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Hot—salt corrosion tests of superalloys in burner
rig of the VAMAS initiative.

By
Yoshiyuki MUNAKATA and Tetsuya SENDA

Abstract

The assessment of the hot—salt corrosion resistance of superalloys for
gas turbine components is one of the topics of VAMAS Projects.

A programme aimed at the standardization of burner rig testing has
been initiated under the sponsorship of the Versailles Project on Advanced
Materials and Standards(VAMAS). VAMAS was established at the June
1982 Versailles Economic Summit meeting by agreement at ministerial
level.

In gas turbines operating in a marine environment, either in aircraft
and ships or for power generation in off—shore installations, severe
corrosion problems result from the ingestion of salt in combination with
sulpher present in the fuel. The choice of a suitable test method for the
evaluation of the hot salt corrosion resistance of individual alloys has been
a matter of some debate, but there is now a substantial amount of
information available in Europe and the United States relating the results
from various test techniques to performance in service. This project will
assess and compile this information and prepare recommendations for an
optimum technique which will serve as basis for internationally acceptable
test procedure.

This report is concerned with the results of the burner rig tests at Ship
Research Institute which were performed by a part of the round robin
tests for hot—salt corrosion in the VAMAS project and supported by
Science and Technology Agency.
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Saltwater(ASTM D-1141)

0-076 mL/min

—<— Fuel (S: 1%wt.
—<— Atomizing air

L

Primary air
> ——
200¢%
500
‘. - _____X—.
Dilute air 500
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M—2 BEESREERORBRA R

VEBTEIN TS,

KA £F120mmO) > HLEEH X 55
F1 R DA0mmDIED Ty L FTZNZENA0mmOF 51
I vy e AV IERBELZEORICHY, ET
WIZES1I0mmD X T vV VABDETHE LA 6N TIN5,

REBA ZAROMmO K IC127, 128mmfEfET 3
EREDFHTFENAEDICR-TEY. B TRIZAE
T 5B A HEOBRIEFETR (RFI1, II) LER
(D) 2bksT5b, I ERICRRF (S
BEDBRFIN—ZE2RVITONTITIZHE,
BRENEENBROBEZZN TN EDRIZZITS
PIEZONTHARBE=DDLDTH 5,

AEAIZEZI0mm, £X120mmd) X7~ L X8l

SUS304& 7 v 3 FEBAW=, RBAFIK, THExX—
3IZRT, ZNIRBOKRKRRTCORBN LR U~HET
H%o
5.2 RBAE
HERGHE LTBRESTZAICEZ DN THBEHDIIR
DIZTHb5,
(1) BEHEEEE: 1% (FTAFHF—=F )«
N7 7—805/803 : 200—300vol.ppm)
(2) HxehF b)Y LRE BB B ERERT LR
¥riE C4mg /cm?/h
(3) REMRRE : 700°C, 900C GRBRHEHEE)
AR 2ENRBEST Z ORIz e ETRORESD
DONFAOBRBEN S B0, RBRA TR OEEY)

(71)



24

— ¢10.0+0.12

+0.0
G 6.0_, 4
0.8S :
'y +0.0
O
—=0.3
116£0.5
120%0.5
COATING AREA
COATING
OPTIONAL
K—3 MBRAHR, &

HEOEIC L > CT—EDOH XBECK LT RBHAEE
BERENENRRDIITTHD, - THEBCNZ
BZNENOMEHZ DV T H ZIBE & MEHEE OBIR
PRES NS TS0 I 2 TRtk oS
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5.3 HBRER
5.3.1 WRIEH RAREE
FHABROBIETIE LA /W AEE BN BT
B 7D ITRRHIERA AR DHERE D IR S IEE < s L7 7=
DHDARRERT DIREEH X DIREE L 1L H 2 R0
BigoTnd, TbbARBCIIMBESY 1 £%
BT U OHRRE, BB Ly DEREE NS
DEHEI+TEBRHELBEN DD E 50 5T
RBOBE X VBB RV 2. FNickE- Tk
BERVA JVIBDINE L 155 T,

