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Mechanism of the Formation of Columnar Structure in Low-carbon
Steel Wires during Annealing

Tkuo OCHIAL, Hiroshi OuBA, Yooji HDA and Michikiko NAGUMO

Synopsis :

Mechanism of the formation of columnar structure in low-carbon steel wires annealed at temperatures
below As—point was studied.

(1) Columnar structure was developed in wires with medium reduction in area by cold drawing and
annealed under a decarburizing atmosphere in the temperature range of a—y two phase region.

(2) Columnar grains were nucleated in the recrystallizaed grains a little below the surface layer of wires,
and were characterized by their distinct preferred orientations and directional growth from the beginning
of the grain growth.

(3) Columnar structure exhibited nearly the same cylindrical texture as the recrystallized structure.

(4) A mechanism was proposed for the directional growth of the columnar grains during annealing in
the o—y region : Small recrystallized grains with a cylindrical texture are rearranged into small blocks
of grains with a same orientation in the course of y/x transformation which takes place by decarburization.
A large growing grain neighboring these blocks continues its growth by coalescence with the blocks. The
activation energy for this process is considered to be less than a process in which each small grain coalesces

individually into a large grain.
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Table 1. Chemical composition of specimens (wt 2;)
Steel C si Mn P S Al N o
Cl  0.004 0.01 0.30 0.017 0.0005 0.008 0.0024 O0.0035
Cl10 0,004 0.01 0.32 0.018 0.0005 0,051 0.0019 00028
Cil 0.006 0.01 0.28 0.014 0.0005 0,028 0.0055 O0,0032
Cl2 0.010 0.01 0.30 0.018 0.0004 0.035 0.0022 O.0027
C2  0.021 0.01 0.31 0.018 0.0004 0,008 0.0028 0.0036
C5 0.024 0.01 0.30 0.018 0,0004 0,052 0.0026 0.0034
C3  0.042 0.0 0.31 0.018 0,0004 0.013 0.0031 0.0015
C7  0.042 0.01 0.31 0.018 0.0004 0,059 0.0039 0.0014
C8 0.062 0,01 0.29 0.017 0.0004 0.016 0.0035 0.0016
C4  0.059 0.01 0.30 0.017 0.0006 0.059 0.0041 0.0012
C9  0.106 0.01 0,31 0.018 0.0003 0.011 0.0026 0.0017
C6 0.101 0.01 0.31 0.017 0.0003 0.051 0.0033 0.0013
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Fig. 1. Schematic representation of annealing cycles.
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(a) Steel C4, annealed for 3h at 800°C, after 70.2%
cold reduction.
(b) Steel C7, annealed for 10h at 800°C, after 70.2%
cold reduction.

Photo. 1. Typical columnar structures developed
in the surface layer (a), and in the inner region
(b) of annealed wires (3 mm).
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Fig. 2. Effect of carbon content and annealing
temperature on grain growth characteristics of
wires, annealed for 10h at each temperature,
after 70.29, cold drawing.

(a) Steel C2, 800°Cx10h. Equiaxed coarse grains.
(b) Steel €2, 850°Cx3h. Columnar coarse grains.
(c) Steel C5,800°Cx10h. Equiaxed fine grains,
(d) Steel C5, 850°C x3h. Columnar coarse grains.
Photo. 2. Effect of annealing temperature on grain
growth characteristics for 0.029,C steel

(3 mm).
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(a) Annealed in a vacuum.
(b) Annealed in decarburizing atmosphere.

Photo. 3. Effect of atmosphere on the growth
of columnar coarse grains, for steel C4 (3 mm)
annealed for 3h at 800°C after 70.29;, cold
drawing.

