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Synopsis :

The characteristics of the weldable ferritic stainless steel, RIVER LITE 434 LN-2,
produced by SS-VOD process, are reviewed. In order to improve its toughness, C and N
contents of the steel have been reduced to extremely low levels and Nb and Al added.
The weld made under the suitable welding conditions also is superior in toughness.
Therefore, the steel plate up to about 12 mm in thickness for structural use above a
temperature 0°C can be manufactured. Being excellent in pitting corrosion resistance
and free of stress corrosion cracking, the plates are suitable for the use as vessels in wet

corrosive environment and have mainly been applied to hot water reservoirs.
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Synopsis:

The characteristics of the weldable ferritic stuinless steel, RIVER LITE
434 LN-2, produced by S8-VOD process, are reviewed.
toughness, C and N contents of the steel have been reduced to extremely low
levels and NI and Al added.

tions also is superior in toughness.

In order to improve its

The weld made under the suitable welding condi-
Therefore, the steel plate up to about
12mm in thickness for structursl use above a temperature 0°C can be manufac-
tured.

Being excellent in pitting corrosion resistance and free of stress corrosion
cracking, the plates are suitable for the use as vessels in wet corrosive environ-

ment and have mainly been applied to hot water reservoirs.
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Fig. 1 Charpy energy vs. temperature curves for TIG weld
metals of 3 mm thick 169 Cr steels
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Fig. 2 Charpy absorbed energy vs. test temperature of solu-
tion-treated specimens followed by water quenching
(4 mm thick, 2 mm V.notch)
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Fig. 3 Influence of chemistry (Nb, Ti, Al} and cooling rate

after heat-treatrnent at 1 200°C for 5min on Charpy
V-notch toughness of 18Cr-2Mo steels ({ull size)
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Fig. 4 Infivence of chemistry (INb, Ti, Al} and cooling rate
after heat-treatment at 1 200°C for 5 min on the tough-
ness of Charpy specimens {full size) having weld crack
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Fig. 5 Preparation of the specimen having brittle weld crack
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Photo 1 Microstructures after heat-treatment at 1 200°C for
5 min, followed by air-cooling

Table 1 Effect of chemistry (Nb, Ti, Al) on pitting potential
(Vo) at 80°C in 100 ppm Cl~ solution

Al (%) ! Ve'io (mV vs, S3CE)
0.057 455, 400
« 0.13 473, 460
18Cr-2Mo- .
0.2Nb 0.26 500, 443
0.47 453, 463
0.82 435, 450
I 0.048 ; 403, 433
18Cr-2Mao- !
0.15Ti 0.0%3 i 445, 433
0.38 ! 440, 413
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Table 2 Typical examples of chemical composition of R 434 LN-2

(wt %)
| ¢ ‘ Si | Mn P Ni | oo | Mo N Al | Nb [NbCH+N

Specification <0.020 | <1.0| <1.0] 0.040 | <0.030 | go.60 | M A0= [ LTom 1O 50
An enample of plates | 0.002 | 0.15 | 0.15 | 0.025 | 0.005 | 0.10 | 18.10 | 2.00 | 0.0050 | 0.22 |0.24 | s

Table 3 Mechanical properties of 6 mm thick R 434 L.N-2 plate

Tensile test Bend test Impact test
0.29 proof strength Tensile stength Elongation in G.L. 180°, y—=1¢ 2 mm V-notch Charpy
{kgf/mm?) (kgf{mm?) of 50 mm (%) P = ahsorbed energy at 0°C (kgf-m)
Min. ave.
e e 4.8 {10x% 10 mm)
Specification =25 >42 =20 Goeod 3.6 {10%7.5 mm)
2.5 {10x5mm)
An example*®) 32 52 39 Good 14.5
. ! JE S U U S
*1 Transverse direction
*2 Transverse direction, 6 mm thick
N

S5-VOD
process

Continuous
casting

Hot strip mill \
/ Annealing

Fig. 6 Manufacturing process of R 434 LN-2 plate
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Fig. 7 Charpy ahsorbed energy vs. temperature plots of 6 mm

thick R 434 LN-2 plate {2 mm V-notch half sized spec-
imen)
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100 gm

Photo 2 Microstructure of 6§ mm thick R 434 LN-2 plate (L-
cross section)
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Table 4 Mechanical properties of the cold-pressed head plate
(SD 1000 mm dia, 6 mm thick) of R 434 LN-2

Table 5 Corrosion test results of TIG weldments of R 434
LN-2 and austenitic stainless steels

Testing temperature (*C)

