
International Journal of Metalcasting/Summer 2012

M. McGrath and D. Van Aken
Missouri University of Science and Technology, Rolla, MO, USA

Copyright © 2012 American Foundry Society

Two high manganese and aluminum steels with duplex mi-
crostructures of δ-ferrite and austenite, having different 
weight fractions of primary δ-ferrite (0.35 vs. 0.66), were 
used to study the crystallography of austenite formed dur-
ing the peritectic reaction. Electron backscattered diffrac-
tion (EBSD) was used to characterize the crystallographic 
growth directions and orientation relationships between the 
two phases. For a primary δ-ferrite weight fraction of 0.66, 
the peritectic austenite product was seven times more likely 
to have the Kurdjumov-Sachs (K-S) orientation relationship. 
In contrast, a lower weight fraction of δ-ferrite produced 
a peritectic reaction where both δ-ferrite and the peritec-
tic austenite product grew with the same <100> or <110> 

parallel to the heat flux. The K-S orientation was observed 
for only 5% of the peritectic interfaces. Manganese and alu-
minum solute profiles across the peritectic interface were 
used to show that the mechanism of the peritectic reaction 
remains the same for each alloy. Thermal analysis was used 
to compare the two alloys at the dendrite coherency point 
and the alloy with the smaller fraction of primary δ-ferrite 
had a greater solid fraction (0.4 versus 0.34) at the dendrite 
coherency point.

Keywords: peritectic solidification, retained austenite, 
-ferrite, Fe-Mn-Al-C, EBSD, crystallography, cast steel, 
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Extensive deformation processing makes the crystallogra-
phy of the peritectic reaction irrelevant for most wrought 
steel products. This is not true for castings or for ultra-thin 
cast strip products where post solidification deformation is 
non-existent or minimal. Thus, the crystallographic texture 
developed for castings and ultra-thin cast strip is of some 
importance with regard to properties and performance. 
For example, duplex and austenitic cast stainless steels 
will maintain the cast crystallographic texture, since grain 
refinement resulting from the austenite to α-ferrite (A

3
) 

transformation is not feasible by normalization heat treat-
ments. Cast textures may play a role in the stress corrosion 
cracking and fatigue performance of duplex stainless steels 
where δ-ferrite and austenite are present in equal volumes. 
Stress corrosion cracking of ferrite is along {010} in chlo-
ride solutions1 and the cast crystallography of δ-ferrite in 
the columnar zone is expected to play an important role. 
Fatigue initiation in duplex stainless steels is sensitive to 
the crystallography of the ferrite and austenite interface. In 
duplex stainless steels fatigue crack initiation is associated 
with grain boundary or interphase cracking.2 In wrought 
duplex stainless steels, grain cracking between two ferrite 
grains initiates the short-crack fatigue behavior.2 It should 
be noted that the majority of ferrite and austenite interfaces 
are parallel to the rolling direction in the wrought product. 
In cast duplex stainless steels fatigue crack initiation will 
begin by interphase cracking. The crystallography of the 

interphase boundary plays an important role in determining 
if the interface boundary cracks or does not crack under 
cyclic loading.3 If the ferrite and austenite grains exhibit 
the Kurdjumov-Sachs (K-S) orientation relationship, the 
slip occurring in the austenite during cyclic loading is more 
easily accommodated by the ferrite and interphase crack-
ing does not occur. In contrast, interface cracking initiates 
the fatigue crack when the K-S relationship is absent.3 In 
low cycle fatigue, where crack propagation controls the cy-
clic life, the K-S orientation relationship promotes crack 
propagation through the interphase boundary and increases 
the rate of fatigue crack propagation. In contrast, the fa-
tigue crack is deflected by interphase boundaries where the 
K-S orientation relationship is absent. It would therefore 
be important to fully understand the role of the peritectic 
reaction in the determination of interphase crystallography. 
 
