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A newly developed method is presented for imaging fingerprint sweat corrosion of fired brass shell
casings that reduces the degradation of the corroded fingerprint image. Degradation has been
reduced by calculating a maximum angle of contact between the shell casing and a planar surface
containing the imaging medium �graphite particles�. Experiments have confirmed the predicted
reduction in image degradation for contact angles less than the maximum. Details of the setup and
operation of an instrument designed to improve fingerprint image quality are given and results
shown for a 9 mm brass shell casing. Use of the instrument with other calibre ammunition is
explained. © 2009 American Institute of Physics. �DOI: 10.1063/1.3183578�

I. INTRODUCTION

The use of fingerprints deposited at the scene of a crime
as a means of identifying an offender and hence solving the
crime was first suggested in the 19th century.1,2 Subsequent
work by Francis Galton, Edward Henry, and others well over
a 100 yr ago led to the establishment of fingerprint identifi-
cation as a recognized means of identifying offenders �see,
for example, Berry and Stoney3 for a review of the history of
fingerprinting�. Today, fingerprints continue to play an inte-
gral part in the investigation of a wide range of criminal
offenses from volume crime, such as burglary and vehicle
crime, to serious and major crime.4

When a person’s finger �or palm� comes into contact
with a surface, secretions of sweat are deposited onto the
surface leaving an impression of the papillary ridge pattern
of the finger. This is referred to as a latent fingerprint. When
latent fingerprints are deposited on metal surfaces, recent re-
search has focused on fingerprint imaging techniques that
exploit the chemical reaction that can occur between the
metal surface and the fingerprint deposit. This reaction, ef-
fectively a corrosion of the metal surface, results in a change
to both the chemical and physical characteristics of the metal
surface.5–8 We have shown how leaving fingerprint sweat
deposits on planar brass disks in air at room temperature for
several days produced sufficient corrosion of the metal to
enable the fingerprint to be imaged even after the residue of
the fingerprint deposit had been removed.7 This imaging re-
quired the application of an electrical potential to the brass
��2.5 kV� followed by the introduction of a conducting
graphite powder �particle size �10 �m diameter�. The in-
troduction of the conducting powder was facilitated with
spherical fused silica beads ��500 �m diameter�9 that were
coated thinly with the conducting powder. By rolling the
spherical beads back and forth across the charged brass sur-
face, the conducting powder was found to adhere preferen-
tially to areas of corrosion on the metal thus enabling the
fingerprint to be imaged.7

Under laboratory conditions, we demonstrated on a fired
9mm brass shell casing the imaging of a latent fingerprint
that was deposited prior to loading the live casing into the
firearm.7 Subsequently, Bond and Heidel10 have imaged fin-
gerprints on fired brass shell casings recovered from homi-
cide crime scenes using an instrument designed to enable the
shell casing to be rotated, while the graphite coated beads
were poured over the surface of the casing, the latter being at
a potential of 2.5 kV. Attempts to visualize fingerprints on
fired shell casings have attracted much research in recent
years, not least because of the problems heat damage to the
fingerprint deposit during the firing process presents to con-
ventional fingerprint imaging techniques.11–15

Bond and Heidel’s10 technique for fingerprint imaging
referred to above was found to be susceptible to unwanted
graphite deposition onto the shell casing at the point of con-
tact between the casing and the beads, resulting in a de-
graded image of the corroded fingerprint pattern. To over-
come this, we have developed an instrument that enables the
spherical beads to be rolled gently over the surface of the
shell casing while the latter can be rotated about its axis of
symmetry. In this paper, we describe first the calculation of
critical parameters for the construction of the instrument,
which are then verified experimentally. We follow this with a
description of the instrument itself and an illustration of its
use.

II. CALCULATING INSTRUMENT PARAMETERS

The operating principle of the instrument described here
is based on the angle of contact between a planar surface
�containing graphite coated spherical beads� and the shell
casing preventing unwanted deposition of graphite onto the
casing. Consider the schematic representation of this angle of
contact ��� in Fig. 1, which shows graphite coated beads
rolling down an incline AB at an angle � to the horizontal.
The beads meet the shell casing �radius=r� at a contact angle
� to the horizontal. The vertical distance from the point at
which the beads meet the casing to the top of the casing is
given by DE=r �1−cos ��.

a�Also at: Forensic Research Centre, University of Leicester, Leicester, LE1
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For the graphite not to deposit on contact with the cas-
ing, the electrostatic force of attraction between the graphite
and bead must be greater than the deceleration force experi-
enced as the beads begin to move along the arc BD. Assum-
ing the charge on the surface of a spherical bead is distrib-
uted symmetrically, the electrostatic force of attraction
between a graphite particle �in contact with the bead� and the
bead is given by16

F0 = qq0/4���0r2, �1�

in which q and q0 are the charge on the graphite particle and
bead, respectively, � is the relative permittivity of the bead,
and �0 is the permittivity of free space. As the graphite par-
ticles are distributed thinly over the surface of the bead, Eq.
�1� assumes no contribution to F0 from other graphite par-
ticles on the bead. The initial deceleration when a bead
makes contact with the casing at point B is the sum of forces
due to gravitational deceleration and the attraction between
the bead and the positively charged brass surface.16 For an
applied potential to the brass of 2.5 kV, the force due to
gravitational deceleration is much greater than that due to the
attraction between the bead and brass surface. Thus, the
force acting on a graphite particle can be approximated to16

F1 = mg sin � , �2�

where m is the mass of the graphite particle and g is accel-
eration due to gravity. To prevent graphite deposition on con-
tact F0�F1 and Eqs. �1� and �2� may be solved to give a
maximum value for �. Taking the radius of the spherical
bead and graphite particle to be 250 and 5 �m, respectively,
�=3.8 �Ref. 17� and q and q0 from measurements reported
by Yaraskavitch et al.,18 ��41°.

