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Resumen— Se ha estudiado el proceso de reformado con
vapor de etanol para obtener hidrógeno con un catalizador de Ni 
soportado  en  αAl2O3 modificada con La2O3. Para delimitar las
condiciones óptimas y maximizar la producción de H2 con el 
mejor compromiso de actividad-selectividad-desactivación, se ha 
realizado un estudio detallado del efecto sobre los índices de 
reacción (conversión y rendimientos) de las condiciones de 
reformado: temperatura, entre 500-650 ºC; tiempo espacial, 
hasta 0.35 gcath/gEtOH, que permite alcanzar el equilibrio 
termodinámico; relación molar vapor/etanol entre 3 (relación 
estequiométrica del reformado) y 9 (gran dilución con agua); 
tiempo de reacción hasta 20 h. El catalizador Ni/La2O3-αAl2O3 es
activo y estable, adecuado para el proceso de reformado con 
vapor de etanol, con elevado rendimiento y selectividad de H2, 
aunque el efecto de las variables de operación tiene una difícil 
interpretación, debido a la complejidad del esquema de reacción, 
con numerosas reacciones individuales.

Palabras Clave—Reformado con vapor, Etanol,
Hidrógeno,Catalizador, Níquel 

Abstract—Ethanol steam reforming for hydrogen production
over Ni supported in αAl2O3 modified with La2O3 has been
studied. A detailed study on the effect of the reforming conditions 
over reaction indices (conversion and yield) has been doing, to 
delimit the optimal conditions and maximizing the H2 production 
correlating activity-selectivity-deactivation . The reforming 
conditions were: temperature, 500-650 ºC; space-time, 0.02-0.35 
gcath/gEtOH; steam/ethanol molar ratio between 3 (stoichiometric 
ratio) and 9 (high dilution); time on stream, 20 h. Ni/La2O3-
αAl2O3 catalyst are active and stable, suitable for ethanol steam
reforming process, with high hydrogen yield and selectivity, the 
effect of the operation variables has a difficult interpretation 
because the reaction pathways has various individual reactions. 
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"-6$%#( UV9( W9( IIX<( M+$( ",G6!>%9( "#( "Y4"&%( *"( 6>26( -+"$"( 2$(
"J"4-%( G"$"J+4+%&%( &%G!"( #6( &"#"4-+B+*6*( *"( 3+*!C>"$%9( *6*%(
F2"( J6B%!"4"( #6&( !"644+%$"&( *"( &2( J%!,64+C$9( -6$-%( #6&( *"(
!"J%!,6*%( 4%,%( #6( STM<( K%,%( 4%$&"42"$4+6( *"( "&-%&(
J64-%!"&9( "#( !"$*+,+"$-%( *"( ./( 62,"$-6( $%-6G#","$-"( 4%$( #6(
!"#64+C$( B61%!?"-6$%#( 426$*%( #6( 4%$B"!&+C$( "&( 6#-69( #%( 426#(
&24"*"(6(6#-6(-",1"!6-2!69(62$F2"("#(62,"$-%("&(1%4%($%-6G#"(
6( G6R6( -",1"!6-2!6( 1%!F2"( "&( "&-"( 46&%( "#( 62,"$-%( *"(
&"#"4-+B+*6*(*"(3+*!C>"$%(F2"*6(4%$-!6!!"&-6*%("$(16!-"(1%!(#6(
*+&,+$24+C$(*"(#6(4%$B"!&+C$<(

(

(

(
H+><(/< @J"4-%(*"#( -+",1%("&164+6#("$(#%&(B6#%!"&( +$+4+6#"&(*"(!"$*+,+"$-%(
*"(&2G1!%*24-%&(6(W;;(ZK(06'()([W;(ZK(0G'<(\"#64+C$(,%#6!(M?@NO(
(

