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mf[9! j[! H! )fh! x1n9! &'! 4.2! 1#3,G,0&3#4! 0#$! NM\R,>d9! 1.3,&$?.! '&! ?K0$,0&! 3.!

,152."$&0,=$! .$! EF1.3#/! M#4?.2,#21.$?.! 4.! .4?63,&2I$! '&4! 52#5,.3&3.4! 3.!

&34#20,=$!3.!.4?.!1&?.2,&'!1.3,&$?.!.$4&H#4!.l5.2,1.$?&'.4!0#$!.'!G,$!3.!.-&'6&2!

'&!0&5&0,3&3!3.!&34#20,=$!3.!'#4!0#$?&1,$&$?.4!.1.2".$?.4^!0&G.C$&!.!,2"&4I$!3.!
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4#'60,#$.4! 4,$?K?,0&4D! &3,0,#$&'1.$?.! 4.! .4?63,&2I! '&! &34#20,=$! 3.! &1@#4!

0#$?&1,$&$?.49! 3.?.21,$&$3#! ?,.15#4! 3.! 0#$?&0?#9! 3#4,4! =5?,1&4! 3.!1&?.2,&'! H!

G,$&'1.$?.! 4.! 1#3.'&2I$! '&4! ,4#?.21&4! 3.! &34#20,=$! 5&2&! 0&3&! 0#$?&1,$&$?.!

mT6b#%!.?!&'/9!di))n/!

!

1.3 ' ALCANCE 

L'!52#5=4,?#!3.!'&!52.4.$?.!,$-.4?,"&0,=$!.4!52#5#$.2!6$!$6.-#!1&?.2,&'!&34#2@.$?.!

0#156.4?#! 3.! 1&?.2,&'! ',"$#0.'6'=4,0#! H! NM\R,>d9! 0#$! .'! G,$! 3.! 3.4&22#''&2! 6$&!

$6.-&!?.0$#'#"C&!.G,0,.$?.9!GI0,'!3.!,15'.1.$?&2!H!.0#$=1,0&!5&2&!'&!2.1#0,=$!3.!

0#$?&1,$&$?.4!.1.2".$?.4/!<#4!2.46'?&3#4!#@?.$,3#4!3.'!52.4.$?.!.4?63,#!5#32C&$!

4.2-,2!0#1#!@&4.!5&2&!.'!3,4.b#!#!,15'.1.$?&0,=$!3.!?2&?&1,.$?#4!3.!&"6&!2.4,36&'!

$#!0#$-.$0,#$&'.4/!

!

1.4 ' OBJETIVOS 

1.4.1  OBJETIVO GENERAL 

L4?63,&2!'&!&34#20,=$!3.!'&!0&G.C$&!H!.'!,2"&4I$!6?,',%&$3#!2.4,36#4!',"$#0.'6'=4,0#4!

1#3,G,0&3#4!0#$!3,=l,3#!3.!?,?&$,#!5&2&!2.1#-.2!.4?#4!0#$?&1,$&$?.4!3.!4#'60,#$.4!

4,$?K?,0&4/!

!

1.4.2  OBJETIVOS ESPECÍFICOS  

!

!! ;.&',%&2!.$4&H#4!3.!&34#20,=$!3.!0&G.C$&!.!,2"&4I$9.$!4#'60,#$.4!4,$?K?,0&49!

0#$!3,G.2.$?.4!?,.15#4!3.!0#$?&0?#!H!3#4,4!3.!1&?.2,&'!&34#2@.$?.9!0#$!.'!G,$!

3.! 3.?.21,$&2! '&4! 0#$3,0,#$.4!1I4! G&-#2&@'.4! 5&2&! '&! 2.1#0,=$! 3.! .4?#4!

0#$?&1,$&$?.4/!!

!
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!! >@?.$.2! 6$!1&?.2,&'! 0#156.4?#! 3.! 2.4,36#4! ',"$#0.'6'=4,0#4! 3.!1#2,$"&9!

@&1@F! H! '&62.'! 1#3,G,0&3#4! 0#$! $&$#5&2?C06'&4! 3.! 3,=l,3#! 3.! ?,?&$,#!

1.3,&$?.! '&! ?K0$,0&!3.! ,152."$&0,=$!.$!EF1.3#9!5&2&!4.2!6?,',%&3#!0#1#!

&34#2@.$?.!3.!0&G.C$&!.!,2"&4I$/!

!

!! S&2&0?.2,%&2!.'!1&?.2,&'!0#156.4?#!&!?2&-K4!3.!?K0$,0&4!,$4?261.$?&'.4!3.!

&$I',4,4! mL45.0?2#40#5,&! ,$G2&22#A&! 5#2! R2&$4G#21&3&4! 3.! c#62,.2! H!

T,02#40#5,&! .'.0?2=$,0&! 3.! @&22,3#n! 5&2&! 0#$#0.2! 464! 0&2&0?.2C4?,0&4!

1#2G#'=",0&4!H!465.2G,0,&'.4/!!

!

!! L'&@#2&2!.'!1#3.'#!3.!&A64?.!.$?2.!'&4!,4#?.21&4!3.!&34#20,=$!3.!c2.6$3',0E!

H! <&$"16,2! 5&2&! .'! 52#0.4#! 3.! &34#20,=$! 3.! 0&G.C$&! .! ,2"&4I$!

2.45.0?,-&1.$?.9! 6?,',%&$3#! '#4! 3&?#4! #@?.$,3#4! .$! '#4! .$4&H#4!

.l5.2,1.$?&'.4/!

!

!! L4?&@'.0.2! '&! .G,0,.$0,&! 3.! 2.1#0,=$! 3.! 0&G.C$&! .! ,2"&4I$! 1.3,&$?.! .'!

52#0.4#!3.!&34#20,=$!0#$!!2.4,36#4!',"$#0.'6'=4,0#4!3.!1#2,$"&9!@&1@F!H!

'&62.'!1#3,G,0&3#4!0#$!$&$#5&2?C06'&4!3.! !3,=l,3#!3.! ?,?&$,#9!0#$!.'! G,$!3.!

.4?&@'.0.2!4,!.4!6$!?2&?&1,.$?#!-,&@'.!5&2&!&"6&4!2.4,36&'.4/!

!

!

!

!

!

!

!

!

!

!

!

!

!
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'                                                            

MARCO TEÓRICO 

2.1 ' CONTAMINANTES EMERGENTES  

2.1.1  GENERALIDADES 

P62&$?.!'&4!F'?,1&4!3K0&3&4!4.!&06b=!.'!?K21,$#!3.!_0#$?&1,$&$?.4!.1.2".$?.4`!

5&2&! .$"'#@&2! &! 6$! "265#! 3.! 464?&$0,&4! B6C1,0&4! E.?.2#"K$.&4! B6.! $#! 4.!

.$06.$?2&$!.$!'&!2."6'&0,=$!3.!$,$"F$!5&C4!H!5#2!?&$?#!$#!2.B6,.2.$!3.!1#$,?#2.#!

$,! 0#$?2#'/! L4?I! 0#156.4?#! 5#2^! 52#360?#4! G&21&0K6?,0#4! H! 3.! 06,3&3#! H! &4.#!

5.24#$&'! mMMSMy49! 5#2! 464! 4,"'&4! .$! ,$"'K4n9! .4?.2#,3.4! H! E#21#$&49! 32#"&49!

G2&"&$0,&49!2.?&23&$?.4!3.!''&1&9!0#156.4?#4!5.2G'6#2&3#49!&".$?.4!0#15'.A&$?.49!

.$?2.!#?2#4D!3.! '#4!06&'.4! '#4!MMSMy4!H!&B6.''#4!0#156.4?#4! ,3.$?,G,0&3#4!0#1#!

3,4265?#2.4! .$3=02,$#4! ?,.$.$! .45.0,&'! ,15#2?&$0,&! 3.@,3#! &! 464! 0&2&0?.2C4?,0&4!

B6C1,0&4!H!?#l,0#'=",0&4!H!&!46!5.24,4?.$0,&!.$!'#4!4,4?.1&4!&06I?,0#4!mt&?4,",&$$,4!

.?!&'/9!di)[n/!

!

<#4!MMSMy4! ,$"2.4&$!&'! &1@,.$?.!&! ?2&-K4!3.! '&4!&"6&4! 2.4,36&'.4!3#1K4?,0&49!

2.4,36#4!,$364?2,&'.49!'&!3,45#4,0,=$!,$0#22.0?&!3.!GI21&0#4!$#!64&3#4!#!0&360&3#49!

&0?,-,3&3.4! &"2C0#'&49! 64#! -.?.2,$&2,#! H! 3.4.0E#4! E#45,?&'&2,#4/! P.$?2#! 3.! .4?.!

"265#! 4.! ,$0'6H.$! 52#360?#4! 0#1#^! &$?,@,=?,0#49! &$?,"2,5&'.49! &$&'"K4,0#49!

&$?,,$G'&1&?#2,#49!3.4,$G.0?&$?.49!&$?,4K5?,0#49!.$?2.!#?2#4D!06H&!52.4.$0,&!E&!4,3#!

,3.$?,G,0&3&!.$!'#4!.G'6.$?.4!3.!5'&$?&4!3.!?2&?&1,.$?#!3.!&"6&4!2.4,36&'.49!&"6&4!

465.2G,0,&'.49!&"6&4!46@?.22I$.&4!H!.$!'&!@,#?&!!m3&!Y,'-&!.?!&'/9!di)dn/!

!

M#2!#?2#!'&3#9!'#4!3,4265?#2.4!.$3=02,$#4!mLPSy4!5#2!464!4,"'&4!.$!,$"'K4n!&@&20&$!

6$!&15',#!.45.0?2#!3.!464?&$0,&4!B6C1,0&4!0#$!0&5&0,3&3!3.!&'?.2&2!'&4!G6$0,#$.4!

E#21#$&'.4!H!E#1.#4?I?,0&4!3.! '#4!#2"&$,41#4D!56.3.$!4.2!3.!#2,".$!$&?62&'!#!

&2?,G,0,&'/! <#4! LPSy4! $&?62&'.4! 4#$! '#4! .4?2=".$#49! &$32=".$#4! H! G,?#.4?2=".$#4D!

1,.$?2&4!B6.!'#4!LPSy4!&2?,G,0,&'.4!4#$!52,$0,5&'1.$?.!B6C1,0#4!,$364?2,&'.4!H!464!



! j!

46@52#360?#49! 0#1#!E,32#0&2@62#4!&2#1I?,0#4!5#',0C0',0#49! @,G.$,'#4!5#',0'#2&3#49!

@,G.$,'#4! 5#',@2#1&3#49! 3,#l,$&49! G62&$#49! &'B6,'G.$#'.49! ! MMSMy4! H! 5.4?,0,3&4/!

R#3#4! .4?#4! 0#156.4?#4! 4.! 6?,',%&$! .$! '&! G&@2,0&0,=$! 3.! G2&"&$0,&49! 5,$?62&49!

462G&0?&$?.49! 5'I4?,0#49! 3.?.2".$?.49! 3.4,$G.0?&$?.49! ?.l?,'.49! 4.''&3#2.4! H!

&00.4#2,#4! .'K0?2,0#4/! R#3&4! .4?&4! &5',0&0,#$.4! 52#360.$! 3.40&2"&4! 3.! LPSy4!

3.43.! 3,-.24&4! G6.$?.4! 56$?6&'.4! H! 3,45.24&4D! 362&$?.! '&! 52#3600,=$9! 64#! H!

&5',0&0,=$!H!3,45#4,0,=$!G,$&'!mz..!H!J2,49!di)jn/!

!

a$! 2.461.$! 3.! '&4! G6.$?.4! 3.! 3.40&2"&! H! .'! 3.4?,$#! 3.! '#4! 0#$?&1,$&$?.4!

.1.2".$?.4!.$!.'!&1@,.$?.!4.!52.4.$?&!.$!'&!c,"62&!d/)/!

!

.AU@FD'H<J!c6.$?.4!H!3.4?,$#!3.!'#4!0#$?&1,$&$?.4!.1.2".$?.4!.$!.'!&1@,.$?.!

.@VWBV;!T#3,G,0&3#!3.!8&$"!.?!&'/!mdi)jn!
!GDECFD>AXW;!<.=$!:#$%&'#!
!
!
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2.1.2  CAFEÍNA 

<&!0&G.C$&9!)9*9j\?2,1.?,'l&$?,$&!mS]o)iNf>dn! mc,"62&!d/dn9!.4!6$!&'0&'#,3.!$&?62&'!

52.4.$?.! .$! '#4! "2&$#4! 3.! 0&GK9! E#A&4! 3.! ?K9! "2&$#4! 3.! 0&0&#9! &'"6$#4! ?,5#! 3.!

$6.0.4!H!#?2&4!5'&$?&4/!L4!.'!.4?,16'&$?.!3.!1&H#2!0#$461#!&!$,-.'!16$3,&'9!4.!

.$06.$?2&!.$!$61.2#4#4!&',1.$?#4!H!@.@,3&49!&3.1I4!.4!&b&3,3#!&!1.3,0&1.$?#4!

3.! 64#! 0#1F$9! 0#1#! &$&'"K4,0#4! H! &$?,"2,5&'.4! 5&2&! 5#?.$0,&2! 464! .G.0?#4D! 4.!

.4?,1&! 6$! 0#$461#! 16$3,&'! 3.! )ii! 1,''#$.4! 3.! w,'#"2&1#4! &'! &b#! 4."F$! '&!

>2"&$,%&0,=$!7$?.2$&0,#$&'!3.'!S&GK!m>7Sn!mO&2.'',!.?!&'/9!di)fn/!

!!

.AU@FD'H<H!L4?260?62&!1#'.06'&2!3.!'&!0&G.C$&!

!

.@VWBV;!OE&$"!.?/!&'/!mdi)fn/!

!

<&! 0&G.C$&! 3.456K4! 3.! 4.2! ,$".2,3&! 5#2! .'! 4.2! E61&$#! .4! 2I5,3&! H! 0&4,!

0#15'.?&1.$?.! &@4#2@,3&! 5#2! .'! ?2&0?#! "&4?2#,$?.4?,$&'9! ''."&$3#! 3.456K4! &'!

?#22.$?.!4&$"6C$.#/!<&!1&H#2!5&2?.!3.'!1.?&@#',41#!4.!2.&',%&!.$!.'!EC"&3#!3#$3.!

.4?.!0#156.4?#!.4!1.?&@#',%&3#!&!)\1.?,'l&$?,$&!H!)\I0,3#!1.?,'F2,0#D!4,$!.1@&2"#9!

.$?2.!.'!)!H!.'![s!3.!'&!0&G.C$&!,$".2,3&!.4!.l56'4&3&!4,$!&'?.2&0,#$.4!&!?2&-K4!3.!

'&!#2,$&!mN&v2##?!.?!&'/9!dii*n/!

!

<&!0&G.C$&!4.!.$06.$?2&!5.24,4?.$?.1.$?.!.$!06.25#4!3.!&"6&!3.@,3#!&!46!&'?&!

4#'6@,',3&3! md)/g! "/<\)n! H! @&A#! 0#.G,0,.$?.! 3.!5&2?,0,=$! #0?&$#'! u! &"6&! m'#"!t#v! {!

i/)gn/!L'!?,.15#!3.!-,3&!1.3,&!3.!'&!0&G.C$&!E&!4,3#!.4?,1&3#!.$!@,@',#"2&GC&!3.43.!

*/[! E&4?&! 1I4! 3.! )ii! 3C&49! 3.5.$3,.$3#! 3.! '&4! 0#$3,0,#$.4! 0',1I?,0&4/! <&4!
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0#$0.$?2&0,#$.4! 3.! .4?.! 0#$?&1,$&$?.! .$! 3,4?,$?&4! 1&?2,0.4! &1@,.$?&'.4! 4.!

4.b&'&$!.$!'&!R&@'&!d/)!mX'-&2.%\R#2.''&4!.?!&'/9!di)gn/!

+DEGD'H<J!S#$0.$?2&0,#$.4!3.!0&G.C$&!.$!3,4?,$?&4!1&?2,0.4!&1@,.$?&'.4!

!"#$%&'()*%+,#"-' ./,0+,#$"0%1,'2)3,%)"'4')56%)"7'

"#$%&!'(&)*$%+(&!,µ#-.
/0
1! 23!4!533!

67+$(89(!:;"<!,µ#-.
/0
1! 3=0!4!23!

<>?&=!+%#?&!@!A%'(&!,8#-#
/0
1! 5!4!0-B33!

"#$%&!&$C9(''D8(%&!,8#-.
/0
1! 03!4!E3!

.@VWBV;!X'-&2.%\R#2.''&4!.?!&'/!mdi)gn!
!GDECFD>AXW;!<.=$!:#$%&'#!
!

2.1.3  IRGASÁN  

L'! ,2"&4I$! .4! .'! $#1@2.! 0#1.20,&'! 3.'! ?2,0'#4I$! mRSYn! #! [\0'#2#\d\md9f\

3,0'#2#G.$#l,nG.$#'!mS)dojS'*>dn!mc,"62&!d/*n9!.'!06&'!.4!6$!G6$",0,3&!H!&$?,@,=?,0#!3.!

&15',#!.45.0?2#!B6.!E&!4,3#!64&3#!5#2!1I4!3.!*i!&b#49!4.!.4?,1&!B6.!.$!.'!16$3#!

4.!52#360.$!)[ii! ?#$.'&3&4!&$6&'1.$?.! mT&2?C$.%!.?!&'/9!di)fn/!Y.!6?,',%&!.$! '&!

G&@2,0&0,=$!3.!5&4?&!3.$?&'9!.$A6&"6.!@60&'9!3.?.2".$?.9!02.1&49!'#0,#$.49!4E&15F!

H!A&@=$9!&4C!0#1#!.$!'&!3.4,$G.00,=$!3.!,$4?261.$?&'!1K3,0#9!.4?I!?&1@,K$!52.4.$?.!

.$! 2#5&! 3.5#2?,-&9! 4I@&$&49! %&5&?#4! H! &'G#1@2&4D! .$! .4?#4! 52#360?#4! '&!

0#$0.$?2&0,=$!3.!RSY!$#!3.@.!4#@2.5&4&2!.'!i/*s!mv|vn!.$!5.4#9!4."F$!'&!cPJ!

mYE&2,5#-&!.?!&'/9!di)gn/!!

!!

.AU@FD'H<M!L4?260?62&!1#'.06'&2!3.'!?2,0'#4I$!

!

.@VWBV;!OE&$"!.?!&'/!mdi)fn/!

!

<&! 4#'6@,',3&3! 3.'! RSY! .$! &"6&! .4! })i\g! "/1<\)9! 4,$! .1@&2"#! .4?&! 4#'6@,',3&3!

,$02.1.$?&!&!1.3,3&!B6.!.'!5o!?#1&!-&'#2.4!1I4!&'?#4/!L'!0#.G,0,.$?.!3.!5&2?,0,=$!



! )i!

m'#"! M#v! {! [/fn! 4.b&'&! B6.! .4?.! 0#156.4?#! .4! ',5#GC',0#/! J! 5.4&2! 3.! 46! @&A&!

4#'6@,',3&39!3,-.24&4!,$-.4?,"&0,#$.4!E&$!3.1#4?2&3#!'&!52.4.$0,&!3.!?2,0'#4I$!.$!

.'! &1@,.$?.9! .45.0,&'1.$?.! .$! &"6&4! 2.4,36&'.49! .G'6.$?.4! 3.! 5'&$?&4! 3.!

?2&?&1,.$?#9!2C#4!H!4.3,1.$?#4/!Y6!?,.15#!3.!-,3&!1.3,#!.4!16H!-&2,&@'.!H!3.5.$3.!

3.!'&4!0#$3,0,#$.4!0',1I?,0&4!mT#$?&4.2,!H!c#2@.49!di)gn/!!

!

L'!2&$"#!3.!0#$0.$?2&0,=$!52#1.3,#!16$3,&'!3.!?2,0'#4I$!.$!.'!&1@,.$?.!4.!3.?&''&!

.$!'&!R&@'&!d/d/!

!

+DEGD'H<H!S#$0.$?2&0,=$!52#1.3,#!16$3,&'!3.!?2,0'#4I$!

!"#$%&'()*%+,#"-' ./,0+,#$"0%1,'2)3,%)"'4')56%)"7'

"#$%&!&$F('7)G)%+(&!,8#-.
/0
1! 0=H!4!H3-333!

"#$%&!'(&)*$%+(&!,8#-.
/0
1! 23!4!EI-0I0!

67+$(89(!:;"<!,8#-.
/0
1! 25!4!B-5J3!

.?*?&!%G9)K%*?&!*(!:;"<!,µ#-L#
/0
1! BE3!4!0B-I33!

"#$%!A%')8%!,8#-.
/0
1! M3=330!4!033!

N(*)A(89?&!O'>?&!@!+%#?&P!,µ#-L#
/0
1! M033!4!B5-333!

N(*)A(89?&!A%')8?&!,µ#-L#
/0
1! 3=32!4!5B!

.@VWBV;!T#$?&4.2,!H!c#2@.4!mdi)gn!
!GDECFD>AXW;!<.=$!:#$%&'#!
!

2.1.4  PROBLEMÁTICA AMBIENTAL 

2.1.4.1  Problemática ambiental asociada a la cafeína 

<&! 0&G.C$&! .4! 6$! 5#?.$0,&'! ,$3,0&3#2! 3.! 0#$?&1,$&0,=$! 5#2! &"6&4! 2.4,36&'.4!

3#1K4?,0&49! H&! B6.! .4! 6$! 0#156.4?#! 3.! #2,".$! &$?2#5#"K$,0#! 646&'1.$?.!

.$0#$?2&3#!.$!&"6&4!465.2G,0,&'.4!H!46@?.22I$.&4/!a$&!0&2&0?.2C4?,0&! ,15#2?&$?.!

3.! '&!0&G.C$&!.4!46! 2.4,4?.$0,&!&'! ?2&?&1,.$?#!0#$-.$0,#$&'!3.!&"6&4!2.4,36&'.49!
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2.1.4.2  Problemática ambiental asociada al irgasán 
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2.1.5  REMOCIÓN DE CONTAMINANTES EMERGENTES EN AGUAS 

RESIDUALES 
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S#1#!4.!4.b&'=!&$?.2,#21.$?.9!'&!2.1#0,=$!3.!'#4!0#$?&1,$&$?.4!.1.2".$?.4!.4!

,$0#15'.?&!.$! '&4!MRJ;!0#$-.$0,#$&'.4D!5#2! ?&$?#!4.!$.0.4,?&$!3.! ?2&?&1,.$?#4!
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2.1.5.2  Remoción de irgasán 
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G2&00,=$!2.4?&$?.!4.!&34#2@,=!.$!'#4!'#3#4!m8,$"!.?!&'/9!diijn/!Y,$!.1@&2"#9!.4?#4!

'#3#4! B6.3&$! 4&?62&3#4! 0#$! .'! @&0?.2,0,3&! H! 3.456K4! &'! 4.2! 6?,',%&3#4! 0#1#!

&0#$3,0,#$&3#2.4!3.!46.'#!4.!0#$-,.2?.$!.$!#?2&!-C&!3.!3.40&2"&!3.! ?2,0'#4I$!&'!

&1@,.$?.!mSE&'.v!H!o&'3.$9!diihn/!!

!

<#4!52,$0,5&'.4!1.0&$,41#4!3.!3."2&3&0,=$!3.'!?2,0'#4I$!4#$!'&!3,-,4,=$!3.'!.$'&0.!

3.! K?.2! H! '&! 0'#2&0,=$! 3.'! .$'&0.! G.$=',0#D! '&! 0'#2&0,=$9! 0#1#! 4.! 4.b&'=!

&$?.2,#21.$?.9!52#360.!0,$0#!46@52#360?#4!0'#2&3#4!3.! '#4!06&'.4!&'!1.$#4!3#4!

?,.$.$!.G.0?#4!?=l,0#4!#!0&$0.2C".$#4!mO&22.'',!.?/!&'/9!di)fn/!!

!

<&!#%#$,%&0,=$!?&1@,K$!56.3.!64&24.!5&2&!.',1,$&2!0#15'.?&1.$?.!.'!?2,0'#4I$!3.'!

&"6&! 2.4,36&'D! 362&$?.! .4?.! ?2&?&1,.$?#! .'! RSY!4.! 0#$-,.2?.! .$! d9f\3,0'#2#G.$#'9!

0'#2#0&?.0#'9! 1#$#\E,32#l,\?2,0'#4I$! H! 3,\E,32#l,\?2,0'#4I$9! 3.! '#4! 06&'.4! 4='#! .'!

52,1.2!0#156.4?#!.4!0#$4,3.2&3#!0#1#!5.',"2#4#!5&2&!'#4!#2"&$,41#4!&06I?,0#4D!



! )g!

4,$!.1@&2"#9!4.!2.B6,.2.!.'.-&2!'&!3#4,4!3.!#%#$#!H!.'!?,.15#!3.!2.?.$0,=$!.$!'#4!

2.&0?#2.4!5&2&!B6.!'#4!46@\52#360?#4!4.&$!?&1@,K$!.',1,$&3#4!mSE.$!.?!&'/9!di)dn/!

2.2 ' ADSORCIÓN  

Ll,4?.$!$61.2#4#4!1K?#3#4!5&2&!2.1#-.2! '#4!0#$?&1,$&$?.4!.1.2".$?.4!3.! '&4!

&"6&4! 2.4,36&'.49! .4?#4! ?2&?&1,.$?#4! ".$.2&'1.$?.! 4#$! .G.0?,-#4! H! ?,.$.$! &'?&!

.G,0,.$0,&D!4,$!.1@&2"#9!?&1@,K$!52.4.$?&$!52#@'.1&4!2.'&0,#$&3#4!0#$!.'.-&3#4!

0#4?#4!3.!1&$?.$,1,.$?#9!0#$461#!3.!.$.2"C&9!2.1#0,=$!,$0#15'.?&!H!'&!G#21&0,=$!

3.!46@!52#360?#4!1I4!5.24,4?.$?.49!.4?&@'.4!H!?=l,0#4!mR#1,$&"&!.?!&'/9!di)[n/!<&!

&34#20,=$!.4!6$! ?2&?&1,.$?#!&'?.2$&?,-#!1I4!4,15'.9!.0#$=1,0#!H! -.24I?,'! B6.! '&!

1&H#2C&!3.!?2&?&1,.$?#4!0#$-.$0,#$&'.4!H!$#!0#$-.$0,#$&'.4!mT#2#!.?!&'/9!di)jn/!!

!

<&!&34#20,=$!.4!.'! 52#0.4#!.$!.'! 06&'! '#4!I?#1#49! ,#$.4!H!1#'K06'&4!3.!"&4.49!

'CB6,3#4!#!4=',3#4!3,46.'?#4!4.!&3E,.2.$!#!6$.$!&!6$&!465.2G,0,.D!.$!.4?.!0&4#!.'!

1&?.2,&'! &0616'&3#! .$! '&! ,$?.2G&4.! .4! .'! &34#2@&?#! H! '&! 465.2G,0,.! 4=',3&! .4! .'!

&34#2@.$?.! mc,"62&! d/fn/! Y,! 362&$?.! '&! &34#20,=$! 4.! G#21&! .$! '&! ,$?.2G&4.! 6$!

0#156.4?#!.4?&@'.!4.!3.G,$.!0#1#!6$!0#15'.A#!m:&339!diihn/!

!

.AU@FD'H<O'M2#0.4#!3.!&34#20,=$!

!GDECFD>AXW;!<.=$!:#$%&'#!!



! )j!

L'!52#0.4#!3.!&34#20,=$!.4!6$&! ?.0$#'#"C&!.G.0?,-&!5&2&!.'! ?2&?&1,.$?#!3.!&"6&!

0263&!H!&"6&4! 2.4,36&'.49!.'!1&?.2,&'!&34#2@.$?.!1I4!6?,',%&3#!H!1I4!0#1F$!E&!

4,3#!.'!0&2@=$!&0?,-&3#D!4,$!.1@&2"#9!.4?.!1&?.2,&'!.4!0#4?#4#9!&!5.4&2!3.!B6.!.4!

5#4,@'.!2.".$.2&2'#!H!2.6?,',%&2'#/!P.@,3#!&!.4?#9!.$!'#4!F'?,1#4!&b#4!.$!&@6$3&$?.4!

,$-.4?,"&0,#$.4! 4.! E&! @640&3#! $6.-#4! &34#2@.$?.4! 1I4! .0#$=1,0#4! mJE1.39!

di))n/!

!

2.2.1  ADSORCIÓN CON RESIDUOS LIGNOCELULÓSICOS 

Y.!E&!0#152#@&3#!&15',&1.$?.!B6.!2.4,36#4!3.!#2,".$!-.".?&'!m',"$#0.'6'=4,0#n!

?,.$.$! '&! 0&5&0,3&3! 3.! 2.1#-.2! 464?&$0,&4! 3,46.'?&4! .$! .'! &"6&9! 0#1#!1.?&'.4!

5.4&3#49!0#$?&1,$&$?.4!#2"I$,0#49!0#'#2&$?.49!.$?2.!#?2#4D!3.@,3#!&'!0#$?.$,3#!3.!

',"$,$&! H! 0.'6'#4&/! J3,0,#$&'1.$?.! 4.! ?,.$.! 6$! @.$.G,0,#! &1@,.$?&'! &'! .4?&2!

&52#-.0E&$3#! 3.4.0E#4! 52#0.3.$?.4! 3.! #?2&4! ,$364?2,&4! 0#1#! '&! 1&3.2.2&!

mT&"&'E&.4!H!N.-.49!di))D!M,$#!H!R#2.19!di))n/!!

!

2.2.1.1  Bambú (Guadua Angustifolia)  

L4?&!5'&$?&!5.2?.$.0.!&!'&!46@G&1,',&!4,3567*)08,0!B6.!,$0'6H.!!0.20&!3.!)[ii!

.45.0,.4! .$! &52#l,1&3&1.$?.! ))h!"K$.2#4/!L4! $&?,-&! 3.! ?#3#4! '#4! 0#$?,$.$?.4!

.l0.5?#!'&!J$?I2?,3&!H!L62#5&/!Y.!.4?,1&!B6.!.'!I2.&!?#?&'!3.!@#4B6.4!3.!@&1@F!

mc,"62&!d/[n!.$!.'!16$3#!.4!3.!*j!1,''#$.4!3.!E.0?I2.&4!mV60w,$"E&19!di))n/!

!

.AU@FD'H<N!V#4B6.!3.!@&1@F!

.@VWBV;!V60w,$"E&1!mdi))n!
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L$! 160E#4! 0&4#4! .'! @&1@F! '#"2&! 464?,?6,2! &! '&! 1&3.2&! 3.@,3#! &! 464! 0&b&4!

',"$,G,0&3&49!2I5,3#!02.0,1,.$?#!H!&!46!,$?2,$0&3#!4,4?.1&!3.!2,%#1&4!B6.!E&0.!B6.!

2.?#b.!H!4.!16'?,5',B6.!0#$!G&0,',3&3/!L'!06'?,-#!3.!@&1@F!5#32C&!4,?6&24.!&'!1,41#!

$,-.'!3.!#?2#4!?&$!,15#2?&$?.4!0#1#!.'!&22#%9!1&C%9!?2,"#!H!0&b&!3.!&%F0&29!H&!B6.!

52#-..!3.!1&?.2,&'.4!5&2&!'&!0#$4?2600,=$!3.!2.G6",#49!.'&@#2&0,=$!3.!5&5.'9!.$?2.!

#?2&4!&5',0&0,#$.4!mS'&2w9!<#$3#b#!H!;6,%\Y&$0E.%9!di)[n/!

!

S#1#!1&?.2,&'!&34#2@.$?.9!.'!@&1@F!E&!4,3#!".$.2&'1.$?.!6?,',%&3#!0#1#!1&?.2,&!

