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RESUMEN 

�
(Q� OD� OLWHUDWXUD�VH�KD�SURSXHVWR�TXH�PDWHULDOHV�FRQ�SURSLHGDGHV�iFLGDV�GH�/HZLV�
SXHGHQ� VHU� XVDGRV� FRPR� DGLWLYRV� SDUD� OD� UHGXFFLyQ�GHO� D]XIUH� HQ� OD� JDVROLQD�GH�
)&&��(VWRV�PDWHULDOHV�SXHGHQ�LQWHUDFWXDU�FRQ�HVSHFLHV�EiVLFDV�GH�/HZLV�WDOHV�FRPR�
HO� WLRIHQR�� ORV� DOTXLO�WLRIHQRV� \� ORV�PHUFDSWDQRV�� 'LYHUVRV� HVWXGLRV� KDQ� VXJHULGR�
TXH� OD� SUHVHQFLD� GH� ORV� VLWLRV� iFLGRV� GH� /HZLV� DVRFLDGRV� DO� ]LQF� HQ� ORV� DGLWLYRV�
HPSOHDGRV�SDUD�OD�HOLPLQDFLyQ�GH�D]XIUH��LQFUHPHQWDQ�OD�HOLPLQDFLyQ�GHO�D]XIUH�HQ�
OD� JDVROLQD�� 6LQ� HPEDUJR�� VH� FDUHFH� GH� LQIRUPDFLyQ� TXH� FRQGX]FD� D� XQD� PHMRU�
FRPSUHQVLyQ�VREUH�OD�IRUPD�HQ�TXH�DFW~DQ�GLFKRV�PDWHULDOHV���
�
(Q�HO�SUHVHQWH�WUDEDMR�VH�VLQWHWL]DURQ�HVSLQHODV�H�KLGURWDOFLWDV�HQ�FX\DV�HVWUXFWXUDV�
FULVWDOLQDV�VH�WUDWy�GH�LQWURGXFLU�]LQF��D�ILQ�GH�REWHQHU�PDWHULDOHV�WHUQDULRV�0J�=Q�
$O��)XHURQ�VLQWHWL]DGRV���DGLWLYRV�SDUD�OD�VHULH�(6�=Q�;��EDVDGD�HQ�HVSLQHODV��FDGD�
XQR�FRQ�FRQWHQLGR�GLIHUHQWH�GH�]LQF��GH�OD�PLVPD�IRUPD�IXH�VLQWHWL]DGD�OD�VHULH�GH�
KLGURWDOFLWDV�+7�=Q�;���TXH�VH�XWLOL]DURQ�FRPR�SUHFXUVRUHV�SDUD� ORV�DGLWLYRV�GH� OD�
VHULH� 2+7�=Q�;��� 8QR� GH� ORV� SULQFLSDOHV� IDFWRUHV� TXH� FRQWUROy� OD� VtQWHVLV� GH� ORV�
PDWHULDOHV� IXH� HO� S+�� HO� FXDO� YDULy� GHSHQGLHQGR� GHO� FRQWHQLGR� GH� ]LQF� TXH�
SUHVHQWDED�HO�PDWHULDO�D�VLQWHWL]DU��
�
/D�YDULDFLyQ�GHO�FRQWHQLGR�GH�]LQF�HQ�ODV�GRV�VHULHV�GH�DGLWLYRV�VH�UHDOL]y�D�ILQ�GH�
REVHUYDU�HO�HIHFWR�TXH�WLHQH�HO�]LQF�HQ�OD�UHDFFLyQ�GH�GHVXOIXUDFLyQ�GHO�WLRIHQR�EDMR�
FRQGLFLRQHV� VLPXODGDV� GHO� UHDFWRU� GH� OD� XQLGDG� GH� &UDTXHR� &DWDOtWLFR� )OXLGL]DGR�
�)&&�SRU�VXV�VLJODV�HQ�LQJOpV���/DV�VHULHV�GH�DGLWLYRV�(6�=Q�;��\�2+7�=Q�;��IXHURQ�
HYDOXDGDV�FDWDOtWLFDPHQWH�HQ� OD�UHDFFLyQ�DQWHV�PHQFLRQDGDV��/D�VHULH�2+7�=Q�;���
TXH�WHQtD�FRPR�SUHFXUVRU�D�ODV�KLGURWDOFLWDV��GLR�ORV�PHMRUHV�UHVXOWDGRV�UHVSHFWR�D�
OD�VHULH�(6�=Q�;���HQ�HVSHFLDO�VREUHVDOH�HO�DGLWLYR�2+7�=Q�����TXH�HQ�FRPELQDFLyQ�
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FRQ�HO�FDWDOL]DGRU�GH�HTXLOLEULR�DXPHQWy�OD�FDSDFLGDG�GHVXOIXUDGRUD�HQ�HO�SURFHVR�
�FDWDOL]DGRU�GH�HTXLOLEULR��������DGLWLYR��KDVWD�XQ������
�
(O�DQiOLVLV�GH�ODV�GRV�VHULHV�GH�DGLWLYRV�SRU�HVSHFWURVFRSLD�GH�LQIUDUURMR��XWLOL]DQGR�
&2��FRPR�PROpFXOD�VRQGD��FRQGXMR�D�OD�LGHQWLILFDFLyQ�GH�GRV�VLWLRV�iFLGRV�GH�/HZLV�
DVRFLDGRV�DO�DOXPLQLR�TXH�VH�HQFXHQWUD�HQ�VX�IRUPD�R[LGDGD�GHQWUR�GH�ORV�DGLWLYRV��
OD�SULPHUD�EDQGD�VH�ORFDOL]y�HQWUH������\������FP���\�IXH�DVRFLDGD�DO�DOXPLQLR�HQ�
FRRUGLQDFLyQ� WHWUDpGULFD��\� OD�VHJXQGD�EDQGD�VH� ORFDOL]y�HQWUH������\������FP����
DVRFLDGD� DO� DOXPLQLR� HQ� FRRUGLQDFLyQ� RFWDpGULFD�� /RV� UHVXOWDGRV� LQGLFDQ� TXH� ORV�
VLWLRV�&86� VREUH� HO� DOXPLQLR� VRQ�PiV� IXHUWHV�TXH� ORV�SRVLEOHV� VLWLRV� VREUH�HO�=Q��
(VWRV�UHVXOWDGRV��WDPELpQ��VXJLHUHQ�TXH�HO�]LQF�RFDVLRQD�XQ�DXPHQWR�HQ�OD�IXHU]D�
iFLGD�GH�ORV�VLWLRV�&86�GHO�DOXPLQLR��OR�TXH�WUDH�FRPR�FRQVHFXHQFLD�OD�SDUWLFLSDFLyQ�
DFWLYD�GH�HVWRV�VLWLRV�HQ�OD�UHDFFLyQ�GH�GHVXOIXUDFLyQ�GHO�WLRIHQR��
�
(Q� HO� SURFHVR� UHDO�� HO� WLHPSR� GH� FRQWDFWR� HQWUH� HO� FDWDOL]DGRU� GH� FUDTXHR� \� OD�
FRUULHQWH�GH�DOLPHQWDFLyQ�GXUD�HQWUH���\����VHJXQGRV��WLHPSR�HQ�HO�FXDO�RFXUUHQ�
ODV�UHDFFLRQHV�GH�FUDTXHR��/RV�DGLWLYRV�SURSXHVWRV�WDPELpQ�WHQGUiQ�HVWH�WLHPSR�GH�
FRQWDFWR�� QR� REVWDQWH� VH� GHMDURQ� UHDFFLRQDU� ��� KRUDV� FRQWLQXDV� FRQ� HO� ILQ�
LQYHVWLJDU� VREUH� OD� UHDFFLyQ��DPEDV� VHULHV�GH�DGLWLYRV� VH�GHVDFWLYDURQ�GXUDQWH� OD�
UHDFFLyQ��(O�DQiOLVLV�WHUPRJUDYLPpWULFR�GHWHUPLQy�TXH�OD�VHULH�GH�DGLWLYRV�(6�=Q�;��
VH�GHVDFWLYy�SRU� OD�SUHVHQFLD�GH�FRTXH�GHSRVLWDGR�HQ�VX�VXSHUILFLH��VLQ�HPEDUJR��
QR�RFXUULy�GH�OD�PLVPD�IRUPD�FRQ�ORV�DGLWLYRV�GH�OD�VHULH�2+7�=Q�;���/D�'LIUDFFLyQ�
GH� 5D\RV� ;� GHWHUPLQy� TXH� OD� GHVDFWLYDFLyQ� GH� HVWD� ~OWLPD� VHULH� GH� DGLWLYRV� VH�
GHELy� D� OD� SUHVHQFLD� GH� =Q6�� VH� GHVFDUWy� OD� SRVLELOLGDG� GH� TXH� OD� UHDFFLyQ� TXH�
RFXUUtD� FRQ� HVWD� VHULH� GH� DGLWLYRV� IXHUD� XQD� UHDFFLyQ� GH� IRUPDFLyQ� GH� VXOIXURV��
SXHV�OD�UHODFLyQ�GH�PROHV�GH�WLRIHQR�FRQYHUWLGDV�D�OD����KRUDV�GH�UHDFFLyQ�SRU�PRO�
GH�]LQF�IXH�VXSHULRU�D�OD�HVWHTXLRPpWULFD��(Q�HVWD�VHULH�GH�DGLWLYRV�VH�HQFXHQWUD�HO�
DGLWLYR�PiV�DFWLYR��HO�FXDO�IXH�VRPHWLGR�D�GRV�FLFORV�GH�UHDFFLyQ�R[LGDFLyQ�D�ILQ�GH�
REVHUYDU� VL� HUD� SRVLEOH� UHFXSHUDU� VX� DFWLYLGDG�� ORV� UHVXOWDGRV� PXHVWUDQ� TXH� HO�
DGLWLYR�2+7�=Q����UHFXSHUy�VX�DFWLYLGDG�HQWUH����\�������
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�
(O� DQiOLVLV� SRU� HVSHFWURPHWUtD� GH� PDVDV� GH� ORV� SURGXFWRV� GH� UHDFFLyQ� GH� ODV�
UHDFFLRQHV� FDWDOL]DGDV� SRU� HO� DGLWLYR� 2+7�=Q����� HO� FDWDOL]DGRU� GH� HTXLOLEULR� \� OD�
PH]FOD� GH� DPERV� PXHVWUD� TXH� DO� SDUHFHU� ODV� SULQFLSDOHV� UHDFFLRQHV� TXH� VH�
HIHFW~DQ�VRQ�GH�GHVLQWHJUDFLyQ�\�GH�WUDQVIHUHQFLD�GH�KLGUyJHQR��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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�
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INTRODUCCIÓN 

�
�

(O� 62�� HV� XQR� GH� ORV� FRQWDPLQDQWHV� DWPRVIpULFRV� PiV� GDxLQRV�� DFWXDOPHQWH� VH�
HPLWH�XQD�JUDQ�FDQWLGDG�GH�GLFKR�FRQWDPLQDQWH�D�QLYHO�GH�VXHOR��SDUWLFXODUPHQWH�
HQ�ODV�]RQDV�FRQWLQHQWDOHV�GHO�KHPLVIHULR�QRUWH��GHELGR�D�TXH�HVWDV�]RQDV�VRQ�ODV�
PiV�LQGXVWULDOL]DGDV��
�
(O�62��SXHGH�R[LGDUVH�HQ�OD�DWPyVIHUD�D�62��SRU�YDULDV�YtDV��HO�FXDO�DO�GLVROYHUVH�
HQ�HO�DJXD�SUHVHQWH�HQ�OD�DWPyVIHUD�IRUPD�iFLGR�VXOI~ULFR��+�62����HVWH�iFLGR�HV�HO�
UHVSRQVDEOH�HQ�JUDQ�PHGLGD�GHO� IHQyPHQR�GH� OD� OOXYLD�iFLGD��(Q� OD�DFWXDOLGDG�HQ�
(VWDGRV�8QLGRV�HO�S+�GH�OD�OOXYLD�VH�HQFXHQWUD�HQWUH�����\�����>�@��D�SHVDU�GH�TXH�
HVWRV�YDORUHV�VRQ�EDVWDQWH�iFLGRV��HO�FRQWDFWR�HQWUH� OD�SLHO�KXPDQD�\�HO�DJXD�GH�
OOXYLD� QR� RFDVLRQD� TXHPDGXUDV�� 6LQ� HPEDUJR�� VH� KDQ� JHQHUDGR� RWUR� WLSR� GH�
FRQVHFXHQFLDV�FRPR�OD�DFLGLILFDFLyQ�GH�ORV�ODJRV�\�OD�GHVWUXFFLyQ�GH�OD�YHJHWDFLyQ�
HQ�QXHVWURV� ERVTXHV� \� VHOYDV�� OLPLWDQGR� FRQ� HOOR� OD� FDSDFLGDG�GH� FUHFLPLHQWR�GH�
DOJXQDV�SODQWDV�\�DQLPDOHV��/R�DQWHULRU� WUDH�FRPR�FRQVHFXHQFLD�XQD�GLVPLQXFLyQ�
HQ� ORV� UHFXUVRV� HFRQyPLFRV� REWHQLGRV� GH� HVWRV� OXJDUHV�� $XQDGR� D� ORV� GDxRV�
RFDVLRQDGRV�SRU�OD�OOXYLD�iFLGD��OD�SUHVHQFLD�GHO�62��HQ�HO�DLUH�TXH�VH�UHVSLUD�HQ�ODV�
SDUWHV� PiV� FRQWDPLQDGDV� GH� ODV� FLXGDGHV�� RULJLQD� XQ� PD\RU� tQGLFH� GH�
HQIHUPHGDGHV�UHVSLUDWRULDV�\�PHQRU�H[SHFWDWLYD�GH�YLGD�HQ�ODV�SHUVRQDV�TXH�YLYHQ�
HQ�HVWDV�]RQDV��
�
'HELGR�D�ODV�FRQVHFXHQFLDV�TXH�WUDH�FRQVLJR�OD�HPLVLyQ�GH�62[��62����62����FRPR�
OR�VRQ�HO�GHWHULRUR�HQ�OD�VDOXG�KXPDQD�\�OD�OOXYLD�iFLGD��VH�KDFH�QHFHVDULR�GLVPLQXLU�
OD�FRQFHQWUDFLyQ�GH�HVWH�FRQWDPLQDQWH�GH�OD�DWPyVIHUD��
�
�
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FUENTES GENERADORAS DE SOx. 

([LVWHQ� GLYHUVDV� IXHQWHV� JHQHUDGRUDV� GH� 62[�� ODV� FXDOHV� VH� KDQ� FODVLILFDGR� HQ�
QDWXUDOHV�� ILMDV�\�PyYLOHV��/DV�IXHQWHV�QDWXUDOHV�HVWiQ�FRQVWLWXLGDV�SULQFLSDOPHQWH�
SRU� JDVHV� SURYHQLHQWHV� GH� OD� GHVFRPSRVLFLyQ� GH�PDWHULD� RUJiQLFD� SRU� EDFWHULDV��
LQFHQGLRV�IRUHVWDOHV�\�JDVHV�YROFiQLFRV��WRGRV�HOORV�SURFHVRV�DOHDWRULRV���SRU�OR�TXH�
VX� FRQWURO� HV�PX\�GLItFLO�� 6LQ� HPEDUJR�� OD� FDQWLGDG�GH� VX� HPLVLyQ� HV�PtQLPD��HQ�
FRPSDUDFLyQ� FRQ� ODV� FDQWLGDGHV� HPLWLGDV� HQ� ORV� DPELHQWHV� XUEDQRV� H�
LQGXVWULDOL]DGRV��
�
/DV� IXHQWHV� ILMDV� VRQ� ODV� TXH� HPLWHQ� OD� PD\RU� FDQWLGDG� GH� 62[� D� OD� DWPyVIHUD��
(QWUH� HOODV� VH� HQFXHQWUDQ� ODV� XQLGDGHV� GH� JHQHUDFLyQ� GH� SRWHQFLD� ODV� FXDOHV�
JHQHUDQ�HQWUH�HO����\������GH�ODV�HPLVLRQHV�JOREDOHV�GH�62[��\�ODV�UHILQHUtDV��HQ�
HVSHFLDO� ODV� XQLGDGHV� GH� &UDTXHR� &DWDOtWLFR� )OXLGL]DGR� �)&&� SRU� VXV� VLJODV� HQ�
LQJOpV��� TXH� OLEHUDQ� GHO� �� DO� ���� GH� ODV� HPLVLRQHV� WRWDOHV� >�@�� 6LQ� HPEDUJR��
DFWXDOPHQWH�VH�HVWiQ�WRPDQGR�ODV�PHGLGDV�QHFHVDULDV�SDUD�GLVPLQXLU�HVWH�WLSR�GH�
FRQWDPLQDQWHV�� (Q� OD� FLXGDG� GH�0p[LFR�� ODV� XQLGDGHV� GH� JHQHUDFLyQ� GH� SRWHQFLD�
KDQ�PRGLILFDGR�VXV�SURFHVRV�VXVWLWX\HQGR�HO�XVR�GHO�JDVRLO�SRU�JDV�QDWXUDO��\�HQ�
ODV�XQLGDGHV�GH�)&&�VH�HVWiQ�PHMRUDQGR�GtD�FRQ�GtD� ORV�DGLWLYRV�TXH�VH�HPSOHDQ�
SDUD�UHGXFLU�OD�FDQWLGDG�GH�62[�HPLWLGRV�D�OD�DWPyVIHUD���
�
)LQDOPHQWH�� ODV� IXHQWHV� PyYLOHV� HVWiQ� FRQVWLWXLGDV� SULQFLSDOPHQWH� SRU� ORV�
DXWRPRWRUHV� TXH� DO� TXHPDU� OD� JDVROLQD� R� HO� GLHVHO� HQ� VXV�PRWRUHV� JHQHUDQ�XQD�
JUDQ� FDQWLGDG� GH� 62[�� HVWR� FDXVDGR� SRU� HO� DOWR� FRQWHQLGR� GH� D]XIUH� HQ� ORV�
FRPEXVWLEOHV�� (Q� HO� DxR� ������ HQ� 0p[LFR� HO� FRQVXPR� DQXDO� GH� JDVROLQD� IXH� GH�
�������� EDUULOHV� >�@�� OD� FXDO� FRQWLHQH� DSUR[LPDGDPHQWH� ���� SSP� GH� D]XIUH� >�@��
&RQ�OD�HQWUDGD�HQ�YLJRU�GH�QXHYDV�UHJXODFLRQHV�DPELHQWDOHV��VH�HVSHUD�TXH�HQ�ORV�
SUy[LPRV�DxRV��HO�D]XIUH�HQ�HO�GLHVHO�\�OD�JDVROLQD�VH�UHGX]FD�KDVWD����\����SSP�
UHVSHFWLYDPHQWH� >���@�� (Q� HO� SUHVHQWH� WUDEDMR� QRV� FHQWUDUHPRV� HQ� HVWRV�
FRPEXVWLEOHV��HQ�HVSHFLDO�OD�JDVROLQD��
�
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/D� JDVROLQD� TXH� SURYLHQH� GHO� SURFHVR� GH� )&&�� FRQWULEX\H� FRQ� XQ� WHUFLR� GH� OD�
SURGXFFLyQ�WRWDO�GH�JDVROLQD��VLQ�HPEDUJR�� OD�JDVROLQD�GH�)&&�DSRUWD�HO������GHO�
D]XIUH� FRQWHQLGR� HQ� HO� SRRO� GH� JDVROLQD� >���@�� HO� D]XIUH� UHVWDQWH� OR� DSRUWDQ� ODV�
JDVROLQDV�SURYHQLHQWHV�GH�RWURV�SURFHVRV���
�
DISTRIBUCIÓN DEL AZUFRE EN LOS PRODUCTOS DEL PROCESO DE 

CRAQUEO CATALÍTICO FLUIDIZADO (FCC). 

�
(O� SHWUyOHR� FRQWLHQH� GLIHUHQWHV� WLSRV� GH� FRPSXHVWRV� GH� D]XIUH�� HQWUH� HOORV�
GLVXOIXURV��PHUFDSWDQRV��WLRIHQRV��DOTXLOWLRIHQRV��EHQ]RWLRIHQRV��GLEHQ]RWLRIHQRV��\�
DOTXLOGLEHQ]RWLRIHQRV�� /D� FRQFHQWUDFLyQ� \� HO� WLSR� GH� D]XIUH� HQ� FDGD� XQD� GH� ODV�
IUDFFLRQHV�GHVWLODGDV�GHO�SHWUyOHR�GHSHQGHUi�GHO�WLSR�GH�FUXGR�D�SURFHVDU��\D�VHD�
OLJHUR��PHGLR�y�SHVDGR��'HELGR�D�HOOR�HQ� ODV� UHILQHUtDV� WRGRV� ORV� LQWHUPHGLDULRV�R�
SURGXFWRV�WHUPLQDGRV�FRQWLHQHQ�FLHUWD�FDQWLGDG�GH�D]XIUH��
�
(Q�HO�FDVR�GHO�SURFHVR�GH�)&&��~QLFDPHQWH�HO����GHO�D]XIUH�DOLPHQWDGR�VH�HOLPLQD�
SRU�HO� UHJHQHUDGRU�GH� OD�XQLGDG�HQ� IRUPD�GH�62[��DSUR[LPDGDPHQWH� OD�PLWDG�VH�
HOLPLQD�HQ�ODV�IUDFFLRQHV�GH�DFHLWHV�OLJHURV��/LJKW�&\FOH�2LO��\�IRQGRV��DOUHGHGRU�GHO�
����HQ� ORV�JDVHV� OLJHURV�HQ�IRUPD�GH�iFLGR�VXOIKtGULFR��\�VRODPHQWH�HO����HQ�OD�
JDVROLQD� >�@�� YHU� ILJXUD� ��� (VWD� GLVWULEXFLyQ� QRV� LQGLFD� OD� FDQWLGDG� GH� D]XIUH� FRQ�
TXH� FXHQWD� OD� JDVROLQD� GH� )&&�� VREUH� WRGR� VL� FRQVLGHUDPRV� TXH� HQ� 0p[LFR� OD�
DOLPHQWDFLyQ�TXH�HQWUD�D�ODV�XQLGDGHV�GH�)&&�FRQWLHQH�HQWUH�����\�������HQ�SHVR�
GH�D]XIUH��
�
&RPR� \D� VH� PHQFLRQy�� XQD� FDQWLGDG� FRQVLGHUDEOH� GH� OD� JDVROLQD� SURGXFLGD� VH�
REWLHQH� GHO� SURFHVR� GH� )&&�� \� OD� JDVROLQD� SURYHQLHQWH� GH� HVWH� SURFHVR� FRQWLHQH�
XQD�JUDQ�FDQWLGDG�GH�D]XIUH��$FWXDOPHQWH�DOJXQRV�HVWXGLRV�VH�HVWiQ�HQIRFDQGR�HQ�
UHGXFLU�HO�FRQWHQLGR�GH�D]XIUH�HQ�OD�JDVROLQD��FRPR�HV�HO�FDVR�GHO�SUHVHQWH�WUDEDMR��
'DGD�OD�JUDQ�FRQWULEXFLyQ�GH�OD�JDVROLQD�GH�)&&�DO�FRQWHQLGR�GH�D]XIUH�WRWDO��XQD�
UHGXFFLyQ� LPSRUWDQWH� SRGUtD� DOFDQ]DUVH� GLVPLQX\HQGR� HO� FRQWHQLGR� GH� D]XIUH�
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SURYHQLHQWH�GH�HVWD�JDVROLQD��SRU�HOOR�D�FRQWLQXDFLyQ�VH�GHVFULELUi�EUHYHPHQWH�HQ�
TXH�FRQVLVWH�GLFKR�SURFHVR�SDUD�FRQRFHU�FyPR�SRGHPRV�UHGXFLU�HVWH�FRQWDPLQDQWH�
GH�OD�JDVROLQD��
�

Figura 1. Cantidad de azufre presente en los productos del proceso FCC.  

�
�
EL PROCESO DE CRAQUEO CATALÍTICO FLUIDIZADO. 

�
(Q�HO�SURFHVR�GH�)&&��ILJXUD�����ORV�JDVyOHRV�GH�FDUJDV�D�)&&��VH�SUHFDOLHQWDQ�HQ�
KRUQRV�y� LQWHUFDPELDGRUHV�GH�FDORU�HQWUH�����\������&��HVWRV�VH�PH]FODQ�FRQ�HO�
FDWDOL]DGRU� FDOLHQWH� TXH� SURYLHQH� GHO� UHJHQHUDGRU� HQ� OD� EDVH� GHO� UHDFWRU� GH�
HOHYDFLyQ�� DO� PLVPR� WLHPSR� VH� LQ\HFWD� YDSRU� SDUD� IDFLOLWDU� OD� GLVSHUVLyQ� GH� OD�
DOLPHQWDFLyQ�� 0LHQWUDV� OD� PH]FOD� JDVyOHR�FDWDOL]DGRU� VH� HOHYD� HQ� HO� UHDFWRU� D�
WHPSHUDWXUDV�TXH�YDUtDQ�HQWUH�����\������&�� VH� OOHYDQ�D�FDER� ODV� UHDFFLRQHV�GH�
FUDTXHR� GHO� JDVyOHR� >�@�� (O� WLHPSR� GH� UHVLGHQFLD� HQ� HO� UHDFWRU� HV� GH� �� D� ���
VHJXQGRV�� /RV� SURGXFWRV� GH� UHDFFLyQ� HQWUDQ� DO� FLFOyQ� HQ� GRQGH� VH� VHSDUDQ� ORV�
FRPSRQHQWHV� JDVHRVRV� �SURGXFWRV� GHO� FUDTXHR� \� HO� JDVyOHR� VLQ� UHDFFLRQDU�� GHO�
FDWDOL]DGRU�GHVDFWLYDGR�SRU�HO�GHSyVLWR�GH�FRTXH��/RV�SURGXFWRV�VRQ�HQYLDGRV�GHO�
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FLFOyQ� D� XQD� FROXPQD� IUDFFLRQDGRUD�� HQ�GRQGH� OD� JDVROLQD� \� RWUDV� IUDFFLRQHV� VRQ�
VHSDUDGDV� SRU� GHVWLODFLyQ� HQ� ORV� LQWHUYDORV� GH� HEXOOLFLyQ� GHVHDGRV�� (O� FDWDOL]DGRU�
GHVDFWLYDGR� HV� SXHVWR� HQ� FRQWDFWR� FRQ� YDSRU� HQ� HO� GHVSRMDGRU� HQ� GRQGH� ORV�
KLGURFDUEXURV�VRQ�HOLPLQDGRV�GHO�FDWDOL]DGRU��'HVSXpV�HO�FDWDOL]DGRU�JDVWDGR�HQWUD�
DO� UHJHQHUDGRU�� GRQGH� HO� FRTXH� HV� R[LGDGR� D�&2��� &2� \� YDSRU� GH� DJXD�SRU�XQD�
FRUULHQWH� GH� DLUH� FDOLHQWH� LQ\HFWDGR� D� WUDYpV� GH� WREHUDV� SRU� HO� IRQGR� GHO�
UHJHQHUDGRU��/D�WHPSHUDWXUD�HQ�HO�UHJHQHUDGRU�SXHGH�YDULDU�GH�����D������&��/RV�
JDVHV� UHVXOWDQWHV� GH� OD� FRPEXVWLyQ� GHO� FRTXH� VRQ� HOLPLQDGRV�� PLHQWUDV� TXH� HO�
FDWDOL]DGRU�UHJHQHUDGR�HV�UHWRUQDGR�DO�UHDFWRU�SDUD�SDUWLFLSDU�HQ�XQ�QXHYR�FLFOR�GH�
UHDFFLyQ��3HULyGLFDPHQWH�HV�DGLFLRQDGR�FDWDOL]DGRU�IUHVFR�D�OD�XQLGDG�GH�)&&��SDUD�
FRPSHQVDU�ODV�SpUGLGDV�GH�FDWDOL]DGRU�\�OD�JUDGXDO�GHVDFWLYDFLyQ�GH�pVWH��
�

�
Figura 2. Proceso de craqueo catalítico fluidizado. 
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SITUACIÓN EN MÉXICO. 

 

(O� ����� GH� ODV� UHVHUYDV� GH� SHWUyOHR� FRQ� TXH� FXHQWD� DFWXDOPHQWH�0p[LFR� HVWiQ�
FRQVWLWXLGDV� SULQFLSDOPHQWH� SRU�&UXGR�0D\D� >��@�� (VWH� VH� FDUDFWHUL]D� SRU� VX� DOWD�
YLVFRVLGDG� \� FRQWHQLGR� GH� D]XIUH�� PHWDOHV� \� DVIDOWHQRV�� DVt� FRPR� VX� EDMR�
UHQGLPLHQWR�GH�IUDFFLRQHV� OLJHUDV�HQ� OD�GHVWLODFLyQ��6H�FRQVLGHUD�TXH�pVWH�WLSR�GH�
FUXGR�FRQWLHQH�������HQ�SHVR�GH�D]XIUH�� OD�FXDO�HV�XQ�FLIUD�EDVWDQWH�HOHYDGD��$�
SHVDU�GH�HOOR��OD�WHQGHQFLD�DFWXDO�HQ�0p[LFR�HV�DXPHQWDU�OD�SURGXFFLyQ�GH�JDVROLQD�
D�SDUWLU�GHO�&UXGR�0D\D�\�TXH�pVWD�WHQJD�OD�FDOLGDG�QHFHVDULD�SDUD�FRPSHWLU�D�QLYHO�
LQWHUQDFLRQDO��
�
$FWXDOPHQWH� ODV�JDVROLQDV�FRPHUFLDOHV�VH�UHIRUPXODQ�WRPDQGR�GLYHUVDV�FRUULHQWHV�
SURYHQLHQWHV� GH� OD� LQGXVWULD� GH� OD� UHILQDFLyQ� FRPR� GHVWLODGR�� FUDTXHR� WpUPLFR� \�
FDWDOtWLFR� �)&&��� UHIRUPDFLyQ� FDWDOtWLFD�� DOTXLODFLyQ� H� LVRPHUL]DFLyQ�� 'H� OD�
GHVLQWHJUDFLyQ�FDWDOtWLFD�y�)&&�HV�GH�GRQGH�VH�REWLHQH�FDVL� OD�WHUFHUD�SDUWH�GH�OD�
JDVROLQD� TXH� VH� FRQVXPH� HQ� HO� SDtV�� \� HV� WDPELpQ� GH� GRQGH� SURYLHQH� OD�PD\RU�
FDQWLGDG�GHO�D]XIUH�HQ�OD�JDVROLQD��FDVL�HO�������
�
/D� JDVROLQD� HVWi� FRPSXHVWD� SRU� XQD� PH]FOD� GH� KLGURFDUEXURV� SDUDItQLFRV��
LVRSDUDItQLFRV�� ROHItQLFRV�� QDIWpQLFRV� \� DURPiWLFRV�� TXH� HVWiQ� FRQVWLWXLGRV�
SULQFLSDOPHQWH�SRU�PROpFXODV�FRQ�FDGHQDV�GH�FLQFR�D�QXHYH�iWRPRV�GH�FDUERQR��
(Q�0p[LFR��3(0(;�&RPHUFLDOL]D� VyOR�GRV� WLSRV�GH�JDVROLQDV�DXWRPRWULFHV��3HPH[�
0DJQD�\�3HPH[�3UHPLXP��
�
/D�JDVROLQD�TXH�SURGXFH�3(0(;�HQ� OD�DFWXDOLGDG�FRQWLHQH�DSUR[LPDGDPHQWH�����
SSP�GH� D]XIUH�� VLQ� HPEDUJR� HVSHUD�TXH� D� SDUWLU� GHO� �����HVWH� FRPEXVWLEOH� VyOR�
FRQWHQJD� ��� y� ��� SSP�� GH� WDO� IRUPD� TXH� HVWp� SUiFWLFDPHQWH� OLEUH� GH� pVWH�
FRQWDPLQDQWH�� (VWR� DVHJXUDUtD� HO� IXQFLRQDPLHQWR� HILFLHQWH� WDQWR� GHO� FRQYHUWLGRU�
FDWDOtWLFR� FRPR� GHO� VHQVRU� GH� OD� FRPSXWDGRUD� GHO� VLVWHPD� GH� FRPEXVWLyQ� GH� ORV�
DXWRPyYLOHV�� ORJUDQGR� FRQ� HOOR� XQD� DOWD� HILFLHQFLD� GHO� FRQYHUWLGRU� \� XQD� EDMD�
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HPLVLyQ� GH� FRQWDPLQDQWHV�� $GLFLRQDOPHQWH� OH� GDUtD� D� 0p[LFR� OD� SRVLELOLGDG� GH�
FRQWDU� FRQ� OD� WHFQRORJtD� DXWRPRWUL]� GH� YDQJXDUGLD� FX\RV� PRWRUHV� UHTXLHUHQ� GH�
JDVROLQDV�OLEUHV�GH�D]XIUH���
�
$FWXDOPHQWH� HQ� HO� ,QVWLWXWR� 0H[LFDQR� GHO� 3HWUyOHR� �,03�� VH� HVWiQ� HVWXGLDQGR�
WHFQRORJtDV� SUH� \� SRVW� GHVLQWHJUDFLyQ� FDWDOtWLFD� �)&&��� FRQ� HO� ILQ� GH� HOLPLQDU� HO�
D]XIUH�HQ�ODV�JDVROLQDV��(Q�ODV�WHFQRORJtDV�SUH�)&&�VH�DQDOL]DQ�HO�KLGURWUDWDPLHQWR�
GH�JDVyOHRV��WHFQRORJtD�TXH�DIHFWD�SRVLWLYDPHQWH�HQ�OD�FRQGXFWD�GH�OD�XQLGDG�)&&��
DXPHQWDQGR�HO�UHQGLPLHQWR�GH�OD�JDVROLQD��UHGXFLHQGR�ORV�FRQVXPRV�GH�FDWDOL]DGRU�
\� RSWLPL]DQGR� HQ� IRUPD� JHQHUDO� HO� SURFHVR� GH� GHVLQWHJUDFLyQ� FDWDOtWLFD�� <� HQ� OD�
SDUWH� GH� ORV� SRVW�)&&�� VH� HVWXGLD� OD� KLGURGHVXOIXUDFLyQ� VHOHFWLYD� GH� OD� JDVROLQD�
)&&��PHGLDQWH� VLVWHPDV� FDWDOtWLFRV� FRQYHQFLRQDOHV�� VLVWHPDV� FDWDOtWLFRV�DGVRUWLYRV�
HQ� OHFKRV� HQ�PRYLPLHQWR� \� GHVWLODFLyQ� UHDFWLYD�� (VWDV� WHFQRORJtDV� VRQ� DWUDFWLYDV�
GHVGH� HO� SXQWR� GH� YLVWD� GH� ORV� SURGXFWRV�� SXHV� SURSRUFLRQDQ� PD\RUHV�
UHQGLPLHQWRV��\�HO�FRQWHQLGR�GH�D]XIUH�HQ� ORV�SURGXFWRV�VH�UHGXFH��VLQ�HPEDUJR��
HVWDV� WHFQRORJtDV� LPSOLFDQ� HOHYDGRV� FRVWRV� GH� FDSLWDO� \� GH� RSHUDFLyQ��
$GLFLRQDOPHQWH� OD� KLGURGHVXOIXUDFLyQ� GH� OD� JDVROLQD� FRQGXFH� D� XQD� SpUGLGD�
FRQVLGHUDEOH�HQ�HO�Q~PHUR�GH�RFWDQR���
�
([LVWH�XQD�WHUFHUD�RSFLyQ�SDUD�UHGXFLU�HO�FRQWHQLGR�GH�D]XIUH�HQ�OD�JDVROLQD��OD�FXDO�
LQYROXFUD� HO� FUDTXHR� GH� ORV� FRPSXHVWRV� GH� D]XIUH� GHVGH� HO�PLVPR� UHDFWRU� GH� OD�
XQLGDG� )&&�� HPSOHDQGR�SDUD�HOOR�XQ�DGLWLYR��(VWH�PpWRGR� VH�EDVD�HQ� FRQVLGHUDU�
TXH�VL� ORV�FRPSXHVWRV�GH�D]XIUH�SXHGHQ�VHU�FUDTXHDGRV�D�iFLGR�VXOIKtGULFR��+�6��
HQ�HO�ULVHU�GH�OD�XQLGDG�)&&��HQWRQFHV�HO�FRQWHQLGR�GH�D]XIUH�HQ�ORV�SURGXFWRV�VH�
UHGXFH�VLQ�HOHYDGRV�FRVWRV�GH�FDSLWDO�\�VLQ�OD�QHFHVLGDG�GH�RWUR�SURFHVR�DGLFLRQDO��
�
6DEHPRV�TXH�HQ�HVWH�PRPHQWR� OD�HFRQRPtD�PH[LFDQD�QR�HV�PX\�EXHQD��SRU� OR�
WDQWR� HV�PX\� GLItFLO� TXH� VH� SXHGDQ� DGTXLULU� QXHYDV� SODQWDV� GH� KLGURWUDWDPLHQWR��
SDUD�UHGXFLU�HO�FRQWHQLGR�GH�D]XIUH�GH�OD�JDVROLQD�SURYHQLHQWH�GHO�SURFHVR�GH�)&&��
$GHPiV�KD\�RWUR�DVSHFWR�PX\� LPSRUWDQWH�TXH�KD\�TXH�WRPDU�HQ�FRQVLGHUDFLyQ�\�
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HV�TXH�HO�FRQWHQLGR�GH�D]XIUH�HQ�ORV�FRUWHV�GH�SHWUyOHR�D�SURFHVDU�YD�D�VHU�FDGD�
YH]�PD\RU��SRU�OR�TXH�HV�LQGLVSHQVDEOH�HPSOHDU�DOJXQD�WHFQRORJtD�TXH�QRV�SHUPLWD�
GLVPLQXLU�HVWH�FRQWDPLQDQWH�GH�OD�JDVROLQD��6H�SLHQVD�TXH�OD�WHFQRORJtD�PiV�YLDEOH�
SDUD� FXPSOLU� FRQ� HVWH� SURSyVLWR� HV� HO� XVR� GH� XQ� DGLWLYR� SDUD� OD� UHGXFFLyQ� GH�
D]XIUH��SRU�HOOR��HO�SUHVHQWH�WUDEDMR�VH�HQIRFDUi�HQ�HVWD�RSFLyQ��
�
REFERENCIAS. 

��� &ROLQ� %DLUG�� 4XtPLFD� $PELHQWDO�� ��� HGLF��� (GLW�� 5HYHUWp� 6�$��� %DUFHORQD� (VSDxD��
������

��� $��&RUPD��$�(��3DORPDUHV��)��5H\��$SSO��&DWDO��%��(QYLURQPHQWDO���������������
��� KWWS���ZZZ�HQHUJLD�JRE�P[�
��� &RPXQLFDGR�1R����������65(��/RV�ÈQJHOHV�&DOLIRUQLD��(8$�����GH�HQHUR�GHO�������
��� $��&RUPD��&��0DUWtQH]��*��.HWOH\��*��%ODLU��$SSO��&DWDO��$��*HQHUDO������������������
��� *�+��8Q]HOPDQ��)XHO�5HIRUPXO���������������
��� 135$�*DVROLQD�6XUYH\�6HFWLRQ�$��5HYLVHG�6XOIXU�'DWD��1DWLRQDO�3HWUROHXP�5HILQHUV�

$VVRFLDWLRQ��:DVKLQJWRQ��'&��������
��� :�&��&KHQJ��*��.LP��$�:��3HWHUV��;��=DKR��.��5DMDJROSDODQ��&DWDO��5HY��6FL��(QJ���

��������������
��� -�� 6FKHU]HU�� 2FWDQH�(QKDQFLQJ� =HROLWLF� )&&� &DWDO\VWV�� 6FLHQWLILF� DQG� 7HFKQLFDO�

$VSHFWV��(GLW��0DUFHO�'HNNHU�,QF���1HZ�<RUN�86$��������S�����
����KWWS���ZZZ�LPS�P[�LQYHVWLJDFLyQ�PD\DBGHVFULSFLyQ�KWPO�
�

�
�
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CAPITULO 1 

 

ANTECEDENTES 

�
�
1.1 ADITIVOS PARA LA REDUCCIÓN DE AZUFRE EN LA GASOLINA 

PROVENIENTE DEL PROCESO DE FCC. 

