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Abstract

Iron slag samples unearthed at the eastern border of Roman Dacia, in the auxiliary fort and the military
settlement of Cdlugareni (Mikhdaza) are investigated by macroscopic inspection, optical microscopy (OM) and
FTIR spectroscopy in order to comparatively characterize their macro- and microstructure as well as their
mineralogical composition. During the recent archaeological excavations, a large number of iron artefacts
were discovered together with a great quantity of iron slag fragments. The present paper focuses on the data

obtained from 17 slag samples.

Keywords: iron slags, macroscopic investigation, optical microscopy, FTIR spectroscopy.

1. Introduction

Among other resources, the procurement of rich
ore and salt mines were a determining factor in
the decision of the Romans to conquer Dacia. In
the territory of the defeated Dacian kingdom a
Roman province was organized at the beginning
of the 2™ century, and continued to develop until
the middle of the 3" century. After the conquest
the border defense system (limes) of the new pro-
vince was established, similar to other parts of
the Roman Empire. On the borderline - the ou-
ter defensive line of the circular defence system
—auxiliary units were stationed [1,2], while in the
central part and on the more vulnerable western
border the auxiliary units and legions were also
positioned. Due to the frequency of barbaric in-
cursions and the economic and political instabi-
lity of the Empire, the emperor Aurelianus aban-
doned the province at the beginning of the 270’s
and withdrew the army to the Danube defence line.

In the line of the limes in today's Mures (Maros)
County, we know of three auxiliary forts, along
with their adjoining settlements which are loca-

ted in today's Brancovenesti (Marosvécs), Caluga-
reni (Mikhaza) and Sarateni (S6véarad).

The Calugdreni auxiliary fort played an im-
portant strategic role in the defence of the Niraj
(Nyarad) valley. During the 2" and 3™ century,
the more than forty hectares site was the most
important economic and military centre in the
region. Based on archaeological prospections and
geophysical surveys, the ground plan and the
layout of the 2.3-hectare large rectangular fort
(castrum / castellum) strictly followed the rules of
Roman military architecture.

The fort was oriented NE-SW and is located in
the central part of the archaeological site. [3, 4]
The settlement (vicus militaris) developed around
it and is located in the western part of the present
village and the arable land between Calugareni
and Damieni (Deményhdza). (Figure 1. and 2.)

The main aim of the current excavation is to in-
vestigate the headquarter building (principia) lo-
cated at the crossroads of major roads of the fort
and a residential area from the vicus.
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Figure 1. The excavation areas at the (1) vicus and the
(2) auxiliary fort (made by Ndndor Laczkd)

Figure 2. Virtual reconstruction of the site (made by

Zsolt Vasdros)

2. Experimental

2.1. Brief review of the samples

The iron slag samples studied are presented in
Table 1. Most of them were unearthed at the resi-
dential area discovered at the Cdlugdreni military
settlement (vicus) during the excavations perfor-
med in 2013-2014, situated on the trench C, C1, C2
of the site. The finds discovered after 2015 belong
to the trenches A2, A5, A2015 and A6 from the 3rd
century phase of the headquarter building (prin-
cipia). In the selection of the samples chosen for
this study, besides the archaeological relevance,
the assurance of the adequate probe quantity in
order to complete the planned investigations was
considered.

Macroscopic characterization of the samples
was performed by visual examination, in day-
light, under a magnifying glass of 5x magnifying
power. The macrophotos were obtained using a

LUMIX TS7 digital camera of 20.4 Megapixels, at
the same time and in the same conditions, and
are presented in Figure 3. and 4.

Due to the relatively small number of specimens
selected, the classification of the probes associa-
ted with the excavation trench and the context
and macroscopic characteristics was not possible.

The samples collected on the vicus territory ty-
pically are partially glassy, with dark grey and/or
black zones on the outer surfaces, containing va-
rious quantity of differently sized gas inclusions
(lunkers, vesicles) and iron inclusions (metallic
droplets).

The macroscopic morphology of the samples
2008, 2155, 2355, 2356, 4009 and 4264 is pumi-
ceous (spongy) and pronouncedly vesicular (with
many gas lunkers) assuring their low density.
They are very heterogeneous, with greyish, red-
dish, blackish, clayish-yellow with more or less
crystallized or glassy zones on the surface. In



Bitay E., Kacso I, Pdnczél Sz. P, Veress E. — Acta Materialia Transylvanica 1/2. (2018) 67

Table 1. The iron slag samples

mall
No. Sﬁné:i Trench | Context E;‘::I‘_’ :
no.
Finds from the vicus
1 2008 C 2000 2013
2 2155 C 2001 2013
3 2318 C 2005 2013
4 2342 C 2005 2013
5 2355 C 2009 2013
6 2356 C 2009 2013
7 4009 C2 2039 2014
8 4137 C1 2034 2014
9 4169 C2 2039 2014
10 4222 C1 2038 2014
11 4251 C1 2035 2014
12 4264 C1 2038 2014
Finds from the principia
13 10218 A2 109 2015
14 10532 A5 250 2016
15 10661 A5 339 2016
16 10673 A2016 346 2016
17 11145 Ab 443 2017
2008 2155
2355 2356
4169 4222

most samples variously sized black magnetite
crystals are embedded, and every sample conta-
ins - in various quantities — differently sized iron
droplets. The inside of the vesicles is usually a
blackish, frequently glassy "nest" with metal glo-
bules.

The surface of samples 2318, 2340, 4169, 4222
and 4251 is also heterogeneous, but (excep-
ting 2318 with a clayish core) are dark grey or
blackish inside. The structure is denser, assuring
a greater hardness, so pulverisation is usually
difficult. Sample 4137 is sandwich-structured: a
3-4 mm thick terracotta outer layer which covers
a 3-4 mm thick black inner layer, which in turn
covers a terracotta core.

Macroscopic morphology of the samples uneart-
hed at the principia show some differences when
compared to the vicus samples. The relatively
dense, stratified 10218 contains plenty of small
vesicles. The outer clayish layer is pulverulent,
the vitrified core being blackish, with many
small metallic globules; so its fracturation and tri-
turation is difficult.The dark grey sample 10532
is compact, with large glassy vesicles nesting

2318 2342
4009 4137
4251 4264

Figure 3. Macrophotos of the samples finds from the vicus
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10218 10532

10661

10673 11145

Figure 4. Macrophotos of the samples finds from the principia

many iron "beads". It is brittle, but its grinding is
difficult. The compact 10661 is even harder, but
is fissile (easily splits into layers). The surface is
grey, the inside is clayish red and with some small
iron globules in the blackish cracks. The lighter,
spongy, moderately blistered 10673 and 11145
are susceptible to lamellary-columnal fractura-
tion and can be easily ground. Their surface is
greyish-red, their core is reddish-clay, lamellary
structured, with some white crystalline material,
larger magnetite crystals and iron inclusions.

2.2. Investigation methods and results

2.2.1. Optical microscopy (OM)

The microphotos [5, 6] were obtained at 500x
magnification on the raw outer surface, and the
fresh, rough (unpolished) core surface (cleavage)
obtained by crushing the samples, were registe-
red using a Dino-Lite Edge AM4115T digital mic-
roscope without polarisation and the DinoCap-
ture 2.0 image processing software. Some of the
most characteristic microphotos are presented on
the Figures 5. és 6.

The mineralogical interpretation of the OM data
obtained (the identification of the mineral com-
ponents) is in progress, however, some general
characteristics of the samples can be concluded.

The totality of the samples contain, in different
quantities, differently sized gas lunkers and iron
inclusions (metallic droplets separated typically
in the inside of the gas holes or in the cracks whe-
re they were formed). Additionally, cubic mag-
netite crystal inclusions appear in every sample,
although they are fewer. [7]

2.2.2. FTIR spectroscopy

FTIR spectra of the archaeological finds can be
used as a convenient tool for the elucidation of
the chemical processes that occured during their
genesis (fabrication or simply formation as in the
case of the iron slags), and the geochemical (al-
teration) processes taking place during their bu-
rial [8-10]. In the case of the archaeological iron

slags, the wide, tipycally medium intensity ab-
sorption bands appearing in the 3700-3000 cm™
spectral region, generated by free and (physically
or chemically) bonded OH, together with the

2008 2155
2318 2342
2355 2356
4009 4137
4169 4222
4251 4264
Figure 5. Selected microphotos of the vicus samples
(500x)



Bitay E., Kacso I, Pdnczél Sz. P, Veress E. — Acta Materialia Transylvanica 1/2. (2018)

10218 10 532
10 661 10673
Figure 6. Microphotos obtained on principia samples
(500x)

wide, intense, quasi-symmetrical (alumino)silicate
bands shown between 1100-1000 cm™, reliably
characterize the structural order (or disorder) of
the samples. Structural ordering of the iron slags
is the result of the crystallization that occurred
during the cooling of the melted material, follo-
wed by the metamorphosis (alteration) processes
occurring during burial, the latter largely depend-
ing on the local environmental particularities of
the archaeological site. The spectral components
identified by means of the spectral deconvolution
of the above mentioned main absorpion bands
can confirm (reinforce) the mineralogical compo-
nencyresulting from the petrographic microscopy,
XRD and macroelemental analysis data of the
samples.

The FTIR absorption spectra in the 4000-400 cm™
region were obtained on KBr pellets of the agate
mortar pulverised samples without any kind of
prior thermal treatment. The spectra were re-

69

Figure 7. FTIR spectrum of the iron slag surface layer
(black) vs. the inside material (red); sample 4009

corded using a JASCO FTIR 6100 spectrometer of
1 cm™ resolution. The composition of the pulve-
rised samples was, as far as possible, close to the
homogenized bulk composition. FTIR spectra on
the surface layer and the inside of the 4009 samp-
le in the 2000-400. cm region were also recorded
(Figure 7.)

Due to the absence of deconvolution data in
relation to the major OH absorption band, an
adequate interpretation of the 4000-2000 cm™
spectral region is uncertain, assignation of the
main absorption peaks was made in the 2000-
400 cm region (Table 2. presents the data obtai-
ned for the vicus samples 4009-4264).

