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Abstract

High rate anodic dissolution behavior of four nickel-base superalloys in both
solution and age treated conditions has been studied in 3 mol/dm?® NaNQO, and 2 mol/
dm?® NaCl solutions at 30°C. The quantitative separation and characterization of
precipitates from alloys were performed using electrolytic extraction and X-ray
diffraction techniques. Dissolution current efficiency was determined from mass-loss
measurements in a flow channel cell under current densities ranging from 1 to 100 A/
cm?. The results show that solid solutions, such as solutioned alloys and matrices of
aged alloys, are dissolved uniformly depending on their chemical compositions. During
dissolution of aged alloys, gamma prime, which is the majority of precipitates, is
dissolved in NaCl, but can not be dissolved in NaNQO; and fall out when the surrounding
matrix is dissolved. High niobium content precipitates in both solutioned and aged
Inconel 718 can not be dissolved in NaCl as well as in NaNQO,. By increasing the
current density, the surface defects after dissolution, such as intergranular attack,
selective etching and pitting, are eliminated, especially when machined in the solution
treated state.
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Table1 Composition and electrochemical equivalent of alloys studied.

Electrochemical *

. o
Alloy Composition (mass %) equivalent (mg/C)
designation | \jj | Cr | Fe [Mo| Co | Al | Ti | N other ze 7

— _ C0.05 Si0.14

Inconel X—750 |Bal.|15.36] 7.36 0.37 [0.52]|2.65| 0.92 Mn0.10 Cu0.01 0.261 0.208
o - _ | Co0.05 8i0.06

Nimonic 80A |Bal.|19.73] 1.79 0.13 1.4112.32 Mn0.04 Cu0.01 0.253 0.197

C0.058 Si0.16
Inconel 718 52.8]18.3 | Bal.|3.02/0.094/0.50{1.00| 5.38 { Mn0.048 0.250 . 0.187
S50.011 Cu0.050
| _ | lco.0ssiodl
Hastelloy X |Bal.|21.65]17.54!8.80(1.39 Mn0.10 W0.52 0.246 0.180

* Z2 I Ni?* Cr3* Fe?* Mo®* Co?* A13* Ti** Nb®* W+
Z*' I Ni?" Cr¢* Fe¥* Mo®" Co?* A13* Ti%* NbS+ W6~

Table? Conditions for heat treatment.

Alloy Solution Age
Inconel X-750 1065°C % 30min WQ 750°C X 20h WQ
Nimonic 80A 1080°C X 1h wQ 750°C x 20h WQ

1) 970°C x 30min AC | 718 8h
» o0crin Wa 1 55.6C/h FC
621C x 8h AC

Hastelloy X 1177°C x 1.bh  WQ 750°C x 20h WQ

Inconel 718
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Table3 Conditions for electrolytic extraction of precipitates.

Method A Method B
1% ammonium sulfate 3mol/dm® NaNO3
Electrolvte +1% citric acid solution |or 2mol/dm?® NaCl solution
Y Ambient temperature 271-32°C

55

200m1, stirred 200m]l, stirred

Current density 30mA/cm? 2A/cm?

Cathode

Platinum Copper

Inter-electrode gap Approximately 30mm

2000C

Coulombs passed

r Mg EEE T ANHIORE, ERIZ, BREMHECL S TITE -7, £ 3, mlisgHEs
R TILT, AR Kriege SiCk - TRBS N p HEF RLPET 2 120 OIEMENG IS
TH5HY, X HIEEICHE S N B RIDORE SITE S ONARDHETH 505, TR,
CNOEDTIHFHYDOEERE L, Bikid, NaNO; & %43 NaCl o BRI L OBERIC B 1
BHHBIOME, THOLITEMOBROBELMELLS> T2 THY, EBENTIGE
WEBREE 2 Alem? THIIH AT » 720 ¢ 5 mm O ALHEERE 2000C & TEMBBL S8, Eis
BAEFEE LRI, BRU, RBHERIAE LTV REE, B XUERIED D 52008,
K, &/ — B L TEMRL 2R EA 100°CT 2 ~3h Mm%, WMELERLA, ik, B
ETRBRBOBIELRER T LT~ ) 7 ADEMRERY (SRBOKEBRIY) LEML 5,
PO A& B L 1o, BRI S B0 EREBOWELBRAR P HS, HHWOEHE
T (AR H5VEHER (B p % p=P/Wx 100 (%) & LTRD,

