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Development of Covered Arc-welding Electrodes for Stainless
Steels of 18Cr-8Ni-0.2N-0.1Nb and 25Cr-13Ni-0.8Mo-0.35N

Synopsis:

Rokurs FujimmoTO and Shuichirs Mi1zoGuUcHI

Purpose of this study is to develop covered arc-welding electrodes for high strength stainless steel, 18Cr—
8Ni-0.2N-0.1Nb (SUS 304N2) and pitting corrosion resistant stainless steel, 25Cr—13Ni-0.8Mo-0.35N.
0.2%, proof stress and tensile strength of 20Cr-9Ni-3Mn weld metal increase in proportion to increase

of N content.
of Nb and Ti.

Columnar structure of weld metal tends to become fine-grained by addition of small amount
The same also brings about extreme increase of 0.2%, proof stress and tensile strength.

Addition of 0.2% N, 0.05%, Nb and 0.05%, Ti results in 0.2%, proof stress more than 35 kgf/mm? and tensile

strength more than 70 kgf/fmm? (specification values of SUS 304N2).

Decrease of elongation, vEo°C and

crack resistant property of weld metal associated with addition of above elements is found to be small and

neglisible.

Weight loss by pitting corrosion test (5%FeCl,--1/20 N HCI, 50°C, 48h) of 25Cr-14Ni-0.8Mo-0.30N
weld metal (0.1~1.5 g/m?-h) is slightly greater than that of base metal (less than 1 g/m?-h). Pitting po~

tential V'qi4 of weld metal (0.96 Vvc SCE) is almost same as that of base metal.

It is concluded that

initiation of pitting corrosion is almost same as that of base metal, while dissolution rate of pitting corrosion

is slightly higher than that of base metal,

% respectively, there is no decrease of weight loss by pitting corrosion test.

In spite of increase of Mo and N contents up to 1.8%, and 0.34

Crack ratio of weld metal

decreases as ferrite content increases, while pitting corrosion resistant does not decrease by increase of fer—

rite content up to 5%,.

Various characteristics of welded joint of above two kinds of stainless steel are also described in this ar—

ticle.
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Table 1. Chemical composition and mechanical properties of base metal.

Chemical composition (%)

Tensile properties

Mo

Steel . Other T2 k4 ElL vEo'C
plate ¢ o N N dement (kgl/mm®)  Ckgf/mm® (%) (kghm)
Si 0.80 14.1
N Nb Mn 1,92 13.0
18Cr-8Ni 0.05 18.45  8.00 0.11 0.21 P 0.023 49.3 82.9 48.6 13.5
—0.2N-Nb S 0004
Si 0.81
25Cr-13Ni Mo Mn 1.64
—0, 8Mo - 0,04 24,35 13.20 0.84 0.34 P 0.021 42.0 80.0 18,0 —
0. 35N S 0,008
Thickness of steel plate: 18Cr-8Ni-0. 2N~Nb 30mm, 25Cr-13Ni-0.8Mo-0. 35N 15mm
Table 2. Chemical composition of core wire of welding electrodes.
Chemical composition (%)
Core wire oh
. . ther
C Cr Ni Mo Nb Ti N 0] element
Si 0.30
. Mn 1.61
20Cr-9Ni 0,04 20. 10 9. 44 — — — 0.04 0. 0093 P 0.009
S 0.007
Si 0,62
20Cr-9Ni~ 0.04 20. 46 8.97 — 0.08 0.12 0.21 0. 0088 Mn 3. 46
0.2N-NbTi P 0.009
S 0.007
Si 0.70
25Cr-13Ni- . Mn 1.59
0. 8Mo-0. 36N 0.03 25,03 13.54 0.85 — — 0.32 0.0103 P 0650
S 0.005

Note: Diameter 4.0mm, Length 350mm
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Table 3. Chemical composition of all-deposited weld metal of covered arc-welding electrodes (20Cr-9Ni-3Mn)

Chemical composition (%) .
Ferrite
Mark Core wire . . Other content*

N Si Nb Ti element (%)
0, 08N 0.08 C 0.06 4.9
0, 14N 0.14 Mn 3.5 1.8
0. 19N 20Cr-9Ni 0.19 0, 42 — — P 0,01 0.8
0.23N 0.23 S 0,007 0
0, 29N 0.29 Cr 20.5 0
0. 28N-Nb 0,28 0. 49 0.56 — Ni 9 0
0.26N-Ti 0.26 0.95 - 0.18 Al 0,08 0
0, 29N-NbTi 0.29 0.56 0.04 0.06 O 0,039 0
0, 2IN-NbTi 20Cr-9Ni-0. 2N-NbTi 0.21 0. 60 0.05 0,03 H 0,0005 1.6

Note: Testing method JIS Z 3221
*Measured by Ferrite-Scope

Table 4. Chemical composition of all-deposited weld metal of covered arc-welding electrode.

