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Development of Covered Arc-welding Electrode for Austenitic
Heat-resisting Steel (0.1C-2Si-24Cr-13Ni-0.8Mo-0.25N)

Synopsis:

Rokure FujiMOTO and Shaickirs MizocucHi

Purpose of this study is to develop covered arc-welding electrode for austenitic heat-resisting steel with
high nitrogen concentration, 0.1C-28i—24Cr—13Ni-0.8Mo-0.25N.

In order to prevent hot cracking of weld metal and to keep heat-resisting properties of weld metal equal
to those of base metal, covered arc-welding electrode for HK40(0.4C-25Cr—20Ni), which includes less
than one percent of Si in all-deposited weld metal, was chosen.

Effects of two kinds of coverings, lime-titania and lime, on blowhole in weld metal, crack-resisting prop-
erties of weld metal and creep rupture properties of welded butt joint at 1 000°C were investigated.

A lime-type covered arc—welding electrode which prevented blowhole in weld metal and excelled in
crack-resisting properties of weld metal and creep rupture properties of welded butt joint could be success-

fully developed.

Chemical composition of all-deposited weld metal of this welding electrode is as follows; 0.4C—0.758i—
25Cr-20Ni-0.10V-0.02Nb-0.02Ti-0.040-0.0005H-0.09N.
Various properties of welded butt joint of the above heat-resisting steel are also described in this article.
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Table 1. Chemical composition and mechanical properties of base metal.

Chemical composition (%)

Mechanical properties

C Si Mn P S Cr

dgo3 oB EL
(kgf/mm *)(kgf/mm? (%)

0.09 2.18 1.64 0. 023

0.004 23.9

13.6 0. 80 0.24 44 80 51

Note: Plate thickness 20 mm

Table 2. Chemical composition of core wire.

(%)

C Si Mn P S Cr Ni v Ti Nb N
0. 46 0. 87 1,46 0. 009 0. 008 25.8 20.6 0. 020 <0.01 <0.01 0.08
Note: Diameter 4.0 mm
Length 350 mm
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Fig. 1. Effect of solution temperature on the

creep rupture properties of base metal.
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Table 3. Chemical composition of all-deposited weld metal of covered arc-welding electrodes.
Mark Electrode Chemical composition of all-deposited weld metal (%)
ar covering . o] H . Other
Si (ppm) (ppm) v Nb Ti elements
R-0.4C 45%Ti0;-18%CaCO, L1 600 8 0. 09 0.02 0.02
L-0.4C 0,01 <0.01 <0.01
L-0. 4C-0. 10V 0.10 <0.01 <0.01 C 0.40
—— 1.
L-0.4C-0. 15V ésg%cggorzo%capz 0.15 <0.01 <0.01 %An : 312
—_— eoxidation 0.75 4 S X
L-0.4C-0.02Nb | by Fe-Al) 00 5 0.01 0.02 <0.01 ér 35007
1.-0. 4C-0. 07Nb 0.01 0.07 <0.01 N
L.-0. 4C-0. 02Ti 0.0t <0.01 0.02
L-0. 4C-0. 10V~ g
0.02Nb-0. 02Ti ] 0.11 0.02 0.02
Note: Testing method JIS Z 3221
Table 4. Welding conditions for blowhole test. 10
—
Weld ing position Flat Over-head b—22—
Welding current 135 15 =
AC(A)
Welding speed 15 7
( cm/min)
Pass sequence Welding position : Flat
Welding current : 140 A(AC)
Heat input : 12.0~16.0kJ/cm
Weld length : 100 mm
Note : Groove 5R . . -
M T Fig. 3. Welding condition for creep rupture test.
o
o~
(Unit : mm) CJ') R —
Weld length  300mm o 1 33
¥ - - QO T~
VLN * |
f—— 200 ~{ 20}
o About
] }._40_,[ ~ 70
-‘i: 'S %‘" Fig. 4. Sampling of creep rupture test specimen.
2 %
N
- ( m)
Unitim °
Lengthlof crack
o
o~
o |
L —— o ¥
Length of test bead _42
{
Crack ratio(%)=-§:7 x 100 }
Welding current : 135 A(AC)
Welding speed : 15 cm/min
20 cm/min o
Fig. 2. Welding conditions of FISCO cracking 4
: 11—+

Welding position : Flat
Welding current : 135 A(AC)
Heat input : 10.4~13.5k}/cm
Weld length : 200 mm

Fig. 5. Welding condition for welded butt joint

test.
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Fig. 6. Influence of electrode covering on blow-
holes in weld metal.
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Fig. 7. Influence of electrode covering on crack-
ing in weld metal.
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Table 5. Influence of electrode covering on creep
rupture properties of welded butt joint.

