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Hot Corrosion Resistance of Aluminide and Platinum-Aluminide
Coatings of a Ni-base Superalloy IN-738 LC in Combustion Gas

Atmosphere

Mitsuo CHIGASAKI, K5 SOENO, Yutaka Fukul, and Kiyeshi OTAkA

Synopsis :

Pack cementation process has been applied for aluminide and platinum-aluminide coating on a nickel-
base superalloy IN-738L.C. Burner rig test using light oil containing 0.33%S was carried out for the

evaluation of hot corrosion resistance.

Aluminide coatings have two coating layers. The outer layer is high-Al NiAl and the inner layer
consists mainly of low-Al NiAl. Hot corrosion resistance of the aluminide coatings can be improved

by increasing the thickness of the outer layer.

In the burner rig tests at 850°C or below, the aluminide coatings whose outer layer thicknesses are
about 80y are more hot corrosion resistant than the platinum-aluminide coatings made by electroplating
of platinum of 7y thickness and aluminizing at 1120°C. This difference is attributed to the preferential
attack of the PtAl, dispersed in the outer layer of the platinum-aluminide coatings.

In the burner rig test at about 1000°C, the platinum-aluminide coatings are more hot corrosion
resistant than the aluminide coatings, because of dissolution of the undesirable PtAl, particles into the
matrix and the increased Pt concentration in the coating layer, both due to the rapid diffusion of atoms

at the high temperature.
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Table 1. Chemical composition of IN-738 LC (wt%)
[¢] Si Mn Ni Cr Mo Fe Co Ti Al w B Zr Nb+Ta
0.12 <0.01 0.01 Bal. 15.74 1.76 0.21 8.29 3.25 3.26 2.60 0.015 0.069 2.29
Table 2. Aluminide and platinum-aluminide coating processes.
No Pack composition Coating cycle Diffusion treatment
Al 5h, 750°C 4h, 1000°C
A2 25%Al b 750°G 4h, 1050°C
Aluminide coating A3 —1.5%NH,Cl ’ 2h, 1120°C
A4 ~73.5%A1,03 2h, 750°C 4h, 1150°C
Ad 1h, 750°C 24 h, 1150°C
N Pl 49%Al 2h, 1120°C —
taatinun-aluminide P2 ~0.5%NH,Cl 1h, 1120°C 4h, 1150°C
P3 —95.5%A1,03 0.5h, 1120°C 8h, 1150°C
* Electroplating of platinum of 7 g in thickness — aluminizing
PtAlL, BENCEEINAEHATH B, AR Exhaust
N * - — ~ Thermocouple,
T, O UDH IEEAEK X ) PtAl, a—F 4 v o rmocoup \? Synthetic sea
FBRCEBE IR PHAl 2 -5 4 v 712 DWTh, 730°C water |015%NaCl
Z Db b4 THRE L. v——t‘é'%
%l §n ) = :
2. % B K & sio} [ "
860°C
2.1 Al 550 Pt-Al O—=5 424 fe——1350mm ———=I )
Fuel Air Fuel
Table 1 iz —5 4 v 78 & UTHWA Ni 548 nozzle
Fig. 1. A schematic cross sectional view of hot
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IoT, a—F 4 vIIBELELYE(LER .

Pt-Al =25 4, v 272 7Tp © Pt o0%H1ic Al =
— 5 4 VIR L THERYN0, Pt HOoX%ED Al =2 —
5 4+ v 7% High Activity Al 2, 7 ET{TH5 & 22—
T4 v I7RBO ML BEENRL B9, o BED Al
2 — 5 4 v 2% Low Activity Al 2, 7R L7,
Pt-Al = —5 4 v 7 i 1120°C ki35 2y 7 R
RfHlds L0 1150°C e kit % IhB M » 2 e
1z, Al 22y 735, Pt O X EOFEMILATHRS & AT
DTHIETS.

22 HEFRRSER

BEEAED KR E VWhbhTuvb NaSO, & 25% o
NaCl Z¥uhn L7cialie X 2 8RR X Ogimi B
WCREE T AR AR E [Tok. BmEARTIX 13x10
x5mm o APRFKIERE I FElE % 10+£0.25 mg/cm?
DEETHEA L, 750, 850 ¥ LU° 980°C DkKkhT&
500 h jn# L.

Fig. 1 387 2 BRABREE O B Tch 5. 4
£ 20mm, N 8mm, JEX 5mm OBRERS 980
~1000°C, 840~860°C 35 X 0t 710~730°C o> 4 {5 $

corrosion burner rig.

Table 3. Contaminants in the light oil used (ppm).

