Downloaded from orbit.dtu.dk on: Apr 28, 2024

DTU DTU Library

i

Danish Chinese Center for Nanometals - Annual report 2010

Winther, Grethe

Publication date:
2011

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Winther, G. (2011). Danish Chinese Center for Nanometals - Annual report 2010. Danish — Chinese Center for
Nanometals.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
¢ You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


https://orbit.dtu.dk/en/publications/b5ab27fb-fe37-4e77-9a06-3532507562f4




Nanometals

The Center investigates metals, including alloys, with internal length scales
ranging from a few nanometers to a few micrometers. These are termed
nanometals, and have new and interesting properties, such as exceptional
mechanical strength, which are related to their internal structure. The scientific
focus is to understand and control the mechanisms and parameters determining
the mechanical and physical properties of such nanometals as well as their

thermal stability.

The internal structure of nanometals is highly diverse, consisting of different
types of internal interfaces, spatially arranged in different morphologies, as
exemplified by equiaxed grains in aluminum, lamellar nanotwins within equiaxed
sub-micrometer grains in copper, and lamellar boundaries between two phases in
steel. The morphology as well as the chemical composition of nanometals can be
manipulated and are key features to be optimized for future applications of

nanometals.
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Introduction

The midterm of the three-year period of the
Center for Nanometals is approaching fast
and we are glad to present this report for
2010 showing that we have been successful
in establishing a close and productive col-
laboration between Chinese and Danish sci-
entists both at the senior and junior levels.
The results of this collaboration illustrate
both synergy and complementarity in the
research and also the possibility of future

innovative applications.

Exchange is a keyword when the center is
carrying out its research projects and the
center format has created an excellent
frame. Young Chinese scientists have been
at Risp DTU for longer periods and senior
scientists from China and Denmark have
been on recipro-
cal visits which
have been long
enough to main-
tain momentum
in the joint proj-
ects and to create
new ones. An im-
portant factor in
making such ex-
change visits effi-
cient and success-
ful has been the
personal connec-
tions between se-

nior and junior re-

searchers as three Chinese

post docs and one PhD student at Risg
DTU have previously been supervised by
professors participating actively in the cen-
ter from IMR SYNL, Tsinghua University
and Chongqing University.

The bridging between science and scientists
in China and Denmark has also been dem-

onstrated clearly through an international
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workshop on mechanical behavior of me-
tallic materials Oct. 10-14, 2010, in Jiu-
zhaigou, China, sponsored by the National
Natural Science Foundation of China, Insti-
tute of Metal Research, CAS and Risp DTU.
The workshop had as its objective to bring
together senior scientists and researchers
from around the world to review recent sci-
entific achievements in materials science
covering synthesis, characterization, mod-
eling and performance. Presentations were
given by 22 speakers of which 14 were from
the four center partners and the rest from
high level universities in China, Europe and
USA. The format of the meeting was highly
successful as many key problems could be
discussed among peers. It demonstrated
clear synergies between activities within
the center but also an outreach to other sci-

entists within the materials field.

Synergy and complementarity are keywords
when planning and performing research
within the center and the 30 joint projects
and 37 publications demonstrate that the
center is successful. This is also the case
when it comes to related research activities
not being part of the center programs. Ex-
amples are (i) that properties of metals de-
formed at high strain rate at IMR SYNL
guide research at Ris¢ DTU on advanced
materials for transport, (ii) that the strong
steel wires delivered by Chongqing Univer-
sity is evaluated at Rise DTU for application
in blades for wind turbine generators and
(iii) that research within the center starts to
require 3DXRD experiments based on tech-
niques developed within the center ‘Metal
Structures in Four Dimensions’ hosted by
Riso DTU and also supported by DNRF.

