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Microstructures of Heavily-deformed High Carbon Steel Wires

Yoshihiro DarToH and Takanari HAMADA

Synopsis : The influence of heavy drawing (true strain ~4.0) on the structures of pearlitic steel wires containing 0.9 mass% of carbon has been investi-
gated. As for ferrite region, typical dislocation structures are observed in the lightly deformed wires and cell structures are observed in the
heavily deformed wires. After heavy drawing, cementite has polycrystal structures and are decomposed partially. The diameter of the cemen-
tite particles are less than 5nm and the amount of the decomposition is strongly affected by strain and half of the cementite is decomposed

when true strain is 4.0.

The free carbon which comes from cementite decomposition is insoluble in ferrite and it might be segregated at dislocations both in ferrite

and at cementite/ferrite boundaries.
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Table 112 LR DM % 150 kg HZERF CHEHL
72o ZMD150kg4 ¥ Ty b FBMEE, BRBIEE, STV
74 v, GEEE EICEDEFLSOmmIZ LR, R
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2-2 BEHE

% 1.5mm ¥ X 070.20 mm O a5 O B A B 135 R
BRIk > THEHEL. 55 020mmOFFIZO>NTIEIwE
%521 473K X5 min TEULEE L -8 & 55RAR 21T -
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TEMBIERIZH W 5 50RHI M S %, MAEERTHAR
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Talbe 1. Chemical composition of steel (mass%).

Mn P S Cr N
0.003

C Si
080 0.18 052 0.009 0.005 0.01

EEI11E 106 B2 FEr 11411 A 10 B33 (Received on Oct. 6, 1999; Accepted on Nov. 10, 1999)
* [IREBTE k) LABWBIZEA (Corporate Research & Development Laboratories, Sumitomo Metal Industries, Ltd., 1-8 Fuso-cho Amagasaki, 660-0891)
*2 (EREBTE (%) /NEBELFT (Kokura Steel Works, Sumitomo Metal Industries, Ltd.)
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Table 2. Mechanical properties of patented wire and drawn
wires.

1.5mm ¢ 0.20mm ¢ 0.20mm¢ drawn +
patented wire drawn wire heat treated wire *’
T.S.(MPa)| R.A. (%) [T.S.(MPa) | R.A. (%) |[T.S.(MPa)| R.A. (%)
1379 423 3909 421 3954 38.2

")heat treatment condition : 473K X Smin

PRAEEF O HiPH L 300nme T %, Fig.2(a)?® 1.10mme, Fig,
20)D 027 mme TiE7 = 74 FOERFF ARy b4, EH,T
b5 Ta—FiZk-Tnb, ZhZFEIZZ7251 bOK
THEMEEICEDBATHWRZLIZERTSIEELZOR

(a) 0.72mm ¢ bright field image, (b) 0.72mm ¢ dark field image,
(c) 0.72mm ¢ electron diffraction
(d) 0.43mm ¢ bright field image, (e) 0.43mm ¢ dark field image,
(f) 0.43mm ¢ electron diffraction
(g) 0.20mm ¢ bright field image, (h) 0.20mm ¢ dark field image,
(i) 0.20mm ¢ electron diffraction

Fig. 1. TEM photographs of the drawn wires (longitudinal
section). The incident beam direction is close to the
two beam condition.

(a)1.10mme¢, (b)0.27mm¢
(c) 0.20mm ¢ -1, (d) 0.20mm ¢ -2

Fig. 2. Selected area (300 nm¢) diffraction patterns of the
drawn wires (longitudinal section). The incident
beam is paraliel to {100) or (110).
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(a) 0.72mm ¢ bright field image, (b) 0.72mm ¢ dark field image,
(c) 0.72mm ¢ electron diffraction
(d) 0.20mm ¢ bright field image, (e) 0.20mm ¢ dark field image,
() 0.20mm ¢ electron diffraction

Fig. 3. TEM photographs of the drawn wires (longitudinal
section). Dark field image using Fe,C reflections,
indicated by arrows.
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Fig. 4. X-ray diffraction pattern of drawn wires.
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Lattice constant(nm)
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Fig. 5. Lattice constant of o-Fe{100} determined by ex-
trapolation.
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Heat flow Endo.<=>Exo. (arb. unit)

Temperature(K)

Fig. 6. DSC curves of various strain wires (heating rate:
20°C/min).

Heat Flow Endo.<>Exo. (arb. unit)

-

500 550 600 650 700
Temperature(K)

350 400 450

Fig. 7. DSC curve of 0.90%C martensite steel (heating
rate: 20°C/min). The specimen was quenched to
77K from 1373K before DSC measurement.
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Fig. 8. Relationship between cementite diameter and solu-
ble carbon. It was calculated by Thomson—Freund-
lich’s equation.
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Fig. 9. Relationship between dislocation density and
amlgunt of C on the dislocations. 1E+14 means
10,

