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Development of Austenitic Stainless Steel “RIVER LITE 315CX” for Hot Water Use
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Synopsis :

In order to develop an austenitic stainless steel with excellent resistance to stress
corrosion, pitting corrosion and crevice corrosion in hot water environment, the effects
of alloying elements on the corrosion resistance of Cu-bearing austenitic stainless steels
were investigated. Addition of Cu and a decrease in Mo content improve the stress
corrosion resistance. Reduction in Mn content and increases in Si and Ni contents are
effective in improving the resistance to pitting and crevice corrosion without
degradation of the stress corrosion resistance. On the basis of the multiple regression
analysis of the experimental results, a new austenitic stainless steel "R315CX"
(19Cr-12Ni-2.8Cu-0.5Mo-1.8Si-0.2Mn) has been developed. R315CX has excellent stress
corrosion resistance markedly superior to that of SUS316 in hot water environment,
and also has good pitting and crevice corrosion resistance. The newly developed steel is

suitable for use in hot water apparatus.
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sistance to stress corrosion, pitting corrosion and crevice corrosion in

hot water environment, the effects of alloying elements on the cor-
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rosion resistance of Cu-bearing austenitic stainless steels were in-
vestigated, Addition of Cu and a decrease in Mo content improve

the stress corrosion resistance, Reduction in Mn content and increases
resistance.

in Si and Ni contents are effective in improving the resistance to pit-
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ting and crevice corrosion without degradation of the stress corrosion

On the basis of the multiple regression analysis of the

crevice corrosion resistance.

experimental results, a new austenitic stainless stee] ““R315CX" (19
has excellent stress corrosion resistance markedly superior to that of

Cr-12N3-2,8Cu-0.5Mo-1.85i-0.2Mn} has been developed. R315CX
SUS316 in hot water environment, and also has good pitting and
The newly developed steel is suitable
for use in hot water apparatus.
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Table 1 Chemical composition of steels (wt. %)
C Si Mn P 5 Cr Ni Cua Mo N
Base steel 0.02 0.5 1.5 0.02 0.0015 20 12 2.0 — 0.02
0.5 0.2 0.005 18 8 0 0 0.02
Experimental range { { 1 1 1 t t t
2.5 1.5 0.035 22 18 3.0 1.0 0.20
v A 80 R 304 Cu{18% Cr-99% Ni-29% Cu) »BLwBISE L T 352, 108 : , ,
R 304 Cu {zfBh i SCCHFHF LT3, B~ x 5 20Cr-12Ni-Cu
KARTORERECEB b Tl &M S T OTHRE R &D 27.5% MgCla 7]
—BORLABRE LD, Zh oo kETIE Mo ofEnsH [ U A
BTHDHY, BROFMIME SCC LI ET 285, TOL) L
i SCC AL A 3 X UTH MR A X — R MR T 5 8 " _
Chh, —HEELEeE LMHAMET TS L 5 BENELGE, z 30% MgCL ¥
L7z2is €, FRMRER T O BERY BR LB G R F .
Bt b BADRA v b &ir B, o |
o, SCC BZHIEBDT/IEL, p2>SUSS16 L AELE g
DENLTHILAE S L OTHRER AR LETE 4 — AT+ A +FRoa = 32.5% MeCl:
FYVAROMBLYAM E LT, Co Fd —AT+1 L RAT ¥ or N
VAROREIZRITT AESETROBBEYRE L L L Open symbol: No SCC |
Solid symbol:SCC
5 . . . Specimen thick 1.5
2.2 {"Hé;i*jb;t};&ﬁ’i Bendinglcrar:iﬁz:Smﬁm
HOBRHEFEEO 50 ke @2 RS BIE- BEL T, S
B BERE - BRFE LA E 2.0 mm, 0.8 mm JE @A TERESR & t5bH Yo i ) 3 1

