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KntoyeBo 0CO6EHHOCTbIO [AaHHOM paboTbl SABNSETCA WUCCNefOBaHUE TMOBeAeHUs MeXxaHU4eCcKUX
CBOWCTB MaTepuasioB AJisl CTOMATO/IOrMYeckKnX KOHCTPYKLMA B pe3ysibTaTe BO3AEMACTBUSA MpoLecca,
VIMUTUPYIOLLLErO CTapeHue, Npoucxoasiiee C MaTepUasiaMun B XOAe A/IMTe/IbHOM 3KCr/lyaTauuu. B ctatbe
NpUBOAATCA pe3y/ibTaTbl AJil MaTepuasioB, HaneyaTaHHbIX Ha 3D-NpuHTepe, a TakKXe MOoJyYeHHbIX
¢dpesepoBaHMeM U3 3aroToBoK. M3mepeHUs TBEpAOCTU U MOAY/S YNpPYrocTu NpoBOAUIUCH METOLO0M
HaHOMHAEHTUPOBAHUSA, KO3 PULIMEHTOB JIMHEAHOIO N3HOCA U TPEHUS — METOA,0M UCTUPAHUS, a MoayNs
yrnpyrocTu, NpOYHOCTU U fepopMaLum — MEeTOA0M TPEXTOYEeYHOIro U3rnéa.

The study of the dental structures mechanical properties behaviour after simulated ageing
processing at long-term use is the main feature of the presented paper. The paper contains the test
results for 3D printed materials and for the other ones manufactured by milling of workpieces. The
hardness and elastic modulus were measured by the nanoindentation method, the linear wear and
friction coefficients were measured by the abrasion resistance method, and the elastic modulus,
strength and deformation were determined by three-point bending method.

BBEJAEHUE
JlanHas paboTa sIBIsIeTCS IPOLOIKEHUEM HUCCIIeI0Ba-
HHS, OIIMCAHHOIO B cTaThe [1].

[IpociiefUTH 3a MOBeleHHEM MaTepualia B XOfe
ero JJIHUTEeIbHOM 3KCIJIyaTallUH B eCTeCTBEHHBIX
YCIIOBUSIX OBIBAaeT 3aTPyAHUTEIBHO H3-3a OO0JIBIIOr0O

KOJIMYecTBa 3aTpauylBaeMoOro BpeMeHU. Ha rmomMoins
IPUXOAUT MPOLielypa UCKYCCTBEHHO YCKOPEHHOTO
cTapeHus [2]. CyTh ee 3aK/I049aeTCsl B IOBBIIIEHU U
TeMIIepaTyphl 06pa3ija OTHOCUTEIbHO KCIIIyaTa~
LIMOHHOM Ha 3HaYHTe/IbHYIO BeJIMUYHHY (B X0fle IIpoLie-
IypBI YCKOPEHHOIO CTapeHH s 06pasIibl TOMeIIA0TCs

1 ®epepanbHoe rocyAapcTBeHHOe aBTOHOMHOE 06pa3oBaTesibHOe YUpeXAeHVe BbiCllero o6pasoBaHns "POCCUNCKUIA YHUBEPCUTET ApY>K6bl HApOAoB",
Poccums, Mocksa / Federal State Autonomous Educational Institution of Higher Education “"Peoples’ Friendship University of Russia”, Russia, Moscow.

2 QepepanbHoe rocyAapCTBEHHOE BIOAXKETHOE Hay4YHOe yupexaeHue "TexHON0rMYecknin MHCTUTYT CBEPXTBEPAbIX U HOBbLIX YrepoAHbIX MaTepuanos”,
Poccmsa, Mockea, Tpoumuk / Federal State Budgetary Scientific Institution Technological Institute for Superhard and New Carbon Materials, Russia,

Moscow, Troitsk.
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B KJIMMaTH4eCKYI0 KaMepy). BHYTpH KIMMaTHUeCKOM
KaMepsl 06pa3Iipl HAXOASATCS B eMKOCTSIX C BOLOM HIIH
HMHOM KHJKOCTBIO, KOTOpAs 1aeT BO3MOXKHOCTB JIETKO
MOANeP>KUBAThH PABHOMEPHBIH HAarpeB H3[eNHUU.
TakOHM METOJ XOPOIIO IMOAXOAUT Al MAaTePHUAJIOB,
HCIIO/IB3YeMBIX B MEIULIMHCKUX IIPUMEHEeHHUSIX, TaK
KaK TeMIIepaTypa UX peaIbHOM 3KCILIyaTalluU HeBe-
JIMKa ¥ OHU YaCTO HaXOASITCS B SKUIKOM Cpefie.

