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of the VZh159-CuCr1Zr alloy multi-material samples
manufactured by selective laser melting
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Abstract. Selective laser melting (SLM) proves to be a suitable method for fabricating multi-material products, offering heightened perfor-
mance. The objective of this study is to examine the mechanical properties of the VZh159-CuCrlZr multi-material system produced
through selective laser melting. We conducted tensile and compressive strength tests on these samples, followed by fractography,
examination of polished sections, and a comparison of measured mechanical properties with existing data. Our findings are summarized
as follows: the phase compositions in the regions of pure alloy denote solid solutions. X-ray diffraction (XRD) patterns of the interface
zone reveal peaks corresponding to both alloys. The tensile strength of VZh159—-CuCrlZr multi-material samples, as measured in
tensile tests, is 6, = 430 = 20 MPa, with a relative elongation of € = 4.6 + 0.3 %. Results from compressive strength tests show values
of 6, = 822 & 23 MPa, and relative compression & = 42.5 & 1.5 %. Comparing these values with those of the pure CuCrlZr alloy, the
ultimate tensile strength is approximately 53 % higher (according to available data), while the conditional yield strength is about 80 %
higher. Fractography of the VZh159—-CuCrlZr multi-material sample after tensile tests indicates that the interface zone exhibits both
more ductile fracture features characteristic of the CuCr1Zr alloy (pits and a lack of a smooth surface) and less ductile features charac-
teristic of the VZh159 alloy (microcracks). Examination of the polished section of a VZh159—CuCr1Zr multi-material sample after
compressive strength tests reveals that the presence of a more ductile CuCrl1Zr alloy in the interface zone contributes to arresting the
crack, which propagates at a 45° angle to the direction of load application in the VZh159 alloy region.
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UccnepoBaHne MexaHUYECKUX CBOUCTB
MyJ/ibTUMaTepUuasnbHbiX o6pasulos
cuctembl BXK159-BpXLpT, nony4yeHHbIXx MeTOAOM
CeJIeKTUBHOIO la3epHOro niaBieHuUs

A. B. Pentunn %, E. B. bopucos, A. A. Ilonosuy, H. A. Tory6xos

Cankr-IlerepOyprekuii nosurexnnyeckuii ynusepeuret Ilerpa Besukoro
Poccus, 195251, . Cankr-IlerepOypr, ya. [lonurexnudeckas, 29

B3 repnin_arseniy@mail.ru

AHHOTauMﬂ. I/ICHOJ'IL?,yf{ METOA CEJICKTUBHOI'O JIa3€pHOI'0 IUIABJICHUS, MOXKHO YCIICIIHO IOJYy4YaTb MYJIbTUMATECpUAIbHLIC WU3OCIIUS.