52,1&!5&2&!'&!.'&@#2&0,=$!3.!0&2@=$!&0?,-&3#!3.@,3#!&!46!&'?#!0#$?.$,3#!3.!0&2@#$#!

mffsn/!L4?.!0&2@=$!&0?,-&3#!E&!4,3#!6?,',%&3#!&15',&1.$?.!5&2&!.'!?2&?&1,.$?#!3.!

0#$?&1,$&$?.4!"&4.#4#49!.G'6.$?.4!3.! ,$364?2,&4!H!4,4?.1&4!3.! G,'?2&0,=$!5&2&!.'!

?2&?&1,.$?#!3.!&"6&!0263&!H!&"6&4!2.4,36&'.4!mSE.6$"!.?!&'/9!di)jn/!!

!

2.2.1.2  Laurel (Cordia Alliodora) 

L'! '&62.'!mc,"62&!d/gn!.4!6$&!5'&$?&!4*.,9)/,20,0!H!.4!'&!.45.0,.!1I4!.l?.$3,3&!

3.$?2#!3.'!"K$.2#!S#23,&/!L4!6$&!.45.0,.!3.!E#A&!0&360&!H!52.4.$?&!6$!02.0,1,.$?#!

16H!2I5,3#9! ?,.$.!52.4.$0,&!.$!6$&!&15',&!%#$&!".#"2IG,0&9!4.!.$06.$?2&!3.43.!

TKl,0#!E&4?&!.'!$#2?.!3.!J2".$?,$&9!,$0'6H.$3#!'&4!,4'&4!3.'!S&2,@.!H!.'!462!3.!V2&4,'/!

J3.1I49!?,.$.!6$&!,15#2?&$0,&!16H!&'?&!.$!'#4!@#4B6.4!4.0#4!3.!&'"6$#4!5&C4.4!

0#1#!S#'#1@,&!H!L06&3#2!H&!B6.!5#4..!"2&$!-&'#2!.0#$=1,0#!H!.0#'=",0#9!.4?&!

.45.0,.! .4!16H! &5.?.0,3&! 5&2&! '&! ,$364?2,&! G#2.4?&'! mV2,0.b#9! ;&$".'! H! V#",$#9!

di)gn/!!

!

.AU@FD'H<L!<&62.'!m!*.8),',11)*8*.,n!

!

.@VWBV;!Y?&$"!mdiijn!
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J4,1@&H&!mdi)gn!6?,',%=!2.4,36#4!3.!.4?&!5'&$?&!1#3,G,0&3#4!0#$!$&$#5&2?C06'&4!3.!

1&"$.?,?&9!'#"2&$3#!6$&!2.1#0,=$!3.!%,$0!3.!E&4?&!d]9g[!1"/"\)/!Y,$!.1@&2"#9!'&4!

52#5,.3&3.4!3.!&34#20,=$!3.'!1&?.2,&'!',"$#0.'6'=4,0#!3.!.4?&!5'&$?&!&F$!$#!E&!4,3#!

.-&'6&3&4!5&2&!'&!2.1#0,=$!3.!0#$?&1,$&$?.4!.1.2".$?.4!0#1#!.'! ?2,0'#4I$!H! '&!

0&G.C$&/!

!

2.2.1.3  Moringa (Moringa Oleífera) 

L4!6$!I2@#'!?2#5,0&'!5.2?.$.0,.$?.!&!'&!G&1,',&!:*.)/9,20,09!#2,",$&2,#!3.!'&!7$3,&!H!

52.4.$?.! ?&1@,K$! .$! J4,&9! XG2,0&9! '&4! ,4'&4! 3.'! S&2,@.9! J1K2,0&! S.$?2&'! H!

Y63&1K2,0&/! L4! 6$! I2@#'! 3.! 1&3.2&! @'&$3&! B6.! 02.0.! 2I5,3&1.$?.! H! 56.3.!

&'0&$%&2!6$&!&'?62&!3.!)i!1.?2#4!mc,"62&!d/jn/!L4?&!.45.0,.!E&!4,3#!&15',&1.$?.!

6?,',%&3&!3.@,3#!&!46!-&'#2!$6?2,0,#$&'9!52#5,.3&3.4!1.3,0,$&'.4!H!&'!&'?#!0#$?.$,3#!

3.!&0.,?.!B6.!56.3.!4.2!.l?2&C3#!3.!464!4.1,''&4!mT.$."E.'!.?!&'/9!di)fn/!

!

.AU@FD'H<P!X2@#'!3.!1#2,$"&!

!

.@VWBV;!!o6&',$!mdi)[n!

!

M#2! #?2#! '&3#9! .$! '#4! F'?,1#4! &b#4! .4?&! 5'&$?&! 4.! E&! 0#$4,3.2&3#! 0#1#!6$! @,#\

1&?.2,&'!3.!@&A#!0#4?#!5&2&!.'!?2&?&1,.$?#!3.!&"6&!H!&"6&4!2.4,36&'.4!3.@,3#!&!464!

52#5,.3&3.4!0'&2,G,0&$?.49!0#&"6'&$?.49! G'#06'&$?.4!H!3.!&34#20,=$!mS2,$,!H!V&3#?9!

dii]n/!V.'?2I$!H!YI$0E.%!mdii]n!6?,',%&2#$!.'!5#'-#!3.!:;'"10<=0.,!5&2&!'.!2.1#0,=$!

3.!462G&0?&$?.4!H!1.?&'.4!5.4&3#4!3.!&"6&4!2.4,36&'.4/!Y."F$!Z&24E&!H!M6$,?&!



! di!

mdi)in9!.'!5#'-#!3.!1#2,$"&!4.!0#1@,$&!0#$!06&'B6,.2!1&?.2,&'!#!0#$?&1,$&$?.!H!

G#21&!G'=06'#4!B6.!5#4?.2,#21.$?.!52.0,5,?&$/!!

!

2.2.2  ISOTERMAS DE ADSORCIÓN  

Y.!E&$!.4?&@'.0,3#!-&2,#4!1#3.'#4!#!,4#?.21&4!3.!&34#20,=$!5&2&!2.52.4.$?&2!.'!

.B6,',@2,#!B6.!4.!&'0&$%&9!&!0,.2?&!?.15.2&?62&9!.$?2.!'&!0#$0.$?2&0,=$!3.!&34#2@&?#!

52.4.$?.!.$!'&!G&4.!&06#4&!H!'&!B6.!E&!4,3#!&34#2@,3&!.$!'&!465.2G,0,.!3.'!1&?.2,&'!

&34#2@.$?.D! .4?&! 062-&! ?&1@,K$! .l52.4&! '&! 0&5&0,3&3! &34#2@.$?.! 3.'! 1&?.2,&'/!

L$?2.! '&4! ,4#?.21&4! 1I4! 6?,',%&3&4! H! 0#$#0,3&4! 4.! .$06.$?2&$! '#4! 1#3.'#! 3.!

V26$&6.29!L11.??!H!R.''.2!mVLRn9!c2.6$3',0E!H!<&$"16,2!mp6,45.9!di)in/!

!

2.2.2.1  Isoterma de Freundlich  

L4!6$!1#3.'#!.15C2,0#!B6.!2.52.4.$?&!&'!52#0.4#!,3.&'!3.!&34#20,=$!5#2!G#21&0,=$!

3.!16'?,0&5&4!.$!465.2G,0,.4!E.?.2#"K$.&49!.$!.4?.!0&4#!4.!0#$4,3.2&!B6.!'#4!4,?,#4!

&0?,-#4! 4#$! #065&3#4! 52,1.2&1.$?.! 5#2! .$'&0.4! G6.2?.4! H! B6.! .4?&! G6.2%&! ,2I!

3.02.0,.$3#! 0#$G#21.! 4.! -&H&$! #065&$3#! '#4! 4,?,#4! &0?,-#4! 5&2&! &34#20,=$!

mS&15#4!.?!&'/9!di))n/!!

!

<&!.06&0,=$!',$.&',%&3&!3.!.4?.!1#3.'#!4.!16.4?2&!&!0#$?,$6&0,=$!md/)n^!!
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!

md/!)n!

P#$3.^!!

•! $%!2.52.4.$?&!'&!0&$?,3&3!3.!4#'6?#!&34#2@,3#!5#2!5.4#!6$,?&2,#!3.!1&?.2,&'!

&34#2@.$?.!m1"/"\)n9!!

•! *+!0#22.45#$3.!&!'&!0#$0.$?2&0,=$!.$!.'!.B6,',@2,#!3.!'&!4#'60,=$!&$&',%&3&!

m1"/<\)n!

•! ./!.4!'&!0#$4?&$?.!3.!'&!.06&0,=$!3.!c2.6$3',0E!m1"/"
\)n!!

•!
'

(
!.4!.'!0#.G,0,.$?.!3.!'&!.06&0,=$!3.!c2.6$3',0E!

!
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2.2.2.2  Isoterma de Langmuir 

L4!.'!1#3.'#!1I4!&5',0&3#!.$!'#4!52#0.4#4!3.!&34#20,=$!3.!4#'6?#4!.$!4#'60,#$.4!

&06#4&49! &3.1I4! 56.3.! 4.2! &5',0&3#! .$! 52#0.4#4! 3#$3.! 4.! @640&! &34#2@.2!

3,-.24#4! 0#$?&1,$&$?.4D! .$! .4?.! 0&4#! 4.! 465#$.! B6.! .'! 4#'6?#! G#21&2I! 6$&!

1#$#0&5&!4#@2.!'&!465.2G,0,.!3.'!&34#2@.$?.!mS&15#4!.?!&'/9!di))n/!

!

<&!.06&0,=$!',$.&',%&3&!3.!.4?.!1#3.'#!0#22.45#$3.!&!md/dn/!

!
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2
) *+ md/!dn!

!

P#$3.^!!

•! *0!2.52.4.$?&!'&!0&$?,3&3!3.!4#'6?#!&34#2@,3#!5#2!5.4#!6$,?&2,#!3.!1&?.2,&'!

&34#2@.$?.!m1"/"\)n9!!

•! *+!0#22.45#$3.!&!'&!0#$0.$?2&0,=$!.$!.'!.B6,',@2,#!3.!'&!4#'60,=$!&$&',%&3&!

m1"/<\)n!

•! 2!,$3,0&!'&!0&$?,3&3!$.0.4&2,&!3.'!4#'6?#!5&2&!G#21&2!6$&!1#$#0&5&!5#2!

5.4#!6$,?&2,#!3.!&34#2@.$?.!m1"/"\)n!

•! 3!.4!'&!0#$4?&$?.!.15C2,0&!3.!'&!.06&0,=$!3.!<&$"16,2!m</1"\)n!

!

2.3 ' REMOCIÓN DE CONTAMINANTES EMERGENTES CON 

NANOPARTÍCULAS DE ÓXIDO DE TITANIO 

P62&$?.! '#4! F'?,1#4! &b#4! 4.! E&! 3.1#4?2&3#! B6.! '&! $&$#?.0$#'#"C&! H! '#4!

$&$#1&?.2,&'.4!?,.$.$!.'!5#?.$0,&'!5&2&!52#-..2!3.!4#'60,#$.4!?K0$,0&4!.$!'#4!2.?#4!

&4#0,&3#4! &! '&! 0&',3&3! H! 0&$?,3&3! 3.! &"6&! mRE.2#$! .?! &'/9! dii]n/! <&! &5&2,0,=$!

0#$?,$6&! 3.! $6.-#4! 0#$?&1,$&$?.4! B6C1,0#4! .$! '#4! .0#4,4?.1&4! &06I?,0#4! E&!

E.0E#!B6.! '&! ,$-.4?,"&0,=$! 4.!.$G#B6.!.$!.$0#$?2&2! $6.-&4! ?.0$#'#"C&4!5&2&!.'!

?2&?&1,.$?#!3.!&"6&! mT&2B6.4!.?!&'/9! di)*n/! <&4!NM\R,>d! E&$!4,3#!&15',&1.$?.!

6?,',%&3&4! 0#1#! G#?#0&?&',%&3#2! .$! 3,-.24#4! 52#0.4#4! 3.! 3.40#$?&1,$&0,=$! 3.!
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&"6&4!3.@,3#!&!46!2.'&?,-&!@&A&!?#l,0,3&39!@&A#!0#4?#!H!.4?&@,',3&39!5.2#!4#@2.?#3#!

5#2B6.!".$.2&!.45.0,.4!16H!#l,3&$?.4!06&$3#!.4!.l0,?&3#!@&A#!2&3,&0,=$!aZ!#!aZ!

0.20&$#!mV.$.3,l!.?!&'/9!diiin/!

!

2.3.1 MATERIALES MODIFICADOS CON NANOPARTÍCULAS DE DIÓXIDO DE 

TITANIO  

L$!'#4!F'?,1#4!&b#4!4.!E&!3.4&22#''&3#!'&!4C$?.4,4!3.!NM\R,>d!1.3,&$?.!'&!&4,4?.$0,&!

3.! _1&?2,0.4`/! L4?&! ?K0$,0&! .4! '&! 1I4! &5',0&3&! 06&$3#! 4.! @640&! 1#3,G,0&2! '&4!

52#5,.3&3.4!465.2G,0,&'.4!3.!6$!1&?.2,&'D!&3.1I4!.-,?&!5#4,@'.4!&"'#1.2&0,#$.4!

3.!$&$#5&2?C06'&4!H!1.A#2&!46!.4?&@,',3&3/!Y.!G#21&$!4,?,#4!&0?,-#4!.$!'&!465.2G,0,.!

3.!'#4!1&?.2,&'.4!1#3,G,0&3#4!H!0#$!.4?#!1.A#2&$!464!52#5,.3&3.4/!:.$.2&'1.$?.!

'&4!1&?2,0.4!4.!3,-,3.$!.$!3#4!0&?."#2C&4^!46&-.4!H!362&4/!Y=',3#4!5#2#4#4!0#1#!

%.#',?&4! H! 1&?.2,&'.4! 1.4#5#2#4#4! ,$#2"I$,0#4! 56.3.$! 0#$4,3.2&24.! 1&?2,0.4!

362&4/! T,.$?2&4! B6.! '&4! 1&?2,0.4! 46&-.4! 0#$4,4?.$! ".$.2&'1.$?.! 3.!1#'K06'&4!

#2"I$,0&49! 5#'C1.2#49! &"2."&3#4! 465.21#'.06'&2.49! 462G&0?&$?.49! ".'.4! H!

3,G.2.$?.4!?,5#4!3.!.45.0,.4!@,#'=",0&4/!L'!64#!3.!1&?2,0.4!46&-.4!E&!3.1#4?2&3#!

&H63&2! &! 4,$?.?,%&2! $&$#5&2?C06'&4! 1I4! 3,45.24&4! H! 0#$! @6.$&! 3,4?2,@60,=$! 3.!

?&1&b#!mp,&#9!<,6!H!<69!di))n/!!

!

<&! 52.4.$0,&! 3.! "265#4! E,32#l,'#4! 465.2G,0,&'.4! .$! ?#3#4! '#4! 2.4,36#4!

',"$#0.'6'=4,0#4! '#4!0#$-,.2?.!.$!6$!464?2&?#!&3.06&3#!5&2&!.'!3.5=4,?#!3.! G,$&4!

0&5&4!3.!=l,3#4!1.?I',0#4/!J3,0,#$&'1.$?.9!'&!&15',&!2.3!3.!56.$?.4!3.!E,32=".$#!

.$!'&!.4?260?62&!3.!'&!0.'6'#4&!02.&!6$!.45.0,.!3.!_0I1&2&`!5&2&!'&!G#21&0,=$!3.!

$&$#1&?.2,&'.4! ,$#2"I$,0#4! H! &'! 1,41#! ?,.15#! .4! 6$! 464?2&?#! E,32#GC',0#! B6.!

5#4,@,',?&! '&! G#21&0,=$! H! .'! 02.0,1,.$?#! 3.! 5&2?C06'&4! ,$#2"I$,0&4D! ?#3&4! .4?&4!

0&2&0?.2C4?,0&4!E&0.$!B6.!'#4!1&?.2,&'.4!',"$#0.'6'=4,0#4!4.&$!6$&!1&?2,%!&3.06&3&!

5&2&!.'!3,4.b#!H!'&!G&@2,0&0,=$!3.!$6.-#4!$&$#1&?.2,&'.4!mL'\Y&H.3!.?!&'/9!di)gn/!!!

!

J3,0,#$&'1.$?.! '&4! NM\R,>d! 0#$4,"6.$! &61.$?&2! .'! I2.&! .45.0CG,0&! 3.! '#4!

1&?.2,&'.4!',"$#0.'6'=4,0#49!'#!06&'!2.46'?&!.$!1&?.2,&'.4!0#$!1&H#2!0&5&0,3&3!3.!

&34#20,=$/!e,&$"!.?!&'/!mdii*n!.4?63,&2#$!'&!,$G'6.$0,&!3.!'&4!NM\R,>d!.$!.'!?&1&b#!



! d*!

H!'&!3,4?2,@60,=$!3.!5#2#4!.$!6$&!1&?2,%!',"$#0.'6'=4,0&!H!#@?6-,.2#$!B6.!&'!6?,',%&2!

6$!gi!s!4 4!3.!1&?.2,&'! ',"$#0.'6'=4,0#!.$! '&! 4C$?.4,4!3.!NM\R,>d! 4.!1.A#2&@&!

&'"6$&4! 0&2&0?.2C4?,0&4! 3.'! 1&?.2,&'! 1&?2,%! 0#1#! '&! 3,4?2,@60,=$! 3.! '#4! 5#2#49!

&3.1I4!4.!&61.$?&@&!.'!I2.&!.45.0CG,0&!H!.'!?&1&b#!3.!5#2#!0&4,!$#!46G2C&!$,$"6$&!

3,41,$60,=$/!

!

;&1,1#"E&3&1! .?! &'/! mdi)fn! '#"2&2#$! 4,$?.?,%&2! 0#$! Kl,?#! NM\R,>d! 6?,',%&$3#!

0&40&2,''&! 3.! &22#%! 0#1#! 1&?2,%! H! 3.1#4?2&2#$! B6.! '&4! 52#5,.3&3.4! 3.! '&4!

$&$#5&2?C06'&4!0#1#!.'!?&1&b#!H!'&!3,4?2,@60,=$!1.A#2&2#$!.$!2.'&0,=$!3,2.0?&!0#$!

'&!&3,0,=$!3.'!1&?.2,&'!',"$#0.'6'=4,0#/!<6!.?!&'/!mdi)*n!4,$?.?,%&2#$!NM\R,>d!4#@2.!

G,@2&4!3.!@&1@F!H!3.1#4?2&2#$!B6.!&'!6?,',%&2!.'!1&?.2,&'!',"$#0.'6'=4,0#!0#1#!1&?2,%!

4.! G&0,',?&@&! '&! 4C$?.4,4! H! 4.! 1.A#2&@&! '&! 1#2G#'#"C&! H! .'! ?&1&b#! 3.! '&4!

$&$#5&2?C06'&4/!!

2.4 ' CARACTERIZACIÓN DE MATERIALES ADSORBENTES Y 

NANOMATERIALES'

L'! 3.4&22#''#! 3.! '&4! ?K0$,0&4! ,$4?261.$?&'.4! 3.! &$I',4,4! E&! 4,3#!16H! ,15#2?&$?.!

3.$?2#! 3.! '&! $&$#?.0$#'#"C&! 3.@,3#! &! B6.! 5.21,?.$! #@4.2-&2! H! .$?.$3.2! '#4!

G.$=1.$#4! B6.! ?,.$.$! '6"&2! &! .40&'&4! $&$#1K?2,0&4/! M&2&! '&! ?.0$#'#"C&! 3.!

$&$#5&2?C06'&49!'#4!1K?#3#4!3.!0&2&0?.2,%&0,=$!0615'.$!6$!5&5.'!G6$3&1.$?&'!H&!

B6.!5.21,?.$!0#152#@&2!B6.!'&!G#21&9!3,4?2,@60,=$!3.!?&1&b#4!H!0#15#4,0,=$!3.!

'&4!5&2?C06'&4!0#$06.23&!0#$! '#!.45.2&3#/!L$?2.! '&4!?K0$,0&4!1I4!6?,',%&3&4!5&2&!

0&2&0?.2,%&2!$&$#5&2?C06'&4!.4?I$^!P,G2&00,=$!3.!2&H#4!k9!L45.0?2#40#5,&!,$G2&22#A&!

5#2! R2&$4G#21&3&4! 3.! c#62,.29! T,02#40#5,&! L'.0?2=$,0&! 3.! R2&$41,4,=$! H!

T,02#40#5,&!L'.0?2=$,0&!3.!V&22,3#!mPI-,'&!.?!&'/9!di))n/!

!

J! 0#$?,$6&0,=$! 4.! 3.?&''&! .'! G6$3&1.$?#! 3.! '&4! ?K0$,0&4! 3.! 0&2&0?.2,%&0,=$!

6?,',%&3&4!.$!.4?&!,$-.4?,"&0,=$/!!

!



! df!

2.4.1  ESPECTROSCOPIA INFRARROJA POR TRANSFORMADA DE FOURIER 

(FTIR) 

<&!.45.0?2#40#5,&! ,$G2&22#A&! 5#2! ?2&$4G#21&3&!3.!c#62,.2! .4! 6$&! ?K0$,0&!B6.! 4.!

@&4&!.$! '&!1.3,0,=$!3.! '&! '6%!B6.!E&!4,3#!&@4#2@,3&!5#2! '&!16.4?2&!&!3,G.2.$?.4!

'#$",?63.4!3.!#$3&/!L'!#@A.?,-#!52,$0,5&'!3.!.4?&!?K0$,0&!.4!3.?.21,$&2!'#4!"265#4!

G6$0,#$&'.4!B6.!.4?I$!52.4.$?.4!.$!'&!16.4?2&9!'&!06&'!5#32I!4.2!4=',3&9!'CB6,3&!#!

"&4.#4&/!a$!E&%!3.!'6%!,$G2&22#A&!.4!&@4#2@,3#!5#2!6$&!1#'K06'&!06&$3#!'&!.$.2"C&!

B6.! ,$0,3.! ,"6&'&! &! '&! $.0.4&2,&! 5&2&! 52#360,2! 6$! 0&1@,#! 3.! -,@2&0,=$! .$! '&!

1#'K06'&/!P.@,3#!&!B6.!0&3&!?,5#!3.!.$'&0.!B6C1,0#!&@4#2@.!'&!2&3,&0,=$!,$G2&22#A&!

&!6$&!G2.06.$0,&!3,4?,$?&!4.!#@?,.$.!6$!.45.0?2#"2&1&!F$,0#!5&2&!0&3&!1#'K06'&9!

.4?#!2.46'?&!3.!.$#21.!6?,',3&3!5&2&!0#$#0.2!'&!0#15#4,0,=$!3.'!1&?.2,&'!mYw##"9!

o#''.2!H!N,.1&$9!dii)n/!!!

!

2.4.2  MICROSCOPIA ELECTRÓNICA DE BARRIDO (MEB) 

<&!1,02#40#5C&!.'.0?2=$,0&!2..15'&%&!'&!'6%!-,4,@'.!5#2!6$!E&%!3.!.'.0?2#$.4!3.!&'?&!

.$.2"C&9! 0#$! 6$&! '#$",?63! 3.! #$3&! 3.! &52#l,1&3&1.$?.! i9[! !9! 0#$! .'! B6.! 4.!

.l&1,$&!H!0&2&0?.2,%&!#@A.?#4!.$!3,1.$4,#$.4!$&$#1K?2,0&4/!L4?#4!.'.0?2#$.4!4#$!

&0.'.2&3#4!6?,',%&$3#!&'?#4!-#'?&A.4!H!?2&@&A&!.$!0#$3,0,#$.4!3.!52.4,=$!16H!@&A&4!

m&'?#!-&0C#n!0#$!.'! G,$!3.!B6.!'#4!.'.0?2#$.4!B6.!-,&A&$!0#$!6$&!?2&H.0?#2,&!G,A&3&!

&$?.2,#21.$?.!$#!4.!3.4-C.$!3.@,3#!&!,$?.2&00,#$.4!0#$!#?2#4!I?#1#4!#!1#'K06'&4!

.l?2&b&4!mY#'.29!diihn/!!L$!'&!1,02#40#5C&!.'.0?2=$,0&!3.!@&22,3#!4.!?2&@&A&!0#$!6$!

E&%!3.!.'.0?2#$.4!.$?2.!)!H!)ii!11!3.!3,I1.?2#9!0#$!6$!?.$4,=$!.$?2.!)i!H!fi!w.Z9!

0#$! .4?.! E&%! 4.! 2.&',%&! 6$! @&22,3#! 56$?#! 5#2! 56$?#! 5#2! ?#3&! '&! 465.2G,0,.! 3.! '&!

16.4?2&/!S#1#! 2.46'?&3#! 3.! '&! ,$?.2&00,=$! 3.! '#4! .'.0?2#$.4! 0#$! '&!16.4?2&! 4.!

52#360.$!.'.0?2#$.4!4.06$3&2,#4!#!2.?2#3,G6$3,3#49! '#4!06&'.4!4#$!&?2&5&3#4!5#2!

6$!3.?.0?#2!0#$.0?&3#!0#$!6$!&15',G,0&3#2!0&5&%!3.!.$-,&2!4.b&'.4!3,",?&'.4!&!6$&!

5&$?&''&9!0#$!.4?#!4.! '#"2&!-,46&',%&2! '&! ?.l?62&!H!G#21&!3.! '#4!1&?.2,&'.4!.$!?2.4!

3,1.$4,#$.4/!S#$!.4?&! ?K0$,0&! 4.!56.3.! 2.&',%&2! 6$!&61.$?#!3.!E&4?&!)ii/iii!

-.0.49! '#"2&$3#! #@4.2-&2! #@A.?#4! 0#$! ?&1&b#4! .$?2.! )[! H! )ii! $1! mT62&4E#-! H!

o#v&239!di))n/!



! d[!

'                                                         

METODOLOGÍA 

!

<&! G&4.!.l5.2,1.$?&'!3.!.4?.!.4?63,#!56.3.!3,-,3,24.!.$! ?2.4!.?&5&4!52,$0,5&'.4^!

,152."$&0,=$!3.!NM\R,>d!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#49!.$4&H#4!3.!&34#20,=$!

3.!0&G.C$&!H!?2,0'#4I$!H!G,$&'1.$?.!.'!1#3.'&1,.$?#!3.!'&4!,4#?.21&4!3.!&34#20,=$!

3.!c2.6$3',0E!H!<&$"16,2/!!

!

<&! c,"62&! */)! 52.4.$?&! 3.! 1&$.2&! 4.06.$0,&'! H! 4,$?.?,%&3&! .'! 52#0.3,1,.$?#!

&5',0&3#!H!?#3&4!'&4!&0?,-,3&3.4!2.&',%&3&4!3.$?2#!3.!0&3&!.?&5&/!

!

.AU@FD'M<J'T.?#3#'#"C&!6?,',%&3&!

!

!GDECFD>AXW;!<.=$!:#$%&'#!



! dg!

3.1 ' IMPREGNACIÓN DE NANOPARTÍCULAS DE DIÓXIDO DE 

TITANIO  

3.1.1  ACONDICIONAMIENTO DE RESIDUOS LIGNOCELULÓSICOS  

Y.!2.&',%=!.'!&0#$3,0,#$&1,.$?#!3.!?2.4!2.4,36#4!',"$#0.'6'=4,0#4^!@&1@F!m>6,86,'

,/967-)=*1),n9!1#2,$"&!m:*.)/9,'*10)=0.,n!H!'&62.'!m!*.8),',11)8*.,n!mc,"62&!*/dn/!

!

.AU@FD'M<H';.4,36#4!',"$#0.'6'=4,0#4!

!

&n!V&1@FD!@n!T#2,$"&D!0n!<&62.'!!
!GDECFD>AXW;!<.=$!:#$%&'#!!
!

<&4!16.4?2&4!3.!'&62.'!H!@&1@F!G6.2#$!2.0#'.0?&3&4!3.!6$!&4.22&3.2#!6@,0&3#!&'!

$#2#00,3.$?.! 3.! '&! 52#-,$0,&! 3.! M,0E,$0E&! H! 4#$! 2.4,36#4! 52#0.3.$?.4! 3.! '&!

.'&@#2&0,=$!3.!52#360?#4!1&3.2.2#4D!1,.$?2&4!B6.!'&!16.4?2&!3.!1#2,$"&!.4!6$&!

1.%0'&!3.!3.4.0E#4!52#0.3.$?.4!?&$?#!3.!'&!.?&5&!3.!52.$4&3#!3.!4.1,''&4!5&2&!

'&!.l?2&00,=$!3.!&0.,?.9!0#1#!3.!'&!0#4.0E&!H!1#',.$3&!3.!E#A&49!'&!2.0#'.00,=$!4.!

2.&',%=!.$!'&!.152.4&!L06&1#2,$"&9!'&!06&'!4.!3.3,0&!&!'&!.'&@#2&0,=$!3.!3,-.24#4!

52#360?#4!&',1.$?,0,#4!&!5&2?,2!3.!.4?&!5'&$?&/!

!

L'!&0#$3,0,#$&1,.$?#!3.!.4?#4!1&?.2,&'.4!4.!@&4=!.$!'&!1.?#3#'#"C&!52#56.4?&!5#2!

J4,1@&H&! mdi)gn/! L'! 52,1.2! 5&4#! 5&2&! .'! &0#$3,0,#$&1,.$?#! 0#$4,4?,=! .$! '&!

1#',.$3&!3.! '#4!1&?.2,&'.4!0#$!.'! G,$!3.! 2.360,2!.'! ?&1&b#!3.!5&2?C06'&9!.4?#!4.!

2.&',%=!6?,',%&$3#!6$!1#',$#!3.!@#'&4!1&20&!;LRYSo!1#3.'#!MTfii!?2&@&A&$3#!&!

[ii!251!362&$?.!*!1,$6?#4/!!

!

P.! '#4! 2.4,36#4! ',"$#0.'6'=4,0#4! 4.! 4.5&2&2#$9!1.3,&$?.! ?&1,%&A.9! ?2.4! ?&1&b#4!

3,4?,$?#4^! f[9! j[! H! )fh! µ1! 6?,',%&$3#! '#4! ?&1,0.4! JYRT! N�! *d[9! dii! H! )ii!



! dj!

2.45.0?,-&1.$?.9! .4?.! 52#0.3,1,.$?#! 4.! 2.&',%=! 6?,',%&$3#! 6$&! ?&1,%&3#2&!

1.0I$,0&/!

!

<6."#! 4.! '&-&2#$! '#4! 1&?.2,&'.4! 0#$! &"6&! 3.4,#$,%&3&9! 0#$! .'! G,$! 3.! .',1,$&2!

5#4,@'.4!,1562.%&49!6?,',%&$3#!6$&!5'&0&!G,'?2&$?.!H!5#4?.2,#21.$?.!G6.2#$!4.0&3#4!

.$!6$&!.4?6G&!&!)ii!�S!5#2!)d!E#2&4D!.l0.5?#!'&!1#2,$"&9!'&!06&'!4.!4.0=!4#'&1.$?.!

&![i!�S!5#2!j!E#2&4!0#$!.'!G,$!3.!.-,?&2!'&!5#4,@'.!5K23,3&!3.!464!52#5,.3&3.4/!

!

Y.!0#'#0&2#$!'&4!16.4?2&4!.$!6$!3.4.0&3#2!5&2&!46!.$G2,&1,.$?#!H!G,$&'1.$?.!4.!

&'1&0.$&2#$!.$!2.0,5,.$?.4!E.21K?,0#4/!

!

L'!.4B6.1&!G#?#"2IG,0#!3.'!52#0.3,1,.$?#!4.!16.4?2&!.$!.'!J$.l#!7/)/!!

!

