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Theoretical and practical aspects of the identification of the bladed weapon on
the example of the SG 98/05 bayonet to the Mauser rifle based on metal science
research

Abstract. The article examines the studies of the bayonet fragment with severe
damages of metal found in the city Kremenchuk (Ukraine) in one of the canals on the
outskirts of the city, near the Dnipro River. Theoretical research to study blade
weapons of the World War | period and the typology of the bayonets of that period,
which made it possible to put forward an assumption about the possible identification
of the object as a modified bayonet to the Mauser rifle has been carried out. Metal
science expert examination was based on X-ray fluorescence spectrometry to
determine the concentration of elements in the sample from the cleaned part of the
blade. Analysis of the chemical composition showed that the blade was made of
hardened carbon steel alloyed with silicon, chromium, manganese, nickel and copper.
Measure results of the chemical composition of the object correspond to steel for
castings of grade 55L with an average blade hardness of 42 HRC. Manufacturing
technology of the casting corresponds to the end of the XIX — the beginning of the XX
century with the use of converter production. The bayonet blade was subjected to
strengthening heat treatment in the form of hardening and medium tempering.
Metallographic analysis showed that the research object of blade fragment suffered

Copyright © 2021 V. Maslak, Ye. Lashko, O. Chencheva. This is an open access article distributed under the Creative Commons Attribution
License 4.0, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://en.wikipedia.org/wiki/Kremenchuk
https://en.wikipedia.org/wiki/Ukraine
mailto:vimaslak2017@gmail.com
https://orcid.org/0000-0002-2898-2400
https://en.wikipedia.org/wiki/Kremenchuk
https://en.wikipedia.org/wiki/Ukraine
mailto:evgeny.lashko.lj@gmail.com
https://orcid.org/0000-0001-9691-4648
https://en.wikipedia.org/wiki/Kremenchuk
https://en.wikipedia.org/wiki/Ukraine
mailto:chenchevaolga@gmail.com
https://orcid.org/0000-0002-8826-3248

https://www.hst-journal.com Icmopis nayku i mexHiku, 2021, mom 11, sunyck 1
History of science and technology, 2021, vol. 11, issue 1
corrosion cracking between crystals or along the body of grains, indicating a long stay
in silty deposits. The identification of the research object has been carried out using
applied technologies based on visual inspection with a description of the state of
conservation and comparison with the results reflected in scientific periodicals; metal
science expertise; determination of weight and size characteristics and their
compliance with the original, including experimental reconstruction, which identifies
the preserved fragment with the original drawing at the control points. A comparison
of the chemical composition of the blade steel and the “Haenel” steel, differing in
concentration and additional alloying elements has been made. The remains of the
royal monogram imprint of the stamp and the absence of the regimental stamp have
become the basis for searching through catalogs of registered bayonets. This allowed
the identification of the object under study as part of the German imperial modified
bayonet model 1898/1905 for the Mauser rifle, which was manufactured in the period
from 1915 to 1918. Prospects for further research are seen in an increase in the number
of metal science examinations for more accurate identification of discovered
specimens.
Keywords: expert examination; age determination; archaeometallurgy;
experimental reconstruction; stamp; “Butcher”

Introduction.

The current state and prospects for the study of blade weapons of the World War |
period have not been sufficiently reflected in scientific periodicals. While highlighting
this issue, attention should be paid to the publication (Bennett, 2019a), which describes
the two main types of bayonets that were used in the Imperial German Army. The
author focuses on setting out the origins of this type of weapon and explaining their
current use, that is, the article is more overview in nature. The basic research on this
topic is the work of Anthony Carter (Carter, 1984), summarizing the known
information about the SG 98/05 bayonet and its prototype SG 98/02, which have much
in common in the design of the main elements. The works (Liibbe, 2000; Riidiger,
1994/2000) contain close-ups of manufacturer's stamps, markings and individual parts,
which can help in identifying each specific bayonet. Presented albums and catalogs are
valuable reference books for collectors of bayonets at the same time metal science
examination would enhance the subject of the article under consideration. Nowadays,
scientific interest in the bayonet is very limited in the context of the rapid and
sustainable development of weapons, which has been such a noticeable sign of war
since the mid-19th century, and its impact on the nature of the battle is barely noticeable
(Stone, 2016).

Publications (Ballard & Bennett, 2017; Ballard, 2018) are devoted to an overview
of the weight characteristics of the British Army bayonets, which are based on a
statistical analysis of data on the compliance with the required minimum and maximum
weight range of the finished product. Such an approach does not allow the
identification of specimens that are in a poor state of conservation or which integrity
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has been disintegrated. The article (Bennett, 2019b) shows the history and
characteristics of the Ottoman bayonets of the American Peabody-Martini rifle. These
three bayonets provide a classic illustration of the bayonets’ typology of this period,
without thoroughly examining the metal they were made of.

It should be noted on the metallographic analysis of two knives found in Kobili¢
(Republic of Croatia), presented under the authorship of (Thiele, HoSek, Antoni¢, &
Racz, 2017). However, there is no data on the chemical composition of these knives,
which is important from the point of view of a precise study of products. The paper
(Hosek, Barta, & Smerda, 2017) shows the application of metallographic analysis to
the study of a sword from Kyjov (Czech Republic). Experimental reconstruction made
it possible to obtain technological information in the production of this type of weapon,
but questions arise on the compliance with the manufacturing time.

