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Effect of Texture on the Toughness of Pure Iron

Synopsis:

Fukunaga TERASAKI and Teruo KANEKO

To clarify the effect of texture on the toughness of irons and steels, mechanical behaviors of pure
irons having a strong {100}(011) texture component were investigated.

It is revealed that the texture has a notable influence on the Charpy impact properties; the stronger
the {100} component parallel to the fracture surface, the higher the impact transition temperature. The
ratio of unit crack path Ic to grain size /, in the textured sample is larger than the ratio of about 2
obtained in a previous paper’®. It can be concluded that the unit crack path is more reasonable than
the grain size as a characteristic of the structure affecting on the toughness of irons. The difference of
the fractographic appearance of unit crack path between the textured sample and the random one is

discussed.

The elongation and the reduction in width show the planar anisotropy due to the preferred orien-
tations, while the strength is not influenced by the texture under the experimental conditions of this

study.

(Received Feb. 23, 1974)
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Table 1. Chemical composition and processing
detail of materials used.

Sample] C | Si | Mn| P ' s, nlo

A | 0-014 0017 <0-01] 0-003(0-0070-0016/ 0-005

B | 0-008| 0-010<0-01/ 0-003(0-0060-0012 0005

C | 0-013] 0-032 <001} 0-003,0°0050-001§) 0-005
¥

|
(wt. %)

| Vacuum melted 15kg A.B.C. |

{ Hot forged 30mm' |
A ' B.C.

! R
Hot rolled 950Txihr Hot rolled 750°Cx|hr
% : 500°C % : 700°C]
12mmt 12mmt
I {
Cross roiled 950°C x30min Cross rolled 750°C x 30min
7 : 900°C 7% : 700°C
Smmt S5mm?
]
1)
Reheated 800°C x Ihr A.B.
750°C X lhr C

Tt : finishing temperature

ETin5av {100} MRZH T 5k L Mo 5 o &
L IRPEHT DT & A D BIR 2 T2 L7k 3
YHETS.

2. HEMERBFE

2.1 HtRH DN

PRI DL RS & RUER % Table 1 TR+, {3t
M Th O BRKr HEBMICE VBB LALOTH
5. g (& 15kg) % 1250°C izhnEh L 900°C B -
C 30mm JF¥ CERGEE L.

wiTeEEB & Crx, 750°C x lhr hnEkdg 700°C oLk
TC—REEZTLV 12mm E L L X5z 750°C x
30min FEANEME— K FELE & B A D A =R ERE% {7
W 700°C LA ETC S5mm BEirtt FiFa. & ZTHy 700°C
DER TR RXELER TR D/ DREETIC EFiE L
LGOS {100} M2 EB 57D THS. 1%
REEZTTEDTV 50T MnS /5 ¥ OMEWETT
SHNESEOBERD LD E VSR LH 5.
ARARESHEEDS o ¥ AR % B 575, ikt
[REEE 950°C L L 900°C LA ECREME L. EETRE
B, CrRBROFIETHEREES TR D,
EREBIITER3T 5725, 5EA, B3 800°Cx lhr,
FABLC12 750°C x lhr ofeghin N 2 72, XBEHHEOIE
BB S LEERRE LR, K50 & L2010 el

Table 2. Grain size observed in various sections
of samples (unit : g, measured by linear

analysis)
A B c
a) z | a0 102°6 71-6
b) 0° 385 80°5 58-4
c) 45° 39-1 82-8 585

(a) : normal section parallel to rolling plane
(b) : cross section perpendicular to rolling direction (R. D.)
(¢ ) : cross section of 45° 10 R. D.
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KRB 21T, MOWIT X 0 LR % BIE
L7z, BlZEfER % Table 2 T, % /1 HZ= D —4% Photo.
VRS, BBRKRE LTk Fry REe Ave. 3
AVREERRL B, CRPR/ L — BT VWRIE
EIRLTW5.
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Photo. 1. Optical microstructures of materials used : (a) normal section parallel to rolling
plane (b) cross section perpendicular to rolling direction.
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(b)

= oo :{100}<OIl>

Fig. 1. 200 pole figures of sample B, having the strong {100} ¢011> components

as preferred orientations.
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Fig. 2. 200 pole figures of sample A, having no
preferred orientations.
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Fig. 3. Size of specimen for tensile test (unit : mm)
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Fig. 4. Size of specimen for Charpy impact test

(unit : mm). Fig. 6. Effects of texture on clongation and
reduction in width.
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SEERTIco/ L =4, Photo. 3R+ X5 01 7 Fig. 7. Charpy impact transition curve (sample A)
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Photo. 2. Fractured appearances after tensile test (at R.T.)
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Photo. 3. Observations of precipitation in materials used :

rolling plane (b) longitudinal cross section.
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8. Charpy impact transition curve (sample B)
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9. Charpy impact transition curve (sample C)
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Photo. 4. Typical fracture surface of sample A after charpy impact test (in Z-direction)
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Photo. 5. Typical fracture surface of sample B after Charpy impact test (in Z-direction)
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Impact transition temperature (°C)

Table 3. Unit crack path observed in various

20 o sections of samples (unit : g, measured
ook :: by linear analysis)
[l
80| (;:, A B C
©r ; : (a) Z 77-2 397-2 322-9
40 - W aa o (b) 0° 752 1663 135°3
o B. (c) 45° 76°6 196°1 1658
20}
oC
or (4,0,0, : Zdirection) BOREL LCHEERSEETHS T L kgL
Sl S ~9. USRI {100} REEE LCEL 5%
a0t Tt b TN  BARETH B L, RER— {100} BEHE A E
~60f a—a—% FHWERAOH WY L X 0 FREABEEH S &
-80 |- ‘ 5FBZWRESNLDOTHS.
(l)ﬂ 2‘2-5" 4'50 gloa & CE’C’L%"@%%E%TV;, %EEE*EE la kmﬁ

10.