For steel solidification, the primary δ-ferrite is expected to 
grow with <100> parallel to the heat flux.4-7 The peritectic 
reaction has been described as austenite nucleating on the 
liquid/δ-ferrite interface8,9 with subsequent growth along 
the δ-ferrite/liquid interface as alloy is rejected into the 
liquid by the two solids.8,10-15 Several authors have indicated 
that the reaction proceeds at the triple point junction 
formed by liquid, δ-ferrite, and austenite.8,14-16 Once the 
δ-ferrite is encapsulated by austenite and the δ-ferrite is 
no longer in contact with liquid, the austenite growth or 
peritectic transformation occurs by long range diffusion.9 
This peritectic transformation of δ-ferrite to austenite will 
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be small relative to the peritectic reaction if the diffusion 
rates are small.17 Shibata et al.14 has reported that the rate 
of the peritectic reaction in undercooled liquid steel was 
not controlled by carbon diffusivity in liquid as previously 
suggested by Bosze and Trivedi.16 Shibata et al.14 concluded 
that the majority of the austenite formed by a massive 
transformation or direct solidification of austenite from 
the liquid after the peritectic reaction formed a thin layer 
of austenite on the ferrite. Dhindaw et al.15 supported those 
conclusions by reporting no evidence of alloy partitioning in 
a steel of composition Fe-0.22C-1.3Cr-2.6Ni. 

In 1965, Hu18 showed that the K-S orientation relationship 
applied to the solid-state (A

4
) transformation of δ-ferrite to 

austenite in a zone melted iron bar and Hu was able to pre-
dict the crystallography of the α-ferrite, which was observed 
based upon applying the K-S relationship to both the A

4
 and 

A
3
 solid state transformations. If the austenite forms by pri-

mary solidification, the growth direction is reported to be 
either <110>4 or <100>,4-7 which would preclude the K-S re-
lationship when the δ-ferrite also has a <100> growth. This 
fact has been discussed by Inoue et al.19 where the imposed 
temperature gradient favors specific growth directions for 
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the δ-ferrite and austenite rather than a specific crystallo-
graphic orientation relationship between the two solids. 

Nucleation of the peritectic solid product can also occur 
without contact with the primary phase as observed by 
Fredriksson et al.20 in directionally solidified Al-Mn alloys. 
For the Al-Mn peritectic the liquid separates the two sol-
ids and solute diffuses through the liquid for growth of the 
peritectic solid product. However, austenite nucleation and 
growth without contact with δ-ferrite is rarely described as 
a mechanism in steel literature.15 Often undercooling below 
the peritectic temperature is a requirement for direct nucle-
ation of austenite.17 Most of the crystallographic studies for 
the peritectic reaction in steel have been performed on stain-
less steel welds and very few studies on castings as shown 
in Table 1. Alloy composition and cooling rates have been 
shown to produce different δ-ferrite morphologies.5,11,19,26-29 
Brooks et al.11 described skeletal or vermicular ferrite as be-
ing located at the core of the solidified dendrite. Elmer et 
al.27,28 also noted that vermicular ferrite has defined second-
ary arms separated by austenite. Lathy ferrite having a plate-
like appearance with faceted interfaces was also described 
by Brooks et al.11 as being confined to the core of the den-
drite. The ferrite observed by Brown et al.22 was described 
as engulfing the austenite where the δ-ferrite was present 
in quantities greater than 25%. Brown et al.22 also reported 
faceting of the δ-ferrite and austenite interfaces. Several 
studies21,22,25 reported that these faceted interfaces have the 
K-S orientation relationship. Table 2 shows the orientation 
relationships reported previously for the peritectic reaction 
in steels.24,30 Headley and Brooks (H-B)24 reported a new ori-
entation relationship between ferrite and peritectic austen-
ite observed in welds as having parallel <110> with closest 
packed planes being parallel (Table 2).