The prospects of researches in the field of archaesometallurgy using various
methods of spectroscopic analysis are discussed in some scientific publications
(Pearce, 2016). The author notes the importance of greater use of analytical data by
archaeologists and, therefore, ultimately to better identification of samples. In
particular, the article (Welton, 2016) overestimates the functional properties of 52 early
Anglo-Saxon spearheads and 118 knives, also rethinking their technological properties
based on the determination of the carbon and phosphorus content in wrought iron.
Practical achievements, except local thematic studies, have not yet been spread in the
scientific community (Charlton, 2015), that actualizes work in this direction. There is
a need for a thorough study of objects using applied technologies.

The aim of the paper is to identify the object of research as part of a modified
bayonet (cleaver bayonet, knife bayonet) of 1898/1905 (SG 98/05) to the 1898 Mauser
rifle.

Achieving this goal necessitated the following tasks:

— historical investigation and identification of a probable bayonet fragment;

— determination of chemical composition; metallographic analysis and
reproduction of the technological scheme of manufacture.

Research methods.

A fragment of blade weapon with significant damage was provided for the study
(Fig. 1). The handle and part of the blade are preserved. There are wood particles, two
metal screws, and the remains of a button on the handle. The sample was found in
Kremenchuk (Ukraine) in one of the canals on the outskirts of the city, near the Dnipro
River.

X-ray fluorescence spectrometry (RFS, XRF) GOST 28033-89, which is used to
determine the concentrations of elements in the range from 0.001% to 100% in various
substances has been used.

Quantitative X-ray fluorescence analysis has high accuracy and reproducibility of
results, provided that the requirements for representativeness of the sample are met.
High accuracy with low analysis costs is guaranteed by the stability of modern
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instruments, which eliminates the need for repeated measurements or frequent
recalibrations. The quantitative analysis is based on the dependence of the intensity (1)
of characteristic X-ray radiation on waves of various wavelengths. The nature of the
dependence is experimentally established by calibration, that is, by measuring the
intensity of characteristic fluorescence in several reference (standard) samples with a
precisely known concentration (C) of the element that is being determined. The
recalculation of the measured intensities of the elements of the investigated object in
the unit of concentration is based on the performed calibration and is described
mathematically using the calibration function in the form 1 =aC + b. The result of
quantitative analysis is the exact value of the concentration of the element in the test
object, which is expressed in %, ppm (g/t), g/kg and mg/I.

i 4
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Figure 1. General view of the research object (photo taken by the authors in 2021).

The qualitative analysis is based on the presence or absence of lines of
characteristic radiation of the element in the sample spectrum. An element is
considered available in the investigated object if less than two lines of characteristic
radiation are detected in the spectrum. The identification of these lines of elements is
carried out by setting the wavelengths of the spectrum peaks and searching for the
found values in the database of X-ray lines. This operation is carried out by computer
means. The analysis result is presented as a list of available elements in the sample and
the elements presented in the sample in very small quantities (traces).

The identification of a substance is carried out to establish the correspondence
between the composition and certain physical properties of the investigated and
reference samples. This type of analysis is important when looking for any difference
in the composition of the two samples. X-ray fluorescence spectrometry allows a
detailed comparison of samples by the characteristic spectra of the elements, as well as
by the intensity of the background (bremsstrahlung) radiation and by the shape of the
Compton scattering bands. This is important if the chemical composition of two
samples is identical according to the results of quantitative analysis, but the samples
differ in other properties, in particular, grain size, crystallite size, surface roughness,
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porosity, moisture, the presence of crystallization water, polishing quality, spray
thickness, etc. Identification is performed on the basis of careful comparison of spectra,
without the need to know the chemical composition of the sample. Any difference in
the compared spectra certainly indicates a difference between the research object and
the standard. The result of such research is an accurate confirmation or disproof of the
identity of the two samples.

For carrying out experimental researches, serial and special laboratory equipment
such as a forensic line for photography and a built-in digital camera; angle grinder with
modified stable for it; stationary Rockwell hardness tester NOVOTEST TC-P;
electronic Vernier caliper Miol Premium 150 mm (15-241) Digital Microscope USB
500X Black as well as X-ray fluorescent spectral analyzer ElvaX Plus were used. The
ElvaX Plus device is designed for rapid, quantitative and qualitative analysis of the
composition of metal alloys, powders, liquids, bioassays for the content of chemical
elements from sodium (Z=11) to uranium (Z=92) in a wide range of concentrations.

