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{Abstract)

Using the Fe-Mn alloys with three different crystal structures; o phase (BCC), y phase(FCC)
and e phase(HCP), the effect of cathodically-charged hydrogen on the mechanical properties has
been studied. The experimental results show that BCC (a) is susceptible to hydrogen embrittle-
ment, while HCP (¢) and FCC (y) are relatively not. Diffusion of hydrogen atoms may be
required to build up the critical concentration for the embrittlement. Hydrogen diffusion rates
in FCC(y) and HCP(e) are akout four order of magnitude slower than that in BCC(a). And
the diffusible hydrogen atoms at the octahedral interstitial sites of FCC and HCP structures
could be more stable to locate than at the tetrahedral interstitial sites of BCC structure.

Therefore, one may hypothesize that FCC(y) and HCP(e) are relatively immune to hydrogen
embrittlement due to their slow hydrogen diffusion rate and their stability at the interstitial
sites.
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Table 1. Chemical composition of the alloys.
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Table 3. Determination of volume percent of phase present by X-ray analysis.

a7 7,1 5; : s 2 oA ¥ A j A R B o
| Mawt% arw% ¢ r | atem | e p
CL®eN. w0 — - w0 o — =
176 1 100 I — 100 — —
20 w0 | — | - e = -
S w . - - 4 w0 — -
1325 s 42 s s % 7
125 st | e 3 35 5
oLa4 5 4 . @ 10 53 37
st — e | m - 1o
} 23,98 — 37 63 — 54 T
C uw oacs - 47 53 — 66 31
34A 33,90 — — 100 — — 0
34C 33.90 — - 100 - — 100
Table 4.
o4 A a2mo o1 2s s o
DSl @ AS(%) | 20 | os ) 204 | 185 i T
il =58(%) | 46.0 8 3.2 345 | 23,0
Table 5
= 9 4 2an o 2 | 4 75 | 15 2% 6
S A S(%) . 252 | 248 | 23.8 22,2 18.0 13.8 7.4

oF 19%7k 433 e fie]l Fh A oZ ebye off A 9]

g A, Bl A ¥ = FCC, HCPAA T2 5 o= Z
= A A = AkSRel o gk Bidk @abel aiebubRlvk, stz
BCC#hRMEel afol Aebe gl AR JEMES 4

Zrast viebda arghen

rds

o,

HI(FCC)-¢- close-packed structure 2= 7}a] 1
el HTAE $959E 0
3, BT R Fhald gl 1o
PEg olovl bl qsbis BARELTE o Al et
1. SIERRER R e el e e e s

o

V. o &

o HI(BCOYsh 7 MI(FCO)a 41 o) kel ghadse o Al e o A3 A, Bell A mez owpg 3o

Tl 4 10 ARE e s, BFo Aok (Table 453G BRI @ 0 ok
2] BalEis p Al =®al o aoh A™el wd (diffusible hydrogen)s} 55 g ol m -Fsla

— 388 —



Fe-Mn 33414 ¥4

ahI(BCCYo] A s} & A% kel Fhat 93
v dem g Ak

T
s19) g AR wsl, et
-1

re
m,
il

oﬂ

e FIGHCPYS FHICFCCY Mg 24 & b
VP PR Fonz ol E fHel A 1
N Aol avn ¥ sk 2 A%
ARFKRFIE HTA R Sabbebnl o] § Ae
= B v DBCC t . .
- ;Zg = hve Dpcct =~10%] sict. ¢ofe} 3ol
FCCH#T ol 44 7kl o] 5 8+ BCC 4% 1ol
A9 o 1710000 E5 Sz ftiel Lo 4 s
7 Felel AgdAEdel Mike) Ualel 3
Ak 042 wg 4 A T ¢ A9 13
%