Electrode Time to rupture Location of
(h) fracture
284 Base metal
R-0.4C
284 Base metal
95 Weld metal
L-0. 4C
110 Weld metal

Note: Solution heat treatment of base metal 1 100°C-1h
Testing temperature 1 000
Stress 1.5 kgf/mm?

BEXRMTHD. ched L1 2 LZHBOREEYA
WU LB EMTIE, 10 100h oBMERe R L,
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34 SALRBERBRICEZBIBRED Y U — FHEHF
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DLEDER,M S, 51 AR BH, 254 -2
T P ROBBECE THEESBIC 7 v —h— A5 R4
LIt £, »oBESBOME R T ShTVL52,
BEMTFO 7 ) — FTEWBREINE ST B, LidioT
A LARBERC L HBEMTO 7 ) — THENR I RS
DIERERA— AT 54 RIMESHAE & LCEABD
BT CHICBEENBERIhEL LD EEL bR s,

EIAT, ZDF A FX=FYRBEETE 2
= 7B INE bR BFERA & LCik. Table 3 w5
NB5IL5ED V, Nb X0 Ti oFENET b
5.

M. B. Zacurour B¥%, mOEEER XA 0.4C-
25Cr-20Ni it B85 D 950~1050°C e ds1F % 7 ) — 7
BRI ek JIETHED Ti X0 Nb oE 435
N, 7V - THEEEI LERHOOm G & L NE LK
FEINBZEEBRLPRRLT W B, CoEEY (Ti+
Nb)/C (EFH) &7V —7/H¥ssx Lo R c&®
L, cokolin: by — 7HEEmIn k8L,
ZOHHAK) 0.3 TREMEEXRT. 4, Ti X0 Nb
DA & W AN % BTy, Ao a2
) - THMEINE G EAWME IR T WA, ik, =
DX 57 HK 40 ki 5 Ti+Nb oESEHMOLHE
COWTIL e D%, BHL? I 2TLHELD b T
BH, FRFAEOHRN 304 @B hsZ &k T Tk
1968 FFIZBEH B T X O THLA I INTER D & T
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BERBED 7 ) — TENHEROBECETH B & LA
B;]VL“CL‘%")”).

DX SIEELD, AMEDT A & - F 2 =VEE
EBC I 2BBMFO 7 ) — THNER I 5 1 2 ABE
BXodF<hTOBERIE Nb, TisXU0ViEsd
DEEZ bIRD. T4 A FR=VEABERC I ABE
EBREFWTINLDOILENT TR TS DI, BEY
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Table 6. Effects of vanadium, niobium and titanium on creep rupture properties

of welded butt joint.

Stress 1.5 kgf/mm? Stress 2,0 kgf/mm?
Solution heat
Electrode treatment Time to Location Time to Location
of base metal rupture of rupture o
fracture h fracture
L-0.4C 284 Base metal 88 Weld metal
-0, 10V 188 Weld metal 82 Weld metal
L-0. 4C 232 Weld metal 94 Weld metal
-0, 15V 194 Weld metal 78 Weld metal
L-0.4C 175 Weld metal 85 Weld metal
-0, 02Nb 182 Weld metal 91 Weld metal
-_— 1100C-1h
L-0.4C 275 Weld metal 107 Base metal
-0, 07Nb 285 Base metal 97 Base metal
L-0.4C 288 Weld metal 109 Base metal
-0.02Ti 282 Base metal 104 Weld metal
L-0.4C 261 Base metal 97 Base metal
-0.10V 259 Base metal 97 Base metal
-0, 02Nb 740 Base metal 223 Base metal
1250°C-1h
-0, 02Ti 753 Base metal 245 Base metal

Note: Testing temperature 1000°C
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23t TiO, 92.3%, Nb,O; 1.84% % X UF V,0; 1.65%
ThH5b.

