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The microstructural and textural development during rolling is compared in two Hadfield’s steels (high Mn
steel), one having low carbon content (0.65 wt.%) and the other high carbon (1.35 wt.%).In low carbon
Hadfield's steel (LCHS) mixed microstructures are formed which contain intrinsic stacking faults, deformation
twins, and brass type shear bands. The deformation twins are thought to be formed by the stacking of intrinsic
stacking faults. The similar development to 70-30 brass texture is observed in early deformation. However the
abnormal texture is developed after 40 % deformation, which is thought to be due to the martensite phase
transformation. In high carbon Hadfield's steel (HCHS) mixed substructures of dislocation tangles, deforma-
tion twins, and shear bands (both copper and brass type) are found to develop. The texture development is
similar to that of 70-30 brass. This is consistant with no carbon segregation and no martensitic phase transfor-
mation in HCHS. In spite of the difference of substructure and texture development during rolling in two steels,
the difference in stacking fault energy is measured to be small ( 2 mJm-2). The carbon segregation is only
occurred in LCHS. Thus it is thought that the carbon segregation influence the microstructure and texture
development during rolling. This is related with martensite phase transformation in LCHS.
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Table 1. The chemical compositions of the
Hadfield’s steels used in this study.

Wt. %

C Mn S S P N Cr Mo

LCHS  0.65 121 0.27 0.007 0.005 0.01 0.12 0.01
HCHS 1,35 13 0,06 0.016 0.007 0.01 0.11 0.03
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Table 2. Electropolishing procedures of HS

Solution Applied Voltage Time
Sodium chromate anhydrous80g 35V 5 min
V_Glacial acetic acid 400ml

Table 3. Thin foil proparation techniques for
TEM in Hadfield’s manganese steel.

Apparatus Solution Vol. /Tine

1. Dimpling  Tenupol. Jet 5%perchloric acid 25mA
p(haher 95% acetic acid 50 sec.

9 V»mdowmg specimen hold “acetic acid 1.33ml/35V
in charged chromic acid  25g/5-10min,
tweezers H,0 Tml

2.3 Pole figures

W27k E AJHSE 20 mm X 20 mm 272
213, 2FHS Aok 10 % oxalic acidol
A dulsle, FW e AEE A AT o

1 #HE pole figures x-ray A7 =&t n,
o] ZolA 2= data® PDP/11 computer®
AAdstd 3 st AEe o e X-4
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Table 4, The SFE of LCHS(0.65% G)

Angle(")*

Separation distance r*' SFE mjm”

70 11 24.4
71 93 20.3
66 84 21.8
52 81 19.9
52.5 88 18.4
9 47 21,5

Ave,= 21.5, 0=1.87
Grain size = 65 pm

The SFE of KGHS(1.35% Q)

Angle(*)* Separation distance *' SFE mjm*

82 76 26

80 94 20,9
67 75 24,5
42 62 23.2

Ave.= 23.65, 0=1.87
Grain size = 156 ym

* the angle between the total Burgers vectors and
dislocation line

*1 Unit @ A
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Fig. 1. Transverse direction (TD) sections of rolled LCHS etched T7h dErh 84 % WFM= e

in Cr,04#H,PO, and Marble’s reagent after deformations shear bands7} xHoR F7ista
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Fig. 2. Rolled LCHS (reduction € of 22%)
showing a stacking faults(SFs) and b
deformation twins: rolling plane trace is
parallel to 1pmn markers(TEM, TD section)

Table 5. The stacking sequence of atoms on
(111) plane in FCC metals.

I

FCC A B C A B C

FCC twin A C B A C B

Twin from intrinsic SFs A B C A B C
A C B

Twin from extrinsic SFs A B c A B ¢
ACBACBACBAC

HCP from intrinsic SFs A B C A B C
A B A B
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Fig. 3. Rolled LCHS (e=39%), showing deforma-
tion twins and shear bands: rolling plane
trace is parallel to 1gm marker(TEM. TD
section)

Fig. 4. Montage of rolled LCHS (g=60%),
showing deformation twins(A) and
rhomboidal shape of shear bands(B):
rolling plane trace is parallel to lum
marker (TEM, TD section) '
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Table 6. The major texture components of
LCHS, 70-30 brass and 18/8 stainless
steel with strains,
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Fig. 6. Microstructure and diffraction pattern
of rolled HCHS (€=20%): rolling plane
trace is parallel to 1 pm marker (TEM,
TD sections)
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Fig. 7. Montage of rolled HCHS (&=40%),
showing deformation twins(A) and
formation of shear bands (B): rolling
plane trace is parallel to 0.5¢m
marker (TEM, TD sections)
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Fig. 8. Montage of rolled HCHS (€=60%),
showing deformation twins(T) and
rhomboidal shape of shear bands-A and
B are copper and brass type shear
bands, respectively: rolling plane trace
is parallel to 0.5#m marker(TEM, TD
sections)
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