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Memooom nnazmenno-I1eKmpoaIumuiecKkoil 00padomKu nposedeHa NOBEPXHOCHIHAA MO-
ougpuxauyus mumanoeozo cnaasa \'T 6 ¢ 600nom pacmeope, codeprycawem 5 mac. % zuopama
ammonus u 10mac. % xnopuoa ammonusn ¢ memnepamyprom unmepeaie 650-900 C. Xapaxme-
PUCHUKA NOBEPXHOCMHBIX C10€8 CHIA8A NOC/Ie NA3MEHHOU IJIEKMPOIUMUYECKOU 00padbomKu
nposoounace ¢ nomowbio unpaxpacnoii cnekmpockonuu @ypve (FTIR) u nopouikosoui penm-
2enoecxkou  ougpaxyuu (XRD). Cnexmpur FTIR pecucmpuposanu na cnexmpomempe
BrukerVertex80npu komnamnoii memnepamype 6 ouanazone 7500-35Qm™. Cnexmput noxazviearom
Hanuuue ¢hazvl pymuna Ha NOGEPXHOCHU CHIABA NOC/IE NIIAZMEHHOU INeKMPOIUmu4ecKol oopa-
GomKu ¢ pacmeope nekmponuma ykazannozo cocmaea. Hnmencuensie nuxu npu 654-643cm™, cna-
ovte nuxu okono 560cm™ u nuxu npu 425-416cm™ mozym otmo omnecenvt k pymuany. ITuxu npu
466-462cm™ ceazanvi ¢ éanenmuvimu konebanusmu Ti-O-Ti. C pocmom memnepamypur omnocu-
menbHAA UHMEHCUBHOCHb NUKOG, OMHOCAWUXCA K pymuiy, éo3pacmaem. Ilazmenno-nexmpo-
JumuyecKkas oopadomxa npueoOUm K noA6IAeHUI0 RUKO8, C6UOECMETbCIEYIOUUX 00 000zauienuu
noseepxnocmu cnnaga azomom: nuku npu 1634-1622cm™ mozym 6vims omnecenst Kk acummen-
puunoii degpopmayuu NHs"; nuxu oxono 1539cm™ omnocames k oegpopmayuu N-H wnu cum-
mempuunoii degpopmayuu NH,*. ITuxu oxono 1428-1426cm™ marsice mozym 6vime omuecenst K
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oepopmauuonnuvin konevanuam NH4'. Inazmenno-anekmponumuueckas oopabomka ¢ memne-
pamyprom ouanazone 650-750 € npusooum k nossnenuro nuxos npu 1069-1064cm™ . Coznacno
JIUMEPAMYPHLIM OAHHBIM, RUKU MO2Ym Oblmb omuecenvt K Konevanusm Ti-O-N. Penmezeno-
CIPYKMYPHbLI GHATU3 HO3601UT YCHIAHOGUNb KPUCIALIUYECKYI0 CIPYKmYpY U (hazoeyto uoen-
mupuxayuio mumanosozo cnnasa \'T 6 nocie niazmenno-nekmpoaumuieckoii oopavomsu. Hz-
MepeHUus nPoeoOUIUCH C UCNOIb308anUem ouppaxmomempa Bruker D8 Advancec uznyuenuem
Mo Ka (4 = 0,07107um). Ananusz oopazuoé XRD nokazan, umo oxcudo mumana 6 oopasyax npu-
cymcmeyem Kak ¢paza xonzeeuma (y-MOHOKIUHHAA CUHZOHUA), U KaK (paza «magnesium»dexca-
2onanvhasn cunzonus). Kpome nuxos TiO nabmoodanuce nuku, xapakmepnsie 011 xampabesuma
TiC ¢ ¢paze canuma (kyouuecxasn cunzonus) u TioOs ¢ haze kopynoa (mpuzonanvhas cunzonus).

K ey wor ds: mia3mo-siieKTpoauTHyeckas 00paboTKa, THTAHOBBIN CIUIAaB, MOBEPXHOCTHAS MOaU(UKa-
s, ¢asa pyTuia
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Surface modification of titanium alloy VT 6 in aquaus solution containing 5 wt% of am-
monium hydrate and 10 wt% of ammonium chloride inteamperature range of 650- 900 °C by
plasma electrolitic treatment was carried out. Claaterization of surface layers of the alloy after
plasma electrolytic treatment was done by Fourierafisform Infrared spectroscopy (FTIR) and
powder X-ray diffraction (XRD). The FTIR spectra we recorded on a spectrometer BrukerVer-
tex80 at room temperature in the range of 7500-356". The spectra show the presence of rutile
phase on the alloy surface after the plasma elelytic treatment in the electrolyte solution of the
indicated composition. The intensive bands at 65B&m®, the weak bands near 560 chand the
bands at 425-416 crhcan be assigned to rutile. The bands at 466-462'are related to Ti-O-Ti
stretching vibrations. With increasing temperatutbe relative intensity of the bands assigned to
rutile increase. The plasma electrolytic treatmdetids to appearence of the bands testifying en-
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richment of the alloy surface by nitrogen: the basdit 1634-1622x™ can be assigned to asym-
metric bending of NH*; the bands about 1539 chare related to N-H bending or symmetric bend-
ing of NH,*. The bands about 1428-1426 ¢ntan be also assigned to NHbending vibrations.
The plasma electrolytic treatment in the temperatuange of 650-750C results in appearance of
the bands at 1069-1064u™. According to literature data, the bands can besised to vibrations
of Ti-O-N. X-ray diffraction analysis allowed to asrtain crystal structure, phase identification of
the titanium alloy VT 6 after its plasma electrolgttreatment. The measurements were performed
using a Bruker D8 Advance diffractometer with Modkadiation (A=0.07107 nm). Analysis of XRD
patterns showed that titanium oxide in the sampisgpresent as hongquiite phasg- (monoclinic
singony) and «magnesium» phase (hexagonal singoBgsides the peaks of TiO, the peaks which
are characteristic for hamrabevit TiC in halite pls& (cubic syngony) and s in corundum phase
(trigonal syngony) were observed.