 

3DUD�DERUGDU�HO�WHPD�GH�OD�UHGXFFLyQ�GH�D]XIUH�HQ�OD�JDVROLQD�GHQWUR�GHO�UHDFWRU�GH�
OD� XQLGDG� )&&�� PHGLDQWH� HO� XVR� GH� XQ� DGLWLYR�� KD\� TXH� PHQFLRQDU� TXH� HVWD�
WHFQRORJtD�KD�VLGR�SRFR�HVWXGLDGD�\D�TXH�HV�XQD�DOWHUQDWLYD�TXH�KD�VXUJLGR�HQ�ORV�
~OWLPRV� DxRV�� $� FRQWLQXDFLyQ� VH� SUHVHQWDUi� OD� LQIRUPDFLyQ� FRQ� TXH� VH� FXHQWD�
DFWXDOPHQWH��
�
$OJXQRV�GH�ORV�WUDEDMRV�PiV�LPSRUWDQWHV��HQ�FXDQWR�DO�GHVDUUROOR�GH�DGLWLYRV�SDUD�
OD� UHGXFFLyQ� GH� D]XIUH� HQ� OD� JDVROLQD� GH� )&&�� IXHURQ� ORV� SXEOLFDGRV� SRU�
:RUPVEHFKHU� HW� DO�� >���@�� (O� HQIRTXH� GDGR� SRU� HVWRV� LQYHVWLJDGRUHV� KDFLD� HO�
GHVDUUROOR� GH� VXV� DGLWLYRV� SDUD� OD� UHGXFFLyQ� GH� D]XIUH� HQ� OD� JDVROLQD� LQFOX\y� OD�
GHVXOIXUDFLyQ� GLUHFWD� GH� WLRIHQRV� \� WLRIHQROHV� GH� OD� JDVROLQD� SURGXFLGD�� \� OD�
DGVRUFLyQ�GH�ORV�SUHFXUVRUHV�GH�D]XIUH�GH�OD�JDVROLQD��SXHV�GLFKDV�DOWHUQDWLYDV�QR�
WUDQVILHUHQ�HO�D]XIUH�D�RWURV�SURGXFWRV� OtTXLGRV��$GLFLRQDOPHQWH�HUD�GHVHDEOH�TXH�
VXV�DGLWLYRV�FRQYLUWLHUDQ�ORV�FRPSXHVWRV�GH�D]XIUH�D�KLGURFDUEXURV�\�+�6��PiV�TXH�
D�FRTXH�>�@��

�
:RUPVEHFKHU� \� FRODERUDGRUHV� GHVFXEULHURQ� TXH� iFLGRV� GH� /HZLV� WDOHV� FRPR�
FRPSXHVWRV� GH� 1L�� &X�� =Q�� $J�� &G�� ,Q�� 6Q�� +J�� HWF�� VRSRUWDGRV� VREUH� DO~PLQD�
SXHGHQ�VHU�XVDGRV�MXQWR�FRQ�HO�FDWDOL]DGRU�GH�FUDTXHR��SDUD�REWHQHU�JDVROLQD�FRQ�
EDMR�FRQWHQLGR�GH�D]XIUH��'H�DFXHUGR�FRQ�ORV�LQYHVWLJDGRUHV�ODV�HVSHFLHV�GH�D]XIUH�
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WDOHV�FRPR�WLRIHQR�� WHWUDKLGURWLRIHQR��DOTXLOWLRIHQRV�\�PHUFDSWDQRV�HQ�VX�FDUiFWHU�
GH�EDVHV�GH�/HZLV�SXHGHQ�LQWHUDFWXDU�FRQ�iFLGRV�GH�/HZLV��SRU�OR�WDQWR��PDWHULDOHV�
FRQ�HVWH�WLSR�GH�VLWLRV�SXHGHQ�IXQFLRQDU�FRPR�DGVRUEHQWHV�GH�ORV�FRPSXHVWRV�GH�
D]XIUH��&RQ�HVWR�HQ�PHQWH��GLFKR�DXWRU�SURSXVR�VRSRUWDU�VREUH�DO~PLQD�HOHPHQWRV�
FRPR� 1L�� &X�� =Q�� $J�� HWF��� D� ILQ� GH� DSURYHFKDU� ORV� VLWLRV� iFLGRV� GH� /HZLV� TXH�
JHQHUDQ�HVWRV�PHWDOHV�HQ�ORV�DOXPLQDWRV�UHVSHFWLYRV��'H�ORV�DGLWLYRV�SURSXHVWRV��HO�
TXH�SUHVHQWy�ORV�PHMRUHV�UHVXOWDGRV�VH�EDVy�SULQFLSDOPHQWH�HQ�]LQF�VRSRUWDGR�HQ�
DO~PLQD��HVWH�PDWHULDO�VH�HQFXHQWUD�SDWHQWDGR�\�VH�OH�FRQRFH�FRPHUFLDOPHQWH�FRQ�
HO�QRPEUH�GH�*65��70��SURGXFLGR�SRU�OD�FRPSDxtD�*UDFH�'DYLVRQ��(VWH�DGLWLYR�IXH�
PH]FODGR� FRQ� XQ� FDWDOL]DGRU� FRPHUFLDO� DO� ���� HQ� SHVR� SDUD� VHU� SUREDGR� HQ� OD�
UHGXFFLyQ�GH�D]XIUH�HQ�OD�JDVROLQD��/RV�UHVXOWDGRV�PRVWUDURQ�TXH�HO�FRQWHQLGR�GH�
D]XIUH�WRWDO�IXH�GLVPLQX\y�HQ�XQ�������HQ�HO�FRUWH�WRWDO�GH�OD�JDVROLQD��HQ�HO�FDVR�
SDUWLFXODU�GH�OD�JDVROLQD�OLJHUD��PHQRU�D�&��WLRIHQR���OD�UHGXFFLyQ�IXH�GH�XQ������
6LQ� HPEDUJR�� ODV� HVSHFLHV� GH� D]XIUH� HQ� HO� FRUWH� SHVDGR� �&�� D� &�� WLRIHQRV� \�
WLRIHQROHV�� IXHURQ� UHGXFLGDV� ~QLFDPHQWH� HO� ���� 'LFKRV� FRPSXHVWRV� IXHURQ�
WUDQVIRUPDGRV� SULQFLSDOPHQWH� D� +�6� H� KLGURFDUEXURV� OLEUHV� GH� D]XIUH��
$GLFLRQDOPHQWH� QR� VH� REVHUYDURQ� FDPELRV� VLJQLILFDWLYRV� HQ� OD� DFWLYLGDG�� OD�
VHOHFWLYLGDG�GH�SURGXFWRV�R�HQ� OD�VHOHFWLYLGDG�D�FRTXH��(Q�UHODFLyQ�D�HVWH�PLVPR�
DGLWLYR�� +DUGLQJ� HW� DO�� >�@� FRQFOX\HURQ� TXH�� DO� HPSOHDU� XQ� FDWDOL]DGRU� WtSLFR� GH�
FUDTXHR�\�HO�DGLWLYR�*65��70�EDMR�ODV�FRQGLFLRQHV�GH�)&&��OD�SULQFLSDO�UXWD�SDUD�OD�
UHPRFLyQ� GH� ODV� HVSHFLHV� GH� D]XIUH� HUD� OD� KLGURJHQDFLyQ� GH� WLRIHQR� D�
WHWUDKLGURWLRIHQR� �7+7��� VHJXLGD� SRU� HO� FUDTXHR� GHO� 7+7� D� +�6�� 6XV� UHVXOWDGRV�
WDPELpQ� LQGLFDURQ� TXH� DO� DxDGLU� HO� DGLWLYR�� OD� YHORFLGDG� GH� UHPRFLyQ� GHO� 7+7�
DXPHQWD��FRQGXFLHQGR�SRU�OR�WDQWR�D�XQD�GLVPLQXFLyQ�HQ�OD�FDQWLGDG�GH�D]XIUH�HQ�
OD�JDVROLQD��
�
3RFR�GHVSXpV�:RUPVEHFKHU�\�FRODERUDGRUHV�GHVDUUROODURQ�RWUR�DGLWLYR��HO�*65��70�
>�@�� HO� FXDO� DO� LJXDO� TXH� HO� DQWHULRU� QR� FDXVy� FDPELRV� HQ� HO� UHQGLPLHQWR� R� HQ� OD�
VHOHFWLYLGDG��6LQ�HPEDUJR��IXH�PiV�HIHFWLYR�TXH�HO�*65��70�HQ�UHGXFLU�HO�D]XIUH�GH�
ORV�FRUWHV�SHVDGRV�GH�OD�JDVROLQD��SXHV�GLVPLQX\y�OD�FRQFHQWUDFLyQ�GH�&��WLRIHQRV�
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\�&��WLRIHQRV�HQ��������(O�FRQWHQLGR�WRWDO�GH�D]XIUH�HQ�OD�JDVROLQD�VH�UHGXMR������
���
�
/D� FRPSRVLFLyQ� GH� ORV� DGLWLYRV�PHQFLRQDGRV� HV� EiVLFDPHQWH� ]LQF� VREUH� DO~PLQD��
3RU�HOOR��D�SDUWLU�GH�TXH�VH�GLHURQ�D�FRQRFHU� ORV� UHVXOWDGRV�\� ODV�SDWHQWHV�GH� ORV�
DGLWLYRV�*65��70�\�*65��70��ORV�GLIHUHQWHV�DGLWLYRV�TXH�VH�KDQ�SUREDGR�SUHVHQWDQ�
FRPSRVLFLRQHV�VLPLODUHV���
�
3RFR�GHVSXpV�GH�KDEHUVH�FRQRFLGR�ORV�DGLWLYRV�SURGXFLGRV�SRU�OD�FRPSDxtD�*UDFH�
'DYLVRQ�� $QGHUVVRQ� \� FRODERUDGRUHV� >�@� SUREDURQ� WUHV� VHULHV� GH� DGLWLYRV�� HQ� ODV�
FXDOHV� YDULDURQ� WDQWR� HO� WLSR� GH� VRSRUWH� FRPR� HO� PHWDO� VRSRUWDGR�� /RV� DGLWLYRV�
IXHURQ�PH]FODGRV�DO������HQ�SHVR�FRQ�XQ�FDWDOL]DGRU�GH�UHIHUHQFLD��FDWDOL]DGRU�GH�
)&&�FRPHUFLDO���OD�DFWLYLGDG�GH�ODV�PH]FODV��DGLWLYR�FDWDOL]DGRU��IXH�FRPSDUDGD�FRQ�
OD�DFWLYLGDG�TXH�SUHVHQWy�HO�FDWDOL]DGRU�GH�UHIHUHQFLD��
�
'H�OD�SULPHUD�VHULH�SUHSDUDGD��=Q�$O~PLQD��=Q�WLWDQLD�\�=Q�+LGURWDOFLWD��VH�REVHUYy�
TXH�HO�DGLWLYR�FRQ� OD�PHQRU�FDUJD�PHWiOLFD�IXH�HO�PiV�DFWLYR�����HQ�SHVR�GH�=Q�
VREUH�KLGURWDOFLWD���'H�DFXHUGR�FRQ� ORV�DXWRUHV�HVWR�VXJLHUH�TXH�HO�VRSRUWH� WLHQH�
XQ� LPSDFWR� VLJQLILFDWLYR� VREUH� OD� QDWXUDOH]D� GH� ORV� VLWLRV� DFWLYRV� IRUPDGRV� \� VX�
FDSDFLGDG�SDUD�UHGXFLU�HO�D]XIUH��
�
(Q� HO� FDVR� GH� OD� VHJXQGD� VHULH� GH� DGLWLYRV� �0Q�$O~PLQD�� =Q�$O~PLQD� \�
=U2�$O~PLQD��� WRGRV� WXYLHURQ� HO� PLVPR� LPSDFWR� QHJDWLYR� HQ� HO� UHQGLPLHQWR� D�
JDVROLQD��VLQ�HPEDUJR��HO�DGLWLYR�0Q�$O~PLQD�QR�SUHVHQWy�HO�PLVPR�LQFUHPHQWR�HQ�
OD� SURGXFFLyQ� D� FRTXH� TXH� SUHVHQWDURQ� ORV� RWURV� GRV� DGLWLYRV♣�� $GLFLRQDOPHQWH�
SURPRYLy� VHOHFWLYDPHQWH� OD� SURGXFFLyQ� GH� JDVHV�� H[SOLFDQGR� FRQ� HOOR� VX� EDMR�
UHQGLPLHQWR�D�JDVROLQD���
�
                                                 
♣ La formación de carbón o coque se presenta cuando la desintegración de los hidrocarburos se lleva a cabo 
en una atmósfera con ausencia de  hidrógeno, ocurriendo así la condensación de olefinas. 
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5HVSHFWR� D� OD� WHUFHUD� VHULH� GH� DGLWLYRV� �=Q�+7� \� &R�+7��� DPERV� EDODQFHDURQ� OD�
SpUGLGD� HQ� OD� SURGXFFLyQ� GH� JDVROLQD� FRQ� XQ� LQFUHPHQWR� HQ� OD� SURGXFFLyQ� GH�
FRTXH��
�
&XDWUR�GH�ORV�DGLWLYRV�SUHSDUDGRV�HQ�GLFKR�WUDEDMR�SUHVHQWDURQ�QLYHOHV�HOHYDGRV�HQ�
OD�DFWLYLGDG�KDFLD�HO� FUDTXHR�GH� ORV� FRPSXHVWRV�GH�D]XIUH�� HO�RUGHQ�GH�DFWLYLGDG�
IXH�HO�VLJXLHQWH��=Q�+LGURWDOFLWD�!�=U2�$O~PLQD�!�=Q�7LWDQLD�!�0Q�$O~PLQD��7RGRV�
ORV�DGLWLYRV�SUREDGRV�GLHURQ�EDMRV�UHQGLPLHQWRV�KDFLD�OD�JDVROLQD��HQ�FRPSDUDFLyQ�
FRQ� HO� FDWDOL]DGRU� GH� UHIHUHQFLD�� HVWH� HIHFWR� IXH� H[SOLFDGR� FRQ� HO� HOHYDGR�
UHQGLPLHQWR�D�FRTXH�SUHVHQWDGR�SRU�ORV�WUHV�DGLWLYRV�PiV�DFWLYRV��(O�LQFUHPHQWR�GH�
FRTXH�\�HO� FUDTXHR�GH� ORV�FRPSXHVWRV�GH�D]XIUH�FRQ�VXV�DGLWLYRV� OR�H[SOLFDURQ�D�
SDUWLU� GHO� IHQyPHQR� GH� OD� WUDQVIHUHQFLD� GH� KLGUyJHQR�� (VWH� IHQyPHQR� VH� SXHGH�
H[SOLFDU� GH� OD� VLJXLHQWH� IRUPD�� VL� ORV� DGLWLYRV� LQFUHPHQWDQ� OD� DFWLYLGDG� SDUD� OD�
SURGXFFLyQ� GH� FRTXH�� HQWRQFHV� XQD� FDQWLGDG� VLJQLILFDWLYD� GH� KLGUyJHQR� VH�
HQFXHQWUD� GLVSRQLEOH� SDUD� OD� UHDFFLyQ�� (Q� HVWH� VHQWLGR�� HVWXGLRV� UHDOL]DGRV� FRQ�
DQWHULRULGDG� >�@� KDQ� PRVWUDGR� TXH� ORV� FDWDOL]DGRUHV� FRQ� DOWD� DFWLYLGDG� D� OD�
WUDQVIHUHQFLD� GH� KLGUyJHQR� WLHQGHQ� D� SURGXFLU� JDVROLQDV� FRQ�PHQRV� FDQWLGDG� GH�
D]XIUH��7DPELpQ�VH�PHQFLRQD�TXH�SRVLEOHPHQWH�ORV�FDWDOL]DGRUHV�FRQ�XQD�HOHYDGD�
DFWLYLGDG� HQ� OD� WUDQVIHUHQFLD� GH� KLGUyJHQR� SURPXHYHQ� OD� VDWXUDFLyQ� GHO� DQLOOR�
WLRIpQLFR��RULJLQDQGR�SRU�OR�WDQWR�OD�GHVXOIXUDFLyQ�GH�ORV�DOTXLOWLRIHQRV��
�
7DPELpQ�HQ������0\UVWDG�HW�DO��>�@�SURSXVLHURQ�XQ�QXHYR�DGLWLYR��HO�FXDO�FRQVLVWtD�
HQ� ]LQF� VRSRUWDGR� VREUH� HO� SURGXFWR� GH� OD� FDOFLQDFLyQ� GH� OD� KLGURWDOFLWD�� (VWH�
PDWHULDO� IXH� PH]FODGR� HQ� XQD� UHODFLyQ� ����� FRQ� XQ� FDWDOL]DGRU� GH� FUDTXHR�
FRPHUFLDO� \� IXH� SUREDGR� HQ� UHDFFLyQ� EDMR� ODV� FRQGLFLRQHV� GH� )&&�� FRQ� GRV�
FRUULHQWHV� GH� DOLPHQWDFLyQ�� /D� SULPHUD� IXH� XQ� UHVLGXR� DWPRVIpULFR� GHO� PDU� GHO�
QRUWH�TXH�FRQWHQtD�DSUR[LPDGDPHQWH�������HQ�SHVR�GH�D]XIUH��\� OD�VHJXQGD�XQ�
JDVyOHR�GH�YDFtR�FX\R�FRQWHQLGR�GH�D]XIUH�IXH�GH������HQ�SHVR��&RQ� OD�SULPHUD�
DOLPHQWDFLyQ�OD�UHGXFFLyQ�GHO�D]XIUH�HQ�OD�QDIWD�IXH�GH�DSUR[LPDGDPHQWH�HO������
(Q� FXDQWR� D� OD� UHDFWLYLGDG� GH� ODV� HVSHFLHV� GH� D]XIUH�� HQFRQWUDURQ� TXH� OD�
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UHDFWLYLGDG�GHFUHFH�FXDQGR�VH� LQFUHPHQWD�HO�JUDGR�GH�DOTXLODFLyQ�GH� ODV�HVSHFLHV�
GH� WLRIHQR�� (V� GHFLU�� ODV� HVSHFLHV� VDWXUDGDV� FRPR� �PHUFDSWDQRV� \�
WHWUDKLGURWLRIHQR�� IXHURQ� IiFLOPHQWH� UHPRYLGDV�� \� ODV� HVSHFLHV� DURPiWLFDV�
�EHQ]RWLRIHQR�� IXHURQ� PHQRV� UHDFWLYDV� TXH� ODV� VDWXUDGDV�� (Q� VXV� UHVXOWDGRV�
WDPELpQ� REVHUYDURQ� TXH� ODV� HVSHFLHV� GH� D]XIUH� QR� DOTXLODGDV� VRQ� GLItFLOHV� GH�
FUDTXHDU�� FRPR�HV�HO� FDVR�GHO� WLRIHQR�\�HO�EHQ]RWLRIHQR��PLHQWUDV�TXH� ORV�DOTXLO�
WLRIHQRV� IXHURQ�PiV� UHDFWLYRV�\�SXHGHQ� FUDTXHDUVH�D� WLRIHQR�\�XQD�ROHILQD��3DUD�
REVHUYDU�HO�FRPSRUWDPLHQWR�GHO�DGLWLYR�D�HOHYDGRV�FRQWHQLGRV�GH�D]XIUH��XVDURQ�HQ�
VX�DOLPHQWDFLyQ�JDVyOHR�GH�YDFtR��HQFRQWUDQGR�TXH�HO�D]XIUH�VH�UHGXMR�HQWUH�XQ����
\� ������ /RV� DXWRUHV� VHxDODQ� TXH� HO� PHFDQLVPR� SRU� HO� FXDO� VH� OOHYD� D� FDER� OD�
UHPRFLyQ� GH� D]XIUH� HV� D~Q� GHVFRQRFLGR�� VLQ� HPEDUJR�� FRQVLGHUDQ� DO� LJXDO� TXH�
:RUPVEHFKHU�HW�DO��>���@�TXH�ODV�HVSHFLHV�GH�D]XIUH�VH�DGVRUEHQ�VREUH�HO�DGLWLYR��\�
TXH�SRVWHULRUPHQWH�ODV�HVSHFLHV�VDWXUDGDV�VRQ�FUDTXHDGDV�SDUD�IRUPDU�+�6��
�
$GHPiV� GH� ORV� DGLWLYRV� SURGXFLGRV� SRU� OD� FRPSDxtD� *UDFH�'DYLVRQ� �*65��70� \�
*65��70���H[LVWHQ�HQ�HO�PHUFDGR�RWURV�GRV�DGLWLYRV�SDUD�OD�UHGXFFLyQ�GH�D]XIUH�HQ�
OD� JDVROLQD� GH� )&&�� 8QR� GH� HOORV� HV� HO� 5(62/9(� ���� IDEULFDGR� SRU� OD� FRPSDxtD�
$N]R� 1REHO�� (VWH� DGLWLYR� SRVHH� XQ� DJHQWH� GH� WUDQVIHUHQFLD� GH� KLGUyJHQR� TXH� OH�
SHUPLWH�GLVPLQXLU�HQ�XQ�����HO�FRQWHQLGR�GH�D]XIUH�HQ�OD�JDVROLQD��(O�VHJXQGR�HV�
HO�5(62/9(������HO�FXDO�LQFUHPHQWD�HO�JUDGR�GH�VHOHFWLYLGDG�HQ�OD�DGVRUFLyQ�GH�ORV�
FRPSXHVWRV�D]XIUDGRV��
�
1.2. CARACTERÍSTICAS PRINCIPALES DE LOS ADITIVOS PARA LA 

REDUCCIÓN DE AZUFRE EN LA GASOLINA DE FCC. 

 

'H�DFXHUGR�FRQ�:RUPVEHFKHU�>���@��XQ�DGLWLYR�SDUD� OD� UHGXFFLyQ�GH�D]XIUH�GHEH�
WHQHU�VLWLRV�iFLGRV�GH�/HZLV��SDUD�TXH�VH�DGVRUEDQ�ORV�FRPSXHVWRV�D]XIUDGRV�\�VH�
SXHGD�UHDOL]DU�OD�HOLPLQDFLyQ�GHO�D]XIUH��$GLFLRQDOPHQWH��HO�PDWHULDO�WDPELpQ�GHEH�
PDQLIHVWDU�DFWLYLGDG�HQ� ODV� UHDFFLRQHV�GH�WUDQVIHUHQFLD�GH�KLGUyJHQR��SXHVWR�TXH�
VH�UHODFLRQD�D�ORV�PDWHULDOHV�FRQ�HVWD�DFWLYLGDG�\�D�OD�SURGXFFLyQ�GH�JDVROLQDV�FRQ�
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EDMR� FRQWHQLGR� GH� D]XIUH� >���@�� /D� DFWLYLGDG� D� OD� WUDQVIHUHQFLD� GH� KLGUyJHQR� HV�
SURSRUFLRQDGD� SRU� XQ� DJHQWH� GH� WUDQVIHUHQFLD� GH� KLGUyJHQR�� &RPR� VH� YLR� HQ� HO�
DSDUWDGR�DQWHULRU��ORV�PHMRUHV�DGLWLYRV��HQ�FXDQWR�D�OD�DFWLYLGDG��SDUD�OD�UHGXFFLyQ�
GHO� D]XIUH� HQ� OD� JDVROLQD�� VRQ� PDWHULDOHV� TXH� FRQWLHQHQ� ]LQF�� VH� FRQVLGHUD� TXH�
FRPSXHVWRV�GH�pVWH�PHWDO�JHQHUDQ�YDFDQWHV�TXH� LQFUHPHQWDQ� OD�DFLGH]�GH�/HZLV�
HQ�ORV�DGLWLYRV��
�
3RU�RWUD�SDUWH��HQWUH�ORV�VRSRUWHV�\D�HVWXGLDGRV�TXH�JHQHUDQ�XQ�DGLWLYR�FRQ�PD\RU�
DFWLYLGDG� VH� HQFXHQWUDQ� OD� DO~PLQD� \� OD� KLGURWDOFLWD� >�������@�� $PERV�PDWHULDOHV�
WLHQHQ�HQ�FRP~Q�OD�SUHVHQFLD�GHO�DOXPLQLR��5HVXOWD�LQWHUHVDQWH��GHVGH�HO�SXQWR�GH�
YLVWD� DFDGpPLFR�� GHWHUPLQDU� HO� FRPSRUWDPLHQWR� GHO� VLVWHPD� =Q�$O�� FXDQGR� VH�
HQFXHQWUDQ�LQWHUDFFLRQDQGR�ORV�y[LGRV�GH�DPERV�PHWDOHV�HQ�OD�PLVPD�SUHSDUDFLyQ�
�UHG� FULVWDOLQD��� UHVSHFWR� D� OD� VLPSOH� LPSUHJQDFLyQ� GH� =Q� VREUH� HO� VRSRUWH� FRQ�
DOXPLQLR�� 'HVGH� HVWH� SXQWR� GH� YLVWD�� XQR� GH� ORV� SULPHURV� UHWRV� GH� HVWH� WUDEDMR�
FRQVLVWH�HQ�OD�VtQWHVLV�GH�HVSLQHODV�H�KLGURWDOFLWDV�WHUQDULDV�=Q�0J�$O♣��GRQGH�HO�=Q�
VH� HQFRQWUDUi� �y� VH� LQWHQWDUi�� LQWURGXFLU� GHQWUR� GH� OD� UHG� FULVWDOLQD�� $PERV�
PDWHULDOHV� VHUiQ�HYDOXDGRV�HQ� OD�HOLPLQDFLyQ�GH�D]XIUH��HPSOHDQGR� WLRIHQR�FRPR�
PROpFXOD�PRGHOR��
�
(V�GHVHDEOH�TXH�WDQWR�ODV�KLGURWDOFLWDV�FRPR�ODV�HVSLQHODV�FRQWHQJDQ�GHQWUR�GH�VX�
HVWUXFWXUD� FULVWDOLQD� DO� ]LQF�� SXHV� VH� HVSHUD� TXH� HVWH� OH� FRQILHUD� D� ORV� DGLWLYRV�
SURSLHGDGHV� �PD\RU�DFLGH]�GH�/HZLV��TXH� OHV�SHUPLWDQ�GLVPLQXLU�HO� FRQWHQLGR�GH�
D]XIUH� HQ� OD� JDVROLQD� REWHQLGD� GHO� SURFHVR� GH� )&&�� 3DUD� REVHUYDU� HO� HIHFWR� TXH�
WLHQH�HO�]LQF�HQ�OD�HOLPLQDFLyQ�GHO�D]XIUH�GHO�WLRIHQR��VH�SURSRQH�YDULDU�HO�FRQWHQLGR�
PRODU�GH�]LQF��HQ�DPERV�PDWHULDOHV���
�
�
                                                 
♣ Es importante señalar que al inicio del presente trabajo, no se contaba con información suficiente que 
condujera a la síntesis de hidrotalcitas ternarias, y mucho menos del sistema Zn-Mg-Al. Por lo tanto en el 
método de síntesis de éstos materiales, las condiciones de síntesis fueron determinadas también por la autora 
de la presente investigación. 
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1.3. HIDROTALCITAS. 

�
/D� KLGURWDOFLWD� HV� XQD� DUFLOOD� DQLyQLFD�PLQHUDO� TXH� VH� HQFXHQWUD� HQ� OD� QDWXUDOH]D�
FRQ� IyUPXOD� PROHFXODU� �0J�$O��2+����&2�
�� +�2�� 3XHGH� HQWHQGHUVH� PHMRU� OD�
HVWUXFWXUD�FULVWDOLQD�GH�pVWH�FRPSXHVWR�VL�SDUWLPRV�GH�OD�HVWUXFWXUD�GH�OD�EUXFLWD��
0J�2+����(VWD�HV�XQ�FRPSXHVWR�FRQVWLWXLGR�SRU�FDWLRQHV�0J���KH[DFRRUGLQDGRV�D�
ORV�JUXSRV�2+�� IRUPDQGR�RFWDHGURV�>�@��&DGD�RFWDHGUR�VH�XQH�D�RWUR�SRU�GRV�GH�
VXV� YpUWLFHV� IRUPDQGR� DVt� OiPLQDV� LQILQLWDV�� (VWDV� OiPLQDV� VH� DFRPRGDQ� XQDV�
HQFLPD�GH�RWUDV�\�VH�XQHQ�SRU�HQODFHV�WLSR�SXHQWHV�GH�KLGUyJHQR��6L�HQ�OD�EUXFLWD�
VH� VXVWLWX\H� XQ� FDWLyQ� 0J��� SRU� XQR� $O��� HQ� IRUPD� DOHDWRULD�� VH� WLHQHQ� FRPR�
UHVXOWDGR� OiPLQDV� GH� KLGUy[LGRV� PHWiOLFRV� GREOHV� FDUJDGDV� SRVLWLYDPHQWH�� 3DUD�
QHXWUDOL]DU�pVWD�FDUJD�VH� LQWURGXFHQ�DQLRQHV�TXH�VH�DFRPRGDQ�HQWUH� ODV� OiPLQDV��
HVWRV� DQLRQHV� TXH� JHQHUDOPHQWH� VRQ� FDUERQDWRV� SXHGHQ� VHU� VXVWLWXLGRV� SRU�
FXDOTXLHU�RWUR�DQLyQ��/RV�HVSDFLRV�LQWHUVWLFLDOHV�TXH�VH�ORFDOL]DQ�HQWUH�ODV�FDSDV�GH�
ORV� KLGUy[LGRV�PHWiOLFRV� \� ORV� DQLRQHV� VRQ�RFXSDGRV�SRU�PROpFXODV� GH� DJXD� WLSR�
]HROtWLFR��ILJXUD������

)LJXUD������(VWUXFWXUD�FULVWDOLQD�GH�OD�+LGURWDOFLWD��
�
/D� IDPLOLD� GH� ODV� KLGURWDOFLWDV� HV�PX\� H[WHQVD�� VX� IRUPXOD�PROHFXODU� JHQHUDO� HV�
>0�,,���;� 0�,,,�;� �2+��@;�� �$;�Q�Q�� �� P� +�2�� 'RQGH� 0�,,�� HV� HO� FDWLyQ� GLYDOHQWH�
�0J����=Q����&R����1L����HWF����0�,,,��HV�XQ�FDWLyQ�WULYDOHQWH��$O����)H����&U����HWF���
\�$Q��HV�HO�DQLyQ� LQWHUFDPELDEOH�GH�YDOHQFLD�Q�� �&2�����62�����&O���12�����HWF��� >�@��
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&RPR�VH�REVHUYD��SXHGHQ�H[LVWLU�XQD�JUDQ�YDULHGDG�GH�FRPELQDFLRQHV�SDUD�IRUPDU�
pVWH� WLSR� GH� FRPSXHVWRV�� SRU� OR� TXH� WDPELpQ� HV� SRVLEOH� IRUPDU� KLGURWDOFLWDV�
WHUQDULDV� =Q�0J�$O�� \D� TXH� HO� ]LQF� DO� VHU� XQ� FDWLyQ� GLYDOHQWH�� RFXSDUi� HQ� IRUPD�
DOHDWRULD� OD� SRVLFLyQ� GHO� PDJQHVLR� HQ� OD� UHG� FULVWDOLQD� GH� OD� KLGURWDOFLWD��
SURGXFLpQGRVH�GH�HVWD�IRUPD�XQD�KLGURWDOFLWD�WHUQDULD�=Q�0J�$O��$�ODV�KLGURWDOFLWDV�
WDPELpQ� VH� OHV� FRQRFH� FRPR� /'+�V� SRU� VXV� VLJODV� HQ� LQJOHV� �/D\HUHG� 'RXEOH�
+LGUR[LGHV���
�
1.4. ESPINELAS. 

 

/DV�HVSLQHODV�VRQ�FRPSXHVWRV�LQRUJiQLFRV�TXH�SUHVHQWDQ�OD�IyUPXOD�JHQHUDO�$%�2���
GRQGH�$�\�%�SXHGHQ�VHU�XQD�DPSOLD�YDULHGDG�GH�FDWLRQHV��$�SXHGH�VHU�XQ�PHWDO�
GHO�*UXSR�,,�$�R�XQ�PHWDO�HQ�HVWDGR�GH�R[LGDFLyQ������\�%�HV�XQ�PHWDO�GHO�*UXSR�
,,,$� R� XQ� PHWDO� GH� WUDQVLFLyQ� HQ� HVWDGR� GH� R[LGDFLyQ� ������ /D� HVSLQHOD�
SURSLDPHQWH� GLFKD� WLHQH� IRUPXOD� PROHFXODU� 0J$O�2�� \� GD� VX� QRPEUH� D� WRGD� OD�
IDPLOLD�GH�HVWRV�FRPSXHVWRV��/RV� LRQHV�y[LGR�IRUPDQ�XQD�UHG�FULVWDOLQD�F~ELFD�GH�
HPSDTXH� FRPSDFWR� FRQ� RFKR� LQWHUVWLFLRV� WHWUDpGULFRV� \� FXDWUR� RFWDpGULFRV� SRU�
PROpFXOD�GH�$%�2���>�@��

�
Figura 1.2. Estructura de la espinela. 

�
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(Q�OD�ILJXUD�����VH�PXHVWUD�OD�HVWUXFWXUD�GH�OD�HVSLQHOD��(Q�ORV�YpUWLFHV�GH�XQ�FXER�
$O�2�� KD\� FXDWUR� LRQHV� $O��� \� FXDWUR� LRQHV� 2���� &DGD� LyQ� $O��� SHUWHQHFH� D� GRV�
FXERV�� DVt� TXH� FDGD� FXER� HVWD� OLJDGR� D� FXDWUR� FXERV�PiV� \� FDGD� LyQ� $O��� WLHQH�
FRRUGLQDFLyQ� RFWDpGULFD�� $GLFLRQDOPHQWH�� FDGD� LyQ� 2��� SHUWHQHFH� D� XQ� WHWUDHGUR�
0J2���&DGD�XQR�GH�HVRV�WHWUDHGURV�FRPSDUWH�YpUWLFHV�FRQ�FXDWUR�FXERV��/D�FHOGD�
XQLGDG�F~ELFD�FRQWLHQH�RFKR�WHWUDHGURV�0J2��\�RFKR�FXERV�$O�2��>��@��
�
1.5. MOLÉCULA MODELO. 

 

'H�DFXHUGR�FRQ�ORV�GLYHUVRV�HVWXGLRV�TXH�VH�KDQ�UHDOL]DGR�SDUD�OD�HOLPLQDFLyQ�GHO�
D]XIUH�HQ�OD�JDVROLQD�GH�)&&��ORV�FRPSXHVWRV�GH�D]XIUH�PiV�IiFLOHV�GH�HOLPLQDU�GH�
OD�FRUULHQWH�DOLPHQWDGD�DO�SURFHVR�VRQ�ORV�PHUFDSWDQRV�\�HO�WHWUDKLGURWLRIHQR��SXHV�
HOORV�VRQ�UHPRYLGRV�FDVL�HQ�VX�WRWDOLGDG�SRU�ORV�GLIHUHQWHV�DGLWLYRV�SUREDGRV��3RU�HO�
FRQWUDULR��ODV�HVSHFLHV�DURPiWLFDV�\�DOTXLODGDV�FRPR�HO�WLRIHQR��ORV�DOTXLO�WLRIHQRV��
\�HO�EHQ]RWLRIHQR�VRQ�PiV�GLItFLOHV�GH�UHPRYHU��D~Q�HQ�SUHVHQFLD�GHO�DGLWLYR�>����@��
3RU�OR�TXH�DO�QR�VHU�HOLPLQDGRV�HQ�HO�SURFHVR�GH�)&&��DO�PHQRV�HQ�JUDQ�PHGLGD��OD�
JDVROLQD� REWHQLGD� WHQGUi� XQD� HOHYDGD� FRQFHQWUDFLyQ� GH� GLFKRV� FRPSXHVWRV��
RFDVLRQDQGR�TXH�HO�FRQWHQLGR�GH�D]XIUH�VHD�HOHYDGR�HQ�OD�IRUPXODFLyQ�ILQDO�GH�OD�
JDVROLQD��+D\�TXH�UHFRUGDU�TXH�OD�JDVROLQD�GH�)&&�FRQWULEX\H�FRQ�XQ�WHUFLR�GH�OD�
JDVROLQD�WRWDO�SURGXFLGD�HQ�ODV�UHILQHUtDV��
�
'DGR� TXH� HQ� HVWH� WUDEDMR� VH� SURSRQHQ� QXHYRV� PDWHULDOHV� FRPR� DGLWLYRV� TXH�
SXHGDQ�HOLPLQDU�HO�D]XIUH�GH� OD�JDVROLQD�GH�)&&��VH�SURSRQH�XVDU�FRPR�PROpFXOD�
PRGHOR�DO�WLRIHQR��SDUD�VHU�GHVXOIXUDGR�EDMR�ODV�FRQGLFLRQHV�TXH�SUHYDOHFHQ�HQ�HO�
UHDFWRU� GH� OD� XQLGDG� GH� )&&�� 6H� HOLJLy� DO� WLRIHQR� SRUTXH� D� SHVDU� GH� VHU� XQD�
PROpFXOD� SHTXHxD� HV� GLItFLO� GH� GHVXOIXUDU� HQ� FRQGLFLRQHV� GH� )&&�� \� D~Q� QR� VH�
FRQRFH�FRPSOHWDPHQWH�VX�PHFDQLVPR�GH�OD�UHDFFLyQ�TXH�VH�SUHVHQWD��
�
�
�
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1.6. OBJETIVOS. 

�
/RV�REMHWLYRV�GHO�SUHVHQWH�WUDEDMR�VRQ��

• 6LQWHWL]DU�KLGURWDOFLWDV�\�HVSLQHODV�WHUQDULDV�=Q�0J�$O�TXH�WHQJDQ�GLIHUHQWHV�
FRQWHQLGRV�GH�]LQF��(V�GHVHDEOH�TXH�HO�]LQF�VH�HQFXHQWUH�HQ�OD�UHG�FULVWDOLQD�
GH�ORV�PDWHULDOHV��

• (YDOXDU� FDWDOtWLFDPHQWH� ORV� PDWHULDOHV� VLQWHWL]DGRV� FRPR� DGLWLYRV� SDUD�
GHVXOIXUDU�HO�WLRIHQR��EDMR�ODV�FRQGLFLRQHV�TXH�SUHYDOHFHQ�HQ�HO�UHDFWRU�GH�OD�
XQLGDG�GH�)&&��

• 2EVHUYDU�HO�HIHFWR�TXH�WLHQH�HO�]LQF�FRQWHQLGR�HQ�ORV�DGLWLYRV�DO�UHDOL]DUVH�OD�
GHVXOIXUDFLyQ�GHO�WLRIHQR��

�
�
�
1.7. REFERENCIAS. 

��� 5�)��:RUPVEHFKHU�DQG�*��.LP��8�6��3DWHQW�������������������
��� 5�)��:RUPVEHFKHU�DQG�*��.LP��8�6��3DWHQW�������������������
��� :�&��&KHQJ��*��.LP��$�:��3HWHUV��;��=DKR��.��5DMDJROSDODQ��&DWDO��5HY��6FL��(QJ�������������

����
��� 5�+��+DUGLQJ��5�5��*DWWH��-�$��:KLWHFDYDJH��DQG�5�)��:RUPVEHFKHU��LQ����WK�$&6�1DWLRQDO�

0HHWLQJ��'HQYHU��������
��� 3�2�)��$QGHUVVRQ��0��3LUMDPDOL�� 6�*�� -lUnV��0��%RXWRQQHW�.L]OLQJ��&DWDO��7RGD\����� �������

�����
��� 7��0\UVWDG��+��(QJDQ��%��6HOMHVWRNNHQ��(��5\WWHU��$SSO��&DWDO��$��*HQHUDO�����������������
��� +�+��6KDQ��&�<��/L��&�+��<DQJ��+��=KDR��%�<��=KDR��-�)��=KDQJ��&DWDO��7RGD\�����������������
��� )��&DYDQL��)��7ULILUy��$��9DFFDUL��&DWDO\VLV�7RGD\�����������������
��� $�5��:HVW��6ROLG�VWDWH�FKHPLVWU\�HQG�LWV�DSSOLFDWLRQV���VW�(G���-RKQ�:LOH\�	�6RQV��1HZ�<RUN��

������&KDS�����S�������
����8��0üOOHU�� ,QRUJDQLF� VWUXFWXUDO� FKHPLVWU\�� �QG� HG�� -RKQ�:LOH\�	�6RQV��*UHDW�%ULWDLQ��������

&KDS������S�������
����)��+HUQiQGH]±%HOWUiQ��-�&��0RUHQR�0D\RUJD��5��4XLQWDQD�6ROyU]DQR��-��6iQFKH]�9DOHQWH��)��

3HGUD]D±$UFKLOD��0��3pUH]�/XQD��$SSO��&DWDO��%��(QYLURQPHQWDO�����������������
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CAPITULO 2 

 

SÍNTESIS DE ESPINELAS E HIDROTALCITAS. 

�
�
(Q�HVWH�FDStWXOR�VH�SUHVHQWDUiQ� ORV�PpWRGRV�GH�VtQWHVLV�GH� ODV�KLGURWDOFLWDV�\� ODV�
HVSLQHODV�WHUQDULDV�=Q�0J�$O��DVt�FRPR�ORV�UHVXOWDGRV�GH�'LIUDFFLyQ�GH�UD\RV�;�TXH�
SHUPLWLHURQ�OD�LGHQWLILFDFLyQ�GH�HVWRV�PDWHULDOHV��
�
2.1 DESARROLLO EXPERIMENTAL. 

�
(Q� HVWD� VHFFLyQ� VH� GHVFULELUiQ� ORV� PpWRGRV� HPSOHDGRV� SDUD� OD� VtQWHVLV� GH� ODV�
HVSLQHODV�H�KLGURWDOFLWDV��TXH�VH�HPSOHDUiQ�FRPR�DGLWLYRV�SDUD�OD�GHVXOIXUDFLyQ�GHO�
WLRIHQR� EDMR� FRQGLFLRQHV� VLPXODGDV� GHO� SURFHVR� GH� )&&�� VH� HVSHUD� TXH� DPERV�
PDWHULDOHV� FRQWHQJDQ� HQ� OD� PLVPD� UHG� FULVWDOLQD� D� ORV� PHWDOHV� =Q�� 0J� \� $O��
3RVWHULRUPHQWH� VH� GHVFULELUi� OD� WpFQLFD� GH� 'LIUDFFLyQ� GH� 5D\RV� ;� �'5;��� HVWD�
WpFQLFD�SHUPLWLy�OD�LGHQWLILFDFLyQ�GH�ORV�PDWHULDOHV�VLQWHWL]DGRV��
�
������6Ë17(6,6�'(�/26�$',7,926��
�
��������6tQWHVLV�GH�ODV�KLGURWDOFLWDV��
(Q�HVWXGLRV�DQWHULRUHV�VH�GHWHUPLQy�>�@�TXH�HQ�XQD�KLGURWDOFLWD�0J�$O��OD�UHODFLyQ�
PRODU�0J�$O� �����HV�OD�TXH�SHUPLWH�REWHQHU�XQD�KLGURWDOFLWD�WHUPRGLQiPLFDPHQWH�
PiV� HVWDEOH�� (Q� EDVH� D� OR� DQWHULRU� VH� GHFLGLy� VLQWHWL]DU� KLGURWDOFLWDV� TXH�
PDQWHQJDQ�HVWD�UHODFLyQ��SHUR�TXH�DGHPiV�GH�OD�SUHVHQFLD�GH�ORV�FDWLRQHV�0J���\�
$O���FRQWHQJDQ�DO�FDWLyQ�=Q����FUHDQGR�FRQ�HOOR�XQD�KLGURWDOFLWD�WHUQDULD��
�
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$O� VHU� HO� 0J��� \� HO� =Q��� FDWLRQHV� GLYDOHQWHV�� VH� KDFH� SRVLEOH� TXH� HO� ]LQF� VH�
SRVLFLRQH� HQ� HO� PLVPR� VLWLR� TXH� RFXSD� HO� PDJQHVLR� HQ� OD� UHG� FULVWDOLQD� GH� OD�
KLGURWDOFLWD�0J�$��ORJUDQGR�GH�HVWD�IRUPD�REWHQHU�XQD�KLGURWDOFLWD�WHUQDULD�=Q�0J�
$O��'HELGR�D�HVWD�VXSRVLFLyQ�\�D�TXH�VH�GHVHD�REVHUYDU�HO�HIHFWR�TXH�WLHQH�HO�]LQF�
VREUH� OD� UHPRFLyQ� GHO� D]XIUH� HQ� HO� WLRIHQR�� VH� GHFLGLy� YDULDU� VyOR� OD� UHODFLyQ�
H[LVWHQWH�HQWUH�HVWRV�GRV�FDWLRQHV��0J���\�=Q�����PDQWHQLHQGR�HQWRQFHV�OD�UHODFLyQ�
�0J�=Q��$O�FRQVWDQWH�\�VLHPSUH�LJXDO�D������(V�LPSRUWDQWH�VHxDODU�TXH�SDUD�WRGDV�
ODV�SUHSDUDFLRQHV�UHDOL]DGDV��OD�FDQWLGDG�GH�DOXPLQLR�VH�PDQWXYR�FRQVWDQWH��
�
(O� PpWRGR� PiV� XWLOL]DGR� HQ� OD� VtQWHVLV� GH� KLGURWDOFLWDV� HV� HO� PpWRGR� GH�
FRSUHFLSLWDFLyQ�� SXHV� pVWH�SHUPLWH� VLQWHWL]DUODV� FRQ�XQD�DOWD�SXUH]D��3DUD�TXH� VH�
OOHYH� D� FDER� OD� FRSUHFLSLWDFLyQ� GH� GRV� R� PiV� FDWLRQHV� HV� QHFHVDULR� TXH� OD�
SUHFLSLWDFLyQ�VH�UHDOLFH�HQ�FRQGLFLRQHV�GH�VREUHVDWXUDFLyQ��H[LVWHQ�GRV�IRUPDV�GH�
UHDOL]DUOD��DOWD�\�EDMD�VREUHVDWXUDFLyQ���DPEDV�D�S+�FRQVWDQWH��&RQ�HO�PpWRGR�GH�
EDMD�VREUHVDWXUDFLyQ��JHQHUDOPHQWH�VH�SURGXFHQ�SUHFLSLWDGRV�PiV�FULVWDOLQRV�>���@��
HQ�FRPSDUDFLyQ�D�ORV�REWHQLGRV�PHGLDQWH�OD�FRSUHFLSLWDFLyQ�D�DOWD�VREUHVDWXUDFLyQ��
(VWR� VH� GHEH� D� TXH� HQ� FRQGLFLRQHV� GH� DOWD� VREUHVDWXUDFLyQ�� OD� YHORFLGDG� GH�
QXFOHDFLyQ� HV� PXFKR� PiV� HOHYDGD� TXH� OD� YHORFLGDG� GH� FUHFLPLHQWR� GHO� FULVWDO��
REWHQLpQGRVH� HQWRQFHV�� XQD� JUDQ� FDQWLGDG� GH� FULVWDOHV� PX\� SHTXHxRV�� \� HQ�
RFDVLRQHV� WDPELpQ� VH� REWLHQHQ� SUHFLSLWDGRV� DPRUIRV�� 'LYHUVRV� DXWRUHV� UHSRUWDQ�
TXH� OD� FRSUHFLSLWDFLyQ� D� EDMD� VREUHVDWXUDFLyQ� SXHGH� HPSOHDUVH� WDPELpQ�� HQ� OD�
VtQWHVLV�GH�KLGURWDOFLWDV�WHUQDULDV�>���@��
�
&RQVLGHUDQGR� OR� DQWHULRU�� HQ� HO� SUHVHQWH� WUDEDMR� VH� UHDOL]DUi� OD� VtQWHVLV� GH� ODV�
KLGURWDOFLWDV�� SRU� HO� PpWRGR� GH coprecipitación a baja sobresaturación y pH 

constante. 

�
(Q� OD� WDEOD� ���� VH� SUHVHQWD� OD� VHULH� GH�KLGURWDOFLWDV� SURSXHVWDV�� OD� QRPHQFODWXUD�
HPSOHDGD��\�HO�FRQWHQLGR�PRODU�GH�=Q��0J�\�$O�HQ�FDGD�XQD�GH�HOODV��(Q�FXDQWR�D�
OD�QRPHQFODWXUD�VH�UHILHUH��HO�YDORU�HQWUH�SDUpQWHVLV� LQGLFD�HO�FRQWHQLGR�PRODU�GH�
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]LQF�SUHVHQWH�HQ�FDGD�XQD�GH�ODV�KLGURWDOFLWDV��&RPR�VH�REVHUYD�HQ�OD�WDEOD��\�GH�
DFXHUGR�FRQ�OD�IyUPXOD�PROHFXODU�GH�OD�KLGURWDOFLWD�0J�$O��0J�$O��2+���&2�
�+�2��
FX\D�UHODFLyQ�0�,,��0�,,,� �����~QLFDPHQWH�VH�YDULDUi�OD�UHODFLyQ�SRUFHQWXDO�HQWUH�
ORV�FDWLRQHV�����HV�GHFLU�HQWUH�=Q���\�0J����6H�SDUWLUi�GH�OD�FRQVLGHUDFLyQ�GH�TXH�
OD�VXPD�GH�ODV�PROHV�GH�ORV�GRV�FDWLRQHV�����=Q���\�0J����HV����TXH�FRUUHVSRQGH�
DO� ������(Q� WRGDV� ODV�KLGURWDOFLWDV� VLQWHWL]DGDV�� OD� VXPD�GH� ODV�PROHV�GH�DPERV�
FDWLRQHV�VHUi���\�SRU�OR�WDQWR�FRUUHVSRQGHUi�DO������GH�FDWLRQHV�����FRQ�OR�FXDO�
VH�SRGUi�JDUDQWL]DU�TXH�OD�UHODFLyQ��=Q�0J��$O�VHD�FRQVWDQWH�H�LJXDO�D������
�

120%5(� 0ROHV�=Q��� 0ROHV�0J��� 0ROHV�$O���
+7�=Q���� �� �� ��
+7�=Q���� �� �� ��
+7�=Q���� �� �� ��
+7�=Q���� �� �� ��
+7�=Q���� �� �� ��

Tabla 2.1. Hidrotalcitas sintetizadas, manteniendo la relación (Zn+Mg)/Al = 3.0 �
(Q� OD� LQYHVWLJDFLyQ� UHDOL]DGD� SDUD� OOHYDU� D� FDER� OD� VtQWHVLV� GH� ODV� KLGURWDOFLWDV�
WHUQDULDV� =Q�0J�$O� VH� GHWHUPLQy� TXH� H[LVWHQ� WUHV� IDFWRUHV� TXH� LQIOX\HQ� HQ� OD�
VtQWHVLV� >�@�� ORV� FXDOHV� VRQ� OD� FRQFHQWUDFLyQ� GH� ODV� VROXFLRQHV� TXH� VH� YDQ� D�
SUHFLSLWDU�� OD�YHORFLGDG�GH�JRWHR�\�HO�S+�GH�FRSUHFLSLWDFLyQ��6H�GHWHUPLQy�TXH� OD�
FRQFHQWUDFLyQ�GH� ODV� VROXFLRQHV�\� OD� YHORFLGDG�GH�JRWHR� VRQ�GRV� IDFWRUHV�TXH� VH�
SXHGHQ�FRQWURODU�IiFLOPHQWH��/D�FRQFHQWUDFLyQ�GH�ODV�VROXFLRQHV�GHEH�HQFRQWUDUVH�
HQWUH� ���� \� ��0� \� OD� YHORFLGDG�GH�JRWHR� HQWUH� ��� \� ���P/�K�� SDUD� JDUDQWL]DU� OD�
IRUPDFLyQ� GH� OD� KLGURWDOFLWD�� 6LQ� HPEDUJR�� GHVSXpV� GH� UHDOL]DU� XQ� HVWXGLR� GH�
VROXELOLGDG� VH� HQFRQWUy� TXH� HO� S+� HV� HO� IDFWRU� TXH� GHWHUPLQD� OD� VtQWHVLV� GH� ORV�
PDWHULDOHV�� HO� FXDO� VH�PRGLILFD�GHSHQGLHQGR�GH� OD� FDQWLGDG�GH�=Q�SUHVHQWH�HQ� OD�
KLGURWDOFLWD��
�



Capítulo 2 

Síntesis de Espinelas e Hidrotalcitas 

 25 

3DUD�UHDOL]DU�OD�VtQWHVLV�GH�OD�KLGURWDOFLWD�VH�SUHSDUDURQ�GRV�VROXFLRQHV�DFXRVDV��OD�
SULPHUD� FRQWHQtD� D� ORV� FDWLRQHV� UHTXHULGRV� �0J���� =Q��� \� $O���� \� OD� VHJXQGD� ORV�
DQLRQHV� QHFHVDULRV� SDUD� UHDOL]DU� OD� SUHFLSLWDFLyQ� �2+�� \� &2������ /D� VROXFLyQ� GH�
FDWLRQHV� VH� SUHSDUy� FRQ� ODV� FDQWLGDGHV� QHFHVDULDV� GH� 0J�12���
�+�2� �$OGULFK��
������ =Q�12���
�+��� �0HUFN�� ����� \� $O��12���
�+�2� �-�7�� %DFNHU�� ������� HQ�
���� P/� GH� DJXD� GHVPLQHUDOL]DGD�� SDUD� REWHQHU� XQD� VROXFLyQ� ����� 0�� /DV�
FDQWLGDGHV� QHFHVDULDV� SDUD� REWHQHU� pVWD� FRQFHQWUDFLyQ� VH� SUHVHQWDQ� HQ� OD� WDEOD�
�����/D�VHJXQGD�VROXFLyQ�FRQWHQtD� ORV�KLGUy[LGRV��2+���TXH�SHUPLWLHURQ�SUHFLSLWDU�
ORV�FDWLRQHV�\�D�ORV�FDUERQDWRV��&2�����TXH�HQOD]DURQ�ODV�OiPLQDV�WLSR�EUXFLWD��HVWD�
VROXFLyQ� IXH�SUHSDUDGD�FRQ�.2+��-�7��%DFNHU���������\� �1+���&2�� �0DOOLQFNURGW��
�������HQ�����P/�GH�DJXD�GHVPLQHUDOL]DGD�SDUD�REWHQHU�XQD�VROXFLyQ������0��/DV�
FDQWLGDGHV� GH� UHDFWLYRV� QHFHVDULDV� SDUD� FRQVHJXLU� ODV� FRQFHQWUDFLRQHV� GH� ODV�
VROXFLRQHV��VH�SUHVHQWDQ�HQ� OD� WDEOD������HVWDV�FDQWLGDGHV�SHUPLWHQ�REWHQHU������
PROHV�GH�FDGD�XQD�GH�ODV�KLGURWDOFLWDV�SURSXHVWDV��
�

Tabla 2.2. Cantidades de reactivos en gramos, para preparar las soluciones de 
aniones y cationes correspondientes a cada una de las hidrotalcitas. 

