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Embrittlement of Mild Steel in Contact with Molten Copper—Lead Alloys.

(Embrittlement of steel in contact with liquid phase—I)

Morio Ndkdji?’ﬂa

Synopsis:

High temperature bending tests and high temperature tensile tests of the mild steels
in contact with various liquid Cu-Pb alloys were exammed and the dihedral angles of
r iron/ Cu-Pb liquids in equilibrium condition at high temperature were measured.

-As copper percentage in the liquid Cu-Pb alloys increased, the steels in contact with the o
liquid alloys became more brittle, that is, the surface cracking of the steels by high tempe-
rature bending became severe, and tensile strength & elongation of the steels in high-tempe-
rature tensile tests decreased. The dihedral angles of 7 1ron/hqu1d fell down to 20°C. These
relation was investigated. And the fracture streses uostimated roughly from dihedral
angles were compared with the stresses obtained from tensile tests.
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g =applied stress, b=atomic diaméter,

rs.=solid/liquid interfacial energy,

ys=grain boundary energy of brass.
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Fig. 3. Cracking of the bended mild- steel
in contact with liquid Cu at 1100°C.
Hair cracks are filled with Cu.
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Fig. 4. Cracking of the bended 18°8
stainless steel in contact with,
liquid Cu at 1100°C.
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Fig. 7. Tensile test results of the mild
steels in contact with various Cu-Pb
liquids at 1100°C.

B FEEREA D AT Fig. 7 WiRd. chick b &, Cu
10095 CYIHERS, 1 O BRET, FHhEPh 3'6kg/
6°7% BRETHDT, WHUBLW ke RT
73, Pbo oiEhnL & HICHERA, MO L biciEinl T
Mt/ L CF7 %, Pb 100% Tk, ThEh 6'9kg/
58% FREEICHARL TV 5., 2L DTEL Cu D
HWHET, FURNDESPUCEHVWLEDL {EW &
VWH TV, FRECu I X o THEMA VB L B L LiEfk
THZEHEFTLOTHS. Fig. 8 13513E B 50
BEOESRETFTFETH 55, Cu 100% TRiFEA
ERBULEIBAELTHEOTVE L 5 Lv file
75, Pb% otEhnE &b IRERA OBO L, Pb 100
% TIWHBL 5L PO <EHNTV 5 D55
5. :

mm?2,

mm?,

Cu?,

Pbys,
100 0
80 ' 20
60 40
40 60
20 80
0] 100
Fig. 8. Tensile test results of the mild

steels contacted with various liquid
Cu-Pb alloys at 1100°C.

IV. Dihedral angle OBIE

BIRC R 5EMBeBERORE = 2 v ¥ —1X, &k
R WT Fig. 9 O T E L FERAETETENEL T
e, DEOTE FEGRAMSEILT B.

7o Grain boundary

Sotid

Fig. 9. Equilibrium at the intersection of a
grain boundary and two interphase:
boundaries.

rB=27sL cOs 8/2 N €D
7271, 'rp=grain boundary free energy
‘rSL=s01id/1iquid interfacial free energy-
FLTCZDPEL5OEEOH dihedral angle LRI

BHDTHOT, EEDI ¥ o MG THEINLAED

WAHEWABRETI SN TWE» S, LTOWESHzr &2
TRIEF DR AYEDAES, true dihedral angle-
L 7p 54989,

SCHRERITIBANTHE, 28D T & £ 5T dihedral.
angle QEIEZ{Ti 27 EFMELERUC Y & FHEEL
oY 2oy 2R VBEED, DFiLELEBE%D Cu—
Pb &4 (—HBEAKED LS L TE2DD) O
ZYVBRESR. FLTZO2EEOY RV BERET
DAL, TORAWEZMEASE (20mmXxX8mme¢ Ds

— 30 — \



RS AR L EMT A MM oA 971

HEIC 4amm ¢ DFLEEDLH v TROD D) D,
LR UTESEL, ThEk 7 ov T AT 00
°C x1 Fefilnstl CHEREIGETL DREHD DL, K
RIsHEIL 7.
D E

BT 4V HITIREEL,
o PRI L“cﬁ’a};%ezviﬁllibt
S fAEORIEIZS 200 BFIT T2k, Tdise
MEoBE Fig. 10 KRT. CORWERSBHITFT
H0, EEEH Cu-Pb alloy ThHs. S THAEOHIE
m,%ﬁ%@gmwemﬂm&%bwt%wﬁgéﬂm
L7-. T groove MIv¥, J50 austenite grain
boundary THh 5. »

Z o7kEEE %@J&ﬁﬁﬁ%bf DT o oo sk
kL L EIC O X IOMFRIGRS) &
75 B EE BT

No etch. X500 (2/3)
Microstructure of Fe-CuPb alloys -
cold pressed, annealed at . 1100°C for
1h and quenched. (Cu 60% Pb 40%)

Fig. 10.