(
H+><(O< @J"4-%( *"( #6( !"#64+C$( ,%#6!( M?@( "$( #%&( B6#%!"&( +$+4+6#"&( *"(
4%$B"!&+C$(*"("-6$%#()(!"$*+,+"$-%(*"(./9(16!6(*+J"!"$-"&(-",1"!6-2!6&(*"(
!"J%!,6*%<(]+",1%("&164+6#L(S?H;N;<;V(>46-3?>@-A.(
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B. Efecto sobre la evolución con el tiempo de los índices de 
reacción 
!"# $%&'("# )#*'+,-("# +.# +/+0-1# 2+# ."# -+*3+("-'("# ,14(+# ."#

+51.'0%67# 017# +.# -%+*31#2+# .1,# 872%0+,#2+# (+"00%67#3"("#4"9"#
0175+(,%67:#+,#2+0%(:#0'"721#."#0170+7-("0%67#2+#"0+-".2+;821:#
+-%.+71# <# +-"71.# +,# +.+5"2"=# >7# +,-",# 0172%0%17+,# ;"<# '7"#
(?3%2"# 2+,"0-%5"0%67# 2+.# 0"-".%@"21(:# A'+# +,# *?,# (?3%2"# "#
*"<1(# -+*3+("-'("=# B,8:# "# CDE# FG# H$%&'("# )4I# +.# 0"-".%@"21(#
+,-?# -1-".*+7-+# 2+,"0-%5"21# -(",# )# ;:# ".0"7@?721,+# .1,#
(+72%*%+7-1,#2+#3(12'0-1,#01((+,3172%+7-+,#.1,#14-+7%21,#31(#
('-",#-J(*%0",=#

#

#

#
$%&=#)= >51.'0%67# 017# +.# -%+*31# 2+# ."# 0175+(,%67# 2+# +-"71.# <# 2+.#
(+72%*%+7-1#2+# .1,#3(12'0-1,#2+# (+"00%67#3"("#DEE# FG# H"I# <#CDE# FG# H4I=#
G172%0%17+,#2+#(+"00%67K#LM>NC:#OM$EN#E=EP#&0"-;M&>-QR#

#

>.# +/+0-1# 2+# ."# -+*3+("-'("# +,# +.# 017-("(%1# 3"("# +.+5"21#
-%+*31# +,3"0%".# H$%&'("# DI:# 0'"721# ."# 0175+(,%67# %7%0%".# +,#
01*3.+-"=# >7# +,-+# 0",1:# ."# 5+.10%2"2# 2+# 2+,"0-%5"0%67# +,#
*'0;1# *?,# .+7-":# <# "2+*?,# ,+# "-+7S"# ".# "'*+7-"(# ."#
-+*3+("-'(":# 2+# *121# A'+# "# CDE# FG# H$%&'("# D4I# .1,#
(+72%*%+7-1,#2+#-121,#.1,#3(12'0-1,#,17#0",%#017,-"7-+,#+7#PE#
;=# >.# (+72%*%+7-1# 2+# RP# +51.'0%17"# 017# +.# -%+*31# +7#
01701(2"70%"#017#."#5"(%"0%67#2+#0175+(,%67:#*%+7-(",#A'+#.1,#
(+72%*%+7-1,# 2+# 3(12'0-1,# 0"(417"21,# +51.'0%17"7# 2+# /1(*"#
*'<#2%/+(+7-+#"#."#0175+(,%67:#.1#A'+#+5%2+70%"#A'+#+T%,-+#'7#

,%,-+*"# 2+# (+"00%67# 01*3.+91:# 017# 3(12'0-1,# 3(%*"(%1,:#
%7-+(*+2%1,#<#/%7".+,=#

!1,# (+,'.-"21,# *1,-("21,# "7-+(%1(*+7-+# 317+7# 2+#
*"7%/%+,-1# ."# %*31(-"7-+# 017-(%4'0%67# "# ."# 2+,"0-%5"0%67# 2+.#
0"-".%@"21(# 2+# .1,# 3(12'0-1,# %7-+(*+2%1,# H"0+-".2+;821# <#
+-%.+71I:# ",8# 01*1# 2+.# 3(13%1# +-"71.:# 2"2"# ."# (?3%2"#
2+,"0-%5"0%67# 14,+(5"2"# 0'"721# ."# 0170+7-("0%67# 2+# -121,#
+..1,#+,#+.+5"2"=#U1(#+.#017-("(%1:#.1,#,'43(12'0-1,#GQ#<#GR)#
-%+7+7# +,0","# 017-(%4'0%67# "# ."# 2+,"0-%5"0%67# 2+.# 0"-".%@"21(:#
2"21#A'+#J,-"#,+#"-+7S"#0'"721#"'*+7-"7#.",#0170+7-("0%17+,#
2+#"*41,#3(12'0-1,#0"(417"21,#VW:XEY=#

