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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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PROPERTIES AND HARDNESS OF SELECTIVE-LASER-MELTED COBALT-CHROMIUM
ALLOY
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Abstract.

Background: The mechanical properties of cobalt-chromium
(Co-Cr) alloys produced through selective laser melting (SLM)
can be enhanced by the application of the post-heat treatment,
but it is still unclear how long the heat treatment should last and
how the cooling rate affects the tensile properties and hardness
of the alloy.

Aim of this study: Investigate the effects of heat treatment
for one hour and six hours, respectively, at 1150 C, and
three cooling conditions (AC, FC, and WC), on the tensile
strength, elongation, and hardness of SLM Co-Cr alloy
specimens. Materials and methods: Thirty-five Dumbbell
shaped specimens (50x12x2 mm) (ISO 6892-1:2016), and
thirty-five rectangular-shaped specimens (34x13x1.5 mm)
ISO (22674:2016) were manufactured and divided into seven
groups, based on the use of heat or cold and the duration of both.
Tensile strength and Vickers hardness tests were performed on
the specimens.

Results: When it comes to tensile strength, the (FC1) group
took the bottom spot with a score of (991.21 MPa) while the
control group came out on top, boasting an impressive (1362.41
MPa). When it came to elongation, the control group had the
lowest score (4%), while the best-treated group scored (17%).
The lowest and highest value of tensile strength was similarly
affected.

Conclusion: Water-quenched groups showed better tensile
properties and hardness than other groups. As aresult, increasing
the cooling rate is an effective way to improve the ductility and
hardness of the SLM Co-Cr alloy.

Key words. Selective laser melting (SLM), heat treatment,
cooling conditions, tensile strength, elongation.

Introduction.

Removable partial dentures (RPD) are an essential component
of prosthodontic sciences, which restore and maintain a patient's
oral function, comfort, appearance, and health by replacing
missing teeth and craniofacial tissues [1]. Cobalt chromium
(Co-Cr) alloys are commonly utilized in the production of
biomedical equipment, such as dental devices because they
have superior mechanical properties, good biocompatibility,
low wear rate, and high corrosion resistance [2].

Selective laser melting (SLM) is a revolutionary approach to
additive manufacturing that is uplifting the dental industry. This
cutting-edge technology is rapidly replacing the traditional lost-
wax method for producing Co-Cr dental devices. With SLM,
this innovative process uses laser technology to create intricate
designs and structures, resulting in dental devices that are not
only more accurate but also more durable than ever before. In
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terms of mechanical properties and metal release, research has
demonstrated that Cr-Co parts made using SLM technology are
superior to those made using conventional casting methods [3,4].
This SLM process leads to microstructures with smaller grains
than those formed through traditional casting methods. In other
words, the SLM technique produces incredibly fine-grained
structures that result in some pretty impressive properties [5].

SLM exhibits a drawback in that the manufacturing process
induces residual stress within the parts due to the distinctive
thermal cycle of rapid melting and cooling [6,7].

Post-heat treatment is an essential phase to decrease any
remaining stresses and enhance the mechanical properties of the
produced parts [8].

Materials and methods.

The specimens were fabricated using Co-Cr powder that is
commercially available (Riton Model: C01, Foshan Rxton
Technology Co., China). The composition of Co-Cr powder
is displayed in (Table 1). The 3D models were designed using
3ds Max ® software (AutoDesk, USA). SLM machine (Riton
D-150, Foshan Rxton Technology Co., China) (Figure 1) was
used for the manufacturing process of the specimens by using
standard deposition settings for the Riton Model: CO1 powder
at a laser power of 165 W, laser wavelength of 1.064 um, laser
speed of 1050 (mm/sec), as well as a layer thickness of 20 to
50 um. The specimens underwent a rigorous SLM process and
were now ready for the next step - heat treatment. To initiate
this process, we carefully placed them into the furnace (triton rt
1300 Foshan Rxton Technology Co., China). The furnace was
set up in an environment filled with Nitrogen gas, creating the
perfect conditions for the heat treatment process to begin. We
made sure to follow the building direction of Oo angle to the
plate to ensure the best possible outcome for our specimens.
After the SLM process, the specimens were brought to the
furnace (triton rt 1300 Foshan Rxton Technology Co., China) to
begin the heat treatment process. The machine was operating in
an atmosphere with Nitrogen gas. The building direction of 0o
angle to the plate was used.

