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In this study, austenitic Fe based alloys and Ni based alloys was developed as candidate
structural materials for equipment operated in sulfuric acid and hydrogen iodide (HI)
environment, which exists in various industrial processes including iodine-sulfur (IS)
hydrogen production process and geothermal power generation process. The objectives of
the study are to achieve the corrosion resistance performance sufficient under the working
condition of these processes and to overcome the practical scale-up difficulty of the ceramic
(SiC) material that is presently used in the processes due to the manufacturing size
limitation of the ceramic. The chemical composition development plan for the austenitic Fe
based alloys is threefold: reinforcement of matrix by addition of Cu and Ta, strength
compensation of the surface film by addition of Si and Ti, and prevention of peeling of
surface oxide by addition of rare earth elements. Because addition of Cu and Si is known to
reduce the ductility of the material and thus manufacturability of the component, it is
important to determine the allowable amount of each element to be added. On the other
hand, the chemical composition development plan for the Ni based alloys is reinforcement
of matrix by addition of Mo, W and Ta, strength compensation of the surface film by
addition of Ti, and prevention of peeling of surface oxide by addition of rare earth elements.
In particular, the addition of Mo and W to the Ni based alloy is expected to be effective in
preventing dimensional deviation of structures from increasing during heating and cooling
of process equipment. Various material specimens will be fabricated based on the above
chemical composition development plans and tests on these specimens will then be carried
out to confirm the corrosion resistance performance under the fluid conditions simulating

each industrial process.

Keywords: Corrosion-Resistant Material, High Temperature, Sulfuric Acid, Hydrogen

Todide, Rare Earth, Ellingham Diagram
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H R 7 A Ze B R g (DAt Tl 0 ) L PR3 2) Tl IR R &b H DR 950°C
DEIRAT AN K BRER R N OHT A Z — VB AT LA DE &R AP KEE
Navzxlb—va A7 A (GTHTR300C) VO 7 v MEERHEZED TWD, Tk
FRET L, BE, R AP H OGBHEBEE 950C D~ 7 A0 AN S 505 &R T2 B2
Ji (HTTR) 2 OZ#EE MW7z HTTR-BWF HRER M (HTTR-GT/He) (2 K 2 F2REalER 4 &t
L TWD 9, FRlo, KFERIECIE, BUE, KEOKEZ MG RER VLY KFEREE (DIk
(1S vtk x| E#HT5) AV @EMEME - TEMEHEGRRBRM TON TS, 20 IS
Tatv AL, AUVREMEOILEVEFEEDE L LT, KD 3 DOZEKIEN BRI LT
%9,

A AN AT
S02(g) + Is(aq) + 2H20(aq) — 2HI(aq) + H2S04(aq) , ca. 100°C (1)
JIL ﬁ%ﬁm
H2S04(g) — H20(g) + SO2(g) + 0.502(g) , ca. 850°C (2

3 ALK FE 53 iR RO
2HI(g) — Ha(g) +I2(g) , ca. 500°C )
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O AT QWMRBREICHSNS, Z07=d, IS Ve AREIIR L CRiEE VWb, TR T
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JE#R 2 SiC Z W 2356 BEfi i T E EORIKINC LD S 6 R 27—V T v 7IIRETH Y |
FMEEMEICH D20, IMTHELE N, —F T NI ZEESITIEBMEITHLZD, AT —1
Ty MIMEIZ R TH LA, HI BBE T T SIiC L0 bifEMENRLE LM NnHY, 6725
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it 2 DMENEENTND D, TOMEAREIL, ~ 7~ ORMEVEZ FIH L 7= A
BB T 600°CREICET S L &N TWD, £ 2 TR IT#EL L7z SiC 2 SiC k%2 &=
SE, VTV Tr— e Leb0hk, SEIESMAT RBEEAFMEICTERS L. #EME
E LT, TRERAWT, MR COB AR A F U725 MR 2 W 7RISR I,
SiC I RITIEE A ERD R oo 8, EEITBEE R MBVEERRE & L THERT 5
BAITIE, L SiC i E OBWEEZEIC X D SiC A8 DS 2 /N D D,

Z 2 CARRICTIE, EAMEICIZAe < MEMEREE LS5 WaRMEHLA T, BERGI SN T
W5 SiC L R%DMENEEZA L, 22oOXTr—LT v 7 IMTHRBIFRA—2TF A b (LLE

[yl 2T 2) RFelAde, NiEAS&ICy—7 v bEKY ., Bk O HI 85 F COEE
it & 1) A AT 72 Ay B T EHZ DWW TR R 5,

