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INTRODUCTION 
 
"#$% &' ('($##% )*+&,*) $' $,% -*.% +&,* 
/.$&,*)0 ,$1(.$##% 233(..*) 4$1*.&$# 15$1 
6*324*' 7#$'1&3 85*, 4&9*) 8&15 $ 
'4$## $42(,1 2+ 8$1*. $,) 5$.)*,' 
85*, ).&*) 2. +&.*) :;(//*,5*&4 *1 $#<0 
=>>?@< "#$%' $,) 3#$% 4&,*.$#' $.* -*.% 
&472.1$,1 &, 7.23*'' &,)('1.&*'0 
32,'1.(31&2,0 $/.&3(#1(.*0 /*2#2/%0 
*,/&,**.&,/0 *,-&.2,4*,1$# $,) 
4&'3*##$,*2(' $77#&3$1&2,' :A/(, *1 $#<0 
BC==@< D5*% $.* 8&)*#% $77#&*) &, 
3*.$4&3' 7.2)(31'0 )*32#2.&E$1&2, $,) 
'1$6&#&E$1&2, 2+ -*/*1$6#* 2&#'0 15* 7$7*. 
&,)('1.% $' 8*## +2. 3#*$,&,/ $,) $' 
)*1*./*,1' :A/(*1,F$4 *1 $#<0 BC==@< 
 
D5* 4$&, 26G*31&-* 2+ 15&' '1()% &' 12 
&,-*'1&/$1* 3#$% '$47#*' 1$F*, +.24 15* 
H$6/$ $.*$ :AI "$4*.22,@0 &, 2.)*. 12 
)*1*.4&,* 15* 3#$% 1%7* 4&,*.$#2/%0 
35*4&3$# 32472'&1&2,0 15*.4$# 6*5$-&2.0 
'(.+$3* 7.27*.1&*' $,) 42.752#2/&3$# 
35$.$31*.&'1&3'< 
 
MATERIALS AND METHODS 
 
H*-*, 3#$% '$47#*' ,$4*)J :HK=K0 
HK=L0 HL=B0 HL=K0 HL=L0 HLBL $,) 
HLB?@0 8*.* 32##*31*) +.24 H$6/$ 
:"$4*.22,@< D5* '$47#*' 8*.* $&. ).&*) 
$1 .224 1*47*.$1(.* $,) /.2(,) 12 7$'' 
15.2(/5 $ M B?CN4 '&E*<  
 
D5* OPQ )&++.$312/.$4' 8*.* 261$&,*) 
8&15 $ QR S)-$,3* T.(F*. 
)&++.$3124*1*.0 ('&,/ "(U! .$)&$1&2, 
:!V=<?LCWÅ@ $1 LCFX $,) LC4S0 &, 15* 
.$,/* BYL?Z B"0 '3$,,*) 8&15 $ '1*7 2+ 
C<CBZB"< [2. +(.15*. 35$.$31*.&E$1&2, 2+ 
15* '8*##&,/ 3#$%0 15* ;.**,*YU*##% 1*'1 
8$' 7*.+2.4*) &, -&*8 12 )&++*.*,1&$1* 
'4*31&1* 8&15 1*1.$5*).$# '(6'1&1(1&2, 
:6*&)*##&1*@ 12 15$1 8&15 231$5*).$# 
'(6'1&1(1&2, :42,142.&##2,&1*@< D2 15&' 
*,)0 15* 3#$% +.$31&2, 8$' '2#-$1*) 8&15 
/#%3*.2#<  

Q&++*.*,1&$# H3$,,&,/ "$#2.&4*1.&3 $,) 
15*.42Y/.$-&4*1.&3 :QH"YD;@ $,$#%'&' 
8*.* 3$..&*) 2(1 6% 5*$1&,/ 15* '$47#*' 
+.24 B? 12 \CCZ" $1 ?Z" 4&,Y= ('&,/ $ 
H]DSPS^ D;YQH" === $,$#%E*.<  
 
^$G2. *#*4*,1$# $,$#%'*' 8*.* 3$..&*) 
2(1 6% *,*./% )&'7*.'&-* OY.$% 
'7*31.24*1.% :]QO@<  
 
D5* 4&3.2'327&3 '1.(31(.* 2+ 15* 
'$47#*' 8$' &,-*'1&/$1*) 6% $ [];Y
]H]^ []_ O`KC '3$,,&,/ *#*31.2, 
4&3.2'327* :H]^@< D5* 7$.1&3#* '&E* 
)&'1.&6(1&2, :aHQ@ 2+ 15* '$47#*' 8$' 
3$..&*) 2(1 6% 15* 8*1 '&*-&,/0 +2##28*) 
6% 15* '*)&4*,1$1&2, 1*'1< 
 
"$1&2, ]935$,/* 3$7$3&1% :"]"@ 8*.* 
4*$'(.*) 6% '$1(.$1&,/ 15* 3#$% 
+.$31&2,:MWKN4@ 8&15 $442,&(4 
$3*1$1* :=^0 7bV\@ $' $, *935$,/*$6#* 
&2,  :^*(,&*.0 BCCB@0 15* $42(,1 2+ 
$442,&(4 +&9*) 6% 15* '2#&) 75$'* 8$' 
)*1*.4&,*) 6% UG*#)$5# 1&1.$1&2,<  
 