Little has been done to compare the crystallography ob-
served in weld studies to that observed in cast metals. In 
weld studies the initial solidification will be dependent upon 
the crystallography of the grains in the heat affected zone. 
Castings will exhibit a chill zone where many new solid nu-
clei form on the mold wall and a few are selected with fa-
vorable orientation to grow into the liquid, which forms the 
columnar zone. The same may be true for the peritectic aus-
tenite where rapid peritectic growth of a favorably oriented 
austenite grain dominates (Figure 1). An equiaxed zone may 
also develop towards the center of the casting where primary 
δ-ferrite is randomly orientated.31 However, no conclusive 
arguments have been proposed for the dependence of the 
peritectic austenite crystallography on the weight fraction of 
δ-ferrite formed during solidification. The purpose of this 
paper was to determine if the amount of primary δ-ferrite 
affected the crystallography and growth mechanism of aus-
tenite formed during the peritectic reaction in alloys cast in 
sand molds. 

δ

Two Fe-Mn-Al-Si-C alloy compositions were chosen to 
study the peritectic reaction with respect to the amount of 
primary δ-ferrite formed. Chemical compositions for al-
loys P1 and P2 are provided in Table 3. These alloys were 
produced in a 45 kg (99 lbs) coreless induction furnace un-
der an argon protective atmosphere using high purity iron, 
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electrolytic manganese, aluminum, ferrosilicon and carbon. 
Horizontal bar molds were prepared using phenolic no-bake 
olivine sand designed to produce a 20 cm long x 3 cm di-
ameter (7.9 in. x 1.2 in.) bar as shown in Figure 2. A large 
center riser with 15 cm (5.9 in.) of head height over the hori-
zontal bar was used for the studies reported in this paper. 
Cooling curves were obtained by pouring the melt into a 
thermal analysis cup with an S-type thermocouple located in 
the center of the cup. Alloy P2 was poured into an insulated 
cup whereas alloy P1 was poured using a configuration as 
described by Lekakh and Richards.36 Temperature and time 
were recorded with a digital acquisition system. The thermal 
analysis data was used to calculate the fraction of the solid 
using a Newtonian heat balance model based on a zero line 
calculation proposed by Djurdjevic et al.37 

Liquidus, peritectic, and solidus temperatures were calcu-
lated using Factsage38 (hereafter known as Software A) ver-
sion 6.2 to compare with measured values obtained from the 
thermal analyses. Software A38 was also used to predict the 
weight fractions of phases as function of temperature and 
composition. The “FStel” database was used for “Fe-BCC,” 
“Fe-FCC,” and “Fe-Liquid” phases.

using

 

Thermal analyses for both alloys are shown in Figure 5. 
The liquidus and solidus temperatures were determined 
based on the first derivative of temperature with respect 
to time. The measured liquidus temperatures were greater 
than the equilibrium predictions by 12 to 17°C (21.6 to 
30.6°F). The solidus temperature for P1 was 7°C (12.6°F) 
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greater than the Scheil prediction (1300°C [2372°F] as 
shown in Figure 4a). The experimentally measured solidus 
temperature of P2 was 151°C (271.8°F) greater than the 
temperature predicted by Scheil model (1245°C [2273° ] 
as shown in Figure 4b). 

The fraction of solid is shown in Figure 6 as a function of 
temperature. Alloy P1 shows multiple changes in the rate of 
solid formation with undercooling below the liquidus tem-
perature, which correspond to thermal arrest temperatures. 
A larger amount of undercooling (approximately 145°C 
[261°F]) was observed in P1 in order to solidify the remain-
der of the melt after the first thermal arrest. A comparison of 
the calculated and measured temperatures for the liquidus 
and solidus is presented in Table 4. This table also contains 
the calculated and measured weight fractions (W

f
) of δ-fer-

rite at the peritectic and solidus temperatures. The fraction of 
δ-ferrite at the peritectic temperature was determined from 
Figure 6 at the first thermal arrest upon undercooling. The 
volume fraction (converted to weight fraction in Table 4) of 
δ-ferrite at the solidus temperature was measured by quan-
titative using as-solidified microstructures 
from the columnar zone. 