3.1.2  OBTENCIÓN DE LOS MATERIALES COMPUESTOS  

<&4! NM\R,>d! 6?,',%&3&4! G6.2#$! 0#152&3&4! &! '&! .152.4&! N&$#4?260?62.3! �!

J1#25E#64!T&?.2,&'4!7$0/!Y64!52,$0,5&'.4!0&2&0?.2C4?,0&4!4.!16.4?2&$!.$!'&!?&@'&!

*/)/!!

!

+DEGD'M<J!M2,$0,5&'.4!0&2&0?.2C4?,0&4!3.!'&4!NM\R,>d!

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

/0$'1#!234! UU!!

/$*.%*5#6! &#7#89! ,'! 5#$&(%06#! 2:/;4!
2.74!

B3!!

<$'#!')5'%(=*%#!2>;:4!2)H
CB

EF
7! 0I3!

!

?#)'!%$*)&#6*.#! <$9)+?!

!GDECFD>AXW;!<.=$!:#$%&'#!

!

M&2&! '&! ,152."$&0,=$! 3.! NM\R,>d! .$! '#4! 2.4,36#4! ',"$#0.'6'=4,0#4! 4.! 6?,',%=!

,$,0,&'1.$?.!.'!1K?#3#!3.!,152."$&0,=$!.$!EF1.3#!52#56.4?#!5#2!J@#6\:&12&!H!

JE1.3!mdi)gnD!4,$!.1@&2"#9!'&!?K0$,0&!$#!G6$0,#$=!H&!B6.!4.!#@4.2-=9!1.3,&$?.!

1,02#"2&GC&4!TLV9!B6.!'&4!NM\R,>d!4.!3.452.$3,.2#$!3.!'#4!2.4,36#4!&'!2.&',%&2!.'!



! d]!

'&-&3#!3.'!1&?.2,&'!0#156.4?#D!5#2!'#!B6.!4.!6?,',%&2#$!'#4!?,.15#4!3.!&",?&0,=$!H!

?.15.2&?62&4!.4?&@'.0,3#4!5#2!t2.4$&3,5&H&$&9!z&EH6$,!H!Y&$?#4&!mdi)jn/!

!

M&2&! .4?#! 4.! 5.4&2#$! g! "! 3.! 2.4,36#! ',"$#0.'6'=4,0#! B6.! G6.! 52.-,&1.$?.!

&0#$3,0,#$&3#/!Y.!&b&3,.2#$![i!1'!3.!&'0#E#'!,4#52#5C',0#!&'!2.4,36#!H!4.!0#'#0=!

.4?&!1.%0'&!.$!&",?&0,=$!&!)[i!1,$\)/!Y.!&b&3,.2#$!'.$?&1.$?.!f!"!3.!NM\R,>d!&!'&!

4#'60,=$!&$?.2,#29!52#062&$3#!6$&!1.%0'&!0#15'.?&/!L4?&!1.%0'&!4.!1&$?6-#!.$!

&",?&0,=$!1&"$K?,0&!5#2!)g!E#2&4!&![ii!1,$\)!H!?.15.2&?62&!&1@,.$?./!!

!

a$&!-.%!?2&$40622,3#!.'!?,.15#!3.!&",?&0,=$9!4.!G,'?2=!'&!1.%0'&!&'!-&0C#!5&2&!4.5&2&2!

'&!1&H#2!0&$?,3&3!5#4,@'.!3.!&'0#E#'/!P.456K4!4.!0#'#0=!.'!1&?.2,&'!G,'?2&3#!.$!6$!

02,4#'!H!4.!4.0=!.$!'&!.4?6G&!&!)[i!�S!5#2!*!E#2&4/!M#4?.2,#21.$?.!4.!0#'#0=!.'!02,4#'!

.$!.'!3.4.0&3#2!H!4.!3.A=!.$G2,&2/!

!

<6."#!4.!2.&',%=!6$&!4.2,.!3.!'&-&3#4!460.4,-#4!3.'!1&?.2,&'!0#156.4?#!0#$!&"6&!

3.4,#$,%&3&!5&2&!.',1,$&2!.'!.l0.4#!3.!NM\R,>d!#!&B6.''&4!B6.!$#!E&$!4,3#!G,A&3&4!

.$!.'!2.4,36#!',"$#0.'6'=4,0#/!a$&!-.%!'&-&3#!.'!1&?.2,&'!4.!4.0=!.$!'&!.4?6G&!5#2!*!

E#2&4!&!ji!�S/!

!

c,$&'1.$?.!4.!3.A=!.$G2,&2!.'!1&?.2,&'!0#156.4?#!.$!.'!3.4.0&3#2!H!G6.!&'1&0.$&3#!

.$!6$!2.0,5,.$?.!E.21K?,0#/!

!

Y.!2.5,?,=!.'!1,41#!52#0.3,1,.$?#!5&2&!?#3#4!'#4!2.4,36#4!',"$#0.'6'=4,0#4/!

!

a$! .4B6.1&! 3.'! 52#0.3,1,.$?#9! 1&?.2,&'.4! 6?,',%&3#4! H! 2.",4?2#! G#?#"2IG,0#! 4.!

16.4?2&!.$!.'!J$.l#!7/d/!!

!

!



! dh!

3.1.3  CARACTERIZACIÓN DE LOS MATERIALES COMPUESTOS 

3.1.3.1  Análisis próximal y determinación de la composición química de los residuos 

lignocelulósicos mediante normas técnicas ASTM 

a)  Determinación del contenido de humedad  

L4?.!.$4&H#!?,.$.!0#1#!#@A.?,-#!3.?.21,$&2!.'!0#$?.$,3#!3.!E61.3&3!52.4.$?.!.$!

'#4!2.4,36#4!',"$#0.'6'=4,0#4/!<&!1.?#3#'#"C&!6?,',%&3&!G6.!.'!TK?#3#!J!52#56.4?#!

.$! '&! $#21&! JYRT! P! fffd! u! hd! _TK?#3#! .4?I$3&2! 5&2&! '&! 3.?.21,$&0,=$! 3.'!

0#$?.$,3#!3.!E61.3&3!.$!1&3.2&!H!1&?.2,&'.4!@&4&3#4!.$!1&3.2&`/!

!

b)  Determinación del contenido de extractivos 

L4?.! .$4&H#! ?,.$.! 0#1#! #@A.?,-#! 3.?.21,$&2! .'! 0#$?.$,3#! 3.! 0#15#$.$?.4!

.l?2&C@'.4! B6.! .4?I$! 52.4.$?.4! .$! '#4! 2.4,36#4! ',"$#0.'6'=4,0#49! ?&$?#! &B6.''#4!

4#'6@'.4!.$!6$&!1.%0'&!3.!.?&$#'\?#'6.$#9!0#1#!56.3.$!4.2!"2&4&49!0.2&49!&0.,?.49!

2.4,$&49! ?&$,$#4! H! 0,.2?#4! 0#15#$.$?.4! ,$4#'6@'.4! .$! K?.29! &4C! 0#1#! &B6.''#4!

4#'6@'.4! .$! &"6&9! 0#1#! ?&$,$#49! "#1&49! &%F0&2.49! &'1,3#$.4! H! 464?&$0,&4!

0#'#2&$?.4/!<&!1.?#3#'#"C&!6?,',%&3&!G6.!'&!52#56.4?&!.$!'&!$#21&!JYRT!P!))ij!u!

hg!_TK?#3#!.4?I$3&2!5&2&!'&!3.?.21,$&0,=$!3.!'&!4#'6@,',3&3!3.!'&!1&3.2&!.$!.?&$#'\

?#'6.$#`!H!'&!$#21&!JYRT!P!)))i!u!]f!_TK?#3#!.4?I$3&2!5&2&!'&!3.?.21,$&0,=$!3.!

'&!4#'6@,',3&3!3.!'&!1&3.2&!.$!&"6&`/!

!

a$! .4B6.1&! 3.'! 52#0.3,1,.$?#9! 1&?.2,&'.4! 6?,',%&3#4! H! 2.",4?2#! G#?#"2IG,0#! 4.!

16.4?2&!.$!.'!J$.l#!7/*!H!.$!.'!J$.l#!7/f/!!

!

c)  Determinación del contenido de lignina 

L4?.!.$4&H#!?,.$.!0#1#!#@A.?,-#!3.?.21,$&2!.'!0#$?.$,3#!3.!',"$,$&!I0,3#\,$4#'6@'.!

52.4.$?.! .$! '#4! 2.4,36#4! ',"$#0.'6'=4,0#4! &! ?2&-K4! 3.! '&! E,32#',%&0,=$! 3.! '#4!

0&2@#E,32&?#49!'&!06&'!#0622.!&'!4#1.?.2!'&!16.4?2&!&!6$!?2&?&1,.$?#!0#$!6$!I0,3#!

G6.2?./!<&!1.?#3#'#"C&!6?,',%&3&!G6.!'&!52#56.4?&!.$!'&!$#21&!JYRT!P!))ig!u!hg!

_TK?#3#!.4?I$3&2!5&2&!'&!3.?.21,$&0,=$!3.!',"$,$&!I0,3#\,$4#'6@'.!.$!1&3.2&`/!
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a$! .4B6.1&! 3.'! 52#0.3,1,.$?#9! 1&?.2,&'.4! 6?,',%&3#4! H! 2.",4?2#! G#?#"2IG,0#! 4.!

16.4?2&!.$!.'!J$.l#!7/[/!!

!

d)  Determinación del contenido de hemicelulosa y celulosa 

L4?.!.$4&H#!?,.$.!0#1#!#@A.?,-#!3.?.21,$&2!.'!0#$?.$,3#!3.!E.1,0.'6'#4&!H!0.'6'#4&!

3."2&3&3&!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#49!&!?2&-K4!3.!'&!.l?2&00,=$!0#$!

6$&!4#'60,=$!I'0&',/!<&!1.?#3#'#"C&!6?,',%&3&!G6.!'&!52#56.4?&!.$!'&!$#21&!JYRT!P!

))ig!u!hg!_TK?#3#!.4?I$3&2!5&2&!'&!3.?.21,$&0,=$!3.!'&!4#'6@,',3&3!3.!'&!1&3.2&!

.$!E,32=l,3#!3.!4#3,#!m)sn`/!

!

L'!0#$?.$,3#!3.!0.'6'#4&!4.!0&'06'=!5#2!3,G.2.$0,&/!

!

a$! .4B6.1&! 3.'! 52#0.3,1,.$?#9! 1&?.2,&'.4! 6?,',%&3#4! H! 2.",4?2#! G#?#"2IG,0#! 4.!

16.4?2&!.$!.'!J$.l#!7/g/!!

!

e)  Determinación del contenido de cenizas  

L4?.!.$4&H#!?,.$.!0#1#!#@A.?,-#!3.?.21,$&29!3.!6$&!G#21&!&52#l,1&3&9!.'!0#$?.$,3#!

3.!1,$.2&'.4! H! #?2&4!1&?.2,&4! ,$#2"I$,0&4! B6.! .4?I$! 52.4.$?.4! .$! '#4! 2.4,36#4!

',"$#0.'6'=4,0#4!&!?2&-K4!3.!6$&!#l,3&0,=$!&!gii!�!S/!<&!1.?#3#'#"C&!6?,',%&3&!G6.!

'&! 52#56.4?&! .$! '&! $#21&! JYRT! P! ))id! u! ]f! _TK?#3#! .4?I$3&2! 5&2&! '&!

3.?.21,$&0,=$!3.!0.$,%&!.$!1&3.2&`/!

!

f)  Determinación del contenido de materia volátil y carbón fijo 

L4?.!.$4&H#!?,.$.!0#1#!#@A.?,-#!3.?.21,$&2!.'!0#$?.$,3#!3.!52#360?#4!"&4.#4#4!

B6.!.4?I$!52.4.$?.4!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4/!<&!1.?#3#'#"C&!6?,',%&3&!G6.!

'&!52#56.4?&!.$!'&!$#21&!JYRT!L!]jd!u!]d!_TK?#3#!.4?I$3&2!5&2&!'&!3.?.21,$&0,=$!

3.!1&?.2,&!-#'I?,'!.$!.'!&$I',4,4!3.!0#1@64?,@'.4!3.!1&3.2&!5&2?,06'&3#4`/!

!

L'!0#$?.$,3#!3.!0&2@=$!G,A#!4.!0&'06'=!5#2!3,G.2.$0,&/!

!
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3.1.3.2  Caracterización de los materiales compuestos mediante técnicas instrumentales 

a)  Espectroscopia Infrarroja por Transformada de Fourier (FTIR) 

<#4!.45.0?2#"2&1&4!3.!'#4!1&?.2,&'.4!0#156.4?#4!G6.2#$!#@?.$,3#4!6?,',%&$3#!6$!

.45.0?2=1.?2#!1&20&!M.2w,$!L'1.2!1#3.'#!Y5.0?261!)ii9!?2&@&A&$3#!.$!6$!2&$"#!

3.!fiii!&!f[i!01\)/!

!

b)  Microscopía Electrónica de Barrido (MEB) 

<&4! ,1I".$.4! TLV! G6.2#$! ?#1&3&4! 6?,',%&$3#! 6$! 1,02#40#5,#! 1&20&! JYMLk!

1#3.'#!MYLT!Ll52.449!?2&@&A&$3#!0#$!6$!-#'?&A.!3.!di!wZ!H!6$&!52.4,=$!3.!d9j!l!

)i!\![!?#22/!

3.2 ' ENSAYOS DE ADSORCIÓN   

<#4!.$4&H#4!3.!&34#20,=$!G6.2#$!3.!?,5#!@&?0E!H!4.!2.&',%&2#$!6?,',%&$3#!6$&!5'&0&!

3.!&",?&0,=$!3.!)[!56$?#4!1&20&!R.21#!Y0,.$?,G,0!1#3.'#!S,1&2.0!,!T6'?,5#,$?/!!

!

3.2.1 OBTENCIÓN DE LAS CURVAS DE CALIBRACIÓN  

S#$!.'!G,$!3.!3.?.21,$&2!'&!0#$0.$?2&0,=$!3.!0&G.C$&!H!3.!?2,0'#4I$!3.456K4!3.!0&3&!

.$4&H#! 3.! &34#20,=$! 4.! .'&@#2&2#$! '&4! 062-&4! 3.! 0&',@2&0,=$9! 5&2&! '#4! 3#4!

0#$?&1,$&$?.49!.$!6$!.45.02#G#?=1.?2#!aZ\Z7Y!YE,1&3%6!1#3.'#!aZ!u!)gi)/!L'!

52#0.3,1,.$?#!0#$4,3.2=!'&!1.?#3#'#"C&!52#56.4?&!5#2!T6b#%!.?!&'/!mdi))n/!

!

Y.!52.5&2=!6$&!4#'60,=$!1&32.!3.!d[!551!3.!0&G.C$&!&!5&2?,2!3.!6$!.4?I$3&2!0#$!

.'!hhs!3.!562.%&9!3.456K4!4.!52.5&2&2#$![i!1<!3.!4#'60,#$.4!3.!0#$0.$?2&0,=$^!

i/[9!)9!d9!*9!f!H![!551/!<6."#!.$!.'!.45.0?2#G#?=1.?2#!aZ\Z7Y!4.!2.&',%=!6$!@&22,3#!

3.!0&3&!.4?I$3&2!.$!6$!2&$"#!3.!fii!&!dii!$19!6?,',%&$3#!6$&!0.'3&!3.!06&2%#!3.!

)!01!H!&"6&!3.4,#$,%&3&!0#1#!@'&$0#9!0#$!.'!G,$!3.!#@?.$.2!'#4!5,0#4!1Il,1#4!3.!

&@4#2@&$0,&!5&2&!,3.$?,G,0&2!'&!'#$",?63!3.!#$3&!1Il,1&9!3.456K4!4.!2.&',%&2#$!'&4!

1.3,0,#$.4! 0#$! .4?.! 5&2I1.?2#/! M#4?.2,#21.$?.! 4.! #@?6-,.2#$! '#4! -&'#2.4! 3.!
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&@4#2@&$0,&! 5&2&! 0&3&!.4?I$3&2! 3.! 0#$0.$?2&0,=$/!c,$&'1.$?.! 4.!"2&G,0&2#$! '#4!

3&?#4!1.3,3#4!.$!G6$0,=$!3.!'&!0#$0.$?2&0,=$!H!4.!2.&',%=!6$!&$I',4,4!3.!2."2.4,=$!

',$.&'/!!

!

Y.!2.5,?,=!.'!1,41#!52#0.3,1,.$?#!5&2&!.'!?2,0'#4I$/!!

!

3.2.2  DETERMINACIÓN DEL TIEMPO DE CONTACTO ÓPTIMO  

L'!52#0.3,1,.$?#!4."6,3#!.$!.4?.!.$4&H#!4.!@&4=!.$!'&!1.?#3#'#"C&!52#56.4?&!5#2!

J4,1@&H&!mdi)gn/!!

!

J!5&2?,2!3.!6$&!4#'60,=$!1&32.!3.!)i!551!3.!0#$?&1,$&$?.!4.!52.5&2&2#$![i!1'!3.!

3,'60,#$.4! 0#$! 6$&! 0#$0.$?2&0,=$! 3.! )! 551/! Y.! &b&3,.2#$! i/[! "! 3.! 1&?.2,&'!

0#156.4?#!.$!0&3&!6$&!3.!'&4!3,'60,#$.4!5&2&!.'!0&4#!3.!'&!&34#20,=$!3.!0&G.C$&/!!

!

Y.! 0#'#0&2#$! '&4! 16.4?2&4! .$! &",?&0,=$! 1&"$K?,0&! &! )[i! 1,$\)9! ?.15.2&?62&!

&1@,.$?.!m)]!�S!&52#l,1&3&1.$?.n!H!5o!{!j9!4.!.-&'6&2#$!,$,0,&'1.$?.!'#4!?,.15#4!

3.! )[9! *i9! f[9! gi9! )di! H! )]i! 1,$6?#4D! 4,$! .1@&2"#! &'! $#! &'0&$%&2! .'! 1Il,1#!

5#20.$?&A.!3.!2.1#0,=$!4.!2.&',%&2#$!'#4!.$4&H#4!E&4?&!'#4!dfi!1,$6?#4/!!

!

P.456K4! 3.'! ?,.15#! 3.! 0#$?&0?#! 3.G,$,3#9! 4.! G,'?2&2#$! '&4! 16.4?2&4!

"2&-,1K?2,0&1.$?.!6?,',%&$3#!5&5.'!zE&?1&$!N#/d!H!3.456K4!4.!G,'?2&2#$!6?,',%&$3#!

G,'?2#4!3.!1.1@2&$&!3.!5#',G'6#262#!3.!-,$,',3.$#!mMZPcn!0#$!6$!?&1&b#!3.!5#2#!3.!

i9)!µ1!H!4.!52#0.3,=!&!1.3,2!&@4#2@&$0,&!.$!.'!.45.0?2#G#?=1.?2#/!!

!

Y.! 2.5,?,=! .'!1,41#! 52#0.3,1,.$?#! 5&2&! .'! ?2,0'#4I$D! 4,$! .1@&2"#9! 4.! &b&3,.2#$!

4#'&1.$?.!i9i[!"!3.!1&?.2,&'!0#156.4?#!5&2&!2.&',%&2!'&!&34#20,=$/!

!

R#3#4!'#4!.$4&H#4!4.!2.&',%&2#$!5#2!365',0&3#/!

!
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3.2.3  DETERMINACIÓN DE LA DOSIS ÓPTIMA DE MATERIAL COMPUESTO 

L'!52#0.3,1,.$?#!4."6,3#!.$!.4?.!.$4&H#!4.!@&4=!.$!'&!1.?#3#'#"C&!52#56.4?&!5#2!

J4,1@&H&! mdi)gn/! Y.! 52.5&2&2#$! )ii! 1<! 3.! 06&?2#! 4#'60,#$.4! 3.! di! 551! 3.!

0&G.C$&! H! 06&?2#! 3.! ?2,0'#4I$/! <&4! 3#4,4! 3.! 1&?.2,&'! 0#156.4?#! B6.! G6.2#$!

.-&'6&3&4!4.!4.b&'&$!.$!'&!R&@'&!*/d/!

!

+DEGD'M<H!P#4,4!3.!1&?.2,&'!0#156.4?#!5&2&!'&!&34#20,=$!3.!?2,0'#4I$!H!0&G.C$&!

"9.&#7*.#.&'!
@9)*)!,'!7#&'$*#6!%9750')&9!

'A#60#,#)!BCDEFGH!

"#='(.#! 0! B! J! 03!

I$*%69)J.! 3=0! 3=B! 3=J! 0!

.@VWBV;!<.=$!:#$%&'#!

!

Y.!0#'#0=!'&!4#'60,=$!0#$!'&!3#4,4!3.!1&?.2,&'!0#156.4?#!.$!&",?&0,=$!1&"$K?,0&!&!

)[i!1,$\)9! ?.15.2&?62&!&1@,.$?.! m)]! �S!&52#l,1&3&1.$?.n!H!5o!{!j9!362&$?.!.'!

?,.15#! 3.! 0#$?&0?#! =5?,1#! 3.?.21,$&3#! &$?.2,#21.$?./! a$&! -.%! ?2&$40622,3#! .'!

?,.15#! .4?&@'.0,3#9! 4.! G,'?2&2#$! '&4! 16.4?2&4! "2&-,1K?2,0&1.$?.9! 3.456K4! 4.!

G,'?2&2#$!6?,',%&$3#!G,'?2#4!MZPc!0#$!6$!?&1&b#!3.!5#2#!3.!i9)!µ1!H!'6."#!4.!1,3,=!

'&!&@4#2@&$0,&!3.'!G,'?2&3#/!!

!

R#3#4!'#4!.$4&H#4!4.!2.&',%&2#$!5#2!365',0&3#/!

!

3.2.4  INFLUENCIA DE LA ADICIÓN DE NP-TiO2 EN LA ADSORCIÓN DE 

CONTAMINANTES  

<&! ,$G'6.$0,&! 3.! '&4! NM\R,>d! .$! .'! 52#0.4#! 3.! &34#20,=$! 4.! .-&'6=! 2.&',%&$3#!

.$4&H#4!.$!'#4!06&'.4!4.!6?,',%=!0#1#!&34#2@.$?.!'#4!2.4,36#4!',"$#0.'6'=4,0#4!4,$!

$,$"6$&! 1#3,G,0&0,=$! H! 5#2! #?2#! '&3#9! 4.! 2.&',%&2#$! .$4&H#4! 6?,',%&$3#! 0#1#!

&34#2@.$?.!4#'&1.$?.!'&!G2&00,=$!3.!NM\R,>d!B6.!.4?&2C&!52.4.$?.!.$!.'!1&?.2,&'!

0#156.4?#/!L4?#4!.$4&H#4! G6.2#$!2.&',%&3#4! ?#1&$3#!0#1#!0#$3,0,#$.4! ,3.&'.4!

3.!?,.15#!H!3#4,4!3.!&34#2@.$?.!'#4!5&2I1.?2#4!#@?.$,3#4!&$?.2,#21.$?.!5&2&!'#4!

1&?.2,&'.4! 0#156.4?#4/! J'! ,"6&'! B6.! .$! '#4! .$4&H#4! &$?.2,#2.4! 4.! ?2&@&A=! 0#$!
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&",?&0,=$! 1&"$K?,0&! 3.! )[i! 1,$\)9! ?.15.2&?62&! &1@,.$?.! H! 5o! {! j/! a$&! -.%!

?2&$40622,3#! .'! ?,.15#! .4?&@'.0,3#9! 4.! G,'?2&2#$! '&4! 16.4?2&4! "2&-,1K?2,0&1.$?.9!

3.456K4!4.! G,'?2&2#$!6?,',%&$3#! G,'?2#4!MZPc!0#$!6$! ?&1&b#!3.!5#2#!3.!i9)!µ1!H!

'6."#!4.!1,3,=!'&!&@4#2@&$0,&!3.'!G,'?2&3#/!!

!

R#3#4!'#4!.$4&H#4!4.!2.&',%&2#$!5#2!365',0&3#/!

!

3.2.5  INFLUENCIA DE LA RADIACIÓN UV  

S#$! .'! G,$! 3.! 3.?.21,$&2! '&! ,$G'6.$0,&! 3.! '&! 2&3,&0,=$! aZ! .$! '&! 2.1#0,=$! 3.!

0#$?&1,$&$?.4!4.!2.&',%&2#$!.$4&H#4!?2&@&A&$3#!0#$!'#4!1&?.2,&'.4!B6.!'#"2&2#$!.'!

1&H#2! 5#20.$?&A.! 3.! 2.1#0,=$! 3.$?2#! 3.! 0&3&! ?,5#! 3.! 2.4,36#9! .$! 0#$3,0,#$.4!

,3.&'.4!3.!?,.15#!H!3#4,4!3.!&34#2@.$?./!Y.!0#'#0=!6$!"265#!3.!16.4?2&4!.$!6$!

2.&0?#2!4#1.?,3#!&!2&3,&0,=$!aZ!6?,',%&$3#!6$&!'I15&2&!3.!d)i!zD!1,.$?2&4!B6.!

#?2#!"265#!?2&@&A=!.$!5&2&'.'#!.$!6$!2.&0?#2!#4062#9!&1@#4!"265#4!G6.2#$!4#1.?,3#4!

&! &",?&0,=$! 1&"$K?,0&! 3.! )[i! 1,$\)9! ?.15.2&?62&! &1@,.$?.! H! 5o! {! j/! a$&! -.%!

?2&$40622,3#! .'! ?,.15#! .4?&@'.0,3#9! 4.! G,'?2&2#$! '&4! 16.4?2&4! "2&-,1K?2,0&1.$?.9!

3.456K4!4.! G,'?2&2#$!6?,',%&$3#! G,'?2#4!MZPc!0#$!6$! ?&1&b#!3.!5#2#!3.!i9)!µ1!H!

'6."#!4.!1,3,=!'&!&@4#2@&$0,&!3.'!G,'?2&3#/!!

!

R#3#4!'#4!.$4&H#4!4.!2.&',%&2#$!5#2!365',0&3#/!

!

3.2.6  INFLUENCIA DEL CONTENIDO DE NP-TiO2 DEL MATERIAL 

COMPUESTO 

M&2&!.-&'6&2!'&!,$G'6.$0,&!3.'!0#$?.$,3#!3.!NM\R,>d!3.'!1&?.2,&'!0#156.4?#!.$!'&!

2.1#0,=$! 3.! '#4! 0#$?&1,$&$?.4! 4.! 1#3,G,0=! .'! 5#20.$?&A.! 3.! $&$#5&2?C06'&4!

52.4.$?.4!.$!'&!1&?2,%!',"$#0.'6'=4,0&/!P.!'#4!1&?.2,&'.4!0#156.4?#4!B6.!'#"2&2#$!

'#4!1&H#2.4!5#20.$?&A.4!3.!2.1#0,=$9!3.$?2#!3.!0&3&!?,5#!3.!2.4,36#9!4.!3,41,$6H=!

'&! 2.'&0,=$!3.!NM\R,>d9! '&!06&'!.2&! ,$,0,&'1.$?.!3.!fi!s!4 4!H!4.!.-&'6&2#$! '#4!

5#20.$?&A.4!3.!*i!H!di!s!!4 4/!Y.!?2&@&A=!.$!0#$3,0,#$.4!,3.&'.4!3.!?,.15#!H!3#4,4!



! *[!

3.!&34#2@.$?.9!&",?&0,=$!1&"$K?,0&!3.!)[i!1,$\)9!?.15.2&?62&!&1@,.$?.!H!5o!{!j/!

a$&! -.%! ?2&$40622,3#! .'! ?,.15#! .4?&@'.0,3#9! 4.! G,'?2&2#$! '&4! 16.4?2&4!

"2&-,1K?2,0&1.$?.9!3.456K4!4.!G,'?2&2#$!6?,',%&$3#!G,'?2#4!MZPc!0#$!6$!?&1&b#!3.!

5#2#!3.!i9)!µ1!H!'6."#!4.!1,3,=!'&!&@4#2@&$0,&!3.'!G,'?2&3#/!!

!

R#3#4!'#4!.$4&H#4!4.!2.&',%&2#$!5#2!365',0&3#/!

3.3 ' ISOTERMAS DE ADSORCIÓN: MODELOS DE FREUNDLICH Y 

LANGMUIR 

L'!52#0.3,1,.$?#!4."6,3#!.$!.4?.!.$4&H#!.4?I!@&4&3#!.$!'&!1.?#3#'#"C&!52#56.4?&!

5#2! T.3,$&! mdi))n/! Y.! 1#3.'&2#$! '&4! ,4#?.21&4! 3.! &34#20,=$! ?&$?#! 5&2&! '#4!

1&?.2,&'.4! 0#156.4?#4! 0#1#! 5&2&! '&4! NM\R,>d! H! '#4! 2.4,36#4! ',"$#0.'6'=4,0#4!

6?,',%&3#4! ,$3,-,36&'1.$?./!Y.!52.5&2&2#$!4#'60,#$.4!3.!0#$?&1,$&$?.!3.!3,4?,$?&!

0#$0.$?2&0,=$9!3.!&06.23#!0#$!'&!R&@'&!*/*/!

!

+DEGD'M<M!S#$0.$?2&0,=$!3.!'&4!4#'60,#$.4!3.!0#$?&1,$&$?.!!

"9.&#7*.#.&'! "9.%'.&$#%*9.')!B557H!

"#='(.#! 2B! B3! 033! 0B3! 233! 533!

I$*%69)J.! 0! B! 03! 23! 53! H3!

!GDECFD>AXW;!<.=$!:#$%&'#!

!

<#4!.$4&H#4!4.!2.&',%&2#$!.$!0#$3,0,#$.4!=5?,1&4!3.!3#4,4!3.!1&?.2,&'!0#156.4?#!

H!?,.15#!3.!0#$?&0?#/!Y.!0#'#0=!'&!4#'60,=$!0#$!.'!1&?.2,&'!0#156.4?#!.$!&",?&0,=$!

1&"$K?,0&!&!)[i!1,$\)9! ?.15.2&?62&!&1@,.$?.!H!5o!{!j/!a$&!-.%! ?2&$40622,3#!.'!

?,.15#! 3.! 0#$?&0?#9! 4.! G,'?2&2#$! '&4! 16.4?2&4! "2&-,1K?2,0&1.$?.9! 3.456K4! 4.!

G,'?2&2#$!6?,',%&$3#!G,'?2#4!MZPc!0#$!6$!?&1&b#!3.!5#2#!3.!i9)!µ1!H!'6."#!4.!1,3,=!

'&! &@4#2@&$0,&! 3.'! G,'?2&3#/! R#3#4! '#4! .$4&H#4! 4.! 2.&',%&2#$! 5#2! 365',0&3#/!

M#4?.2,#21.$?.!0#$!'#4!3&?#4!#@?.$,3#4!4.!2.&',%=!.'!1#3.'&1,.$?#!3.!'&4!,4#?.21&4!

3.! c2.6$3',0E! H! <&$"16,29! 1.3,&$?.! '&4! G=216'&4! ',$.&',%&3&4! H! G,$&'1.$?.! 4.!

4.'.00,#$=!.'!1#3.'#!3.!&34#20,=$!0#$!@&4.!.$!.'!0#.G,0,.$?.!3.!0#22.'&0,=$!1I4!

0.20&$#!&!)9i/!



! *g!

'                                                           

RESULTADOS Y DISCUSIÓN 

4.1 ' CARACTERIZACIÓN DE LOS MATERIALES ADSORBENTES 

4.1.1  COMPOSICIÓN QUÍMICA Y ANÁLISIS PRÓXIMAL DE LOS RESIDUOS 

LIGNOCELULÓSICOS  

L$!'&!R&@'&!f/)!4.!16.4?2&!'&!0#15#4,0,=$!B6C1,0&!3.!'#4!2.4,36#4!',"$#0.'6'=4,0#4!