BROBRDBONMER, N1 ORBERLVEHOTITE >k, 77 Y VEO e vEERIC
B 0.5mm X bmmDERREEHDTTHO, CEBERESERT S, REORD, AOEX
90mm DAL ic (FREEDIKIIEHEZEOHI00M5IKEE T 3), VFhnbd ¢ 5 mm O FLEIRD
& HEEREST R 0. 5 mm O RIRRTxi Al & & THU I 7oo SR S, Wdh REOD A0S EBHR R

ol © o o % 1o
- -—— \\
o p” ) N
_______(( o __@__ > B+ T_
\N . ,/// ; acrylic blocks,
O K O 1 stainless steel back-up plates,
o o O ; Teflon spacer,

s electrolyte flow channel,

; anode (specimen).

3 cathoade,

5 resinous electrode holders,
5 Luggin capitlary.

T}
«
z
T xoC o T OMMOO® P

™ G ™ 5 asbestos,
I 3 B s reference electrode compartment,
;3 0-ring seals,
A s electrolyte inlet,
& | _a.C i ;
- ') D O s etectrolyte outlet,
A N bolts.
Clyeg 1 I 8 s i—1
1
M G L

Fig.1 Schematic of flow channel cell.
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Fig.2 X-ray diffraction patterns of precipitates extracted from
aged Inconel X—-750 and aged Nimonic 80A in NaNOs.
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Fig.3 X-ray diffraction patterns of precipitates extracted from
solutioned and from aged Inconel 718 in NaNOs3.
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M O E£0.361nm, BAML LG AR THET EA5RLTWA, £ 72, Inconel X—750
DEEPICEETD TIC bW LN 5, 148, FEIFRIERO NaNO; 3EBREHSBA LD &
ELHNDo
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D XBEFRIETH 2, ©FNOBHEIcd 6 - NizNb (FHF), NbC (FLSIH&R) 2980 5
N5, MEFEERAERITH L bDTH DY, BHERIEERTOLEL DICEB eI
bEFLALLDOTH 5, HHMMOBEBEOYE, BREWBMO Ny 775 v FidE  ETEWE
DFFEEFRLTOS, COWEDRERITE > TOIRE0A, THERBETHH L s & icis
DHEDTHY, TOLEERBARINER T v VIROWENESLFEELL &5, BEREDTH
S LIS OISO TR & T E N B, —T, BRI O ICIE Inconel X-T750 75 &0 '
EFEE UAEKETENA LN S, Zhid, RESY BEHELTHWAE L5 Nb rich® r' #
~Nis (Nb, Al, T &bA5NEH, Lirl, Z0OHROMETEEESR(LMHEIE, HAKEL 72E0
RS OBBIRED r" H-NiasNb TH 5 EXMHOMITEIN T BDY, EEICEkS
DEEDAHS, RPFRICBOTS ¢y " HE LTHEREED B,

#40F, BRI XA O ERER (2, SHOERDEEE) TH B, Inconel X—750

Table4 Recoveries of precipitates. (mass %)

All Heat Method A Metho B

Aoy treatment eo NaNOQ; NaCl
- Solution 0.36 - 1.2
Inconel X750 Age 11.5 11.4 0.7
. . Solution 3.6 5.7 1.1
Nimonic 80A | o 12.0 11.3 0.9
Inconel 718 Solution 156.7 12.7 12.2
ne Age 18.7 18.2 18.3