FEORIER R Fig. 11 CRT. ER
LR Th DA, Fig. 11 KiZ4485 AL T 10 EM
ﬁ?ﬁlbr@é.cwﬁﬁ@m%ﬁé%ﬁ%gwﬁg
2%, true dihedral angle 8 Th5. ZOBERICIS
L, Cu 100 TVE dihedral angle btlﬁ:‘?] 20° TH 5.
FLC Pb 5 HBEOWEME &3 0k L, Pbo0g
TVEE) 60° Lo TuW 5. Pb 1009 T 6 WIEEIC

s I

40— 4y
st . o e 130
20} ‘ Cull%P5 0% Cu30%, PBST% |7
o 11 l 1
0 l 1L o l | J I [ | S 00
oo CuS0%PoI% cooopsars |3
-~ - B
sif |1, Al
Sy 130
g 2t ColtnPs20% %P5 {20
. {0
LE /g i I l | I : N l I | I 11 0
0t |
a} Co %P5 0% compoins 1z
r ' 10
/g llillll. .lHlll..._ )
0} L 130
| , Cub0%,Po40% G, Po30% )
ot 10
o T

RN LY AN E R LY
Observed angle

Fig. 11. Distribution of observed dihedral
angles_ of Fe-Cu Pb alloys cold-pressed, .
annealed at 1100°C for i1h and quenched.

KEL 180° iESL L Bb 52, HIERTFETHD
7o. 7tk Cu 100% Wit Tk @ EFHH Y, ez
1% SwmrTH® 13 6 =20° at 1125°C & LT b, bl
fEE—FLTWw5.

X T dihedral angle 0 B3/NE L5 EWH T &,
(2)KNX WL, TEL,
gy rsi/7e 2 /2 IGESLK T EERLTWD. L7z
“>T 4 austenite grain boundary WO TERDFE

relative interfacial ener-

,gﬁ#é&:%&é surface energy % 2ysi—7rB &E%

D&, ORPXFIET D energy BH/NTHDOT, b
b>®mﬁfﬁ&@b1§;5 EDHEEINRD. IR
MCLEAN OBHES (1) itX>T, LUDEEE%FEJJZEK
WTRBE Table | @ oy OTEL B, KL T8k
b=2'52A »1,
boundary free energy yg==850 ergé/cm%saturated
Cu & Sat 1105°C Van Viack®) & U #. Zw Table

¢ atomic dia. austenite grain

Table 1. Results obtained when mild steels in contact.with various liquid Cu-Pb
alloys at 1100°C. '
. Relative inter- . * sk
Liquid alloy |Dihedral angle facial ener .7sL - 2YsL-TB gy g
Cu%, Pb%, g° rsL/78 gy ergs/cm? | ergs/cm? kg / mm? kg / mm?
. . 4+4  4°3  4'3
100 . 0 20 0°5063 432 13 18 { 44  4°0
. : . . 4+9 53 48
80 20 25 0°5122 435 20 27 { s o3
: ’ . . . 7°2 58 64
60 40 40 0°5321 452 54 73 { 64 5°G
. . . . 9-2 85 87
40 60 ) 55 ‘ 05637 479 108 14°6 { 7+8 8+0
' . Y. 13*8 13*8 11°8
20 8 €0 05774 491 131 e {1 s

* Obtained from equation (1). **

Obtained from tensile tests.
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‘Effect of Nickel, Cobalt, Molybdenum, Chromium
and Vanadium on the Solubility in Liquid Iron.

(Solubility of nitrogen in liquid iron and iron alloys—II)

Shizuya Maekawa and Yoshitaka Nakagawa

Synopsis:

The solubilities of nitrogen in liquid Fe-Ni, Fe-Co, Fe-Mo,.Fe-Cr, and Fe-V alloys were
measured at 1600~1750°C under 760mmHg pressure by the same method as in the report-1

(ib., Tetsu-to-Hagané, Vol. 46 (1960), 748).
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