In addition, from Fig. 1, the angle of inclination ��� of
the planar surface AB determines the velocity at which the
bead makes contact with the shell casing. This velocity must
be sufficient to enable the bead to traverse the arc BD and
reach the top of the casing. Thus, assuming the start velocity
of the bead on AB is zero, there is a minimum value for � to
achieve this. Knowing the distances BD and AB and taking
the above assumptions, the equations of motion give a mini-
mum value for �.

III. EXPERIMENTAL VERIFICATION OF ANGLE
OF CONTACT „�…

The validity of the above calculation for � was con-
firmed experimentally using a test rig, shown schematically
in Fig. 2. A brass tray �F� was positioned on a brass frame
�G� such that the angle of inclination of the tray could be
adjusted by means of the four screws. A cut out aperture on
the base of the tray �H� enabled a 9 mm shell casing to be
positioned within the aperture, the protrusion of the casing
above the base of the tray being determined by the size of the
aperture. The shell casing was fitted to a tapered brass shaft
�I� such that the shaft could be rotated about its axis, thereby
rotating the shell casing. Final positioning of the shell casing
was achieved by means of a micromanipulation stage, con-
sisting of two orthogonally arranged linear bearings, to leave
a gap between the shell casing and sides of the aperture of
�0.1 mm. A potential of 2.5 kV was then applied to both the
test rig and the shell casing. Graphite coated beads were
introduced to the tray 2 cm from the aperture and traveled
toward the aperture, as shown by the arrows in Fig. 2. For a
given aperture �and ��, the shell casing was rotated 10 revo-
lutions, while beads were fed continuously into the tray. Af-
ter 10 revolutions, the graphite particles adhering to the shell
casing were collected by washing the casing in a known
mass of water, which was evaporated prior to weighing. This
process was repeated ten times for each aperture and an av-
erage mass of graphite particles calculated for each aperture.
This process was repeated with five different apertures
�33° ���52°�. The experiment was then repeated using
Bond and Heidel’s instrument10 �described above in Sec. I�
with the shell casing being rotated 10 revolutions, while
beads were poured continuously over the casing. It should be
emphasized that these experiments were conducted with a
brass shell casing that did not display any fingerprint corro-
sion in order that unwanted deposition of graphite particles
could be assessed. Figure 3 shows graphically the results of
these experiments with the average mass of particles col-
lected shown plotted against � and the dimension DE �from
Fig. 1�. Figure 3 shows clearly that for �� �40° �DE�
�2 mm�, the deposition of graphite particles increases rap-

FIG. 1. Schematic diagram of the angle of contact ���.

FIG. 2. Schematic diagram of test rig to verify experimentally reduction in
graphite deposition.
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idly to a level similar to that recorded from Bond and
Heidel’s10 instrument. Thus, �� �40° would affect ad-
versely the imaging of graphite particles adhering to any
fingerprint corrosion of the casing.

IV. DESCRIPTION OF INSTRUMENT AND RESULTS

The test rig shown in Fig. 2 was developed to provide a
working instrument, a photograph of which is shown in Fig.
4. In normal operation �for a 9 mm shell casing�, the brass
tray �F� is positioned with ��10° and DE �from Fig. 1�
�1.5 mm. The shell casing is rotated about its axis by means
of the wheel �J�, which is threaded onto the end of the shaft
�I�. The four screws attached to F and the rack and pinion
assembly �K� allow for fine positioning of the shell casing in
the aperture of the tray �H�. The hinged scoop �L� collects
any spherical beads that fall through the aperture during op-
eration. The counter weight �M� keeps the frame and tray
steady during use, while the pivoted handle �N� enables the
frame and tray to be rotated for recovery of spherical beads
and cleaning. Electrical contact is made via solder terminals
�O� to the frame and shaft sleeve, a sprung phosphor bronze
contact on the shaft sleeve ensuring electrical contact with

the shaft. As the tray is in good electrical and mechanical
contact with the frame, there is no requirement for a soldered
contact onto the tray itself.

Clearly, different calibre shell casings require different
sized apertures �H� and shafts �I�. This is achieved by lifting
the tray off the frame, it being held in position by two lugs
�P�. Similarly, the tapered shaft can be replaced by removing
the threaded handle �J� and sliding it from the sleeve.

With fingerprints deposited on brass shell casings under
laboratory conditions, superior imaging of corrosion has
been obtained with this instrument, an example of the corro-
sion pattern obtained being shown as an inset in Fig. 4.

V. SUMMARY

We have shown that it is possible to image reliably pat-
terns of fingerprint corrosion on fired shell casings when the
fingerprint was deposited before the weapon was loaded.
This has been achieved with less degradation of the image of
fingerprint corrosion �through less unwanted deposition of
graphite particles� than has been possible previously. This
instrument offers law enforcement agencies new investiga-
tive opportunities for crimes involving the discharge of a
firearm, as well as the potential to be adapted for use with
large calibre ammunition or metal fragments from impro-
vised explosive devices.
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FIG. 3. Mass of graphite particles collected as a function of contact angle
��� and DE. The diamond shows mass collected using Bond and Heidel’s
instrument.

FIG. 4. Photograph of completed instrument. Inset: image of pattern of
fingerprint corrosion.
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