S N Na v Mg Ca K Ash

<0.1 10

3300 43 0.3 <0.5 0.1 0.1

BMeEBE LT, 1v1 7404 8h 0REEEXLSDEL,
5 1000h * CRBR% {707, Table 3 13REE 7 <8
AR AWCCBHONMHVTRRTHS. S, NaD
EGHREXThZh 3300ppm F XU 0.3ppm THH,
Na,SO, o 720wk Na RZELL REE Ex bh
5. By A x—EVERBWTHEREAEOETIE Na
BoBEIMC X MEINSE EVbRhTWAID~W DT,

AR CILIREE 2 XD B NaCl R 0.16% o
A&MHEZE LT, NaCl Zkhc 3 LT # 590 ppm (Na
& LTI HUER) 230 ppm) ¥RiN L. BBEC 31T %
ZePRIIEHK 14 THBH. 7z 980~1000°C iR B FHIR
TS BREE ¥ AREIL K 2m/s THY, WbWY5
low-velocity atmospheric-pressure -~ — 7 — 1 719 jH

L35,
3. RERERBXIURH

3.1 Al 5470 Pt-Al O0—5F 4 Y BOHEE
Photo. 1 = Table 2 DUHEK X >THE Bhic Al =
-7 4 v7 Al~AS OWEMEM%Y, ¥ Fig. 2 (a)
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(a) AL, (b) A2, (c) A3, (d) A4 and (e) A5.
Photo. 1. Microstructures of the aluminide coatings. Coating processes are shown in Table 2.
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Fig. 2. Composition profiles of the aluminide and
platinum-aluminide coatings. (a) A3, (b) P2.
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(a) P1, (b) P2 and (c) P3.
Photo. 2. Microstructures of the platinum-aluminide coatings. Coating processes are shown in Table 2.

56T, IKEAEE MR L Al i L,
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LTWwb. —JF-y 20BN 2h 28, LB
BEN 1150°C 5w A4 2 —F5 4 v 7T, Photo
1 (d) D X5 HTEHM ST AIKAaE L AfE Lol
RO L7 B2, XMA H¥7c X pug Cr-rich %7
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DOXBRET A ik NIALl OEFBEORNBE I &
TeEmb, A5 a2—F 4 v 7Bk low-Al NiAl 3k
ETBHEEZ BRS.

Photo. 2 {3 Pt-Al =—5 ;4 v 7 PI1~P3 oWEH
BMThHDH., TS Pl a—5 4 vt B e Ao
M XBEDTD, o A3 2—F4 w27 FHL
¢, Ko high-Al NiAl (JE X% 95 ) @0 low
-Al NiAl (EX#) 35 p) &L OBFERH BRI g
Th, z2-—54 vI7BO KEWITEBED PtAl, 245
HT5. P2 KRIOCP a—5,v 737, 0 Pt o
D& & Al 2y 7 IRBICINBUE AT T,
v 7 BEREHC 2T 5 PtAl, 2 3iFser B X
D ThHAH. XMA Bz I P2 a—5 4 v 7

‘:!‘—‘7‘,"

L P3a—5,; vkt Pt Al Ni /g & ORI
FF% 1L, Fig. 2 (b) D X5z Pt 3= b HEH
RS A LT3R D, XEREHT Hik NiAl oEIHFRO
L I .

NiAl #%Frho Pt (CEIBELTCL, 2—F4 V7K
SNBASEC T 5 Ni o XMA BgE2 Pt T
ToEATCHL L, Fio Pt-Al REHExy, Ni-Pt
i3 645°C Ll ECeRERGEETBRT 510 2 itk
B, Pt 3FE L LT Ni fiERL5DLELBRS. Ik
P2, P3 =2—5, vZ7rBF%H Al © XMA g I/1,
i1, A3 2—5 4 v 7 i %13 % high-Al NiAl ©o
fi6 0.11~0.12 & Hllt LT e D EE L, Fadiias 0.07~
0.08 L7c%. Ni-Al & x (Ni, Pt)-Al & ¢t Al @
XMA SEEEMENILT L —H L &FEx bR,
a—5 4 VZ7BRECETS Al © XMA HEOESHE
BETBETALERDSLOD, P2, P3 2—-F 4 v
2t A5 2—5 4 v 27 LA low-Al NiAl (k&
L, :EEEE TR Ni fLEO—% Pt TEEL
RS EEZ DR,