Representative as-solidified microstructures from close to 
the mold wall and from the center of the riser are shown in 
Figure 7 for P1 and P2, where the mold wall was located at 
the top of each image. Structures near the mold wall were 
dendritic and the dendrites grew parallel to the expected heat 



International Journal of Metalcasting/Summer 2012

flux to produce a columnar zone. The primary δ-ferrite and 
austenite interfaces at the center of the castings appear to 
be more faceted and the dendrites were randomly oriented 
as expected for the equiaxed zone. A skeletal or vermicular 
δ-ferrite morphology was formed in both the columnar and 
equiaxed zones for P1. An engulfing δ-ferrite morphology 
was observed for P2 in the columnar zone and a lath- or 
plate-like structure was observed in the equiaxed zone. Sec-
ondary α-ferrite was present in P1 and was located near the 
δ-ferrite. The weight fraction of austenite measured in the 
columnar zones of P1 and P2 were 0.92 ± 0.03 and 0.49 
± 0.05 (95% CL), respectively. It should be noted that the 
amount of austenite decreased to 0.27 ± 0.08 in the equiaxed 
zone of P2 as shown in Figure 7(d). Both alloys exhibited 
larger amounts of austenite than predicted by Software A38 at 
the solidus temperature for equilibrium solidification, which 
suggests that solid state transformation of δ-ferrite to austen-
ite occurred with further cooling.

Chemical analysis across the δ-ferrite and austenite interface 
using energy dispersive spectroscopy and spot scans every 5 to 
10 μm are reported in Figures 8 and 9. Manganese and alumi-
num were partitioned respectively to the austenite and δ-ferrite 
in both alloys; however, the distribution of the elements dif-
fered in the two alloys. The manganese and aluminum were 
maximum within the austenite and ferrite in P1, whereas in P2 
the manganese and aluminum showed maximum and mini-
mum contents at one of the δ-ferrite and austenite interfaces, 
i.e. asymmetric. Chemical analyses of P2 with plate-like inter-
faces are reported in Figure 9 and they also show asymmetric 
gradients across the austenite and ferrite phases. 

Electron backscattered diffraction analyses were performed 
and inverse pole figure maps with respect to the thermal gra-
dient and solidification direction were used to characterize 

the growth of the primary δ-ferrite and the austenite in the 
chill, columnar, and equiaxed zones of P1 and P2 as shown 
in Figures 10 and 11. The chill zone was observed as being 
less than 50 m from the surface. The dominant crystallo-
graphic growth direction in the chill and columnar zones for 
the δ-ferrite was in the <010> for both alloys. The peritectic 
austenite also had a preference for <110> in the columnar 
zone, but in general the austenite shared the same crystal-
lographic growth direction with the δ-ferrite. In P1 59% and 
in P2 45% of the observations indicated that both δ-ferrite 
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and austenite shared the same crystallographic growth di-
rection of either <010> or <110> in the columnar zone. As 
expected, the equiaxed zones for both alloys showed high 
deviation in the crystallographic directions relative to the 
thermal gradient for both δ-ferrite and austenite, which has 
been reported in Figures 12 and 13. Figure 14 shows the 
frequency of observation that an established orientation rela-
tionship existed between the δ-ferrite and austenite with less 
than a 10° deviation for the columnar and equiaxed zones. It 
should be noted that alloy P1 has a low frequency of occur-
rence for an orientation relationship which corroborates the 
observation that the peritectic austenite grows in the same 
crystallographic direction, <010> or <110>, as the adjacent 
δ-ferrite and would thus preclude the K-S orientation rela-
tionship. This result is contrary to what is often reported for 
similar crystallographic studies reported for the fusion zone 
of a tungsten inert gas (TIG) weld.