Kak ¥ caM mMaTepuan, Tak U Crocob ero u3ro-
TOBJIeHHS M AanbHenmas obpaboTka cyme-
CTBEHHO BIMAIOT Ha CBOMCTBA KOHEUHOTO U3/,
Matepuai, U3 KOTOPOr0 U3rOTABAUBAKTCSI CTOMA-
TOJIOTHYeCKHe KOHCTPYKIIUK, MOXKeT OBITh II0JIY-
YeH Pa3IUYHBIMHU cllocobaMu, B TOM 4uciIe dpe-
3epoBaHHEM HJIM IIPHU IIOMOUIM aAJUTHUBHBIX TeX-
Honoru# [3]. [loagTBepaAUTh TOT GaKkT, uTO 06pasers
obmamaeT HeOOXOLUMBIMU TEXHUYECKHMU XapaK-
TePUCTUKAMH, a TaKXke yOeIUTHCS B JOATOBEYHO-
CTH HU3[le/IHSI MOKHO TOJIBKO IIyTeM 3KCIIepUMeH-
TAJIPHBIX HCCIeLO0BAaHUN. [[IMPOKO pacIpocTpaHeH-
HBIM MeTOJOM XapaKTepHU3alMU IIPUIIOBEPXHOCT-
HBIX MeXaHMYEeCKHX CBOMCTB ABJISIETCS HAHOUH-
OeHTUpoBaHUe [4]. CoueTaHUe ero C UCIIBITAHUSIMHU
Ha u3rub, garomumu uHbGopMaLUio 06 06 e MHEBIX
IIPOYHOCTHBIX XapaKTepUCTUKaX obpas3lia, a Takxke
HCIIBITAHHEM Ha M3HOC [5] II03BOISIET MONYYUTH
OBGIIMPHYIO KAPTUHY, B KOTOPOH MPOSIBITCS IIPeH-
MyIIecTBa OAHOT0 MaTepHaJsa 110 CPAaBHEHHUIO C IPy-
rum. Kputepusmu Bei6opa HaMIydIero MaTepuaita
IJIs1 CTOMATOJIOTUYeCKUX IPUMEHEHHU N SBISIOTCS
BBICOKHE 3HAUCHU I MeXaHUYeCKUX CBOMCTB, a TAKKe
HX COXpaHeHHe I10CJIe CTapeHu st 06pasLoB.

MATEPHWA/JIbI U METO/Lbl UCCIEALOBAHUA
B maHHOIM paboTe KMCCIeI0BAIUCH MIeCTh IPYIIIT 06pas-
0B (Tabi.l).

[Ipouenypa UCKYCCTBEHHO YCKOPEHHOTIO CTa-
peHHUst 06pa3LoB MPOBOAMIACH IPH IIOMOILHU

Tabauya 1. [pynnbl UCCAEO08AHHbIX 06paA3U,08
Table1. Groups of studied samples

OnucaHue
Description

O603Ha4eHue
rpynnbi o6pasiL,oB

Designation of the
sample group

Vipi_original Vipi Block PMMA np-Bo

Bpasuanm — McxoAHas NOBEPXHOCTb
nocne ¢ppesepoBaHuns

Vipi Block PMMA, Brazil, initial surface

after milling

Vipi_clinic Vipi Block PMMA np-Bo bpa3uamm —
dbpe3epoBaHHas NOBEPXHOCTb MO~
poBaHa B KJIMHUKeE

Vipi Block PMMA, Brazil, milled sur-

face polished in a hospital

Zirkon_original Promium Flexible (Zirkonzahn) np-so
NTanns — ncxogHas noBepxHOCTb
nocsie dppesepoBaHus

Promium Flexible (Zirkonzahn), Italy,

initial surface after milling

Zirkon_clinic Promium Flexible (Zirkonzahn) np-so
WTtanusa — ppesepoBaHHas nosepx-
HOCTb MOIMPOBaHA B KINHNKE
Promium Flexible (Zirkonzahn), Italy,

milled surface polished in a hospital

Printer3D_original MaTepuvan, NoayYeHHbIV Ha
3D-npuHTepe N2 1—uncxogHas nosepx-
HOCTb MOC/e neyaTu

Material produced by 3D printer

No.1-initial surface after printing

Printer3D_clinic MaTepunan, NosyYeHHbIN Ha
3D-npuHTepe N2 1— NoBepXHOCTb
NOAMPOBaHA B KMHUKE

Material produced by 3D printer
No.1-initial surface polished in a

hospital

INTRODUCTION
This research is sequel of the
study described in [1].

It is a hard task to check the
material behaviour during its reg-
ular long-term operation due to
the large amount of time wasted
for that. In this case, the artifi-
cial ageing can be useful [2]. That
means increasing of the sample
temperature relative to the oper-
ating one for a significant value

(samples are placed into a climate
chamber for accelerated ageing).
Inside the climate chamber, the
samples are submerged in water or
other liquid, which is able to pro-
vide uniform heating of the sam-
ples. Such method is perfect for
the materials used in the medical
applications, because their operat-
ing temperature is not high, and
they are often placed in a liquid
medium.

The material properties, the man-
ufacturing method and further pro-
cessing substantively affect the prop-
erties of the final product. The mate-
rial used for manufacturing of the
dental structures can be obtained by
various ways, including by milling
or by the additive technologies [3].
Only experimental studies can con-
firm a durability of the product and
its necessary technical characteris-
tics. The nanoindentation is a widely
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Puc.1. O6pasubl, NOMEUEHHbIE 8 KAUMAMUYECKYH Kamepy
Fig.1. Samples placed in a climatic chamber

KIUMaTHu4YeCcKol Kameps KTXB-300 ("HII®
Texnonorus") 6] (puc.1). Kaskgast u3 rpynm obpasion
IOMeIlaaach B OT/AENbHYI0 eMKOCTb, 3aII0JIHEHHYIO
OUCTU/IIMPOBAHHOM Bofok. TeMIlepaTypa B KaMepe
coctabisna +80 °C. TOUHOCTH ITOA e P>KaHU I TeMIlepa-
Typhl B Kamepe - 0,5 °C.