Table 1. Composition of the Co-Cr powder.
Co Cr Mo W Si Fe C Ni
60% 28% 5% 5% <1% <0.75% |<0.16% <0.1%

First, the furnace was cranked up from room temperature
to a scorching 760°C. After reaching this temperature, it was
maintained for a tense 10 minutes. Next, the furnace was pushed
even further to a blistering 1150°C. This temperature was then
held steady for a whole hour or even six hours, depending on the
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desired outcome. Finally, the furnace was shut down, leaving
us with a product that had undergone a truly impressive heat
treatment, the whole process was completed at a ramp rate of
10°C per minute.

Figure 1. SLM Machine.

Here's how we conducted the heat: First, we cranked up
the temperature of the furnace from room temperature to a
whopping 760 C. Then, we kept it steady for 10 minutes to let
the heat penetrate deep into the material. After that, we turned
up the heat even more to 1150 C and held it there for one hour or
six hours (depending on the material). And finally, we switched
off the furnace, bringing an end to this exciting heat treatment
process. We didn't just randomly increase the temperature. We
used a ramp rate of 10 C/min, which allowed for a controlled
and gradual increase in temperature. This ensured that the
material was properly heated and treated, resulting in the best
possible outcome [5].

The first groups of specimens were removed from the
furnace and cooled to room temperature in the open air after
heat treatment. These groups were named AC1 and AC6. The
second group was kept in the furnace until they reached room
temperature. The names for these groups were FC1 and FC6,
respectively.

The final groups were taken from the furnace after the 1 h/ 6
h timer expired and cooled via water quenching using tap water.
These groups are named WC1 and WC6, correspondingly. The
control group was not subjected to any heat treatment or cooling
and was designated as control.

After separation from the plate, supporting structures were
completely removed using a metal engine and tapered carbide
burs. To ensure that the specimens' dimensions remain intact,
we utilized stone burs (NHT02, Denmart, China) to remove the
green oxide layer. We followed the manufacturer's instructions
meticulously to ensure that the process was carried out with
utmost precision. This step was crucial in preserving the overall
quality of the specimens.

1. Tensile Strength Test

Thirty-five sleek and stylish dumbbell-shaped specimens. Each
specimen measures 50x12x2mm and was expertly manufactured
in accordance with the rigorous standards of the International
Organization for Standardization (ISO) 6892-1:2016. These
specimens are designed for tensile testing of metallic materials
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at room temperature, and we've provided five for each group
(Figure 2) [9,10].

Figure 2. Tensile Specimen.

We conducted some exciting experiments on the dumbbell-
shaped specimens using a top-of-the-line universal testing
machine (STM 1000, Santam Engineering Design Co., Iran)
to measure their tensile strength. By subjecting the specimens
to uniaxial forces, we were able to determine their 0.2% yield
strength (0.2% Y'S) and elongation, which were then calculated
using the stress-strain curve.

2. Vickers Hardness Test

To measure the hardness of our rectangular specimens
(34x13x1.5 mm), we used a cutting-edge micro hardness tester
straight from Otto Wolpert in Germany. This tool is equipped
with a 136° diamond pyramid indenter and a 4.9 N load, it
was programmed to perform Vickers hardness (HV) tests
with pinpoint precision. We didn't just rely on the manufacturer's
instructions though - we made sure to follow them to a T, ensuring
accurate results. And to make sure our data was as reliable as
possible; we took three data points for each sample [11].

Results.

The statistical analysis was done using the SPSS program
(version 29) (IBM Corp., NY, USA), employing descriptive
statistics, normality tests, analysis of variance test (One-
way ANOVA), coupled with Duncan's multiple range test
to demonstrate the difference between groups at P < 0.05
significance level.

1. Tensile Strength Test

Descriptive statistics including mean value measured in
megapascal (MPa) and standard deviation of tensile strength, 0.2
yields (MPa) and elongation percentage are presented in (Table
2). After analyzing the results of our tensile strength tests, the
(FC1) group, unfortunately, came in last place with a value of
(991.21MPa). However, the clear winner in this category was
the control group, with an impressively high value of (1362.41
MPa). As for elongation, the control group struggled a bit,
coming in dead last with a measly (4%) value. But fear not,
as the (AC6) group swooped in to steal the show with the best
elongation value of the bunch.