δ
δ

δ
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δ

δ

λ

δ

It is proposed here that when the amount of δ-ferrite is large, 
as in P2, that the thermal gradient is substantially reduced by 
recalesence during primary solidification. The growth of the 
peritectic austenite film would thus be slower and more apt 
to form a low surface energy interface with an orientation 
relationship. As a result, these low energy interfaces may 
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be faceted and immobile with respect to further solid state 
transformation to austenite. The equiaxed zone where a low 
thermal gradient condition was expected also produced the 
most faceted interfaces with a K-S orientation relationship.

In contrast, when the fraction of primary δ-ferrite is low, as 
in P1, the thermal gradient is sufficient to drive the growth 
of select austenite orientations independent of the primary 
δ-ferrite as observed in other systems.9,42.43 The frequency 
of observing a K-S orientation relationship was reduced in 
P1; and thus, the interfaces were expected to be nonfaceted 
and more mobile; and thus, peritectic transformation (δ γ) 
was more likely. The nature of the austenite nucleation and 
growth relative to the primary δ-ferrite would then be ex-
pected to show a different solute segregation pattern than 
observed in P2 where solute redistrubution was limited due 
to the immobility of the faceted interfaces.

The amount of δ-ferrite measured from the thermal analysis 
data deviated 5.7% away from the value predicted by the 
Scheil algorithm at the peritectic temperature in P1 while the 
measured amount of δ-ferrite in P2 was 1.5% greater than 
the Scheil prediction. In contrast, the weight fractions of 
δ-ferrite measured in the columnar zones of P1 and P2 were 
less than the calculated values at the solidus temperature 
which indicates a solid state peritectic transformation (δ γ) 
occurred. In P1 the observed weight fraction of δ-ferrite 
varied 50% and 73% from the calculated equilibrium and 
Scheil predictions, respectively; whereas in P2 the observed 
weight fraction of δ-ferrite varied 39% and 22% from the 
calculated equilibrium and Scheil values, respectively. The 
discrepancies between the measured and calculated amounts 
of δ-ferrite are less in P2 since faceted and immobile inter-
faces suppressed the solid state peritectic transformation in 
P2 resulting in more untransformed δ-ferrite. 
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Thermodynamic predictions of liquidus, solidus, and 
peritectic reaction temperatures proved to be difficult us-
ing the current steel database available in Software A.38 
Measured liquidus temperatures were higher than pre-
dicted but within 13 to 17°C (23.4 to 30.6°F). Solidus 
temperatures were relatively close for P1, but the mea-
sured solidus temperature deviated from the calculated 
Scheil value towards the calculated equilibrium value. In 
the case of P2, the solidus temperature was 84 and 151°C 
(151.2 and 271.8°F) above the calculated equilibrium and 
Scheil solidus temperatures, respectively. These large de-
viations from the measured solidus temperatures indicate 
that the thermodynamic database for body-center cubic 
(bcc) and face-centered cubic (fcc) solids with aluminum 
contents greater than 3 wt.% may introduce greater parti-
tioning of aluminum and manganese during solidification 
than actually observed. 

Partition coefficients, k, for aluminum and manganese were 
calculated using Software A38 and similar partitioning is ex-

pected in both P1 and P2 for each phase as shown in Table 
6. Experimental partition coefficients were determined from 
the solute profiles and show relatively good agreement for 
P1, but significant deviation for the higher aluminum P2. 
Specifically, the degree of aluminum partioning is 15% less 
than predicted by Software A38 and this may help explain the 
large deviations between measured and calculated solidus 
temperatures. 

