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Abstract:

Introduction/purpose: Stainless steels have excellent corrosion resistance
and adequate mechanical properties. However, their use in aggressively
hydrogenated environments in the energy industry causes a loss of ductility.
This work studied the effect of hydrogen on the mechanical behavior of the
DINX15CrNiSi25.21/AISI310 austenitic stainless steel loaded in an
aqueous solution of purely sulfuric acid H2.SO4 at 1N at room temperature
during tensile testing.

Methods: Experimental characterization techniques are applied to
standardised machining-manufactured tensile specimens which underwent
a series of heat treatments ranging from quenching at 1050°C for 35
minutes to tempering at 680°C for 30 minutes. This is accompanied by a
succession of immersions of these samples by cryogenic quenching cycles
at -196°C for a duration of 1 hour. The hydrogen was electrolytically loaded
in a Pyrex glass cell for various loading times, ranging from 1h00 to 15h00,
with a step of 2h00.

Results: The results showed a reduction in mechanical properties and
plasticity. The electrochemical method confirmed the material's sensitivity
to hydrogen embrittlement, calculating the embrittlement criterion EI (%).
This method indicates a rapid increase in values depending on hydrogen
loading times, with a maximum value of 41.60%.

Conclusion: The study highlights the negative impact of hydrogen on the
mechanical properties of AlSI310 stainless steel, emphasising the need for
reduced hydrogen exposure in steel applications.

Key words: austenitic stainless steel, heat treatments, hydrogen pre-
loaded, mechanical properties, hydrogen embrittlement (HE), faces.

Introduction

The ORSIM Oued Rhiou production unit employs the AISI310 series
of austenitic stainless steel. These materials are refractory and are well-
known for their categories of ferritic-austenitic steel. They contain 25%
chromium and 21% nickel as additional elements. Chemical industry,
petrochemicals, and energy sectors, including offshore wind turbines,
highly recommend these alloys for their superior corrosion resistance due
to their crystalline structure and high tensile strength, surpassing 950 MPa
(Chauveau & Aubry, 2008). Working conditions in aggressive
environments may require high percentages of chromium, nickel, and
molybdenum to improve corrosion resistance. Several authors have
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conducted laboratory tests to study the electrochemical corrosion of this
alloy (Chauveau & Aubry, 2008; Brass et al, 2000).

Other authors (Bach, 2018; Chéne, 2009; Brass et al, 2000) have
studied the mechanical behaviour of these steels in relation to pitting
corrosion, temperatures, and hydrogen embrittlement (the phenomenon of
the absorption of the hydrogen molecule inside the crystal lattice) during
exposure to different media, including gases, liquids, and high
temperatures. Recently, several in-depth studies (Sales, 2015; Bach,
2018; Grimault et al, 2012; Lo et al, 2009; lacoviello, 1995; Matsui et al,
1979) have been published on the mechanism of hydrogen embrittlement
(H.E). These studies examine how the methods and protocols used in
industrial cathodic loading conditions lead to a reduction in ductility. The
studies aim to determine the appropriate medium, concentration, and pre-
charging time in hours while fixing the current intensity (Hamissi et al,
2016).

This experiment aims to fully penetrate the hydrogen molecule (Hy),
similar to the work of other authors ( Laureys et al, 2020; Cauwels et al,
2020; Robertson et al, 2015; Kittel et al, 2013; Lynch, 2012; Depover et al,
2014), in order to make a comparison using the experimental curves
obtained in tensile tests (Grimault et al, 2012; He et al, 1999; Smanio et
al, 2008) at slow strain rates in the interest of looking at and analysing the
performance of mechanical characteristics and ductility from the point of
view of their service conditions, application, and operation.

Experimental work
Materials

Chemical composition

The chemical composition of the stainless steel duplex, type
X15CrNiSi25.21/AIS1310, is represented in mass percentage in Table 1.

Table 1 — Weight (%) of the AISI310 chemical composition

Fe% C% Cr% Ni% Si% Mn%
52,201 0.057 25,23 21.08 1,712 1.013
P% S% NB% Mo% Al% Co%
<0.0003 0.052 0.035 0.204 0.041 0.103
B% V% Ti% Cu% W% Pb%

0.005 0.124 0.035 0.176 0.011 0.052




Tensile test specimens

The tensile specimens used in this experimental part are cylindrical
(Figure 1) and obtained by machining according to DIN50125 Standard
using a semi-automatic (TSA) lathe of the reference: Oerlikon—BlUhrle.SA,
Switzerland Type: DEOa.

