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Interactions in between the variant-pair of n precipitates in the
Al-Zn-Mg-Cu aluminium alloy

Tsai-Fu Chung?, Yo-Lun Yang? Makoto Shiojiri™*, Chien-Nan Hsiao®, Wei-Chih Li®,
Jer-Ren Yang™”

! Department of Materials Science and Engineering, National Taiwan University, Taipei, Taiwan.

2 Department of Mechanical Engineering, Imperial College London, London SW7 2AZ, UK.

3 Kyoto Institute of Technology, Kyoto 606-8585, Japan.

4 Taiwan Instrument Research Institute, Hsinchu, Taiwan.

5 E.A. Fischione Instruments, Inc., 9003 Corporate Circle, Export, PA 15632, U.S.A.

For Al-Zn-Mg-Cu aluminium alloys, 13 types of n precipitates would possess the
symmetrically variants distributed on the closed plane of the Al matrix parallel to the
{0001}n, {2110}n, or {1010}n interfaces of precipitates [1]. It was reported that the n2
precipitates, growing on the (111)ai // (0001)nz habit plane where the growth direction
follows with [110]ai // [1010]n2, would own four equivalent variants on {111}y, i.e., n2Y to
n2® variants [2]. Whether the interactions would occur in between these four equivalent
variants of nz during the growth of precipitates has yet to be elucidated. In the present work,
along the [110]a1 zone axis, the atomic arrays of the interfacial areas in between n2® and n.®
respectively grown on (111)ai and (111)ai planes shows that the nearly-twinning relationship
has been resolved. On the other hand, along the [110]ai zone axis, it also reveals
nearly-twinning configuration in between the variant-pair of n.

References

[1] T.-F. Chung, et al., Acta Mater. 174 (2019) 351-368.
[2] T.-F. Chung, et al., Acta Mater. 149 (2018) 377-387.

Figure 1. HAADF-STEM images, along the zone axes of [110]a and[110]al, showing
Nearly-twinning configuration in between the variant-pair of n.
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Atomic Layer Deposition System with Plasma Etching

Yu-Ting Peng( ),Y" Yu-Lun Liu( ),} Chin-Ying Chou( ).t
Chien-Chun Chen( )

1 Department of Engineering and System Science, National Tsing Hua University
*trevorpeng9654@gmail.com

The thin film of Al20s was used to protect the surface of the substrate from
deposited impurities. To coat a high-quality protective film on the surface, atomic layer
deposition (ALD) is a promising method. Unlike the traditional processes, we built our
own ALD system with inductively coupled plasma (ICP) that can generate cleaner
samples under the protective film. Before depositing the Al20s thin film, we used ICP
first to clean the substrate surface preventing impurities from being covered below the
film. In this study, we depict the scanning transmission electron microscope (STEM)
images of samples with and without ICP cleaning, respectively. From those results, one
can observe that the ICP-cleaned samples provide STEM image of higher contrast.
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Transmission Electron Microscopy Specimen Preparation by Focused lon
Beam System

Yu-Lun Liu ( ), Y Yu-Ting Peng( ) ,} Chin-Ying Chou( ), and
Chien-Chun Chen( )

! Department of Engineering and System Science, National Tsing Hua University, Hsinchu,
Taiwan
“kc25566@gmail.com

In recent years, focused ion beam (FIB) has been widely used in the field of materials
science. By controlling the energy and intensity of the ion beam carefully, we can use FIB to
perform precise nanomachining. One of the important applications of FIB is the preparation
of transmission electron microscopy (TEM) specimen. Unlike the traditional preparation
procedure that is time consuming and complicated, we provide a better method of TEM
specimen preparation by the milling and lift-out technique of FIB. In this poster, the TEM
specimen preparation procedures by a dual-beam FIB and the corresponding scanning
electron microscopy (SEM) images will be presented.

References
1. L. A Giannuzzi and F. A. Stevie, Micron, 197-204 (1999).
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The interaction of T1 and 0' precipitates with respect to dislocations
in the AA2050 aluminium alloy
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Annealing-induced abnormal hardening in a cold rolled CoCrNi

medium entropy alloy
Shih-Yu Chen ( )", andJer-Ren Yang ( )

Department of Materials Science and Engineering, National Taiwan University, Taipei,
Taiwan
107527031 @ntu.edu.tw

A CoCrNi equiatomic medium entropy alloy (MEA) with a single solid solution was
cold rolled with a thickness reduction of ~70% at room temperature, followed by annealing
treatment with relative low temperature. Annealing-induced abnormal hardening was
observed for cold rolled alloy after annealing treatment at 873 K. Detailed microstructural
characterizations indicated that the abnormal hardening phenomenon is not due to the
precipitation hardening or nanocrystalline. A similar phenomenon was found in severe plastic
deformation (SPD) in CrCoMnFeNi and CoCrNi after annealing. Although the main reason
of abnormal hardening in CoCrNi is still unclear, further research will be continued by EBSD
(Electrical Backscatter Diffraction) and TEM (Transmission Electron Microscopy).