As an exception, in case of three selected samp-
les that presented a peculiar archaeological inte-
rest (the 2155, from the vicus, and the 10218 and
10532, from the principia), the peak assignation
was extended to the whole spectrum (Figure 8.,
Table 3.).

Table 2. Assignments of the FTIR absorption peaks (bulk) in the 2000-400 cm™ region

Wavenumbers (cm™)
Assignments™
4009 4137 4169 4222 4251 4264
1630 1620 1625 1620 1627 1630 OH, FeO(OH)
1394 sh 1698 1396 1396 1394 1401 co,
1167 sh 1166 sh 1166 sh 1165 sh Sio,, AlO,
1076 sh 1084 sh 1087 sh 1087 sh 1094 sh 1080 sh dominant mode
1045 1029 1030 1030 1025 1023 FeO(OH) 1084
913 908 908 906 sh 913 sh Fe,0,1100
876 882 875 875 CO, 880-860
794 796 796 796 798 796 §io,, AlO,
776 779 778 778 778 dominant mode
FeO(OH) 803
524 526 524 524 524 sh 526 sh Fe,0,550, 417
462 467 469 469 467 471 FeO(OH) 470, 410
421 435 462 sh 462 sh 428 421 Si-0, Al-0O, 470-460

* Based on the RRUFF database
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Figure 8. FTIR spectra of three iron slags selected for detailed characterization:
(a) 4000-400 cm™, (b) 4000-2500 cm’, (c) 2000-400 cm!
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Table 3. FTIR data of the three selected samples in the
4000-400 cm™ region

Wavenumbers (cm™)

Assignments™

2155 | 10218 | 10532
3618 | 3621 | 3616

3549
3401 | 3403
3221 3220 | 3243 | OH
2923 | 2924 | 2914
2853 | 2851 | 2854
1627 | 1629 | 1635
1398 | 1398 | 1393 |SiO,
1090 | 1090
1029 | 1030 | 1030 | SiOs AlO, 1100-900

FeO(OH), Fe,0, 1105, 1084

912 915 914

797 797 799 | SiO, 798-782, FeO(OH) 803
FeO(OH)

693 695 693 | AlIO

779 777 773

4

627 | SiO, 630

520 523 515 |Fe,0,
471 465 431 | FeO(OH) 470
Fe,0, 432

According to Figure 7., in the case of sample
4009, the FTIR spectra corresponding to the outer
layer and the inside of the sample in the 2000-400
cm™? region practically coincide. This indicates
that even if some geochemical processes took pla-
ce during burial, their influence, at least in this
case, is negligible. Corroborating this with the
Table 2. data (which indicate a parallelism of the
spectral behaviour of the different samples), it is
probable that in most cases the FTIR study carri-
ed out on probes corresponding to the bulky com-
position of the samples is good enough.

Comparing the absorption peak assignments
presented in the Table 2. and 3. indicates that the
FTIR spectroscopic behaviour of the two sample
groups (from the vicus and the principia), at least
in the region 2000-400 cm™, is also similar, even
if some minor differences can be observed. So
far, in case of the Calugareni site, the FTIR spect-
roscopic behaviour of the slag samples does not
depend on the exact location where they were
unearthed. However, this conclusion (or further
conclusions) needs more data obtained by further
methods, such as the actual ongoing XRD, XRF,
ICPMS investigations.

3. Conclusions

The Roman auxiliary fort located at Calugareni,
on the Eastern sector of the Dacian limes, estab-
lished after the Roman conquest of the Dacian
kingdom, was a strategically important military
centre. During the still ongoing archaeological
excavations a large quantity of iron slag remains
have been unearthed. However, to date, no trace
of bloomery or smithery workshops was found
at the location. In consequence, the source of the
slag finds is unknown; they could originate equ-
ally from the local processing of some imported
iron blooms, or from the recovery of damaged
iron objects (weapons and household tools) by
reparation or recycling. The issue could be clarifi-
ed to some extent by means of the archaeometric
study of the slag finds. In this case, the thorough
investigation of 17 carefully selected iron slag
samples was initiated. In this first stage, after a
macroscopic evaluation of the morphology, opti-
cal microscopy and FTIR spectroscopy was carri-
ed out on the specimens.

According to the characteristic FTIR absorption
peaks appearing in the spectral domain 2000-
400 cm™, the investigated samples among some
carbonates (and possibly aluminates) are consti-
tuted from silicates. The carbonates could have
been formed in carbonation processes taking pla-
ce during burial, as a consequence of the environ-
mental conditions.

According to the microphotos registered, the
main crystal phase of the samples identified in
the absence of polarized light is fayalite (Fe,SiO,);
dendritic wistite and cubic magnetite are also ob-
served in practically every sample. The samples
generally are characterized by a vast amount of
metallic iron inclusions, and the presence of some
glassy phases. These considerations indicate that
the (smelting or smithy) processes the samples
were subjected to took place at relatively high
temperatures, probably in a reducing atmosphe-
re or environment.

According to the macroscopic characteristics,
the possibility that the slags could be smelting
by-products can't be excluded. The morphology
of some samples are close to that of the tap slags:
these specimens are more dense, with small blow
holes inside, as the tap slag froze outside the
smelter. The lower density, sponge-like structu-
red samples full of gas lunkers seem to have been
cooled down inside the smelter (cinder).

In future, research will continue with petrog-
raphic microscopic and XRD investigation, and
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macro- and microelemental analysis of the samp-
les. Naturally, we have to keep in mind that (as in-
dicated by the standard deviation values associa-
ted with the previous PXRF elemental analyses of
the surface composition of similar samples) the-
se types of sample are very heterogeneous. [11,
12]. In consequence, conclusions referring to the
slag’s mineralogical and/or chemical composition
have to be drawn very cautiously.
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Abstract

Severe plastic deformation (SPD) is a well-established methodology for the processing of bulk ultrafine
grained materials. Among various methods, equal channel angular pressing (ECAP) is the most popular way
of creating ultrafine grained materials. The stored energy after ECAP in these substances highly influences
the microstructural processes: recovery and recrystallization of the processed materials. We analyzed the re-
crystallization kinetics of room and elevated temperature ECAP processed copper samples using differential
scanning calorimetry (DSC). For the processing of the measurement data we developed a MATLAB processing

routine.

Keywords: ECAP, DSC, MATLAB, recrystallization, copper.

1. Introduction

Equal channel angular pressing (ECAP) is one of
the severe plastic deformation (SPD) methods, by
which grain refinement can be achieved in cold
working, and bulk ultrafine grain materials can
be produced. The large deformation induced du-
ring ECAP results in microstructural alterations.
Grains are distorted and textured, dislocation
density increases and saturates within the grains.
Subsequently, dislocations pile up, and arrange
in walls, thereby subgrains are formed and grain
refinement occurs. Part of the energy introduced
by the deformation is stored in the material in the
dislocations; this energy is released by recrystal-
lization and also acts as a driving force for rec-
rystallization. This stored energy highly influen-
ces all kinds of microstructural transformations.
In the present work — as a follow up to a prior
study [1] -, ECAP was performed on electrolyte
copper specimens at room temperature and at
elevated temperatures. Thermal behaviour of the
deformed samples was then examined by annea-
ling in differential scanning calorimetry (DSC)
equipment. During annealing, an exothermal

peak arises at recrystallization in the DSC heat
flux data, namely a recrystallization peak, which
can be related to the stored energy released by
the transformation. Prior to this, we analyzed
manual processing methods of the peak to extract
results. In the present work, we show results for
recrystallization of ECAP processed samples at
elevated temperatures, where the results were
obtained by an automated data processing proce-
dure of the DSC data created in MATLAB.

2. Experimental procedures

2.1. Equal Channel Angular Pressing (ECAP)

The material for ECAP processing was commer-
cially available pure electrolyte copper in the
form of extruded rods. Specimens were machi-
ned to a diameter of 10 mm and a length of 60
mm. Prior to ECAP, specimens were annealed at
450°C for 1 hour.

ECAP processing was performed at several tem-
peratures: room temperature, 50, 100, 150, and
200°C, with a feed of 8 mm/min in an ECAP die
with 110° channel angle. Specimens were single
pass processed, pressing forces were recorded
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during the deformations. To reduce friction,
Molykote grease was employed, which is appli-
cable from —-30°C to 1100°C temperature range.

After the deformations, at least 4 coin shaped
samples were machined from each specimen
for DSC, with a geometry of ¢5,9%2,5 (mm) or
$5,9x1 (mm).

2.2. Differential Scanning Calorimetry (DSC)

For the thermal analysis, a Perkin-Elmer power
compensated DSC-8000 was employed. In this
equipment the heating power for linear heating
of a specimen is controlled with a thermally ne-
utral reference sample. The measured quantity is
the power difference that is required for heating
of the measurement and reference samples, and
which can be plotted as a function of the tempe-
rature of time.

Annealing experiments were performed for the
samples obtained at ECAP processing at room
temperature, 50, 100, 150, and 200°C. Heating ra-
tes in the DSC measurements were 5, 10, 20, and
50°C/min.

Samples were heated from room temperature to
above the recrystallization temperatures, so that
the transformation completed, in the first samp-
les up to 400°C, later based on the experiences up
to 350°C. Heat flux was recorded by the control
software of the equipment, called Pyris, and the
sampling rate was set to obtain about 10000 data
points for each measurement. A set of measure-
ment results is illustrated in Figure 1.

Figure 1. Heat flux recorded by DSC at a heating rate
of 50°C/min for the ECAP processed samples
at different temperatures

3. Data processing

Due to the large number of recorded data points,
an automated processing routine was requi-
red. The developed MATLAB processing routine
requires minimal user interaction and provides

quick, reliable results. Previously, we manually
processed DSC data with the Pyris software, and
also with the help Origin and Excel. We validated
results obtained by the MATLAB routine with the
manually processed data.