2. @0~ b v o 25k, REALEHEFH L OZOEW O FIEEY; 1k o B2

y % Fe HA4a, Ni EEESOVHEAREIZI T 5 M AEVEFHIIEEICIX, EA-pH K28 X< HW
b 9, ZOMITEKEE FNICB T 28— emEREES 2T 2720060 THD, L
oo T, HETHMICBNT, ARZ <AL DARFEORETIEREE T COmMRMREm I 1Xxf
JE L TR, £ 2T, REEEEFM L L LT, BWREMN, INERNHRDT /— R,
1Y — Rk 23 & %, Fig. 11—l & LT, FFEEBEMEIO 25°CO IN fifEERE T TO T
J— Rtz k3, Fe, Ni, CriZkbx, 18Cr-8Ni A7 > L &l (LI#k, [SS] L3 5)
IR B IR KISERZ R L TWD Z Enbnd 10, Ziud, SS M hilsH CRENREGIR 2 2k
Lie7ebThHD, ZOWEERIZ, ~ ) v 7 ARy HETHD Z LIz T, REMEWE A
LT WS R THLZ LITER LTV, EFEmEBRE N T, oML RELED
AT 5, 21X SS Tix. Cr k<> Ni kM Z W+ 5 2 & T, ¥ hU v 7 AD[ifhz
fetkm Bicw 535, — AT, IS et X, #HARE v X Lol @il A %2 & LRIRR
B ERE T T, BEEIEOMRETZT T, ZOWEOHRBEL HAENRY IKEND, L
MWoT, y5% Fe Ha, NI AGE&OMEMERM EICkOONLDX, v~ b v 7 ROz
DGy =2 Yy hae— RE{LEWOFIH., Db EWOHEE I TH 5,

3. Fi oy BRI FE T

LI Oy BAFE T # Tl 18 E O FRRMEE R BREL T T O M rERFR R & OVEiREBREE F T
DOREMCEVIERREZ HIT, v & Fe G4, NI EEE&IIH LT, EO XD RuxRazilndn
I, ED XD BRBE O, MEEERE T AU HI BE NI TERZRESBHE E 201G D
M DONWTIR S,

3.1 ¥~ bV v RA58fIcHE
3.1.1y 5% Fe B 4~D Cu i bW ERKIC X 5 RENRE(L (R ik
Cu IZ, URTE Y RERBEBRICIIAEZI THL ZENMOENTWD, BT, KIKE KBRS
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LHEKEHE T COX Yy BT —2a VERBIZIIAN TH S, Fig. 2 1281, 4-6 %, i Cu Dif
BEERICHEI T BT — 2 a VIBREREICOWTRT, ST T, MEAKBRE T ClX. 46
WA, fCu & BITERBENIZEA LR, BB EZ/RT 1D, £/ Culd, MEERET
TOAT v L AFOREEE(LIEE Z LT, Fig. 312 200C TOMERIEEHE KITHES v & Fe A
& Tl 5H 18Cr-8Ni A7 > L A O JFHFEIZ LITX T Cu, Pt PAIRMOEEEZ RT, Culd,
o &4 RIS, BREELZE LIRS E5 208 T& %12, £7- Fig. 412 66°C, 93C
MEREREE F COAT L AKX 5 Cu ® KIS REBEOLIEZRT, LT Cu &
HRIZEEV, @IREOBRIZ T HMEMENM ELTnD Z ENbnd 19, 2 b O\,
FITRMEBPICEEND SH Cu Ltk E KT 22 LIk, RLETFbND, —FH T,
Cu DL EFRIME, MTHEEZELIETEIED0, TOEFBICIIEEN/LETH D 19,
—HTNLIZK LT, Cu ZUINL72A40@IBMEREZ 51T 5B L gtk iE 1%, NiO Bk
ECwO b L7 >TWD,  FFIC Cu0 IZRIEZHE > TWENIO LY 7 v 7 HAEL S+,
AR~ v 7 AL OEEEMEMRT LT, BIEEEZELIHERIELZ 08N> T
W5 1910, L= - T, Ni AL LTo Cu @i, NiO B L EomE 2 L, &
PEOR T ZEET LD LI ND,