40 20.1
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56 20075 48 :0.1

152 0075

Figure 1 — Geometric shape and dimensions of the used tensile specimens

Mechanical characteristics

A mechanical tensile fracture test was carried out on a standardized
reference test specimen in order to obtain the desired initial mechanical
characteristics in the raw state without heat treatment (see Table 2).

— The method used for this test is mechanical fracture by traction
using a Frank Karl GMBH traction machine, with a constant applied load
of Pmax= 400 kN and a slow deformation speed of (¢ =2.7x10° S),

— The elongation (A) is measured as percentage (%), according to
the equation:

A (%) = (A-Ao)/Ao x100 (%).

— The aim is to obtain the mechanical properties in the initial state
(raw and without thermal treatment).

Table 2 — Initial mechanical characteristics of the AISI310 austenitic stainless steel
studied

Initial mechanical characteristics

am ge ar z A
Material (Air) (Air) (Air) (Air) (Air)
(MPa) (MPa) (MPa) (%) (%)
AISI310
Reference 750.0 720.0 542.0 68.60% 24.10%
(Air)

Abboub, A. et al, Mechanical behaviour of austenitic stainless steel loaded in the aqueous solution of H,SO, during tensile testing, pp.1992-2011



@VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 4

Heat treatments (quenching, tempering)

After the manufacture of the tensile specimens, they undergo an
austenization heat treatment cycle, see (Figure 2), which first consists of
heating the specimens for 35 minutes at 1050°C followed by rapid
quenching in water. This treatment can be followed by tempering at a
temperature of 680°C for 30 minutes, then cooling in the open air
(Poupeau, 1981; Sassoulas, 1997; Kenfack, 2015). Tempering makes it
possible to eliminate the surface tensions developed during quenching.
After these heat treatments, the material is perfectly homogeneous with a
stable austenite and a relaxation of internal residual stresses, which leads
to an increase in the yield strength (oe) (Grimault et al, 2012; Barralis et
al, 1999).

Cycle (Quenching, Tempering)

1200 Quenching at
1050°C/35min
1000 P
1% Rapldlwater Tempering at
o 800 cooling 680°C/30min
=] o
©
o 600
IS
[}
= 400
Open air
200 cooling
0
0 50 100 150

Heat treatment time in minutes.

Figure 2 — Cycle of the heat treatment applied

Cryogenic heat treatment at -196°C

The next step consists of heat treating all the test specimens by
cryogenic quenching at -196°C by immersion in a liquid nitrogen (N2) bath
for a holding time of 1 hour prior to heating in the open air for 40 minutes
(see Figure 3).

The number of cycles is repeated in succession up to fifteen cycles
(Aurélie Laureys et al, 2020; Cauwels et al, 2020; Robertson et al, 2015;

Kenfack, 2015).
1996



Cycle cryogenic heat treatment

One hour cryogenic Ambient warm-up of 40min
quenching

+1°C
50 1 150 200 250

Cycle 2

Temperature °c.

-150

200 -196°C

-250
Cryogenic heat treatment time in minutes.

Figure 3 — Cycles of the applied cryogenic heat treatment at -196°C

Cathodic loading conditions of the test specimens

At room temperature +20°C, the test specimens underwent cathodic
loading by the aqueous solution of purely sulfuric acid H.SO4 at 1N
(Laureys et al, 2020; Cauwels et al, 2020; Robertson et al, 2015) using a
Pyrex glass enclosure (see Figure 4). Galvanostatique charge by two
electrodes (cathode and anode) was carried out under the conditions
adopted:

e The applied cathodic current density is fixed at 100(mA/cm?).
e With an amperage of 1.5A, the hydrogen charging times are
varied from 1 hour to 15 hours with a step of 2 hours.