JlaHHas TeMIIepatypa 6bl1a BbIOpaHa U3 CIeAyIOMIIX
coobpaskeHHEl. COracHo CTaThe [7], MOCBSIIEeHHOM YCKO-
PEeHHOMY CTapeHHUIO, IPUMEeHsIeMOMY K IIOIHMepaM,
HICTIOIb3yeMBIM /151 MeITUIIMHCKHUX 1le/1ek, 001 [0
XOJ 3aK/TF0YAeTCsl B ITPe/IIIONIOSKEHHH, YTO CKOPOCTH CTa-
peHus yBennuHrBaeTcs Ha daxTop f:

f=201/0, 1)

spread method to characterize the
near-surface mechanical proper-

The procedure of accelerated arti-

roe AT =T - T, T — 2TaJIOHHAS TeMIIEpPaATypa,
IIPH KOTOPOH JOJI>KHBI OIIpefesiThCsl 3P PeKTHI cTa-
peHus, T - HOBHIIEHHAS TeMIIepaTypa, HUCIIOIb-
3yemas IJis YCKOPeHU S 3TUX 3 dexToB. g maTe-
pHasa, KOTOPHI 6yleT HMIUIAHTHPOBAH B YeJloBe-
yecKoe Teno, T, OyleT paBHa TeMIlepaType Tela
(37 °C). IToce 3TOro CYUTALTCS, YTO BhIJEep>KHUBa-
HHe MaTepHaja B TedyeHHe 1 mec. ripu 87 °C LOJISKHO
OBITH SKBUBAJIEHTHBIM CTaPeHHUIO Ha 32 MecC.

B HameM ciaydae Oad MMUTAILUU CTapeHUS
B TedeHKe OJHOIO rojaa o6pasibl BEIAEPKUBATHUCH
npu temieparype +80 °C B TedeHHe 8 CYTOK M 2 4.,

ITOCKOMBKY IPH IIOBBILMIEHHBIX TeMIlepaTypax
NPOUCXOAUT 60olee MHTEHCHUBHOE HCIIApeHHe KU/ -
KOCTH, B KJIMMaTHYeCKOH KaMepe MOAJepP>KUBa-
J1ach BIaXKHOCTh 80%. Ho 1 B 3TOM peskxuMe MoTpe-
6oBaJICS e>KeCYTOYHBIH AOTUB AUCTH/IIMPOBAHHOM
BOJIBI B eMKOCTH € 06pa3LaMHu.

Kaxk 1o, Tak U II0CJ/ie IPOBeAeHUs IIPOoLeayphl
YCKOPEHHOIO CTaPeHM s OCYIeCTBISA/IMCH KOHTPOJIb
I1epOX0BATOCTH 06pa3lloB U M3MepeHHe MeXxaHHU-
YeCKHX CBOMCTB IIPUIIOBEPXHOCTHBIX CJI0eB 06pas-
110B. IllepoXoBaTOCTh OIpeAeasigach IIPHU IMOMOIIH
onTtuveckoro npodunomerpa Sensofar S Neox [8],
MHCTPYMeHTa/IbHble TBEePAOCTh U MOAY/Ib YIIPY-
FOCTH, a Tak>Ke KO3OOUIIMeHTH TPeHU S U JINHEeH-
HOTO M3HOCa — IPH IIOMOINM HaHOTBepAoMepa
"HanoCkau-4D" [9]. 17151 3TUX 3KCIIEPUMEHTOB 6110
B3SITO IIO TpU obpasia W3 TPyII, YIOMSIHYTBIX
B Tab/1.1, IpHU 5TOM Ka>kKAbIM K3 HCCIeJOBAHHBIX
06pa3LoB MoABePraics UCIBITAHUSIM B Tpex oba-
CTSX: B LIEHTPe U B 1CM OT JIeBOr0 ¥ IIPaBOro Kpaes.

f= ZAT/IO, (1)

ties [4]. A general view of the advan-
tages of one material compared to
another can be obtained in combina-
tion with the wear test [5] and bend-
ing test, which give information
about bulk strength characteristics
of a sample. The criteria of choosing
the best material for the dental use
are the high values of the mechani-
cal properties and their preservation
after ageing of samples.

RESEARCH METHODS AND
MATERIALS

In this work, six groups of samples
have been studied, see Table 1.

HAHO MHOVCTPHA Tom 14 Ne 5 2021

ficial ageing of samples was per-
formed using the KTHB-300 (NPF
"Technology") climate chamber [6],
see Fig.1. Each sample group was
placed into a separate container)
filled with distilled water. The
temperature in the chamber was
+80 °C. The accuracy of maintain-
ing temperature was 0,5 °C.

This temperature was cho-
sen due to following reasons.
According to [7] dealing with the
accelerated aging applied to the
polymers used for medical pur-
poses, the general approach is
to assume that the rate of aging
increases by factor £:

here AT =T - T,.f, T,of ~ reference
temperature to detect the age-
ing effects, T - increased tem-
perature to accelerate these
effects. Temperature T, will be
equal to body temperature (37 °C)
of the material implanted into
a human body. It is believed in
this case, that maintenance of
the material for 1 month at 87 °C
should be equivalent to ageing by
32 months.