3.!1#2,$"&9!@&1@F!H!'&62.'9!3.?.21,$&3#4!.$!@&4.!4.0&/!!

!

+DEGD'O<J!S#15#4,0,=$!B6C1,0&!3.!'#4!2.4,36#4!',"$#0.'6'=4,0#4!

+#&'$*#6!
"9759.'.&'!234!

"'6069)#! K'7*%'6069)#! E*C.*.#! LM&$#%&*A9)!

+9$*.C#! 0B=U3!±!3=IU! 02=22!±!3=35! H=E3!±!3=0B! IJ=3E!±!3=5H!

N#7OP! H0=25!±!3=II! 22=U5!±!3=0H! 2H=35!±!3=3E! 00=E2!±!3=3B!

E#0$'6! HU=J5!±!3=IU! 02=JB!±!3=3H! 52=BH!±!3=0J! H=UU!±!3=20!

!GDECFD>AXW;!<.=$!:#$%&'#!

!

P.!&06.23#!0#$!'#4!-&'#2.4!#@?.$,3#4!'#4!2.4,36#4!3.!@&1@F!H!'&62.'!?,.$.$!6$&!

0#15#4,0,=$! 16H! 4,1,'&2! H! .4! '&! ?C5,0&! .$0#$?2&3&! .$! 1&3.2&49! 06H#4! ?2.4!

52,$0,5&'.4!0#15#$.$?.4!4#$!0.'6'#4&9!E.1,0.'6'#4&!H!',"$,$&!mT#$?&b#9!di)fn/!!

!

<#4!0#15#$.$?.4!3.!1&H#2!0#$0.$?2&0,=$!0#22.45#$3.$!&!0.'6'#4&!H!E.1,0.'6'#4&9!

'&!461&!3.!.4?#4!3#4!0#15#$.$?.4!2.52.4.$?&!'&!G2&00,=$!?#?&'!3.!5#',4&0I2,3#4!H!

4.!3.$#1,$&!E#'#0.'6'#4&9!0#$!.'!gf9)g!s!.$!.'!0&4#!3.'!@&1@F!H!gd9f]!s!.$!.'!

0&4#!3.'!'&62.'/!L'!5#20.$?&A.!3.!',"$,$&!52.4.$?.!.$!'#4!2.4,36#4!-&2C&!.$?2.!.'!f9]!

H!.'!*d9[f!s9!.'!1&?.2,&'!B6.!1I4!',"$,$&!5#4..!.$!46!0#15#4,0,=$!.4!.'!'&62.'!0#$!

6$! *d9[f!s9! 4."6,3#! 3.'! @&1@F! 0#$! 6$! df9i*!s! H! G,$&'1.$?.! 4.! .$06.$?2&! '&!

1#2,$"&!0#$!4='#!f9]!s/!!L'!0#$?.$,3#!3.!.l?2&0?,-#4!.4!.'!0#15#$.$?.!0#$!1.$#4!

0&$?,3&3!H!2.52.4.$?&!.'!))9]d!s!3.'!?#?&'!.$!.'!0&4#!3.'!@&1@F!H!f9hh!s!.$!.'!0&4#!

3.'!'&62.'9!4,.$3#!.4?.!F'?,1#!.'!1&?.2,&'!0#$!1.$#2!0#$0.$?2&0,=$!3.!.l?2&0?,-#4!.$!

46!0#15#4,0,=$/!M#2!#?2#! '&3#9!.$!.'!0&4#!3.!'&!1#2,$"&!.'!0#15#$.$?.!52,$0,5&'!



! *j!

0#22.45#$3.!&!.l?2&0?,-#4!0#$!6$!gj9i]!s!3.'!?#?&'9!1,.$?2&4!B6.!.'!0#$?.$,3#!3.!

E#'#0.'6'#4&!2.52.4.$?&!4#'&1.$?.!.'!d]9)d!s/!!L$!'&!R&@'&!f/d!4.!16.4?2&$! '#4!

2.46'?&3#4! #@?.$,3#4! 3.'! &$I',4,4! 52#l,1&'! 3.! '#4! 2.4,36#4! ',"$#0.'6'=4,0#4! 3.!

1#2,$"&9!@&1@F!H!'&62.'9!3.?.21,$&3#4!.$!@&4.!4.0&/!!

!

+DEGD'O<H!J$I',4,4!52=l,1&'!3.!'#4!2.4,36#4!',"$#0.'6'=4,0#4!

+#&'$*#6!
"9759.'.&'!234!

+#&'$*#!A96J&*6! "#$O-.!=*Q9! K07',#,! "'.*1#)!

+9$*.C#! E0=B5!±!3=0J! J=IU!±!3=U2! B=B5!±!3=0J! B=2B!±!3=3U!

N#7OP! EH=20!±!3=0I! I=EI!±!3=JH! I=J5!±!3=0E! 2=20!±!3=02!

E#0$'6! J0=3I!±!3=02! 0J=UU!±!3=B2! U=BE!±!3=03! 0=5E!±!3=32!

!GDECFD>AXW;!<.=$!:#$%&'#!

!

L'! &$I',4,4! 52#l,1&'!16.4?2&! B6.! .$! ?#3#4! '#4! 2.4,36#4! '&!1&H#2! 0#$0.$?2&0,=$!

0#22.45#$3.!&!1&?.2,&!-#'I?,'9!''."&$3#!&!6$!]f9d)!s!.$!.'!0&4#!3.'!@&1@F9!4."6,3#!

3.!'&!1#2,$"&!0#$!6$!])9[*!s!H!5#2!F'?,1#!.'!'&62.'!0#$!6$!j)9ig!s/!L'!1&?.2,&'!0#$!

1&H#2! 0#$?.$,3#! 3.! 0&2@=$! G,A#! .4! .'! '&62.'! 0#$! 6$! )j9hh! sD! 1,.$?2&4! B6.! .'!

0#$?.$,3#!3.!0#15#$.$?.4!,$#2"I$,0#49!2.52.4.$?&3#!5#2!.'!5#20.$?&A.!3.!0.$,%&49!

-&2C&!.$?2.!.'!)9*]!H!.'![9d[!s/!L$!.'!J$.l#!77/)!4.!16.4?2&$!'#4!3&?#4!#@?.$,3#4!.$!

'#4!.$4&H#4!3.!0#15#4,0,=$!B6C1,0&!H!&$I',4,4!52#l,1&'/!

!

4.1.1.1  Contenido de extractivos 

L'!0#$?.$,3#!3.!.l?2&0?,-#4!52.4.$?.4!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!4.!16.4?2&!

.$!'&!R&@'&!f/*/!

!

+DEGD'O<M!S#$?.$,3#!3.!.l?2&0?,-#4!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!

+#&'$*#6!
LM&$#%&*A9)!'&#.96F

&960'.9!234!
LM&$#%&*A9)!'.!
#C0#!!234!

I9&#6!'M&$#%&*A9)!
234!

+9$*.C#! 2J=03!±!3=32! 5U=UE!±!3=5H! IJ=3E!±!3=5H!

N#7OP! J=35!±!3=30! H=JU!±!3=3B! 00=E2!±!3=3B!

E#0$'6! 2=5B!±!3=3B! 2=IH!±!3=23! H=UU!±!3=20!

!GDECFD>AXW;!<.=$!:#$%&'#!



! *]!

L'! 2.4,36#! ',"$#0.'6'=4,0#!3.!1#2,$"&!52.4.$?&!6$!gj9i]!s!3.!.l?2&0?,-#4!.$!46!

0#15#4,0,=$9!3.!'#4!06&'.4!6$!dj9)s!0#22.45#$3.!&!.l?2&0?,-#4!4#'6@'.4!.$!.?&$#'\

?#'6.$#9!.4?.!-&'#2!,$3,0&!6$!.'.-&3#!0#$?.$,3#!3.!"2&4&4!H!&0.,?.4!H!.4?I!3.$?2#!

3.'!2&$"#!52#1.3,#!.$0#$?2&$3#!E&@,?6&'1.$?.!.$!'&4!4.1,''&4!3.!.4?&!5'&$?&9!.'!

06&'!.4?I$!.$?2.!.'!d[!H!.'!fi!s!mz,$?E&0E&,!.?!&'/9!di)[n/!L4?.!5#20.$?&A.!5#32C&!

0#15&2&24.!0#$! '&4!4.1,''&4!3.!",2&4#'! m3.'!dd!&'!*j9[!sn!H!.4!1&H#2!&'!B6.!4.!

.$06.$?2&!.$!'&4!4.1,''&4!3.!4#H&!m3.'!)]!&'!dd9g*!sn!mS#25&49!dii]D!Y&@C$9!di)fn/!

L4?&! .'.-&3&! 0&$?,3&3! 3.! .l?2&0?,-#4! 4.! 3.@.! &! B6.! "2&$! 5&2?.! 3.! '&! 16.4?2&!

2.0#'.0?&3&!0#22.45#$3.!&!'&4!4.1,''&4!B6.!G6.2#$!52.$4&3&4!5&2&!'&!#@?.$0,=$!3.!

&0.,?./!<&!G2&00,=$!2.4?&$?.!3.!.l?2&0?,-#4!m*h9h]!sn!0#22.45#$3.!&!1&?.2,&!4#'6@'.!

.$!&"6&!0&',.$?.!H!?&1@,K$!.4!0#$4,3.2&3&!0#1#!6$!-&'#2!.'.-&3#9!.4?#!4.!3.@.!&'!

"2&$!0#$?.$,3#!3.!0&2@#E,32&?#49!G'&-#$#,3.49!?&$,$#49!?2,?.25.$#,3.49!&'1,3#$.4!H!

&!'&!52.4.$0,&!3.!52#?.C$&4!4#'6@'.4!.$!&"6&9!'&4!06&'.4!4#$!?&1@,K$!2.45#$4&@'.4!

3.! '&4! 52#5,.3&3.4! 0#&"6'&$?.4! u! G'#06'&$?.4! 3.! .4?&! 5'&$?&! mR.$#2,#9! N6b.%! H!

:6%1I$9!dii]n/!!

!

M#2!#?2#!'&3#9!.'!0#$?.$,3#!3.!.l?2&0?,-#4!52.4.$?.4!.$!.'!@&1@F!H!.'!'&62.'!#40,'&!

.$?2.!.'!))9]d!H!.'!f9hh!s!'#!06&'!0#22.45#$3.!0#$!-&'#2.4!?C5,0#4!.$0#$?2&3#4!.$!

.45.0,.4!1&3.2.2&4!mV#$,''&!H!T#H&9!di)fD!SE,'6,%&!H!o.2$I$3.%9!diihn/!

!

<&!52.4.$0,&!3.!.l?2&0?,-#4!3,41,$6H.!'&!0&5&0,3&3!3.!&34#20,=$!3.!'#4!1&?.2,&'.49!

'#! 06&'! #0622.! 5#2B6.! .4?&4! 464?&$0,&4! 56.3.$! .4?&2! #065&$3#! '#4! 5#2#4! 3.'!

&34#2@.$?.9!,15,3,.$3#!&4C!.'!0#$?&0?#!.$?2.!'&4!1#'K06'&4!3.!&34#2@&?#!H!'#4!4,?,#4!

&0?,-#49!5#2!.4?#!4.!.45.2&2C&!B6.!.'!1&?.2,&'!0#$!1.$#2!0&5&0,3&3!3.!2.1#0,=$!

4.&!.'!1&?.2,&'!0#156.4?#!3.!1#2,$"&!mME#'#4,!.?!&'/9!di)*n/!

!

4.1.1.2  Contenido de lignina 

<#4!2.4,36#4!3.!1#2,$"&!5#4..$!.'!1.$#2!0#$?.$,3#!3.!',"$,$&!.$!46!0#15#4,0,=$!

0#$!4#'&1.$?.!6$!f9]!s9!.4?.!5#20.$?&A.!.4!,$0'64#!1I4!@&A#!B6.!.'!0#$?.$,3#!3.!

',"$,$&!52.4.$?.!.$!&'"6$#4!5&4?#49!'#4!06&'.4!?,.$.$!.$?2.!.'!)i!H!*i!s/!P.@,3#!&!



! *h!

.4?#! '&!1#2,$"&!$#!E&!4,3#!0#$4,3.2&3&!0#1#!6$&!.45.0,.!1&3.2&@'.!H&!B6.! '&!

1&3.2&!.4!16H!@'&$3&9!G2I",'!H!4.!3.4?&A&!GI0,'1.$?.!mT#$?&b#9!di)fD!Y&@C$9!di)fn/!

!

<#4! 5#20.$?&A.4! 3.! ',"$,$&! 52.4.$?.4! .$! '#4! 2.4,36#4! 3.! @&1@F! H! '&62.'!

0#22.45#$3.$!0#$!-&'#2.4!?C5,0#4!3.!1&3.2&4!362&49!.$?2.!.'!)]!H!.'!*[!s/!a$!1&H#2!

0#$?.$,3#! 3.! ',"$,$&! &5#2?&! 1I4! 2,",3.%! &! '&! 5&2.3! 0.'6'&2! 3.'! 1&?.2,&'!

',"$#0.'6'=4,0#!mSE,'6,%&!H!o.2$I$3.%9!diihD!T#$?&b#9!di)fn/!

!

<&! ',"$,$&!.4!6$!5#'C1.2#!#2"I$,0#!B6.!0#$?,.$.!"265#4! G6$0,#$&'.4!5#'&2.4!B6.!

56.3.$!,$?.2&0?6&2!0#$!0&?,#$.49!,$G'6H.$3#!&4C!.$!'&!&34#20,=$!3.!0#$?&1,$&$?.4D!

3.@,3#!&!.4?#9!1,.$?2&4!1&H#2!4.&!.'!0#$?.$,3#!3.!',"$,$&!.$!'&!0#15#4,0,=$!3.'!

1&?.2,&'9!1&H#2!4.2I!?&1@,K$!'&!0&5&0,3&3!3.!&34#20,=$!mP.!:,4,!.?!&'/9!di)gn/!!!

!

4.1.1.3  Contenido de hemicelulosa y celulosa 

L'!2.4,36#!0#$!1&H#2!0#$?.$,3#!3.!E.1,0.'6'#4&!.4!.'!@&1@F!0#$!6$!dd9h*!s9!.4?&!

0&2&0?.2C4?,0&!.4!?C5,0&!3.!.4?&!5'&$?&!H!4.!3.@.!&'!&'?#!0#$?.$,3#!3.!1,02#G,@2&4!3.!

E.1,0.'6'#4&!0#$!5.$?#4&$&4!B6.! 2#3.&$!&! '&!0.'6'#4&!H!0615'.$! '&! G6$0,=$!3.!

1&?.2,&'!3.!4#5#2?.!mSE,'6,%&!H!o.2$I$3.%9!diihn/!!

!

T,.$?2&4!B6.!.'! '&62.'!.4!.'!2.4,36#!0#$!1&H#2!0#$?.$,3#!3.!0.'6'#4&!3.! '#4!?2.4!

1&?.2,&'.4!.4?63,&3#4!0#$!6$!fh9j*!s9!4."6,3#!3.'!@&1@F!0#$!6$!f)9d*!s9!.4?#4!

-&'#2.4!.4?I$!3.$?2#!3.'!2&$"#!52#1.3,#!5&2&!1&3.2&4!362&4!mfi!H![[sn!mT#$?&b#9!

di)fn/!

!

L'!5#20.$?&A.!3.!E.1,0.'6'#4&!.$0#$?2&3#!.$!.'!2.4,36#!3.!1#2,$"&!0#,$0,3.!0#$!.'!

0#$?.$,3#!52#1.3,#!52.4.$?.!.$!'&4!E#A&4!3.!.4?&!5'&$?&!m}!)*!snD!4,$!.1@&2"#9!.'!

0#$?.$,3#!3.!0.'6'#4&!.4!1I4!@&A#!B6.!.'!52#1.3,#!mfdsn!mY&@C$9!di)fn/!L4?.!@&A#!

0#$?.$,3#!3.!0.'6'#4&!4.!3.@.!&!'&!0#15#4,0,=$!3.!'&!16.4?2&!&$&',%&3&!'&!06&'9!

0#1#!4.!4.b&'=!&$?.49!.4?I!G#21&3&!.$!"2&$!5&2?.!5#2!4.1,''&4!06H#!0#15#$.$?.!

52,$0,5&'!4#$!'&4!464?&$0,&4!3.$#1,$&3&4!.l?2&0?,-#4/!!

!



! fi!

<&!0.'6'#4&!.4!6$!@,#5#'C1.2#!0#$!6$&!"2&$!0&$?,3&3!3.!"265#4!E,32#l,'#4!.$!46!

.4?260?62&! B6.! 4.! .$06.$?2&! 6$,3&! &! '&! E.1,0.'6'#4&! 1.3,&$?.! 56.$?.4! 3.!

E,32=".$#9! .4?&! 2.3! G#21&! 6$&! 465.2G,0,.! &'?&1.$?.! 2.&0?,-&! 0#$! 0&5&0,3&3! 3.!

,$?.2&0?6&2! 0#$! 0&?,#$.4D! 3.! 1&$.2&! B6.9! .'! 0#$?.$,3#! 3.! 0.'6'#4&! &G.0?&!

5#4,?,-&1.$?.!&! '#4!52#0.4#4!3.!&34#20,=$9!1,.$?2&4!1&H#2!4.&!.'!0#$?.$,3#!3.!

0.'6'#4&! 52.4.$?.! .$! .'! &34#2@.$?.! 1&H#2! 4.2I! 46! 0&5&0,3&3! 3.! 2.1#0,=$! 3.!

464?&$0,&4!mL'\Y&H.3!.?!&'/9!di)gn/!!!

!

4.1.1.4  Contenido de cenizas 

L'!2.4,36#!3.!1#2,$"&!?,.$.!.'!1&H#2!0#$?.$,3#!3.!1&?.2,&!,$#2"I$,0&!m[9d[!sn9!.'!

06&'!.4?I!3.$?2#!3.'!2&$"#!52#1.3,#!3.!.4?&4!4.1,''&4!m.$?2.!.'!f!H!.'!h!snD!.4?#!4.!

3.@.!&'!&'?#!0#$?.$,3#!3.!1,$.2&'.4!52.4.$?.4!.$!'&4!4.1,''&4!3.!.4?&!5'&$?&9!.'!06&'!

.4!1&H#2!&'!3.!#?2#4!&',1.$?#4!0#1#!.'!0E#0E#!B6.!?,.$.!*9[!s9!'&!&2-.A&!0#$!6$!

d9f!H!.'!G2KA#'!0#$!6$!*9[!s!mJ'-&2.%9!di)jn/!

!

L$!.'!0&4#!3.'!'&62.'!H!.'!@&1@F!'#4!-&'#2.4!.$0#$?2&3#4!G6.2#$!3.!)9*]!H!d9d)!s!

2.45.0?,-&1.$?./!L$!".$.2&'!'&!1&3.2&!56.3.!?.$.2!.$?2.!.'!f!H!.'!)i!s!3.!0.$,%&4!

.$!46!0#15#4,0,=$!H!.4?.!5#20.$?&A.!4.!3.@.!".$.2&'1.$?.!&!'&!52.4.$0,&!3.!4C',0.9!

5#?&4,#9!0&'0,#9!1&"$.4,#!H!1&$"&$.4#/!L'!5#20.$?&A.!3.!0.$,%&4!52.4.$?.!.$!.'!

@&1@F!.4!',".2&1.$?.!1&H#2!&'!3.!'&62.'!H!&'!3.!06&'B6,.2!#?2&!1&3.2&9!3.@,3#!&!

B6.!.4?&!5'&$?&!5#4..!6$!1&H#2!0#$?.$,3#!3.!4C',0.!.$!464!$63#4!H!.5,3.21,4!m<,9!

diifn/!!

!

L'! 0#$?.$,3#! 3.! 0.$,%&4! .$! '#4! 2.4,36#4! ',"$#0.'6'=4,0#4! $#! ,$G'6H.!

4,"$,G,0&?,-&1.$?.!.$!'#4!52#0.4#4!3.!&34#20,=$!5#2!'#!B6.!4.!0#$4,3.2&$!&!.4?&4!

464?&$0,&4!0#1#!1&?.2,&'!,$3.4.&@'.9!4."F$!O."#$"!.?!&'/!mdi)in!'&!0&5&0,3&3!3.!

&34#20,=$!B6.!?,.$.$! '#4!1,$.2&'.4!.4!1.$#2!&! '&!B6.!?,.$.$! '#4!0#156.4?#4!3.!

0&2@#$#/!M#2!.4?#!4.!.45.2&!B6.!1,.$?2&4!1I4!&'?#!4.&!.'!0#$?.$,3#!3.!0.$,%&4!

1.$#2!4.&!'&!0&5&0,3&3!3.!&34#20,=$!3.'!1&?.2,&'/!

!



! f)!

4.1.1.5  Contenido de materia volátil y carbón fijo  

L'!0#$?.$,3#!3.!1&?.2,&!-#'I?,'!.4!&'?#!5&2&!'#4!?2.4!2.4,36#49!0#$!-&'#2.4!3.!])9[*D!

]f9d)!H!j)9ig!s!5&2&!'&!1#2,$"&9!.'!@&1@F!H!.'! '&62.'!2.45.0?,-&1.$?./!M#2!#?2#!

'&3#9!.'!0#$?.$,3#!3.!0&2@=$!G,A#!-&!3.43.!g9]g!s!.$!.'!0&4#!3.'!@&1@F!E&4?&!)j9hh!

s!.$!.'!0&4#!3.'!'&62.'/!!L$!'#4!1&?.2,&'.4!&34#2@.$?.49!1,.$?2&4!1I4!&'?#!4.&!.'!

0#$?.$,3#!3.!0&2@=$!G,A#!1&H#2!4.2I! '&!0&5&0,3&3!3.!&34#20,=$!H&!B6.!?#3&4! '&4!

.4?260?62&4!B6.!?,.$.$!0#1#!@&4.!.'!0&2@#$#!4#$!&B6.''&4!B6.!5#4..$!'#4!"265#4!

G6$0,#$&'.4!0&5&0.4!3.!,$?.2&0?6&2!0#$!'#4!0#$?&1,$&$?.4/!;.45.0?#!&'!0#$?.$,3#!

3.!1&?.2,&! -#'I?,'! 46! 52.4.$0,&! .4! 0#$4,3.2&3&! ,$3.4.&@'.! H&! B6.! 0#22.45#$3.!

".$.2&'1.$?.!&!1&?.2,&!#2"I$,0&!-#'I?,'9!'&!06&'!5#32C&!&'?.2&2!'&!0&',3&3!3.'!&"6&!

3.456K4!3.'!?2&?&1,.$?#!mP&49!di)fD!z&2?.''.!H!T&24E&''9!dii)n/!

!

4.1.2  CARACTERIZACIÓN DEL MATERIAL COMPUESTO 

4.1.2.1  Microscopía Electrónica de Barrido (MEB) 

<&4!G,"62&4!f/)/&!H!f/)/@!16.4?2&$!'&4!1,02#"2&GC&4!3.'!2.4,36#!',"$#0.'6'=4,0#!3.!

'&62.'!mf[!µ1n!H!3.'!1&?.2,&'!0#156.4?#!#@?.$,3#!?2&4!'&!,152."$&0,=$/!!

!

.AU@FD'O<J!T,02#"2&GC&!TLV!3.'!2.4,36#!3.!'&62.'!H!3.'!1&?.2,&'!0#156.4?#!!

!
&n!;.4,36#!4,$!1#3,G,0&2D!@n!1&?.2,&'!0#156.4?#!
!GDECFD>AXW;!<.=$!:#$%&'#!



! fd!

L$!'&!c,"62&!f/)/&!4.!#@4.2-&!B6.!.'!2.4,36#!4,$!$,$"6$&!1#3,G,0&0,=$!$#!52.4.$?&!

I2.&4!3.0#'#2&3&49!4#'&1.$?.!4.!#@4.2-&$!465.2G,0,.4!"2,4I0.&4!B6.!0#22.45#$3.$!

&!'&!1&?2,%!',"$#0.'6'=4,0&!H!'&!52.4.$0,&!3.!G,@2&4/!L$!'&!c,"62&!f/)/@!4.!#@4.2-&$!

I2.&4!0'&2&4!B6.!,$3,0&$!'&!52.4.$0,&!3.!$&$#5&2?C06'&49!.4?&!0#'#2&0,=$!4.!3.@.!&!

'&! 0#$360?,-,3&3! 3.! '#4!1&?.2,&'.49! 4.! #@4.2-&! 6$&! 3,4?2,@60,=$! 6$,G#21.! 3.! '&4!

$&$#5&2?C06'&4!4#@2.! ?#3&! '&!1&?2,%! ',"$#0.'6'=4,0&!3.! '&62.'9!&6$B6.! ?&1@,K$!4.!

#@4.2-&!'&!G#21&0,=$!3.!&"'#1.2&3#4!!H!0F16'#4!.$!&'"6$&4!5&2?.4!3.'!1&?.2,&'/!

<&!c,"62&!f/)/@!16.4?2&!B6.!4.!E&!3.5#4,?&3#!6$&!0&5&!26"#4&!4#@2.!.'!1&?.2,&'!

',"$#0.'6'=4,0#!H!H&!$#!4.!0#$4,"6.!#@4.2-&2!'&4!G,@2&4!$&?62&'.4!3.'!1&?.2,&'!5#2!'#!

B6.!4.!0#1526.@&!B6.!4.!E&!0#$4."6,3#!6$&!,152."$&0,=$!6$,G#21.9!.4?#!5#32C&!

3.@.24.!&!B6.! '&! 465.2G,0,.!3.'! '&62.'! .4! 2.'&?,-&1.$?.!E#1#"K$.&!.$!06I$?#!&!

5#2#4,3&3!H!"265#4!E,32#l,'#4!465.2G,0,&'.4!mz&$"!.?!&'/9!di)*n/!J'"#!4,1,'&2!#0622.!

.$!'#4!#?2#4!1&?.2,&'.4!0#156.4?#4!3.!'&62.'!.$!'#4!?&1&b#4!3.!j[!H!)fh!µ1/!

!

<&4!G,"62&4!f/d/&!H!f/d/@!16.4?2&$!'&4!1,02#"2&GC&4!3.'!2.4,36#!',"$#0.'6'=4,0#!3.!

@&1@F!m)fh!µ1n!H!3.'!1&?.2,&'!0#156.4?#!#@?.$,3#!?2&4!'&!,152."$&0,=$/!!

!

.AU@FD'O<H!T,02#"2&GC&!TLV!3.'!2.4,36#!3.!@&1@F!H!3.'!1&?.2,&'!0#156.4?#!!

!

&n!;.4,36#!4,$!1#3,G,0&2D!@n!1&?.2,&'!0#156.4?#!
!GDECFD>AXW;!<.=$!:#$%&'#!
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<&! c,"62&! f/d/&!16.4?2&! '&!1&?2,%! ',"$#0.'6'=4,0&! H! '&! 52.4.$0,&! 3.! G,@2&4! .$! .'!

2.4,36#!4,$!$,$"6$&!1#3,G,0&0,=$/!L$!06&$?#!&'!1&?.2,&'!0#156.4?#9!'&!1,02#"2&GC&!

16.4?2&!B6.!.$!.4?.!1&?.2,&'! '&4!NMy4!?,.$3.$!&!G#21&2!&F$!1I4!&"'#1.2&3#4!H!

0F16'#49!.$!'&!c,"62&!f/d/@!4.!#@4.2-&!B6.!.l,4?.$!0,.2?#4!4.0?#2.4!3.$?2#!3.!'&!

1&?2,%! ',"$#0.'6'=4,0&!3#$3.!4.!E&$!3.5#4,?&3#!1&H#2.4!0&$?,3&3.4!3.!NMy4/!<&!

c,"62&!f/d/@!16.4?2&!B6.!'&4!NMy4!4.!E&$!3.5#4,?&3#!.$!'&4!5&2?.4!1I4!5#2#4&4!.!

,22."6'&2.4!3.'!@&1@F!H!&!3,G.2.$0,&!3.'!'&62.'9!.$!.4?.!0&4#!4.!56.3.$!#@4.2-&2!

?#3&-C&!'&4!465.2G,0,.4!',4&4!3.!'&4!G,@2&4!3.!.4?.!1&?.2,&'!5#2!'#!B6.!'&!,152."$&0,=$!

$#!2.46'?#!?&$!6$,G#21.9!1#4?2&$3#!B6.!'&!3,4?2,@60,=$!3.!'#4!"265#4!G6$0,#$&'.4!H!

'&! 5#2#4,3&3! .$! '&! 465.2G,0,.! 3.'! @&1@F! $#! .4! 6$,G#21.D! '&! 52.4.$0,&! 3.! .4?&4!

&"'#1.2&0,#$.4! ?&1@,K$! 5#32C&! #0622,2! 5#2! .'! ?&1&b#! 3.! 5&2?C06'&! 3.! '&! 1&?2,%!

',"$#0.'6'=4,0&!m)fh!µ1n!'&!06&'!.4!1&H#2!&'!&$?.2,#2!0&4#9!.4?#!3.16.4?2&!B6.!'&!

6$,G#21,3&3! 3.! '&! ,152."$&0,=$! 4.2I!1&H#2! .$!1&?2,0.4! 0#$!1.$#2! ?&1&b#! 3.!

5&2?C06'&!mz&$"!.?!&'/9!di)*n/!Y.!56.3.!&52.0,&2!.'!1,41#!G.$=1.$#!5&2&!'#4!#?2#4!

1&?.2,&'.4!0#156.4?#4!3.!@&1@F!.$!'#4!?&1&b#4!3.!f[!H!j[!µ1/!

!

<&4!G,"62&4!f/*/&!H!f/*/@!16.4?2&$!'&4!1,02#"2&GC&4!3.'!2.4,36#!',"$#0.'6'=4,0#!3.!

1#2,$"&!mj[!µ1n!H!3.'!1&?.2,&'!0#156.4?#!#@?.$,3#!?2&4!'&!,152."$&0,=$/!!

!

.AU@FD'O<M!T,02#"2&GC&!TLV!3.'!2.4,36#!3.!1#2,$"&!H!3.'!1&?.2,&'!0#156.4?#!!

!
&n!;.4,36#!4,$!1#3,G,0&2D!@n!1&?.2,&'!0#156.4?#!
!GDECFD>AXW;!<.=$!:#$%&'#!
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<&!c,"62&!f/*/&!16.4?2&!B6.!.'!2.4,36#!3.!1#2,$"&!$#!.4!G,@2#4#!H!G#21&!5.B6.b#4!

0F16'#4/! P.456K4! 3.! '&! ,152."$&0,=$! 4.! '#"2&! &52.0,&2! '&! G#21&0,=$! 3.!

&"'#1.2&3#4!3.!1I4!3.!)[i!µ1! ! mc,"62&! f/*/@n9! '&4! 5&2?C06'&4! 3.! .4?.!1&?.2,&'!

?,.$3.$!&!6$,24.!.$?2.!4,9!0#4&!B6.!$#!#0622.!.$!'#4!1&?.2,&'.4!&$?.2,#2.4!m'&62.'!H!

@&1@Fn9!3.@,3#!&!.4?#!5#32C&!3.0,24.!B6.!'&!1#',.$3&!H!.'!?&1,%&A.!3.!.4?.!1&?.2,&'!

$#! ?6-,.2#$! 6$! .G.0?#! 4,"$,G,0&?,-#! H&! B6.! .'! 1&?.2,&'! 4.! &"265=! $6.-&1.$?.!

3.456K4!3.!.4?#4!52#0.4#4D!&!5.4&2!3.!.4?#9!0#1#!4.!56.3.!-.2!.$!'&!c,"62&!f/*/@9!

'&! ,152."$&0,=$! 3.! NM\R,>d! #0622,=! 3.! ,"6&'! 1&$.2&9! 4.! 56.3.! #@4.2-&2! 6$&!