Figure 4 — Pyrex cell of cathodic loading in the aqueous solution of sulfuric acid H2SO4 at
1N
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Mechanical fracture tensile test

After the electrolytic loading protocol (hydrogenated), all the
specimens of the steel studied underwent a machine test by fracture using
a reference tensile machine: Frank Karl GMBH, type: 83431 - Work Nr:
10650 (Figure 5 (a) and (b)). The fracture tests are carried out according
to industrial conditions: the displacement nominal speed is €: 2.7x10S"
(Cauwels et al, 2020) which corresponded to a constant applied load of
400kN. The mechanical results are recorded for analysis and construction
of experimental curves (see Figures 6, 7 and 8).

Figure 5 — (a), (b) Tensile machine Karl frank GMBH used

Table 3 shows the results of the mechanical properties following the
fracture testing of all specimens before (specimen Reference) (Air) and
after (specimen’s hydrogenated) electrolytic pre-loading with hydrogen at
room temperature +20°C.

Table 3 — Mechanical properties of the AISI310 austenitic stainless steel after cathodic loading

Mechanical properties after hydrogenated

N° specimen Hydrogen omg) oem) orH) Z) An)

Loaded

in hours (MPa) (MPa) (MPa) (%) (%)
N°1 1hour 552 252 465 53% 21%
N°2 3hours 538 227 375 52% 20%
N°3 5hours 526 224 355 52% 19%
N°4 7hours 523 240 375 51% 18%
N°5 9hours 535 235 372 51% 17%
N°6 11hours 526 226 354 50% 16%
N°7 13hours 516 215 340 51% 15%
N°8 15hours 508 212 374 51% 14%




Embrittlement index El (%)

The embrittlement index (El) is calculated in the result part and
discussion by relationship (1), which compares the lengths of an
uncharged reference sample (Ao) and those of the other samples that are
pre-charged (An) electrolytically by hydrogen. The weakening index leads
to a loss of plasticity which translates into a reduction in the elongation A
(%).

El=(Aoain-Awm)) /(Aoain) X100(%). (1)

where

e Agis the elongations specimen with no charge (air),
e Ay is the elongation specimen charged in hydrogen.

Results and discussion

The results of the mechanical properties obtained are represented by
experimental charts in Figures 6, 7 and 8. These charts show tensile
strength, yield strength and failure strength.

The resistance of the steel results in a slight decrease in tensile
strength, with a reduction of 26.40% observed at the shortest hydrogen
loading time. As the loading time is extended, the tensile strength
decreases further, reaching 26.67% at the longest loading time.

It was also observed that the failure strength of this type of material
increased by 14.20 % during short loading times, reaching a value of
31.18 % following the hydrogen loading time until 15 hours (see Figure 6
and Table 3).

Hom (MPa) moe (MPa) mor (MPa)

“HIIHIIVIIVIIVIIHIINIIHIIU

Hydrogen Ioadlng tlme in hours.

Stress, Yield, Failure Strength

Figure 6 — Effect of the hydrogen loading time on the stress, the failure, and the yield
strength in MPa of the AISI310 austenitic stainless steel
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Variation of plasticity A, Z (%)

Figure 7 represents the variation of the plasticity characteristics of the
X15CrNiSi25.21/AlIS1310 steel influenced by hydrogen loading, which
causes slight reductions in these Z (%) restrictions compared to the
reference from Zair: 68.60 % to Zny: 53.0 % to reach a stable value of Zy:
51.0 % throughout the level of hydrogen pre-charging times in hours
(Table 3).

Losses of its plasticity are explained by a progressive decrease in
elongations A (%) in percentage compared to the reference, from Ain:
24.10 (%) to Ary: 21.0 (%) until reaching a minimum value of its plasticity
of Any: 14.0 % (see Table 3). These results are similar to the work by
(Hamissi et al, 2016) which shows losses of plasticity translating into a
gradual reduction at the lengths A %, under the industrial conditions
adopted (simulated medium, loading time in hours, high concentration)

=nm= A (%) w=nm 7 (%)
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< 70,00
>
g %00 \53 52 52 51 51 gy 51 51
8 50,00 e s & ey e 2
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S 40,00
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2 30,00 24,10
2 , ,
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> 20,00 o —n = 15 14
- B — . .
10,00
0,00

Hydrogen loading time in hours.