D H DL LNTHREDREL . LaL, ER&AD
WE, KkE 3-8 THRB IO, HMEREILOT
Z¥OCTK D AN [LOEEYZ T Inv
3.3 BUTHAIAOEE

BESIEHR OB ELHE T H -0, EfE 3 mm DR
B (C4) zHREAEZEE (O HFE, Poy=10"tatm)
¥ X OB Zerh (1075 Torr, Pg,=10"8atm) T 800°C x
10h oBEsiAITO%. #Fix Photo. 3 i3 X 51T,
SR R PR R TR L - AR Bhc LR R R AT B
A%, BLZerhCEEMT Lt b iR R Lk, Fio, KA
FEME X AR B S ORIERE R, FREXKOE
X EMRBEINZEFE L EHRLT WA,

3.4 SEEENIEOEE

AR TE (MREREE) o FEY BAX57cD
i, 5.5mm DK (C4) X MRREEEE 2 THER
L, 800°Cx3h o Beslin 7o, FORED 1%
Photo. 4 w/R¥. zhi i, 49.7% XU 70.2
% L\ o HRERE O SR RE SR T AR KRS BRI R
FETLHORKL, 23.8% FULIHEGREERSP, hi&
AR 96.7% &\ 5 ECIRERER TR & 7 b A
WHARII A ED Bhisu,

3.5 MEOESHER

BIST 3.4 Wk~ X o, KK O FEEEFIT
HRRARCERET A2 0 b, MROEAHBAYRAE
Liz. @it vwFhd C4<chsn. LR, MEofssH
fepFREE L LT {hED Cuvw) B RN, {REL AL
Waat L iEcHFET EREY, T, (ww) il
RO AT iSRS bbb T L 2T 5.
3.5-1 THEMREAHE

Fig. 3 & LW FITWHAE T 2 KRB0 M £
R LT HEREROFE A /RT. chXb, HERM
LT T R O MR i 5 | o s
BRI, TiebbHAERESGHEM (Cylindrical tex-

— 221 —



2012 S L M s 70 4= (1984) 158

C

(a) 23.8% (4.8 mm), (b) 49.7% (3.9mm). (¢) 70.2% (3 mm), (d) 96.7% (1 mm).
Photo. 4. Effect of cold reduction by drawing on the development of columnar structures, for

steel C4 with 800°C x 3h annealing.
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Fig. 3. Effect of reduction in area by cold
drawing on annealing textures indicated by inverse
pole figure measurements on longitudinal section,
for steel C4 with 700°C x 10h annealing.
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Fig. 4. Pole figures for the annealing texture
of low-carbon steel wires (Steel C4). Drawn
70.29%,, annealed for 10h at 700°C. {hkl} planes
lie in longitudinal section and <{wvw) directions
are aligned parallel to the wire axis.
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Table 2. Changes in textures of low-carbon steel wires.

Recrystallization textures

Drawing - S
textures As-recrystallized Columnar structure Cla§smcatmn
(70.2%) structure — - — Fig. 5 .
{700°C x 10h) 800°C x 3h 800°C x 10h Table 3
{100} (110)8 — {100)¢110)s - {100}<110)8 — {100} <110y A
{112} (110pM
{111)<110)¥W — (111} 0pW - {111}(110)
{110}<110)™ — {(noyow - _ {110JQ111Y W —_— {110}€111HW B

(1) S: Strong M: Medium W: Weak

(2) {hkl} planes lie on longitudinal section and (uvw) directions are aligned

parallel to the wire axis.

Equi?xed grains
Fine /
~
Columnar. grains
(Coarse)

Fig. 5. Schematic representation of preferred
orientations of columnar grains.

Table 3. Preferred orientations of columnar grains.

Preferred orientations

Classification Relative freni‘uency (%)

Annealed Annealed

Fig. 5 ) - X
Drawing Radial
(Tab’e 2 direction  direction  800°C X1k 800°C x 10h
A [110] 1107 55 25
B [1t1] [112] 20 20
C [110] [112] 10 45
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Fig, 6. Texture profiles throngh longitudinal
section for steel C4, annealed for 10h at 700°C,
after 70.29; cold drawing.

Photo. 5. (a) Typical large {100}<110)
grain observed 140pm below the sur-
face of C4 wire, annealed for 0.5h at
800°C: after 70.29, cold drawing
(Longitudinal section). Arrow indica-
tes growth direction of columnar grains.
(b) Growth of {I11}{110) columnar
grains (Type C) and disappearance of
{100} (110> columnar grains (Type A)
in C4 wire, annealed for 10h at 800°C,
after 70.29, cold drawing) Transverse
section), Arrow indicates direction tow-
ard wire axis.
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Fig. 7. Growth of coarse columnar grains within
longitudinal section, for steel C4 with 800°C Xx
1h annealing. Grains in each shaded or hatched
block have nearly the same direction.
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