The MATLAB routine is controlled by a list of
DSC data filenames, sample masses, and heat ra-
tes. These data are loaded into an array, then each
data file in the list is processed. During the first
stage of processing, the DSC data file is loaded,
the measured data is plotted. Here, the program
requires user interaction on the graphical inter-
face, to point the onset and the end of the recrys-
tallization peak. Then, the base line is determined
by a 3rd order polynomial fitting, the goodness of
fit can be visually inspected, and then the measu-
rement data compensated by subtracting the base
line. All properties of the peak are calculated sub-
sequently and the results (to 3-digit precision) are
stored in the tab separated text file. The resulting
file contains: name of data, mass, heating rate,
peak temperature, specific stored energy, and
peak height. After the results are stored, a figure
is created by a subroutine, plotting the compensa-
ted peak in a subtracted specific heat flow versus
the temperature diagram, and labels the diagram
with the most important calculated results (peak
temperature, peak height, area under the peak —
stored energy) (Figure 2.). For each dataset, such
figure is plotted and stored.

In the present dataset, each ECAP processing, con-
tains four DSC samples. For this set, a processing
routine generates a summary plot after four peaks
are processed, from which differences due to the
heating rates can be analyzed. This is then used for
the determination of the activation energies of rec-
rystallization.

Moreover, the program generates a figure about
the fitted polynomial, the kinetics of the transfor-
mation as a function of the temperature. A detailed
description of the program and its source code is
available in [2].

The activation energy for recrystallization was
calculated by the Kissinger theory [3].

4. Results

The analysis of the results of the processed DSC
data for each of the ECAP processing temperatu-
res helps to understand the thermal behavior of
the highly deformed materials. To illustrate the
analysis, we selected the results for the 5°C/min
heating rates from the measurement set.
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Figure 2. A plot of the compensated recrystalliza-tion peak with labels of the calculated peak properties

The peak temperatures, as a function of the ECAP
processing temperature, is shown in Figure 3.
It can be seen that the exothermic peak tempera-
ture, which marks the recrystallization transfor-
mation, steadily increases in the examined pro-
cessing temperature range.

We can conclude by this observation that the
increase in the deformation temperature - the
energy required for initiating the recrystalliza-
tion - also increases for the samples in different
states.

The stored energy in the samples is released by
recrystallization, the magnitudes are shown as
a function of the ECAP processing temperature
in Figure 4. The decrease in the stored energy
shows that by increasing the processing tempera-
ture, less energy is stored in the dislocations of
the material.

Figure 3. Recrystallization peak temperature as a
function of the ECAP processing temperature.

The effect of the heating rates on a sample in a
given state can be shown in the Arrhenius-plots,
by which the activation energy can be determi-
ned. The variation of the activation energies as a
function of the ECAP processing temperatures are
shown in Figure 5.

By analyzing the activation energies, we can
conclude that the activation energy is the lower at
about 86 kJ/mol at room temperature ECAP pro-
cessing. The stored energy in the material was the
highest in this case. With increasing processing
temperature, as expected by the increasing peak
temperatures and decreasing stored energies, ac-
tivation energies increase slightly.

Based on these results we can conclude that
the by increasing the ECAP processing tempera-
ture, the applied deformation energy is also lower,
some transformation might already have occurred

Figure 4. Stored energies as a function of the ECAP
processing temperatures
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during the processing, the onset is delayed for
recrystallization transformation, stored energy is
decreased, and activation energy is slightly inc-
reased.

Figure 5. Activation energies as a function of the
ECAP processing temperatures
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Abstract

The traditional inspection of fittings used in the electrical industry is a cumbersome, dangerous process in
terms of safety and operation. However, with the spread of thermography, these tests can be performed sim-
pler, faster, and more safely through electrical connections. This article presents the possibilities, measure-
ment difficulties and the advantages of thermography analysis [1-2].

Keywords: thermography, thermographic camera, electrical industry.

1. Introduction

There are a large number of electrical fittings in
the electricity industry. Most of which utilize cop-
per, steel, aluminium and their alloys [3-8]. Due
to differences in the potential of different mate-
rials, galvanic corrosion may occur. This process
can lead to failure of the joint. The increased re-
sistance causes heat generation is shown in Figu-
re 1. and Figure 2.

Therefore, we have used a thermal imaging
procedure over the past few years. The benefits
include safe and uninterrupted measurement.
Previously we investigated the relationship bet-
ween heat development and current.

Our measurements could only be accurate wit-
hin a certain tolerance as metals can change

Figure 1. Galvanic corrosion affected damage

their electrical resistance due to heat, which can
only result in thermal evolution according to the
degree of heating. In this paper, we test copper
and steel used in the electrical industry. The cop-
per-steel coupling resistance varies as a function
of the temperature.

1.1. Resistance to the temperature depen-
dence

If a metal is subjected to a strong heating effect,
its resistance increases. It can be stated that the
resistance generally depends on the temperatu-
re [9, 10]. For metals, the temperature increases
proportionally, with semiconductors, coal, and
electrolytes proportionally decreasing. Examined
at extremely high temperatures and relatively
small intervals, the specific resistance p of the

Figure 2. Galvanic corrosion affected damage
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metals in question is proportional to the tempera-
ture range tested [11].
The applied relationship (1):

BP0 —o¢ (t — t,) (1)
Po
where:
p = specific resistance (Qm),
a = temperature coefficient (1/C°),
t = temperature (C°).
Instead of the specific resistance, we can use the
concept of equivalent electrical resistance, and
then our relationship is as follows (2):

R=R,, (1 +a, At @)

where:

R = electrical resistance (Q),

R,, = Resistance on 20 C° (Q),

a,,= Temperature factor on 20 C° (1/C°).

The resistivity of the copper and steel fittings
used in industry as a function of temperature is
shown in the graph below (Figure 3.).

In our case, it is not necessary to extend the
temperature range (0-700 °C), as the harmful war-
ming of the abnormally fast electrical binder can
be done in this interval.

Figure 3. Resistance versus temperature [6]

1.2. Non-contact temperature measurement

The infrared-based temperature measurement
and thermal imaging method depend on the heat
radiating ability of the bodies. Temperature ra-
diation is the process that emits electromagne-
tic waves due to heat movement in the material.
Much of this energy can be emitted or reflected
on another body and can be transmitted. If radia-
tion arriving on the test body is absorbed without
any remaining excess heat, then we are dealing
with an absolutely black body.

Haraszti F. — Acta Materialia Transylvanica 1/2. (2018)

In practice, we use the laws of physics. The
infrared range of the electromagnetic spectrum
emitted by the surface of the object under consi-
deration is measured with the thermal camera
and transformed into an electric signal [6-7]. The
accuracy of our measurement data is mainly de-
termined by the instrument specification itself,
the medium of the object to be measured and the
surface of the object to be measured. The wavel-
ength of the light we perceive varies between 0.4
and 0.75 pym. The infrared range may differ from
this range between 0.75 and 20 um. In heat detec-
tor analysis practice, we can examine this range.

2. Examination of electrical fittings

Our goal is to determine the resistance of a ste-
el-copper pair depending on the temperature.
How much does it contribute to the electrical re-
sistance of a steel-copper connection with high
contact resistance with galvanic corrosion? What
degree of resistance is represented by the gene-
ral electrical contact used in the industry when
considering only the parameters examined by
warming?

On the base of the literature data, the specific
resistance (and R resistance) is not significantly
considerable about the view of the temperature.
Nevertheless, it is important to know how its va-
lues develop if we are not testing it under labora-
tory conditions. In our case, an everyday copper
rack and a steel screw are the subjects of the test
(Figure 4.).

The measurement is performed in the assemb-
led condition, tightening the screw with the cor-
rect torque. Due to the magnitude and accuracy of
the resistance value, we work with a Wheatstone
bridge measurement method. The applied ther-
mal imaging camera ensures contactless tempe-
rature reading without interruption [12]. The he-
ating of the electric joint component is supported
by a precision electrical heater. The schematic di-
agram of the measurement is shown in Figure 5.
and the setup of the measurement is shown in
Figure 6.

Figure 4. Fittings
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2.1 Measurement results

During the experiment, five series of measure-
ments were prepared and after error calculation,
the following results were obtained (Table 1.):

The resultsof resistence as a function of the tem-
perature, shown in the next diagram (Figure 7.) .

By evaluating this, we can conclude that the
course of the function is similar to pure conduc-
tive materials of high precision, accredited labo-
ratory conditions, showing linearity.

Figure 5. Schematic diagram of the measurement

Figure 6. Setup of the measurement

Table 1. Measured values

Number Temperature Resistance
ce Q
1. 254 0.1
2. 309 0.2
3. 360 0.3
4. 410 0.4
5. 460 0.5
6. 505 0.6

79

Figure 7. Resistance ratio temperature dependence

3. Conclusions

The aim of our study was to examine the resis-
tance of the current-conducting components used
by the electrical industry as a function of tempe-
rature. Is it different and, if so, how much does it
deviate from the literature values? The difficulty
of the measurements and the accuracy of the eva-
luation were given by the differences in produc-
tion, given that a multimember assembly was the
subject of the test. Comparing the temperature
factors for each material found in the literature
with the copper-steel component we find the fol-
lowing:

The copper and steel temperature coefficient
varies between a,, = 3,92-10 and 4,2:107. During
our measurement, we have shown a multiple or
even a magnitude increase of 250 °C to 500 °C (30
—40-10%). EAt these temperatures, therefore, one
piece of one Ohm resistive material changes its
value by 1 °C. The resistance of the electric fittings
exposed to the aforementioned contact corrosion
is therefore not only increased by the increase of
the transition resistance. We must also account
for the increase in the resistance of the material
in this way, especially if it is necessary to accura-
tely keep the temperature characteristics of a
component: according to the results of this paper,
depending on the current, several different 10 °C
differences may occur. Other factors influencing
the resistance may also include mechanical (pres-
sure and stretching) of electrical components.
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Abstract

Additive manufacturing (AM) is becoming increasingly important, making it possible to produce a product
in a short time, to specific individual requirements, and even in the presence of the customer. This research
is related to direct metal laser sintering of additive manufacturing. This new technology is increasingly be-
ing used in more sectors, for example in biomedical industry, where a damaged product can potentially
endanger human life. Corrosion tests were carried out during our research. Cyclic voltammetry curves and
corrosion rates were determined with a potentiostat. Two typical biocompatible implant materials were com-
pared, a cobalt chromium alloy (powder metallurgy) and a titanium alloy (3D printed). The results will help
in specifying the corrosion properties of additively manufactured materials.