�
/DV� VROXFLRQHV� SUHSDUDGDV�� VH� DGLFLRQDURQ� VLPXOWiQHDPHQWH� D� XQ� YDVR� GH�
SUHFLSLWDGRV� TXH� FRQWHQtD� ����P/� GH� DJXD�GHVPLQHUDOL]DGD� \� TXH�PDQWHQtD� XQD�
DJLWDFLyQ�YLJRURVD��/D�YHORFLGDG�GH�JRWHR�HPSOHDGD��IXH�GH���D�����P/�PLQ��(O�S+�
HPSOHDGR� HQ� FDGD� SUHSDUDFLyQ� VH� PDQWXYR� FRQVWDQWH� GHSHQGLHQGR� GH� OD�
KLGURWDOFLWD�TXH�VH�HVWDED�VLQWHWL]DQGR��YHU�WDEOD������

5($&7,92� +7�=Q���� +7�=Q���� +7�=Q���� +7�=Q���� +7�=Q����
=Q�12���∗�+�2���J�� ����� ����� ����� ����� ��
0J�12���∗�+�2���J�� �� ����� ����� ����� �����
$O�12���∗�+�2���J�� ��� ��� ��� ��� ���

.2+���J�� ����� ����� ����� ����� �����
�1+���&2����J�� ���� ���� ���� ���� ����
S+�GH�VtQWHVLV� ���� ���� ���� ���� ����
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�
/D� OHFKDGD� REWHQLGD�� TXH� FRQWHQtD� HO� SUHFLSLWDGR� VH� PDQWXYR� FRQ� DJLWDFLyQ�
YLJRURVD� GXUDQWH� ���PLQXWRV�� 3RVWHULRUPHQWH� VH� ILOWUy� \� HQMXDJy� FRQ� DEXQGDQWH�
DJXD� D� ILQ� GH� ODYDU� ORV� LRQHV� HQ� H[FHVR� �2+�\� &2����� \� ORV� LRQHV� TXH� QR� WHQtDQ�
SDUWLFLSDFLyQ�HQ�OD�UHDFFLyQ��1+����.��\�12������)LQDOPHQWH�HO�SUHFLSLWDGR�REWHQLGR�
VH�VHFy�HQ�XQD�HVWXID��GXUDQWH����KRUDV�D������&��
�
���������6tQWHVLV�GH�ODV�HVSLQHODV��
(Q�HVWD�VHFFLyQ�VH�H[SOLFDUi�HO�PpWRGR�GH�VtQWHVLV�HPSOHDGR�SDUD�OD�REWHQFLyQ�GHO�
SUHFXUVRU��\�SRVWHULRUPHQWH�VH�SUHVHQWDUi�HO�SURFHGLPLHQWR�TXH�VH�UHDOL]y�SDUD�OD�
SUHSDUDFLyQ�GH�OD�HVSLQHOD��
�
2.1.1.2.1. Síntesis del precursor. 

/DV� HVStQHODV� WHUQDULDV� =Q�0J�$O� TXH� VH� VLQWHWL]DURQ�� IXHURQ� HVStQHODV�
HVWHTXLRPpWULFDV� FX\D� IyUPXOD� PROHFXODU� HV�

( )
)( 421 OAlMgZn

xx−
�� GRQGH� x� WLHQH�

YDORUHV� GH� ��� ������� ���� \� ������� (Q� HOODV� DO� LJXDO� TXH� HQ� HO� FDVR� GH� ODV�
KLGURWDOFLWDV�� ~QLFDPHQWH� VH� YDULy� OD� UHODFLyQ� H[LVWHQWH� HQWUH� ORV� FDWLRQHV� ����
PDQWHQLpQGRVH� FRQVWDQWH� OD� FDQWLGDG� GH� $O�� (O� SUHFXUVRU� GH� OD� HVSLQHOD� IXH�
VLQWHWL]DGR� SRU� HO� PpWRGR� GH� SUHFLSLWDFLyQ� D� WHPSHUDWXUD� \� S+� FRQVWDQWH�� HVWH�
PpWRGR� IXH� XQD� FRPELQDFLyQ� GH� ORV� PpWRGRV� GH� VtQWHVLV� UHSRUWDGRV� SRU� *�1��
.XVWRYD�HW�DO��>�@��-�*��/L�HW�DO��>�@�\�.��6UHHNXPDU�HW�DO��>�@�\�0�$��9DOHQ]XHOD�HW�
DO��>��@���������(O�S+�GH�VtQWHVLV�GHSHQGLy�GH�OD�FDQWLGDG�GH�=Q�SUHVHQWH�HQ�FDGD�
XQD�GH�ODV�HVSLQHODV��(Q�OD�WDEOD�����VH�PXHVWUD�OD�QRPHQFODWXUD�GH�ODV�HVSLQHODV�
VLQWHWL]DGDV��DVt�FRPR�HO�S+�GH�VtQWHVLV��
�
/RV� UHDFWLYRV� HPSOHDGRV� SDUD� OD� VtQWHVLV� GHO� SUHFXUVRU� IXHURQ� 0J�12���
�+�2�
����� GH� SXUH]D�� -�7�� %DNHU��� =Q�12���
�+�2� ����� GH� SXUH]D�� 0HUN���
$O�12���
�+�2� ������� GH� SXUH]D�� -�7�� %DNHU��� �1+���&2�� �JUDGR� DQDOtWLFR��
0DOOLQFNURGW��\�1+�2+�������-�7��%DNHU���
�
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�
0ROHV�(VSLQHOD� =Q� 0J� $O�

S+�GH�
6tQWHVLV�

(6�=Q���� �� �� �� ����
(6�=Q������� ������ ������ �� ����
(6�=Q������ ���� ���� �� ����
(6�=Q������� ������ ������ �� ����
(6�=Q���� �� �� �� ����
Tabla 2.3. Nomenclatura de las espinelas sintetizadas y pH de síntesis. 

�
3DUD� OD�SUHSDUDFLyQ�GHO�SUHFXUVRU�VH�GLVROYLy� OD�FDQWLGDG�QHFHVDULD�GH� ORV�QLWUDWRV�
PHWiOLFRV� HQ� DJXD� GHVLRQL]DGD�� SDUD� REWHQHU� ����P/� GH� XQD� VROXFLyQ� �0�� (VWD�
VROXFLyQ�IXH�JRWHDGD�D�XQD�YHORFLGDG�GH���P/�PLQ�VREUH�����P/�GH�XQD�VROXFLyQ�
GH�FDUERQDWR�GH�DPRQLR�����0�TXH�VH�HQFRQWUDED�FRQ�DJLWDFLyQ�YLJRURVD�D�����&��
/DV�FDQWLGDGHV�UHTXHULGDV�SDUD�SUHSDUDU�ODV�VROXFLRQHV�DQWHULRUHV�VH�SUHVHQWDQ�HQ�
OD�WDEOD������3DUD�PDQWHQHU�HO�S+�FRQVWDQWH��IXH�QHFHVDULR�DMXVWDUOR�FRQ�KLGUy[LGR�
GH�DPRQLR�� OD�DGLFLyQ�GH�HVWH�UHDFWLYR�VH�UHDOL]y�~QLFDPHQWH�FXDQGR�GLVPLQXtD�HO�
S+�� $O� ILQDOL]DU� OD� SUHFLSLWDFLyQ�� OD� OHFKDGD� IRUPDGD� VH� PDQWXYR� FRQ� DJLWDFLyQ�
YLJRURVD�GXUDQWH����KRUDV�D�����&��3RVWHULRUPHQWH�VH�ILOWUy�D�YDFtR�\�VH�ODYy�FRQ�
����P/�GH�DJXD�GHVLRQL]DGD�\�ILQDOPHQWH�FRQ�����P/�GH�HWDQRO��JUDGR�DQDOtWLFR��
-�7��%DNHU���/D�SDVWD�REWHQLGD�VH�VHFy�D������&�SRU����KRUDV��
�
5HDFWLYR� (6�=Q���� (6�=Q������� (6�=Q������ (6�=Q������� (6�=Q����

0J�12���∗�+�2� �� ����� ����� ����� �����
=Q�12���∗�+�2� ����� ����� ����� ����� ��
$O�12���∗�+�2� ����� ����� ����� ����� �����
�1+���&2�� ����� ����� ����� ����� �����
Tabla 2.4. Cantidades de reactivos en gramos, para la síntesis de las espinelas. �

�
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2.1.1.2.2 Preparación de las espinelas. 

$�GLIHUHQFLD�GH�ORV�DGLWLYRV�REWHQLGRV�D�SDUWLU�GH�ODV�KLGURWDOFLWDV��ODV�HVSLQHODV�VH�
REWLHQHQ� D� SDUWLU� GH� XQ� SUHFXUVRU� IRUPDGR� SRU� KLGUy[LGRV� TXH� HQ� FRQMXQWR� QR�
WLHQHQ�XQD�HVWUXFWXUD�GHILQLGD��OiPLQDV���FRPR�HV�HO�FDVR�GH� OD�KLGURWDOFLWD��3DUD�
REWHQHU�OD�HVSLQHOD�IXH�QHFHVDULR�FDOFLQDU�HO�SUHFXUVRU�HQ�SUHVHQFLD�GH�DLUH�D�����
�&��/D�FDOFLQDFLyQ�VH� OOHYy�D�FDER�HQ�GRV�HWDSDV�� OD�SULPHUD�FRQVLVWLy�HQ�FDOHQWDU�
ODV� PXHVWUDV� D� XQD� YHORFLGDG� GH� �� �&�PLQ� KDVWD� OOHJDU� D� ORV� ���� �&�� pVWD�
WHPSHUDWXUD�IXH�PDQWHQLGD�SRU�XQD�KRUD��$O�FRQFOXLU�HVWD�HWDSD��VH�FRQWLQXy�FRQ�
HO� FDOHQWDPLHQWR� D� OD�PLVPD� YHORFLGDG� KDVWD� OOHJDU� D� ���� �&��PDQWHQLHQGR� HVWD�
WHPSHUDWXUD� GXUDQWH� �� KRUDV�� /D� FDOFLQDFLyQ� VH� HIHFWXy� HQ� XQD� PXIOD� FRQ�
SURJUDPDFLyQ�GH�WHPSHUDWXUD�DXWRPiWLFD��-HOUXV�PRGHOR�7HPS�0DVWHU��

�
�������,'(17,),&$&,Ï1�'(�/26�0$7(5,$/(6��
�
���������'LIUDFFLyQ�GH�5D\RV�;��
/D� GLIUDFFLyQ� GH� UD\RV� ;� �'5;��� HV� XQD� WpFQLFD� HVSHFWURVFySLFD� TXH� SHUPLWH�
FRQRFHU�ODV�IDVHV�FULVWDORJUiILFDV�GH�ORV�FRPSXHVWRV�TXtPLFRV��FDUDFWHUtVWLFD�TXH�HV�
~QLFD� HQ� FDGD� FRPSXHVWR�� SRU� OR� WDQWR�� SHUPLWH� OD� LGHQWLILFDFLyQ� GH� pVWH�� /D�
LGHQWLILFDFLyQ�VH�UHDOL]D�SRU�FRPSDUDFLyQ�GHO�HVSHFWUR�R�GLIUDFWRJUDPD�REWHQLGR�GHO�
FRPSXHVWR�TXtPLFR�� FRQ� ODV� WDUMHWDV�GH� OD�$PHULFDQ�6RFLHW\� IRU�7HVWLQJ�0DWHULDOV�
�$670��TXH�VH�HQFXHQWUDQ�HQ�OD�EDVH�GH�GDWRV�GHO�HTXLSR�GH�GLIUDFFLyQ��
�
(O� DQiOLVLV� VH� UHDOL]y� HQ� XQ� HTXLSR� GH� GLIUDFFLyQ� GH� UD\RV� ;� 6LHPHQV� '������
XWLOL]DQGR�UDGLDFLyQ�&X.α��λ �������c���/DV�PXHVWUDV�DQDOL]DGDV�VH�FRUULHURQ�HQ�HO�
iQJXOR��θ��GH���D������

�
�
�
�
�
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2.2. RESULTADOS. 

�
�������,'(17,),&$&,Ï1�'(�/26�0$7(5,$/(6�6,17(7,=$'26��
�
3DUD�HYDOXDU�HO�GHVHPSHxR�GH�ORV�DGLWLYRV�SURSXHVWRV�HV�QHFHVDULR�SULPHUDPHQWH�
FRQILUPDU�VL�ORV�PDWHULDOHV�SUHSDUDGRV�VRQ�ORV�PDWHULDOHV�TXH�VH�GHVHDEDQ�REWHQHU�
FRQ�OD�VtQWHVLV��SRU�HOOR�VH�UHFXUULy�D�OD�'LIUDFFLyQ�GH�5D\RV�;��(VWD�WpFQLFD�SHUPLWH�
OD�LGHQWLILFDFLyQ�GH�OD�IDVH�FULVWDOLQD�FRUUHVSRQGLHQWH�D�FDGD�XQR�GH�ORV�PDWHULDOHV�
VLQWHWL]DGRV�� $� FRQWLQXDFLyQ� VH� PXHVWUDQ� ORV� UHVXOWDGRV� REWHQLGRV� HQ� HO� DQiOLVLV�
'5;�GH�ORV�PDWHULDOHV�VLQWHWL]DGRV��
�
���������+LGURWDOFLWDV��
/D� LGHQWLILFDFLyQ� GH� XQD�PXHVWUD� SRU�'5;� VH� UHDOL]D� DO� FRPSDUDU� ORV� SODQRV� TXH�
SUHVHQWD� OD� WDUMHWD� GH� LGHQWLILFDFLyQ�� FRQWUD� ODV� FRQWULEXFLRQHV� GHO� HVSHFWUR�
REWHQLGR�HQ�HO�DQiOLVLV��/D�SRVLFLyQ�\�OD�LQWHQVLGDG�GH�GLFKDV�FRQWULEXFLRQHV�GHEHQ�
FRLQFLGLU� FRQ� ODV�GH� ORV�SODQRV� UHSRUWDGRV�HQ� OD� WDUMHWD�GH� LGHQWLILFDFLyQ��HQ�HVWH�
FDVR� OD� WDUMHWD� $670� ������� FRUUHVSRQGLHQWH� D� OD� KLGURWDOFLWD� 0J�$O�
�0J�$O��2+���&2�
�+�2��� &RQ� HVWD� WDUMHWD� WDPELpQ� VH� UHDOL]y� OD� LGHQWLILFDFLyQ�GH�
ODV� KLGURWDOFLWDV� FRQ� GLIHUHQWHV� FRQWHQLGRV� GH� ]LQF�� SXHV� WRGRV� ORV� PDWHULDOHV�
FRQRFLGRV� FRPR� /'+¶V� �/D\HUHG�'RXEOH�+\GUR[LGHV�� SRVHHQ� OD�PLVPD�HVWUXFWXUD�
FULVWDOLQD� TXH� OD� KLGURWDOFLWD�� (Q� OD� WDEOD� ���� VH� SUHVHQWDQ� ORV� iQJXORV� GH� ODV�
FRQWULEXFLRQHV�y�SODQRV�FRUUHVSRQGLHQWHV�D�HVWD�HVWUXFWXUD�FULVWDOLQD��
�
(Q� OD� ILJXUD� ���� VH�SUHVHQWDQ� ORV�HVSHFWURV�'5;�GH� ODV�KLGURWDOFLWDV� VLQWHWL]DGDV��
&RPR�VH�SXHGH�REVHUYDU�� ODV�UHIOH[LRQHV�GH�OD�PXHVWUD�+7�=Q����FRQFXHUGDQ�FRQ�
ORV�SODQRV�GH�OD�WDUMHWD�GH�LGHQWLILFDFLyQ�$670���������LQGLFDQGR�TXH�VH�REWXYR�HO�
FRPSXHVWR�GHVHDGR��HV�GHFLU�OD�KLGURWDOFLWD�0J�$O��(Q�HVWH�WLSR�GH�FRPSXHVWRV��ORV�
SODQRV��������������\�������QRV�LQGLFDQ�XQD�HVWUXFWXUD�ODPLQDU��OD�FXDO�HV�XQD�GH�
ODV� FDUDFWHUtVWLFDV� PiV� LPSRUWDQWHV� GH� HVWRV� PDWHULDOHV�� eVWDV� UHIOH[LRQHV� VH�
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LGHQWLILFDQ� IiFLOPHQWH��SXHV�VRQ� ODV�WUHV�SULPHUDV�FRQWULEXFLRQHV�TXH�VH�REVHUYDQ�
HQ�HO�HVSHFWUR��ODV�FXDOHV�VH�SUHVHQWDQ�HQ�������������\��������UHVSHFWLYDPHQWH��
�

ÈQJXOR���θθ�� 3ODQR�KNO� ,QWHQVLGDG�
������� ������ ����������� ������ ���������� ������ ���������� ������ ���������� ������ ���������� � ���������� ��������� ���������� ��������� ���������� ������ ���������� ������ ���

Tabla 2.5. Ángulos a los cuales aparecen los diferentes planos de la hidrotalcita Mg-
Al, de acuerdo con la tarjeta de identificación ASTM 14-191. �

Figura 2.1. Espectros DRX de las hidrotalcitas sintetizadas. Los planos 
característicos de la estructura laminar de la hidrotalcita son el (003), (006) y (009). �
(Q�HO� ODGR�RSXHVWR�GH�OD�VHULH�� OD�KLGURWDOFLWD�+7�=Q����DO� LJXDO�TXH�OD�KLGURWDOFLWD�
+7�=Q���� H[KLEH� ORV� SODQRV� FDUDFWHUtVWLFRV� GH� OD� HVWUXFWXUD� ODPLQDU� GH� XQD�
KLGURWDOFLWD�� VLQ� HPEDUJR�� SUHVHQWD� GRV� FDUDFWHUtVWLFDV� LPSRUWDQWHV�� TXH� QR� VH�
HQFXHQWUDQ� HQ� OD� KLGURWDOFLWD� 0J�$O�� /D� SULPHUD� HV� TXH� SUHVHQWDQ� XQ� KRPEUR�
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DG\DFHQWH�DO�SLFR�GHO�SODQR�������TXH�VH�ORFDOL]D�HQ��θ �������\�OD�VHJXQGD�HV�XQ�
SLFR� VLWXDGR� HQWUH� ORV� SODQRV� ������ \� ������ ��θ �������� ORFDOL]DGR�HQ��θ �������
(VWH�SLFR�QR�FRUUHVSRQGH�FRQ�QLQJXQR�GH�ORV�SODQRV�DVRFLDGRV�D�ODV�KLGURWDOFLWDV�\�
SRU�OR�WDQWR�QR�VH�HQFXHQWUD�UHSRUWDGR�HQ�OD�WDUMHWD�GH�LGHQWLILFDFLyQ���-��6iQFKH]�
9DOHQWH�HW�DO��>��@�VLQWHWL]DURQ�XQ�KLGUy[LGR�ELQDULR��=Q�$O��GH�GREOH�OiPLQD��/'+�y�
KLGURWDOFLWD�� TXH�SUHVHQWy� ODV�PLVPDV� FDUDFWHUtVWLFDV� TXH� OD� KLGURWDOFLWD�+7�=Q����
VLQWHWL]DGD�HQ�HVWH� WUDEDMR��3HVH�D� OR�DQWHULRU�� VH� LQYHVWLJy� OD�SRVLELOLGDG�GH�TXH�
HVWDV� FDUDFWHUtVWLFDV� IXHUDQ� RFDVLRQDGDV� SRU� OD� SUHVHQFLD� GH� KLGUy[LGR� GH� ]LQF�
H[WHUQR�D�OD�HVWUXFWXUD�GH�OD�KLGURWDOFLWD��VLQ�HPEDUJR��VH�GHVFDUWy�HVWD�SRVLELOLGDG�
GHELGR� D� TXH� ORV� iQJXORV� D� ORV� FXDOHV� VH� ORFDOL]DQ� HO� KRPEUR� \� HO� SLFR�� QR� VH�
HQFXHQWUDQ�UHJLVWUDGRV�HQ�OD�WDUMHWD�GH�LGHQWLILFDFLyQ�GHO�KLGUy[LGR�GH�]LQF��
�
/DV� FDUDFWHUtVWLFDV� TXH� VH� PHQFLRQDQ� HQ� HO� SiUUDIR� DQWHULRU�� VH� SUHVHQWDURQ�
WDPELpQ� HQ� ODV� KLGURWDOFLWDV� (VWDV� PLVPDV� FDUDFWHUtVWLFDV� VH� HQFRQWUDURQ� HQ� ODV�
KLGURWDOFLWDV� +7�=Q���� \� +7�=Q����� $GLFLRQDOPHQWH� VH� REVHUYD� TXH� H[LVWH� XQD�
HVWUHFKD� UHODFLyQ� HQWUH� OD� FDQWLGDG� GH� ]LQF� SUHVHQWH� HQ� ORV� PDWHULDOHV� \� OD�
LQWHQVLGDG�GHO�KRPEUR�\�HO�SLFR��OD�LQWHQVLGDG�VH�LQFUHPHQWD�FRQIRUPH�VH�DXPHQWD�
OD�FDQWLGDG�GH�]LQF�HQ�ORV�PDWHULDOHV��
�
/DV� KLGURWDOFLWDV�+7�=Q����� +7�=Q���� \�+7�=Q���� WDPELpQ� H[KLEHQ� ODV� UHIOH[LRQHV�
������� ������ \� ������� OR� TXH� LQGLFD� TXH� HVWRV� PDWHULDOHV� WDPELpQ� SUHVHQWDQ� OD�
HVWUXFWXUD� ODPLQDU� FRUUHVSRQGLHQWH� D� OD� KLGURWDOFLWD�� $GHPiV� VXV� RWUDV�
FRQWULEXFLRQHV� FRQFXHUGDQ� SHUIHFWDPHQWH� FRQ� OD� WDUMHWD� GH� LGHQWLILFDFLyQ�� SRU� OR�
TXH�VH�SXHGH�GHFLU�TXH�HVWRV�PDWHULDOHV� WDPELpQ�VRQ�KLGURWDOFLWDV��6LQ�HPEDUJR��
ODV� KLGURWDOFLWDV� FRQ� FLHUWR� FRQWHQLGR�GH� ]LQF�SUHVHQWDQ�XQ� OLJHUR�GHVSOD]DPLHQWR�
HQ� ORV� iQJXORV� GH� ORV� SODQRV� ����� JUDGRV� HQ� HO� SODQR� ORFDOL]DGR� D� ������� FRQ�
UHVSHFWR� D� ORV� GH� OD� WDUMHWD� GH� LGHQWLILFDFLyQ�� (VWR� VH� GHEH� SUREDEOHPHQWH� D� OD�
LQWURGXFFLyQ�GHO�=Q���HQ�OD�HVWUXFWXUD�FULVWDOLQD�GH�OD�KLGURWDOFLWD��\D�TXH�pVWH�WLHQH�
XQ� WDPDxR� DWyPLFR� OLJHUDPHQWH� PD\RU� ���� SP�� TXH� HO� GHO� 0J��� ���� SP���
SURYRFDQGR�FRQ�HVWR�XQD�OLJHUD�GHIRUPDFLyQ�HQ�OD�UHG�FULVWDOLQD�GHO�PDWHULDO��
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�
(O� HVSHFWUR� '5;� GH� OD� KLGURWDOFLWD� +7�=Q����� TXH� FRQWLHQH� OD�PHQRU� FDQWLGDG� GH�
]LQF��IXH�PX\�VLPLODU�DO�GH�OD�KLGURWDOFLWD�+7�=Q�����TXH�QR�FRQWLHQH�]LQF��(VWR�VH�
GHEH�SUREDEOHPHQWH�� D�TXH�HO� FRQWHQLGR�GH�PDJQHVLR�HQ� OD�HVWUXFWXUD�HV�PD\RU�
TXH�HO�GH�]LQF��OR�TXH�RFDVLRQD�TXH�QR�VHD�YLVLEOH�OD�SUHVHQFLD�GH�pVWH�~OWLPR�HQ�HO�
HVSHFWUR� '5;�� 8Q� HVSHFWUR� LJXDO� DO� GH� OD� KLGURWDOFLWD� +7�=Q���� IXH� REWHQLGR� SRU�
-�7��.ORSURJJH�HW�DO��>�@���

�
���������(VSLQHODV��
/D� LGHQWLILFDFLyQ� GH� ORV� PDWHULDOHV� VLQWHWL]DGRV�� WDPELpQ� VH� UHDOL]y� PHGLDQWH� OD�
'LIUDFFLyQ�GH�5D\RV�;��(Q�OD�ILJXUD�����VH�SUHVHQWDQ�ORV�GLIUDFWRJUDPDV�GH�ODV�FLQFR�
HVSLQHODV� VLQWHWL]DGDV�� &RPR� VH� REVHUYD�� ODV� SULQFLSDOHV� UHIOH[LRQHV� HQ� RUGHQ�
GHFUHFLHQWH�GH� LQWHQVLGDG�SDUD� OD�PXHVWUD�(6�=Q�����HVWiQ� ORFDOL]DGDV�HQ���������
������� \� ������� UHVSHFWLYDPHQWH�� HVWDV� FRQWULEXFLRQHV� FRUUHVSRQGHQ� FRQ� ORV�
SODQRV��������������\�������GH�OD�WDUMHWD�$670���������TXH�LGHQWLILFD�D�OD�JDKQLWD�
�=Q$O�2���� $GLFLRQDOPHQWH� ODV� LQWHQVLGDGHV� GH� HVWRV� SODQRV� FRLQFLGHQ� FRQ� ODV�
LQWHQVLGDGHV�GH�ORV�SLFRV�GH�OD�PXHVWUD��SRU�OR�TXH�VH�SXHGH�GHFLU�TXH�HO�PDWHULDO�
VLQWHWL]DGR�HV�XQD�HVSLQHOD�GH�]LQF��
�
/D� PXHVWUD� (6�=Q���� SUHVHQWD� VXV� SULQFLSDOHV� UHIOH[LRQHV� HQ� �������� ������� \�
�������� TXH� FRUUHVSRQGHQ� FRQ� ORV� SODQRV� ������� ������ \� ������ UHVSHFWLYDPHQWH��
(VWDV� FRQWULEXFLRQHV� FRUUHVSRQGHQ� SHUIHFWDPHQWH� FRQ� ORV� SODQRV� GH� PD\RU�
LQWHQVLGDG�GH� OD�HVSLQHOD�PDJQHVLR�DOXPLQLR�� LGHQWLILFDGD�SRU� OD� WDUMHWD�$670����
������ LQGLFDQGR� TXH� HO� PDWHULDO� VLQWHWL]DGR� HV� XQD� HVSLQHOD� 0J$O�2��� 8Q�
GLIUDFWRJUDPD� VLPLODU� IXH� REWHQLGR� SRU� -��D�� :DQJ� HW� DO�� >��@�� DO� FDOFLQDU� VX�
SUHFXUVRU�D������&��
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Figura 2.2. Espectros DRX de las espinelas sintetizadas. (¸) Reflexiones 
características de la ganhita, ZnAl2O4 . ( •• ) Reflexiones características de la 

espinela, MgAl2O4. �
�

� =Q$O�2�� � � � 0J$O�2�� �
�θθ� KNO� ,QWHQVLGDG� � �θθ� KNO� ,QWHQVLGDG�

������� ���� �� � ������� ���� ���������� ���� ��� � ������� ���� ���������� ���� ���� � ������� ���� ����������� ���� �� � ������� ���� ��������� ���� �� � ������� ���� ���������� ���� ��� � ������� ���� ���������� ���� ��� � ������� ���� ���������� ���� ��� � ������� ���� ���������� ���� ��� � ������� ���� ��������� ���� �� � ������� ���� ��������� ���� �� � ������� ���� ��������� ���� �� � ������� ���� ��
������� ���� �� � � � �
Tabla 2.6. Planos presentes de 0 a 80 ° en las tarjetas de identificación ASTM 21-

1152 y ASTM 05-0669 correspondientes a la espinela y a la gahnita. �

0

300

600

900

1200

1500

0 10 20 30 40 50 60 70 80

22θθ

In
te

n
s
id

a
d

 C
p

s
 (

u
.a

.)

(6�=Q������
(6�=Q���

(6�=Q�����
(6�=Q������
(6�=Q���



Capítulo 2 

Síntesis de Espinelas e Hidrotalcitas 

 34 

(V�QHFHVDULR�PHQFLRQDU�TXH�ORV�SODQRV�FULVWDOLQRV�TXH�LGHQWLILFDQ�D�OD�HVSLQHOD�\�D�
OD� JDKQLWD� �HVSLQHOD� GH� ]LQF�� VRQ� PX\� VLPLODUHV�� VLQ� HPEDUJR�� OD� LQWHQVLGDG� GHO�
VHJXQGR�SODQR�SULQFLSDO�HV�GLIHUHQWH�HQ�FDGD�FDVR��OR�FXDO�QRV�SHUPLWH�GLIHUHQFLDU�
HQWUH� OD� HVSLQHOD� GH� ]LQF� \� OD� GH�PDJQHVLR�� $GLFLRQDOPHQWH�� OD� JDKQLWD� SUHVHQWD�
XQD�FRQWULEXFLyQ�HQ��������� FRUUHVSRQGLHQWH�DO�SODQR�������TXH�QR�VH�HQFXHQWUD�
SUHVHQWH� HQ� OD� HVSLQHOD� 0J�$O�� (Q� OD� WDEOD� ���� VH� PXHVWUDQ� ORV� iQJXORV� \� ODV�
LQWHQVLGDGHV� GH� ORV� SODQRV�� GH� ODV� WDUMHWDV� GH� LGHQWLILFDFLyQ� GH� OD� HVSLQHOD� \� OD�
JDKQLWD��
�
(Q� ORV� HVSHFWURV� '5;� GH� /RV� PDWHULDOHV� WHUQDULRV� (6�=Q�������� (6�=Q������ \�
(6�=Q��������FRQ�FRQWHQLGRV� LQWHUPHGLRV�GH�]LQF�\�PDJQHVLR���VH�REVHUYD�TXH�VH�
LQFUHPHQWD� OD� LQWHQVLGDG� GHO� SLFR� ORFDOL]DGR� HQ� ������ FRQIRUPH� DXPHQWD� OD�
FDQWLGDG� GH� ]LQF� SUHVHQWH� HQ� OD� HVSLQHOD�� HVWH� PLVPR� HIHFWR� VH� REVHUYD� FRQ� HO�
SODQR� ������ ORFDOL]DGR�HQ��������� LQGLFDQGR� OD�SUHVHQFLD�GH�JDKQLWD�y�=Q$O�2���$�
SDUWLU� GH� OD� HVSLQHOD� (6�=Q������ VH� KDFHQ� SUHVHQWHV� WRGRV� ORV� SODQRV�
FRUUHVSRQGLHQWHV�D� OD�JDKQLWD��(VWR�QRV� LQGLFD�TXH�HO� ]LQF�VH�HQFXHQWUD�SUHVHQWH�
FRPR�HVSLQHOD�HQ�HVWRV�PDWHULDOHV�VLQWHWL]DGRV��DXQTXH�QR�VH�SXHGH�DVHJXUDU�TXH�
VH� HQFXHQWUHQ� SUHVHQWHV� ORV� WUHV� PHWDOHV� HQ� OD� PLVPD� UHG� FULVWDOLQD�� 7RGRV� ORV�
PDWHULDOHV� WHUQDULRV� IXHURQ� LGHQWLILFDGRV� FRQ� OD� WDUMHWD� $670� ��������� HV� GHFLU�
FRPR�HVSLQHODV�=Q$O�2���
�
2.3 RESUMEN. 

�
(O�SUHVHQWH�FDStWXOR�PRVWUy�FRPR�IXHURQ�VLQWHWL]DGDV� ODV�HVSLQHODV�H�KLGURWDOFLWDV�
=Q�0J�$O�FRQ�GLIHUHQWHV�FRQWHQLGRV�GH�]LQF��VX�LGHQWLILFDFLyQ�VH�UHDOL]y�SRU�'5;��
�
7RGDV� ODV�KLGURWDOFLWDV� IXHURQ� LGHQWLILFDGDV�FRQ� OD� WDUMHWD�GH� OD�KLGURWDOFLWD�0J�$O��
6LQ�HPEDUJR��HQ�ODV�KLGURWDOFLWDV�FRQ�GLIHUHQWHV�FRQWHQLGRV�GH�]LQF��VH�REVHUYy�XQ�
OLJHUR� GHVSOD]DPLHQWR� HQ� ORV� SODQRV�GH� ORV� GLIUDFWRJUDPDV�REWHQLGRV�� RFDVLRQDGR�
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SUREDEOHPHQWH��SRU�OD�LQWURGXFFLyQ�GH�]LQF�GHQWUR�GH�OD�HVWUXFWXUD�FULVWDOLQD�GH�OD�
KLGURWDOFLWD��FRQ�HVWR�VH�FRQILUPy�OD�SUHVHQFLD�GHO�]LQF�HQ�ORV�PDWHULDOHV���
�
/RV�GLIUDFWRJUDPDV�GH�ODV�HVSLQHODV�FRQ�GLIHUHQWHV�FRQWHQLGRV�GH�]LQF��SUHVHQWDURQ�
OD� IDVH� FULVWDOLQD� GH� OD� HVSLQHOD� =Q$O�2���PLHQWUDV� TXH� OD� TXH� QR� FRQWHQtD� =Q� VH�
LGHQWLILFy� FRPR� 0J$O�2��� 1R� IXH� SRVLEOH� LGHQWLILFDU� VL� HQ� ODV� SUHSDUDFLRQHV�
WHUQDULDV�� HO� ]LQF� VH� HQFXHQWUD� GHQWUR� GH� OD� UHG� FULVWDOLQD� GH� OD� HVSLQHOD� 0J�$O�
IRUPDQGR� XQD� HVSLQHOD� WHUQDULD�� y� VL� DPEDV� HVSLQHODV� �=Q$O�2�� \� 0J$O�2��� VH�
HQFXHQWUDQ� FRH[LVWLHQGR�HQ�XQ�PH]FODGR�PLFURFULVWDOLQR��(VWR� VH�GHELy�D�TXH� ORV�
SODQRV�TXH�LGHQWLILFDQ�D�OD�JDKQLWD��=Q$O�2���WDPELpQ�VH�HQFXHQWUDQ�SUHVHQWHV�HQ�
OD�HVSLQHOD�0J$O�2���DXQTXH�VXV�LQWHQVLGDGHV�VRQ�GLIHUHQWHV��
�
�
2.4 REFERENCIAS. 

��� 3DWHQWH� GHO� ,03� HQ� WUiPLWH�� SDUD� PD\RU� LQIRUPDFLyQ� FRPXQLFDUVH� FRQ� HO� 'U�� 5RJHOLR�
&XHYDV��FXHYDV#VHUYLGRU�XQDP�P[��

��� )��&DYDQL��)��7ULILUy��$��9DFFDUL��&DWDO\VLV�7RGD\�����������������
��� $�� -��0DUFKL�� -�� ,��'L� &RVLPR��&��5��$SHVWHJXtD��;,�6LPSRVLR� ,EHURDPHULFDQR�GH�&DWiOLVLV��

*XDQDMXDWR��0p[LFR��������
��� $��&RUPD��$��(��3DORPDUHV��)��5H\��)��0iUTXH]��-��&DWDO�������������������
��� -��7��.ORSURJJH��5��/��)URVW��3K\V��&KHP��&KHP��3K\V������������������
��� 5��&XHYDV��$��$��9DUJDV��/��)��3HGUD]D��$��-�*DUFtD��-��5DPtUH]��(PHUJLQJ�)LHOGV�LQ�6RO�*HO�

6FLHQFH�DQG�7HFKQRORJ\��������������
��� *�1��.XVWRYD��(�%�%XUJLQD��*�*��9RONRYD��7�0��<XULHYD��/�0��3O\DVRYD��-��0ROHFXODU�&DWDO\VLV�

$��&KHPLFDO������������������
��� -�*�� /L�� 7�� ,NHJDPL�� -�+�/HH��7��0RUL��<��<DMLPD�� -��(XURSHDQ�&HUDPLF�6RFLHW\�� ��� �������

�����
��� .��6UHHNXPDU��7��0DWKHZ��6�3�0LUDMNDU��6��6XJXQDQ��%�6��5DR��$SSO��&DWDO��$��*HQHUDO������

�������/���
����0�$��9DOHQ]XHOD��-��3��-DFREV��3��%RVFK��6��5HLMQH��%��=DSDWD��+�+��%URQJHUVPD��$SSO��&DWDO��

$��*HQHUDO������������������
����-��6iQFKH]�9DOHQWH��)��)LJXHUDV��0��*UDYHOOH��-�/ySH]��-��3��%HVVH��-��&DWDO������������������
����-��D��:DQJ��&��O��/L��$SSO��6XUIDFH�6FLHQFH������������������
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CAPITULO 3 

 

CARACTERIZACIÓN Y EVALUACIÓN CATALÍTICA 

DE LOS ADITIVOS 

�
�

&RPR� VH� UHFRUGDUi�� HQ� HO� FDSLWXOR� DQWHULRU� IXHURQ� VLQWHWL]DGDV� ODV� HVSLQHODV� H�
KLGURWDOFLWDV�� PDWHULDOHV� TXH� HQ� HO� SUHVHQWH�� SULPHUDPHQWH� VHUiQ� FDUDFWHUL]DGRV�
SDUD� SRVWHULRUPHQWH� VHU� HYDOXDGRV� FDWDOtWLFDPHQWH� FRPR� DGLWLYRV� SDUD� OD�
GHVXOIXUDFLyQ�GHO�WLRIHQR��
�
(Q�HO�SURFHVR�GH�)&&��HO�FDWDOL]DGRU�GH�HTXLOLEULR�\� ORV�GLYHUVRV�DGLWLYRV� UHFRUUHQ�
FtFOLFDPHQWH�GRV�]RQDV�FODYH��OD�]RQD�GH�UHDFFLyQ�\�OD�GH�UHJHQHUDFLyQ��ODV�FXDOHV�
PDQWLHQHQ� WHPSHUDWXUDV� DSUR[LPDGDV� GH� �������� �&� \� �������� �&�
UHVSHFWLYDPHQWH� >�@�� /RV� PDWHULDOHV� SURSXHVWRV� FRPR� DGLWLYRV� VH� HQFRQWUDUiQ�
H[SXHVWRV� HQ� HO� SURFHVR� D� ODV� WHPSHUDWXUDV� \D�PHQFLRQDGDV�� SRU� OR� FXDO�� VL� VXV�
HVWUXFWXUDV� FULVWDOLQDV� QR� VRQ� HVWDEOHV� D� HVWDV� WHPSHUDWXUDV� �KLGURWDOFLWDV���
GHEHUiQ�VHU�FDOFLQDGRV��
�
/D�SUHSDUDFLyQ�GH�ODV�HVSLQHODV�IXH�UHDOL]DGD�D������&��SRU�OR�WDQWR�VXV�HVWUXFWXUDV�
FULVWDOLQDV�QR�FDPELDUiQ�D�OD�WHPSHUDWXUD�GH�SURFHVR��OD�FXDO�HV�LQIHULRU�D�OD�GH�OD�
IRUPDFLyQ� GH� ODV� HVSLQHODV�� 6LQ� HPEDUJR�� ODV� KLGURWDOFLWDV� IXHURQ� VLQWHWL]DGDV� D�
WHPSHUDWXUD�DPELHQWH�\�SRVWHULRUPHQWH�QR�UHFLELHURQ�QLQJ~Q�WUDWDPLHQWR�WpUPLFR��
'LYHUVRV� HVWXGLRV� PXHVWUDQ� TXH� ODV� KLGURWDOFLWDV� FDPELDQ� VXV� HVWUXFWXUDV�
FULVWDOLQDV�DO�VHU�VRPHWLGDV�D�WHPSHUDWXUDV�VXSHULRUHV�D������&�>���@��SRU� OR�TXH�
VH� HVSHUD� TXH� DO� HVWDU� H[SXHVWDV� D� ODV� WHPSHUDWXUDV� SURSLDV� GHO� SURFHVR��
HVSHFLDOPHQWH� D� OD� GH� UHJHQHUDFLyQ�� VX� HVWUXFWXUD� FULVWDOLQD� QR� VHD� OD� GH� OD�
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KLGURWDOFLWD�� VLQR� OD� GH� ORV� SURGXFWRV� GH� VX� GHVFRPSRVLFLyQ�� 3RU� OR� WDQWR� HV�
QHFHVDULR�FDOFLQDU�ODV�KLGURWDOFLWDV�D������&��
�
�
3.1 DESARROLLO EXPERIMENTAL. 

