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ABSTRACT High-temperature titanium alloys intended for aero engine compressor applications
suffer from high—temperature oxidation and environmental corrosion, which prohibit their long—term
service at temperatures above 600 C. In an attempt to improve the oxidation resistance and corrosion
resistance, Ti-48%Al-12%Cr (0.2%Si, 0.1%Y, atomic fraction) protective coatings were plated on the
substrate of alloy Ti60 by arc ion plating (AIP) method. The corrosion behavior of the bare alloys and
the protective coatings in NagSO,4 and 75%NasSO4+ 25%K2S0O, (mass fraction) in air was investigated
by XRD, SEM and EDS. The results indicate that Ti60 alloy shows a poor corrosion resistance in the
hot corrosion process at 800 and 850 C due to corrosion product scales spalling. Ti-Al-Cr(Si, Y) coated
specimens, however exhibited good hot corrosion resistance at 800 and 850 ‘C in sulfate. Corrosion
in 75%NagS04+25%K5S04 is more severe than that in NagSOy4. Ti60 with Ti—Al-Cr-Si coating or
Ti—Al-Cr—Si—Y coating has better hot corrosion resistance than that with Ti—Al-Cr coating.
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A5 1314 4g5E Or feokiR®E Ti-Al 54
i fbrErg, HIE, Ti-AL-Cr &80 RREE 11
P L EA R W Ti-AL-Cr B 2RBFs BB
ST, (EXHAVE M RE R T ST A H A . AR SCRF A
T Ti60 &4 % Ti-Al-Cr(Si, Y) %JZEfE NagSO4 Hl
757%NagS04+25% K250, (Bt %, TH) Gk
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SRR Ti60 &4x, HA SO (A% A Ti-
5.8%A1-4.0%Sn-3.5%Zr-0.4%Mo-0.4%Nb-1.0%Ta —
0.4%8Si-0.06%C . iRFER ]~ 15 mmx10 mmx2 mm.
HAARE 2SI UGB RATEE X Wiwd (200 H 203 ES
AL, MRIE) Kb B S 7E PIER O R e, SR FEE PR MIP-8-
800 Y I 58 & LR BV Ti-48%Al-12%Cr(J5
FArEL TR B2, Ti-48%A1-12%Cr-0.2%Si %2 K
Ti-48%A1-12%Cr-0.2%Si-0.1%Y %&E. TR h:
HUFERRZ N 240 mm; AJREAE R 6x1073 Pa; FTA
Ar SJER par=Tx1072 Pa; BildER 20—40 V, i
Wl 5060 A. FIRSHEVER, fWIE —600 V, H25H
30%, HflE] 4 min; YIRLRZER, WEN —150 V, F=H
30%, WRIZEE LN 50—60 pm. YU E R T
800 ‘CEZEHALHE {RIR 4 h.
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AR ] B SR HE M A iR EA T B Il 556 #E 800 A
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25%K 2SO0y JE I A 3R, A3 (BB — 2 B [RDRF IR R B
i, R K R TR S BT PR SRS KSR R 5
BB B k], RO REGRSE SR, RPN
107° g, PATREAEL 3—5 A~ FIA HAE % D/max—
2500PC A X AL (XRD) #EATHILE 2B, FIHT
BEit ) H 4 Shimazu SSX-550 H4fiHi4% (SEM/EDS)
Xt JEE bR A R O R T T 5 L 1 e T
2 TLRERS5ITIE
2.1 RBEER

B 1 A2 800 CHZ MR 4 h 5 SEM %
EJESRFIEREIESR. FTLAEH, =ik 2R EMEETE
SURIAL, ¥ HECHLRE, R/ SRR BURL A3 A E TR )2 R TH
b BEALS S B S5RKES R, RIEPRASH%
.