%1

FER WHEER
@ 900C 98 1.8 0
@ 700C 53 1.8 0
® 700C 62 1.8 52
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RO ST REEEZ 20 RBRA %I
DT IRVREE T OIMBE IR N OIRE & Ik k58—
REATI T, BB IR 175 _ LR 900mmiz 351
B ZRE #T00°C £ 7212900°C Iz EH T LT D&+
T olce WARE—EEZE— 1IZFT,

9, 900CHOHTAEMIIRE T B L kKD
EAXVELS BORELTRL B LS R ED,
DNWTI0CHH ZEMiZ. HX¥—¥ otk
WCEBE R DS COEBIREE R D 5184, TEa/35
A=FERNBENIFELRHBDT, ZnicESH
TE—-10ODREEEHI=, 2

Thbb, —EDENETp1/pe THRIFIN., E
EENIHREE 1 ,co DEIZH U CEBHEREER,
FoddBHOND, ZOLEHNXDERBRE®G., B
ExT, kB0 E k. FXEHER. < v \IEME 4
5& Gy Ti/py=const. &Y M; =c,/JkKgRT;

WEBETT Z KRG (T-ER)
FWESR BEL:(g/s) Re.No (RERAHERE) MBI

{0

2.7 1.66x10* 37
1.4 1.02 38
2.2 2.14 53
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900CHT— DL VODEZHE L.

5.3.2 HABROESLHEES

BB M HMER EREE T b 7 A4
mg/cm?/hitE X s LD IcRAEK (ASTM
D1141—75) %0.076ml/min D EI& TREMESF O
CHEABRERER Y A& - THHEE L,

F U AGRERHEERE L HIE LTl i
WELH AR OEILAETHEHEONTEY, &
Z27=F U ADS BENEESRBRAICELTNS
PEBEIZ B EZBTHDB, Lo Laddbl Z Tk
SEEDOHRAFERERE > TWhWihWZ &&, £, flz
HATEX-E LTHINETONL DDz & B &
MRV OBENHY ., BREDZ L EELRIIFIC
LWEZBNTWADTHRAEL TR,

ZZTOF kY AEdmg/em? /hidREE S AT
0.lwt.ppm &EKIZHYST S5, BEEIOm/s. EL6m
TONaEEE30.002mg/m? ® &1\ D F— & 235 B 0%
ZOEFERBEDL/S0TH S, —H. ARHEKI0O—
15ppm ¥ 13100— 1505 TH 525 EBIZIEFI X ¥
ZEnESIBRESN., HEICA - T 2ES AT
130.002ppmEA FIZHIR E N A L Wb TNW5DT,
W LT EX BNETF MU 7 ADBER» D
B,

—%, EEH—ROBEE LTESZEATHSZ
%L, SEFERA LA EwmdFoS b T7AEES
Bl 3EICh > TAR LIz bORZNEN S, 2.5
PP TH 570 ZNEDEDBEEN ZFORE %KD
% &700,900C 0 F XBEDEEBREMEBRNZNT
Nn2.2,2.7¢/sTH306H0ZEF YT LEHFELS
PPMDRBEANBEF X b« w72 a VIZERES S
OHRTEFNENS.2,4.9mg/cm?/hDF + U7 L55E
BEAHZEIERY, BERKEIrSGOESEFREICH
RTIEBEPICEHNEL HEZ DN zdmg/cm 2 /hH kR
LClARLDERZZ V. L Ly ZDEIZELT
FEBn LS IZBEZ T N Y T ARG DA THRE ST
LamE LT EDE S ILb OO KE REEEE-T
WBEDTH DB DT AR CORBES XD
F Y ABERROREBROGE LV BAREAD
DIRBES ZRED BN T=6bH92/MEDIRE & 15 - T B,

Ay

BRHIMIL—F—16884—G (HhE : 0.8—0.86kg/L,

15°C. Bh¥GE : 1.7—4.1¢St,40°C, Jk% @ 0.01%max.
Bi# 1 ¥max, K3 :0.06%) ZANHIENEEL
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WEENTNWAYL, RE TR AFRAEDI:-
TIIARBHERZIZIFF CAEWMEZFER L, RESFE
DI-HEEIZ X VDTBS (Ditertiary Butyl Disulfide)
ZHEMU, RED F—F NV e Y NV7 7 —%1EBT