#

#

#
$%&=#D= >51.'0%67# 017# +.# -%+*31# 2+# ."# 0175+(,%67# 2+# +-"71.# <# 2+.#
(+72%*%+7-1# 2+# .1,# 3(12'0-1,# 2+# (+"00%67# 3"("# DEE# FG# H"I# <# CDE# FG# H4I=#
G172%0%17+,#2+#(+"00%67K#LM>NZ:#OM$EN#E=XW#&0"-;M&>-QR#

#

>7# 0'"7-1# ".# +/+0-1# 2+# ."# (+."0%67# LM># H$%&'("# CI:# ,+#
14,+(5"#'7"#71-"4.+#"-+7'"0%67#2+#."#2+,"0-%5"0%67#".#"'*+7-1#
2+#+,-"#5"(%"4.+#2+#*121#A'+#3"("#LM>N[#H$%&'("#C4I#-"7-1# ."#
0175+(,%67# 01*1# .1,# (+72%*%+7-1,# 3+(*"7+0+7# 017,-"7-+,#
2'("7-+#PE#;#2+#(+"00%67=#>,-"#"-+7'"0%67#2+#."#2+,"0-%5"0%67#
+,#*?,#"3(+0%"4.+#+7#+.# %7-+(5".1#+7-(+#LM>N#Z#<#C:#A'+#+7-(+#
LM>#N#C#<#[=##
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!
"#$%!&% '()*+,#-.! ,).! /*! 0#/12)! 3/! *4! ,).(/56#-.! 3/! /04.)*! 7! 3/*!
5/.3#1#/.0)!3/!89!2454! 5/*4,#)./6! :;'<! =! 7! >%!?).3#,#)./6! 3/! 5/4,,#-.@!
A;"B<!B%CD!$,40E;$'0F8!7!GBB!H?!!

IJ% ?FK?LM:IFK':!
'*! ,404*#N43)5! K#;L49F=OPQ*9F=! /6! 4,0#()! 7! /604R*/S!

43/,+43)! 2454! /*! 25),/6)! 3/! 5/T)5143)! ,).! (42)5! 3/! /04.)*S!
,).!/*/(43)!5/.3#1#/.0)!7!6/*/,0#(#343!3/!89%!Q6US!4!&BB!H?!S!
,).! 0#/12)! /624,#4*! 6+2/5#)5! 4! B%CD! $,40E;$'0F8! 7! 5/*4,#-.!
(42)5;/04.)*!3/!&!6/!)R0#/./!+.!5/.3#1#/.0)!3/!89!3/*!V9!W!

'*! /T/,0)! 3/! *46! (45#4R*/6! 3/! )2/54,#-.! 0#/./! +.4! 3#TU,#*!
#.0/525/04,#-.S! 3/R#3)! 4! *4! ,)12*/X#343! 3/*! /6Y+/14! 3/!
5/4,,#-.S!,).!.+1/5)646!5/4,,#)./6!#.3#(#3+4*/6%!

L4!0/12/540+54!0#/./!$54.!#.T*+/.,#4!/.!/*!,)12)5041#/.0)!
,#.Z0#,)!3/*!,404*#N43)5S!3/!1)3)!Y+/!4+1/.04.!.)04R*/1/.0/!
*4! ,).(/56#-.! 7! /*! 5/.3#1#/.0)! 3/! 89! 4*! 4+1/.045! *4!
0/12/540+54S!3/R#3)!4*!4+1/.0)!3/!*4!(/*),#343!3/!5/4,,#-.!7!
2)5Y+/!/*!25),/6)!/6!T4()5/,#3)!4*!6/5!1+7!/.3)0Z51#,)%!