Takue wm3penust OymyT oOnazaTh IOBBIMIEHHBIMH SKCILTyaTAl[HOHHBIMH XapaKTepHCTHKAaMH. Llens maHHO# paboTel — m3ydeHHe
MEXaHUYECKHX CBOWCTB MynbTUMarepuaibHoil cucteMbl BXK159—BpXLpT B, momydeHHOI METOIOM CENEKTHBHOTO JIA3€PHOTO
TuIaBiIeHus. BbIIM poBeeHs! UCTIBITAHUS €€ 00pa3IoB Ha PAcTSDKEHHE M CXKATHeE, TIOCIIe Yero OCyIIecTBIeHa UX (pakTorpadus,
UCCIIEIOBAaHbI MITU(BI TTOCIIE CHKATHS, BBIIIOJHEHO CPABHEHUE TOTYyYEHHBIX MEXaHUYECKUX CBOWCTB C JINTEPATypPHBIMU JTaHHBIMU.
B pesysbrate caenaHbl CleIyIONe BEIBOABI: B 30HAX YHUCTBIX CIUIABOB (Da30BBIl COCTAB MPEICTABISIET CO00Il COOTBETCTBYOLINE
TBEpJIbIC PACTBOPHI, B NEPEXOJHON 30HE HAOIIONAFOTCS HKHU, PACIIOIOKEHHE KOTOPHIX COOTBETCTBYET ITMKaM M3 00OHMX CILIABOB.
[Ipn ucnbITaHUAX Ha pacTsHKEHHE Ipesel MPOYHOCTH MYJIbTUMaTepuaibHbIX 00pasioB cucteMsl BXK159-BbpXI[pT B cocraBmn
6, =430+ 20 MIla, otHocuTenbHOE yamuHenue & = 4,6 + 0,3 %, pesynbTarsl Ha cxatue — 6, = 822+ 23 Mlla, OTHOCHTENIEHOE
cxarue € =42,5+ 1,5 %. Ilo cpaBrenuto ¢ uucteiM crtaBoM bpXIpT B mpemen mpouyHOCTH MyIbTHMaTepHANbHBIX 00pa3IoB
cuctemsl BXK159-bpXIpT npu uchbITaHUAX Ha pacTsKeHHE BbIle Ha ~53 % (MPH COMOCTABIEHNH C IUTEPATyPHBIMH JaHHBIMH),
YCJIOBHBI TIpEes TeKy4eCTH B DKCIepUMEHTax Ha cxkarue — Ha ~80 %. dpakrorpadus MyasTUMATEpHAIBHOTO 00pasia CHCTEMbI
BX159-bpX1LpT B nocne mpoBegeHUs UCHBITAHUN Ha PAacTSLKEHUE CBUIETENIBLCTBYET O TOM, YTO IIEPEXOJHOH 30HE IPUCYIIU
MIPU3HAKHU Kak OoJiee BI3KOTo paspyleHus, xapakrepaoro 1t cruraBa bpXIpT B (Hannane ssMOK 1 OTCYTCTBHE IIIAIKOTO pebeda),
TaK ¥ MEHee BA3KOTo, XapakTepHoro it crtasa BXK159 (mammume mukporpemun). VceaenoBanne nummda MyIbTHMATEPHAIEHOTO
obpasna cucremsr BXX159—bpXLpT B mocie ucnpiTannii Ha ckaTue MOKa3ajio, YTO HAIWYHE B MEPEXONHON 30He Ooyiee BAZKOTO
crutaBa bpX1LpT B ciocobcTByeT 0OcTaHOBKE Pa3BUTHUS TPELIMHBL.

KnroyeBble csi0Ba: celleKTHBHOE JIa3€pHOC IUIABJICHUE, MYJIbTUMATEPHaJIbl, MEXaHUYICCKUEC CBOﬁCTBa, Q)paKTorpa(bI/m, pacrpocTpaHCHUE

tpemunbl, BXK159-bpX1LpT B
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Introduction

Additive manufacturing (AM) has become widely
prevalent in high-tech industries such as petro-
chemicals, manufacturing, and power generation,
among others [1]. One contributing factor is that AM
processes can yield geometrically-complex products
at a lower manufacturing cost compared to conven-
tional methods [2]. To fabricate products from metals
and alloys, diverse At can be employed. These include
extrusion and deposition, laminated object manufac-
turing, binder jetting, direct deposition, and template-
assisted synthesis. The latter involves building parts
from 3D models by fusing thin layers of metal powder
with an energy source [3-5].

Selective Laser Melting (SLM) is particularly
notable for its ability to produce parts with variable

