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Photo.2—1 Welding table for hot eracking Lest

Table .2 — 1 Chemical compositions of the materials used

Thickness } Elements, % |
Materials ' e | Mws | TS
ocdismetar,mm. | . | o |yl p s N } TI \ Zr |
- T = s g SRS BT = = ' i - SR L o AgTra— ‘,' k]
Base metal 3.59 Ni steel l 13 0.4 o.al 082 o.oulo.mel ] =] = ' P
| i | | |
R 2 : ISR .
% A 2.0 008 | 0. 1.«( 0.011 o.mi 2.63 | o.nf - 1 58 ’ 13
2.5%Ni ;
: B 1.6 | 0.08 | 077 1.31 0.008 0.017) 2.63 | 0.13 — m| 7
Electrode steel | [ ' | " ‘ |
i c 16 0.08 | Oar 178 0008 00t zaz| — | — | @ u
3.55 Ni steel | 2.0 007 o 142 o.m# o.nzs{ 3.69 | n.:n! <14 ’ 12
| 1
| =3 =l =k SE e [ — i =
FeS | ln.oz 0.08 015 0.008 14 — | — I oo
Ferro. | | ! | |
Fe-Ti ! 0.064 0.10, 0.12 0.007 0.008 — | 70.4  — ‘
alloys I | | | |
Fe 2 \ o8 (20n| = | = [ = |~ | = a8 i
Metallic Mn 1
|

BOVES SR BINAKEOBMIE—EOEMNREDH L AEEO I GRT WINPT
BLEENLVBEEHBH2LITHB. LrL, M/BlE ORIAL & b iCBINMBERML L.

MoB =60 LULETHNREBEHELYLTVRY, 0RRL-TOLw, KB, Table 2- 1K
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Fig-2— 2 Measurement of cracked angle; Fig-2—3 Effects of sulphur content and Mn(S
8, =008+ 002 ratio of electrode wires and of weld metals
0, : total cracked angle on hot cracking of 3.5% Ni seetl-weld

M : Specimens for microscopic obscrvation metal

C : Specimen for chemical analysis
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IZIZUL U 74 Y i3 Table 2 - 1RRTEIR 1420w H B3I T
OT, BERHBRAINE 0.4 BULEOY U H o 28BLTV %, 3 biT, BEE LRSS
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BERICHKLE & S IHHBNIREINL TRBEORM THE 2TV, BBRCBI SR 22 { LIE
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HNABRORIRZRIEL T Table 2 - 21RT, HHHL ~H) B33 RK0.0 1%,
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NBLLLNIOT, LOROL FTOBBITRTXBEBEHERIZENAFORH IO F o1,
HHREEROBGGTEIREXBTIZINNAE L OBE R Fige 2 -4 RKRT, BESBO oL
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Table- 2 — 2 Cracked angles of weld metals containing manganese, titanium and zirconium, which
were added in the groove as ferro -alloy particles

Element Cracked angle, deg.
Marks of Sulphur, Added SRS S .

test elementa, Sulphur Visual testing f X.ray teating
wiy wt ; e [N
specimens : * ratio o | . | o | & | 0n o

7,14,23,5,10,7,
H1 0.009 Mn 0.48 51 s | 2078 129 | 108 | JIEISSAGT | 26
u2 0.008 Mn 1.25 156 51 51 66 &6
H3 0.010 Mn 195 185 0 o o | 28 28
He 0.010 Mn 2.15 215 0 o 0 ls 9
HS 0.008 TL 0.9 61 0 80 68 R ™
HE 0.008 Tt 110 197 1n | 2.8 2 7 1
u? 0.008 T 181 201 0 ° 0 0
H8 0.013 Zr 0.6 1z 79 | 5038 s | e | aLezasa 208
Ho 0.013 Zr 0.3 72 @ @ 8 | 25.13 |86
\1o 0.107 Mn 052 .8 360 ' 360 | 360 | s60
Hu 0.090 Mn 116 12.9 125 | a7 162 | 200 I 200
HIZ 0.094 Mn 1.66 1.7 70 | 12,10,9 o1 | 121 | 2171208 184
H13 0.101 Mn 2.33 281, 3% | 12 a7 55 | 13 o8
_— 0.003 i 0.3 2.8 106 | 5..18.8 o1 | oz | s0a7.m 193
ais 0.104 Ti o 7.5 60 60 6 66
HI6 0.085 Ti 135 15.9 0 0o, o 0
T 0.094 zr 0.1 2.2 180 | 10,41,18,7 256 | 360 | 360
H18 0.081 Zr 0.29 1.6 149 | 28,1415 206 | 177 | m.e1s D oam
Hi9 0.093 Zr 162 e Lo 0 ‘ 4
" H2 0.201 Mn 0.49 2.4 360 0 | 360 1 360
mzt 0.206 Mn 1.22 59 | 196 | 22,12,67,56 | 258 | 360 360
HZ2 0.201 Ma 1.93 9.6 64 | 8.19,25 16 | 180 | 5108 163
H23 0.170 Mn 2.3¢ 13.8 101 o | e | s 19
T au 0.223 Ti 041 14 126 | 84,1841 260 | 285 | 128 | ;2
HZ5 0.156 Ti 0.6t 3.9 8 8 | 149 149
HZ8 0.138 TI 149 1.0 a Y @ "
H2ZT 0.202 T 018 0.0 167 197 | 360 360
H28 0.7 T 0.40 2.3 16 | 10,3 129 | zea | 2,15 285
H2 0.188 T 160 8.5 8 6 1| 17,864 4