Solution 1.11 - -

Hastelloy X Age 1.12 _ _

DWW TABETRGE LTS R, BB M TREIE0BTH 505, BTl r o
HiC & » T B Th B, —H, BiEILL-T NaNO, P EESR L BhHt o i il Rid 11.4%
ThHD, ATKEDEFERICIBZEFE-HRL TS, UL, NaClHOMERIZ 0.7 TH-T, #r
L SRR 2 11780 Nimonic80A DA, BEIMIZ B W TAEEB LU NaNO; tho B
HBTRSOESHR, ML sa o N, ThiE, P HREOIFEMcL 50T L, BT
BEDICFERWORENEL, ChEMELAC LR EBbDTH D, H-T, BIE{LHOES
HEIE 0 BEFESEBTE, MLFRE nconel X-T50 D& LRI TH 5, CN ORI,
Inconel X—750, Nimonic80A i€ DWW, B i & » CTEM E Ao BcE b FEHL

NaCl PTCEREMBEHRT A EARL TV B, B8, r MIBEANIC Nig (AL, T1) OMKRERE->
75, Kriege ©DAHHT J40E? FEMALE Ni:70~80%, Cr: 2~ 3%, #NEN#M%ED Al Ti
THY, Co, MoZBHITHEGRTRING b r HICREHET %, = )7 2 r HHOMKD B
LTHOSNTORHMAE, by Hico20TbEHTE500LET5E 56T, Lo LS5
Ni, 1% Cr Dl E R >G4 (7 #) &, NaNOs i T ZIRAERE(L U T IR iM% /R L, NaCl
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TRETESEIEE T AL ENTEBZEERLTL B,

Inconel 718 4, BEETER L -E K MO ERIZ, NaNOs, NaCl IO BMRRFTH
12~13%T& B, Thit, NisNb, NbCELUR 5 v VIROBEEMELEERL TV 31HTH
05, BEVBBRERDTH BN OIMHERCEDEELZSITVA &I 5, ABETRIEL
ERARIINIEHLTH S0, TOBHKE—E, = ) 7 2ORENELCTEY (BRLEHY
XBEHRIE I S hic= b Y 7 Xy HOERTEPED 51 3), BRIKEORELEAZTO 5,
—7, BSIMTE, o EHABLTWARYi, DTFNOMBEHICE O TLREEL S
VIR 18~ 199 I B8N LT\ B, Inconel 718 MRS, A bMdic & L Z RO B
DEET BT &, B, B ortos NaCl h T b BRIEH LSO ENEHRT
Hb, BERODOTE, WHIKSTEEIHEO®RONb A ZBIEFL TV A LERLTY
BHDETFHINGY, CO/RICELTEE SICHERISREPHBETD 5,

P EOWFr R BE LI LT, < b ) 7 @30 Hastelloy X O &1, B0 &
STAETHEL ITHYESERIN I $TH b, ZOAERICEBD BITHMRRI TS 275,
BRI T DB L TRINCREMICHBE LS 5750,

3.2 BROEHSE

50 4 £, Tnconel X—750 @ NaNOsED ' ol bl
BIHETH S, #1005, KEGOE o 120[  INCoNel X750 3molemINaNO,
ARI7EARRK I T3Ni~15Cr—TFe T 5, ° 100 _S\BM
LTAT, BicHEREsshciid 268M Age
MOBBLLT, BECrREEOASE 80~ n
NaNOs h Tl S/, MERALICB £ oo _
TREAELL, BbA/em? LECTRE G
REREL L CERINTORANSERE 5 40 Solution -
R T EERNRI, I5IL, BE&PODFe 'g >0l B
RAOGABEEZELS e 5 exibN &
foo COHMBICEHIELT, &4l  © oL I —
IS LT — B IR B LM 0 5 E L > 10 50 100
i, (BB T ORI B > Current density A/cm?
BAHEEROEBRDIE Y I EL£10% Fig.4 Current efficiency for dissolution
TH 0, 10A/cm? Pl T B EREL of Inconel X—750 in NaNOs;.