T T4 LRBERC Y 5 BEEMRTFO 1000°C @
KB 7Y — TR IR LIFT #Eo Nb, V, Ti
DEBMEMB IO h b0 S TEOHESHEMDOEELH
Y. FOER% Table 6 wird. “hib, V, Nb
FIO Ti oBMAEMC XD 7 ) — 7HMERIIRL
b, »ORMBEMEESRED bRE. ThiexLToh
LILEEEABM UL BEBC L 2BEMTDO 7 ) —
THMIER S B ~BT LT v A, e 1250
°C-1h OEIB(BMHE 2 L T2 Y — 7THEMHEIYE
L BN OBERT K B\ T, ZoOHERE
1100°C-1 h OEFEBIAEM O 2550 B iRFic b b
b BT, WEAIEIERE LT Tthd v, V, Nb
BIO Ti oFHAHRMRC X VD BEESBD 7 ) — 7R
IRELLBDONLZ ENHLN LoD,

¥7-, Table 3 1wR$+ L-0.4C-0.10V-0.02Nb-0.02
Ti OB EEICOWT Fig. 2 R4 L 4T FISCO
N AT o0, HWED V, Nb kxX* Ti &
BN Lo CHEESBOME NS LA L EDL LI
TR IR

P EOBEER S, 71 s A HEOWBERIEES
B e —s—anFdLicd {, MELELREFT,
FED V, Nb 310 Ti o &¥M (0.4C-0.10
V-0.02Nb-0.02Ti) iz X oT 7V — 7 HEERINEL
{EDbh, ZOBREBIREEL - AT F1 b KiEk
WMA L LTl ETALDLEZDRS.

3-5 BEBRFOEM

BIES o #EH 5 L-0.4C-0.10V-0.02Nb-0.02Ti %
BRABEE L UGEY, coBEEY 0.10-28i-24Cr-
13Ni-0.8M0-0.25N O F— A5 1 + RHEMOB
CHW, BERFRARBRET O

Table 7 WX ERBEEO BELRE € 2WTHE LR
TRROFIREE 2R T

Table 8 %, MFFIRFAR MM T ABER Y
AT, MFFIRE XL 80 kgf/mm? 235 S, BT
B AN ThD. T RBRER, U WT
0.3mm BT/ T 1~2 EERIRE
T, HTFRBRCRT 2B ESBON ¢ 7 v EWEILREF
ThHbHEEREINS.

4. & £

BEEAF AT 1 FRMEE (0.1C-28i-24Cr-13
Ni-0.8Mo-0.25N) FHOEEEOMRIFRE %+ 72 1.
CETRESBOBRENEIET S L & it

Table 7. Tensile properties at room temperature
of all-deposited weld metal of covered arc-wel-
ding electrode.

(L-0.4C-0.10V-0.02Nb-0.02Ti)

Doz 0B EL
(kgf/mm?) (kgf/mm?) (%)
59. 4 80.6 31.2

Note: Testing method JIS Z 3221

Table 8. Test results of welded butt joint at
room temperature.

Joint tension test Roller bend test
Tensile Location
No. | strength of No. Side bend (4t R)
(kgf/mm?) fracture
1 No defect
1 8L.3 Base metal
2 0.2mmX1
3 No defect
2 80.2 Base metal 4 0.2mmx 1
0.3mmXx 1

B L AEE G o, Si B% 1% UTFrefl x 7«
HK 40 (0.4C-25Cr-20Ni) *EAMHRIC EE L. =
DEEHC X HEESBO 7 v~ — ik, Wk
¥ L OBEST O 1000°C wkiF5 7 v — 7 Rt
EBEIETIA L - FE=2YRETA AROHEER O
B OWTH LM L. ThHOREND, BHEe

Bkt s e —-s— AORERFIEL, BESBON

Elhbks L0 7 Y — SRR T S h o B ER LB R
L, ZOBEEYRAGCTERE L#FoOEEARELITO
. FRLOFBRYBELYTIIRDOLBH THS.

(1) BESBO T v —H— 1 O A, Ferro-Al
Wi X5 514 AROWEER > #H L CHRESBORR
BIVCAZEEYFhZh 0.04% B LU Sppm O LV~
AETERTSC XY, FTAEBIVCEAEOWT
hOBHEBTHHIEINS.

(2) 5S4 2ZEBOBEEC X 2BESBROMEIN
BixS A & FE=VREBOBEE LY LT Ch T
5.

(3) 544 -Fx=VYREBOBREELHTHE
L BEKTFO 1000°C st s 7 v — 7 Heeit,
SA LRWEBOBEBEI LT ONRTVS., TORRI
S4 A FE=TREBEBOWHER L LTHVWTWS L
F ADERSCTHD TiBtl, Rdme Lo Nb I
FOVE LI EERCRITEh, BESRBR Ti, Nb
BIVOVHRBEEEINDIDTHS.

(4) 541 2ZBEECX 5 BEHMFO 1000°C
Bi+% 7 ) — TN EXER & LT, BED
Ti, Nb, V 0Bk X O HARMOPELHIER
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W EERBH BRI L.
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OMHEE A W2 E ¥ LR TERY mMPR VS
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