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ABSTRACT Fracture pathsin low temperature brittle fracture of an 18Cr-18Mn—0.7N high nitrogen
bearing austenitic steel were studied by means of scanning electronic microscopy. It is shown that the
fracture propagates by either cracking through grain or along grain boundary and annealing twin
boundary. Detailed investigation reveals that it is easier for cracks to initiate at grain boundaries
and annealing twin boundaries and propagate along these boundaries. The dual-plane observations of
fracture surface and adjacent side surface microstructures show that annealing twin boundary fracture,
intergranular and transgranular cracking result in smooth planar facet, smoothly curved facet and rough
facet, respectively.
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Cr 19.33, Mn 19.64, N 0.70, Si 0.42, P 0.029, S 0.008,
Ni 0.27.
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Fig.1 Stress-strain curves (a) and impact energy—-
temperature curves (b) of high nitrogen austenitic
steels (1. Fe-18Mn-18Cr-0.5N[6l 2.  Fe-
18Mn-5Cr-0.5Cl¢1 3. Fe-18Mn-18Cr-0.7N in the

work 4. Fe-18Mn—-18Cr-0.8Nl¢l)
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Fig.2 SEM fractographs for specimens

(a) impact fractured at 293 K
at 77T K (c) tensile fractured at 4 K

(Fr — transgranular fracture facet, F; — intergran-

(b) impact fractured

ular fracture facet, FTg — annealing twin boundary
fracture facet. f1, f2 and f3 — sub facets, s; and so —
large steps. AB — the line along which the specimen
was sectioned for dual-plane observation in Fig.5.
the area within the dashed line represents a fracture

facet whose size is comparable to an austenitic grain)
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(c) Fracture direction

wm Deformation structure
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Fig.3 Fracture path at low temperature

(a) microcrack ahead of main crack in partially rup-
tured specimen (b) crack along grain boundary and
through grain in partially ruptured specimen  (c)
schematic illustration of the crack propagation pro-
cess at low temperature

(in Fig.3b: AB — transgranular crack, BC — micro-
crack along grain boundary.

in Fig.3c: AB — main crack, BC — transgranular
crack, CD — microcrack along grain boundary or

annealing twin boundary)
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Relationship of cracking paths and fracture facets

(a) crack and microstructure on the side surface for
(b) and (c)

fracture facets and microstructures on the side sur-

specimen partially ruptured at 77 K

face for the same location as in (a)

(AB, BC and DE — edges of cracks along grain
boundary, annealing twin boundary and through a
grain in the upper part of the specimen; A'B’, B'C’
and D'E’'— edges in the lower part of the specimen
matching AB, BC and DE, respectively)
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SEM micrograph of dual-plane observation of frac-

ture surface and microstructure on the side surface
for specimen fractured at 4 K

(fll, f2’— facets matching the left part of f;, f2 in
Fig.2c, sll, 52’— steps matching the left part of s,
sg in Fig.2c, A’B’— dashed line corresponds to AB
in Fig.2¢)
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