In this work, the samples were
maintained at +80 °C for eight
days and two hours to simulate
the ageing of one year.
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Tabauya 2. L1lepoxosamocmp no8epxHOCMU 06pazLos Ao U NocAe npoLedypbl YCKOPEHH020 CmapeHusl

Fpynna o6pasuoB
Sample group

Table 2. Roughness of the surface of the samples before and after the accelerated aging procedure

[o ctapeHus
Before ageing

Mocne ctapeHus
After ageing

Ra, MKM Rz, MKM Ra, MKM Rz, MKM

Ra, pm Rz, pm Ra, pm Rz, pm
Vipi_original 0,18 + 0,06 2,5+1,8 0,24 + 0,06 7,8+2,6
Vipi_clinic 0,18 £ 0,05 2,0+0,6 0,33+0,14 10,6 £ 3,2
Zirkon_original 0,30+0,26 3124 0,27+0,10 54+23
Zirkon_clinic 0,18 + 0,13 2,0+1,0 0,34 +0,20 1M,4+55
Printer3D_original 0,47+ 0,10 33+0,8 0,47+0,10 82+37
Printer3D_clinic 0,19 £ 0,09 1,7+0,7 0,47 £ 0,15 12,0+4,1

TBepooCTs U MOLYJb YIOPYLOCTH OIpenens-
JIUCh COr1acHO MeToAMKe OnuBepa u ®appa, mpo-
NHUCaHHOM B cTaHAapTe 'OCT P 8.748 (aHanor
ISO 14577) [10]. UHeHTHUpPOBaHUEe IIPOBOLUIIOCH
C UCIIOJIb30BAHHUEM CTAaHAAPTHOU NHUPAMU/IBl TUIIA
BepkoBuua c AByMs Harpyskamu - 1u 10 mH.

B KavecTBe KOHTpTesa O/ HU3MepeHHUS Ko3¢-
dbunueHTa TpeHUS U K03PHULIMEHTA JUHEHHOTO
M3HOCA MCII0JIb30BaJIach aMa3Hasd moaychepa gua-
meTpoM 130 MKM. HopManpHas Harpyska HIpH
H3HOCe cocTaBuma 250 MH, KoIU4YeCTBO LIMKJIOB
B KaXXJOM uclblTaHUHU - 100. Ilocie nmpoBeneHUs

3KCIIepUMeHTa, cXeMa KOTOporo omucaHa B [11],
HM3MepseTCs TeoOMeTpHs KaHABKU UCTHPaHUs. 3aTeM
I10 U PHUHEe KaHABKH [Ie/1al0T BBIBOJ, 06 H3HOCOCTOM-
KoCcTH obpasma. [lns uamepeHUs Kod3boUIHeHTA
TPeHH S, IIOMHMO aJIMa3HOMU Ioaycheprl gHUaMe-
Tpom 130 MKM, Obl/Ia HCII0JIb30BAHA TBEPAOCIIIAB-
Has chepa AuameTpoM 1 MM, Tak Kak coepa 60mb-
1Iero AuameTpa MO3BOJASAET OIpeaeasiTh JaHHYIO
XapaKTepUCTHUKY IIPHU MasblX IyOMHAX BHeIPeHHU .
JIMHeMHBIN U3HOC U ITyOMHY KaHABOK U3MEPUTH He
IIpeACTaBJIsIeTCs BO3SMOXKHBIM, TaK KaK He IIPOUCX0-
OUT BUAKMOTO pa3pylIeHHs MaTepraa.

Since liquid evaporation is
more intensive at higher tem-
peratures, the humidity in a cli-
matic chamber was maintained
at 80%. However, even under
these conditions, it was neces-
sary to add distilled water into
the containers with samples
every day.

Control of the sample rough-
ness and measurements of the
subsurface layers mechanical
properties of samples were car-
ried out before and after the
accelerated ageing. Roughness
was determined by a Sensofar
S Neox optical profilometer [8],
the instrumental hardness and

the elastic modulus, as well as
the frictional coefficients and
linear wear - with a help of a
"NanoScan-4D" nanohardness
meter [9]. Three samples from
groups mentioned in Table 1 were
taken to make the experiments,
and every sample was tested in
three points: in a center and at
a distance of 1 cm from left and
right sample edges.

The hardness and elastic mod-
ulus were determined according
to the Oliver and Farra method,
prescribed in GOST P 8.748 (which
is the analogue of ISO 14577) [10].
Indentation was carried out with
a standard Bercovich pyramid

subjected to two loads, 1 and
10 mN.

A diamond semisphere dia.
130 pm was used as a counterface
to measure the friction and lin-
ear wear coefficients. The stan-
dard load at wear was 250 mN,
and every test consisted of one
hundred cycles. The geometry of
an abrasion groove is measured
after an experiment which dia-
gram is described in [11]. The
conclusion about sample dura-
bility was made depending on
the groove width. To measure
the friction coefficient, the hard-
face sphere dia. 1 mm was used
besides the diamond semisphere

VoL.14 No.52021 NANO INDUSTRY
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Puc.2. O6pa3upl neped ucnbimaHuem Ha u3zub
Fig.2. Samples before bending test

[Ipy OMOIIM YHHUBEPCAJbHOM UCIBITATEIbHOMU
MaIIuHBI [nstron 5982 6blU IpoBeLeHbl UCIIBITA-
HHUS 06pa3loB Ha TpPexTOUeUHBbIM U3rub B COOT-
BeTCTBHUH CO cTaHAapToMm I'OCT 31572-2012 [12].
HcnblTaHUS Ha HU3TUO MPOBOAHMIMCH Ha 06pas-
nax u3 rpynm: Vipi_original, Zirkon_original,
Printer3D_original (He mpomeAmKX OTHPOBKY).
BBL10 B34TO IO IATh 06pa31oB (prc.2) 10 U IO ISATh
06pa31oB Mocie CTapeHusl.