D5* H7*3&+&3 H(.+$3* S.*$ 2+ 15* 3#$% 
'$47#*' 8*.* )*1*.4&,*) 6% 15* 
,&1.2/*, $)'2.71&2,Y)*'2.71&2, &'215*.4 
$1 \\U ('&,/ $ "$.#2 ].6$ H2.7124$1&3 
=>>C -2#(4*1.&3 )*-&3*0 15* +&,$# .*'(#1' 
8*.* /&-*, 6% 15* T]D *c($1&2,< 
 
RESULTS AND DISCUSSION 
 
XRD Analysis 
 
D5* OPQ 7$11*.,' 2+ 15* '*-*, '$47#*' 
$.* &##('1.$1*) &, [&/'< =$ $,) 6< S## 
'$47#*' '528 15$1 15* 4$&, 3#$% 
4&,*.$#' $.* '4*31&1*' 8&15 $ '4$## 
$42(,1 2+ F$2#&,&1*d 15* ,2, 3#$% 
4&,*.$#' $.* 3.&'126$#&1*0 UY+*#)'7$.'0 
7#$/&23#$'*0 &#4*,&1* $,) c($.1E<  
 
D5* &..*-*.'&6#* 32##$7'* 2+ $, *97$,)&,/ 
4&,*.$# 12 ><? e $+1*. '$1(.$1&2, 8&15 `& 
f $,) 5*$1&,/ $1 KCCZ" 8$' 15* 

3.&1*.&2, +2. &)*,1&+% 15* 4&,*.$# $' 
42,142.&##2,&1*< 
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fig 1a. XRD patterns of the natural samples< 
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Sm:Smectite (15.4 A)
Kln:Kaolinite (7.09A)
Pl:Plagioclase(3.19A)
Crs:Cristobalite (4.05A)
Ilm:Ilmenite (3.71A)
Kfs:K-feldspar(3.23A)
Qtz:Quartz(3.33A)
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fig 1b. XRD patterns of the natural samples 
 
DSC-TG 
 
D5* .*'(#1' 2+ 15* QH" $,$#%'&' 2+ 
'$47#*' $.* 7.*'*,1*) &, :[&/ B@<  
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fig 2. Differential scanning calorimetry (DSC) curves 
of Sabga clays 

palabras clave: "$4*.22,0 S.3&##$'0 "$.$31*.&E$3&g, +&'&32c(h4&3$0 
^&,*.$#2/h$ 

key words: "$4*.22,0 "*,1.$#YS+.&3$0 "#$%0 a5%'&32Y35*4&3$# 
35$.$31*.&'1&3'0 ^&,*.$#2/% 

124,!2&%CD;ECDF%0G(0% i 32..*'72,)&,/ $(152.:%G.4$35*j)231<(#/<$3<6* 
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 [2(. '$47#*' :HL=B0 HL=K0 HL=L $,) 
HLBL@ '528' 15.** *,)215*.4&3 7*$F' 
$,) HK=K0 HK=L $,) HLB? '528' 182 
*,)215*.4&3 7*$F'<  
 
D5* 7*$F 6*18**, =CCY=?CZ" &' 
$11.&6(1*) 12 *#&4&,$1&2, 2+ $)'2.6*) :2. 
$6'2.6*)@ 8$1*. 2+ &,1*.#$%*.0 $,) 15* 
'*32,) *,)215*.4&3 7*$F0 85&35 
$77*$.*) $1 $ 1*47*.$1(.* 2+ $62(1 
?CCZ"0 &' )(* 12 15* #&6*.$1&2, 2+ 8$1*. 
3$('*) 6% )*5%).29%#$1&2, 2+ 
322.)&,$1*) $,) '1.(31(.$# 8$1*. 
42#*3(#*< D5* 215*. 7*$F 233(..*) 
,*$.6% W?CZ" 32..*'72,) 12 15* 
.*42-$# 2+ kb /.2(7' 2+ '4*31&1*< 
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fig 3. Thermogravimetric analysis (TG) curves of 
Sabga clays 
 
D5* D; 3(.-*' :[&/< K@ 2+ 15* ,$1(.$# 
3#$%' '528 182 8*##Y)*+&,*) 4$'' #2'' 
.*/&2,'< D5* +&.'1 4$'' #2'' :KYR<?l@ 
6*18**, B? $,) B?CZ" &' )(* 12 15* 
)*5%).$1&2, 2+ &,1*.7$.1&3#* 8$1*.0 
$)'2.6*) 8$1*. $,) &,1*.#$%*. 8$1*.< 
D5* '*32,) 4$'' #2'' :=YKl@ 6*18**, 
LCC $,) W?CZ" &' )(* 12 15* 
)*5%).29%#$1&2, 2+ 322.)&,$1*) $,) 
'1.(31(.$# 8$1*.< 
 
SEM 
 
D5* H]^ 2+ HL=K 3#$% '$47#* &' 
7.*'*,1*) &, :[&/< L@0 '528&,/ 15* 
42.752#2/&3$# +*$1(.*'< 
 

 
fig 4. SEM micrograph of S413. 
 
