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B158 Assessing the Forensic Utility of Particle Morphometry for the Characterization 
of Aluminum Powders in Explosives

Jack Hietpas, PhD*, 1617 Courthouse Road, Stafford, VA 22554-5409; Joshua Dettman, PhD, 2501 Investigation Parkway, Quantico, 
VA 22135; Raleigh Parrott II, 2501 Investigation Parkway, Quantico, VA 22135; and JoAnn Buscaglia, PhD, FBI Laboratory, CFSRU, 
2501 Investigation Parkway, Quantico, VA 22135

After attending this presentation, attendees will better understand the strengths and limitations of morphometry as a method for the 
FKDUDFWHUL]DWLRQ�DQG�GLVFULPLQDWLRQ�RI�DOXPLQXP�IXHOV�IRU�H[SORVLYH�FRPSRVLWLRQV�

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�GLVFXVVLQJ�WKLV�SLORW�SURMHFW�WKDW�LV�WKH�¿UVW�SXEOLVKHG�VWXG\�WR�
GHPRQVWUDWH�WKH�DSSOLFDWLRQ�RI�DOXPLQXP�SDUWLFOH�PRUSKRPHWU\�DV�D�TXDQWLWDWLYH�PHWKRG�IRU�WKH�FKDUDFWHUL]DWLRQ�RI�H[SORVLYHV��ZKLFK�
PD\�SURYLGH�YDOXDEOH�SURVHFXWRULDO�HYLGHQFH�DV�ZHOO�DV�OHDG�LGHQWL¿FDWLRQ�IRU�IRUHQVLF�LQYHVWLJDWLRQV�

Aluminum (Al) powder is commonly used in the pyrotechnics and explosives industries where it functions to increase the heat of 
H[SORVLRQ�ZKHQ�PL[HG�ZLWK�RWKHU�PHWDOOLF�SRZGHUV��R[LGL]HUV��DQG�H[SORVLYH�FRPSRQHQWV�1,2  The performance of Al powder as a fuel 
IRU�H[SORVLYHV�GHSHQGV�RQ�SRZGHU�SDUWLFOH�VKDSH�DQG�JUDLQ�VL]H�2  In addition, Al powder is widely used in the illicit manufacture of 
improvised explosive devices as well as improvised explosives.3��'HWDLOHG�SURWRFROV�IRU�PDNLQJ�DQG�DFTXLULQJ�$��SRZGHU�DUH�ZLGHO\�
DYDLODEOH�LQ�WKH�³XQGHUJURXQG´�OLWHUDWXUH�DQG�QXPHURXV�LQWHUQHW�ZHE�SDJHV�4,5��9HU\�OLWWOH�WHFKQLFDO�NQRZOHGJH�DQG�PDFKLQHU\�LV�UHTXLUHG�
IRU�PDNLQJ�$��SRZGHUV� WKDW�DUH�RI�VXI¿FLHQW�JUDGH��L�H���SDUWLFOH�VL]H�UDQJH�� WR�EH�XVHIXO�IRU�SURGXFLQJ�H[SORVLYH�PL[WXUHV�� �2ZLQJ�
WR�WKH�ZLGHVSUHDG�XVH�DQG�WKH�QXPHURXV�PHWKRGV�IRU�WKH�SURGXFWLRQ�RI�$O�SRZGHU��WKHUH�LV�WKH�SRWHQWLDO�IRU�VLJQL¿FDQW�YDULDELOLW\�LQ�
SDUWLFOH�PRUSKRORJ\�DQG�VL]H�GLVWULEXWLRQ���7KH�JRDO�RI�WKLV�UHVHDUFK�LV�WR�LQYHVWLJDWH�WKH�XWLOLW\�RI�SDUWLFOH�PRUSKRPHWU\�XVLQJ�DXWRPDWHG�
techniques as a metric to discriminate between samples of Al powder.