PE3VYJIbTATbI U UX OBCY)XXAEHUE

Ha puc.3 mokasaHb TpexXMepHBIe TOHOTrpadu-
yecKue H306paskeHUS penbeda IMOBEPXHOCTHU
IJisl IOJIMPOBAHHBIX 06pa3L0B 10 IPOXOKAEHHU S
[IpoLleyPhl CTApeHU S U I10CJIe Hee.

dia. 130 pm because the big
diameter sphere allows of find-
ing this characteristic at small

chosen.

after ageing (see Fig.2) have been

B Tabn.2 mpuBegeHbl MapaMeTpPhl HIePOXOBa-
TOCTH: Ra - cpeflHeapudMeTHUeCKas IIePOXOBa-
TOCTh, Rz - mepoxoBaTocTh mo 10 Toukam (cpen-
Hee PACCTOSHHE MeXAYy 5 CAMBIMH BBICOKHUMHU
U 5 CaMBIMHU HU3KHMH TOUKAMHU Ha H306paskeHUHU
penbeda moBepxHOCTH) [13, 14]. Ra cooTBeTCTBYyeT
CpefHeMYy OTKJIOHEHHUIO [IOBEPXHOCTH OT CpPelHero
yPoBHS, Rz - MaKCHUMa/lbHOMY Ilepenajy moBepx-
HOCTHU Ha M3MepeHHOU obnacTu. [IpuBeJeHHBIe
B TabyiHIle HUKe JaHHBIE SBISIOTCS Pe3yJbTaToOM
yCcpelHeHUS [eBITH U3MepeHHUHN (B Tpex obia-
CTSIX Ha Tpex obpasuax). Kak BUAHO U3 IIpUBeJleH-
HOM TabIMIIBI, IIPOLeCC CTapPeHUs IPHUBEJ K POCTY
napamerpa Rz B 1Ba u 6osee pas. [lapameTp cpen-
HeM IIepoXOoBaTOCTH Ra ocTajcs mMpaKTHUYeCKH
HeH3MeHHBIM [/ 06pa3loB, He IOABEePTHYTHIX
IIOJIMPOBKeE, a [J1s1 00pa31i0B I10C/Ie IIOTHPOBKH BO3-
poc Ha 40-50%.

Ha puc.4 npuBefeHBl [UarpaMMbl TBePLOCTHU
Y MOZY/sl yIIPyToCTH 06pa31oB [0 MpoLeLyphl CTa-
peHus (CTONOIBI CO CIIJIOMHOM 3aMBKOM) U II0CIIe
ctapeHHUs (CTONOIBI C HECIIIOMHOMN 3aJMBKOM).
YKa3aHHBIM Ha JUAarpaMMax pa3bpoc 3HaUeHHH
eCTh [TOIPeIIHOCTD MeK/1y U3MepPEeHHUSIMHU B Pa3HBIX
obnactax. IToce npouenyprl CTApeHUS MIOTUPO-
BaHHBIe U ppe3epoBaHHBIe 06pa3ibl Vipi, a TakKe
oMM PpOBaHHBbIE HalleuyaTaHHbIe HAa 3D-IpUHTepe
o6pasIipl He MMOKa3alH CyMeCTBEHHOTO H3MeHe-
HHUS TBEPAOCTH M MOAYJISL YIPYTOCTH II0 CPaBHe-
HUIO C He IIPOXOJAUBIIMMHU IIPOLIeAYPY CTapeHUs.
TBepAOCTh MOJUPOBAHHBIX U dpe3epoBaHHBIX
o6pasuos Zirkonzahn Berpocia mocie mpouenypst

The data indicated in Table 2 is
the result of averaging of nine
measurements (in three areas

indentation depths. The lin-
ear wear and groove depths can-
not be measured, because there
is no visible destruction of the
material.

Three-point bending tests
of the samples were performed
using Instron 5982 universal
testing machine in accordance
with GOST 31572-2012 [12]. The
bending tests were carried out
for the samples groups Vipi_orig-
inal, Zirkon_oiginal, Printer3D_
original (not polished). Five
samples before and 5 samples

HAHO MHOVCTPHA Tom 14 Ne 5 2021

RESULTS AND DISCUSSIONS
3D topographic images of the pol-
ished samples relief before and
after ageing are shown in Fig.3.
Table 2 indicates the fol-
lowing parameters of rough-
ness: Ra - averaging roughness,
Rz - roughness obtained at 10
points (average distance between
5 higher and 5 lower points on
the relief image) [13, 14]. Here,
Ra is the average deviation of
the surface from the average
level, Rz - maximum height dis-
continuity of the studied area.

on three samples). As the table
below indicates, the ageing pro-
cess leads to increasing of Rz by
two or more times (see Table 2).
The average roughness Ra is prac-
tically constant for non-polished
samples, and grows after polish-
ing by 40-50%.