85: Angle of a crack occurring in a crater and continuing to the outside of the crater
9;: Angle of a crack occurring in the outside of a crater
8a: Total cracked angle
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Table -2—8 Chemical compositions of the experimental elecirode wires

Electrode Elements, % T 'm:; N ;z;’g
Wires ¢ | s Mn P s Ni ™oz
- .03 0.50 182 0,007 9.025 3.22 - - — —
M2 s.08 0.60 2.18 2.007 .035 3.42 - - - -
3 o 0.5 2.20 n.018 o.052 BB - - - -
T YT 0.5¢ .18 .004 0.030 3.5¢ 0.60 - P -
Tz .02 0,50 1.0 2.004 5.035 a8 050 — P -
T3 0.02 0.77 127 0.004 £.033 3.5 532 - o -
z1 o 0.38 0.97 2,004 0.082 5.80 - | o — 5
z2 0.55 o84 328 0.9 oom | 3.6 - B | 1z




K d

Total cracked angle &

05 10 15 20
Mn.Tiand Zr contenls of weld
melai, wt %

Fig-2~ 9 Effects of alloying elements on hot crack-
ing of weld metals containing 0.017~0.020
% sulphur )
Remark: Weld metals alloyed by titan-
ium or zirconium contain also
0.4~0.6% manganese.
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Table .« 2 — 4 Welding conditions of multi-pass welding

Welding process COy Uy ure welding

Electrade wires 3.5% Ni steel M3 Ty 72
Welding curvent, A B20.950 320 350 340 #75 450
Ave valtage, ¥V 2 ] Ky 3i
Open circuit veltoge, V a2z 3z 32 36
Welding speed, cnymin 40 40 40 aC
Number of passes 6 7 7 5

Shiclding gos COL 1510 O Imin

Table 2 —SRA4MOKRBEZA Y (8.6F=v 7 V#lliR, v ¥ RMBMBEMS | 7 & LV FEmM
BRT 1, oro=9vLRMMRZ 2 )RIVBOENANBEGROCTER & BROER 2RT,
IR B I VRRAREBCTNOBE LV BRALEHOENL G, HERBHI L TN



[ R

e — ~145 -~ e SO
Weld Metat —— 3R
§
LB -riedt” 1
! e !
TR - TR .. H
| Saitied SR ms
7 3 i ¢
/ [P SRR O S |
Tension Test Sl aa —i=-—==~y Charpy
Specimens I N S N Impact Test |3
\ [ St ikt Bty 1 . -
' i Speci
\ L B | pecimans
R
L_-_,_.J;;?___-}
;f- ------- - \*__m_,f’,. _______ TT
i -
! I -~ ™
———————— -t‘, ~ - ———— -
- e et L LI »———-‘!

Fig.2-—10 Muli-pass welded plate and the Jocation
of test speciimens

DBEFMFOMEN IV, 52508 5%BNi MU 4 YIRLBEHEGHMITL b, v oWy, F
ﬁvé%wﬁ9WSiﬁA%&<KﬁMLtM8\Tlﬁ&ﬁZﬂ@ﬁ@ﬁ%<@onéu&<
K?ﬁygﬁv4?mi5%$ﬁﬁ@WUuBS%DﬁéﬁbTW%a
1R\%ﬁﬁ%%ﬁM%bwmv4vm;é%&ﬁﬁ®@%Mm,anﬁ@M®§MF®M?
BBV, AD508.5%Ni HTAYILHN, IOECHERLTV L, INLOS L, F2U

PERIMUIZLOBEBEECEZRL, 0CT10.6Kg-m/od, —~4 0°CT6.TKg-m,/cd Tha,

Table . 2— 5 Chemical compositions and mechanical properties of weld metals obtained by
experimental electrade wires

e . ‘ » . N , Chutpy inipact
Electrode Kiements, 27 Yietd Tensile Elong o b 2V st
strength, strenglih, tion, g sifein”
ire o
wirey use c i si{Malp | s | Ni|Ti]|ze || karmm? | kasme? % e o
3.5 Ni 0.09| 0.09] 0.38 | 0.011 0.@22 3671 e - 40.4 58.0 16 2.8 2.4
»M3 0.10} 0.11] 0.68 | 0.008] 0.024] 3.40 ] — — 39.9 56.2 74 6.0 8.9
T1 0.04; G20} 0.48 | 0.006] 6.025} 3.55 | 0.04 42.6 58.2 38 5.7 i
z2 0.07§ 0.08{ 0.36 | 0.906] 0.022 3.4 s a1 41.7 52.5 26 4.3 Mot
Base
0.3 | 0.26] 0.52 | 0.011] 0.008; 3.41 | - e 41.8 56.2 53 22.4 24.4
metal ]
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3.2 8 MEGMOEEEN L BEBNEZY & OBk
3.2. 1 ABMIER