$SSUR[LPDWHO\����VDPSOHV�RI�$O�SRZGHUV�DQG�SDVWHV�ZHUH�DFTXLUHG�IURP�NQRZQ�OHJLWLPDWH�PDQXIDFWXUHUV��VHYHUDO�VHL]HG�H[SORVLYH�
GHYLFHV��DQG�SURGXFHG�LQ�KRXVH�IURP�DOXPLQXP�ÀDNH�FRQWDLQLQJ�FRPPHUFLDO�VSUD\�SDLQW�DQG�E\�JULQGLQJ�$O�IRLO�� �6HYHUDO�RI�WKH�$O�
SRZGHU� VDPSOHV�GHULYHG� IURP� WKH�GHYLFHV� UHTXLUHG� LVRODWLRQ� IURP� WKH� H[SORVLYH�SK\VLFDO�PL[WXUHV�� LVRODWLRQ� LQYROYHG� VLPSOH�ZDWHU�
extraction, manual separation, or mild acetic acid digestion (to remove carbonates without digesting the Al particles).  Powder samples 
ZHUH�VXEVHTXHQWO\�ZHW�VLHYHG�XVLQJ�GLVSRVDEOH�SRO\HVWHU�PHVK�RI�QRPLQDO�VL]HV�����P������P�����P��DQG����P�LQ�RUGHU�WR�DVVHVV�
ZLWKLQ�VDPSOH�YDULDELOLW\�RI�VL]H�IUDFWLRQV��DV�ZHOO�DV� WR�SURGXFH�PLFURVFRSH�VOLGH�SUHSDUDWLRQV�RI�FRQVLVWHQW� WKLFNQHVV� IRU� LPDJLQJ���
7UDQVPLWWHG� OLJKW� PLFURVFRSH� LPDJHV� RI� WKH�$O� SRZGHU� SDUWLFOHV� ZHUH� DFTXLUHG�� LPDJHV� ZHUH� VXEVHTXHQWO\� EDWFK�SURFHVVHG� XVLQJ�
FRPPHUFLDO�LPDJH�DQDO\VLV�VRIWZDUH�DQG�FXVWRPL]HG�FRGH���'LPHQVLRQDO�DQDO\VLV�ZDV�FDOLEUDWHG�XVLQJ�D�1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV�
DQG�7HFKQRORJ\�WUDFHDEOH� VWDJH�PLFURPHWHU��SRO\VW\UHQH�VSKHUHV�RI�����P�����P��DQG����P�ZHUH�XVHG�DV� VHFRQGDU\�VWDQGDUGV� WR�
DVVHVV�OLQHDU�FDOLEUDWLRQ���(DFK�LPDJH�ZDV�FRQYHUWHG�WR�D�ELQDU\�LPDJH�DQG�SUH�¿OWHUHG�XVLQJ�D�KLJK�SDVV�¿OWHU�WR�HQKDQFH�HGJH�GHWHFWLRQ���
7KH�IROORZLQJ�PHWULFV�ZHUH�PHDVXUHG�IRU�HDFK�SDUWLFOH�ZLWKLQ�HDFK�LPDJH�¿HOG�RI�YLHZ���DUHD��DVSHFW�UDWLR��SHULPHWHU��URXQGQHVV��PHDQ�
diameter, radii (maximum and minimum distance from particle centroid to edge), and radius ratio.  The large multidimensional datasets 
ZHUH�DQDO\]HG�XVLQJ�FRPPHUFLDO�DQG�RSHQ�VRXUFH�VWDWLVWLFDO�SDFNDJHV���7KH�UHVXOWV�IURP�VHYHUDO�PXOWLYDULDWH�VWDWLVWLFDO�PHWKRGV�ZLOO�EH�
presented. 

3UHOLPLQDU\�UHVXOWV�IURP�WKLV�SLORW�VWXG\�VKRZ�WKDW�FRPPHUFLDOO\�PDQXIDFWXUHG�$O�SRZGHUV��ÀDNH�DQG�DWRPL]HG�VSKHULFDO�JUDLQV��
KDYH�D�VLJQL¿FDQWO\�QDUURZHU�SDUWLFOH�VL]H�GLVWULEXWLRQ�WKDQ�LQ�KRXVH�SURGXFHG�SRZGHUV���,Q�DGGLWLRQ��WKH�VSKHULFDO�QDWXUH�RI�WKH�NQRZQ�
DWRPL]HG�PHOW�VDPSOHV�DOORZV�IRU�UDSLG�UHFRJQLWLRQ�RI�DQ�LQGXVWULDO�VFDOH�PDQXIDFWXUHU���7KH�UHVXOWV�IURP�WKLV�UHVHDUFK�ZLOO�SURYLGH�D�
foundation in which to investigate further the variability that occurs within and between manufactured Al powders over production 
timescales.
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