3.1.2 Ni JE& &~ Mo, W iINC & 2 EEsRIL, (EREZ R

Z 1V E T HI/I/H0 IRA XA D 200°C~400°CJE A B R I2B W\ T, Hastelloy 52 Ni J&
BENBNEMEEEZ RT I ERDNRo TS 10, 22T, FefaabEn T, Mo &Z{LIC
PEO BRI CRMZITo 7z, BRAIC Mo 3 A LICREMIZIZ, vy REOT7=F4 & (L
%ol LT 5) REME LT, SUS405, SUS444, SUS316L. y+ o 2 i & L T SUS329J1,
Ni #4544 & L T Incoloy825, HasteloyC276. Carpenter20Cb, Inconel625 2377{E9 %, Fig.
BIT/RT R OIC, BREREENENMEL, BRHENPRKE 2D L LB, Mo EOHERITHEN,
JERIEEE DS VMANS o REH, PREIC y R Fe A4, mHEBVMIC NI EEENRFELTWD
ZENDbhoTo, ZOMMNL, HHIZ Mo R ENZWMENZ L, A M B3 S 270
Woivd, —H T, y5& Fe A& LT, Mo &4 & BTN S B 7256 O &MERARIC
DNT, LEDD B%IMEHIRERE T TORMERERZ1T> T\ o 19, TORR, Moz 3~
Tmass%IZHM S5 &, BREIIRA I KT S, ZOFKEIE, Fig. 6 @ Thermo-Calc |2 &
% Fe-Mo2 JtRREIZRT L H 12, Mo #Z&IFRNT 5 &, y HHPIZ Mo NEETE < 7eo
TLEW, Mo b7 % FeeMo %DM a RHNZAER L TLE D Z &2k D, ERIZFEFF
H O @S HFEE 950°C TO y fHH O Mo [EE R 2mass%it < L2 Mo [ZEE T 2w, 7z
O HARIZ L DB LD . Mo EHINICFEV, v 5% Fe KGN atEp et & 0o 2 &
Lo TND 19, HRAICFEIRETO o FAFOMoEEE &I, 2 10mass% & SV MEA =<,
L2rL, ok Fe EGa BT U —7MEIX, v5& Fe AR, BWELZRTZ &5,
HI BREE TN COMEEHM & LComHAIXNE L& 2 5,

— 5T, NiEA4Icx LT Mo #7284, Fig. 7 ® Thermo-Calc (Z £ 5 Ni-Mo2
TERIRRERNZ /R T K D12, ILFHIZTE > T, 25mass% Ll ED Mo BEIENA[RETH 5, Ni A
BT, MBI EZ AR ST L2870, Mo a2 Z<EHESEL2ZENAETH Y. Mo
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WINMZ L5~ bU w7 25 X DMEMER B3, REOMEBTHL LEZDBND,
Zoff, NI EAESICEE LT WHRE LT, ARTHETH L W RFET 5, Fig. 81T
FEDIT, NI-WREEX72 5 6 Ni lZxh LT, W iE 30 mass%ili < EIRTE 5 Z &b D 20,
ZHb Mo, W 2 L7z Ni £EaiE, @iRRE T ThRESNIHE., ZNETHRETH-
TZRMZRB O R ZMH$ 2 2 LICHET 220, 207, ZOMRSWRIT, SRS S
DN, IENRFITAE C 2 WS ORZHR . IGHE (A 5 TR SHER IS 112 RWIZHIR D H %,

3.1.3 7y % Fe 64, Ni &G4 ~D Ta IR L 2 REhELIRdE

& pH BRBE F Clif¥ — I & IcEN =& 1L, B -pH K2 H EE&BO Au, Ag. Pt #&
<L, W, Ta, Nb THDHEWVZD 9 ZDOZEnD, MELHIE, ZhDHEROIRMMERERE
T COMEMEMRBR L I L TR0 ., BAWEE TR O REEZ T 5 Ta MEN
it EEEZ R T I 2R LTS 22, EERIZ, y+a 2 fHEHICEB T, R L7,
Ta WIRRAA AL TE Y | 0.06mass%lh EOWIT, MHALEMER EXMHE I A TWD 29, F
NI ESGEICBWNTH, RITVBERNT, FERODIEIBD LN TND 29, —FT, Wb
X pH BREL T CHENZME — BRI L R~ 723, Fe &4 1 TlX FeaMo fH & [k, FeeW #H
ELTRBICH T 2720, 7 ) =7 #{bicH 5T 50HTHD 20, ZDd, Fe EEHa~
O WA, WEMHEICHF ST 2 & oo a2z,

