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Introducción

q#+(+*U#'!,(.!#1&.%$*,('*0/+*1!,(!1(*./*(,/20!-
++d'!*(5/!)!($#'0!'!+(!1!8*)*,($#'$!'0+*$%#-
'!,()!(*+,-'%$#(%'#+.d'%$#;(L*$%-')#1*('#(*50*(
5*+*(!1($#',/"#(L/"*'#N(e,0*(,%0/*$%&'(,!(5+!-
,!'0*(!'()%8!+,*,(U#'*,()!(1*( !5r21%$*(>+.!'-
0%'*(4(* !̂$0*(!,5!$%*1"!'0!(*(+!.%#'!,(+/+*1!,(#(
'r$1!#,()!(5#21*$%&'()%,5!+,*;('#($#'!$0*)*(*(
+!)!,()!(*./*(5#0*21!N(e1(*./*(!,( 1*(5+%'$%5*1(
+/0*()!(!V5#,%$%&'()!(1*,(5!+,#'*,(*1(*+,-'%$#;(
4*(,!*(*(0+*8-,()!(1*(%'.!,0*()%+!$0*(#(*(0+*8-,(
)!(*1%"!'0#,($/10%8*)#,($#'(!,0*(*./*N

e1(*+,-'%$#(!,(*$/"/1*21!(!'(!1(#+.*'%,"#(5#+(
!V5#,%$%&'($+&'%$*;(5/)%!')#(#$*,%#'*+(\%)+#*+-
,!'%$%,"#(D+&'%$#( !.%#'*1(e')-"%$#(I\>D eK(
*,A($#"#(0*"2%-'()%8!+,#,(0%5#,()!($d'$!+N([*(
$#'$!'0+*$%&'("dV%"*(5!+"%,%21!(5*+*(*+,-'%$#(
!'(*./*;(!,0*21!$%)*(5#+(1*(g+.*'%U*$%&'(E/'-
)%*1()!(1*(S*1/)(4(!1(D&)%.#(>1%"!'0*+%#(>+.!'-
0%'#;(!,()!(HQ(s.([-1(IgES;(PQQ K̀;(ID>>;PQQJKN

eV%,0!'()%8!+,#,(5+#$!,#,(5*+*( 1#.+*+(!1(*2*0%-
miento de arsénico. La elección de uno de ellos 
)!5!')!+d()!()%,0%'0#,( *̂$0#+!,p($#'$!'0+*$%&'(
)!( *+,-'%$#( 4( )!( #0+#,( %#'!,( !'( !1( *./*;( 0%5#(
)!( /̂!'0!;(.!#.+* Â*()!1( 1/.*+;()%,5#'%2%1%)*)(4(
$#,0#( )!( 1#,( %',/"#,;( 5#21*$%&'( *( ,!+8%+;( !0$N(
e'0+!( 1#,("-0#)#,(*51%$*21!,(!'(!,0#,($*,#,(*(
1*( +!"!)%*$%&'( )!( >,( I[%00!+( 4( $#1*2#+*)#+!,;(
PQHQK( 5/!)!'( "!'$%#'*+,!p( *K( 5+#$!,#,( )!(
$#*./1*$%&'C5+!$%5%0*$%&'( $#'( ,*1!,( )!( *1/"%-
'%#(#(L%!++#](2K(*),#+$%&'($#'($*+2&'(*$0%8*)#;(
*1r"%'*(*$0%8*)*;(*+!'*;(*+$%11*,(4(($#"5/!,0#,(
)!(L%!++#(I%'$1/4!')#(!1(<!($!+#8*1!'0!K;(,%!')#(
!,0#,(r10%"#,( 1#,("d,(!6$%!'0!,]($K(+!,%'*,()!(
%'0!+$*"2%#(%&'%$#]()K(610+*$%&'(5#+("!"2+*'*,(
I!,5!$%*1"!'0!(r0%1($/*')#(!1(>,(,!(!'$/!'0+*(
!'( #̂+"*(5*+0%$/1*)*K(4(&,"#,%,(%'8!+,*(ISL*+-
"*(4(S#L';(PQQFK(I:!k$#"2!(4(E#11!+;(PQQtK(
I:#/2*$0!5(4($#1*2#+*)#+!,;(PQHQK

e'(d+!*,( +/+*1!,( ,!( 8%!'!'( )!,*++#11*')#( ,%,-
0!"*,( )!( *2*0%"%!'0#( )!( *+,-'%$#( /0%1%U*')#(
*+$%11*,( '*0/+*1!,( 1#.+*')#( +!"#$%#'!,( "*-
4#+!,( *1( FGb( I?!(e,5*+U*;(u#'.( )!(E!)%'*;(
HFF K̀N(e,0#,(0+*0*"%!'0#,(0%!'!'(1*(8!'0*3*()!(
,/(2*3#($#,0#(4(,%"51%$%)*)()!(*51%$*$%&';(5!+#(
+!a/%!+!'(.+*')!,()#,%,()!(*+$%11*(5*+*(+!)/$%+(
1*( $#'$!'0+*$%&'()!(*+,-'%$#(*(8*1#+!,( %./*1!,(
#(%' !̂+%#+!,(*(1#,(+!$#"!')*)#,(5#+(1*(gES;(1#(
a/!(*(,/(8!U(%"51%$*(1*(.!'!+*$%&'()!(.+*')!,(
$*'0%)*)!,( )!( +!,%)/#,( ,&1%)#,(a/!( 1/!.#( )!-
2!'(,!+()%,5/!,0#,](1*(!,0*2%1%)*)()!1(*+,-'%$#(

retenido en estos residuos resulta fundamental 
5*+*()!0!+"%'*+(*10!+'*0%8*,(5*+*(,/()%,5#,%$%&'(
6'*1;(4*(a/!(/'*(1%V%8%*$%&'("*4#+(*(1#,(1A"%0!,(
63*)#,(%"51%$*(a/!(1#,(+!,%)/#,()!2!+d'()%,5#-
'!+,!($#"#(+!,%)/#,(5!1%.+#,#,N

e,0!( 0+*2*3#( !,0/)%&( 1*( +!"#$%&'( )!( >,IWK( 4(
>,I@@@K()!()%8!+,*,("*0+%$!,(*$/#,*,;("!)%*'-
te procesos de adsorción y co-precipitación 
con materiales económicos, como arcillas natu-
+*1!,( 4( L%!++#( $!+#8*1!'0!N( >)!"d,( ,!( !,0/)%&(
!1(! !̂$0#(!'( 1*( +!"#$%&'()!()%8!+,*,(8*+%*21!,(
!V5!+%"!'0*1!,($#"#(1*(*$%)!U(I5\K()!1("!)%#(
4(1*(5+!,!'$%*()!("*0!+%*(#+.d'%$*;(!"51!*')#(
d$%)#($A0+%$#(ID%0K($#"#($#"5/!,0#("#)!1#N(S!(
modeló la capacidad de remoción de los distin-
0#,("*0!+%*1!,(*,A($#"#(0*"2%-'(1*($%'-0%$*()!(
*),#+$%&'()!(>,IWK(4(>,I@@@K(!'(*+$%11*N(q#+(r1-
0%"#;( ,!( !8*1/&( 1*( !,0*2%1%)*)( )!( 1#,( +!,%)/#,(
,&1%)#,(.!'!+*)#,(5#+(!1(/,#()!(*+$%11*('*0/+*1!,(
"!)%*'0!(!,0/)%#,()!(1%V%8%*$%&'()!(*+,-'%$#N(
 