Figure 4 indicates the hard-
ness diagrams and the elastic
moduli of the samples before age-
ing (columns with solid fill) and
after ageing (columns with not
solid fill). Scattering of values
shown in the diagrams means
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Puc.3. MogepxHocmb noAUupo8aHHbix 06pasL,os 0o cmapeHus: a = Vipi; b - Zirkonzahn, noayyeHHoz0 Ha 3D-npuHmepe (c) u nocae
cmapeHus: d - Vipi; e - Zirkonzahn, noayueHHoz2o Ha 3D-npuHmepe (f)
Fig.3. Surface of polished samples before aging: a - Vipi; b - Zirkonzahn obtained on a 3D printer (c) and after aging: d - Vipi, e - Zirkonzahn

obtained on a 3D printer (f)

cTrapeHus 6osee uem Ha 40%, 2 MOAY/Ib YIIPYIOCTH
OCTaJICS Ha IIpeskHeM ypoBHe. HaubonbmIUKM pocT
TBepAOCTH (B UeThIpe pa3a) U MOAYJIS YIPYLoCTH
(B IBa pas3a) mokasajlu Mpollefllre MPOLeaypy

the inaccuracy between mea-
surements in different areas of
the samples. After ageing, pol-
ished and milled Vipi samples,
as well as polished and printed
on 3D printer samples did not
show a significant change in
the hardness and elastic mod-
ule in comparison with the not
aged samples. The hardness of
polished and milled Zirkonzahn
samples grows after ageing more
than 40%, and the elastic mod-
ule was stable. The highest hard-
ness growth (by 4 times) and
elastic modulus (by 2 times) were
observed with the polished sam-
ples printed on a 3D printer. The

abrasion test results obtained
by a semisphere dia. 130 pm,
were also averaged for nine mea-
surements as shown in Fig.5. As
can be seen from the diagrams,
the geometric parameters of
the grooves and durability are
still within the measurement
accuracy.

The friction coefficient mea-
sured with a sphere dia. 1 mm
by the abrasion method (see
Fig.6) differs significantly
(higher in 2-4.5 times) practi-
cally in all aged samples, except
the milled Zirconzahn sam-
ples. The sphere of a smaller
diameter is indented in a

CTapeHHUS IIOJHMPOBAaHHBIe 00pa3lbl, HalleyaTaH-
Hble Ha 3D-TIpUHTepe.

Pe3ynbTaThl HMCHBITAHHSA Ha MCTHPaHHE
nonycdepol guamMerpom 130 MKM, TaKxKe

sample to a greater depth with
the same load, hence, it pene-
trates the deeper sample layers.
Comparison of the results indi-
cated in Fig.5 and Fig.6 shows
that ageing changes the sur-
face layers structures more sig-
nificantly than the deeper ones.
Table 3 shows the three-point
bending test results before
and after ageing. Table 3 indi-
cates that after ageing the elas-
tic modulus, which character-
izes the bulk properties of sam-
ples, significantly increases.
The relative deformation value
decreases two times for the
Zirkon sample.
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ycpeLHeHHBIe 10 AeBSITH M3MepeHHUSIM, IOKa-
3aHBl puc.5. Kak BUAHO M3 AHArpaMM, reo-
MeTpHUUYeCKHe MMapaMeTpbl KAHABOK U HM3HOCO-
CTOHMKOCTH B IIpefiesiaX MOrPeIIHOCTH OCTaTHCh
HeH3MeHHBIMHU.

M3MepeHHBIN B XO/le UCTHUPAHUS cHepor AHaA-
MeTpoM 1 MM Ko3dduIMeHT TpeHUS (PHUC.6)
CyIIeCTBEHHO OT/IHYaeTCsl B 6OJIBIIYI0O CTOPOHY
(B 2-4,5 pa3a) mpaKTH4YeCKHU A5 Bcex obpas-
LIOB, MIPOIIeANINX IIPOLeAypy CTapeHUs, KpoMme
dpesepoBaHHBIX Zirconzahn. Coepa mMeHbIIero
OuaMeTpa BHeApseTcs B obpasell Ha 60JbIIYIO
r1y6buHY IpU OLMHAKOBBIX CHJIAaX MPHUXKHMA,
a 3HA4YHUT, 3axBaTeiBaeT 6ojee rnybokue ciou
obpasma. CpaBHeHHe Pe3yJbTAaTOB, IIPUBEJEH-
HBIX Ha PUC.5 U 6, IOKa3bIBAET, YTO CTAPeHHe IIPU-
BeJIo K 6oJiee CyleCTBEHHOMY M3MeHEeHHIO CTPYK-
TyPbl IIOBePXHOCTHBIX, yeM 6ojiee TyboKUX Cl0eB
obpa3suos.

B Tab61.3 moka3aHbl pe3ynbTaThl MCIBITAHUS
Ha TPeXTOYeUHBIH U3rub ob6pasIjoB A0 U IOCIe CTa-
peHusi. Kak BUAHO M3 TabIUIBI, [10C/Ie CTApEHHUS
3HAYUTEJIbHO YBEJTHYHJICS MOAYIb YIPYTOCTH,
XapaKTepHU3yIOI 1K 06be MHBIE CBOKCTBA 00pa3LIoB.
Ilns obpasua Zirkonzahn BgBoe cHU3MIOCH 3HAUe-
HUe OTHOCHUTe/IbHOM JedopMaLIHH.