(25Cr-13Ni-0.8Mo-0.30N)

Mark Chemical composition (%) cl‘;i\rtreirt]et*
Ni Cr Mo N Other elements (%)
0. 8M-0. 30N- OF 15.6 24,8 0.85 0.30 0
0. 8M-0, 30N-1F" 15.3 25.0 0. 86 0.31 0.8
0. 8M-0, 30N-2F 14.5 25,1 0.86 0.30 2.0
0. 8M-0. 30N-5F 13.4 1 25,1 0. 86 0.30 5.2
0. 8M-0, 34N-OF 13.9 24,1 0.87 0.33 0
0. 8M-0, 34N-5F 13.4 25.1 0. 87 0.33 3.7
1. 4M-0. 30N-1F 14.4 24,3 1.23 0.29 Si 8; 36 1.5
1. 4M-0. 30N-5F 13.3 25.3 1.27 0.30 }ISA" 3, 025 5.0
3 o _
1. 4M-0. 34N-1F 13.4 24.0 1.32 0. 34 il 8: 895 0.5
1. 4M-0. 34N-5F 13.2 25.6 1.39 0.33 g 3; 8805 6.0
1. 8M-0. 30N-OF 15.1 24,5 1.71 0.31 0
1. 8M-0. 30N-1F 14.2 24,3 1.67 0.30 0.8
1. 8M-0, 30N-2F 14.3 24.5 1.70 0.30 2.4 -
1. 8M-0. 30N-5F 14.4 24,7 1.75 0.29 4.2
1. 8M-0. 34N-OF 13.7 24,1 1.88 0.34 0
1. 8M-0. 34N-5F 13.4 25,2 1.87 0.34 6
Note: Testing method JIS Z 3221
*Measured by Ferrite-Scope
Table 5.. Welding conditions for pitting corrosion | 200 | ST e
test specimens.
T About
Welding <] - 40 k— 7
s Flat - N R
position 7&; o Tm
()]
Welding current Q }
135 S
AC  (4) -+
(Unit : mm)
i d
e}ding emse 15 ~20
. Length of crack
[]
¢ 60 skl
Pases sequence
Nen
| L_‘L ' Length of test bead
-l .
Crack ratio (%)= g X100
15 "—\L rack ratio (%) 32

Sampling of pitting

corrosion test

specimen

37 X15 X 40 mm

Welding current : 135 A (AC)

Welding speed : 20 cm/min

Plate thickness : 30 mm (18Cr-8Ni-0.2N-0.INb)
15mm (25Cr-13Ni-0.8Mo-0.35N)

Fig. 1. Welding conditions of FISCO
cracking test,
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T OWHEEMEE Fig. 1 wind.
18Cr-8Ni-0.2N-0.INb % L 0¢ 25Cr-13Ni-0.8Mo-

v 60—

—/
=

(Unit : mm)
Welding current : 135 A(AC)
Welding speed : 14~18 ¢cm/min
Fig. 2. Welding conditions of welded butt joint
of 18Cr-8Ni-0.2N-0. INb stainless steel.

v 60—y

k13—

(Unit : mm)
Welding current : 135 A(AC)
Welding speed : 14~18 cm/min
Fig. 3. Welding conditions of welded butt joint
of 25Cr-13Ni-0.8Mo-0.35N stainless steel.

. | 30 l Backing side
Pitting corrosion
test specimen
37 X 30 x 30mm
Finishing side

Backing side

5% HQSO4 test

specimen
10¢ X 10mm

Finishing side

fe10+ _ ‘

Intergranular — Backing side
corrosion test
specimen
37> 10> 60mm — Finishing side

Fig. 4. Sampling of corrosion test specimens.
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| Core wire : 20Cr—9Ni=0.04N |

S
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3 £
X 150 o
% 'Eg}
é’u =0.30 3
E 100 4025 3
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L —10.20 T
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2 50 40.15 f
= - ) ) 5]
,“—N content in all-deposited 010 €
¢ weld metal ) 38
1 1 005 =

0 05 10 15

N content in covering (%)

* (N% in all-deposited weld metal) —~(N% in core wire)