'*!0#/12)!/624,#4*!0#/./!+.!.)04R*/!/T/,0)!/.!*4!,).(/56#-.!
7!3#605#R+,#-.!3/!25)3+,0)6%!L4!/()*+,#-.!3/! *4!,).(/56#-.!7!
5/.3#1#/.0)! 3/! 25)3+,0)6! ,).! /*! 0#/12)! /624,#4*! 2/51#0/!
#3/.0#T#,45! 9! N).46! 3#T/5/.,#4346@! 2)5! 3/R4X)! 3/! B%B>!
$,40E;$'0F8! E47! +.4! $54.! #.T*+/.,#4! 3/*! 0#/12)! /624,#4*S! ,).!
1+7!5[2#3)!4+1/.0)!3/!*4!,).(/56#-.!7!3/!*)6!5/.3#1#/.0)6!3/!
89S! ?FS! ?F9! 7! ?8\S! 7! 3#61#.+,#-.! 3/! *)6! 5/.3#1#/.0)6! 3/!
/0#*/.)!7!4,/04*3/EU3)!]25)3+,0)6!25#145#)6!/.!/*!/6Y+/14!3/!
5/4,,#-.S!Y+/!6).!147)5#045#)6!4!R4X)!0#/12)!/624,#4*^S!7!0#/./!
*+$45! +.4! 1+7! 5[2#34! 3/64,0#(4,#-.! 3/*! ,404*#N43)5%! :#.!
/1R45$)S! 2454! 0#/12)! /624,#4*! 147)5! 3/! B%B>! $,40E;$'0F8S! *4!
,).(/56#-.! 3/! /04.)*! /6! 25[,0#,41/.0/! ,)12*/04! 7! E47! 2),46!
(45#4,#)./6!3/!5/.3#1#/.0)!3/!25)3+,0)6S!7!/*!,404*#N43)5!0#/./!
$54.!/604R#*#343S!Y+/!/6!147)5!4!147)5!0/12/540+54%!!

L4!5/*4,#-.!1)*45!(42)5;/04.)*!/.!*4!4*#1/.04,#-.!]:;'^!0#/./!
+.!242/*! #12)504.0/! /.! *4! ,).(/56#-.! 7! /.! *4! 6/*/,0#(#343! 3/!

25)3+,0)6!3/!5/4,,#-.%!'*!4+1/.0)!3/!*4!5/*4,#-.!:;'!T4()5/,/!
*4!6/*/,0#(#343!3/!89S!4*!3/62*4N45!$54.!2450/!3/!*46!5/4,,#)./6!
3/*! /6Y+/14! ,#.Z0#,)! Y+/! *)! $/./54.S! ,)1)! /*! 5/T)5143)! 3/!
/04.)*! 7! 3/! 1/04.)S! 46U! ,)1)! *4! 5/4,,#-.! A_:S! 7! 40/.`4!
425/,#4R*/1/.0/!*4!3/64,0#(4,#-.!3/*!,404*#N43)5!!
!

!

J% Q_aQb'?IcI'KdF:!
'60/! 054R4X)!E4!6#3)!5/4*#N43)!,).!/*! T#.4.,#41#/.0)!3/! *4!

:/,5/045U4! K4,#).4*! 3/! '3+,4,#-.! :+2/5#)5S! ?#/.,#4S!
d/,.)*)$U4!/!I..)(4,#-.!3/!',+43)5O:'K':?ed!]9BCCBG&B^!
7! /*! c#.#60/5#)! 3/! ?#/.,#4! 7! d/,.)*)$U4! 3/*! _)R#/5.)! 3/!
'624f4!]?dg9BC9O=G9&=^%!

!
!