WA X THER S ZRANBIZE > CARLEZ S
700°CC210ppm, 900°C T290ppmAs ZNZNME HIizo
5.3.3 RERHARRSTDEEARE BESE
CDTFRBRABROMAIMEEY ERELD 1L I, IITE
T, Z2CI, MREWCFTTHY, I, IZER
LTWb, M—4., 5ERAZMD AT RKWRET,
I ORLE TEHA L 7= TS WIE D ERIIR - RE ST
LREGAETRT, M— 61k 1 IZRBRA ZEI ),
1 CERBERIIHANMOAET b F/3— X L72900C
BT BMEDHFTH 5,
5.3.4 RBRAREEALHBLRESR

I CRKADEREMN EETT & BIE L TT700C
DBEATONTORAERT,

2RO FNENOERBIR— TITRT LD
A 530° F@rz - 72 EF10mmd & Z A & —60°
7z -7 FHommNDEZHDEE 3 »FlzE F—%&
EBEXEFNTNEDAL, RRA 290° SoEER

900 —

_—

STgC

700

\

600

40¢
K—4 A BT B IR E 5 AR
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XERNHEREO® »5H180° £ T30° M THE
CEERBELR. BI—7., SERETRT, MFo
T FLE S mmfEz > - ADEEER-L DT,
10mm A OMEIFERAE L Thizh,

KBAOBRVMFIMBEERDGUHEEXCENE
BEZHETHEE, MERARRAIZNENIARL
PEEEINTHRZNWDT, BB COREEENIOR
B TRTTRE CH B, ZDI-DE T EBREOBRHE
EENENANBZ 57-DICBEEEL, 20BN
ZIREFELIHEIS A ENTERRNWDT, Z
HIRELENOREIHEICELICHIET A RS
2o 7272 REOEEIREIIE 3 CLHEMNAZI -
7208 EHCKEREBHIZEALRON o7,
5.3.5 HEUMEMERR

SUSS04ZREEH 1 RZ I, 24K%1, I, 3AK%1,
I, MiZZFNZHEY A, 700°CC2005/ (5 Ky
X 4 [|]) BEL. BAERZLBEORRE L 65X,
E—-2 LHBEREERT.

TN I FIZ oW T2/ (TR X 3 [E) DIREE
RKBEITV, BREO. ImgDILERFE AW CEEFA
T o700 RN EERIEEEAKBLTT -0
BNLDLHDH. ZTNERBZIBVIROMAITE. BV
FHTRIBIZ X B2 EEL . 3SARBRD AT
Rz EBnDh T TDOZ ERBORRBROER,
HLHIEWEX NI,

%ﬁ@%ﬂﬁkubn6H%%%mwAf%ﬁb
=& = AMg,Na,Al,Cl,SA3E88 i, XEBoHiC
;6&A%®$ﬁ%ﬁ%ﬁat#%mgﬁéa<ﬂﬁ

T& b o7,

5.3.6 EEX&RBIEMNBZERUVHRRBEOBR

ZZTCHWEBETEIFERFIEEINTED, &
BRAEEMAELONERES AT kS E AL
THRIFZLRIC B EELXLBND, ZZTEELDOH

x—2 FRUEMNEER.
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BEDMHOCHITANERESE LT HLFAALLE
iz > TONBERIL AT 6d0 &b, —F, [
53 (Carousel ) CikM#EL 1 BETIIZARA b
FNOFT1IEE LT, RBHERE O L 56
ERDETE, H—IIHEL, TOR (FBEEX)
A(/27) 5 ado (=i, ZOBAREER
RABOFE LIZER SN-RBRA ORITAKIL A&
BIZEBMACH 2 0\ ERICZEER OBEC & 5N
BORECEE LRICHET 5RBRA ORROPE
R BOTH—EXITE b, L Lot bR
EENIRIHEEAECORERS % 608 THEor
RO RDANSWEZRPETTHS. ZOZLiFED
RBRIC & - THHESD BTz,

6. BEIEERE

2RV THREEEILDH EOWT 4 BEOBREAM
ZOWTIRERRZTV., REBREBRAEY-ORREEER Y
DOSHEREOR R, BEORELBHE L,
RIZEH L= TFHRAROBEREHE L X, AFBRTI
HZAREESRPRIRY | H AFRHE H ZAFOFREDH
INEL o TWB, ZHIFFRABRTERL-ESIZ
BREHEI AR DOMERERRE 0 ERRIZEWE Z A C:EERT 5
EEMNMEEC7« VY DEZEVEZELLEER
BRET —EICRFHEROEBNL S - ttwfbéo