Based upon the calculated partition coefficients, the first 
δ-ferrite and first austenite to form would each be alu-
minum rich and manganese lean. A qualitative analysis 
of the vertical sections shown in Figure 3 also suggests 
that the first austenite to form is low in manganese while 
the last austenite to solidify is manganese rich. The verti-
cal section with respect to aluminum is less informative. 
Austenite nucleated at the liquid/δ-ferrite interface with 
an orientation relationship would grow preferentially 
away from the interface by solidification. The solid state 
transformation of δ-ferrite (i.e., δ γ peritectic trans-
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formation) would be slow because the faceted interface 
structure would be coherent or semi-coherent and inher-
ently less mobile than an incoherent interface. Compari-
sons of the austenite weight fractions in the columnar and 
equiaxed zones as well as the solute profiles across faceted 
and nonfaceted microstructures confirm this hypothesis. 
A comparison of the columnar and equiaxed zones of P2 
show that the amount of austenite is greater (0.49 vs. 0.27 
in Figure 7) in the columnar zone and less likely (0.35 vs. 
0.65 in Table 5) to show a faceted interface resulting from 
an orientation relationship. Figure 15 illustrates the asym-
metric solute profile across the peritectic interface reflect-
ing the solute profile expected for a faceted or immobile 
interface with an orientation relationship. Specifically, 
the manganese concentration along one of the δ-ferrite in-
terfaces should be a minimum and the manganese concen-
tration increases with distance from the peritectic reaction 
(L+δ γ) interface into the austenite. In a similar fashion, 
the first austenite along the δ-ferrite interface should be 
higher in aluminum content and decrease as the austenite 
grows. This profile was observed for P2 across a faceted 
interface (Figure 9b). Brooks et al.11 showed more sym-
metric profiles where the cores of the austenite and ver-
micular ferrite showed maximums and minimums in the 
profiles. They reasoned this was due to solute partitioning 
during solid state transformations upon cooling, which 
would suggest a mobile interface existed. The study of 

Brooks et al.11 did not include the crystallographic ori-
entation of the ferrite or austenite. A similar concentra-
tion profile with local minimums and maximums in solute 
concentrations within the respective phases was observed 
in P1 as shown in Figure 8. Using the experimentally de-
termined compositions of the δ-ferrite and austenite at the 
peritectic interface as two input streams in Software A38 

resulted in an increase in austenite at the peritectic tem-
perature. This would indicate that solid state transforma-
tion would be favorable when the interface was mobile, 
i.e. a nonfaceted interface. Evidence for this reaction may 
be gleaned from the microstructures shown for P1 (Figure 
7). The shape of the interface between the austenite and 
the δ-ferrite suggest diffusional growth of austenite into 
the δ-ferrite. The resultant austenite composition would 
then be higher in aluminum and lower in manganese; and 
thus, more apt to transform to α-ferrite upon cooling as 
observed in the microstructure.

Studies performed by Fredriksson et al.20 on peritectic so-
lidification in binary alloys showed that the mode of the 
peritectic solid product nucleated and grew dependant on 
the weight fraction of primary solid. When the primary 
phase had a weight fraction greater than 0.45 the peritectic 
solid product grew in contact with the primary phase in 
their study.20 Conversely, the Al-11Mn alloy showed that 
the peritectic solid product precipitated without contact 
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when the primary solid phase was 0.25.20 Results reported 
here for both P1 and P2 show the austenite forms a film 
at the δ-ferrite/liquid interface during the peritectic reac-
tion regardless of the weight fraction of primary δ-ferrite 
formed when in the range of 0.35 to 0.66. This was deter-
mined based on the concentration profiles observed where 
the interfaces consistently agreed with the expected chem-
istry of the first austenite to form as being high in alumi-
num and low in manganese. 

The amount of primary δ-ferrite can affect the crystallog-
raphy of the peritectic austenite. Large fractions of primary 
δ-ferrite decrease the thermal gradient and promote inter-
faces that are faceted and have either the K-S or the H-B 
orientation relationship. At low weight fractions of primary 
δ-ferrite, a high thermal gradient favors a peritectic austen-
ite with a faster growth direction, i.e. <100> and <110> in 
the columnar zones. The resultant microstructures are less 
likely to exhibit an orientation relationship. 

