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THE INFLUENCE OF A FINE-SCALE PRECIPITATE DISPERSION ON
CLEAVAGE FRACTURE IN LOW ALLOY STEELS

J. P. Benson* and D. V. Edmonds*

INTRODUCTION

Almost all commercial low alloy steels produced for engineering purposes
rely on a fine-scale precipitate dispersion for some of their strength.

lhe influence of a fine-scale precipitate dispersion on strength is well
documented [1], but in contrast the influence on the fracture process has
received far less attention. There has been considerable interest in the
role of coarse precipitates, particularly grain boundary carbides, which
can crack during deformation and initiate cleavage failure [2,3], but the
influence of the fine-scale precipitate dispersion is less well understood.
This is partly due to the difficulty of relating sub-optical precipitate
distributions to the observed fracture process.

An interesting approach to this metallographic problem has been adopted by
Lindborg and Averbach [4], who fractured 5-10 um thick foils of Fe-0.3C by
scratching with a sharp point on a hard surface. Areas adjacent to the
fracture surface were thin enough for transmission electron microscopy.
Although admitting that their results were not necessarily representative
of bulk specimens they documented the most frequently observed cleavage
planes in ferrite and martensite, and some of these results have since

been confirmed by other work [S]. Averbach [6] later stated that the
cleavage plane in martensite was influenced by the habit plane of carbides
precipitated during tempering. Tempering ‘at 260°C gave r-carbide on {100},
planes and considerable cleavage was also noted on these planes. Tempering
at 340°C and 480°C gave cementite on {110}, planes which then appeared as
an additional cleavage plane. More recently, Musiol and Brook [7] have
suggested that the Fe,Mo Laves phase precipitates as a platelet on {100},
planes in Fe-20Co-5Mo and stabilises cleavage in this alloy, and they cite
cvidence from fracture surface observations.

The present work was aimed at developing a transmission electron micro-
scopy technique to investigate the microstructural features of fracture,
particularly in low alloy ferritic steels containing aligned carbide dis-
persions resulting from periodic precipitation at the austenite/ferrite
interface during austenite decomposition (interphase precipitation) [8,9].
This characteristic non-random carbide dispersion has been observed in a
number of commercial steels; for example, hot rolled and normalised, or
controlled rolled low carbon steel microalloyed with Nb or V [1O,11]. In
this case the precipitation of Nb(C,N) or V(C,N) is known to give a valu-
able strength increment [10], but it has also been shown to reduce toughness
[12]. It is uncertain whether this reduction results simply from the in-
crease in yield stress [13], or whether it could be due to the precipitation
of Nb(C,N) or V(C,N) platelets on {IOO}Q. Interphase precipitation gives
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nly one of the three possible variants of carbide habit. Th}s 715 2?32
tound to be either the one closest to the plane of the aust?n}:cte:ron
interface [8,9] leading to parallel sheets of platelet preclgl a B
{100}, [14] as illustrated in Figure la, or at an angle to the 1in

which is parallel to {110}a [15] as in Figure 1b.

P APERIMENTAL PROCEDURE

he s . used were high-purity melts of composition (wt.%)'be—S.QMo-O.iéc,
:350?233{;.332, and Fe-%.ogv-o.zsc. Spec%mens were austenltlied atfliSi\g
and then either isothermally transfgrmed in the range 709—800 c oi hzdni;-
cooled. Specimens were fractured elthgr by ten511? testing or ng Z e
pact at -196°C. A scanning electron chroscope was'use? to eTam ?rans_
tracture surfaces both unetched and lightly etched in 3% nita % rans
nission electron microscope specimens were prepared from soge izcthe
surfaces by the following technique. Iron was electroplatz1 02 o
fracture surface from an acidic aqueous solution of gOOgFe L, g os%t
ser litre at 93°C and a current density of ZOOOan/m , to give i‘ §p51ices
heveral mm thick. This was then annealed at 380°C and 0.25mmT§ ic Siee
were cut from the specimen to include the fra?ture Surface: ese it ces
were mechanically ground to 0.05mm apd then discs qf‘Bmm diameter Eas

such that the interface between plating anq the‘orlglnal §pec1m§95hed "
across the centre of the disc. The resultln% discs were Jg; pos;all =3
5% perchloric acid in 2-butoxyethanol at —?O C and 85V untl ab £ thgnning
furation was obtained, this perforation being enlarged‘b).'blont e B B
antil it crossed the fracture surfgce: It was then possil le to e

tracture surface section by transmission electron microscopy.

RESULTS
Fe-3.9Mo-0.16C
ey -

Interphase precipitation in Fe-Mo-C alloys 1is much coars§r.than in'Fe;V—C
alloys, and at high transformation tempergtgres the precipitates Sanh e
resolvéd optically [16,17]. The M.C precipitates foimed ii': ;Sgsgfuive
d no ferrite habit plane, making i
a globular morphology an > Iug this o U
ini ffect of sheets of precipitates
alloy for examining the sole e : s 8 ThE e
5 i S 11y transformed at P
3 rocess. Specimens were isothermally :
izazizz:uge at -196°C Figure 2a shows a section through a nickel plated
fracture surface and it is clear that the cleavage Sracilxs notbpgraliei
ipi ' i i bserved. igure 2b 1is of &
recipitate sheets: this was always O ; )
Ezmi?irpspecgmen broken by impact and the scanning electron mlcrog(aph
shows traces of some precipitate sheets on the»etched fracture surface.
fhis is consistent with the crack not propagating parallel to the pre-

cipitate sheets.