Table3 — 1 AT LI, 7O LBIF =y TV EHERETEY ) —ADF—27F 1 b M
Bl e BP THERL CABME Uic, ABHMERCELTR, WEI>3H2013~016%
—E LT, 12, RESII006~008%—EXLHLITHELIL, DAZEIZ0004
~0005%CHBIAT, FLLTVE IR ZEBENZHR<I,

WIS EBBR e L b, 7V TEMPT, 254 PRAVYFEHOTTV, v H B8
CHETHEL 2%, IOEROBREREMUL, 62X 62X EI30m (51 2m) OMBMHERC
BEA AT,

YiA7»DE & OB AL D 6Figed — 1 WRT X 5 B HEAZ %200 1okl Bl 2 Bin T
1N QR (EECR fa

Table . 83— 1 Chemical compositions,ferrite amounts and erack angles of the Ni — Cr steel weld metals

Elenmxnt, Ferrite % Crack angle, deg.
Ne. Crey Ni a1
¢ Si Mo P R Cr Ni fin fs Ky Visual

Al 0.06 0.28 083 0.004 0142 15.95 1374 16.37 15.96 ] [+ 333 100
A2 .06 .32 4.97 - 9.1 17.28 12 38 17.76 14.67 ¢ a’ 244 57
A3 0.07 .37 .02 - 0.149 1R.149 11.47 18.95 14.08 4] 0 85 11
Ad 0.07 0.35 .84 4.004 .15 19.31 10.43 19,84 13.563 7 1 0 [+
A5 0.06 0.38 1.06 @154 2032 9.54 20.89 i1.84 iz g 0 o
A6 0.07 | 0.37 0.94 £.004 0.134 21.52 8.53 22.68 11.20 17 15 0 1]
Bl 0.06 0.46 1.07 0.004 0.135 20.60 15.99 21.29 1R 41 0 0 163 27
B2 0.07 0.44 1.04 - 0.143 21.54 15.07 22.25 17.69 ] Q 195 23
n3 007 | 0.31 0.82 - 0.156 22.46 13.96 22.93 16.47 0.4 2 76 11
B4 0.07 0.46 1.00 - 0.146 23.56 12,70 24.10 15.30 11 7 0 [
BS 0.06 0.42 1.03 0.153 24.59 11.88 522 14.20 21 4 0 [}
B6 | 006 | 039 | 09 | 0004 | 0151 | 2492 | 1106 | 2551 | 1344 | 25 | 17 0 0
Cl 0.07 0.41 0.90 0.004 0.160 | 24.94 20.09 25.56 22.64 0 0 360 91
c2 0.06 0.45 0.99 - 0.130 25.11 18.42 25.79 20.72 0 0 175 30
C3 0.07 0.49 0.93 - 0.153 26.30 16.93 27.04 18.22 6 6 126 19
C4 0.07 0.40 .86 0.005 0.163 27.56 15.99 28.16 18.52 18 8 8 11
C5 0.07 0.45 1.13 - 0.153 28.37 16.86 29.05 19.53 20 8 8 0
(o] 0.06 0.44 0.96 - 0.155 28.60 16.43 28.72 18.71 20 10 0 0
C7 0.07 0.46 1.10 - 0.146 29.47 15.87 30.16 18.22 25 15 0 0
C8 0.07 0.53 0.94 - 0.150 29.53 14.67 30.33 17.24 25 16 -0 0
C9 0.08 0.57 0.99 - 0.141 31.29 13.36 32.15 16.26 40 30 0 0
Clo 0.06 0.48 0.93 - 0.158 26.47 13.55 27.19 15.82 25 14 4] 1]
cn 0.06 0.49 0.99 - 6.155 27.29 12.16 28.01 14.46 30 20 4] 0

Note fm: Ferrite anvunt measured by point counting method
fx : Femite amount etimated from Schaeffler dingram
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Table . 83 — 2 Chemical compositions of the base metal and clectrode wiers

Element, %
Materiak —
[ Si Mn 4 5 Cr Ni Mo Cu
Base metal 0.08 0.48 1.54 0.034 0.316 18.42 .75 0.26
Electrode wires
w308 0.08 0.59 1.u8 0.038 0.009 18.85 9.1y 0.33 0.14
WwW3ile 0.02 04,38 1.26 0.0614 0.620 K35 13.49 2.24 -
Wi 010 0.10 1.63 0.027 1,004 2590 4 2L -
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Fig-8-18 Chemical compositions of base metalselectrode wires
and weld metals on Schaeffier diagram
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Table .3 — 8 Chemical compositions, ferrite amounts and crack angles of the
weld metals by electrode wires W308, W316 and W310