The dendrite coherency point (DCP) temperature was de-
rived from the thermal analysis data to study the effects of 
the weight fraction of primary δ-ferrite on casting proper-
ties in duplex steels. The DCP is defined as the transition 
stage during solidification from mass feeding to interden-
dritic feeding where an impinging dendrite network has 
formed. The interlocking of the dendrites would affect 
fluidity of the alloy and thus affect casting defects such as 
porosity, macrosegregation, and hot tearing, which occur 
after the DCP. The DCP temperature can be identified as 
an extreme in the second derivative curve of temperature 
with respect to time.44 An example for determining the 
fraction of solid at the DCP and the temperature is shown 
in Figure 16 for P1. A minimum of the second deriva-
tive of temperature was used to estimate the fraction of 
solid (see Figure 16a). The fraction of the solid was then 
used to identify the DCP temperature (see Figure 16b). 
The fractions of solid at the DCP were 0.4 and 0.34 for 
P1 and P2, respectively. 
The DCP temperature was 
between 1445 and 1446°C 
(2601 and 2603°F) for both 
alloys. The fluidity of P1 
would be expected to be 
greater than P2, since the 
DCP of P1 occurred at a 
higher solid fraction. 

St John et al.45 described 
the cooling curve for peri-
tectic solidification as 
possessing a thermal ar-
rest during the peritectic 
reaction of L+δ γ. As 
the reaction proceeds, the 
austenite encapsulates the 
δ-ferrite and thus the rate 

for solidification decreases and a larger undercooling is 
required for austenite formation. The solidification rate is 
then controlled by the peritectic transformation. A simi-
lar observation has been reported by Dash et al.46 for Cr 
and Mo steels, i.e. SAE grade 4122. Additions of nickel 
greater than 3 wt.% to the Cr and Mo steel suppressed 
the peritectic reaction and the melt solidified directly to 
austenite. There was no change in the slope of solidifica-
tion with respect to temperature for the high nickel alloys 
until the fraction of solid was approximately 0.9.46 The 
results reported in this study show the change in slope 
occurred at a lower fraction of solid (0.37) when less 
δ-ferrite formed (i.e. P1) whereas when a greater fraction 
of δ-ferrite formed (i.e. P2) the slope decreased when the 
fraction of solid was 0.65. Both solid values are relatively 
close to the amount of primary δ-ferrite predicted by Soft-
ware A38 using the Scheil model. 

Cast stainless steels often show duplex microstructures of 
δ-ferrite and austenite. CF8 is a common austenitic grade 
that produces a vermicular ferritic structure similar to P1.47 
Based upon the crystallographic analysis reported here, these 
alloys would be susceptible to early fatigue crack nucleation 
since the majority of the interfaces would not exhibit the K-S 
orientation relationship.3 In contrast, the duplex stainless 
steels such as 25-07 would exhibit the engulfing ferrite mi-
crostructure and faceted interfaces with the K-S orientation 
relationship.2,48 These interfaces would be more resistant to 
interphase crack nucleation.3 In contrast to crack nucleation, 
crack propagation with respect to the interphase crystallog-
raphy behaves in the opposite fashion. Interfaces having the 
K-S orientation relationship allow easy crack propagation 
through the interface whereas crack deflection at the inter-
face occurs in the absence of the orientation relationship.2 
The importance of fatigue crack nucleation versus propaga-
tion is dependent upon low cycle versus high cycle design 
expectations.49 In low cycle fatigue, crack propagation rep-
resents a greater portion of the fatigue life.
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High aluminum and manganese sand cast alloys studied 
here showed that peritectic austenite has a preference of 
<110> growth that increases in concentration from the chill 
zone to the columnar zone. 

δ

δ-ferrite weight fraction of 0.66) the peritectic austenite 
was 7 times more likely than P1 to have the K-S orienta-
tion relationship in the columnar zone and the frequency of 
occurrence for an orientation relationship doubled in the 
equiaxed zone. 

δ

δ γ

δ

δ

The results reported here may also shed some insight with 
regard to developing dual phase alloys with improved fa-
tigue crack propagation resistance. A low weight fraction 
of primary δ-ferrite or a high thermal gradient would be 
required in cast alloys to improve low cycle fatigue perfor-
mance by suppressing the formation of the K-S orientation 
relationship. 
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