Rare Metal Materials and Engineering
Volume 50, Issue 11, November 2021
Available online at www.rmme.ac.cn

{111 .
éa Science Press

LETTER

Cite this article as: Gao Xin, Wu Huibin, Liu Ming, et al. Effect of Deformation of Multi-pass Rolling on
Microstructure and Properties of C71500 Cupronickel Alloy Tube[J]. Rare Metal Materials and Engineering,
2021, 50(11): 3819-3823.

Effect of Deformation of Multi-pass Rolling on Microstructure
and Properties of C71500 Cupronickel Alloy Tube

Gao Xin', Wu Huibin?
Yinxing®

Liu Ming’, Zhang Yuanxiang‘, Gao Feng®’, Zhou Xiangdong®’, Wu

"Institute of Engineering Technology, University of Science and Technology Beijing, Beijing 100083, China; ? Collaborative Innovation Center
of Steel Technology, University of Science and Technology Beijing, Beijing 100083, China; * State Key Laboratory for Strength and Vibration
of Mechanical Structures, Xi’an Jiaotong University, Xian 710049, China; * State Key Lab of Rolling and Automation, Northeastern University,
Shenyang 110819, China; ° School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China; ° Wuxi
Longda Metal Material Co., Ltd, Wuxi 214105, China

Abstract: Electron backscatter diffraction (EBSD) technique was used to analyze the microstructure of cold-rolled C71500
cupronickel alloy tube. Through the analysis of microhardness, tensile properties, microstructure, texture, and texture content of the
cupronickel alloy tube after the second pass cold rolling with different deformations (3.19%, 9.57%, 19.37%, 23.97%, 31.78%), the
texture change law of the alloy was obtained. The quantitative relationship between deformation and storage energy was revealed by
analyzing the grain size and the change of texture and grain boundary, which could be directly reflected by the proportion of small
angle grain boundaries. The optimal deformation of second pass rolling for C71500 alloy was obtained. Results show that the yield
strength, tensile strength, and microhardness of cupronickel alloy are increased with increasing the working ratio, while the plasticity
is decreased.
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Many methods have been proposed to study the texture of
copper and cupronickel alloys, for example, the micro-
structure and properties of Cu alloy tube were analyzed by
three-roll planetary rolling process'’, and the crystallographic
texture of electrolytic rough bronze was studied after cold
drawing deformation and static recrystallization™. The
difference of recrystallization texture between single crystal
and twin crystal of copper can explain the formation
mechanism of cubic texture. The residual stress state and
texture of copper tube can be analyzed by plug-free drawing
technique'.
surface to study the inhomogeneity of Cu tube along the

circumference and wall thickness directions™.

The manipulator can change the observation

This research mainly studied the effect of multi-pass rolling
process on the properties of C71500 cupronickel alloy tube.
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After the first large deformation rolling and annealing, the
influence of multi-pass deformation with different working
ratios on the texture and grain boundary of C71500 alloy of
uniform structure was studied, and the corresponding
mechanism was also revealed. The results provided a
theoretical basis for the optimal selection of deformation, the
thermodynamics of forming special grain boundary, and the
subsequent deformation processing design of C71500 alloy
tubes.

1 Experiment

The experiment material C71500 alloy consisted of
30.54wt% Ni, 0.93wt% Mn, 0.80wt% Fe, and balance Cu. The
alloy was smelted by vacuum induction melting furnace. Then
the obtained ingot was hot-rolled and perforated to prepare
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tube blank. After the rolling deformation of 70% by two-roll
periodic cold rolling mill, the alloy tube was annealed at
800 ° C for 20 min, and then cooled down and used in
protective atmosphere. The annealed tubes were rolled with
different deformations by the three-roll periodic cold rolling
mill to study the influence of deformation on the texture of
tubes. The specific rolling procedure is shown in Table 1.
When the deformation is less than 15%, the small deformation
recovery state is generally taken into consideration; when the
deformation is more than 15%, the large deformation
recrystallization I,
Therefore, the rolling deformation in this research ranged
from 0.00% to 31.78%, covering different stages of recovery
and recrystallization.