Portable X-ray fluorescence analyzer ElvaX Plus is a new generation of analytical
equipment for high-precision analysis of the elemental composition of various
substances. ElvaX Plus is a benchtop energy dispersive X-ray fluorescence
spectrometer that does not require liquid nitrogen for operation and storage. The
spectrometer allows carrying out a quick-look non-destructive elemental analysis of a
substance at all stages of the production cycle or laboratory research without
preliminary sample preparation. The device is contained in the State Register of
Measuring Instruments approved for use in Ukraine under the number U1411-01. The
device is contained in the State Register of Measuring Instruments approved for use in
Ukraine under the number U1411-01. Certificate of Conformity to the Approved Type
of Equipment and Measuring Instruments is No. UA-MI/1-971-2001. The results
obtained by X-ray fluorescence spectrometry (XRF, RFA) fully meet the requirements
for the accuracy of the analysis according to category 111 (OST 41-08-205-99).

Historical investigation and analytical comparison of the typology of a
probable bayonet part.

Since September 16, 1915, by order of the Military Department of the German
Empire, the 1898/1905 model bayonet has been modified by introducing a combat
bayonet with double edged blade, first in foot troops and jaeger troops, and then in the
entire army (Fig. 2).

Since 1915, the bayonet has been produced with a small recess for the gun barrel
at the top of the guard and a protective plate on the handle (Bennett, 2019a). Since
1916, the mass production of the model began. This model was the most widely used
German bayonet during the World War I. The people called the bayonet “Butcher”,
which means “butcher”, since the blade of this bayonet resembled a butcher’s knife in
its shape.

During World War |, bayonets of this model were supplied to Turkey along with
1898 Mauser rifles (Bennett, 2019b). After World War I, the 1898/1905 model bayonet

195



https://www.hst-journal.com Icmopis Hayku i mexniku, 2021, mom 11, sunyck 1

History of science and technology, 2021, vol. 11, issue 1
continued to be used in the Reichswehr and the police, remaining in service with
individual units until World War Il, despite the fact that already from 1923 it was
ordered to replace all bayonets of this model in the army with model bayonets
1884/1898 (new type). In addition to Germany, bayonets of this model were also used
in Yugoslavia, Turkey, Belgium, Poland, Czechoslovakia, and other countries.
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Flgu re 2. Phdto of sold“_ie‘r-'s, WI'[ ba‘g/c;neté;mmfidel 6ft er 1898/1905
(Flickr, 2011).

The materials of Anthony Carter (Carter, 1984) were used to highlighting and
fixing the elements necessary for the identification of the discovered specimens and
their general condition.

At the beginning of the World War 1, one significant defect was discovered in the
bayonets. While mounting these bayonets on a carbine 98 (Kar 98) and shot, the flame,
and gas pressure led to the handle cheeks damage in the form of charring and chipping
off pieces of wood. Therefore, it was decided to protect the handle of the bayonets from
the flame of shots with a steel plate. Wooden pads were ground off 0.6 mm over the
entire inner surface and from the side of the handle spine. The gun barrel half-ring
(“ears™) was ground off on the crosspiece, the holes for cleaning the ramrod channel in
the linings, and the protective plate was aligned (Fig. 3).
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gotavapen

Figure 3. SG 98/05 bayonet of old (a.A. — alter Art) and new (n.A. — neuer Art) type
(Gotavapen, n. d.).

One can also distinguish transitional and noncombat (ceremonial) bayonets.
Transitional SG 98/05 n.A. have a modified crosspiece, but they are not equipped with
protective plates. Transitional SG 98/05 a.A. have fire protection plates, but the
crosspiece has remained unchanged. The noncombat bayonets of rather low quality are
nickel-plated copies of the service ones, in which the blade and the handle are one
whole, which gave the finished product considerable strength, since in the ceremonial
ones they were fastened separately with a single rivet.

The use of bayonets with a saw on the spine by German troops led to widespread
condemnation of Germany by its opponents and the fear of German soldiers to be
caught with such a bayonet, which inevitably meant extrajudicial reprisals. In the novel
“All Quiet on the Western Front” by E. M. Remark such an episode was described. The
final order to remove the saws was issued in early 1918 (Bennett, 2019b). The removal
process was organized in repair shops at military units, as well as at arsenals.
Comparison of bayonets with a saw, with a ground-off saw and without a saw is shown
in Figure 4.

The blade of the bayonet is single-edged, with fuller on both sides and an
extension in the lower third. The combat tip contains a sharpening not only from the
side of the cutting edge but also to a length of 4 cm from the blade edge on the reverse
side. All bayonets were made from a sharpened false blade. The handle is formed by
two wooden cheeks, fastened to the shank with two screws. The hole for cleaning the
groove in the handle is rectangular, located in the grip cheeks, next to the crosspiece.
The head of the handle has a T-shaped groove with a cylindrical expansion and a spring
latch with an internal spiral spring. The crosspiece is with the end bent back. Iron
sheaths are with a hook and a ball at the end.

Visual inspection revealed that the discovered specimens are a new type of
bayonet without a saw. This is evidenced by the presence of remnants of the protective
plate and the shape of the gun barrel half-ring. The remainder of the 73 mm blade
rejects the possible options for bayonets with a saw and with a ground-off saw since
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there is no bevel of the spine of the blade, which began at a distance of 25 mm from
the crosspiece.

https://www.hst-journal.com

Figure 4. SG 98/05 bayonet with a saw (m.S. — mit Siage) with a ground-off saw
(abg. — sdgeabgeschliffen, which means “saw removed”) and without a saw (0.S. —
ohne Sdge) (Gotavapen, n. d.).