Parte experimental

Materiales y métodos

[*(*+$%11*('*0/+*1( I1*0!+%0*K(/0%1%U*)*(!'( 1#,(!V-
5!+%"!'0#,( /̂!(!V0+*%)*()!(1*(q+#8%'$%*()!(E%-
,%#'!,](5+!8%#(*(,/(/0%1%U*$%&'( /̂!(5+#$!,*)*(!'(
"#+0!+#(4(0*"%U*)*(!'(/'(610+#()!("*11*(PQ(I0*-
"*v#()!(5*+0A$/1*(%' !̂+%#+(*(Q; ẁ(""KN(

S!( !"51!*+#'( )#,( "*0!+%*1!,( )!( L%!++#( $!-
+#8*1!'0!( I<!IQKKp( HK( L%!++#( "%$+#5*+0%$/1*)#(
Is<!IQKK()!(*10*(5/+!U*(IxFF; b̀K;($#'(/'(0*-
"*v#( )!( 5*+0A$/1*( $#"5+!')%)#( "*4#+%0*+%*-
"!'0!( Ix( FGbK( !'0+!("*11*( PQ( IQ; ẁ( ""K( 4(
"*11*(PQQ(IQ;QJw(""K](PK(8%+/0*()!(L%!++#($#-
"!+$%*1(I8<!IQKKN(

[#,(+!*$0%8#,(!"51!*)#,( /̂!+#'()!($*1%)*)(*'*-
1A0%$*](4(!1(>./*()!,0%1*)*;(!"51!*)*(5*+*(5+!-
parar las soluciones conteniendo As a tratar, de 
2*3*($#')/$0%8%)*)N

e'(1#,(!V5!+%"!'0#,(+!*1%U*)#,()/+*'0!(0+!,(L#-
+*,(#("!'#,(,!(!"51!&(*.%0*$%&';(5+#8%,0*("!-
)%*'0!(/'(*.%0*)#+(#+2%0*1($#'($*1! *̂$$%&'(<!+$*N(
Para tiempos mayores a tres horas no se usó 
*.%0*$%&'(!'(1#,(!V5!+%"!'0#,N

Caracterización de la arcilla 

La composición de la arcilla se determinó me-
)%*'0!( *'d1%,%,( !1!"!'0*1( 5#+( @DqCgeS;( 5+!8%*(
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)%,#1/$%&'( !"51!*')#( /'( L#+'#( )%.!,0#+( )!(
"%$+##')*,(>:9g:(q>> (E/10%k*8!(OQQQ(,!-
.r'( !1( 5+#$!)%"%!'0#( )!,$+%0#( !'( 1*,( '#+"*,(
7SCeq>(OQGH(4(OQGP( I>.*UU%(4(q%+#1*;(PQQQK]((
1#,( 5+%'$%5*1!,( !1!"!'0#,( %'8#1/$+*)#,( !'( 1*(
+!"#$%&'()!(>,(,!($/*'0%6$*+#'(5#+(!1("-0#)#(
)!(!,0d')*+(!V0!+'#;($#'(/'(!,5!$0+&"!0+#()!(
!"%,%&'(&50%$*(5#+(51*,"*(%')/$0%8*"!'0!(*$#-
51*)#(I@DqCgeSK("*+$*(qe y@:(e[Ee ("#)!1#(
Optima 2000 DV.

>)!"d,( ,!( +!*1%U&(/'( !,0/)%#( )!( $*+*$0!+%U*-
$%&'( )!( 1*( *+$%11*("!)%*'0!( D*1#+%"!0+A*( ?% !̂-
+!'$%*1()!(=*++%)#(I?SDK;(!"51!*')#(/'(!a/%5#(
BPQ("*+$*(9>(@',0+/"!'0,N(q*+*(!11#(,!(5!,&(
*5+#VN(P(".()!("/!,0+*(!'($d5,/1*(L!+"-0%-
$*(4(,!(+!*1%U*+&(/'*($#++%)*(*(HQ(zDT"%';($#'(
atmósfera de N

2
;( $#'(/'({/3#()!( GQ("1T"%';(

)!,)!(0!"5!+*0/+*(*"2%!'0!(L*,0*(GGQ(zDN

[*( +̂*$$%&'()!(,&1%)#,(8#1d0%1!,()!(1*(*+$%11*(,!(
determinó mediante calcinación de las muestra 
*(JQQ(RD()/+*'0!(G(L#+*,(!'(*%+!;($#'(/'(L#+'#(
!1-$0+%$#("*+$*(g [;("#)!1#(\(JQH([N

Ensayos de remoción de As

D#'(!1(#23!0#()!(!8*1/*+(1*($*5*$%)*)()!(+!"#-
$%&'()!(>,IWK()!(/'*(,#1/$%&'(*$/#,*;(,!(+!*-
1%U*+#'(!V5!+%"!'0#,($#'($#'$!'0+*$%&'(%'%$%*1(
)!(>,IWK($#',0*'0!(4($#'$!'0+*$%#'!,(8*+%*21!,(
)!(*+$%11*;(s<!IQK;(8<!IQK;(4("!U$1*,()!(*+$%11*(
4(s<!IQK;( !'(!+1!'"!4!+,()!(PGQ("1N( PQQ("1(
)!(,#1/$%&'()!(>,(I$#'$!'0+*$%&'Z(G(".([-1K(,!(
$#1#$*+#'(!'(/'(e+1!'"!4!+(4(,!(*3/,0&(*1(5\(
requerido empleando soluciones concentradas 
)!(\D1(#(:*g\(IQ;H(EK](/'*(8!U(*3/,0*)#(!1(
5\;( ,!( 0#"&( /'*("/!,0+*( I8*1#+( %'%$%*1K( 4( 6-
'*1"!'0!(,!(*.+!.&(1*("*,*('!$!,*+%*()!("*-
0!+%*1( $#"#( ,&1%)#;( )!0!+"%'*)*( 5+!8%*"!'0!(
"!)%*'0!(5!,*)*;(2*3#( /̂!+0!(*.%0*$%&'N(S!(0#-
maron muestras periódicas de 5 mL, las cuales 
/̂!+#'(610+*)*,(*(0+*8-,()!(/'(610+#()!('%0+*0#(
)!( $!1/1#,*( IQ;PP( s"( )!( 5#+#K( 4( PG(""( )!(
)%d"!0+#;(5*+*(*'*1%U*+(!1(.+*)#()!( +!"#$%&'(
)!(>,IWK(4T#(>,(0#0*1N([#,(!',*4#,(,!(+!*1%U*+#'(
*(0!"5!+*0/+*(*"2%!'0!;(!'0+!(Ht(4(PQ(RD(4(!1(
tiempo de reacción empleado fue de 24 h para 
1*(*+$%11*(4(Ht̀(L,(5*+*(!1(<!IQK(4(1*,("!U$1*,(
)!(*+$%11*(4(<!IQKN