BbIBOADI

IIpoBefeHHBIN MpOLIeCC YCKOPEHHOI0 CTapeHus,
MO eTHUPOBABUINIK MPOUCXOASIINEe B POTOBOM
IIOJIOCTH 4YeJioBeKa C TeueHHeM BpPeMeHHU H3Me-
HeHHS B MaTepHaax AJs OKKJIO3UOHHBIX IIHH,
BBISIBUJI DS, OTJIMYMI MeXJy MaTepHhalaMH,

Tabauua 3. Pesyabmamsl UCNbIMAHUL HA MpexmoyeyHbll us2ub
Table 3. Results of three-point bending tests
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Puc.6. KoagppuyueHm mpeHus, usmepeHHbIl npu NoMouU uc-
mupaxus cepol duamempom 1 mm

Fig.6. Coefficient of friction measured after abrasion with a sphere
dia. 1 mm

MOJy4YeHHBIMU pe3epoBaHUEM U IIPHU MOMOIIHU
agOUTUBHBIX TEXHOJIOTHH.

Cpenu HeNMOTHUPOBAHHEIX 06pa3umoB Hauboee
BBICOKOM IIePOXOBATOCTBIO (KaK /10, TaK U IIOCJIe
NPOXOX/JAEHUS CTapeHHUs) obnamaeT maTepHarn,
HalledaTaHHBIN Ha 3D-IpuHTepe, 4eM Pppe3epoBaH-
Hble 06pa3nsl Vipi u Zirkonzahn. Bce monuposan-
Hble 06pa3Iibl [TOC/Ie IpOoLeypsl CTAPeHUSs IT0Ka-
3aJIM POCT 3HA4YeHH U IIepOXOBATOCTH B IBa U bosee
pas.

Mocne ctapeHus
After ageing

o, MlMa o, MlNna

o, MPa o, MPa
Vipi 4,28 +0,25 101,6 +3,5 2860 + 170 3,45+0,48 74,9 + 8,1 5220 +786
Zirkonzahn 20,6 +0,7 18,7+2,8 2500 + 80 10,83 + 3,44 1N0,3+2,4 8103 +1028
3D-npuHTEp 2,7+0,6 45+10 1590 + 140 2,77 + 0,65 57,5+15,6 4225 +1701
3D printer

VoL.14 No.52021 NANO INDUSTRY




HAHOTEXHONOrMu

Ko3pouImeHT TpeHU s, H3MePeHHBII C UCII0/Ib-
30BaHHUeM coeprl AHUaMeTpoM 1 MM, HMeeT
B3aMMOCBSI3b C IapaMeTpPOM IIePOXOBAaTOCTH Rz
IJ1s1 BCeX MCCIeJO0BAHHBIX 00pa3IoB: UeM BHIIIE
IPUPOCT LIePOXOBATOCTH, TeM CH/IbHee yBeJH-
4ujIcsad Ko3QPULUHMEeHT TPpeHUA. DTOT QaKT IIOJA-
TBepXKIaeT CyIlleCTBeHHOe M3MeHeHHUe penbeda
IIOBEePXHOCTH B pe3ylbTaTe CTapeHUs, Habiro-
JaeMoe IIpY IOMOIIH KOHPOKATBHOM ONTHYECKOHN
MHKPOCKOIIHH.

IIpu abpa3suBHOM HM3HOCE C HMCIIOIb30BAHUEM
cheprl muameTpoM 130 MKM IIHPHUHA U ITybHHA
KaHaBOK, KO9OOUIMEHT TPeHUS U JTHUHENHBIH
KM3HOC He OTJIMYAIOTCS CylleCTBeHHO Yy 06pas31LioB,
npomefIINX yCKOPeHHOe CTapeHHe, U UCXOJHBIX.
HauMeHbPIIMMHU 3HaUYeHHUSIMH Kod3PUIIMEeHTaA
TUHEeHNHOTO M3HOCa, INMybMHAMH U MHUPHUHAMU
KaHaBOK obmamatoT o6pasisl Vipi, 4To ToBOpUT 06
KX BBICOKOK M3HOCOCTOMKOCTH.

TBepzmocTb 06pasioB Vipi ©MeeT cTabUIBHO BBICO-
KHe 3HaueHM [0 U I0CJIe MCKYCCTBEHHOIO cTape-
HUS, YTO KOPpPeIupyeT C PeKOPAHBIM [ HCCIle-
NOBAHHOM IPyNIBl 06pa3lioB 3HAaUYeHHUEM H3HO-
COCTOMKOCTH. Hanbosnbilee oTIHYHE B TBEpPLO-
CTH MU3MepeHO sl UCXOLHOro obpasia, monydeH-
Horo Ha 3D-puHTepe - HabnlofaBIIeecs [0 CTape-
Hus 3HadeHHe (0,05 ['TIa) BO3poCyIo B UeThIpe pasa.
ITocie TpoXOKAeHHU s 06pasiaMHy MPOLIeYPhl HCKYC-
CTBEHHOTO cTapeHus obpasnel Zirkonzahn mokasanu
He3HauUTe/lbHOE YBelIM4YeHHe TBepIOCTH — Ha 25%.
Mogpynp ynpyroctu o6pasiuos Vipi u mosydeHHBIX
Ha 3D-npUHTepe I0CjIe CTapeHUs MPaKTUYecKHu He

KM3MEeHHUICS. MOKHO OTMEeTUTb, UTO IJIsl 06pasios
Zirkonzahn (kaxk 10, Tak 1 mocjie 06paboTKHU IIOTHUPOB-
KOM) MO Y/Ib yIIPYTOCTH ITOKa3aJl CHHKeHHe Ha 30%.