3.2 BRBEZGHBREIOBIESTZRARASAER

Fig. 3 & Na,S0,-25%NaCl ¥Rk % BB
Bk 28E2—7 4 VI/MOBREBEL Z LD,
BREERMN S, RBRES EFT5 W75
B THD. —D5H Al 2 —5 4 v 7R-DOWTIL, Fb
o high-Al NiAl B AI~A3 =2—5 4 v 7
DBEEN, A4, A5 2—5 4 v 7HIciB LT his
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Fig. 3. Salt coating test results of the aluminide
and platinum-aluminide coatings. Specimens were
coated with the molten Na,SO,-25%NaCl salt of
10 mg/cm? and heated for 500 h in the air.
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Fig. 4. Burner rig test results of the aluminide
coatings. The fuel used was light oil containing

3300 ppm S. 590 ppm NaCl was added as salt
water.

hhigws., —F Pt-Al 2 —F5 4 v7ronwTix, Pl
a—7 4 VZ7ORMBCHET S PtAlL, 2EBEN < E
BAINDTDNTE L 850°C PFTC Pl 2—5 4 v
THOBREN 2% B Lo U IKBLER XoT

PtAl, %= —7 4 v /7/BACEBE I P2 X0 P3.

2= 4 VM TREREER LTV 5.
Fig. 4 BBy ABRRBICRITSE Al 2—5 4 v
FORAERETHD. BARBR LR, 90°C THA

—
(a) A3 720°C, (b) A3 850°C, (c) A4720°C and (d) A 4850°C

Photo. 3. Cross sections of aluminide coatings
after the burner rig test for 1000 h.

Table 4. Phases identified by X-ray diffraction
studies on the surface of the aluminide and
platinum-aluminide coatings after the burner rig
test. Test time : 1 000 h.

720°C 850°C

A] NiAl, Cr, a—A1203
A3 NiAl, a-Al;O03

NiAl, a-Al;O3

A4 NiAl, Ni, NiOb, (a-Al;O3) NiAl, a-Al;O3

A5 Ni, NiAl, NiO, a-Al;O3 Ni, NiAl, a-Al;O;

P1 Pt, NiO Pt, PtAls, a-AlLO3

P3 NiAl, Ni, a-Al,O3 NiAl, Ni, a-Al;O3

ENEmMT 5 EATH B, ABRKEA 500h I X
1000h D\WTFhoBEcd, RIXHVINED EW Al
A3 2—5 4 vI/IMOBEEN, A4, Ad 2—5,; v
IR B LT A7\, Photo. 3 iz 720°C % X Ut 850
°C, 1000h REa%%D A3, A4 2—5 ;4 v Z7OWEHA
BOFER L. A3 a—F 4 v 7 Cit 720°0C OB4
C—HEAEOCRKELIRDLIREN, 2—F 4 VB
BEeEThsD. —F A4 a—F 4 vI7/Tika—-T41 v
FBEEHOMMAM L, MAEBE L 2 —T 4 v/
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2 —F 4 vI2TESERIN L5 %9 NiAl ORFRAS
BEAERD R VWOBEREIRS.

Table 4 3B RERE DR L B T L, RHEK
M LBEEy BE L TXBET % 7o /8RTH
7. 850°C %5 X0F 990°C RExigofFH IN-738LC T
12 NiO, NiCr,0, = €1, NigS, /¢ &2k S hic.
—FH Al BIV A3 2—F 4 v/ HTRa—-FT 41 v
B4R 5 NiAl, Cr Ol ffHEK a-ALO; 2 FE
b, A4, Ad 2—F 4 v 7Bk NiO, Ni /g
CLFABcEBINh, ZOHEMDE A4 A 2—F
v 7BOHEHEALTWDEZ ERHBI S,

PREE 7 A B R R CIIRBE A0 E s LTI h D
ok, MBAHOBY A 2 VEZTHZ LI EDKT,
# LR S\ CEB A X h 5 AT RER & B
MRS, Ui LR Ul A BRRR & BhAR
wRFD Al 2—5 4 v/BOBREFHDE, Tiobb
s 7 A B AR T 990°C AR N3 5 A
ThDHo L, FRRBEOa—T 4 v BRI E\T
NiAl ORI RERNMNTEAE RBDBbIiI W & E DR
Fi3, F & LTUTrBRS X 5 ey AR
K} % B EE OB O HBA A AR TR Bl
WOHERENLT L —H LW trXbEEL DR
5.
PR A IR ASERE, &< 720°C s LU 850°C &
Bath D REIEMICII L BOMNKRABEHED bhic.
XgRTe X huE ch b0 5 bo EHrEL 13
Na,SO; ie—# L7z, ¥ T b adne T S ho
Cl FEaidichids 0.1% BETh o, TiobbA#
ki A EWE Na,SO, % kL LCkb, K. L
Lutara LOIEREYD X 5, NaCl oGHEIL K
BrAHADNS.

