ' i rs  c lc t t ' r ' r r r i r rc t l  : r r r t l  t r 'p ic : r l  rcsr r l ts

r l ro  s t t t t t t t t r r , r ' i zcr l  i r r  ' J ' l t l l l t .  
l .  I . l x tcnr l r l

t t t i r g t t c t i < r  I i r , l r l  s t r r , ng ths  I ' r on t  2 . i r  t o  l i 4  l i (  I

ru t t l  r l t tcs  o f  s t tspcr rs ior r  f lon '  througl r  th t ,

f i l t c r  l r o tu ' r ' t ' r r  5  u r r r l  : 100  r r r l  r r r i r r - r  \ \ ' ( ' r ( ,
t c s t c t l  n ' i 1h  t l r c  r r l r p l n r t us  usc r l .  I l t ' l l t i v r ' l r

l , nv  t t r l t g r r r , t i t '  f i c k l s  \ \ ' ( , 1 ' ( '  r r sc r l  i r r t u r t i o ru r I l v
i r r  l t ros t  o f  th is  \ r 'o l ' l i .  l rc r : t r rsc  t  l rc l  r r r ' ( ,
r ) ) ( ) l ' ( '  ( ' ( ' ( ) l ) o tn i c t l l v  gc r r c r r r t c r l ,  t r r< l  J r t t . r r t t s r ,

t h r ' . r '  l r r ov i r l c  r l  c l l r r r c l  c v l l u r r t  i o r r  o l '  l  l r t

l i n r i t s  o t i  t l t l  t c c l r r r i r l r t ' ,  t h l r r  r l o  v r ' r . r '  l r i g l r
l i c l r l s .  , \ t  t l ) r ' s r ,  r ' r ' l l t  i v c l v  l ou '  r r r : r g r r c t  i t ,
f  i c l r l s ,  l i l t r a t i o r r  \ \ ' r s  s i g t r i f  i r , r r r r t  l v  n r (  ) l ' ( '
l tT t 'e t ivc  l t t  lou '  thar r  r r t  h igh f ' lon '  I ' l tcs .
(  )n ly  in  t  hr '  ( ' i [s ( '  o I '  t l rc  l ' r ' r ro ln l rgr rc t i r .
I l a r r c t '  r r i c ko l  l n r l  r . o l x r l t  t t u r rgs t t ' r r  ca r ' b i<L '
is  r t r lg t tc t i t '  rccov( ' r \ '  o f '  t l tc  c l t r r lvs t  ( 'ss( , l t -

t ia l l . t '  t lu r r r r t i t l t i v t '  r r t  f lou '  nr tcs  ls  h ig l r

l 1s  300  n r l  t r r i r r - r .  l I : r g t r c t i r ,  f  i l t r l t  i o t r  o1 '

f c r r i n l r g r r c t i c  so l i t l s  ( , ' . g . ,  r n l t g r r c t i t r ' )  o r

< l i an i t gnc t i c  su l l po r t s  con t l i n i r r g  su l ) s t l l t ) -
t i l r l  f c r r i n l r g r r c t i r ,  n l r t c r i r t l  ( , ' . g . .  r , t r l r o r r -

l f f : / (  nurgnt ' t i t r ' )  is  c ls i lv  nr . r .or r r l r l i shor l  t t
f  i t ' l c l  s t r c t r g ths  l css  t  h l r r  5  l i (  I  t r r r l  l t
t t to t l ' r t tc lv  h igh sus l lcns ior r  f lou '  I ' l1 r 's .
I ' ' I i tg r to t i r :  f i l t r l t io t r  o f  I ) l l ' r r r ) ) l tgnct ic  so l i r ls
i s  r ) l o r ( '  t l i f f i < . r r l t .  C lop l r c r  ch ro r r r i t r '  \ \ ' i r s
t ' t ' t l t i t t c t l  c sson t i r r l l v  t l u t r r t i t l t i v r , l l  t t  l ou '
f l ou '  n t t cs  ;  I ) ) r u l g l u ) t ' s r .  r l i ox i r l r ' ,  n i r , l < r ' l  ox i t l r ' .
o r  co l t r l t  n ro l v l l r l l t c  t , o t r l t l  l l o t  l l r '  ( l u l l ) t i -

t r r t i v c l v  r c tn i r r c r l  r u r r k ' r '  l l ] . \ '  t . , ' n r l i l  i o r r - *