7'*(8!U()!0!+"%'*)*(1*($#'$!'0+*$%&'("A'%"*(
'!$!,*+%*( )!("*0!+%*1( *2,#+2!'0!( 5*+*( 1#.+*+(
/'*(+!"#$%&'("*4#+(*1(FGb()!1(>,(%'%$%*1"!'-
0!(5+!,!'0!;(,!(!,0/)%&(!1(! !̂$0#()!1(5\()!(1*(

,#1/$%&'(*(0+*0*+(IG;G(_(5\(_( ;̀GK(!'(1*(+!"#-
$%&'()!(>,IWK(4(>,I@@@KN((

e'(1#,(!V5!+%"!'0#,(!"51!*')#(*+$%11*,;(/'*(8!U(
6'*1%U*)#(!1(!',*4#(,!(,!5*+&(!1(,&1%)#("!)%*'0!(
,#1/$%&'(4(1/!.#( /̂!(,#"!0%)#(*(!',*4#,()!()!,-
orción.

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

[*( $/*'0%6$*$%&'( )!( *+,-'%$#( 4( L%!++#( )%,/!10#,(
!'(1*,(,#1/$%#'!,(0+*0*)*,;(1/!.#()!1(5!+A#)#()!(
!V5#,%$%&'(*( 1#,("%,"#;(,!(+!*1%U&("!)%*'0!(!,-
5!$0+# #̂0#"!0+A*()!(*2,#+$%&'("#1!$/1*+(I!,5!$-
0+# #̂0#"!0+A*( 7WCW%,%21!K;( $#'( /'( !,5!$0+# #̂0&-
"!0+#()!()#21!(L*U(SL%"*)U/;("#)!1#(7WCHJQQ;(
!a/%5*)#($#'($!1)*,()!($/*+U#()!(H($"()!(5*,#(
óptico.

La técnica empleada en la determinación de 
>,IWK( ,!(2*,&(!'( 1*( '#+"*( @Sg(t̀J C̀H(5*+*( 1*(
)!0!+"%'*$%&'()!( #̂, *̂0#,(!'(*./*(I> '̂#+;(HFFJK((
"#)%6$*)*(5#+([!'#21!(4($#1*2#+*)#+!,(IPQQOKN(
[*()!0!+"%'*$%&'()!(>,I@@@K(,!(+!*1%U&("!)%*'0!(
)!0!+"%'*$%&'()!(>,(0#0*1(5#+(#V%)*$%&'(5+!8%*()!1(
>,I@@@K( $#'( 5!+"*'.*'*0#( )!( 5#0*,%#( IyE'g

4
K;(

,!.r'([!'#21!(4($#1*2#+*)#+!,(IPQQOKN(

[*($#'$!'0+*$%&'()!(<!I@@K(,!()!0!+"%'&((5#+( #̂+-
"*$%&'( )!1( $#"51!3#( $#'( #C !̂'*'0+#1%'*( IS$L%10;(
HFtFKN([*($#'$!'0+*$%&'()!(<!I@@@K(,!(+!*1%U&(5#+(
#̂+"*$%&'( )!1( $#"51!3#( $#'( !1( *'%&'( 0%#$%*'*0#(
Iu##),;(HFwHKN

Estudio de desorción de As

[#,( +!,%)/#,( ,&1%)#,( #20!'%)#,( 1/!.#( )!1( 0+*0*-
"%!'0#()!(>,IWK(4(>,I@@@K($#'(*+$%11*(̂ /!+#'(,#"!-
0%)#,(*()%,0%'0#,(0+*0*"%!'0#,(0-+"%$#,p(HK(,!$*)#(
!'(!,0/ *̂(*(OQ(zD(5#+(Ht̀(L](PK(,!$*)#(!'(!,0/ *̂(
*(HQQ(zD(5#+(Ht̀(L;(4(OK($*1$%'*$%&'(!'(L#+'#(*(
JQQ(zD(5#+(G(LN(>($#'0%'/*$%&';(!,0*,("/!,0+*,(
/̂!+#'( ,#"!0%)*,( *( !V5!+%"!'0#,( )!( 1%V%8%*$%&'(
$#',%,0!'0!,(!'(1*(,/,5!',%&'(!'(*./*()!,0%1*)*(*(
5\(J()!(/'*($#'$!'0+*$%&'()!(w(b("T8()!(*+$%11*(
)/+*'0!(J()A*,(*(0!"5!+*0/+*(*"2%!'0!(IHt(h(PQ(
zDK(4(2*3#(*.%0*$%&'N([/!.#(,!(0#"*+#'("/!,0+*,(
4(,!(*'*1%U&(1*($#'$!'0+*$%&'()!(>,IWK(4(>,I@@@K(
empleando los métodos descritos anteriormente. 

Resultados y discusión

Caracterización de la arcilla

La concentración de los elementos aluminio y 

J. M. Meichtry et al. -( !"#$%&'()!(*+,-'%$#(!'(*./*("!)%*'0!NNN
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L%!++#;(5+%'$%5*1!,(!1!"!'0#,($#',0%0/0%8#,()!(1*(
*+$%11*( %'8#1/$+*)#,( !'( 1*( +!"#$%&'( )!( >,( I?!(
W%0+!( 4( $#1*2#+*)#+!,;( HFFH]( S/11%8*'( 4( >11!;(
HFFtK;(,!("/!,0+*'(!'(1*(9*21*(HN

[*,($#'$!'0+*$%#'!,()!(>1( 4(<!(!'( 1*("/!,0+*(
)!( *+$%11*( "%,%#'!+*( I1*0!+%0*K( !"51!*)*( $#"#(
"*0!+%*1( *),#+2!'0!;( ,#'()!( %./*1( #+)!'(*( 1*,(
obtenidas para muestras de suelos misioneros 
!'(#0+#,( !,0/)%#,( .!#1&.%$#,( +!1*$%#'*)#,( $#'(
el abatimiento de arsénico, donde predominan 
1*($*#1%'%0*(4(2!%)!11%0*(I*"2#,("%'!+*1!,(+%$#,(
en Al