3.2 KtE&W AR TH
3.2.1y 5% Fe 54 ~0 Si bW /Ekic X Dt tkm b

IHETHMOIE SIC O & LT, Fe &4 & LI-ERIANGTH Fe-Si 54128175
Si & SLICHMESEEAEROBMF 21T TEZ 20, ZNBIZHEIT D ZORILHIED 3HT,
WREAER 5 T COMME IR 2 £ L 72 /58, Si & 12.2%FE £ TR 5 2 & <, markic
BNDDOEE LTz SiO4 b EMBIRBICER TE DL Z LR Do TNWD, EZDEEDE
BHEEITZNETO SIC D 0.07Tmmly L IFERZEOMEMETHL Z EEZH LML, Lol
7B, S BN, FeSi 6420 MTMHIZELIIETL, 87 I v 7 X ERIZEOMM:
MELL o TLEI &b TETWD, £ITHEIL, SIOMIbWEZIEMT 5 LT, £
DR Z RARD T2 B A RO b b,

—J7C Ni-Fe B£G412%f LT, Si I L 72358 OREERSE T T O EMEFHERE Rz >n T
E, FEHIZ LY . FenNisSia tHDOAERIC L DM EMEEARE SN TND 2D, 2068
it Si% 1lmass%E THRMT 2 &, NisSi O&ERLEYMNAERTHZ Lo TEY,
ZoEWIE, BE THW 2D, MatEELZ R T 5 28, L7ch-> T, NI £S5 LTo
SiEMNiE, FenNisSia fH ORI K A MEMEET & & HI2 NisSi &L e D ERR 22 L.
MEtOWMEZZE LB TSEL2bDLHERIND,

3.2.27 % Fe 54, NiJk& &~ TiC AKIZ X DR 551k
y % Fe JeA4:TH %5 Alloy800, Ni G4 TH D Alloy600 1F, =1 FE THEHRKELE
MeELT, ZLOEREERH D, FRZ, ZNOASROERMEMER FiX, ~ U » 7 2
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TERGIEEINRT WV TIC PRI T2 2 ik a2 b0 e SN TS 29, £7- 2@ TiC
X, KR ZRECT S0, @m0 27 ) —75@E R LI %53 5, Fig. 912, RICMFEEEE
Rl L7z U U A &R, Tildfho ek & i LT, @A WIR R TR 2 Rk LS
TWIEHETHDLZENRDLNDH 30, —FHT, ZhHWTHhOMEHIRLTH, NEFENE W
A TN BRFUCER L, TOEMITIARZREIEDL, Zhicky, FLIMEREMETT
HZ BN o TG 38233, ZDZ &b, CLXURINANT U RZ@EEICHETL2Z 08, &
BEREE F ComEMNN BT K& Rz KET AR 5,

3.3 FIEERS koo
3.3.1y % Fe &4, NiEe~0OA& HEIRINIC X 2 £ L&Y O FIBERH]

y % Fe B4 Th 2 Fe-20Cr A4I2xt LT, A BEUCHEBINZ, W (bRtEm Hicw 55
D2 EME BTV S, Fig. 10 12 1000°C T 95h £ £F L 728D Fe-20Cr A4l xt 9 2 & WMot
FTOEBRENOEELRY, La, Ti. Zr. Al, Si. Gd. Y OJEICE R ENHD LT 5D
ZENDLND 3, Si BIHERLIEICAEZI TH D EHIL, Si bR RE IR I N2 ik
HHOEHLZEIND, —F T, AitFHTHETHD La, Gd, Y, WTnd 4h DL EOFRIEE
WIFE AV EZERE L THRNWT b, BRI SN T b D EHEIND, TDAD
=AM, Y 2O 25E . B TR Sz YCrOs 23, BR{bREM oH KIZHE- T,
ZORIEZHEMIESZ & T, M eEEZR ESETWE72DTH S, Friz, Y ORINL, B
ERTENZ R S35 Cre0s DR O & & b, ALK TS E D & nbivd A BRIV
NEBITTDRISEMZDIERN S D, 2LV, y5& Fe EZA&ICB VT, —RMICAELD
Cro0s ALY DOFIBEIC LD MHAMEK T2 2 N TE S, £MORILTIE. G&/mRby R
M CARR L7z YeOs N R L OBEMZ M EX T2 W RELH D 3, ZOHEIL,
Ni EEETHMRINTEY, NigY BEETOMBRIICHTIHT 5 2 & T, REBRILYOHE
FEMEZE ESE2 3030, 2 bRERILYORBEN 1LiX, MEO M LBENHIC b TS5 5,
— 7T, Fe-25Cr 5 4&1Cxt LT, Y & 1%RREWFNCAHINT 2 &, Y034 TiZ72 <. YFes fH23
FEERLRIC AR T 5 2 & C, HBEEOMHNCTF G L 250 0D, ZORMEICITER
NULETH D 39,