Keywords: additive manufacturing, direct metal laser sintering, corrosion, cyclic voltammetry

1. Introduction

Nowadays, the use of additive manufacturing
technologies is becoming more widespread. For
this reason, complicated products can now be
made precisely and quickly, even in the presence
of the customer. With this technology, three-di-
mensional bodies can be created which are not
possible or are too difficult to produce with con-
ventional technology. This process was initially
used with polymers, but today it can be applied
to almost all raw materials: metals, plastics, ce-
ramics, papers or a combination of these (compo-
sites) [1, 2].

Before additive manufacturing, a 3D model is
required, which is produced using CAD (Compu-
ter Aided Design) software and can, therefore, be
changed at any time. Subsequently, the model is
saved in the STL (Standard Tessellation Langua-
ge) file format, thus linking the 3D software and
the AM device. Using the STL file format, the sur-
face of the body is approximated by triangles: the
smaller the size the better the original geometry
of the body. During the AM process, the desired

product is built up layer-by-layer, based on the 3D
CAD model [1,2]. The process of forming by the
product is shown in Figure 1.

During this process, the powder diffuser disper-
ses a layer of dust on the powder coating which is
melted by a high-performance laser according to
the desired geometry. As soon as a layer is comp-
leted, the pattern is lowered, the powder diffuser
creates a new layer that the laser scans again, and
this process repeats until the product is ready.

Figure 1. Process of forming the product [3]
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In our research, the specimen was formed by
direct metal laser sintering (DMLS). This proce-
dure is used in several areas, including the field
of medicine. In this sector, a basic requirement is
that the base material is bio-compatible with the
human organism in order to avoid complications
after the implant is integrated.

In related research, replacement of a missing
part of a skull was completed with DMLS tech-
nology. One of the great advantages of AM is the
making of custom products. Custom implants can
be created by a porous structure that conforms to
the geometry of the skull, as shown in Figure 2.

Figure 2. The shape of the skull implant [4]

2. Test materials, procedures

The main purpose of our research is to com-
pare the corrosion resistance of two difference
test specimens. The first specimen is a Eucatech
CCFlex type 4.00x28 mm Co-Cr alloy coronary
stent whose base material was produced by con-
ventional powder metallurgy. The second spe-
cimen is an EOSINT M280 titanium (Ti-6Al-4V)
primary commodity cylindrical body which was
made by DMLS. In this case, a Biologic SAS type
SP-150 potentiostat was used to measure poten-
tial-difference on the two test specimens. The first
test used cyclic voltammetry on the stent. Sub-
sequently, the Tafel plot was calculated both on
the stent and the titanium specimen. During the
measurements 0.9% NaCl physiological saline was
used. Before and after the corrosion tests, weight
measurement was performed with an APX-200
precision balance and pictures were taken with
an Olympus SZX16 stereo-microscope and Zeiss
EVO MA10 scanning electron microscope (SEM).

3. Evaluation of results

Table 1. shows the weight loss due to corrosion,
which proves the penetration of metal into the
solution.

The stereo-microscopic image in Figure 3.
shows the surface of the stent before and after
the corrosion test. After the measurement, gene-
ral corrosion was observed on the entire surface
of the stent.

Figure 4. shows scanning electron microscopy
(SEM) pictures of the stent after the corrosion test.

Table 1. Weight before and after the corrosion test

Before After
corrosion test | corrosion test
Co-Cr (L605) 0.0246 g 0.0231 g
Ti-6Al-4V 0.1540 g 0.1539¢g

Figure 3. Surface of the stent before corrosion (above)
and after corrosion (below)

Figure 4. Scanning electron microscopy images of the
stent after the corrosion test
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The stent’s base material is made by powder me-
tallurgy, so the tiny white point-like appearances
are tungsten-rich segregations, as can be seen in
Figure 4.

Figure 5. shows the hysteresis curve of cyclic
voltammetry and a cathodic and anodic peak po-
tential: E, = -7.25 mA, E, = -12.95 mA was deter-
mined. In doing so, the passive layer on the stent
passes into the solution and a steady state is for-
med.

Thereafter, the Tafel curve of the stent was de-
termined, as shown in Figure 6. After software
evaluation with the stent composition, we deter-
mined the corrosion rate: 5.72-10% mm/year.

Figure 5. Cyclic voltammogram of the stent

Figure 6. Tafel plot of the stent

Figure 7. Titanium cylinder surface SEM (left) and ste-
reomicroscopy (right)

In Figure 7. the SEM and stereomicroscopic
image of the additive sample also shows an une-
ven surface formed by DMLS technology. This
uneven surface originated from the melting of
the powder material and then random solidifica-
tion. This microtopography greatly increases the
outer surface of the specimen, so the precise sur-
face area is difficult to determine and corrosion
processes are affected.

Figure 8. shows that the Tafel curve of the ti-
tanium sample differs greatly from the stent Ta-
fel curve. The corrosion rate, in this case, was
2.27-10 mm/year.

Figure 8.. Tafel plot of Ti-6Al-4V sample

4. Conclusions

From the measurement results we can conclude
that in the case of NaCl 0.9 % solution, the stent
was less resilient with the same corrosion test
parameters than the Ti-6Al-4V sample. This is
evidenced by the fact that, after corrosion, a re-
latively large mass decrease was observed in the
case of the stent, while in the Ti-6Al-4V sample
it was not, and the corrosion rate from the Tafel
curve was 2.5 times higher on the stent.

Our test method is appropriate for evaluating
additional samples. Among our plans, we compa-
re our results with additive manufactured Co-Cr
alloy samples and bulk Ti samples.
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Abstract

Segments containing diamond particles are fixed to replaceable inserts or to steel tool bodies for cost-ef-
fectiveness. The joining technology used should meet both environmental and technical requirements. The
joining zone is subjected to high mechanical and significant thermal loads during use. In the event of an im-
proper joint, the segments may detach from the base and fly away causing injury. Nowadays, many methods
of welding or brazing are used to fix diamond segments. Among the possible segment fixing technologies,
laser beam welding has been investigated. The microstructure of the joints has been examined by optical and
scanning electron microscopy and chemical element maps have been recorded. Joints have been subjected to
fracture and hardness testing. The mechanical properties and composition changes of the joints with differ-
ent joining technologies have been evaluated and compared.

Keywords: joining technologies, welding, diamond segment, material testing

1. Introduction

There has been an increased demand from the
construction industry for the planned or improvi-
sed on-site machining of concrete, requiring tools
with a typical application in the areas of chisel-
ling, drilling, wall opening, channelling or surface
roughening. These are performed effectively with
diamond-edged tools.

At Hilti Tools Ltd. core drill bits with diamond
segments [1] are manufactured for a wide range
of applications, raw materials and with different
performance requirements. The segments are
laser welded on the thin walled tube of the core
drill bit. In the case of the core bits (diameter ran-
ge: ©08...37 mm), a CO, laser source is used, while
in the case of drill bits (diameter range: ¢40...202
mm) a disk laser source is used for welding.

2. Laser welding

In the small diameter focus spot a very high po-
wer density can be achieved, and by absorption,
the electromagnetic radiation is transformed into
heat in the materials being welded. In a narrow
band the heat melts the boundary of the joined
pieces and behind the passing radiation a narrow
heat-effect, little distortion seam is formed. [2]

Gas laser welding is usually performed with 10,6
umwavelength (far-infrared) radiation CO,+N,+He
gas mixture. In this case, CO, gas gives rise to the
laser’s name. [3]

Disc laser welding, e.g. 1,03 um wavelength (clo-
se infrared) radiation, can be achieved by Yb: YAG
or Nd:YAG lasers. The Yttrium-aluminium-garnet
crystal (YAG) refers to the solid state laser. These
lasers have better efficiency compared to CO, la-
sers. [4] [5]
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3. Inspections, results

The welded core bits and drill bits have to fulfil
their technical requirements. First, we perfor-
med non-destructive and destructive tests used
in serial production, then the welded bond and
the heat affected zone were investigated in more
detail.

3.1. Test methods

The non-destructive tests in serial production
were as follows:

—Optical inspection: visual inspection of the seam;

—-Segment offset (device: dial gauge): the seg-
ments have to be positioned on a diameter lar-
ger than the outer diameter of the tube;

—-segment tilt (device: dial gauge): the parallel-
ism of the segments on the lateral surface of the
tube;

—-segment twist (device: dial gauge): the differen-
ce between the radius of the segment and the
radius of the tube;

—radial run out (device: dial gauge): radial run
out measured on the surface of the segment
while rotating the core drill bit.

Destructive tests used in serial production:

—breakage test (device: digital torque wrench) an
insert (in a fitting shape), which is connected
to the torque wrench is put on the segment of
the product to be examined. After resetting the
wrench the segment is broken off and the disp-
layed value read, which has been converted into
the position of the breakage.

The welded bond and its environment are
examined by the following methods:
—optical light microscope inspection;
—Scanning Electron Microscope, SEM inspection;
—Energy Dispersive Spectroscopy (EDS);
—Hardness measurement with Vickers method.

3.2. Inspection results

Based on the optical microscope investigation

the following can be concluded:

—the geometry of the examined samples’ welding
seam (Figure 1. and 2.) is similar;

—gas inclusions (Figure 3.) occur in the welding
seams.
After the performed SEM investigation the fol-

lowing can be concluded:

—in some cases crack-like patterns can be obser-
ved (Figure 4.);

—in the case of C, Mn, Si no significant difference
can be seen between the specific zones (Figure 5.);

—although from the neutral zones nickel is al-
loyed into the seam (Figure 6.).
In the course of the line analysis, we scanned
the specimen along a line with the electron beam
(Figure 7.).