2
O

3
K($#"#($#"5#'!'0!("*4#+%0*+%#;(3/'0#(

*(&V%)#,()!( ,%1%$%#;( L%!++#( 4(#0+#,( $#',0%0/4!'-
0!,("!'#+!,(I<!+'*')!U(9/+%!1(4($#1*2#+*)#+!,;(
PQQGKN

[#,( ,&1%)#,( 8#1d0%1!,;( )!0!+"%'*)#,( 5#+( 5!,*-
)*(*'0!,(4()!,5/-,()!(1*($*1$%'*$%&'(*(JQQ(zD(
$#',0%0/4!'(!1(Jb("T"()!1(0#0*1()!(1*("/!,0+*N

e1(0!+"#.+*"*($#++!,5#')%!'0!(*(1*(*+$%11*(!"-
51!*)*($#"#("*0!+%*1(*),#+2!'0!(I<%./+*(HK(5+!-
,!'0*(P(!')#0!+"*,($*+*$0!+A,0%$#,N(e1(5+%"!+#;(
a/!(,!(!V0%!')!(!'0+!(1#,(GQ(4(*(HQQ(RD;(!,()!-
2%)#(*(1*(!8*5#+*$%&'()!(1*(L/"!)*)(*),#+2%)*N(
e'(,!./')#;($#'("dV%"#(!'((GQtNtP(RD(,!()!2!(

*(1*()!,L%)+#V%1*$%&'()!(1#,(.+/5#,(L%)+#V%1#()!(
1*(*+$%11*;( ,!.r'(e,$*1!+*(E!3%*( IPQHOK;( $#'6+-
"*')#(1*(5+!,!'$%*()!(&V%)#,()!(>1N

Capacidad de remoción

e1(*'d1%,%,()!(1*($*5*$%)*)()!(+!"#$%&'()!(>,IWK(
!"51!*')#(*+$%11*;(L%!++#($!+#8*1!'0!(#(,/("!U-
$1*(,!(+!*1%U&(!"51!*')#()%,0%'0*,($#'$!'0+*$%#-
'!,( )!( !,0#,("*0!+%*1!,( ,%./%!')#( !1( 5+#$!)%-
"%!'0#( )!,$+%0#( !'( 1*( ,!$$%&'( !V5!+%"!'0*1N( >(
$#'0%'/*$%&';( 1*("!U$1*(,!()!3&(2*3#(*.%0*$%&'(
y se tomaron muestras periódicas hasta que no 
,!(#2,!+8*+#'($*"2%#,(!'(1*($#'$!'0+*$%&'()!(
>,(!'("/!,0+*,(,/$!,%8*,N(S!($#',%)!+&(*()%$L*(
concentración la correspondiente al equilibrio 
del sistema. Para las muestras de arcilla esta 
$#'$!'0+*$%&'()!(!a/%1%2+%#(,!(*1$*'U&(*(1*,(Pw(
L;("%!'0+*,(a/!(5*+*(1*,("/!,0+*,()!(<!IQK(!,0!(
tiempo fue de 168 h. Los resultados obtenidos 
,!(%')%$*'(!'(1*(<%./+*(PN

S!(5/!)!(*5+!$%*+(a/!(5*+*(/'*(+!"#$%&'()!(
>,IWK( c( FGb( ,!( +!a/%!+!( X*+$%11*Y( c( P;Gb;(
Xs<!IQKY(c(Q;QGb(4(X8<!IQKY(c(Q;Gb;(5#+( 1#(
a/!(5/!)!($#'$1/%+,!(a/!(!1("*0!+%*1("d,(!6-
$%!'0!(!,(!1(s<!IQKN(e'(0#)#,(1#,($*,#,(,!(#2-

Tabla 1. Composición química de la arcilla

Fig. 1. Calorimetría Diferencial de Barrido (DSC) de arcilla misionera



51

,!+8&(/'*(+!1*$%&'(!'0+!(1*($#'$!'0+*$%&'()!(
>,IWK(+!"*'!'0!(!'(,#1/$%&'(4(1*($#'$!'0+*-
$%&'()!("*0!+%*1(/0%1%U*)#;(1*($/*1(,!(*3/,0*2*(
,!.r'(1*(!$/*$%&'(IHKp

   
( ( ( ( ( IHK
?#')!p(
X>,IWKYS(+!5+!,!'0*(1*($#'$!'0+*$%&'()!(>,IWK(
en solución, 
X>,IWKY (1*($#'$!'0+*$%&'()!(>,IWK(+!"#8%21!(
por adsorción, 
  es una constante de primer orden que indica 
1*(!6$%!'$%*()!($*)*(*),#+2!'0!(4(X>,IWKY| re-
5+!,!'0*(*1(>,IWK('#(+!"#8%21!(5#+(*),#+$%&'N((

[#,(5*+d"!0+#,()!(*3/,0!()!(1#,(+!,/10*)#,()!(
1*(<%./+*(P($#'(1*(!$/*$%&'(IHK(,!("/!,0+*'(!'(

1*(9*21*(PN

q*+*(0#)#,(1#,("*0!+%*1!,(!,0/)%*)#,;(X>,IWKY|(
Z(Q(4(X>,IWKY (Z(G(".([-1, lo que indica que 
con una concentración de material adecuada 
!,(5#,%21!(1#.+*+(/'*(+!"#$%&'()!(>,IWK("*-
4#+(#( %./*1(*(FGbN(9*"2%-'(,!(#2,!+8*(a/!(
!1( "*4#+( 8*1#+( )!( ( $#++!,5#')!( *( s<!IQK;(
%')%$*')#(a/!( !,0!("*0!+%*1( !,( $*,%( HQQ( 8!-
$!,("d,(!6$%!'0!(a/!(1*(*+$%11*(5*+*(+!"#8!+(
>,IWKN(?!2!($#',%)!+*+,!(a/!(1*(+!"#$%&'()!(
>,IWK(!"51!*')#(<!IQK(0%!'!(1/.*+(!'(,/,(5+#-
ductos de corrosión, siendo este proceso el li-
"%0*'0!(!'(1*(8!1#$%)*)()!(+!"#$%&'(IE#+.*)*(
4([%00!+;(PQHQK](!1(0%!"5#()!(+!*$$%&'(#20!'%)#(
IHt̀(LK('#(%"51%$*('!$!,*+%*"!'0!(/'(0%!"5#(
de residencia del proceso, ya que es posible 
obtener una corrosión 5+!8%*()!1(<!IQKN