chemical composition and enhanced performance [6].
Such products can be categorized into two groups:
Functionally Graded Materials (FGM) and multi-
materials [7]. Chen K. et al. [8] conducted a study
on the 316L/CuSnl0 multi-material system (316L
being an austenitic stainless steel, and CuSnl0 a tin
bronze) using the SLM process. They successfully
manufactured compact samples devoid of macrocracks
in the interface zone. Their findings revealed a gra-
dual decrease in Vickers microhardness from 330 HV
in the 316L region to 173 HV in the CuSnl0 region.
The tensile and flexural strengths of the 316L/CuSn10
multi-material samples fell within the strength values
for 316L and CuSnl0, respectively. The shear stress
of the 316L/CuSn10 sample measured 210 MPa, sur-
passing that of the same alloy manufactured by alterna-
tive processes.
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Chen J. et al. [9] conducted a study on the same
multi-material system and process. The Vickers micro-
hardness perpendicular to the transition ranged from
230 HV in the 316L region to 155 HV in the CuSn10
region. The ultimate strength of the 316L/CuSnl0
multi-material samples was measured at 420 MPa.
Fracture curves indicated brittle fracture in the interface
zone. SEM analysis revealed a width of approximately
550 um for the interface zone, containing dendritic
crack sources towards the steel interface.

Mei X. et al. [10] manufactured SLM samples
and studied the 316L/IN718 system, where IN718
is an Inconel 718 heat-resistant nickel alloy. These
samples exhibited an ultimate strength of 600 MPa
and a relative elongation of 28 %. Optical micro-
scopy, SEM, and energy-dispersive spectroscopy stu-
dies unveiled an interface zone width of approximately
100 pm, characterized by the occurrence of cracks and
defects. It was suggested that to mitigate these defects,
adjustments to 3D printing conditions should be made
in the transition area for 316L/IN718 alloy multi-mate-
rial samples.

Yusuf S. et al. [11] conducted similar studies, suc-
cessfully producing compact samples with low poro-
sity (~0.81 % on average). Metallographic analysis
revealed dense dislocation networks in the interface
zone, containing NbC and TiC carbides along with
a small amount of Laves phases (<2 wt. %). The inter-
facial region exhibited equiaxed grains (average size —
45 pm), while columnar grains (average sizes — 55 and
85 um) were observed in the pure IN718 and 316L alloy
regions, respectively. Vickers microhardness (HV)
measurements indicated that the hardness of the inter-
face zone fell between the hardness values of the pure
alloy regions.

Onuike B. et al. [12] investigated the IN718/GRCop-84
system (GRCop-84 being a heat-resistant bronze
alloy) using a direct laser deposition process. Two
approaches to producing multi-material samples were
studied: direct deposition of GRCop-84 on IN718 and
compositional gradation of the two alloys. The second
approach yielded samples with fewer defects, while
the first approach did not produce positive results.
Metallographic studies revealed that the interface
contained columnar grain structures and an accumula-
tion of Cr,Nb intermetallides. The thermal conducti-
vity of the IN718/GRCop-84 multi-material samples
was approximately 250 % higher compared to the pure
IN718 alloy.

Marques A. et al. [13] made a sample representing
a combustion chamber of a rocket engine, with cooling
channels made of pure copper and the body constructed
from the IN718 heat-resistant nickel alloy. The areas
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composed of pure IN718 alloy exhibited minimal
defects, while defects were observed in the copper
channels, distinguishable by their distinctive 200 um
width. The interface zone width was approximately
25 um, and no intermetallic compounds were identified.

Ringel B. et al. [14] also produced a sample, a burner
nozzle, using the IN718/CuCrlZr multi-material sys-
tem (CuCrlZr being a heat-resistant bronze alloy).
The cooling channels were made of CuCrlZr, and
the housing was composed of IN718. While the sample
exhibited some defects, it demonstrated good proces-
sability. The width of the interface zone varied with its
inclination relative to the build direction. The multi-
material product structure contributed to enhanced
heat transfer. The authors underscored the necessity for
multi-material fabrication equipment.

Repnin A. et al. [15] investigated the impact
of 3D printing parameters on the interface zone porosity
in VZh159—CuCr1Zr multi-material samples, as well as
the effects of heat treatment on microstructure, chemi-
cal composition, and phase compositions. The study
revealed that a substantial increase in input energy
was effective in reducing interface zone porosity in
multi-material samples. However, common heat treat-
ment processes applied to CuCrl1Zr and VZh159 alloys
did not significantly affect the microstructure, chemi-
cal composition, and phase compositions of the inter-
face zones. The authors estimated the size of the inter-
face zones at 300 um when CuCrlZr is deposited
on VZh159. Unfortunately, the study did not include
mechanical testing of the samples to identify the effects
of a multi-material structure on material properties.