For an active research collaboration it must
be expected that projects are revised as re-

sults are appearing but significant revisions



of the research program have not been nec-
essary. On the contrary the activities have
been expanded to cover research in the field
of materials to be used in a fusion reactor,
especially within the ITER program in which
both China and Denmark participate. The
research has been started at Tsinghua Uni-
versity and it is sponsored by the Institute
of Plasma Physics, Chinese Academy of
Sciences, Hefei. The first project where Risg
DTU will participate covers thermo-me-
chanical processing of tungsten which has
high strength at high temperatures and
where it is expected that a deformed nano-
structure will increase the resistance to-
wards radiation damage. Joint research will
be carried out at Tsinghua University and
Risp DTU in collaboration with the Institute
of Plasma Physics (Professor Dr. Guang-
Nan Luo) which will also be responsible for
testing under irradiation. This new project
will also be in support of a Rise DTU pro-
gram on tungsten under the auspices of the
Fusion Energy Materials Science - Coordi-
nation Action (FEMaS - CA).

In conclusion, 2010 has established a good
basis for fulfillment of the vision of the
center, namely to create a strong long-term
collaboration between Chinese and Danish
Scientists focusing on fundamental research
in the field of nanoscience and nanotech-
nology with an emphasis on nanometals.
We are therefore looking forward to the
coming years - from novel ideas to fasci-
nating results based on the excellent col-
laborative spirit which has flourished in the

center in 2010.

Group picture taken at the International Workshop of the

Mechanical Behavior of Metallic Materials in Jiuzhaigou, China.




Local boundary migration

With the aim of identifying mechanisms
and key parameters which guide the de-
velopment of nanostructures with im-
proved thermal stability, grain boundary
migration during recrystallization is
characterized in a close collaboration
between Risp DTU and Tsinghua Uni-
versity. The local boundary migration
has been followed by electron channel-
ing contrast microscopy in cold-rolled
pure aluminium. Many local protru-
sions/retrusions on the migrating
boundary develop by faster/slower
movement of small boundary segments
for short periods of time. Contradictory
to common assumptions, it is observed
that protrusions/retrusions can provide
a local driving force which is compa-
rable in magnitude to the driving force
from the stored energy in the deformed
matrix. The formation and evolution of

Highlights

protrusions/retrusions can be directly
related to the deformed microstructure
and they contribute to the stop-go mo-
tion of typical recrystallization bound-

aries.

Snapshots at different times of a
migrating boundary during
annealing of cold-rolled pure
aluminium showing protrusions
and retrusions. The protrusion
marked by the arrow in the top
snapshot develops into a retrusion
in the bottom shapshot taken

about 5 minutes later.



Dislocations, slip systems and boundaries

In order to understand the mechanisms
behind the deformation-induced for-
mation of dislocation boundaries an
extensive study of the dislocation con-
tent within such boundaries has been
conducted in collaboration between
Risp DTU and Tsinghua and Chongqing
Universities, involving exchange of a
PhD student. All boundaries are from
the characteristic equiaxed cell struc-
ture in grains of near-Cube orientation
in high purity cold-rolled aluminium.
To provide a good basis for compari-
son, ten boundaries almost perpendic-
ular to the transverse sample direction
were studied using transmission elec-
tron microscopy. The ten boundaries
all consist of a regular square grid of
screw dislocations with Burgers vectors
corresponding to the expected active

Two high magnification images of the same
boundary using different diffraction vectors, g.
Two sets of dislocations (b1 and b2) are visible
in the left image and only one in the right. By
means of different diffraction vectors, the
Burgers vectors of the dislocations are
determined as coming from the active slip

systems.

slip systems, revealing a systematic
boundary formation process and dem-
onstrating the strong link between the
identity of the slip systems and the
characteristics of the boundaries in a
grain.

~ o=[-200]

Transmission electron micrograph of
dislocation boundaries forming a cell
structure. Red circles mark boundaries

lying in the plane of the foil .
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Development of shear bands

Shear banding is an important mode of
Shear
bands may account for a large volume

inhomogeneous deformation.
fraction of the sample and have signif-
icant effects on the evolution of tex-
ture and microstructure. The develop-
ment of a shear band in a nanoscale

twin/matrix (T/M) lamellar structure
produced by dynamic plastic deforma-
tion has been investigated jointly by

/M Iamellae\ba

Transmission electron T
microscopy image showing
the initiation of localized

shear banding .