Fig.

(RD) (T.0.) BT o & VIEE lo~2la &S HBIBIRIC & 5 720,
Angle b ing directi
" e drearon o REHAL 2 B OBIRIC 01T Peton DRI E OXR
Ef. ; . . ZHSPITHORETHDOR. L L {100} L4
ects of texture on impact transition : AL B s . o
temperature (vTs). The plots of Z-direc- ﬁk?%ﬁb Hﬂ%fﬁ‘f\ i, ?ﬁ%a?ﬁlﬁ &MEﬁﬁi@ttﬁU&?
tion in parenthesis are corrected using BAZLL, BHEBEMOFREBL VPSP TR D LR
the difference between Z-direction and X7,
other directions in sample A. B EE A ORI ERES Table 3 Ry BB o B

(a) (b)

11. Schematic illustration of cleavage fracture surface in : (a) sample having no preferred
orientations (corréspohding to Photo. 4) : (b) sample having the strong {100}(011)
texture (corresponding to Photo. 5) Sharp and broad lines show the grain boundaries
and the boundaries of microfractures, respectively. Arrows indicate the direction of
microcrack propagation.
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Photo. 6. Typical fractured appearance after Cha-
rpy impact test, testing in 0° to rolling
direction (sample B).
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Fig. 12. Relation between grain size({,) and unit
crack path (I.).
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Fig. 13. Relation between impact transition
temperature and grain size.
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Fig. 14. Relation between impact transition
temperature and unit crack path,
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Fig. 13, Fig. 14 wix?d. £H5HEKOEMVWERB, CT
EBEE 0°, 45°, ZHMOBECEL L2 TW5S.
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LT ERAOR. L LREAKRKT S5 Z Hin) LBiE
Fim (0°, 45°) @ vTs OEZHWT, #HE B, CoD
Z 5mo vTs FETS e BY LFEETHIE,
Fig. 10 R Lz X5k B, CoZHMD vTs ¥
2 VAR LE W EBbr5. £ ZTHRWES
MEmrET5REB, CkIsEBEE vIs ORA
WAEBORE : LTHADLERS L. HRETOW»
THERBRTIEIERSBH, R—ERTREMIC X
LEINE. KB, CTHEDR, Ly — FRIONE
2R L Z A O OFEE S EHiE S Mt LEFARE
DT WBEN, Fig. 13 TRTXIS5KEDER vIs D
REWEZEBET HTERTH5THS. Tib LB,
Co vTs ORFMLHESNETEETSZ L, VWil
25 ¥ BT 5 PeTcn OFRE LCIBIBETAZE
IR E VLS. chicx LCHEEEACEB LTSRS
&, Fig. 14 @R+ X5 CWEBAEPKE VT EERR
B vTs 3L R5 EVIMERBDLNS. Tk Fig.
14 ROELIIFHS ©O7 =54 b5—5 4 MR T
VWTELNBEBRERLTVWS. AEBHRLOZRTE
LLTRESAHE L R ~THEO 2 X5 FXLbh
%.

LA THRE B, Co 0° FEE 45° AMIC2WT
13, vTs WA HELTWE X SCHXBD,
FRo T &< 0° Hronkmisiz KR X v/hs {EIE
LTWBAAEMS ® U 47T L RIS IEBETIR V. &
L5 0° K 45° FRD vTs OEE, 0° HETO
BEERNTE A Photo. 6 TR L X 5 f@lx doTw
LY, BEIECEEKGHBNIIL2TnE L
brHEELLND.

L LEREB, COZAERIT2WTiE, BEEBAEfL
R LELLAkEL vTs ¢RELTWS. ¥
SHBOBVABICIIREEMIEE 5 RE VIR D
»0, Fig. 14 TRLIZXDCHM®ODT = 54 b=
— 54 MEBTELhAEASREEROFET SRLT
5 EFThiE, FOWREKIIAEZY  ZhbDEPLHT
EREERESNE X VB TERT I AN IR
LrEZLNS.

DR SMBOBEWIEEICE, BEEA o iEEN
B Lo W LOESEDRIR le~2ls XY REWZ L3
Y, BHIEEIESIE X O mBEALCERE TS A X

DBRYLEZ LN ULk LEMKs JETHBORE
L LTOBREEROFEZ SIS PI Lic L iE v
<, Wk T5 Peton ORRE DERZEECT S
fediciy, FA—FEM X VB Ex OREEREOCHEZH
VWELESLIRBELRERPLETDS 5.

5. &

Migkz AW, FEEECFETLiEy {100}<011) £45
MR AT L EESMBD 5 v ¥ alcihic owvT
Wi, T, BECSIETESAROEYHEAEL,
wOFEREB .

(1) HREHECRESHBORE®DY, BEDH
Nz 3E Vs {100} s H 5 L BHIEEIEL k5.

(2) H#£E5MEKOBWHEITIE, WEEA o EE&
W 1, it LOERDOBIR lo~2le LD RELSLD. &
SIRE I SE X DA SR CERET 5 5B Y L%
z2bh?. hBEAEMOBEC X HYBHEHEMLDAD
LEREEMND D, SRS HOBETSS.

(3) M, BERICHEGEBORENDY, £E
gk 011y Frnick L <001y Ha)Cofhey, gD
Sy =R AN

(4) ZAFELREEERTIFIAR TR SO BEIIFRD
L.

b DT, AHIEOFEES FFT S/ RENDIZERT
FREME SRS, oS OFRR CHER W
NI H R BRI i R DR OB E R T .
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