�
�
������&$/&,1$&,Ï1�'(�/$6�+,'527$/&,7$6��
�
/D� FDOFLQDFLyQ� GH� ODV� KLGURWDOFLWDV� VH� UHDOL]y� D� ���� �&� HQ� SUHVHQFLD� GH� DLUH�� 6H�
XWLOL]DURQ� GRV� UDPSDV� GH� FDOHQWDPLHQWR�� OD� SULPHUD� FRQVLVWLy� HQ� DXPHQWDU� OD�
WHPSHUDWXUD� KDVWD� ���� �&� D� XQD� YHORFLGDG� GH� �� �&�PLQ�� pVWD� WHPSHUDWXUD� VH�
PDQWXYR� SRU� XQD� KRUD�� 3RVWHULRUPHQWH� LQLFLy� OD� VHJXQGD� UDPSD� D� OD� PLVPD�
YHORFLGDG� GH� FDOHQWDPLHQWR�� OOHJDQGR� KDVWD� ���� �&� \� PDQWHQLpQGRVH� HQ� GLFKD�
WHPSHUDWXUD�SRU�HVSDFLR�GH���KRUDV��'H�HVWD�IRUPD�IXHURQ�REWHQLGRV�ORV�DGLWLYRV��
/D� FDOFLQDFLyQ� VH� HIHFWXy� HQ� XQD� PXIOD� FRQ� SURJUDPDFLyQ� GH� WHPSHUDWXUD�
DXWRPiWLFD��-HOUXV�PRGHOR�7HPS�0DVWHU��
�
$�SDUWLU�GH�pVWH�PRPHQWR�se les nombrará a los productos de la calcinación de 

las hidrotalcitas con la nomenclatura OHT(Zn:X)��HVWRV�PDWHULDOHV�DFWXDUiQ�
FRPR� DGLWLYRV� SDUD� OD� UHPRFLyQ� GH� D]XIUH� GHO� WLRIHQR� �YHU� WDEOD� ������ /D� QXHYD�
QRPHQFODWXUD� WLHQH�FRPR�ILQDOLGDG�HYLWDU� OD�FRQIXVLyQ�HQWUH� ODV�KLGURWDOFLWDV�\� ORV�
SURGXFWRV�GH�VX�FDOFLQDFLyQ��No se debe perder de vista que los productos de la 

calcinación de las hidrotalcitas es la fase activa que se empleará como 

aditivo para la desulfuración del tiofeno��
�
�����
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�
+LGURWDOFLWD�SUHFXUVRUD� $GLWLYR�

+7�=Q���� 2+7�=Q����
+7�=Q���� 2+7�=Q����
+7�=Q���� 2+7�=Q����
+7�=Q���� 2+7�=Q����
+7�=Q���� 2+7�=Q����

Tabla 3.1. Nomenclatura de los aditivos obtenidos a partir de la calcinación de las 
hidrotalcitas. �

�
������&$5$&7(5,=$&,Ï1�'(�/26�$',7,926��
�
/DV� SURSLHGDGHV� TXH� SRVHHQ� ORV� FDWDOL]DGRUHV� \� DGLWLYRV� QRV� SHUPLWHQ� HQWHQGHU�
PHMRU� HO� FRPSRUWDPLHQWR� TXH� WLHQHQ� pVWRV�� FXDQGR� VH� HQFXHQWUDQ� UHDFFLRQDQGR�
EDMR� ODV� FRQGLFLRQHV� GH�SURFHVR�� GH� HVWD� IRUPD�HV� SRVLEOH�GDU�XQD�H[SOLFDFLyQ�D�
FHUFD�GH�ORV�IHQyPHQRV�TXH�RFXUUHQ��HQ�SUHVHQFLD�GH�HOORV��
�
�������� 3URSLHGDGHV� WH[WXUDOHV�� ÈUHD� HVSHFtILFD� \� GLVWULEXFLyQ� GHO�
YROXPHQ�GH�SRURV��
(V�FRQRFLGR�TXH�OD�HIHFWLYLGDG�GH�XQ�FDWDOL]DGRU�GHSHQGH��DO�PHQRV�HQ�SDUWH��GH�OD�
H[WHQVLyQ� GHO� iUHD� HVSHFtILFD�� DVt� FRPR� GH� VX� DUTXLWHFWXUD� LQWHUQD� �YROXPHQ� GH�
HVSDFLRV�YDFtRV��GLVWULEXFLyQ�GHO�YROXPHQ�GH�ORV�HVSDFLRV�YDFtRV�HQ�IXQFLyQ�GH�VX�
WDPDxR��� 3RU� OR� WDQWR�� HV� QHFHVDULR� REWHQHU� HVWDV� SURSLHGDGHV� D� SDUWLU� GH�
PHGLFLRQHV�H[SHULPHQWDOHV��
�
(O� PpWRGR� PiV� XWLOL]DGR� SDUD� OD� PHGLFLyQ� GH� iUHDV� VXSHUILFLDOHV�� GH� VyOLGRV�
SRURVRV��HV�HO�GHVDUUROODGR�SRU�%UXQDXHU�(PPHWW�7HOOHU��eVWH�PpWRGR�VH�EDVD�HQ�OD�
DGVRUFLyQ� ItVLFD� GH�XQ�JDV� HQ� OD� VXSHUILFLH� VyOLGD��*HQHUDOPHQWH� VH� GHWHUPLQD� HO�
YROXPHQ�GH�QLWUyJHQR�JDVHRVR�DGVRUELGR�HQ�XQ�LQWHUYDOR�GH�SUHVLRQHV�LQIHULRUHV�D�
��DWP��\�D�VX�WHPSHUDWXUD�GH�HEXOOLFLyQ�QRUPDO����������&����
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/DV�PHGLFLRQHV�GH�iUHD�HVSHFtILFD�\�GLVWULEXFLyQ�GH�YROXPHQ�GH�SRUR�VH�UHDOL]DURQ�
HQ� XQ� HTXLSR� $6$3� ����� GH� PLFURPHULWLFV�� VLJXLHQGR� HO� SURFHGLPLHQWR� TXH� VH�
GHVFULEH�D�FRQWLQXDFLyQ��
�
/D�PXHVWUD�D�FDUDFWHUL]DU�VH�VRPHWLy�LQLFLDOPHQWH��D�XQ�SURFHVR�GH�OLPSLH]D�D�XQD�
WHPSHUDWXUD�GH������&�\�SUHVLyQ�PHQRU�GH����PP+J�SRU���KRUDV��FX\D�ILQDOLGDG�
IXH� UHPRYHU� ORV� JDVHV� H� LPSXUH]DV� SUHVHQWHV� HQ� OD� VXSHUILFLH��8QD�YH]� OLPSLD� OD�
VXSHUILFLH��VH�SURFHGLy�FRQ� ODV�PHGLFLRQHV�FRUUHVSRQGLHQWHV��XWLOL]DQGR����SXQWRV�
WDQWR�HQ�OD�DGVRUFLyQ�FRPR�HQ�OD�GHVRUFLyQ�SDUD�REWHQHU�ODV�LVRWHUPDV�UHVSHFWLYDV��
�
������(9$/8$&,Ï1�&$7$/Ë7,&$��
�
/D�HYDOXDFLyQ�FDWDOtWLFD�GH� ORV�DGLWLYRV�HV�XQR�GH� ORV�SULQFLSDOHV�REMHWLYRV�TXH�VH�
SHUVLJXHQ�HQ�HO�SUHVHQWH�WUDEDMR��
�
&RPR� VH� PHQFLRQy� DQWHULRUPHQWH�� OD� FRUULHQWH� TXH� DOLPHQWD� DO� SURFHVR� GH� )&&�
FRQWLHQH� XQD� JUDQ� FDQWLGDG� GH� FRPSXHVWRV� GH� D]XIUH�� HQWUH� HOORV��PHUFDSWDQRV��
VXOIXURV�� GLVXOIXURV�� WLRIHQRV�� DOTXLO�WLRIHQRV�� HWF�� 6LQ� HPEDUJR�� FRQ� ORV� DGLWLYRV�
FRPHUFLDOHV�SDUD�OD�HOLPLQDFLyQ�GH�D]XIUH�HQ�OD�JDVROLQD��HO�D]XIUH�GH�ORV�GLVXOIXURV�
\�PHUFDSWDQRV�HV�HOLPLQDGR�HILFLHQWHPHQWH��SHUR�QR�DVt�HQ�HO�FDVR�GH�ORV�WLRIHQRV��
DOTXLO�WLRIHQRV�\�EHQ]RWLRIHQRV���
�
'DGR�TXH�HO�WLRIHQR�HV�XQR�GH�ORV�FRPSXHVWRV�GH�D]XIUH�PiV�GLItFLOHV�GH�HOLPLQDU�
HQ� HO� SURFHVR� )&&�� \� SRU� OR� WDQWR� WDPELpQ� HQ� OD� JDVROLQD�� VH� HPSOHDUi� HVWH�
FRPSXHVWR� FRPR� PROpFXOD� PRGHOR�� /D� UHDFFLyQ� TXH� VH� OOHYDUi� D� FDER� HV� OD�
VLJXLHQWH��

7LRIHQR���+��������$GLWLYR�������+LGURFDUEXURV���+�6�
�

(VWD�UHDFFLyQ�VH�HIHFWXDUi�HQ�SUHVHQFLD�GH�+��\�EDMR� ODV�FRQGLFLRQHV�GHO�SURFHVR�
)&&��
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��������5HDFFLyQ�GH�GHVXOIXUDFLyQ�FRQ�ORV�DGLWLYRV�SUHSDUDGRV��
3DUD�UHDOL]DU�ODV�UHDFFLRQHV�VH�SHVDURQ������J�GH�DGLWLYR�y�FDWDOL]DGRU�GH�HTXLOLEULR�
GH� OD� UHILQHUtD� GH�0DGHUR�� HO� FXDO� IXH�PH]FODGR� FRQ�����J�GH� FDUEXUXQGXP� ILQR��
FRPR�GLOX\HQWH��/D�PH]FOD�IXH�LQWURGXFLGD�VREUH�HO�SODWR�SRURVR�GHO�UHDFWRU��VREUH�
HVWD�VH�FRORFDURQ�����J�GH�FDUEXUXQGXP�ILQR�\�����J�GH�FDUEXUXQGXP�JUXHVR��D�ILQ�
GH� HYLWDU� OD� IOXLGL]DFLyQ� GHO� DGLWLYR� \� JDUDQWL]DU� TXH� HO� OHFKR� VH�PDQWXYLHUD� ILMR��
5HDOL]DGR�OR�DQWHULRU��VH�FRORFy�HO�UHDFWRU�HQ�OD�OtQHD�GH�SURFHVR�\�VH�XVR�XQ�KRUQR�
TXH�SHUPLWLy�PDQWHQHU�OD�WHPSHUDWXUD�FRQVWDQWH��/D�UHDFFLyQ�VH�HIHFWXy�D������&��
FRQ�XQ�IOXMR�GH����P/�PLQ�GH�1���&XDQGR�VH�DOFDQ]y�OD�WHPSHUDWXUD�GH�UHDFFLyQ�VH�
FRQWLQXy� DOLPHQWDQGR� 1�� GXUDQWH� �� KRUDV�� (VWH� WLHPSR� IXH� HO� SHULRGR� GH�
HVWDELOL]DFLyQ�GHO�DGLWLYR��HO�FXDO�SHUPLWLy�HOLPLQDU�FXDOTXLHU�LPSXUH]D�TXH�HVWXYLHUD�
SUHVHQWH�HQ�HO�DGLWLYR��DVt�FRPR�WDPELpQ�SHUPLWLy� OD�IRUPDFLyQ�GH�ORV�y[LGRV�TXH�
FRQVWLWXLUiQ�OD�IDVH�DFWLYD�GH�ORV�DGLWLYRV�REWHQLGRV�D�SDUWLU�GH�ODV�KLGURWDOFLWDV��
�
$O�WUDQVFXUULU�HO�WLHPSR�GH�HVWDELOL]DFLyQ�VH�FDPELy�HO�1��SRU�+���KDFLpQGROR�SDVDU�
SRU�ORV�VDWXUDGRUHV��HO�IOXMR�GH�+��WDPELpQ�IXH�GH����P/�PLQ���\�HO�JDV�GH�VDOLGD�
GHO� VDWXUDGRU� IXH� LQ\HFWDGR� PDQXDOPHQWH� DO� FURPDWyJUDIR�� (Q� HVWD� HWDSD� VH�
UHDOL]DURQ� YDULDV� LQ\HFFLRQHV� KDVWD� TXH� ORV� FRQWHRV� HQ� SRU� OR� PHQRV� GRV�
LQ\HFFLRQHV�IXHUDQ�VLPLODUHV��&RQFOXLGR�HVWH�SDVR�VH�LQLFLy�OD�UHDFFLyQ��SDUD�HOOR�VH�
KL]R�SDVDU�OD�FRUULHQWH�GH�+��VDWXUDGR�FRQ�WLRIHQR�SRU�HO�UHDFWRU��HVWDV�FRQGLFLRQHV�
VH� PDQWXYLHURQ� FRQVWDQWHV� DOUHGHGRU� GH� ��� KRUDV�� /D� ILJXUD� ���� SUHVHQWD�
JUiILFDPHQWH�HO�SURFHGLPLHQWR�GH�UHDFFLyQ��
�
(O� DGLWLYR� PiV� DFWLYR� IXH� DQDOL]DGR� FRQ�PD\RU� FXLGDGR�� KDFLpQGROH� GRV� SUXHEDV�
DGLFLRQDOHV�� /D� SULPHUD� FRQVLVWLy� HQ� SUREDU� HO� DGLWLYR� HQ� GRV� FLFORV� GH� UHDFFLyQ�
R[LGDFLyQ� LQ� VLWX�� \� OD� VHJXQGD� HQ� DQDOL]DU� ORV� SURGXFWRV� GH� OD� UHDFFLyQ� SRU�
HVSHFWURPHWUtD�GH�PDVDV��
�
(Q� ORV� FLFORV� GH� UHDFFLyQ�R[LGDFLyQ� LQ� VLWX�� OD� R[LGDFLyQ� VH� UHDOL]y� D� ���� �&��
SDVDQGR� D� WUDYpV� GHO� UHDFWRU� ��� P/�PLQ� GH� 2�� GXUDQWH� �� KRUDV�� $O� ILQDOL]DU� OD�
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R[LGDFLyQ�VH�OLPSLy�OD�OtQHD�GH�SURFHVR�FRQ�QLWUyJHQR�\�VH�HIHFWXy�OD�UHDFFLyQ�FRPR�
VH�PHQFLRQy�DQWHULRUPHQWH��
�

Figura 3.1. Descripción gráfica de las condiciones de reacción �����������'HVFULSFLyQ�GHO�HTXLSR�GH�UHDFFLyQ��
(O� HTXLSR� GH� UHDFFLyQ� HPSOHDGR� FRQVLVWH� HQ�XQ� UHDFWRU� FRQHFWDGR�HQ� OtQHD� D� XQ�
FURPDWyJUDIR�GH�JDVHV��(Q�OD�ILJXUD�����VH�GHVFULEH�HO�VLVWHPD�GH�UHDFFLyQ��
�
(O� DQiOLVLV� GH� ORV� JDVHV� GH� OD� FRUULHQWH� GH� VDOLGD� GHO� UHDFWRU� VH� UHDOL]y� HQ� XQ�
FURPDWyJUDIR� GH� JDVHV� +HZOHWW� 3DFNDUG� ����� 6HULH� ,,�� (O� FURPDWyJUDIR� WLHQH� XQ�
GHWHFWRU�),'�\�XQD�FROXPQD�+3�XOWUD���GH����P�GH� ORQJLWXG�FRQ�XQ�GLiPHWUR�GH�
������ PP� \� XQ� HVSHVRU� GH� SHOtFXOD� GH� ����� µP�� /DV� VHxDOHV� HQYLDGDV� SRU� HO�
FURPDWyJUDIR� VH� DQDOL]DQ� HQ� XQD� FRPSXWDGRUD� 9HFWUD� +3� ������9/� FRQ� HQ� HO�
SURJUDPD�GH�LQWHJUDFLyQ�+3�&KHPVWDWLRQ�9HUVLyQ�$��������
�
&RQGLFLRQHV�GH�2SHUDFLyQ�GHO�FURPDWyJUDIR��

7HPSHUDWXUD�GHO�+RUQR�� ���&�
7HPSHUDWXUD�GHO�'HWHFWRU�������&�
7HPSHUDWXUD�GHO�,Q\HFWRU�������&�
)OXMR�GH�$LUH������P/�PLQ�
)OXMR�GH�+������P/�PLQ�
)OXMR�GH�1������P/�PLQ�
9ROXPHQ�GH�,Q\HFFLyQ����P/�
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Figura 2. Sistema de reacción. ����������� 'HWHUPLQDFLyQ� GHO� &RQWHQLGR� GH� &DUERQR�� $QiOLVLV�

WHUPRJUDYLPpWULFR��
(Q� HO� DQiOLVLV� WHUPRJUDYLPpWULFR� �7*$�� VH� UHJLVWUDQ� GH� PDQHUD� FRQWLQXD� ODV�
YDULDFLRQHV�HQ�OD�PDVD�GH�XQD�PXHVWUD�FRORFDGD�HQ�XQD�DWPyVIHUD�FRQWURODGD�HQ�
IXQFLyQ� GH� OD� WHPSHUDWXUD� R� GHO� WLHPSR� DO� LU� DXPHQWDQGR� OD� WHPSHUDWXUD� HQ� OD�
PXHVWUD��QRUPDOPHQWH�HQ�IRUPD�OLQHDO�FRQ�HO�WLHPSR���/D�UHSUHVHQWDFLyQ�JUiILFD�GH�
OD�YDULDFLyQ�GH�OD�PDVD�HQ�IXQFLyQ�GH�OD�WHPSHUDWXUD�VH�OODPD�WHUPRJUDPD�R�FXUYD�
GH�GHVFRPSRVLFLyQ�WpUPLFD��
�
/D� LQIRUPDFLyQ� TXH� SURSRUFLRQD� HO� DQiOLVLV� WHUPRJUDYLPpWULFR�� HVWD� GHWHUPLQDGD�
SRU�ODV�UHDFFLRQHV�GH�GHVFRPSRVLFLyQ��UHGXFFLyQ�\�GH�R[LGDFLyQ��'LFKRV�SURFHVRV�\�
UHDFFLRQHV��SURYRFDQ�FDPELRV�HQ�HO�SHVR�GH�ODV�PXHVWUDV�DVRFLDGRV�D�ORV�FDPELRV�
GH�WHPSHUDWXUD��



Capítulo 3 

Caracterización y Evaluación Catalítica de los Aditivos 

 43 

�
3DUD� UHDOL]DU� HO� DQiOLVLV� WHUPRJUDYLPpWULFR�� VH� HPSOHy� XQ� PyGXOR� GH� DQiOLVLV�
WHUPRJUDYLPpWULFR�0HWWOHU�7ROHGR�67$5�7*$�6'7$���H��3DUD�OD�UHDOL]DFLyQ�GH�HVWD�
WpFQLFD�IXHURQ�FRORFDGRV�HQ�OD�EDODQ]D�GHO�HTXLSR�HQWUH����\����PJ�GH�OD�PXHVWUD��
SRVWHULRUPHQWH�HO�VLVWHPD�VH�VRPHWLy�D�XQ�FDOHQWDPLHQWR�FRQWLQXR�GH����D������&��
FRQ�XQD�YHORFLGDG�GH�����&�PLQ�HQ�XQD�DWPyVIHUD�GH�R[tJHQR�����P/�PLQ���3DUD�
REWHQHU�HO�WHUPRJUDPD��VH�UHJLVWUy�OD�SpUGLGD�GH�SHVR�GH�OD�PXHVWUD�HQ�IXQFLyQ�GH�
OD�WHPSHUDWXUD��
�
���������,GHQWLILFDFLyQ�GH�ORV�SURGXFWRV�GH�UHDFFLyQ��
/RV� JDVHV� GH� VDOLGD� GHO� UHDFWRU� IXHURQ� DQDOL]DGRV� SRU� HVSHFWURPHWUtD� GH�PDVDV��
FRQ� HO� ILQ� GH� LGHQWLILFDU� FXiOHV� HUDQ� ORV� SURGXFWRV� GH� UHDFFLyQ�� pVWH� DQiOLVLV� IXH�
UHDOL]DGR� SDUD� ORV� JDVHV� GH� UHDFFLyQ� GHO� DGLWLYR� PiV� DFWLYR�� GHO� FDWDOL]DGRU� GH�
HTXLOLEULR� \� GH� XQD� PH]FOD� DO� ��� �� HQ� SHVR� GHO� DGLWLYR� PiV� DFWLYR� FRQ� HO�
FDWDOL]DGRU�GH�HTXLOLEULR��$�FRQWLQXDFLyQ�VH�GHVFULELUi�HQ�TXH�FRQVLVWH�pVWD�WpFQLFD�
\�ODV�FDUDFWHUtVWLFDV�GHO�HTXLSR�HPSOHDGR�SDUD�pVWH�DQiOLVLV���
�
/D� WpFQLFD� FRQVLVWH� HQ� LQ\HFWDU� XQD� SHTXHxD� FDQWLGDG� GH� PXHVWUD� HQ� HO�
HVSHFWUyPHWUR� GH� PDVDV�� GRQGH� ORV� GLYHUVRV� FRPSXHVWRV� GH� OD� PXHVWUD� VRQ�
VHSDUDGRV�SRU�HO�FURPDWyJUDIR�GHO�HTXLSR��SRVWHULRUPHQWH�GHQWUR�GH�OD�FiPDUD�GH�
LRQL]DFLyQ�ORV�FRPSXHVWRV�VRQ�ERPEDUGHDGRV�FRQ�HOHFWURQHV�SDUD�VHU�FRQYHUWLGRV�
HQ� IUDJPHQWRV� LRQL]DGRV��$�FRQWLQXDFLyQ�HO�DQDOL]DGRU�GH�PDVDV�VHSDUD� ORV� LRQHV�
SRU� OD� DEXQGDQFLD� GH� HVWRV� \� SRU� VXV� GLIHUHQWHV� UHODFLRQHV� PDVD�FDUJD� �P�]���
)LQDOPHQWH�HO�GHWHFWRU�GHO�HTXLSR�FRQYLHUWH�HO�KD]�GH�LRQHV�HQ�XQD�VHxDO�HOpFWULFD�
TXH� SXHGH� VHU� SURFHVDGD� \� UHJLVWUDGD� HQ� HO� SURFHVDGRU� GHO� HTXLSR�� 3DUD� HOOR�
SULPHUR�ORV�SLFRV�WLHQHQ�TXH�VHU�QRUPDOL]DGRV��FDOFXODQGR�OD�DOWXUD�GH�FDGD�SLFR�HQ�
UHODFLyQ�DO�SLFR�PiV�JUDQGH�GHO�HVSHFWUR�FX\R�YDORU�DUELWUDULDPHQWH�HV�����y�������
(O�YDORU�GH�P�]�VH�EDVD�IUHFXHQWHPHQWH�HQ�HO�WLHPSR�DO�TXH�DSDUHFHQ�ORV�SLFRV�\�OD�
YHORFLGDG�GH�EDUULGR��&RQ�HOOR�VH�JHQHUD�HO�HVSHFWUR�GH�PDVDV�TXH�QRV�PXHVWUD�OD�
DEXQGDQFLD�GH�LRQHV�FRQWUD�HO�WLHPSR�y�P�]��/D�LGHQWLILFDFLyQ�GH�ORV�SURGXFWRV�GH�
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UHDFFLyQ�VH�UHDOL]y�SRU�FRPSDUDFLyQ�GHO�HVSHFWUR�GHO�FRPSXHVWR�GHVFRQRFLGR�FRQ�
OD�EDVH�GH�GDWRV�GHO�HTXLSR��
�
3DUD�HIHFWXDU�HVWD�WpFQLFD�VH�HPSOHy�XQ�HTXLSR�+3�*&'�SOXV�*,���%�TXH�FRQVWD�
GH�XQ�FURPDWyJUDIR�GH�JDVHV�DFRSODGR�D�XQ�GHWHFWRU�GH�LRQL]DFLyQ�GH�HOHFWURQHV��
/D� LGHQWLILFDFLyQ� GH� ORV� FRPSXHVWRV� VH� UHDOL]y� FRQ� OD� EDVH� GH� GDWRV� 1,67� 06�
&KHPVWDWLRQ��
�
�������(63(&7526&23Ë$�'(/�,1)5$552-2��,5����
�
/DV� SURSLHGDGHV� TXH� SRVHHQ� ORV� FDWDOL]DGRUHV� \� DGLWLYRV� QRV� SHUPLWHQ� HQWHQGHU�
PHMRU� HO� FRPSRUWDPLHQWR� TXH� WLHQHQ� pVWRV�� FXDQGR� VH� HQFXHQWUDQ� UHDFFLRQDQGR�
EDMR� ODV� FRQGLFLRQHV� GH�SURFHVR�� GH� HVWD� IRUPD�HV� SRVLEOH�GDU�XQD�H[SOLFDFLyQ�D�
FHUFD�GH�ORV�IHQyPHQRV�TXH�RFXUUHQ�HQ�SUHVHQFLD�GH�HOORV��
�
3DUD�DEVRUEHU�UDGLDFLyQ�LQIUDUURMD��XQD�PROpFXOD�GHEH�H[SHULPHQWDU�XQ�FDPELR�HQ�
VX�PRPHQWR�GLSRODU�FRPR�FRQVHFXHQFLD�GH�VX�PRYLPLHQWR�GH�YLEUDFLyQ�R�URWDFLyQ��
6L� OD� IUHFXHQFLD� GH� UDGLDFLyQ� GLULJLGD� D� OD� PROpFXOD� LJXDOD� H[DFWDPHQWH� D� OD�
IUHFXHQFLD� GH� YLEUDFLyQ� QDWXUDO� GH� HVWD�� HQWRQFHV� RFXUUH� XQD� WUDQVIHUHQFLD� GH�
HQHUJtD�TXH�GD�OXJDU�D�XQ�FDPELR�HQ�OD�DPSOLWXG�GH�OD�YLEUDFLyQ�PROHFXODU��\�FRPR�
FRQVHFXHQFLD�VH�DEVRUEH�UDGLDFLyQ�LQIUDUURMD��/D�UDGLDFLyQ�TXH�DEVRUEH�OD�PROpFXOD�
D�FLHUWD� ORQJLWXG�GH�RQGD��VH�UHSUHVHQWD�HQ�XQ�HVSHFWUR�GH�DEVRUFLyQ�HQ� OD�]RQD�
GHO�LQIUDUURMR��
�
3DUD� REWHQHU� HO� UHVSHFWLYR� HVSHFWUR� GHO� ,5� IXH� QHFHVDULR� UHDOL]DU� GRV�
SURFHGLPLHQWRV�� HO� SULPHUR� FRQVLVWLy� HQ� OD� SUHSDUDFLyQ� GH� ODV� SDVWLOODV�� \� HO�
VHJXQGR� HQ� HO� WUDWDPLHQWR� WpUPLFR� DO� TXH� IXHURQ� VRPHWLGDV�� SDUD� WRPDU� ORV�
HVSHFWURV�FRUUHVSRQGLHQWHV��/D�PHWRGRORJtD�XWLOL]DGD�VH�H[SOLFD�D�FRQWLQXDFLyQ��
�
�
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���������3UHSDUDFLyQ�GH�ODV�SDVWLOODV��
(Q� HO� FDVR� GH� ODV� KLGURWDOFLWDV�� ODV� SDVWLOODV� VH� KLFLHURQ� SHVDQGR� HQ� XQ� GDGR�
PHWiOLFR� FRQ����� FP�GH�GLiPHWUR�� DSUR[LPDGDPHQWH��������J�GH�KLGURWDOFLWD� VLQ�
FDOFLQDU�� SUHYLDPHQWH� VHFD�� GLFKR� PDWHULDO� VH� VRPHWLy� D� XQD� SUHVLyQ� GH� ����
7RQ�FP��� (Q� HO� SHVR� HPSOHDGR� SDUD� SUHSDUDU� OD� SDVWLOOD� VH� FRQVLGHUy� TXH� ODV�
PXHVWUDV�SLHUGHQ�DSUR[LPDGDPHQWH�HO�����GH�VX�PDVD�DO� VHU�FDOFLQDGDV��3RU� OR�
DQWHULRU� VH� LQFOX\y� pVWH� H[FHVR� HQ� HO� SHVR� GH� OD� SDVWLOOD�� FRQ� HO� ILQ� GH� TXH� DO�
WpUPLQR�GHO�WUDWDPLHQWR�WpUPLFR�VH�REWXYLHUDQ�������J�FP��GHO�PDWHULDO��SHVR�TXH�
VH�GHWHUPLQy�FRPR�HO�PtQLPR�UHTXHULGR�SDUD�UHDOL]DU�ODV�PHGLFLRQHV�,5���
�
/DV� HVSLQHODV� DO� VHU�PDWHULDOHV� GLIHUHQWHV�� UHTXLULHURQ� GH� XQ� SHVR� GLVWLQWR�� SXHV�
~QLFDPHQWH� SLHUGHQ� HQWUH� �� \� �����HQ� SHVR� HQ� HO� WUDWDPLHQWR� WpUPLFR�� HO� SHVR�
DSUR[LPDGR�GH�HVSLQHOD�IXH�GH������J��7DPELpQ�OD�SUHVLyQ�UHTXHULGD�SDUD�IRUPDU�OD�
SDVWLOOD��FDPELy�GHSHQGLHQGR�GH�OD�UHODFLyQ�=Q�0J�TXH�VH�HVWDED�PDQHMDQGR��(Q�OD�
WDEOD�����VH�SUHVHQWDQ�ODV�SUHVLRQHV�UHTXHULGDV�SDUD�KDFHU�OD�SDVWLOOD��
�

(VSLQHOD� 3UHVLyQ��7RQ�FP���
(6�=Q���� ����
(6�=Q������� ��
(6�=Q������ ���
(6�=Q������� ���
(6�=Q���� ���

Tabla 3.2. Presiones requeridas para formar las pastillas de espinelas 

�
���������7UDWDPLHQWR�WpUPLFR��
/DV�SDVWLOODV�GH�KLGURWDOFLWD�VH�PRQWDURQ�HQ�XQ�SRUWDPXHVWUDV�GH�FXDU]R��HO�FXDO�D�
VX�YH]�VH�FRORFy�HQ�XQD�FHOGD�GH�HVWH�PLVPR�PDWHULDO�FRQ�YHQWDQDV�GH�%URPXUR�GH�
3RWDVLR� �.%U��� 3RVWHULRUPHQWH� VH� VRPHWLHURQ� D� WHPSHUDWXUDV� VXFHVLYDV� GH� �����
����� ���� \� ���� �&�� FDGD� WHPSHUDWXUD� VH� PDQWXYR� SRU� HVSDFLR� GH� ���� KU�� (O�
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SURFHGLPLHQWR�VH�UHDOL]y�GH�HVWD�IRUPD��SXHV�OD�KLGURWDOFLWD�SUHVHQWD�WUHV�SpUGLGDV�
GH� SHVR� LPSRUWDQWHV�� TXH� UHTXLHUHQ� PD\RU� WLHPSR� GH� OLPSLH]D� HQ� SUHVHQFLD� GH�
YDFtR�� /D� SULPHUD� HV� OD� HOLPLQDFLyQ� GHO� DJXD� ItVLFDPHQWH� DGVRUELGD� D� ���� �&�� OD�
VHJXQGD�HV� OD�GHVFDUER[LODFLyQ�TXH�RFXUUH�HQWUH�����\������&��\� OD�~OWLPD�HV� OD�
GHVKLGUR[LODFLyQ�TXH�VH�HIHFW~D�HQWUH�����\������&��(O�FDOHQWDPLHQWR�VH�UHDOL]y�HQ�
YDFtR�D�XQD�SUHVLyQ�DSUR[LPDGD�GH��[�����7RUU��HVWH�VH�PDQWXYR�GXUDQWH�WRGR�HO�
FDOHQWDPLHQWR�FRQ�HO�ILQ�GH�PDQWHQHU�OD�PXHVWUD�OR�PiV�OLPSLD�SRVLEOH��\�DVt�SRGHU�
REVHUYDU�FRUUHFWDPHQWH�ORV�FDPELRV�TXH�VH�HVWDEDQ�SUHVHQWDQGR��
�
'DGR�TXH� OD�HVWUXFWXUD�GH� OD�HVSLQHOD�VH�IRUPy�D������&��\�TXH�VyOR�VH�UHTXHUtD�
XQD� FRPSDUDFLyQ�GHO� FRPSRUWDPLHQWR�GH� ORV�DGLWLYRV�D� OD�PLVPD� WHPSHUDWXUD��HO�
WUDWDPLHQWR�WpUPLFR�DO�FXDO� IXHURQ�VRPHWLGDV� ODV�HVSLQHODV�IXH�XQ�SRFR�GLIHUHQWH��
(VWH� FRQVLVWLy� HQ� FDOHQWDU� OHQWDPHQWH� ODV� HVSLQHODV� �DSUR[LPDGDPHQWH� D� ����
�&�PLQ���HQ�YDFtR���[�����7RUU��KDVWD������&��DO�OOHJDU�D�HVWH�SXQWR�OD�WHPSHUDWXUD�
IXH�PDQWHQLGD�SRU���KRUDV�SDUD�JDUDQWL]DU�OD�OLPSLH]D�WRWDO�GH�OD�PXHVWUD��
�
���������,QWURGXFFLyQ�GH�OD�PROpFXOD�VRQGD��&2����
$O� FRQFOXLU� HO� WUDWDPLHQWR� WpUPLFR� GH� ODV� SDVWLOODV� �WDQWR� KLGURWDOFLWDV� FRPR�
HVSLQHODV��� VH� OHV� LQWURGXMR� XQ� SXOVR� GH� ��� PP+J� GH� &2�� \� VH� OHV� WRPy� XQ�
HVSHFWUR��3RVWHULRUPHQWH�VH�DSOLFy�YDFtR�SRU�HVSDFLR�GH�����KU��SDUD�HOLPLQDU�WRGR�
HO�&2��SUHVHQWH�HQ�OD�FHOGD��ILQDOPHQWH�VH�WRPy�RWUR�HVSHFWUR�,5��
�
/RV�HVSHFWURV�GH�,5�VH�REWXYLHURQ�HQ�XQ�HVSHFWUyPHWUR�,5�1LFROHW�����)7�,5��HQ�OD�
UHJLyQ�GH� LQIUDUURMR�PHGLR� ����������� FP�����7RGDV� ODV�PHGLFLRQHV� VH� UHDOL]DURQ�
FRQ�XQD�UHVROXFLyQ�GH���FP���\�����EDUULGRV��
�
�
�
�
�
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3.2 RESULTADOS Y SU DISCUSIÓN. 

�
������&$5$&7(5,=$&,Ï1�'(�/26�$',7,926��
�
/DV�WpFQLFDV�GH�FDUDFWHUL]DFLyQ�XWLOL]DGDV�IXHURQ� OD�'LIUDFFLyQ�GH�5D\RV�;��HO�iUHD�
HVSHFtILFD� \� OD� GLVWULEXFLyQ� GHO� YROXPHQ� GH� SRURV�� &RQYLHQH� DFODUDU� TXH� OD�
'LIUDFFLyQ�GH�5D\RV�;�QR�VH�DSOLFy�D�ODV�HVSLQHODV��SXHV�HQ�HO�FDSLWXOR�DQWHULRU�\D�
IXHURQ�LGHQWLILFDGDV�VXV�HVWUXFWXUDV�FULVWDOLQDV��
�
���������'5;��3URGXFWRV�GH�OD�FDOFLQDFLyQ�GH�ODV�KLGURWDOFLWDV��
/RV�HVSHFWURV�'5;�GH�ORV�SURGXFWRV�GH�OD�FDOFLQDFLyQ�GH�ODV�KLGURWDOFLWDV�D������&�
VH� SUHVHQWDQ� HQ� OD� ILJXUD� ����� REVHUYiQGRVH� TXH� OD� HVWUXFWXUD� ODPLQDU� GH� ODV�
KLGURWDOFLWDV�VH�GHVWUX\H�FRPSOHWDPHQWH�FRQ�HO�WUDWDPLHQWR�WpUPLFR�DO�TXH�IXHURQ�
VRPHWLGDV�SDUD�VX�FDOFLQDFLyQ��\�TXH�VH�SUHVHQWD�XQD�QXHYD�IDVH�FULVWDOLQD��
�

Figura 3.3 Difractogramas de las hidrotlacitas calcinadas a 650 °C �
�
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�
(O� GLIUDFWRJUDPD� GHO� DGLWLYR� 2+7�=Q���� SUHVHQWy� ~QLFDPHQWH� OD� IDVH� FULVWDOLQD�
FRUUHVSRQGLHQWH�D�OD�]LQFLWD��=Q2���OD�FXDO�IXH�LGHQWLILFDGD�FRQ�OD�WDUMHWD�$670����
������ 6XV� SULQFLSDOHV� SODQRV� VRQ� HO� ������� ������ \� ������� ORFDOL]DGRV� HQ� �������
������\�������JUDGRV��UHVSHFWLYDPHQWH��(VWH�UHVXOWDGR�FRQFXHUGD�FRQ�ORV�HVWXGLRV�
UHDOL]DGRV�SRU�$��%qUHV�HW�DO��>�@�\�$�+��3DGPDVUL�HW�DO��>�@��TXLHQHV�LQGLFDURQ�TXH�
DO�FDOFLQDU�OD�KLGURWDOFLWD�=Q�$O�VH�REVHUYD�~QLFDPHQWH�y[LGR�GH�]LQF��
�(Q� HO� FDVR� GH� OD� PXHVWUD� 2+7�=Q����� TXH� SURYLHQH� GH� OD� KLGURWDOFLWD� 0J�$O�� HO�
DQiOLVLV� '5;� WDPELpQ� SUHVHQWy� VyOR� XQD� IDVH� FULVWDOLQD�� eVWD� VH� LGHQWLILFy� FRQ� OD�
WDUMHWD� $670� ������� FRUUHVSRQGLHQWH� D� OD� SHULFODVD� �0J2��� FX\RV� SULQFLSDOHV�
SODQRV� VRQ� HO� ������ ORFDOL]DGR� HQ� ������ \� HO� ������ HQ� ������� HVWRV� UHVXOWDGRV�
WDPELpQ�IXHURQ�REWHQLGRV�SRU�%qUHV�HW�DO��>�@�\�'L�&RVLPR�HW�DO��>�@��
�
(Q� FRQWUDVWH�� ORV� PDWHULDOHV� 2+7�=Q����� 2+7�=Q���� \� 2+7�=Q���� SUHVHQWDURQ�
DPEDV�IDVHV�FULVWDOLQDV��0J2�\�=Q2���(Q�OD�ILJXUD������WDPELpQ�VH�REVHUYD�TXH�OD�
IDVH� FRUUHVSRQGLHQWH� D� OD� SHULFODVD� GLVPLQX\H� FRQWLQXDPHQWH�� D� PHGLGD� TXH� VH�
LQFUHPHQWD� OD� FDQWLGDG� GH� ]LQF� HQ� ORV� DGLWLYRV� REWHQLGRV� GH� ODV� KLGURWDOFLWDV�
WHUQDULDV�� /D� ILJXUD� ����PXHVWUD� HO� HVSHFWUR� '5;� GHO� DGLWLYR�2+7�=Q����� FRQ� ODV�
OtQHDV� GH� ODV� WDUMHWDV� GH� LGHQWLILFDFLyQ� GH� ORV� GRV� y[LGRV� SUHVHQWHV� HQ� pVWD�� /DV�
OtQHDV� FRQWLQXDV� LQGLFDQ� ORV� SODQRV� FRUUHVSRQGLHQWHV� D� OD� ]LQFLWD� \� ODV� OtQHDV�
SXQWHDGDV� D� ORV� SODQRV�GH� OD� SHULFODVD�� /D� WDEOD� ����PXHVWUD� XQ� UHVXPHQ�GH� ODV�
IDVHV�FULVWDOLQDV�TXH�VH�HQFXHQWUDQ�SUHVHQWHV�HQ�FDGD�XQR�GH�ORV�DGLWLYRV��
�
���������
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�

Figura 3.4 Difractograma del aditivo OHT(Zn:3). () Planos correspondientes a la 
zincita (ZnO), y (----) Planos correspondientes a la periclasa (MgO) �

�
$GLWLYR� )DVH�&ULVWDOLQD�LGHQWLILFDGD�
2+7�=Q���� 0J2�
2+7�=Q���� =Q2��0J2�
2+7�=Q���� =Q2��0J2�
2+7�=Q���� =Q2��0J2�
2+7�=Q���� =Q2�

Tabla 3.3. Fases cristalinas presentes en cada uno de los aditivos obtenidos de la 
calcinación de las hidrotalcitas. �

�
$GLFLRQDOPHQWH��HQ�QLQJXQR�GH�ORV�DGLWLYRV�SUHSDUDGRV�VH�REVHUYD�OD�SUHVHQFLD�GHO�
DOXPLQLR��(VWR�VH�GHEH��SUREDEOHPHQWH��D�TXH�ORV�FRPSXHVWRV�IRUPDGRV�D�SDUWLU�GH�
pVWH�HOHPHQWR�SUHVHQWDQ� FULVWDOHV�PX\�SHTXHxRV�� \�SRU�HOOR�QR�HV�SRVLEOH�YHUORV�
SRU�HVWD�WpFQLFD��2WUD�UD]yQ�DGLFLRQDO�SDUD�TXH�QR�VH�REVHUYHQ��HV�TXH�OD�UHODFLyQ�
HQWUH�HO�y�ORV�PHWDOHV�FRQ�YDOHQFLD������\�HO�DOXPLQLR�������HV�WUHV�D�XQR��OR�FXDO�

�
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FRQGXFH�D�XQD�FDQWLGDG�PXFKR�PD\RU�GH�ORV�y[LGRV�GH�=Q�\�0J��RULJLQiQGRVH�FRQ�
HVWR� TXH� OD� SHTXHxD� FDQWLGDG� GH� y[LGR� GH� DOXPLQLR� QR� VHD� REVHUYDEOH� SRU� HVWD�
WpFQLFD��
�
&RQ�OD�VXVWLWXFLyQ�GH�ORV�LRQHV�0J���SRU�ORV�LRQHV�=Q����VH�HVSHUDUtD�XQ�FDPELR�HQ�
OD�HVWUXFWXUD�FULVWDOLQD��VLQ�HPEDUJR��HQ�ORV�GLIUDFWRJUDPDV�GH�OD�ILJXUD������QR�VH�
REVHUYD� TXH� ODV� FRQWULEXFLRQHV� GH� ORV� HVSHFWURV�� VH� HQFXHQWUHQ� GHVSOD]DGDV�
UHVSHFWR�D� ORV�SODQRV�GH� ODV� WDUMHWDV�TXH� LGHQWLILFDQ�D� ORV�PDWHULDOHV��(VWR�SXHGH�
H[SOLFDUVH� GH� GRV� IRUPDV�� ��� ORV� LRQHV� =Q��� \� 0J��� WLHQHQ� DSUR[LPDGDPHQWH� HO�
PLVPR�WDPDxR��SRU� OR�WDQWR�QR�HV�SRVLEOH�HQFRQWUDU�DOJ~Q�GHVSOD]DPLHQWR�HQ�ORV�
SLFRV� GHO� GLIUDFWRJUDPD� VL� VH� HQFXHQWUDQ� IRUPDGR� XQD� VROXFLyQ� VyOLGD�� ��� /D�
DXVHQFLD� GH� GLFKR� GHIDVDPLHQWR� LQGLFDUtD� OD� IRUPDFLyQ� GH� y[LGRV� HQ� IRUPD�
VHSDUDGD�� 3RU� OR� WDQWR�� FRQ� ORV� GDWRV� REWHQLGRV� QR� HV� SRVLEOH� GHWHUPLQDU� FRQ�
H[DFWLWXG�� VL� ORV� y[LGRV� GH� PDJQHVLR� \� ]LQF� VH� HQFXHQWUDQ� FRPR� XQD� PH]FOD�
PHFiQLFD�GH�y[LGRV�R�FRPR�XQD�VROXFLyQ�VyOLGD��
�
��������ÈUHD�(VSHFtILFD�\�'LVWULEXFLyQ�GHO�9ROXPHQ�GH�3RUR��
3.2.1.2.1 Aditivos de la serie ES(Zn:X). Espinelas. 

/D� HVSLQHOD� FRQ� HO� PD\RU� FRQWHQLGR� GH� ]LQF� �(6�=Q����� IXH� OD� TXH� SUHVHQWy� OD�
PHQRU� iUHD� HVSHFtILFD�� VLHQGR� pVWD� GH� ��� P��J�� YHU� WDEOD� ����� (Q� OD� VHULH� GH�
DGLWLYRV� VH� REVHUYD� XQ� LQFUHPHQWR� HQ� HO� iUHD� FRQ� HO� FRQWHQLGR� GH�PDJQHVLR�� HV�
GHFLU��DO�GLVPLQXLU�HO�FRQWHQLGR�GH�]LQF��VLHQGR� OD�HVSLQHOD�0J�$O��(6�=Q����� OD�GH�
PD\RU�iUHD�HVSHFLILFD�HQ�FX\R�FDVR�IXH�GH�����P��J��
�
&RPR�VH�REVHUYD�HQ�OD�WDEOD������WRGDV�ODV�HVSLQHODV�TXH�FRQWLHQHQ�]LQF�SUHVHQWDQ�
XQD� GLVWULEXFLyQ� PRQRPRGDO�� 6yOR� OD� HVSLQHOD� (6�=Q���� H[KLEH� XQD� GLVWULEXFLyQ�
ELPRGDO��FRPR�IXH�HO�FDVR�GH�XQD�HVSLQHOD�GH�]LQF�REWHQLGD�SRU�-��D��:DQJ�HW�DO��
>�@�� (Q� WRGRV� ORV� FDVRV�� HO� GLiPHWUR� GH� SRUR� VH� HQFXHQWUD� HQ� OD� UHJLyQ� GH� ORV�
PHVRSRURV���������Å���
�
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0XHVWUD� ÈUHD�(VSHFtILFD�
�P��J��

0i[LPR�HQ�OD�GLVWULEXFLyQ�
GHO�WDPDxR�GH�SRUR��Å��

7LSR�GH�
GLVWULEXFLyQ�

(6�=Q���� ���� ������������ %LPRGDO�
(6�=Q������� ���� ������ 0RQRPRGDO�
(6�=Q������ ��� ������ 0RQRPRGDO�
(6�=Q������� ��� ������ 0RQRPRGDO�
(6�=Q���� ��� ������ 0RQRPRGDO�

Tabla 3.4. Área específica y diámetro de poro promedio de las espinelas 
sintetizadas. �

�
3.2.1.2.2 Aditivos de la serie OHT(Zn:X). Productos de la calcinación de las 

hidrotalcitas. 