IMR SYNL and Risg DTU, including ex-
change of a PhD student. By means of
transmission electron microscopy and
high resolution electron microscopy,
nucleation of shear bands was found to
occur within a 100-200 nanometer
wide region. The nucleation mecha-
nism consists of three steps, namely i)
initiation of localized deformation as-
sociated with detwinning, ii) evolution

Sample deformed by
dynamic plastic deforma-
tion showing pronounced

shear bands.

Shear

\ T/M lamellae

of a dislocation structure within the
detwinned band and iii) transformation
of the detwinned dislocation structure
into a subgrain structure of nanometer
dimensions. After completion of the
nucleation process, the shear band
thickens by migration in opposite di-
rections of the two interfaces between
the shear band and the adjoining twin/
matrix lamellae.




Cube textured substrates for superconducting tapes

Power applications based on second-
generation high-temperature super-
conducting tapes require a metal sub-
strate characterized by a high degree of
cube texture. Furthermore, the tapes
must ideally be non-magnetic and re-
tain enough strength against tension
during processing in a reel-to-reel pro-
duction line. Commercial tapes still
have a Curie temperature larger than
that required for applications and their
strength is hardly good enough. Risg
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DTU and Beijing University of Technol-
ogy succeeded in developing Ni0.91WO.
09 and Ni88V0.12 alloys with improved
properties while retaining a satisfactory
cube texture. These developments have
been possible thanks to detailed investi-
gations of the development of micro-
structure during deformation and re-
crystallization which were the basis for
the optimization of an intermediate re-
covery rolling process and a multi-step
annealing technique.

Cube twin
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Micrographs illustrating the influence of an
intermediate annealing process on the develop-

ment of cube texture in Ni9W tapes. Two-step

annealing (left), three-step annealing (right).
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Steel wires with extreme strength

Final cold-drawn wires.

The strength of a metal can be in-
creased many times by cold deforma-
tion and for steel it can be raised more
than 10 times and reach 5.000 MPa in a
steel wire - the strongest metallic ma-
terial in the world. Today these wires
have wide applications as suspension
cables for bridges and reinforcement of
car tires and tomorrow they may give
strength to large blades in wind turbine
generators. The high strength has its
cause in the nanometer scale lamellar
structure within the wire. The funda-
mental Strengthening mechanisms are Microstructure of wire showing the lamellar structure.
strain hardening, grain boundary hard-

ening and solid solution strengthening.

In collaboration between Rise DTU,

Tsinghua University and Chongqing

University these contributions have

been identified by means of high reso-

lution electron microscopy, and they

have been found to be linearly additive.

Correlations between structural param-

eters and strength have led to a better

understanding of the mechanisms giv-

ing extreme strength. The findings give

general guidelines for the development

of new and advanced high-strength

metals and alloys.



IMR SYNL, December 2010: Dr. Lei Lu (IMR SYNL), Dr.
Hongwang Zhang (IMR SYNL), post doc Yubin Zhang
(Risg DTU), Dr. Nairong Tao (IMR SYNL), PhD student

Fengxiang Lin (Rise DTU).