2.2 [EihzhhE
B 2a & Ti60 &4 % Ti-Al-Cr(Si, Y) B EfE

800 CHY NaySO4 FHRYIZERIE BN J12E 4. 800 C
T, Ti60 AT e 20 h J5 BRI & A 8 ph =2 #1754,
B A AL R0 58 Ak A R AR, TR AL
Mk EId R TR BEE R LT, G SO EE R
FEFH, F3 40 h FEALF R IR, ML EAEE
#wFmpe. W Ti-Al-Cr(Si, Y) %28 s 34 hn te g
28, AR FHEAF, B 800 CF Ti-Al-Cr(Si, Y) ¥
BEREARR Y Ti60 ik, & EyummiEae.  EEih
200 h J5 Ti-Al-Cr & ZERF S5 Ti-Al-Cr-Si JLEAH[E,
2% 1.40 mg/em?, i Ti-Al-Cr-Si-Y & 2Ry 5 K
1.16 mg/cm?, it/hF Ti-Al-Cr #1 Ti-Al-Cr-Si i3 2.
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850 CHy NapSOy i Eh AR I3 14k, IEH
FILLEH, 850 CF, NI HI/INBI R 3, MK HE
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Cr 2. Ti60 FA i/ NEF B EarE 5 h FENEAE
FITEILE, 20 h J5 ] 75 R HG JT0H BB ASAE [F], 5308 kg
MBS R B2, Ti-ALCr(Si, Y) W FLAE
PPERE R AE, B haE i £ AR, Ti-Al-Cr-Si )2
Wz, Ti-Al-Cr BiRzZ. "W Si 'Y JTCRARMES
T Ti-Al-Cr RIZHPIRVERVERE. =FiR ZH0EAH R
ML RAE, X— S CRfERER) SEM #RH WS Fi5 i.
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Fig.2 Corrosion kinetics of Ti60 and Ti—Al-Cr—(Si, Y) coatings in Na2SO4 at 800 C (a) and 850 ‘C (b)
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Fig.3 Corrosion kinetics of Ti60 and Ti-Al-Cr—(Si, Y)
coatings in 75%NasS04+25%K2S04 and NagSO4 at
800 C
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EREMER XRD 3%
Fig.4 XRD patterns of Ti—Al-Cr (Si, Y) coatings after
100 h corrosion in NasSOy4 at 850 C

5 Ti Al Cr(Si, Y) %JE7E 800 CHy NapSO4 1 200 h i4b B i St £ mEH SEM %

Fig.5 SEM images of coating surfaces after 200 h corrosion in NasSO4 at 800 C for Ti-Al-Cr coating (a), Ti-Al-
Cr—Si coating (b), Ti—Al-Cr—Si—Y coating (c), and enlarged view of Fig.5¢ (d)
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£ 850 CHY NagSOy4 H 100 h iZEHVE MUS Ay R ETE 51
SEM 4. WIRLEH, 25t 100 h @ik, Ti60 &4
RAET A, A R Sk B R 2 S
WIS, BEISTE BT A=, B A ) AL B0k L
BN, TSI Bk D 2Kk (B 6a). BE
TR, =FR B A E R A S TiO, K
&, e L) AlpOs, BEFTE 850 CHUE it F e iy

FETEZH ALOs. =FiiRZ%ad 100 h s &
MR B, BARBMENBS, W =MiREE
850 C TFREARMIRIT Ti60 Hefdk, $i e HHUHEhrERE.
PR =R Z R sk v LU B, Ti-Al-Cr IRJZHE 1
728 TiOo BURLEA, UKL IR BE 0 HLFR, HAT NapSO4
JEE BB I AE =Rtk B 8 Ti-Al-Cr-Si RIEAYJE k™
Y1 TiOo BURLEL/DS, NI HAT Nao SOy JEEE 1t T Ti-
Al-Cr 3 JZ; M Ti-Al-Cr-Si-Y U209 i fih 9 i 0k:
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Fig.6 Surface SEM images of Ti60 (a), Ti-Al-Cr coating (b), Ti—-Al-Cr—Si coating (c) and Ti-Al-Cr-Si-Y coating
(d) after 100 h corrosion in Na2SO4 at 850 'C

lating plating

. Goating

B 7 Ti60 44K Ti-Al-Cr(Si, Y) IRJ21E 850 Tl NagSOy4 1 100 h SEh#E s B IESE SEM (&

Fig.7 Cross—section SEM images of Ti60 (a), Ti—-Al-Cr coating (b), Ti-Al-Cr—Si coating (c¢) and Ti-Al-Cr-Si-Y
coating (d) after 100 h corrosion in Na2SOy4 at 850 ‘C