tvc  r ,x l l lo t ' r ' t l .
' l ' o  

r l c l ' l t ons tn r t r .  l  l r c  r r l i l i t v  o f  F I ( ; ] l  I f
i r r  t ' t ' r ' o v l r i l r g  s r ru l l l  1 l u , r ' t i r , l t , s  p ro< l r r r . r ' r l  l n '
t t t r i t  i o t t  f  r o l r r  l r r r g l r  (  ) t ) ( ' s ,  t  l r o  r . l r r l r o r r  - l i l (  i
t t t r r g r r c t i t r '  l r t l l l t l i t u r r  r . n t l l v s l  u ' i t h  i r n  i r v ( ' l ' -
r t g r '  p l l t i c l c  s i zc  o f  . 10  i un t  \ \ ' i r , s  r r , r l r r r . r ' r l  t o

l , l t  l t v ( ' l ' l r g r '  p l t t ' t i c l c  s i zc  o1 '  2  p l r r  l r v  g r i r r r l -

i r r g .  l I r r g t r r ' 1 i c  l ' ( , ( ' ( . ) v ( ' 1 ' 1 '  o f '  l r o l l r  l  l l c  co r r r s r

r r t r r l  l l r l  f i r r r '  l x r l t i r ' l r , s  n ' : r s  ( l l u u r l i l r r l i v c  r r t

l o t t -  f  l o u  t ' r r t c s  r r t t r l  ( ' ( ) n r l r t t ' r t l r l r '  : r l l  l r , r t t g l t

r t o l  < l t t r r t r t  i t : r t i v t  r r l  f ' r r s1 r ' r '  f l on -  t ' r r t  c s .

l l r r g r r c t i c  s t i r r i t r g  o f  p r r t ' t i c l r ' s  , r l '  l l t r '  : t . 7 ( ;

t t t l r g r t c t i t c  o l r  c r r r l l on  s r r l l l l o r t  ov r , r r r i g l t t

l l r , r r l r t u ' t l  t ' x t r c r r r o l v  l i r r r '  p r r r t i c l cs  u ' i t h  l t r t

: t v ( ' n rg ( '  s i zc  o1 '  l c ss  t l r r r t r  I  p tn .  
' l ' l ) r ' s t ,

1 r : r r t i c l cs  \ \ ' ( ' l ' ( '  r c t  r r i r r c t l  l r , s s  c f  f i r ' i t n t  l r -  (  l c ss

t h l r r  r d x  ; )  t l r r r r r  t h c  l r r r g c r  ( l l  p r u )  y r r r r t i c l t ' s

o f '  t l r c  s r u ) l ( '  s t r l r l r o r t  ( 1 ) 2 ( ;  r ' r , t r r i r r c t l ) .  
' l ' h c

o l r s t ' t ' v r t t i o l t  t l r r r t  l l t c  t ' r ' r ' r ) v ( ' r ' \ '  , r 1 '  l l r i s  l ou ' -

n r r g r r c t i t c  s r r q r l l o r t  i s  l c s s  t h l r r  r l r r r r t r t i t r r t i v c

l r ) l I v  r c f l c c t  i t s  t r r : t g t r c t i c  l ) r ' { } l ) ( ' 1 1 i c s .  o r  i t ,

l l ) r v  i r r t l i t . l r t c  t l t : r 1  t l r c  r l r ' p o s i 1 i o t t  o f  I ) r ( ' -
l ' o t ' t t t c r l  n l r g t t c f  i t c  on to  t l r o  s t t p l r o r l  l l r o r l -
l l ( ' ( ' s  : r  l c ss  r r r r i l ' on r r  r l i s l  r ' i l r r r l  i on  1 l t r o t t g l t

t  l r r ,  s t r l l l r o r ' 1  t l r r r t t  r l oos  I ' o r t r u r t i o t t  r r t t t l

l r r c e i l l i t r r t i o r r  o 1 '  t n r r g r r c t i t ( '  i t r  t l r l  I ) r ' ( ' s ( ' n ( ' { ,
o1 '  t l t c  s r r l r po r l  "

' l ' l , r  t ' . l l ' rr ' l  o.[  t t t t t t l t rr ' l i t '  . l i l l t ' r t l i t t t t  ott  l l t t

t r i la ly I l t '  u r ' l i r i l t l  r t . l '  t r  x r r l t l to t ' l r r l  ln l lu r l i tu t t
I r y r l r t x l r . ' t r u l i t t r t  r u l u l r yx l .  l l c r l r t t ' l i , , l t  o l '  l r r l l l -
r l i t t t n  t ' h l o r i r l c  b v  h l r l r ' , , g c r r  i r r  1 l r t '  l ) r ( ' s ( ' n ( ' ( )
o f '  r r  c r r r l l o t r  r t r : t g t t o t i t c  s t t l r ; r o r t  v i t ' l r l c r l  : I