The electron backscatter diffraction (EBSD) observation
was conducted on the longitudinal section along the rolling
direction (RD) of tube. The electrolyte consisted of 25vol%
H,PO,, 25vol% C,H,OH, and 50vol% H,O, the polishing
voltage was 20 V in direct current (DC), and the polishing
time was about 180 s. Scanning electron microscope (SEM) of
Gemini SEM300 of Zeiss brand was used to observe the

state is taken into consideration®"

microstructures, and orientation analysis was conducted by
Channel 5 data processing software. The microhardness of
alloy was measured by Buehler Wilson VHI1150 Vickers
microhardness tester with the load of indenter of 5 kg for 10 s.
The tensile test of alloy was conducted by SUNS UTM5205
electronic universal tester.

2 Results and discussion

2.1 Grain

Fig. 1a shows the structure of the original annealed alloy
with uniform grains. After deformation of 3.19%, the grain
size becomes small, and the grains have slight deformation
along the rolling direction. At the same time, many fine grain
strips appear in the position of severe deformation. When the
increases to 9.57%, the
structure can be observed parallel to the rolling direction. A
mass of deformed dislocations is twining to form capillary
discontinuous
boundaries. The large grain is prone to deformation due to the
small number of grain boundaries per unit area. Therefore, it
can be concluded that the small-size grain is prone to

deformation fibrous deformed

free grain boundaries, namely subgrain

Table 1 Rolling procedure parameters of C71500 alloy tube

. . Diameter/ Thickness/ Diameter Thickness Working
Specimen Pre-treatment of cold rolling . . .

mm mm reduction/% reduction/% ratio/%

1 61.40 5.58 0.00 0.00 0.00

2 60.02 5.50 1.43 2.25 3.19

3 . o . 60.00 5.03 9.86 2.28 9.57

70% cold rolling+800 °C/20 min+air cooling

4 57.40 4.68 16.13 6.51 19.37

5 57.00 4.46 20.07 7.17 23.97

6 56.90 4.09 26.70 7.33 31.78

Fig.1
and () 31.78% (TD: transverse direction)

Inverse pole figures (IPFs) of C71500 alloy tubes after different deformations: (a) 0.00%, (b) 3.19%, (c) 9.57%, (d) 19.37%, (e) 23.97%,
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reservation. With the further increase of deformation, more
fibrous structures and less equiaxed grains can be observed.
When the deformation reaches 31.78%, the uniform equiaxed
grains basically disappear. With increasing the deformation,
the length to width ratio of fibrous deformed structure is
increased gradually, i.e., the length of deformed structure is
increased and the width is decreased gradually. Therefore, the
equiaxed grains change to the cellular block grains. The grains
are broken during this process and the broken areas are
separated by dislocation walls. With increasing the
deformation, the grains along <101> direction gradually move
to <001> and <111> directions. When the deformation reaches
31.78%, the basic grains along <101> direction disappear.

A small deformation can produce a certain number of non-
coherent twin boundaries. According to Chen et al"", this kind
of grain boundary is the fundamental reason for the
optimization of grain boundary characteristic distribution. The
non-coherent twin boundary has higher free energy than
coherent twin boundary does, and it can easily migrate and
interact with others to produce new special grain boundaries.
It can be seen from Fig.1 that when the rolling deformation is

9.57%, there are a certain number of deformation bands in the
material, indicating that the lattice has some distortion and the
optimal deformation of C71500 alloy is achieved.
2.2 Texture characteristics