(N% in covering) X 1/2 x1
Fig. 5. Relationship between nitrogen content in
covering and vyield rate, nitrogen content in all-
deposited weld metal.
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A : 20Cr—9Ni—NbTi PlEofERN D, SFOWMAEE L TULLRCER
B_: 25Cr—13Ni-0.8Mo HEBEIRLHNLEDELBFLTBEEL LIRS,
S . 3.2 EZ% 18Cr-8Ni-0. INb 5 iuiE
L 100m B - 3.2.1 HESCBOEBWEEC S JIFTNEL Nb,
f§° Ti QBTN E L OBESHEMOFE
- Fig. 7 % 20Cr-9Ni o¥#ESREOBMMEEC S X
g Sor 7] ETNEBEOEE L, Xbic Nb, Ti o¥MEiNE L OHE
§ BHRMOFERRLILDTHS. NEOHME LB
. , . 0.2% TWHH LOGREIANE L ERHBEGRICHS &
0 020 0.25 0.30 0.35 L TRUNZSRIRC X ) £ b OBIRAZ RDOIIERD X

* N9 in all-deposited weld metal «

N content in core wire (%)

Fig. 6. Relationship between nitrogen content in
core wire and yield rate of nitrogen in all-depos-

No9% in core wire

ited weld metal.

100
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A o,lgnb o D
B:05
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30 i - L
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0 01 0.2 03 04
N (%) '

Fig. 7. Effects of nitrogen, niobium and titanium
on mechanical properties of 20Cr-9Ni all-depos-

ited weld metal.
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0o o (kgf/mm?) =39.4+34.1x (N%)

op(kgf/mm?2) =57.6+45.1x (N%)
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kgf/mm?, %7535 X3 4.5 kgf/mm? Zh Zh i
sz Ewins. hbOBMOES 1T M ALY 25
316 L HgACRDIME(N 0.1% Hreb, 0.2% W<
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0.2% MHEIVBEBRIDETLRSLIDLEEL bR
5.
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rhEhfy 0.05% HERMT A Lickh, MUk
ORI = & L& — WA XRRNT 0.2% it
FIOGEBREINFELLHMNTS. T7ibb, Table 3
R EEEL S 0.2IN-NbTi oBESLE® 0.2% it
IR IO5EEIE T h £ h 53kgf/mm? ks LUt 77
kgf/mm? 738 54, SUS 304 N2 o fiksfii (0.2% it
71 85 kgf/mm? [) |, 5[ E 70 kgf/mm? P |) &+

X

Photo. 1. Microstructures of weld metal of 0.23N and 0.2IN-NbTi.
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50 0.56Nb
°
40 b= -
0.18Ti
°
D310 _
30 o
o 20 7
o
>
(8]
3
o10F -1

0.4

Fig. 8. Effects of nitrogen, niobium and titanium
on cracking in 20Cr-9Ni weld metal.

7 km%.
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wyine 0.28N-Nb(0.56Nb) 13 B¥E&BOEIN R F
LS kE\VC Eavbhd. Fi:, TiBEmo 0.26N-
Ti(0.18Ti) oEELBOHNK L KX A, ZOFRHA
BEBEFRA~SED TiZHEMLTED, BERCELT
HEERO S0, 28 Tig LoTRTLIh, BESEF
D Si B 0.95% LEL B dThbrEEZ bh
5.
D EomgestR» S, Nb Bouit Ti o BEEM
BESBOMENMELELLHLILEH, HED Nb
& Ti #EEENT 5 LMfEhtzd ¥ v Blobh T,
— RS HIRE LT 0.2% D@EREGM L O AE
> (0.2IN-NbTi) CHWVBENE bR, OREE
ITEWREAT v LA (SUS 304 N2) AL LCtH4adk
HERETLLDEZE L BNS.

3-2-3 WEMKFOREME

18Cr-8Ni-0.2N-0.INb oEEE <7 v L A #(SUS
304 N2) kL, FEIThoLbF Shickand
0.2IN-NbTi o¥EEELHVTEEL, RFRRELTT
Ofs. FORE, MFEFIEM S, U 79kegl/mm? 518
S, SUS 304 N2 o ##s{lE 70 kgf/mm? »-+4 E[E
HETHH. BT RSB EET, Bl s IO
T oVWThoRBE & LERBETHS. CORESR
27 =54 PEMN 2% UTE BEvcdrrbbd, 8
HFREBC BT A 2 7 v BRI FEECREFTH 5.