Figure 1. Stereo microscope recording of the laser
welded seam from the crown side

Figure 2. Stereo microscope recording of the laser
welded seam from the root side

Figure 3. Optical microscope recording of the laser
welded seam
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Figure 4. SEM recording from the middle zone of the
laser welded bond

Figure 5. Element map from the middle zone of the
laser welded bond

Figure 6. Ni element map from the middle zone of the
laser welded bond

Figure 7. SEM recording of laser welded bond, the
thin yellow line indicates the place of the line
analysis (close to the root)

Figure 8. Laser welded bond’s nickel concentration
perpendicular to the seam’s line in the midd-
le of the seam

The Energy Dispersive Spectroscopy (EDX) gat-
hers the different energy level X-ray photons (this
will be the EDX spectrum) and along the line, for
every point, the measured EDX spectrum is assig-
ned.

The concentration of the nickel atom is pro-
portional to the energy level count of the nickel
atoms on the EDX spectrum. Changing the elect-
ron beam can cause changes in the energy level
count, so in the case of two or more fields of view
the counts cannot be compared.

Due to this, we determined the specimen’s raw
material and alloying elements with a full terri-
torial analysis. During the line analysis each ele-
ment count has been recorded and after normali-
zation, to 100% we derived the nickel (and all the
other elements’) true percentage by mass.

In Figure 8. only the distribution of nickel can
be seen. The start of the line analysis always starts
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from the powder metallurgy raw material, where
nickel particles can be seen as well, thus, at the
beginning of the analysis peaks can be seen rea-
ching almost 100% (the top of the peaks cannot be
seen), but the vertical scale’s maximum has been
set to 25% so the low concentration nickel in the
seam can be also read from the diagram.

4. Consequences

The presented recordings and the inspection
results demonstrate the chosen and applied met-
hods of the research.

It can conclude, the applied experimental met-
hods are able to inspect the laser welded and by
other type joints, and it can extend by other mate-
rial tests (like hardness tests).
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Abstract

The following study analyses the use of modern 3D printing technology in dentistry with its necessary manu-
facturing and machining processes. Fitting of the manufactured metal structures is examined depending on
their use, in terms of conventional adhesion-based denture designs and screw-fixed dentures on implants. In-
fluencing factors and effects of the required post-processing steps are examined. Aspects such as sand-blast-
ing, heat treatment, equipment and tools required for cutting are analyzed. The aim of this study is to create
a manufacturing process that enables the required precision fitting of the created frame structure types.

Keywords: additive manufacturing, 3D printing, CNC milling, print and mill, CoCr frame structure.

1. Introduction

The possibility of the technological use of 3D
printing and the penetration of this technology in
dental practice make it indispensable to study the
increasingly precise and accurate fitting of metal
frame structures in a necessary and sufficient way
[1, 2]. Cases presented in this study were analy-
zed after the execution of concrete work projects.
Fitting evaluation tests were carried out using in
vitro models in our dental technician laboratory.
Oral in vivo tests were carried out in a medical
environment. The aim of this study was to ana-
lyze the surface characteristics of additively ma-
nufactured metal structures. A great emphasis
was put on the factors affecting nesting precision,
such as support structures, surface roughness in
different directions and positions, and other de-
viations [3, 4, 13]. Thus, the compensation of the
virtual design before printing, the potential prin-
ting adjustment, and the necessity of subtractive
processes arising from the function and fixation
of the frame structure could be determined [5, 6].

2. The process of 3D printing

2.1. Material

During additive manufacturing, the dental Co-
Cr alloy is used as the material of structural fra-
mes for dental prostheses [3, 7, 8].

Manufacturer: BEGO, type: Mediloy S-Co, 5, ISO
22674 and ISO 9693-1. Chemical composition:
C063.9 Cr24.7 W5.4 Mo5.0 Si1.0 (%) grain size:
10-45 pm.

2.2. Sisma MySint 100 and the process of me-
tal-powder printing

A Sisma MySint100 printing unit, using LMF (La-
ser Metal Fusion) technology, was used for our
experiments. During printing, additive and syste-
matic layer-by-layer fusion of 20 yum-thick metal
powder particles takes place (Figure 1.). Fusion
is achieved by using a scanning laser with a focal
point of 55 um, and a power of 90 W. Design of
printable products is performed with the help of
free surface modelling programs. Post-processing
takes place manually, with hand-operated polish-
ing equipment.
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Figure 1. The 3D printing workspace

3. Fitting requirements of 3D-printed
frame structures

We distinguish between the creations of two
significantly different products. The first one
represents conventional metal-structure dental
prostheses fixed to the refined abutments with
adhesive bonding. The other represents fixed,
metal-structure prostheses where implants are
used as fixation pillars for the prosthesis, and
structural integrity is warranted by detachable
screw-joints. In the case of the same printing
parameters in both products, we can expect the
same printing defects. These can be an average
geometric defect, surface roughness defect, imp-
recision due to the support material, and techno-
logical defect. Based on manufacturer’s data and
own measurement experiences, its total extent is
under 35 pm [1, 4].

3.1. Factors affecting the nesting of ad-
hesion-bonded frame structures

The typical anatomical property of pillar teeth
is resilience, which is the elastic nesting in the
periodontium allowing 30-50 pm shifting [10].
Another influencing factor is the fixation on pil-
lar teeth, which is generally done with glass io-
nomer cement with an average grain size of 35-
40 pm [1]. For this, an 80-100-um-wide adhesion
gap is created during the design procedure. The
typical extent of imprecision is under 35 ym for
the 3D-printed frame structure. Because of this,
manufacturing imprecision can be eliminated
with minimal resilience together with the use of
adhesive material [4]. There is no need to calcu-
late using the minimal factors resulting from the
elasticity of the frame structure [5].
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3.2. Factors affecting the nesting of screw-fixed
implant-pillar frame structures

The anatomical resilience of implant pillars
that is not followed by compression necrosis of
surrounding bone tissue is only 7-8 um [11]. The
second affecting factor is the nesting of the fitting
surface of 2-piece implants. It can be fixed on a
platform or a taper and requires precise, posi-
tioned fitting with an average value of less than
5 um. Improperly closed implant nesting surfaces
can be susceptible to the formation of adverse
bacterial flora. It can result in peri-implantitis in
the neighbouring tissue and loss of the implant.
In this case, elastic deformation, which has an
average value of 10-15 pm on peripheries of the
complex multi-pillar-supported frame structure
also plays an important role [9]. Its evaluation is
carried out with Sheffield tests. Refining post-mil-
ling of 3D-printed parts is required based on the
obtained data [2, 12].

4. The combined use of additive and
subtractive technologies

The condition of their use is the expanding or
offsetting the pre-defined milling surface with a
surface allowance. This offsetting procedure is
carried out during design in a parametric sup-
port program. The designed allowance provides
excess material for post-milling process and de-
viation compensation. In the next step, during
the printing platform design, auxiliary units are
added to the frame structure model. They are ne-
eded for “zero-point” positioning in the milling
machine. This modi-fied printing composition is
then uploaded to the 3D printing machine. After
the printing process, parts are sand-blasted to cor-
rect sur-face roughness. Afterwards, heat treat-
ment is carried out with modified parameters.
These parameters were determined using data
from experiments evaluating the strength and
structure of materials. Based on data of former
material tests, it was proven that the me-chanical
properties of 3D-printed metal struc-tures, heat
treated according to the recom-mendations of the
manufacturer, can be im-proved to achieve better
metal cutting circum-stances. The aim of the heat
treatment is to achieve such a modified material
structure during stress relieving that is more ea-
sily ma-chinable during precision post-processing
(Figure 2.).

Four modified heat treatment strategies were
defined. [7]. After printing and heat treating of
the specimens, tensile and hardness tests were
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performed (Table 1.). Experimental and metal-
lographic data, comparable to our CoCr alloy,
were used. Table 2. shows the chosen technologi-
cal parameters of heat treatments measured in a
real-life environment in a Nabertherm P330 heat
treat furnace.

Figure 2. The Nabertherm P330 heat treatment oven
during use

Table 1. Mechanical properties of the result

Yield Fracture Elastic
strength strain modulus

(MPa) (%) (MPa)

Manufacturer 923 7.40 39 180

Modified 1003 16.06 33804

Table 2. Heat treatment modification

Heat treatment Modified heat treatment
Start temperature | 650 °C | Start temperature | 650 °C
Heating: 18 min | 800 °C | Heating: 38 min | 900 °C
Heating: 15min 800 °C | Heating: 28min 900 °C
Cooling: 60 min | 550 °C | Cooling: 75 min | 550 °C

5. Precision post-processing

5.1. Manufacturing unit

The Vhf S1 simultaneous 5-axis dental milling
machine operates a water-cooling system. Thus,
it is capable of machining both CoCr and titanium
materials. It is characterized by a 0.6 kW spindle,
small dimensions, and a high repeat accuracy of
+0,003 mm.
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5.2. Tools

The outstanding quality of OSG Dental Industry
diamond coating provides an extended applica-
tion area for tools in dental metal processing [1,
5]. Because of the modified heat treatment para-
meters, our OSG Dental Industry tools are more
durable, and capable of performing the machi-
ning protocol in a more tool-saving way (Figu-
re 3. and 4.)

Figure 3. Geometry and surface before postproduction

Figure 4. The implanted fitting surface after processing

Figure 5. Frame structures of dental restorations
with finished contact surfaces
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6. Summary

Using the results of heat treatment and the pos-
sibility of 3D-printed frame structure post-mil-
ling, implant-fixed dental prostheses, which are
used in dental technician practice, can be created
with the fitting precision as determined in our
study (Figure 5.).
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Abstract

In the current century, building protection is very important in the face of terrorist attacks. The old build-
ings in Europe are not sufficiently resilient to the loads produced by blasts. We still do not fully understand
the effects of different explosives on buildings and human bodies. [1-3] Computing blast loads are different
from that of traditional loads and the material selection rules for this type of impact load are diverse. His-
torical and old buildings cannot be protected simply by new walls and fences. New ways need to be found
to improve a building’s resistance to the effects of a blast. It requires sufficiently thin yet strong retrofitted

materials in order to reinforce a building’s walls [4-6].