Figure 7 — Effect of the hydrogen loading time on the variation of plasticity in (%) of the
AISI310austenitic stainless steel

Yield strength ce (MPa)

Figure 8 shows a progressive reduction in the yield strength (ce) of
the material studied compared to the reference under the usual
atmosphere of ceiy: 720.0 (MPa), to that under a high concentration of
hydrogen cen): 252.0 (MPa). The yield strength passes through a




minimum value after the loading level of 15hours, oew): 212.0 (MPa), due
to high solubility of bound hydrogen to industrial conditions: high current
density, charging time in hours and significant mechanical stress. It allows
the absorption of a significant quantity of hydrogen, which causes the
embrittlement of the material. The phenomenon of hydrogen embrittlement
(H.E) was studied by several authors (Brass et al, 2000). In the same
direction, one can note a plastic deformation of the useful part of the
specimen exerted by the applied tensile stress (Lo et al, 2009), which leads
to the conclusion that this type of steel has a fragile behavior with a
reduction in ductility and its yield strength by producing an internal cracking
structure, see Figure 10 (a) and (b).
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Figure 8 — Effect of the hydrogen loading time on the yield strength (oe) in (MPa) of the
AISI310 austenitic stainless steel

Hardness HRV (N/mm?)

Table 4 presents the results of the evolution hardness which changes
the level of loading time in hours. It was noticed that the reference
specimen presents the greatest value in HRViy of the order 246.0
(N/mm?) in relation to the other test specimens which are pre-loaded
during ifferent hydrogen cathodic charging times of the order HRV ) of
175.0 (N/mm?), where the hardness HRV passing through a minimum HRV
hardness is of the order HRV): 140.0 (N/mm?).
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Table 4 — Evolution hardness HRV of the AISI310 austenitic stainless steel after cathodic

loading

Hydrogen loading Values of hardness
in hours HRV(30) (N/mm?)
Reference0 (Air) 246.00

1 hour 175.00

3 hours 170.00

5 hours 160.00

7 hours 160.00

9 hours 170.00

11 hours 150.00

13 hours 165.00

15 hours 140.00

Embrittlement index El (%)

Table 5 shows the results of the embrittlement index (El, in %) of this
specimen, obtained by the cathodic method. This index corresponds to the
loss of mechanical properties, in particular plasticity, and is deduced from
the measured elongations.

The samples preloaded with hydrogen, An), were compared with a
non-hydrogenated reference specimen, Aoain. No additional loading was
carried out after the mechanical tensile tests. The values of the
embrittlement index are calculated according to formula (1) (Lo et al, 2009;
Brass et al, 2000).

From formula (1), it was concluded that the hydrogen embrittlement
index (El, in %) values are irreversible (see Table 5).

The results show a significant increase in El, from 0.0% for the Ao
reference to 12.50% for the Ay samples after a hydrogen loading time of
up to 15hours. This rapid increase continues, reaching an embrittlement
index EI(H) of 41.60%, validated by the work of M. Cauwels (Cauwels et
al, 2020)




Table 5 — Embrittlement Index El (%) of the AISI310 austenitic stainless steel

Hydrogen loading Values of the Embrittlement Index
in hours El (%)
Reference0 (Air) 0.00%
1 hour 12.50%
3 hours 16.60%
5 hours 20.80%
7 hours 25.10%
9 hours 29.10%
11 hours 33.30%
13 hours 37.50%
15 hours 41.60%

Specimen states faces

Other experimental work by the authors ( Smanio et al, 2008; Laureys
et al, 2020; Kittel et al, 2013) was based on observations. The cracking of
the test specimen types of the useful part subjected to fracture by tensile
testing was observed in order to distinguish and validate the type of
cracking which is linked to the zones of localized fractures (1) and (2). For
further details, please refer to Figures 9 and 10.

The experimental study enables a comparison of the two examples of
faces of the reference test specimens (Reference 0) of the useful part in
the raw state and before the heat treatment. In Figure 9, face 1 (a) and
face 2 (b) illustrate the aspects of specimen N°8 which underwent all the
heat treatment applied, being electrolytically charged for 15 hours. A
mechanical fracture tensile test was then carried out on the specimen at
slow nominal speed, as illustrated in Figure 10, face 1 (a) and face 2 (b).

