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1 Intr oduction

A knife blade exhibiting a damask pattern was provided for investigation by Mr.

Daniel Watson of Angel Sword in Driftwood, TX. Mr. Watson reported this blade
to be createdfrom a commercialtool steelusing a conmbination of thermal and me-
chanical processingsteps. Photographsof this blade are provided in Fig. 1, shaving

clear damask patterning on both the right-hand and left-hand blade surfaces. The

presern investigation focuseson characterizing the microstructure of this damask-
patterned steel blade, with the goal of providing data on the origin of this damask
pattern. The blade was sectionedinto multiple pieces,and the two labeledasA and
B in Fig. 1 were preparedas specimensfor microstructural examination. Specimens
A and B were mounted in phenolic resin and subsequetly ground and polishedto

reveal clean,undeformedblade material, i.e. internal material away from the original

blade surface. Thesepreparedspecimenswere then characterizedusing the following
technigues: Knoop microhardnessndentation, Rockwell type C hardnessndentation,

optical microscopy, scanning-electrormicroscopy (SEM), and energy-disgrsive spec-
troscopy (EDS). For obsenation under optical and scanning-electrormicroscoyy, the
polished specimenswere etched with a solution of nitric acid and methanol, referred
to as\nital" in standard metallographic practices,in order to reveal microstructural

features.

Figure 1: Photographsof the knife exhibiting a damask pattern are shavn for the
(top) right-hand and (bottom) left-hand blade surfaces.



2 Experiment al Results

Macroscopicindentation experimerts were conducted on both specimensA and B
usingthe Rockwell type C indentation test. Indentations were conductedon material
internal to the blade, which wasrevealedby grinding away the surfacematerial using
silicon-carbide papers, followed by polishing with diamond compounds to remove
surfacedeformation. The averagehardnessvalue measuredfrom multiple tests on
both specimensis 53 HRC, with a standard deviation of 1.7 in the data set. This
value of hardnessis within the range of hardnessesxpected from quended-and-
temperedtool steelsproducedby standard heat-treating practices[1].

Damascussteels,those steelswhich exhibit damasksurfacemarkings, have been
divided into two categoriesby Wadsworth and Sherly [2,3]. Genuine damascus
steelsare those which are composedof a single steelcomposition and have a damask
assaiated with microstructural featureswhich pervadethe entire material. The other
primary category of damascussteelsis the pattern-weldel variety, which is created
by the lamination of two di®eren steels,typical onewith a high carbon composition
and a secondwith a low carbon composition. For genuine damascussteels,damask
patterning is generallynot obsenable on a freshly polished surfaceof the steel. This
is the casefor the ground-and-lishedspecimensof the presen blade. Upon etching
with a nital etchant, howewer, a damaskpattern similar to that of the original blade
surfaceis againrevealedin the polished specimensof the knife blade. This is a clear
indication that the damask pattern in this blade is assaiated with microstructure
which existsthroughout the blade. The damaskpattern revealedafter etching is found
to be assaiated with microstructural banding shavn in the SEM imageof Fig. 2(a).
An SEM imageat a higher magni cation, showvn in Fig. 2(b), revealsa microstructure
of tempered martensite with a dispersion of ne carbide particles, as expectedin a
guended-and-temperedtool steel. Moreover, the microstructural banding is clearly
asseiated with variations in the density of very ne carbide particles. This is in
cortrast to the coarsecarbide particles asseiated with the damask patterning of
geruine damascussteelsinvestigated by Verhoeven and Pendray and co-workers [4{
12] and by Wadsworth and Sherlty and co-workers [2,3,13{22]. The ne carbides
presen in this blade are expectedto lead to medanical properties superior to those
of damascussteelswith coarsecarbides. The origin of the damask pattern, which
is obsened with the naked eye, is in the microstructural bands showvn in Fig. 2(a).
Slight variations in the spacingof these microstructural bands lead to darker and
lighter macroscopicbands on the steel surfaceafter etching, which are the damask
pattern.

Knoop microhardnessndentations weremadeacrossthe damaskpattern bandson
specimenA, with indentations falling into both the light and dark bands. Indentations
were made using a 1000gram load, and the resulting indentations are showvn in the
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Figure 2: Micrographsof a polished-and-etbedsectionfrom the knife bladeare shavn
at (a) low and (b) high magni cation. The banding of the etched microstructure is
assaiated with slight variations in the densitiesof ne carbide particles, shovn in
(b) to residewithin a badkground of tempered martensite.

optical micrograph of Fig. 3. Ead of the four inderntations shown is of the same
size,regardlessof falling within either a light or dark band. This result provesthat
hardnessdoesnot vary betweenthe dark and light bandswithin the damaskpattern
and indicates that major composition variations are unlikely between these bands.
EDS was conducted along a line crossingseeral dark and light bands within the
damaskpattern of specimenA. Fig. 4(a) shows the result of elemenial composition
analysisby EDS acrossse\eral damask bands for the elemens Si, Cr, Mn, and C.
No meaningful variation in these elemen conceirations is detected; all variations
shovn are within the resolution limit of the instrument. Fig. 4 shows these same
data superimposedon an SEM image of the region analyzed; the line along which
composition was measureds alsoshowvn. The results of Knoop hardnessndentations
and EDS analysisshow conclusiwely that the knife bladeis a single steelcomposition.
Thus,it ts into the categoryof geruine damascussteels. Moreover, the homogeneous
composition of the blade material and the very ne carbide dispersionit evidences
are both characteristic of high-quality, modern tool steels. One of the ne carbide
particles, shavn in the SEM micrographof Fig. 5(a), wasanalyzedfor elemen cortent
using EDS. The EDS results, shovn in Fig. 5(b), indicate the presenceof elemens
expectedin and nearthe carbidesformedwithin modern tool steels,including Si, Cr,
Mn, and Mo. The exact composition of the steelwas not determined.

3 Conclusions

The knife blade examinedclearly falls into the categoryof a geruine damascussteel.
The damaskpattern it exhibits resultsfrom microstructural bandsin the distribution



Figure 3: Knoop microhardnessindertations (1000 gram load) acrossthe damask
bands are showvn to have identical sizes,indicating no hardnessvariation acrossthe
bandedmicrostructure.

(@) (b)

Figure 4: Data from an EDS line scan for the elemens Si, Cr, Mn, and C are
showvn as (a) a histogram of composition variation versusposition and (b) elemen
concettration variation asa function of position superimposedupon an SEM image
of the actual microstructure scanned,with the scanline indicated.
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Figure 5: The results of EDS analysis on the small carbide, showvn in the high-
magni cation image of (a), are provided in (b) asa energyspectrum, on which im-
portant energypeaksfor particular elemens are labeled.

of very ne carbide particles. The variation in spacingof thesemicrostructural bands
leadsto an etching cortrast which revealsa damaskpattern obsenable to the naked
eye. This medanismis similar to those proposedto explain the patterning of other
geruine damascussteelsin that it is assaiated with carbide particles. Howevwer, the
carbide particles of this damascussteelare ner than thosereported in the literature
for other geruine damascussteels. The small carbide particle sizesand homogeneous
composition and hardnessof this knife blade are characteristic of a modern tool steel
material, which leadsto an expectation of excellen medanical performance.
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