The literature review suggests that SLM can be
employed to produce low-defect multi-material pro-
ducts, particularly in systems such as steel-bronze,
steel-heat-resistant nickel alloy, and heat-resistant
nickel alloy-heat-resistant bronze. However, the lat-
ter system remains poorly studied, lacking informa-
tion on its mechanical properties at both room and
elevated temperatures. Thus, the objective of this study
is to investigate the mechanical properties of the heat-
resistant nickel alloy-heat-resistant bronze system
(VZh159—-CuCrlZr) obtained through SLM. To fulfill
this objective, the following tasks were undertaken:
conducting tensile and compressive strength tests
on the multi-material samples, performing fractography
after tensile tests, analyzing polished sections post-
compression, and comparing the measured mechanical
properties with available data.

Materials and methods

We used an SLM 280HL 3D printer (SLM
Solutions, Germany) for the fabrication of multi-
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material samples comprising VZh159—-CuCrlZr alloys,
which were subsequently subjected to tensile and
compressive strength tests. The samples were const-
ructed using VZh159 and CuCrlZr spherical pow-
ders (Fig. 1, Table 1), both of which were produced
through atomization. Particle size distribution for
the powders was determined employing the laser dif-
fraction method with an Analysette 22 NanoTec plus
system (Fritsch GmbH, Germany). The particle size
distributions for the VZh159 and CuCr1Zr alloys are as
follows (um): d,,= 17, d,, = 32, d,, = 55 and d,, = 14,
ds,=29,dy,=52.

The VZh159—CuCrlZr multi-material samples
were produced using SLM, involving 3D printing
of the CuCrlZr alloy onto the VZh159 alloy. To mini-
mize defects in the interface zone (12 layers), the prin-
ting settings were adjusted from the standard settings for
VZh159 [16] and CuCrlZr alloys [17]. Table 2 details

Fig. 1. Metal powder morphology
a—VZh159; b — CuCrlZr

Puc. 1. Mopdonorust MeTamIn4eckoro mopolka
a — crutaB BXK159, b — crumas BpX1pT B

the SLM settings for the VZh159-CuCrlZr multi-
material sample printing. Fig. 2 illustrates the samp-
les post-fabrication. For the tensile tests, the sample
dimensions are as follows (mm): tested area width — 5,
length — 20, thickness — 2 (1 mm each of VZh159 and
CuCrlZr alloys along the entire length of the sample),
width of the grips — 8.2, length of the grips — 15.
The dimensions for the compressive strength tests are
as follows (mm): height — 7, width — 4.5, thickness — 6
(3 mm of VZh159-CuCrlZr alloys along the entire
height of the sample). The compressive test samples
made of the CuCrlZr alloy have the following dimen-
sions (mm): height — 8.3; width and thickness — 3.

The heat treatment conditions for the VZh159—
CuCrlZr multi-material samples adhered to the standard
VZh159 heat treatment procedures [18]. The heat treat-
ment comprised five stages:

1) heating to 800 °C (10 °C/min heating rate);
2) holding for 8 h;
3) cooling to 700 °C in the furnace;

Fig. 2. VZh159—CuCr1Zr multi-material samples
after SLM fabrication and machining

a — tensile test samples, b — compressive strength samples

Puc. 2. MynsrumMarepuasbHble 00pa3ibl
cucrembl BXK159—bpXIpT B nocne usrorosnexus
metozoMm CJIIT n Mexanuueckol 00paboTKH

a — o0pasipl Ha pacTshHKeHue, b — 00pasIbl Ha CKaTHE

Table 1. Chemical composition, %, of VZh159 and CuCr1Zr powders
Ta6bnuya 1. Xumuueckuii cocras, %, nopoumxos BXK159 u bpXIIpT B