LORFBEFHBEITLTWB I LTk S, F 7 Imaging
atom probe & W= HIETIE, 02%CwLT 44 T,
A 1R Y220 5~15EDO CREFARLEA TS, L
A oT, BAI1ARYSZD CEFIEE VS DI, B/
fliL TOAAREENE <, Bl I E 1X10'9m?, &
1A% 720 10D CHETF RN 5 & 5Hhid, 0.1% CH
LRI x4 PHOENICHEETS I LIZES, Larlk
58— T4 FREA BB L 2 BEDOBRMEE SR
SRR 728, 5, SOLIPEVSLETDH S,
DEDEENSTIET7 254 M P TOCOHEHEREILRE
Aoy, ZRICAPFIMIZL>TT7 274 b
IZ 2 atomic% (=0.4 mass%) % # X 5 C B FELE T 5 RHI A
FEERTWBRIZ L2 6EAT, iz e »< & LT,
EAABIZCHMRIEL TWB L ELILZORRYTHA I,
NN DRBOGEEBFFELT, 7294 /A
24 FPOREHELOND, TITTxTFA4 b/ EAVE
A MREOHREYELZBREL TAS, GRBRIZK-T,
XL POBBEETA I L AEEL T, 7 X TREES
AEHERICE > T20mmic k3 L RET S, F-FREOE
X% 1mm ETRE) £35&, 7294 /X454
FORBOHBBETRIZ, B)RLLHET S L 10%ICE
5,

REDERDHE(%)
=[(FEDE X x2)/ 75 * F[ERA]x100

D&V 84 FOBMLEBELTE, FEOD
RREAERIZ10%ICEET S, —MITRAEIRSLEL
THREBBEIL, TELT 7 2B RELZ DTG
M (43% OLSHNTHBDTY®, ZThs7=254 b/
AV AAL MVRATERDIDETHIE, 7254 /&
AV A4 PRENICIE, 043% L DREWFHAETES Z LI
b, L7 oTT7254 b/ Ay a4 PR@IC, KK
DELHBHFEL TR HEMELRS 5,

DI EOERZ T T, HEMMER&O ML L U5aR

109 I



I 110

£ & 48 Vol. 86 (2000) No. 2

EA - @’\ C

cC !K, jiiu
dislocation?r\[
-

| — —

Fig. 10. Schematic picture of microstructure of heavily de-
formed high carbon steel wire.

IRBROFEHRELWENICERMNTT S Z L 3HETH 2
A%, HERI R &% T Fig. 10 12 A MR 1 o SRR Rk & B
R, 2ED XAV H A4 MIHHL T 3 L ERFIC, —EB
SHRBLTCNDE, FLTT7x254 bhoDxf, LU0 7 <
AL/ A EL VREIWZHB LAY 24 b5k
HENZRESGFEL T 5B,

5. &

ouj

8= F 4 P E R T ARE1.5mme D E IR EHR %
020mm ¥ TR L 7-F@ = FHEL 2R, DITORA ]
BHL 7=,

(1) HEA40DHBHBRET->TE, —F4 1
BhoO7 54 MIZENSTFEL, tUEEEERL T
WAL D B,

(2) 78—354 bGP x> 24 MiE, EBMTET
B h T, BEEA40DEHBHER TIRES5mm

38

DTFick 5,

(3) DSCOHIERER»S, KlEHghiz A 24 b
D—EBHBTBELELZLN, HEZ40DmBHHTIE
04% CHYDEX V24 VBN ETHEELZENS,

(4) DB LIzv AV 24 b EanhzREFE L
TxI4 FRIZRBEEET, 7174 FBOERMERE, B

FUT7254 b/ AV A4 FPREICRBEL T3[R0

BE,

X 3

1) ILOchiai, S.Nishida, H.Ohba and A.Kawana: Tetsu-to-Hagané, 79
(1993), 1101.

2) H.Tashiro and H.Sato: J. Jpn. Inst. Met., 55 (1991), 1232.

3) G.Langford, PK.Nagata, R.J.Sober and W.C.Leslie: Met. Trans., 3
(1972), 1843.

4) J.D.Embury and R.M.Fisher: Acta Metall., 14 (1966), 147.

5) S.Nishida and A.Yoshie: CAMP-ISIJ, 10 (1997), 1285.

6) JLanguilaume, G.Kapelski and B.Baudelet: Acta. Metall., 45 (1997),
1201.

7) K.Makii, H.Taguchi, T.Minamida, N.Ibaraki and Y.Oki: CAMP-ISIJ,
9 (1996), 1486.

8) M.H.Hong, W.T.Reynolds Jr,
Trans. A, 30A (1999), 717.

9) K.Honda and Z.Nishiyama: Kinzoku-no-Kenkyuu, 10 (1933), 1.

10) Y.Hirotsu and S.Nagakura: Acta Metall., 20 (1972), 645.

11) D.L.Williamson, K.Nakazawa and G.Krauss: Merall. Trans. A4.,

(1979), 1351.

T.Tarui, N.Maruyama and H.Tashiro: CAMP-ISIJ, 12 (1999), 1303.

RASwalin®, EFEIROER : EkDES2E, avrit, Ti,

(1965), 151.

J.Chipmann: Metall. Trans., 3 (1972), 55.

PM.Kelly and M.Kehoe: Trans. Jpn. Inst. Met., 77 (1976), 399.

G.R.Speich: Trans. AIME, 245 (1969), 2553.

L.Chang, S.J.Barnard and G.D.W.Smith: 1992 Speich Symposium

Proc., ISS, Warrendale, PA, (1992), 19.

S.Takaki and Y.Kimura: Mater. Technol., 15 (1997), 69.

T.Tarui and K.Hono: Merall. Mater.

10A

12)
13)

14)
15)
16)
17)

18)



