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Cleavage Fracture of Iron Single Crystals

Synopsis:

Tsuneaki SARAKY and 7adahisa NAKAMURA

Iron single crystals with various orientations were tested at low temperatures.

1) At —196°C, the behaviour of the crystals depended on the orientations of their stress axis.

When

the angle between the specimen axis and [001] was less than 26°, the specimens fractured by cleavage with
prior twinning. Most of the specimens were cleaved at {011} type intersection of two twins, but some of

them were cleaved by a twin going through the specimen surface.
[001] and tensile axis greater than 36° showed slip deformation preceded by twinning.

The specimens with the angle between
The specimen with

tensile axis near [111] was fractured by cleavage after crack opening at twins due to plastic deformation.
2) The crystals tested at —130°C fractured in ductile manner with one exception.
(Received July 25, 1972)
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Table 1. Chemical compositions of specimens.

0008 (wt%)
0-001
0-003
0-003
n 0-001
0-002
0-001
Al 0-003
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Fig. 1(a)(b) Stress-strain curves of iron single crystals tested at —196°C,
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curves of iron single crystals tested at —130°C,
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Photo. 1.

Cleavage plane with ‘“block pattern”.
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T1:(112) D1 Twin
T2:(M2) 011 Twin
T7:(112) 0111 Twin
78:(112) 0111 Twin

-196°C

Photo. 2. Four systems of twin, T, T2, T7 and T8, are found on the (001) cleavage plane
with the tensile plane of A. A wvertical crack parallel to (100) plane is formed.

(Stereo viewing)

-196°C

Photo. 3. Cleavage was
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caused by ({011} type intersection of two twins T2 and T8.
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Photo. 4. Cleavage was caused by the twin going through the specimen surface.
Twins T7 intersected to the twin TI1 along thc [201] direction.

L100x |
-196°C ﬂ

Photo. 5. Cleavage was caused by the twin T8 going through the specimen surface.
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-196°C
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Photo. 6. Two twins, T1 and T8, intersected along [110] direction, however, where no

cleavage crack was nucleated.

100u

Photo. 7. Cleavage occurred at an island grain.
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(Stereo viewing)
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hk/ - Miller indices of the pole in matrix

s : 00! poles, ¢ : 0Ol poles

a: |1l poles, o : |12 polg_s
in (112) ] twin

Fig. 3. Stereo graphic projection of poles of matrix
and of (112)[T11] twin.
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~-196°C

Photo. 8. Cleavage started by the intergranular fracture of island grain. No thin twins and
no tongues were found on the cleaved surface. (Stereo viewing)

(b) -196°C
Photo. 9(a) Cleavage occurred by slipping off of the twin. (Stereo viewing)
(b) Plastically deformed twins were found on the cleavage plane. (Stereo viewing)
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-130°C
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Photo. 10. Granular twin (mark(Q)) and plastically deformed twin (mark@) were observed on
the cleavage plane of [001] specimen tested at —130°C.
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Fig. 4. Relationship between the length of the twin,
X, in Photo. 2 and the length on the (001)
cleavage plane, B, and the stage-inclination
angle of the scanning electron micro scope.
X was stage-inclination
angle of —33°, and B was maximum at +1-5°,
so the twinning part intersected to the (001)
cleavage plane by the angle of 34°5°.

maximum at the
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00}
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P2: B3
{001}

in twin

5 XS5k Fohic (112)[111] WEMSBAI RS L
WENLED 257 LA BFERIHETRINS. Fig. 31c
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12 048 TH 5. bV EL oo (12)[111] o

Photo. 11(a)

Cleavage of twin itself was seen on
the cleavage plane. (Stereo viewing)
Tongues (@) are also seen.

(b) (112) [111] twin on the (001) cleav-
age plane was cleaved along the
planes of Pl and P2, which where
{001} planes in the (112) [111] twin.
The stereo graphic projection of these
planes. are-indicated by the poles 2
and @3 in Fig. 3.
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Trans.
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Table 2. The length of the twin, X, was maximum
when the stage-inclination angle was «,
and the length on the (001) cleavage
plane, B, was maximum at the stage-
inclination angle of §, then the twin
intersected to the (001) plane with the
angle of a-f. X and B are shown in

Photo, 4.

@ B a—p Xmax| Bmax | Specimens
33-0° | —1-5° 34-5° 70 ¢ | 143 p A
38-3° 3:3° 35-0° 26 936 B
36-4° 2:2° 34-2° 18 20 B
40-0° 5:5° 34-5° 15 42 B
31'0° | —4-3° 35-3° 28 33 B
38-7° 4-3° 34-4° 13 33 B
mean value 34-65°

Angle between 001} & {112}
planes : 35°27°

-

AB
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Photo. 12. The length of the twin and (
plane varried with

. TR
001) cleavage
the inclination of the

183

stage of the scanning electron microscope.

2ickh@Eda T, T2, T7, T8 x (001) BEpdM
stLTAaAEERALTE Y, Tomix (001) BRI
LT ELD TEHEP DB L THOTEHE MM DR
RBWEEE I PTWS. DFCZOWEES 2 (001)
WM s AT AEDORIER KA 7. Photo. 2iZX EEW
R WMEEH I L o E X, By (001) 8pmE ki
Lo OEXTHS. Photo. 2175R L 7 [110] o
T HICEERBIHEBEORF— I Egls e, @
SlfsE —49° 5 +49° FTCE XL EOWTED—E
% Photo.13 |tR%. ZOFHEHIALLXESIUTBoEZ%
kb CcARF—~IoEAPBHBIEH LTIy 35 LTFig. 4
DEFLgEHET, XRRAF—JoESA»n -33°n &
EHFEARICED, B 1'0° ol &RRKICAhDT EBbd
Sz, U hdd o T ERER4 13 (001) BEBm i 3F L € 34°5°
HRLTWS. hofaic>wTHllE LA EbEDTE

hooBEOE{E%% Table 2 & 3. Table 2 iz &
LicaBXoHoBhkoEI2RTLEDORF—J0D
EHA, BHBOWLINREKORESIERT LEDAF~
VOBEMA, a-f B (001) BEEE X TA
TH 5 Xmax & Brax BUXE XU B ofsoExET
5. =T Table 2 zxhifa-BDFEHEIE 34°65°
THot. (001) EEIE & (110> K TZEZb D 34-65°
WEVWAZ T ERIBROmE Lz {112} Wb 5.
{112} m& {001} Wok3 A 3527° ThoCTa-8
DFEHLIE 0062° OETC—FHT 5. LEaBoT W&
WoahTo (112} BizEYT 22 L 8brofk. %
7=BI3R A RiAt [112] iTiE VKB K (Fig- 1(b)D F L G)
o5e (112) MTEMAT 3z L3 roRk. LisioT
BERADIRTIC R4 L 7= W Ea & (001) BERATG 0% X5 5 & 4>
HHREARERLALbLDEEZSNS.
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