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abStract

The present work reports the effects of J� LUUDGLDWLRQ� RQ� YHUPLFXOLWH� IRU� WKH� ¿UVW� WLPH��7KH�
UDGLDWLRQ�LQGXFHG� �FKDQJHV�RI�YHUPLFXOLWH�ZHUH�VWXGLHG�XVLQJ�GLIIHUHQW� WHFKQLTXHV�YL]��XOWUDYLROHW�
visible spectroscopy (UV-Vis), dielectric measurements, X-ray diffraction (XRD), Fourier transform 

LQIUDUHG�VSHFWURVFRS\��)7,5���DQG�WKHUPROXPLQHVFHQFH��7/���,Q�89�9LV�DQDO\VLV��WKH�&RG\�PRGHO�
was employed to calculate structural disorder from Urbach energy, which explained the variation of 

the optical band gap (direct and indirect) with different (1–2000 kGy) J�GRVHV��;5'�DQDO\VLV�RI�WKH�
pristine and irradiated samples shows that the crystallinity improved upon irradiation at J dose up to 

1000 kGy and deteriorated on further increase of the J�GRVH��$�VLJQL¿FDQW�FKDQJH�ZDV�REVHUYHG�LQ�
the dielectric properties after J�LUUDGLDWLRQ��'DWD�VKRZV�WKDW�DF�FRQGXFWLYLW\�LV�SURSRUWLRQDO�WR�WKH�QWK�
power of frequency (f n

) in pristine and irradiated vermiculite, with a slope n�UDQJLQJ�EHWZHHQ������DQG�
������ZKLFK�LQGLFDWHV�WKDW�HOHFWURQLF�FRQGXFWLRQ�WDNHV�SODFH�WKURXJK�DQ�HOHFWURQ�KRSSLQJ�SURFHVV��1R�
appreciable changes in characteristic bands (FTIR) have been observed after irradiation, indicating 

WKDW�QDWXUDO�YHUPLFXOLWH�LV�FKHPLFDOO\�VWDEOH��$�ZHOO�GH¿QHG�7/�SHDN�DURXQG�����q&�DQG�HQKDQFHPHQW�
in its intensity with J dose (1–1000 kGy) make vermiculite a perfect thermoluminescence dosimeter 

DQG�LQGLFDWHV�XVHIXOQHVV�DSSOLFDWLRQV�LQ�UDGLDWLRQ�GRVLPHWU\�
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introduction

Natural vermiculite is a constituent of the phyllosilicate or sheet 

silicate group of minerals including Al

2

O

3

, H

2

O, MgO, FeO, and 

SiO

2

��ZKLFK�UHVHPEOHV�PLFD�LQ�DSSHDUDQFH��%URZQ��������9HUPLF-
ulite is a very important secondary mineral that is formed primarily 

by the hydrothermal alteration of mica (biotite, phlogopite) or other 

FOD\�PLQHUDOV��%DVVHW��������9HUPLFXOLWHV�DUH�D�VLJQLILFDQW�JURXS�
of clay minerals that consists of two tetrahedral layers as silica and 

alumina and an octahedral layer of oxygen, magnesium, iron, and 

K\GUR[\O�PROHFXOHV��:DWHU�ORFDWHG�EHWZHHQ�OD\HUV�LV�DQ�LPSRUWDQW�
SDUW�RI�WKH�YHUPLFXOLWH�VWUXFWXUH��9HUPLFXOLWH�KDV�ORQJ�KLVWRU\�RI�
applications in insulation, fire resistance, advanced materials, 

building industry, ceramics, agriculture, horticulture, and industrial 

PDUNHWV��6WUDQG�DQG�6WHZDUW�������+LQGPDQ�������%HUJD\D�HW�DO��
������.OHLQ�DQG�'XWURZ��������1RZDGD\V��WKHVH�QDWXUDO�PLQHUDOV�
are in demand due to its high thermal and insulation applications 

DQG�VHQVLWLYLW\�WR�LRQL]LQJ�UDGLDWLRQ��,UUDGLDWLRQ�RI�SK\OORVLOLFDWH�
minerals with J and heavy ions leads to remarkable changes in 

WKHLU�VWUXFWXUDO��FKHPLFDO��RSWLFDO��DQG�HOHFWULFDO�SURSHUWLHV��.DXU�
HW�DO������D������E������F��

A significant amount of work has been done on the effect of 

microwaves on exfoliation properties and thermal behavior of 

YHUPLFXOLWH�E\�VHYHUDO�JURXSV��0DUFRV�HW�DO��������0XLDPER�HW�DO��
������0DUFRV�DQG�5RGULJXH]�������)RORUXQVR�HW�DO��������&DPSRV�
HW�DO��������6DNKDURY�HW�DO���������EXW�OLWHUDWXUH�VXUYH\��RQ�WKH�
other hand, revealed no work on J irradiated induced modifica-