Visits from China to Risg DTU, Denmark
Prof. Andy Godfrey, Tsinghua

Dr. Lei Lu, IMR SYNL (1 month)

Dr. Hongwang Zhang, IMR SYNL (2 months)
PhD student Zhaoping Luo, IMR SYNL (1 month)
PhD Yonghao Zhang, Chongqing (3 months)

Visits from Risg DTU to Tsinghua University
Dr. Techn. Niels Hansen

Senior Scientist Xiaoxu Huang

Dr. Techn. Dorte Juul Jensen

Dr. Techn. Grethe Winther

Visits from Risg DTU to IMR SYNL:
Senior Scientist Xiaoxu Huang

PhD student Fengxiang Lin

Postdoc Yubin Zhang

Visits from Risg DTU to Chongqing University
Dr. Techn. Niels Hansen
Senior Scientist Xiaoxu Huang

Dr. Techn. Dorte Juul Jensen

Public Outreach

Dr. Techn. Grethe Winther from Ris¢ DTU
gave a lecture on metals in Danish national
television, DR2, in which she explained
how processing can manipu-
late the grain structure and the
formation of defects in the
otherwise perfect crystal lattice
and how this gives the metal
its great strength and form-
ability.

Publications

Journal articles

1. Chen, X. P.; Li, M. Y.; Liu, Q. ; Han, Z.,
Effect of secondary phases evolution
in the first sintering process on the
critical current density of Bi-2223/Ag
tapes, Physica C, 469 (2009) p. 116.

2. Godfrey, A.; Liu, Q., Stored energy
and structure in top-down processed
nanostructured metals. Scripta
Materialia, 60 (2009) p. 1050-1055.

3. Hansen, N.; Huang, X.; Winther, G.,
Effect of grain boundaries and grain
orientation on structure and proper-
ties, Metallurgical and Materials
Transactions A - Physical Metallurgy
and Materials Science, Materials
Science, 42 (2011) p. 613-625.

4. Hong, C. S.; Tao, N. R.; Huang, X.; Lu,
K., Nucleation and thickening of shear
bands in nano-scale twin/matrix
lamellae of a Cu-Al alloy processed by
dynamic plastic deformation. Acta
Materialia, 58 (2010) p. 3103-3116.

5.  Huang, X.; Kamikawa, N.; Hansen, N.,
Strengthening mechanisms and
optimization of structure and
properties in a nanostructured IF steel,
Journal of Materials Science, 45 (2010)
p. 4761-4769.

6. Li, X.Y.; Wei, Y. J.; Ly, L.; Lu. K.; Gao,
H. J., Dislocation nucleation governed
softening and maximum strength in
nano-twinned metals, Nature, 464
(2010) p. 877-880.

7. Lin, F. X.; Godfrey, A.; Juul Jensen,
D.; Winther, G., 3D EBSD character-
ization of deformation structures in
commercial purity aluminum.
Materials Characterization, 61 (2010)
p- 1203-1210.
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11.

12.

13.

14.

15.

Liu, Q.; Yao, Z.; Godfrey, A.; Liu, W,,
Effect of particles on microstructural
evolution during cold rolling of the
aluminum alloy AA3104. Journal of
Alloys and Compounds, 482 (2009) p.
264-271.

Lu, K., The future of metals, Science,
328 (2010) p. 319-320.

Lu, K.; Lu, L.; Suresh, S., Strengthen-
ing materials by engineering coherent
internal boundaries at the nanoscale,
Science, 324 (2009) p. 349-352.

Lu, L.; Chen, X.; Huang, X.; Lu, K.;
Revealing the maximum strength in
nano-twinned copper, Science, 323
(2009) p. 607-610.

Lu, L.; Dao, M.; Zhu, T.; Li, J., Size
dependence of rate-controlling
deformation mechanisms in nanot-
winned copper, Scripta Materialia, 60
(2009) p. 1062-1066.

Lu, L.; Zhu, T.; Shen, Y. F.; Dao, M.;
Lu, K.; Li, J.; Stress relaxation and
structure size-dependence of plastic
deformation in nanotwinned copper,
Acta Materialia, 57 (2009) p. 5165-
5173.

Mishin, O. V.; Bowen, J. R.; Lathabai,
S., Quantification of microstructure
refinement in aluminium deformed by
equal channel angular extrusion:
Route A vs. route Bc in a 90° die,
Scripta Materialia 63 (2010) p. 20-23.