Fig. 2. Efecto de la masa de adsorbente en la concentración de As(V) en solución. 
D#')%$%#'!,p(X>,IWKYQ(Z(G(".([-1;(5\(J(I$0!NK;(9(Z(PQ(RDN(9%!"5#()!(+!*$$%&'p(Pw(L(5*+*(*+$%11*;(Ht̀(
L(5*+*(s<!IQK(4(8<!IQKN([A'!*,(,&1%)*,p(*3/,0!()!(1#,(+!,/10*)#,(!V5!+%"!'0*1!,(*(1*(!$/*$%&'(IHK

Tabla 2. Parámetros de ajuste de la ecuación (1) a los datos de la Figura 1

J. M. Meichtry et al. -( !"#$%&'()!(*+,-'%$#(!'(*./*("!)%*'0!NNN
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>($#'0%'/*$%&';(,!(+!*1%U*+#'(!',*4#,()!(+!-
"#$%&'()!(>,IWK(4(>,I@@@K( $#"2%'*')#(*+$%-
11*( 4( s<!IQK( !'( 1*,( $#'$!'0+*$%#'!,( &50%"*,(
#20!'%)*,(*'0!+%#+"!'0!](0*"2%-'(,!(*'*1%U&(
el posible efecto de la presencia de materia 
#+.d'%$*(!"51!*')#(d$%)#($A0+%$#($#"#($#"-
5/!,0#( "#)!1#]( 1*( $#'$!'0+*$%&'( )!( >,( $#-
++!,5#')!(*1(8*1#+()!(5,!/)#C!a/%1%2+%#( IHt̀(
4(tw (̀L,()!(+!*$$%&'(5*+*(>,IWK(4(>,I@@@K;(+!,-
5!$0%8*"!'0!KN([#,( +!,/10*)#,( ,!( %')%$*'( !'(
1*(<%./+*(ON

9*1( $#"#( ,!("#,0+&( !'( 1*( <%./+*( P( 4( !'( 1*(
9*21*(P;(1*,("*4#+!,(+!"#$%#'!,(,!(*1$*'U*'(
$#'(s<!IQK;( 11!.d')#,!(*(8*1#+!,(5#+()!2*3#(
)!1(1A"%0!()!()!0!$$%&'(!'(!1($*,#()!(>,IWK](,/(
combinación con arcilla no aumenta de forma 
,%.'%6$*0%8*( 1*( +!"#$%&'( 0#0*1N([*(*+$%11*( ,#1*(
!,(! !̂$0%8*(!'(+!"#8!+(>,;(5!+#(,/($*5*$%)*)(
es inferior y requiere una masa de adsorben-
0!( ,%.'%6$*0%8*"!'0!("*4#+N( S!(#2,!+8*(/'*(
0+*', #̂+"*$%&'(5*+$%*1()!1(>,I@@@K(*(>,IWK;(5#-
siblemente debido a la acción del O

2
 del aire. 

e'('%'.r'($*,#(,!()!0!$0&(1*(5+!,!'$%*()!(<!(
!'(,#1/$%&';(4*(,!*($#"#(<!I@@K(#(<!I@@@KN

Cinética de adsorción de As en arcilla

[#,(!,0/)%#,($%'-0%$#,(5*+*(!8*1/*+( 1*(8!1#$%-

)*)()!(+!"#$%&'()!(>,IWK(4(>,I@@@K(!'()% !̂-
rentes concentraciones de arcilla demuestran 
a/!(1*(!8#1/$%&'(0!"5#+*1()!(1*($#'$!'0+*$%&'(
)!(>,(!'(,#1/$%&'(,!(*3/,0*(*(/'("#)!1#(2%!V-
5#'!'$%*1;(,!.r'(1*(!$/*$%&'(IPK

(( ( ( ( ( IPK

?#')!p
[As]S representa la concentración de As en 
solución, 
A

1
 y A

2 
+!5+!,!'0*'( !1( ( >,( +!"#8%)#( 5#+( 1#,(

procesos 1 y 2, 
t
1
 y t

2
( ,#'( 1#,( 0%!"5#,($*+*$0!+A,0%$#,()!( 1#,(

procesos 1 y 2, y 
[As]|( +!5+!,!'0*(*1(>,('#(+!"#8%21!(5#+(*)-
sorción.

e,0!("#)!1#(5+#5#'!(1*(!V%,0!'$%*()!()#,(0%-
pos distintos de sitios de adsorción de As, uno 
a/!(*),#+2!("d,(+d5%)*"!'0!;()!6'%)#($#"#(
5+#$!,#( H;( 4( #0+#( "d,( 1!'0#( )!6'%)#( $#"#(
proceso 2. 

Los resultados obtenidos se muestran en la 
9*21*(O(4(!'(1*(<%./+*(wN

Fig. 3. Capacidad de remoción de As de la arcilla y de Fe(0) microparticulado
D#')%$%#'!,p(X>,IWKY

0
(Z(G(".([-1;(5\(J(I$0!NK;(9(Z(PQ(RDN(9%!"5#()!(+!*$$%&'p(Ht̀(LN(>,IWK;(tw (̀

L,(>,I@@@KN(=*++*,('!.+*,p(!V5!+%"!'0#,($#'(>,IWK](2*++*,(.+%,!,p(!V5!+%"!'0#,($#'(>,I@@@K(I2*++*,(
.+%,!,(1%,*,(+!5+!,!'0*'(!1(>,I@@@K(+!"*'!'0!;(1*(2*++*(.+%,(*(+*4*,(+!5+!,!'0*(!1(>,IWK(!'(,#1/$%&'(
#̂+"*)#(5#+(#V%)*$%&'()!(>,I@@@KKN
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[#,("%,"#,(,!(*3/,0*'(*(1*(!$/*$%&'(P;()#'-
de se aprecian claramente dos procesos con 
0%!"5#,($*+*$0!+A,0%$#,( 0

1
 y t

2
( ;(a/!()%6!+!'(

!'("d,()!(H(#+)!'()!("*.'%0/)N(>,%"%,"#(
,!(#2,!+8*(a/!(*1( %'$+!"!'0*+,!( 1*($#'$!'-
tración de arcilla aumenta la proporción del 
>,(+!"#8%)#(5#+(!1(5+#$!,#(+d5%)#(I>HKN(e,-
tos resultados indican que puede asumirse 
a/!(!V%,0!'(P(0%5#,()!(,%0%#,(!'(1*(*+$%11*;(/'#(
"d,( d̂$%1"!'0!( *$$!,%21!( *,#$%*)#( $#'( !1(
proceso 1, y otro menos accesible asociado 
con el proceso 2. 

[#,(8*1#+!,()!(0
1
(,#'("*4#+!,(5*+*(>,I@@@K;(1#(

a/!(5/!)!(+!1*$%#'*+,!($#'(/'*("!'#+(*6'%-
)*)()!(!,0*(!,5!$%!(5#+(1#,(&V%)#,()!(>1(4(<!(
)!( 1*(*+$%11*;(L*$%!')#("d,(1!'0#(!1(5+#$!,#(
de adsorción.