&RPR� VH� REVHUYD� HQ� OD� WDEOD� ����� HO� iUHD� GH� ORV� SURGXFWRV� GH� OD� FDOFLQDFLyQ� GH�
KLGURWDOFLWDV�DXPHQWD�FRQIRUPH�VH� LQFUHPHQWD� OD�FDQWLGDG�GH�PDJQHVLR��HV�GHFLU��
DO�GLVPLQXLU�HO�FRQWHQLGR�GH�]LQF��7DPELpQ�VH�REVHUYD�XQD�GLVPLQXFLyQ�HQ�HO�iUHD�
FRQ�UHVSHFWR�D�VXV�FRUUHVSRQGLHQWHV�PDWHULDOHV�VLQ�FDOFLQDU�>��������@��(VWH�HIHFWR�
VH�GHEH�SULQFLSDOPHQWH�D�OD�GHVWUXFFLyQ�GH�OD�HVWUXFWXUD�ODPLQDU�GH�OD�KLGURWDOFLWD��
SDUD�GDU�RULJHQ�D�OD�IRUPDFLyQ�GH�ODV�QXHYDV�IDVHV�FULVWDOLQDV��=Q2�\�0J2���
�

$GLWLYR� ÈUHD�(VSHFtILFD�
�P��J��

'LiPHWUR�GH�SRUR�SURPHGLR�
�Å��

2+7�=Q���� ���� ������
2+7�=Q���� ���� ������
2+7�=Q���� ���� ������
2+7�=Q���� ��� ������
2+7�=Q���� ��� ������

Tabla 3.5. Área específica y diámetro de poro promedio de los aditivos obtenidos a 
partir de las hidrotalcitas. �
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(O�VLVWHPD�SRURVR�SUHVHQWH�HQ� ORV�SURGXFWRV�GH� OD�FDOFLQDFLyQ�GH� ODV�KLGURWDOFLWDV�
HVWi� FRQVWLWXLGR� EiVLFDPHQWH� SRU� PHVRSRURV� �������� c��� /D� GLVWULEXFLyQ� GH�
YROXPHQ�GH�SRURV�VH�SUHVHQWD�HQ� OD� ILJXUD������(Q�HOOD�VH�REVHUYD�TXH�HO�DGLWLYR�
2+7�=Q����SUHVHQWD�XQD�PD\RU�FDQWLGDG�GH�SRURV�DOUHGHGRU�GH�ORV�����Å��DGHPiV�
SUHVHQWD� XQD� FDQWLGDG� PX\� SHTXHxD� HQ� ��� c�� (Q� FXDQWR� D� OD� PXHVWUD� TXH� QR�
FRQWLHQH� ]LQF� �2+7�=Q������ OD� PD\RUtD� GH� ORV� SRURV� VH� HQFXHQWUDQ� ORFDOL]DGRV�
DOUHGHGRU� GH� ORV� ��� Å; VLQ� HPEDUJR�� SUHVHQWD� XQD� PHQRU� FDQWLGDG� GH� SRURV�
DOUHGHGRU� GH� ORV� ���� Å.� (Q� DPERV� FDVRV� VH� REVHUYD� TXH� ORV� Pi[LPRV� GH� ODV�
GLVWULEXFLRQHV� VH� HQFXHQWUDQ� ORFDOL]DGRV� HQ� HO� LQWHUYDOR� FRUUHVSRQGLHQWH� D� ORV�
PHVRSRURV��
�

Figura 3.5. Distribución del volumen de poros para los aditivos obtenidos de la 
calcinación de las hidrotalcitas. �

(Q�OD�JUiILFD�WDPELpQ�VH�SXHGH�REVHUYDU�TXH�DO�DXPHQWDU�HO�FRQWHQLGR�GH�]LQF��OD�
FDQWLGDG�GH�SRURV� GH�PHQRU�GLiPHWUR�GLVPLQX\H��KDFLpQGRVH� OD�GLVWULEXFLyQ�PiV�
SDUHFLGD�D�OD�GHO�PDWHULDO�2+7�=Q�����(VWR�LQGLFD�TXH�OD�SUHVHQFLD�GH�]LQF�RFDVLRQD�
XQ�DXPHQWR�HQ�OD�FDQWLGDG�GH�SRURV�GH�PD\RU�GLiPHWUR��
�

�

���

�

���

�

���

�� ��� ���� �����
'LiPHWUR�GH�SRUR��$�

G9
���G

�OR
J'

��F
P�

�J�

2+7�=Q���
2+7�=Q���
2+7�=Q���
2+7�=Q���
2+7�=Q���
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�������(9$/8$&,Ï1�&$7$/Ë7,&$��
�
&RQ�OD�HYDOXDFLyQ�FDWDOtWLFD�GH�ORV�DGLWLYRV�VH�SRGUi�GHWHUPLQDU�HO�HIHFWR�TXH�WLHQH�
HO�]LQF�HQ�OD�GHVXOIXUDFLyQ�GHO�WLRIHQR��DVt�FRPR�OD�DFWLYLGDG�TXH�WLHQHQ�ORV�DGLWLYRV�
HQ� HVWD� UHDFFLyQ�� &RPR� VH� PHQFLRQy� DQWHULRUPHQWH�� HO� WLRIHQR� HV� XQR� GH� ORV�
FRPSXHVWRV�GH�D]XIUH�PiV�GLItFLOHV�GH�HOLPLQDU�HQ�HO�SURFHVR�GH�)&&��/D�VHQFLOOH]�
GH�pVWD�PROpFXOD�QRV�GDUi�XQD� LGHD�GHO�FRPSRUWDPLHQWR�TXH�WHQGUiQ� ORV�DGLWLYRV�
IUHQWH� PROpFXODV� PiV� FRPSOHMDV�� FRPR� HV� HO� FDVR� GH� ORV� DOTXLOWLRIHQRV�� HO�
GLEHQ]RWLRIHQR�\�ORV�DOTXLO�GLEHQ]RWLRIHQRV��/D�UHDFFLyQ�TXH�VH�HIHFWXDUi�HV��
�

7LRIHQR���+��������$GLWLYR�������+LGURFDUEXURV���+�6��(Q�OD�UHDFFLyQ�SURSXHVWD�VH�SUHWHQGH�HOLPLQDU�HO�D]XIUH�FRPR�+�6��DO�VHU�HOLPLQDGR�
GH� HVWD� IRUPD�� HO� D]XIUH� SXHGH� VHU� UHFXSHUDGR� SRVWHULRUPHQWH� FRPR� D]XIUH�
HOHPHQWDO�HQ�XQD�SODQWD�&ODXVV��
�
/D� UHDFFLyQ� VH� OOHYy� D� FDER� HQ� XQ� UHDFWRU� RSHUDGR� D� UpJLPHQ� GLIHUHQFLDO�� /D�
WHPSHUDWXUD�GH�UHDFFLyQ�IXH�GH������&��PLHQWUDV�TXH�HO�IOXMR�GH�RSHUDFLyQ�IXH�GH�
���P/�PLQ�GH�KLGUyJHQR�VDWXUDGR�FRQ�WLRIHQR��/D�UHDFFLyQ�VH�PRQLWRUHy�GHVGH�HO�
WLHPSR�LQLFLDO�KDVWD�DSUR[LPDGDPHQWH����KUV��
�
���������&RQYHUVLyQ�GHO�WLRIHQR�HQ�SUHVHQFLD�GH�ORV�DGLWLYRV��
/RV� UHVXOWDGRV�GH� ODV� FRQYHUVLRQHV�GHO� WLRIHQR�HQ�SUHVHQFLD�GH� ODV�GRV� VHULHV�GH�
DGLWLYRV� VH� SUHVHQWDQ� HQ� OD� WDEOD� ����� (Q� pVWD� VH� PXHVWUDQ� ORV� YDORUHV� GH�
FRQYHUVLyQ�REWHQLGRV�DO�WLHPSR�HQ�HO�FXDO�VH�LQLFLy�OD�UHDFFLyQ��\�D�ODV����KRUDV�GH�
UHDFFLyQ��'H�DFXHUGR�D�6KDQ�HW�DO��>��@�OD�FRQYHUVLyQ�GHO�WLRIHQR�VREUH�]HROLWD�86<�
SUHVHQWD� XQ� Pi[LPR� D� ���� �&�� \� D� SDUWLU� GH� HVH� SXQWR� GLVPLQX\H� FRQ� HO�
LQFUHPHQWR�GH�WHPSHUDWXUD��OD�FRQYHUVLyQ�TXH�SUHVHQWDQ�HVWRV�PDWHULDOHV�D������&�
HV�FHUFDQD�DO����� OR�FXDO� FRQFXHUGD�HQ�HO�RUGHQ�GH�PDJQLWXG�TXH�VH�REWXYR�HQ�
QXHVWUR�FDVR�SDUD�HO�FDWDOL]DGRU�GH�HTXLOLEULR��
�
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&RPR�VH�REVHUYD�HQ� OD� WDEOD������ HQ�DPEDV� VHULHV�GH�DGLWLYRV�� OD�FRQYHUVLyQ�GHO�
WLRIHQR� DO� WLHPSR� LQLFLDO�� DXPHQWD� FRQIRUPH� VH� LQFUHPHQWD� OD� FDQWLGDG� GH� ]LQF�
SUHVHQWH� HQ� HO� DGLWLYR�� /R� FXDO� QRV� LQGLFD� TXH�� FRPR� VH� KD� H[SXHVWR� HQ� OD�
OLWHUDWXUD�� OD� SUHVHQFLD� GHO� ]LQF� FRQWULEX\H� D� XQD� PD\RU� FRQYHUVLyQ� GH� ORV�
FRPSXHVWRV�GH�D]XIUH��HQ�HVWH�FDVR�HO�WLRIHQR��6LQ�HPEDUJR��FDEH�KDFHU�QRWDU�TXH�
ORV�PDWHULDOHV� (6�=Q���� \�2+7�=Q����� D~Q� VLQ� OD� SUHVHQFLD� GH�=Q�� H[KLEHQ� FLHUWD�
FRQYHUVLyQ� KDFLD� HO� WLRIHQR�� /RV� UHVXOWDGRV� VXJLHUHQ� TXH� KD\� VLWLRV�
FRRUGLQDWLYDPHQWH� LQVDWXUDGRV� DVRFLDGRV� DO� DOXPLQLR� FDSDFHV� GH� GHVXOIXUDU� HO�
WLRIHQR�� SRU� OR� TXH� ORV� DGLWLYRV� TXH� QR� FRQWLHQHQ� =Q� GHVXOIXUDURQ� HO� WLRIHQR� HQ�
PHQRU�FDQWLGDG��
�

� ÈUHD� &RQYHUVLyQ����� � � ÈUHD� &RQYHUVLyQ�����
$GLWLYR� �P��J�� W�LQLFLDO� W����K� � $GLWLYR� �P��J�� W�LQLFLDO� W����K�(6�=Q���� ������ ���� ���� � 2+7�=Q���� ������ ���� ����(6�=Q������� ������ ���� ���� � 2+7�=Q���� ������ ���� ����(6�=Q������ ����� ���� ����� � 2+7�=Q���� ������ ���� ����(6�=Q������� ����� ���� ���� � 2+7�=Q���� ��� ���� ����(6�=Q���� ����� ���� ���� � 2+7�=Q���� ��� ���� ����

&(� ������ ���� ����� � � � � �
 

Tabla 3.6. Área específica, y % de conversión del tiofeno al tiempo inicial y a las 19 
horas de reacción, para las dos series de aditivos y para el catalizador de equilibrio. �
&RPSDUDQGR� ODV� FRQYHUVLRQHV� REWHQLGDV� HQWUH� ORV� DGLWLYRV� GH� OD� VHULH� (6�=Q�;��
�EDVDGD� HQ� HVSLQHODV��� VH� REVHUYD�TXH� HO� DGLWLYR�(6�=Q���� FX\D� FRQYHUVLyQ�HV� OD�
PD\RU�GH�HVWD�VHULH��GHVXOIXUD������PHQRV�TXH�HO�FDWDOL]DGRU�GH�HTXLOLEULR��&(���
�
(Q�FXDQWR�D�OD�VHULH�GH�DGLWLYRV�GH�OD�VHULH�2+7�=Q�;���VH�REVHUYD�WDPELpQ�TXH�OD�
FRQYHUVLyQ�GHO�WLRIHQR��DO�WLHPSR�LQLFLDO��VH�YH�LQFUHPHQWDGD�FRQIRUPH�DXPHQWD�OD�
FDQWLGDG�GH�]LQF�HQ�HO�DGLWLYR��(Q�HVWD�VHULH�GH�DGLWLYRV��HO�PDWHULDO�2+7�=Q����IXH�
HO�TXH�SUHVHQWy�OD�PHQRU�FRQYHUVLyQ�DO�WLHPSR�LQLFLDO��(O�DGLWLYR�2+7�=Q����H[KLELy�
OD� PD\RU� FRQYHUVLyQ� GH� OD� VHULH�� VLHQGR� ����� YHFHV� HO� YDORU� SUHVHQWDGR� SRU� HO�
FDWDOL]DGRU�GH�HTXLOLEULR��$�SHVDU�GH�TXH�HO� DGLWLYR�2+7�=Q���� FRQWLHQH� OD�PHQRU�
FDQWLGDG�GH�]LQF�GH�HVWD�VHULH��PXHVWUD�XQD�FRQYHUVLyQ�VXSHULRU�D�OD�REWHQLGD�SRU�
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HO� FDWDOL]DGRU�GH�HTXLOLEULR��\�SRU� OR� WDQWR� WDPELpQ�VXSHULRU�D� OD� VHULH�GH�DGLWLYRV�
EDVDGRV�HQ�HVSLQHODV��(VWR�PXHVWUD�TXH�DO�LQWURGXFLU�XQD�SHTXHxD�FDQWLGDG�GH�]LQF�
HQ� OD� HVWUXFWXUD� GHO� PDWHULDO� SUHFXUVRU� �KLGURWDOFLWD�� SDUD� OD� REWHQFLyQ� GH� ORV�
DGLWLYRV��IXH�VXILFLHQWH�SDUD�DXPHQWDU�HQRUPHPHQWH�OD�FRQYHUVLyQ�GHO�WLRIHQR��
�
$O�FRPSDUDU�DO�WLHPSR�LQLFLDO�DPEDV�VHULHV�GH�DGLWLYRV��VH�REVHUYD�TXH�ORV�DGLWLYRV�
GH� OD� VHULH�2+7�=Q�;��SUHVHQWDQ�XQD�PD\RU�FRQYHUVLyQ�GHO� WLRIHQR� UHVSHFWR�D� OD�
VHULH�(6�=Q�;���SRU� OR�TXH�HV�SRVLEOH�HPSOHDU�HVWH�WLSR�GH�DGLWLYRV�HQ�HO�SURFHVR�
SURSXHVWR��PiV�TXH�DTXHOORV�EDVDGRV�HQ�HVSLQHODV��(V�QHFHVDULR�KDFHU�QRWDU�TXH�
HO� DGLWLYR� OHT(Zn:6)�� REWHQLGR� GH� OD� KLGURWDOFLWD� =Q�$O�� H[KLELy� OD� PD\RU�
FRQYHUVLyQ�UHVSHFWR�D� WRGRV� ORV�DGLWLYRV�SURSXHVWRV��SRU� OR�TXH�HV� LPSRUWDQWH�QR�
SHUGHU�GH�YLVWD�HO�FRPSRUWDPLHQWR�GH�HVWH�DGLWLYR��
�
6H� HVSHUDUtD� TXH� HO� iUHD� HVSHFtILFD� GH� ORV� PDWHULDOHV� WXYLHUD� XQD� FRQWULEXFLyQ�
LPSRUWDQWH�HQ� OD�DFWLYLGDG�TXH�WLHQHQ� ORV�PDWHULDOHV�SDUD�GHVXOIXUDU��FRPR�HQ�XQ�
FDWDOL]DGRU� y� DGLWLYR� FRP~Q�� 6LQ� HPEDUJR�� HQ� HO� FDVR� GH� DPEDV� VHULHV� GH�
PDWHULDOHV� QR� HV� DVt�� $O� FRPSDUDU� HQWUH� VL� ORV� DGLWLYRV� GH� OD� VHULH� (6�=Q�;���
SRGHPRV� QRWDU� TXH� HO� DGLWLYR� FRQ� OD� PD\RU� FRQYHUVLyQ� �(6�=Q������ SUHVHQWy� OD�
PHQRU� iUHD� HVSHFtILFD� �WDEOD� ������ HQ� FDPELR� HO� DGLWLYR� FRQ� OD�PHQRU� FRQYHUVLyQ�
PRVWUy� OD� PD\RU� iUHD� HVSHFtILFD�� (VWH� PLVPR� IHQyPHQR� RFXUUH� FRQ� OD� VHULH� GH�
DGLWLYRV� 2+7�=Q�;��� HQ� GRQGH� HO� DGLWLYR� FRQ� HO� PD\RU� FRQWHQLGR� GH� ]LQF�
�2+7�=Q�����\�SRU� OR� WDQWR� OD�PD\RU�FRQYHUVLyQ��SRVHH� OD�PHQRU�iUHD�HVSHFtILFD��
3RU� OR� WDQWR�� OD� FRQYHUVLyQ� GHO� WLRIHQR� QR� WLHQH� UHODFLyQ� GLUHFWD� FRQ� HO� iUHD�
HVSHFtILFD�GH�ORV�PDWHULDOHV��
�
���������'HVDFWLYDFLyQ�GH�ORV�DGLWLYRV��
&RPR� SXHGH� REVHUYDUVH� HQ� OD� ILJXUD� ����� ORV� DGLWLYRV� (6�=Q����� (6�=Q������� \�
(6�=Q������� VH�GHVDFWLYDQ� FRQWLQXDPHQWH�D� OR� ODUJR�GH� OD� UHDFFLyQ��6LQ�HPEDUJR��
HQ�HO�FDVR�GH�ORV�DGLWLYRV�(6�=Q�������\�(6�=Q�����PDQWLHQHQ�DSUR[LPDGDPHQWH�OD�
PLVPD� FRQYHUVLyQ� GXUDQWH� OD� UHDFFLyQ�� (VWH�PLVPR� HIHFWR� VH� SUHVHQWD� HQ� IRUPD�
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QXPpULFD� HQ� OD� WDEOD� ����� DO� FRPSDUDU� HO� YDORU� GH� FRQYHUVLyQ� TXH� SUHVHQWDQ� ORV�
DGLWLYRV�DO�WLHPSR�LQLFLDO�\�D�ODV����KRUDV�GH�UHDFFLyQ��

Figura 3.6 Conversión porcentual del tiofeno, para la serie de aditivos ES(Zn:X) 

�
/D�VHULH�GH�DGLWLYRV�2+7�=Q�;��PXHVWUD�XQ�FRPSRUWDPLHQWR�PX\�DSUR[LPDGR�DO�GH�
OD�VHULH�GH�DGLWLYRV�EDVDGRV�HQ�HVSLQHODV��(Q� OD� ILJXUD�����SXHGH�QRWDUVH�TXH� ORV�
DGLWLYRV� 2+7�=Q����� 2+7�=Q����� 2+7�=Q���� \� 2+7�=Q����� SUHVHQWDQ� XQD�
GHVDFWLYDFLyQ� FRQWLQXD� D� OR� ODUJR� GHO� WLHPSR� GH� UHDFFLyQ�� (O� DGLWLYR� 2+7�=Q�����
PDQWXYR�DSUR[LPDGDPHQWH�OD�PLVPD�FRQYHUVLyQ�GXUDQWH�WRGR�HO�WLHPSR�TXH�GXUR�
OD�UHDFFLyQ��

Figura 3.7 Conversión porcentual del tiofeno para la serie de aditivos OHT(Zn:X). 
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/D�GHVDFWLYDFLyQ�RFXUUH�FXDQGR�KD\�SUHVHQFLD�GH�]LQF�HQ�DPEDV�VHULHV�GH�DGLWLYRV��
(VWR� OOHYD� D� FXHVWLRQDUVH� HO� SRUTXH� GH� OD� GHVDFWLYDFLyQ�� \� VL� HV� SRVLEOH� TXH� OD�
GHVXOIXUDFLyQ�VH�HVWH�OOHYDQGR�D�FDER�SRU�XQD�UHDFFLyQ�GH�IRUPDFLyQ�GH�VXOIXURV��
�
([LVWHQ� GRV� SRVLEOHV� H[SOLFDFLRQHV� SDUD� OD� GHVDFWLYDFLyQ�� /D� SULPHUD� HV� OD�
IRUPDFLyQ�GH�VXOIXURV�GH�]LQF��UHDFFLyQ�TXH�LPSOLFDUtD�OD�VXVWLWXFLyQ�GHO�R[tJHQR�GHO�
=Q2�SRU�HO�D]XIUH��IRUPiQGRVH�DVt�=Q6�\�DJXD��
�

=Q2�����+�6�y�7LRIHQR�����������������=Q6���+�2�
�
/D� VHJXQGD� H[SOLFDFLyQ� HV� TXH� OD� GHVDFWLYDFLyQ� WDPELpQ� SXHGH� GHEHUVH� D� OD�
GHSRVLFLyQ�GH�FRTXH�VREUH�OD�VXSHUILFLH�GH�ORV�DGLWLYRV��SXHV�VH�VDEH�TXH�XQD�DOWD�
DFWLYLGDG�D�OD�WUDQVIHUHQFLD�GH�KLGUyJHQR�FRQGXFH�D�OD�JHQHUDFLyQ�GH�GHSyVLWRV�GH�
FDUERQR�y�FRTXH�HQ�OD�VXSHUILFLH�GH�HVWRV�>������@��
�
3DUD� LQYHVWLJDU� OD� FDXVD�PiV� SUREDEOH� GH� OD� GHVDFWLYDFLyQ� IXHURQ� UHDOL]DGDV� GRV�
WpFQLFDV�GH�FDUDFWHUL]DFLyQ�VREUH�ORV�PDWHULDOHV�JDVWDGRV��HVWDV�WpFQLFDV�IXHURQ�HO�
DQiOLVLV�WHUPRJUDYLPpWULFR��7*$��\�OD�'LIUDFFLyQ�GH�5D\RV�;��
�
3.2.2.2.1. Determinación de Carbono en los aditivos gastados. 

'LYHUVRV� DXWRUHV� TXH� KDQ� HVWXGLDGR� OD� GHVXOIXUDFLyQ� LQ� VLWX� GH� FRPSXHVWRV� GH�
D]XIUH�HQ�HO�UHDFWRU�GH�OD�XQLGDG�GH�)&&�>�����@��KDQ�VHxDODGR�TXH�ORV�GHSyVLWRV�
GH�FDUERQR�R�FRTXH�VREUH�OD�VXSHUILFLH�GH�ORV�FDWDOL]DGRUHV�GH�FUDTXHR�y�DGLWLYRV��
VH� GHEH� D� TXH� ODV� UHDFFLRQHV� GH� HOLPLQDFLyQ� GH� D]XIUH� VH� OOHYDQ� D� FDER� YtD�
WUDQVIHUHQFLD� GH� KLGUyJHQR�� 3RU� RWUD� SDUWH�� OD� GHWHUPLQDFLyQ� GH� FDUERQR� HQ� ORV�
DGLWLYRV�QRV�LQGLFDUi�VL�HO�FRTXH�HV�HO�FDXVDQWH�GH�OD�GHVDFWLYDFLyQ�GH�ORV�DGLWLYRV��
(Q�SULQFLSLR�VH�HVSHUDUtD�PD\RU�FDQWLGDG�GH�FRTXH�HQ�ORV�DGLWLYRV�PiV�DFWLYRV��
�
3DUD�GHWHUPLQDU�VL�KD\�SUHVHQFLD�GH�FDUERQR�HQ�ORV�DGLWLYRV�JDVWDGRV��VH�UHFXUULy�
DO�$QiOLVLV�7HUPRJUDYLPpWULFR��7*$���(VWD�WpFQLFD�FRQVLVWLy�HQ�UHJLVWUDU� OD�SpUGLGD�
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HQ�SHVR�TXH�SUHVHQWDQ�ORV�DGLWLYRV��GHVSXpV�GH�KDEHU�UHDFFLRQDGR���FXDQGR�VH�OHV�
VRPHWH� D� XQ� LQFUHPHQWR� GH� WHPSHUDWXUD� GH� ��� D� ���� �&� HQ� XQD� DWPyVIHUD� GH�
R[tJHQR��(O�LQWHUYDOR�GH�WHPSHUDWXUD�GH�LQWHUpV�HQ�HVWH�DQiOLVLV�HV�GH����������&��
SXHV�HQ�GLFKR�LQWHUYDOR�GH�WHPSHUDWXUD�RFXUUH�OD�HOLPLQDFLyQ�GHO�FDUERQR�HQ�IRUPD�
GH�&2�������&���
�
/RV�WHUPRJUDPDV�GH�ORV�DGLWLYRV�JDVWDGRV�GH�OD�VHULH�(6�=Q�;��DQDOL]DGRV�SRU�HVWD�
WpFQLFD�� VH�PXHVWUDQ� HQ� OD� ILJXUD� ����� /RV� EODQFRV� GH� ORV�PDWHULDOHV� �DGLWLYR� VLQ�
UHDFFLRQDU��VyOR�SUHVHQWDURQ�XQD�SpUGLGD�HQ�SHVR�HQWUH�ORV�����\������&��pVWD�IXH�
DVLJQDGD� DO� DJXD� ItVLFDPHQWH� DGVRUELGD� VREUH� HO� DGLWLYR��'HELGR� D� TXH� WRGRV� ORV�
EODQFRV�SUHVHQWDURQ�~QLFDPHQWH�HVWD�SpUGLGD�HQ�SHVR��HQ�OD�ILJXUD�����VH�PXHVWUD�
HO� WHUPRJUDPD� GH� XQ� VROR� EODQFR�� HQ� pVWH� FDVR� HO� GHO� DGLWLYR� (6�=Q�������� (O�
DQiOLVLV�GHO�EODQFR�SHUPLWLUi�UHDOL]DU�XQD�FRPSDUDFLyQ�HQWUH�HO�FRPSRUWDPLHQWR�GH�
ORV�PDWHULDOHV�VLQ�UHDFFLRQDU�\�GHVSXpV�GH�OD�UHDFFLyQ��
�
(Q�FXDQWR� ORV�DGLWLYRV�GH�HVWD�VHULH��VyOR� ODV�PXHVWUDV�(6�=Q��������(6�=Q������\�
(6�=Q�������IXHURQ�DQDOL]DGDV�GHVSXpV�GH�KDEHUVH�OOHYDGR�D�FDER�OD�UHDFFLyQ��YHU�
ILJXUD� ����� $O� FRPSDUDU� pVWRV� DGLWLYRV� FRQ� HO� EODQFR�� VH� DSUHFLD� TXH� ODV� WUHV�
PXHVWUDV�SUHVHQWDQ�FLHUWD�SpUGLGD�HQ�SHVR�HQWUH�ORV�����\������&��DVRFLDGD�D�XQ�
SLFR� H[RWpUPLFR� HQ� HO� DQiOLVLV� WpUPLFR� GLIHUHQFLDO�� 'LFKR� UHVXOWDGR� FRQILUPy� OD�
SUHVHQFLD� GH� FDUERQR� HQ� ORV� DGLWLYRV� JDVWDGRV�� /D� SUHVHQFLD� GH� FDUERQR� VH� YH�
LQFUHPHQWDGD�FRQIRUPH�DXPHQWD�HO�FRQWHQLGR�GH�]LQF�HQ�ORV�DGLWLYRV�GH�HVWD�VHULH��
(VWH� KHFKR� H[SOLFD� SRUTXH� OD� GHVDFWLYDFLyQ� GH� ORV� DGLWLYRV� HV� PD\RU� FXDQGR� HO�
FRQWHQLGR�GH�]LQF�HQ�ORV�DGLWLYRV�DXPHQWD��
�
�
�
�
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�

Figura 3.8 Análisis Termigravimétrico desde la temperatura ambiente hasta los 800 
°C, del aditivo ES(Zn:0.67) sin reaccionar, y de los aditivos ES(Zn:0.33), ES(Zn:0.5) y 

ES(Zn:0.67) después de la reacción. �
�
/D�VHULH�GH�DGLWLYRV�2+7�=Q�;��WDPELpQ�IXH�DQDOL]DGD�SRU�HVWD�WpFQLFD��(Q�OD�ILJXUD�
����VH�PXHVWUDQ�ORV�WHUPRJUDPDV�GH�OD�KLGURWDOFLWD�+7�=Q�����HPSOHDGD�FRPR�XQR�
GH� ORV� EODQFRV�� \� GH� ORV� DGLWLYRV�2+7�=Q����� 2+7�=Q���� \�2+7�=Q���� DQDOL]DGRV�
GHVSXpV�GH�OD�UHDFFLyQ��
�
/D� FRPSDUDFLyQ� GH� ORV� DGLWLYRV� JDVWDGRV� VH� UHDOL]y� FRQ� VX� FRUUHVSRQGLHQWH�
KLGURWDOFLWD� VLQ� FDOFLQDU�� SXHV� ORV� y[LGRV� REWHQLGRV� GH� OD� FDOFLQDFLyQ� GH� HVWD�
�DGLWLYRV� GH� OD� VHULH� 2+7�=Q�;��� SUHVHQWDQ� OR� TXH� VH� FRQRFH� FRPR� ³HIHFWR� GH�
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PHPRULD´�>��@��(VWH�HIHFWR�FRQVLVWH�HQ�TXH�ORV�y[LGRV�PHWiOLFRV�SURYHQLHQWHV�GH�OD�
FDOFLQDFLyQ� GH� ODV� KLGURWDOFLWDV�� DO� HQFRQWUDUVH� H[SXHVWRV� D� OD� KXPHGDG� GHO�
DPELHQWH��DEVRUEHQ�DJXD�GH�pVWH�\� UHFRQVWUX\HQ�VX�HVWUXFWXUD�FULVWDOLQD�RULJLQDO��
HV�GHFLU��VH� IRUPD�QXHYDPHQWH� OD�HVWUXFWXUD�FULVWDOLQD�GH� OD�KLGURWDOFLWD��3RU�HVWH�
PRWLYR�VH�XWLOL]y�FRPR�EODQFR�OD�KLGURWDOFLWD�VLQ�FDOFLQDU��SXHV�ORV�DGLWLYRV�JDVWDGRV�
IXHURQ� DQDOL]DGRV� WLHPSR� GHVSXpV� GH� KDEHUVH� UHDOL]DGR� OD� UHDFFLyQ�� \� QR� IXHURQ�
FRQVHUYDGRV�HQ�DWPyVIHUD�LQHUWH��

Figura 3.9 TGA en presencia de O2de Tamb a 800 °C, para la hidrotalcita HT(Zn:0), y 
para los aditivos OHT(Zn:0), OHT(Zn:4) y OHT(Zn:6) después de la reacción. �

�
�
�



Capítulo 3 

Caracterización y Evaluación Catalítica de los Aditivos 

 61 

(O� WHUPRJUDPD� GHO� EODQFR�� PXHVWUD� +7�=Q����� HV� XQ� WHUPRJUDPD� WtSLFR� GH� XQD�
KLGURWDOFLWD�0J�$O♣�>�����@��YHU�ILJXUD������(Q�pO�VH�REVHUYDQ�GRV�SpUGLGDV�HQ�SHVR��
OD�SULPHUD�HQWUH�OD�WHPSHUDWXUD�DPELHQWH�KDVWD�DSUR[LPDGDPHQWH�ORV������&��TXH�
LQFOX\H� OD�HOLPLQDFLyQ�GHO�DJXD� ItVLFDPHQWH�DGVRUELGD�\� OD�GHVFDUER[LODFLyQ�GH� ORV�
PDWHULDOHV�� /D� VHJXQGD� RFXUUH� DSUR[LPDGDPHQWH� HQWUH� ORV� ���� \� ���� �&�� \�
FRUUHVSRQGH�D� OD�GHVKLGUR[LODFLyQ�GH�ORV�PDWHULDOHV��HQ�HVWD�HWDSD�FDPELD�OD�IDVH�
FULVWDOLQD�GHO�PDWHULDO�GDQGR�RULJHQ�D�OD�SHULFODVD��0J2���\�D�OD�]LQFLWD��=Q2��HQ�HO�
FDVR� GH� ORV� DGLWLYRV� TXH� FRQWLHQHQ� ]LQF�� /DV� KLGURWDOFLWDV� +7�=Q���� \� +7�=Q����
SUHVHQWDURQ� HVWH� PLVPR� FRPSRUWDPLHQWR�� SRU� OR� TXH� HQ� OD� ILJXUD� ���� QR� VH�
PXHVWUDQ�VXV�FRUUHVSRQGLHQWHV�WHUPRJUDPDV��$O�LJXDO�TXH�FRQ�OD�VHULH�DQWHULRU��HO�
EODQFR�~QLFDPHQWH�SHUPLWLUi�FRPSDUDU� ODV�GLIHUHQFLDV�H[LVWHQWHV�HQWUH�HO�PDWHULDO�
VLQ�UHDFFLRQDU�\�GHVSXpV�GH�KDEHUVH�UHDOL]DGR�OD�UHDFFLyQ��
�
$O�FRPSDUDU�HO�EODQFR�FRQ� ORV�DGLWLYRV�JDVWDGRV��VH�REVHUYD�TXH� ODV�GRV�SpUGLGDV�
HQ�SHVR�TXH�VH�SUHVHQWDQ�HQ�pVWH��WDPELpQ�ODV�SUHVHQWDQ�ORV�DGLWLYRV�JDVWDGRV��6H�
HVSHUDED�TXH�RFXUULHUD�XQD�SpUGLGD�HQ�SHVR�PiV�SURQXQFLDGD�HQWUH�ORV�����\�����
�&��y�XQD�WHUFHUD�HWDSD�GH�SpUGLGD�HQ�SHVR�HQ�HVWH�LQWHUYDOR�GH�WHPSHUDWXUD��SHUR�
QR�RFXUULy� GH� HVWD� IRUPD�� (V� SRVLEOH� TXH� VL� ORV�PDWHULDOHV� FRQWHQtDQ� FDUERQR�� OD�
FDQWLGDG�TXH�VH�HQFRQWUDED�GHSRVLWDGD�HQ�HOORV�HUD�PX\�SHTXHxD��SRU� OR�TXH�QR�
IXH�REVHUYDEOH�XQ�FDPELR�VLJQLILFDWLYR�HQ�HO�LQWHUYDOR�GH�WHPSHUDWXUD�PHQFLRQDGR��
6H� FRQFOX\H� TXH� VL� H[LVWH� FRTXH� GHSRVLWDGR� VREUH� ORV� DGLWLYRV�� OD� FDQWLGDG�
GHSRVLWDGD�HV�WDQ�SHTXHxD�TXH�QR�VHUtD�VXILFLHQWH�SDUD�RFDVLRQDU�OD�GHVDFWLYDFLyQ�
GH� ORV� PDWHULDOHV�� 6LQ� HPEDUJR�� ORV� DGLWLYRV� FRQ� FLHUWR� FRQWHQLGR� GH� ]LQF�
SUHVHQWDURQ� XQD� SpUGLGD� HQ� SHVR� ORFDOL]DGD� HQWUH� ���� \� ���� �&�� OD� FXDO� VH�
LQFUHPHQWR�FRQ�HO�FRQWHQLGR�GH�]LQF��(VWD�SpUGLGD�QR�VH�ORFDOL]D�HQ�HO�LQWHUYDOR�GH�
WHPSHUDWXUD�HQ�HO�FXDO�VH�GHEH�GH�HOLPLQDU�HO�FDUERQR��SRU� OR�TXH�VH�GHVFDUWD� OD�
SRVLELOLGDG�GH�TXH�VHD�FDUERQR�OR�TXH�VH�HVWi�HOLPLQDQGR�HQWUH�ORV�����\������&��
                                                 
♣

 Cabe recordar que la hidrotalcita fue el material que se introdujo en el reactor antes de iniciar la 

reacción; y que con el tratamiento térmico se formaron los óxidos metálicos que serían la fase 

activa del aditivo. 
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(Q� HVWH�PLVPR� LQWHUYDOR� GH� WHPSHUDWXUDV�� ODV�PXHVWUDV�2+7�=Q���� \�2+7�=Q����
SUHVHQWDQ�XQ�SLFR�H[RWpUPLFR�HQ�HO�$QiOLVLV�7pUPLFR�'LIHUHQFLDO��YHU�ILJXUD��������
OR�TXH� LQGLFD�XQD�SRVLEOH�UHDFFLyQ�GH�FRPEXVWLyQ��(VWR�VXJLHUH�TXH�VH�HQFXHQWUD�
SUHVHQWH�RWUR�FRPSXHVWR�GLIHUHQWH�DO�FDUERQR�TXH�RFDVLRQD�OD�GHVDFWLYDFLyQ�GH�ORV�
DGLWLYRV��
�

Figura 3.10. Análisis Térmico Diferencial de los aditivos OHT(Zn:4) y OHT(Zn:6), 
después de la reacción. �

�
5HVXPLHQGR�� HO� DQiOLVLV� WHUPRJUDYLPpWULFR� GH� ODV�PXHVWUDV� GH� OD� VHULH� (6�=Q�;���
FRQILUPy� TXH� OD� GHVDFWLYDFLyQ� GH� HVWRV� PDWHULDOHV� VH� GHELy� D� OD� SUHVHQFLD� GH�
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FDUERQR�HQ�VX�VXSHUILFLH��(Q�FXDQWR�D�OD�VHULH�GH�DGLWLYRV�2+7�=Q�;���OD�SpUGLGD�HQ�
SHVR�GH�ORV�DGLWLYRV�2+7�=Q����\�2+7�=Q�����ORFDOL]DGD�HQWUH�ORV�����\������&�HQ�
HO� DQiOLVLV� WHUPRJUDYLPpWULFR�� DVt� FRPR� OD�SUHVHQFLD�GH�XQ�SLFR�H[RWpUPLFR�HQ�HO�
DQiOLVLV� WpUPLFR� GLIHUHQFLDO� �'7$��� ORFDOL]DGR� HQ� HO� PLVPR� LQWHUYDOR� GH�
WHPSHUDWXUDV��LQGLFD�TXH�H[LVWH�DOJ~Q�FRPSXHVWR�GLIHUHQWH�DO�FRTXH�TXH�RFDVLRQD�
OD� GHVDFWLYDFLyQ� GH� ORV� DGLWLYRV�� 3DUD� LQYHVWLJDU�PiV� D� FHUFD� GH� HVWR�� VH� GHFLGLy�
DQDOL]DU� ORV�DGLWLYRV�JDVWDGRV�PHGLDQWH�OD�GLIUDFFLyQ�GH�5D\RV�;��FRQ�HVWD�WpFQLFD�
VH� SRGUi� REVHUYDU� OD� SUHVHQFLD� GH� DOJ~Q� RWUR� FRPSXHVWR� GLIHUHQWH� DO� FRTXH� TXH�
RFDVLRQH�OD�GHVDFWLYDFLyQ�GH�ORV�DGLWLYRV��
�
3.2.2.2.2. DRX de los aditivos gastados. 

/RV�UHVXOWDGRV�GHO�DQiOLVLV�'5;�UHDOL]DGR�D�DOJXQRV�GH�ORV�DGLWLYRV�JDVWDGRV�GH�OD�
VHULH� (6�=Q�;��� VH� PXHVWUDQ� HQ� OD� WDEOD� ����� (Q� OD� WDEOD� VH� REVHUYD� TXH� ORV�
PDWHULDOHV�SUHVHQWDURQ�~QLFDPHQWH�OD�IDVH�FULVWDOLQD�FRUUHVSRQGLHQWH�D�OD�HVSLQHOD�
=Q$O�2�� y� *DKQLWD�� FRPSXHVWR� FRQ� HO� TXH� IXHURQ� LGHQWLILFDGRV� ORV� DGLWLYRV� FRQ�
FLHUWR� FRQWHQLGR� GH� ]LQF� GH� HVWD� VHULH�� (VWH� KHFKR� FRQILUPD�QXHYDPHQWH�� TXH� OD�
GHVDFWLYDFLyQ� GH� ORV� DGLWLYRV� FRUUHVSRQGLHQWHV� D� HVWD� VHULH�� VH� GHELy� D� OD�
GHSRVLFLyQ� GH� FRTXH� VREUH� ORV�PDWHULDOHV�� 6LQ� HPEDUJR�� QR� RFXUULy� GH� OD�PLVPD�
IRUPD� FRQ� ORV� DGLWLYRV� JDVWDGRV� GH� OD� VHULH� 2+7�=Q�;��� FX\RV� UHVXOWDGRV� VH�
SUHVHQWDQ�HQ�OD�WDEOD������
�

$GLWLYR� )DVH�&ULVWDOLQD�
(6�=Q������� =Q$O�2��
(6�=Q������� =Q$O�2��
(6�=Q���� =Q$O�2��

Tabla 3.7. Fases cristalinas presentes en los aditivos gastados de la serie ES(Zn:X). 

�
/D� 'LIUDFFLyQ� GH� 5D\RV� ;� GHO� DGLWLYR�2+7�=Q���� JDVWDGR� �YHU� WDEOD� ������PRVWUy�
TXH�OD�~QLFD�IDVH�FULVWDOLQD�SUHVHQWH�HQ�pVWH�HV�OD�KLGURWDOFLWD��UHFRUGDU�HO�HIHFWR�GH�
PHPRULD�� /D� DXVHQFLD� GH� XQ� FRPSXHVWR� GLIHUHQWH� D� OD� KLGURWDOFLWD�� DVt� FRPR� OD�
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DXVHQFLD�GH�FRTXH��H[SOLFDQ�HO�KHFKR�GH�TXH�HVWH�DGLWLYR�PDQWXYR�SUiFWLFDPHQWH�
OD�PLVPD�DFWLYLGDG�D� OR� ODUJR�GH� OD�UHDFFLyQ��HV�GHFLU��QR�VH�GHVDFWLYy��YHU�ILJXUD�
������
�

$GLWLYR� )DVH�&ULVWDOLQD�
2+7�=Q���� +LGURWDOFLWD�
2+7�=Q���� =Q6�
2+7�=Q���� =Q6�

Tabla 3.8. Fases cristalinas presentes en los aditivos gastados de la serie 
OHT(Zn:X). �

�
&RQ� UHVSHFWR� D� ORV� DGLWLYRV� 2+7�=Q���� \� 2+7�=Q����� HO� DQiOLVLV� '5;� LQGLFy� OD�
SUHVHQFLD� GH� VXOIXUR� GH� ]LQF�� OR� FXDO� FRQILUPD� OD� SUHVHQFLD� GH� XQ� FRPSXHVWRV�
GLIHUHQWH� DO� FRTXH� TXH� HVWi� SURYRFDQGR� OD� GHVDFWLYDFLyQ� GH� ORV� DGLWLYRV�� (O�
UHVXOWDGR�WDPELpQ�VXJLHUH�TXH� OD�SpUGLGD�HQ�SHVR� ORFDOL]DGD�HQWUH�����\������&��
HQ�HO�DQiOLVLV�WHUPRJUDYLPpWULFR��HV�GHELGD�D�OD�HOLPLQDFLyQ�GH�D]XIUH�HQ�IRUPD�GH�
62���$GLFLRQDOPHQWH�VH�VXJLHUH�TXH�DO�DXPHQWDU�HO�FRQWHQLGR�GH�=Q�HQ�ORV�DGLWLYRV��
VH� LQFUHPHQWD� WDPELpQ� OD� FDQWLGDG� GH� =Q6� IRUPDGD� HQ� HVWRV�� SRU� OR� WDQWR�� OD�
SpUGLGD�HQ�SHVR�UHJLVWUDGD�HQ�HO�7*$�HV�PD\RU�FXDQGR�VH�LQFUHPHQWD�OD�FDQWLGDG�
GH�=Q��
�
&RPR�VH�PRVWUy�� OD�GHVDFWLYDFLyQ�GH� OD�VHULH�GH�DGLWLYRV�(6�=Q�;��HV�GHELGD�D� OD�
SUHVHQFLD� GH� FRTXH�� 6LQ� HPEDUJR�� HQ� HO� FDVR� GH� ORV� DGLWLYRV� 2+7�=Q���� \�
2+7�=Q����� VH� GHELy� D� OD� SUHVHQFLD� GH� =Q6�� (VWR� VXJLHUH� TXH� HV� SRVLEOH� TXH� OD�
UHDFFLyQ�GH�GHVXOIXUDFLyQ�GHO�WLRIHQR�HQ�HVWRV�~OWLPRV�DGLWLYRV��VH�HVWH�OOHYDQGR�D�
FDER�SRU�XQD�UHDFFLyQ�TXH�LPSOLFD�OD�IRUPDFLyQ�GH�VXOIXURV��
�
�
�
�
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3.2.2.2.3. Reacción de desulfuración ó reacción de formación de sulfuros. 