465.2G,0,.! 26"#4&! B6.! 06@2.! &'! 2.4,36#! ',"$#0.'6'=4,0#/! Y,$! .1@&2"#9! .4?&!

&"'#1.2&0,=$!3.!1&?.2,&'!,$G'6,2I!$."&?,-&1.$?.!.$!'&!&34#20,=$!H&!B6.!4.2I!1I4!

3,GC0,'!B6.!'#4!0#$?&1,$&$?.4!.$?2.$!.$!0#$?&0?#!0#$!'#4!4,?,#4!&0?,-#4!3.'!&34#2@.$?.!

m8.&$!.?!&'/9!dii[n/!L4?.!1,41#!G.$=1.$#!4.!#@4.2-&!5&2&!'#4!1&?.2,&'.4!0#$!@&4.!

3.!1#2,$"&!.$!'#4!?&1&b#4!3.!f[!H!)fh!µ1/!

!

4.1.2.2 Espectroscopia Infrarroja por Transformada de Fourier (FTIR) 

J! 0#$?,$6&0,=$! 4.! 16.4?2&$! '#4! .45.0?2#"2&1&4! cR7;! 3.! '#4! 2.4,36#4!
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4.2 ' ENSAYOS DE ADSORCIÓN  
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4.2.3  DOSIS ÓPTIMA DE MATERIAL COMPUESTO  
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'#4! 0&4#49! 5#2! '#! B6.! '&! &34#20,=$!3.! ?2,0'#4I$!56.3.! 4.2! 0#$4,3.2&3#! 0#1#!6$!

52#0.4#! GC4,0#! H! &3.1I4! B6.! .4?.! 52#0.4#! .4! G&-#2&@'.! H&! B6.! 5&2&! ?#3#4! '#4!

1&?.2,&'.4! 0#156.4?#4! .'! -&'#2! 3.! .4?.! 0#.G,0,.$?.! .4!1&H#2! &! )! H!1.$#2! &! )i!

mR#E,3,!H!S&,9!di)gn/!

!
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'                                                     

CONCLUSIONES Y RECOMENDACIONES 

5.1 ' CONCLUSIONES 

!

•! Y.! '#"2=! &34#2@.2! 0&G.C$&! .! ,2"&4I$! m?2,0'#4I$n! 3.! 4#'60,#$.4! 4,$?K?,0&4!

6?,',%&$3#! 2.4,36#4! ',"$#0.'6'=4,0#4! 1#3,G,0&3#4! 0#$! $&$#5&2?C06'&4! 3.!

3,=l,3#!3.!?,?&$,#!mNM\R,>dn/!!

!

•! Y.!#@?6-#!6$!1&?.2,&'!0#156.4?#!3.! 2.4,36#4! ',"$#0.'6'=4,0#4!3.!@&1@F9!

'&62.'!H!1#2,$"&!.$! ?2.4!3,4?,$?#4! ?&1&b#4!3.!5&2?C06'&! mf[9!j[!H!)fh!µ1n!

1#3,G,0&3#4!0#$!mNM\R,>dn!1.3,&$?.!'&!?K0$,0&!3.!,152."$&0,=$!.$!EF1.3#!

0#$! 6$&! .G,0,.$0,&! 3.! E&4?&! hh9h! s! H! 563#! 4.2! 6?,',%&3#! 0#1#! 1&?.2,&'!

&34#2@.$?.!3.!0&G.C$&!H!?2,0'#4I$/!

!

•! <&! ,152."$&0,=$! 3.! mNM\R,>dn! 4#@2.! '&! 1&?2,%! ',"$#0.'6'=4,0&! G6.!

0#152#@&3&!1.3,&$?.!'&4!?K0$,0&4!TLV!!H!cR7;9!0#$!'&!1,02#40#5C&!4.!563#!

#@4.2-&2!3,2.0?&1.$?.!'&!&5&2,0,=$!3.!6$&!0&5&!3.!3,=l,3#!3.!?,?&$,#!4#@2.!

'#4!2.4,36#49!1,.$?2&4!B6.!.$!.'!0&4#!3.!'&!.45.0?2#40#5,&!4.!.-,3.$0,=!'&!

,152."$&0,=$! 5#2! '&! &5&2,0,=$! 3.! 6$! $6.-#! 5,0#! 3.! ?2&$41,?&$0,&! 0#$! 6$!

$F1.2#! 3.! #$3&! 3.! ]ii! 01\)9!.'! 06&'! 0#22.45#$3.! &! '&! -,@2&0,=$! 3.! '#4!

.$'&0.4!R,\>!H!R,\>\R,/!!

!

•! L'! ?,.15#! 3.! .B6,',@2,#! 3.! &34#20,=$! G6.! 3.! dfi! 1,$6?#4! 5&2&! &1@#4!

0#$?&1,$&?.4!H!'&4!3#4,4!=5?,1&4!3.!1&?.2,&'!&34#2@.$?.!G6.2#$!3.!j!"/<\)!

5&2&!'&!2.1#0,=$!3.!0&G.C$&!H!3.!i/j!"/<\)!5&2&!'&!2.1#0,=$!3.!?2,0'#4I$/!

!

•! J'! 4#1.?.2! .'! 52#0.4#! &! 2&3,&0,=$! aZ! 4.! '#"2=! 3,41,$62! 06&?2#! -.0.4! .'!

?,.15#! 3.! 0#$?&0?#! $.0.4&2,#! 5&2&! &'0&$%&2! '&! 1Il,1&! 2.1#0,=$! 3.!

0#$?&1,$&$?.4/!
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!

•! Y.!.$0#$?2=!6$&! 2.'&0,=$!3,2.0?&1.$?.!52#5#20,#$&'!.$?2.!.'!0#$?.$,3#!3.!

$&$#5&2?C06'&4! 3.! 3,=l,3#! 3.! ?,?&$,#! 3.! '#4! 1&?.2,&'.4! 0#156.4?#4! H! '&!

0&5&0,3&3!3.!2.1#0,=$!3.!0#$?&1,$&$?.4/!!

!

•! T.3,&$?.!'&!1#3.'&0,=$!3.!'&4!,4#?.21&4!3.!&34#20,=$9!4.!0#$0'6H.!B6.!'&!

&34#20,=$!3.!0&G.C$&!4.!5#32C&!&A64?&2!?&$?#!&'!1#3.'#!3.!<&"$16,2!0#1#!&'!

3.! c2.6$3',0E9! 1,.$?2&4! B6.! '&! &34#20,=$! 3.! ?2,0'#4I$! 4.! &A64?&! 1.A#2! &'!

1#3.'#!3.!c2.6$3',0E/!!

!

•! !<&4!0&5&0,3&3.4!1Il,1&4!3.!2.1#0,=$!3.!0&G.C$&!H!3.!?2,0'#4I$!G6.2#$!3.!

*j9ih!1"/"\)! H! 3.! [[9d]!1"/"\)! 2.45.0?,-&1.$?.! H! 4.! '#"2&2#$! 6?,',%&$3#!

1&?.2,&'.4!1#3,G,0&3#4!0#$!1&?2,%!',"$#0.'6'=4,0&!3.!'&62.'!0#$!6$!?&1&b#!

3.!5&2?C06'&!3.!f[!µ1/!

!

•! <&4!$&$#5&2?C06'&4!3.!3,=l,3#!3.!?,?&$,#!'#"2&2#$!6$&!0&5&0,3&3!3.!2.1#0,=$!

1Il,1&!3.!d)9[*!1"/"\)!.$!.'!0&4#!3.!'&!&34#20,=$!3.!0&G.C$&!H!3.!))9jd!

1"/"\)!5&2&!.'!?2,0'#4I$9!.4?#4!-&'#2.4!4#$!1.$#2.4!&!&B6.''#4!0#$4."6,3#4!

0#$!'#4!1&?.2,&'.4!0#156.4?#4!5#2!'#!B6.!4.!56.3.!0#$0'6,2!B6.!6$&!1&?2,%!

',"$#0.'6'=4,0&!1.A#2&!'&4!52#5,.3&3.4!3.!&34#20,=$!3.!.4?.!0#156.4?#/!

!

•! P.@,3#!&!'&4!&'?&4!.G,0,.$0,&4!3.!2.1#0,=$!mh]9h!s!H!hh9hh!sn9!&!'&!G&0,',3&3!

.$! '&! 4C$?.4,4! 3.'! 1&?.2,&'! 0#156.4?#9! &! '&! 4.$0,''.%! 3.'! ?2&?&1,.$?#! H! &'!

@.$.G,0,#!&1@,.$?&'!3.!6?,',%&2!3.4.0E#4!52#0.3.$?.4!3.!#?2&4! ,$36?2,&4!4.!

56.3.!0#$0'6,2!B6.! '&!&34#20,=$!3.!0&G.C$&!H! ?2,0'#4I$!6?,',%&$3#! 2.4,36#4!

',"$#0.'6'=4,0#4!1#3,G,0&3#4!0#$!NM\R,>d!.4!6$!?2&?&1,.$?#!-,&@'.!5&2&! '&!

2.1#0,=$! 3.! .4?#4! 0#$?&1,$&$?.4! 3.43.! 6$! 56$?#! 3.! -,4?&! &1@,.$?&'! H!

?K0$,0#/!

!

!

!
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5.2 ' RECOMENDACIONES 

!

•! Y.!3.@.2C&!2.&',%&2!'&!4C$?.4,4!3.!'&4!NM\R,>d!.$!.'!'&@#2&?#2,#!0#$!.'!G,$!3.!

0#22#@#2&2! '&! -,&@,',3&3!3.! '#4! 2.4,36#4! ',"$#0.'6'=4,0#4! 0#1#!1&?2,%! 5&2&!

.4?.!G,$!H!0&2&0?.2,%&2'&4!5&2&!0#15&2&2'&4!0#$!$&$#5&2?C06'&4!0#1.20,&'.4/ 

!

•! Y.!5#32C&!.-&'6&2!'&!,$G'6.$0,&!3.'!5o9!?.15.2&?62&!H!-.'#0,3&3!3.!&",?&0,=$!

.$!'&!&34#20,=$!3.!0&G.C$&!H!?2,0'#4I$!0#$!.'!G,$!3.!#@?.$.2!'&4!0#$3,0,#$.4!

,3.&'.4/ 

!

•! Y.2C&!&0#$4.A&@'.!52#@&2!.'!1&?.2,&'!0#156.4?#!.$!6$! '.0E#!G,'?2&$?.9!.4?#!

0#$!.'!G,$!3.!$#!?.$.2!'&!$.0.4,3&3!3.!2.&',%&2!G,'?2&3#4!3.!'&4!16.4?2&4!5&2&!

4.5&2&2!.'!1&?.2,&'!&34#2@.$?./ 

!

•! S#$! .'! G,$! 3.! 1.A#2&2! '&4! 52#5,.3&3.4! &34#2@.$?.4! 3.! '#4! 2.4,36#4!

',"$#0.'6'=4,0#49!K4?#4!3.@.2C&$!4.2!4#1.?,3#4!&!6$!52#0.4#!3.!.l?2&00,=$!

0#$! .?&$#'\?#'6.$#! 0#1#! 5&2?.! 3.! 46! &0#$3,0,#$&1,.$?#! 52.-,#9! .4?#!

.',1,$&2C&!464?&$0,&4!B6.!5#32C&$!,$?.2G.2,2!.$!'&!&34#20,=$/!!

!

•! S6&$?,G,0&2! '&! 0#$0.$?2&0,=$! 3.! 0&G.C$&! H! ?2,0'#4I$! 5#2! #?2&4! ?K0$,0&4!

&$&'C?,0&49!H&!B6.! '&!1.3,0,=$!3.!&@4#2@&$0,&!6?,',%&3&!.$!.4?.!.4?63,#!.4!

16H! 4640.5?,@'.! &! 4.2! &'?.2&3&! 5#2! 06&'B6,.2! 464?&$0,&! B6.! 56.3.!

3.45.$32.4.!3.'!1&?.2,&'!&34#2@.$?.!H!.4?#!56.3.!52#-#0&2!.22#2.4!.$!'&4!

1.3,0,#$.4/ 

!

•! M&2&!&15',&2!.4?&!,$-.4?,"&0,=$!4.!3.@.2C&!2.&',%&2!.'!&$I',4,4!3.!G&0?,@,',3&3!

.0#$=1,0&!H!0#15&2&2!'#4!2.46'?&3#4!0#$!?2&?&1,.$?#4!0#$-.$0,#$&'.4!0#1#!

&34#20,=$!.$!0&2@=$!&0?,-&3#/!!  
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2*1*.,/-0',Y61'80'30-)10/*'03+10,/8*'1,'5)*3,7,'80'1,':*.)/9,'!)-.*2)=*1),'

(;f;'?6)@0.,B'STPQU;'

'

!,/*7,B'V;B':*.,107B'O;B'#*8.)960YB' %;B'#65)B'j;B'!01,B'#;B' X'>*30YB':;' PQRRnU;'

d&e6,-)2' 809.,8,-)*/' *=' -.)21*7,/' ,/8' =*.3,-)*/' *=' -*^)2' 2W1*.*+W0/*17' )/'

+.070/20'*='1*Z'2*/20/-.,-)*/7'*='=.00'2W1*.)/0f;'&/,1X-)2,1',/8'5)*,/,1X-)2,1'

2W03)7-.XB'TgTPaNgUB'SSS_NSSQ`;'



! j]!

'

!,*B'>;'?;B'!W0/B'I;'(;B'X'O*/9B'?;'K;'PQRRgU;'d&/,1X7)7'*='-W0'+W*-*809.,8,-)*/'

+.*862-7' *=' -.)21*7,/' ,/8' -W0' 7,=0-X' 7-68X' *=' .01,-08' 8,)1XN6708' 2W03)2,1'

+.*862-7f'tKu;'!W)/070'K*6./,1'*='&/,1X7)7'(,5*.,-*.XB'gB'RSg;'

'

!1,.mB' (;' >;B' (*/8*v*B' w;B' X' #6)YNO,/2W0YB' j;' PQRSnU;' d4,35**' -,^*/*3X' ,/8'

WJ5)-,-f;'%/'4,35**'P++;'SNTRU;'O+.)/90.'%/-0./,-)*/,1'V651)7W)/9;'

'

!**9,/B':;'&;B'j8Y)X)0B'#;'j;B'(,'V*)/-B'[;'q;B' X'D0/,5107B'4;' K;' PQRRaU;' d&19,1'

5)*,226361,-)*/' *=' -.)21*2,.5,/B' -.)21*7,/B' ,/8'30-WX1N-.)21*7,/' )/' ,'E*.-W'

[0^,7'Z,7-0Z,-0.'-.0,-30/-'+1,/-'.020)@)/9'7-.0,3f;'!W03*7+W0.0B'`aPSRUB'

S_SSNS_Sg;'

'

!.)/)B' >;B' X' 4,8*-B' V;' :;' PQRRgU;' d&++1)2,-)*/' *=' 2W)-*7,/B' ,' /,-6.,1'

,3)/*+*1X7,22W,.)80B'=*.'8X0'.03*@,1'=.*3',e60*67'7*16-)*/7'5X',87*.+-)*/'

+.*207707' 67)/9' 5,-2W' 7-68)07\' ,' .0@)0Z'*=' .020/-' 1)-0.,-6.,f;'V.*9.077' )/'

+*1X30.'72)0/20B'TTPcUB'T__Ncca;'

'

!W,10ZB'[;'j;B' X's,180/B'#;'l;' PQRR_U;' dj/@).*/30/-,1' 0^+*76.0'*=' ,e6,-)2' ,/8'

-0..07-.),1' 5)*-,' -*' -.)21*7,/' ,/8' -.)21*2,.5,/f;' K&q#&' K*6./,1' *=' -W0'

&30.)2,/'q,-0.'#07*6.207'&77*2),-)*/B'cnPSUB'cNST;'

'

!W0/B'w;B'#)2W,.8B'K;B'()6B'x;B'$*++B'j;B'[60.mB'K;B'X'407-0.B'];'PQRSQU;'d"Y*/,-)*/'

+.*862-7'*=' -.)21*7,/' )/',8@,/208'Z,7-0Z,-0.' -.0,-30/-f;'q,-0.' .070,.2WB'

c`PaUB'QQcaNQQn`;'

'

!W06/9B'&;'q;B'!W,/B'!;'(;B'(,6B'];'O;B'&110/B'O;'K;B'L':2],XB'>;'PQRSaU;'dV.*862-)*/'

*=' W)9W' 76.=,20' ,.0,N,2-)@,-08' 2,.5*/7' =.*3' Z,7-0' 5,35**' 72,==*18)/9f;'

s]%j'[.,/7,2-)*/7B'QcPTUB'STTNScR;'

'



! jh!

!W)16)Y,B'!;'%;B'L's0./J/80YB'K;'V;'PQRR_U;'j1,5*.,2)i/'80'+,+01',.-07,/,1'80'2,v,'

96,86,' P>6,86,' ,/967-)=*1),' ]U;' j72601,' V*1)-o2/)2,' E,2)*/,1;' C,261-,8' 80'

%/90/)0.),'?6<3)2,'X'&9.*)/867-.),;'j26,8*.;'

'

$,'O)1@,B'&;'];B'&3,8*.B'K;B'!W0.2W)B'!;B':)110.B'O;':;B':*.70B'&;'E;B'V01109.)/B':;'(;B'

X' q0117B' :;' K;' PQRSTU;' dj30.9)/9' +*116-,/-7b+,.-' %\' *226..0/20B' =,-0' ,/8'

-.,/7+*.-f;'q,-0.'j/@).*/30/-'#070,.2WB'gnPSRUB'S_agNQRQS;'

'

$,7B'O;' PQRScU;' d!W,.,2-0.)Y,-)*/'*=',2-)@,-08'2,.5*/'*='2*2*/6-'7W011B' .)20'W67m'

,/8'],.,/G,'*)1'2,m0f'P$*2-*.,1'8)770.-,-)*/U;'

'

$J@)1,B'K;'(;B'>,10,7B'O;B'>60..0.*B'D;'s;B'V*/-i/B'V;B'#*7,7B'E;':;B'O*-*3,X*.B'D;B'

X' D,18)@)07*B' !;' PQRSSU;' dE60@*7'3,-0.),107\' ,+1)2,2)*/07' 07-.62-6.,107' 0'

)/867-.),107f;'V.)30.,'j8)2)i/B'?6)-*B'j26,8*.;'''

'

$0'>)7)B'O;B'(*=.,/*B'>;B'>.,77)B':;'X'E*-,./)2*1,B':;'PQRS`U;'d!W,.,2-0.)7-)27',/8'

,87*.+-)*/' 2,+,2)-)07' *=' 1*ZN2*7-' 7*.50/-7' =*.' Z,7-0Z,-0.' -.0,-30/-\' &'

.0@)0Zf;'O67-,)/,510':,-0.),17',/8'[02W/*1*9)07B'_B'SRNcR;'

'

j1NO,X08B'&;'&;B'O,1,3,B':;B'j1N#,=)0B':;'s;B'X'j3,3B's;'j;'PQRSaU;'d:*8)=)08'#)20'

O-.,Z',7','[03+1,-0')/'OX/-W0707'*='E,/*'[)"Q'(*,808'*/'q**1'C)50.7'=*.'

q,7-0Z,-0.'[.0,-30/-f;'K*6./,1'*='E,-6.,1'C)50.7B'ScPQUB'Q_aNTR_;'

'

j7-0@07B'4;B'!.6YN(*+07B'(;B'C)960).)/W,B'&;B'80'(03*7B'(;'[;B'C0..0).,B'K;B'V0.0).,B'

s;' X' $*3)/9*7B' %;' PQRSaU;' ds0,-N-.0,-08' Z**8' ,7' 2W.*3)63' ,87*.+-)*/'

3,-0.),1f;'j6.*+0,/'K*6./,1'*='q**8',/8'q**8'V.*862-7B'SNa;'

'

C*670m)B':;':;B'$,3),/,m*7B's;B'],.)m,7B'>;'&;B'#*677,m)7B'!;B'>6+-,B':;'V;B'X'

!W)/*6B' %;' PQRS`U;' d!W03)2,1' 2*/7-)-60/-7' =.*3' !*.8),' ,11)*8*.,' ,/8' !;'

2*11*22*2,'P4*.,9)/,20,0U',/8'-W0).'5)*1*9)2,1',2-)@)-)07f;'C)-*-0.,+),B'SSnB'_N

Sc;'

'



! ]i!

O*10.B' >;' PQRR_U;' dE,/*-02/*1*9<,\' 01' 807,=<*' 801' 7)91*' ww%f;' 460/*7' &).07B'

&.90/-)/,\'j6805,;'

'

>,88B' >;' :;' PQRR_U;' d4)*7*.+-)*/\' 2.)-)2,1' .0@)0Z' *=' 72)0/-)=)2' .,-)*/,10B'

0/@).*/30/-,1')3+*.-,/20',/8'7)9/)=)2,/20'=*.'+*116-)*/'-.0,-30/-f;'K*6./,1'

*='!W03)2,1'[02W/*1*9X',/8'4)*-02W/*1*9XB'gcPSUB'STNQg;'

'

>60.=,1)B':;B'&X,8)B'%;B'401W,770/B'&;B'>,.9*6.)B'&;B'X'4019W)-WB's;'PQRSgU;'dO)/910'

2011' *)1' +.*862-)*/'5X'[.)2W*7+*.*/' 26-,/063',/8' 1)9/*201161*7)2' .07)8607'

5)*2*/@0.7)*/' =*.'5)*8)0701' 7X/-W07)7f;'V.*2077'O,=0-X',/8'j/@).*/30/-,1'

V.*-02-)*/B'SSTB'Q_QNTRc;'

'

%5W,8*/B' &;' ";B' X' C)-Y+,-.)2mB' V;' PQRSTU;' ds0-0.*90/0*67' +W*-*2,-,1X7)7\' .020/-'

,8@,/207',/8',++1)2,-)*/7f;'!,-,1X7-7B'TPSUB'Sg_NQSg;'

'

%/-0./,-)*/,1' [.,80'&83)/)7-.,-)*/'"==)20' *='s0,1-W' ,/8'!*/7630.'>**87' P%[&U;'

PQRSRU;' VW,.3,206-)2,1' %/867-.X' V.*=)10;' [.,80;'

W--+\rr)-,;8*2;9*@r-8rW0,1-WrVW,.3,206-)2,1%/867-.XV.*=)10QRSR;+8='

'

K),/9B'];'K;B'])-,36.,B'[;B'q,8,B'x;'X'x,/,9)8,B'O;'PQRRTU;'dV*.0'7)Y0'8)7-.)56-)*/'

,/8'+*.*7)-)07'*=' /,/*N[)"Q' =)137'3,80'5X'67)/9' 201161*7)2' -W)2m0/0.',/8'

-W0).')/=160/20'*/'+0.=*.3,/20'*='8X0N70/7)-)Y08'7*1,.'20117f;'46110-)/'*='-W0'

!W03)2,1'O*2)0-X'*='K,+,/B'a`PSQUB'QcSnNQcSg;'

'

],//,B':;B'q*/9/,Z,B'O;B'468800B'O;B'$)1*mmW6/,m61B'];'X'V)/+)-W,mB'V;'PQRSRU;'

&3*.+W*67'-)-,/)63'8)*^)80\','.02X21,510'8X0'.03*@0.'=*.'Z,-0.'-.0,-30/-;'

K*6./,1'*='7*1N901'72)0/20',/8'-02W/*1*9XB'nTPQUB'S`QNSaR;'

'

],-7)9),//)7B'&;B'E*6-7*+*61*7B'!;B':,/-Y),.,7B'K;B'X'>)*18,7)B':;'PQRSnU;'d#03*@,1'

*=' 030.9)/9' +*116-,/-7' -W.*69W' 9.,/61,.' ,2-)@,-08' 2,.5i/f;' !W03)2,1'

j/9)/00.)/9'K*6./,1B'QgRB'c_Nna;'

'



! ])!

],6.B' s;B' 4,/7)Z,1B' &;B' s)++,.9)B' >;' X' V*+W,1)B' >;' #;' PQRSaU;' dj==02-' *='

WX8.*+W*5)2)-X'*='+W,.3,206-)2,17',/8'+0.7*/,1'2,.0'+.*862-7'=*.',87*.+-)*/'

*/' ,2-)@,-08' 2,.5*/\' &87*.+-)*/' )7*-W0.37B' m)/0-)27' ,/8' 302W,/)73f;'

j/@).*/30/-,1'O2)0/20',/8'V*116-)*/'#070,.2WB'SNST;'

'

]W,/B' &;' O;B' :,/B' I;B' 467-,3B' :;' &;B' E,7.611,WB' &;B' l11,WB' I;B' O,.Z*/*B' &;' X'

:6W,33,8B'E;' PQRSgU;' dj==)2)0/-' 2*/@0.7)*/' *=' 1)9/*201161*7)2' 5)*3,77' -*'

10@61)/)2',2)8'67)/9',2)8)2')*/)2'1)e6)87f;'!,.5*WX8.,-0'+*1X30.7B'SgSB'QRgN

QSc;'

'

].07/,8)+,X,/,B'$;B'q,WX6/)B'j;'[;'X'O,/-*7,B'O;'K;'PQRSaB'K,/6,.XU;'V.0+,.,-)*/'

*='[)"Q'+W*-*2,-,1X7-'Z)-W'-W0'3,-.)^'*='+,13'Z**8'P&.0/9,'+)//,-,U'Z,7-0'

)/' -W0' +W*-*809.,8,-)*/' *=' 5,-)m' Z,7-0Z,-0.;' %/' K*6./,1' *=' VWX7)27\'

!*/=0.0/20'O0.)07'PD*1;'a_nB'E*;'SB'+;'RSQR`cU;'%"V'V651)7W)/9;'

'

].)7W/,/)B'];'];B':0/9B'w;B'!W.)7-*8*61,-*7B'!;'X'4*886B'D;':;'PQRRgU;'4)*7*.+-)*/'

302W,/)73' *=' /)/0' 8)==0.0/-' W0,@X'30-,17' */-*' 5)*3,-.)^' =.*3' .)20' W67m;'

K*6./,1'*='s,Y,.8*67':,-0.),17B'SnTPTUB'SQQQNSQTc;'

'

]63,.B'];'O;B'V.)X,B'O;':;B'V02mB'&;':;B'X'O,GZ,/B'];'O;'PQRSRU;'d:,77'1*,8)/97'*='

-.)21*7,/' ,/8' -.)21*2,.5*/' =.*3' =*6.' Z,7-0Z,-0.' -.0,-30/-' +1,/-7' -*' -W.00'

.)@0.7',/8' 1,/8=)11' )/'O,@,//,WB'>0*.9),B'lO&f;'&.2W)@07'*='0/@).*/30/-,1'

2*/-,3)/,-)*/',/8'-*^)2*1*9XB'ngPQUB'QanNQgn;'

'

(,Z.0/20B'K;'#;B'IW6B'4;B'OZ0.W*/0B'>;'$;B'#*XB'K;B'[6350.B'D;B'q,)70.B':;'K;B'X'

]*.50.B'$;'#;'PQRSQU;'d:*10261,.',/8'3)2.*72*+)2',7707730/-'*='-W0'0==02-7'

*='2,==0)/0B',20-,3)/*+W0/B'8)21*=0/,2B',/8' -W0).'3)^-6.07'*/' .)@0.'5)*=)13'

2*336/)-)07f;'j/@).*/30/-,1'-*^)2*1*9X',/8'2W03)7-.XB'TSPTUB'nRgNnSa;'

'

(00B'x;B'>0..)-XB'$;B'(00B':;B'4*90,-B'&;'j;B'O,1W)B'j;B'>,3,90B'O;'X'D*/'>6/-0/B'l;'

PQRSTU;'V.08)2-)*/'*='3)2.*+*116-,/-'01)3)/,-)*/'86.)/9'*Y*/,-)*/'*='36/)2)+,1'



! ]d!

Z,7-0Z,-0.' 0==160/-7\' 670' *=' m)/0-)2' ,/8' Z,-0.' 7+02)=)2' )/=*.3,-)*/;'

j/@).*/30/-,1'72)0/20'L'-02W/*1*9XB'caPSSUB'ngaQNnggS;'

'

(0)m0.B'[;'K;B'&5/0XB'O;'#;B'>**85.08B'O;'(;B'X'#*70/B':;'#;'PQRR_U;'d%80/-)=)2,-)*/'

*=' 30-WX1' -.)21*7,/' ,/8' W,1*90/,-08' ,/,1*9607' )/' 3,10' 2*33*/' 2,.+'

P!X+.)/67' 2,.+)*U' =.*3' (,7' D09,7' 4,X' ,/8' 703)+0.30,510' 3035.,/0'

80@)207'=.*3'(,7'D09,7'q,7WB'E0@,8,f;'O2)0/20'*='-W0'-*-,1'0/@).*/30/-B'

cRaP`UB'QSRQNQSSc;'

'

()B'w;' PQRRcU;' dVWX7)2,1B'2W03)2,1B',/8'302W,/)2,1'+.*+0.-)07'*='5,35**',/8' )-7'

6-)1)Y,-)*/' +*-0/-),1' =*.' =)50.5*,.8' 3,/6=,2-6.)/9f;' l/)@0.7)8,8' j7-,-,1' 80'

(6)7),/,B'(6)7),/,B'jjll;'

'

()6B' s;B' !,*B' w;B' ()6B' >;B' q,/9B' x;B' IW,/9B' E;B' ()B' [;B' L' [*69WB' #;' PQRSTU;'

VW*-*0102-.*2,-,1X-)2'809.,8,-)*/'*='-.)21*7,/'*/'[)"Q'/,/*-650',..,X7',/8'

-*^)2)-X'2W,/90;'!W03*7+W0.0B'_TPSUB'S`RNS`n;'

'

(6*B' x;' 4;B' q,/9B' w;' (;B' w6B' $;' x;B' X' q,/9B' x;' I;' PQRR_U;' dV.0+,.,-)*/' ,/8'

2W,.,2-0.)Y,-)*/' *=' +*1X' P1,2-)2' ,2)8UN9.,=-08' [)"' Q' /,/*+,.-)2107' Z)-W'

)3+.*@08'8)7+0.7)*/7f;'&++1)08'O6.=,20'O2)0/20B'QnnPSnUB'`a_nN`gRS;'

'

(6*B'x;B'>6*B'q;B'E9*B's;'s;B'E9W)03B'(;'$;B's,)B'C;'%;B'IW,/9B'K;B'X'q,/9B'w;'!;'

PQRScU;' d&' .0@)0Z' */' -W0' *226..0/20' *=' 3)2.*+*116-,/-7' )/' -W0' ,e6,-)2'

0/@).*/30/-' ,/8' -W0).' =,-0' ,/8' .03*@,1' 86.)/9' Z,7-0Z,-0.' -.0,-30/-f;'

O2)0/20'*='-W0'[*-,1'j/@).*/30/-B'caTB'`S_N`cS;'

'

:,/*1)B'];B'E,mW1,B'>;B'C0/9B':;B'OW,.3,B'D;'];B'X'#,XB'&;'];'PQRSaU;'dO)1)2,'901N

0/W,/208' *^)8,-)*/' *=' 2,==0)/0' 5X' =0..,-0' PD%f;' !W03)2,1' j/9)/00.)/9'

K*6./,1;'

'

:,.e607B'#;'#;B'O,3+,)*B':;'K;B'!,..,+)y*B'V;':;B'O)1@,B'!;'>;B':*.,107N[*..07B'O;B'

$.,z)AB'>;B' X' O)1@,B' &;':;' PQRSTU;' dVW*-*2,-,1X-)2' 809.,8,-)*/' *=' 2,==0)/0\'



! ]*!