FEED HERBA O R A TR HERE O &E 2 Aa
REVIHBRT WARW -, FREMRE N 990°C DFFic
IXAEDE 884°C o Na,SO, & Xk &3 B EWAITITE
EIEEET B DR OET L E . —HRBREE
850°C L FOBAK D\WTik, HEHPC &BIhD
NaCl R ETH O E LThH Na,SO, L ofFiz X b
BHPFEELEDZ L, FTIREEN APRD SO; &R
IN-738LC B2\ ML 2—F 4 v 7 @D Ni, Co kD
TEORIGI XD

SO;+ NIiO—NiSO, «rrereerreererrerrneieeennnn. (1)

&q+u%mgﬁwukqu ------------ (2)
NiSO,, CoSO, MNAERTHH LDV, ThboILfF
XD XOREHEIEMULEAN®DE L EOBEEND

300 1000h o
200 A3(0)

100

Corrosion Loss (mg/cm?)
(@]
- V\
I |

P3(s)

¥

L P1 (o)

(3]

A3 ()
P3)  \,

A

(0] MR =" ol
700 800 900 000

Test Temperature (°C)
Fig. 5. Burner rig test results of the P 1, P 3 and
A 3 coatings. The fuel used was light oil contain-

ing 3300ppm S. 590 ppm NaCl was added as
salt water.

25
Photo. 4. Cross sections of the P 1 coatings after

the burner rig test for 1000 h at (a) 720° and
(b) 850°C.

N2,S0, @ EisLL Fieks\wT?% Fig. 4, Photo. 312 »
IORBEENET LICEEZDRS.

Fig. 5 1 Pt-Al =2—5 ;s v 7% P1, P3 OEAW
BCh%. JMNED high-Al NiAl »i) 80 p L\ Al
a2—5 4 v/ A3 OFRLARCTA L. RBREE
2% 850°C LA T4, BRBERMRABREFRER =2—-7
4 v 7BERS PtAL R8T s Pl 2—-5 4 v7
HORARESR, ASa2—F 4 v/ HMBHWIEPI =2—F
4 VI HBE LTS 5.

Photo. 4 ¥ 720°C % X ¢ 850°C, 1000h B D
Pl 2—5 4 vZ7OWEEKETHS. Pl =2—-F 41 v/
i3 PtAl, 23\ 8kT 3 2 —5 4 v /7 BEER KEED

F2 NaCl 248 LW NapS0,-NiSO, #HEME% HAWVWT Al 2~7 4
L OBRERBR TN E L 5, NiAl ORAB AL NaSO4-NaCl
BREEOBS I HEL THRWEATH 2. $/2b5 NiAl ok
REar Cl Rk >TRESh TV 3ABEXD 5.
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(a) A3, (b) P1
Photo. 5. Cross sections of alminide and platinum-
aluminide coatings after the burner rig test for 500
h at 990°C.

RANED LR, BRBREOS\ 720°C Tk BE
Ths. BAEFBREOXFEYHERE % L7 Table 4
T XAux, 720°C 3 Xox 850°C ¢ 1000h RERIED
Pl 2—5; v7#Cik a-ALO,, NiO L L 31z Pt ©
HWCEHFEABE IR S, F7 720°C, 1000h HEx%
D Pl a2—5,; v/7RBlHO XMA SHic X, %
WO E AR D 5 BAMUD K e OB 5 84 Tit
Pt B2, NAOREH T Al OREMENEED S
o, BTE® HouE Table 4 o XEETHEE AR &
LERAKO Al IxF L LT ALO; L LTHEETALE
zZbhb. FihobbXEREH chRE X iz Ptix, PtAl,
b Al 28 ALO; Lo T HERER L DT
By, BEFABEABRO Haed PAL OBLEHE
RVETLZ ERAHRS.

IRBE T AT SOy/80, OFEIZER LTk 5T,
HAFRD SO B FHEEICILE LTheh Db
HR T3, Pt it 280,+ 0,280, DKkt 5
i X LCTER LY, Fhic & dWEiE(l), (2)o
RIGe X % NiSO,, CoSO, DR ZRMET B bz,
Pl 22— v72EBEET—A Pt BERT2 L, £
HEYHFORMEBERMIEDOEI AN A3, P3 a—5 , v 7k
RECHELTHEML, Pl a—5 4 vI7HOBEN X
DREIhDZ LHEZ bhbo,