Weld Element, % Ferite | Crack ‘

Creq | Niem Soldification process
mzkl o g M| P IS oMM % | ange.deg.
si308 | 0.08 {0.44 |1.20 [o.o3s [o.s6 {188 ] 9.1 | — | 1884 | 1241 7 7 L~ Primarye
M316 | 0.06 {0.32 |1.17 |o.026 [0.278 1816 J11.52 | 118 | 1983 | 13m1 1 5 L Eutectic (e+7)
M316|0.08 10.27 |1.40 |o.03 Jo.173 2088 [1458] - |2129 | 1768 0 105 (%3&““’2: o)
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Fig.8— 14 Hot cracking test results of weld metals
by MIG welding plotted on the Fe-Ni-Cr
phase diagram
Note; attached figure shows crack angle
of each weld metal: *crater crack
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Tuble .8 -4 Chemical composilions of buse metal.electrode wire
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Petorials Elements, wt¥ Creq
c 51 | m cr M| Mo P 8 Cu | Others /m‘-q
Base metsl (0.08 | 0.48 ) 1.54 | 18.42 | 9.75 | = 0.034 | 0,316 | 0.26 19.14./
| 12.92
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Table-4 —1 Chemical composilions of casl spceimens

Specimen Elements, wt% Creq Nieq Hv
c | si | Mn|cr | Ni | Mo ]| cu ‘ - |(@s cast)
MV 13 | 002 | 047 | 1.09 |15.18 | 9.66 |1.65 | 1.38 |17.53]10.81] 138
MV 14 | 003 | 0.47 | 1.24 |15.25 | 8.76 [1.71 [1.29 [17.66 [10.28] 142
Mv 15 | 003 |047 |1.19 1522 | 7.68 [1.86 |1.36 |17.78] 9.18] 156
MV 16 | 003 |0.48 [1.23 [1526|6.90 [1.76 |1.36 [17.53] 8.42] 250
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Marterials - Creq Nigq
C Si Mn Cr Ni Mo Co Cu
Bascimetal 0.16 3.31 0.99 0.55 1.08 0.73 Q.30 0.05 1.74 6.38
Elcctrode 0.03 0.87 1.79 21.14 9.73 3.15 2.85 1.60 2559 11.53
Weld A 0.12 0.47 1.23 11.57 6.23 1.94 1.68 1.01 14.22 1045
Weld B 0.12 0.47 1.23 12.14 6.25 2.02 1.83 0.496 14.87 10.47
Weld C 0.11 0.47 1.29 12.11 6.48 2.02 1.68 1.02 1:4.84 10.43
Weld D 0.12 0.45 1.20 1154 598 1.91 .83 0.95 13.83 10.18
weld E 0.12 0.44 1.31 11.13 5.87 1.39 1.80 1.01 13,92 9.53
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2 | 005 | 033 | 107 | 17.53| 6.15 | 2.04 [20.06/8.19 | 2t e 1.6 123 o p
2 | 004 | 03¢ | 090 | 17.83| 660 | 2.04 | 2040800 | BB | 2.0 KA o N 20
3 004 | 028 | 118 | 15.38] 295 | 242 [18.0a a7 | 22 CEL | 402 E 43 10 i
2 | 004 | 026 | 110 | 1580| 345 | 2.20 |18.39,5.20 | 2R | 27 0 855 B4 s 114
'3 | oo4 | 027 | 098 | 1604 3.87 | 215 | 18.60,5.56 oo cant 32 a4 54 10 =
3 | oos | o2r | row | 17.7a| w63 | 208 | 2022815 moast | B3 | 21138 40 74
3% g 0.06 | 025 | 092 | 18.03( 5.05 | 208 2049671 | 2t | 454 | 601 | 165 52 ut




as cast 7T 58.0 12.6 7.8 212

38 0.04 0.27 0.82 18.51 | 5.52 2.08 | 20.99,7.13 as ref. a8 58.6 11.7 9.7 238

) 25 cast 93.2 03,2 3.4 5.1 244

43 0.04 0.26 1.12 10.86 | 6.57 2.13 |13.08/8.33 as ref. 8.0 9.6 256 5.2 320

as cast 71.7 73.8 3.7 5.2 335

“ 0.04 0.24 1.02 11,08 7.22 2.10 | 13.5¢/8.93 as ref. 73 803 31 3 337

as cast 66.0 73.1 2.8 4.1 30

45 0.04 0.22 0.89 11.40 | 7.78 2.50 | 13.83/9.43 as ref. 69.6 68.6 2.2 i5 344

28 cast 36.6 88.8 11.8 5.8 243

46 0.04 0.30 1.16 12.76 | 8.83 2.10 | 153171061 | o Lo 8.0 8.0 &1 «a 237

as cast 20.2 5.5 21.4 15.6 201

47 .08 0.29 1.08 13.12 | 9.38 2.01 18.62 /11.44 a8 ref. G0 8.3 4 9.8 281

as csast 20.4 76.0 33.1 16.0 170

48 0.04 0.27 1.01 13.82 | 9.72 2.04 | 16.27/1043 | o0 ref. 2279 9.5 2.2 137 254

as cast 18.1 83.1 24.3 10.2 128

49 0.05 0.37 1.44 1248 | 9.38 1.88 | 14.92/11.58 | cef. P 92.0 123 68 286

s cast 21.2 78.5 10.7 B.4 167

63 0.08 0.32 1.26 11.65| 9.48 1.82 | 13.95,/11.91 | as ref, 80.8 21.0 8.2 — 220
aging 68.7 104.0 19.4 -

