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Embrittlement of Steel in Contact with Molten Copper-Zinc-Tin
' Alloys and Molten Sulphide.

(Embrittlement of steel in contact with liquid phase—II)
Morio NAKAJIMA.

Synopsis:

Mild steels in contact thh molten copper-tin alloys embrittled severely in the range of
0~80% Sn, but 'did not embrittle in the range of 90~1002% Sn. As the tin percentage in the
alloys was increased and the melting point of the alloys was lowered, the embrittling
temperature range was extended down to lower temperature. )

Mild steel was not embrittled by pure tin, but embrittled by pure zinc and more easily by
tin-zinc alloy. Mild steel in contact with the alloys containing 50% zinc and 509% tin
respectively was embrittled at a temperature higher than 500°C. The cracks ran along to

ferrite-grain boundaries at below A, point.

Mild steel was embrittled severly by molten
copper-zinc alloy that is a brazing solder, but was not embrittled by a tin- lead solder.

Some

steels in contact with molten iron sulphide were embrittled. ‘
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Fig. I. Results of hot tensile test of the mild
steel in contact with various copper-tin
liquid at 1100°C.
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Table 1. Bending results of mild steel preheated in argon gas at 300~1300°C and then
dipped in various copper-tin alloys at the same temperature for 5 secomfids. -
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\ 100 90 80 70 60 50 40 30 20 1o | o0
“Temp.°C ) ) ) : |
: ¢ )

300 | O i ;

400 @) o) /

500 O O g

60 | O @) O x O O ! :

700 0 O 10Oxx X A 00 - [

800 O O S OX X VAN FAN ' X ‘ X ,

900 O O odax! x X A x ox ‘

1000 @) O iolx X X X x i X O |

1100 @) O " OO0 X X X X X X A O

1200 © O O | 0O X X X X X X X - X

1300 . O O | O } O X X : x o+ x o 0X X x X

* Tin% in molten Cu-Sn alloys.

O No cracking, [} Cracking, /\ Severe cracking, X Broken.
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Results on bend-
with a mild
steel preheated in argon
gas at 500°C and then
dipped in various zinc-
tin alloys at 500°C for
. 5 seconds.
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Table 2. Bending results of mild steel
preheated in argon gas and then dipped in
a zinc bath.

. " Temper- Dipping time in zinc
Prehealing ature of | bath. (s)
argon gas Zm((:oga)th 1 5 10 20
450°C -
X 15mn 450 o o O O
600 7 600 O O O O
700 7 700 O O O O
800 7 7 O @) O O
900 7 4 O O O O
1000 7 ” AN A O O
1100 ” 4 X X O ! 0
1200 7 4 X X O | O
1300 7 ” X X X | O

O No ciacking, A Cracking,” X Broken.



-

AR B-TE 28R S 2 & OVISENHR Mot & M B 1A DR AL 25

SRR L 2R TH 0T, EHIESEM SR
THIEE LETLEPET S, BRESEM T
ﬁ%ﬁmﬁﬁ%ﬁ%%?é.ﬁ%%ﬁmﬁm%%%%%
BERETEODEDLR N ThS. TihbbEHBHI
3SEREEIES Lo a2 7 v I LA T 400~1300
°C X 154 RIMEA L 7= D bic X Lic BHEE L TR S &,
700~800°C HNERT
TRISSEIL L T7 v T o R EE S n T, i
EECTESHRRIFE LY, BEILAFTEL kro
7z.) . ‘ ‘
. D ETHR—I5 50% 1B
fRaE R & 7

DFEWT DV TS,

Frefaating of | Taperaturol| Dipping diceid) Resules of
bending test

S - ?')ilf. the m{'inazgm;zs 2inc-tin balh| 2inc-tin bath
400x15mn | 400°C 5s

400~1300°C X 15

o fs0 4| seo "
Al = -~
SRTFHIFAL S T awre
D% F—RE |m v | mor v oa
DR —HE50% |80 » ’ 7

wehic s pREE (00 L v | v
N e 10 " " “
Lo b Rk e !
Bl (UL [, ” ”
%(ﬁ VC\ Viﬂi(fa ﬁ;ii’ﬁ /300 ” ” n
. AL
;‘,‘Z‘-’@VC.’ e Fig. 4. Results of bending test
EER &S 700°C with a mild steel prehedted in

cix 7-.) r oo argon gas .and then dipped in
w7 zinc-tin (1:1) bath.
51y Fig. 4 O

&%DT@OT,wwcuiﬁw?héwﬁbébwﬁ'

m#tbk;_haw%%%®<7DEM%%«T&%
L, A—RTFA MBEBERTREL BRI, &2
74 MEERRCEO TER L L HE SN A RED
EFKRERLTWS
L7cBEIE7 =74 MERRFICEBE>TETLTWED
Pt FLT, WIR A BREOKEE THRMASS
BAL TV .
Fig. 511 600°C K35\ BRBRERTH 5, BRI
BT 7 =7 4 MEMFITB2> GEfTL TV 5.
3. IARbSA—ERSAE & & ERRT DM DL
H—FESAESDRFELLT, R 6:4 OEHFGEMEE
fili s % $AHF DML % 920~1200°C RROJE AR THEN

CRRERRVTRY 2 0T EEDVHUB LW -

{LER L. Wb bAL LM, 22 5Ha8HE
EiT 2 Mok T s LBFALNS. (11 DfF—
AN & LT B ORE{LE 300~1300°C [ TH
B L7cnd, SIMOBLIIERD Shissor.)