Keywords: metal foam, energy absorbing, building protection, reinforced composite.

1. Introduction

In Europe, many terrorist attacks have caused
notable damage. The NATO and V4 countries are
currently working to secure the safety of citizens,
critical infrastructure and buildings [6-8]. The
challenge of our age is to innovate and invent
new materials for these special loads: loads that
didn’t have to be considered previously. Extraor-
dinary loads, such as those produced by blasts,
are combined load because they involve various
parameters, including shock waves and scatters.
Blast effects from a detonation produce building
damage and fragmentation effects. The initial
explosion produces secondary damage, caused by
fragments of brick and other materials striking
other buildings and human bodies [1-3].

Compared to static loads, the blast effect of such
high-speed plastic deformation can produce diffe-
rent behaviour in the materials.

The properties of traditional materials under
static loads are well understood and tested. This

knowledge forms the basis of the design of these
constructions.

However, the material selection and design for
dynamic and extreme loads are not yet well defi-
ned, from the testing method point of view, or the
material properties point of view.

2. TNT equivalent determination

The wave and heat energy caused by a blast de-
pending on the blast range and chemical compo-
sition. Determining the TNT equivalent is useful
for designing the load (1) [3, 8]:

1)

where:
W, (kg)) is the TNT volume equivalent mass,
AH,,, (M]/kg) is the blasting heat,
AH . (M]/kg) s the TNT blast heat,
W, (kg) is the calculated explosive mass.
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Table 1. shows the performance of some explo-
sives.

Table 1. Performance of some common explosives [8, 9]

Name of the explosive e enef% /?(g;he s

TNT 4.1-4.55
C4 5.86

RDX 5.13-6.19
PETN 6.69
Pentolite 50/50 5.86
Nitro-glycerine 6.30
Nitrocellulose 10.60
Amon/Nitrate 1.59

3. Determination of the blast pressure

We already know some equations for de-
termining the blast load. The most useful for
load design is the Hopkinson-Cranz law (2)
[8,9].

@)

where the distance of the blast determination of
the object is Z (mkg?) from the W (kg) explosive
mass volume for TNT equivalent.

The Mills equation for nascent gas pressure de-
termination (3), where W is the explosive mass in
the TNT equivalent (kg), R is the explosive distan-
ce from the object (m):

€]

The blast establishes a short pressure load fol-
lowed by a longer duration of a vacuum effect.
The design load is calculated from the pressure.
The blast load parameters can be obtained from
the literature [8]. fThe maximal pressure shows
the pressure and vacuum loads in the case of the
blast, shown in Figure 1. lathatéak. A nyomo és
huzo igénybevételek egy robbands esetén kertil-
nek bemutatasra.

4. Classical Lamination Theory (CLT)

For designing composite materials classical la-
mination theory knowledge is required. Based on
this theory and design rules we can manufacture

Figure 1. Front wall pressure and time curve [8]

a new composite for static and dynamic loads but
for blast load we cannot identify design rules. In
our research, the classical design rules are the ba-
sis of the blast resisting materials design. Based
on the practical impact test results we are able to
develop the design rules for blast resistant com-
posites.

Design method steps are as follows [4]:

1. Calculation of the stiff parts of the matrix (Q)
for all layers,

2. Determination of the loads,

3. Calculation of the layer plane deformation
(& Eppp Vi)s

4. Determination of the stress in all layers (o,

G, Ty)

yy© Xy

5. Calculation of the layer’s elastic constant (E_,
E Ve Vi Gy)

6. Determination of the average effective
strength base on the damage parameters.

In our case of the next special material, this
theory was applied (CLT). The load is combined
including high pressure and high energy impact.

5. Testing of specific composite for blast
protection

For the protection of buildings, a new retrofit
technique is required. The new materials innova-
ted by material science can provide a good solu-
tion for this project task. These materials are usu-
ally composite, such as syntactic foams, spherical
shells or carbon field reinforced composites [4-6].
Some common retrofit techniques have been int-
roduced in previous work which focused on the
practical aspects of retrofit techniques used for
the blast protection of buildings. It presents the
summary of various retrofit techniques [12, 14].
In the case of the introduced extraordinary dyna-
mic loads, we needed to select or innovate a high
kinetic energy absorbing material. The metal fo-
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ams and the composites can be useful for absor-
bing these loads.

In the following innovation, we introduce a
polymer sandwich composite, reinforced by ce-
ramic spherical shells with a glass woven struc-
ture.

One of the steps of manufacturing the sandwich
structured polymer is shown in Figure 2.

Figure 3. shows a prepared sample for testing.
The introduced composite has layers of ceramic
spherical shells combined with a gas woven
structure. Ceramic spherical shells are 0.8 mm
(average) diameter, the glass fibre woven struc-
ture is 390 g/m2 and the matrix material is epoxy
resin (Araldite LY 1564). There were 15 unidirecti-
onal and isotropic layers. The dynamic effect was
simulated by the Charpy impact test.

The result of the Charpy impact test is shown
in Figure 4. It is obvious that the tested sample
didn’t break under the applied load. The test met-
hod used can give us information about the dyna-
mic load effect of such materials.

6. Conclusion

Based on the practical impact test results and
the experimented test samples we detected that
the ceramic spherical shell diameter was im-
portant for kinetic energy absorption. We tested
three different ceramic spherical shell diameters
of reinforced composites (diameters: 0.15 mm,
0.8 mm, 1.5 mm). The kinetic absorption depend-
ed on the ceramic spherical shell diameter, the
smallest caused a reduced kinetic absorption le-
vel. In the case of the larger diameter spherical
shells this property improved but in the case of
the open spherical shells, stuffed with acrylic, the
kinetic absorption level was reduced. This effect
caused a moderate improvement in the kinetic
energy absorption level. Finally, we can conclu-
de that the middle sized spherical shell diameter
improved the kinetic absorption level.

The introduced composite material shows the
method to follow for blast resistant material in-
novation. Furthermore, the implemented compo-
site design rules can be a basis of new material
designs.

Moreover, the recycling possibility of these ma-
terials is an important aspect, as is shown in [13].
In the case of the introduced material, this pre-
requisite wasn’t attainable.

Based on these practical and theoretical results,
we are planning to continue with the innovation
in new blast-resistant composite materials.

Figure 2. One of the manufacturing steps of the ce-
ramic spherical shells and glass woven
structure reinforced composite [10]

Figure 3. Ceramic spherical shells and glass woven
structure reinforced composite [10].

Figure 4. Picture of the sample after dynamic impact
load [11]
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Abstract

The material used for manufacturing of dental implantation prostheses is cobalt-chromium alloy. The follow-
ing study presents a new heat treatment technology for dental implantation prostheses. Specimens were cre-
ated with the innovative technology of 3D printing. The brittleness of specimens subjected to heat treatment
with parameters recommended by the manufacturer made it necessary for us to reconsider the heat-treating
process. After changing given heat treatment processes, tensile and hardness tests were performed. From
these tests, the optimal heat treatment process technology was chosen.

Keywords: cobalt-chrome alloy, heat treatment, 3D printing.

1. Introduction

In recent decades, cobalt-chromium alloys have
been widely used in casting molds due to their out-
standing corrosion resistance, bio-compatibility,
and strength [1-3]. Over the years, cobalt-chromi-
um (Co-Cr) alloys have shown remarkable versa-
tility and durability as orthopaedic implant mate-
rials [4]. Co-Cr alloys are also used in dental prac-
tice e.g. abutments (superstructures), crowns, and
bridges [5]. These alloys provide the best balance
between mechanical strength and wear resistan-
ce. Moreover, their corrosion resistance is also re-
markable [6-10]. In the dental field, conventional
lost-wax casting techniques have been used for
decades. However, these techniques are suscep-
tible to human errors [11]. The production of den-
tal implants is common with conventional met-
hods, for example casting technology [12]. Preci-
sion casting and forging still belong to conventio-
nal methods in terms of implant manufacturing
[13]. On the other hand, additive manufacturing
technologies are becoming even more widespre-
ad in the production of dental implant prostheses
[14]. To make SLM technology suitable for imp-
lant or prosthesis manufacturing, certain condi-

tions must be met. The mechanical and chemical
properties of the layers created with laser melting
of particles must match strict requirements [15].
Mechanical properties and corrosion resistance
of alloys processed with SLM (Selective Laser Mel-
ting) were studied [16]. Moreover, the strength of
the adhesion bond between the ceramic material
and Co-Cr alloy was also examined [17].

2. Materials and methods

2.1. Materials used

Type 5, ISO 22674, and ISO 9693-1 dental Co-Cr
alloy were used. The chemical composition (% by
weight) of cobalt-chromium is shown in Table 1.

Table 1. Chemical composition of Co-Cr alloy

Element % by weight
Cobalt (Co) 63.9
Chromium (Cr) 24.7
Tungsten (W) 5.4
Molybdenum (Mo) 5.0
Silicon (Si) 1.0
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2.2. 3D printing of specimens

C063.9Cr24.7W5.4M05.0Si1.0 (%) alloy can be
the material of choice for implants and pros-the-
ses created with additive manufacturing pro-
cesses. Test specimens were manufactured with
a Sisma Mysint 3D printer. 3D printing is carri-
ed out with LMF (Laser Metal Fusion) techno-
logy. This technology requires a specific printing
strategy. It contains support structures for heat
dissipation. A programmable furnace for addi-
tional heat treatment was installed nearby the
printing unit. Furthermore, a dedicated software
and milling machine was available for precision
post-processing. Additive manufacturing is prece-
ded by a digital model design. 3D printing is an
additive manufacturing technology during which
the metal-powder layers are added layer by layer,
and the specimens are created with the structu-
red fusion of these layers. The specimen model
was designed in a 3D virtual environment and
was followed by the printing process that lasted
approximately four hours. After printing, speci-
mens are removed from the machine and then
separated from the building platform. The heat
dissipating support material, which connects the
specimens with the disc, is removed afterwards.