3DUD� VDEHU� VL� OD� UHDFFLyQ� VH� HVWi� HIHFWXDQGR� SRU� XQD� UHDFFLyQ� GH� IRUPDFLyQ� GH�
VXOIXURV��VH�FDOFXOy�OD�UHODFLyQ�GH�PROHV�WRWDOHV�GH�WLRIHQR�FRQYHUWLGDV�KDVWD�ODV����
KRUDV� GH� UHDFFLyQ� SRU� FDGD�PRO� GH� ]LQF� SUHVHQWH� HQ� HO� DGLWLYR�� VREUH� HO� FXDO� VH�
OOHYD�D�FDER�OD�UHDFFLyQ��3DUD�UHDOL]DU�OD�FRPSDUDFLyQ�GH�HVWD�IRUPD�VH�GHEH�WRPDU�
HQ�FXHQWD�TXH�HO�FRQWHQLGR�GH�=Q�HV�GLIHUHQWH�HQ�FDGD�DGLWLYR��(O�FiOFXOR�VH�UHDOL]y�
SDUD� ODV� GRV� VHULHV� GH� DGLWLYRV�� D� ILQ� GH� FRPSDUDU� DPEDV� VHULHV�� \� FRQ� HO�
FRQRFLPLHQWR�SUHYLR�GH�TXH�HQ� OD�VHULH�GH�DGLWLYRV�(6�=Q�;��QR�KD\�SUHVHQFLD�GH�
VXOIXUR�GH�]LQF��/RV�UHVXOWDGRV�VH�PXHVWUDQ�HQ�OD�WDEOD������
�

0ROHV�GH�WLRIHQR�FRQY�� � 0ROHV�GH�WLRIHQR�FRQY��
$GLWLYR� 7RWDOHV�

�[������
3RU�0RO�
=Q���

3RU�0RO�
$O��� � $GLWLYR� 7RWDOHV�

�[������
3RU�0RO�
=Q���

3RU�0RO�
$O���

(6�=Q���� ����� � ����� � 2+7�=Q���� ����� � ������
(6�=Q������� ����� ������ ����� � 2+7�=Q���� ����� ������ ������
(6�=Q������ ����� ������ ������ � 2+7�=Q���� ����� ������ �������
(6�=Q������� ����� ������ ������ � 2+7�=Q���� ����� ������ �������
(6�=Q���� ����� ������ ������ � 2+7�=Q���� ������ ������ �������
Tabla 3.9. Moles de tiofeno convertidas a las 19 horas de reacción. Totales, por mol 

de zinc y por mol de aluminio. �
'H�DFXHUGR�FRQ�ODV�GLIHUHQWHV�LQYHVWLJDFLRQHV�D�FHUFD�GHO�WHPD��VH�HVSHUDUtD�TXH�OD�
UHODFLyQ��PROHV�GH�WLRIHQR�FRQYHUWLGDV�SRU�PRO�GH�]LQF�DXPHQWDUD�D�PHGLGD�TXH�VH�
LQFUHPHQWD� HO� FRQWHQLGR� GH� ]LQF� HQ� ORV� DGLWLYRV�� VLQ� HPEDUJR�� HVWH� HIHFWR� QR� VH�
REVHUYD��YHU�WDEOD������
�
(Q�DPEDV�VHULHV�GH�DGLWLYRV�VH�REVHUYD�TXH� ODV�PROHV�FRQYHUWLGDV�GH�WLRIHQR�SRU�
PRO� GH� ]LQF� SUHVHQWDQ� YDORUHV� PX\� VXSHULRUHV� D� ORV� YDORUHV� HVWHTXLRPpWULFRV�
UHTXHULGRV� SDUD� OD� IRUPDFLyQ� GH� VXOIXURV�� 3RU� OR� WDQWR�� SXHGH� GHVFDUWDUVH� OD�
VXSRVLFLyQ� GH� TXH� OD� UHDFFLyQ� VH� HVWD� OOHYDQGR� D� FDER� SRU� XQD� UHDFFLyQ� GH�
IRUPDFLyQ�GH�VXOIXURV�GH�]LQF��SXHV�VL� IXHUD�GH�HVWD� IRUPD��HO�YDORU�Pi[LPR�TXH�
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GHEHUtD�SUHVHQWDU�OD�UHODFLyQ�PROHV�GH�WLRIHQR�FRQYHUWLGDV�SRU�PRO�GH�]LQF�VHUtD�GH�
XQR��
�
&RPR� VH� KDEtD�PHQFLRQDGR� DQWHULRUPHQWH�� ORV� DGLWLYRV� GH� DPEDV� VHULHV� TXH� QR�
FRQWLHQHQ� ]LQF� WDPELpQ�SUHVHQWDQ� FLHUWD� FRQYHUVLyQ�SDUD�GHVXOIXUDU�HO� WLRIHQR�� OR�
TXH�VXJLHUH�TXH�HO�DOXPLQLR� WDPELpQ�SDUWLFLSD�HQ� OD�GHVXOIXUDFLyQ�GH� OD�PROpFXOD�
GH�WLRIHQR��(VWR�VH�YH�UHIOHMDGR�HQ�OD�FRQYHUVLyQ�TXH�SUHVHQWDURQ�ORV�DGLWLYRV�GH�OD�
VHULH� 2+7�=Q�;��� SXHV� PDQWXYLHURQ� FLHUWD� DFWLYLGDG� LQFOXVR� FRQ� OD� SUHVHQFLD� GH�
=Q6��'LFKD�DFWLYLGDG�VH�SXHGH�DWULEXLU�SULQFLSDOPHQWH�D� OD�SUHVHQFLD�GHO�DOXPLQLR�
HQ�VX�IRUPD�R[LGDGD��
�
3RGUtD� SHQVDUVH� TXH� OD� FRQYHUVLyQ� GHO� WLRIHQR� VH� GHELy� D� XQD� UHDFFLyQ� GH�
KLGURGHVXOIXUDFLyQ��+'6���SXHV�HVWD�UHDFFLyQ�UHTXLHUH�OD�SUHVHQFLD�GH�VXOIXURV��HQ�
HVWH�FDVR�SDUWLFXODU�=Q6���3HUR�VL�HVWD�IXHUD�OD�UHDFFLyQ�SULQFLSDO��VH�HVSHUDUtD�XQD�
PD\RU� FRQYHUVLyQ� GHO� WLRIHQR� FRQ� OD� IRUPDFLyQ� GH� VXOIXURV� HQ� ORV� DGLWLYRV�� 1R�
REVWDQWH��OD�DFWLYLGDG�GLVPLQX\H��OR�TXH�LQGLFD�XQD�GHVDFWLYDFLyQ�GH�ORV�DGLWLYRV�D�
WUDYpV�GHO� WLHPSR��HV�GHFLU�� FRQ� OD� IRUPDFLyQ�GH�VXOIXURV�GH�]LQF�� OR�TXH�HVWi�HQ�
FRQWUDSRVLFLyQ�D�OD�SURSXHVWD�GH�XQD�UHDFFLyQ�GH�KLGURGHVXOIXUDFLyQ�HQ�SUHVHQFLD�
GH�VXOIXURV�DFWLYRV�SDUD�UHDOL]DU�OD�GHVXOIXUDFLyQ��
�
(Q�UHVXPHQ�\�EDViQGRVH�HQ�OD�GLVFXVLyQ�DQWHULRU��OD�UHDFFLyQ�GH�GHVXOIXUDFLyQ�TXH�
VH� HVWi� OOHYDQGR� D� FDER� HQ� DPEDV� VHULHV� GH� DGLWLYRV�� QR� HV� XQD� UHDFFLyQ� GH�
VXVWLWXFLyQ� y� GH� IRUPDFLyQ� GH� VXOIXURV�� SXHV� OD� UHODFLyQ� GH� PROHV� GH� WLRIHQR�
FRQYHUWLGDV� D� ODV� ��� KRUDV� GH� UHDFFLyQ� SRU� PRO� GH� ]LQF� IXH� PX\� VXSHULRU� D� OD�
HVWHTXLRPpWULFD� UHTXHULGD�� 7DPSRFR� HV� XQD� UHDFFLyQ� GH� +'6�� SRUTXH� HQ� ORV�
DGLWLYRV� JDVWDGRV� TXH� PRVWUDURQ� OD� SUHVHQFLD� GH� =Q6�� SUHVHQWDURQ� XQD� DPSOLD�
GHVDFWLYDFLyQ�\�QR�XQD�DFWLYDFLyQ�DO� WUDQVFXUULU� OD�UHDFFLyQ�\�FRQ� OD�IRUPDFLyQ�GH�
ORV�VXOIXURV�GH�]LQF��
�
�
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���������5HDFWLYDFLyQ�GHO�DGLWLYR�PiV�DFWLYR��
(O� DQiOLVLV� GH� 'LIUDFFLyQ� GH� UD\RV� ;� GH� ORV� DGLWLYRV� JDVWDGRV�� PRVWUy� TXH�
~QLFDPHQWH� ORV�DGLWLYRV�GH� OD�VHULH�2+7�=Q�;��TXH�FRQWLHQHQ�]LQF��SUHVHQWDURQ�OD�
IDVH� FULVWDOLQD� FRUUHVSRQGLHQWH� DO� VXOIXUR� GH� ]LQF�� FX\D� SUHVHQFLD�� RFDVLRQy� OD�
GHVDFWLYDFLyQ� GH� ORV� DGLWLYRV�� (QWUH� ORV� DGLWLYRV� GH� HVWD� VHULH� VH� HQFXHQWUD� HO�
DGLWLYR� 2+7�=Q����� HO� FXDO� HV� GH� JUDQ� LQWHUpV� HQ� HVWH� HVWXGLR�� SXHV� HQ� OD�
HYDOXDFLyQ�FDWDOtWLFD�IXH�HO�PiV�DFWLYR�GH�DPEDV�VHULHV��\�SRU�OR�WDQWR�HO�PiV�DSWR�
SDUD�VHU�HPSOHDGR�FRPR�DGLWLYR�SDUD�OD�UHGXFFLyQ�GH�D]XIUH�HQ�HO�SURFHVR�GH�)&&��
3RU� OR� TXH� DKRUD� VXUJH� OD� GXGD� GH� TXH� VHD� SRVLEOH� UHFXSHUDU� QXHYDPHQWH� OD�
DFWLYLGDG�GH�pVWH�DGLWLYR��SXHV�GH�OR�FRQWUDULR��pVWH�VyOR�SRGUi�GHVXOIXUDU�DOJXQRV�
FLFORV� HQ� HO� SURFHVR� \� GHVSXpV� WHQGUi� TXH� VHU� HOLPLQDGR� GHO� SURFHVR�� OR� FXDO�
FRQOOHYDUtD�D�FLHUWD�SpUGLGD�HFRQyPLFD��
�
3DUD� SRGHU� VDEHU� VL� HO� DGLWLYR� UHFXSHUD� VX� DFWLYLGDG�� VH� VLPXODURQ� ODV� GRV� ]RQDV�
SULQFLSDOHV�GHO�SURFHVR�GH�)&&��OD�]RQD�GH�UHDFFLyQ�\�OD�GH�UHJHQHUDFLyQ��PHGLDQWH�
XQ� SURFHVR� GH� UHDFFLyQ�R[LGDFLyQ� HQ� HO� PLVPR� UHDFWRU� GRQGH� VH� UHDOL]y� OD�
HYDOXDFLyQ�FDWDOtWLFD��3ULPHUR�VH�UHDOL]y�OD�UHDFFLyQ�GH�GHVXOIXUDFLyQ�D������&�\�XQ�
IOXMR�GH����P/�PLQ�GH�+��VDWXUDGR�FRQ�WLRIHQR��\�SRVWHULRUPHQWH�VH�LQFUHPHQWy�OD�
WHPSHUDWXUD�GHO�DGLWLYR�D������&�HQ�XQD�DWPyVIHUD�R[LGDQWH�����P/�PLQ�GH�2����
HVWD�~OWLPD�FRQGLFLyQ�VH�PDQWXYR�SRU���KRUDV��&RQFOXLGD� OD� IDVH�GH�R[LGDFLyQ�VH�
LQLFLy�QXHYDPHQWH�OD�IDVH�GH�UHDFFLyQ��HVWRV�FLFORV�IXHURQ�UHDOL]DGRV�GRV�YHFHV��HQ�
HO�DGLWLYR�2+7�=Q�����SXHV�HVWH�DGLWLYR�HV�HO�GH�PD\RU�LQWHUpV�GHELGR�D�VX�HOHYDGD�
DFWLYLGDG�KDFLD�OD�GHVXOIXUDFLyQ�GHO�WLRIHQR��
�
/RV� UHVXOWDGRV� REWHQLGRV� GH� ORV� FLFORV� GH� UHDFFLyQ�R[LGDFLyQ� VH� PXHVWUDQ� HQ� OD�
ILJXUD� ������ (Q� HOOD� VH� REVHUYD� TXH� HQ� OD� SULPHUD� UHDFFLyQ�� HO� DGLWLYR� VH� YD�
GHVDFWLYDQGR�FRQVWDQWHPHQWH��FRPR�\D�VH�KDEtD�PHQFLRQDGR�DQWHV��$O�FRQFOXLU�OD�
UHDFFLyQ� VH� UHDOL]y� OD� SULPHUD� R[LGDFLyQ�� H� LQPHGLDWDPHQWH� GHVSXpV� VH� LQLFLD�
QXHYDPHQWH�OD�UHDFFLyQ��HQ�HVWD�IDVH�VH�REVHUYD�TXH�OD�FRQYHUVLyQ�DO�WLHPSR�LQLFLDO�
GH� OD� UHDFFLyQ� VH� UHFXSHUD� HQ� XQ� ����� YHU� WDEOD� ������ 'HVSXpV� GH� UHDOL]DU� OD�
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VHJXQGD�R[LGDFLyQ�� OD�FRQYHUVLyQ�TXH�PXHVWUD�HO�DGLWLYR�HV�PD\RU�TXH� OD�TXH�VH�
SUHVHQWy�HQ�OD�SULPHUD�R[LGDFLyQ��UHFXSHUiQGRVH�OD�DFWLYLGDG�HQ�XQ�������

Figura 3.11. Ciclos de reacción-oxidación para el aditivo OHT(Zn:6). 

�
/RV�UHVXOWDGRV�DQWHULRUHV� LQGLFDQ�TXH�HV�SRVLEOH�UHFXSHUDU� OD�DFWLYLGDG�GHO�DGLWLYR�
FRPR�PtQLPR�HQ�XQ�������DO�R[LGDUVH�EDMR�ODV�FRQGLFLRQHV�TXH�LPSHUDQ�HQ�OD�]RQD�
GHO�UHJHQHUDGRU�GH�OD�XQLGDG�GH�)&&��3RU�OR�TXH�HV�IDFWLEOH�HPSOHDUOR�FRPR�DGLWLYR�
SDUD�OD�HOLPLQDFLyQ�GH�D]XIUH�HQ�HO�SURFHVR�GH�)&&��SXHV�HQ�HO�ULVHU��HV�FDSD]�GH�
FRQYHUWLU� HO� WLRIHQR� HQ� XQ� ����� �� �FDQWLGDG� VXSHULRU� D� OD� UHDOL]DGD� SRU� HO�
FDWDOL]DGRU� GH� HTXLOLEULR� ��������� \� HQ� HO� UHJHQHUDGRU� HV� FDSD]�GH� UHFXSHUDU� VX�
DFWLYLGDG�FRPR�PtQLPR�HQ�XQ�������
�

5HDFFLyQ� ��&RQYHUVLyQ� ��5HDFWLYDFLyQ�
6LQ�2[LGDFLyQ� ����� �
�D�2[LGDFLyQ� ����� ���
�D�2[LGDFLyQ� ����� ���

Tabla 3.10. % de reactivación en la actividad del aditivo OHT(Zn:6). �
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��������� &RQYHUVLyQ� GHO� WLRIHQR� HQ� SUHVHQFLD� GH� XQD� PH]FOD� GHO�
FDWDOL]DGRU�GH�HTXLOLEULR�FRQ�HO�PHMRU�DGLWLYR��
&RPR� VH� KD�PHQFLRQDGR� DQWHULRUPHQWH�� HO� DGLWLYR�2+7�=Q����� IXH� HO� DGLWLYR� TXH�
SUHVHQWy�OD�PD\RU�FRQYHUVLyQ�GHO�WLRIHQR�\�HO�TXH�VH�FRQVLGHUD�HO�PiV�YLDEOH�SDUD�
VHU�HPSOHDGR�FRPR�DGLWLYR�HQ�HO�SURFHVR�GH�)&&��3RU�OR�WDQWR�HV�QHFHVDULR�FRQRFHU�
VX�FRPSRUWDPLHQWR�DO�HVWDU� MXQWR�HO�FDWDOL]DGRU�GH�HTXLOLEULR��&(���SXHV�HVWD�VHUi�
VX�FRQGLFLyQ�HQ�HO�SURFHVR��
�
1RUPDOPHQWH�HVWH�WLSR�GH�DGLWLYRV�VH�PH]FODQ�FRQ�HO�FDWDOL]DGRU�GH�HTXLOLEULR�DO����
�� HQ� SHVR�� HQ� QXHVWUR� FDVR� HO� FDWDOL]DGRU� XWLOL]DGR� IXH� HO� TXH� VH� HPSOHD� HQ� OD�
UHILQHUtD� GH� 0DGHUR�� /DV� FRQGLFLRQHV� GH� UHDFFLyQ� HPSOHDGDV� HQ� HVWD� VHFFLyQ��
IXHURQ�ODV�PLVPDV�TXH�ODV�RFXSDGDV�HQ�OD�HYDOXDFLyQ�FDWDOtWLFD�GH�ORV�DGLWLYRV��
�
(V� SRVLEOH� DUULHVJDU� XQD� SUHGLFFLyQ� GH� OD� DFWLYLGDG� EDViQGRVH� HQ� HO�
FRPSRUWDPLHQWR� GHO� VLVWHPD� FRPR� XQD�PH]FOD� PHFiQLFD�� FRQ� OD� PLVPD� UHODFLyQ�
PiVLFD�&(�DGLWLYR�SDUD�OD�SUXHED�TXH�VH�XWLOL]D�HQ�HO�SURFHVR�GH�)&&��DVt�FRPR�ODV�
FRQYHUVLRQHV�TXH�SUHVHQWDURQ�HO�FDWDOL]DGRU�GH�HTXLOLEULR�\�HO�DGLWLYR�2+7�=Q����HQ�
IRUPD�VHSDUDGD��(Q�HVWDV�FRQGLFLRQHV��OD�FRQYHUVLyQ�HVSHUDGD�VHUtD���
� �������������������� �������/D�FRQYHUVLyQ�TXH�SUHVHQWy�OD�PH]FOD�FDWDOL]DGRU�GH�HTXLOLEULR�DGLWLYR�IXH�PD\RU�D�
OD�HVSHUDGD��FRPR�VH�SXHGH�YHU�HQ� OD�ILJXUD�������/D�FRQYHUVLyQ�TXH�SUHVHQWD�OD�
PH]FOD�HV�����PD\RU�D�OD�TXH�PRVWUy�~QLFDPHQWH�HO�FDWDOL]DGRU�GH�HTXLOLEULR��HVWH�
KHFKR� LQGLFD� TXH� HO� DGLWLYR� IDYRUHFH� HQRUPHPHQWH� OD� FRQYHUVLyQ� GHO� WLRIHQR�� /R�
DQWHULRU� VXJLHUH� OD� SRVLELOLGDG� GH� XQ� IXQFLRQDPLHQWR� VLQHUJpWLFR� HQWUH� DPEDV�
SDUWHV�GH�OD�PH]FOD��OR�TXH�RFDVLRQD�XQD�PD\RU�FRQYHUVLyQ�GHO�WLRIHQR��
�
�
�
�
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�
�

�
Figura 3.12. Comparación entre las conversiones que presentan el tiofeno en 

presencia del aditivo OHT(Zn:6), el catalizador de equilibrio (CE), y la mezcla al 10% 
en peso del aditivo OHT(Zn:6) con el CE. �

�
'LYHUVRV� HVWXGLRV� PXHVWUDQ� HO� FRPSRUWDPLHQWR� FRQMXQWR� TXH� SUHVHQWDQ� HO�
FDWDOL]DGRU�GH�FUDTXHR�MXQWR�FRQ�DOJ~Q�DGLWLYR�SDUD�OD�HOLPLQDFLyQ�GH�D]XIUH�HQ�OD�
JDVROLQD� �EDVDGR� SULQFLSDOPHQWH� HQ� =Q� VRSRUWDGR� HQ� DO~PLQD��� HQFRQWUDQGR� TXH�
DPERV� UHGXFHQ� HIHFWLYDPHQWH� HO� FRQWHQLGR� WRWDO� GH� D]XIUH� HPSOHDQGR� FDUJDV�
UHDOHV� GH� DOLPHQWDFLyQ� >���� �����@�� 'HVDIRUWXQDGDPHQWH� QR� PHQFLRQDQ� HQ� TXH�
SRUFHQWDMH� HV� HOLPLQDGR� HO� WLRIHQR� y� FXDO� HV� VX� FRQYHUVLyQ�� OR� FXDO� SRGUtD�
SURSRUFLRQDU�FLHUWR�SDUiPHWUR�GH�FRPSDUDFLyQ�HQ�FXDQWR�D�OD�HILFLHQFLD�GHO�DGLWLYR�
TXH� VH� SURSRQH� HQ� pVWH� WUDEDMR�� 6LQ� HPEDUJR�� VH� SLHQVD� TXH� OD� FRQYHUVLyQ� TXH�
HVWD�SURSRUFLRQDQGR�HO�DGLWLYR�HV�EDVWDQWH�DFHSWDEOH�DO�HQFRQWUDUVH�PH]FODGR�FRQ�
HO�FDWDOL]DGRU�GH�HTXLOLEULR��OR�TXH�KDFH�DO�DGLWLYR�2+7�=Q����XQ�EXHQ�PDWHULDO�SDUD�
VHU�HPSOHDGR�FRPR�DGLWLYR�SDUD�OD�UHGXFFLyQ�GH�D]XIUH��
�
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��������� ,GHQWLILFDFLyQ� GH� ORV�SURGXFWRV�GH� UHDFFLyQ�SRU� HVSHFWURPHWUtD�
GH�PDVDV��(0���
'H�DFXHUGR�FRQ�ORV�UHVXOWDGRV�REWHQLGRV�HQ�OD�LQYHVWLJDFLyQ��VH�SRGUtD�SHQVDU�TXH�
OD�UHDFFLyQ�HIHFWXDGD�VREUH�HO�DGLWLYR�2+7�=Q����HV�XQD�KLGURGHVXOIXUDFLyQ��+'6���
RFDVLRQDGD�SRU�OD�SUHVHQFLD�\�IRUPDFLyQ�GH�VXOIXURV�GH�]LQF�GXUDQWH�OD�UHDFFLyQ��6L�
OD� UHDFFLyQ� IXHUD� XQD� +'6� OD� FRQYHUVLyQ� DXPHQWDUtD� FRQ� OD� IRUPDFLyQ� GH� ORV�
VXOIXURV� GH� ]LQF�� y� SRU� OR� PHQRV� VH� PDQWHQGUtD� FRQVWDQWH�� GDGR� TXH� HO�
FRPSRUWDPLHQWR�REVHUYDGR�QR�SUHVHQWD�QLQJXQD�GH�ODV�GRV�RSFLRQHV�VH�GHVFDUWD�OD�
SRVLELOLGDG� GH� TXH� OD� UHDFFLyQ� HIHFWXDGD� VHD� XQD� KLGURGHVXOIXUDFLyQ��
$GLFLRQDOPHQWH�� ORV� UHVXOWDGRV� PXHVWUDQ� TXH� ODV� PROHV� WRWDOHV� GH� WLRIHQR�
FRQYHUWLGDV�VRQ�VXSHULRUHV�D�ODV�PROHV�GH�]LQF�SUHVHQWHV�HQ�HO�DGLWLYR��SRU�OR�TXH�
WDPELpQ� VH� GHVFDUWD� OD� SRVLELOLGDG� GH� TXH� VHD� XQD� UHDFFLyQ� GH� IRUPDFLyQ� GH�
VXOIXURV�� 3RU� OR� WDQWR�� FRQ� ORV� SURGXFWRV� GH� ODV� UHDFFLRQHV� LGHQWLILFDGDV� HQ� OD�
HVSHFWURPHWUtD� GH� PDVDV�� VH� LQWHQWDUi� HVWDEOHFHU� TXH� WLSR� GH� UHDFFLyQ� HVWi�
RFXUULHQGR��
�
/D� LGHQWLILFDFLyQ� GH� ORV� SURGXFWRV� GH� UHDFFLyQ� VH� HIHFWXy� PHGLDQWH� OD�
HVSHFWURPHWUtD� GH� PDVDV�� OD� FXDO� SURSRUFLRQDUi� LQIRUPDFLyQ� DFHUFD� GHO� WLSR� GH�
UHDFFLyQ� TXH� VH� HVWi� HIHFWXDQGR�� \� HQ� FRQVHFXHQFLD� GHO�PHFDQLVPR�GH� UHDFFLyQ�
TXH�HVWi�RFXUULHQGR��'LFKD�WpFQLFD�IXH�HPSOHDGD�~QLFDPHQWH�SDUD�OD�LGHQWLILFDFLyQ�
\� QR� SDUD� OD� FXDQWLILFDFLyQ� GH� ORV� SURGXFWRV�� ORV� FURPDWRJUDPDV� \� HO� UHSRUWH� GH�
LGHQWLILFDFLyQ� GH� SURGXFWRV� VH� HQFXHQWUD� HQ� HO� DSpQGLFH� $�� /DV� UHDFFLRQHV�
DQDOL]DGDV� IXHURQ� ODV� FDWDOL]DGDV� SRU� HO� FDWDOL]DGRU� GH� HTXLOLEULR�� SRU� HO� DGLWLYR�
2+7�=Q���� \� SRU� OD� PH]FOD� DO� ���� HQ� SHVR� GHO� DGLWLYR� 2+7�=Q���� FRQ� HO�
FDWDOL]DGRU�GH�HTXLOLEULR��
�
&RPR�VH�PHQFLRQy�DQWHULRUPHQWH� ORV�SURGXFWRV�GH�UHDFFLyQ�SXHGHQ�SURSRUFLRQDU�
LQIRUPDFLyQ�DFHUFD�GHO�PHFDQLVPR�SRU�HO�FXDO�VH�HVWD�OOHYDQGR�D�FDER�OD�UHDFFLyQ��
6LQ�HPEDUJR��HO�REMHWLYR�GH�pVWH�HVWXGLR�QR�HV�GHWHUPLQDU�HO�WLSR�\�PHFDQLVPR�GH�



Capítulo 3 

Caracterización y Evaluación Catalítica de los Aditivos 

 72 

UHDFFLyQ�� QR� REVWDQWH�� FRQ� ORV� UHVXOWDGRV� REWHQLGRV� KDVWD� DKRUD� VH� LQWHQWDUi�
HVWDEOHFHUORV��
�
&DW��GH�(TXLOLEULR� 2+7�=Q���� &�(����2+7�=Q����
+�6� +�6� +�6�3URSHQR� 3URSHQR� 3URSHQR�,VREXWDQR��WU�� ��PHWLO����SURSHQR� ��0HWLO����3URSHQR��WU����0HWLO����3URSHQR� ����%XWDGLHQR��WU�� ��%XWHQR��(����WU����%XWHQR� ��0HWLO����3URSHQR��WU�� ��%XWHQR��=����WU��&LFOREXWDQR��WU�� ��%XWHQR��(���WU�� &LFOREXWDQR��WU����PHWLO���EXWHQR��WU�� 7LRIHQR� %HQFHQR��WU��%HQFHQR��WU�� � 7LRIHQR�7LRIHQR� � ��0HWLO�7LRIHQR��WU��7ROXHQR��WU�� � ��0HWLO�7LRIHQR��WU����0HWLO�7LRIHQR� � �

Tabla 3.11. Productos identificados por espectrometría de masas en las reacciones 
efectuadas con el catalizador de equilibrio, el aditivo OHT(Zn:6), y la mezcla CE-

OHT(Zn:6). �
/RV�SURGXFWRV�REWHQLGRV�GH�OD�UHDFFLyQ�GHO�WLRIHQR�HQ�SUHVHQFLD�GHO�FDWDOL]DGRU�GH�
HTXLOLEULR� �&(��� FRPR� HO� LVREXWDQR� \� ��%XWHQR� LQGLFDQ� TXH� HO� DQLOOR� WLRIpQLFR� IXH�
DELHUWR�\�TXH�HO�D]XIUH�IXH�UHPRYLGR��YHU�WDEOD�������&RQMXQWDPHQWH�VH�REVHUYD�OD�
SUHVHQFLD�GH� WLRIHQR� VLQ� UHDFFLRQDU�\���0HWLO�7LRIHQR��7RGRV�HVWRV�SURGXFWRV�VRQ�
FDUDFWHUtVWLFRV� GH� XQD� UHDFFLyQ� GH� FUDTXHR�� HQ� HVWH� FDVR� GHO� WLRIHQR� VREUH� XQ�
FDWDOL]DGRU�EDVDGR�SULQFLSDOPHQWH�HQ�]HROLWD��FRPR�OR�PXHVWUDQ�6KDQ�HW�DO��>��@��
�
/RV� SURGXFWRV� REWHQLGRV� GH� OD� UHDFFLyQ� VREUH� HO� DGLWLYR�2+7�=Q�����PXHVWUDQ� DO�
LJXDO� TXH� HQ� HO� FDVR� DQWHULRU�� SURGXFWRV� FDUDFWHUtVWLFRV� GHO� FUDTXHR� �DXQTXH� HQ�
HVWH� FDVR� QR� VH� VDEH� VL� HV� XQD� UHDFFLyQ� GHELGD� DO� FUDTXHR��� VLQ� HPEDUJR�� VH�
REVHUYD� OD�SUHVHQFLD�GH�����%XWDGLHQR��TXH�HV�XQ�KLGURFDUEXUR� LQVDWXUDGR��(Q�HO�
FDVR�GH�OD�PH]FOD�&(�2+7�=Q����VH�REVHUYD�XQ�PHQRU�Q~PHUR�GH�SURGXFWRV��\�DO�
LJXDO�TXH�HQ�ORV�FDVRV�DQWHULRUHV�VRQ�SURGXFWRV�FDUDFWHUtVWLFRV�GH�FUDTXHR��
�
(Q� ODV� UHDFFLRQHV� SXUDPHQWH� GH� FUDTXHR� VH� REWLHQHQ� SURGXFWRV� DOWDPHQWH�
LQVDWXUDGRV��VLQ�HPEDUJR�� ODV� UHDFFLRQHV�GH�FUDTXHR� UHDOL]DGDV�VREUH�XQD�]HROLWD�



Capítulo 3 

Caracterización y Evaluación Catalítica de los Aditivos 

 73 

HVWiQ� tQWLPDPHQWH� OLJDGDV� D� OD� WUDQVIHUHQFLD� GH� KLGUyJHQR�� 6DLQWLJQ\� HW� DO�� >��@�
PHQFLRQDQ� TXH� OD� GHVXOIXUDFLyQ� GHO� WLRIHQR� VH� SXHGH� UHDOL]DU� ~QLFDPHQWH� HQ�
SUHVHQFLD� GH� KLGUyJHQR�� SXHV� HVWD� UHDFFLyQ� HV� WHUPRGLQiPLFDPHQWH� PiV�
IDYRUHFLGD� TXH� HQ� DXVHQFLD� GH� KLGUyJHQR�� SRU� HVWD� UD]yQ� HV� LPSRUWDQWH� OD�
SUHVHQFLD� GHO� KLGUyJHQR�� \� SRU� OR� WDQWR� OD� WUDQVIHUHQFLD� GH� pVWH� SDUD� SRGHU�
GHVXOIXUDU�HO� WLRIHQR��$OJXQRV�DXWRUHV� >��������@�PHQFLRQDQ�TXH� OD� WUDQVIHUHQFLD�
GH� KLGUyJHQR� HV� HO� SDVR� PiV� LPSRUWDQWH� y� HO� SDVR� FRQWURODQWH� SDUD� OD�
GHVXOIXUDFLyQ�GHO�WLRIHQR�\�GH�ORV�DOTXLO�WLRIHQRV��/RV�UHVXOWDGRV�GH�HVSHFWURPHWUtD�
GH� PDVDV� PXHVWUDQ� FODUDPHQWH� TXH� KD\� WUDQVIHUHQFLD� GH� KLGUyJHQR� HQ� ODV� WUHV�
UHDFFLRQHV�DQDOL]DGDV��&(��DGLWLYR�2+7�=Q����\�OD�PH]FOD�GH�DPERV���SXHV�VL�VyOR�
VH� UHDOL]DUD� HO� FUDTXHR�� VH� REWHQGUtDQ� FRPSXHVWRV� DOWDPHQWH� LQVDWXUDGRV� WDOHV�
FRPR�HO�EXWLQR�y�SURSLQR�\�QR�RFXUUH�GH�HVWD�IRUPD��
�
'H�DFXHUGR�FRQ�*DWWH�HW�DO��>��@�ORV�FDWDOL]DGRUHV�GH�FUDTXHR�FRQ�DOWD�DFWLYLGDG�D�
OD� WUDQVIHUHQFLD�GH�KLGUyJHQR�SURGXFHQ�JDVROLQDV�FRQ�PHQRU�FRQWHQLGR�GH�D]XIUH�
TXH�DTXHOORV�FDWDOL]DGRUHV�FRQ�EDMD�DFWLYLGDG�D� OD� WUDQVIHUHQFLD�GH�KLGUyJHQR��6H�
UHFRQRFH� TXH� ORV� FDWDOL]DGRUHV� GH� FUDTXHR� EDVDGRV� SULQFLSDOPHQWH� HQ� ]HROLWDV�
SUHVHQWDQ�HOHYDGD�DFWLYLGDG�D� OD�WUDQVIHUHQFLD�GH�KLGUyJHQR��UD]yQ�SRU� OD�FXDO��HO�
FDWDOL]DGRU� GH� HTXLOLEULR� ORJUy� GHVXOIXUDU� HQ� FLHUWD� PHGLGD� HO� WLRIHQR��
$GLFLRQDOPHQWH� D� ORV� SURGXFWRV� GH� FUDTXHR� VH� REVHUYy� OD� SUHVHQFLD� GH� ��PHWLO�
WLRIHQR�� GLFKR� SURGXFWR� QR� HV� FRP~Q� HQ� HO� FUDTXHR� FRQ� WUDQVIHUHQFLD� GH�
KLGUyJHQR�� VLQ� HPEDUJR�� 6KDQ� HW� DO�� >��@� HQFRQWUDURQ� GLFKRV� SURGXFWRV� HQ� OD�
GHVXOIXUDFLyQ�GHO�WLRIHQR�\�PDQLILHVWDQ�TXH�HV�SRVLEOH�OD�SROLPHUL]DFLyQ�GHO�WLRIHQR�
FRQ�ORV�SURGXFWRV�GH�FUDTXHR�SDUD�IRUPDU�DOTXLO�WLRIHQRV�\�EHQ]RWLRIHQR��8Q�HIHFWR�
VLPLODU�HQFRQWUDURQ�0\UVWDG�HW�DO��>��@��SXHV�DO�SUREDU�XQD�PH]FOD�DO�����HQ�SHVR�
GH� XQ� DGLWLYR� EDVDGR� HQ� =Q�KLGURWDOFLWD� FRQ� XQ� FDWDOL]DGRU� GH� FUDTXHR� �]HROLWD���
SDUD�UHGXFLU�HO�FRQWHQLGR�GH�6�HQ�OD�JDVROLQD�GH�)&&��HQFRQWUDURQ�TXH�DO�LQWURGXFLU�
XQD�FDUJD�UHDO�GH�DOLPHQWDFLyQ��OD�FRQFHQWUDFLyQ�GH�PHUFDSWDQRV��WHWUDKLGURWLRIHQR�
\� DOTXLO�WLRIHQRV� SHVDGRV� GLVPLQX\y� FRQ� OD� FRQYHUVLyQ�� PLHQWUDV� TXH� OD�
FRQFHQWUDFLyQ�GH�WLRIHQR��&��WLRIHQR�\�EHQ]RWLRIHQR�VH�YLR�LQFUHPHQWDGD��
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�
(Q� OD� UHDFFLyQ� UHDOL]DGD� ~QLFDPHQWH� FRQ� HO� DGLWLYR�2+7�=Q���� VH� REVHUYy�TXH� HO�
DGLWLYR�SRU�VL�PLVPR�SXHGH�WUDQVIHULU�KLGUyJHQR�\�GHVXOIXUDU�OD�PROpFXOD�GH�WRIHQR��
SXHV�VH�REVHUYy�OD�SUHVHQFLD�GH���%XWHQR��HO�FXDO�SURYLHQH�GH�OD�KLGURJHQDFLyQ�GHO�
����%XWDGLHQR�� /D� SUHVHQFLD� GH� ����%XWDGLHQR�� DO� VHU� XQ� FRPSXHVWR� LQVDWXUDGR��
LQGLFD� TXH� HO� DGLWLYR� QR� SUHVHQWD� XQD� DFWLYLGDG� HOHYDGD� D� OD� WUDQVIHUHQFLD� GH�
KLGUyJHQR�\�TXH�HV�SRVLEOH�TXH�VREUH�pO�VH�HVWp�UHDOL]DQGR�HO�FUDTXHR�GHO�WLRIHQR��
(V�LPSRUWDQWH�UHFRQRFHU�TXH�D�SHVDU�GH�OD�IDOWD�GH�VDWXUDFLyQ�GH�ORV�SURGXFWRV��HO�
DGLWLYR�GHVXOIXUy�HQ� IRUPD�EDVWDQWH�HILFLHQWH�DO� WLRIHQR��\�FRQ�XQD�FRQYHUVLyQ�GH�
�������HV�GHFLU���YHFHV�OD�TXH�SURSRUFLRQD�HO�FDWDOL]DGRU�GH�HTXLOLEULR���
�
)XH�PHQRU�HO�Q~PHUR�WRWDO�GH�SURGXFWRV�REWHQLGRV�HQ�OD�UHDFFLyQ�GH�OD�PH]FOD�GHO�
DGLWLYR�2+7�=Q����\�HO�FDWDOL]DGRU�GH�HTXLOLEULR��HQ�FRPSDUDFLyQ�FRQ�ORV�SURGXFWRV�
GHO�FDWDOL]DGRU�GH�HTXLOLEULR�VLQ�DGLWLYR��WDEOD��������/D�DXVHQFLD�GH�����%XWDGLHQR�
LQGLFD� TXH� HQ� pVWH� FDVR�� OD�PH]FOD� 2+7�=Q����&(� QR� VROR� UHDOL]y� HO� FUDTXHR� GHO�
WLRIHQR��VLQR�TXH�WDPELpQ�SHUPLWLy�XQD�PD\RU�WUDQVIHUHQFLD�GH�KLGUyJHQR�� OD�FXDO�
FRQGXMR� D� OD� VDWXUDFLyQ� GH� ORV� SURGXFWRV� LQVDWXUDGRV� REWHQLGRV� HQ� OD� UHDFFLyQ��
3HVH�D�TXH�VH�REWXYR�XQD�FRQYHUVLyQ�XQ�SRFR�LQIHULRU�D�OD�REWHQLGD�SRU�HO�DGLWLYR��
OD� FRQYHUVLyQ� IXH� ����� VXSHULRU� D� OD�PRVWUDGD�~QLFDPHQWH�SRU�HO� FDWDOL]DGRU�GH�
HTXLOLEULR��FRPR�SXHGH�YHUVH�HQ� OD�ILJXUD�������(V�SUREDEOH�TXH�HQ�HVWD�UHDFFLyQ�
DPERV�PDWHULDOHV� UHDOLFHQ� OD� GHVXOIXUDFLyQ� GHO� WLRIHQR�� VLQ� HPEDUJR�� VH� REVHUYD�
TXH� OD� WUDQVIHUHQFLD� GH� KLGUyJHQR� IXH� SURSRUFLRQDGD� HQ� JUDQ� PHGLGD� SRU� HO�
FDWDOL]DGRU� GH� HTXLOLEULR�� SXHV� GH� OR� FRQWUDULR� VH� KXELHUDQ� REWHQLGR� FRPSXHVWRV�
PX\�VLPLODUHV�D�ORV�REWHQLGRV�SRU�HO�DGLWLYR�2+7�=Q�����
�
(Q�HO�SURFHVR�GH�FUDTXHR�FDWDOtWLFR�IOXLGL]DGR�� OD�WUDQVIHUHQFLD�GH�KLGUyJHQR�\�ORV�
GHSyVLWRV�GH�FRTXH�HVWiQ�tQWLPDPHQWH�OLJDGRV��FRPR�OR�KDQ�UHIHULGR�$QGHUVVRQ�HW�
DO�� >��@�� <D� TXH� HO� KLGUyJHQR� GLVSRQLEOH� SDUD� OD� UHDFFLyQ� HV� REWHQLGR�
SULQFLSDOPHQWH� GH� ORV� KLGURFDUEXURV� SUHVHQWHV� HQ� HO� SURFHVR�� SRU� OR� FXDO� KD\�
JHQHUDFLyQ�GH�GHSyVLWRV�GH�FRTXH�VREUH�HO� FDWDOL]DGRU�GH�FUDTXHR��(Q�HO�DQiOLVLV�
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WHUPRJUDYLPpWULFR�GHO� DGLWLYR�2+7�=Q�����QR� VH�REVHUYy� OD�SUHVHQFLD�GH� FDUERQR�
GHSRVLWDGR�HQ�HO�DGLWLYR��HVWR�VH�GHEH�SUREDEOHPHQWH�D�TXH�VH�LQWURGXMR�HO�WLRIHQR�
HQ� XQD� FRUULHQWH� GH� KLGUyJHQR�� (V� SRVLEOH� TXH� HO� KLGUyJHQR� GH� OD� FRUULHQWH� GH�
DOLPHQWDFLyQ� VH� GLVRFLH� VREUH� DOJ~Q� VLWLR� GHO� DGLWLYR�� RULJLQDQGR�SRU� OR� WDQWR�TXH�
pVWH� VHD� HO� KLGUyJHQR� GLVSRQLEOH� SDUD� UHDFFLyQ� \� QR� HO� GH� ORV� KLGURFDUEXURV�
DGVRUELGRV�VREUH�HO�DGLWLYR��
�
/R� DQWHULRU� PXHVWUD� TXH� OD� UHDFFLyQ� HV� PX\� FRPSOHMD�� SXHV� ORV� SURGXFWRV� GH�
UHDFFLyQ�VRQ�PX\�YDULDGRV�\� OD�UHDFFLyQ�LQYROXFUD�GHVXOIXUDFLyQ�\�FUDTXHR��SRU�OR�
TXH� VH� SRGUtD� GHFLU� TXH� OD� UHDFFLyQ�TXH� VH� HVWi� OOHYDQGR�D� FDER�HV�XQ�Craqueo 

desulfurativo con transferencia de hidrógeno��(V�GLItFLO�HVWDEOHFHU�XQ�PHFDQLVPR�GH�
UHDFFLyQ� GHELGR� D� OD� FDQWLGDG� GH� SURGXFWRV� \� SRUTXH� DO� SDUHFHU� WDQWR� HO� DGLWLYR�
FRPR� HO� FDWDOL]DGRU� GH� HTXLOLEULR� LQIOX\HQ� HQ� OD� GHVXOIXUDFLyQ� GHO� WLRIHQR�� (O�
FDWDOL]DGRU�GH�HTXLOLEULR�GHVXOIXUD�FRQ�XQD�PHQRU�FRQYHUVLyQ��SHUR�FRQ�XQD�PD\RU�
FDQWLGDG�GH�SURGXFWRV�VDWXUDGRV�TXH�YDQ�GHVGH�ORV�SURGXFWRV�FRPXQHV�GH�FUDTXHR�
KDVWD� D� ORV� DOTXLO�WLRIHQRV�� \� HO� DGLWLYR� 2+7�=Q���� GHVXOIXUD� FRQ� XQD� FRQYHUVLyQ�
PX\� VXSHULRU�� SHUR� FRQ� XQD� PHQRU� FDQWLGDG� GH� SURGXFWRV� \� VLQ� ORJUDU�
KLGURJHQDUORV� SRU� FRPSOHWR�� 6LQ� HPEDUJR�� HQ� FRQMXQWR� ORJUDQ� GHVXOIXUDU� H�
KLGURJHQDU�HQ�IRUPD�EDVWDQWH�HILFLHQWH��
�
&RQ� ORV� UHVXOWDGRV� REWHQLGRV� KDVWD� HO� PRPHQWR� VH� VDEH� TXH� SDUD� UHDOL]DU� OD�
GHVXOIXUDFLyQ� GHO� WLRIHQR� HQ� SUHVHQFLD� GHO� DGLWLYR� 2+7�=Q���� VH� UHTXLHUH�
LQLFLDOPHQWH�OD�DGVRUFLyQ�GHO�WLRIHQR��EDVH�GH�/HZLV��VREUH�XQ�VLWLR�iFLGR�GH�/HZLV�
TXH� RFDVLRQDUi� OD� WUDQVIHUHQFLD� GH�KLGUyJHQR� \� SRU� OR� WDQWR� OD� UXSWXUD� GHO� DQLOOR�
DURPiWLFR�� SDUD� SRVWHULRUPHQWH� WUDQVIHULU� QXHYDPHQWH� KLGUyJHQR� \� HOLPLQDU� OD�
PROpFXOD� GH� D]XIUH� HQ� IRUPD� GH� +�6�� (O� KLGURFDUEXUR� LQVDWXUDGR� HQWRQFHV� VH�
DGVRUEHUi�VREUH�RWUR�VLWLR�SDUD�KLGURJHQDUVH�\�IRUPDU�DVt�SURSHQR����%XWHQR��\���
0HWLO���3URSHQR��
�
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$KRUD��SDUD�SRGHU�SURSRQHU�DOJ~Q�PHFDQLVPR�GH�UHDFFLyQ�HV�LPSRUWDQWH�LGHQWLILFDU�
HQ� HO� DGLWLYR� HO� VLWLR� TXH� SURSRUFLRQD� OD� DFLGH]� GH� /HZLV�� SXHV� pVWH� VHUi� HO�
UHVSRQVDEOH� GH� OD� WUDQVIHUHQFLD� GH�KLGUyJHQR�� OR�TXH�RFDVLRQDUi� OD�GHVXOIXUDFLyQ�
GHO� WLRIHQR�� (Q� OD� VLJXLHQWH� VHFFLyQ�� FRQ� OD� D\XGD� GH� OD� HVSHFWURVFRStD� GHO�
LQIUDUURMR��VH�LQWHQWDUi�LGHQWLILFDU�HO�VLWLR�DFWLYR�TXH�SURSRUFLRQD�OD�DFLGH]�GH�/HZLV�
HQ�HO�DGLWLYR��
�
�������,'(17,),&$&,Ï1�'(/�6,7,2�È&,'2�325�(63(&7526&23Ë$�,5��
�
'H�DFXHUGR�FRQ�ORV�UHVXOWDGRV�REWHQLGRV�HQ�OD�HYDOXDFLyQ�FDWDOtWLFD��VH�REVHUYD�TXH�
OD�SUHVHQFLD�GHO�]LQF�HQ�DPEDV�VHULHV�GH�DGLWLYRV��WLHQH�XQD�LQIOXHQFLD�VLJQLILFDWLYD�
TXH�VH�YH�UHIOHMDGD�HQ�XQD�PD\RU�FRQYHUVLyQ�GHO�WLRIHQR�DO�HQFRQWUDUVH�SUHVHQWH�HO�
]LQF��3DUD�WHQHU�XQ�PD\RU�FRQRFLPLHQWR�D�FHUFD�GH� OR�TXH�HVWD�RFXUULHQGR�HQ�ORV�
DGLWLYRV� FRQ�HO�=Q��0J�\�$O�� \�HQ� FRQVHFXHQFLD�� HO� HIHFWR�TXH� WLHQH�HO� ]LQF�HQ� OD�
GHVXOIXUDFLyQ�GHO� WLRIHQR�� VH� UHFXUULy�D� OD�HVSHFWURVFRStD�GHO� LQIUDUURMR� �,5���(VWD�
WpFQLFD� QRV� SHUPLWLUi� LGHQWLILFDU� ORV� VLWLRV� iFLGRV� GH� /HZLV�� TXH� GH� DFXHUGR� FRQ�
GLYHUVRV� DXWRUHV� >��������������@� VRQ� ORV� UHVSRQVDEOHV� GH� OD� WUDQVIHUHQFLD� GH�
KLGUyJHQR�\�SRU�OR�WDQWR�GH�OD�GHVXOIXUDFLyQ�GHO�WLRIHQR��
�
/D� LGHQWLILFDFLyQ�GH� ORV� VLWLRV� iFLGRV� GH� /HZLV� VH� UHDOL]y� LQWURGXFLHQGR�&2�� FRPR�
PROpFXOD� VRQGD� D� ORV� DGLWLYRV� GH� ODV� GRV� VHULHV� SURSXHVWDV�� 'H� DFXHUGR� FRQ�
0RUWHUUD� HW� DO�� >��@�� HO� &2�� SXHGH� LQWHUDFFLRQDU� FRQ� XQ� FDWLyQ� VXSHUILFLDO� QR�
FRRUGLQDGR� HQ� OD� UHJLyQ� GHO� &2�� OLQHDO� ����������� FP����� UHJLyQ� TXH� SHUPLWH� OD�
LGHQWLILFDFLyQ�GH�ORV�VLWLRV�iFLGRV�GH�/HZLV��/DV�HVSHFLHV�OLQHDOHV�GH�&2��DGVRUELGDV�
HQ�HVWD�UHJLyQ�VRQ�FRPSOHWDPHQWH�UHYHUVLEOHV��HV�GHFLU��VRQ�HVSHFLHV�ILVLVRUELGDV�
TXH�SXHGHQ�HOLPLQDUVH�IiFLOPHQWH�FRQ�YDFtR��
�
/RV� VLVWHPDV� FULVWDOLQRV� TXH� FRQVWLWX\HQ� ODV� GRV� VHULHV� GH� DGLWLYRV� VRQ� PX\�
FRPSOHMRV��SXHV�HVWiQ�LQWHUDFFLRQDQGR�VLPXOWiQHDPHQWH�FRPR�y[LGRV�HO�=Q��HO�0J�
\� HO� $O�� 'HELGR� D� HOOR� HV� LPSRUWDQWH� GLVWLQJXLU� FXiO� y� FXiOHV� GH� HVWRV� PHWDOHV�
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JHQHUDQ�ORV�VLWLRV�iFLGRV�GH�/HZLV�TXH�LQWHUYLHQHQ�HQ�OD�UHDFFLyQ�GH�GHVXOIXUDFLyQ�
GHO�WLRIHQR��
�
���������$GVRUFLyQ�GHO�&2��VREUH�ORV�DGLWLYRV�GH�OD�VHULH�(6�=Q�;���
,QLFLDOPHQWH�ORV�DGLWLYRV�IXHURQ�WUDWDGRV�HQ�FRQGLFLRQHV�GH�YDFtR�D������&�SRU�GRV�
KRUDV�� SDUD� DVHJXUDU� OD� OLPSLH]D� GH� ORV� PDWHULDOHV�� 'HVSXpV� GH� UHDOL]DU� GLFKR�
WUDWDPLHQWR�VH�LQWURGXMR�HQ�OD�FHOGD�XQ�SXOVR�GH����PP+J�GH�&2����
�
/RV� HVSHFWURV� ,5� GH� OD� DGVRUFLyQ� GHO� &2�� VREUH� ORV� DGLWLYRV� VLQWHWL]DGRV� VH�
PXHVWUDQ� HQ� OD� ILJXUD� ������ HVWRV� SUHVHQWDQ� GRV� EDQGDV� HV� HVWD� UHJLyQ�� XQD� HQ�
�����FP���\�RWUD�DOUHGHGRU�GH�ORV������FP���� LQGLFDQGR�OD�SUHVHQFLD�GH�iFLGRV�GH�
/HZLV��
 