The lowest value of tensile strength between tested groups was
presented by the (FC1) group with (991.21MPa). The highest
value was presented by the control group with (1362.41 MPa).
For elongation, the worst value was found in the control group
with (4%) and the best value was found in the (AC6) group.
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Table 2. Descriptive statistics for tensile strength, 0.2 YS and
elongation.

:;szth S 02YS Elongation
group e (D) Deviation (MPa) (%)
control 1362.41 170.57 912 4
AC1 1097.82 100.60 616 11
FC1 991.21 91.17 596 8
WCl1 1191.05 14439 658 13
AC6 1135.27 127.36 771 14
FCo6 1149.42 141.71 736 10
WC6 1262.61 173.03 810 17
ISO
22647:2016 500 2
Table 3. Normality Test for tensile strength.

Shapiro-Wilk

Group Statistic df Sig.
CONTROL 932 5 .608
AC1 .924 5 .553
FC1 .920 5 532
WCl1 .997 5 997
AC6 .942 5 .678
FC6 .988 5 973
WCo6 969 5 .870
Table 4. Tensile strength of studied samples.

Sum of Mean .

Squares & Square F Sig.
Between Groups 4242559 6 70709.3 3.677 0.008
Within Groups 538502 28 19232.2
Total 9627579 34
Table 5. Descriptive statistics for Vickers Hardness test.

N Mean Std. L Minimum Maximum

Deviation

CONTROL 5 4522  34.85972 419.00  510.00
AC1 5 417.8  21.42895 390.00  448.00
FC1 5 376.8 41.40894 324.00  423.00
WCl1 5 572 40.18084 523.00  624.00
AC6 5 405 54.05553 339.00  487.00
FC6 5 374.6 2499600 351.00 411.00
WCo6 5 498.2  45.52692 432.00  552.00
Total 35

A normality test was performed on the obtained values (Table
3). Shapiro- Wilk test revealed that the values were distributed
normally (P > 0.05).

Tensile strength values for all groups were tested using a one-
way ANOVA (Table 4). The analysis revealed a statistically
significant difference (P = 0.008) between the groups subjected
to varying cooling and the control group.

In accordance with the Duncan's multiple range test, it was
observed that the control group exhibited the maximum tensile
strength value, while the groups (WC6 and WC1) followed. The
test also revealed that the tensile strength of the furnace cooled
(FC1) group had decreased significantly (Figure 3).
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Figure 3. Duncan’s multiple range test for Tensile strength.
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Figure 5. Stress-Strain Curve, adapted from (Kajima et al., 2018).

Significant differences in elongation were found between the
groups (P =0.001) according to the analysis of variance test
ANOVA results and Duncan’s multiple range test (Figure 4).
The stress-strain curves for the groups are shown in (Figure 5).

2. Vickers Hardness Test

Descriptive statistics (Table 5) for the Vickers Hardness test
reveals that the (WC1) and (WC6) groups had the highest values
of Vickers hardness in comparison to the other test groups.

A normality test was performed on the values (Table 6). The
results of the Shapiro-Wilk tests indicated that the data adhering
to a normal distribution, with a p-value greater than 0.05.

Vickers Hardness values for all groups were subjected to a
one-way ANOVA test (Table 7). The results of the statistical
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analysis revealed a statistically significant difference (P 0.001)
between water-quenched groups and groups that were under
other cooling conditions. The results of Duncan's multiple
range test indicated a decrease in Vickers hardness values for
the (FC1) and (FC6) groups. (Figure 6).

Table 6. Normality test for Vickers Hardness.
Shapiro-Wilk

Statistic df Sig.
CONTROL 0.865 5 245
ACl1 0.968 5 .863
FC1 0.951 5 744
WC1 0.942 5 .679
AC6 0.946 5 .705
FC6 0.888 5 .349
WCo6 0.954 5 .765

Table 7. Vickers Hardness for the studied samples.

ANOVA
Sum of Mean .
Squares 62 Square F Sig.
Between 154549.771 6 25758295 16.973 <.001
Groups
Within 42492400 28 1517.586
Groups
Total 197042.171 34
Vickers Hardness (N/mm?2)
700
D
600 572 c
w0 41:,2c2 AB s 498.2
iac 417.8 A 265 A
400 3768 3746
300
200
100
CONTRO AC1 FC1 WwC1 AC6 FC6 WCe

Figure 6. Duncan’s multiple range test for Vickers Hardness.

Discussion.

