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The Effects of Alloying Elments on Toughness of 18% Cr Steel Welds

Synopsis:

Satoshi KADO, Taketomo YAMAZAKI,

Isamu YamaucH, and Katuhiko YABE

Measurements of vTrs and absorbed energy of 18%Cr steel and its welds by V-notch Carpy impact test
were carried out in the temperature range from-80 to 140°C in order to clarify the effects of alloying elements
on the toughness of the steel and welds. The specimens of welds were prepared from 3.2 mm hot rolled and
annealed plate by TIG (tonzsten inert gas)meet run with I-grooved joint without filler. The toughness of
the specimen was evaluated from the values obtained from the Charpy impact test.

The main results obtained are as follows;

1) The transition curves of the base metal and welds are remarkably shifted to lower temperatures with
decreasing the contents of carbon and nitrogen and adding the proper amounts of titanium and manganese.

2) The ductile-brittle transition temperatures lower to a large extent with adding the proper contents
of titanium and also making the structure of steel become a single phase of ferrite.

3) Manganese addition strengthens the weld metal by solution-hardening and simultaneously disperses
the precipitation of flaky chromium carbides of M,C; and M,,C,, and consequently improves the toughness

of the welds remarkably.
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Table F. Chemical composition of specimens.
1 Nominal composition (wt%)
Group |— P - 7 - W ! . \
c | si wmn P Ni [ el Al T N N | O
- i) i Iy L
A lo.003/0.06f 0.5 | 0.5 = 0. 025“ 0.006| 0.15 | 18.0 5 — | — — | 0.007 | 0.005
B 0.035 | 0.5 | 0.5 : O. 023 0.006 | 0.15 |18.0' — |0.1/0.5 0.007 | 0.005
C 0.035 | 0.5 | 0.5 | 0.025 | 0. 006 0.15 | 180 — | — 10.3/0.6 0.007:0.005
D | 0.035 [0.25/t.2 0.5  0.025! 0.006 0.15 | 18.0 — L 0.25 | — 0.007 | 0.005
E | 003 | 05 |0.1/1.7 0.025' 0.006 0.15 j18.0| — | 0.25 — 0.007 ; 0.005
F | 0.035 | 0.5 | 0.5 | 0.025 0.006 1.0/2.0,18.0) — | 0.25 — 0.007 | 0.005
| ) ] |
SUS#30%  0.061 | 0.44 | 0.48 | 0.026 | 0.005 Q 0.10 |16.5]0.019 — — | o0.0131] 0.009
tp. 430 0.008 | 0.18 | 1.40 | 0.029 & 0.005] 0.13 | 16.5]0.013 0.22 | — | 0.0097] 0.008
i ! i i L H
* Check analysis value
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Welding Diameter of | Length of Heat
VO(I:??C F Cu(r:;e;lt speed electrode arc in put Remarks
11 ‘ (cm/ min) ( mm) ( mm) (J /cm)
Shield (Ar) 12 1/min
12 l 200 20 3.2¢ 2 7 200 Back(Ar)2 1/ min
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Fig. 2. Relation between 2 mm V-notched posit—
ions and vTrs for 2 mm thick sub-sized
Charpy impact specimens of tp. 430 and
SUS430 weld zones.
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Photo. 1. Structure of cross section of TIG
weld zone.
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Fig. 3. Effects of carbon content on transition
curves for 2mm thick sub-sized impact
specimens of 18Cr steel (Group A) weld
metals.
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Photo. 2. Fracture surface in notch root of 2mm sub-sized impact specimen of 18Cr steel
(Group~A) weld metals. — Influence of C content.
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Fig. 4. Effects of titanium content on transition
curves for 2mm thick sub-sized impact
specimens of 18Cr-0.035C steel (Group
B) weld metals.
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Fig. 5. Effects of silicon content on transition
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Table 3. Chemical composition of specimens.

Nominal composition (wt%)
Group
Cr C Ti Mn
TO 18.0 0.01 Tr 0.1 0.5 1.5 2.0 3.0 — —
T1 18.0 0.01 0.1 0.1 0.5 1.5 2.0 3.0 — —
T2 18.0 0.01 0.2 0.1 0.5 1.5 2.0 3.0 4.0 5.0
T3 18.0 0.01 0.3 0.1 0.5 1.5 2.0 3.0 — —
T4 18.0 0.01 0.4 0.1 0.5 1.5 2.0 3.0 — —
C2 18.0 0.02 Tr/0.4 0.1 0.5 1.5 2.0 — — —
C3 18.0 0.03 Tr/0.4 0.1 0.5 1.5 2.0 — — —
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Fig. 6. Effects of manganese content on transition

curves for 2 mm thick sub-sized impact
specimens of 18Cr-0.25Ti steel (Group E)
weld metals.
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b) 1.5Mn-0.3Ti-18°Cr steel tested at —60°C

Photo. 3. Fracture surface in notch root of 2 mm sub-sized impact specimen of 18Cr-0.3Ti
steel (Group-T3) weld metals.—Influence of Ti, Mn content.