$0@01*+)/9' 7*16-)*/7' =*.' 030.9)/9' +*116-,/-7f;' !,-,1X7)7' -*8,XB' QR_B' SRgN

SSn;'

'

:,.-</0YB'O;B':*.,107N:0G<,B'K;'!;B's0./J/80YB'V;'V;B'O,/-),9*B'(;B'L'&13,/Y,B'#;'

PQRScU;'O*1,.'+W*-*2,-,1X-)2'*^)8,-)*/'*='[.)21*7,/'Z)-W'[)"Q')33*5)1)Y08'*/'

@*12,/)2'+*.*67'7-*/07'*/','!V!'+)1*-'72,10'.0,2-*.;'j/0.9X'V.*208),B'naB'

TRScNTRQR;'

'

:08)/,B'j;'!;B's)/*G*7B'&;':;'>;B'L'#*8.<960YB'&;'D;'PQRSSU;'j7-68)*'80'1,'.03*2)i/'

801' 2*1*.,/-0' ,Y61' 80' 30-)10/*' 03+10,/8*' 1,' 5)*3,7,' 80' 1,' :*.)/8,'

2)-.*2)=*1),'1;'l/)@0.7)8,8'&6-i/*3,'801'j7-,8*'80':o^)2*;'[*162,B':o^)2*;'

'

:0/09W01B'&;'V;B'>*/y,1@07B'&;'!;B'[,.10XB'!;'#;'[;B'O-,/9,.1)/B'K;'#;B'#65)*B'C;B'X'

E,2m0B' s;' PQRScU;' dO-68)07' *=' V5Q{' ,87*.+-)*/' 5X':*.)/9,' *10)=0.,' (,3;'

70087' =.*3' ,/' ,e60*67'308)63' )/' ,' 5,-2W' 7X7-03f;'q,-0.' O2)0/20' ,/8'

[02W/*1*9XB'`_PSUB'S`TNS`_;'

'

:).,1107N!60@,7B' O;B' $,.*Z/,B' $;B'q,/,9B' &;B':*Y),B' O;B':,1,-*B' O;B' X' "110.B' %;'

PQRSaU;'d!*3+,.)7*/'*='lDrs'Q'"'QB'lDrO'Q'"'g'Q|B'7*1,.rC0'P%%Urs'Q'"'Q',/8'

7*1,.rC0' P%%UrO' Q' "' g' Q|' ,-' +)1*-' +1,/-' 72,10' =*.' -W0' 01)3)/,-)*/' *=' 3)2.*N

2*/-,3)/,/-7' )/' /,-6.,1' Z,-0.\' &/' 02*/*3)2' ,7707730/-f;' !W03)2,1'

j/9)/00.)/9'K*6./,1B'TSRB'nScNnQc;'

'

:*/-,v*B's;'C;'PQRScU;'dV.*8622)i/'80'5)*0-,/*1','+,.-).'80'3,-0.),1'1)9/*20161i7)2*'

80' 3*.)/9,' *10<=0.,f;' $*2-*.,1' 8)770.-,-)*/B' l/)@0.7)8,8' E,2)*/,1' 80'

!*1*35),;'

'

:*/-,70.)B's;B'X'C*.507B'V;'4;'PQRS`U;'d&'.0@)0Z'*='3*/)-*.)/9'30-W*87'=*.'-.)21*7,/'

,/8' )-7' *226..0/20' )/' ,e6,-)2' 0/@).*/30/-7f;' [.&!' [.0/87' )/' &/,1X-)2,1'

!W03)7-.XB'gnB'QQSNQTS;'

'



! ]f!

:**.0B':;'[;B'>.00/Z,XB'O;'(;B'C,..)7B'K;'(;B'X'>60..,B'4;'PQRRgU;'d&77077)/9'2,==0)/0'

,7' ,/' 030.9)/9' 0/@).*/30/-,1' 2*/20./' 67)/9' 2*/@0/-)*/,1' ,++.*,2W07f;'

&.2W)@07'*='0/@).*/30/-,1'2*/-,3)/,-)*/',/8'-*^)2*1*9XB'ncPSUB'TSNTn;'

'

:*.*B'[;'#;B's0/.)e60B'C;'#;B':,162011)B'(;'!;B'80'"1)@0).,B'!;':;'#;B'8,'O)1@,'!,.@,1W*'

C)1W*B':;'&;B'X'80'D,72*/201*7B'j;'!;'PQRSaU;'d&87*.+-)*/'*='+W,.3,206-)2,17'

)/'Z,-0.' -W.*69W' 1)9/*201161*7)2' =)50.7'7X/0.9)73f;'!W03*7+W0.0B'SaSB'naN

`n;'

'

:6v*YB'K;B'!010.)/*B':;B'#0X07B'];B'>i30YB'#;B'[*..07B':;'PQRSSU;'d$0-0.3)/,2)i/'

X' 26,/-)=)2,2)i/' 80' J2)8*' ,20-)1' 7,1)2<1)2*' X' 2,=0</,' 0/' -,510-,7' 80'

}2,=),7+).)/,~' 80' 5,X0.' +*.' 07+02-.*7=*-*30-.<,' 0/' 1,' .09)i/' 61-.,@)*10-,f;'

w*2W)3)12*B':o^)2*;'

'

:6.,7W*@B'D;B'X's*Z,.8B'K;'Pj87;U;'PQRSSU;'dE,/*-02W/*1*9X'7-,/8,.87f;'j7-,8*7'

l/)8*7\'O+.)/90.'O2)0/20'L'467)/077':08),;'

'

E,770=B':;B':,-763*-*B'O;B'O0m)B':;B']W,1)1B'C;B'],/9B'%;'K;B'OW)3,7,m)B'x;B'X's*/G*B'

[;' PQRSRU;' d&26-0' 0==02-7' *=' -.)21*7,/B' 8)21*=0/,2' ,/8' 2,.5,3,Y0+)/0' */'

=008)/9' +0.=*.3,/20' *=' K,+,/070' 308,m,' =)7W' P".XY),7' 1,-)+07Uf;'

!W03*7+W0.0B'gRP_UB'SR_nNSSRR;'

'

E,Z.*-B'V;B' K*.8,/B'O;B'j,7-Z**8B' K;B'#*-7-0)/B' K;B's690/W*1-YB'&;B' X'C0010XB':;'

PQRRTU;' dj==02-7' *=' 2,==0)/0' */' W63,/' W0,1-Wf;' C**8' &88)-)@07' L'

!*/-,3)/,/-7B'QRPSUB'SNTR;'

'

E0-W,G)B'O;B'O)@,7,3XB'&;B']63,.B'#;'D;B'X':,/8,1B'&;'4;'PQRSTU;'V.0+,.,-)*/'*='2W,.'

=.*3' 1*-67' 7008' 5)*3,77' ,/8' -W0' 0^+1*.,-)*/' *=' )-7' 8X0' .03*@,1' 2,+,2)-X'

-W.*69W'5,-2W',/8'2*163/',87*.+-)*/'7-68)07;'j/@).*/30/-,1'O2)0/20',/8'

V*116-)*/'#070,.2WB'QRP`UB'T`aRNT`ag;'

'
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E%!E&O;' PQRR_U;' dV.)*.)-X'0^)7-)/9'2W03)2,1',7707730/-' .0+*.-'/*;'TRf;'E,-)*/,1'

%/867-.),1'!W03)2,17'E*-)=)2,-)*/',/8'&7707730/-'O2W030B'$0+,.-30/-'*='

s0,1-W',/8'&90)/9B'&67-.,1),/'>*@0./30/-B'OX8/0XB'&67-.,1),;'

'

".9,/)Y,-)*/'=*.'j2*/*3)2'!*N*+0.,-)*/',/8'$0@01*+30/-'b'"j!$'PQRSRU;'d[07-'

E*;' cga\' %/' D)-.*':,33,1),/'!011':)2.*/621067' [07-f;'"j!$'V651)7W)/9B'

V,.)7;''

'

VW*1*7)B'&;B'"=*3,G,B'&;'jB'X'E,)8**B'j;'4;'PQRSTU;'dj==02-'*='2W03)2,1'0^-.,2-,/-7'

*/' -W0' 5)*7*.+-)@0' +.*+0.-)07' *=' +)/0' 2*/0' +*Z80.\' )/=160/20' */' 10,8' P%%U'

.03*@,1'302W,/)73f;'K*6./,1'*='O,68)'!W03)2,1'O*2)0-XB'SaPSUB'aaNg`;'

'

V).07B'&;B'&130)8,B'�;B'!,1)7-*B'D;B'O2W/0)80.B'#;'K;B'j7-0@07B'D;'%;B'q.*/,B'C;'K;B'X'

C.0)-,7B' #;' PQRS`U;' d(*/9N-0.3' 0^+*76.0' *=' +*1X2W,0-07' -*' 2,==0)/0\'

4)*2W03)2,1' ,1-0.,-)*/7' )/86208' )/' $)*+,-.,' /0,+*1)-,/,' ,/8' &.0/)2*1,'

3,.)/,f;'j/@).*/30/-,1'V*116-)*/B'QScB'cn`Nc`T;'

'

V*7*3B' K;B' X' O).)7*35**/B' V;' PQRSaU;' dj@,16,-)*/' *=' -W0' W)9W0.' W0,-)/9' @,160B'

@*1,-)10'3,--0.B'=)^08'2,.5*/',/8',7W'2*/-0/-'*='9.*6/8'5,35**'67)/9'/0,.'

)/=.,.08'7+02-.*72*+Xf;'K*6./,1'*='E0,.'%/=.,.08'O+02-.*72*+XB'QnPnUB'TRSN

TSR;'

'

?),*B'O;'I;B'()6B'K;B'X'(6B'>;'?;':;'PQRSSU;'dOX/-W0-)2'2W03)7-.X'*='/,/*3,-0.),17f;''

:*80./'%/*.9,/)2'OX/-W0-)2'!W03)7-.X'P++;'ca_NnR`U;'

'

#,3)3*9W,8,3B' $;B' 4,9W0.)B' O;B' L' &58' s,3)8B' O;' 4;' PQRScU;' 4)*-03+1,-08'

7X/-W07)7'*=',/,-,70'-)-,/)63'8)*^)80'/,/*+,.-)2107'@),'1)9/*201161*7)2'Z,7-0'

3,-0.),1;'4)*:08'.070,.2W')/-0./,-)*/,1B'QRSc;'

'

#,*B'K;B'4,*B'(;B'q,/9B'4;B'C,/B':;'X'C0*B'(;'PQRSgU;'dV1,73,'76.=,20'3*8)=)2,-)*/'

,/8' 5*/8)/9' 0/W,/2030/-' =*.' 5,35**' 2*3+*7)-07f;' !*3+*7)-07' V,.-' 4\'

j/9)/00.)/9B'STgB'SnaNS`a;'



! ]g!

'

#,6-B'O;'&;B'X'&/967B'#;'&;'PQRSRU;'d[.)21*7,/'W,7'0/8*2.)/0E8)7.6+-)/9'0==02-7')/'

3,10' Z07-0./' 3*7e6)-*=)7WB' >,3567),' ,==)/)7f;' j/@).*/30/-,1' [*^)2*1*9X'

,/8'!W03)7-.XB'Q_P`UB'SQgaNSQ_S;'

'

O,5</B'!;'&;'PQRScU;'dj7-68)*'80'1,7'+*7)5107'Y*/,7'80')/-.*8622)i/'80'1,':*.)/9,'

*10<=0.,'(,3;'0/'1,'V0/</761,'%5o.)2,B'%71,7'4,10,.07'0'%71,7'!,/,.),7f;'lV:B'

:,8.)8B'j7+,v,;'

'

O!!O' PQRSRU;' d"+)/)*/' */' -.)21*7,/' b' ,/-)3)2.*5),1' .07)7-,/20f;' O2)0/-)=)2'

!*33)--00'*/'!*/7630.'O,=0-X;'+;'SNn`;'

'

OW,.)+*@,B'&;'&;B'&)8,.*@,B'O;'4;B'40m-6.9,/*@,B'E;'j;B'[106*@,B'&;B'O2W0/80.10)/B'

:;B'(X9)/,B'";B'(X652W)mB'O;B'X':)110.B'#;'PQRS`U;'d[.)21*7,/',7'3*801'7X7-03'

=*.'-W0',87*.+-)*/'*/'.02X2108',87*.50/-'3,-0.),17f;'!*11*)87',/8'O6.=,207'

&\'VWX7)2*2W03)2,1',/8'j/9)/00.)/9'&7+02-7B'nRnB'S_TNS_`;'

'

OW6m1,B'&;B'IW,/9B'x;'s;B'$650XB'V;B':,.9.,@0B'K;'(;B'X'OW6m1,B'O;'O;'PQRRQU;'d[W0'

.*10'*='7,Z867-')/'-W0'.03*@,1'*='6/Z,/-08'3,-0.),17'=.*3'ZJ-0.f;'K*6./,1'*='

s,Y,.8*67':,-0.),17B'_nPSUB'STaNSnQ;'

'

Om**9B'$;B's*110.B' C;B' X'E)03,/B'[;' PQRRSU' dV.)/2)+)*7'80'&/J1)7)7' %/7-.630/-,1f;'

:,8.)8B'j7+,v,\':2>.,ZNs)11;'

'

O.)+.,/9B'V;B'q*/9/,Z,B'O;'X'O).)2W*-0B'";'PQRScU;'&3*.+W*67'-)-,/)63'8)*^)80',7'

,/',87*.50/-'=*.'8X0'+*116-08'Z,-0.',/8')-7'.02X21,5)1)-X;'K*6./,1'*='7*1N901'

72)0/20',/8'-02W/*1*9XB'aSPSUB'g`N_n;'

'

O6J.0YB'O;B'!,.5,11,B':;B'"3)1B'C;B'X'(03,B'K;':;'PQRRgU;'ds*Z',.0'+W,.3,206-)2,1'

,/8'+0.7*/,1'2,.0'+.*862-7' PVV!V7U' .03*@08' =.*3'6.5,/'Z,7-0Z,-0.7�f;'

#0@)0Z7')/'j/@).*/30/-,1'O2)0/20',/8'4)*r[02W/*1*9XB'aPQUB'SQnNSTg;'

'
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O6)B'?;B's6,/9B'K;B'$0/9B'O;B'x6B'>;B'L'C,/B'?;'PQRSRU;'d"226..0/20',/8'.03*@,1'*='

+W,.3,206-)2,17B' 2,==0)/0' ,/8' $jj[' )/' Z,7-0Z,-0.' -.0,-30/-' +1,/-7' *='

40)G)/9B'!W)/,f;'q,-0.'.070,.2WB'ccPQUB'cSaNcQ`;'

'

[0/*.)*B'j;B'Epv0YB'j;B'L'>6Y3J/B'#;' PQRRgU;' dD,1)8,2)i/'80' 1,',+1)2,2)i/'80' 1,'

703)11,' 80' :*.)/9,' *10<=0.,' +.*862)8,' 0/' 01' 76.' 80' s*/86.,7' 2*3*'

2*,961,/-0'/,-6.,1'801',96,'807-)/,8,','2*/763*'W63,/*'0/'1,'#09)i/'801'

x096,.0B's*/86.,7f;'C.,/2)72*':*.,YJ/B's*/86.,7;'

'

[0*WB' q;' x;B' O2*--B' K;' &;B' X' &3,1B' #;' PQRSQU;' dV.*9.077' )/' W0-0.*90/0*67'

+W*-*2,-,1X7)7\'=.*3'21,77)2,1'.,8)2,1'2W03)7-.X'-*'0/9)/00.)/9'/,/*3,-0.),17'

,/8'7*1,.'.0,2-*.7f;'[W0'G*6./,1'*='+WX7)2,1'2W03)7-.X'10--0.7B'TPnUB'`Q_N`T_;'

'

[W0.*/B' K;B' q,1m0.B' K;' &;B' X' !1*0-0B' [;' j;' PQRRgU;' dE,/*-02W/*1*9X' ,/8' Z,-0.'

-.0,-30/-\' ,++1)2,-)*/7' ,/8' 030.9)/9' *++*.-6/)-)07f;' !.)-)2,1' .0@)0Z7' )/'

3)2.*5)*1*9XB'TcPSUB'cTN`_;'

'

[*W)8)B'C;B'L'!,)B'I;'PQRS`U;'&87*.+-)*/')7*-W0.37',/8'm)/0-)27'=*.'-W0'.03*@,1'*='

-.)21*7,/' ,/8' 30-WX1' -.)21*7,/' =.*3' Z,7-0Z,-0.' 67)/9' )/,2-)@,-08' 8.)08'

716890;'V.*2077'4)*2W03)7-.XB'nSPgUB'SR`_NSRaa;'

'

[*3)/,9,B'C;];B'4*),/)B'E;C;B'>.,/)0.)B'#;%;B'X'4*..01XB'O;%;'PQRSnU;'dj2*-*^)2*1*9)2,1'

7-68X' *=' +W,.3,206-)2,1' 3)^-6.0' )/' Z,-0.' 7*16-)*/' ,/8' )-7' -.0,-,5)1)-Xf;'

%/-0./,-)*/,1'E6210,.'&-1,/-)2'!*/=0.0/20'N'%/,2'QRSn'O�*'V,61*B'O+B'4.,Y)1B'

"2-*50.'cN_;'

'

D1,2W*9),//)B'[;B' X'D,1,@,/)8)7B'&;' PQRSTU;' dVW,.3,206-)2,17',/8'V0.7*/,1'!,.0'

V.*862-7'&7'!*/-,3)/,/-7')/'-W0'&e6,-)2'j/@).*/30/-f;'Vs&#:&]jC[%]%'

QnP%U\S`NQT;'

'
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q,/9B'K;B'O6/B'x;B'K),/9B's;B'X'C0/9B'K;'PQRSaU;'d#03*@,1'*='2,==0)/0'=.*3'Z,-0.'5X'

2*35)/)/9'8)0102-.)2'5,..)0.'8)72W,.90'P$4$U'+1,73,'Z)-W'9*0-W)-0f;'K*6./,1'

*='O,68)'!W03)2,1'O*2)0-XB'QSPnUB'ncnNnna;'

'

q,.-0110B'(;'s;B'X':,.7W,11B'q;'j;'PQRRSU;'dE6-7W0117',7'9.,/61,.',2-)@,-08'2,.5*/7\'

+WX7)2,1B' 2W03)2,1' ,/8' ,87*.+-)@0' +.*+0.-)07f;' K*6./,1' *=' 2W03)2,1'

-02W/*1*9X',/8'5)*-02W/*1*9XB'a`PnUB'cnSNcnn;'

'

q00B'O;'x;B'X'&.)7B'&;'I;'PQRSaU;'dj/8*2.)/0'8)7.6+-)/9'2*3+*6/87')/'8.)/m)/9'Z,-0.'

76++1X' 7X7-03' ,/8' W63,/' W0,1-W' .)7m' )3+1)2,-)*/f;' j/@).*/30/-'

%/-0./,-)*/,1;'

'

q)/-W,2W,)B'O;B'D,)-W,/*37,-B'V;B' X'V6/76@*/B'D;' PQRSnU;' d$0-0.3)/,-)*/'*='")1B'

C,--X'&2)8B'[*2*+W0.*1',/8'&/-)*^)8,/-'V.*+0.-)07'*=':*.)/9,'*10)=0.,'O008'

")1'D,.)0-)07'=*.'!*330.2),1'V1,/-,-)*/f;'&7),/'K*6./,1'*='!W03)7-.XB'QaP_UB'

TnRa;'

'

x,/9B'x;B'"mB'x;'O;B'])3B'];'s;B']Z*/B'j;'j;B'X'[7,/9B'x;'C;'PQRSaU;'d"226..0/207'

,/8' .03*@,1' *=' +W,.3,206-)2,17' ,/8' +0.7*/,1' 2,.0' +.*862-7' PVV!V7U' )/'

8.)/m)/9'Z,-0.',/8'Z,-0.r70Z,90'-.0,-30/-'+1,/-7\'&'.0@)0Zf;'O2)0/20'*='-W0'

[*-,1'j/@).*/30/-B'n_`B'TRTNTQR;'

'

x0,/B'O;B'!*/9B'(;B'x,@6YB'!;'[;B':,X*B'K;'[;B'x6B'q;'q;B'],/B'&;'[;'X'[*37*/B':;'

4;'PQRRnU;'dj==02-'*='3,9/0-)-0'+,.-)210'7)Y0'*/',87*.+-)*/',/8'807*.+-)*/'*='

,.70/)-0',/8',.70/,-0f;'K*6./,1'*=':,-0.),17'#070,.2WB'QRPSQUB'TQnnNTQ`c;'

'

x)/9B' >;' >;B' x6B' w;' x;B' X' ]**m,/,B' #;' O;' PQRRaU;' d4)*1*9)2,1' 809.,8,-)*/' *='

-.)21*2,.5,/',/8'-.)21*7,/')/','7*)1'6/80.',0.*5)2',/8',/,0.*5)2'2*/8)-)*/7'

,/8'2*3+,.)7*/'Z)-W'0/@).*/30/-,1'=,-0'3*8011)/9f;'j/@).*/30/-,1'V*116-)*/B'

SnRPTUB'TRRNTRn;'

'
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I,..011)B'&;B'$011,>.02,B':;B'%0720B':;'#;B'(,@*.9/,B':;B'[03677)B'C;B'O2W),@*/0B'(;B'

X' %7)8*.)B' :;' PQRScU;' dj2*-*^)2*1*9)2,1' 0@,16,-)*/' *=' 2,==0)/0' ,/8' )-7'

80.)@,-)@07' =.*3' ,' 7)361,-08' 2W1*.)/,-)*/' 7-0+f;' O2)0/20' *=' [W0' [*-,1'

j/@).*/30/-B'caRB'cnTNcng;'

'

I09*/9B'(;B'])2m)B'K;B'w)/YW6B's;B'OW6G)0B'x;B'>6,/91*/9B'$;'X'O*52YXmB'j;'PQRSRU;'

d:)/0'7,=0-X',/8'0==)2)0/-'0^+1*)-,-)*/'=,2)/9'2W,110/907'*='-W0'QS7-'20/-6.Xf;'

O;1\'!#!'V.077;'

'

IW,/9B'x;B's*6B'?;B'w6B'q;B'?)/B':;B'C6B'x;B'q,/9B'I;'X'w6B'!;'PQRSaU;'d#0@0,1)/9'

-W0' 7-.62-6.0' *=' 5,35**' 1)9/)/' *5-,)/08' 5X' =*.3)2' ,2)8' 801)9/)=)2,-)*/' ,-'

8)==0.0/-'+.0776.0'10@017f;'%/867-.),1'!.*+7',/8'V.*862-7B'SRgB'g`cNgaS;'

'

�i�-*Z7m,N&m7,3)-*Z7m,B' O;B' 4,.-2Y,mB' V;B' I035.Y67m,B' K;B' X' K07)*/*Z7m)B' [;'

PQRSgU;'d#03*@,1'*='W,Y,.8*67'/*/N7-0.*)8,1',/-)N)/=1,33,-*.X'8.697'=.*3'

,e60*67'7*16-)*/7'5X'5)*7*.50/-'5,708'*/'2W)-)/',/8'1)9/)/f;'O2)0/20'*='[W0'

[*-,1'j/@).*/30/-B'`SQB'SQQTNSQTT;'

'
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ANEXO I. IMPREGNACIÓN DE NANOPARTÍCULAS DE DIÓXIDO 

DE TITANIO Y CARACTERIZACIÓN DEL MATERIAL COMPUESTO 

AI.1 ACONDICIONAMIENTO DE LOS RESIDUOS LIGNOCELULÓSICOS DE 

MORINGA, BAMBÚ Y LAUREL  

<&!G,"62&!J7/)!16.4?2&!.'!52#0.3,1,.$?#!4."6,3#!5&2&!.'!&0#$3,0,#$&1,.$?#!3.!'#4!

2.4,36#4!',"$#0.'6'=4,0#4!H!'#4!.B6,5#4!6?,',%&3#4/!

!

.AU@FD' &*<' J' L4B6.1&! G#?#"2IG,0#! 3.'! &0#$3,0,#$&1,.$?#! 3.! '#4! 2.4,36#4!
',"$#0.'6'=4,0#4!

!

!

!

!

!

!

!

!GDECFD>AXW;!<.=$!:#$%&'#!!

)/!!!!T#',.$3&!3.'!2.4,36#!.$!.'!1#',$#!3.!@#'&4!
!

d/!!!!R&1,%&3#!1.0I$,0#!3.'!2.4,36#!
!

*/!<&-&3#!!H!G,'?2&3#!0#$!&"6&!3.4,#$,%&3&!.$!!!!!
5'&0&!G,'?2&$?.!

f/!Y.0&3#!.$!.4?6G&!&!)ii!�S!!
!

[/!!!!!!!!!!!!!!!!J'1&0.$&3#!.$!2.0,5,.$?.4!
E.21K?,0#4!

! !)! d!

! !

!

f!*!

[!
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AI.2 OBTENCIÓN DEL MATERIAL COMPUESTO 

<&!G,"62&!J7/d'16.4?2&!.'!52#0.3,1,.$?#!4."6,3#!5&2&!#@?.$.2!.'!1&?.2,&'!0#156.4?#!

3.!2.4,36#4! ',"$#0.'6'=4,0#4!H!NM\R,>d9!1.3,&$?.! '&! ?K0$,0&!3.! ,152."$&0,=$!.$!

EF1.3#9!&3.1I4!4.!3.?&''&$!'#4!.B6,5#4!6?,',%&3#4/!
!

.AU@FD'&*<'H!L4B6.1&!G#?#"2IG,0#!3.!'&!,152."$&0,=$!3.!NM\R,>d!.$!'#4!2.4,36#4!
',"$#0.'6'=4,0#4!

!GDECFD>AXW;!<.=$!:#$%&'#!!

)/!!!!!!!!!!!!!!!!!!!!!!!T.%0'&!3.!2.4,36#!
',"$#0.'6'=4,0#!H!NM\R,>d!.$!

4645.$4,=$!0#$!&'0#E#'!
,4#52#5C',0#!

d/!!!!!!c,'?2&3#!3.!'&!1.%0'&!3.456K4!
3.!)g!E#2&4!3.!&",?&0,=$!

!

*/!!!!Y.0&3#!3.'!1&?.2,&'!0#156.4?#!
.$!'&!.4?6G&!&!)[i!�S

f/!<&-&3#!3.'!1&?.2,&'!0#156.4?#!!
!

[/!!!!!!!!!!!!!!!Y.0&3#!G,$&'!3.'!1&?.2,&'!
0#156.4?#!'&-&3#!

!

[/!!!!J'1&0.$&A.!.$!2.0,5,.$?.4!
E.21K?,0#4!!

!

! !

!

)! d!

*! f!

[! [/!!g!
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AI.3 DETERMINACIÓN DEL CONTENIDO DE EXTRACTIVOS EN AGUA DE 

LOS RESIDUOS LIGNOCELULÓSICOS 

<&! G,"62&! J7/*! 16.4?2&! .'! 2.",4?2#! G#?#"2IG,0#! 3.'! .$4&H#! 3.! 3.?.21,$&0,=$! 3.!

.l?2&0?,-#4!.$!&"6&!52.4.$?.4!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4/'

!

.AU@FD'&*<'M!;.",4?2#! G#?#"2IG,0#!3.'!.$4&H#!3.!3.?.21,$&0,=$!3.!.l?2&0?,-#4!.$!
&"6&!'

!

!

!

!

!

!

!

!

!

!

!

&n!P,".4?,=$!3.!'&!16.4?2&!0#$!&"6&D!@n!c,'?2&0,=$!H! '&-&3#!0#$!&"6&!0&',.$?.D!0n!
4.0&3#!3.!'&!16.4?2&!.$!'&!.4?6G&!!
!GDECFD>AXW;!<.=$!:#$%&'#!
!

!

!

!

!

!

!

!

!
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AI.4 DETERMINACIÓN DEL CONTENIDO DE EXTRACTIVOS EN ETANOL-

TOLUENO DE LOS RESIDUOS LIGNOCELULÓSICOS 

<&! G,"62&! J7/f! 16.4?2&! .'! 2.",4?2#! G#?#"2IG,0#! 3.'! .$4&H#! 3.! 3.?.21,$&0,=$! 3.!

.l?2&0?,-#4!.$!.?&$#'\?#'6.$#!52.4.$?.4!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!

!

.AU@FD'&*<'O!;.",4?2#! G#?#"2IG,0#!3.'!.$4&H#!3.!3.?.21,$&0,=$!3.!.l?2&0?,-#4!.$!

.?&$#'\?#'6.$#!

!

!

 

!

!

!

!

!

!

!

!
!
!
!
!
&n!Ll?2&00,=$!.$!.'!.B6,5#!Y#lE'.?D!@n!P.?&''.!3.'!0&2?60E#!3.!.l?2&00,=$D!0n!Ll?2&0?#!
4.0&3#!'
!GDECFD>AXW;!<.=$!:#$%&'#!!
!
!
!
!
!
!
!
!
!
!
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AI.5 DETERMINACIÓN DEL CONTENIDO DE LIGNINA EN LOS RESIDUOS 

LIGNOCELULÓSICOS 

<&! G,"62&! J7/[! 16.4?2&! .'! 2.",4?2#! G#?#"2IG,0#! 3.'! .$4&H#! 3.! 3.?.21,$&0,=$! 3.'!

0#$?.$,3#!3.!',"$,$&!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!

!

.AU@FD'&*<' N!;.",4?2#! G#?#"2IG,0#! 3.'! .$4&H#!3.!3.?.21,$&0,=$!3.'! 0#$?.$,3#!3.!
',"$,$&!

!

!
!
&n! c,'?2&0,=$! 3.'! 0#$?.$,3#! 3.'! 0&2?60E#! 3.456K4! 3.! '&! .l?2&00,=$D! @n! <&-&3#! H!
G,'?2&0,=$!0#$!.?&$#'!5&2&! 2.1#-.2!.'! ?#'6.$#!4#@2&$?.D!0n!Ll?2&00,=$!.$!&"6&D!3n!
R2&?&1,.$?#! 3.! '&! 16.4?2&! 0#$! I0,3#! 46'GF2,0#! 0#$0.$?2&3#D! .n! P,".4?,=$! 3.! '&!
16.4?2&! 0#$! I0,3#! 3,'6,3#D! Gn! G,'?2&0,=$! H! '&-&3#! 3.'! 52.0,5,?&3#! 4#@2&$?.! 3.! '&!
3,".4?,=$/'
!GDECFD>AXW;!<.=$!:#$%&'#!!

!



! h*!

AI.6 DETERMINACIÓN DEL CONTENIDO DE HEMICELULOSA EN LOS 

RESIDUOS LIGNOCELULÓSICOS 

<&! G,"62&! J7/g! 16.4?2&! .'! 2.",4?2#! G#?#"2IG,0#! 3.'! .$4&H#! 3.! 3.?.21,$&0,=$! 3.'!

0#$?.$,3#!3.!E.1,0.'6'#4&!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4/!

!

.AU@FD'&*<' L!;.",4?2#! G#?#"2IG,0#! 3.'! .$4&H#!3.!3.?.21,$&0,=$!3.'! 0#$?.$,3#!3.!
E.1,0.'6'#4&!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!

!
!
!
&n!Ll?2&00,=$!3.!'&!16.4?2&!0#$!4#'60,=$!I'0&',D!@n!c,'?2&3#!H!'&-&3#!3.!'&!16.4?2&D!
0n!<&-&3#!0#$!I0,3#!&0K?,0#D!3n!Y.0&3#!.$!'&!.4?6G&!
!GDECFD>AXW;!<.=$!:#$%&'#!!
!

!
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ANEXO II. CARACTERIZACIÓN DEL MATERIAL ADSORBENTE 

AII.1 COMPOSICIÓN QUÍMICA Y ANÁLISIS PRÓXIMAL DE LOS RESIDUOS 

LIGNOCELULÓSICOS  

L$!'&4!4,"6,.$?.4!?&@'&4!4.!16.4?2&$!'#4!2.46'?&3#4!3.!'#4!&$I',4,4!3.!0#15#4,0,=$!