as cast 35.1 ar.2 13.3 8.7 185

(.3 0.08 0.3¢ 1.14 11,17 8.9l 2.04 | 13.72/12.28 | as ref. 0.6 80.6 7.0 — 328
sging 73.0 1002. 14.2 —

as cast 4.2 86.2 1.1 4.9 256

a5 0.08 .21 0.79 10.58 | 10.3 196 | 12.86/12.48 | as ref, 70.0 84.2 4.8 — 333
aging 84.0 9.6 18.0 —

as cast 53.2 73.5 1.2 4.5 268

68 0.07 0.16 0.72 10.06 10.4 1.82 {12.560,/12.87 | as ref. 77.8 90.1 4.5 -— 332
aging 81.0 - 102.0 25.6 —

Hv* : Vickora hardness Number
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Table 4—4 Chemical compositions and mechanical properties of cast specimens
(B: 139, Cr-Ni-29% Mo)
Elements, wt% Heat Mechanical properties
Casts Creq/Nieg - vE, 77| Hve*
c si | Mn | o | M| Mo treatment | 702 iy 1% ) (e
;s kgzmm? | kg/mm3 kg-m/cm?
as cast 26.2 76.0 8.2 5.3 160
50 0.05 0.17 0.62 13.50 | 8.19 1.88 | 15.64 /10.00 | refrige. 76.0 88.7 5.0 4.6 248
ration
i sscast | 230 | 889 | ., 5.0 | 188
s1 0.04 6.12 .62 13.22 | 8.51 2.00 15.40,79.97 | refrige. 59.3 79.5 . 3.9 as¢
3.8
ration :
| as cast 25.2 71.9 22.0 8.8 248
52 0.02 | 0.18 0.38 14.42 | 9.26 2.00 | 16.66,/10.03 | refrige. 38.4 85.0 224 8.8 51
] ration

Hv# ; Vickers Hardness Number
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Photo -4 — 3  Microstructures of cast specimeiis
{B: 13%Cr-Ni-2% Mo), x 500



4.6.45 ClHHR(14%Cr —Ni —2 %Mo —Mn ) O b0 H

CHROBRIZ1 4%Cr —Ni —2%Mo ~Mn BToo L %4 ~9%2 o HoTHBLIIEOD
Thbe REZ00ABEL. 0LME16%=9 7 L4506 BOMBICLBE LI 1%D=
v X VBPRENU T2 %0Ov o Ao BFNL T v o GREZEML LIz, Table 4 —5 13735
NICHBF OEFHBE L BAAOLEBITY Y - CullBILz  OOBMMIBA R RT, Mko
MaoMTRNE. CORDBERTRHBAADOIEEY Y - FallBILIZ D EDE » & — 2 FE
DEEHLFEO0~100TH3B,

Fig- 4 =8 1056 CIRDROBAMOFHARI R L v o Vo GRICHLT SOy FLI S
DCHB, RMIBLF02 %t iz~ Ao GhioMme i, 47« €olHOEECHH»
HoTHLTAMCH b Mo ST a0 d B, 7. 47 - YallBiL: b Dk &
KDL IC b DEBHAADEED DL 5Ty JIBHSBL0.2 BT L b < ks
BT, 0L2HBIBNEWAHOE LT 24~ Th/mm® THBMB. 47 . ¢ o LEIC L
haL~88k/ mm®  36wlfghicdkhas~97w/ mm®chimLToa,

Table .4 =5 Chemical composBtion and mechanical properties of cast specimens
(C: 14%Cr-Ni-2% Mo (0.04%C))

ERASETEE Sl @0 NE e s e e Lo i, e

L TS A T e Y g T 1/1;17 ;;;:.:,—em-:;:-. e
Elements, wi% ] } Tensile properties, vll‘:xe.

Cants o Treatment f“;; an __ kg-mjcm? Creq/Nlgq Hyve
c | s |Mn|cr| M| Mol 'kgymmd | kg/mms| 8% | oo | poec

S e e i as cast @ 9.4 | 83| 107 | 66 2

o |0.04|0.20 3901204 6,88 191] —72°C met. 83.1 95.2 38| 17 ] 60 |15.20,8.83 | 8
1 Refl. +Aging 97.4 102.1 4.0 6.8 8.0

I 1 T s esat 2.2 8.7 | 15 | 152 | e | | 2z

b |0.04]028]6.7¢|10.07 484 | 1.87| —72°C Rer. %] 8.7 | 108 | 9.8 | 91 | a1 9.4 | 820
Ref. + Aging 89.7 81.0 9.8 9.3 8.0

R T B | i e cast 268 | ma | o | | es | 102

¢ [0.04]040| 0.2t 13900/ €.17 ] 1.88| —72°C Ret. 418 | 850 123 | 107 | 18.42,9.88 | 242
Re!. + Aging 8.2 76.0 10.6 11.4

R 1 ee caa 256 | 85 | 87| w03 | 68| | 28

a |006]0.27]6.21|15.3¢8.07] 1.08] -72°C Ret. 744 | 830 | 38! 14| 53 |1s72.828] 353
Ref. + Aging 81l | 32 | B3| e8| 57