3.4 y % Fe G4, Ni LA~ P

Table 1 (2, y & Fe £G4, Ni AG&Ix DMt AN, MMRAOMHEEIZ KIETHERMTE DR
Brildlbozrd, MEERICBWNT, B ETHMRRMTHREIL, Ta, Ti, A HHCH
Thd, IHIT, y5 Fe kA&t LCix, CulmRNNBMEME~D~ N v 7 Z5#8{LIZ, SiiR
R EEERILICE Th 5, £72 Ni EGeIcxt LTiE, Mo, W2y~ ~ U v 7 254k
K OMEEEM & L CORBWRILZX S ETEITH DL, LEOZ &b IS etk A ERER
FFCTEALMEEEZAT D ¢y R Fe HESOMBEAFRETENEI, Cu, Ta iMICL D~ Y v
7 Zg@fk, Si, TiINZ & 2 RmmgiEssib, A HECRRINC K 2 FKmieibd o FIEERS 1k &
%, 7272 L bmass%lA b Cu #isI0, Si i, MEtOIMTHEZZE LIETFTSETLE S 20,
ZOWMET, EEICHET 208N S 5, F 7z Ni EGeITxd 5o B 5 #H%, Mo, W,
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Ta IZ LB~ R U v 7 28k, Ti WG & 2 REEERI. & HETRRNIC L 2 R E
L OHBESIE &5, A%, FRROBEESS &R, WREEOHNZHET, 1R Fe
KA Ni A OB, % EHiT 2 3l Th 5, Z 0%, 26 AR EHI SN T,
IS 7 1 & 2 g O BK A 7 1 1 R B 2 Mt L 7= KBRS T C O A MR 38R . 2 D% DI
PR, AT, IR R SN A 1T ) R ETh B,

KL TIE, SiC EFSOMEMEZ BIE L, MhORTr—L 7T v 7 MLERKEGIIATZ D4R
MEFE LT, y 5% Fe £G4, NI BAEICY —F v &K | Btk O HI BEL T COMm&E
Rl 7 SRR 21T o 72, T OFER, FERMEM B OB RIMEIC T T LN DR
L WIE A Y
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Fig. 3 The effect of addition of Cu, Pt and Pd on corrosion rate of 18Cr-8Ni steel with increasing

sulfuric acid concentration at 20°C 12

_11_



JAEA-Technology 2017-027

/ L
4.2 :
I §6'C 316 |
- SN B |—
36131 / \1 ol
3.0 A7ECy
l 1. 4625 Cu

2.4 / \

1.8 —i / —
~ 1.2
2 /1]
E 0.6 2,152, Cu /
S . 3.70%Cu ]
S 0 10 20 30 40 50 60 70 8O B0 100
q; 1.2‘ q.-: | T -
§, 3.6/ 9:3*:
[
o

3.0 -

2.4 - po

1.8 —

1.2 -

0.6

3.702:C
“ ] I::I'hll i [ 1 _I
0 10 20 30 40 5 & T0 8 8 100

H,SOs (%)

Fig. 4 Changes in the degree of corrosion associated with the increase in the amount of Cu to

stainless steel under 66°C, 93°C sulfuric acid environment 13

_12_



JAEA-Technology 2017-027

Ferrite Austenite

08 4
A : ® Corrosion rate mm/y 20070

07 A B Corrosion rats mm./y 300°C
. A Corrosion rate mm/y 400°C

0.6

1.5

04

1.3

nZ

Degree of erosion (mm/y)

Ni alloy
0.1

0 2 4 6 g 10 12 14 6

Mo content (mass%)
Fig. 5 Relationship between Corrosion rate and Mo addition amount of Various Alloys in HI

[ Ia / H20 Mixed Gas from 200°C to 400°C

_13_



Temperature (°C)

JAEA-Technology 2017-027

Mo content (mass%)

0 10 =0 30 40 50 60 70 80 100
P00 I S " - I b . S . :
2623°C
3
‘3 -
2500 § t
i E
23001
2100 3 L B
(Mo) 3
o, £
1449°C /r a
1235°C 3
1200°C E
7
927°¢
A
S : |
20 30 40 50 60 70 80 20 100
Mo

Mo content (atom%)

Fig. 6 Fe-Mo phase diagram

_14_



Temperature (°C)

