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abstract

A detailed microscopic study of sepiolite and palygorskite natural samples reveals that independently 
RI�WKH�¿EHU�OHQJWK�WKH\�DOO�DUH�FRPSRVHG�RI�RWKHU�PLQRU�ZLGWK�¿EHUV�XQWLO�WKH�PLQRU�XQLWV�RU�WKH�WUXH�FU\V-
WDOV��7KH\�DUH�SULVPDWLF�FU\VWDOV�HORQJDWHG�DORQJ�>���@�ZLWK�UKRPEXV�OLNH�PRUSKRORJ\�LQ�FURVV�VHFWLRQ��
GHVLJQDWHG�ODWKV��$OWKRXJK�WKHLU�OHQJWK�FDQ�YDU\�JUHDWO\��WKHLU�ZLGWK�LV�DOZD\V�QDQRPHWULF��a��±���QP���
The laths are grouped in a crystallographic arrangement, sharing edges or faces forming rods. Several rods, 
parallel to the c�D[LV�RI�WKH�¿EHU��IRUP�EXQGOHV��7KH�ODWKV�DUH�WKH�VPDOOHVW�VWDEOH�QXFOHDWHG�FU\VWDOV��$IWHU�
WKH�QXFOHDWLRQ��WKH�SURFHVV�RI�JURZWK�FRQWLQXHV�YLD�D�QRQFODVVLF�FU\VWDO�JURZWK�PHFKDQLVP��DJJUHJDWLRQ�
RI�WKH�QDQRODWKV���6XEVHTXHQWO\��WKH�DJJUHJDWHG�VHSLROLWH�DQG�SDO\JRUVNLWH�QDWXUDO�FU\VWDOV�FDQ�FRQWLQXH�
JURZLQJ��DORQJ�WKH�c-axis at the expense of the diffusion of molecular scale species throughout the solu-
WLRQ��7KH�PRUSKRORJ\�RI�WKH�IDFHV�LV�FRQWUROOHG�E\�WKH�KLJKO\�GLIIHUHQW�DWWDFKPHQW�HQHUJ\�RI�WKH�IDFHV�
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introduction

5HVHDUFK�H[DPLQLQJ�WKH�SURSHUWLHV�DQG�EHKDYLRUV�RI�WKH�ILEURXV�
FOD\�PLQHUDOV�VHSLROLWH�DQG�SDO\JRUVNLWH�LV�LPSRUWDQW�WR�ERWK�PD-
terials and Earth sciences. Sepiolite and palygorskite have played 
DQG�FRQWLQXH�WR�SOD\�YHU\�LPSRUWDQW�UROHV�LQ�D�KXJH�QXPEHU�RI�
industrial processes (Álvarez 1984; Jones and Galán 1991; Mur-
ray 1999; Álvarez et al. 2011). Humanity has used sepiolite and 
palygorskite since ancient times in pharmaceutical products and 
cosmetics (Cornejo 1990; Carretero 2002; López-Galindo and 
Viseras 2004; Carretero et al. 2006) due to their colloidal size and 
FU\VWDOOLQH�VWUXFWXUH��+\EULG�QDQRPDWHULDOV�EDVHG�RQ�VHSLROLWH�DQG�
SDO\JRUVNLWH�KDYH�EHHQ�NQRZQ�IRU�VHYHUDO�FHQWXULHV��VXFK�DV�0D\D�
EOXH�SLJPHQW��6iQFKH]�GHO�5tR�HW�DO������D���,Q�DGGLWLRQ�WR�WKHLU�
WUDGLWLRQDO�DSSOLFDWLRQV��QHZ�XVHV�IRU�WKHVH�PLQHUDOV�KDYH�EHHQ�
developed in recent years, such as their adaptation as vehicles for 
V\VWHPV�ZLWK�PRGLILHG�UHOHDVH�RI�DFWLYH�DJHQWV��/ySH]�*DOLQGR�
HW�DO���������%HVLGHV�WKHVH�PLQHUDOV¶�FODVVLF�XVHV�DV�DG��DQG�DE-
VRUEHQWV�� DV� UKHRORJLFDO� DGGLWLYHV� RU� LQ� ILOWUDWLRQ� DQG� VLHYLQJ�
SURFHVVHV��WKH\�DUH�ZLGHO\�XVHG�DV�QDQRILOOHUV�LQ�WKH�SUHSDUDWLRQ�
of polymer/clay nanocomposites or as nanoadditives (Billotti et 
al. 2008; Ruiz-Hitzky et al. 2011) or organomodified nanoclays 
�5XL]�+LW]N\�DQG�9DQ�0HHUEHHN��������DOO�RI�ZKLFK�KDYH�DWWUDFWHG�
FRQVLGHUDEOH�LQWHUHVW�LQ�UHFHQW�\HDUV��6HSLROLWH�DQG�SDO\JRUVNLWH�
EHKDYH�VLPLODUO\�WR�PDQ\�FOD\�PLQHUDOV�LQ�WKHLU�DELOLW\�WR�DVVHPEOH�
RUJDQLF�VSHFLHV�DQG�SURGXFH�RUJDQLF±LQRUJDQLF�K\EULG�PDWHULDOV�
�5XL]�+LW]N\�HW�DO���������2UJDQLF�VSHFLHV�FDQ�LQWHUDFW�ZLWK�VHSLR-
OLWH�PDLQO\�DW�WKH�H[WHUQDO�VXUIDFH�DQG�LQ�VRPH�FDVHV�DOVR�ZLWKLQ�WKH�
LQWHUQDO�VXUIDFH�E\�SHQHWUDWLRQ�LQWR�LWV�VWUXFWXUDO�WXQQHOV��,Q�IDFW��

sepiolite, and palygorskite act as molecular sieves that discriminate 
WKH�DGVRUSWLRQ�RI�VSHFLHV�E\�WKHLU�PROHFXODU�VL]H��%LR�QDQRK\EULG�
PDWHULDOV�DUH�DQ�HPHUJLQJ�FODVV�RI�RUJDQLF±LQRUJDQLF�K\EULGV�WKDW�
UHVXOW� IURP�WKH�DVVHPEO\�RI�PROHFXODU�RU�SRO\PHULF�VSHFLHV�RI�
ELRORJLFDO�RULJLQ�RQ�LQRUJDQLF�VXEVWUDWHV�WKURXJK�LQWHUDFWLRQV�DW�
the nanometric scale (Ruiz-Hitzky et al. 2011). In the incoming era 
of nanotechnology, sepiolite, and palygorskite are very promising 
IRU�DGYDQFHG�DSSOLFDWLRQV�DV�GLYHUVH�DV�QDQRILOOHUV�LQ�SRO\PHU±
clay nanocomposites, support of nanoparticles for sensor devices 
DQG�KLJK�SHUIRUPLQJ�FDWDO\VWV�RU�HYHQ�EXLOGLQJ�FOD\�ELRORJLFDO�
LQWHUIDFHV�IRU�WLVVXH�HQJLQHHULQJ��QHZ�DGMXYDQWV�IRU�YDFFLQHV�DQG�
ELRUHDFWRU�GHYLFHV�

The surface properties of sepiolite and palygorskite and their 
DELOLW\�WR�LQWHUDFW�ZLWK�PDQ\�FRPSRXQGV�WR�IRUP�QDQRVWUXFWXUHG�
PDWHULDOV�LV�UHODWHG�QRW�RQO\�WR�WKHLU�QDQRVL]H�EXW�DOVR�WR�WKH�SUHV-
HQFH�RI�WXQQHOV��FKDQQHOV��DQG�GLIIHUHQW�W\SHV�RI�ZDWHU�PROHFXOHV�
LQ�WKH�VWUXFWXUH��DORQJ�ZLWK�WKH�KLHUDUFKLFDO�GLVWULEXWLRQ�RI�SRUHV�
and the presence of silanol groups (Si-OH) on the external surface. 
6HSLROLWH�DQG�SDO\JRUVNLWH�DUH�WKH�HQG�PHPEHUV�RI�D�FRQWLQXRXV�
polysomatic series (Suárez and García-Romero 2013). Both miner-
DOV�DUH�PRGXODWHG�ILEURXV�SK\OORVLOLFDWHV������IRUPHG�E\�FRQWLQXRXV�
VKHHWV�RI�WHWUDKHGUDO�VLOLFD�ZLWK�SHULRGLFDOO\�LQYHUWHG�DSLFDO�R[\JHQ��
This periodical inversion produces discontinuous octahedral sheets 
LQ�WKH�>���@�GLUHFWLRQ��UHVXOWLQJ�LQ�ULEERQV�RU�SRO\VRPHV�DORQJ�WKH�
>���@�GLUHFWLRQ��(DFK�ULEERQ�LV�WZR�FKDLQV�ZLGH�IRU�SDO\JRUVNLWH�
DQG�WKUHH�FKDLQV�ZLGH�IRU�VHSLROLWH�LQ�>���@��)LJ������7KH�GLVFRQWLQX-
ity of the octahedral sheet leads to the formation of the tunnels and 
channels. Tunnels are present at the inner of the particle, among 
the polysomes, and form the internal surface. Channels are open 
tunnels at the edge of the particle and form the external surface. 
Both tunnels and channels run parallel to the c-axis of the crystal 
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