L LTHER Lz, Table 1 13k 5 i, iRt o ESE T 20%
Cr-128 Ni-29% Cu ##A#5 = L, Si, Mn, P, Cr, Ni, Cu, Mo 3
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it SCC 1, EAEE ¢ SCC LRIEOHNFELYET 2 275
~32.5% DERE MegCL BB (U <y FRBR) 3 IU2H, B
B A OEABESNE (200 ppm Cl~i L 78 1 000 ppmCl—, 80°C,
IMAMIC Y DERE L e FiRds 2 0 TIG BEB O LA,
B A (JIS G 0578) & Lot kPcoflABARE (200
ppm Cl—, 80°C, JIS G 05773z X H B¥{fi L7z, TIG HEEE LT, B
B 30~50 A, BE12~15V, M 3Bem/min BIW—F > —a
FAr3l/min DEFTHEDHTEEY T - 2. WREARAEL
3.5% NaCli+0.19% Ha0.(30°C) K¥EHh COREBRRES XU
BAPCORMBR T 4L BA (1000 ppm Cl, 80°C, BT AEFHE
2mV/min) ¥ ETHZ & X hFA L. i, BRERAEARK
i, Vvt TFEROHA LN, #o PRIV v —HCT
PRI AT L, BB L 2o,
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Fig. 1 Effect of Cu content on the susceptibility to stress cor-
rosion cracking in boiling MgCl; solution by U berd
method
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Fig. 2 Effects of Mo, Si and Mn contents on the susceptibili-
ty to stress corrosion cracking in boiling MgCl; solu-
tion by U bend method
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Fig. 3 Effects of Mo, Si and Mn contents on pitting corrosion
resistance in (6% FeCls+ 1/20N HCI) solution at 35°C
for 24 h
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Fig. 4 Effects of Si and Ni contents on pitting corrosion resis-
tance of TIG weldments in {6%FeCls4-1/20N HCl)
sclution at 35°C for 24 h
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Fig. 5 Effects of Cu and Cr contents on crevice corrosion loss

in {3.5%NaCl+0.19%H:0,

) solution at 30°C for 48 h

{The specimens were fastened by TFE bolt, nut and

washer.)
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Photo 2 The cross-sectional micrographs of spot weldments
immersed for three months in hot water (200 ppmCI—,
80°C)
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Photo 3 Characteristic X-ray images of the surface of 209, Cr
—129%Ni—19%Cu steet immersed in {1%H:30,+
0.0339,NaCl) solution at 80°C for 24 h
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Fig. 6 Effect of Cl~ and Cu?+ addition on the dissolution po-
tential of copper in sulfuric acid solution
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EMECEEP, HBRRASCX i Cu 1 YA LEYT V8
BTk Cu NEFRHFELST b, FofEE Co niadpm L
ASCEET B L EL LR E,

L2 L, Cu 24T il Ut Gt oREBCHEET S
720, HEh v~ FEIZ BT Cutr e »Cut o v — FEIE
BUE LD, A Y — FEICEH Lic Cutt IEAE 7 b & Cutt
ZEBA Y- FRIGKR X b P EEI o BR LD B
A, Cut, HH Cu BEFCFEETS L 5 RERRARMKRS X
U Clrigr o By ARER bUM A ESE R, 1FvEL
THET2RABABRLERS YU Cri@Eos - EERE L b
BMECHEECRL EEL bR D, £, Cu 2 @RCHMT S &,
FHLERTCEELECu 14 vicIdd ¥ — FRIGEREFD
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Table 2 Summary of effect of alloy elements on corrosion resistance

Effective element Detrimental element

Stress corrosion resistance

Cu, (0.5%Mo), (Si, Ni) 1%Mo, N, P, Mn

Pitting corrosion resistance

Mo, 8i, Cr, Ni Mn

Crevice corrosion resistance

Cu, Cr, Ni Mn, N

- . . as-weld,
Pitting corrosion resistance of elded

Si, Ni N, P, Cr

TIG weldment #320 polished

Mo, Ni Mn

Corrosion resistance in hot water

Me, 1%Cu, P N, 2~3%Cu

1000

T T T
20Cr-12Ni-Cu

174200
b 0 ppm CI7)

Virevto, Voo (mV vs Ag/Ag Cl)
o
=

Cu (wt.%)

