
AMORPHOUS MATERIALS: PROPERTIES, STRUCTURE, AND DURABILITY

!"#$#%%#&'$(%$)*+$(,$-$.,/$01$2(134515'6$.,/$2(13'5(,$7#&".,5272$(%$5,$.1375,(2515&.'#$
7#1'2$.'$"58"$9:#223:#$.,/$"58"$'#79#:.'3:#;

!"#$%&'%#()*+,&%-'&./(0-&(1&234"-*

!"#$%&'(&)*%+,(,-,(.%)./)0#+1(%',.%2)345!)6$.#7)6$#%81)9.#7):02)0#+1(%',.%2);<"<)4==!32)><?<@<

%.450%!5
A//&8,+)./)B42�RQ�WKH�VROXWLRQ�EHKDYLRU�RI�ÀXRULQH�DQG�FKORULQH�LQ�SHUDONDOLQH�VRGLXP�DOXPLQRVLOLC

FDWH�JODVVHV�TXHQFKHG�IURP�PHOWV�DW�KLJK�WHPSHUDWXUH��������&��DQG�SUHVVXUH������*3D��ZHUH�VWXGLHG�
E\�FRPELQLQJ�VROXELOLW\�PHDVXUHPHQWV�DQG�5DPDQ�VSHFWURVFRS\��:LWK�LQFUHDVLQJ�+42�FRQWHQW�IURP�
��WR�a���ZW���WKH�ÀXRULQH�VROXELOLW\�LQFUHDVHV�IURP�����WR�����PRO��LQ�$O�IUHH�JODVVHV�DQG�IURP�����
WR�����PRO��LQ�$O�ULFK�JODVVHV�����PRO��$O4D����,Q�FRQWUDVW��LQ�WKH�VDPH�+4D)8.%8&%,$#,(.%)$#%'&)
WKH�FKORULQH�VROXELOLW\�GHFUHDVHV�IURP�����WR�����PRO��LQ�$O�IUHH�JODVVHV�DQG�IURP�����WR�����PRO��
(%)@EC$(81)'E#++&+<

,Q�$O�IUHH�JODVVHV��LQWHUDFWLRQ�EHWZHHQ�+42�DQG�WKH�VLOLFDWH�WR�GHSRO\PHUL]H�WKH�QHWZRUN�LV�45)F)
B42�ļ�44�+��DQG�4�)F)B42�ļ�44�+���7KH�HIIHFW�RI�ZDWHU�RQ�VLOLFDWH�PHOW�VWUXFWXUH�LV�GLIIHUHQW�LQ�
KDORJHQ�EHDULQJ�PHOWV�EHFDXVH�LQ�K\GURXV�PHOW�V\VWHPV�ERWK�)�DQG�&O�FDQ�DFW�WR�GHSRO\PHUL]H�WKH�PHOW�
IXUWKHU��)RU�ÀXRULQH��WKLV�LV�DFFRPSOLVKHG�YLD�IRUPDWLRQ�RI�6L�)��$O�)��DQG�1D�)�ERQGLQJ�LQ�DGGLWLRQ�
WR�6L�2+��ZKHUHDV�LQ�FKORULQH�EHDULQJ�K\GURXV�PHOWV��WKHUH�LV�QR�LQWHUDFWLRQ�EHWZHHQ�6L5F)#%7)"EG<