i i
Mn el A8 £ @A HE bl ot

=
Ik Al

to,

u

o] ) A EEERTh.
2. BEAKES FERIKE

ofn] A muell Ao KE K Flel dld d

woglebar skxb. o] Al Ee] alAst

, Al 3 e EA sk microvoid, microc-

rack 7} -2 bulk defects = #4 7]1# =k K&
1 T

WA Mg wpxe, o] Fral o] AGEA =

& HAx

K

e o]
ofel-e. Wy ol met W& sl
2 *ﬂ T HYAHNE 2u) sls
= KGRI F= olE A =
e ’/}?%Eﬂi Ags Aol grh. ® AT ik
RO wFEd, o3-gHe fshed ol f AP
o] A A Zg triaxial stress zone SR K
Fule] AEEF 29 $x FHab(stress-induced
diffusion)sl el ok ghuba v geh AENEES]
w] §t mechanism & & v 5 £x] ghell ARKEET2]
ssubsleh. HCP, FCC b 3Ho:
close-packed structure o] A ¢} interstitial site 1=
octahedral site ¢} tetrahedral site =4], #&-FHL
Fo WA g rolelm ¥ W, ol sites] sz
21 0.4147, 0.225r0] b, wiwl BCCRKFF £
o] 4 = octahedral site 7} # =] A glo= = BCC
kTl Solz 4 9l interstitial site & tetra-
hedral site 24 0.2197 o} -5} cf.

g A4 Al
A& ATl
) A

gl sk

SRER KNI

zelme, BE} notch effect 7} 7] 9 7&1 il
Az BB AT KR Eel S’i
BCC#Fel AL Sl me ot T4 v ]
3.9 strain < Fo] B2} kA X, F microvoid

oo AP alolvE, u o RRIEE 2

iAol =FE AkIEEES Brge 7

v}, triaxial stress zone=|H o@ o]
ol ] 24

=z, 44 o] g

Fotel &
zlol vk, &E, Open structure & 7}x]
G el =8l FEe 5 3gw
o] o7k sl o) F %“—X]fa 7%}”5% ol long-
range diffusion o] s}Fg ]tk oo ukshe)
FCC, HCPo]A s} zke] octahedral sitee] $]%
R bl steE oS o] A e et
microvoid v} triaxial stress zone o2 of Hg
T M e melvh zeElng, ojg ZL
#F rzel A microvoid ®i= triaxial stress
zone =3 2] JkEEFE2] short-range diffusion
o 21k b e
2l 02 m
o5 o] Tk o glds 34k ke flux 4- BCC

vz, Ktke ekl 4odt K
FukkRBEER] Al md o 9 9l slen shv
ek

A w4 (e Aom welvt

TR R

icrovoid +} triaxial stress zonc

A7 "l

V. #® @A

FCC, HCP tz% Zi= yHl, e
Wotkel =Al viekdvh, o & = fFul A
Fo FaErsl b= s 2 interstitial site o] 2
= kBT stability 7} iyl Wl EoE R
A v

2) k&) 3&@’«’7} o AzelA #"@Hg il
: A% BCC#g ¥l
A= fEtie] 4 z;u FCC, HCP #Pel Al 4= 27 -
Ao Bet KT HATeS <

of & ok gtk

1) Fe-Mn ¢34l 4 BCC-rzg #i- mbﬂo}
AR
ol

/k;%é,

=

]
S
1
ES

2

s

AN AR s

3 o= 8

1. C.A. Zapfie and C.E. Sims, Trans. AIME,
145, 225(1941)

2. N.J. Petch and P.Stables, Nature. 169,812
(1952)

3. A.R. Troiano, Trans. A.S.M.,52, 51~30,
(1960)

4. A.S. Tetelman, “The mechanisms of hydr-
ogen embritllement in steel”, 446—464 (1962)

5. M.Smialoski “Hydrogen in steels”, Perga-

— 389 —



8 I
mon press (1962)

6. R.B. Benson, Jr. 183~198 “Hydrogen in
metals” A.S.M. (1974)

7. R.A. McCoy, 169~182 “Hydrogen in metals”
A.S. M. (1974)

& J.W. Morris, Jr.“The cryogenic properties
of Fe-Mn and Fe-Mn-Cr alloys”, W-7405-

s

ENG-48, (1974)

9. A. Holden, ]J.D. Bolton, and E.R. Petty,
“Structure and Properties of Fe-Mn alloys”
J. Iron and Steel Inst. 721~728(1971)

10. H.G. Chun and S.W. Nam: J. Korean
Inst. Metals, 15(1977) 559

B

— 390 —