JI% a'"'a'K?IQ:!
hCi I.0/5.40#).4*!'./5$7!Q$/.,7%!A)5*3!'./5$7!F+0*))j!9BC=%!9BC=%!

h9i Q.35/k6! lS! :E4R4.#! m%! a/O/.(#6#).#.$! 0E/! 5)*/! )T! E735)$/.! #.! 4!
6+604#.4R*/!/./5$7!/,).)17%!I.0!l!8735)$/.!'./5$!9BC9n!=V@CCD\O9B=%!

h=i o/*4/NO:414.#/$)! caS! a#(/5)6O_)3)7! _S! d)55/6O?).05/546! :S! _45,#4O
o/5/N! dS! Q*R)5.)NOJ#.0#1#**4! '%! o5)3+,0#).! 4.3! +6/! )T! /*/,05)*70#,!
E735)$/.! #.! ',+43)5! 0)k4536! 4! *)k! ,45R).! /,).)17%! './5$7! 9BC\n!
&\@&9&O=C%!

h\i K4E45! _S! b+2).0! J%! 8735)$/.! (#4! 60/41! 5/T)51#.$! )T! *#Y+#3!
R#)T//360),j%!m#)T+/*6!9BC9n!=@C&VO>C%!

hGi m6E#6E!QS!e44j)R!QS!K45474.4.!mS!a414j5#6E.4.!aS!'R6E#6E!Q%!:0/41O
5/T)51#.$!)T!/0E4.)*!T)5!E735)$/.!25)3+,0#).%!?E/1!o42!9BCCn!&G@9GCO
&&%!

h&i p+145!QS!o54643!aS!:E4514!e%!:0/41!a/T)51#.$!)T!'0E4.)*@!o5)3+,0#).!
)T!a/./k4R*/!8735)$/.%!I.0!l!'.(#5).!a/6!b/(!9BC\n!=@!9B=OC9%!

hVi q+!AS!L#+!rS!l)E.60).Oo/,j!Q?S!:/.4.474j/!:bS!rE)+!_S!:04,,E#)*4!b!
7!,)*6%!:0/41!a/T)51#.$!)T!'0E4.)*!).!K#;?/F9@!a/4,0#).!o40Ek47!4.3!
I.0/54,0#).!R/0k//.!K#!4.3!0E/!?/F9!:+22)50%!Q?:!?404*!9BC=n!=@>VGOD\%!

hDi J#,/.0/!lS!c).0/5)!?S!'5/f4!lS!QNj)#0#!clS!m#*R4)!lS!_47+R)!Q_%!?)j/!
3/4,0#(40#).! )T!K#! 4.3!?)! ,404*7606! #.! /0E4.)*! 60/41! 5/T)51#.$! 40!1#*3!
0/12/540+5/6! #.! 4! T*+#3#N/3! R/3! 5/4,0)5%! I.0! l! 8735)$/.! './5$! 9BC\n!
=>@C9GD&O>&%!

h>i a/1#5)! QS! J4**/! mS! Q$+47)! QdS! m#*R4)! lS! _47+R)! Q_%! F2/540#.$!
,).3#0#).6!T)5!400/.+40#.$!K#;L49F=sPQ*9F=!,404*760!3/4,0#(40#).!#.!0E/!
60/41!5/T)51#.$!)T!R#)O)#*!4Y+/)+6!T54,0#).%!"+/*!o5),/66!d/,E.)*!9BC=n!
CCG@999O=9%!

hCBi c).0/5)!?S!J4**/!mS!m#*R4)!lS!_47+R)!Q_%!Q.4*76#6!)T!K#;L49F=OQ*9F=!
,404*760!3/4,0#(40#).!R7!,)j/!3/2)6#0#).! #.! 0E/!/0E4.)*! 60/41!5/T)51#.$%!
?E/1%!'.$%!d54.64,%!=V!]9BC\^!\DC%!

hCCi 84574.0)! QS! "/5.4.3)! :S! c+54*#! KS! Q3E#j45#! :%! ?+55/.0! :040+6! )T!
8735)$/.! o5)3+,0#).! d/,E.#Y+/6! R7! :0/41! a/T)51#.$! )T! '0E4.)*@! Q!
a/(#/k%!'./5$7!"+/*6!9BBGn!C>@9B>DOCB&%!!

!
!

!

0

0.2

0.4

0.6

0.8

1

0 4 8 12 16 20

XEtOH,
Ri

tiempo, h

S/E

3
9

XEtOH   RH2

X CONGRESO DE CIENCIA Y TECNOLOGÍA ESPE 2015

ISSN: 1390-4671 266

http://www.future-science.com/loi/bfs