] | T 1T s cant 396 | 644 | 182 | 82| sz ! By

e |oodlore|n7e| 1458 288|195 ~72°C Rer. 406 | 6.7 | 104 | 104 | 27 | 16.018.49 | 265
| Ref. + Aging 873 | es7 | 109 | 11 | za

o i ) a5 caat 229 | o8 | v | 128 | 68 | | 1w

¢ }004]0.6)6.26 1618 4.30] 1.88] _72°C Ret, 7.1 812 70 | 84 ) 58 | 1655865 | 209
Ref. + Aging 64.1 84.7 4.2 7.5 5.7

Hv*; Vickers Mridness Number
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Table -4 — 6 Chemical compositions and mechanical propertics of cast specimens
(D: 139 Cr -B%Mun-Ni-1.6%,Mn)

Elements, wt% Heat Mechanical properties e
Casts Crey/Ni v
- ca/Nlea | tmentd G0z |98 1% | ey
c 8i Mn Cr Ni Mo kg/mm? | kg/mr? kg-m/cm?

as cast 17.6 62.9 55.0 17.5 155

53 8,02 0.21 8.95 12.64 ) 6.93 1.64 | 14.60,/12.01 | refrige- 21.7 61.4 46.0 19.0 230
ration

as cast 16.4 62.2 17.4 13.2 153

b4 0.05 0.13 7,93 12,60 | 5.66 1.68 | 14.48,711,13 | refrige- 42.1 82.1 8.2 9.1 284
sation

as cast 21.1 64.5 19.4 14.4 174

&6 0.07 0.20 8.95 12.89 | 3.92 1.80 | 14.59,710.45 | refrige. 27.2 4.5 12.3 12.5 235
ration

Hv* : Vickers Hardness Number
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(D: 13%Cr-8%Mn-Ni-16%Mo)
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Table . 4 — 7 Chemical compositions and mechanical propertics of cast sepeimens

{E: 149,Cr-9%Ni)

Cast specimens Elements, wt% ! E Heat Mechanical proporties
CreqiNieq! treat. | -m—w—= =wew o q o s e Hve
. eq eq | . . | vE v
: ‘ Ooz. |05 | & :
Series No. | ¢ l si ! Mul cr ‘i Nt | others' i ment Ek;,mg kgrmme | % {;_ﬁ'ﬁmh
7 {00508 1.2¢] 14.78) 0.32 mscast | 184 | 810 | 427 | 6.3 | 168
_ as ref. | 05 872 | 160 197
Eo 150571025 e 4 | 1t 173 | 130 261
1 aging
72 |ooe|oas | 1.1 | 13,14 897 060 s cast | 47.7 s | 188 ' 288
. ‘ as ref. | 645 R 9.3 3.6 308
Mo [BOT/0T T | e P12 5.7 €0 318
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Martensite. Austenite
14

Weld A

Weld C (as weld)

{rel cagmngi

10} Base metal
(34980 steet )

Nickel equivalent, *

18
6 Austenite «Martensite
«8-Ferrite
Martensite
4
Martensite « 5-Ferrite
2 6-Ferrite
%z« 6 8 0 m w16 e 20 2
Chromium equivalent v,
Pig-56—1 Chemical compositions of 9%Ni steel, electrode wire and weld
metals on Schaefflen's diagram
Table .5=1 Chemical compusitions of 9%Ni steel, electrode wire
and weld metsls (MIG vprocess)
Llements, wt % Creq/

Materials C | si|Mn]cr | M| M| P | S Nieq
Base metal 0.06 |0.29(0.57| === | 8.63| ~== 0.007]0.008] 0.44/10.72
Electrode 0.008}0.21(1.46]19.87{10.69|3.56| === -—- 128,75/11.65
Vield A 0.06 |0.13(0.8410.84| 8.81|1.40|0.009{0.005 12.44/11.03
(as weld)
Weld B 0.07 |0.09[0.95|10.64| 9.65|1.40/0.011{0.005|12.18/12.23
( ref.)
Weld C 0.07 |0.13{0.88|10.23| 8.53{1.38/0.011]|0.005|11.96/11.07
(ref.raging)
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Table-5=2  Welding condition for MIG process

Parameters A B C
Welding current(a) 500 50C 475~500
Arc voltage (V) 34 32 32
Traveling speed(cm/min) | 30 20 2R-20
Shielding gas (1/min) Ar 20 - CO, 5
Root gap (mm) 1.0 1.0 1.0 |
Trestments a5 weld |refrige-~ | ref..zging
retion
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Table-5—3 Mechanical properties of bose metal (9%Ni steel) and weld metals