(a) Crown portien

Fig. §

o 0.29% proof Tensile i .
Portl?nh d Direction strength strength ! Elonog/a)tmn
oi hea (kgffmm?) | (kgf/mm?) | -
L [ 68 3| 15
Frange . =
T 70 74 i 15
- L 54 57 22
Knuckle — !
T 55 58 26
- L 4 52 33
Crown -
T | s s2 | 36
15
= uf ]
% 12
E 1”~ @ction
5 st LI -dire-
= b { i ction
o B
EL b
g
i Jl
R T T 80— 0 40

Testing temperature ("C)
(b) Frange portion

Charpy impact test results of the cold-pressed head

plate {SD 1000 mm dia, 6 mm thick) of R-434 LN-2
by using haif sized specimen

106.00 T T T
30.00 |-
Test duration 4 h
J’A
P == .
1000 F -
A A
500 F A’ ’kd’
z AT
&
3
E; 100 F
=
g 050 F
o
o
3
]
G.16 O R434LN-2
0.05F 2 Typeddd
A Type30d
[ Tvpe3ls
0.01
] L L L ]
20 25 30 35 40

Testing temperature {°C)

Fig. 9 Corrosion rate of R 434 LN-2 in 102,FeCl;+-6H:0 solu-

tion in compariscn with those of commercial grade

stainless steels
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Rupture time in the boiling
Steel Straug solution of 429 MgCl,
teSt 1 Qiress (kgf/mm?*)| Rupture time (h)
R434LN-2 | Passed | 30 l >500
Type 304 Passed | 20 [ 1
Type 316 Passed I 20 ’ 4

Table 6 Corrosion rates of R 434 LN.2 and austenitic stainless
steels after immersion in boiling solutions for 24 h

(glmh)
5% 19 809 50% 509

HS0, HO CHCOH HCOH NaOH
R 434 LN-2 474 320 <0.01 2.02 .90
Type 504 183 12.2 0.29 0.6 2.03
Type 316L | 4.96 16.2 019 0.45  3.12
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HREASS o, ¥4, SUS30M 35370 316 CREHKE
FPAE T A, R4A34LN.2 w1 F w o S R Lo,
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Table 7 = 6mm B¢ R434LN-2 fli5o TIG & 1o MIG %
FEEEG - R, T THVE RSEFEEME R, BEdho
Cr 3r0' Mo m2%¥EL, AHOLERZS I I BOTHEY
ETEd-bDThHb, - OEFEAKE Table 8 R,

Photo 3 j= Table 7 @ &k0fT ot MIG HEHO ¢ 7 v iflH
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Table 7 Welding conditions of 6 mm thick R 434 LN-2 Table 8 Chemical composition of matching composition con-

sumable

MIG welding TG welding {wt 95)

FES : -
jt CISianP‘SiNi Cr Mo |Nb | N
0.009‘0.18‘0.27 0.024'0.004' 0.006| 15.04 2.4810.22}0.011
1.5 !

Groave geometry

3mm thick Type 304
Nao ol welding pass 1 First side 2

Backing side 1

(No consumable s used)

Welding current a6 A 180 A
Welding voltage SRS [EAY
Torch gas {198 ¢ Ar+1.2 8 O 13 ¢ Ar win

min or 20 ¢ Ar min

Traveling speed 330 mm. min 10 tm min
Welding cunsumable | Matching composition | Matching composition
consumable consumable

Type 3161 Type 316 L.

Type 309 1.

[ S—

(a) Matching composition consumable 1 ﬁnn
) Type 316 L consumable

Photo 4 Macrostructure of TIG weldment of Gmm thick
() Matching composition B) Type 316 1. consumable R 434 LN-2
‘ennsumable

Photo 3 Macrostructre of MIG weldment of 6 mm thick _ _

R 435 LN.2 EE%, ¥4 Fig. 11w TIG BEHC > ToEhionT. MIG
wETR, Y-SI6L HHGCCEAHESBEORBN A AT b
HEAEHTHBEDT, LO=AAF —EREEIFEL LD

“r L, RERHEHE A ACRBEOT G —20°C Th D, Rl
_ e BRPARO iz —30°C TH 5,
E . '#ﬁﬁf: —————— —J7, TIG @R T, A-27 74 bR AT Y VA BEREE
Bor Base plate 5,77 7 RGBS TLEERESER 7 - 7 4 P T ROMIk DT,
2 of ,/" R TOBBRESRABS, —60°C LB UABREL, fhdd
= [ FEEHRYACLBS0 BESEOEBRRE Y, MIG HiEgo
5| DT KA ~20°C F{EC, #7: Shell-energy L, T
E: E i /7 Weld metal A B .
[ o // o (nmtching{cump.) Tokdie, REREFEELACRE, MG HHEREO L
K =t B E—— At TIG RO FUCb-% 570 oREEE MIG EEo
Testing temperature('C) BERET - OETEED LB —FF A Arhiz O % 19 #
Fig. 10 Results of Charpy impact test for MIG weldments of BRI 500, RO 100~ 20 ppm BERAL, i
6 mm thick R 434 LN-2 plate welded by using the ERETToL0EELILND,
macthing composition consumable and type 316L con- Table 9 = FeE 20T o B & s TIG m o

sumable (Torch shielding gas of Ar-195 Os and 1/Z2

MIG BT, BEMHOMAT X bTEEIoERCEA,
sized specimen was used)