2.3. Heat treatment

Following the 3D printing procedure, specimens
were subjected to heat treatment with parame-
ters recommended by the manufacturer. Figu-
re 1. shows the given heat treatment parameters
obtained from the manufacturer. Heat-treating
consists of three phases: heating, soaking, and
cooling. The proper heat-treating technique is

Figure 1. Heat-treating process provided by the ma-
nufacturer
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chosen based on the size, geometry, material, and
quality requirements of the given part. Hereby,
the most important technological parameters can
be defined, such as heat-treating temperature and
cooling method.

3. Experiments

Using heat treatment parameters recommended
by the manufacturer resulted in a brittle struc-
ture, which led to the fracture of some printed
specimens. The heat-treating process parameters
were changed after this. As a first approach, the
heat treating temperature was changed. Numbers
in Table 2 label the following: number 1 indica-
tes the heat treatment process provided by the
manufacturer with a maximum temperature of
900°C. Numbers 2 and 4 represent heat-treating
processes with a maximum temperature of 900°C.
Numbers 3 and 5 mark 1050°C as the maximum
temperature. At numbers 3 and 5, process times
were changed. Here, all three phases of heat
treatment were extended in time.

Changes were determined based on metallogra-
phic and experimental data.

Heat treatment marked with number 1 follows
manufacturer’s recommendations. Based on the-
se experiments, number 4 shows the best solu-
tion so far, where fracture strain was increased
the most. Thus, elastic modulus decreased, whi-
ch meant the reduction of the brittleness of the
whole structure. Figure 2. shows the process di-
agram for heat treatment labelled with number
4. Number 5 heat treatment had a temperature
of 1050°C with a holding time of 118 minutes. No
major differences were discovered, but surface
oxidation occurred.

AHardness tests were then performed on the
specimens. Rockwell hardness was measured in
different points of the samples. Table 3. shows
average hardness values characterizing the spe-
cimens.

Table 2. Mechanical properties obtained after testing

Num- Tensile Fracture Elastic mo-

ber strength strain dulus
(Mpa) (%) (Mpa)

1 923 7.4 39180

2 1041 7.2 47 362

3 1095 7.5 45 302

4 1003 16.06 33804

5 1097 12.05 34742
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Figure 2. Heat treatment process

Table 3. Mechanical properties measured

Number Hardness (HRC)
1 37.37
2 42.3
3 40.04
4 44.88
5 44.4

Table 3. shows the highest average hardness for
the specimen marked with number 4. Hardness
values measured on specimen number 4 also sho-
wed the lowest standard deviation. Other sam-
ples showed higher standard deviations during
hardness tests. The next step of our research is
influenced by the cause of these values.

4. Conclusion

Different heat treatment processes were presen-
ted in this study. Our goal was to obtain such me-
chanical properties for the additively manufactu-
red cobalt-chromium alloy specimens that match
dental requirements as precisely as possible. El-
astic modulus, which provides information about
the stiffness of the material, decreased. The study
is going to be continued with the examination of
different heat-treating processes. Partial results
were achieved.
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Abstract

Resistance welding has long been successfully used in the automotive industry, but nowadays, there are even
more advanced technologies, such as laser beam welding, which is a much faster, more economical and flex-
ible technology. During our work, we have mapped the possibility of replacing resistance welding with laser
beam welding. Furthermore, we have found a solution to the problems occurring during laser beam welding.
The biggest challenge in laser beam technology is that the zinc coating on the steel plates (required to pre-
vent corrosion) evaporates during welding, resulting in pores, and leading to a significant reduction in weld
strength. We have solved that by using spacer sheets, which allow the zinc vapour to escape from the keyhole.

Keywords: laser welding, resistance welding, spot welding.

1. Introduction

Laser beam welding is gaining ground in a wide
range of industries [1, 2]. The reason for its spre-
ad is in its favourable technological parameters:

- precision, accurate control of the technological
parameters;

- high machining speed;

- excellent machining quality (post-processing ne-
eds are reduced or cancelled)

- no force affects the work piece;

- wide range of selectable, and precisely con-trol-
lable energy densities in machining;

- small specific thermal stress on the work piece;

- the machining tool is abrasion-free and unaffec-
ted by the direction of machining (light);

- excellent automation;

- economical production;

- great manufacturing flexibility;

- good compatibility with other technologies [3].

However, there are a number of challenges in
laser beam welding:

Steel sheets are usually coated with a zinc layer
for corrosion resistance. Due to the low boiling
point of zinc, it vaporizes intensively during wel-
ding. Thus, it makes the keyhole unstable and it
is able to create such vapour pressure over the

weld seam that the molten metal splashes out of
the plasma channel (sputtering weld). In additi-
on, zinc vapour bubbles can also be incorporated
into the weld. As a result, the weld strength sig-
nificantly decreases.

During the research, several methods have
been tried in order to eliminate the zinc vapour
problem [4-23]. However, they have been eit-
her ineffective or have made the production too
cumbersome. According to our idea, with a plas-
tic forming, small bumps can be created on the
surface of the plate, which serves as spacers du-
ring the welding process. The experiments were
carried out with a spacer sheet solution since the
two solutions are the same, but the bumpy vers-
ion is also in place during manufacturing and in-
dustrial applications.

2. Materials and methods

The welding experiments were performed using
a Trumpf TruLaser Cell 7020 5D Laser Machining
Centre with Trumpf TruDisk 4001 laser radiation
source. First, blind welds were made and then
steel sheet pairs were welded. Sheet pairs were
made using spacer sheets, and also sheet pairs
with no gap in between them. The most important
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welding parameters were the following; laser po-
wer 1,000 W, welding speed 3 m / min [24]. The
focal point of the laser beam was set to 1 and 4
mm (defocus) relative to the surface of the upper
sheet. The plates to be welded were cold rolled,
with a thickness of 0.6 mm and with galvanized
zinc coating. The thickness of the spacer sheets
was 0.1 mm. During welding, the plates were
clamped together with the spacer sheets placed
between them. For the metallographic examina-
tion, the plates were cut with a water-cooled disc
cutter, then ground polished and finally etched
with 3% nital solution.

A VHX J20 Keyence digital light microscope was
used to examine the welds and to take im-ages.

3. Results and discussion

Figures 1-3., show light microscopic images of
the welds produced with a 4 mm defocus, and
Figures 4-6. show images with 1 mm defocus.
The most important dimensions of the seams are
shown in Table 1.

Figure 1. Picture of blind weld with 4 mm defocus

Figure 2. Picture of weld without gap, with 4 mm de-
focus
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Figure 3. Picture of weld with spacer sheets, with 4
mm defocus

Figure 4. Picture of blind weld with 1 mm defocus

Figure 5. Picture of weld without gap, with 1 mm de-
focus

Figure 6. Picture of weld with spacer sheets, with
1 mm defocus
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Table 1. Dimensions of the welds

Dceilf: i Type Wel(d clomin “I:c{:teil

(mm) wrm) (um)
4 blind weld 986 941
4 without gap -(melted through) | 1090
4 with spacer sheets | -(melted through) | 1185
1 blind weld 1044 958
1 without gap 732 851
1 with spacer sheets 751 946

On metallographic images, it is apparent that
the 1 mm defocus value yields better results for
this type of steel. Indeed, in the other cases (the
non-gapped and gapped samples) the bottom pla-
te was melted through because the laser power
was too high.

Furthermore, 0.1 mm gaps can be observed in
the spacer sheet solution. Splashes and pores are
not visible even when the gap is not set because
the plates are very thin.

4. Conclusions

The biggest disadvantage of resistance spot
welding is that it is not able to adapt quickly to
inflexible technology, i.e. fast changes in the au-
tomotive industry. Resistance welding is a slow
process, and it is costly because heating up the
work piece by electrodes requires a large amount
of energy input.

Laser welding (especially in the case of re-mo-
te welding) has a high machining speed, is highly
automated, combines well with other technologi-
es, and has high manufacturing flexibility. Furt-
hermore, it is very precise, and there is no need
for rework. The cost of in-vestment in laser re-
mote welding is higher, but production is much
more economical as well as welding parameters
can be kept precisely in hand so good weld qua-
lity is guaranteed.

Steels are usually coated with a zinc coating for
corrosion resistance, but this zinc coating causes
serious problems during welding.

During welding, zinc vapour is formed, which
incorporates into the weld and makes it porous.

In any case, the high vapour pressure makes the
keyhole unstable and it is able to create such va-
pour pressure over the weld that the molten me-
tal splashes out of the keyhole (sputtering weld).
As a result, the weld strength is greatly reduced.
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This problem has been solved by installing spa-
cer sheets between the plates so that the zinc va-
pour could escape. During these test weldings, no
splashes or pores were found.

In addition, the appropriate laser parameters
have been experimented with for the plate thick-
ness and type of material to be used
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Abstract

The wide use of composite materials is mainly due to their excellent strength / mass ratio, corrosion resis-
tance and relatively low price. Approximately 35-40% of the fibre-reinforced composites are made of thermo-
plastic polymers in which fibreglass, carbon or natural fibres are most often used as reinforcement, while the
remaining 60 — 65% is made up of high-tech carbon or glass fibre-reinforced thermosetting composites. Most
of them are used in the transport and electronics industries. New processing technologies not only improve
the properties of the products but also contribute to reducing costs.

In this paper, we compare the results of mechanical tests with molded standard specimens with polypropy-
lene matrix and test results from cut-outs from injection molded products.

Keywords: polypropylene, composites, mechanical properties.

1. Introduction

Plastics are now an integral part of our lives, we
use them regularly in the home, the workplace, in
industry and in agriculture. The production and
use of plastics continues to grow all over the wor-
1d. One of the leading sectors in the plastics and
processing industry is injection molding, whose
cash flow is estimated to reach USD 252 trillion
by 2018 [1]. The widespread use of plastic based
composite materials is primarily due to the excel-
lent strength/mass ratio, the corrosion resistance
and the relatively low price of composites [2].