N content Ferrite content (25)
(%) 2.0 3~6

029031 é ¢
0.33~0.34 o +

Weight loss of weld metal
of D316L : 16,95, 946, 103
30k Average 1224 -

=
€
E
5
w
8 20p -
&
L
= ﬁ,.
10k S -
|
0 i 1l Q
05 10 15 2.0

Mo content (%)
Fig. 9. Effects of molybdenum, nitrogen and fe-
rrite content on weight loss by pitting corrosion
of 25Cr-13Ni weld metal. (Corrosion: 5%FeCl;+
1/20 NHCI, 50°C, 48h)
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3-3-1 MILBEMIE LT Mo, i kI 7 2 5
1 BOEE

Fig. 9 Al ARRC BT 2 BARE S LI1F3 Mo
B (0.84~1.88%), %F#E (0.29~0.34%) % IU7
=714 vE 0~6%) DEELYRT. RHELY 2fTok
B OMBERTCEA—ATF 14+~ ERTC7 = 5
A+ OFFET 5 ZHER TIIL RS 5 LBE IR T
WE. LA LARRED Fig. 7 R LB ci,
FI3EORBA KT 2 BABEDOEE E 12 0.1~1.5
g/m*h L) /R LIES DX &Y £ & T 5
L, Mo YBEFROBIMBERLIOY - 54 rEOKERFD
HEIEAERD LRI, ¥, ChBLOBESRE
OFLAMT, B (BAME 1.0g/m>-h LIF)Y X
DIRRE B LDD, DI6L OfEEEr X A BELE
(BRWE 9.5~17g/m?-h) L L CIEERT Shie
LDTHL. DI END, ThALORESBOMILA
Mk, B OBEY LRI Cr(25%), Mo(0.8%) 35 X
O N(0.3~0.4%) LolEFEHRICI>TELLALL
TWbiDEEZ RS,

—7J, 0.8M-0.30N-2F DFEEIC L 2B ELBOIL
REMEPE L TRM LB L. F0f5E% Table 6
CiRd. Zhib, BESEELBHOILAETEL Ve ik
BEAEEREVNAD LR, L Lo X 51, L
RRBC L 2B ESBOMILARIRM LY & 224
B. THABEESBORETEENRM I LK
EWiedeE2 bhb. BESBIBREOE ¥ o # &
T, OB A 2 ARZT, 7 e fBRE IR
WIS EPFLEETEE LY RESTEIRREE ZE 2 b h
5.
3:3:2 BESGEOMENETRSIEFET 7251+ %

YO Mo B %
Fig. 10 iz, BELBOBRENE R IITT 7 =5
1 tE LMo BOHEYRT. ZOXRIIBESBD
30

D310
X

N
=]
I

Mo 1.67~1.75%

Crack ratio (%)

—
o
I

Mo 0.84~0.869

0 1 2 3 4 5 6
Ferrite content (%)

Fig. 10. Effects of molybdenum and ferrite con-
tent on cracking in 25Cr-13Ni-0.3N weld metal.

Table 6. Test results of pitting potential mea-
surement of weld metal (0.8M-0.30N-2F) and
base metal.

Pitting potential (Vvs SCE)

Material -
Vciono
Weld metal g.£ Average 0,96
Base metal g:gg Average 0. 96

Note: Testing method JIS G 0577

Table 7. Mechanical properties of all-deposited
weld metal of covered arc-welding electrode.
(0.8M-0.30N-2F)

Tensile test Impact test
ay ., oy EL vEoC
(kgf/mm?) (kgf/mm?) (%) (kgf-m)
52.8 74.0 40.6 8.9 9.7 81

M EN B DI DITTEL A — AT F 1 b ROEEED
310 oRBBEREL LB L. 7914 rEBEOHMNE &
LICHEBESBOENRIBAL, 7 =51 rEA4Y U
BTzl A YERRRED bR/ b. Mo B2 1T
X 1.8%Mo Dz 574 0.8%Mo DA L b LIFESE
DERFIILRKREZ VA, ThboBESBOEINEIR
gk D310 X b H/h&\v. Z o D310 33 TiA
CERAZIRTWELDTHD, AERICHOCCEEEIX
T HEATHEN A ) T ChEREABVH D
LEZB. B, 7TFA VBN OY B LA
BrELC T e -k — L OREMEBI K E DD,

L EDORFRRERI D, BEEBD Mo Bizf#fo Mo
£ 0.8%) LECHRMLTLIBELBOWNILENE © A
LREDHORT, B LABESEOEHNRIIEINT 5 H
H%mR3T DT, BESBOEE L E¥ERS 1 25Cr-14
Ni-0.8Mo-0.3N Th%. *¥72, 7 =74 bE&E LTIk
2~5% PEETHY, Table 4 » 0.8M-0.30N-2F 31
HEOBEETH D LR INS.

3-3-3 BHEEFORENR

AEiORER > 0.8M-0.30N-2F 238 & U2
VY, DR EES 25Cr-13Ni-0.8Mo-0.3N D L& A
7V VAOBEC A, BREMFRBREIT ..