0-25%PyS.| T.5. [Elong.| Red. in | Charpy impact_value| Hv

Materizals kg/mm kg/mnd % area, % kg-m/cme
0° |-80° | -196 %

Base metal 68.2 Tha7 30.2 Thal 25.4] 29.7 | 29.1 250
Weld A 542 90.3 | 24.0 | 49.8 6.6] 5.4 | 4.8 |260
(as weld)
Veld B 83.8 95.7 18.7 4l.2 4.0 2.8 2,9 a57
( ref.)
wela C 86.2 101.5 | 20.6 | 54.3 3.8| 3.8 | 1.2 381
(ref.eaging)
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DX WAL #MTOF A SE Y % Table 5 -4 KK+, RBROEBIRGRALTHBIRLTH S,
WM T~ TEMBTd > 12, HHED 2 £0 b OREEEIE©—REL R0, KSR
DB X DM L b oI B R U, Bl L7z,

VG OB MR B T DT NDRERSTICOOTE 18 LD HMUBEBOINIDT, IKHED
& % DB Ao Ay B (Y EPE 88 mn ) BT 12ASME, 18 0O MIFICRL T
AT L b o 1,

Tabte -5 —4 Tensile properties of welded joints

Weldments 0.2%7.5.] T.S. |Elong.|Position of
kg/mme kg,f’mmz % Failure
Weld A 69.6 |74.2 17.9 base metal
(as weld)
Weld B 67.9 72.7 20.C base metal
( ref.)
Weld C 71.1 75 .4 16.1 base metal
(ref.eaging)
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5.2.31H BEmOIEER ‘ : SRR S T

9% =» 4% 20Cr - 1ONi MRBHEY 4 ¥ CHET 2 HE T, § S0 3BHEMI R
LA -ATFA PRBETHAOTC, JBIFTENL L WERAOURIELED RS,
Fig. 5-8i29% =5 s ##% 20Cr - LONi#MRA7 1Y TM I GHHEL P B £ P S 18 B
NEBOKREETT, BEHEEH260m minks kL F30 aeufminmvﬂl@i:ﬁ}s%% sv-F2H
w&@gn%ﬁgf@5ﬁAﬁﬁ@%ﬁ%&%&ZShﬂhh@%ﬁ@ﬁ5M%ﬂ%§ﬁﬁ%w
CNEHRESHEL, SV EABVEBIRESOL LKL s LBbhA,

FPig-5=8 Result of hot cracking test of 9%Ni ateel
) Noteigo.gn and gt are explaived ip Fig.2-2
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5.2.2 F{Tub~Ic L5, 9% Ni #EMIGHEELIEGRY T - ¥ o lBlict b iz
MWL 206 ERTCOWEEHBEFL, 9% =y v HOBHEHF LU THEDDL 4D Thdo
Lo ZL T, HUBL W7 1 ¥ 2HIEL, Fig.5-9CRT &5 K EIROKE 20 mD 9%
=y M EMI GIFHLUTL, 218, BHEHNICER =9 71, IR v & @R~ H >,
WG, W L P BLE T 20 F 2 B8~ 14 A9 Y2 WDV D2HEL T
WU, GRitk L EQIECRmML, TOHREL b~z BB LOREEHE7 1% (B
378) DL FMM%E Table5-5 3L Fig. 5-10CHRT, KIERHREKRDEL D TH 3,

A1 S i 320~340A 7 - 2 WHE 28V

T 400 mn/min % = Ar 125¢, /min+He 1 254, /min
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BT N CORBN 2 -7T2¢ TLKMY Y - Yo Bl U, SMIEE% Lo ~T,

2
L4
g 40
2
- 200
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Fig-5—9 Test plales for eveluation of mechanical properties
of welded joint added by various alloying elements

&

Table . 5—5 Chemical compositions of base metal(9%Ni steel)
and electrode wire(No.878) for M1G welding

. Elements, wt% Creq
Materials
' c [siJmm ] P s [nNi]c | Mo 4.‘,

'Base metal . v . —
% metal | 0.07 | 025 0.56 {0008 0.004| 8.80 038/, 10

Electrode e | 0.046( 0.14 | 1.60 [0.003]0.013[ 8.58 [ 19.52] 3.34 [V 5 o

-82—
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24
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Martensite{M ) / ( & -Ferrite(F)
A
%% 2 % 20 2 8 32 3%

Chromium equivalent,
Fig.-5—10 Chemicul compositions of §%Ni steel.electrode wire

) { No-378) and weld B on Schaeffler s dingrum
Table 5-6 (20 OFEEEE2 RS, H, "A.D."CoRT ML EARIKON . A . itk
DEDICE SIWHMU L EGIRRDRE R T, =9 v, = 2 AL FMOBENIME Fig. 5~
L1WGORFTEOIR0L2 %N ZETFEIL2, CHRBINLEHILELA ~XFF 474 -~ =T
HAHTLELY, BEGEOIFEMES L b A ~xFF 4 FEEOMMICKIL, %A - 255
A PBEMLIcc L 3EBONS, 4L, Fig. 5~ 10 W0C, Gk edmL i

WEODDIEHB I Weld ECRTELBICHAD, =y orr, < Hoisd FROEBIICED .,

Table 5= 6 Mechanical properties of refrigareted velds, vhich contain
some alloying elemerta.