Figura 3.13. Espectros IR de la adsorción del CO2 sobre los aditivos de la serie 
ES(Zn:X) en la región del CO2 lineal. (---) Banda a los 2345 cm-1 y () Banda a los 
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(Q� OD�ILJXUD������VH�DSUHFLD�TXH�DO� LQFUHPHQWDU�HO�FRQWHQLGR�GH�]LQF�HQ�HO�DGLWLYR�
�HVSLQHOD��� OD� EDQGD� ORFDOL]DGD� DOUHGHGRU�GH�����FP��� VH�GHILQH�XQ�SRFR�PiV�� OR�
TXH� SRGUtD� FRQVLGHUDUVH� FRPR� XQ� DXPHQWR� HQ� OD� SURSRUFLyQ� GH� HVWRV� VLWLRV�� $O�
SUHVHQWDU�HVWH�LQFUHPHQWR�XQD�UHODFLyQ�GLUHFWD�FRQ�HO�FRQWHQLGR�GH�]LQF��VH�SRGUtD�
GHFLU�TXH�HVWH�VLWLR�SHUWHQHFH�DO�]LQF�VXSHUILFLDO��VLQ�HPEDUJR��QR�SXHGH�DVHJXUDUVH�
WDQ�IiFLOPHQWH��
�
&RQIRUPH� D� ORV� UHVXOWDGRV� GH� DFWLYLGDG� VH� UHFRQRFH� TXH� OD� SUHVHQFLD� GHO� ]LQF�
LQIOX\H� HQRUPHPHQWH� HQ� HO� FRPSRUWDPLHQWR� GH� ORV� DGLWLYRV�� \� GH� DFXHUGR� FRQ�
:RUPVEHFKHU�HW�DO��>�����@�VH�HVSHUD�TXH�HO�]LQF�HQ�VX�IRUPD�R[LGDGD�FRQWULEX\D�
FRQ�VLWLRV�iFLGRV�GH�/HZLV�HQ�ORV�DGLWLYRV��VLQ�HPEDUJR��HQ�ORV�DGLWLYRV�VLQWHWL]DGRV�
WDPELpQ� VH� HQFXHQWUDQ� SUHVHQWHV� HO�PDJQHVLR� \� HO� DOXPLQLR�� HQ� VXV� UHVSHFWLYDV�
IRUPDV�R[LGDGDV��(QWRQFHV�� HV�QHFHVDULR� LGHQWLILFDU�HO�y� ORV�PHWDOHV�TXH�HVWDUtDQ�
SURSRUFLRQDQGR� OD� DFLGH]� GH� /HZLV� HQ� ORV� DGLWLYRV�� GH� HVWD� IRUPD� VH� SRGUi�
GHVFDUWDU�y�FRUURERUDU�TXH�HVWDV�EDQGDV�FRUUHVSRQGHQ�DO�]LQF��
�
3DUD�LGHQWLILFDU�TXH�PHWDO�R�PHWDOHV�JHQHUDQ�ORV�VLWLRV�iFLGRV�GH�/HZLV�VH�GHFLGLy�
DGVRUEHU�&2��VREUH�=Q2��0J2�\�$O�2���(V�GH�HVSHUDUVH��TXH�ODV�EDQGDV�JHQHUDGDV�
HQ� ORV� y[LGRV� LQGHSHQGLHQWHV� QR� VHDQ� ODV� PLVPDV� TXH� ODV� REVHUYDGDV� DO�
HQFRQWUDUVH� ORV� WUHV� PHWDOHV� MXQWRV�� 6LQ� HPEDUJR�� FRQ� pVWH� H[SHULPHQWR�
~QLFDPHQWH� VH� SUHWHQGH� XELFDU� OD� ORQJLWXG� GH� RQGD� D� OD� FXDO� DSDUHFHQ� ODV�
SHUWXUEDFLRQHV�HQ�FDGD�PHWDO��SXHV�FRQ� OD� LQIRUPDFLyQ�REWHQLGD�VH�HVSHUD�SRGHU�
DQDOL]DU� ORV�HVSHFWURV�GH� ORV�DGLWLYRV�GH� OD�VHULH�(6�=Q�;��TXH�\D�SRVHHQ� ORV�WUHV�
PHWDOHV�� 'H� HVWD� IRUPD� VHUiQ� LGHQWLILFDGRV� HO� PHWDO� y� ORV� PHWDOHV� TXH�
SURSRUFLRQDQ�ORV�VLWLRV�DFWLYRV�SDUD�OD�GHVXOIXUDFLyQ�GHO�WLRIHQR��$�FRQWLQXDFLyQ�VH�
DQDOL]DUiQ� FDGD� XQR� GH� ORV� y[LGRV� PHWiOLFRV� \� VH� LUiQ� FRPSDUDQGR� FRQ� ORV�
HVSHFWURV�GH�ORV�DGLWLYRV�GH�OD�VHULH�(6�=Q�;���
�
(O� HVSHFWUR� ,5� GH� OD� DGVRUFLyQ� GHO� &2�� VREUH� HO� y[LGR� GH� PDJQHVLR� PXHVWUD� OD�
SUHVHQFLD� GH� XQD� VROD� XQD� EDQGD� HQ� OD� UHJLyQ� GHO� &2�� OLQHDO� �ILJXUD� ����D���
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ORFDOL]DGD� HQ� ����� FP���� 'HVSXpV� GH� LQWURGXFLU� HO� &2�� VH� UHDOL]y� YDFtR� SRU� GRV�
KRUDV�� D� ILQ�GH�HOLPLQDU�HO�&2��GH� OD�FHOGD�\�VH�REWXYR�QXHYDPHQWH�XQ�HVSHFWUR�
�ILJXUD�����E���(Q�pVWH�VH�REVHUYD�TXH�OD�EDQGD�HQ�OD�UHJLyQ�GHO�&2��GHVDSDUHFLy��
OR�FXDO�LQGLFD�TXH�OD�LQWHUDFFLyQ�HQWUH�HO�0J2�\�HO�&2��HV�PX\�GpELO��HVWR�FRQILUPD�
OR�DVHYHUDGR�SRU�0RUWHUUD�HW�DO��>��@��TXLHQHV�PHQFLRQDQ�TXH�ODV�LQWHUDFFLRQHV�HQ�
HVWD�UHJLyQ�VRQ�UHYHUVLEOHV��SRU� OR�WDQWR�HQ�HVWD�LQWHUDFFLyQ��HO�&2��VH�HQFXHQWUD�
ItVLFDPHQWH� DGVRUELGR� �ILVLVRUELGR��� $O� FRPSDUDU� OD� SRVLFLyQ� GH� OD� EDQGD� GH� OD�
DGVRUFLyQ�GHO�&2��VREUH�HO�0J2�������FP����FRQ�ORV�HVSHFWURV�GH�OD�DGVRUFLyQ�GH�OD�
PROpFXOD� VRQGD� VREUH� ORV�DGLWLYRV�GH� OD� VHULH�(6�=Q�;�� �ILJXUD�������� VH�PXHVWUD�
TXH�VX�SRVLFLyQ�QR�FRQFXHUGD�FRQ�OD�SRVLFLyQ�GH�QLQJXQD�GH�ODV�EDQGDV�REVHUYDGDV�
HQ� ORV� HVSHFWURV� GH� ORV� DGLWLYRV�� /R� DQWHULRU� VXJLHUH� TXH�QR�KD\� VLWLRV� iFLGRV� GH�
/HZLV�DVRFLDGRV�DO�PDJQHVLR�HQ�VX�IRUPD�R[LGDGD�HQ�HVWD�UHJLyQ��
�

Figura 3.14. a) Espectro IR de la adsorción de un pulso de 40 mmHg de CO2 sobre 
óxido de magnesio y b) espectro IR de la muestra de MgO después de evacuar 

durante dos horas el CO2 adsorbido. �
$O� UHDOL]DU� OD� DGVRUFLyQ� GH� OD�PROpFXOD� VRQGD� VREUH� XQD�PXHVWUD� GH� =Q2� �ILJXUD�
����D�� VH� REVHUYD� OD� SUHVHQFLD� GH�GRV�EDQGDV�PX\�GpELOHV��XQD�HQ������FP��� \�
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RWUD� HQ� ����� FP���� 6LQ� HPEDUJR�� HQ� OD� OLWHUDWXUD� QR� VH� UHSRUWD� OD� SUHVHQFLD� GH�
DOJXQD�EDQGD�HQ�HVWD�UHJLyQ�SDUD�OD�DGVRUFLyQ�GHO�&2��VREUH�HO�y[LGR�GH�]LQF�>��@��
3RU�HVWH�PRWLYR�VH�FRPSDUy�HO�HVSHFWUR�DQWHULRU�FRQ�HO�GH�XQ�SXOVR�GH�&2��HQ�OD�
FHOGD�YDFtD��ILJXUD�����E���REVHUYiQGRVH�TXH�DPERV�HVSHFWURV�HUDQ�FDVL�LGpQWLFRV�
\�TXH� OD� LQWHQVLGDG�GH� ODV�EDQGDV�HUD�VLPLODU��/R�DQWHULRU�VXJLHUH�TXH� ODV�EDQGDV�
REVHUYDGDV�HQ�HO�HVSHFWUR�GHO�=Q2�FRUUHVSRQGHQ�DO�&2��SUHVHQWH�HQ�OD�FHOGD��(VWR�
IXH�FRQILUPDGR�DO�KDFHU�OD�GLIHUHQFLD�HQWUH�DPERV�HVSHFWURV��ILJXUD�����D�\�����E���
SXHV� HO� HVSHFWUR� UHVXOWDQWH� QR� PXHVWUD� OD� SUHVHQFLD� GH� EDQGD� DOJXQD� �ILJXUD�
����F���'H�DFXHUGR�D�HVWRV�UHVXOWDGRV��ODV�EDQGDV�REVHUYDGDV�HQ�OD�ILJXUD������QR�
FRUUHVSRQGHQ�D�ORV�VLWLRV�FRRUGLQDWLYDPHQWH�LQVDWXUDGRV�GHO�]LQF��6LQ�HPEDUJR��QR�
SXHGH�DVHJXUDUVH�TXH�QR�H[LVWHQ�HVWH�WLSR�GH�VLWLRV��SXHV�*��%XVFD�>��@�VHxDOD�OD�
SUHVHQFLD�GH�iFLGRV�GH�/HZLV�HQ�HO�=Q2��PLVPD�TXH�GHWHUPLQy�XWLOL]DQGR�SLULGLQD�y�
1+��� (V� SRVLEOH� TXH� OD� LQWHUDFFLyQ� HQWUH� HO� &2�� \� ORV� VLWLRV� FRRUGLQDWLYDPHQWH�
LQVDWXUDGRV�GHO� =Q�QR� VHD� YLVLEOH� GHELGR� D� TXH� OD� VRQGD� HPSOHDGD� HV�PX\�GpELO�
SDUD�JHQHUDU�XQD�SHUWXUEDFLyQ�REVHUYDEOH��
�

Figura 3.15. a) Pulso de 40 mmHg de CO2 sobre ZnO, b) Pulso de 40 mmHg de CO2 
en la celda vacía, c) Diferencia entre el espectro a y b. �
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$O�DGVRUEHU�HO�&2��VREUH�OD�DO~PLQD�VH�SUHVHQWDQ�GRV�EDQGDV��XQD�HQ������FP���\�
OD�VHJXQGD�VH�REVHUYD�FRPR�XQ�KRPEUR�DOUHGHGRU�HQ������FP����ILJXUD�����D���'H�
DFXHUGR� FRQ�0RUWHUUD� HW� DO�� >��@� HVWDV� EDQGDV� VRQ� DWULEXLGDV� D� ORV� VLWLRV� &86� y�
FRRUGLQDWLYDPHQWH�LQVDWXUDGRV�GHO�DOXPLQLR��OD�SULPHUD�TXH�VH�ORFDOL]D�HQWUH������
FP���\������FP����DVLJQiQGRVH�DO�DOXPLQLR�HQ�FRRUGLQDFLyQ�RFWDpGULFD�� VI

cus
Al ���\�OD�

VHJXQGD� VH� DWULEX\H� DO� VLWLR� IV

cus
Al � ������ FP���� HQ� FRRUGLQDFLyQ� WHWUDpGULFD��

$GLFLRQDOPHQWH�� VH� REVHUYD� TXH� DO� LJXDO� TXH� HQ� HO� 0J2�� OD� PROpFXOD� VRQGD� VH�
HQFXHQWUD�ItVLFDPHQWH�DGVRUELGD��SXHV�DO�HYDFXDU�HO�&2��GXUDQWH���KRUDV�FRQ�YDFtR�
IXH�HOLPLQDGR�SRU�FRPSOHWR��YHU�ILJXUD�����E��
�

Figura 3.16. a) Espectro IR de un pulso de 40 mmHg de CO2 sobre Al2O3 y b) 
espectro IR de la muestra de Al2O3 después de evacuar durante dos horas el CO2 

adsorbido. �
+DFLHQGR�XQD�FRPSDUDFLyQ�HQWUH�ODV�YLEUDFLRQHV�TXH�VH�SUHVHQWDQ�HQ�ORV�DGLWLYRV�
GH�OD�VHULH�(6�=Q�;���ILJXUD�������\�ODV�EDQGDV�TXH�SUHVHQWD�OD�DO~PLQD�FXDQGR�VH�
OH�DGVRUEH� OD�PROpFXOD� VRQGD�� VH�REVHUYD�TXH� ODV�EDQGDV�TXH�VH�DWULEX\HQ�D� ORV�
VLWLRV�FRRUGLQDWLYDPHQWH�LQVDWXUDGRV�GHO�DOXPLQLR�FRUUHVSRQGHQ�SHUIHFWDPHQWH�FRQ�
ODV�EDQGDV�TXH�SUHVHQWDQ�OD�VHULH�GH�DGLWLYRV�(6�=Q�;���SRU�OR�TXH�VH�SXHGH�GHFLU�
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TXH� ODV� EDQGDV� HQFRQWUDGDV� DO� DGVRUEHU� &2�� VREUH� ORV� DGLWLYRV� GH� OD� VHULH�
(6�=Q�;��� FRUUHVSRQGHQ� SULQFLSDOPHQWH� DO� DOXPLQLR� HQ� VX� IRUPD� R[LGDGD�� (VWRV�
UHVXOWDGRV� PXHVWUDQ� TXH� ORV� VLWLRV� iFLGRV� GH� /HZLV� SUHVHQWHV� HQ� ORV� DGLWLYRV�
FRUUHVSRQGHQ� SULQFLSDOPHQWH� D� ORV� VLWLRV� IV

cus
Al � \� VI

cus
Al �� \� TXH� ORV� VLWLRV�

FRRUGLQDWLYDPHQWH�LQVDWXUDGRV�GH�]LQF�ORV�DIHFWDQ��SXHV�FRQ�OD�VRQGD�HPSOHDGD�QR�
IXHURQ�LGHQWLILFDGRV�VLWLRV�iFLGRV�GH�/HZLV�DVRFLDGRV�DO�]LQF�HQ�VX�IRUPD�R[LGDGD��
�
���������$GVRUFLyQ�GHO�&2��VREUH�ORV�DGLWLYRV�GH�OD�VHULH�2+7�=Q�;���
&RPR� VH� UHFRUGDUi�� GH� OD� FDOFLQDFLyQ� GH� ODV� KLGURWDOFLWDV� IXHURQ� REWHQLGRV� ORV�
y[LGRV�PHWiOLFRV�y�DGLWLYRV�GH�OD�VHULH�2+7�=Q�����(Q�HO�DQiOLVLV�WHUPRJUDYLPpWULFR�
VH� PRVWUy� TXH� ODV� KLGURWDOFLWDV� VXIUHQ� WUHV� SpUGLGDV� HQ� SHVR� LPSRUWDQWHV� TXH�
FRUUHVSRQGHQ� D� OD� SpUGLGD� GH� DJXD� LQWHUVWLFLDO� \� ItVLFDPHQWH� DGVRUELGD�� D� OD�
GHVFDUER[LODFLyQ� \� ILQDOPHQWH� D� OD� GHVKLGUR[LODFLyQ�� HVWRV� SURFHVRV� GH�
GHVFRPSRVLFLyQ� GH� OD� HVWUXFWXUD� GH� OD� KLGURWDOFLWD� OOHYDQ� D� OD� IRUPDFLyQ� GH� ORV�
y[LGRV� TXH� FRQVWLWX\HQ� ORV� DGLWLYRV� GH� OD� VHULH� 2+7�=Q�;��� 'HELGR� D� HVWR�� HO�
WUDWDPLHQWR�WpUPLFR�DO�TXH�VH�VRPHWLHURQ�HVWH�WLSR�GH�PDWHULDOHV�GHELy�LQYROXFUDU�
GLYHUVDV� WHPSHUDWXUDV� D� ILQ� GH� DVHJXUDU� TXH� VH� REWXYLHUDQ� ORV� y[LGRV� GH� OD�
GHVFRPSRVLFLyQ� WpUPLFD� GH� ODV� KLGURWDOFLWDV�� /DV� KLGURWDOFLWDV� IXHURQ� WUDWDGDV� HQ�
FRQGLFLRQHV� GH� YDFtR� ��� ;� ����� 7RUU�� D� ����� ����� ����� ���� \� ���� �&�� FDGD�
WHPSHUDWXUD� IXH�PDQWHQLGD� SRU� GRV� KRUDV�� D� ILQ� GH� OLPSLDU� \� REWHQHU� ORV� y[LGRV�
TXH�FRQVWLWX\HQ�ORV�DGLWLYRV��$O�ILQDOL]DU�HO�WUDWDPLHQWR�FRUUHVSRQGLHQWH�D�FDGD�XQD�
GH�ODV�WHPSHUDWXUDV�IXH�WRPDGR�XQ�HVSHFWUR�,5��'HVSXpV�GH�UHDOL]DU�HO�WUDWDPLHQWR�
WpUPLFR�D������&�VH�UHDOL]y�OD�DGVRUFLyQ�GHO�&2���
�
&RQ�HO� WUDWDPLHQWR� WpUPLFR�VH�REVHUYy�TXH�D�SDUWLU�GH� ORV������&�� ORV�PDWHULDOHV�
FRQ�DOJ~Q�FRQWHQLGR�GH�]LQF�H[KLELHURQ�XQD�EDQGD�HQ� OD�UHJLyQ�GHO�&2�� OLQHDO�VLQ�
KDEHUVH�DGVRUELGR�pVWH��YHU�ILJXUD�������'LFKD�EDQGD�VH�YLR�LQFUHPHQWDGD�FXDQGR�
VH� HOHYy� OD� WHPSHUDWXUD� GH� OD� FHOGD� D� ���� �&�� 6H� FUHH� TXH� FXDQGR� RFXUUH� OD�
GHVFDUER[LODFLyQ� GH� ORV�PDWHULDOHV�� HO� &2�� OLEHUDGR� HV� DGVRUELGR� LQPHGLDWDPHQWH�
SRU� ORV�PDWHULDOHV�� UD]yQ�SRU� OD� FXDO� VH�REVHUYD�XQD�EDQGD�HQ� OD� UHJLyQ�GHO�&2��
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OLQHDO��(O�KHFKR�GH�TXH�GLFKD�EDQGD�VH�REVHUYH�LQFOXVR�DO�WUDWDU�HO�PDWHULDO�D�����
�&�� LQGLFD�TXH�ORV�VLWLRV�iFLGRV�GH�/HZLV�JHQHUDGRV�VRQ�PX\�IXHUWHV��SXHV�HO�&2��
�HOLPLQDGR� GH� OD� GHVFDUER[LODFLyQ�� IXH� DGVRUELGR� LQPHGLDWDPHQWH� SRU� ORV�
PDWHULDOHV� \� IXH� LPSRVLEOH� HOLPLQDUOR�� HV� GHFLU�� HO� &2�� IXH� TXLPLVRUELGR� SRU� ORV�
PDWHULDOHV�TXH�SUHVHQWDURQ�GLFKD�EDQGD��

 

Figura 3.17. Espectros IR en la región del CO2 lineal para las muestras OHT(Zn:6), 
OHT(Zn:3) y OHT(Zn:0), a 450 y 650 ºC. �

'H� DFXHUGR� FRQ� GLIHUHQWHV� DXWRUHV� >�����@�� ORV� y[LGRV� PL[WRV� REWHQLGRV� GH� OD�
KLGURWDOFLWD� WLHQHQ�SURSLHGDGHV�iFLGR�EDVH��HV�GHFLU�TXH�SRVHH�WDQWR�VLWLRV�iFLGRV�
FRPR�EiVLFRV��D�SHVDU�GH�TXH�VH�UHFRQRFH�TXH�HVWH�WLSR�GH�PDWHULDOHV�SUHVHQWDQ�
SULQFLSDOPHQWH� SURSLHGDGHV� EiVLFDV�� 3RU� HOOR�� DO� VHU� XQ� FRPSXHVWR� DQIyWHUR� IXH�
SRVLEOH�LGHQWLILFDU�ORV�VLWLRV�iFLGRV�GH�/HZLV�FRQ�HO�&2��FRPR�PROpFXOD�VRQGD��SXHV�
pVWD�DGHPiV�GH�WLWXODU�VLWLRV�EiVLFRV��SHUPLWH�LGHQWLILFDU�VLWLRV�iFLGRV�GH�/HZLV�HQ�OD�
UHJLyQ�GHO�&2��OLQHDO��
�
$O�FRPSDUDU�ORV�HVSHFWURV�GH�OD�VHULH�GH�DGLWLYRV�2+7�=Q�;���ILJXUD��������FRQ�ORV�
GHO�0J2��=Q2�\�$O�2���ILJXUDV������������\������UHVSHFWLYDPHQWH��VH�REVHUYD�TXH�
DO� LJXDO�TXH�HQ�HO�FDVR�GH� OD�VHULH�(6�=Q�;��� ODV�EDQGDV�TXH�VH�SUHVHQWDQ�HQ� ORV�
DGLWLYRV�GH�OD�VHULH�2+7�=Q�;��FRUUHVSRQGHQ�D�ODV�GHO�DOXPLQLR��(VWR�LQGLFD�TXH�ORV�
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VLWLRV� iFLGRV� GH� /HZLV� REVHUYDEOHV� HQ� pVWD� VHULH� GH� DGLWLYRV� FRUUHVSRQGHQ�
SULPRUGLDOPHQWH�DO�DOXPLQLR�HQ�FRRUGLQDFLyQ�RFWDpGULFD�\�WHWUDpGULFD��
�

Figura 3.18. Espectros IR de un pulso de 40mmHg de CO2 sobre los aditivos de la 
serie OHT(Zn:X). �

&RPR�VH�REVHUYD�HQ�OD�ILJXUD������HO�DGLWLYR�2+7�=Q����SUHVHQWD�XQD�VROD�EDQGD�
TXH�VH�ORFDOL]D�HQ������FP���� OD�FXDO�FRUUHVSRQGH�FRQ�OD�SRVLFLyQ�GHO�DOXPLQLR�HQ�
FRRUGLQDFLyQ� RFWDpGULFD�� (Q� ORV� DGLWLYRV� 2+7�=Q����� 2+7�=Q����� 2+7�=Q�����
2+7�=Q���� VH� REVHUYD� OD� SUHVHQFLD� GH� GRV� EDQGDV�� OD� SULPHUD� ORFDOL]DGD� HQWUH�
����� \� ����� FP���� \� OD� VHJXQGD� HQWUH� ����� \� ����� FP���� $O� FRPSDUDU� DPEDV�
EDQGDV� FRQ� ODV� GH� OD� DGVRUFLyQ� GHO� &2�� VREUH� OD� DO~PLQD� VH� REVHUYD� TXH�
FRUUHVSRQGHQ� FRQ� ODV� SRVLFLRQHV� TXH� VH� DWULEX\HQ� DO� DOXPLQLR� HQ� FRRUGLQDFLyQ�
RFWDpGULFD�\�WHWUDpGULFD�UHVSHFWLYDPHQWH��
�
$GLFLRQDOPHQWH��HQ�OD�ILJXUD������VH�REVHUYD�TXH�DO�DXPHQWDU�HO�FRQWHQLGR�GH�]LQF�
HQ� ORV� DGLWLYRV�� GLVPLQX\H� OD� FDQWLGDG� GH� VLWLRV� GH� DOXPLQLR� HQ� FRRUGLQDFLyQ�
WHWUDpGULFD� \� DXPHQWDQ� ORV� VLWLRV� HQ� FRRUGLQDFLyQ� RFWDpGULFD�� WHQLHQGR� HO� DGLWLYR�
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2+7�=Q���� ~QLFDPHQWH� VLWLRV� RFWDpGULFRV�� (V� SRVLEOH� TXH� OD� FRRUGLQDFLyQ� GH� ORV�
iWRPRV�GH�DOXPLQLR�HQ�HO�y[LGR�FDPELH�SRFR�D�SRFR�FRQ�OD�FDQWLGDG�GH�]LQF�TXH�VH�
YD� LQWURGXFLHQGR� HQ� OD� UHG� FULVWDOLQD� GHO� DGLWLYR�� RFDVLRQDQGR� TXH� DO� KDEHUVH�
VXVWLWXLGR�WRGR�HO�0J���SRU�HO�=Q���VH�REWHQJDQ�~QLFDPHQWH�VLWLRV�&86�DVRFLDGRV�DO�
DOXPLQLR�HQ�FRRUGLQDFLyQ�RFWDpGULFD��
�
3RU�RWUR�ODGR��HO�&2��DGVRUELGR�VREUH�ORV�DGLWLYRV�GH�OD�VHULH�2+7�=Q�;��WUDWDGRV�D�
�����&��SUHVHQWD�XQD�LQWHUDFFLyQ�PX\�GpELO��SXHV�DO�HOLPLQDU�HO�JDV�SUHVHQWH�HQ�OD�
FHOGD�FRQ�YDFtR��ODV�PXHVWUDV�2+7�=Q����\�2+7�=Q����FRQVHUYDURQ�OD�PLVPD�EDQGD�
TXH� WHQtDQ� DQWHV� GH� UHDOL]DU� HO� SXOVR� GH� &2��� (O� DGLWLYR� 2+7�=Q���� QR� SUHVHQWy�
EDQGD�DOJXQD�HQ�HVWD�UHJLyQ�GHVSXpV�GH�UHDOL]DU�OD�HYDFXDFLyQ��3RU�OR�TXH�DO�LJXDO�
TXH�FRQ�ORV�DGLWLYRV�GH�OD�VHULH�(6�=Q�;���HO�&2��DGVRUELGR�LQWHUDFFLRQy�VRODPHQWH�
HQ�IRUPD�ItVLFD��9HU�ILJXUD�������

�
Figura 3.19. () Espectros IR del pulso de CO2 sobre los aditivos OHT(Zn:6), 

OHT(Zn:3) y OHT(Zn:0). (---) Espectros IR de los aditivos después eliminar el CO2 
con vacío (8 X 10-5 Torr). �

&RPR�VH�REVHUYD�HQ�OD�WDEOD�������OD�EDQGD�FRUUHVSRQGLHQWH�DO�DOXPLQLR�RFWDpGULFR�
\�ORFDOL]DGD�HQ������FP���VH�GHVSOD]y�OLJHUDPHQWH�KDFLD�PHQRUHV�Q~PHUR�GH�RQGD�
FXDQGR�VH�LQFUHPHQWy�HO�FRQWHQLGR�GH�]LQF�HQ�ORV�DGLWLYRV��HVWR�LQGLFD�TXH�OD�IXHU]D�
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iFLGD� GH� HVWH� VLWLy� GLVPLQX\y� FRQ� HO� FRQWHQLGR� GH� ]LQF�� (VWD� GLVPLQXFLyQ� HQ� OD�
IXHU]D�iFLGD�VH�GHEH�SUREDEOHPHQWH�D�TXH�ORV�VLWLRV�GHO�DOXPLQLR�HQ�FRRUGLQDFLyQ�
RFWDpGULFD�VH�HQFXHQWUDQ�RFXSDGRV��TXLPLVRUELGRV��SRU�HO�&2��TXH�VH�HOLPLQy�GH�
ORV�PDWHULDOHV�HQ�HO� WUDWDPLHQWR�WpUPLFR��\� ORV�VLWLRV�TXH�TXHGDQ� OLEUHV�SUHVHQWDQ�
~QLFDPHQWH� XQD� DGVRUFLyQ� ItVLFD� \� PX\� GpELO�� SXHV� IXH� SRVLEOH� HOLPLQDUORV� FRQ�
YDFtR�� 6LQ� HPEDUJR�� WDPELpQ� VH� SXHGH� GHFLU� TXH� DO� UHDOL]DUVH� HO� WUDWDPLHQWR�
WpUPLFR��ORV�VLWLRV�RFWDpGULFRV�GHO�DOXPLQLR�OOHJDQ�D�VHU�WDQ�IXHUWHV�TXH�TXLPLVRUEHQ�
LQPHGLDWDPHQWH�HO�&2��TXH�VH�OLEHUD�GHO�PLVPR�PDWHULDO∗��(VWRV�UHVXOWDGRV�WDPELpQ�
LQGLFDQ�TXH�OD�SUHVHQFLD�GHO�]LQF�HQ�VX�IRUPD�R[LGDGD�PRGLILFD�KDVWD�FLHUWR�SXQWR�
OD� DFLGH]� GH� ORV� VLWLRV� &86� GHO� DOXPLQLR�� KDFLHQGR� TXH� OD� IXHU]D� GH� HVWRV� VHD�
PD\RU��
�

$GLWLYR� 3RVLFLyQ�FP����
2+7�=Q���� ����� �������
2+7�=Q���� ������� �������
2+7�=Q���� ������� �������
2+7�=Q���� ������� �������
2+7�=Q���� � �������
0J2� � �������
$O�2�� ����� �����

7DEOD�������3RVLFLyQ�GH�ODV�EDQGDV�GH�OD�DGVRUFLyQ�GHO�&2��VREUH�ORV�DGLWLYRV�GH�OD�VHULH�
2+7�=Q�;���0J2��=Q2�\�$O�2����

'H�DFXHUGR�FRQ�ORV�UHVXOWDGRV�REWHQLGRV��QR�VH�LGHQWLILFDURQ�VLWLRV�iFLGRV�GH�/HZLV�
DVRFLDGRV� DO� =Q� DO� WLWXODU� ORV� DGLWLYRV� FRQ� &2��� VLQ� HPEDUJR�� OD� SUHVHQFLD� GH� ORV�
VLWLRV�FRRUGLQDWLYDPHQWH� LQVDWXUDGRV�GHO�]LQF�PRGLILFDQ� ODV�SURSLHGDGHV�iFLGDV�GH�
ORV�VLWLRV�&86�GHO�DOXPLQLR��/D�H[SOLFDFLyQ�D�pVWH�IHQyPHQR�SXHGH�UDGLFDU�HQ�TXH�OD�
HOHFWURQHJDWLYLGDG� GH� 3DXOLQJ� GHO� ]LQF� ������� >��@� HV� XQ� SRFR�PD\RU� TXH� OD� GHO�
DOXPLQLR� ������� >��@� \� SRU� OR� WDQWR� OH� UHWLUD� FDUJD� HOHFWUyQLFD� D� pVWH� ~OWLPR�� (O�
                                                 
∗
 Esto se presentó únicamente en el caso de los aditivos OHT(Zn:3), OHT(Zn:4) y OHT(Zn:6) 
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IHQyPHQR�QR�VH�SUHVHQWD�DO� LQWHUDFFLRQDU�HO�DOXPLQLR�FRQ�HO�PDJQHVLR��SRUTXH� OD�
HOHFWURQHJDWLYLGDG�GHO�0J��������>��@�HV�PHQRU�TXH�OD�GHO�DOXPLQLR��RULJLQDQGR�TXH�
OD�DFLGH]�GHO�pVWH�VHD�PHQRU�HQ�FRPSDUDFLyQ�FRQ� OD�TXH�H[KLEH�HQ�SUHVHQFLD�GHO�
]LQF��3RU� OR� WDQWR��HV�SRVLEOH�TXH� ORV�VLWLRV�iFLGRV�GH�/HZLV�GHO�DOXPLQLR�VHDQ� ORV�
UHVSRQVDEOHV�GH�OD�FRQYHUVLyQ�GH�OD�PROpFXOD�GH�WLRIHQR��\�TXH�OD�SUHVHQFLD�GH�ORV�
VLWLRV�FRRUGLQDWLYDPHQWH� LQVDWXUDGRV�GHO�]LQF�RFDVLRQHQ�XQ�DXPHQWR�HQ�VX�IXHU]D�
iFLGD��
�
�������',6&86,Ï1�'(�5(68/7$'26��
�
'H�ODV�GRV�VHULHV�GH�DGLWLYRV�SUREDGRV�HQ�OD�HYDOXDFLyQ�FDWDOtWLFD��VH�REVHUYy�TXH�
OD� SUHVHQFLD� GHO� ]LQF� HQ� ORV� PDWHULDOHV� DXPHQWy� OD� FRQYHUVLyQ� GHO� WLRIHQR�� VLQ�
HPEDUJR�� ORV� PDWHULDOHV� TXH� QR� FRQWLHQHQ� ]LQF�� SUHVHQWDURQ� FLHUWD� FRQYHUVLyQ��
VXJLULHQGR� TXH� ORV� VLWLRV� &86� DVRFLDGRV� DO� DOXPLQLR� WDPELpQ� SDUWLFLSDQ� HQ� OD�
GHVXOIXUDFLyQ�GHO� WLRIHQR��+D\�TXH� UHFRUGDU� TXH�XQD�GH� ODV� SUHPLVDV� HQ� ODV� TXH�
HVWiQ�EDVDGRV�ORV�DGLWLYRV�SDUD�OD�HOLPLQDFLyQ�GH�D]XIUH�HQ�ODV�JDVROLQDV�HV�TXH�ORV�
iFLGRV� GH� /HZLV�� HQ� HVWH� FDVR� GH� ]LQF� \� SUREDEOHPHQWH� GH� DOXPLQLR�� SXHGHQ�
DGVRUEHU�D�ODV�EDVHV�GH�/HZLV�FRPR�HO�WLRIHQR��
�
(Q� OD� HYDOXDFLyQ� FDWDOtWLFD� GH� ODV� GRV� VHULHV� GH� DGLWLYRV� SURSXHVWDV�� VH� HQFRQWUy�
TXH� ORV� DGLWLYRV� GH� OD� VHULH� 2+7�=Q�;��� REWHQLGRV� GH� OD� FDOFLQDFLyQ� GH� ODV�
KLGURWDOFLWDV��SUHVHQWDURQ�XQD�PD\RU�DFWLYLGDG�KDFLD�OD�GHVXOIXUDFLyQ�GHO�WLRIHQR�HQ�
FRPSDUDFLyQ� FRQ� ORV� DGLWLYRV� GH� OD� VHULH� (6�=Q�;��� (VWH� KHFKR� VH� GHELy�
SUREDEOHPHQWH� DO� RUGHQDPLHQWR� FULVWDOLQR� TXH� SUHVHQWDQ� ORV� DGLWLYRV� GH� OD� VHULH�
2+7�=Q�;���(O�DGLWLYR�TXH�SUHVHQWy� OD�PD\RU�FRQYHUVLyQ�GHO� WLRIHQR�IXH�HO�DGLWLYR�
2+7�=Q�����
�
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$GLFLRQDOPHQWH� VH� REVHUYy� TXH� ORV� DGLWLYRV� TXH� FRQWHQtDQ� ]LQF� SUHVHQWDURQ� XQD�
GHVDFWLYDFLyQ� FRQVWDQWH� D� OR� ODUJR� GH� ODV� ��� KRUDV� TXH� GXUy� OD� UHDFFLyQ∗�� 'H�
DFXHUGR�FRQ�HO�DQiOLVLV�WHUPRJUDYLPpWULFR�VH�GHWHUPLQy�TXH�OD�GHVDFWLYDFLyQ�HQ�ORV�
DGLWLYRV�DQDOL]DGRV�GH� OD�VHULH�(6�=Q�;�� IXH�GHELGD�D� OD�GHSRVLFLyQ�GH�FRTXH��VLQ�
HPEDUJR��ORV�DGLWLYRV�GH�OD�VHULH�2+7�=Q�;��TXH�IXHURQ�DQDOL]DGRV�QR�SUHVHQWDURQ�
FRTXH�� /D� GHVDFWLYDFLyQ� HQ� HVWRV� ~OWLPRV� VH� GHELy� D� OD� SUHVHQFLD� GH� VXOIXURV� GH�
]LQF�� FRPR� IXH� SUREDGR� FRQ� OD� 'LIUDFFLyQ� GH� 5D\RV� ;�� &RQ� HVWRV� UHVXOWDGRV� VH�
UHVROYLy�OD�GXGD�DFHUFD�GHO�WLSR�GH�UHDFFLyQ�TXH�VH�HVWDED�HIHFWXDQGR��HQWRQFHV�VH�
GHVFDUWDURQ� OD� UHDFFLyQ� GH� KLGURGHVXOIXUDFLyQ� \� OD� UHDFFLyQ� GH� IRUPDFLyQ� GH�
VXOIXURV��/DV�UD]RQHV�IXHURQ�TXH�QR�HV�XQD�UHDFFLyQ�GH�KLGURGHVXOIXUDFLyQ��SXHVWR�
TXH� ORV� VXOIXURV� GH� ]LQF� IRUPDGRV� QR� VRQ� DFWLYRV� FRPR� OR� VHUtDQ� HQ� OD� +'6��
7DPSRFR� HV� XQD� UHDFFLyQ� GH� IRUPDFLyQ� GH� VXOIXURV�� SXHV� VH� GHPRVWUy� TXH� OD�
UHODFLyQ�HQWUH�ODV�PROHV�GH�WLRIHQR�FRQYHUWLGDV�SRU�PRO�GH�]LQF�IXH�PXFKR�PD\RU�D�
XQR��/R�DQWHULRU�LQGLFy�TXH�OD�UHDFFLyQ�TXH�HVWDED�RFXUULHQGR�HUD�XQD�UHDFFLyQ�GH�
GHVXOIXUDFLyQ��VLQ�HPEDUJR��HUD�LPSRUWDQWH�VDEHU�VL�HO�DGLWLYR�2+7�=Q�����TXH�IXH�
HO� PiV� DFWLYR�� SRGtD� UHFXSHUDU� VX� DFWLYLGDG� GHVSXpV� GH� KDEHUOD� SHUGLGR� SRU� OD�
IRUPDFLyQ� GH� VXOIXURV� GH� ]LQF�� 3DUD� HOOR� VH� UHDOL]DURQ� GRV� FLFORV� GH� UHDFFLyQ�
R[LGDFLyQ�� VXV� UHVXOWDGRV� SHUPLWLHURQ� GHWHUPLQDU� TXH� OD� DFWLYLGDG� GHO� DGLWLYR� VH�
SXHGH� UHFXSHUDU� HQWUH� XQ� ��� \� ��� ��� SRU� OR� WDQWR�� HV� IDFWLEOH� HPSOHDU� HVWH�
PDWHULDO�FRPR�DGLWLYR�SDUD�OD�UHGXFFLyQ�GH�D]XIUH�HQ�OD�JDVROLQD�GH�)&&��
�
3DUD� GHWHUPLQDU� HO� WLSR� GH� UHDFFLyQ� \� HVWDEOHFHU� FXiO� HV� VX� PHFDQLVPR�� VH�
UHTXLHUHQ� FRQRFHU� ORV� SURGXFWRV� REWHQLGRV� HQ� OD� UHDFFLyQ� \� HO� SRVLEOH� VLWLR� &86�
GRQGH�HVWD�HVWi�RFXUULHQGR��'H� ODV�GRV�VHULHV�GH�DGLWLYRV�VH�HOLJLy�HO�DGLWLYR�PiV�
DFWLYR� SDUD� SRGHU� HVWDEOHFHU�� HO� WLSR�GH� UHDFFLyQ� \� HO� SRVLEOH�PHFDQLVPR�TXH� VH�
HVWi�HIHFWXDQGR��HO�DGLWLYR�HPSOHDGR�IXH�HO�DGLWLYR�2+7�=Q�����
�
                                                 