Fe-0.54V-0.14C

Furnace cooling from the austenitising temperature gave in al;gﬁii dzi;c-
persion of vanadium carbide which could b? resolved in t efsc na nitched
tron microscope. Figure 33 is an etched fracture §u?face EomtS orehe
impact fracture at -196°C. The traces of the pr§c1p%tatg s eT ar; ot
resolved on two different planes in the same graln,‘show1ng‘; etS y

the cleavage crack path is not parallel to the precipitate sheets.
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Fe-1.01V-0.25C

l'igure 3b shows the same result as for Fe-0.54V-0.14C when a furnace cooled
;pecimen was broken by notched impact. Thin foils were made from a specimen
which had been isothermally transformed at 800°C and broken in tension at
2196°C. Transformation at 800°C gives a finer precipitate dispersion than
furnace cooling. Figure 4a shows the bright field image of the plated
fracture surface. The straight cleavage facet can be clearly seen, together
with rows of precipitates making an angle with the fracture plane. Figure 4b
is a high resolution dark field image of the same area using a (111) carbide
roflection and resolves the discrete nature of the precipitation within the
sheets. The apparently continuous contrast of the precipitate sheets in the
bright field image suggested dislocations tangled with the sheets [18]

from the deformation induced by the cleavage crack. Transferring the

traces of the cleavage facet and the precipitate sheets to the diffraction
pattern, Figure 4c,d, shows these to be consistent with {100}a cleavage

and {110} precipitation plane. This is the cleavage plane expected in
b.c.c. ferrite fractured at -196°C and the precipitate dispersion is con-
sistent with Figure 1b. Further foils were made from a specimen isotherm-
ally transformed at 725°C and broken in tension at -196°C. Transformation
at 725°C results in a finer precipitate dispersion than that ftrom trans-
formation at 800°C. Figure 5a shows a high resolution dark field image
using a carbide reflection, and Figure 5b is a schematic representation

of the same area. The crystallography of the crack path in Figure 5 is
unclear because it proved too difficult to obtain accurate clectron dif-
fraction data from the specimen.

DISCUSSION

Examination of the fracture process in Fe-Mo-C alloys by conventional tech-
niques shows that cleavage cracks are apparently not induced to follow the
non-random interphase precipitate dispersion simply because the carbides

are in sheets, i.e. the presence of coarse sheets of precipitates has no
offect on the ferrite cleavage plane at -196°C. The same result is obtained
for coarse dispersions in Fe-V-C alloys examined both by scanning and by
transmission electron microscopy.

Possible evidence of cleavage fracture both parallel and perpendicular to

the sheets was found in a specimen transformed at 725°C. In the absence of
clear crystallographic evidence it is not possible to distinguish whether
this corresponds to the situation in Figure la, with cleavage on {100}, or

to that in Figure 1b, with cleavage on {llO}a. Further detailed work will
be required to elucidate this situation.

The major conclusion emerging from this study is that the fracture process
in low alloy steels will not be seriously modified by the alignment of
precipitates in sheets by the phase transformation, and possibly not even
in the extreme case of platelet precipitates lying in the sheets which are
themselves coincident with the ferrite cleavage plane. However, the in-
fluence of non-random precipitate dispersions on plastic deformation in
ferrite at the tip of cleavage microcracks, probably ecmanating from frac-
tured grain boundary carbides, must also be examined. It is not known
whether this process would be seriously modified by the state of the dis-
persion, that is, random dispersions resulting from ageing, or non-random
dispersions resulting from phase transofrmations. A previous electron
microscope examination of deformation in these alloys shows that dislocations
interact with the coarser precipitate sheets to produce continuous lamellae
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ot precipitate/dislocation tangles [18]. This process can be observed in
the deformed zone adjacent to the cleavage crack in Figure 4a. It is
possible that the anisotropic nature of this deformation might make the
¢rack blunting process different to that which would occur in a random
precipitate dispersion.

CONCLUSIONS

I. Thin foils adjacent to the fracture path of bulk specimens which are
sultable for electron microscopy have been produced by a combination
of iron plating and electrolytic polishing/ion beam thinning.

[he relationship between the cleavage crack path and the fine-scale

precipitate dispersion has been examined in three low alloy steels,

with particular reference to the aligned precipitate dispersions ob-
tained by interphase precipitation during austenite decomposition.

5. No firm evidence could be found to suggest that the aligned sheets of
precipitates influenced the cleavage plane, which was shown to be con-
sistent with {100}, at -196°C for the vanadium steel isothermally trans-
formed at 800°cC.

b, Evidence was found of the non-random precipitate dispersion leading to
anisotropic deformation in the plastic zone adjacent to a propagating
cleavage crack.
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Figure 1 Schematic diagram of vanadium carbide platelets in sheets
on (a) {100}, and (b) {110}m

(a) (b)
Figure 2 Fe-3.9Mo-0.16C transformed at 800°C and fractured at -196°C:

(a) nickel plated section (X1600), and (b) scanning electron
micrograph of etched fracture surface (X1400).
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Figure 3 Scanning electron micrographs of etched fructurg SUI:f“CCS of Figure 5 Transmission electron micrographs of iron plated fracture L

(a) furnace cooled Fe-0.54V-0.14C (X1200), and (b) furnace surface of Fe-1.01V-0125C transformed at 725°C: (a) pre- 4
cooled Fe-1.01V-0.25C (X1200). cipitate dark field (X13000), and (b) schematic diagram of HE
same area. g
1

110
trace of cleavage plane
trace of precipitation plane

(d)

FFigure 4 Transmission electron micrographs of iron plated tracture
surface of Fe-1.01V-0.25C transformed at 800°C: (a) bright
field (X17000), (b) precipitate dark field, (c) diffraction
pattern and (d) schematic diagram of indexed diffraction pattern
showing the traces of the cleavage and precipitation planes.