A drawing of a fragment of a bayonet is shown in Figure 5. The main dimensions
by which the object under study can be identified are indicated. Control points are
determined in the form of two metal screws and the remainder of a button. The blade
thickness at the heel is 6.6 mm, the thickness of the handle cannot be accurately
determined due to significant damage to the wooden cheeks and the protective plate.

The weight is 315 g.
204,8
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Figure 5. Drawing of the research object.
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Experimental bayonet reconstruction based on the identification of the preserved
fragment with the original drawing (Fig. 6).
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Figure 6. Identification of the research object: (a) — original drawing; (b) — alignment
on a photo scale of the discovered specimens with the original drawings and their
coincidence in size and at control points.

It is worth noting the coincidence of the dimensions of the surviving handle, its
shape, and the position on it of two metal screws and the remainder of the button,
together with a part of the blade, corresponds to the original drawing of the bayonet
and confirms the identification of the research object.

Metal science expert examination.

To study the object received for examination, samples were taken from the cleared
out part of the blade. The results of the chemical composition measurements of the
sample by the XPS (X-ray photoelectron spectroscopy) method are presented in
Table 1.

Analysis of the chemical composition showed that the bayonet blade was made of
hardened carbon steel alloyed with silicon, chromium, manganese, nickel and copper.
Excessive phosphorus content results from strange contamination. A more detailed
method using the results of metallographic studies and hardness measurements to
estimate the phosphorus content in iron artifacts is presented in (Thiele & Hosek,
2015). Despite certain limitations, the method proposed by the authors can be used to
estimate the phosphorus content in archaeological iron studied at the present time or in
the past. The article (Thiele, Hosek, Kucypera, & Dévényi, 2015) discusses the
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phosphorus content in phosphorus iron, which was used as a special material for
welding samples.

Table 1. Results of measuring chemical composition.

Atomic Concentration S5L
Element Series | Intensity ' | GOST
number % 977
13 Al Aluminium Aluminum K 2575 0.4227+0.0247 —
14 | si silicium Silicon K 7123 | 0.4808+0.0154 062502_
15 P Phosphorus Phosphorus K 2418 0.0804+0.0073 8%2%
16 | s Sulfur Sulfur K 3741 | 0.0442+0.0032 5’%2‘;
22 Ti Titanium Titanium K 0 <0.0070 —
23 V Vanadium Vanadium K 963 0.0310+0.0156 -
24 Cr Chromium Chrome K 23477 0.4808+0.0158 %p;g
25 Mn Manganum Manganese K 19473 0.6186+0.0161 OdA:c)Oo_
26 Fe Ferrum Ferrum K 3805691 | 97.3462+0.0279 -
27 Co Cobaltum Cobalt K 0 <0.0486 —
28 | Ni Niccolum Nickel K 3223 | 0.221140.0123 %pstg
20 | cu|  cuprum Cuprum | K | 4919 | 02384100089 | W
33 As Arsenicum Arsenic K 1296 0.0236+0.0026 —
41 Nb Niobium Niobium K 0 <0.0027 —
42 Mo | Molybdaenum | Molybdenous| K 319 0.0035+0.0029 -
45 Rh Rhodium Rhodium K 11587 <0.0001 —
74 W Wolframium Tungsten K 130 0.00860.0086 —

The chemical composition of the object approximately corresponds to steel for
castings grade 55L with an average blade hardness of 42 HRC. The hardness measured
at the heel of the blade averaged 17 HRC. Such a difference in hardness may indicate
that during quenching the blade was not completely immersed in the quenching
medium and structural transformations took place only in the blade part and in the blade
tip. The hardness is measured by the Rockwell method — by pressing a diamond cone
into the sample under a load of 150 kg. The German analogue of steel 55L according
to DIN (Ilron and steel: Quality standards 1, 2018) is 1.0554 with the following
mechanical properties:

— yield point: 205-412 MPa;

— tensile strength: 450-687 MPa;

— percentage elongation: 12—-22%.
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The structure contains non-metallic impurity sulfur inclusions. Sulfur is a
detrimental impurity that gets into steel from cast iron. When interacting with iron, it
forms a chemical compound — ferrous sulphide FeS, which, in turn, forms with iron —
a low-melting eutectic with a melting point of 988°C.

In the process of repeated heating for rolling, forging, and heat treatment, the
surface of the bayonet is subject to decarburization. Decarburized layer is a ferrite layer
in the surface parts of parts, formed by the interaction (burnout) of the metal of the
parts from the oxidizer, gases (H2, H2O, CO3, Oy, air) at elevated temperatures. The
decarburized layer is formed during heat treatment in air and leads to a decrease in
hardness, fatigue ratio and hardening limits, and to the formation of hardening cracks.
The depth of the decarburized layer is determined mainly by microstructural analysis
methods and microhardness. After the final mechanical metal-working, the
decarburized layer is removed and can be identified only in a few places on the bayonet.

The steel production technology of the object corresponds to the period of the late
19th — early 20th centuries with the use of converter production. The simplified
technological scheme is: rolling — stamping — machining — heat treatment — final
mechanical metal-working.

