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Figure 1: The top surface of rhinoceros horn which the rhino has polished to smoothness by 
rubbing it against harder surfaces. At this magnification (bar represents 1mm) light and dark 
striations can be seen on the surface along with rougher areas within the striations. 

EXPERIMENTAL PROCEDURES AND RESULTS 

The primary sample used in these studies was a two inch piece of horn ' which was broken 
from the tip of the horn of a captive male white rhino. It was provided for this study by 
the Virginia Zoological Park, for which we are appreciative. In the following discussion, this 
specimen was examined by several different techniques. Each technique is discussed separately 
with experimental results included. 

Light Microscopy 

Light microscopy was used to examine the surface and cross-section of the rhino' horn. Visually 
the surface was smooth and rounded in perspective. There was a definite sheen to the top surface 
of the horn, which is where the animal rubs it against tree trunks, metal fence posts, and the 
ground. Because the horn has limited wear resistance when rubbed against harder surfaces, 
continuous wear will polish the surface and this is the natural state of the horn. 

When examined under magnification, the surface shows parallel striations of light and darker 
areas and rougher areas within the striations. These features are noticeable in Figure 1 which 
shows the smooth surface of a section of the horn. 

Figure 2 shows the point at which this section of horn was broken from the main horn. Clearly 
defined are hair-like filaments which project from the broken interface. The ends of these filaments 
come to a definite point and their diameters lessen significantly just prior to the formation of the 
point. Between the filaments is a separate region designated as the matrix phase. It has a fibrous 
texture, as well. Thinner fibers can be seen in the matrix material, as is demonstrated in 
Figure 2. 

A piece of the rhino horn was cut perpendicularly to the direction of the hair-like structures. It 
was vacuum encapsulated into epoxy resin and polished using metallographic polishing methods. 
These methods involve grinding with sand paper starting at 320 grit, followed by 400, 600, and 
1200 grit sand papers. It was then polished with 3 micron diamond slurry and final polished with 
0.3 micron alumina until a scratch-free surface was produced for photc:imicroscopy. This type 
of preparation follows standard metallographic techniques for metal, polymer and composite 
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Figure 3: A cross-sectional view of the rhino horn prepared by standard metallographic tech
niques. Bar represents O.2mm. In this view both the hair-like filaments and the matrix phase are 
apparent. The filaments are composed of circumferential layers built around a central core. The 
matrix phase fills in the spaces between the filaments. Differences in hardness between phases is 
emphasized by the polishing technique and can be seen as variations in height . 

Figure 4: At this magnification (bar represents O.lmm) the fila.riJ.ents appear to have a structure 
like growth rings. Cracks can be seen at the interfaces of the circumferential layers. The cracks 
are confined to the filaments and do not extend into the matrix. Small dark spots can be seen at 
the interfaces of the circumferential layers. 
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Figure 5: The top surface of the rhinoceros horn as is seen in the SEM, at 20KeV, a tilt angle of 
35 degrees with a working distance of 15mm. Magnification is marked on the photo. Individual 
filaments cannot be noted, although there is a directional orientation to the surface which is 
parallel to the filament direction. 

filaments, but no individual filament could be observed on the top surface. Figure 5 is a view of 
the surface of one portion of the horn. 

Cross-section of the horn, Figure 6, showed structure similar to that demonstrated by light 
microscopy in Figure 3. Regions which showed black in the light micrograph are distinct and 
white in the SEM image and are interpreted as cracks or gaps in the horn. These cracks follow the 
circumference of the central core and appear to be related to the structure of the "growth rings" 
within the filaments. The interface between the filaments and the matrix is evident as an almost 
continuous white line following the contours of the edges of the filaments. In the matrix ~hase, 
the white regions are less pronounced and smaller than in the filaments . Some directionality can 
be noted in the white regions in the matrix, as they follow the outer contours of the filaments . 
The differences in contrast (white to dark) are due to charging within the SEM. Charging occurs 
when a less conductive area, like a gap, is next to a conductive area. The edges of holes often 
show charging effects in SEM photographs. 

In general, the SEM photographs provided useful comparisons with those taken using light 
microscopy. The SEM also allowed some of the features in the interior of the cross-section to 
be imaged directly and emphasized some of the structural aspects of the cross-section to be 
demonstrated. The SEM provided the imaging capabilities while the energy dispersive x-ray 
spectroscopy (EDS) system allowed composition to be examined. 

Energy Dispersive X-ray Spectroscopy 

EDS was performed on the samples which were prepared for the SEM. Both the surface of the 
horn and polished cross-sections were examined. For analysis of the exterior surfaces, a layer of 
gold-palladium metal was sputtered onto the surface to enhance the conductivity of the surface 
and eliminate "charging" of the sample, which is caused when a surface charge builds up (due to 
the electron bombardment) and then discharges suddenly. This adversely affects the elemental 
analysis, since the specimen may actually move when the discharge occurs. Since neither gold nor 
palladium were present in the horn itself, the coating did not affect the compositional analysis . 