2. Mechanical testing

In practice, the materials have to support va-
rious loads during use. The mechanical properti-
es of the base materials are also tested according
to stresses; furthermore we choose the base ma-
terial to meet the requirements of the component
for a particular application. The numerical values
of the mechanical properties of a particular struc-
tural material are generally found in the literatu-

re. However, in many cases too much emphasis
is placed on the strength of different types and
grades of polymers, and from the point of view of
end use, It is not only the mechanical properties
that are important. In the practical use of poly-
mers, we can rarely ignore other unfavourable
factors affecting a given substance. These include
environmental influences and temperature. Tem-
perature significantly affects all the properties
of the polymers. As a comparison basis, the cha-
racteristics measured at room temperature are
usually used. Mechanical properties are strongly
influenced by the temperature, depending on
the type of polymer. There may be differences
between these types of polymer depending on
the brand name and the type designation [3]. A
question arises concerning different mechanical
test results performed on composite specimens
from serial production conditions, relating to the
results of the standard test specimens. In our ar-
ticle, we have tried to formulate answers to this
question.
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2.1. Tensile testing

The aim of the tensile test of polymers is to de-
termine the resistance of the material against
tensile load, the tensile strength. The course of the
test, the shape, the size of the specimen, the acqui-
sition and evaluation of the experimental results
are defined in the standard of MSZ EN ISO 527-1:
2012 [4]. The test was carried out on a Zwick Z050
type tensile testing machine. Since the shape of
the product did not allow the use of a standard
cross-section, the tensile specimens cut from the
injection molded PP+30% glass fibre products,
were rectangular cross-section (2x15 mm).

The specimens ruptured with minimal elonga-
tion, this was almost a brittle fracture (Figure 1.).
Altogether 10 test work pieces were tensile tensed
at room temperature.

We define the tensile strength with the following
formula:

R = % (MPa) (1)

m
n

where F, _is the maximum tensile force (N), S,
is the initial cross section of the test piece (mm?).

The measured tensile strength was varied bet-
ween 63-71 MPa. The tensile curves recorded du-
ring the tests are shown in Figure 2.

According to literature data, the 30% short glass
fibre reinforced polypropylene composite has a
tensile strength of 82 MPa.

The engineering strain values varied &=3,6-
4,1%, which were determined by the following
relationship:

L oLy (%) @

&
0

where L is the original gauge length, L is the
final gauge length.

According to literature data, the 30% short-fiber
polypropylene composite strength is R, = 82 MPa,
the engineering strain value is € = 4.9 % [3].

The difference between the measured values
and the literature data is derived from the po-
tential differences in the additives between the
examined PP matrix and the literature PP matrix.

At the same time, tests were carried out on stan-
dard specimens, which were cut out from PP+30%
fiberglass composite material. The maximal for-
ces distribution is shown the Figure 3.

In this case the tensile strength varied R, = 79-81
MPa, the engineering strain value was € = 4.83%
These values are very close to the literature data.

Rdthy I, Pinke P, Huszdk Cs. — Acta Materialia Transylvanica 1/2. (2018)

The fractured surface was examined with an
electron microscope (Figure 4.). The PP base ma-
terial is visibly adhering to the surface of the glass
fibres. The base matrix and the glass fibre together
ensures the capacity.

Figure 1. Tensile specimen after fracture

Figure 2. Tensile graphs of the specimens

Figure 3. Distribution of maximum forces
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Figure 4. Electron microscopy of the fractured surface

2.2. Bending test

Polymers and polymer matrix composites are
often characterized by bending tests. The prisma-
tic sample is placed horizontally across two sup-
ports and then a force applied to the top of the mi-
dpoint. During the test, the load starts from zero
and increases steadily until the sample is fractu-
red. Meanwhile, the force (F) and the deflection (f)
are measured in the middle of the test. The defor-
mation of the test specimen can be deduced from
the deflection and the magnitude of the force [3].
Results are shown in Figure 5.

The following formula was used to determine
the bending strength with the maximum bending
torque:

3.F

max

"= B oL (MPa) 3)

Figure 5. The loading force-bending diagram
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The bending modulus of elasticity was calcula-
ted using the following formula:

(GPa) @

The test (Figure 6.) was carried out by an Instron
5965 machine and was performed according to MSZ
EN ISO 178:2011. The marking, the sizes, the calcu-
lated bending strength and flexural modulus values
for the specimens are given in Table 1.

The bending strength of polypropylene without
fiberglass was 37 MPa, the flexural modulus was
1.4 GPa. The polypropylene with 30% short-fiber
specimen cut out of an injection molded product
showed a flexural modulus of 52-59 MPa. In the
literature a flexural strength of 120 MPa, and
a flexural modulus of 6 GPa are published for
PP+30% GF (glass fibre) composites.

Table 1. Flexural strength and Young’s modulus va-
lues determined by the tests

Notation Fmax L B H c R
(N) | mm) | (mm) | (mm) | (MPa) | (MPa) |
FKK 202|7.8 70 7.61 143 [52.6 |[1799.1
FKK 203 |8.2 70 7.69 |144 (540 (17143
FKK 204 | 8.9 70 791 |1.50 ([52.5 |[1665.0
FKK205|11.3 |70 825 |1.56 [59.1 [1674.2
FKK 206|10.6 |70 830 |1.53 ([57.3 |[1815.2
FKK 207|9.4 70 8.06 |[1.51 |53.7 |1662.7
FKK 208 | 12 70 8.34 (159 |59.8 |1798.2
FKK 209|11.3 70 8.29 1.55 59.6 1965.4
FKK 210|10.5 70 8.21 1.53 57.4 1848.7
Atlag 56.2 |1771.4

Figure 6. The sample in bending test
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The average of the bending strength values is
shown in Figure 7.

Figure 7. The bending strength values

2.3. Impact test

Methods for Dynamic Material testing provide a
solution for the determination of loads that cause
fracture, and the toughness of the particular
structural material. In the case of polymers, toug-
hness relates to their energy absorbing ability.
For structural materials, it can be stated that the
material with higher impact energy has a higher
toughness. The test may be carried out with not-
ched and non-notched specimens [4]. The speci-
mens we used were non-notched. We employed a
Charpy Impact Testing Machine according to MSZ
EN ISO 179-1:2010. The dimensions of the speci-
mens are shown in Table 2.

AThe Charpy impact toughness measured on
the polypropylene based 30% glass fiber reinfor-
ced composite with a non-notched specimen was
4 J/cm? [5], this is equal to 40 kJ/m?.

Table 2. Impact test sample sizes

Sign of Width Thickness A
work-piece (mm) (mm) (mm?)
FKK 202 3.89 3.81 14.8209
FKK 203 3.95 3.71 14.6545
FKK 204 3.85 3.79 14.5915
FKK 205 3.82 3.79 14.4778
FKK 206 3.84 3.86 14.8224
FKK 207 3.81 3.76 14.3256
FKK 208 3.71 3.86 14,3206
FKK 209 3.84 3.81 14.6304
FKK 210 3.70 3.85 14.2450
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The values we measured and calculated are
shown in Table 3. The impact toughness values
are between 27-36 KJ/m?.

The average is shown in Figure 8.

These results compare well with the literature
data.

Table 3. Impact test and impact strength value

Sign of Absorbed energy | Impact strength
work-piece ) (kJ/m?)
FKK 202 0.46 31
FKK 203 0.41 28
FKK 204 0.40 27
FKK 205 0.52 35
FKK 206 0.52 35
FKK 207 0.48 33
FKK 208 0.47 32
FKK 209 0.53 36
FKK 210 0.45 32

Figure 8. The average of the impact strength values

3. Conclusion

Mechanical tests were performed with speci-
mens cut from workpieces produced in series
production in industrial conditions. We find that
the magnitudes of the tensile test results are
consistent with the results of experiments with
standard test specimens, but they show lesser
values. This may be the effect of additives not
known to us in these industrial products.

Bending tests showed greater differences bet-
ween the measured and the literature data, this
can be explained by the difference in PP matrix
additives. The impact test results are well-aligned
with the literature data.
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A hibdért minden szerzd és olvasé szives elnézését kérjiik és tisztelettel kérjiik, hogy ezentul az
U4j, helyes azonositét legyenek szivesek haszndlni!

Az Erdélyi Muzeum-Egyesiilet Kiadd és az Acta Materialia Transylvanica SzerkesztGsége

nevében:

fé6szerkesztd

Kolozsvar, 2023. 09. 01.
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ACTA MATERIALIA TRANSYLVANICA 2018
ERRATUM

The Erdélyi Muzeum-Egyesiilet as Publisher, and the Editorial Office of Acta Materialia
Transylvanica regret to inform the authors and readers that the prefixes of the DOI identifiers of
the Hungarian versions of the articles in issues 1 and 2 of the journal in 2018 were incorrectly
published.

In the article headings, the DOI prefix corresponding to the Hungarian version of the article is
10.33923, not 10.2478.

In September 2023, the prefixes were corrected in all articles on the websites of the journal
issues:

https://eme.ro/publication-hu/acta-mat/acta2018-1.htm respectively
https://eme.ro/publication/acta-mat/acta2018-1.htm

and

https://eme.ro/publication-hu/acta-mat/acta2018-2.htm respectively
https://eme.ro/publication/acta-mat/acta2018-2.htm

showing the original incorrect one crossed out and the new, correct identifier.

The replacement of the DOI identifiers with the correct number has also been done in the
Hungarian Repository of Scientific Works (MTMT).

We apologize to all authors and readers for this error, and respectfully request that you use the
new, correct identifier from now on!

On behalf of the Erdélyi Mizeum-Egyesiilet Publisher and the Editorial Office of Acta Materialia

Transylvanica:
itay Zﬁ

Editor-in Chief

Cluj-Napoca, 1st September, 2023.
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