Ha TpexTodyeYHBIHM H3TUO HCHOBITHIBATHCH
0o6pasipl, MOTUPOBKA KOTOPHIX He IIPOBOJHU-
nack. [lo cTapeHus dpesepoBaHHBle 06pa3isl Vipi
u Zirkonzahn nMenu Npo4HOCTbh U MOAYJb YIIPY-
roctu, 6osee ueM B 1,5 pa3a mpeBblIIaloNHe COOT-
BeTCTBYIOIIHe 3HAaUYeHHUs A/ 06pa3lioB, Haleda-
TaHHBIX Ha 3D-TipUHTepe. [loc/ie CTapeHHUS MOAYIb
yIpyrocTu 06pasmoB BEIPOC B 2 pa3a A1 MaTepHaia
Mapku Vipi u B 3-4 pasa - gisg o6pasuos Zirkonzahn
U IMOJIy4eHHBIX Ha 3D-mpuHTepe. TakuM obpa-
30M, TBePAOCTb U MOJAY/Ib YIPYLOCTH, U3MepeH-
Hble [10 MeTO/ly HAHOUHeHTUPOBAHU S, KOPpPeIu-
PYIOT CO 3HAaUeHHUSIMU MOAY/SL YIPYTOCTH, IOy~
YeHHBIMH B HCIIBITAHUSX Ha U3THO.

M3 mony4yeHHBIX JaHHBIX MOXKHO CJle/IaTh BBIBO/,
YTO MaTepHa/ibl, HalleyaTaHHbIe Ha 3D-TIpUHTepe,
10 CPAaBHEHUIO C U3TOTOBJIEHHBIMHU TPAJULILOHHBIM
MeTO/IOM, UMEIOT MEHBIIYI0 IPOUHOCTb, UTO MOXKEeT
OBITH CBS3aHO C He3aBepUIMBIIENCS MMOTHUMepH3a-
LMeH [ocJle mevyaTH. [Ipoleaypa cTapeHHs ITOKa3bl-
BaeT, 4TO TepMHUUecKasi obpaboTka obpas1oB, IOy~
YeHHBIX IIPU MOMOIIU aALUTHUBHBIX TeXHOJIOTHH,
criocobHa IMPUBECTH K JOCTUKeHHUIO UMU HeobXomu-
MBIX MeXaHHYeCKHX CBOMCTB, periaMeHTHPOBaH-
HbIx TOCT [12].

BJIATOAAPHOCTHU
PaboTa BBIIIOZIHEHA C MOMOIIbI0 060pymoOBaHUS,
Bxopasimero B IIKII TUCHYM.

CONCLUSIONS

The accelerated ageing of the
occlusive splint materials
simulating the processes in
a human cavitas oris in time
has been done. Now it is clear
that a number of differences
between the milled materi-
als and the materials produced
with additive technologies
exist.

As to non-polished samples,
the highest roughness (before
and after ageing) has a mate-
rial printed on a 3D printer than
the milled Vipi and Zirkonzahn
samples. The roughness of all
polished samples turned to be
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higher by two or more times
after ageing.

The friction coefficient mea-
sured with the use of a sphere
dia. 1 mm is associated with a
roughness index Rz for all tested
samples. The higher the rough-
ness growth, the greater the
friction coefficient was increas-
ing. This fact confirms a signifi-
cant change in the surface relief
due to the ageing observed by
confocal optical microscopy.

When using a sphere dia.
130 pm at abrasive wear, the
width and depth of the grooves,
friction coefficient, and lin-
ear wear do not differ from the

initial samples and the samples
after the accelerated ageing. The
Vipi samples have a high dura-
bility because of the lower val-
ues of linear wear coefficient,
and depths and widths of the
grooves.

The Vipi samples hardness has
a stable high value before and
after artificial ageing, that cor-
relates well with the top value
of durability for the tested sam-
ples groups. The greatest dif-
ference in hardness after age-
ing was measured for the initial
sample printed on a 3D printer,
while hardness before ageing
(0.05 GPa) increased four times.
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TepMI/IHbI H OIIpeaeIeHHsd.

Jekaapauusn o KOHPAUKMe uHMepecos. Asmopbl 3a58A5K0M
06 omcymcmauu KOHGAUKMOB UHMepPecos UAU AUYHBLX OMHOUle-
HUil, Komopble Mo2Au bbl nosAusmb Ha pabomy, npedcmasaex-
HYI0 8 daHHOU cmambe.

The Zirkonzahn samples show a
little hardness growth (by 25%)
after the artificial ageing. The
Vipi samples elastic modulus
obtained on a 3D printer has not
changed practically after age-
ing. Note, that the elastic mod-
ulus of the Zirkonzahn samples
decreases by 30% both before and
after polishing.

Three-point bending tests
were performed on non-polished
samples. Before ageing, the
hardness and elastic modulus of
the milled Vipi and Zirkonzahn
samples were by 1.5 times
greater than the corresponding
values of the samples printed

on a 3D printer. After ageing,
the elastic modulus grows two
times for the Vipi samples and
3-4 times for the Zirkonzahn
and printed samples. Hence,
the hardness and elastic modu-
lus measured by an indentation
method correlate with the elas-
tic modulus value obtained in
the bending tests.

Based on the obtained data. it
can be concluded that the mate-
rials printed on a 3D printer,
in comparison with those pro-
duced by the traditional meth-
ods, have smaller strength that
can be explained by incomplte
polymerization after printing.

The ageing procedure has
shown, that thermal treatment
of the samples produced by addi-
tive technologies can ensure
achievement of the necessary
mechanical properties, recom-
mended by COST [12].
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