Fig. 7 Effect of Cu content on pitting potential V¢, and

crevice corrosion potential V., 1o

T Cu oBBrird. BBy L CrBEEAE GBI
Cu it HEL /e h, BAEMNE LU CHREMNMEVEEIE Cu i
HRhEh, LREOBRNORLEETFTEAOLELLR S,

BABRSEC BT SCC RAAR IVEMEAYESCLTEL
B bpb, Cullid SCC iz THHNCHL EELLNRSE,
BRBBE To SCC R LA LOREBRERMEHRETH
&, Cu BERECTE L TRMERLHH £ 2T e s
ZER LD SCC nREXIET D EFELBERD, —7, SCC ik
£% Cu 2 s o T, BEOMA Cu by — FRIE
{BEEA L D BARE SR, SRR LT3 2 BEL
TLA AU, SEeiril BRIl bRl MELEL L
ha,

2.5 mLsrEREt
THILHEOAERRE~DERE £ &5y Table 2 iR

Table 3 Chemical composition of steels

T it SCC 2 ka3 oot Cu & EwcimL, Mo %
0.5% LTFwERT s 484d 0, Tt SCC rHikzwve
LA X U R A A T 5 72 0iiE Si s LU Ni ot
B L Mo oEREFT A IVZ Edbho iz Cr §iif SCC x4
L2 OIS X URBREAEY BT 54, BE
o as-welded it ki 2L ABEZET 225745, Cr OHETL
BRA DD, ¥h—7F, Cuk2USioRNBISNFES DY
oS BRASS 0, NiORNEL = 2 P hoflsits,

LEnlsERL, ARBF -2 »BEERSH LRI, &
HEERAC VTR LE SCC frRIFT, oAt X W
BRI AL SUS 316 L ESL hofkid 5 LicBRBE+ -2 F
F4 P RAFUARME LT, 19 Cr-12 Ni-2.8 Cu-0.5 Mc-1.8 8i-0.2
Mn #§ (River lite 315 CX) #BE38 L 7=,

3 MR#AOCRHYE

BEFSN R315CX & SMEMHM © L EM D% Table 3 iRt
R 315 CX o b5 a4 o, fif SCC e Lotwie Cu % 3%
L ETHEML, Mol 0.5% EMLTWAZ Lk, ¥ Mo B
SR FLA M s X U R A DE T4 Si, Ni 5 X7 Cr 0
B M oERCIIH-CTVW2ETHD, ¥/, RIGCX 38
B HET L DT AR BERY S L HE TR B ORISR
FEREMLTWA,

¥, FERM R 315 CX Lekoin SCC #k L UitilA
P4 Fig. 8 32008 imm+, RISCX i2vPhimkird SUS
316 I Eofa%sRL, BBESoMLAkcEhL TR,
SUS 444 % L o¥ SUS 3 It~ T L BB E\h - al L=,
Tz, BARECOR SCC 2 FET 5 adi, Tl 6»0H
Wik L oMERER TR EVTH SCC xRy
Fig. 10 o34, BRAFEOEMREY Fig. 1005738, 28, M
BLARHAEARCBRLTHT vy 2 A5, MiT X HalEm
CHERAEYE LI, Folr SCC AR4ETraEnd et

(wt. %)

Steel C Si Mn P 8 Cr Ni Cu Mo N Other element
R 315CX 0.013 1.85 0.20 0.027 0.002 19.3 12.6 2.64 0.55 0.028 Special minor element
SUS 316 0.072 0.53 1.43 0.024 0.007 17 .4 11.0 0.30 2.13 0.026
SUS 304 0.064 0.41 1.26 0.036 0.003 18.3 8.5 0.05 0.04 0,047
SUS 444 0,003 0.17 0.28 0.031 0.005 18.1 0.3 0.02 1.82 0.005 Nb/0.27
NGB kLS Vol. 23 No. I 1991 — 40 —
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Fig. 8 Comparison of stress corrosion resistance between the
newly developed stainless steel, R 315CX, and conven-
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Comparison of pitting corrosion resistance between the

newly developed stainless steel, R 315CX, and conven-
tional ones in (69 FeCl;+1/20N HC) solution at 35°C

|

for 24
tional ones in boiling MgCl: solution by U bend method or24h
500 80°C T ‘ Potentiostat
Open symbaol: No 5CC
400 Solid symbaol : SCC )

