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Abstract

1RZDGD�V��IRRG�SDFNDJLQJ�LV�DQ�LQGLVSHQVDEOH�SDUW�RI�IRRG�SURFHVVLQJ��,Q�WKH�SURFHVV�RI�IRRG�SURFHVVLQJ��IRRG�SDFNDJLQJ�FDQ�

SURWHFW�IRRG�IURP�H[WHUQDO�ELRORJLFDO��FKHPLFDO�DQG�SK�VLFDO�IDFWRUV��DQG�HQVXUH�WKH�VWDELOLW��RI�IRRG�SHUIRUPDQFH��:LWK�WKH�

LQFUHDVLQJ�DZDUHQHVV�RI�IRRG�VDIHW��DQG�HQYLURQPHQWDO�SURWHFWLRQ��SHRSOH�SD��PRUH�DWWHQWLRQ�WR�WKH�VHOHFWLRQ�RI�SDFNDJLQJ�

PDWHULDOV��7KHUHIRUH��WKH�DSSOLFDWLRQ�GHYHORSPHQW�RI�QDQRPDWHULDOV�LV�LQFUHDVLQJ��HDU�E���HDU���XULQJ�WKH�SURFHVVLQJ�RI�IRRG�

SDFNDJLQJ�PDWHULDOV�� WKH�DGGLWLRQ�RI�VRPH�QDQR�PDWHULDOV�FDQ�LPSURYH�WKH�SUHVHUYDWLRQ�HIIHFW�DQG�WH[WXUH�RI�WKH�SDFNDJLQJ�

materials�to�a�certain�extent,�and�can�even�effectively�protect�the�nutritional�components� in�food.�This�has�great�bene�ts�

IRU�SHRSOH�V�KHDOWK��+RZHYHU�� WKHUH�DUH�VRPH�VDIHW��SUREOHPV�LQ� WKH�DSSOLFDWLRQ�RI�QDQRPDWHULDOV��7KLV�SDSHU�VXPPDUL]HV�

WKH� DSSOLFDWLRQV�RI�QDQRPDWHULDOV�LQ�IRRG�SDFNDJLQJ�� WKH�PDLQ�GHWHFWLRQ� WHFKQLTXHV�RI�QDQRPDWHULDOV�� WKH�SUREOHPV�RI�

QDQRPDWHULDOV�LQ�IRRG�SDFNDJLQJ��WKH�VDIHW��HYDOXDWLRQ�RI�QDQRPDWHULDOV�DQG�WKH�GHYHORSPHQW�RI�QDQRPDWHULDOV�

Keywords

1DQRPDWHULDOV��IRRG�SDFNDJLQJ��DSSOLHG�UHVHDUFK��VDIHW��HYDOXDWLRQ

1.� INTRODUCTION

)RRG�SDFNDJLQJ�GHVLJQ�LV�YHU��LPSRUWDQW�LQ�PDQ��SURGXFWLRQ�OLQNV�RI�IRRG� LQGXVWU����RRG�IRRG�SDFNDJLQJ�GHVLJQ�FDQ�

HQVXUH�WKH�TXDOLW��DQG�VDIHW��RI�IRRG��HIIHFWLYHO��PDLQWDLQ�LWV�WH[WXUH�VWDELOLW���DQG�LV�FRQGXFLYH�WR�WKH�VWRUDJH�RI�IRRG��7R�VRPH�

H[WHQW��LW�FDQ�DOVR� LQFUHDVH�WKH�FRPPHUFLDO�YDOXH�RI�IRRG��)URP�WKH�SHUVSHFWLYH�RI�IRRG�SDFNDJLQJ��SDFNDJLQJ�PDWHULDO�GHVLJQ�

KDV�DOZD�V�EHHQ�DQ�LPSRUWDQW�GHVLJQ�SRLQW�LQ�SDFNDJLQJ�GHVLJQ��7KH�GHYHORSPHQW�RI�QDQR�PDWHULDOV�KDV�HIIHFWLYHO��VROYHG�WKH�

SUREOHP�RI�VHOHFWLQJ�PDWHULDOV� LQ�IRRG�SDFNDJLQJ�GHVLJQ��1RZDGD�V��PDQ��IRRG�SDFNDJLQJ�XVH�QDQRPDWHULDOV��ZKLFK�PDNHV�

nanomaterials�develop�rapidly�in�the��eld�of�food�packaging.

2.� THE�CONCEPT�OF�NANO�PACKAGING�MATERIALS

1DQRPDWHULDOV�DUH�FRPSRVHG�RI�QDQRSDUWLFOHV���W�SUHVHQW��PDQ�� LQGXVWULHV�DUH�DSSO�LQJ�QDQRPDWHULDOV��VXFK�DV�IRRG�

SDFNDJLQJ��HQYLURQPHQWDO�GHVLJQ��PHGLFLQH�DQG� VR�RQ��7KH�IRRG�SDFNDJLQJ�RI�QDQRPDWHULDOV�KDV�WKH�FKDUDFWHULVWLFV�RI� DLU�

EDUULHU��KHDW�UHVLVWDQFH�DQG�DQWLEDFWHULDO��+RZHYHU��LQ� WKH�FDVH�RI�QRW�EHLQJ�IDPLOLDU�ZLWK�WKH�VDIHW��RI�QDQRPDWHULDOV�� LW� LV�

���������������������������7KH��XWKRU�V��������Open�Access�7KLV�DUWLFOH�LV�XQGHU�WKH�WHUPV�RI�&UHDWLYH�&RPPRQV��WWULEXWLRQ����

� � � � � � � � � � � � � � � � � ,QWHUQDWLRQDO� /LFHQVH� �KWWSV���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E���������ZKLFK� SHUPLWV� XQUHVWULFWHG�XVH��

VKDULQJ��DGDSWDWLRQ��GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�LQ�DQ��PHGLXP�RU�IRUPDW��DV�ORQJ�DV��RX�JLYH�DSSURSULDWH�FUHGLW�WR�WKH�RULJLQDO�

DXWKRU�V��DQG�WKH�VRXUFH��SURYLGH�D�OLQN�WR�WKH�&UHDWLYH�&RPPRQV�OLFHQVH��DQG�LQGLFDWH�LI�FKDQJHV�ZHUH�PDGH��
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QHFHVVDU��WR�FRQWURO�WKH�VRXUFH�DQG�FRQWHQW�RI�QDQRPDWHULDOV�LQ�IRRG�IRU�WKH�KHDOWK�DQG�HFRORJLFDO�HQYLURQPHQW�RI�FRQVXPHUV��@��

�FFRUGLQJ�WR�VWDWLVWLFV��QDQRPDWHULDOV�XVHG�LQ�IRRG�SDFNDJLQJ�PDWHULDOV�DUH�LQFUHDVLQJ�HYHU���HDU��ZLWK�DQ�DQQXDO�JURZWK�UDWH�RI�

DERXW��������%�������� WKH�XWLOL]DWLRQ�UDWH�RI�QDQRPDWHULDOV�LV�H[SHFWHG�WR�UHDFK�DERXW���������,Q�WUDGLWLRQDO�IRRG�SDFNDJLQJ��

WKH�SDFNDJLQJ�PDWHULDOV�XVHG�DUH�JHQHUDOO��SDSHU��PHWDO�DQG�SODVWLF��DQG�PRVW�RI�WKHVH�PDWHULDOV�KDYH�SROOXWLRQ�HIIHFWV��@��7KH�

ORQJ�WHUP�XVH�RI�WKHVH�PDWHULDOV�FDQ�VHULRXVO��WKUHDWHQ�SHRSOH�V�KHDOWK��7DEOH���VKRZV�WKH�KDUPIXO�HIIHFWV�RI�FRPPRQ�SDFNDJLQJ�

PDWHULDOV�DQG�KDUPIXO�VXEVWDQFHV�RQ�WKH�KXPDQ�ERG���,W�LV�ZRUWK�QRWLQJ�WKDW�QDQRPDWHULDOV�DUH�RQO��XVHG�XQGHU�D�FOHDU�PDWHULDO�

XVDJH�UHJLPH��@��,Q�&KLQD��WKHUH�DUH�PDQ��VWXGLHV�RQ�QDQRPDWHULDOV��7KURXJK�FRQWLQXRXV�UHVHDUFK�DQG�LPSURYHPHQW��D�QHZ�W�SH�

of�nano-material�was��nally�obtained,�which�made�the�food�packaging�design�of�nano-material�popular.

7DE�H����DUPIX��HVV�RI�WUDGLWLR�D��SDFNDJL�J

0DWHULDO 7�SHV�RI�SROOXWDQWV�FRQWDLQHG +DUPIXOQHVV

3DSHU�PDWHULDO EULJKWHQLQJ�DJHQW GDPDJH�WR�KXPDQ�OLYHU�DQG�OXQJ�RUJDQV��DQG�HYHQ�FDXVH�FDQFHU

0HWDO�PDWHULDO KHDY��PHWDO FDXVH�FDQFHU

3ODVWLF�PDWHULDO SODVWLFL]HU KDUP�WR�WKH�HQGRFULQH�V�VWHP�RI�KXPDQ�ERG�

3.�APPLICATION�OF�NANO�MATERIALS�IN�FOOD�PACKAGING�DESIGN

�����SS�LFDWLR��RI�1D�RPHWHU��UHVK�.HHSL�J��DWHULD�V

������1DQR��LO�H�

1DQRPHWHU�VLOYHU�LV�D�UHODWLYHO��QHZ�PDWHULDO�GHVLJQ��1DQRVFDOH�VLOYHU�KDV�D�ODUJHU�VXUIDFH�DUHD�WKDQ�QRUPDO�VLOYHU��,W�FDQ�

EH�FRPELQHG�ZLWK�SURWHLQV�LQ�PLFURELDO�FHOOV�WR�FDXVH�FHOOXODU�PHWDEROLF�GLVRUGHUV��7KHUHIRUH��WKH�VXUIDFH�RI�QDQRPHWHU�VLOYHU�LV�

HDV��WR�EH�R[LGL]HG�RII��WKXV�UHOHDVLQJ�PRUH�VLOYHU�LRQV�ZLWK�FKDUDFWHULVWLFV�RI�OLJKW�UHVLVWDQFH��KHDW�UHVLVWDQFH�DQG�DQWLEDFWHULDO��

(YHQ�WLQ��QDQRVFDOH�VLOYHU�FDQ�SOD��D�VWURQJ�EDFWHULFLGDO�UROH��,W�KDV�QR�REYLRXV�GUXJ�UHVLVWDQFH�DQG�LV�D�UHODWLYHO��QHZ�W�SH�RI�

DQWLEDFWHULDO�DJHQW�DW�SUHVHQW��7KHUHIRUH��QDQR�VLOYHU�LV�PDLQO��XVHG�LQ�HQKDQFHG�SDFNDJLQJ�PDWHULDOV�DQG�IRRG�SUHVHUYDWLRQ�DQG�

DQWLEDFWHULDO�DVSHFWV��1DQR�VLOYHU�FDQ�GHVWUR��WKH�QRUPDO�PHWDEROLF�IXQFWLRQ�DQG�EDFWHULDO�VWUXFWXUH��7KHUHIRUH��LW� FDQ�UHGXFH�

WKH�JURZWK�RI�EDFWHULD�RQ�WDEOHZDUH��VR�WKDW�IRRG�LV�QRW�HDV��WR�VSRLO�GXH�WR�VXQOLJKW��@��1DQRPHWHU�VLOYHU�SDFNDJLQJ�KDV�D�JRRG�

development�prospect�in�the��eld�of�catering�utensils�in�public�places.�For�example,�when�the�fruit�needs�to�be�packaged�after�

ULSHQLQJ��QDQRVFDOH�VLOYHU�SDFNDJLQJ�PDWHULDOV�FDQ�EH�XVHG�IRU�SDFNDJLQJ��,Q�WKLV�ZD���WKH�GHFD��UDWH�RI�IUXLW�FDQ�EH�UHGXFHG�WR�D�

FHUWDLQ�H[WHQW��DQG�WKH�IUXLW�FDQ�EH�NHSW�IUHVK��7KH�FRPPRQ�QDQRPHWHU�VLOYHU�PDWHULDO�SDFNDJLQJ�KDV�WKH�IUHVK�NHHSLQJ�ER[��WKH�

PLON�EDJ�DQG�VR�RQ�

������1DQR��LWDQL�P��LR�L�H

1DQR�WLWDQLXP�GLR[LGH�KDV�KLJK�FDWDO�WLF�DQG�DQWLEDFWHULDO�SURSHUWLHV��,W�LV�DQ�LQRUJDQLF�DQWLEDFWHULDO�PDWHULDO�ZLWK�VWDEOH�

SURSHUWLHV��QRQ�WR[LF�DQG�WDVWHOHVV��1DQR�WLWDQLXP�GLR[LGH�LV�RIWHQ�XVHG�LQ�IUXLW�DQG�YHJHWDEOH�SDFNDJLQJ��,W�FDQ�R[LGL]H�DQG�

GHFRPSRVH�WKH�HWK�OHQH�SURGXFHG�LQ�WKH�VWRUDJH�RI�IUXLWV� DQG�YHJHWDEOHV��DQG�UHGXFH�WKH�FRQFHQWUDWLRQ�RI�HWK�OHQH�� WKHUHE��

LQFUHDVLQJ�WKH�IUHVK�NHHSLQJ�WLPH�RI�IUXLWV�DQG�YHJHWDEOHV��)RU�H[DPSOH��QDQR�WLWDQLXP�GLR[LGH�FRDWLQJ�FDQ�LQKLELW�WKH�DFWLYLW��RI�

SHUR[LGDVH�WR�SUHVHUYH�IUHVK�FXW��DP��&RPSRVLWH�FRDWLQJV�PDGH�RI�GLIIHUHQW�FRQFHQWUDWLRQV�RI�QDQR�WLWDQLXP�GLR[LGH�DQG�ULERLF�

DFLG�FDQ�EH�XVHG�WR�NHHS�SRWDWRHV�IUHVK�IRU�D�ORQJ�WLPH��3DFNDJLQJ�PDGH�RI�ORZ�FRQFHQWUDWLRQ�WLWDQLXP�GLR[LGH�DQG�SRO�HWK�OHQH�

FDQ�UHGXFH�DFHWDOGHK�GH�DQG�SKHQRO�LQ�SHFDQV�DQG�SUHVHUYH�WKHP��0RUHRYHU��QDQRPHWHU�WLWDQLXP�GLR[LGH�FDQ�HIIHFWLYHO��SUHYHQW�

WKH�LUUDGLDWLRQ�RI�XOWUDYLROHW�UD�V�RQ�IUXLWV�DQG�YHJHWDEOHV��VR�DV�WR�EHWWHU�SUHYHQW�WKH�R[LGDWLRQ�RI�IUXLWV�DQG�YHJHWDEOHV�

������1DQR��LOL�RQ�2�L�H

7KH�VXUIDFH�RI�QDQRPHWHU�VLOLFRQ�R[LGH�LV�DPRUSKRXV�ZKLWH�SRZGHU��,W�LV�DQ�LQRUJDQLF�QRQ�PHWDO�PDWHULDO�ZLWK�QR�SROOXWLRQ�

DQG�QR�WDVWH��&RPSDUHG�ZLWK�RWKHU�PHWDO�QDQR�PDWHULDOV��QDQR�VLOLFRQ�R[LGH�KDV� WKH�DGYDQWDJHV�RI�JRRG�FRPSDWLELOLW��DQG�

RSWLFDO�SHUPHDELOLW���@���W�SUHVHQW��QDQR�VLOLFD�LV�D�FRPPRQ�QDQR�PDWHULDO�LQ�VLOLFRQ�R[LGH��%HFDXVH�RI�LWV�VWURQJ�WKHUPDO�VWDELOLW��

DQG�HQYLURQPHQWDO�SURWHFWLRQ��LW�LV�RIWHQ�XVHG�LQ�FRDWLQJV��UXEEHU�DQG�RWKHU�PDWHULDOV��0RUHRYHU��QDQRPHWHU�VLOLFRQ�R[LGH�DOVR�

KDV�D�FHUWDLQ�UROH�LQ�IUXLW�DQG�YHJHWDEOH�SUHVHUYDWLRQ��)RU�H[DPSOH��LQ�PDQJR�SDFNDJLQJ��WKH�XVH�RI�QDQR�VLOLFRQ�R[LGH�PDWHULDOV�

IRU�SDFNDJLQJ�FDQ�HIIHFWLYHO��LQFUHDVH�WKH�IUHVKQHVV�RI�PDQJR�DQG�LQKLELW�WKH�VRIWHQLQJ�RI�PDQJR��@�
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�����SS�LFDWLR��RI�1D�R���WLEDFWHULD���DWHULD�V

=LQF�LV�RQH�RI�WKH�WUDFH�HOHPHQWV�QHHGHG�E��KXPDQ�ERG���ZKLFK�LV�FORVHO��UHODWHG�WR� WKH�QRUPDO�GHYHORSPHQW�RI�KXPDQ�

ERG���=LQF�R[LGH� LV�D�NLQG�RI�VHPLFRQGXFWRU�PDWHULDO�ZLWK�WKH�FKDUDFWHULVWLFV�RI�VWDELOLW��DQG�FDWDO�VLV���W�WKH�VDPH�WLPH��DV�

D�IRUP�RI�]LQF��QDQRPHWHU�]LQF�R[LGH�KDV�EHHQ�ZLGHO��XVHG�LQ� IRRG�SDFNDJLQJ��1DQRPHWHU�]LQF�R[LGH�LV�D�NLQG�RI�ZLGHEDQG�

JDS�VHPLFRQGXFWRU�ZKLFK�FDQ�EH�H[FLWHG�E��FHUWDLQ�ZDYHOHQJWK�XOWUDYLROHW�OLJKW��,W�KDV�WKH�DGYDQWDJHV�RI�JRRG�SKRWRFDWDO�WLF�

DFWLYLW���QRQ�WR[LFLW���ORZ�FRVW�DQG�JRRG�ELRORJLFDO�DGDSWDELOLW���1DQR�]LQF�R[LGH�FDQ�DFW�DV�DQ�DQWLEDFWHULDO�DJHQW�E��FRQWDFWLQJ�

RU�SHQHWUDWLQJ�PLFURELDO�FHOOV��,W�KDV�JRRG�DQWLEDFWHULDO�HIIHFW�RQ�FRPPRQ�HVFKHULFKLD�FROL�DQG�VWDSK�ORFRFFXV�DXUHXV��@���V�D�

FRPPRQ�DQWLEDFWHULDO�PDWHULDO��QDQR�]LQF�R[LGH�KDV�EHHQ�XVHG�LQ�IRRG�LQGXVWU���VXFK�DV�EUHDNIDVW�FHUHDOV��EUHDG��ELVFXLWV�DQG�VR�

RQ��1DQRPHWHU�]LQF�R[LGH�KDV�D�UHPDUNDEOH�HIIHFW�RQ�WKH�FRQWURO�RI�DQWL�EDFWHULDO�SUHVHUYDWLRQ�RI�IRRG�

�����SS�LFDWLR��RI�1D�R��DUULHU��DWHULD�V

������1DQR��OD�

Because�of�the�abundant�resources�and�low�cost�of�raw�materials,�nano�clay�is�the��rst�new�material�used�in�packaging.�

,Q�WKH�QDQR�FOD���PRQWPRULOORQLWH�LV�D�FRPPRQ�QDQR�FOD��PDWHULDO��1DQR�PRQWPRULOORQLWH�KDV�WKH�FKDUDFWHULVWLFV�RI�JRRG�KHDW�

UHVLVWDQFH�DQG�QDWXUDO�YLVFRVLW���ZKLFK�FDQ� UHGXFH� WKH�ZDWHU�DEVRUSWLRQ�DQG�OLJKW�SHUPHDELOLW��RI� IRRG�LQ� IRRG�SDFNDJLQJ��

7KHUHIRUH��PRQWPRULOORQLWH�FDQ�EH�PDGH�LQWR�D�YDULHW��RI�IXQFWLRQDO�FRPSRVLWH�PDWHULDOV���V�IRU� WKH�FRPSRVLWH�PDWHULDO�PDGH�

of�montmorillonite,�it�can�improve�the�rupture�rate�and�tensile�strength�of�the��lm,�and�has�antibacterial�effect.�For�example,�

WKH�WHQVLOH�VWUHQJWK�RI�IRRG�SDFNDJHV�PDGH�ZLWK����PRQWPRULOORQLWH�LV�WKH�KLJKHVW�DPRQJ�IRRG�SDFNDJHV��,W�LV�RIWHQ�XVHG�LQ�WKH�

SDFNDJH�GHVLJQ�RI�VDOWHG�GXFN�HJJV��ZKLFK�FDQ�H[WHQG�WKH�VKHOI�OLIH�RI�VDOWHG�GXFN�HJJ�SDFNDJHV�

�������D�ERQ�1DQRW�EHV

&DUERQ�QDQRWXEHV�DUH�FRPSRVHG�RI�VPDOO�F�OLQGHUV�RI�QDQRPHWHU�VL]H��ZKLFK�DUH�RQH�GLPHQVLRQDO�QDQR�PDWHULDOV��&DUERQ�

QDQRWXEHV�KDYH�VWURQJ�PHFKDQLFDO�DQG�DQWLEDFWHULDO�SURSHUWLHV���OWKRXJK�WKH�QDQRPDWHULDOV�KDYH�JRRG�SURSHUWLHV��WKHUH�DUH�VWLOO�

VDIHW��SUREOHPV�LQ�IRRG�SDFNDJLQJ��6WXGLHV�KDYH�IRXQG�WKDW�ORQJ�H[SRVXUH�WR�FDUERQ�QDQRWXEHV�E��KXPDQ�RU�DTXDWLF�RUJDQLVPV�

ZLOO�KDYH�D�VDIHW�� LPSDFW�RQ� WKHPVHOYHV��@��,Q�DGGLWLRQ��VRPH�FDUERQ�QDQRWXEHV� DUH�SURJUDPPHG�DV� FDUFLQRJHQV�� VR�FDUERQ�

QDQRWXEHV�VKRXOG�EH�WUHDWHG�ZLWK�FDXWLRQ��DQG�VDIHU�FDUERQ�QDQRWXEHV�VKRXOG�EH�XVHG�IRU�SDFNDJLQJ�

������1DQR�RSSH�

&RPSDUHG�ZLWK�WKH�WUDGLWLRQDO�FRSSHU��WKH�FKHPLFDO�SURSHUWLHV�RI�QDQR�FRSSHU�DUH�PRUH�DFWLYH�DQG�HDV��WR�EH�R[LGL]HG��

ZKLFK�OHDGV�WR�WKH�UHOHDVH�RI�FRSSHU�LRQV��+RZHYHU��WKH�UHOHDVH�RI�FRSSHU�LRQ�ZLOO�IXVH�ZLWK�PLFURRUJDQLVP��VR�LW�KDV�EDFWHULFLGDO�

HIIHFW���W�WKH�VDPH�WLPH��QDQR�FRSSHU�DOVR�KDV�WKH�DGYDQWDJHV�RI�VXSHU�VWURQJ�H[WHQVLRQ�DQG�EDUULHU��DQG�LV�D�SXUH�VXEVWDQFH��,Q�

IRRG�SDFNDJLQJ��LW�FDQ�HIIHFWLYHO��LVRODWH�IRRG�IURP�WKH�RXWVLGH�ZRUOG��@��7KH�SDFNDJLQJ�PDGH�RI�QDQR�FRSSHU�KDV�PDQ��SHFXOLDU�

SURSHUWLHV��)RU�H[DPSOH��GXH�WR�WKH�VXSHUSODVWLF�GXFWLOLW��RI�QDQRPHWHU�FRSSHU��LW�ZLOO�QRW�FUDFN�ZKHQ�VWUHWFKHG�PRUH�WKDQ����

WLPHV�DW�URRP�WHPSHUDWXUH�RI�DERXW�����&��&RSSHU�FU�VWDOV�ZLWK�D�YROXPH�RI����QDQRPHWHUV�KDYH�VWURQJ�PHFKDQLFDO�SURSHUWLHV��

,WV�VWUHQJWK�LV�DERXW�IRXU�WLPHV�KLJKHU�WKDQ�RUGLQDU��FRSSHU��WKH�GHIRUPDWLRQ�VWDWH�LV�PRUH�XQLIRUP��DQG�WKHUH�LV�QR�SDUW�RI�WKH�

SUREOHP�RI�QDUURZLQJ��7KXV��QDQRPHWHU�FRSSHU�KDV�D�EURDG�SURVSHFW�LQ�IRRG�SDFNDJLQJ�

3.4�Application�of�Other�Nano�Materials�in�Food�Packaging�Design

7KHUH�DUH�PDQ��W�SHV�RI�QDQRPDWHULDOV�XVHG�LQ�IRRG�SDFNDJLQJ��VXFK�DV�QDQRFDOFLXP�FDUERQDWH��QDQRJUDSKHQH�DQG�RWKHU�

QDQRPDWHULDOV��)RU�H[DPSOH��SDFNDJLQJ�PDGH�RI�QDQR�FDOFLXP�FDUERQDWH�PDWHULDOV�FDQ�HIIHFWLYHO��H[WHQG�WKH�SUHVHUYDWLRQ�WLPH�

RI�IRRG��7KH�SDFNDJLQJ�PDGH�RI�QDQR�JUDSKHQH�PDWHULDO�KDV�WKH�IXQFWLRQ�RI�SUHYHQWLQJ�WKH�IRRG�IURP�EHLQJ�H[SRVHG�WR�VWURQJ�

OLJKW�DQG�XOWUDYLROHW�UD�V��ZKLFK�FDXVHV�WKH�SUREOHP�RI�IRRG�R[LGDWLRQ�

4.�THE�MAIN�DETECTION�TECHNOLOGY�OF�NANOMATERIALS

����3UH�WUHDWPH�W�7HFK�R�RJ��IRU�1D�RPDWHULD�V

7KH�SURFHVVLQJ�PHWKRGV�EHIRUH�WKH�GHWHFWLRQ�RI�QDQRPDWHULDOV�LQFOXGH�VRDNLQJ��PLFURZDYH�GLJHVWLRQ�DQG�GLUHFW�FDOFLQDWLRQ�

DW�KLJK�WHPSHUDWXUH���FFRUGLQJ�WR�&KLQD�V�IRRG�VDIHW��VWDQGDUGV��IRU�VRPH�QDQR�PDWHULDOV��SDFNDJLQJ�PDWHULDOV� WKDW�UHTXLUH�

GLUHFW� FRQWDFW�ZLWK�IRRG�VKRXOG�EH�LPPHUVHG� IRU�GLVLQIHFWLRQ��)RU� WKH� DSSHDUDQFH�DQG�FRQWHQW�GHWHFWLRQ�RI�QDQRPDWHULDOV��

PLFURZDYH�GLJHVWLRQ�PHWKRG�LV�XVHG��ZKLFK�FDQ�EH�XVHG�TXLFNO��DQG�PDNH�WKH�VXEVHTXHQW�LQWHUIHUHQFH�OHVV��,Q�RUGHU�WR�REVHUYH�

WKH�SDUWLFOH�VWDWH�RI�QDQRPDWHULDOV��QDQRPDWHULDOV�VKRXOG�EH�WUHDWHG�E��GLUHFW�FDOFLQDWLRQ�DW�KLJK�WHPSHUDWXUH���@�
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����,PDJL�J�7HFK�R�RJ�

6LQFH�DOO� QDQRPDWHULDOV�DUH�UHODWLYHO��VPDOO��LQ�RUGHU� WR�REVHUYH�WKH�QDQRPHWHU�FRPSRQHQWV�RI�IRRG�SDFNDJLQJ�PRUH�

LQWXLWLYHO��� LW� LV�QHFHVVDU�� WR�XVH�D�PLFURVFRSH�IRU�REVHUYDWLRQ��7KH�QDQRPDWHULDOV�REVHUYHG�E��GLIIHUHQW�PLFURVFRSHV�DUH�

different.�If�the�nanomaterial� is�not�damaged,�a�near-�eld�scanning�optical�microscope�with�a�resolution�below�10mm�can�be�

XVHG��)RU� LPDJLQJ�DQDO�VLV�RI�QDQRPDWHULDOV�DQG� WR�XQGHUVWDQG�WKHLU�GLVWULEXWLRQ��ODVHU�VFDQQLQJ�FRQIRFDO�PLFURVFRS��FDQ�EH�

XVHG���@��,Q�DGGLWLRQ�WR�WKH�XVH�RI�PLFURVFRS���QXFOHDU�PDJQHWLF�UHVRQDQFH�VSHFWURVFRS��FDQ�DOVR�EH�XVHG��7KH�WHFKQRORJ��FDQ�EH�

XVHG�WR�DQDO�]H�WKH�QDQRPHWHU�FRPSRQHQWV�DQG�WKH�VWDWH�RI�WKH�SDFNDJLQJ�

�����RPSR�H�W���D��VLV�7HFK�R�RJ�

7KH�FRPSRQHQW�DQDO�VLV�WHFKQRORJ��LV�WR�REVHUYH�DQG�DQDO�]H�WKH�QDQR�FRPSRQHQWV�DQG�GLVWULEXWLRQ�LQ�IRRG�SDFNDJLQJ��

,Q� WKH�SURFHVV�RI�FRPSRQHQW�DQDO�VLV�� WKH�PRUH� FRPPRQO��XVHG� WHFKQLTXHV�DUH�FKURPDWRJUDSK��� VSHFWURVFRS��DQG�PDVV�

VSHFWURPHWU���:KHQ�DQDO�]LQJ�WKH�FRPSRVLWLRQ�RI�QDQRPDWHULDOV�� VHYHUDO�WHFKQRORJLHV� DUH�RIWHQ�XVHG�WRJHWKHU��VR� WKDW� WKH�

QDQRPDWHULDOV�FDQ�EH�EHWWHU�DQDO�]HG��DQG�WKH�FRPSRVLWLRQ�UHVXOWV�DUH�PRUH�FOHDU�DQG�LQWXLWLYH���@��:KHQ�VWXG�LQJ�WKH�PLJUDWLRQ�

RI�QDQRPDWHULDOV� LQ�IRRG�SDFNDJLQJ��FKURPDWRJUDSKLF�GHWHFWLRQ�WHFKQRORJ��FDQ�EH�XVHG�WRJHWKHU�ZLWK�PDVV�VSHFWURPHWU��WR�

PDNH�WKH�FRPSRQHQWV�RI�QDQRPDWHULDOV�PRUH�FRPSUHKHQVLYH�DQG�DFFXUDWH�

5.�SAFETY�EVALUATION�OF�NANO�FOOD�PACKAGING�MATERIALS

�����LJUDWLR���WXGLHV

�OWKRXJK�QDQRPDWHULDOV� DUH�ZLGHO��XVHG� LQ� WRGD��V� IRRG�SDFNDJLQJ�� GXH� WR� WKHLU� FRPSOH[�VWUXFWXUH�DQG�FKHPLFDO�

FRPSRVLWLRQ��WKH�VDIHW��LPSDFW�DQDO�VLV�RI�QDQRPDWHULDOV�LV�YHU��LPSRUWDQW��7KHUHIRUH��WKH�PLJUDWLRQ�RI�QDQRPDWHULDOV�LQ�IRRG�

ZDV�VWXGLHG�E�� WKH� UHOHYDQW�LQVSHFWRUV��DQG�WKH�XVH�RI�WKH�PLJUDWLRQ�UHVXOWV�ZDV� UHODWHG�WR�WKH�V�VWHP��7KH�VWXG��IRXQG�WKDW�

WKH�KDUP�WR� WKH�KXPDQ�ERG��LQ�WKH�SDFNDJLQJ�RI�QDQRPDWHULDOV� LV�PDLQO��GXH�WR�WKH�PLJUDWLRQ�RI� FKHPLFDO�FRPSRQHQWV� LQ�

QDQRPDWHULDOV��0RUHRYHU��WKH�DPRXQW�RI�PLJUDWLRQ�RI�QDQRSDUWLFOHV�DQG�WKH�HIIHFWV�RI�PLJUDWLRQ�DUH�DIIHFWHG�E��YDULRXV�H[WHUQDO�

IDFWRUV��VXFK�DV�WKH�FKDUDFWHULVWLFV�RI�IRRG��EDNLQJ�DW�GLIIHUHQW�WHPSHUDWXUHV�DQG�RWKHU�IDFWRUV��5HOHYDQW�UHVHDUFKHUV�KDYH�XVHG�

VRPH�WHFKQLTXHV�WR�GHWHUPLQH�WKH�DGGLWLRQ�DQG�PLJUDWLRQ�RI�GLIIHUHQW�VLOYHU�QDQRPHWHU�SDFNDJLQJ�PDWHULDOV��DV�VKRZQ�LQ�7DEOH����

%HFDXVH�DOO�QDQRSDUWLFOHV�ZLOO�PLJUDWH�ZKHQ�WKH��HQFRXQWHU�GLIIHUHQW�SUREOHPV��WKH�DSSHDUDQFH�DQG�PLFURFRVP�RI�WKH�SDFNDJLQJ�

PDWHULDO�ZLOO�EH�DIIHFWHG�

7DE�H���7KH�DPRX�W�RI�DGGLWLR��D�G�PLJUDWLR��RI��D�R�VL�YHU�L��GLIIHUH�W�FRPPHUFLD����DYDL�DE�H��D�R�VL�YHU��

SDFNDJL�J�PDWHULD�V

,WHP 1DQR�VLOYHU�SRO�SURS�OHQH�IUHVK�NHHSLQJ�OXQFK�ER[ 1DQR�VLOYHU�PLON�VWRUDJH�EDJ

�PRXQW�RI�DGGLWLRQ��J�J� ����� �����

�PRXQW�RI�PLJUDWLRQ��J�P/� ����� �����

�����D�DUG�5HVHDUFK

�FFRUGLQJ�WR�WKH�UHVHDUFK�� WKHUH�DUH� VRPH�QDQR�PDWHULDOV� WKDW�PD��PLJUDWH�ZKHQ�WKH��DUH�XVHG�LQ� IRRG�SDFNDJLQJ�� ,I�

PLJUDWLRQ�RFFXUV��WKHUH�ZLOO�EH�VHULRXV�VHFXULW��ULVNV��7KHUHIRUH��LW�LV�QHFHVVDU��WR�VWXG��WKH�GHWHFWLRQ�SURFHVV�RI�QDQRPDWHULDOV��

%��VWXG�LQJ�WKH�KDUPIXO�SKHQRPHQD�DIWHU�QDQRPDWHULDOV�PLJUDWH�WR�IRRG��IRRG�VDIHW��FDQ�EH�JXDUDQWHHG��7KHUH�DUH�WKUHH�PDLQ�

ZD�V�IRU�QDQRSDUWLFOHV�WR�HQWHU�WKH�KXPDQ�ERG���RUDO�FDYLW���UHVSLUDWRU��WUDFW��DQG�VNLQ��6LQFH�PRVW�RI�WKH�QDQRPDWHULDOV�LQ�IRRG�

SDFNDJLQJ�ZLOO�PLJUDWH�WR�IRRG�� WKH�KDUPIXO�VXEVWDQFHV�WUDQVIHUUHG�LQ�WKH�QDQRPDWHULDOV�PDLQO��HQWHU�WKH�KXPDQ�ERG��WKURXJK�

WKH�PRXWK��WKHUHE��FDXVLQJ�FHUWDLQ�ORVVHV�WR�WKH�KXPDQ�ERG��

7KH�WR[LF�PHFKDQLVP�RI�QDQRSDUWLFOHV�RQ� WKH�KXPDQ�ERG��JHQHUDOO��KDV� WZR�HIIHFWV��7KH� ILUVW�LV� WKDW�QDQRSDUWLFOHV�

VWLPXODWH� WKH�QHUYHV�RI� WKH�KXPDQ�ERG�� WR�SURGXFH�D� ODUJH�QXPEHU�RI� UHDFWLYH�R[�JHQ�VSHFLHV� LQ� WKH�ERG��� UHVXOWLQJ� LQ�

SRLVRQLQJ��7KH�VHFRQG�LV�WKDW�WKH�QDQRSDUWLFOHV�DUH�LQ�GLUHFW�FRQWDFW�ZLWK�WKH�KXPDQ�ERG���UHVXOWLQJ�LQ�WKH�FRPELQDWLRQ�RI�WR[LF�

QDQRSDUWLFOHV�ZLWK�SURWHLQV�LQ�WKH�ERG���ZKLFK�LPSDLUV�WKH�IXQFWLRQ�RI�WKH�KXPDQ�RUJDQ��7DEOH���VKRZV�WKH�KD]DUGRXV�SURSHUWLHV�

RI�VRPH�QDQRPDWHULDOV�XVHG� LQ� IRRG�SDFNDJLQJ�GXH� WR�PLJUDWLRQ��&XUUHQWO��� UHOHYDQW� IRRG� VDIHW�� UHJXODWLRQV�KDYH�QRW��HW�

FRQFOXGHG�ZKHWKHU�WKHUH�LV�RYHUDOO�VDIHW��RI�QDQRSDUWLFOHV��7KH�WR[LFLW��RI�QDQRSDUWLFOHV�WR�RUJDQLVPV�LV�DOVR�XQGHU�SUHOLPLQDU��
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LQYHVWLJDWLRQ��7KHUHIRUH��WKH�VDIHW��RI�QDQRPDWHULDOV�QHHGV�WR�EH�IXUWKHU�VWXGLHG�

7DE�H����HVFULSWLR��RI�PLJUDWLR��KD�DUG�FKDUDFWHULVWLFV�RI��D�RPDWHULD�V�XVHG�L��IRRG�SDFNDJL�J

1DQRPDWHULDOV�DQG�WKHLU�DSSOLFDWLRQV �LPHQVLRQV�DQG�SK�VLFDO�SURSHUWLHV �DQJHU

7LR�

8VHG�IRU�VWHULOL]DWLRQ�DQG�XOWUDYLROHW��89��

UHVLVWDQFH�LQ�SDFNDJLQJ

���QP�UXWLOH
���GHVWUR��WKH��1��VWUXFWXUH�RI�WKH�KXPDQ�ERG�

���DIIHFWV�KXPDQ�OLYHU�DQG�OXQJ�IXQFWLRQ

�J

8VHG�LQ�SDFNDJLQJ�IRU�EDFWHULRVWDVLV
���QP�DQG�����QP�RI�VROLG�VLOYHU

���VWURQJO��WR[LF�WR�KXPDQ�OLYHU�FHOOV

���VWURQJO��WR[LF�WR�KXPDQ�EUDLQ�FHOOV

=Q�DQG�=Q2

8VHG�LQ�SDFNDJLQJ�IRU�EDFWHULRVWDVLV
���QP�DQG�����QP�=Q2�SRZGHU

������QP�SDUWLFOHV�FDQ�FDXVH�OLYHU�DQG�VSOHHQ�GDPDJH

�������QP�SDUWLFOHV�FDQ�FDXVH�OLYHU��VSOHHQ�DQG�KHDUW�GDPDJH

6.�PROBLEMS�OF�NANOMATERIALS�IN�FOOD�PACKAGING�DESIGN

:KLOH�VWXG�LQJ�WKH�DSSOLFDWLRQ�RI�QDQRPDWHULDOV�LQ�IRRG�SDFNDJLQJ��LW�LV�DOVR�QHFHVVDU��WR�XQGHUVWDQG�ZKDW�DUH�WKH�KDUPIXO�

VXEVWDQFHV�PLJUDWHG�RXW�RI�QDQRPDWHULDOV�DQG�ZKDW�KDUP�FDQ�EH�FDXVHG�WR�KXPDQ�ERG����IWHU�XQGHUVWDQGLQJ�WKH�PLJUDWLRQ�

FKDUDFWHULVWLFV�RI�QDQRPDWHULDOV��WKH�SUREOHPV�RI�QDQRPDWHULDOV�LQ�IRRG�SDFNDJLQJ�ZHUH�VXPPDUL]HG��:KHQ�QDQRPDWHULDOV�KDYH�

QRW��HW�EHFRPH�XQLYHUVDO�SDFNDJLQJ�PDWHULDOV��VRPH�UHVHDUFKHUV�KDYH�IRXQG�WKH�IROORZLQJ�SUREOHPV�ZLWK�QDQRPDWHULDOV�LQ�IRRG�

SDFNDJLQJ�ZKHQ�UHVHDUFKLQJ�QDQRPDWHULDOV�

���7KHUH� LV�D� ODFN�RI�HIIHFWLYH� VFUHHQLQJ�DQG� VHSDUDWLRQ�PHWKRGV� IRU�QDQRPDWHULDO�SDFNDJLQJ�PDWHULDOV�� LQFOXGLQJ�

QDQRPDWHULDOV�LQ�FHUDPLFV��SDSHU�DQG�SODVWLFV��&RPSDUHG�ZLWK�ROLJRPHUV��WKH�FRQWHQW��PRUSKRORJ��DQG�RWKHU�LQIRUPDWLRQ�RI�WKH�

QDQRPDWHULDOV�DUH�UHTXLUHG�GXULQJ�WKH�GHWHFWLRQ�RI�QDQRSDUWLFOHV���V�IDU�DV�WKH�FXUUHQW�GHWHFWLRQ�WHFKQRORJ��LV�FRQFHUQHG��RQO��

microscopic�analysis�of�nanoparticles�in�composite��lms�can�be�performed.�More�complex�substrates,�such�as�nanoparticles�in�

FHUDPLFV��SDSHU�DQG�SODVWLFV��KDYH�QR�WHFKQRORJ��WR�GHWHFW�WKHP�

���1DQRSDUWLFOHV�GR�QRW�KDYH�D�FRPSUHKHQVLYH� DQG�SK�VLFDO�DQG�FKHPLFDO�SHUIRUPDQFH�VWDQGDUG�� ,Q� WKH�VWXG��RI� WKH�

HDUO��PLJUDWLRQ�RI�QDQRSDUWLFOHV�DQG�WKH�KDUP�FDXVHG�E��WKH�ODWHU�VWDJH��WKH�GHWHFWLRQ�RI�QDQRSDUWLFOHV� LV�XVHOHVV�LI�WKH�EDVLF�

FKDUDFWHULVWLFV�RI�QDQRSDUWLFOHV��VXFK�DV�WKH�VL]H��FU�VWDO�VWUXFWXUH��UHDFWLRQ�DFWLYLW��RQ� WKH�VXUIDFH�RI�QDQRSDUWLFOHV��HYHQ�WKH�

PRUSKRORJ��LQ�GLIIHUHQW�S+�YDOXHV�DQG�WKH�UHDFWLRQ�DFWLYLW��RI�SURWHLQV��DUH�QRW�IXOO��XQGHUVWRRG�

��� ,Q� WHVWLQJ��WKH�IXQFWLRQDOLW��RI� WKH�QDQRPDWHULDOV�ZDV�QRW�OLQNHG� WR�WKH� WR[LFLW��FDXVHG�E�� WKH�QDQRSDUWLFOHV�GXULQJ�

migration.�For�some�packaging�that�combines�traditional�materials�with�nanomaterials,�the�complexity�has�a�signi�cant�impact�

RQ� WKH�IXQFWLRQDOLW��RI�QDQRPDWHULDOV��)XUWKHUPRUH��WKH�WR[LFLW��RI�QDQRPDWHULDOV�GXULQJ�PLJUDWLRQ�LV�FORVHO��UHODWHG�WR�WKH�

SDFNDJLQJ�PDWHULDOV��7KHUHIRUH��LW� LV� LPSRUWDQW�WR�OLQN�WKH�IXQFWLRQ�RI�QDQRPDWHULDOV�ZLWK�WKH�WR[LFLW��FDXVHG�E��QDQRSDUWLFOHV�

GXULQJ�PLJUDWLRQ�

7.�THE�PROSPECT�OF�NANOMATERIALS

1DQRPDWHULDOV�DUH�QRZ�XVHG�LQ�PDQ��IRRG�SDFNDJLQJ��,W�QRW�RQO��EULQJV�FRQYHQLHQFH�WR�SHRSOH�V�OLIH��EXW�DOVR�SURPRWHV�WKH�

GHYHORSPHQW�RI�QDQRWHFKQRORJ��

,Q�WKH�GHVLJQ�RI�IRRG�SDFNDJLQJ��WKH�VDIHW��RI�QDQR�PDWHULDOV�KDV�DOZD�V�EHHQ�WKH�IRFXV�RI�QDQR�UHVHDUFK��,I�QDQR�PDWHULDOV�

DUH�XVHG�LQ�IRRG�SDFNDJLQJ�ZKHQ�WKH��DUH�XQVDIH��LW�LV�OLNHO��WR�FDXVH�WR[LF�VXEVWDQFHV�JHQHUDWHG�E��WKH�PLJUDWLRQ�RI�QDQR�

PDWHULDOV��:KHQ�SHRSOH�HDW�WKH�IRRG��WR[LF�VXEVWDQFHV�FDQ�HQWHU�WKH�ERG���UHVXOWLQJ�LQ�KHDOWK�KD]DUGV�

7KH�GHWHFWLRQ�DQG�DQDO�VLV�WHFKQRORJ��RI�QDQRPDWHULDOV�LQ�IRRG�SDFNDJLQJ�LV�RQH�RI�WKH�SUREOHPV�WR�EH�VROYHG�E��UHOHYDQW�

scientists.�At�the�same�time,�the�detection�of�nanomaterials�should�not�only�understand�the�quanti�cation�of�nanomaterials,�but�

also�understand�their�surface�characteristics.�In�order�to�understand�more�speci�cally�the�components�contained�in�nanomaterials�

LQ�IRRG�SDFNDJLQJ��D�YDULHW��RI�GHWHFWLRQ�WHFKQRORJLHV�DUH�FRQQHFWHG�DQG�XVHG�WRJHWKHU��ZKLFK�LV�DOVR�RQH�RI�WKH�GHYHORSPHQWV�LQ�

the��eld�of�nanomaterials�research.

&RPELQLQJ� WUDGLWLRQDO� IRRG�SDFNDJLQJ�PDWHULDOV�ZLWK�QDQRPDWHULDOV� LV�D�QHZ�FRPELQDWLRQ�RI�KLJK�WHFK�DQG�PXOWL�

IXQFWLRQDO�PDWHULDOV��)RRG�SDFNDJLQJ�IRU�QHZ�QDQRFRPSRVLWHV�OLNH� WKHVH�LV�DOVR�EHLQJ�XSGDWHG��7KH�HPHUJLQJ�QHZ�PDWHULDO�

SDFNDJLQJ�KDV�JUHDWO��LPSURYHG�WKH�RULJLQDO�TXDOLW��RI�IRRG�DQG�SURPRWHG�WKH�UDSLG�GHYHORSPHQW�RI�WKH�IRRG�LQGXVWU���+RZHYHU��

LQ�WKH�FRQWLQXRXV�GHYHORSPHQW�RI�QHZ�QDQRPHWHU�SDFNDJLQJ�PDWHULDOV��WKH�VDIHW��RI�QHZ�PDWHULDOV�VKRXOG�DOVR�EH�VWXGLHG�DQG�
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DQDO�]HG��7KHUHIRUH��EHIRUH�WKH�ZLGHVSUHDG�XVH�RI�QDQRPHWHU�IRRG�SDFNDJLQJ�PDWHULDOV��WKH�PLJUDWLRQ�RI�QDQRSDUWLFOHV�LQ�IRRG�

DQG�WKH�VDIHW��RI�KDUPIXO�VXEVWDQFHV�SURGXFHG�E��KXPDQ�ERGLHV�VKRXOG�EH�WKH�IRFXV�RI�IXWXUH�UHVHDUFK�

8.�CONCLUSION

7R�VXP�XS��GXH� WR� WKH�FRQWLQXRXV�SURJUHVV�RI� VFLHQFH�DQG� WHFKQRORJ���QDQRPDWHULDOV�DUH� LQFUHDVLQJO��XVHG�LQ� IRRG�

packaging.�Through�the�research�on�some�nanomaterials,�we�can��nd�many�nanomaterials�that�are�bene�cial�to�food�packaging,�

VXFK�DV�WKH�GLVFRYHU��RI�VLOYHU�QDQRPDWHULDOV��%HFDXVH�RI�LWV�VWDELOLW��DQG�KHDW�UHVLVWDQFH��QDQR�VLOYHU�LV�RIWHQ�XVHG�LQ�SDFNDJLQJ�

GHVLJQ�RI� IRRG�SUHVHUYDWLRQ��%HFDXVH�WKH�QDQR�WLWDQLXP�GLR[LGH�PDWHULDO�KDV�JRRG�EDFWHULRVWDWLF�SURSHUWLHV��LW�LQFUHDVHV�WKH�

IUHVK�NHHSLQJ�WLPH�RI�IUXLWV�DQG�YHJHWDEOHV���OWKRXJK�QDQRPDWHULDOV�KDYH�D�ORW�RI�JRRG�SURSHUWLHV��LW�KDV�EHHQ�IRXQG�WKDW�VRPH�

QDQRPDWHULDOV�ZLOO�DOVR�EULQJ�EDG�HIIHFWV�GXH�WR�PLJUDWLRQ��7KHUHIRUH��IXUWKHU�UHVHDUFK�LV�QHHGHG�

5���5�1��

��@� /L�;4���DQJ�::���SSOLFDWLRQ�DQG�6DIHW��(YDOXDWLRQ�RI�1DQRPDWHULDOV�LQ�)RRG�3DFNDJLQJ��3DFNDJ�)RRG�0DFKLQHU��

������������������

��@� �DR�5-�� =KDQJ�==��5HVHDUFK� SURJUHVV� RQ� DSSOLFDWLRQ� RI� SDFNDJLQJ� GHVLJQ� LQ� IRRG� LQGXVWU��� 3URFHVV� 3UHVHUY�

��������������������

��@� /L� -+��;X�=;��/X�77��&KHQ��5���XR�-���SSOLFDWLRQ� RI�1DQR�0DWHULDOV� LQ�)RRG�3DFNDJLQJ��&KHP��HV�1HZVO�
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��@� +H�����=KDQJ�3���DR�����SSOLFDWLRQ�DQG�5HVHDUFK�6WDWXV�RI�1DQRFRPSRVLWHV� LQ�)RRG�3DFNDJLQJ��1HZ�&KHP�0DWHU�
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��@� �DQJ�/3��=KDQJ�-+��+XDQJ�00��HW�DO���SSOLFDWLRQ�DQG�VDIHW��HYDOXDWLRQ�RI�QDQR�PDWHULDOV�LQ�IRRG�SDFNDJLQJ��3DFNDJ�(QJ�

���������������������

��@� %DL�=0���SSOLFDWLRQ�RI�1DQRPDWHULDOV�LQ�)RRG�DQG�)RRG�3DFNDJLQJ�6DIHW���QDO�VLV��&KLQD�3DFNDJ�,QG�������������

��@� :DQJ�-���SSOLFDWLRQ�DQDO�VLV�RI�3X�JUDVV�PDWHULDO�LQ�ORZ�FDUERQ�GHVLJQ�RI�+XDL�DQJ�VSHFLDOW��IRRG�SDFNDJLQJ��-�1DQMLQJ�

8QLY��UWV���UW�DQG��HVLJQ�(GLWLRQ�����������������������
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