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Abstract: Presented article deals with the description of the technology of pattern steel production – forging welding, evaluation of fracture 

surfaces and mechanical tests of examined samples (resulting steel and its individual components). The damascus steel (pattern steel) was 

prepared by forge welding from a packet consist of a few hundred layers. Marbling was created by folding layers of 2 components: hard and 

tough steel of different thickness. For evaluation of mechanical properties was applied: Charpy impact test. The evaluation of the fracture 

surfaces of individual samples was performed by scanning electron microscopy (SEM). The values of mechanical properties of pattern steel 

themselves are in the range of values of mechanical properties of individual components. The fracture surfaces of the materials have a 

characteristic relief (in relation to the mechanical properties of the individual components). 
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1. Introduction 

The term damascus steel: Damascus steel is a material with a 

characteristic pattern – the so-called marbling. The number of layers 

in the final phase is about 100-500, but there are also so-called 

micromaskets with thousands of layers [1]. Marbling is created by 

folding (combining) several layers of steel (with different carbon 

content / properties), joined by a blacksmith welding method. 

Hundreds of layers of preforms need to be translated to create a 

drawing. There are currently two types of damascus steel: 

 genuine damascus steel – applied to tools produced in the 

past, the production process is not known, production by 

nanotochnological process is assumed (high values of 

mechanical properties of damascus steel were supplied by 

hollow carbon microfibres, coated with iron carbide 

fibers, production was random, not targeted) characterized 

by its properties – sharpness and hardness blades (used to 

make swords / weapons / knives),  

 false damascus steel (pattern steel) – resulting from the 

above-mentioned interleaving of layers and joining by 

forging welding into patterns [2, 3]. 

History: Historical perspectives on production technology are 

due to the diverse steel designations (Damascus, Pulad, Bulat, 

Wootz, Crucible steel) do not match [4, 5, 6, 7]. The first written 

mention of Damascus steel dates back to the 3rd century AD (by the 

Alexandrian historian Zosimos – he gave facts about its application 

in India and Persia) [8]. Current studies suggest that damascus steel 

was produced in Central Asia and India (not Syria or the Middle 

East – as originally expected). The processed ingots were 

subsequently distributed to Middle Eastern cities, including the city 

of Damascus (the center of the then trade). The designation damask 

steel therefore does not have a clear origin (it is not based on the 

designation of the place), but probably from the Arabic expression 

damas = water (Damascus blades are often described as exhibiting a 

water pattern on their surface) [4, 9]. Damascus steel production 

technology brought to perfection by Japanese samurai sword 

makers in the 13th century [10, 11, 12].  The production of patterned 

swords gradually declined until it completely disappeared around 

1750 (the cause of the cessation of production is still unknown).  

Many foreign authors deal with the production of damask steels 

(Bulat / Wootz steels), the resulting properties and history.  A group 

of Russian authors stands out – starting in the early 20th century. 

Russian metallurgists tried to renew the technology of damask steel 

production (technology applied in production until 1919), followed 

by the work of N. I. Belaiew, V. I Basov and others [7, 13]. 

Scientific work also deals with testing "found" historical objects 

made of real damask steel [14, 15, 16]. In the case of Peterson, D. 

T., Baker, H. H. and Verhoeven, J. D. – the knife blade is subjected 

to a number of analyzes: chemical analysis using mass spectroscopy 

(damask steel reports low carbon content and low impurities of Mn, 

P, S, Si and Cu, only the elements Pb, Zn, and Au were found at the 

0,01-0,05% range), analysis of microstructures, the shape and size 

of grains, the tensile strength, yield strength, elongation and 

hardness (about 62-67 HRA) [17]. Similarly, a study [18] 

examining historical objects (of true damask steel) and observing 

the high content of cementitic nanowires, which interact with 

dislocations and which might have influenced the nucleation of 

perlite. The nanohardness as measured separately for cementite and 

perlite indicated striking differences in the inelastic behavior of 

those phases. Other groups of authors, on the other hand, are 

exploring the possibilities of fake damask steel production 

technology and its acquired mechanical properties. For example, the 

work of S. Fedosov – comparing several types of false damask 

steels after heat treatment: HRC – (numbers were received by 

conversion of HV) = 48-52 / KCU [J.cm-2] = 20.2-36 / bend angle 

[°] = 0-6.5 / Tensile strength [MPa] = 822-853 / Elongation [%] = 

10.3-18.0 (the work also briefly evaluates the assessed fracture 

areas) [7]. Similar studies by Czech authors – Černý et al. 

describing the values of mechanical properties of damask steel 

samples after heat treatment (average value of Impact energy =    

3.9 J.cm-2 – tested sample in the direction of stored layers, average 

value of impact energy = 5.26 J.cm-2 – tested sample in the direction 

perpendicular to the direction of the deposited layers, both samples 

after heat treatment, Rm values in the range 1169.52-1264.75 MPa) 

[1]. The material portal [19] states the values: yield strength = 800 

MPa / HRC = 62-64 approximately (Ultra-high-carbon steel – 

Damascus steel). Material properties are intensive properties, that 

means they are independent of the amount of mass and may vary 

from place to place within the system at any moment. The basis of 

materials science involves studying the structure of materials, and 

relating them to their properties (mechanical, electrical etc.) [20]. 

2. Experimental method 

Description of material: W-Nr. 1.2842 steel (hard phase) and 

W-Nr. 1.2705 steel (tough phase) were applied for production of 

pattern steel. Heat treatment of W-Nr. 12842 steel: detailed scheme 

of heat treatment describes Fig. 2 (Fig. 1 – tempering diagram), 

steel W-Nr. 1.2705: etching resistant, achieves hardeness 44 HRC. 

