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High temperature oxidation behavior of ZrO, coated
Ti-6Al1-4V alloy by plasma spraying method
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Abstract

The purpose of this study is to investigate the high-temperature oxidation behavior of
Ti-6Al-4V alloys, which are mainly used in the cooling system of nuclear power plants, to
find a method for improving corrosion resistance. The oxidation behavior and thermal barrier
effects of the Ti-6Al-4V alloy produced by the high-temperature oxidation method and the
Ti-6Al-4V alloys coated with ZrO, and NWC(Ni-W-Co) by plasma spraying were compared

and analyzed. In addition, corrosion characteristics were investigated by polarization
experiments.
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Table 2.1 Ti alloy and powder used in atmosphere plasma spraying

Powder ZrO, (Wt%) Metal NWC(wt%) Metal NWC(wt%)
Yttrium Oxide 9.0 W 35 Al 6.24
Silicon Dioxide 1.0 Co 12.0 \Y 4.07
Titanium Dioxide 0.2 Cr 6.0 H 0.015
Aluminum Oxide 0.2 Si 1.5 (0] 0.18
Iron Oxide 0.2 Fe 1.5 others 1.0
Zirconium Oxide Balance B 1.0 Ti Bal.

Al 0.7
C 0.5
Ni Bal.

Table 2. 2 The processing condition of atmosphere plasma spraying

ARt Are2F Ho7gF SAAHZ 222 ZAsMEE
=8 =A A2 T
(KW) (Ipm (lom (mm) (g/min) (rpm)
ZrO, - NWC 500A - 65V 25(100psi)  10(50psi)  100mm 35 210 70C

Table 2. 3 The chemical composition of bonding coating powder (Ni(Co)CrAlY)

Metal Cr Al Co Y Ni

(Wt%) 17.5 55 2.5 0.5 Bal.
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Table 2. 4 The polarization test condition

Specimens Ti—6AI-4V Alloy ZrO, APS
pH 41 9.8
Temperature(C) 35
Solution concentration 3.5% NaCl 1N
N2 gas Incubation time(min) >30
Scan range(mV) 2000~-2000
Scan rate(mV/sec) 0.8
Reference Ag/AgCl
Electrode Counter Pt plate(700mmx=700mmx0.1mm)
Working Ti-6AI-4V Alloy ‘ ZrO, APS
N, Gas
Thermometer| |
oo B
Potentiostat =
I I |
Potential —
Scanner |

Fig. 2.1 The schematic diagram of the polarization test
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Fig. 3.1 The XRD analysis of ZrO, and NWC coating surface layers TBC
(a) ZrO, coating surface layers (b) NWC coating surface layers
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Fig. 3. 2 Surface layers and cross sectional microstructure of Ti-6Al-4V
alloys plate after NWC and ZrO, atmosphere plasma spray coating.
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Fig. 3. 3 The XRD analysis of ZrO, atmosphere plasma spray coating after
oxidized with 100, 150, 200 hours at 700, 800C
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Fig. 3. 4 Cross sectional microstructure of ZrO, atmosphere plasma spray
coating after oxidized for 100, 200 hours at 700 and 800, respectively.

Fig. 3. 5 Cross sectional microstructure of Ti-6A1-4V alloy after 100,
200 hours high temperature oxidation at 700, 800C, respectively.
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Fig. 3. 6 Weight change of ZrO, and NWC atmosphere plasma spray coated
Ti-6Al1-4V alloy. (a) Weight increase from initiated to 50 hours
oxidation, (b) Weight change from 50 hours to 200 hours oxidation
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Fig. 3. 7 Polarization curve of ZrO, atmosphere plasma spray coated
and uncoated Ti-6Al-4V alloys with pH concentration variation



2022F 98 EERMARIHXE F23%5 H1%E

v. 2 £
2 AT AE Ti-6A1-4V =9 ole] FadS 5 nEste] dxy wdie Wz
Aol AHEH A = Tig = WA8dYS =Rstaat okglar, aAkste] o) Atst&
S BAA 7 Ti-6A1-4V &3 Ze=ul A 9a) zr0, @ NWC(Ni-W-Co) €4

Ti-6A1-4V gwe] A3t As | &5 545

D 20~100mm H=9] 7r0,5 Ti-6Al-4V &

T MATE 2qA, EhEdd ANA 207t wg&]g}guﬂ

588 JEE NWC SAMA 2|3 Alguth & g UEhl ek
2) ﬁmw} A @A, 710, TiO, TiO 59 Atgh=o] gAHlom, &5 5 A7to]

mﬂﬁ}~ ﬁ7}o} ATH kst 50*17“7}%1 %*d@ e Ass BZAAR SA
7]

o et g AL A,
ol

N
~
g
JHU

700C, OOCOH’H Z+z}+ 100, 150, 200 /\] to 2 et

[1] W.F. Smith, “Smith structure and properties of engineering alloys®, 2nd ed.,
McGraw-Hill, New York, pp.417-464, 1990

[2] Albert E. Segall, Anatoli N. Papyrin, Joseph C. Conway, Jr. Daniel Shapiro, Journal
of Materials Engineering, p.52, September 1998

[3] Lech Pawlowki, The science and engineering of thermal spray coating, Wiley,
Newyork, pp.27-52, 1995

[4] P. Scardi, E. Galvanetto, A. Tomasi, L. Bertamini, Surface and Coatings
Technology, No. 68, pp.106-112, 1994

[5] T. A. Tayor, D. L. Appleby, Surface and Coatings Technology, No. 44, pp.470-480,
1990

[6] K. R. Trethewey, J. Chamberlain, Corrosion for Science and Engineering, 2nd ed.
Longman, London, England, pp.9-16, 1995

(7] #kfns: sk 6N @ @EMkto @it & SRR, Babitiip e, JubEkant,
i, p.13, 1982

[8] M. G. Fontana, Corrosion Engineering, 3rd ed., McGraw-Hill, New York, pp.505-507,
1987