Alloy Cr Ni Al Mo Nb Cu Zr
VZh159 26-28 | Base metal | 1.25-1.55| 7.0-7.8 | 2.7-3.4 - -
CuCrlZr | 0.4-1.0 | Upto 0.03 - — - Base metal | 0.03-0.08
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Table 2. SLM parameters for the manufacturing of VZh159—CuCr1Zr multi-material samples

Tabnuya 2. Ilapamerpsl CJIII-nponecca H3roToB/IeHHs] MyJIbTHMATEPHAILHBIX 00pa310B
cuctembl BXK159-bpXIpT B

Allo Scanning Laser Hatch Layer Energy
Y speed, mm/s | power, W | spacing, um | thickness, um | density, J/mm?
VZh159 760 275 100 50 72
VZh139 + CuCrlZr 160 400 150 50 325
(12 layers)
CuCrlZr 300 400 150 50 177

4) holding for 10 h;
5) air cooling.

It’s noteworthy that conducting heat treatment
to enhance the properties of both alloys is challenging
due to the disparities in their structural and phase com-
positions. In the VZh159—-CuCr1Zr system, the VZh159
alloy exhibits higher strength. Consequently, applying
heat treatment to this alloy is more suitable. The stan-
dard heat treatment conditions for the VZh159 alloy do
not alter the properties of the CuCr1Zr alloy or the inter-
face zone between the alloys.

For mechanical testing, Zwick/Roell uniaxial
floor-standing testing machines (Zwick Roell Group,
Germany) were employed. Tensile tests were conducted
on a Z050 machine (Zwick/Roell) at a 0.3 mm/min tensile
rate, while compressive strength tests were performed
on a Z100 machine (Zwick/Roell) at a 0.25 mm/min
compression rate. Fractographic studies of the samp-
les were carried out using a Mira 3 scanning elect-
ron microscope (Tescan, Czech Republic). The polished
section with a crack that occurred after the compressive
strength test was examined using a Leica DMi§ M
optical microscope (Leica Microsystems, Germany).
For phase composition analysis, a Rigaku SmartLab
X-ray diffractometer (Rigaku Corporation, Japan) with
a 100 um pinhole was employed.

Results and discussion

Fig. 3 displays the X-ray diffraction patterns
of the VZh159-CuCrlZr multi-material sample in
the pure alloy zones and the interface zone. The phase
compositions in the pure alloy zones are characterized
by solid solutions. In the XRDs of the interface zone,
peaks are evident, indicating the presence of both
alloys. The X-ray beam size was approximately 150 pm,
fitting entirely within the interface zone (with a size
of approximately 300 pum). The peaks in the interface
zone overlap and cannot be distinctly separated, a phe-
nomenon consistent with findings in other studies [12].
The XRD analysis did not reveal the presence of any
additional phases.
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Fig. 4 presents the results of tensile and compres-
sive strength tests conducted on the VZh159—CuCrlZr
multi-material samples, along with pure CuCrlZr alloy
compressive strength tests. Table 3 provides a compa-
rison of these test results with available data. The ten-
sile strength of the VZh159—CuCrl1Zr multi-material
samples was 6, = 430 + 20 MPa, and the relative elon-
gation was € = 4.6 + 0.3 % (see Table 3). The compres-
sive test results were as follows: o, =822 + 23 MPa,
relative compression € =42.5 + 1.5 %.

Comparing the tensile test results with available
data (Table 3) reveals an increase in ultimate strength
by approximately 53 % relative to the pure CuCrlZr
alloy and a decrease by approximately 65 % relative
to the pure VZh159 alloy. However, direct comparisons
may lack precision due to variations in sample shapes
and sizes among different researchers. Additionally,
stress analysis considers the total cross-section contain-
ing both alloys, each comprising 50 % of the samples.
Reassessing stress for the alloy with a greater impact
on strength, the resulting tensile strength doubles
to 860 MPa, reducing the relative difference to the pure
VZh159 alloy to approximately 29 %. It’s essential
to note that available data [19] pertain to samples sub-

o ® °
-A L CuCrlZr b
2 @ a-Cu
'q;v; m a-Ni
< | m
Zle .
Jk CuCrl1Zr + VZh159 ®
o]
J VZh159 -
1 1 1 b
42 62 66 70 74