FRETLRMT T E - B U2y, Bl oy
- ABDEREIMCER L UM e ST 2 AR5, L

BEABAORHOFTRELREVOT, 7234 BT E 20, TOEEELTREEMSROHILICHETALESS S,
DF —AF7FA P EUERGHBE LD, —fBT, T2F A RAT VAL -ATFIERAT L
Fig. 10 = MIG > To v v A e —V /2 o FHERS AHC AT RS o T 2 mBHhTVSA, Rl

w— D
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Table 9 Mechanical properties of MIG and TIG Weldments of 6 mm thick R 434 LN-2 plate

255

Tensile : Vickers hardness 180“77k;end (r=21) o
Consumable strength Bregikr:?g
(kgf/mm?) p Weld metal HAZ Base metal Face Root
Matching compaosition consumahle 48 Base metal 170 16¢ 160 Good Small crack
MIG
Type 316L 49 Base metal 200 160 160 Good Small crack
Matching composition consumable 49 Base metal 173 170 160 Good Small crock
TIG Type 316L 48 Base metal 180 160 160 Good Small crack
Type 3161 49 Base metal 210 160 160 Good Small crack
Table 10 Result of restraint cracking test Table 11 Results of Strau§ test and immersion test in 109%
FeCly-6H.0 salution at 30°C for 4h
Without pre- and post-heating | 50°C* ‘ 100°C* | 150°C#*> =
5 Corrosion rate in
Crack No crack ‘ No erack | No crack Consumable trauf 109, FeCly-6H0O
- — test solution (gfm?-h}
* Pre-and post-heating time is 1 h
Matching composition
MIG consumable Good 2.66
40 (}—})r-o
190%) Type 316L Goaod 4,12
Matchingélcomposition Good 0.77
Type 3161 consumable __c“(-)-rfuma € -
ank — TIG Type 309L Good 0.80
/ Type 3091 consumable
Type 316L Good 1.15

Impact value (kgf*m cm?)
E}:
T

Matching compositivn
consumable

0 1 I 1 1 1
—-100 —80 —6{ —40 - 20 0 20

Testing temperature (°C)
Fig. 11 Results of charpy impact test for TIG weld metals of
6 mm thick R 434 LN-2 plate welded with the match-
ing composition consumable and austenitic stainless

steel consumables (1/2 sized specimen, 3 pass welding)

500 ———  Restraint welding

o mlmm.v’

f
IIIIIJ

p—f —

[l Vi

I

=350 — -

Fig. 12 Outline of restraint cracking test

LN-2 BEifHicisTh, ReEREEMLRGCTOFROEE,
FHENCOBHEIAMGSEMEE S, Fig 12 2Rd X on 12
mm EOFRBN RS REER L AT, HEEE 200A, BEE

— 83 —

12V, ke 10mm/min, b —F 3 A 200/min Ar 0 &HT 1B
TIG a7, BERFEEINRBELT - & 5741 Table 10 =
R T#A D VIRBEHRYTLAVEEREEIhARET B,
50°C LLEOFEREBALTI LEh T - REL b, &
OEFENhORRIT, MhoREERIBESOHESRFIC LT
Ricd o b, HESEAY»SOHOBESRE~ORALIS S
DEELZLRA,

42 it A M

Table 11 = 6 min o> R434LN-2 8o TIG #= Iy MIG
ROV T 0 Straund BB E X8 109 FeCly-6H:0 th¢ 30°C,
4h OBREEXT- B HEOMARBEREETT. BEHORFAER
BRI EEER LCEE RO I 6T E oo d ke 2
M fifetkik, MIG B cEeFHEERE 2 ML 7078 Y3161 %
AGCTCEA L Y bEEENE L, L& EN S, Phote 5
EEORBROMAEY R, Y-316L RGBS EESBCILE
AR TE - A b b, 0, TIG &R0 BAAELE
B oME L X - CRIERBE T D, MIG EEoThiEs
#ha,