WLRQV�RI�YHUPLFXOLWH��,Q�WKH�SUHVHQW�ZRUN��HIIHFW�RI�J irradiation on 

optical, chemical, structural, and dielectric properties of natural 

vermiculite minerals has been studied for the first time to identify 

good materials, which have high radiation shielding capacity and 

WKHUPDO�LQVXODWLRQ�SURSHUW\�
Thermoluminescence (TL) is a crucial phenomenon that takes 

SODFH�LQ�YDULRXV�LUUDGLDWHG�QDWXUDO�PLQHUDOV��.DXU�HW�DO������F���7R�
investigate the thermoluminescent characteristics of vermiculite 

and to ascertain whether this mineral could qualify as a local do-

VLPHWHU��WKH�VDPSOHV�RI�WKLV�ZRUN�ZHUH�VXEMHFWHG�WR�7/�VWXGLHV��7KH�
present research investigates the thermoluminescence response 

of J-irradiated natural vermiculite to determine their relevance to 

GDWLQJ�DQG�UDGLDWLRQ�GRVLPHWU\�

experimentaL materiaL and methodS
The natural vermiculite mineral used in the present work was procured from 

9LR]DJ�DUHD�LQ�$QGKUD�3UDGHVK��VWDWH�RI�,QGLD��7KH�RULJLQDO�UDZ�PDWHULDO�ZDV�FOHDYHG�
LQWR�WKLQ�VKHHWV��XQLIRUP�LQ�WKLFNQHVV�DQG�FRORU�E\�XVLQJ�D�VFDOSHO��7KLFNQHVV�RI�
each film was measured with a micrometer and is approximately 55 r 1 PP�

The sheets of vermiculite were further analyzed for elemental composition 

XVLQJ�HQHUJ\�GLVSHUVLYH�;�UD\�VSHFWURVFRS\��('6��V\VWHP�DWWDFKHG�WR�D�&DUO�=HVLV�
VXSUD����ILHOG�HPLVVLRQ�6(0��$�WKLQ�VKHHW�RI�YHUPLFXOLWH�ZDV�SODFHG�RQ�D�VDPSOH�
holder using silver tape and coated with a layer of gold using a Quorum sputtering 

FRDWHU�WR�PDNH�WKHP�FRQGXFWLYH��7KHQ�WKH�VDPSOH�ZDV�WUDQVIHUUHG�WR�D�PLFURVFRSH�
FKDPEHU�IRU�('6�PHDVXUHPHQWV��7KH�PLQLPXP�GHWHFWDEOH�OLPLW�RI�WKH�('6�V\VWHP�
DWWDFKHG�ZLWK�&DUO�=HVLV�6XSUD����ILHOG�HPLVVLRQ�6(0�LV�����ZW��

Thin sheets of vermiculite samples of 1 u 1 cm

2

 were irradiated at room tem-

perature by J-radiation using 

��&R�VRXUFH�IURP�*DPPD�&KDPEHU������DW�,8$&��
1HZ�'HOKL��WR�GLIIHUHQW�GRVHV�LQ�WKH�UDQJH�RI��±�����N*\��J-rays emitted by 

��&R�
KDYH�D�PHDQ�HQHUJ\�RI������0H9�DQG�WKH�GRVH�UDWH�LQ�WKH�LUUDGLDWRU�ZDV�����N*\�K�

The nature of the changes induced by the J radiation in vermiculite were 

H[DPLQHG�XVLQJ�+,7$&+,�8������89�9LVLEOH� VSHFWURSKRWRPHWHU� LQ� WKH� UDQJH�
���±�����QP�WR�LQYHVWLJDWH�WKH�YDULDWLRQ�LQ�RSWLFDO�HQHUJ\�JDS�DQG�8UEDFK�HQHUJ\��
'LHOHFWULF�SURSHUWLHV�ZHUH�DQDO\]HG�XVLQJ�+HZOHWW�3DFNDUG�����$�/&5�PHWHU�LQ�
WKH�IUHTXHQF\�UDQJH�RI����+]�WR���0+]�DW�URRP�WHPSHUDWXUH��7KH�DFFXUDF\�RI�
/&5�PHWHU� IRU�&DSDFLWDQFH�WDQG�PHDVXUHPHQWV� LV� ����±�������� UHVSHFWLYHO\�
DW�DOO�WH[W�IUHTXHQFLHV��7KH�VWUXFWXUDO�VWXGLHV�ZHUH�FDUULHG�RXW�E\�D�%UXNHU�$;6�
;�UD\��&XKD, O� �������QP��GLIIUDFWRPHWHU�IRU�D�UDQJH�RI�%UDJJ¶V�DQJOH��T (5 
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