6 (  1  p l l l l r l i r r n r  o r r  c t r ' l r r ) r I -  r i ) l g n ( ' t  i t ( '  ( + ( i ( , ; )

t ' l t t r t l v s t  t h l t  u ' l s  r ' : r l r r l r ' l i c l l l v  r r c t i v t '  t t t r l

r t r r r g t ' r c t i c r r l l v  I i l t c r r r l r l r ' . ' l ' l r r ,  l c t  i v i t v  o t '  t  l r i s

c r t r l t o r t  t t t l g t t c t i t r '  l r l r l l r r r l i t t r r r  c r r t r r l v s t  s ) ' s -

t cn t  i t t  l r v t l r ogc t l t t i on  o l '  r ' r ' t ' l o l r cx l t ) r '  \ \ ' l s

i r r i t i l l l r '  : l l ) l ) r ' o r i t r r l t c l v  S 0 (  i  1 l r r r 1  : r  c o t r t r o l

s l r t t t l r l t ,  o f '  l r r r l l r r r l i t t r r r  ( ) r l  c l r r l r o l t ,  l l t ' r ' l r r r r t ' r l
t t s i r r g  s i t t t i l r r r '  l r r occ r l r r r r ' s .  . \ f ' t c r  1  r ' r ' r ' l l  o1 '

l r . r ' r l r o g t , r t r r t  i o t t  r r n < l  I r u t g r r c t i r '  l i l t  l r r t i o t r ,  i t . .

r r c t i v i t v  r l t ' o1 r1 rc t l  t o  s . i r (  i  o1 '  t  l r c  o r i g i n l l

r r t ' t i v i t r ' ,  t t t r l  s t r r v c r l  c s s c t t t i r r l l r '  < ' o t t s t r t t t l
ov t ' r  4  r ' r ' r ' l o s  o l '  l t v r l r og t ' t t r t t i o t r  r r t t r l  l l l r r g -

I t r , t i c  f i l t r n t i o r r .  . \ r r  r r r l r l i t i , ' r r r l  2 0  r ' r ' r ' l t ' s  o 1

t t u r g t t < ' t i t '  l i l t r l t i o r r  r r l , r r r c  r l s r t l t l r l  i r r  l l s s

t l r l r r  1 0 1  i  l o s s  o 1 '  r r c t i v i t r ' .  
' l ' h r '  

l r r r l l r r t l i r r r r r -
c l t r l l , r t t  c o t t t r o I  r ' : r t l r l t ' s t  \ \ ' l t s  l r o t  r r ' 1 t t i t t c r i

i r r  t l t c  n r rgnc t  i c  f  i l t c l  r r r r r l c r '  l  h l sc  co r r r l i -

t i o t t s . ' l ' l l r ,  l r c t i v i t l  o l '  t r i s ( t r i l l l r t ' r r v l l l h o s -

l l h i n r ' ) r ' h l o r o r l r o < l i r r r r r  { l )  i r r r r r r o l r i l i z c r l  i r r

l l h o s 1 r h i r r : t t c t l  1 l o l v s t l t ' r ' t r c  l o s i l r s  t ' o t t 1  r r i t r i t t g

I t u rg r t< ' t  i t r '  \ \ ' i l s  50  1X) (  ,  1  h r r1  ,  r f '  r ' o t t 1  ro l

s l t r t t l r l c s  i r r  t r ' l r i t ' l r  r ) o  r r r : r g r r c t i t r '  \ \ ' l s  i r r -

t ' l r r t l c r l .  
' l ' l r c s c  

c l t  r r l l s l s  : r 1 l 1 r r ' : r t ' r ' r l  t o  l o s r '

r l ) l ) r ' o x i t n l t c l r '  ? r 0 (  ;  o l '  t  l r c i r  l r ' 1 i v i 1 r '  ( ) n

( ) n ( '  l t ) l g l r c t i r '  f i l t t ' r r l i . t r . ' l ' l r l  o t ' i g i t t  o l '  t l r i s



( i0

I , , s s  i r r  r r c t  i v i t \ '  \ \ : r ; .  1 y o 1  r ' y l r l o l r ' < 1 ,  l r r r l  r n r r , . \ '
s i r r r l r l v  r c f l t ' c t  o x i t l l r l  i o r r  i r r  l r r r n t l l i r r g  t l r r ,
s iu t t l r l r ' .  

' l ' ln ls ,  
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