B6C1,0&!2.&',%&3#4!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!3.!'&62.'9!@&1@F!H!1#2,$"&/!!

!

L'!0#$?.$,3#!3.!E61.3&3!!4.!16.4?2&!.$!'&!?&@'&!J77/)/!!

!

+DEGD'&**<J!S#$?.$,3#!3.!E61.3&3!3.!'#4!2.4,36#4!',"$#0.'6'=4,0#4!!

+#&'$*#6! +0')&$#!
/')9!

RP7',9!
2C4!

/')9!
)'%9!2C4!

K07',#,!
234!

/$97',*9!
@')A*#%*-.!
')&J.,#$!

+9$*.C#!

F' 2=3U2J3! 0=UJUI! B=J055!

?L?HKJ' @LFJ@?'

H' 2=33E33! 0=U35H! B=HUBH!

M' 2=0IJH3! 2=3BBU! B=H25H!

I' 2=35E23! 0=U55I! B=H3UI!

?' 2=35233! 0=U2J2! B=H5JU!

N' 2=33253! 0=EU50! B=JIE5!

J' 2=3J0E3! 0=UIJB! B=5300!

O' 2=352B3! 0=U250! B=IEEJ!

N#7OP!

F' 2=3BJ0! 0=U25B! I=UHBJ!

NLJHJ@' @LFOHF'

H' 2=3H20! 0=U0I! I=BE0H!

M' 2=3UEH! 0=UIUI! I=B5UH!

I' 2=3IEI! 0=U5HI! I=U2IB!

?' 2=32J0! 0=U33H! I=IIJ3!

N' 2=3J20! 0=U5JU! I=U2B3!

J' 2=35J3! 0=U3EE! I=J0I5!

O' 2=3BIU! 0=U500! I=B0HH!

! '      

!

'

'

'

'

'

'

'

'

'

'

'



! h[!

P"*-"'(QQCF'20/,#%,<"0%1,7'

'

+#&'$*#6! !<+9#$"'

R+9/'

ST)+U/'

2B7'

R+9/'

9+0/'2B7'

V<)+U"U'

2W7'
R$/)+U%/'

>+9X%"0%1,'

+9#5,U"$'

E#0$'6!

F' 2=355J3! 0=EBB2! U=I20I!

KL?J?O'

'

H' 2=3EJI! 0=U3IJ! U=HEJI! '

M' 2=3BJ0! 0=EJEH! U=B05H! '

I' 2=355B! 0=EB2U! U=JHIU! '

?' 2=325H! 0=EHE2! U=HJUB!
@LF@@F'

'

N' 2=32UE! 0=EB02! U=IHJE! '

J' 2=3I0E! 0=EE55! U=HJE3! '

O' 2=3BBJ! 0=EJB0! U=I50B! '

!GDECFD>AXW;!<.=$!:#$%&'#!!

!!

L'! 0#$?.$,3#! 3.! 0#15#$.$?.4! .l?2&0?,-#4! .$! .?&$#'\?#'6.$#! 3.! '#4! 2.4,36#4!

',"$#0.'6'=4,0#4!3.!'&62.'9!@&1@F!H!1#2,$"&!4.!16.4?2&!.$!'&!?&@'&!J77/d/!

!

+DEGD' &**<H! S#$?.$,3#! 3.! .l?2&0?,-#4! .$! .?&$#'\?#'6.$#! 3.! '#4! 2.4,36#4!
',"$#0.'6'=4,0#4!!

+#&'$*#6! +0')&$#!
/')9!
*.*%*#6!
2C4!

/')9!
)'%9!
2C4!

/')9!
'M&$#%&9!

2C4!

LM&$#%&*A9)!
'&#.96F

&960'.9!234!
/$97',*9!

@')A*#%*-.!
')&J.,#$!

+9$*.C#!
F' 2=02B2! 2=332I! 3=BH2H! 2J=3EHI!

2J=0302! 3=325B!
H' 2=02B3! 2=3350! 3=BH52! 2J=00JE!

N#7OP!
F' 2=0HHU! 0=UEEU! 3=05UU! J=355U!

J=32I0! 3=3000!
H' 2=0HB2! 0=UEJJ! 3=05UB! J=30E2!

E#0$'6!
F' 2=05JI! 0=U5H3! 3=3HI0! 2=5E5J!

2=5HE3! 3=3B3B!
H' 2=00BJ! 0=U0BE! 3=3HH5! 2=5025!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

!

!

!

!

!

!
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L'!0#$?.$,3#!3.!0#15#$.$?.4!.l?2&0?,-#4!.$!&"6&!3.!'#4!2.4,36#4!',"$#0.'6'=4,0#4!

3.!1#2,$"&9!'&62.'!H!@&1@F!4.!16.4?2&!.$!'&!?&@'&!J77/*/!

!

+DEGD'&**<M!S#$?.$,3#!3.!.l?2&0?,-#4!.$!&"6&!3.!'#4!2.4,36#4!',"$#0.'6'=4,0#4!!

+#&'$*#6! +0')&$#!
/')9!
*.*%*#6!
2C4!

/')9!
)'%9!
2C4!

/')9!
'M&$#%&9!

2C4!

LM&$#%&*A9)!
'.!#C0#!

234!
/$97',*9!

@')A*#%*-.!
')&J.,#$!

+9$*.C#!
F' 2=3325! 0=EU50! 0=050E! H3=20HB!

5U=UJJ5! 3=55BH!
H' 2=330U! 0=EU55! 0=0H3U! 5U=JH30!

N#7OP!
F' 2=3HJI! 0=U3EE! 0=E0E! H=JBIU!

H=JEU2! 3=3HBJ!
H' 2=3HE2! 0=U3E0! 0=E0I0! H=E20I!

E#0$'6!
F' 2=330E! 0=E2JJ! 0=JE20! 2=HUHU!

2=I5J5! 3=230H!
H' 2=33H0! 0=E500! 0=JE32! 2=JJUJ!

'

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

L'!0#$?.$,3#!3.!1&?.2,&!-#'I?,'!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!3.!1#2,$"&9!

'&62.'!H!@&1@F!4.!16.4?2&!.$!'&!?&@'&!J77/f/!

!

+DEGD'&**<'O!S#$?.$,3#!3.!1&?.2,&!-#'I?,'!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!!

+0')&$#!
/')9!
%$*)96!
2C4!

/')9!%$*)96!
W!70')&$#!

2C4!

/')9!
=*.#6!2C4!

+#)#!
5'$,*,#!
234!

+#&'$*#!
A96J&*6!
234!

/$97',*9!
@')A*#%*-.!
')&J.,#$!

+9$*.C#'

G! BB=2IBJ! BI=5202! BB=H303! EJ=0E0H! E0=IB0J!
E0=B50E! 3=0IUB!

U! BI=02E0! BJ=0JJJ! BI=5252! E0=H023! E0=H023!

! N#7OP' !

G! B5=H0J5! BH=HHB0! B5=B3U5! U0=3HEE! EH=520U!
EH=2030! 3=0BE3!

U! B5=U20H! BH=UBH3! BH=3EBI! EH=3UEH! EH=3UEH!

E#0$'6!

G! BH=BIEJ! BB=I5I0! BH=JJI5! E3=BB3U! J3=UJB0!
J0=3BUB! 3=00UH!

U! B5=IJ00! BH=J0HU! B5=UJ25! J0=0H5U! J0=0H5U!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

!

!

!
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L'!0#$?.$,3#!3.!0.$,%&4!3.!'#4!2.4,36#4!',"$#0.'6'=4,0#4!3.!1#2,$"&9!'&62.'!H!@&1@F!

4.!16.4?2&!.$!'&!?&@'&!J77/[/!

!

+DEGD'&**<'N!S#$?.$,3#!3.!0.$,%&4!3.!'#4!2.4,36#4!',"$#0.'6'=4,0#4!!

+0')&$#!
/')9!
*.*%*#6!
2C4!

/')9!
)'%9!2C4!

K07',#,!
234!

/')9!
%'.*1#)!2C4!

"'.*1#)!
234!

/$97',*9!
@')A*#%*-.!
')&J.,#$!

+9$*.C#!

G! 2=3J0E! 0=UIJB! B=5300! 3=0320! B=0EU5!

B=2B3H!

!

U! 2=33E0! 0=U35H! B=B33J! 3=0300! B=500B!
3=3EIH!

!

! N#7OP' !

G! 2=32J0! 0=U33H! I=IIJ3! 3=3H5B! 2=2EU3!

2=23IJ!

!

U! 2=3IEI! 0=U5HI! I=U2IB! 3=3H00! 2=02HB!
3=00I5!

!

! E#0$'6' !

G! 2=3BJ2! 0=EJEH! U=B0EJ! 3=32BI! 0=5I2U!
0=5JJH!

3=323I!

U! 2=3BBI! 0=EJB0! U=I2I2! 3=32I0! 0=5U0U! !

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

L'!0#$?.$,3#!3.!E.1,0.'6'#4&!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!3.!1#2,$"&9!

'&62.'!H!@&1@F!4.!16.4?2&!.$!'&!?&@'&!J77/g/!

!

+DEGD'&**<'L!S#$?.$,3#!3.!E.1,0.'6'#4&!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!!

+0')&$#!
/')9!
*.*%*#6!
2C4!

/')9!
)'%9!
2C4!

K07',#,!
234!

/')9!
'M&$#%&9!

2C4!

K'7*%'6069)#!
234!

/$97',*9!
@')A*#%*-.!
')&J.,#$!

+9$*.C#!

G! 2=35E2! 0=U55I! B=H3UI! 3=25IJ! 02=2H0H!
02=2232! 3=3533!

U! 2=3523! 0=U2J2! B=H5JU! 3=25B0! 02=0UU3!

! N#7OP' !

G! 2=3EJ5! 0=U5E5! J=IEJ0! 0=HU0U! 25=353B!
22=U55B! 3=05J2!

U! 2=3BIE! 0=U030! J=IE32! 0=HJ5U! 22=E5IB!

! E#0$'6' !

G! 2=355I! 0=EB2U! U=JB25! 0=I0J2! 02=J23I!
02=JB3H! 3=3H22!

U! 2=355E! 0=EBB2! U=I2J3! 0=I0E0! 02=JE35!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

!

!



! h]!

L'!0#$?.$,3#!3.!',"$,$&!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!3.!1#2,$"&9!'&62.'!

H!@&1@F!4.!16.4?2&!.$!'&!?&@'&!J77/j/!

!

+DEGD'&**<'P!S#$?.$,3#!3.!',"$,$&!52.4.$?.!.$!'#4!2.4,36#4!',"$#0.'6'=4,0#4!!

+0')&$#!
/')9!
*.*%*#6!
2C4!

/')9!
)'%9!2C4!

K07',#,!
234!

/')9!
6*C.*.#!2C4!

E*C.*.#!
234!

/$97',*9!
@')A*#%*-.!
')&J.,#$!

+9$*.C#!

G! 2=02B2! 2=332I! B=JIE5! 3=3UE5! H=U3EI!
H=E350! 3=0HU0!

U! 2=02B3! 2=3350! B=J5I3! 3=3UH0! H=IUJJ!

! N#7OP' !

G! 2=0HHU! 0=UEEU! J=2J0I! 3=HJIJ! 25=UIJI!
2H=32BH! 3=3E0J!

U! 2=0HB2! 0=UEJJ! J=5H2H! 3=HJEJ! 2H=3E52!

! E#0$'6' !

G! 2=05JI! 0=U5H3! U=B2BI! 3=I2IU! 52=H0B3!
52=B5JH! 3=0J50!

U! 2=00BJ! 0=U0BE! U=HHJU! 3=I2BJ! 52=IBUE!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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ANEXO III. ENSAYOS DE ADSORCIÓN 

AIII.1  MEDICIONES REALIZADAS PARA LA OBTENCIÓN DE LAS CURVAS 

DE CALIBRACIÓN  

<&!?&@'&!J777/)!16.4?2&!'&4!1.3,0,#$.4!2.&',%&3&4!5&2&!'&!#@?.$0,=$!3.!'&!062-&!3.!

0&',@2&0,=$!3.!0&G.C$&!H!'&!?&@'&!J777/d!5&2&!.'!?2,0'#4I$/!

!

R&@'&!J777/!)!T.3,0,#$.4!3.!&@4#2@&$0,&!3.!0&G.C$&!

! "9.%'.&$#%*-.!
25574!

Z[\! G! U! ]! ^! \!

:
O
)9
$O
#
.
%*
#
! +',*%*-.!G! 3=32U! 3=3I0! 3=050! 3=230! 3=2IH! 3=52E!

+',*%*-.!U! 3=355! 3=3IH! 3=03E! 3=0BE! 3=23E! 3=2HH!

+',*%*-.!]! 3=32E! 3=3B2! 3=3U! 3=05E! 3=0UJ! 3=250!

+',*%*-.!^! 3=32U! 3=3I0! 3=03! 3=0I0! 3=0UU! 3=2B3!

+',*%*-.!\! 3=323! 3=35U! 3=3U0! 3=0HB! 3=0EH! 3=22H!

+',*%*-.!_! 3=325! 3=3B2! 3=3UE! 3=0H2! 3=0U5! 3=2H0!

! /$97',*9! 3=32J! 3=3BB! 3=035! 3=0BE! 3=23E! 3=2B5!

! @')A*#%*-.!')&J.,#$! 3=33B! 3=33U! 3=30B! 3=325! 3=32U! 3=35E!

<#$",?63!3.!#$3&!{!dj*!$1/!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

+DEGD'&***<H!T.3,0,#$.4!3.!&@4#2@&$0,&!3.!0&G.C$&!

! "9.%'.&$#%*-.!25574! Z[\! G! U! ]! ^! \!

:
O
)9
$O
#
.
%*
#
!

+',*%*-.!G! 3=30J! 3=325! 3=32I! 3=3BH! 3=3HU! 3=3J!

+',*%*-.!U! 3=33U! 3=30J! 3=355! 3=3HE! 3=3BU! 3=3JE!

+',*%*-.!]! 3=33E! 3=323! 3=355! 3=3B2! 3=3HI! 3=3BU!

+',*%*-.!^! 3=33J! 3=30B! 3=32J! 3=3BJ! 3=3HH! 3=3IH!

+',*%*-.!\! 3=30I! 3=3H5! 3=3J5! 3=3JJ! 3=00H! 3=053!

+',*%*-.!_! 3=33B! 3=30H! 3=323! 3=3HJ! 3=3B5! 3=3JH!

+',*%*-.!`! 3=30U! 3=32J! 3=35U! 3=3BB! 3=3II! 3=3E3!

+',*%*-.!a! 3=33J! 3=30B! 3=30U! 3=352! 3=3BB! 3=3J5!

+',*%*-.!b! 3=305! 3=32E! 3=3B0! 3=3BI! 3=3II! 3=3JE!

+',*%*-.!GZ! 3=33J! 3=325! 3=35H! 3=3HU! 3=3IE! 3=3J5!

+',*%*-.!GG! 3=335! 3=33E! 3=30E! 3=32E! 3=3HI! 3=3BB!

! /$97',*9! 3=303! 3=320! 3=35H! 3=3B3! 3=3I0! 3=3JI!

! @')A*#%*-.!')&J.,#$! 3=33B! 3=33U! 3=30I! 3=305! 3=323! 3=323!

<#$",?63!3.!#$3&!{!d]i!$1/!
!GDECFD>AXW;!<.=$!:#$%&'#!!
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AIII.2 EFECTO DEL TIEMPO DE CONTACTO EN LA ADSORCIÓN DE 

CAFEÍNA 

<&! R&@'&! J777/*! 0#$?,.$.! '#4! 3&?#4! #@?.$,3#4! &'! .-&'6&2! .'! .G.0?#! 3.'! ?,.15#! 3.!

0#$?&0?#! .$! '&! &34#20,=$! 3.! 0&G.C$&! 6?,',%&$3#! 2.4,36#4! ',"$#0.'6'=4,0#4!

1#3,G,0&3#4!0#$!NM\R,>d!.$!?2.4!3,4?,$?#4!?&1&b#4!3.!5&2?C06'&/!!

!

+DEGD'&***<M!!LG.0?#!3.'!?,.15#!3.!0#$?&0?#!.$!'&!&34#20,=$!3.!0&G.C$&!!

+#&'$*#6!
%9750')&9!

I#7#89!,'!
5#$&(%06#!

2µ3U!

I*'759!
27*.4!

:O)9$O#.%*#!
/$97',*9!

"9.%'.&$#%*-.!
25574!

T'79%*-.!
234!

N#7OP!
!

I?'

F?' 3=3BEU! 0=3UU3! 3=0E!

M@' 3=3B33! 3=U22E! 0I=0U!

I?' 3=35B3! 3=I2BJ! H5=0J!

N@' 3=3233! 3=52EJ! J3=0H!

FH@' 3=33JU! 3=3EU0! U0=U0!

FO@' 3=33B3! 3=350J! UJ=02!

HI@' 3=33HB! 3=320E! UE=32!

J?'

F?' 3=3BJ3! 0=3I0H! 5=I3!

M@' 3=3HI3! 3=EH5I! 25=5E!

I?' 3=35U3! 3=J3B3! 5B=UJ!

N@' 3=3530! 3=B2EJ! B0=UE!

FH@' 3=3053! 3=0U30! E2=J5!

FO@' 3=33J3! 3=3J05! U5=B5!

HI@' 3=33HE! 3=32JJ! UJ=HE!

FIK'

F?' 3=3BU3! 0=0303! 3=33!

M@' 3=3HJ3! 3=EI5H! 20=BE!

I?' 3=3533! 3=B2IJ! B2=0I!

N@' 3=3203! 3=5HEB! IE=5B!

FH@' 3=3023! 3=0J35! EH=B5!

FO@' 3=33E3! 3=3U00! U0=J5!

HI@' 3=33B3! 3=350J! UJ=02!

!

I?'

F?' 3=3BJ3! 0=3I0H! 0=E5!

! M@' 3=3HB3! 3=E25E! 25=E0!

! I?' 3=3553! 3=BEI0! HB=JU!

! N@' 3=32H3! 3=H3JU! I2=2J!

! FH@' 3=33E3! 3=3U00! U0=BE!

! FO@' 3=33HU! 3=32UJ! UJ=2B!

! HI@' 3=33H3! 3=300U! UE=U3!

!

J?'

F?' 3=3BJU! 0=3JU2! 3=0E!

E#0$'6! M@' 3=3HU3! 3=U353! 0I=HE!

! I?' 3=35I3! 3=IHBB! H3=2U!

! N@' 3=3253! 3=5EE0! IH=03!

! FH@' 3=3023! 3=0J35! EH=2B!

! FO@' 3=33B3! 3=350J! UJ=3J!

! HI@' 3=33HH! 3=30UE! UE=0J!

!

!
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+DEGD'&***<M'[>CWBAW@D>AXW\'

+#&'$*#6!
%9750')&9!

I#7#89!,'!
5#$&(%06#!

2µ3U!

I*'759!
27*.4!

:O)9$O#.%*#!
/$97',*9!

"9.%'.&$#%*-.!
25574!

T'79%*-.!
234!

E#0$'6!
FIK'

F?' 3=3BE3! 0=3E02! 3=33!

M@' 3=3B33! 3=U22E! 0H=IB!

I?' 3=35B3! 3=I2BJ! H2=02!

N@' 3=3233! 3=52EJ! IU=I3!

FH@' 3=300I! 3=0I2H! EH=UE!

FO@' 3=33I3! 3=3B0B! UB=2H!

! HI@' 3=33HE! 3=32JJ! UJ=HH!

+9$*.C#!

I?'

F?' 3=3BHB! 0=300U! H=II!

M@' 3=3B33! 3=U22E! 05=3I!

I?' 3=3H53! 3=JEH2! 2I=02!

N@' 3=35IU! 3=II5H! 5J=B3!

FH@' 3=32BH! 3=H5BI! BE=UI!

FO@' 3=302B! 3=0E32! E5=32!

HI@' 3=3002! 3=0BHB! EB=HB!

J?'

F?' 3=3BHJ! 0=30BE! H=2U!

M@' 3=3HIJ! 3=EBJH! 0U=22!

I?' 3=3H3E! 3=JH3I! 53=22!

N@' 3=35J3! 3=IIB5! 5J=50!

FH@' 3=32JE! 3=HE52! BH=HE!

FO@' 3=30H0! 3=200U! E3=3H!

HI@' 3=302H! 3=0JE2! E5=20!

FIK'

F?' 3=3BB0! 0=325E! 5=BH!

M@' 3=3B02! 3=UHIB! 03=E2!

I?' 3=3H00! 3=JHIB! 2U=II!

N@' 3=35EU! 3=J353! 55=JJ!

! FH@' 3=32JI! 3=HJU2! BH=EB!

! FO@' 3=30B5! 3=25BI! JJ=E3!

! HI@' 3=305J! 3=23H3! E3=JE!

!GDECFD>AXW;!<.=$!:#$%&'#!!

 

AIII.3 EFECTO DEL TIEMPO DE CONTACTO EN LA ADSORCIÓN DE 

TRICLOSÁN 

<&! R&@'&! J777/f! 0#$?,.$.! '#4! 3&?#4! #@?.$,3#4! &'! .-&'6&2! .'! .G.0?#! 3.'! ?,.15#! 3.!

0#$?&0?#! .$! '&! &34#20,=$! 3.! 0?2,0'#4I$! 6?,',%&$3#! 2.4,36#4! ',"$#0.'6'=4,0#4!

1#3,G,0&3#4!0#$!NM\R,>d!.$!?2.4!3,4?,$?#4!?&1&b#4!3.!5&2?C06'&/!!

!

!

!
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+DEGD'&***<O!LG.0?#!3.'!?,.15#!3.!0#$?&0?#!.$!'&!&34#20,=$!3.!?2,0'#4I$!!

+#&'$*#6!
%9750')&9!

I#7#89!,'!
5#$&(%06#!

2µ3U!

I*'759!
27*.4!

:O)9$O#.%*#!
/$97',*9!

"9.%'.&$#%*-.!
25574!

T'79%*-.!
234!

N#7OP!
!

I?'

F?' 3=30J3! 0=33! I=UH!

M@' 3=3053! 3=J3! 5H=J2!

I?' 3=3033! 3=HE! BB=BI!

N@' 3=33E3! 3=55! IU=HH!

FH@' 3=33HB! 3=3J! U5=JB!

FO@' 3=335J! 3=30! UU=50!

HI@' 3=335J! 3=30! UU=50!

J?'

F?' 3=30J0! 0=30! I=2B!

M@' 3=3050! 3=J0! 5H=35!

I?' 3=33U3! 3=H3! I2=B3!

N@' 3=33I3! 3=0E! E5=55!

FH@' 3=33HI! 3=3J! U5=3I!

FO@' 3=33H3! 3=35! UJ=22!

HI@' 3=335E! 3=30! UE=I0!

FIK'

F?' 3=30E3! 0=3J! 3=33!

M@' 3=30J5! 0=32! H=EI!

I?' 3=30H3! 3=JE! 2J=JE!

N@' 3=33UB! 3=HH! BU=35!

FH@' 3=33B3! 3=03! U3=2E!

FO@' 3=33H2! 3=3H! UB=E5!

HI@' 3=335U! 3=32! UJ=U2!

!

I?'

F?' 3=30J3! 0=3333! 3=33!

! M@' 3=3053! 3=J30B! 2U=EB!

! I?' 3=33U3! 3=H353! BU=J3!

! N@' 3=33I3! 3=0JU0! E2=3U!

! FH@' 3=335U! 3=322H! UJ=JI!

! FO@' 3=335E! 3=30HU! UE=B0!

! HI@' 3=3300! 3=3333! 033=33!

!

J?'

F?' 3=30I3! 3=U2BH! J=HI!

E#0$'6! M@' 3=30H3! 3=JJI0! 22=5U!

! I?' 3=3023! 3=I2IU! 5J=50!

! N@' 3=3033! 3=HJJI! B2=2H!

! FH@' 3=33BB! 3=0H0E! EB=E2!

! FO@' 3=33H3! 3=32UU! UJ=30!

! HI@' 3=335J! 3=33JB! UU=2B!

!

!

!



! )i*!

+DEGD'&***<O'[>CWBAW@D>AXW\'

+#&'$*#6!
%9750')&9!

I#7#89!,'!
5#$&(%06#!

2µ3U!

I*'759!
27*.4!

:O)9$O#.%*#!
/$97',*9!

"9.%'.&$#%*-.!
25574!

T'79%*-.!
234!

!

FIK'

F?' 3=30J3! 0=3333! 3=33!

! M@' 3=3053! 3=J30B! 2U=EB!

! I?' 3=33U3! 3=H353! BU=J3!

E#0$'6! N@' 3=33I3! 3=0JU0! E2=3U!

! FH@' 3=33HB! 3=3IJ2! U5=2E!

! FO@' 3=335U! 3=322H! UJ=JI!

! HI@' 3=335E! 3=30HU! UE=B0!

+9$*.C#!

I?'

F?' 3=30J2! 0=30HU! 2=0I!

M@' 3=30H5! 3=JUEB! 25=32!

I?' 3=302H! 3=IBIJ! 5I=IU!

N@' 3=33UE! 3=HI2J! BB=H3!

FH@' 3=33JI! 3=2UEB! J0=22!

FO@' 3=33B0! 3=000U! EU=20!

HI@' 3=33HU! 3=3UJ3! U3=IB!

J?'

F?' 3=30J5! 0=322H! 0=HH!

M@' 3=30HB! 3=E05H! 20=BE!

I?' 3=302B! 3=IIH2! 5B=UJ!

N@' 3=300U! 3=I0UH! H3=2U!

FH@' 3=33JU! 3=523U! IU=3I!

FO@' 3=33BH! 3=05H5! EJ=3B!

HI@' 3=33B5! 3=02IU! EJ=JJ!

FIK'

F?' 3=30J5! 0=322H! 0=HH!

M@' 3=30HB! 3=E05H! 20=BE!

I?' 3=302B! 3=IIH2! 5B=UJ!

N@' 3=300U! 3=I0UH! H3=2U!

! FH@' 3=33JU! 3=523U! IU=3I!

! FO@' 3=33BH! 3=05H5! EJ=3B!

! HI@' 3=33B5! 3=02IU! EJ=JJ!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

!

!

!



! )if!

AIII.4 EFECTO DE LA DOSIS DE MATERIAL COMPUESTO EN LA 

ADSORCIÓN DE CAFEÍNA 

<&!R&@'&!J777/[! 0#$?,.$.! '#4! 3&?#4! #@?.$,3#4! &'! .-&'6&2! .'! .G.0?#! 3.! '&! 3#4,4! 3.!

1&?.2,&'!&34#2@.$?.!.$!'&!&34#20,=$!3.!0&G.C$&!6?,',%&$3#!2.4,36#4!',"$#0.'6'=4,0#4!

1#3,G,0&3#4!0#$!NM\R,>d!.$!?2.4!3,4?,$?#4!?&1&b#4!3.!5&2?C06'&/!!

!

+DEGD'&***<N!!LG.0?#!3.!'&!3#4,4!3.!1&?.2,&'!0#156.4?#!.$!'&!&34#20,=$!3.!0&G.C$&!!

+#&'$*#6!

I#7#89!,'!
5#$&(%06#!

2µ3U!
@9)*)!2CDE

FG
4! :O)D!/$97',*9!

"9.%'.&$#%*-.!
25574!

T'79%*-.!234!

N#7OP!

I?'

F' 3=3533! 3=B2IJ! UJ=5J!

?' 3=32B3! 3=H2JJ! UJ=EI!

J' 3=3255! 3=5UH0! UE=35!

F@' 3=3253! 3=5EE0! UE=3I!

J?'

F' 3=3533! 3=B2IJ! UJ=5J!

?' 3=32I3! 3=HHJB! UJ=JI!

J' 3=325J! 3=H323! UJ=UU!

F@' 3=325B! 3=5UE3! UE=30!

FIK'

F' 3=35H3! 3=I3BU! UI=UJ!

?' 3=32I3! 3=HHJB! UJ=JI!

J' 3=32H3! 3=H3JU! UJ=UI!

F@' 3=325E! 3=H3H3! UJ=UE!

E#0$'6!

I?'

F' 3=3253! 3=5EE0! UE=3I!

?' 3=30JI! 3=2E02! UE=I3!

J' 3=30HB! 3=20UE! UE=U3!

F@' 3=30H3! 3=23UU! UE=UB!

J?'

F' 3=35I3! 3=IHBB! UI=JJ!

?' 3=32E3! 3=HEJ0! UJ=BJ!

J' 3=320U! 3=5II5! UE=0J!

F@' 3=323U! 3=5HIB! UE=2J!

FIK'

F' 3=35H3! 3=I3BU! UI=UJ!

?' 3=32J3! 3=HIJ5! UJ=II!

J' 3=325I! 3=H333! UE=33!

F@' 3=325H! 3=5UI3! UE=32!

+9$*.C#!

I?'

F' 3=0U33! 5=IUB3! E0=BH!

?' 3=0JE0! 5=HBUH! E2=J2!

J' 3=0BJE! 5=3BJH! EH=J5!

F@' 3=0BBH! 5=33UU! EH=UJ!

J?'

F' 3=2033! H=3U00! JU=BI!

?' 3=0EE5! 5=II0H! E0=J0!

J' 3=0JJ3! 5=H5JI! E2=E5!

F@' 3=0JIB! 5=H2JJ! E2=EE!

FIK'

F' 3=2BI3! B=3323! JB=30!

?' 3=25H3! H=BII5! JJ=0U!

J' 3=225H! H=5BIH! JE=2H!

F@' 3=20UE! H=2EB0! JE=I3!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!
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AIII.5 EFECTO DE LA DOSIS DE MATERIAL COMPUESTO EN LA 

ADSORCIÓN DE TRICLOSÁN 

<&!R&@'&!J777/g! 0#$?,.$.! '#4! 3&?#4! #@?.$,3#4! &'! .-&'6&2! .'! .G.0?#! 3.! '&! 3#4,4! 3.!

1&?.2,&'!&34#2@.$?.!.$!'&!&34#20,=$!3.!?2,0'#4I$!6?,',%&$3#!2.4,36#4!',"$#0.'6'=4,0#4!

1#3,G,0&3#4!0#$!NM\R,>d!.$!?2.4!3,4?,$?#4!?&1&b#4!3.!5&2?C06'&/!!

!

+DEGD'&***<L!!LG.0?#!3.!'&!3#4,4!3.!1&?.2,&'!0#156.4?#!.$!'&!&34#20,=$!3.!?2,0'#4I$!!

+#&'$*#6!

I#7#89!,'!
5#$&(%06#!

2µ3U!
@9)*)!2CDE

FG
4! :O)D!/$97',*9!

"9.%'.&$#%*-.!
25574!

T'79%*-.!234!

N#7OP!

I?'

@LF' 3=33I3! 3=0E! UU=00!

@L?' 3=33HI! 3=3J! UU=I5!

@LJ' 3=335U! 3=32! UU=EU!

F' 3=335E! 3=30! UU=U5!

J?'

@LF' 3=33I2! 3=0U! UU=35!

@L?' 3=33HJ! 3=3E! UU=BU!

@LJ' 3=33H0! 3=3H! UU=E0!

F' 3=33H3! 3=35! UU=EB!

FIK'

@LF' 3=33IH! 3=20! UE=UI!

@L?' 3=33B0! 3=00! UU=HH!

@LJ' 3=33HB! 3=3J! UU=II!

F' 3=33HH! 3=3I! UU=J3!

E#0$'6!

I?'

@LF' 3=33I0! 3=0U! UU=3J!

@L?' 3=33H2! 3=3H! UU=JE!

@LJ' 3=335E! 3=30! UU=U5!

F' 3=335J! 3=30! UU=UI!

J?'