From the point of view of metal science, it is possible to draw unambiguous
conclusions only about such production stages as rolling and heat treatment. Such
production stages as stamping and mechanical metal-working are provided on the basis
of existing equipment at the time of production and the lowest costs for mass
production.

During rolling, the rod passes through the rolls that are at a certain distance from
each other. After rolling, the desired cross-sectional profile is obtained. After rolling
metal becomes a fibrous structure and has a high flexural strength, which is important
for blade weapons. Then a blank of the required length is cut, which enters the stamp.

During stamping, a blank of the desired length and cross-section is placed in a
stamping mold, which is attached to the hammer frame. Then the hammer with the
second half of the stamp hits the blank heated to 1000—-1200°C the required number of
times to create the shape of a bayonet blade. At this stage, fullers and descents are
formed.

Probably, after stamping, the blank still did not have the necessary geometric
parameters and required refinement on grinding machines. The need for mechanical
processing before heat treatment arises due to the fact that after hardening the steel
becomes harder and less amenable to turning and grinding. Thus, in order to reduce
costs in the production of any part, manufacturers try to give the most accurate shape
of the blank before heat treatment, so that the allowances removed by the final
mechanical metal-working are minimal.

The heat treatment process consists of heating by quenching temperature, pouring
into a quenching medium tank, cooling in the quenching, and tempering. After
guenching, the blades were placed back in the furnace and medium tempered.
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During heat treatment, a scale (iron oxide) and a decarburized layer are formed
on the surface of the blade. Final mechanical metal-working removes the scale and
partially decarburized layer of steel from the surface of the blade, giving it its final
shape. Then the bayonet is collected and sharpened.

Metallographic analysis of the blade showed that the research object suffered
corrosion of metals in soils and, partially, liquid corrosion when fully immersed.
According to the mechanism, the process is electrochemical corrosion, in which the
ionization of metal atoms and the reduction of the oxidizing component of the corrosive
medium occurs in more than one act and their rates depend on the electrode potential
of the metal. By the nature of corrosion destruction, it is continuous or general uniform
corrosion, which occurs at the same rate over the entire surface of the metal. Stress
corrosion cracking which is characterized by a relatively uniform distribution of
multiple cracks over large areas of the surface has been observed. At each stage of the
development of this type of corrosion, cracks arise almost simultaneously from many
sources, the connection of which with internal or working stresses is not necessary.
Under an optical microscope, it can be seen that cracks propagate between crystals or
along the body of grains (Fig. 7).

Figure 7. Metallographic analysis of the object: (a) — on the left; (b) — on the right.

As a result, there is irreversible corrosion destruction, which makes it difficult to
study the microstructure of the metal in order to identify the phase structure.
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Hardness 42 HRC and tempered troostite are typical of medium carbon steel after
qguenching and medium tempering. Tempered troostite has the form of a needle-like
finely dispersed mixture of cementite and ferrite. The result of hardening at 850°C is
guenched martensite and a small amount of residual austenite. Such a structure has
maximum hardness and strength, but relatively low toughness. As a result of such heat
treatment conditions the properties of the blade steel will certainly not correspond to
the properties of the blade steel under study. After medium tempering at 350-400°C
quenched martensite and retained austenite are transformed into tempering troostite.
Steel with such a structure has increased toughness and reduced hardness compared to
hardened martensite, but sufficient for bladed weapons.

The hardness of the blade steel at the heel was 17 HRC on average, and the
structural components are ferrite and pearlite. This indicates that this part of the blade
was not hardened and during the cooling process it was not immersed in a hardening
medium. Inhomogeneity in the hardness of steel and a large number of metal inclusions
indicate the low quality (by modern standards) of steel. On the other hand, the reduced
hardness of the middle part of the blade could be the result of an increased tempering
temperature precisely in this part of the blade to increase the toughness of the middle
part of the blade.

Results and discussions.
As a comparison of the chemical composition of the blade the data of the company
“Haenel”, which produced such bayonets (Riidiger, 1994/2000) are shown in Table 2.

Table 2. Comparison of the chemical composition of the steel of the research
object and the control sample steel.

Element _Concentration
The research object Control sample

C 0.52-0.6 0.70-0.9
Mn 0.6186+0.0161 0.55

Si 0.4808+0.0154 0.4

Cr 0.4808+0.0158 —

Cu 0.2384+0.0089 0.12

Ni 0.2211+0.0123 —

S 0.0442+0.0032 0.03

P 0.0804+0.0073 0.03

Analyzing the data in the table, it is worth noting the difference in the steel
chemical composition of the research object and the steel having been used in the
blades of the “Haenel” bayonets.

An important means for more accurate identification of bayonets is their
stamping, which at the same time becomes the initial place for the corrosion
propagation. Despite the poor state of the object the marks in the places of their possible
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location (on the blade heel — the stamp of the manufacturer; on the crosspiece — the
regimental stamp, on the spine of the blade — a stamp with the ruler monogram and the
year of being entered the bayonet into military service) have not survived (Table 3).