 

Fig. 1 Tempering diagram of W-Nr. 1.2842 [21]. 
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Fig. 2 W-nr. 1.2842 steel heat treatment scheme (1 – annealing to remove 

internal stresses, 2 – cooling in the furnace, 3 – preheating stage, 4 –

hardening, 5 – oil, 6 – salt bath, 7 – cleaning / hardness test, 8 – tempering 
per working hardness, 9 – air cooling [21]. 

 

Pattern steel production process: the material is created by 

folding the selected components, the resulting number of layers: 

300, the ratio of hard and tough component: 2/1. Dimensions of 

applied semi-finished products: 3 x 30 x 1000 mm (W-Nr. 1.2842) / 

1.6 x 30 x 1000 mm (W-Nr. 1.2705).  

Prior to joining, both steels and impurities were removed from 

the surfaces (belt grinder). They were then cut to the required length 

of 100 mm and cleaned with degreasing agent. The components 

were stacked – folded, clamped and welded, applied method: arc 

welding at the edges and in the middle → packet generation 

(principle of packet generation – Fig. 3). The package (Fig. 4) was 

then heated to the desired temperature (800 °C) and sprinkled with 

borax (eliminates oxides on the surface, helps to increase the 

temperature). This was followed by heating to a temperature of 

1100-1200 °C and overtaking (blows – fast, even and strong 

enough). By repeating the mentioned procedure, a package with 100 

layers (resp. 300 layers) was created, which was subsequently 

ground and inserted into hydrochloric acid (for visibility of 

marbling – interconnection of layers of tough and hard phase). 

When making a 300-layer packet, the layer boundary is almost 

unobservable in some parts. The resulting damask – see Fig. 5. 

Component 1 – W-Nr. 1.2842 steel is heat treatable steel (hardness 

and wear resistance for finish material), component 2 –                 

W-Nr. 1.2705 steel was selected, which gives toughness to damask. 

Thanks to its resistance to etching the 1.2705 steel appears as the 

light components in the resulting structure (Fig. 5).  

 

Fig. 3 The principle of pattern origin. 

 

  

Fig. 4 Welded package. 

  

Fig. 5 The resulting material – a view in a layer line. 

 

3. Experimental testing of steels (components and 

resulting material) 

To observe the fracture surfaces of resulting steel (or its specific 

components) – samples were made with the dimensions: 10 x 10 x 

55 mm (with a V-shaped notch and standardized depth). The 

direction of the fibers on the damask samples / the dimensions of 

the normalized sample are shown in Fig. 6. The test was performed 

on Charpy hammers in accordance with the current standard STN 

EN ISO 148 [22]. The principle is based on dynamic three-point 

bending (see Fig. 7), the body is placed on supports, and the load F 

acts on the side opposite the notch. hammer equals the initial 

potential energy Wk – according equation: ( ). In the 

event of an impact, part of the kinetic energy is used for the 
deformation work of the test piece and the rest will allow the 
hammer to swing up to the height h ( ). The more 

kinetic energy is consumed to deform the body, the less the 
hammer deflection will be h, and thus, a higher value of material 
toughness → this is the difference between the potential energies 
of the hammer in position 1 and 2: . 

The measured KV values were then divided by the cross section of 
the test sample at the notch S0 →  thereby obtaining a notched 

toughness value of KCV according to the formula:  [J.cm
-

2
]. The values captured in Tab. 1 represent average values from the 

total number of measurements. 

 

 

Fig. 6 Layer lines on the prepared samples (dimension of the normalized 

sample with V-notch) / sample for the impact bending test – placement of 
layers in relation to the movement of the hammer. 
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Fig. 7 Principle of the performed impact bending test (1: initial position of 

the hammer, 2: supports, 3: end position of the hammer, 4: test specimen, 5: 

notch on the body). 

 

Table 1: Averages of measured values of notched toughness KCV (Charpy 

impact Test). 

Material Average value KCV [J] Standard deviation 

Component 1 3.10 0.95 

Component 2 73.6 0.98 

Resulting steel 13.4 0.96 

Note: the toughness test was performed in a direction 

perpendicular to the direction of the line (deposited layers). 

 
a) component 1 

+ 

 
b) component 2 

 

= 
 

 
c) resulting steel 

 

Fig. 8 View of the fracture surface of examined samples at SEM. 

 

Figure 8 capture the fracture surfaces (types of fractures): the 

components of the damask (hard component / tough component) 

and the resulting damask itself at the set magnification of the 

scanning electron microscope. Component 1 shows facets of brittle 

– fission fracture, the energy consumed in the formation of fracture 

is low about 3 J (it can be stated that the fracture is low-energy – 

according to [23]). The images of component 2 capture the 

morphology of the more ductile – intercrystalline and 

transcrystalline fracture with a higher number of well disturbances 

(compared to component 1). The value of the plastic deformation 

energy consumed to break the sample also tells about it. The 

resulting damask is a combination of intercrystalline and 

transcrystalline damage (so-called mixed fracture surface).  

 

3. Conclusion 

The aim of the presented study is to point out the technology of 

production of false damask steel created by joining the layers into a 

whole (using the technology of welding forging). The marbling 

effect is created by folding hard and tough steel in a ratio of 2: 1, in 

relation to the different thickness of the components. The values of 

the consumed energy of the hard and tough component at the 

fracture occur correspond to the expected values. For the resulting 

damask, the value of energy consumed is in the range of KCV 

values hard versus the tough component (the conclusions of the 

quarry study are similar, where damask is a combination of 

intercrystalline and transcrystalline failure). 
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