Debe destacarse que, para todas las condi-
$%#'!,(!,0/)%*)*,;(1#,(8*1#+!,()!(0

1
 obtenidos 

%')%$*'(a/!;(/0%1%U*')#(/'*($#'$!'0+*$%&'()!(
*+$%11*(*)!$/*)*;(5#)+A*( 1#.+*+,!(!'(O(L(/'(

0+*0*"%!'0#(*5+#5%*)#()!(/'(*./*($#'0!'%!'-
)#(H(".([-1()!(>,(I$#'$!'0+*$%&'("dV%"*()!(
>,(!'(1*(.+*'("*4#+A*()!(1*,( /̂!'0!,()!(*./*(
'#+"*1"!'0!(/0%1%U*)*,K;(%')!5!')%!'0!"!'0!(
)!(1*(!,5!$%!(a/A"%$*()!(>,N

q+#$!,#,(!a/%8*1!'0!,()!(*),#+$%&'()!(>,IWK(
!'( ,/!1#,( L*'( ,%)#( +!5#+0*)#,( 5+!8%*"!'0!(
5#+(nL*'.( 4( S!1%"( IPQQGK( 4( S"%0L( 4( :*%)/(
IPQQFK;($#'(/'*(!0*5*(%'%$%*1(+d5%)*(a/!(!,(,!-
./%)*()!(/'(5+#$!,#('#0#+%*"!'0!("d,(1!'0#N(
nL*'.(4(S!1%"(*,%.'*'(!,0!($#"5#+0*"%!'0#(
*(1*(5+!,!'$%*()!("r10%51!,(!a/%1%2+%#,($#'(0+!,(
sitios de adsorción distintos, lo que resulta 
!'(/'("#)!1#( $%'-0%$#("d,( $#"51!3#(a/!( 1*(
!$/*$%&'(IPK](5#+(,/(5*+0!;(S"%0L(4(:*%)/('#(
*3/,0*'(,/,(+!,/10*)#,(!V5!+%"!'0*1!,(*('%'-
.r'(0%5#()!($%'-0%$*N([*()!$%,%&'()!(!"51!*+(!1(
"#)!1#($%'-0%$#()!(1*(!$/*$%&'(IPK(,!(3/,0%6$*(
5#+(,/("*4#+(,%"51%$%)*)(4(!V$!1!'0!(*3/,0!(*(
1#,(+!,/10*)#,(!V5!+%"!'0*1!,(#20!'%)#,N((

[#,(8*1#+!,()!(>|;(,%(2%!'(,#'(,/5!+%#+!,(*1(

Fig. 4. Cinética de adsorción de As(V) y As(III) en arcilla 
D#')%$%#'!,p(X>,IWKYQ(Z(G(".([-1;(5\(J(I$0!NK;(9(Z(PQ(RDN(

Tabla 3. Parámetros de ajuste de la ec. (2) a los datos de la Figura 3

J. M. Meichtry et al. -( !"#$%&'()!(*+,-'%$#(!'(*./*("!)%*'0!NNN
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1A"%0!(+!$#"!')*)#(5#+(1*(gES;(,!(!'$/!'0+*'(
)!'0+#()!1(!++#+()!(1*(0-$'%$*(*'*1A0%$*(!"51!*-
)*]()!2!("!'$%#'*+,!(a/!(0*"2%-'(!,(5#,%21!(
/'( *5#+0!( )!(qIWK( )!( 1*( *+$%11*( 5#+( )!,51*U*-
"%!'0#()!(!,0!(*'%&'()!(5*+0!()!1(>,IWK( !"#$
%&'() *+,"-'&.+/00/1+produciendo un error por 
!V$!,#(!'(1*()!0!+"%'*$%&'()!(>,IWK(4(>,(0#0*1N

Cinética de la remoción de As(V) con Fe(0)

[#,(!,0/)%#,($%'-0%$#,(5*+*(!8*1/*+(1*(8!1#$%)*)(

)!(+!"#$%&'()!(>,IWK($#'()% !̂+!'0!,($#'$!'-
0+*$%#'!,()!(s<!IQK(4(8<!IQK()!"/!,0+*'(a/!(
1*(!8#1/$%&'(0!"5#+*1()!(1*($#'$!'0+*$%&'()!(
>,(!'(,#1/$%&'(,!(*3/,0*(*(/'("#)!1#("#'#-
!V5#'!'$%*1;(,!.r'(1*(!$/*$%&'(IOK

( ( ( ( ( IOK

[#,(5*+d"!0+#,()!( 1*(!$/*$%&'( IOK( 0%!'!'(!1(
"%,"#(,%.'%6$*)#(a/!(1#,()!(1*(!$/*$%&'(IPKN(
[#,(+!,/10*)#,()!( 1#,(!V5!+%"!'0#,($%'-0%$#,(

Fig. 5. Cinética de adsorción de As(v) con  µFe(0) 
D#')%$%#'!,(!V5!+%"!'0*1!,p(X>,IWKYQ(Z(G(".([-1;(5\(J;(9(Z(PQ(RD(I$0!NK;($#'(*.%0*$%&'(#+2%0*1N(

Fig. 6. Cinética de adsorción de As(V) con viruta de Fe(0) comercial
D#')%$%#'!,(!V5!+%"!'0*1!,p(X>,IWKYQ(Z(G(".([-1;(5\(J;(9(Z(PQ(RD(I$0!NK;($#'(*.%0*$%&'(#+2%0*1N
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*1(!8*1/*+(!1(! !̂$0#()!1(5\(!'(1*($*5*$%)*)()!(
1*(*+$%11*;((*(/'*($#'$!'0+*$%&'()!(P;Gb;(5*+*(
+!"#8!+(>,IWK(1/!.#()!(Pw(L()!(+!*$$%&'N(

S!(!8%)!'$%*("*4#+(+!"#$%&'(*("!'#+(5\;(!,(
)!$%+;(!'("!)%#(d$%)#;(5#,%21!"!'0!()!2%)#(*1(
! !̂$0#( )!( /'*("*4#+( *0+*$$%&'( !1!$0+#,0d0%$*(
!'0+!(!1( *'%&'(\P>,gw( 5+!,!'0!("*4#+%0*+%*-
"!'0!(*(G;G(}(5\(}(t;Q;(4(*(1#,(.+/5#,(#V#-
L%)+&V%)#,("!0d1%$#,()!(1*(*+$%11*(I<!;(>1K(+!,-
ponsables de la remoción de As por adsorción 
I[%00!+(4($#1*2#+*)#+!,;(PQHQKN(e,0!(! !̂$0#()!1(
5\(!'( 1*( +!"#$%&'( )!( >,IWK( !'("#'0"#+%1#-
nita, caolinita e illita, minerales normalmente 
presentes en arcillas, ha sido reportado pre-
8%*"!'0!(Io#1)2!+.;(PQQPKN(q/!)!()!,0*$*+,!(
a/!(1*(*+$%11*($#'0+%2/4!(*('!/0+*1%U*+(!1(5\()!1(
*./*(0+*0*)*N

e'(1*(9*21*(t(,!("/!,0+*'(1#,(+!,/10*)#,()!(!V-
5!+%"!'0#,(!a/%8*1!'0!,(+!*1%U*)#,($#'(>,I@@@K(
4( 1*($#'$!'0+*$%&'()!(>,IWK( #̂+"*)#(*(5*+0%+(
)!(1*(#V%)*$%&'(5*+$%*1()!1(>,I@@@KN