Table 3. Research results of stamping places.
Stamping place Photo after cleaning and pickling the surface

Blade heel

(manufacturer’s
stamp)
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Crosspiece (the
regimental stamp)

The spine of the
blade (a stamp of
the royal
monogram / the
year of being
entered the
bayonet into
military service
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Based on the research results, it can be concluded that there are remnants of the
stamping imprints on the spine of the blade and that there is no regimental stamp on
the crosspiece at all, since the depth of corrosion penetration in this place is small.
There are 40 known bayonet manufacturers, 4 royal monograms (Prussia,
Wiirttemberg, Bavaria, Saxony), years of the issue (1904-1918), which made it
possible to catalog bayonets (Carter, 1984). According to the research results and
search in catalogs, old-style bayonets were excluded; transitional; noncombatant
(ceremonial) with saws, and with ground-off saws. Correspondingly, registered
bayonets that have the stamps of the manufacturer and the royal monogram, but which
do not have the regimental stamp have been sorted (Table 4).

Table 4. Catalog of registered bayonets.

Bayonet | Type The ?gfrl Q?C??S?Jgeram / Manufacturer

SG 98/05 | n.A. W/15 Erfurt

SG98/05 | n.A. W/15 Alex. Coppel
SG98/05 | n.A. W/15 L.O.Dietrich * Gebr.Hartkopf
SG98/05 | n.A. W/15 Ferd.Esser * Rich.A.Herder
SG 98/05 | n.A. W/15 Ferd.Esser

SG 98/05 | n.A. W/15 F.W.Holler
SG98/05 | n.A. W/15 P.D. Luneschloss
SG98/05 | n.A. WI/15 Weyersbherg & Co
SG98/05 | n.A. W/16 Gottlieb Hammesfahr
SG98/05 | n.A. WI/16 Demag

SG 98/05 | n.A. W/16 F.W.Holler

SG 98/05 | n.A. W/17 Gottlieb Hammesfahr

SG 98/05 | n.A. W/17 WK. &C
SG98/05 | n.A. W/17 E.&F.Horster
SG98/05 | n.A. W/17 Demag

SG98/05 | n.A. W/17 F.Koeller & Co
SG98/05 | n.A. W/17 Pack Ohliger & Co
SG98/05 | n.A. W/17 Walter & Co * Gebr.Hartkopf
SG98/05 | n.A. W/17 Walter & Co
SG98/05 | n.A. W/17 Walter & Co * Carl Galle
SG 98/05 | n.A. W/18 H.Mundlos & Co * Rich.A.Herder
SG98/05| n.A W/18 F.W.Holler

SG 98/05 | n.A. W/18 Alex. Coppel

SG 98/05 | n.A. W/18 Walter & Co

* — blanks manufacturer and finishing treatment manufacturer
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As a result, this made it possible to identify 24 possible coincidences for the

selected features. All bayonets were manufactured between 1915 and 1918 exclusively
in Prussia by specified manufacturers.

Conclusions.

As a result of the carried out complex research, it became possible to identify the
bayonet SG 98/05 n.A. (year of production — 1915-1918) for the Mauser 98 (Kar 98)
rifle, known as “Butcher”. A completed historical investigation, visual inspection, and
also determined the weight and size characteristics that made it possible to establish
the key criteria by which the identification of the research object have been carried out.
The performed X-ray fluorescence spectrometry made it possible to determine the
chemical composition of the metal, which makes it possible to recreate the production
technology of that time and to establish the steel grade for comparison with the data of
the company “Haenel”. Metallographic analysis of the blade showed the propagation
of corrosion cracks caused by prolonged exposure to an aggressive environment, which
led to a poor state of conservation, and, as a result, a lack of a clear stamp imprint.
Catalog searching of registered bayonets on the basis of the selected characteristics
made it possible to highlight possible options for more perfect identification.
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Boaoaumup Maciaak
KpeMeHuynpkuii HalliloHaIbHUN yHIBEpCUTET IMeH1 Muxaiina OcTporpaicbkoro,
VYkpaina

€sreniii Jlamko
Kpemenuy1ipkuii HallioHaIbHUN yHIBEpCUTET iMeH1 Muxaiina OcTporpaicbkoro,
VYkpaina

Ouabra Yenuyesa
KpeMeHnuynpkuii HallioHaIbHUN yHIBEpCUTET iIMeH1 Muxaiina OcTporpaicbkoro,
VYkpaina

TeopernuHi Ta NPaKTUYHI acCeKTH iIeHTUPiKail KIMHKOBOI 30P0i Ha
npuxJjani 6aramera SG 98/05 no reunTiBKM May3epa Ha 0CHOBI MeTaJ103HABYOI0
JOCJIITKeHH A