Spocimena 0.2% proof Tensile Elongation, Absorbed Viokers
atress, strength, % (G.L.=20 enorgy, hardness
Ho. | A.p.* ke/ms? xe/m? | ow) N ]
0% | -196%

E L 79.2 115.9 1.5 2.68 | 2.22 340
B | W 1,10 26.8 | 79.3 35.0 5.54 2.68 190
EMZ | Wi 2.02 29,2 60.4 67.0 10.14 5.00 166
EM3 | Wi 2,26 23.6 53.3 75.0 11,86 4,12 156
MM |[Ms 1.06 48.0 115.8 19.0 4.20 2.74 269
B [ Mn 2.4 30.7 5.3 31.5 531 5.07 25
M5 M 3.62 26.8 BO.3 47.0 8.1) 3,78 193
ECRl | Cr 0.63 TSN BTN 11.5 3.05 2.04 520
ECRZ { Cr 0.78 7.5 104.6 22.0 475 2.2 290
BCR> | or 2,14 77.6 1047 22.5 5.66 2.62 286
ECUI | Cu 0.70 72.1 113.% 15.% 5.66 2.64 226
RCUZ | Ou 1.27 60.8 75.6 14.5 6.63% 2.97 194
BCUS | Cu 2.22 58,6 753 29.0 7.69 2.95 185
BCO! | 0o 0.74 74.0 1219 6.0 2.68 2.36 311
BGO? | Co 1.20 0.5 117.4 10.0 2.19 2.16 17
BCO3 | Co. 1,96 80,7 12,7 11.5 4.51 2.170 295
BT |m 0.37 82.5 12,5 4.0 3.54 1.88 362
ErZ [ T8 0.38 86,3 114.4 8.0 3.32 | 1.92 366
BT |7 0.0 a7.3% 113.9% 7.0 2.17 0.80 362

Hote: * d.D. Added contents of alloying siements in vt %
** H.h. ¥o adiition, chemical composition of this weld metal is
as followa;
¢ 84 P 5. Cr Mo
0.5 0.8 1.2 7.65% 12.68 2.1l
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Fig.5-121y 7 - ¥ofifiL i DOO0CTCTOYe r - HHRABSEELRLTVE, =
vy oI, @, Zea, 2 AYORMCIIDLE BN~ € - WML TOVS, LdL,
~196CTORINT& +¥ -3 Fig. 5- 13WRTLHRXPULOMMEED SN A, 0cDH
AEBEECRILY, COMKBLY, =v s, =AY FHOBMICE D, - 196 ORI
TAAF- R B3k-mPERFTI2CEHARTHL LIS, LU, Ni 54 Mo OF

MOBEICRY 7 - otk 3o b dE oIz,

0 10 25 »w
Added contents of alloying elements, wt%
Fig.5—18 Effect of various alloying elements on absorbed energy at
~196°C of refrigerated weld metal of Ni~Cr-Mo syslem
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Table .5 — 7 Cheaisal compositions of bass metal, insert metal and
wsld setals for slsctron beas welding

Bloments, wifh Cro 4
T 1‘4
¢ Bi Mo Cr 13

Heterials

Buss mstal 0.06 | 0.26 |0.57 0.05 9.25 | 0.44/11.34

Insert setal 0.05 {0.07 JOJ31 15.52 15.92 15.6/75.96

weid 0 | 0.080l0.071 oo | 0.0 | 9.5 | o.zmn0g

weld 1 | 0.025] 0.07 |0.40 2.35 | 18.2 2.46/19.15

Weld 2 | 0.038] 0.07 | 0.40 2.65 | 20.8 2.76/22.14

Wald metals

Veld 3 | 0.026] 0.07 | 0.40 3.30 | 24.0 3.41/24.98

weld 4 | 0.018} 0.07 [0.40 4.85 | 5.0 4.96/31.74

Table .5 — 8 Welding condition of electron beam welding

Beamvoltage 150 KV
Beam current 40 mA
Travel speed 100 mm/min
Visual focal dist. | 305 mm
Work distance 150 mm
Gas pressure 5x 10 Torr

F12., COFEAY v 7 7 - O LicTe y b U2 00, Fig.5-14 Thd, 1
Y- FMOMMADOm, THDL, 4% - b LOBE Weld 0 ), HHEEWeld 00D
MUK ITRMERIL ECAIRD B, 4% - FHDOIELH 0.8 mis L 0.4 mTid, HHESHE
OMLIZFig. 5-14DOWeld 1 3L OWeld 2 T/RIREEA-2T 314 P OHBRLHZ, 1
Y- P HMOIEAD 0.6 mP LG, MENAEBERHOEEHBREEREA - 2T F 1 HEIR
H b,

Fig. 5-15 @ NOBHERMO Yy # - R 2RT, 42 ¥ - PHMOJEAD0.6 mPl LT
R Fig. 5= 14 /RLILTEL, BEREBEEA - AT F A i ChH1D Y7 - ¥l
ek DR EO NS, K, 1 ¥~ POMEIN 03 BLL 04 mDOBPHITRYTT -

YolBlict b iR ERBES BN, FOMESERA - 2F F 4 bt~ abimEwy,
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Nickel equivalent,®

E Insert metal(Inconel 600)
( Ceq :15.6 : Neq : 75.96 )
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Fig.5~14 Chemical composition of 8%Ni steel,inconel 600
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