5 15CX i

%)n 3001 R 315C | _ _
< SUS 4 a. ,[ " Hot water

o |- 447 1115 80°C

< 200 N | 0 ® | {Cl7:50~5 006
(4 | Ppm
E 100 O\S\I‘JS 316 1 {mm) :(_ Spot

- A e l20t welding

N ] . - x‘ ] 200

I SUS 304 \‘:“1“5 Experimental
N Il (1) Potential sweep rate is 23 mv/d
- — 100~ \"'-x ) (2) Specimens are held at the

potential. at which corrosion
— 200 L | ] | | current is over MW pA for HH K
10 50 100 {00 5000 10 000

(1™ concentration{ppm)

Fig. 10 Stress corrosion and crevice corrosion resistance of the newly developed stainless steel and conventional ones

AHETHL, FRBFEREXAG A TWARITBEKERAR
LHELT, BAEXRELERCER LD, Bhéd SCC
REEALYRAROBR ClmlEw & - TR &M >R
TEAEEGHFE AR T2, SUS316 327 SUS304 T
BAkd o CH s 50 ppm ¢4 SCC MR4ET 30N L, R315
CX cyr Clm A 5000 ppm i ip - T h SCC 2iR4E w7, BB
Wh-fif SCC xRt i, BMRARAEME, R35CXaA
SUS316 r h #hFho ClrBEH-T#H 200mV #RTuv 5,
SUS 444 11, o A BMEESRE L TL EFRBREEHED Y E
eI —FRNC AR S EL L, tORRREMERRERSEL
TIRBWEERDHY, BESOKART R315CX,SUS36k £
T SUS304 L ohinh Ry,

R315CX oiiBE 4% 8 & LT Table 4 R,
R315CX 2 SUS316 % Lot SUS 304 2 i3i3RAESOREYTR L,
BERoMIELRIFTCE S,
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Table 4 Mechanical properties of the newly developed stain-
less steel and conventional ones (0.8 mmy¢)

R 315CX | SUS316 | SUS304 | SUS 444
0.2 PS (N/mm?) 288 300 265 376
TS (N/mm?) 572 626 618 523
El (%) 46.8 48.1 54.0 25.1
n-value 0.354 0.407 0.470 0.184
Hardness (HV) 144 151 156 176
Erichsen  (mm) 1.1 11.7 12.7 8.9
LDR* 2.05 2.10 2.05 2.05
TIG 0.29 PS
welded | (N/mm?) 289 289 294 353
speci- TS
men*? (N/mm?) 588 618 711 510
El (%) 42 43 44.5 23
n-value 0.351 0.388 0.443 0.178

*1 Graphite grease lubrication

*2 Longitudinal to welding line
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4 ¥ &

BAREC R TE SCC #EMILAE S L URBREA L&
RicA —AFF A P RAT Vv AREHMBET A0, CugF +
—ATFA PRRAT Y VAHOM A BIF S, Mn, P, Cr, Nj,
Cu, Mo 50" NoOBELHEL, UTOKRLYE-.

(1) CuFmMIBFCBARE I ST 30 SCC hodRicHL
TH D, TOHRMBORINT Lt Tt SCC iz mE+2,
Mo (BFICEHNT 5 £ SCC A Mic{ET 2549, 0.5
RLATIERT 5 LEND B,

(2) Si& Nio#MBRIU Mn OERK X D SCC E2ETA
BD DA HALEY LMIBMB AR HEIR S,

(3) HHEECK TS, Cult7,/ - FEiicgB Cu 2 LT

Ty, EREELOHL THARYHE e
Do HTi Cu OFEBMIRIZER PO Clr WERINE & 4B
TL, CoravikE#mE -4 kLR T508, BADLS
lE C@ S B s B A Lt Cu fHinizds
CEHTHES. 20X 5BANHEECL Y CuinEAss
kit SCC oREXYMFT 2 LELBRS,
BEo#FReESE, BARAA—RFF+1 FPRRATFT 2R
R 315 CX (19 Cr-12 Ni-2.8 Cu-0.5 Mo-1.8 5i-0.2 Mn) % BE%S L 7-.
R 315 CX B ABE Ik C SUS 316 L #5108 h #-fif SCC
EEERL, BAEs I CHEMEEELRSUETHE, Ein,
DT & L SUSS6 MR TEAGIR . RBRMOE
Bing RARES~0oFA NSENEIRS,
BLYERHBEOMRBCEL, $AREBETLEG- =8 EEE
Aot g LET,
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