Orientation distribution function (ODF) was used to
quantitatively analyze the texture of the alloy, as shown in
Fig.2. The maximum and the minimum density value of tex-
ture is 4.02 and 0.14, respectively. The texture is mainly the
typical annealed texture of face centered cubic, such as R-
Cube{001} <110>, R-Brass{111}<110>, and RZ{111}<112>
textures. As shown in Fig.2b, after deformation of 3.19%, the
texture orientation strength is increased, the maximum and the
minimum density of texture is increased to 4.32 and 0.13,
respectively, and the R-Cube{001} <110> texture becomes
stronger. At the same time, the strength of Brass{110} <112>
texture and R-Brass{111} <110> texture obviously decreases,
resulting in the weakening of annealing texture orientation.
When the deformation reaches 9.57%, the R-Cube {001} <110>
texture turns to the Cube{100} <100> texture, the R-Brass
{111} <110> texture becomes stronger, and the RZ{111}<110>
texture can be observed. When the deformation reaches
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Fig.2 Texture orientation distributions of C71500 alloy tubes of different deformations: (a) 0.00%, (b) 3.19%, (c) 9.57%, (d) 19.37%,

(€) 23.97%, and () 31.78%
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Fig.3 Mechanical properties of C71500 alloy tubes with different deformations: (a) yield strength R

(b) microhardness, HV

19.37%, the texture of Cube {100} <100>, R-Cube {001} <110>,
and normal direction (ND) -Cube{001} <310> can all be
observed, indicating that the grain direction turns to {100}
crystal surface, and there are a small number of R-Brass{111}
<110> and RZ{111} <110> textures. When the deformation
continuously increases to 23.97%, the grains mainly consist of
R-Cube{001} <110> texture and a small number of R-Brass
{111} <110> and RZ{111} <112> textures. When the
deformation reaches 31.78%, R-Cube{001} <110> and RZ
{111} <110> textures are strengthened, whereas the R-Brass
{111} <110> texture disappears and is gradually transformed
into Rolled{112} <110> With the
deformation, the orientation of texture becomes more obvious,
and the maximum density of texture is increased from 3.48
to 6.32.

The rolled tube, plate, and wire of copper alloys are
different. The results of appearance of RZ{111}<112> texture
during the deformation process are similar to those of TP2
alloy tube during rolling process'”. In the rolling process, the
initial grains can be directly rotated 90° around the <110> axis
to obtain Rd-Cube{100}<001>, Copper{112}<111>, RZ{111}
<112>, and Goss{110} <001> textures. It can be concluded
that the texture of C71500 alloy tube is mainly dominated by
the transformation among R-Cube{001}<110>, R-Brass{111}
<110>, RZ{111}<112>, and Rolled{112}<110> textures.

2.3 Mechanical property

texture. increasing

Fig.3 shows the changing rule of mechanical properties of
C71500 alloy tubes with different deformations. It can be seen
from Fig.3a that with increasing the working ratio, the yield
strength (R, ,), tensile strength (R,), and microhardness (HV)
all show an upward trend, while the plasticity (elongation, A)
of the C71500 alloy tubes shows a downward trend.
Microhardness (HV;) can reflect the change rule of R,
When the rolling deformation is 3.19%, the yield strength of
cupronickel alloy increases by 64.71 MPa, while the tensile
strength increases by 1.49 MPa, compared with the properties
of the original alloy. When the deformation reaches 31.78%,
the yield strength of cupronickel alloy increases by 104.77
MPa, while the tensile strength only increases by 65.29 MPa,
and the elongation decreases from 31.02% to 13.64%,
compared with the properties of the original alloy. The change
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0.2 tensile strength R , and elongation 4;

trend of microhardness is consistent with that of the yield
strength, thereby reflecting changing rule of yield strength.
During the deformation process, the C71500 alloy is gradually
hardened, the grain is refined gradually, and the grains change
to the ones along the direction of <111>, forming the sub-
crystalline of
dislocation, improves the strength, and reduces the plasticity
of the alloy.

structure which hinders the movement

3 Conclusions

1) The optimal rolling deformation for C71500 alloy tube is
9.57%.

2) The texture of C71500 alloy tube is mainly dominated by
the transformation among R-Cube{001} <110>, R-Brass{111}
<110>, RZ{111}<112>, and Rolled{112}<110> textures.

3) The yield strength, tensile strength, and microhardness of
C71500 alloy are increased with increasing the working ratio,
while the plasticity of the alloy is decreased. The change rule
of microhardness of the alloy can well reflect that of the yield
strength of the alloy.
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