Face 1 (a) Face 2 (b)
Figure 9 — Faces of the specimen raw states (a): raw state Face 1; (b): raw state Face 2
of the AISI310 austenitic stainless steel
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Figures 10 (a) and 10 (b) show the evolution of two brittle fracture
surfaces of a specimen loaded with hydrogen for 15 hours. These figures
easily identify cracks after the mechanical tensile test, which generally
results in a reduction in ductility and the capacity to support cyclic loads.
This reduction is associated with the cleavage of the weakened (a) ferrite
(Philibert et al, 2013) and the ductile fracture of austenite (y).

Internal cracks are typically observed at both ends of this tensile test
specimen; these are continuous cracks propagating over the entire
fractured zone within the grain boundaries (Laureys et al, 2020; Lo et al,
2009) of the ferrite phase (inter-granular cracking) (Brass et al, 2000). The
crack is broken at an angle of 90° with the axis of the applied stress load
(Kittel et al, 2013; Smanio et al, 2008).

Hydrogen promotes trans-granular cracking of the ferrite phase,
including the indices of micro-cracks in the austenitic phase, which is
validated by a previous study (Lo et al, 2009).

Face 1 (a) Face 2 (b)

Figure 10 — Specimen faces (a): face1, (b): face 2 - fractured specimen (propagation of
cracking after hydrogenation at 15hours of sulfuric acid H2SO4 at 1N of the AISI310
austenitic stainless steel

Conclusion

The objective of this study was to characterise experimentally the
influence of electrolytic hydrogen on the mechanical characteristics of
AISI310 austenitic stainless steel. The remarks that can be made from this
study are given as follows:

e The variation in tensile strength, yield strength, and failure
strength of austenitic stainless steel decreases significantly with
the increase in the duration of hydrogen loading, with reductions
of 32.26%, 70.55%, and 30.99%, respectively. This can be




explained by the fact that hydrogen diffusing into the steel's atomic
lattice in the form of (H") weakens the metallic bond, reducing
resistance until the material breaks.

e The structure of steel plays a very important role in the diffusion
of hydrogen. The variation in mechanical resistance between the
initial, untreated material and the hydrogen-charged material
demonstrates this. This variation in resistance is pronounced by
the variation in the hydrogen charging time as well as the
temperature.

¢ The phenomenon of hydrogen embrittlement is more pronounced
under high concentrations of hydrogen produced by industrial
polarization conditions (charging time in hours, high current
density, high acid concentration); this is because the martensitic
pseudo-transformation makes the material harder and therefore
more fragile.

e The mechanical tensile tests, which are related to the damage
index El (%), show that the absorbed hydrogen causes the
elongation to decrease at break and creates a difference in
elongation between the specimens that are loaded and those that
are not loaded. High loading times produce a maximum value of
the embrittlement index equal to EI=41.60(%).

e AISI310 stainless steel experiences strength reduction and
embrittlement with increased hydrogen exposure, requiring
minimized exposure, alternative material selection, and design
considerations for hydrogen environments. Engineers should
make informed decisions for safety and longevity of structures
when using AlISI310 stainless steel.

Symbols and abbreviations

om: tensile strength (MPa)

oe: yield strength in (MPa).

or: failure strength in (MPa).

A: elongations in (%).

Z: restriction in (%).

HRV (30): Vickers hardness in (N/mm?).

£: Nominal speed in (S™).

y: Austenitic.

a: Ferritic.

El: Embrittlement indice in (%).

Ao: Elongations specimen not charged, (Reference not charged (air).
Au: Elongations specimen charged in hydrogen. (Specimen charged).
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Resumen:

Introduccién/objetivo: Los aceros inoxidables tienen una excelente
resistencia a la corrosion y adecuadas propiedades mecanicas. Sin
embargo, su uso en ambientes agresivamente hidrogenados en la industria
energética provoca una pérdida de ductilidad. Este trabajo estudio el efecto
del hidrégeno sobre el comportamiento mecanico del acero inoxidable
austenitico DINX15CrNiSi25.21/AISI310 cargado en una solucién acuosa
de acido puramente sulfdrico H2SO4 a 1N a temperatura ambiente durante
ensayos de traccion.