The results of the EDS analysis of the surface of the horn showed that the horn was composed 
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YIgUre 7: Energy diaperaive x-ray 8pectrum for the filament portion ofthe rhino horn taken using 
the spot analy8is capability with a spot size of a few microns, at 20KeV with a beryllium window 
detector. Compare this spectrum with the following spectrum. 
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Figure 8: Energy dispersive x-ray spectrum for the matrix phase of the rhino horn. Taken at 
the same spot size &8 that used for the filament analysis, this spectrum shows that less sulfur is 
present in the matrix than in the filaments. 
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Figure 10: Light micrograph of a polymer matrix composite material composed of graphite fibers 
encapsulated within an epoxy matrix. Bar repreesents O.lmm. Note the striking resemblance to 
the structure of the rhino horn, composed of fibers within a matrix phase. The graphite fibers in 
the polymer composite provide tensile strengthening while the epoxy matrix provides ductility. 
The arrow marks a crack within the matrix. Note that it runs between the graphite fibers; no 
fibers are broken. 

Comparisons to Manmade Composites 

Figure 10 shows a light micrograph of a polymer matrix composite with graphite fibers within 
the polymer matrix. It bears a striking resemblance to the structure of the rhino horn. The 
graphite fibers are, of course, much smaller in diameter than the filaments in the rhino horn, but 
the overall nature is quite similar. Graphite reinforced polymer matrix composites are usually 
not monodirectional such as the rhino horn, but consist of layers of oriented fibers alternating 
directions by 60 or 90 degrees. This provides the composite material with structural strength in 
at least two directions. It also provides some torsional stability to the composite. The rhino horn 
appears to suffer from neither lack of torsional strength nor from debonding along the interface 
between the filaments (except possibly in old horn or near the base of horns, where the matrix is 
no longer present). Manmade composite structures will often form cracks parallel to the interface 
of the fiber with the matrix. This is a very well known problem for composite materials and 
techniques such as applying coatings or electrostatic charges to the libers are done to try and 
optimize the interfaces which are formed. 

Figure 11 shows another view of the cross-section of the rhino horn. At the arrow, a crack 
had formed . The crack has filled in with new material, suggesting that the horn may be a living, 
growing structure which can repair itself. This is borne out by the fact that, when a rhinoceros's 
horn is removed or broken, a substantial portion grows back [13] . Contrast this ability to repair 
itself shown by the rhino horn, with the manmade composite shown in Figure 10, where a crack 
is marked with an arrow. Obviously, no material has filled in this crack, and no self-repairing 
mechanism can be demonstrated. 

Manmade composites are known to be very weak in compression [14] . The natural composite 
structure of the rhino horn, by comparison provides a significant amount of compressive strength, 
as is demonstrated by the use of it by rhinos in battles with other rhinos. Seldom does the 
horn break under these conditions. The rhino horn appears to provide a good combination of 
compressive and torsional strength, which is not always present in manmade composites. 
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Figure 11 : This light micrograph of rhinoceros horn, shown in cross-section, shows the site of a 
previous crack which has been repa.ired. Bar represents Imm. The arrow denotes the crack which 
has filled in with new material, demonstrating the self-repa.iring mechanism of the rhino horn 

Structure and Composition 

The rhino horn has evolved to its present form and evolution has optimized it for the uses 
made of it by the animal. The structure of the horn, as a composite material, provides some of 
the same advantages that manmade composites do. The fibers provide greater tensile strength 
than does the matrix, while the matrix provides greater ductility than the fibers. There is a need 
to demonstrate that this is the same for the rhino horn. It appears to be the case from the uses 
made of the horn. The rhino cows use their horns to protect calves from attack. Male rhinos 
use it in territorial disputes and to drive off interlopers, and a.JJ rhinos use their horns for digging 
in the ground. Other uses that the rhino may make of the horn have been speculated upon. 
Berger and others are seeking to examine these suggestions in dehorning studies which are being 
undertaken in rhino populations in Africa [15J . 

There are a number of lessons which may be possible to learn from studying the rhino horn. 
Materials science could benefit from information about the interfaces between phases in the 
horns which are clearly not as weak as they are in manmade composite materials . By studying 
the mechanical properties of the rhino horn, it may become apparent how the properties of each 
phase have been optimized for the uses. Since rhino horn has excellent compressive strength, it 
may be possible to improve the compressive strength of composite materials based on information 
derived from the study of these horns. 

Mimicking the composition and structure of rhino horn may lead to the development of a 
synthetic material which would serve as a substitute for rhino horn. As was mentioned in the 
introduction, previous attempts to substitute other types of horn or bone for rhino horn have not 
been successful with the cultures that use it pharmaceutica.JJy. However, no substitute has been 
tried which is chemica.JJy the same as rhino horn. Recently, several authors have suggested that 
an attempt be made to produce and distribute a synthetic rhino horn [6, 16J. H such a substitute 
could be made, produced inexpensively, and be accepted, it would provide the possibility for 
eliminating some of the demand for horn cultura.JJy and thereby eliminating some of the poaching 
pressures on the animal populations. This could impact significantly on their survival and possibly 
remove them from the threshold of extinction. Detailed information about the chemistry and 
structure of rhinoceros horn could also be useful in forensic inspection where it may be necessary 
to confirm the material origin of questionable artifacts . 
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