,!("/!,0+*'(!'(1*,(<%./+*,(G(I5*+*(s<!IQKK(4(
t(I5*+*(8<!IQKK;(/0%1%U*')#()% !̂+!'0!,($#'$!'-
0+*$%#'!,()!(<!IQKN(e'(1*(9*21*(w(,!("/!,0+*'(
1#,(*3/,0!,()!(!,0#,(+!,/10*)#,(*(1*(!$/*$%&'(
IOKN

e'(*"2#,($*,#,( 1*( +!"#$%&'(!,( +d5%)*(4(,/(
8!1#$%)*)(*/"!'0*($#'(1*("*,*()!(L%!++#(/0%-
1%U*)*($#"#("*0!+%*1(*),#+2!'0!N(

eV$!50#(5*+*(8<!IQK(Q;QGb;(5*+*(*"2#,("*-
0!+%*1!,( ,!( #2,!+8*( /'*( +!"#$%&'( $#"51!0*(
)!(>,IWK(!'(0#)*,(1*,($#')%$%#!',(!V5!+%"!'-
0*1!,(!,0/)%*)*,N(>(2*3*,($#'$!'0+*$%#'!,()!(
<!IQK(I_Q;HQ(bK;(,!(#2,!+8*(a/!(1*(+!"#$%&'(
!,("d,(+d5%)*($#'(s<!IQK(I"!'#+(0

1
K;(1#(a/!(

5/!)!(*,#$%*+,!($#'( 1*("*4#+(d+!*(,/5!+6-
$%*1()!(!,0!("*0!+%*1](*(*10*,($#'$!'0+*$%#'!,(
)!(<!IQK(!,0*(8!'0*3*()!,*5*+!$!;(4(1#,("*-
0!+%*1!,( 5+!,!'0*'( 8!1#$%)*)!,( )!( +!"#$%&'(
similares.

[*(9*21*(G("/!,0+*( 1#,(+!,/10*)#,(#20!'%)#,(

Tabla 4. Parámetros de ajuste de la ecuación (3) a los datos de las Figuras 5 y 6

Tabla 5. Efecto del pH en la remoción de As(V) por tratamiento con arcilla

J. M. Meichtry et al. -( !"#$%&'()!(*+,-'%$#(!'(*./*("!)%*'0!NNN
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La dependencia de la capacidad de adsorción 
)!(>,I@@@K($#'(!1(5\(,%./!( 1*("%,"*(0!')!'-
$%*( #2,!+8*)*( 5*+*( >,IWK;( $#'( /'*( )%,"%'/-
$%&'(!'(!1(>,I@@@K(*),#+2%)#(*1(*/"!'0*+,!(!1(
5\;(1#($/*1(0*"2%-'(5/!)!(*,%.'*+,!(*("!'#+(
*6'%)*)(!'0+!( 1*(,/5!+6$%!($#'($*+.*(!1-$0+%-
$*($+!$%!'0!"!'0!('!.*0%8*()!(1#,(&V%)#,(4(!1(
>,I@@@K(I'!/0+#(*(8*1#+!,()!(5\(%' !̂+%#+!,(*(F;P(
I=/'),$L/L(4($#1*2#+*)#+!,;(PQQ K̀N(

S!(#2,!+8*(0*"2%-'(/'*("*4#+($#'$!'0+*$%&'(
)!( >,IWK( +!"*'!'0!( *( 5\( *1$*1%'#,;( 1#( $/*1(
puede relacionarse con la desorción por adsor-
$%&'($#"5!0%0%8*()!(%#'!,(L%)+&V%)#()!1(>,IWK(
#̂+"*)#()!(1*(#V%)*$%&'()!1(>,I@@@K(*),#+2%)#(
!'(1*(*+$%11*(I~*$l,#'(4(E%11!+;(PQQQK](1*(5#,%21!(
#V%)*$%&'(()!1(>,I@@@K(5#+(!1(#VA.!'#()%,/!10#(
puede descartarse debido a la lenta cinética 
)!(!,0*(+!*$$%&'(I=/'),$L/L(4($#1*2#+*)#+!,;(
PQQ K̀;(IS"!)!14(4(y%''%2/+.L;(PQQPKN

Estabilidad del As(V) adsorbido en los 
materiales

Los resultados obtenidos en los ensayos de 
desorción del As adsorbido en las arcillas, se 
"/!,0+*'(!1(1*(9*21*(J;()#')!(1#,(8*1#+!,()!(b(
)!( 1%V%8%*)#( ,!(!V5+!,*'( $#"#($#'$!'0+*$%&'(

)!(1*(!,5!$%!(>,IWKN

[*()!,#+$%&'()!(>,IWK(!'(1*,("/!,0+*,(,!$*)*,(
*(OQ(4(HQQ(RD(!,(5+d$0%$*"!'0!()!,5+!$%*21!(
mientras que en las muestras calcinadas se 
)!0!$0*(/'("*4#+(5#+$!'0*3!()!,#+2%)#N(e,0!(
*/"!'0#(5#)+A*(*0+%2/%+,!(*(/'*("#)%6$*$%&'(
,/5!+6$%*1(!'( 1*(*+$%11*(4T#(*( 1*()!,#+$%&'()!(
!,5!$%!,( )!(qIWK( 5+#$!)!'0!,( )!( 1*( "*0!+%*(
#+.d'%$*( $*1$%'*)*;( 1*,( $/*1!,( %'0!+6!+!'( !'(
1*(0-$'%$*(*'*1A0%$*(!"51!*)*(I[!'#21!;(PQQOKN(
S!(#2,!+8*( 0*"2%-';(a/!( 1*()!,#+$%&'(!'( 1*,(
"/!,0+*,()!(+!,%)/#(*+$%11#,#($#'(>,I@@@K( (!,(
mayor y se encuentra mayoritariamente libe-
+*)#($#"#(>,IWKN