RE - THM L T30~40A/cm? PLETRIZIFI00S DRIETH 5, —F, B OBRMEIL,
LRGSO EICEdT MR EERE-THED, 7' DR/ — WV FTREREEICLSTIZ
F100%TH B, T/, 20~30A7/em? LI ETIR100% %A 2EA & A SN, BH ML b8
FE-TWB, T, BTl XS, Fsidtic B o 28105 NaNOQ, b T B¢
TRET A LBRTAIBDEELONS, UB, COLHCHHEInbEST 254, £1
DZERAOCTHELALBRMRBREERP T LOETH - T, BHELERTOBRRDRI< Y 7
Ry IO OBRICH L TEHES W TR 50,

ET AT, BERILH LSO BEREEICE T 5 BROBORKE BEIFBYORE T
AT S0, K513, Inconel X—750 DAEMKRILM, ExhiD NaNO, RO OBEFETH 5, C
U, N1 ORBHEMBE- L OXMEETAEE LT, BABBEM» SEMEX 7 v TRICEHTO
< BArfE Q0mVER, SBAMKC I minER KIDBMELLSDOTH S, wIhd, B
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BAICB I AR EREIC KT 1.0V (vs SCE, 10

SUFEBD FHEA bBABREL LT 5, 7 b T
HALM T3 1.3V, 1.8V (E CRkA S L, Inconel X-750
“URRREA LI BE S R 75 26T A7 LT Lo 1 3mol/dm3NaNO;

BV, JOEBMNTERBESZANREL T
BEEZOLND, —T, UM TE, ZIRAR
BRE(Ld 5 C & 78 AR B IR S AL,
TR £ T LT LTV B, B 10
DOEBE, Ni~-Cr ZIinE&THAIEN20%
Crl b BENRLEBETH>TY,
Inconel X—7501cB W Th=hrY 7 XD Cr
DPFEIITHE NS, Inconel X—T750 @ Cr il
IR % TH BHS, EBICEMMLED
NaNOs 10D Crfit% V7 = =V ST F I 1073
i U TB it o<y 2 2o Cr #lik
B17.0%Tdh-1o Bshic k> T 5 ¢

A/cm?

Current density

M EARY 12 Nis (A1, T OHEEHE>D 107 | l
T, = /2D Cr OEE, Ni OREDRA 0O 05 10 15 20 25
IS bDOTH b, -7, EEREEICE Potential Vvs. SCE
AL, B O BRDBOET, B Fig.5 Anodic polarization curves for

, e et o rer e e ~750 i )
IR > T U L 3 1 B R B R Inconel X~750 in NaNO;

A HE St~ b Y g ROMEOEL, THbE, THOCEELO KR LS5 N OED, B
e A (BT 2 CrOEMMEL 2 Ltk - THIHEN 5,

(X6 ¢, Nimonic80A @ NaNO; IO ERsIETH b, AEGDHAMMIZTENI-20Cr TH D,
Ni—Cr Zt&e@EHu B o nmiic L ud, NaNO; T AMiiBic 0 0.8V 2l Lo EE

fir, SEREE T 100 %D HERMET : — :
BARERERERT A b0 TN B, L 140} —
L, ROBEMADEERIL, 5 A/em? < 130l Nimonic 80A  3mol4m3NaNO; |
LT OBAEERciO TIRAMIE 0o

(LERL, BHPREET LTS, & 100 Age °
54z, 30A/em? PLL T i mnEdt ;,

LTIRIE 100 sOBHRETERT 5 8 80T ]
EARRLTO S, BA/m2 R Ficksdd £ ol Solution -
RS OERSRIE, SRRAS IR €