Qian, Y.; Zhi-Wei, S.; Ju, L.; Huang,
X.; Lin, X.; Jun, S.; Evan, M., Strong
crystal size effect on deformation
twinning. Nature, 463 (2010) p.
335-338.

Dr. Lei Lu (IMR SYNL) and PhD student Jacob
Kidmose (Rise DTU).

16. Qin, E. W.; Lu, L.; Tao, N. R.; Lu, K.,
Enhanced fracture toughness of bulk
nanocrystalline Cu with embedded
nano-scale twins, Scripta Materialia,
60 (2009) p. 539-542.

17. Qin, E. W.; Lu, L.; Tao, N. R.; Tan, J.;
Lu, K., Enhanced fracture toughness
and strength in bulk nanocrystalline
Cu with nanoscale twin bundles, Acta
Materialia, 57 (2009) p. 6215-6225.

18. Wang, Z. B.; Ly, K.; Wilde, G.;
Divinski, S. V., Interfacial diffusion in
Cu with a gradient nanostructured
surface layer, Acta Materialia, 58
(2010) p. 2376-2386.

19. Xin, Y. C.; Huo, K. E.; Hu, T. et al.
Corrosion products on biomedical
magnesium alloy soaked in simulated
body fluids, Journal of Materials
Research, 24(2009) p. 2711-2719.

20. Xin, Y. C.; Jiang, J.; Huo, K. F. et al.
Corrosion resistance and cytocompat-
ibility of biodegradable surgical
magnesium alloy coated with
hydrogenated amorphous silicon,
Journal of Biomedical Materials
Research A, 89A (2009) p. 717-726.

21. Yao, Z.Y.; Huang, G.; Godfrey, A.; Liu,
W.; Liu, Q., Dislocation boundary
structure from low to medium strain
of cold rolling AA3104 aluminum
alloy, Metallurgical and Materials
Transactions A, 40 (2009) p. 1487-
1497.
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22.

23.

24.

25.

26.

Zhang, H. W.; Huang, X.; Pippan, R.;
Hansen, N.,Thermal behavior of Ni
(99.967% and 99.5% purity) deformed
by high pressure torsion, Acta
Materialia, 58 (2010) p. 1698-1707.

Zhang, X. Y.; Wu, X. L.; Zhu, A. W,,
Growth of deformation twins in
room-temperature rolled nanocrystal-
line nickel. Applied Physics Letters, 94
(2009) 121907.

Zhang, Y. B.; Godfrey, A.; Liu, Q.;
Liu, W.; Juul Jensen, D., Analysis of
the growth of individual grains during
recrystallization in pure nickel, Acta
Materialia, 57 (2009) p. 2631-2639.

Zhang, Y. B.; Godfrey, A.; Liu, W.; Liu,
Q., Investigation of boundary
migration during grain growth in fully
recrystallised high purity nickel,
Materials Science and Technology, 26
(2010) p.197-202.

Zhang, Y.B.; Godfrey, A.; Juul Jensen,
D., Local boundary migration during
recrystallization in pure aluminium,
Scripta Materialia, 64 (2011) p.
331-334.



Risg DTU, July 2010: Prof. Andy Godfrey, Tsinghua, Dr.

Hongwang Zhang (IMR SYNL), Dr. Techn. Grethe Winther
(Risg DTU), Senior Scientist Oleg Mishin (Risg DTU).

Conference proceedings

1. Azuma, M.; Goutianos, S.; Hansen, N.;
Winther, G.; Huang, X., In-situ
observation of void formation in dual
phase steel, Proc. of 31st International
Rise Symposium on Materials Science
(2010) p. 243-250.

2. Juul Jensen, D., Recrystallisation in
3D and 4D, Proc. of 31st International
Risp Symposium on Materials Science
(2010) p. 31-42.