Conclusiones

S!($*+*$0!+%U&(1*(*+$%11*(!"51!*)*($#"#(*),#+-
2!'0!;( %)!'0%6$*')#( *1/"%'%#( 4( L%!++#( $#"#(
"*0!+%*1(*$0%8#(!'(1*(+!"#$%&'()!1(*+,-'%$#N

Los modelos de capacidad de remoción de 
>,IWK(!'(̂ /'$%&'()!("*,*()!(*),#+2!'0!(#20!-
'%)#,(5*+*(*+$%11*;(s<!IQK(4(8<!IQK(5!+"%0%!+#'(
)!0!+"%'*+(a/!(!1(s<!IQK(!,(!1("*0!+%*1("d,(
! !̂$0%8#N

Tabla 6. Efecto del pH en la remoción de As(III) por tratamiento con arcilla

Tabla 7. Estudio de desorción de As de arcilla
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!,("*4#+(*1(*/"!'0*+(1*(*$%)!U()!1(*./*(0+*0*)*;(
5#,%21!"!'0!( )!2%)#( *( /'*("*4#+( *6'%)*)( )!(
!,0*,(!,5!$%!,(5#+(1#,(&V%)#,(a/!($#',0%0/4!'(1#,(
$#"5#'!'0!,(*$0%8#,()!(1*(*+$%11*N(

La desorción de As de arcillas empleadas pre-
8%*"!'0!( 5*+*( *),#+2!+( >,IWK( )!( ,#1/$%#'!,(
*$/#,*,(!,()!,5+!$%*21!N(:#(*,A(!'(*+$%11*,($#'(
>,I@@@K(*),#+2%)#(!'(!0*5*,()!(*2*0%"%!'0#()!(
soluciones acuosas, donde la concentración de 
>,(5#+()!,#+$%&'(!,(!1!8*)*N(Ed,(!,0/)%#,(,#'(
'!$!,*+%#,(5*+*(!8*1/*+(,%( 1*(!,5!$%!()!,#+2%)*(
)!(1*(*+$%11*($*1$%'*)*(!,(>,IWK(#(qIWKN

e,0/)%#,(,%"%1*+!,(+!*1%U*)#,($#'(>,I@@@K(%')%-
can a/!(,/(+!"#$%&'(!,("!'#,(!6$%!'0!(a/!(1*(
)!(>,IWK('!$!,%0d')#,!()!(/'*(#V%)*$%&'(5+!8%*(
*(>,(IWK(5*+*($#"51!0*+(!1(5+#$!,#N

e1( $#"5#+0*"%!'0#()!( 0%5#(2%C!V5#'!'$%*1( #2-
,!+8*)#( !'( 1*( $%'-0%$*( )!( *),#+$%&'( !'( *+$%11*(
5*+*(*"2*,(!,5!$%!,()!(*+,-'%$#(5#)+A*(!,0*+(
*,#$%*)#(*()#,(0%5#,()!(,%0%#,()!(*),#+$%&'N(S!(
!8%)!'$%*;(*)!"d,;(/'(5!+A#)#()!(%')/$$%&'(%'%-
$%*1(5*+*(!1($*,#()!(>,I@@@K;(a/!(5#)+A*()!2!+,!(
*(1*('!$!,%)*)()!(/'*(#V%)*$%&'(5*+$%*1(5+!8%*(
*(1*(*),#+$%&'N([*(+!"#$%&'(>,IWK(4(>,I@@@K()!(
soluciones acuosas empleando arcilla misionera 
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>+.!'0%'*N
?e(eSq> n>;(EN([N(4(ug:o(?e(Ee?@:>;(EN;(IHFF K̀N(>2*0%"%!'0#()!(*+,-'%$#(!'(*./*,(,/20!++d'!*,(
5*+*(U#'*,(+/+*1!,N(jjW@(D#'.+!,#(@'0!+*"!+%$*'#()!(@'.!'%!+A*(S*'%0*+%*(4(>"2%!'0*1;(Deq@STgqSN
?%,5#'%21!(!'p(L005pTTkkkN28,)!N5*L#N#+.T*$+#2*0T5!+$$*QPN5)^
?e(W@9 e;( N(](=e[n@[e;(:N(4(9eSS@e ;(>N;(IHFFHKN(S5!$%*0%#'(*')(*),#+50%#'(# (̂*+,!'%$(#'()%*.!'!0%$(
%+#'(#V4L4)+#V%)!,N([%"'#1N(g$!*'#.N(Ot;(Hw Q̀hHw G̀](
eSD>[e >(Ee~@>;(eN;(IPQHOKN(�DL*+*$0!+%U*0%#'(# (̂S#"!(:*0/+*1(*')(S4'0L!0%$(E*0!+%*1,(u%0L(S%1%$*0!(
S0+/$0/+!,�N([/1!�(7'%8!+,%04( # (̂ 9!$L'#1#.4;( ?!5*+0"!'0( # (̂e'.%'!!+%'.( S$%!'$!,( *')(E*0L!"*0%$,N(
q+%'0!)(24(7'%8!+,%0!0,0+4$l!+%!0;([/1!�N(@SS:p(HwQPCHJGJ;(@S=:(FJ C̀FHCJwOFCGGOCP
<e :�:?en(97 @e[;(~N([N](q> >?>(EN(>N(4(o@Ee:g(9g  e:9e;(?N;(IPQQGKN(>+,-'%$#(!'(*./*,p(#+%.!';(
"#8%1%)*)(4(0+*0*"%!'0#N(9*11!+N(@@(S!"%'*+%#(\%,5*'#(1*0%'#*"!+%$*'#(,#2+!(0!"*,(*$0/*1!,()!(L%)+#1#-
.A*(,/20!++d'!*(@WN
D#'.+!,#(\%)+#.!#1&.%$#(>+.!'0%'#;( A#(D/*+0#N(>+.!'0%'*N(e)N(o*1%')#;(H P̀(55N(@S=:(F J̀QGQQG J̀N
og[?=e o;(SN;(IPQQPKN(D#"5!0%0%8!(*),#+50%#'(# (̂*+,!'*0!(*')(*+,!'%0!(#'(#V%)!,(*')($1*4("%'!+*1,N(
S#%1(S$%N(S#$N(>"N(~N(tt;(wHOhwPHN((((
\g[[;(uN(4([@99e (EN;(IPQHQKN(�g$/++!'$%*(a/A"%$*()!1(*+,-'%$#(!'(*./*,N(S/"*+%#()!(0!$'#1#.A*,()!(
+!"#$%&'()!(*+,-'%$#()!(*./*,N(@=e g> Se:(Dm9e?(Ie)NKN(?%,0+%2/$%&'()!1(*+,-'%$#(!'(1*,(+!.%#'!,(
Ibérica e Iberoamericana.
@S=:p(FJ C̀ ẁCFtQPOCJwCHN
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