JAEA-Technology 2017-027

Mo content (mass%)

Fig. 7 Ni-Mo phase diagram

_15_

0 10 20 30 40 50 80 T0 B0 100
2700 vy L . N E— r . "
2500 3

E L
2100
1900

Solid solution amount

1700 - -

1500

465°C

1362°C
1300 W
1100- (Ni) L
NiMo— (Mo

5 _swc |
900-:

m.ul:? NigMo
X E— | T . . S— I — . -

0 10 30 40 50 () 70 00 100

Ni Mo content (atom%) Mo



Temperature (°C)

JAEA-Technology 2017-027

W content (mass%)

040 20 40 40 B0 60 70 B 70 Lon
G0 =freeaben T lerrr et e --r--rlvfr--o-v-v-r-n----—rFr- e s e e e e R vT-'_'”_'-'_::_n,‘EEﬂG
1 o
aao0 - e -
2500 " :
Solid solution i
200 :
amount [
I
Al i
) 0.7 L485°C H
145081 AT T
488 e ———
1600 3 {Ni} (gg 7 = e e e e P -
Toa 970°C i | 88
¥ i I
3 Pow
500 - H-—ii- = IF: B o (W)—=1
5 | | = = I = 1
355°C i Hagn. i i | H
‘Jrans , | i
\ b I
R wei e L § T T ! T fre T 3
f 1 20 30 10 50 ) 70 a0 o0 100
Ni W content (atom%) W

Fig. 8 Ni-W phase diagram

_16_



JAEA-Technology 2017-027

Temperature (K)

o o000 2000
! T T T T T T T T T T I +
10 S |
: et
" 3Cor{=CoyC c
/_‘; o - - Eﬂfc:':cl'? S
Qo F |
=
L o c
@ L Mo+ (= Mol 236__"'1':: HSMH?J;;M* ;IHM.::
% '11-'1'l$=;'E""“\._ . '.,.l?-t'ﬂ
o ~lI0— N
£ " g+ (= 5iC
4= k0=
w L o c- it I
— i
o - a6 =300 Mos . Ity
K rzgffsfcrw"fﬁgfﬂm -
5 20| eurCzlZ ~arC=CeC P
o L /
S vieeve |
-g T U*C*UC b
o L 1/2Th+ €= 1/2ThC;
: |
- L
5}
o 30 Nb+C=NbC —— ——
=) N —
s | ZTotC=Ta;C
o L
o | Ta+C=ToC |
=40 - - ]
L 1-.+C'=T'C' 7r+C rt
I
- Hi+C = HIG ‘
L .l L 1 I 1 1 1 | | y i
0 1000 2000

Temperature (K)

Fig.9 Ellingham diagram evaluating carbide forming ability 39

_17_



JAEA-Technology 2017-027

-— La

e —
zg'é‘l &

wn
|

Weight gain(g/m?)

e —F—dapinD

;7

0o 2 4 10 20
Time( k)

Fig. 10 Influence of weight change on Fe-20Cr alloys containing La, Ti, Zr, Al, S1, Gd and Y
added when kept at 1000°C for 95 h 39

_18_



JAEA-Technology 2017-027

Tablel Influence of each added element on corrosion resistance and mechanical properties

for y-Fe based alloy and Ni-based alloy

Influence on corrosion resistance

Influence on mechanical properties

v-Fe based alloy Ni based alloy y-Fe based alloy Ni based alloy
Sulfid Peeling b Declin%ilr.l Acceleration of surface
Cu Cu Sulfide eeling by Cuz0 processabi ity oxidation by Cuz0
O A by Cu embrittlement
A A
. Decrease in Solid solution Low thermal
Mat - . . FesMo, F .
stren;t}f:r(ling Mo | corrosion resistance strengthening elz) .0,1 eaW expansion
clement W by FeaMo, FesW of Mo, W Em rltgement by Mo, W content
A O O
Ta Ta Pas(s)lve film Ta Pascs>1ve film No effect No effect
Decrease in Decline in NisSi
gi Si04 oxide corrosion resistance processability by Si . 1851
Element that O by Fe11Ni15Si4 embrittlement Embrltilement
produce A A
surface
compounds TiC TiC Improvement of Improvement of
Ti 5 C1> creep strength by TiC | creep strength by TiC
O O
Improvement of Improvement of
Prevention of [Rare | Rare earth compound | Rare earth compound toughness toughness
peeling earth O O by Rare earth by Rare earth
O O

O: Obviously good effect
A Those that will be adversely affected by excessive addition
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