20, deg

Fig. 3. Phase composition
of the VZh159—CuCr1Zr multi-material samples

Puc. 3. ®a3oBblii cocTaB MyJIbTHMaTepHaIbHBIX 00pasIoB
cucremsl BX159-bpXIpT B
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Fig. 4. Tensile (a) and compressive (b) stress-strain diagrams of the VZh159—-CuCr1Zr system multi-material samples
Compressive stress-strain diagram of the pure CuCrlZr alloy (c and d)

Puc. 4. lnarpamma nieopMUpOBaHUS IPU UCTIBITAHUSIX Ha pacTsbkeHue (a) u cxarue (b) MynbTHMaTepuaibHBIX 00pa31oB
cucremsl BX159-bpXIpT B, a takxe Ha cxxarue uncroro ciiasa bpXLpT B (c u d)

jected to hot isostatic pressing (HIP), a process enhan-
cing mechanical properties, which was not conducted
in this study.

The relative elongation of the VZh159-CuCrlZr
multi-material samples in the tensile tests, when
compared to the pure CuCrlZr and VZh159 alloys,
reduces by 66 % and 83 %, respectively (see Table 3).
This notable decrease can be attributed to the halving
of the volume of the VZh159 alloy, which has a more
pronounced effect on strength. Consequently, the size

and number of defects in this alloy exert a greater influ-
ence on the reduction of its mechanical properties.

Comparing the results of the compressive strength
test for the VZh159—CuCrlZr multi-material samples
with the available data (see Table 3) indicates a decrease
in tensile strength by approximately 57 % (or 55 %) and
a reduction in relative compression by 9 % (or 22 %)
compared to Inconel 718 (analogous to VZh159).
Similar to the analysis of tensile strength, it’s impor-
tant to note that stress analysis considered the entire

Table 3. Comparison of mechanical testing results
of the VZh159—CuCr1Zr multi-material samples with available data

Ta6bnumya 3. CpaBHeHHe pPe3yJIbTATOB IIPOBeJeHHUs] MeXaHUYeCKHX HCNBITAHUI MYJIbTHMATEPHAIbHBIX 00pa31 0B

cuctembl BXK159—bpXLpT B ¢ 1uteparypHbIMH JaHHBIMH

_ Allo Allo
mt}itziflrrllesl’irglllgr;irles CuCr 1er VZh13519 Inconel 718 alloy tests
Test (this study) [17] [19] [20] [21]
c,, MPa g, % c,, MPa g, % c,, MPa g, % c,, MPa g, % c,,MPa | & %
Tension 430+20 | 4.6+£03 | 203+£8 | 13.5+2.5[1202+13|26+2.5 - - - -
Compression | 822 +23 425+ 1.5 - - - - 190010 | 47+2.5 | 180050 |55+5
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cross-section containing both alloys in a 1:1 ratio.
After adjusting stresses for the alloy with a greater
impact on strength, the reduction in ultimate strength in
the specimens is 14 % and 9 %, respectively. Smith D.
et al. [20] and Ghorbanpour S.et al. [21] present data for
samples after HIP.

We also compared the compressive strength
of the pure CuCrlZr alloy (see Fig. 4, ¢) with avai-
lable data. Our findings indicate that the properties
of our samples are not inferior to those described
in other studies. The offset yield strength (o, true
stress) of the VZh159-CuCrlZr multi-material
samples (Fig. 4, b) is approximately 80 % higher
than that of the pure CuCrlZr alloy (Fig. 4, d). Fig. 5
illustrates the VZh159—-CuCrlZr multi-material samp-
les after the tensile and compressive strength tests.