7KH�KDORJHQ� VROXELOLW\� LQ� WKH�PDJPDWLF� OLTXLG� LQÀXHQFHV�PLQHUDO�PHOW� SDUWLWLRQ� FRHI¿FLHQWV� RI�
FKORULQH� DQG�ÀXRULQH� DQG� LPSOLHV�SDUWLWLRQ� FRHI¿FLHQWV�GLIIHUHQW� IURP�XQLW\��0RUHRYHU�EHFDXVH�RI�
,1&)8.%,$#+,(%')&//&8,+)./)B42�RQ�ÀXRULQH�DQG�FKORULQH�VROXELOLW\��WKH�&O�)�UDWLR�LQ�PDJPDV�IRUPHG�LQ�
ZDWHU�ULFK�HQYLURQPHQWV�VXFK�DV�VXEGXFWLRQ�]RQHV�FDQ�EH�D�VHQVLWLYH�LQGLFDWRU�RI�+4D)8.%,&%,)7-$(%')
DUF�PDJPDV�JHQHVLV��7UDQVSRUW�SURSHUWLHV�RI�PHOWV��VXFK�DV�GLIIXVLRQ�DQG�YLVFRVLW\��DOVR�YDU\�GLIIHUC
HQWO\�LQ�KDORJHQ�EHDULQJ�K\GURXV�PHOWV�FRPSDUHG�ZLWK�KDORJHQ�IUHH�V\VWHPV��0RUHRYHU��WKRVH�HIIHFWV�
RQ�PHOW�SURSHUWLHV�DUH�WKH�VWURQJHVW�LQ�)�EHDULQJ�V\VWHPV�
<#6=(:/2>$:DWHU��IOXRULQH��FKORULQH��VROXELOLW\��VROXWLRQ�PHFKDQLVP��DOXPLQRVLOLFDWH�PHOW

$-50(')!5$(-
)OXRULQH�DQG�FKORULQH�FRQWHQWV�LQ�SKHQRFU\VW�PHOW�LQFOXVLRQV�

EDVDOWLF�PDJPD�FDQ�UHIOHFW�WKHLU�UHVSHFWLYH�FRPSRVLWLRQV�LQ�WKH�
PDQWOH�VRXUFH�EHFDXVH�WKH�)�DQG�&O�FRQWHQWV�RI�PDQWOH�GHULYHG�
PDJPD� DUH� OHVV� WKDQ� WKHLU� VDWXUDWLRQ� YDOXHV� DW� ORZ�SUHVVXUH��
7KHUHIRUH��XQOLNH�+42��)�DQG�&O�DUH�QRW�VLJQLILFDQWO\�GHJDVVHG�
�H�J���0pWULFK��DQG�:DOODFH��������7KHVH�KDORJHQV�DUH�DOVR�OHVV�
DIIHFWHG�E\�SRVW�HQWUDSPHQW�GLIIXVLYH�ORVV�IURP�PHOW�LQFOXVLRQV�
WKURXJK�WKH�KRVW�PLQHUDO� WKDQ�RWKHU�YRODWLOHV��H�J���*DHWDQL�HW�
DO��������%XFKRO]�HW�DO��������/OR\G�HW�DO��������/H�9R\HU�HW�DO��
�������SHUKDSV�EHFDXVH�RI�WKHLU�ORZ�FRQFHQWUDWLRQ�LQ�PHOW�UHODC
WLYH�WR�WKHLU�VROXELOLW\�LQ�WKH�PHOW��,Q�WKH�ZDWHU�ULFK�HQYLURQPHQW�
RI� LVODQG� DUF�PDJPD� IRUPDWLRQ� DQG� HYROXWLRQ�� WKH�&O�)� UDWLR�
RI� SULPLWLYH� LVODQG� DUF�PHOW� LQFOXVLRQV� GHSHQGV� HLWKHU� RQ� WKH�
FRPSRVLWLRQ�RI�D�PHWDVRPDWLF�DJHQW�SULRU�WR�PHOWLQJ�RI�D�VRXUFH�
URFN��/H�9R\HU�HW�DO��������RU�RQ�WKH�IOXLG�URFN�UDWLR��'DORX�HW�
DO���������RU�ERWK��7KHUHIRUH��WKH�&O�)�UDWLR�PD\�UHIOHFW�WKH�GLIC
IHUHQW�IUDFWLRQDWLRQ�RI�)�DQG�&O�GXULQJ�K\GURXV�PDQWOH�PHOWLQJ�

GHSHQGLQJ�RQ�WKH�SURSRUWLRQ�RI�+42��'DORX�HW�DO���������7KLV�
IUDFWLRQDWLRQ�EHKDYLRU�ZLWK�+4D)(+)&(,1&$)H&8#-+&)./),1&)&//&8,)./)
B42�RQ�PHOWLQJ�SKDVH�UHODWLRQV�DQG�SKDVH�FRPSRVLWLRQ��E\�WKH�
&//&8,)./)7(++.EI&7)B42�RQ�WKH�PHOW�VWUXFWXUH��RU�ERWK�

,Q�WKLV�SDSHU��ZH�IRFXV�RQ�WKH�UROH�RI�PHOW�VWUXFWXUDO�FKDQJHV�
ZLWK�LQFUHDVLQJ�+42�FRQWHQW�RQ�WKH�EHKDYLRU�RI�GLVVROYHG�)�DQG�
&O��)OXRULQH�DQG�FKORULQH�VROXELOLW\�DQG�VROXWLRQ�PHFKDQLVPV�LQ�
VLOLFDWH�PHOWV�SUHYLRXVO\�KDYH�EHHQ�VWXGLHG�LQ�DQK\GURXV�DOXPLC
QRVLOLFDWH�PHOW�FRPSRVLWLRQV��0\VHQ�DQG�9LUJR�����D������E��
J.1%)&,)#E<)!KK!L)?81#EE&$)&,)#E<)!KK4L)M&%')#%7)?,&HH(%+)4===L)
6WHEELQV�DQG�'X�������0\VHQ�HW�DO��������=LPRYD�DQG�:HEE�
������%DDVQHU�HW�DO��������'DORX�DQG�0\VHQ��������,Q�DQK\GURXV�
PHOWV��)�DQG�&O�VROXELOLW\�DQG�VROXWLRQ�PHFKDQLVPV�GHSHQG�RQ�
$O�FRQWHQW��1D�6L�UDWLR�DQG�WKH�SURSRUWLRQ�RI�QHWZRUN�PRGLILHU�
DONDOLV�� ,Q�RWKHU�ZRUGV�� VROXELOLW\� DQG� VROXWLRQ�PHFKDQLVP� LQ�
DQK\GURXV�PHOWV� GHSHQG� RQ�PHOW� VWUXFWXUH�� )OXRULQH�PDLQO\�
IRUPV�FRPSOH[HV�ZLWK�$O�LQ�IRXU��RU�VL[IROG�FRRUGLQDWLRQ�DQG�WR�
D�OHVVHU�H[WHQW�1D�)�FRPSOH[HV��GHSHQGLQJ�RQ�DOXPLQRVLOLFDWH�
PHOW�FRPSRVLWLRQ��0\VHQ�HW�DO���������,Q�FRQWUDVW��FKORULQH�ERQGV�
PDLQO\�ZLWK�QHWZRUN�PRGLI\LQJ�FDWLRQV�VXFK�DV�DONDOL�PHWDOV�
RU�DONDOLQH�HDUWKV��6WHEELQV�DQG�'X�������6DQGODQG�HW�DO��������
(YDQV�HW�DO��������'DORX�DQG�0\VHQ�������

*LYHQ�WKH�VLJQLILFDQW�HIIHFW�RI�+42�RQ�PHOW�VWUXFWXUH��H�J���
=KDQJ�DQG�6WROSHU�������6FKDOOHU�DQG�6HEDOG�������+HVV�DQG�
'LQJZHOO� ������=RWRY� DQG�.HSSOHU� ������&RG\� HW� DO�� ������

!"#$%&'()*%(#$'+,-%./0)1,+2"#)3440)5'-#.)67786970):43;

��������;��������±����������'2,��KWWS���G[�GRL�RUJ���������DP����������� ���������

� 3UHVHQW� DGGUHVV��'HSDUWPHQW� RI�*HRORJLFDO� 6FLHQFHV��7KH�
8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ��$XVWLQ��7H[DV��(�PDLO��87#E.-N
MVJ�XWH[DV�HGX
��6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
JHRVFLHQFHZRUOG�RUJ�VLWH�PLVF�VSHFLDOLVVXHOLVW�[KWPO�

mailto:cdalou@jsg.utexas.edu
mailto:cdalou@jsg.utexas.edu