A L7

M OREERK % Table 3 iR L7z, Aok
D4H{EVE Si=0.21~0.259%,, P=0.021~0.0279,, S
=0.003~0.007%, Ni=0.14~0.179%, Al=0.004~
0.0179%, N =0.0067~0.0083%, O =0.0030~0.0082%
O hHD. KRFEEL FHEBRO BEE & RTH
5.

3-1 RERER

3-1-1 Efp g

BERASH D BEEIR 35 X VBT OV THRE 2mm OV
Sy F U —HERBRE T o7 RBEROL,
75> 518Cr-0.02C £f (Group C2) o0 B ihsis Fig. 71
RL7. BESBCE VW THCERIGE Liclizeo Ti i
M X OTHRIR - 20X —~Hix EH L7z, 7o & 2 Fig.
7@ 0.5Mn-0.3Ti fAoiELED vIrs |- 10°C T
HY, TipR0.204 DITCTOLNITE L SBIRE LS.
¥ 7o Mn oI &> CEBHEBIMEIRAINET T3 &
& DITEBEEALEH S, 1.5Mn-0.3Tt §8> vTrs (X
—39°C =, 0.5Mn-0.3Ti o4z bl LT 29°C (1
v E7: Ti A5 0.4% T vIts RECRLERET 5.
Bt vIrs BBEEREC T 5 LeRicikl, L
WL 2 AF —(EEES . T Ti ifmERBIESRE
ZHITHLDILRETHREDD, Lrd 0.4% FTH
MU CHREEIEEED Shicv.

Ti 75 G, N %2[@%E L7-db L 0EE Ti & [Ti] 21k
FTERBCHDI0OL LTRATERT 5.
[Ti}=Ti— (3C+24/7 N)

AFD Ti, CHIFNILNENROSHECI D wt%
THDH. 2bAHAS, OLBEELTVE Ti 15525

HEMO S &, OFREKL —EFELLTVWADTT T Tk
EREFEOCER L.

Pt B oMz (Ti) TEHET 5L 7= 54
FEFELLS B [Ti]l ik XL 0.10% LAECTH 5.
iz 18Cr-0.3Ti o EELBEO v v L ¥ —BERE
Dfl% Photo. 3 iR L7z. RIE 0.0039%C Rz teis ¥
5 LWEEE/NR CEDEEDHBKREL 2 T v I DEH
LHEMTHD. EAMBIEED —20°C LUF CHEinaty
WER RIS Z bt Photo. 3 a) & b) DHIETEH
B X3, Mn ORI & Lo TER/NNT B
oMb Licdd, Thidigm o g & 3ERG L.
%7z Photo. 3 b) THlHBHE® —Hhic WRERHEAH L
ha X 95T, Mn olihn s &3 IT BB EEAS R LS 2
LENOR R OBEmMEZERD TV D, 2D &R
I OMEEIEE T L P D B/,

20

20 L

vTrs (°C)
(=]
'7/

L ]

L/
7

-a0f

-60

Hmid)
Grain size factor vs, vIrs of tp. 430 steel
(17Cr-0.01C-1.5Mn-0.2Ti) annealed at
various temperature,

Fig. 8.

— 328 —



w

18% Cr HOBENROHHIESIETSETEOEH 889

3-1-2 fEabE

Y D FE R R TFE R » D7 tp. 430 (Table
1) OEIER% #& & E ASTM No. (LIF G.S.N.) 1
BT B XS 950~1100°C DiEE 15 min [
ISR ER L, EREEAFMOY vV E—RKBR T
vIrs %R 7.

Fig. 8 3 2 60HBA OBBIRE % 4712 (d; &/
A OFEFESRE, mm) T LA THO, MED
B iR X B E S M OB ORI
13 G.S.N.=4.5~6.0 TH5. BIELETIHE - F&
T8 8 5 AN AR O 7R IR L C 3 % S BARL IRTR Y D i S lE

200 O C=001% Mn=05%
s, ® C=001% Mn=156%
- N S ® C=0.03% Mn=15%
— Weld metal
180 ~ .-~ HAZ
~
L N =— Base metal
\\\‘
> 160 b
T Q
| SRS g‘
140
=g i =09
S = o ==
~—i
Ti no add. !
120 i i
-0.1 ) 0.1 0.2 0.3

(Ti}=Ti—(4C+ 2#N) (%)

Fig. 9. Effects of [Ti] and Mn on Vickers Hardness
of weld zone.
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Fig. 10. Effects of [Ti] and Mn contents on me-
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Fig. 12. Effects of titanium content on vTrs for
2mm thick sub-sized impact specimens
of 18Cr-1.5Mn steel (base metals) and
weld metals.
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Fig. 13. Effects of manganese content on vTrs for
2mm thick sub-sized impact specimens
of 18Cr-0.2 to 0.3 Ti steel (base metals)
and weld metals.
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