@LF' 3=33B3! 3=03! UU=HE!

@L?' 3=33HB! 3=3J! UU=IJ!

@LJ' 3=33H3! 3=35! UU=EB!

F' 3=335U! 3=32! UU=EU!

FIK'

@LF' 3=33B5! 3=05! UU=5J!

@L?' 3=33HI! 3=3J! UU=I5!

@LJ' 3=33H2! 3=3H! UU=JE!

F' 3=33H0! 3=3H! UU=E0!

+9$*.C#!

I?'

@LF' 3=35E0! 2=BJ! EJ=05!

@L?' 3=35BI! 2=5U! EE=3I!

@LJ' 3=355B! 2=25! EE=EB!

F' 3=3553! 2=0U! EU=35!

J?'

@LF' 3=3H02! 2=E0! EB=UE!

@L?' 3=35U0! 2=IB! EI=JI!

@LJ' 3=35EE! 2=I5! EI=EJ!

F' 3=35EJ! 2=I2! EI=U0!

FIK'

@LF' 3=3BH3! 5=JI! E0=23!

@L?' 3=3B25! 5=I5! E0=EH!

@LJ' 3=3HEU! 5=5E! E5=03!

F' 3=3HJJ! 5=2U! E5=BB!

!GDECFD>AXW;!<.=$!:#$%&'#!!
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ANEXO IV. ISOTERMAS DE ADSORCIÓN 

AIV.1 DATOS OBTENIDOS PARA LA ELABORACIÓN DE LAS ISOTERMAS DE 

LANGMUIR PARA LA ADSORCIÓN DE CAFEÍNA 

<&!R&@'&!J7Z/)!0#$?,.$.!'#4!3&?#4!#@?.$,3#4!H!6?,',%&3#4!5&2&!'&!.'&@#2&0,=$!3.!'&4!

,4#?.21&4!3.!<&$"16,2!5&2&!'&!&34#20,=$!3.!0&G.C$&/!

'

+DEGD'&*3<J!P&?#4!,4#?.21&!3.!<&$"16,2!5&2&!'&!&34#20,=$!3.!0&G.C$&!!

+#&'$*#6!

I#7#89!
,'!

5#$&(%06#!

2µ3U!

"9!
25574!

"'!25574!
+#)#!

#,)9$O'.&'!
2C4!

c!d!
2"9!F!"'4ef!

")!27CDC
F

G
4!

"'D")
FG
!

2CDE
FG
4!

!#83F+

HB!

2B' 3=HUJB! 3=J30H! 2=HB35! 5=HU5H! 3=0H2H!

B3' 2=UH33! 3=J300! H=J3I3! I=J025! 3=H5E3!

033' I=BB33! 3=J33U! U=5HB3! 05=552U! 3=HU05!

0B3' 02=3533! 3=J302! 05=JUJ3! 0U=IJI5! 3=I00H!

233' 2I=HH33! 3=J332! 0J=5BI3! 2H=JEJ2! 0=3IIJ!

533' JJ=UH33! 3=J33U! 22=23I3! 50=IE20! 2=HI30!

JB!

2B' 3=BHJB! 3=J33I! 2=HHB5! 5=HU32! 3=0BIU!

B3' 2=HH33! 3=J33U! H=JBI3! I=JEBI! 3=5BUI!

033' B=3033! 3=J303! U=HUU3! 05=BB3I! 3=5IUJ!

0B3' 05=IIB3! 3=J300! 05=I55B! 0U=HHBU! 3=J32J!

233' 2E=2I33! 3=J30U! 0J=0JH3! 2H=HIJU! 0=0BB3!

533' E3=UJ33! 3=J33U! 20=U353! 50=2HUE! 2=BU00!

0HU!

2B' 3=JB33! 3=J33J! 2=H2B3! 5=HI3E! 3=20IJ!

B3' 2=I0B3! 3=J300! H=J5EB! I=JBEJ! 3=5EIU!

033' B=JU33! 3=J33U! U=H203! 05=HH05! 3=H53E!

0B3' 0I=UIB3! 3=J335! 05=535B! 0E=UUIU! 3=EU53!

233' 55=5H33! 3=J30H! 0I=III3! 25=JI03! 0=H350!

533' EH=UU33! 3=J33U! 20=B303! 53=IJI5! 2=JJ3B!

=#)"0,+

HB!

2B' 3=2E2B! 3=J300! 2=HJ0E! 5=B2BB! 3=3E30!

B3' 0=5EB3! 3=J33U! H=EI0B! I=U5I0! 3=0UUJ!

033' 5=EU33! 3=J33B! U=I003! 05=J232! 3=2E5B!

0B3' U=HUB3! 3=J33J! 0H=3B3B! 23=3B20! 3=HJ5B!

233' 0I=3H33! 3=J30H! 0E=5UI3! 2I=22JB! 3=I00I!

533' BU=UJ33! 3=J30E! 2H=3353! 5H=2320! 0=JB5H!

JB!

2B' 3=HUJB! 3=J335! 2=HB35! 5=HUEU! 3=0H22!

B3' 0=H5B3! 3=J33U! H=EBIB! I=U2EU! 3=23J0!

033' B=0533! 3=J300! U=HEJ3! 05=B50I! 3=5JU0!

0B3' 00=H0B3! 3=J33J! 05=EBEB! 0U=JJE0! 3=BJJ2!

233' 2I=2233! 3=J30I! 0J=5JE3! 2H=JIU0! 0=3BEI!

533' J0=IH33! 3=J33E! 22=E5I3! 52=BEBI! 2=0UEB!

0HU!

2B' 3=BBJB! 3=J305! 2=HHH5! 5=HEB5! 3=0I33!

B3' 2=H3B3! 3=J33U! H=JBUB! I=JU3I! 3=5BH2!

033' I=JU33! 3=J335! U=5203! 05=5033! 3=B030!

0B3' 02=H5B3! 3=J300! 05=JBIB! 0U=I205! 3=I55J!

233' 2U=I233! 3=J33H! 0J=35E3! 2H=52I0! 0=20JI!

533' JB=II33! 3=J303! 22=H5H3! 52=332U! 2=5IH2!

!



! )ij!

+DEGD'&*3<J'[>CWBAW@D>AXW\'

+#&'$*#6! I#7#89!
,'!

5#$&(%06#!

2µ3U!

"9!
25574!

"'!25574! +#)#!
#,)9$O'.&'!

2C4!

c!d!
2"9!F!"'4ef!

")!27CDC
F

G
4!

"'D")
FG
!

2CDE
FG
4!

;'"&(<#+

HB!

2B' 5=2E2B! 3=J33J! 2=0J0E! 5=3UUH! 0=3BU0!

B3' J=5533! 3=J302! H=2IJ3! I=3EB5! 0=23HB!

033' 0B=H533! 3=J33E! E=HBJ3! 02=3IJI! 0=2JEI!

0B3' 2B=IUB3! 3=J33U! 02=H53B! 0J=J5B0! 0=HHEE!

233' BH=EE33! 3=J30J! 0H=B023! 23=IE02! 2=IB5I!

533' 00J=333! 3=J30U! 0E=5333! 2I=3J20! H=HEJI!

JB!

2B' H=0B2B! 3=J33I! 2=3EHE! 2=UJBJ! 0=5UBB!

B3' E=J233! 3=J30H! H=02E3! B=EEBH! 0=HE0I!

033' 0E=5B33! 3=J33U! E=0IB3! 00=IHU5! 0=BJB2!

0B3' 53=3U33! 3=J30H! 00=UU03! 0J=3UBE! 0=JI30!

233' I3=2I33! 3=J305! 05=UJH3! 0U=U2BU! 5=32H2!

533' 02H=UE3! 3=J335! 0J=B323! 2H=UU20! B=333E!

0HU!

2B' H=UUJB! 3=J33U! 2=3335! 2=EB5E! 0=JB02!

B3' 03=H5B3! 3=J33H! 5=UBIB! B=IHEU! 0=EHJ5!

033' 20=II33! 3=J30H! J=E5H3! 00=0IU0! 0=U5U5!

0B3' 5I=0UB3! 3=J30U! 00=5E3B! 0I=205E! 2=252H!

233' I0=UE33! 3=J33J! 05=E323! 0U=IUJH! 5=0HII!

533' 05H=503! 3=J302! 0I=BIU3! 25=I2UB! B=IEH3!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

AIV.2 DATOS OBTENIDOS PARA LA ELABORACIÓN DE LAS ISOTERMAS DE 

LANGMUIR PARA LA ADSORCIÓN DE TRICLOSÁN 

!

<&!R&@'&!J7Z/d!0#$?,.$.!'#4!3&?#4!#@?.$,3#4!H!6?,',%&3#4!5&2&!'&!.'&@#2&0,=$!3.!'&4!

,4#?.21&4!3.!<&$"16,2!5&2&!'&!&34#20,=$!3.!?2,0'#4I$/!

!

+DEGD'&*3<H!P&?#4!,4#?.21&!3.!<&$"16,2!5&2&!'&!&34#20,=$!3.!?2,0'#4I$!!

+#&'$*#6!

I#7#89!
,'!

5#$&(%06#!

2µ3U!

"9!
25574!

"'!
25574!

+#)#!
#,)9$O'.&'!

2C4!

c!d!
2"9!F!"'4ef!

")!
27CDCFG4!

"'D")FG!
2CDEFG4!

!#83F+ HB!

0' 3=3300! 3=35BI! 3=3HUU! 0=H32U! 3=333E!

B' 3=303B! 3=35BJ! 3=2HUB! I=UEE0! 3=330B!

03' 3=0BJ3! 3=35B0! 3=HU22! 0H=320H! 3=3002!

23' 3=U3E3! 3=35BJ! 3=UBHI! 2I=J5UB! 3=35H3!

53' 2=IUJ3! 3=35BU! 0=5IB2! 5E=32IB! 3=3J3U!

H3' H=5UI3! 3=35B5! 0=JE32! B3=H53I! 3=3EJ2!

!

'



! )i]!

+DEGD'&*3<H'[>CWBAW@D>AXW\'

+#&'$*#6! I#7#89!
,'!

5#$&(%06#!

2µ3U!

"9!
25574!

"'!25574! +#)#!
#,)9$O'.&'!

2C4!

c!d!
2"9!F!"'4ef!

")!27CDC
F

G
4!

"'D")
FG
!

2CDE
FG
4!

+

JB!

0' 3=3322! 3=35BI! 3=3HUU! 0=H30H! 3=330I!

B' 3=33UB! 3=35BJ! 3=2HUB! I=UEUB! 3=330H!

03' 3=0HH3! 3=35B0! 3=HU2E! 0H=35UU! 3=3035!

23' 3=UI23! 3=35BI! 3=UB0U! 2I=J5EE! 3=35I3!

53' 2=E5B3! 3=35B2! 0=5BE5! 5E=BEII! 3=3J5B!

H3' B=0BI3! 3=35BJ! 0=JH22! HE=E300! 3=03BJ!

0HU!

0' 3=3352! 3=35BH! 3=3HUE! 0=H3JU! 3=3325!

B' 3=3253! 3=35BI! 3=2HEU! I=UU32! 3=3355!

03' 3=0553! 3=35BJ! 3=HU5H! 05=E0U5! 3=33UI!

23' 0=0523! 3=35B0! 3=UH5H! 2I=EJJB! 3=3H20!

53' 5=2UJ3! 3=35BU! 0=55B2! 5J=0U3E! 3=3EEJ!

H3' B=2HE3! 3=35BH! 0=J5JI! HU=3EHJ! 3=03IU!

=#)"0,+

HB!

0' 3=3303! 3=35B0! 3=3B33! 0=H250! 3=333J!

B' 3=33BB! 3=35BU! 3=2HUJ! I=UBI0! 3=333E!

03' 3=3JU3! 3=35BE! 3=HUI0! 05=EBI0! 3=33BJ!

23' 3=55I3! 3=35BH! 3=UE52! 2J=JJH3! 3=3020!

53' 3=UJ23! 3=35B0! 0=HB0H! H0=5B3H! 3=325B!

H3' 0=UB23! 3=35BI! 0=U32H! B5=H5E2! 3=35IB!

JB!

0' 3=330E! 3=35BH! 3=3HUU! 0=H3UU! 3=3305!

B' 3=3033! 3=35B0! 3=2HUB! J=03E5! 3=330H!

03' 3=0003! 3=35BI! 3=HUHB! 05=EEU3! 3=33E3!

23' 3=H223! 3=35BU! 3=UJEU! 2J=2IJH! 3=30BB!

53' 0=HIH3! 3=35BH! 0=H2IE! H3=53B0! 3=35I5!

H3' 2=E333! 3=35B2! 0=EI33! B2=EH3U! 3=3B53!

0HU!

0' 3=332J! 3=35BH! 3=3HUU! 0=H3EI! 3=330U!

B' 3=35H3! 3=35BI! 3=2HE5! I=UJHJ! 3=33HU!

03' 3=0053! 3=35B0! 3=HUHH! 0H=3EH3! 3=33E3!

23' 3=HIE3! 3=35BJ! 3=UJII! 2J=5BBJ! 3=30J0!

53' 0=JUJ3! 3=35BE! 0=H032! 5U=5EUJ! 3=3HBI!

H3' 5=2E33! 3=35B5! 0=E5I3! B2=3005! 3=3I50!

;'"&(<#+

HB!

0' 3=0505! 3=35BJ! 3=3H5H! 0=20IJ! 3=03JU!

+ B' 3=J553! 3=35BH! 3=205H! I=32IE! 3=020I!

+

03' 0=BH53! 3=35B0! 3=H22U! 02=3HJ3! 3=02E0!

23' 5=H2I3! 3=35B2! 3=E2EJ! 25=BH2I! 3=0HBB!

53' E=2523! 3=35BB! 0=3EEH! 53=IBU2! 3=2IEB!

H3' 0B=I333! 3=35BJ! 0=2233! 5H=0J5J! 3=HBIB!

JB!

0' 3=0II0! 3=35B0! 3=3H0J! 0=0EJU! 3=05UE!

B' 3=EJ23! 3=35BI! 3=23IH! B=JUJE! 3=0B3H!

03' 0=E5B3! 3=35BI! 3=H3E5! 00=HIJJ! 3=0I33!

23' H=3023! 3=35B0! 3=JUUH! 22=JJHU! 3=0JI2!

53' U=35U3! 3=35BJ! 0=3HE0! 2U=5BJ0! 3=53JU!

H3' 0I=IIH3! 3=35BE! 0=0IIE! 52=BU22! 3=B005!

!

!



! )ih!

+DEGD'&*3<H'[>CWBAW@D>AXW\'

+#&'$*#6! I#7#89!
,'!

5#$&(%06#!

2µ3U!

"9!
25574!

"'!25574! +#)#!
#,)9$O'.&'!

2C4!

c!d!
2"9!F!"'4ef!

")!27CDC
F

G
4!

"'D")
FG
!

2CDE
FG
4!

;'"&(<#+ 0HU!

0' 3=0UUU! 3=35BJ! 3=3H33! 0=023I! 3=0JEH!

B' 0=3H5B! 3=35BI! 3=0UJE! B=BBIU! 3=0EJE!

03' 2=0II3! 3=35B0! 3=5U0J! 00=0BUB! 3=0UH0!

23' H=E2I3! 3=35B2! 3=JBEJ! 20=BBH3! 3=225U!

53' U=2UJ3! 3=35BH! 0=35B2! 2U=2H0B! 3=50JU!

H3' 0E=3B23! 3=35BI! 0=3UJH! 53=E2BE! 3=BEBI!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

AIV.3 DATOS OBTENIDOS PARA LA ELABORACIÓN DE LAS ISOTERMAS DE 

FREUNDLICH PARA LA ADSORCIÓN DE CAFEÍNA 

<&!R&@'&!J7Z/*!0#$?,.$.!'#4!3&?#4!#@?.$,3#4!5&2&!'&!.'&@#2&0,=$!3.!'&4!,4#?.21&4!

3.!c2.6$3',0E!5&2&!'&!&34#20,=$!3.!0&G.C$&!

!

+DEGD'&*3<M!P&?#4!,4#?.21&!3.!c2.6$3',0E!5&2&!'&!&34#20,=$!3.!0&G.C$&!!

+#&'$*#6!

I#7#89!,'!
5#$&(%06#!

2µ!"!

"9!
25574!

"'!
27CDE

FG
4!

69C2"'4!
+#)#!

#,)9$O'.&'!
2C4!

c!d!
2"9!F!"'4ef!

g'!
27CDC

FG
4!

69C2g'4!

!#83F+

HB!

2B' 3=HUJB! /3=5352! 3=J30H! 2=B535! 5=I3JB! 3=BBJ2!

B3' 2=UH33! 3=HIE5! 3=J300! H=UB52! J=3IHE! 3=EHU0!

033' I=BB33! 3=E0I2! 3=J33U! U=U0EH! 0H=0B3U! 0=0B3E!

0B3' 02=3533! 0=3E35! 3=J302! 0H=EU23! 20=25JE! 0=52J0!

233' 2I=HH33! 0=H225! 3=J332! 0U=EBJE! 2E=5I30! 0=HB2J!

533' JJ=UH33! 0=EU0E! 3=J33U! 2U=E03E! H2=B522! 0=I2EJ!

JB!

2B' 3=BHJB! /3=2I0I! 3=J33I! 2=B2I2! 5=I3BJ! 3=BBJ3!

B3' 2=HH33! 3=5EJH! 3=J33U! H=UI05! J=3JEH! 3=EHUU!

033' B=3033! 3=IUUE! 3=J303! U=U533! 0H=0IBB! 0=0B02!

0B3' 05=IIB3! 0=05BI! 3=J300! 0H=EEIH! 20=2553! 0=52J3!

233' 2E=2I33! 0=HB02! 3=J30U! 0U=EBHU! 2E=2EJ5! 0=HB0I!

533' E3=UJ33! 0=U3E5! 3=J33U! 2U=E3U2! H2=B2UE! 0=I2EJ!

0HU!

2B' 3=JB33! /3=02HU! 3=J33J! 2=B02B! 5=BEBJ! 3=BBHI!

B3' 2=I0B3! 3=H0JB! 3=J300! H=UBE5! J=3J20! 3=EHUB!

033' B=JU33! 3=JI2J! 3=J33U! U=U25J! 0H=0BEI! 0=0B03!

0B3' 0I=UIB3! 0=22UI! 3=J335! 0H=EJJ3! 20=2H5E! 0=52J2!

233' 55=5H33! 0=B253! 3=J30H! 0U=EHJJ! 2E=2UJ5! 0=HB0J!

533' EH=UU33! 0=U2UH! 3=J33U! 2U=E3J0! H2=B2IE! 0=I2EJ!

=#)"0,+ HB!

2B' 3=2E2B! /3=BHU3! 3=J300! 2=BBHU! 5=IHH0! 3=BI0I!

B3' 0=5EB3! 3=0H0H! 3=J33U! H=UEBU! J=005B! 3=EB20!

033' 5=EU33! 3=BEUU! 3=J33B! U=UH03! 0H=0U05! 0=0B23!

0B3' U=HUB3! 3=UJJB! 3=J33J! 0H=U325! 20=2IJJ! 0=52JJ!

233' 0I=3H33! 0=23B2! 3=J30H! 0U=EJUB! 2E=5H2I! 0=HB2H!

533' BU=UJ33! 0=JJJU! 3=J30E! 2U=E222! H2=HU5U! 0=I2E5!



! ))i!

+DEGD'&*3<M'[>CWBAW@D>AXW\'

+#&'$*#6! I#7#89!,'!
5#$&(%06#!

2µ!"!

"9!
25574!

"'!
27CDE

FG
4!

69C2"'4! +#)#!
#,)9$O'.&'!

2C4!

c!d!
2"9!F!"'4ef!

g'!
27CDC

FG
4!

69C2g'4!

=#)"0,+

JB!

2B' 3=HUJB! /3=5352! 3=J335! 2=B535! 5=I052! 3=BBJU!

B3' 0=H5B3! 3=0BIU! 3=J33U! H=UEH5! J=0005! 3=EB0U!

033' B=0533! 3=J030! 3=J300! U=U2U3! 0H=0I23! 0=0B00!

0B3' 00=H0B3! 0=3BJB! 3=J33J! 0H=EUH5! 20=2BI2! 0=52JB!

233' 2I=2233! 0=H0EI! 3=J30I! 0U=EBE0! 2E=53H0! 0=HB0E!

533' J0=IH33! 0=EBB2! 3=J33E! 2U=E0HB! H2=BH5B! 0=I2EE!

0HU!

2B' 3=BBJB! /3=2B5E! 3=J305! 2=B2BH! 5=I303! 3=BBIH!

B3' 2=H3B3! 3=5E00! 3=J33U! H=UI0U! J=3JU5! 3=EB33!

033' I=JU33! 3=E50U! 3=J335! U=U0IE! 0H=0I3E! 0=0B00!

0B3' 02=H5B3! 0=3UHI! 3=J300! 0H=EU3B! 20=25EE! 0=52J0!

233' 2U=I233! 0=HJ0I! 3=J33H! 0U=EB2E! 2E=5HB3! 0=HB2B!

533' JB=II33! 0=EJEU! 3=J303! 2U=E020! H2=B2E3! 0=I2EJ!

;'"&(<#+

HB!

2B' 5=2E2B! 3=B0I2! 3=J33J! 2=HHEH! 5=HUH2! 3=BH55!

B3' J=5533! 3=EIB0! 3=J302! H=U05B! J=33J5! 3=EHBB!

033' 0B=H533! 0=0EEH! 3=J33E! U=EE02! 0H=3UUE! 0=0HU2!

0B3' 2B=IUB3! 0=H3UE! 3=J33U! 0H=EBU3! 20=0UUU! 0=52I5!

233' BH=EE33! 0=J5UH! 3=J30J! 0U=E2I0! 2E=2BH5! 0=HB00!

533' 00J=333! 2=3IE2! 3=J30U! 2U=JU52! H2=HHIB! 0=I2JE!

JB!

2B' H=0B2B! 3=I0E5! 3=J33I! 2=H5E2! 5=HE30! 3=BH0I!

B3' E=J233! 3=UH3B! 3=J30H! H=U3BU! I=UUHB! 3=EHHE!

033' 0E=5B33! 0=2I5I! 3=J33U! U=EJ5I! 0H=3EJ0! 0=0HEE!

0B3' 53=3U33! 0=HJEH! 3=J30H! 0H=EB22! 20=0JB3! 0=52BE!

233' I3=2I33! 0=JE33! 3=J305! 0U=E223! 2E=2IHI! 0=HB02!

533' 02H=UE3! 2=3UIE! 3=J335! 2U=JU35! H2=B5UH! 0=I2EE!

0HU!

2B' H=UUJB! 3=IUEE! 3=J33U! 2=H530! 5=HIJ0! 3=BH33!

B3' 03=H5B3! 0=30EB! 3=J33H! H=EUE2! I=UU5H! 3=EHHJ!

033' 20=II33! 0=55BJ! 3=J30H! U=EIIH! 0H=3IIE! 0=0HE2!

0B3' 5I=0UB3! 0=BBEI! 3=J30U! 0H=EHH0! 20=0HEB! 0=52B5!

233' I0=UE33! 0=JU25! 3=J33J! 0U=E23E! 2E=2EJ0! 0=HB0I!

533' 05H=503! 2=02E0! 3=J302! 2U=JEJ2! H2=HE35! 0=I2E2!

!GDECFD>AXW;!<.=$!:#$%&'#!!

!

AIV.4 DATOS OBTENIDOS PARA LA ELABORACIÓN DE LAS ISOTERMAS DE 

FREUNDLICH PARA LA ADSORCIÓN DE TRICLOSÁN 

<&!R&@'&!J7Z/f!0#$?,.$.!'#4!3&?#4!#@?.$,3#4!H!6?,',%&3#4!5&2&!'&!.'&@#2&0,=$!3.!'&4!

,4#?.21&4!3.!c2.6$3',0E!5&2&!'&!&34#20,=$!3.!?2,0'#4I$/!

!

!

!



! )))!

+DEGD'&*3<O!P&?#4!,4#?.21&!3.!c2.6$3',0E!5&2&!'&!&34#20,=$!3.!?2,0'#4I$!!

+#&'$*#6!

I#7#89!,'!
5#$&(%06#!

2µ!"!

"9!
25574!

"'!
27CDE

FG
4!

69C2"'4!
+#)#!

#,)9$O'.&'!
2C4!

c!d!
2"9!F!"'4ef!

g'!
27CDC

FG
4!

69C2g'4!

!#83F+

HB!

0' 3=3300! /2=UBEI! 3=35BI! 3=0UJU! B=BBUE! 3=JHB0!

B' 3=303B! /0=UJEE! 3=35BJ! 3=5HEU! U=JJH2! 3=UU30!

03' 3=0BJ3! /3=E3H0! 3=35B0! 3=BH32! 0B=5U3B! 0=0EJ5!

23' 3=U3E3! /3=3H0U! 3=35BJ! 0=3320! 2E=3IUU! 0=HHE2!

53' 2=IUJ3! 3=H53U! 3=35BU! 0=HJEB! H0=0E2I! 0=I0HJ!

H3' H=5UI3! 3=IH50! 3=35B5! 0=UIJE! BB=JHIH! 0=JHI2!

JB!

0' 3=3322! /2=IBJI! 3=35BI! 3=0E2U! B=05J3! 3=J03J!

B' 3=33UB! /2=3225! 3=35BJ! 3=5B00! U=E5B0! 3=UU2E!

03' 3=0HH3! /3=EH0I! 3=35B0! 3=BH20! 0B=HH5U! 0=0EEE!

23' 3=UI23! /3=30IE! 3=35BI! 0=333E! 2E=005B! 0=HHEU!

53' 2=E5B3! 3=HB2I! 3=35B2! 0=HJJH! H0=UJ3E! 0=I22U!

H3' B=0BI3! 3=J025! 3=35BJ! 0=UIHH! BB=32HE! 0=JH3I!

0HU!

0' 3=3352! /2=HUHU! 3=35BH! 3=0JHJ! H=U5I2! 3=IU5H!

B' 3=3253! /0=I5E5! 3=35BI! 3=550U! U=525H! 3=UIUI!

03' 3=0553! /3=EJI0! 3=35BJ! 3=BH5E! 0B=252J! 0=0E2E!

23' 0=0523! 3=3B5E! 3=35B0! 3=UUJ5! 2E=H055! 0=HB5B!

53' 5=2UJ3! 3=B0E0! 3=35BU! 0=HJH0! H0=3I00! 0=I05H!

H3' B=2HE3! 3=J233! 3=35BH! 0=UIH3! BB=HE32! 0=JHH0!

=#)"0,+

HB!

0' 3=3303! /5=3333! 3=35B0! 3=2333! B=IUE3! 3=JBBJ!

B' 3=33BB! /2=2BUI! 3=35BU! 3=5I53! 03=003U! 0=33HE!

03' 3=3JU3! /0=032H! 3=35BE! 3=BBB0! 0B=B3I0! 0=0U3B!

23' 3=55I3! /3=HJ5J! 3=35BH! 0=325J! 2E=U0JI! 0=HI02!

53' 3=UJ23! /3=3025! 3=35B0! 0=B33I! H2=JB2I! 0=I503!

H3' 0=UB23! 3=2U3B! 3=35BI! 0=UEBB! BB=JJ0E! 0=JHIH!

JB!

0' 3=330E! /2=JHHJ! 3=35BH! 3=0EJ2! B=2EU2! 3=J25H!

B' 3=3033! /2=3333! 3=35B0! 3=5B33! U=UJ0B! 3=UUEE!

03' 3=0003! /3=UBHJ! 3=35BI! 3=BHJJ! 0B=5EBE! 0=0EJ0!

23' 3=H223! /3=5JHJ! 3=35BU! 0=30EJ! 2E=5JJ3! 0=HB53!

53' 0=HIH3! 3=0IBB! 3=35BH! 0=HU0J! H2=05U0! 0=I2HJ!

H3' 2=E333! 3=HHJ2! 3=35B2! 0=UJJI! BI=0E53! 0=JHUI!

0HU!

0' 3=332J! /2=BIEI! 3=35BH! 3=0JEH! B=3H3H! 3=J32B!

B' 3=35H3! /0=HIEB! 3=35BI! 3=525H! U=3EB3! 3=UBE5!

03' 3=0053! /3=UHIU! 3=35B0! 3=BHJ5! 0B=BU5U! 0=0U53!

23' 3=HIE3! /3=52UE! 3=35BJ! 0=30IB! 2E=HJ53! 0=HBHH!

53' 0=JUJ3! 3=2BHB! 3=35BE! 0=HEJ5! H0=BH5U! 0=I0EB!

H3' 5=2E33! 3=B0BU! 3=35B5! 0=UJH2! BB=U2IB! 0=JHJI!

;'"&(<#+

HB!

0' 3=0505! /3=EE0J! 3=35BJ! 3=3UH0! 2=I5BB! 3=H23U!

B' 3=J553! /3=05HU! 3=35BH! 3=2BIJ! J=2B2J! 3=EI3B!

03' 0=BH53! 3=0EEH! 3=35B0! 3=HU3I! 05=UJIJ! 0=0HBH!

23' 5=H2I3! 3=B5HE! 3=35B2! 3=UJ55! 2J=IHUH! 0=HH0J!

53' E=2523! 3=U0BB! 3=35BB! 0=HBH2! H3=UIH0! 0=I02H!

H3' 0B=I333! 0=0U50! 3=35BJ! 0=UH35! BH=5B0H! 0=J5B2!

JB!

0' 3=0II0! /3=JJUI! 3=35B0! 3=3EU3! 2=B5B0! 3=H3H3!

B' 3=EJ23! /3=3BUB! 3=35BI! 3=2B53! J=03I3! 3=EB0I!

03' 0=E5B3! 3=2I5I! 3=35BI! 3=HEIE! 05=IJHJ! 0=05BU!

23' H=3023! 3=I35H! 3=35B0! 3=UIUE! 2J=I53B! 0=HH0H!

53' U=35U3! 3=UBI0! 3=35BJ! 0=HB22! H3=IJJJ! 0=I3UH!

H3' 0I=IIH3! 0=220E! 3=35BE! 0=U5EU! BH=0BUB! 0=J55J!
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;'"&(<#+ 0HU!

0' 3=0UUU! /3=IUU2! 3=35BJ! 3=3EB3! 2=5JUE! 3=5JIB!

B' 0=3H5B! 3=30EB! 3=35BI! 3=2HU0! I=UUIB! 3=EHHU!

03' 2=0II3! 3=55BJ! 3=35B0! 3=HE52! 05=JIIU! 0=05EE!

23' H=E2I3! 3=IE5I! 3=35B2! 3=UIBE! 2J=H5E0! 0=H5EH!

53' U=2UJ3! 3=UIE5! 3=35BH! 0=HB0I! H0=33B2! 0=I02E!

H3' 0E=3B23! 0=2BIB! 3=35BI! 0=U5J2! BH=H0B3! 0=J5BJ!
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AIV.5 GRÁFICAS Y DETERMINACIÓN DE LOS PARÁMETROS DE LAS 

ISOTERMAS DE LANGMUIR PARA LA ADSORCIÓN DE CAFEÍNA 
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AIV.6 GRÁFICAS Y DETERMINACIÓN DE LOS PARÁMETROS DE LAS 

ISOTERMAS DE FREUNDLICH PARA LA ADSORCIÓN DE CAFEÍNA 
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AIV.7 GRÁFICAS Y DETERMINACIÓN DE LOS PARÁMETROS DE LAS 

ISOTERMAS DE LANGMUIR PARA LA ADSORCIÓN DE TRICLOSÁN 
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AIV.8 GRÁFICAS Y DETERMINACIÓN DE LOS PARÁMETROS DE LAS 

ISOTERMAS DE FREUNDLICH PARA LA ADSORCIÓN DE TRICLOSÁN 
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