Table 12 iz MIG &tz owv-T o 80°C, 100ppm Cl- siEwE
FTOILARMNMEHEREYRT, P —FFACERCL - TILER
R, Ar-190: 2RV SE 0N Ar DLOHEI RS
THEERRoBRC I oI EERE S, CORER, MRk
S5 r—FHAD Ar R Oy JiinT 3 L BESEROFEENME
BT s s L EBEHENALEELLRD, O L BHIT, R4
LN-2 BEiRoSER oML, MIG #gE X0 i TIG HE1 B
htky, BKBETRFLMAAELTT,
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{a) Welded by
matching
composition
consumable §

(b} Welded by
Y-316 and
Y-316L

10 mm

Photo 5 Appearance of MIG weldments after immersion in
1094 FeCls-6H20 solution at 30°C for 4 h

Table 12 Pitting potential of MIG weldments in 100 ppm Cl-
solution at 80°C

T
Consumable Torch gas (mV vs. SCE) | (mV vs. SCE)
| 502 575
A
Matching o 445 522
composition |
consumable i 435 500
Ar-1940, 7
i 466 510
530 585
A
' 520 590
Type 316L
428 490
\ Al’*l?;’éOz |
| 490 : 485

Table 13 Results of stress corrosion cracking test on weld-
ments in boiling 429,MgCl, solution and beiling
1024 NaC!l solution containing 129NazCr:0; using
U-bend Specimen®:

429, MgCl “%’E@f‘o )
Consumable bollfmg foo%)ultlon, boiling solution
OF LV for 120 L
Matching | .
composition | No crack | Nao crack
MIG consumable I
(Ar-19%0,) -
‘Tvpe 316L ‘ Crack | Crack
i :
i Marching
| composition ‘ No crack No crack
i consumable |
TIG Type 309L E Crack No crack
Type 316L Cracl No erack

# Test specimen except weld metal was sealed by silicon resin

Table 13 1Zi58AFIZ>u T O 120 MeCl Kby X U4
B (100 NaCl+-19:NasCr=07) i g T oIS g i s 2
oaet. BRREUHEER AL U FRTGEReBLA Y
Pl avaaTy-Libok i, ReREEHHLR G

s Vol. 17 No, 3 1983

(a) Matching composition
consumahle

(b) Type 316L

Photo 6 Surface observation of U-bent specimen on MIG
weld metal after immersion in boiling 109 NaCl so-
lution containing 1% Na,Cr:Q- for 120 h

HE TR, EEER IUVEAREOMEEC X 6 TENE AT
Uigbry Ll —-2A7 oA F RFEHEEHGHE, B 42%
MeCle R R CIR T Cm DR RS R4 U5, i (10%NaCl

+1%Na:Cr:07) ks 13, MIG %48 ¢t Photo 6 1o
FTIoekERIaTEHhIBESR L 00, TIG FEg R
EhA @S bR, BB EF IS +5 2 Ehbh 5,

SO LA RIEIEANR BEgo ERERR, TIG #Eo ki)
LZEERE~O YO FAEN KXV E L EHESE S L B
%,

TOXBI, A—ATFAVRAT VUV ABEREER S E,
HERBEETRHCE~SEAE RSN ETEA S22, L, BE
TS, W 429 MaCle AiEd s BT (109 NaCl+ 19 NaoCry0;)
KEHA L, A2V B RS SET L, B
TIG BERTRTOEAFBEECHL, 0 Enb, BARE
oXaty, YORFTEAEBET CRA—AFFA TRAT VLA
BEMETLTAERTEL 2 ELLRD,

4.3 FEEORES

PR T LB SRR+ 5
{1) m&%iﬂ@cﬁﬂmx%m&ﬁ@@ﬁﬁ%m
{2) HBEFTWEHLOEESBE~0 N, O 0RAKIE

(3) EEAFOHETLL

(4) BATREOHEBEXMOIE

(5} HWEDELWBEOTEH, HHOER

(1), (@) #BHETELTERE C, N fhic X5 CAEES
Bofid oo, gEfiotorEEmollE -5, e 2
BAGYT 7 A — = VT AEN R S

5 &boIC

BENGER R431LN-2 o{ugm o avsiins, S0 C N R
BREHTHESL SSVOD Fewxizk b C, N &ihizh 20, 40
ppm ECER L, FTAEELTELLT N & Al % {fmL ey
CH D, UAMEHLLSELAJETHD. MELHEERFOR
Bk v EETo CARIER s s 0T, O°C LLEONRRE ¢
B 12om BEvoEEoBHANETHE MHIEKRZELE
My ERLIEENAEEEN O S, HEED L UG
O R RGBSR iR B A 2 T
WD B MIEER G,

— B4 —
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