Fig. 6 displays a fractography results of a VZh159—
CuCrl1Zr multi-material sample after the tensile test. In
the CuCrl1Zr alloy region, pits of various sizes and pores
are evident, but microcracks are not present. The VZh159
alloy region exhibits a smooth fracture surface with
some microcracks, suggesting that this region is more
brittle compared to the CuCrlZr region. In the interface
zone, there are pits and an absence of a smooth surface,
along with some microcracks. This observation implies
that the interface zone exhibits both more ductile frac-

Fig. 5. VZh159-CuCr1Zr multi-material samples
after tensile (a) and compressive strength (b) tests

Puc. 5. MynsriumMarepuasbHbie 00pasiibl
cuctems! BXK159-bpXIpT B nmocne nposenenust
HCTIBITaHUH Ha pacTsbkeHue (@) u cxarue (b)
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ture features characteristic of the CuCrlZr alloy (pits
and no smooth surface) and less ductile fracture fea-
tures characteristic of the VZh159 alloy (microcracks).

Fig. 7 shows a polished section of VZh159-CuCrl1Zr
multi-material samples after the compressive strength
tests, along with an approximate crack pattern. The crack
is oriented at 45° to the direction of load application in
the VZh159 region. The crack ceases in the interface
zone and does not propagate into the CuCrlZr region.
This observation suggests that the presence of a more

=100 pm
| |

Fig. 6. Fractography of a VZh159-CuCr1Zr multi-material
sample after tensile tests
a — general view, b — area 4, ¢ — area B

Puc. 6. Opaxrorpadust MyasTHMATEPHAIBLHOTO 00pasia
cucremsl BXK159-bpXI1pT B nocne nposenenust
UCHbITaHUH Ha PaCTsHKEHUE

a — oOuwii BuJ, b — 061acTh A, ¢ — 06nactTs B
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Fig. 7. Polished section of VZh159—CuCr1Zr multi-material
samples after compressive strength tests (a)
and approximate crack pattern (b)

Puc. 7. 11lnu¢ MynsTuMaTepuaibHOro o0pasiia CHCTEMBI
BX159-bpX1LpT B nocne npoBeneHus UCTIBITAHUN
Ha CKaTHe (@) ¥ CXeMaTHIHOE H300pakeHUe
pacrpocTpaHeHus TpeluHsI (b)

ductile CuCrlZr alloy in the interface zone contributes
to the cessation of crack propagation.

Conclusions

In our investigation of the VZh159-CuCrlZr
multi-material system, we explored the phase compo-
sition of the interface zone and assessed mechanical
properties, including ultimate strength, relative elon-
gation, and relative compression through tensile and
compressive strength tests. Additionally, we conducted
fractography following tensile tests and analyzed crack
propagation post-compressive strength tests. Our find-
ings led to the following conclusions:

1. The phase compositions in the pure alloy zones
are solid solutions. XRD patterns of the interface zone
exhibit peaks corresponding to both alloys.

2. The tensile strength of the VZh159-CuCrlZr
multi-material samples, as determined by tensile
tests, is o, =430+ 20 MPa, with a relative elonga-
tion of € =4.6 £ 0.3 %. The results of the compressive
strength test were as follows: o = 822 + 23 MPa, and
relative compression € = 42.5 + 1.5 %.

3. Tensile tests revealed that the ultimate strength
of the VZh159—CuCr1Zr multi-material samples, when
compared to the pure CuCrlZr alloy, is approximately
53 % higher (according to available data), and the con-
ditional yield strength increases by ~80 %.

4. The fractography of the VZh159-CuCrlZr
multi-material sample after tensile tests indicates
that the interface zone displays both more ductile frac-
ture features characteristic of the CuCrlZr alloy (pits
and no smooth surface) and less ductile features charac-
teristic of the VZh159 alloy (microcracks).

5. Examination of the polished section of a VZh159—
CuCrlZr multi-material sample after compressive
strength tests demonstrates that the presence of a more
ductile CuCrlZr alloy in the interface zone contri-
butes to arresting the crack, which propagates at 45°
to the direction of load application in the VZh159 alloy
region.
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