AERES 990°C 1tz b & A3 =2 —F 4 v 7¥iclE
BLC, Pl a—F4 v oitalExBIF: it 3
(Fig. 5). Photo. 5 i 990°C, 500h :EBD Al ¥

IO Pl a—5 4 v7o WEHRE 2R Le. ARbc
Al DIBEPEIT LicE R bR, 2—-7 4 Y/ BEREIIX
160~175 p FiifgweL, &< Pl 2 —5 4 v 27T
ZEEO PtAL XEEES LTHITPEE Ihit.
7ok XMA 2¥7ic X hif, Photo. 5 @ 500h RERG D
2—5 4 VBT 5 Al © XMA #iE /I, i1 A
8, Pl a—5 4 vr7rd i izhniis 0.07~0.08 L55
<, WFhoz—5 4 v 7B low-Al NiAl #Efk &
THEEZLRD, 31 it~ X 5, Pt NiAl
D Ni 70— % b E Lbhb ps, Fig. 4 0
low-Al NiAl % =k £ 5 5% AD a—F5 4, v 7 # &
Fig. 5 ® low-Al NiAl thic Pt BEHE L7z P3 =2 —
T4 VIMEDHE HBLE bR LS, Pt OREE
Z X b low-Al NiAl Off&HIIHEI N, A3 2 —F
4 ¥V 7 HHY 500~1000h ORErPw GFCERIND
DL, Pl 2—F 4 v7HoBEARIL 1000h RKE
BIZHH) Smg/cm? kAo,

P3 a—7,4 v7i3dbh LDIEEAERTT>T Pt-
Al, 2 —7 4 v I/7BARBESECEBE IR0 T
H5. BERCEAINS PtAl, L L\ iodig,
850°C LIF ikt Pl = —F 4 v obhic HEE L TEAS
Ao, 7o LERBRTREE NS 990°C =i b &,  HLE#kdL
Bairhit\ Pl a—F5 4 v2Z7 e\ Td, kL
X5 eRBRF PtAl, o2 —5 4 v 7B ~ OFEEH
EFTFT D0, Pl a—5 4 vokMtic gL T8y 2
MPBEEEIAEL, LicpioTa—5 4 v7Bho Al B
DT P3 a—F5 4 v OFRHEREN Sy, B
REDILE 5.

4. &

HEEEAIND Ry 78HAGT, Ni #8454 IN-
738LC 1o, 4 DE&MET Al 33X Pr-Al 2 —5 ;4 v
%ML, S 3300ppm F¥cEEiHE F\V 7o BREES A
JEEREBR D 5\ 13 Na,SO,-NaCl ¥aits % H\ - &3t
B X oTE OB FHE L. 7tisREEy A AR
B, BREMLWE T % dic NaCl 2 8khc
XELTH 590 ppm ¥EAN L7z, EAFEEYELT B LB
TorkhThs.

(1) #BEEx AFEAR, BHAROVTFRICE LT
b, Al =2 =75 4 v 7 ORfAEMEISINED high-Al Ni-
Al BEXKELTK D, AEEORFL Al 2—5
4 VI B HIDTIISBIFE IR R OLERD .

(2) 720~850°C DREEHN ABARGE TIX, IE*
#180p X E L Al a—5 4 v 278, 7 © Pt
DXL 1120°0C td Al 2, 7B X 2T B LR

o

— 134 —



Al 35X Pt-Al 2 —5 4 v 7/ L Ni #4444 IN-738LC Dfifbe 7 A G&#H 1021

7o Pt-Al o —5 4 v 7Hi b UTREESERL T
5. “hit Pt-Al = —5 4 v 7/ B BERC ST 5
PtAl, 23 Al % &L L e D TEBENCERIND DT
B0, EABEKE IoThHL U PtAlL, # 2 —F 4
v /7 BRCER I THTEBARMERT 5.

(3) ZhicxLE 1000°C oRBEHD ~ BRARKR T
1T, (Yl Al 2 -5 4 v I7HMic g LT Pt-Al
a—F 4 vIHO WEEN BIFLS. ZhiX 850°C
UTFcBeENcERIhD PtAl, 23, RBRAic = —
T4 v /BRI BEREEL, Lard PtoERI LY
low-Al NiAl %Xkt 3% 2 —5 4 v 7 BOM AL
HEINDLLDTHS.

(4) ER2)o#RBBARABRICSWTHHEUTH
5. Lo LBMAR CIERELVEREKE O LR Sh
THATHD XL, BEEH ARARE Tz 1000°C
THRAEENE LS L. THIIRES ABRARK
BB MAEWS NaSO, Zhfh: LTk, BiRE
THORBMEOHM LT LI —H L2 kXD
LEZbhb.
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