Rl LCEmLs o LR 5 40 ]
PBRMEEEE Loo BT s (R © 5oL |
B, $70, Thictl - THETRRID B

PEL B LR LTS (R, 0— 5 550
NS O%EFL, Ni-Cr A4 TIiR16 Current density A /cm?
%Cr, 18% Cr&&ic Bl A 6N b Fig.6 Current efficiency for dissolution

DTH B, TD DI Nimonic80A DA of Nimonic 80A in NaNOs.
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LM OIEIREENT Ni-Cr “ea&ei L5 Crilllo BBy 2ME»S TRIL - b0 L ILR
TR, DLAHS, LVECrO&SIFENUEHNTH 5, COT &Y, BENHNEEE
- mERAEE€ TR BZIE, Nimonic80A D20% Cr Z IR RBEL RIS BV IDOTHRTH 5)
WMETROEENHERTERLVEAH ST EARLTED, Nimonic80A TRHEEDAREAEL
MEEHETIZ23%EF LTI ENERE LTV b0 EHRMEN S, —H, BIMTH,
BT~ L S " EFHE T BIHBEI~128EEF L TE Y, Thbi< b ) 2 2OER
- THRET 2 -DICERGBRIE,T L, WIS IKELTH S, COBE S, BRI
AN IR REIRESTEE L T B85, ZOEHIE Inconel X—T50 D& LEIFETH 5,

7 &, Nimonic80A @ NaCl th '
DBFRNETH b, BLic Ni-Cr it

I T I I I

BADIEIRETH 5, 20% CriEED :1m Nimonic80A  2mol/dm3 NaCl 00 %
240 NaCl PO ERTEHE Yy 74 —140°&
Y7, ERTRERS S OWIEE 5 ‘OO_W— 120 £
WL BB B inte 5
bTASLhOBEIETT s e B OO 100 £
BN, COMRICLCHEL T sl e Solution —eog
T, EKEIT Nimonic80A DEFHEHR 3 o Age g
i, BEEH, BssedThoBe W’l | | | 1&

b 7D R — TR I10%LLF, 7t 1 5 10 50 100

DR = VT 100% V) F OB AR Current density A, /cm?

LTWw3, EZATNaClHTH, Fig.7 Current efficiency for dissolution
BRI ASLEE | DMK E of Nimonic 80A in NaCl.

Hol—ERkE LTBERT 201 LT, BHMTRvrM 72 r BERARIC Y HABERS N
TARRICIE U TS A L0 D B THRBIESSREL S, HTIKBWT, BABOZE L L TR
M OB ERBBAM A E T LE ZEASA S NEH, TR, r HHME Cr Mk Td % 0T
BRI L, @ROBRICB I 2BEHECBEIHI/HEEZ SRS, L L, BUENHE,
BAEERROLELHSIBREECEBHKIRECSIRET DT, ThoD/¥5 4 —5 bEM
KEBLTORbDEEL NG, ik, BUEHRE, MABEOERBIEET 25, 22, 2t RE
LWBRMELE52F, HELZERL CBESNEBERIEESEESHOTHEI LR INEN S
B0, S5, BMOEAIR r HOBRT 20T, COBAOEBERMEL M, " Hick
TAHERSNIEBICE, BEAFUBAAVTHEINARETH BV, 15, BRLEVH,
Inconel X—750 @ NaCl D EFHLNIFE & Nimonic80A DA LD MERETH - /7,