∗

 Es importante mencionar que en el reactor de la unidad de FCC, la alimentación y el catalizador 

de craqueo están en contacto únicamente de 5 a 10 segundos, tiempo en el cual ocurre la 

reacción. 
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(Q� HO� SURFHVR� GH� )&&�� HO� DGLWLYR� VH� HQFXHQWUD� PH]FODGR� FRQ� HO� FDWDOL]DGRU� GH�
HTXLOLEULR��SRU�HOOR�IXH�QHFHVDULR�FRQRFHU�ORV�SURGXFWRV�GH�UHDFFLyQ�REWHQLGRV�GH�OD�
UHDFFLRQHV�FDWDOL]DGDV�FRQ�HO�$GLWLYR�2+7�=Q�����HO�FDWDOL]DGRU�GH�HTXLOLEULR��&(��\�
GH�OD�PH]FOD�&(�2+7�=Q�����
�
Aditivo OHT(Zn:6).�'HQWUR�GH� ORV�SURGXFWRV�GH�UHDFFLyQ� LGHQWLILFDGRV�VH�HQFRQWUy�
OD� SUHVHQFLD� GH� ����EXWDGLHQR�� FRPSXHVWR� LQVDWXUDGR� TXH� LQGLFD� XQD� SRVLEOH�
UHDFFLyQ� GH� FUDTXHR�� VLQ� HPEDUJR�� HQ� HO� UHVWR� GH� ORV� SURGXFWRV� VH� REVHUYDQ�
DOTXHQRV� FRQ� XQ� PHQRU� Q~PHUR� GH� LQVDWXUDFLRQHV�� OR� TXH� LQGLFD� TXH� KD\� XQD�
OLPLWDGD�KLGURJHQDFLyQ�\�SRU�OR�WDQWR�FLHUWD�WUDQVIHUHQFLD�GH�KLGUyJHQR��
�
Catalizador de equilibrio (CE).� /RV� SURGXFWRV� REWHQLGRV� IXHURQ� FRPSXHVWRV�
FDUDFWHUtVWLFRV�GH�OD�UHDFFLyQ�GH�FUDTXHR�GHO�WLRIHQR��HQWUH�HOORV�DOTXHQRV�\�DOTXLO�
WLRIHQRV��
�
Mezcla CE-OHT(Zn:6).� 6XV� SURGXFWRV� LQFOX\HQ� DOTXHQRV� \� DOTXLO�WLRIHQRV�� VLQ�
HPEDUJR�QR� VH�REVHUYy� OD�SUHVHQFLD�GH�����EXWDGLHQR�� /D� FRQYHUVLyQ�GHO� WLRIHQR�
DOFDQ]DGD� FRQ� pVWH� VLVWHPD� IXH� PX\� VLPLODU� D� OD� REWHQLGD� ~QLFDPHQWH� SRU� HO�
DGLWLYR�� VLQ� HPEDUJR� OD� FDQWLGDG�GH� DGLWLYR� HPSOHDGD� HQ� OD�PH]FOD� IXH� ��� YHFHV�
PHQRU�TXH�OD�TXH�VH�XWLOL]y�HQ�OD�HYDOXDFLyQ�GHO�DGLWLYR�VLQ�FDWDOL]DGRU�GH�HTXLOLEULR��
�
&XDQGR�HO�DGLWLYR�2+7�=Q����\�HO�&(�VH�HQFXHQWUDQ�SDUWLFLSDQGR�HQ�OD�UHDFFLyQ��ORV�
SURGXFWRV� REWHQLGRV� HVWiQ� UHODWLYDPHQWH� KLGURJHQDGRV� \� QR� VH� REVHUYD� OD�
SUHVHQFLD�GH�����EXWDGLHQR��FRPSXHVWR�TXH�VH�REVHUYD�FXDQGR�OD�UHDFFLyQ�RFXUUH�
~QLFDPHQWH� HQ� OD� SUHVHQFLD� GHO� DGLWLYR�� (VWR� SXHGH� VXJHULU� TXH� FXDQGR� VH�
HQFXHQWUDQ�DPERV�SDUWLFLSDQGR�HQ� OD� UHDFFLyQ��FDWDOL]DGRU�GH�HTXLOLEULR�\�DGLWLYR��
pVWH� ~OWLPR� HVWi� GHVXOIXUDQGR� \� SRVLEOHPHQWH� FUDTXHDQGR� �H� KLGURJHQDQGR� XQ�
SRFR���SHUR�HO�FDWDOL]DGRU�GH�HTXLOLEULR�WDPELpQ�SXHGH�HVWDU�FXPSOLHQGR�OD�IXQFLyQ�
GH� KLGURJHQDU� ORV� SURGXFWRV� TXH� QR� IXHURQ� KLGURJHQDGRV� SRU� HO� DGLWLYR�� OR� FXDO�
H[SOLFDUtD�OD�DXVHQFLD�GHO�����EXWDGLHQR�HQ�OD�UHDFFLyQ�HIHFWXDGD�SRU�HO�VLVWHPD�&(�
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2+7�=Q����� <�2� DEUH� OD� SRVLELOLGDG� GH� TXH� HQ� HVWH� VLVWHPD� HO� FDWDOL]DGRU� GH�
HTXLOLEULR�WUDQVILHUD�KLGUyJHQR��
�
'H� DFXHUGR� FRQ� :RUPVEHFKHU� HW� DO�� >�����@� \� 6KDQ� HW� DO�� >��@�� HO� DGLWLYR�
SURSRUFLRQD� ORV� VLWLRV� SDUD� OD� DGVRUFLyQ� VHOHFWLYD� GH� ORV� VXOIXURV�� \� OD� ]HROLWD�
�FDWDOL]DGRU� GH� HTXLOLEULR�� SURSRUFLRQD� ORV� VLWLRV� GH� FUDTXHR� GH� ORV� VXOIXURV�� 6LQ�
HPEDUJR�� DO� SDUHFHU� \� FRPR� VH� REVHUYD� HQ� ORV� UHVXOWDGRV� REWHQLGRV� GH� OD�
HYDOXDFLyQ�FDWDOtWLFD��HO�DGLWLYR�2+7�=Q����SRU�VL�PLVPR��SXHGH�SURSRUFLRQDU�VLWLRV�
TXH�SHUPLWHQ�OD�WUDQVIHUHQFLD�GH�KLGUyJHQR�\�HQ�FRQVHFXHQFLD�OD�GHVXOIXUDFLyQ�GHO�
WLRIHQR��3RU�RWUR�ODGR��VDEHPRV�TXH�HO�FUDTXHR�HV�XQD�UHDFFLyQ�HQGRWpUPLFD�\�TXH�
VX�HTXLOLEULR� VH� IDYRUHFH�D�HOHYDGDV� WHPSHUDWXUDV��SRU� OR� WDQWR�HV�SRVLEOH�TXH�HO�
FUDTXHR� TXH� VH� REVHUYD� HQ� SUHVHQFLD� GHO� DGLWLYR� VH� YHD� IDYRUHFLGR� SRU� OD�
WHPSHUDWXUD�\�TXH�SDUWH�GH�OD�KLGURJHQDFLyQ�REVHUYDGD�HQ�ORV�SURGXFWRV�REWHQLGRV�
OD�OOHYH�DFDER�HO�PLVPR�DGLWLYR��
�
(V�SRVLEOH�TXH�HO�KLGUyJHQR�GLVSRQLEOH�SDUD�OD�WUDQVIHUHQFLD�GH�KLGUyJHQR��\�SRU�OR�
WDQWR�SDUD�OD�GHVXOIXUDFLyQ��SURYHQJD�GH�ORV�2+�V�GHO�PLVPR�DGLWLYR��ILJXUD��������
SXHV� VL� HO� KLGUyJHQR� SURYLQLHUD� GH� ORV� KLGURFDUEXURV� FUDTXHDGRV�� VH� REVHUYDUtD�
GHSRVLFLyQ� GH� FRTXH� HQ� HO� DGLWLYR� \� QR� RFXUUH� GH� HVWD� IRUPD�� (O� DQiOLVLV�
WHUPRJUDYLPpWULFR� UHDOL]DGR� DO� DGLWLYR�2+7�=Q���� QR�PRVWUy�SUHVHQFLD� GH� FRTXH��
+DVWD�HO�PRPHQWR�QR�VH�SXHGH�GHFLU�SRUTXH�UD]yQ�HO�DGLWLYR�QR�SUHVHQWy�FRTXH��D�
SHVDU�GH�TXH�KD\�HYLGHQFLD�GH�OD�WUDQVIHUHQFLD�GH�KLGUyJHQR��DGHPiV�QR�VH�VDEH�
WDPSRFR�FXiO�HV�HO�VLWLR�TXH�SURSRUFLRQD�KDVWD�FLHUWR�SXQWR�OD�KLGURJHQDFLyQ��SXHV�
OD�PD\RU� SDUWH� GH� VXV� SURGXFWRV� VH� HQFXHQWUDQ� UHODWLYDPHQWH� KLGURJHQDGRV�� 6LQ�
HPEDUJR��DO�DFWXDU�HQ�FRQMXQWR�HO�DGLWLYR�2+7�=Q����\�HO�FDWDOL]DGRU�GH�HTXLOLEULR��
HO�VLWLR�GH�KLGURJHQDFLyQ�SURSRUFLRQDGR�SRU�HO�DGLWLYR�\D�QR�HV�WDQ�QHFHVDULR��SXHV�
HO�FDWDOL]DGRU�GH�HTXLOLEULR�VH�HQFDUJD�GH�KLGURJHQDU�HVRV�SURGXFWRV�LQVDWXUDGRV��
�
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/RV� UHVXOWDGRV� OOHYDURQ�D�GHWHUPLQDU�TXH� OD� UHDFFLyQ�GH�GHVXOIXUDFLyQ�GHO� WLRIHQR�
HQ� SUHVHQFLD� GH� OD�PH]FOD� &(�2+7�=Q���� HV� XQD� UHDFFLyQ� TXH� GH� DFXHUGR� D� ODV�
HYLGHQFLDV�LQYROXFUD�OD�GHVXOIXUDFLyQ��HO�FUDTXHR�\�OD�WUDQVIHUHQFLD�GH�KLGUyJHQR��
�
(V� LPSRUWDQWH�PHQFLRQDU�TXH�HO�DGLWLYR�2+7�=Q����SURSRUFLRQy�XQD�FRQYHUVLyQ�\�
SRU� OR�WDQWR�XQD�GHVXOIXUDFLyQ�EDVWDQWH�EXHQD�GHO�WLRIHQR��KHFKR�TXH�RULJLQy�TXH�
OD� PH]FOD� FDWDOL]DGRU� GH� HTXLOLEULR�DGLWLYR� SURSRUFLRQDUD�� D� QXHVWUR� SDUHFHU�� XQD�
PX\� EXHQD� GHVXOIXUDFLyQ�� 'HVDIRUWXQDGDPHQWH� QR� VH� SXHGHQ� FRPSDUDU� ORV�
UHVXOWDGRV� REWHQLGRV� FRQ� ORV� UHSRUWDGRV� SRU� RWURV� LQYHVWLJDGRUHV�� SXHV� HOORV�
WUDEDMDQ�FRQ�FDUJDV�GH�DOLPHQWDFLyQ�UHDOHV�\� ODV�FRQYHUVLRQHV�y�HO�SRUFHQWDMH�GH�
UHGXFFLyQ� GH� D]XIUH� TXH� UHSRUWDQ� HVWi� UHIHULGR� DO� D]XIUH� WRWDO� DOLPHQWDGR� \� QR�
H[FOXVLYDPHQWH�DO�WLRIHQR��
�
1R� HV� XQR� GH� ORV� REMHWLYR� GHO� SUHVHQWH� WUDEDMR� UHDOL]DU� XQD� SURSXHVWD� GHO�
PHFDQLVPR� GH� UHDFFLyQ�� VLQ� HPEDUJR�� FRQ� OD� LQIRUPDFLyQ� TXH� VH� WLHQH� KDVWD� HO�
PRPHQWR� VH� UHDOL]DUi� D� IRUPD� GH� HMHUFLFLR� HO� SODQWHDPLHQWR� GHO� PHFDQLVPR� GH�
UHDFFLyQ��$GLFLRQDOPHQWH��VH�WLHQH�TXH�WRPDU�HQ�FXHQWD�TXH�OD�UHDFFLyQ�VH�YXHOYH�
PiV� FRPSOHMD� FXDQGR� VH� PH]FODQ� HO� DGLWLYR� \� HO� FDWDOL]DGRU� GH� HTXLOLEULR�� SXHV�
FRPR�VH�KD�PHQFLRQDGR�DQWHULRUPHQWH�HV�SRVLEOH�TXH�FDGD�XQR�GH�HOORV�DFW~H�SRU�
VX� FXHQWD�� 3RU� OR� WDQWR� HO�PHFDQLVPR� VH� SODQWHDUi� EDViQGRVH� ~QLFDPHQWH� HQ� HO�
DGLWLYR�2+7�=Q�����
�
'H� DFXHUGR� FRQ� ODV� ILJXUDV� ���� \� ����� VH� REVHUYD� TXH� ORV� DGLWLYRV� (6�=Q���� \�
2+7�=Q����D�SHVDU�GH�QR�FRQWHQHU�]LQF�SUHVHQWDURQ�XQD�PtQLPD�FRQYHUVLyQ��OR�TXH�
SUXHED� TXH� ORV� VLWLRV� FRRUGLQDWLYDPHQWH� LQVDWXUDGRV� GHO� DOXPLQLR� WLHQHQ� FLHUWD�
DFWLYLGDG� GHVXOIXUDGRUD�� 3RU� OR� WDQWR�� FDEH� OD� SRVLELOLGDG� GH� TXH� HQ� HO� DGLWLYR�
2+7�=Q����� ORV�VLWLRV�&86�GHO�]LQF�\� ORV�GHO�DOXPLQLR�SDUWLFLSHQ�HQ� OD�UHDFFLyQ�GH�
GHVXOIXUDFLyQ�GHO� WLRIHQR��3DUD�H[SOLFDU�HVWR�H[LVWHQ� WUHV�SRVLELOLGDGHV�� OD�SULPHUD�
HV� TXH� HO� ]LQF� FDPELD� ODV� SURSLHGDGHV� iFLGDV� GHO� DOXPLQLR�� OD� VHJXQGD� LPSOLFD�
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FLHUWD�GHVXOIXUDFLyQ�VREUH�HO�]LQF��\�OD�WHUFHUD��OD�IRUPDFLyQ�GH�ORV�VXOIXURV�GH�]LQF�
GHELGR�D�OD�SUHVHQFLD�GHO�iFLGR�VXOIKtGULFR�OLEHUDGR�HQ�OD�UHDFFLyQ��
�
/D� SULPHUD� SRVLELOLGDG� LQYROXFUD� HO� KHFKR� GH� TXH� HO� ]LQF�� DO� VHU� XQ� SRFR� PiV�
HOHFWURQHJDWLYR�TXH�HO�DOXPLQLR��OH�UHWLUD�FDUJD�HOHFWUyQLFD�D�pVWH��RFDVLRQDQGR�TXH�
ORV�VLWLRV�&86�DVRFLDGRV�DO�DOXPLQLR�VHDQ�PiV�iFLGRV�\�SRU�OR�WDQWR�PiV�DFWLYRV�HQ�
OD� UHDFFLyQ�� (VWH� HIHFWR� VH� SXHGH� YHU� HQ� OD� ILJXUD� ������ HQ� OD� FXDO� VH� SXHGH�
REVHUYDU� OD� IRUPD� HQ� TXH� VH� OOHYD� D� FDER� OD� UHDFFLyQ� VREUH� ORV� VLWLRV� &86� GHO�
DOXPLQLR��

�
Figura 3.20. Posible mecanismo de reacción. 

�
3RU� HVSHFWURVFRStD� GH� LQIUDUURMR� GHO� DGLWLYR� 2+7�=Q���� VH� GHWHFWDURQ� GRV� VLWLRV�
FRRUGLQDWLYDPHQWH�LQVDWXUDGRV�GHO�DOXPLQLR��XQ�VLWLR�WHWUDpGULFR�\�RWUR�RFWDpGULFR��
6LQ� HPEDUJR�� FRQ� OD� PROpFXOD� VRQGD� HPSOHDGD� QR� IXH� SRVLEOH� REVHUYDU� HO� VLWLR�
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iFLGR�GH�/HZLV�FRUUHVSRQGLHQWH�DO� ]LQF��SHUR� OD�'LIUDFFLyQ�GH�5D\RV�;�GHO�DGLWLYR�
GHVSXpV� GH� KDEHU� UHDFFLRQDGR�� QRV�PXHVWUD� OD� SUHVHQFLD� GH� VXOIXURV� GH� ]LQF�� OR�
TXH�VXJLHUH�TXH�GH�DFXHUGR�FRQ�OR�HVWDEOHFLGR�SRU�:RUPVEHFKHU�HW�DO��>�����@��HO�
WLRIHQR� FRPR� EDVH� GH� /HZLV� IXH� DGVRUELGR� VREUH� HO� VLWLR� iFLGR� GH� /HZLV�
SURSRUFLRQDGR�SRU�HO� ]LQF��SDUD�SRVWHULRUPHQWH� UHDFFLRQDU� \� IRUPDU�HO� VXOIXUR�GH�
]LQF�� pVWH� VLWLR� H[LVWH� D� SHVDU� GH� QR� KDEHUVH� YLVWR� VX� SUHVHQFLD� FRQ� OD�PROpFXOD�
VRQGD� HPSOHDGD�� (VWH� UHVXOWDGR� FRQGXFH� D� OD� VHJXQGD� SRVLELOLGDG�� TXH� LPSOLFD�
FRQVLGHUDU�OD�SDUWLFLSDFLyQ�GHO�]LQF�HQ�OD�UHDFFLyQ�GH�GHVXOIXUDFLyQ��YHU�ILJXUD�������
�

�
Figura 3.21. Posible mecanismo para la formación del sulfuro de zinc. 

�
'HELGR�D�TXH� OD� VXSHUILFLH�GHO� DGLWLYR�HV�KHWHURJpQHD��HV�SRVLEOH�TXH�DOJ~Q�VLWLR�
VREUH� HO� ]LQF� VHD�PiV� iFLGR� TXH� ORV� SURSRUFLRQDGRV� SRU� HO� DOXPLQLR�� SXHV� GLFKR�
VLWLR�QR�SHUPLWLy� OD� OLEHUDFLyQ�GHO� D]XIUH�� RFDVLRQDQGR� OD� IRUPDFLyQ�GH�VXOIXUR�GH�
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]LQF�� $XQTXH�� KD\� TXH� UHFRUGDU� TXH� OD� UHDFFLyQ� GH� GHVXOIXUDFLyQ� QR� IXH� XQD�
UHDFFLyQ�GH�IRUPDFLyQ�GH�VXOIXURV��HV�GHFLU��WDPELpQ�KDEtD�VLWLRV�GH�]LQF�OLEUHV�GH�
D]XIUH��
�
/D� WHUFHUD� SRVLELOLGDG� LPSOLFD� OD� IRUPDFLyQ� GHO� =Q6� SRU� OD� UHDFFLyQ� GHO� iFLGR�
VXOIKtGULFR�� OLEHUDGR� HQ� OD� UHDFFLyQ� GH� GHVXOIXUDFLyQ�� FRQ� HO� =Q2�SUHVHQWH� HQ� ORV�
DGLWLYRV��HO�FXDO�IXH�GHWHFWDGR�SRU�'5;���6H�FRQVLGHUD�TXH�HVWD�~OWLPD�SRVLELOLGDG�
HV�OD�PiV�SODXVLEOH∗��
�
1R�REVWDQWH��ORV�VLWLRV�iFLGRV�GH�/HZLV�DVRFLDGRV�DO�DOXPLQLR�MXHJDQ�XQ�SDSHO�PX\�
LPSRUWDQWH��SXHV�D�SHVDU�GH�TXH�HO�DGLWLYR�VH�LED�GHVDFWLYDQGR�FRQWLQXDPHQWH�SRU�
OD� IRUPDFLyQ� GH� ORV� VXOIXURV� GH� ]LQF�� HO� DGLWLYR� VHJXtD� GHVXOIXUDQGR� HO� WLRIHQR�
DXQTXH� FRQ� XQD� FRQYHUVLyQ�PHQRU�� 6H� FUHH� TXH� D� OR� ODUJR� GH� OD� GHVDFWLYDFLyQ��
SDUWH�GH�OD�FRQYHUVLyQ�IXH�GHELGD�D�ORV�VLWLRV�iFLGRV�GH�/HZLV�GHO�DOXPLQLR�\�OD�RWUD�
D�ORV�VLWLRV�FRRUGLQDWLYDPHQWH�LQVDWXUDGRV�GH�]LQF�OLEUHV�GH�D]XIUH��6LQ�HPEDUJR��D�
PHGLGD� TXH� VH� LEDQ� IRUPDQGR� ORV� VXOIXURV� GH� ]LQF� VH� FUHH� TXH� HVWRV� VH� LEDQ�
VHJUHJDQGR�\�HO�DOXPLQLR�UHFXSHUDED�VX�FDUJD�HOHFWUyQLFD�RULJLQDO��WUD\HQGR�FRPR�
FRQVHFXHQFLD� XQD� PHQRU� DFLGH]� HQ� HO� DOXPLQLR� \� SRU� OR� WDQWR� XQD� PHQRU�
FRQYHUVLyQ��(VWH�KHFKR�SXHGH�H[SOLFDU�SRUTXH�GHVSXpV�GH�YDULDV�KRUDV�GH�UHDFFLyQ�
����KRUDV���OD�FRQYHUVLyQ�GHO�WLRIHQR�IUHQWH�DO�DGLWLYR�VH�PDQWHQtD�FRQVWDQWH��ILJXUD�
������(V�SRVLEOH�TXH�HQ�HVWH�SXQWR��WRGR�HO�]LQF�VH�KD\D�FRQYHUWLGR�HQ�VXOIXUR�GH�
]LQF��VLQ�HPEDUJR��DO�ILQDOL]DU�OD�UHDFFLyQ�QR�VH�FXDQWLILFy�HO�FRQWHQLGR�WRWDO�GH�=Q6�
HQ�HO�DGLWLYR��
�
(O�PHFDQLVPR�GH�UHDFFLyQ�SURSXHVWR�HV�VyOR�XQ�HMHUFLFLR�\�TXHGD�FRPR�WUDEDMR�GH�
XQD�LQYHVWLJDFLyQ�SRVWHULRU�D�HVWD��HO�PHMRUDUOR�FRQ�EDVH�HQ�HVWXGLRV�TXH�DSRUWHQ�
ORV�IXQGDPHQWRV�VXILFLHQWHV�SDUD�SODQWHDUOR��3RU�OR�WDQWR��HV�UHFRPHQGDEOH�UHDOL]DU�
XQ� HVWXGLR�PiV� SURIXQGR� DFHUFD� GHO� FRPSRUWDPLHQWR� GHO� DOXPLQLR� HQ� HO� VLVWHPD�
=Q�$O�SDUD�SRGHU�HQWHQGHU�PHMRU�VX�HIHFWR�HQ�OD�GHVXOIXUDFLyQ�GHO�WLRIHQR��
                                                 
∗

 Esta posibilidad fue propuesta durante la revisión de la tesis con el Dr. Gustavo Fuentes Zurita. 
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3.4 REFERENCIAS. 

��� -�� 6FKHU]HU�� 2FWDQH�(QKDQFLQJ� =HROLWLF� )&&� &DWDO\VWV�� 6FLHQWLILF� DQG� 7HFKQLFDO�
$VSHFWV��(GLW��0DUFHO�'HNNHU�,QF���1HZ�<RUN�86$��������S�����

��� -��7��.ORSURJJH��5��/��)URVW��3K\V��&KHP��&KHP��3K\V������������������
��� 7�� 6DWR�� 7�� :DNDED\DVKL�� 0�� 6KLPDGD�� ,QG�� (QJ�� &KHP�� 3URG�� 5HV�� 'HY�� ���� ��

�����������
��� 7��/ySH]��(��5DPRV��3��%RVFK��0��$VRPR]D��5��*yPH]��0DWHULDOV�OHWWHUV������������

�����
��� $��%pUHV��,��3iOLQNy��,��NLULFVL��-��%��1DJ\��<��.L\R]XPL��)��0L]XNDPL��$SSO��&DWDO��$��

*HQHUDO������������������
��� $��+��3DGPDVUL��$��9HQXJRSDO��9��'XUJD�.XPDUL��.�6��5DPD�5DR��3��.DQWD�5DR��-��

0ROHF��&DWDO��$��&KHPLFDO������������������
��� -�,��'L�&RVLPR��9�.��'tH]��0��;X��(��,JOHVLD��&�5��$SHVWHJXtD��-��&DWDO�������������

�����
��� -��D��:DQJ��&��O��/L��$SSO��6XUIDFH�6FLHQFH������������������
��� ,�� &UHVSR�� &�� %DUULJD�� 9�� 5LYHV��0�$��8OLEDUUL�� 6ROLG� 6WDWH� ,RQLFV�� �������� �������

�����
����$��&RUPD��$�(��3DORPDUHV��)��5H\��$SSO��&DWDO��%��(QYLURPHQWDO���������������
����-��6KHQ��0��7X��&��+X��-��6ROLG�6WDWH�&KHP�������������������
����$�� $�� 9DUJDV�� 7HVLV�� 6tQWHVLV� \� HYDOXDFLyQ� GH� ODV� KLGURWDOFLWDV� WHUQDULDV�0J�=Q�$O�

FRPR�SUHFXUVRUHV�GH�DGLWLYRV�SDUD�OD�UHGXFFLyQ�GH�ODV�HPLVLRQHV�62[�HQ�HO�SURFHVR�
GH�)&&��������

����+�+��6KDQ��&�<�� /L��&�+��<DQJ��+��=KDR��%�<��=KDR�� -�)��=KDQJ��&DWDO��7RGD\�����
����������������

����3�2�)��$QGHUVVRQ��0��3LUMDPDOL��6�*��-lUnV��0��%RXWRQQHW�.L]OLQJ��&DWDO��7RGD\�����
������������

����7�� 0\UVWDG�� +�� (QJDQ�� %�� 6HOMHVWRNNHQ�� (�� 5\WWHU�� $SSO�� &DWDO�� $�� *HQHUDO� ����
����������������

����$��&RUPD��&��0DUWtQH]��*��.HWOH\��*��%ODLU��$SSO��&DWDO��$��*HQHUDO������������������
����)��&DYDQL��)��7ULILUy��$��9DFFDUL��&DWDO\VLV�7RGD\�����������������
����7��6DWR��7��:DNDED\DVKL��0��6KLPDGD��,QG��(QJ��&KHP��3URG��5HV��'HY��������������

�������
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����7��/ySH]��(��5DPRV��3��%RVFK��0��$VRPR]D��5��*yPH]��0DWHULDOV�OHWWHUV������������
���������

����-�7��.ORSURJJH��5�/��)URVW��3K\V��&KHP��&KHP��3K\V�����������������������
����5�)��:RUPVEHFKHU�DQG�*��.LP��8�6��3DWHQW�������������������
����5�)��:RUPVEHFKHU�DQG�*��.LP��8�6��3DWHQW�������������������
����)��+HUQiQGH]�%HOWUiQ�� -��&��0RUHQR�0D\RUJD��5��4XLQWDQD�6ROyU]DQR�� -��6iQFKH]�

9DOHQWH�� )�� 3HGUD]D�$UFKLOD�� 0�� SpUH]�/XQD�� $SSO�� &DWDO� %�� (QYLURQPHQWDO�� ���
����������������

����)�� +HUQiQGH]�%HOWUiQ�� 5�� 4XLQWDQD�6ROyU]DQR�� -�� 6iQFKH]�9DOHQWH�� )�� 3HGUD]D�
$UFKLOD��)��)LJXHUDV��$SSO��&DWDO��%��(QYLURQPHQWDO���������������������

����;��6DLQWLJQ\��5�$��YDQ�6DQWHQ��6��&OpPHQGRW��)�+XWVFKND��-��&DWDO������������������
����5�5��*DWWH��5�+��+DUGLQJ��7�*��$OEUR��'�6��&KLQ��5�)��:RUPVEHFKHU��$&6�3UHSULQWV�

6\PSRVLD�������������������
����&��0RUWHUUD��*��0DJQDFFD��&DWDO��7RGD\����������������
����0�� /�� +DLU�� ,QIUDUUHG� VSHFWURVFRS\� LQ� 6XUIDFH� &KHPLVWU\�� �D� HGLF��� (GLW�� 0DUFHO�

'HNNHU��LQF���1HZ�<RUN�������������
����*��%XVFD��3K\V��&KHP��&KHP��3K\V�����������������
����(��'XPLWULX��9��+XOHD��&��&KHODUX��&��&DWULQHVFX��'��7LFKLW��5��'XUDQG��$SSO��&DWDO�

$��*HQHUDO�����������������
����6�� &DVHQDYH�� +� 0DUWLQH]�� &�� *XLPRQ�� $�� $XURX[�� 9�� +XOHD�� $�� &RUGRQHDQX�� (��

'XPLWULX��7KHUPRFKLPLFD�$FWD����������������
����)��3ULQHWWR��0��0DQ]ROL��*��*KLRWWL��0��GH�-��0DUWLQH]�2UWL]��'��7LFKLW��%��&RT��-RXUQDO�

RI�&DWDO\VLV���������������±����
����0��7XUFR��*��%DJQDVFR��8��&RVWDQWLQR��)��0DUPRWWLQL��7��0RQWDQDUL��*��5DPLV��*��

%XVFD��-��&DWDO����������������
����;�� <H�� 1�� 0DF�� :�� +XD�� <�� <XH�� &K�� 0LDR�� =�� ;LH�� =�� *DR� -� RI� 0ROHF� &DWDO� $��

&KHPLFDO�����������������
����3��.X�WURZVNL��/��&KPLHODU]��(��%R*HN��0��6DZDOKD��)��5RHVVQHU��0DWHULDOV�5HVHDUFK�

%XOOHWLQ����������������
����-��(��+XKHH\��(��$��.HLWHU��5��/��.HLWHU��,QRUJDQLF�&KHPLVWU\���WD��(GLFLyQ��+DUSHU�

&ROOLQV��1XHYD�<RUN��������
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CONCLUSIONES 

�
&RQ� ORV� PpWRGRV� GH� VtQWHVLV� HPSOHDGRV� IXH� SRVLEOH� REWHQHU� HVSLQHODV� H�
KLGURWDOFLWDV�WHUQDULDV�0J�=Q�$O��
�

• 'H�ODV�GRV�VHULHV�GH�DGLWLYRV�VLQWHWL]DGDV��OD�VHULH�2+7�=Q�;��GLR�ORV�PHMRUHV�
UHVXOWDGRV�GH�FRQYHUVLyQ��HQ�HVWD�VHULH�VH�HQFRQWUy�HO�DGLWLYR�2+7�=Q����TXLHQ�
UHVXOWy�VHU�HO�PiV�DFWLYR�GH�DPEDV�VHULHV��

�
• /D�SUHVHQFLD� GHO� DGLWLYR�PiV� DFWLYR� LQFUHPHQWy� HQ�XQ������ OD� FRQYHUVLyQ�
TXH�SUHVHQWy�~QLFDPHQWH�HO�FDWDOL]DGRU�GH�HTXLOLEULR��

�
• /D�GHVXOIXUDFLyQ�UHDOL]DGD�SRU�HO�DGLWLYR�2+7�=Q����VH�HVWi�OOHYDQGR�D�FDER�
SRU�WUDQVIHUHQFLD�GH�KLGUyJHQR��DGHPiV�GH�TXH�VH�SUHVHQWD�FUDTXHR��

�
• (O�DGLWLYR�2+7�=Q����SXHGH�GHVXOIXUDU�DO�WLRIHQR�SRU�Vt�PLVPR��\�QR�VyOR�HV�
HO� PDWHULDO� TXH� DGVRUEH� OD� PROpFXOD� GH� WLRIHQR�� SDUD� TXH� GHVSXpV� VHD�
FUDTXHDGD�SRU�HO�FDWDOL]DGRU�GH�FUDTXHR��

�
• 3RU� HVSHFWURVFRSLD� ,5� VH� REVHUYDURQ� VLWLRV� iFLGRV� GH� /HZLV� DVRFLDGRV� DO�
DOXPLQLR�HQ�VX�IRUPD�R[LGDGD�HPSOHDQGR�&2��FRPR�PROpFXOD�VRQGD��QR�VLHQGR�
DVt�HQ�HO�FDVR�GHO�]LQF��SRU�OR�TXH�VH�FRQVLGHUD�TXH�ORV�VLWLRV�&86�DVRFLDGRV�DO�
]LQF� VRQ� PX\� GpELOHV�� 6LQ� HPEDUJR�� *�� %XVFD� KD� REVHUYDGR� VLWLRV� iFLGRV� GH�
/HZLV�DVRFLDGRV�DO�]LQF�FRQ�VRQGDV�PiV�IXHUWHV��HQWUH�HOODV�DPRQLDFR�\�SLULGLQD��

�
• /D�SUHVHQFLD� GHO� ]LQF� HQ� ORV� DGLWLYRV� LQFUHPHQWy� OD� FRQYHUVLyQ�GHO� WLRIHQR��
VLQ�HPEDUJR��DO�QR�HQFRQWUDUVH�VLWLRV�iFLGRV�GH�/HZLV�IXHUWHV�DVRFLDGRV�DO�]LQF��
VH�SLHQVD�TXH�HO�HIHFWR�TXH�FDXVD�HVWH�HV�TXH�DO�LQWHUDFFLRQDU�FRQ�HO�DOXPLQLR�
HQ� OD�PLVPD�UHG�FULVWDOLQD��HO�]LQF� OH�UHWLUH�FDUJD�HOHFWUyQLFD�D�HVWH�RULJLQDQGR�
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TXH� ORV� VLWLRV� &86� GHO� DOXPLQLR� VHDQ�PiV� iFLGRV� \� SRU� OR� WDQWR�PiV� DFWLYRV��
WUD\HQGR�FRPR�FRQVHFXHQFLD�XQ�DXPHQWR�HQ�OD�FRQYHUVLyQ�GHO�WLRIHQR��

�
• 6RPHWLHQGR� HO� DGLWLYR� 2+7�=Q���� D� ODV� FRQGLFLRQHV� VLPXODGDV� GHO�
UHJHQHUDGRU�GH�OD�XQLGDG�GH�)&&�IXH�SRVLEOH�UHFXSHUDU�VX�DFWLYLGDG�HQWUH�XQ����
\� ������ HVWH� KHFKR� KDFH� IDFWLEOH� VX� XVR� FRPR� DGLWLYR� SDUD� OD� UHGXFFLyQ� GH�
D]XIUH�HQ�OD�JDVROLQD�GH�)&&��

�
�
Recomendaciones: 

(V� EDVWDQWH� DWUDFWLYD� OD� FRQYHUVLyQ� TXH� SUHVHQWy� HO� WLRIHQR� DO� UHDFFLRQDU� FRQ� HO�
DGLWLYR�2+7�=Q�����FX\RV�y[LGRV�SURYLHQHQ�GH� OD�KLGURWDOFLWD�=Q�$O��SRU� OR�TXH�HV�
WUDVFHQGHQWDO�VHJXLU� LQYHVWLJDQGR�HO�FRPSRUWDPLHQWR�GHO�DGLWLYR�HQ�pVWD�UHDFFLyQ��
DXQTXH� WDO� YH]� DKRUD� FRQ� PROpFXODV� PiV� FRPSOHMDV�� 2WUR� SXQWR� LPSRUWDQWH� HV�
LQYHVWLJDU� HO� FRPSRUWDPLHQWR� TXH� WHQGUtD� HO� DGLWLYR� 2+7�=Q���� IUHQWH� D� XQD�
FRUULHQWH� GH� DOLPHQWDFLyQ� UHDO�� D� ILQ� GH� GHWHUPLQDU� OD� VHOHFWLYLGDG�TXH� WHQGUtD� HO�
DGLWLYR�D�ORV�FRPSXHVWRV�GH�D]XIUH��HQ�HVSHFLDO�D�ORV�FRPSXHVWRV�FRPR�HO�WLRIHQR��
ORV� DOTXLO� WLRIHQRV�� EHQ]RWLRIHQRV�\�DOTXLO� EHQ]RWLRIHQRV��SXHV�GLFKRV� FRPSXHVWRV�
VRQ� ORV�PiV�GLItFLOHV�GH�HOLPLQDU�GH� OD�JDVROLQD��(O� UHDOL]DU�XQ�HVWXGLR�GH� ,5�PiV�
FRPSOHWR�� HO� FXDO� LQYROXFUH� OD� DGVRUFLyQ� GH� WLRIHQR� y� DOTXLO� WLRIHQRV�� DSRUWDUtD�
LQIRUPDFLyQ�PX\�YDOLRVD�SDUD�SRGHU�HVWDEOHFHU�XQ�PHMRU�PHFDQLVPR�GH�UHDFFLyQ��
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APENDICE A 

�
CROMATOGRAMAS Y REPORTES DE 
IDENTIFICACIÓN DE COMPUESTOS. 

�
(Q�HVWD�VHFFLyQ�VH�PXHVWUDQ�ORV�FURPDWRJUDPDV�\�ORV�UHSRUWHV�GH�LGHQWLILFDFLyQ�GH�
FRPSXHVWRV�SDUD�ODV�UHDFFLRQHV�TXH�VH�SUHVHQWDQ�D�FRQWLQXDFLyQ��
�
5HDFFLyQ�GHO�WLRIHQR�VLQ�FDWDOL]DGRU��
�
8QD� LQFyJQLWD� TXH� KDEtD� HUD� VDEHU� FXiO� HUD� OD� FDQWLGDG� GH� WLRIHQR� TXH� VH�
FUDTXHDED� y� GHVLQWHJUDU� SRU� HO� HIHFWR� GH� OD� WHPSHUDWXUD�� SRU� HOOR� VH� UHDOL]y� OD�
UHDFFLyQ� KDFLHQGR� SDVDU� OD� FRUULHQWH� GH� KLGUyJHQR� VDWXUDGR� FRQ� WLRIHQR� SRU� HO�
UHDFWRU� VLQ� FDWDOL]DGRU�� D� XQD� WHPSHUDWXUD� GH� ���� �&�� /RV� UHVXOWDGRV� TXH� VH�
PXHVWUDQ� D� FRQWLQXDFLyQ� VRQ� GHO� FURPDWyJUDIR� GH� JDVHV� +HZOHWW� 3DFNDUG� �����
VHULH�,,�FRQ�GHWHFWRU�),'��HVWRV�UHVXOWDGRV�LQGLFDQ�TXH�QR�KD\�FUDTXHR�WpUPLFR�GHO�
WLRIHQR��
�
Data File C:\HPCHEM\1\DATA\HYCTIO\001F0103.D  
Sample Name: TIOFENO 
Instrument 1 30/03/2005 04:05:48 p.m. PCV 
================================================== 
Injection Date  : 30/03/2005 03:42:05 p.m.       Seq. Line :   1 
Sample Name     : TIOFENO                             Location : Vial 1 
Acq. Operator   : PCV                                      Inj :   3 
Acq. Instrument : Instrument 1                        Inj Volume : External 
Sequence File   : C:\HPCHEM\1\SEQUENCE\HYCTIOF.S 
Method          : C:\HPCHEM\1\METHODS\TIOFE03.M 
Last changed    : 16/03/2005 02:50:22 p.m. by PCV 
HDS de tiofeno 
================================================== 
                         Area Percent Report                          
================================================== 
Sorted By             :      Retention Time 
Multiplier            :      1.0000 
Dilution              :      1.0000 
Use Multiplier & Dilution Factor with ISTDs 
Signal 1: FID1 B,  
Peak  RetTime   Sig   Type     Area          Height        Area   
  #        [min]                        counts*s       [counts]        % 
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------|-----------|------|--------|--------------|----------------|----------| 
  1       9.076        1     BV     1.25438e4   3721.13989   1.000e2  
Totals :                                 1.25438e4   3721.13989 
================================================== 
�

�

$GLWLYR�2+7�=Q�����
�
$�FRQWLQXDFLyQ�VH�PXHVWUDQ�ORV�FURPDWRJUDPDV�\�ORV�UHSRUWHV�GH�LGHQWLILFDFLyQ�GH�
SURGXFWRV� JHQHUDGRV� DO� UHDOL]DU� HO� DQiOLVLV� GH� ORV� SURGXFWRV� GH� OD� UHDFFLyQ� GHO�
DGLWLYR� 2+7�=Q����� SRU� HVSHFWURPHWUtD� GH� PDVDV�� (O� DQiOLVLV� VH� UHDOL]y� HQ� XQ�
HTXLSR�+3�SOXV�*,���%�TXH� FRQVWD� GH�XQ� FURPDWyJUDIR�GH�JDVHV� DFRSODGR� D�XQ�
GHWHFWRU�GH�LRQL]DFLyQ�GH�HOHFWURQHV��
�
�
�

�
�
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Summary Library Search Report 
 
Information from Data File: 
File       : C:\HPCHEM\1\JL1H0601.D 
Operator   :   
Acquired   : 30 Jun 103   5:46 pm using AcqMethod TIOFALE             
Sample Name:                                                          
Misc Info  :                                                          
Vial Number: 1 
 
Search Libraries:   C:\DATABASE\NBS75K.L             Minimum Quality:   0 
                              C:\DATABASE\GCDEVAL.L         Minimum Quality:   0  
Unknown Spectrum:   Apex minus start of peak 
Integration Params: AutoIntegrate 
 
Pk#  RT    Area%          Library/ID                           Ref#       CAS#       Qual 
 
  1   3.79   80.47    C:\DATABASE\NBS75K.L 
 
  2   4.07     2.80       C:\DATABASE\NBS75K.L 
                             1-Propene, 2-methyl-                62306    000115-11-7  87 
                             1-Butene                                    62309   000106-98-9   87 
 
  3   4.55     0.46       C:\DATABASE\NBS75K.L 
                              1,3-Butadiene                           62292    000106-99-0  87 
 
  4   4.69     0.20       C:\DATABASE\NBS75K.L 
                              1-Propene, 2-methyl-               62304    000115-11-7   78 
 
  5   4.83     0.14      C:\DATABASE\NBS75K.L 
                             1-Propene, 2-methyl-                 62304   000115-11-7    80 
                             2-Butene, (E)-                            62302   000624-64-6    59 
 
  6  13.01 15.93    C:\DATABASE\NBS75K.L 
                             Thiophene                                       539    000110-02-1  91 
 
Total Area:    99773936 
 

 

(O� SULPHU� SLFR� TXH� DSDUHFH� WDQWR� HQ� HO� FURPDWRJUDPD� FRPR� HQ� HO� UHSRUWH� GH�
LGHQWLILFDFLyQ�GH�SURGXFWRV�HV�XQD�PH]FOD�GH�JDVHV�DWPRVIpULFRV�TXH�LQFOX\HQ�1���
&2��\�+�2��(VWH�PLVPR�SLFR�VH�REVHUYD�WDPELpQ�HQ�ODV�UHDFFLRQHV�GHO�FDWDOL]DGRU�
GH�HTXLOLEULR��\�HQ�OD�PH]FOD�&(�2+7�=Q�����
�
�
�
�
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&$7$/,=$'25�'(�(48,/,%5,2��&(���
�
$�FRQWLQXDFLyQ�VH�PXHVWUDQ�ORV�FURPDWRJUDPDV�\�ORV�UHSRUWHV�GH�LGHQWLILFDFLyQ�GH�
SURGXFWRV�JHQHUDGRV�GHO�DQiOLVLV�GH�ORV�SURGXFWRV�SRU�HVSHFWURPHWUtD�GH�PDVDV��GH�
OD� UHDFFLyQ� UHDOL]DGD� FRQ� HO� FDWDOL]DGRU� GH� HTXLOLEULR�� (O� DQiOLVLV� VH� UHDOL]y� HQ� XQ�
HTXLSR�+3�SOXV�*,���%�TXH� FRQVWD� GH�XQ� FURPDWyJUDIR�GH�JDVHV� DFRSODGR� D�XQ�
GHWHFWRU�GH�LRQL]DFLyQ�GH�HOHFWURQHV��
�

�
�
�
�
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�
�
                         Summary Library Search Report 
 
Information from Data File: 
File       : C:\HPCHEM\1\ALE7MAY3.D 
Operator   :   
Acquired   :  6 May 103  11:26 pm using AcqMethod TIOFALE             
Sample Name:                                                          
Misc Info  :                                                          
Vial Number: 1 
 
Search Libraries:   C:\DATABASE\NBS75K.L             Minimum Quality:   0 
                               C:\DATABASE\GCDEVAL.L        Minimum Quality:   0 
  
Unknown Spectrum:  Apex minus start of peak 
Integration Params: AutoIntegrate  
 
 
Pk#  RT    Area%                Library/ID                                  Ref#       CAS#        Qual 
_____________________________________________________________________________ 
  1   3.37   18.79      C:\DATABASE\NBS75K.L 
 
  2   3.54     2.00       C:\DATABASE\NBS75K.L 
                                Hydrogen sulfide                                      19    007783-06-4   90 
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  3   3.64    3.96       C:\DATABASE\NBS75K.L 
                                Propene                                               62258    000115-07-1   60 
 
  4   3.95    0.14       C:\DATABASE\NBS75K.L 
                                Isobutane                                                   98    000075-28-5   83 
 
  5   4.11    1.51       C:\DATABASE\NBS75K.L 
                                1-Propene, 2-methyl-                          62306    000115-11-7   87 
                                1-Butene                                              62309    000106-98-9   87 
                                Cyclobutane                                        62310    000287-23-0   83 
  
  6   4.27    1.24       C:\DATABASE\NBS75K.L 
                                1-Butene                                              62309    000106-98-9   87 
                                1-Propene, 2-methyl-                           62306    000115-11-7   83 
                                2-Butene                                              62303    000107-01-7   76 
  
  7   4.41    0.91       C:\DATABASE\NBS75K.L 
                                Cyclobutane                                        62310    000287-23-0   90 
                                1-Butene                                              62309    000106-98-9   90 
                                1-Propene, 2-methyl-                          62306    000115-11-7   87 
  
  8   5.70    0.04       C:\DATABASE\NBS75K.L 
                                2-Pentene                                                231    000109-68-2   74 
 
  9   6.00    0.04      C:\DATABASE\NBS75K.L 
                                1-Butene, 2-methyl-                            62458    000563-46-2   83 
                                Cyclopropane, 1,1-dimethyl- cis-       62468    001630-94-0   83 
                                Cyclopropane, 1,2-dimethyl-, trans-   62459    002402-06-4   83 
  
 10  12.31    0.34     C:\DATABASE\NBS75K.L 
                                Benzene                                               62628    000071-43-2   83 
 
 11  12.79  68.27     C:\DATABASE\NBS75K.L 
                                Thiophene                                            62713    000110-02-1   91 
 
 12  26.36    0.44     C:\DATABASE\NBS75K.L 
                                Toluene                                                63030    000108-88-3   90 
 
 13  26.74    1.33     C:\DATABASE\NBS75K.L 
                                Thiophene, 3-methyl-                          63179    000616-44-4   91 
                                Thiophene, 2-methyl-                            1219    000554-14-3   91 
 
 14  28.25    1.00     C:\DATABASE\NBS75K.L 
                                Thiophene, 3-methyl-                          63179    000616-44-4   91 
                                Thiophene, 2-methyl-                              219    000554-14-3   83 
 
Total Area:    398979613 
 

�
�
�
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0(=&/$��&$7$/,=$'25�'(�(48,/,%5,2��&(��±�$',7,92�2+7�=Q�����
�
$�FRQWLQXDFLyQ�VH�PXHVWUDQ�ORV�FURPDWRJUDPDV�\�ORV�UHSRUWHV�GH�LGHQWLILFDFLyQ�GH�
SURGXFWRV�JHQHUDGRV�GHO�DQiOLVLV�GH�ORV�SURGXFWRV�SRU�HVSHFWURPHWUtD�GH�PDVDV��GH�
OD�UHDFFLyQ�UHDOL]DGD�FRQ�OD�PH]FOD�&(�2+7�=Q�����
�

�
                         Summary Library Search Report 
 
Information from Data File: 
File       : C:\HPCHEM\1\CEHT0601.D 
Operator   : Alejandra Vargas 
Acquired   : 19 May 104   6:17 pm using AcqMethod TIOFALE             
Sample Name: PRIMERA INYECCION 0 MIN                                  
Misc Info  :                                                          
Vial Number: 1 
 
Search Libraries:   C:\DATABASE\NBS75K.L             Minimum Quality:   0 
                              C:\DATABASE\GCDEVAL.L         Minimum Quality:   0 
  
Unknown Spectrum:   Apex minus start of peak 
Integration Params: AutoIntegrate 
  
  
Pk#  RT    Area%                 Library/ID                Ref#     CAS#   Qual 
_____________________________________________________________________________ 
  1   3.68    57.13      C:\DATABASE\NBS75K.L 
 
  2   4.43      0.30      C:\DATABASE\NBS75K.L 
                                 1-Propene, 2-methyl-         62306    000115-11-7   62 
                                 2-Butene                                   76    000107-01-7   50 
                                 2-Butene, (Z)-                          77    000590-18-1   43 
  



Apéndice A 

 106 

  3   4.58     0.04      C:\DATABASE\NBS75K.L 
                                Cyclobutane                       62310    000287-23-0    4 
                                2-Butene, (E)-                    62301    000624-64-6    3 
                                2-Butene, (Z)-                          77    000590-18-1    3 
  
  4   4.66     0.03      C:\DATABASE\NBS75K.L 
                                2-Butene, (E)-                     62302    000624-64-6   27 
                                2-Butene                             62303    000107-01-7   16 
                                1-Propene, 2-methyl           62306    000115-11-7    9 
  
  5  12.61    0.16      C:\DATABASE\NBS75K.L 
                                Benzene                             62626    000071-43-2   83 
 
  6  13.05   42.29     C:\DATABASE\NBS75K.L 
                                Thiophene                          62713    000110-02-1   91 
 
  7  26.99     0.05     C:\DATABASE\NBS75K.L 
                                Thiophene, 2-methyl-          1219    000554-14-3     9 
                                Thiophene, 3-methyl-        63179    000616-44-4     9 
 
Total Area:    730900497 
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3DUD�ODV�SHUVRQDV�FUH\HQWHV��'LRV�HVWD�DO�SULQFLSLR���
3DUD�ORV�FLHQWtILFRV�HVWi�HO�ILQDO�GH�WRGDV�VXV�UHIOH[LRQHV��
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