6.1 REBAE

6.1.1 RERRM :
HZREE LTEDBNTNWEEHFILS. 2ITRT

(1),(2),B)ThHoH. ZDErRBREFL LT,

(4) FRBARFRS : 100—500/FfE (S00MFEIHESE)
BYREBRY A 7 ) 2 S BFRE X 10041 7 Vv & UZOB#F'ﬁX
254 A 7 VETHRENT N B,
FEOBEINI=EFHICEDNTEFITEIUTOD
ST TRBRELT - 720

BHEE (FEAR)

HE AT 1 2 ' 3
B H I E ‘ I I I [ | il
304 TR TEE & (nm) 0.006 | 0.006 | 0.006 | 0.006 | 0.006 | 0.008
2F VLA | AR EES (mm) | 0.026 | 0.015 | 0.020 | 0.026 | 0.034 | 0.013
7IEF | BRI (ng) fTALLE | +8.2 | +7.3 | +8.2 | +9.0 —
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(1
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EFER
@ 900°C 54 2.1 13
1.8 27

@ 700C 43

BEESMmO TN IF « AV NTEONENE
A0mm DI PN ERIOmm, £ X120mm ) RE
R %128mm, 12TmmfEfE T, HNIZEZ LT3 &
Eijt

PR JS—K2205—1980& M 1 fE 1 &, AE AR
X (BBFny = )

=%« $ 7 7 —36.88%DDTBS (Philips66
ColZ X DRI HREY 1 %I 5%
A% A (ASTM D1141—75) #0.076ml/min

BRIE 7T X KR8

EHER FRER B (g/s) Re.No. (REBHER) Mt
2.1
1.5

1.14x 10+
1.32

33
48

DR R &Y THRRIE Uiz, PRBERRNEE, Fi
DT Iy 7 ZATEDN TN 02K, Bkt
GEASTERICHET DDA 1 A E Lz,

Z DOENIRBRIFRIPI & Uz & 72 RBR A 130kt
BrRRI200 068 U MBS I RICED A LT,

(8) THHEMRREECERNENEE 3 Har o

FEERY L,

ZDEDILTBLNETAREEZE—3IZRT,

(32ml/Thrs Y AEHESFRIZEA, =2 LER x—4 FHEBRAERS
R 3 I T96ml/Thrs. & L=,

1 B ORERRF R 7 BRI C 1518 VB LT A3 IN738  René 80 IN738  René 80
105k MR EE ' c 0.15 0.18 Fe  0.39 0.04
FRREREBRA (ITORIE) Eﬁ?ﬂ&ﬁ'@ﬁi@?ﬁfﬁt f,;n (%g g:}g ’r\‘f: 8:3‘5 3.96
BHES N ABEEXEINICRE L, DERBRRT A 3.46 3.05 S 0.0076  0.0020

i 3.42 5.00 Ta 1.66 -
i ZIRE DA = HIES B, B 0.0073 g.g;s \ZN %.gg g.gg
. - .40 . X X
PEEREEGRRA A MO FIIRECEBIEE & See 1350 |4 0% O
/e T2 THRE KBNS TRIIEDEREID ’
B EDITER, BREEHB LT X, R
x5 RBAEMEE
IN738 Master ingot 1121°CX 2h Ar gas fan cool
843°C X 24h Air cool
René 80 Master ingot 1205°C X 2h Ar gas fan cool
1093°C X 4h Ar gas fan cool
1052°CX 4h Ar gas fan cool

IN738 + Pt aluminide
RT22 (coating thickness: 0.013-0.023 mm)
Master ingot
After coating

René 80 + Co21Cr10AI0.3Y EB PVD )
ATD2B (coating thickness: 0.103-0.127 mm)
: Master ingot

After coating

and 650°C X 10 min

843°Cx 16h Ar gas fan cool
As cast
1121°CX 2h Ar gas fan cool
843°Cx 24 h Air cool
1205°CX 2h Ar gas fan cool
1093°CX 4h Ar gas fan cool
1052°CX 4h Ar gas fan cool

and 650°C X 10 min

843°C X 16h

Ar gas fan cool




