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B33 Fourier-Transform Infrared Spectroscopy Investigations of Smokeless Powders
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7KH�JRDO�RI�WKLV�SUHVHQWDWLRQ�LV�WR�GHWHUPLQH�ZKHWKHU�QRYHO�VPRNHOHVV�SRZGHU�FODVVHV�FDQ�EH�LGHQWL¿HG�EH\RQG�WKH�VLQJOH�EDVH�DQG�
double-base designations by statistical analysis of Fourier-Transform Infrared Spectroscopy (FTIR) data.

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�SURYLGLQJ�D�VWDWLVWLFDOO\�YDOLG�FODVVL¿FDWLRQ�PHWKRG�IRU�SRZGHUV�
exclusive of the classic division of single-base and double-base designations.

,Q� ������ WKH�1DWLRQDO� &HQWHU� IRU� )RUHQVLF� 6FLHQFH� �1&)6�� GHYHORSHG� D� VPRNHOHVV� SRZGHUV� GDWDEDVH� LQ� FRQMXQFWLRQ�ZLWK� WKH�
7HFKQLFDO�6FLHQWL¿F�:RUNLQJ�*URXS� IRU� )LUH� DQG�([SORVLYHV�$QDO\VLV� �7�6:*)(;�� UHJDUGLQJ� WKH� DQDO\VLV� RI� VPRNHOHVV� UHORDGLQJ�
SRZGHUV���6PRNHOHVV�SRZGHUV�DUH�ORZ�H[SORVLYHV�WKDW�FRQWDLQ�HQHUJHWLF�PDWHULDOV�DQG�IXQFWLRQ�DV�SURSHOODQWV�LQ�UHORDGLQJ�DPPXQLWLRQ�
DQG�WKH\�DUH�IUHTXHQWO\�IRXQG�LQ�,PSURYLVHG�([SORVLYH�'HYLFHV��,('V��VXFK�DV�SLSH�ERPEV���7KH�WKUHH�PDLQ�W\SHV�RI�VPRNHOHVV�SRZGHUV�
are single base, double base, and triple base, with all three types containing nitrocellulose.  In addition to nitrocellulose, double-base 

SRZGHUV�FRQWDLQ�QLWURJO\FHULQ�ZKLOH�WULSOH�EDVH�SRZGHUV�FRQWDLQ�QLWURJO\FHULQ�DQG�QLWURJXDQLGLQH���7KH�VPRNHOHVV�SRZGHUV�GDWDEDVH�
housed by NCFS contains analytical data for a large number of commercially available single-base and double-base powders that have 

EHHQ�DQDO\]HG�WKURXJK�DQDO\WLFDO�PHWKRGV�LQFOXGLQJ�*DV�&KURPDWRJUDSK\�0DVV�6SHFWURPHWU\��*&�06���VWHUHRPLFURVFRS\��DQG�)7,5�
)RU�WKLV�UHVHDUFK��)7,5�GDWD�IRU����VPRNHOHVV�SRZGHU�VDPSOHV�DQDO\]HG�DW�1&)6�ZHUH�XWLOL]HG���7KH�SHUFHQW�WUDQVPLWWDQFH���7��

was converted to absorbance and the intensity values for wavenumbers 400-4,000 cm-1�ZHUH�QRUPDOL]HG�WR�VFDOH�������6LQFH�QR�SULRU�
LQIRUPDWLRQ�ZDV�NQRZQ�UHJDUGLQJ�SRWHQWLDO�JURXSLQJ�RI�WKH�GDWD��DQ�XQVXSHUYLVHG�WHFKQLTXH��$JJORPHUDWLYH�+LHUDUFKLFDO�&OXVWHULQJ�
�$+&��ZDV�XVHG�WR�JHQHUDWH�GHQGURJUDPV�VKRZLQJ�WKH�FOXVWHULQJ�JURXSV�RI�SRZGHUV�EDVHG�RQ�)7,5���+LHUDUFKLFDO�FOXVWHULQJ�XWLOL]HV�D�
GLVWDQFH�PHWULF��L�H���(XFOLGHDQ��PD[LPXP��HWF���WR�FDOFXODWH�WKH�GLVWDQFH�EHWZHHQ�VDPSOHV�DQG�D�OLQNDJH�PHWULF��L�H���VLQJOH��FRPSOHWH��
etc.) to cluster data. 

)XUWKHU�VWXGLHV�LQFOXGHG�GH¿QLQJ�WKH�DSSURSULDWH�GLVWDQFH�DQG�OLQNDJH�E\�FUHDWLQJ�GHQGURJUDPV�XVLQJ�(XFOLGHDQ�GLVWDQFH�DQG�VLQJOH��
FRPSOHWH��DQG�ZDUG�OLQNDJH�PHWKRGV�WR�GHWHUPLQH�WKH�EHVW�FOXVWHULQJ�� �,W�ZDV�GHWHUPLQHG�WKDW� WKH�GLVWDQFH�DQG�OLQNDJH�FRPELQDWLRQ�
of Euclidean and Ward, respectively, gave partially overlapping clusters.  The similarity data was then used to generate a heat map to 

YLVXDOL]H�WKH�JURXSLQJV��
3UHOLPLQDU\�UHVXOWV� IURP�FOXVWHU�DQDO\VLV� LGHQWL¿HG�IRXU�JURXSV�DPRQJ�VLQJOH�EDVH�DQG�GRXEOH�EDVH�SRZGHUV� WKDW�GR�QRW�FOXVWHU�

EDVHG�RQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�QLWURJO\FHULQ��LQGLFDWLQJ�WKDW�WKHUH�DUH�DGGLWLRQDO�IDFWRUV�LQÀXHQFLQJ�FOXVWHU�IRUPDWLRQ���$GGLWLRQDO�
UHVHDUFK�ZLOO�VHHN�WR�GHWHUPLQH�WKH�FKHPLFDO�IDFWRUV�FRQWULEXWLQJ�WR�WKH�FOXVWHULQJ���,Q�DGGLWLRQ���'�PDSSLQJ�VWXGLHV�RI�VPRNHOHVV�SRZGHU�
FURVV�VHFWLRQV�ZLOO�EH�SHUIRUPHG�WR�LQYHVWLJDWH�KHWHURJHQHLW\�WKURXJKRXW�WKH�NHUQHO��

7KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�E\�WKH�1DWLRQDO�,QVWLWXWH�RI�-XVWLFH��2I¿FH�RI�-XVWLFH�3URJUDPV��DZDUG������5��&;�.������7KH�
FRQWHQW�RI�WKLV�SXEOLFDWLRQ�GRHV�QRW�QHFHVVDULO\�UHÀHFW�WKH�SRVLWLRQ�RU�WKH�SROLF\�RI�WKH�JRYHUQPHQW��DQG�QR�RI¿FLDO�HQGRUVHPHQW�VKRXOG�
EH�LQIHUUHG�� �6XSSRUW� LV�DOVR�DFNQRZOHGJHG�IURP�WKH�8QLYHUVLW\�RI�&HQWUDO�)ORULGD��1DWLRQDO�&HQWHU�IRU�)RUHQVLF�6FLHQFH��D�6WDWH�RI�
Florida Type II Research Center.
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