The present study's results (Table 2) revealed that the control
group exhibited the highest tensile strength, without any
application of heat parameters or cooling to the specimens.
Despite exhibiting the highest levels of strength, such as Tensile
Strength and 0.2% Yield Strength, the control group's elongation
was not ideal for medical applications. The large amount of y
phase with dense stacking faults should be credited for the high
strength of the As-SLM alloy. The mechanical properties of As-
SLM Co-Cr alloy must thus be improved by heat treatment in
order to dissolve the network structure that contains a diamond-
like pattern and re-crystallize a more uniform one [8,10]. The
0.2% yield strength and ultimate tensile strength exhibited a
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reduction subsequent to a 6-hour heat treatment compared to
the SLM group without heat treatment [9,11].

Co-Cr-based alloys undergo a phase transformation from the
v phase to the martensite € phase during the cooling process.
But water quenching at temperatures above 1100 C can produce
a significant amount of martensite. This discovery has been
reported by several studies and sheds new light on the properties
of these alloys [12-14].

Rapid cooling rates played a role in &€ martensite formation.
This implies that the heating and cooling methods have a
huge impact on the fractions and phases of Co-Cr [10]. After
heat treatment, quenching Co-based alloys with water or ice
promotes the formation of & martensite. When less drastic
cooling rates, such as air or furnace cooling are applied to the
alloys, this effect appears to be eliminated [12].

It is widely known that the cooling rate affects the grain size,
which in turn affects the mechanical properties of the Cobalt
chromium alloy. According to Wai Cho et al. [5] in their
microstructure analysis, samples that were cooled by air had
finer grains than those that were cooled by a furnace because of
the higher cooling rate. The microstructure recrystallized after
one and six hours of heat treatment at 1150 C.

After undergoing thermal treatment, the Co-Cr alloy
showcased a remarkable transformation with a more uniform
microstructure and texture, resulting in a visually pleasing finish
[15]. Interestingly, as the duration and temperature of the heat
treatment increased, the alloy's ductility saw a slight uptick,
while the tensile strength showed a marginal decrease [11]. In a
separate study, Wai Cho et al. [5] found that rapid cooling rates
played a pivotal role in enhancing the alloy's elongation, further
demonstrating the alloy's impressive malleability.

The results of our tests using the one-way ANOVA (Table 7)
and Duncan's multiple range test (Figure 6), it turns out that
groups (WC1) and (WC6) are significantly different from all the
other groups when it comes to their Vickers Hardness values.

According to the findings of this study, rapid cooling rate i.e.,
water quenching is the most effective method for improving
Vickers hardness in Co-Cr alloys. This result could be explained
by the selective laser melting (SLM) procedure involving
a rapid thermal cycle of heating and cooling, leading to the
development of fine grains within the solidified layer [16-19].

Surfaces of specimens produced using the SLM technique had
a uniform microstructure, and as the microstructure became
more uniform, the specimens grew harder” [19]. Igual-Muoz &
Mischler [20]. concluded that slower cooling processes, such
as furnace cooling, cause grain size to increase and, as a result,
mechanical properties, such as hardness, to decrease. Presotto et
al. [21]. concluded that the slightly higher e- phase peak of the
SLM group is associated with enhanced hardness. No significant
differences in Vickers hardness measurements were observed
between the Furnace Cooled and Air-Cooled specimens [5].

Conclusion.

This study delved into the remarkable outcome of Co-Cr alloy
specimens produced via selective laser melting (SLM), and the
effects of heat treatment on their tensile strength and hardness.
To be precise, the specimens were subjected to heat treatment
at a staggering 1150 C for one and six hours and then cooled
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under three distinct conditions - air cooling, furnace cooling,
and water quenching. The study revealed that the cooling rate
plays a significant role in determining the mechanical properties
of SLM Co-Cr alloys. Surprisingly, the heat treatment duration
didn't have much of an impact. An increase in the cooling rate
considerably enhanced the alloy's elongation, as compared to
the slow cooling rate inside the furnace. But a rise in the cooling
rate also improved the hardness of the alloy, making it stronger
and more durable. After rigorous testing, it was concluded that
heat treatment for one hour, followed by water quenching,
produced the most convenient mechanical properties among
all other groups. In conclusion, this study sheds light on the
outcome of Co-Cr alloy specimens and how different cooling
rates affect their mechanical properties. The findings could pave
the way for further research and development of more efficient
and robust alloys.
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