Métodos: Se aplican técnicas de caracterizacion experimental a probetas
de traccion fabricadas mediante mecanizado estandarizado que se
sometieron a una serie de tratamientos térmicos que van desde templado
a 1050°C durante 35 minutos hasta revenido a 680°C durante 30 minutos.
Esto va acompafiado de una sucesion de inmersiones de estas muestras
mediante ciclos de enfriamiento criogénico a -196°C durante una duracion
de 1 hora. El hidrégeno se cargé electroliticamente en una celda de vidrio
Pyrex durante varios tiempos de carga, que oscilaron entre 1h00 y 15h00,
con un paso de 2h00.

Resultados: Los resultados mostraron una reduccién en las propiedades
mecanicas y la plasticidad. ElI método electroquimico confirmé la
sensibilidad del material a la fragilizacién por hidrégeno, calculando el




criterio de fragilizacion El (%). Este método indica un rapido aumento de
los valores en funcion de los tiempos de carga de hidrégeno, con un valor
maximo del 41,60%.

Conclusion: El estudio destaca el impacto negativo del hidrégeno en las
propiedades mecanicas del acero inoxidable AISI310, enfatizando la
necesidad de reducir la exposicion al hidrogeno en las aplicaciones de
acero.

Palabras claves: acero inoxidable austenitico, tratamientos térmicos,
precarga de hidrégeno, propiedades mecanicas, fragilizacion por
hidrégeno (HE), caras.

MexaHn4yeckoe NoBeAeHNe ayCTEHUTHON HEPXKaBEIOLLEN CTarnu, NOrpy>XeHHOM
B BOAHbIN pacTBop H2S04, Npu UCMLITAHUN Ha pacTskeHWE
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Peswome:

BeedeHue/uyens: Hepxaserowue cmanu obnadarom npesocxo0HoU
KOPPO3UOHHOU CMOUKOCMbI0 U COOM8emcmeyowWuMU MexaHUu4eCcKuMuU
ceoticmeamu. OOHaKoO  UX  UCMOSIb308aHUE 8  az2pPecCusHoO
2udpuposaHHbIX cpedax 8 3dHep2emuyeckol MPOMbIWIIEHHOCMU
npusodum K rnnomepe nnacmuyHocmu. B daHHOU cmambe u3y4arnoch
enusiHue eodopoda Ha MexaHu4Yeckue ceolicmea aycmeHUmHoul
Hepxaeserowel cmanu DINX15CrNiSi25.21/A1SI310, noepyxeHHoOU 8
B800HbIU pacmeop 4Hucmoli cepHol kucrinomsl H2SOs4 npu 1N npu
KOMHamHoUl meMrepamype 80 8peMs UCMbIMaHUsl Ha pacmsiKeHue.

Memoosbi: OkcnepumeHmaribHbie mMemoOobi onpedeneHusi
Xapakmepucmuk MPUMEHSNUCs Ha cmaH0apmHbix obpa3yax 8
ucribimaHuu  Ha  pacmspkeHue.  O6pasubl,  U320MOBIIEHHbIe

MexaHu4eckol obpabomkod, nodeepaanucb pssdy mepmoobpabomox,
HayuHasi om 3akarnku npu memnepamype 1050°C 8 medyeHue 35 MuHym
U 3akaH4yueasi omrmyckoMm rpu memnepamype 680°C e medeHue 30
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MUHym. UcnbimaHue  cornpogoxdanocb  rocrnedoeamesibHbIM
rnoepyxeHuem obpasyos o Uukinam 8 KPUO2EHHOU 3akasiku rnpu
memnepamype -196°C npodomxumeribHocmbto 60 muHym. lNonyyeHue
eodopoda  npou3soOusIoCL  3IEKMPO/IU3OM 8  eMKocmu U3
mepmMocmoUliKo20 cmeksia 8 me4yeHue pas/iu4dHo20 8PEMEHU 3az2py3Ku,
gapbupyrouje2ocsi om 00Ho20 0o nsmHaduamu 4Yacos ¢ 08yx4yacosbiM
UHMep8sarsiom.

Pesynbmamei: Pe3ynibmambl MoKasanu CHUWXeHUE MexaHUYeCKUX
ceolicme U nracmuyHocmu.  OreKmpoxumudeckuli  mMemoo
noomeepdun 4yscmeumesibHoCmb Mamepuana K 8000p0JdHOMY
oXpyn4ueaHuro, paccHumas kpumeput oxpyndueaHus El (%). HaHHbI
mMemod nokasbieaem 6bicmpbIl pocm 3Ha4YeHul 8 3asucumMocmu om
epeMeHU 3agpy3ku 8o0opoda ¢ MakcumarbHbIM 3HadeHuem 41,60%.