3. Kidmose, J.; Cai, D. Y.; Hansen, N.;
Winther, G.; Huang, X., Strain rate
dependence of the flow stress in
nanostructured aluminium sheets
produced by accumulative roll
bonding, Proc. of 31st International
Risg Symposium on Materials Science
(2010) p. 297-302.

4. Lin, F. X.; Godfrey, A.; Winther, G.;
Juul Jensen, D., Alignment of serial
sections for 3D microstructural
characterization of cold rolled
aluminium by EBSD, Proc. of 31st
International Risp Symposium on
Materials Science (2010) p. 303-310.

5. Liu, H. H.; Poulsen, H. F.; Schmidyt, S.;
Serensen, H. 0.; Godfrey, A.; Huang,
X., Proc. 31st Rise International
Symposium on Materials Science
(2010) p. 311-316.

6. Ramar, A.; Hata, S.; Huang, X.; Dunin

Borkowski, R.; Winther, G., Disloca-
tion electron tomography of boundar-
ies in deformed Aluminium, Proc. of
31st International Risg Symposium on
Materials Science (2010) p. 397-404.

7. Zhang, H. W.; Huang, X.; Pippan, R.;

Hansen, N.,Thermal behaviors of pure
Ni deformed by high pressure torsion
to ultra-high strain, Proc. 30th Risg
International Symposium on Materials
Science (2009) p. 401-408.

8. Zhang, X.; Godfrey, A.; Hansen, N.;

Winther, G.; Huang, X., In-situ TEM
compression of submicron-sized
single crystal copper pillars, Proc. of
31st International Risg¢ Symposium on
Materials Science (2010) p. 489-496.

9. Zhang, Y. B.; Godfrey, A.; Juul Jensen,

D., In-situ observations of migration
of recrystallization boundaries in pure
aluminium, Proc. of 31st International
Risp Symposium on Materials Science
(2010) p. 497-504.

Other

1.  Winther, G.; Juul Jensen, D., Nano-
metaller, Aktuel Videnskab, 3 (2010) p.
26-29.
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Honors and Awards

Dr. Techn. Dorte Juul Jensen was invit-
ed to join the Royal Danish Academy of
Sciences and Letters which is an old,
venerable club of outstanding scientists,
engaged on basic scientific research.
The Academy has about 250 Danish and

250 international members.

Prof. Ke Lu was awarded the title MRS
Fellow for the discovery of nano-
twinned metals and development of
nanostructured metals through the ad-
vancement of synthesis technologies,
thereby revealing novel properties and

performance.

Prof. Ke Lu gave the 12th Kelly Lecture
at the University of Cambrigde.



Materials Research Division, Risg DTU

Risg DTU

Scientists:

Dorte Juul Jensen (Principal investigator)
Grethe Winther (Danish coordinator)
Jean-Claude Grivel

Niels Hansen

Xiaoxu Huang

Oleg Mishin

Wolfgang Pantleon

Post docs:
Xiaodan Zhang
Yubin Zhang
Yue Zhao

PhD students:
Lin Fengxiang
Jacob Kidmose

Technicians:
Gitte Christiansen
Lars Lorentzen
Preben Olesen

Administration:
Kamilla Fugleberg

Long term guests:
Mangmang Gao (Beijing University of
Technology)

Yukui Gao (Beijing Institute of Aeronautical

Materials)

IMR SYNL landmark

IMR SYNL

Scientists:

Ke Lu (Principal investigator)
Hongwang Zhang (Chinese coordinator)
LeiLu

Shihong Zhang

PhD students:
Zhaoping Luo

Technicians:
Xiao Si

The Second Gate, Tsinghua University

Tsinghua University

Scientists:
Andy Godfrey
Jing Zhu

Wei Liu

PhD students:
Guomin Le
Long Liu
Haiyan Xu

Yue Yuan
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The Bell Pagoda, Chongging University

Chongging University

Scientists:
Qing Liu
Tianlin Huang
Zhiging Zhang

PhD students:
Yong Hao Zhang
Liping Deng
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