Particle size distribution 
 
D5* 7$.1&3#* '&E* )&'1.&6(1&2, $,$#%'&' 

c($,1&+&*' 7$.1&3#* '&E* 3$1*/2.&*' 2+ 3#$% 
'$47#*' 32##*31*) +.24 15* +&*#) :D$6#* 
=<@< D5*'* 7$.1&3#*' $.* 4$)* (7 2+ 3#$% 
:M B#4@0 '&#1 :+&,* $,) 32$.'*@0 '$,) :+&,* 
$,) 32$.'*@ $,) -*.% &,'&/,&+&3$,1 
c($,1&1% 2+ ,2)(#$. +.$31&2,< D5* .*'(#1 2+ 
15* $,$#%'&' '528' 15* 3#$%0 '&#1 $,) 
'$,) +.$31&2,' &, 7*.3*,1$/*' +2(,) &, 
*$35 2+ 15* 3#$% 4$1*.&$#< 
 
CEC, pH and Specific Surface Area  
 
D5* 3#$% '$47#*' 5$-* 7.*'*,1*) $ 
"$1&2, ]935$,/* "$7$3&1% :"]"@ 
6*18**, BL<B $,) WB 4*cm=CC / :D$6#* 
B@< D5* "]" 32..*'72,)' 2,#% 12 15* 
'4*31&1* 75$'*< D5* #28 "]" 261$&,*) &' 
)(* 6% 15* 7.*'*,3* 2+ ,2,Y3#$% 
4&,*.$#' $''23&$1*) 8&15 15* 3#$% 
4&,*.$#' +2. $## '$47#*'< 
 

Samples CEC 
(meq/100g) 

pH 

S313 LL<C L<R 
S314 W=<C L<R 
S412 WB<C L<> 
S413 LL<? ?<= 
S414 LL<? L<L 
S424 L=<C ?<B 
S425 BL<B ?<= 

Table 2. Cation Exchange Capacity and pH. 
 
D5* 7b 4*$'(.*) 2+ $## 3#$% '$47#*' $.* 
.$,/*) 6*18**, L<= $,) ?<= :D$6#* B@0 
&,)&3$1&,/ $, $3&) 35$.$31*. 2+ 3#$%'< 
 
D5* '7*3&+&3 '(.+$3* $.*$ :H'7@ 2+ 15* 
,$1(.$# 3#$%' 1$F*, +.24 H$6/$ .$,/*) 
+.24 ?R 12 =BK 4Bm/< D5*'* -$#(*' $.* 
,21 32,+2.4&,/ 12 152'* 26'*.-*) +2. 15* 
7(.* 42,142.&##2,&1*<  
 
Chemical Analysis 
 
"#$% '$47#*' +.24 AI "$4*.22, 8*.* 
$,$#%'*) 6% ]QO +2. 15*&. 4$G2. 
*#*4*,1'0 $' /&-*, $' *9$47#* &, D$6#* 
B $,) [&/< ?< D5* 35*4&3$# 32472'&1&2, 
2+ 15* 3#$%' &' )24&,$1*) 6% H&kB0 S#BkK 
$,) [*BkK 85*.*$' ^/k $,) A$Bk $.* 
7.*'*,1 2,#% &, '4$## c($,1&1&*'< 
 

 
Elements Mass (%) At (%) 

Ok KW<\R ?K<WK 
Nak C<>\ C<>R 
Mgk C<RB C<\> 
Alk =B<K\ =C<\C 
Sik KB<LW BW<>W 
Fek =W<WC W<>L 

Total =CC<CC =CC<CC 
Table 2. Chemical composition (EDX) of a particle 
S314. 
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fig 5. EDX analysis spectrum of a particle of S314. 
 
CONCLUSION 
 
D5* .*'(#1' 2+ 15&' &,-*'1&/$1&2, '528 
15$1 15* 3#$% '$47#*' +.24 H$6/$ :AI 
"$4*.22,@0 4$&,#% 32,'&'1 2+ '4*31&1* 
8&15 -$.%&,/ $42(,1' 2+ F$2#&,&1*0 
3.&'126$#&1*0 FY+*#)'7$.0 7#$/&23#$'* $,) 
&#4*,&1*< D5* ;.**,*YU*##% 1*'1 '528 
15$1 15* '4*31&1* $.* 42,142.&##2,&1*'< 
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 Clay Silt Sand Gravel 
Sample <2 µm Fine 

2-20 µm 
Coarse 
20-50 

µm 

Fine 
50-200 

µm 

Coarse 
200-
2000 
µm 

>2000 
µm Total 

S313 K B> KC BL =L C =CC 

S314 W =L B? LB =B = =CC 

S413 B> B> R BC =B B =CC 

S414 B= B? =? B\ == = =CC 

Tabla 1. Particle size distribution of clay samples (S313, S314, S413 and S414). 
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