4. GREHEAD & AR B S D HE(L

NS T BEE R L, 900~1300°C

FEie Ay PUToOEIEMER THA

S EF T H DR
e LR L TV 55
B, BEbE T EE
NdbH. LIWLEFDE
Bz 2 THEE TR~
L. Tiebb LENE
L& 4%, 1100
°C W FEmEL oD
bR—IBE DB RFL
gRic s MRIREEERE
HEEAER L 75, Rk
KB EBCVBUS
LWaHe BAE L
(Fig.6 A). L»LEK
{bgkim ok D itk
60% & EE{L#k 40% D
BEMOBRIBIZ ST
ML T, TR

TRAcH, KEIT '
L./ ;Jt: 1 ,.Z?QTE a2 Flg 5. Mlcrostructure of
BHIZ L A EFELEL 7L the bent mild steel pre-

heated in -argon gas and
then dipped in a zinc-tin
(1:1) bath at 600°C for
5 seconds. ’

o7z(Fig.6 B). 7
ﬁb%’@ﬁﬁm,%
BB L8k & ERIREE T

(A)
(B)

(C)

(A) Preheated in argon gas, dipped in an
iron sulphide bath for 5s, and then bent;
(B) Preheated in argon gas, dipped in an
iron sulphide-ircn oxide bath, and then
bent; '
(C) Preheated in argon gas, sprmkled with
' sulphur powder and then bent.
Fig. 6. Results of bending test with a low Cr-
Mo steel in contact with liquid sulphlde at
1100°C:
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Fig. 7. Distribution of observed dihedral angles
of (Cr-Mo steel)/(iron sulphide) or (iron
sulphide 60% +iron oxide 40%).

Annealed at 1100°C for 60mn. and quenched.
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Fig. 8. (Iron sulph1de) (1ron oxide liquid) in’
Cr-Mo steel. Annealed at 1100°C for 60
mn and quenched. x50 (4/5)
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Theoretical Analysi‘sof Duplex-Grain Structure.

Genziro MiMma, Toshihiko KAwAl and Yoshikiyo OcINO.

Synopsis:

There has been no method to d;snngulsh exactly and convemently whether materials are

composed of grains of uniform size or grains of mixed sizes.

The authors analysed theoreti-

cally the size and its distribution of the grains appeared on a sectional plain of the material
and presented a method for that purpose, and then experimentally comfirmed this method

to be suitable one.

According to the authors’ calculamon when the material are composed of grains of uniform

size, on a sectional plain of the material,

the. percentage' of area (R), occupied by grains

having the area ranged from the area of large circle of the grain to its 75%, must be nearly
70%. Then if the measured value,is nearly 709, the material may be defined to be composed
of grains of uniform size, and, if not, grains of mixed sizes.

Experimental results indicates that the above consideration is correct, i.e.,

the measured

value of R on a sample of carbon steel, which is confirmed to.be duplex-grain structure by
three dimensional measurment, is only a few percent. )

T

I #%
b 5B EIIDT, Sl bHEASmRC

BT, BRHNTFOREIVEETHD, PORES

BEETHD LV T LT, LTERINIHED—
ThBH. kb xil, BARBMCEV T, 4 —25 7
4 MEGRTFOREIBETE, BEFNCSIWVWLT [+~
AFFA4 R > [Ty b ] EESE)LT
BIcDICHEANELE LT BT, —fic, =27
>4 ]\Wuaﬁ’rﬁ%@jﬁélx b DAHSEIEN, %glﬂ?%"?%‘ﬁféi
SIEA B EIRCREE LA DML, PoEFTE
Y BRI E 21T 5 T 5 B RS B (K5 &50)
ORBFFILIGCTA —~ AT+ 4 MMEBHEZELITIEE Y
B EREGD HBVIABMIT AEE TrI=Y
LR ETB VTR, #ERFORESHLRETNEL N
THOREHMICK 570D, WO k) EE & XEC

?65%Vﬁﬁmﬁ¥@ﬁ%wﬁHMﬁin&w(%%
EA;®%ﬁ@Hﬁwﬁ%®ﬁ%éﬁ%mm%ﬁkv%
Déb<%ﬁ¢é» itﬁﬁU—fﬁ%i(?ékm
faapfFa RE {E#
éf,ﬁﬁ@%ﬁ%%&b&&&?M.%ﬁE@%&
WEBEIEEIE, Wb, MRPEROEESCOZER
TE5HDT, REOHECIIEIEEIEERE LS.
U B APReS, SR, (K0 & RREEIC, 2D BRREIC
HETDHEDELELXNTE LY, BRI >T
WG L TWHIREETH H. Lo o TRENE L2
MEDS, Tl XERTHOTH, BHAICERTHD &
SEREM L &, EREBENCIER THDTh, WK

* R 35 4 A ARMEASC THE
o REAETER T

— 27 —