B/, TR E AL R R B, I, HT NapSO4 # B 7R T Ti60 ZEAFRL R Ti-Al-Cr(Si, Y) %RIZ7E
it RE R . Ti-Al-Cr WEH RNt Si MY 52 850 Cfy NagSOy4 1 100 h /5 iy BB SEM 4.
AR T FEARIAE ot R R e = BB A RSE, i iR, Ti60 Hobp R Al T Y i i) TiOo,
Pk Y B BE, AT AR T U J2 ) DA Tk P . BB b7 0 B T E AN — 30, S ok A S o R el e A



1176

%45 %

B 8 Ti60 54K Ti-Al-Cr(Si, Y) RJZTE 800 CHJ 75%Na2504+25%K2504 H 100 h ZEE#UEMEHIEE LS SEM 4

Fig.8 Surfaces SEM images of Ti60 (a), Ti-Al-Cr coating (b), Ti-Al-Cr-Si coating (¢) and Ti-Al-Cr—Si-Y coating
(d) after 100 h corrosion in 75%Na2S04+25%K2S04 at 800 'C

HIVE LS. BAR Ti-Al-Cr W2 B =9 LR, (1
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i
3 g
3.1 GRERELIEM

ML E Y SE B 25 T LA Y, B 5 U R R A
T5%NagS0y + 25%KoSO0y TR Gk iy 5 i 2L b Ar 4f
NapSOy HfiEFl. XfEFH % NaoSO4 fyfiik 884 ¢,
TESZIG IR JE (800 A1 850 'C) T NagSO4 EFEZ:; Wik T
75%Nas S04+ 256%K2SO04 IR SRR S AR, 77 800 C
(g SR B R AR RIS, X5 s Ak A 19
WFo s R—a. FE, &SR ERGE 75%NagS04+
25%K 2S04 JR-A £k e B i L7248 NapSOy =i
3.2 SiFY TEX Ti-Al-Cr-Si-Y EEHE Mt

E: LA
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AL-Cr-Si %208 RIEAAM I, Jmt Si 91 A B 5,
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25%K2S0,4 FEdr, Ti-Al-Cr-Si & Z 0988 )5 8 5 /N1
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Fig.9 Cross—section SEM images of Ti60 (a), Ti-Al-Cr coating (b), Ti-~Al-Cr—Si coating (c¢) and Ti-Al-Cr-Si-Y
coating (d) after 100 h corrosion in 75%Na2S04+25%K2S04 at 800 ‘C

BRI S AT Y 632 00 % TR R A
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Al-Cr-Si B 2.

A XMEEITCE S X R R I ERE 1B, B AEAE
SR KA EIN, T E SRS Al g,
{23t Al O3 IR WA SCHBFE 25 A, 0.2%Si T
(R YA B AR HE ALbOs AR, &M Ti-Al-Cr—
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RIZTE 800 Ty NagSO4 JEMFFEidr, 200 h A 54T
PEmAE Y, WRRERE AlOs RIVEELE, Bt
AR AR Ti-ALCr(SL, Y) WRTERVE 2 7 B A
AR R SOF ™ il R AL WA R EF, Hik
Zry Cr KA
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0?7 + Al,03 = 2A105 (2)
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B T ARLAS, SR AR I BE PR SR i A
A FFEL, TR BT Ti-AL-Cr(Si, Y) 2 i
AL Os, WLMERERIEZHE2BR, AN
file, FFRFME S IAEIRZRE XIRA AL 535k, i fabiR
JZBGH, it —Em R E S, WERE Al &L
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(1) Ti60 H#7E 800 F1 850 CHiERELEF ¥ 5,
RAET R RAAE M RS A HE R,
TCUETE I B30 B PR AP P AL R, SR vl 9 188
i) Ti-Al-Cr(Si, Y) %JZ7E 800 1 850 C i R £ irh
A, TR AR Ti60 Hobt 652 i i 8.

(2) Ti60 &4k Ti-Al-Cr(Si, Y) ®EE 75%
NasSO4+25%K2S04 Hr fi ik L AE AT BRAR B ) 2.

(3) Ti-Al-Cr-Si fil Ti-Al-Cr-Si-Y ®Z1ERERE:
FIRREAEREL T Ti-Al-Cr %2, REET Y j£&
fEHERZERE AlOs MR, [REREAME Al2Os
AR T HAER R L P A A I, B TP IR B AORHI R
JEMZEE W SIAY JCRIEREA (LA Ok, A2
e, SOF 5 O LRl BeH AL Zm B
A, TIAREF s A4 T & S dbt, g T Ti-AL-Cr 3§12
R R AHTRE YL RE.
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