81, Inconel TIS DEFNERTH 5, F 1 WRL LD ICAESDREAMELIIO53NI~18Cr—
18Fe—3Mo THh b N LS, BERM, BUOMOThOBEE & NLNb ZEEFB L THAED T~
M) 7 ZPTEMEROBERESEL TS, /- T, BEAMMRICE CABEHO FRIEEKTSH
b, M) 7 ZHBROBEHINI OB, Cr, Mo D¥EMELTELADT, Ni-Cr—-Mo=Z A& %
BTSNt T AD NaNO;, NaCl WEFNDBBRPICENTLREN 100% D BIHRNET
BAEREBIET 554, Cr+ Mo>20% 13+ i 5 2 Licis 543, [k, NaNO; hTidA
BRE% 5D 5 Fe (O OEMGLEU 20 TEERBE B 2BRUEOFPLOUREERH 2, E
B3, M85l 57 £ 5iT Inconel T18 DEBIHENR 7 13, BULE, BFHEOVWITHOMAED
BIBOTCHEBREECISTRIIF-ETHY, DT &3 Cr+ Mo MEORMBERICH B T
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EERLTVWAEIRAZ D, Bshtic

B0C, 54, 7" A-NisNboNbC s se O[T . L
’ ’ ° Inconel 718
EDH I NaNO, b & [ElEk 1 NaCl th *E‘QO* -
TOBET 50T, WEHEUAIGL 0 DD R e
WENDOBRBEPTHINI0STH %, 2
Rfic, LSS 6 #8-NisNb, -2 80~ e Solution -
o o = j— 3mol/dm3 NaNO3
NbC DSEAE LIRS 50T, BRIEIL 60 o Age B
B FH103%TH 5, + o Age 2mol/Am3 NaCl
B9 &, HastelloyX®ONaNOy, NaCl £ | | L LT
hOBHHETH B, R1DOEEED O 0 1 5 10 50 100
FARAY 1350N1-22Cr—18Fe~8.8Mo T Current density A tm?
B0, 18%Fe DIFLEDEBICERORM Fig.8 Current efficiency for dissolution of
T ELTH, Cr+Mo=230.8%&1 Inconel 718 in NaNQ3j and in NaCl.
SEOD T NaNO;s, NaCl g hd B T T T T T
T b 100 DR TEIMIERRS ¢ 1201 Hastelloy X |
LhOEHEHIENG, K9 OBERE 100 ; ﬁ E s° g ]
¥, COTFUMEEMNFIZbDTHS, & °
Jo, WETCHET &5 (€ Hastelloy X 13 .gso— ”Sdmmj-%mmwNmm3
Al, TiA2&FRVicdic y HETY 2 so ° Age B
9, o T LR &SI B O TR o o Solution — 2mol,4m3 NaCl
W& b7 o LRBMIBEASRICE-T 5 O"’ | L Coq T
FERESC, BRSFICILTOEE 3 1 5 10 50 100
ZRIF XV, B, 10A/em* BBELLE Current density A cm?
DEBREBEEICBY 2B TE, BE Fig.9 Current efficiency for dissolution of
R 4t DS100% A A B HAIA R LT Hastelloy X in NaNOj and in NaCl.

%, 2D EiF, Blic Ni-Cr—Mo Zn& & OB WBEE P, o Lo X5y, By ot
ek - THAaN 3, 37895, SMofEDNi-Cr-Mo 244 TRIFEH L& BHRER
AR LD, ol hud, KSR H 4 4 v O RS 20 BEBKICBE 2 H A 4
VIERBHOBREPDICL - TREGEpHAERT, COLDIWT /=74 P HBSBERICHETS
&, BRBEECY 74 v B Z0RIEMLBORAWEERT LB, 2t DAy — T
HELBRMRIE 1008 5HZ 5,

3.3 HELESSOBREO MR

AEITR, BENTEHOMERICE LFTHROBOEEIC O VTR T 5, 3B & LT, it
BB A 4D Nimonic80A % &0 H W, Fic6, K7 KBV TERMNRLME L 7 BO M
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Fig.10 Surface roughness of Nimonic 80A after
dissolution in NaNO3 and in NaCl.
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Fig.11 Photomicrographs of Nimonic 80A surfaces including some cross sections
after dissolution in NaNOs3 and in NaCl at different current densities.
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