Bbigod: B uccriedosaHuu 8bIsi8NIEHO HE2amueHoe 6riusiHue 8odopoda Ha
MexaHu4yeckue ceolicmea Hepxaserowel cmanu AlSI310, umo
rod4yepkusaem Heobxo0UMOCMb CHUXeHUST 8030elicmausi godopoda rnpu
rpoussodcmee cmaru.

Knoueeble  crosa:  aycmeHumHasi — Hepxaeetowass — cmarib,
mepmoobpabomka, npedsapumerbHas 3aepy3Ka 8odopo0a,
MexaHu4eckue  ceolicmea, 8000po0Hoe  oxpyndusaHue  (HE),
ronepeyHbie CeYEeHUSs1 8 MECME 08PEXOEHUS.

MexaHun4ko noHallare aycTeHUTHOr Hephajyher Yenunka nsnoxeHor
BoaeHoM pacteopy H2SO4 npu ncnutusary 3atesareM
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OBNACT: maTtepujanu
KATEFOPWUJA (TUIM) YNAHKA: opurnHanHu Hay4yHu pag,

Caxxemak:

Yeod/yurb: Hephajyhu denuyu umajy o0nu4Hy omropHOCM Ha Kopo3ujy u
odzosapajyha MmexaHu4ka ceojcmea. Mehymum, ruxosa yrnompeba y
azpecusHUM XudpoeeHuU308aHUM cpeduHama y UHOyCmpuju eHepaemuke
0os00u do 2ybumka OykmurnHocmu. Y ogom pady rpoyyasa ce eghekam




B8000OHUKa Ha MexXaHUYKO MMOHalarke aycmeHumHoe Hephajyhee yenuka
DINX15CrNiSi25.21/A1SI310, onmepeheHoe y 80deHOM pacmeopy Yucme
cymriopHe KucernuHe (H2SO4) npu 1N Ha cobHoj memnepamypu moKom
ucrumuearba Ha 3ame3arse.

Memode: EkcnepumeHmarnHe mexHuKe Kapakmepu3auuje npumeH-eHe cy
Ha cmaHOapousosaHe 3ame3He ernpyseme OobujeHe MawUHCKOM
obpadom u nodspeHyme cepuju mepmuykux obpada — 00 Karbera Ha
1050°C mokom 35 muHyma 0o omnywmarba Ha 680°C mokom 30
muHyma. To je npaheHo HU3OM riomarar-a ernpysema MoKoM UUKilyca
KpuozeHoez Karbera Ha -196°C 'y mpajarby 00 60 muHyma. BodoHuk je
onmepeheH efeKmponumMuUYku y cmakieHoj nocyOu 00 rnupekca 3a
pasnu4yuma epemeHa ormepehera, 00 jeOHoe cama 0o 15 camu, ¢
Kopakom 00 2 cama.

Pesynmamu: Pe3ynmamu cy noka3sarnu pedykogaHa MexaHu4ka ceojcmea
u nnacmu4yHocm. Enekmpoxemujcku memod je nomepduo ocemsbugocm
Mamepujana Ha B000HUYHY KpPMOCM, u3padyHasameMm Kpumepujyma
kpmocmu El (%). Osaj Memo0d ykasyje Ha 6p3u pacm gpedHocmu 3a8UCHO
00 epemeHa onmepehera B00OHUKOM, Mpu 4Yemy je MakcumarsHa
epedHocm 41,60%.

Bakrbyyak: Y pady ce Haenawasa HesamueaH ymuuaj 8000HUKa Ha
MexaHu4Ka ceojcmea Hephajyhee denuka AlSI310, npu yemy ce ucmude
Oa je ripu ynompebu vesnuka MompebHO CMarUMU He208Y U3/I0KeHOCMm
BOOOHUKY.

KrbyyHe peuu: aycmeHumHu Hephajyhu uyenuk, mepmuyka obpada,
npemxodHo onmepehewe B000OHUKOM, MexaHu4Yka ceojcmea,
godoHu4Ha Kpmocm (HE), nonpeyHu npeceyu Ha mecmy noma.
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