AHnomauyia. Y cmammi po3ensiHymo O0O0CHiOdcenHs ¢hpasmenma 6OacHema 3
CUTIbHUM NOWKOONCEHHAM Memany, eusasneno2o 8 M. Kpemenuyx (Vkpaina) 6 oonomy
i3 Kauanie Ha oxoquyi micma, Henooanik piuxu /[Hinpo. byno eukonano meopemuuni
00CNiONCeHHs Ol 8UBYEHHs. XO0JI00HOI 30poi uacie Illepwioi ceimoeoi 6itinu ma
munosnoeii bacnemie 0ano2o nepiooy, wjo O0aio 3mM02y SUCYHYMU NPUNYUEHHS U000
UMOBIpHOI i0enmugbixayii 06 ’ckma aK MoOupikosanoco bazHema 00 28UHMIBKU
Maysepa. Memanosnasua excnepmusa IPYHMYBANACY Ha OCHO8I
penmeeHopnyopecyenmuoi  cnekmpomempii - 01 6U3HAYEHHS  KOHYEeHmpayill
enemMenmie y npooi 3 OYUWEHOT YACMUHU KIUHKA. AHANI3 XIMIYHO20 CKIAdy NOKa3as,
Wo KIUHOK BU2COMOBJIEHO 3 3a2apmOBaHOl 8yereyesol cmalli, Je208aHOl KPEeMHIEM,
XPOMOM, Mapeanyem, Hikenem i Mioow. Pe3yibmamu 8umMipio8aHb XiMiuHO20 CKIAOY
006 ’exma sionogioaroms cmani O 8i0Au6oK mapxku 55J1 3 cepedHiM 3HAUEHHAM
meepoocmi kaunka 42 HRC. Texuonozisa eueomosieHHs 8i0IUBKY 8i0n06i0ae KiHYO
XIX — nouamky XX cmopivus i3 3acmOCYBAHHAM KOHBEPMEPHO20 GUPOOHUYMBA.
Knunox bacnema 6y6 niooanutl 3smMiyH0O8AIbHIUL MepMO0OpoOYI Y 6uisdi 2apmy8aHHs.
ma cepednbo2o ionycky. Memanoepagiunuii ananiz nokasas, wo 00CaiONCYBAHULL
@pasmenm KIUHKA 3A3HAE KOPO3IHO20 PO3MPICKY8AHHA MIdC Kpucmaiamu abo no
MiNy 3epeH, Wo Ccei0uums npo mpuedane nepedy8aHHs 6 MYIUCUX BIOKIAOEeHHSX.
loenmugpixayiss  docniodcysanozo 00 ’ekma 30MICHIO8ANACA 13 3ACMOCYBAHHAM
NPUKIAOHUX MEXHONO02I HA OCHOBI 8I3YANIbHO20 02180y 3 ONUCOM CMAHY 30eperHCceHH s
ma NoOpiGHAHHI 3 pe3yibmamamiu, Gi000padiCeHUMU 68 HAYKOSI nepioouyi,
MEemano3Haguoi eKxcnepmusu, UHAYEHHI MACo2abapumHux Xapaxkmepucmuk 1 ix
8I0NOGIOHOCMI OpUSIHATLY, V MOMY YUCTHL eKCNePUMEHMAIbHOI PeKOHCMPYKYIL, wo
OMOMONCHIOE 30epednceHUtl (hpazmeHm 3 OPUSIHANbHUM KPECIEeHUKOM V) KOHMPOIbHUX
moukax. byno euxonano nopieHsaHHs XiMiuH020 CKIA0Y CMAli KIUHKA ma cmani pipmu
“Haenel ”, sxi eiopisnsiombcs konyenmpayicio ma 000AMKOBUMU  Ne2VIOUUMU
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eleMenmamu. 3anuuKu 6i00UMKY Kieuma KOpoi8CbKoi MOHOSpAMU ma 8i0CYMHICb
NOJIKOBO20 KJIeUMa CMmAlu OCHOBOK NOWYKY 34 Kamano2camu 3apeccmposanux
bacnemis. lle 0o3zsonuno idenmugikysamu 00CiONHCYBAHUL 00 €EKM K UYACMUHY
HIMeYbKo20 IMNnepcbko2o mooughikosanozo bacnema 3pasxa 1898/1905 oo eeéunmisku
cucmemu Mayzepa, axuu 0y eucomoeénenuti y nepioo 3 1915 no 1918 pp.
Ilepcnexmusu nooanvuwiux 0ocnioxceHb 60auarOMvcsi 6 30LIbWEHHI KIIbKOCmI
Memano3Hasuux excnepmus 0Jisi OLibud MoyHoi i0enmugikayii 3Haxioox.

Knwuosi cnoea: excnepmuza,  6uU3HaAueHHs  GIKY,  aApXeoMemanyplis;
eKCnepuMeHmanbHa peKoHCmpyKyis, kietumo, “byuep”

Baagumup Macaak
KpeMeHuyrckuii HallMOHAIbHBIN YHUBEPCUTET UMEeHH Muxanna OCTporpaackoro,
Ykpauna

EBrennii Jlamko
KpeMeHuyrckuii HallMOHAIbHBIN YHUBEPCUTET UMEeHU Muxania OCcTporpaackoro,
Ykpauna

Ouabra Yenuesas
Kpemenuyrckuii HAaMOHATBHBIA YHUBEPCUTET MMeHN Muxania OcTporpaackoro,
Ykpanna

Teopernyeckne U NpaKTHYecKHe ACMEKTHI MACHTH(PUKATMU KJIMHKOBOTO
opy:kus Ha npuMepe WThIKA SG 98/05 k BUHTOBKE May3epa Ha 0CHOBe
METAJLJIOBEIYECKOr0 UCCIeI0BAHUS

