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Surface Roughness Caused by Hot Deformation in a Duplex-phase
Stainless Steel

Yasuhiro MAEHARA, Shinichiro KATO, Yasuya OHMORI, and Tatsuro KUNITAKE

Synopsis :

Surface roughness caused by hot deformation in a 22.5Cr-6.25Ni steel with ferrite/austenite (3/7)
duplex structure has been studied by using a Gleeble hot tensile machine. The results obtained are as
follows :

(1) Two types of surface roughness were observed to occur during hot tensile deformation; Type
A : the isotropic severe surface roughness formed in the case of pre-heating in the §-single phase region
(>1250°C), and Type B : ridging-like wrinkles along the rolling direction formed in the case of pre-
heating in the ¢-7y duplex phase region.

(2) The surface roughness was found to depend on deformation temperature and prior thermal
history especially in the case of Type A. The degree of surface roughness increased with either increas-
ing pre-heating temperature or decreasing deformation temperature. Such observations can be explain—
ed in terms of the § grain coarsening and the precipitation behavior of y phase.

(3) The surface roughness of the specimen pre-heated in the §-single phase region increased by
the deformation in g-7 duplex phase region where y grains precipitated continuously along ¢ grain
boundaries in comparison with the deformation in the J-single phase region.

(4) The 6-matrix precipitation of y grains during long time holding in the -7 duplex phase region
reduced the surface roughness. ‘
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Table 1. Chemical composition of the steel used
(wt2s).
C Si Mn P S Ni Cr Ti N
G.035 0,44 0,338 0,029 0,006 6. 25 22,46 0,30 0,018
(1) Forging {(2) Hot rotling (3) Tensile deformation
1200°C 1200°C Tax5min
Ta=1000~1300°C
Toxt, To=1000~Ta
\‘ t =1-10min
v ££32%
(P:e;parai(mlmm) “l £=002/sec
o NG @ 0
Measurement 0] [0} Q
Volume fraction of ¥ o] ¢}
Optical microstructure (o] o
Surtface roughness o
Texture {I.PF PF) [} (o] (o]

I.P.F. : inverse pole ﬁgure)
P.F. : pole figure

Fig. 1. Schematic representation of experimental

procedure.
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1200°C —> 75°. hot rolled 100 p
Photo. 1. Microstructure of hot-rolled plate

(longitudinal section).
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(a) 1300°C->1100°Cx 1min>Tension

(b) 1100°Cx5Smin—sTension
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The appearances of surface roughness shown in (a) and
(b) will be referred to as Types A and B respectively
in the text.

Photo. 2. Typical examples of surface roughness

formed by 329, deformation at 1100°C.
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R.D. : rolling direction, T.D. : transverse direction, 453°: 45° from both R.D. and T.D.
Photo. 3. Relation between the direction of ridging-like wrincles (Type B) and that of specimen
orientation with reference to rolling direction; pre-heating: 1100°C x5 min, deformation: 32% at
1 100°C.
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(a) Pre-heated at 1300°C for 5min, cooled to 1100°C
and kept for 1 min, and then cooled in air.
(b) Heated at 1100°C for 5min and air cooled.

Photo. 4. Microstructures before tensile defor-
mation corresponding to Photo. 2.
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Fig. 3. Influence of heating temperature before
tensile deformation on surface roughness.
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Fig. 4. Influence of deformation temperature on
surface roughness.
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Fig. 5. Influence of holding time at a defor-
mation temperature prior to tensile test on
surface roughness.
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Photo. 5. Change of microstructures by holding at 1 100°C after pre-heating at 1300°C.
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Fig. 6. Change of y phase fraction with holding
time at 1 100°C after pre-heating at | 300°C for
5 min.
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(a) Normal direction
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(b) Rolling direction

Fig. 7. Typical examples of {200} pole figures of j-ferrite in the specimen prepared

from hot rolled plate.
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Fig. 8. Influence of prior thermal history on
surface roughness.
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