Key words: plasma electrolytic treatment, titanium alloy, sad modification, rutile phase
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INTRODUCTION EXPERIMENTAL

Titanium alloys are very attractive materials
for many industrial areas such as aeronautic eagine

ing, automobi'le industry, shipb.uilding, chemicalCaI electrolyzer with an axially symmetric elecytel
power generation, etc. They are widely used forunang,, supplied through a nozzle located at the botod

facturing components of various technical equipmegiy e trolyzer [6]. Prior to the surface treatteach

which work under fretting-initiated damage Condi‘specimen was ground with SiC abrasive paper get si

tions. Hence, an improvement in the fretting damage3,0 1o R ~ 1.0um and ultrasonically cleaned with
resistance of_tltanlum alloys is very mportanttpemn acetone. In the upper part of the electrolyzer, tee-e
[1,2]. As fretting damage of titanium alloys is&we {glyte was overflowing into the sump and was farth
dependent, surface modification treatment is a BOMpumped through a heat exchanger at a rate of 3L/mi
ing approach for improving fretting fatigue resiste  The volume flow rate was measured with a RMF-0.16
of the alloys. One of efficient methods of the ioN®-  GUZ flowmeter (accuracy of +2.5%). The solution
ment of the surface properties of titanium andititen  temperature was measured using thermocouple placed
alloys is plasma electrolytic saturation (PEShefalloy  at the bottom of the chamber. The electrolyte teatpee
surface with interstitial elements. The PES inatgdi was maintained at 20+1 °C. The samples were cogmhect
carburizing, nitriding or carbonitriding is rapiddiin-  as the positive output and the electrolyzer wasected
expensive method which allows to increase signitiga as the negative output of the DC power supply.
the wear and corrosion resistance, decrease tlff-coe After switching the voltage, the samples were
cient of friction of titanium and titanium alloy3-5]. immersed in the electrolyte at a depth equal tar the
The aim of this work is to study anodic PES oheight. The voltage was measured using an LM-1 volt
titanium alloy VT 6 with interstitial elements ihee- meter (accuracy +0.5%). The current was probed with
trolytes containing ammonia and ammonium chloridén MS8221 multimeter. The sample temperature was
The characterization of surface layers of the ailefpr measured with another MS8221 multimeter and M89-
and after plasma electrolytic treatment was done {1 thermocouple accuracy to 2% over a temperature
Fourier Transform Infrared spectroscopy (FTIR) antRnge of 400-1000 °C. Temperature measurements
powder X-ray diffraction (XRD). The effect of theqg Were performed using thermocouple fixed in a hole

cessing temperature on chemical and phase compdgade in the samples at a distance of 2 mm from the
tion of VT 6 alloy was evaluated. heated surface. The treatment time was 5 min. The

Cylindrical samples (@ 10x15 mm) of titanium
alloy VT 6 (TisAl 4V alloy) were nitrided in a cylindri-
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treatment temperature varied from 650 to 900 °@erAf 650 C°
PEN samples were quenched in the electrolyte (harc Ww\\“\/
ening). Aqueous solution of ammonia NEb wt.%) ex 3 o
and ammonium chloride Nigl (10 wt.%) was used as ]
the working electrolyte.

The FTIR spectra were recorded on a spec
trometer BrukerVertex80 at room temperature in the

range 7500-350 ct The scrapes of surface layers of
the titanium alloy after plasma electrolytic treatrh

were carefully milled and mixed with dried KBr. The 750C°
samples were examined as KBr disks W
X-ray diffraction (XRD) analysis S8Y 2 gs)

The phase composition of the surface layers af b
ter PES treatment was performed using a Bruker Dt
Advance diffractometer with Mo & radiation § =
0.07107 nm). Phase identification was done usin(
JCPDS (Join Committee on Powder Diffraction Stand-
ards) database [7].