Annomauusn. B cmamve paccmompenvl ucciedos8anus pazmeHma wmvika
CUTIbHBIM NOBPedCOeHUeM Memasid, ooOHapyxcenHo2o 6 2. Kpemenuye (Vipauna) 6
O0OHOM U3 KAHANI08 HA OKpAuHe 20pooa, Heddaseko om pexu /[Henp. Bblio evinoiHeHo
meopemuyeckue UCcied08anus 01 U3yueHus X0a00H020 opyicus epemer Ilepeot
MUPOBOUL BOUHBL U MUNOLOSUU UUMBIKOE OAHHO20 NEPUOOd, YMO NO3B0JIULO 8bLOBUHY b
NPeOnoNIONCEHUE O BOIMONCHOU UOeHMUPUKAYUU 00beKmMa KaK MOOUBUYUPOBAHHO20
wmulka K eunmoske Mayszepa. Memannogedueckas sKcnepmu3a OCHOBbIBANACH HA
OCHOBe  peHmeeHOpIyopecyeHmHol  cnekmpomempuu  OJisi  ONpeoeneHus.
KOHYeHmpayuii 371eMeHmos 6 npode ¢ OUUWEeHHOU Yacmu KIUHKA. AHAIU3 XUMUYECKO20
coCmasa NoKasajl, 4mo KIUHOK U320MOGHEH U3 3aKAJICHHOU Yenepooucmoi cmaJi,
JIe2UPOBAHHOU KPeMHUEeM, XPOMOM, Mapeanyem, Hukeiem u meovio. Pezyrbmamol
UBMepeHUll XUMUYECK020 COCMABA 00beKma cOOmeEemcmayom cmaiu OJisi OMaUBOK
mapku 55J1 co cpeonum 3nawenuem meepoocmu xaunka 42 HRC. Texnonozcus
U320MOGNeHUsT OMaUBKU coomeemcemeyem Kouwyy XIX — nauana XX eexa c
npuMeHeHueM KOH8epmMepHo2o npou3soocmea. Knunox wmeika Obl1 no08epeHym
VKpenusioulel. - mepmooopabomke 6 6ude 3aKAIKU U  CPeoOHe20  OMNYCKA.
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Memannocpaghuueckuii ananuz noxaszai, ymo uccieoyemvli pazmenm KiIuHKA
nocmpaoan om KOppo3UOHHO20 PACMPECKUBAHUS MeHCOY KPUCMATIAMU UTU NO ey
3epeH, Umo ceudemebCmayem 0 ONUMeNbHOM NPeObIBAHUU 6 UIUCTIBIX OMIONCEHUSIX.
Hoenmugurxayusa ucciredyemozo o006veKma oCyujeCmeisiiacye ¢ HpUMeHeHUuem
NPUKTAOHBIX MEXHOI02ULL HA OCHOBE 8U3YATbHO20 OCMOMPA C ONUCAHUEM COCMOSHUSL
COXPAHHOCMU U CPABHEHUU C PEe3YTbMamamu, OMpPANCeHHbIMU 8 HAYYHOU NepUoouKe;
Memannoe0ueckol IKCNepmu3sl, OnpeoeseHuu Macco2adapumubix XapaKmepucmux
U UX COOMEEMCMBUS OPUSUHAITLY, 8 MOM YUCTe IKCNEPUMEHMATLHOU PEKOHCMPYKYULU,
YMmo OmoHCOeCmesien COXPAHEHHbI (PPazMeHm ¢ OPUSUHANLHLIM YEePMeNCoOM 6
KOHMPOJbHBIX MOYKax. bvlio 6blnoIHeHO cpasHeHue XUMUYECKo20 COCmasa Cmanu
kaunka u cman gupmer “‘Haenel”, komopwie omauuaromes xonyenmpayuetl u
O0ONnOIHUMeNbHbIMU Jecupyrowumu dnemenmamu. Ocmamku omnedamxa Kieuma
KOPONIe8CKOU MOHOSPAMMbL U OMCYNCMEUE NOJKOB020 KIeUMda Cmaiu 0CHOB0U NOUCKA
nO KAMano2am 3ape2ucmpupo8antbiX WMvlK08. Imo no3601Ul0 UOeHMUDUYUposamy
uccnedyemulii. 00beKm KAk 4acmv HeMeyxKo2o UMNEPCKO20 MOOUPUYUPOBAHHO20
wmuika oopaszya 1898/1905 k eunmoske cucmemvl Mayzepa, u3eo0moenieHHo20 6
nepuod c¢ 1915 no 1918 2. Ilepcnexmugvl OanbHeUMUx UCCIe008AHUL BUOSMCS 8
VBeIUYeHUU KOIUYecmea Memanlogedieckux sKkcnepmuz Oasi 0Oolee MOYHOLU
uoeHmuukayuu HaxoooKx.

Kniouegvie cnosa: sxcnepmusa, onpedeneHue 803pacma; aApxeoMemannypusl,
IKCHEPUMEHMATIbHASL PEKOHCMPYKYUs,; Kieumo, “byuep”
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