Table 7 1L tARBEHE OB E S BOBROEE LR
Lichs, e 0.2% Mt & 5IRE X A& .

HEFB 3R X138 77 kgf/mm? 7378 &, BEIAZE I
BESECTHD. Ml RBEREERRT S L OBERT
DWThoRBRR bERETHS.

BEMFHROBESGRE L M BFER L 2 URRA
DILRRABC L 5 EAWE 1, 3.29, 3.30, 2.10 T F
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18Cr-8Ni-0. 2N-0. INb %5 X 0% 25Cr-13Ni-0.8Mo0-0.35N =5 v v AMAHE7 — 7 WEBEOMRE 1749

¥ 2.93g/m?-h BB, R LcEHOME (1 g/m?
hTF) BIVKESBOME (0.1~1.5g/m2.h) X
FRPAEV. 2O FIIRBMBEER ORI AL
MR IVBELRBR IV IRRLEDHT EER LT VB,
COBERELTEREESYy 4 7 ric k) Cr Ribfs &
O Cr &2(toiic X% Cr RZBOAEMIEZ b
5.

5% WREEAERC X AR EL,0.30, 0.24, 0.81 T
3 0.45 g/m2-h 23 5, JIS Z 3221 o D316L ¥s
IO AWS A5.4 oo E310 Mo /¥ S h % IR
IR ELE BRBEIZThE h 4g/m*h k X O
3.7g/m2-h) L H#EE LU CHIEFT P I,

BESBONRBAIL, B#ENOE %, 650°C-2h 0
sbmBE, ¥ X ot 1100°C-0.5h pEFLEMEE 650
°C-2h @ELAB LB LI WThoRBICLRD L
iz,

+. @ ®

B A7 v LA 18Cr-8Ni-0.2N-0.INb i ko
I A7 v L2 25Cr-13Ni-0.8Mo-0.35N $RFH o3t
SRBEEYRRT L0, TTEROHEMFEC O
TR L. B LTt 20Cr-9Ni-3Mn RoOBE
SBEOBEBIMER LOBESBROMEhMT R JIET
NEJ+ Nb, Ti oMk JOESENOEEC >\ TH
Ao, i, HBERR LTI 25Cr-14Ni-0.8Mo-0.3N
FROBESBOMILAL ] L OBELBOME NS
JIFTMoB L7 =51 ' BOEELHELAT L. &
NEDEENSEBREAT v L AME L OILAE AT v
VASBAORSREBEE YR L. Ch bk
LTENRFRICHR L RS RBEEYBACTHEELL
HEOEERBRLY T oM. ThOOBRELENTHhIER
DERYTHS.

(1) BELBR 0.2~0.3% ORBECERELER
XRLHEE L THER I D A OB ERLGMT5H
2, EROBEY BEL, »OBREFERCS JIFTE
=1/ NS S A

(2) EwpEx5 v 1L 2 18Cr-8Ni-0.2N-0.1Nb 4§
FAoEEE s LT E IR 20Cr-9Ni-3Mn RO BE
&BD 0.2% B IVF|RBIINBEOHINE & %
AN T 5. IHEMEO Nb & Ti o
kb 0.2% Ak XIUBIERII VL LS LM
m3 5. 0.2% oN, hFh 0.05% o Nb t Tio
HEGINC XoT, fitElhdEx 87 3 v T 70 kgf/

mm? [ EOFERBIVB LS.

(3) THR=AT v v A 25Cr-13Ni-0.8Mo-0.35N
SO L TR IR 25Cr-14Ni-0.8Mo-0.3N
ROBELBOIARRC I 2EAREIR 0.1~1.5g/
mz-h o#EECHDH, B (lg/m*h LIF) ke
PRI, %%ﬁﬁ@%kﬁ%ﬁz V' 100(0.96 Vg SCE)
BEMEBERLTHS. 20zt LBEELEROILE
DORAERMIIEM & BERSTH DD, LEOHEHERE
XM LD AR kEVEEL RS, Mo B 1.8%
B IONE% 0.34% *CHmL THIALAEMEDO M I
Ab bl BEESBOENRERIY =71 r EOHEM
EEARBATEL, MABRKL7 =71 VBRI %
THMLTHEELaw.

(4) DFEERRHEMLEohS 2BHEOBERY
AVCTHEEIN - F R FhOMEOBREMTF OMEMERR
BRI, Whd 70 kgf/mm? B EoMKTFFRM S AE
Hh, BFRBRC BT HRIERERED bhishof.

AR EFTTECH ), BAEEH, #@RES X
OB e X ¥ LEERTERY HPRPEE
CHEROBBEEETHIRETHS.
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