RESULTS AND DISCUSSION

The FTIR spectroscopic study of VT 6 alloy WWM

800’

surface layers can give an information about itslimo
fication after plasma electrolytic treatment. Fib.
shows the FTIR spectra of VT 6 alloy surface layers < *©
after the alloy treatment in a solution of amma®®) ¢ 50 1000 1200 2000 2500 3000 3500 4000
and ammonium chloride (10%) in a temperature rangt Wavenumber, cm’!
of 650-900 °C. Figi 1. FTIR spectra_of surface Iayerslof_titanium)g\_/T 6 a_fter
H H H plasma treatment in an aqueous solution contamgonia
aqueouzh;ei?r%?;fesllaés dmtao gl)?iggg(ljyr:l%ftrtizmsngﬁtpllg (5%) and ammonium chloride (10%) in a temperatarge of
. i . 650- 900 °C
surface with formation of oxide layer. As can berse puyc. 1. MK-®ypbe crexrpsi o6pasios Turanosoro crtasa BT 6
from Fig. 1, titanium dioxide with rutile structuie nocne snexrpomnTHO-IIA3MEHHOI 0GPAGOTKH B BOXHOM 3/EKTPO-
formed on the titanium surface after the treatragatl e, conepxauenm S%amvnaxa u 10%xs10pia avmonus, npu
the studied temperatures. The intensive peaks4t 65 remneparypax 650-900 €
643 cmt, the weak peaks about 560-tand the peaks
at 425-416 cm can be assigned to rutile [8]. The peak Thus, the FTIR. study sowed that _the plasma
at 466-462 cmare related to Ti-O-Ti stretching vibra-treatment of VES alloyém an aql_JeoushTol_Lénonlgg/nt led
tions [9,10]. The surface layer of the sample bezom!"Y ammonia (5%) and ammonium chioride (10%) le
enriched with rutile phase with increasing tempeeat to surfa;(_er;aygirﬁrrr;%?iglgztlno;;. sis allowed to ascertain
The relative intensity of the peaks assigned titerirt- y y

o - : crystal structure, phase identification of the fitamal-
creases with increasing temperature testifys atbout % VT 6 after its plasma electrolytic treatmenheT
p

Fig. 1 also demonstrates that the plasma eledioly D spectra of VT 6 sample before and after the

treatment led to appearence of the peaks testifyi : :
about enrichment of the alloy surface by nitrogée: sma electro'lyt|c' treatment at different tempenes
are presented in Fig. 2.

peaks at 1634-1622r can be assigned to asymmetri As can be seen from Fig. 2, the plasma electro-
bending of NH'; the peaks about 1539 trare rela Iytic treatment led to structural alterations of tloy

ted to N-H bending or symmetric bending of NH
i ) _ surface layer. In the XRD pattern of the sample be-
[11]. The peaks about 1428-1426 twan be also as fore the treatment (Fig. 2 a) the reflections assdy

signed to NH' bending vibrations [11]. At the treatment ~"_". L e
in a temperature range of 650-750 °C the peak3G-1 to Ti (‘magnesium’”, hexagonal system), TIO (*Pm-gon

1064cm* appear. According to literature data, the peal%ur']'gi’r’nfn?r?ogrl:g:cégggma asr)(lest)ek)ngzar?/ggijl?hgcolésma
can be assigned to vibrations of Ti-O-N [12]. ADSCT , N9 y ) : P

. . electrolytic treatment at increasing temperatuesise
the surface layer of VT 6 alloy consists of a autil 0 N
y y to oxidation of the alloy surface and formatiortitd-

nium oxides. Therefore, the reflections associwiil
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Fig. 2. XRD patterns of VT 6 alloy samples beforeaad after plasma treatment in aqueous soluti@eNHOH and 10% NECI at
different temperatures: (b) 650 °C; (c) 700 °C; (80 7C; (e) 800 °C; (f) 850 °C; (g) 900 °C
Puc. 2. PentreHorpamMmMsl 00pa3LoB TUTaHOBBIX ciuiaBoB BT 6 mociie a5eKTposIMTHO-11a3MEeHHOH 00paboTKH B BOIHOM JICKTPOJIHTE,
cozepskariem 5% ammuaka n 10%xopuia aMMOHUS, IPH pasindHbIX Temieparypax: (b) 650 °C; (c) 700 °C; (d) 750 °C; (e) 800 °C;
(f) 850 °C; (g) 900 °C
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titanium disappear, and the XRD patterns of VTtéraf 3.

the treatment at 800-900 °C demonstrate the reflest

of titanium oxides only (Fig. 2 e-g). Fig. 2 aldwos/s

that the surface layer of the sample becomes attichy,

with rutile phase with increasing temperature. Tac

is in agreement with the data obtained by FTIR spec
troscopy. It should be noted that XRD method dads n,

allow determination of nitrogen binding to the itam
alloy surface through non-covalent interactions.

CONCLUSION

The obtained results showed that the plasrﬁa

electrolytic treatment of titanium alloy VT6 in the

aqueous solution of ammonia and ammonium chloride
promotes modification of surface layer of the alloyr.
The surface layer of the sample becomes enrichigd wi

nitrogen compounds and titanium oxides. The inere
ing temperature of the plasma treatment resulteen

formation of a surface layer saturated with rytthase.
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