References

1. Gu,J.,, & Song, M. (2019).

2. Schuh, B., Mendez-Martin, F., Volker, B., George, E. P., Clemens, H., Pippan, R., &
Hohenwarter, A. (2015).
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Figure 1. Vickers hardness as a function of annealing time for a constant temperature of
600 °C, homogenization and 70% cold rolling. Data points represent average values, bars
indicate standard deviation.

Figure 2. STEM-HAADF image. Deformation structures following rolling and annealing
at 600 °C/1 h shows multiple deformation twins and high density dislocations.
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A Novel Denoising Technique by Using Machine Learning Based Approach

Ren-Fong Cai ( )% Mu-Tung Chang ( ), Shen-Chuan Lo ( Y,
Chien-Chun Chen ( ) 234

! Material and Chemical Research Laboratories, Industrial Technology Research Institute,
Hsinchu, Taiwan

2 Department of Engineering and System Science, National Tsing Hua University, Hsinchu,
Taiwan.

% Instrument Technology Research Center, National Applied Research Laboratories, Hsinchu,
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* renfong@itri.org.tw

With the coming of the third age of artificial intelligence, machine learning has been
successfully implemented in many fields, which changed the paradigms to feed tons of data
with the answer (or label) to find the pattern that matched [1-2]. However, a limited studies
addressed on the electron microscopy applications. In this study, we develop a novel
denoising algorithm, KMLLS clustering algorithm [3]. As shown in figure 1, the noise of the
spectra had been improved via our proposed approach. To conclude, the KMLLS clustering
may provide an unsupervised route to avoid human bias and open the opportunities for
automatic data processing.

References

1. P. M. \Voyles, Current Opinion in Solid State and Materials Science 21 141 (2017).

2. S. Raschka and V. Mirjalili, Python Machine Learning: Machine Learning and Deep
Learning with Python, scikit-learn, and TensorFlow 2" ED, Packt, Birmingham (2017).

3. R.F. Cai, M. T. Chang, S. C. Lo and C. C. Chen, the paper is preparing to submit.
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Figure 1. The comparison of the (a) experimental data and (b) KMLLS clustering
denoising spectrum image and corresponding spectrum marked in it.
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The Application of K-means Clustering to EELS Mapping

Ren-Fong Cai ( ),” Mu-Tung Chang ( ), and Shen-Chuan Lo ( )

Material and Chemical Research Laboratories, Industrial Technology Research Institute,
Hsinchu, Taiwan
“renfong@itri.org.tw

K-means clustering has been developed over half century and applied in many fields,
such as image processing and feature identification, due to its elegant concept [1-3]. Due to
the extended edge nature of electron energy loss spectroscopy (EELS) spectrum, multiple
linear least square (MLLS) fitting was implemented to solve the overlapping issue [4].
However, the MLLS algorithm has to assign the reference spectra manually and may lead to a
biased result. In this study, we introduced the k-means clustering, which extract the
endmembers unsupervisedly, to an artificial EELS spectrum image. The result shows the
k-mean clustering have the capability to separate the overlapping signals and give the precise
distribution, and it may have a potential application in separating the different bonding state
signals of the EELS spectrum image.

References

1. S. Raschka and V. Mirjalili, Python Machine Learning: Machine Learning and Deep
Learning with Python, scikit-learn, and TensorFlow 2" ED, Packt, Birmingham (2017).

2. A. Belianinov et al., Nat. Commun. 6 7801 (2015).

3. P. M. \oyles, Current Opinion in Solid State and Materials Science 21 141 (2017).

4. R.D. Leapman and C.R. Swyt, Ultramicroscopy 26 393 (1988).
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Figure 1. (a) The elemental distribution of the artificial spectrum image. (b) The
distribution analysis via a ranged signal integration and (c) via k-means clustering.
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Influence of tempering treatment on mechanical properties
and the hydrogen embrittlement of NiCrMo steel

Shih-Chieh Kao ( ), and Hsin-Chih Lin( )!

! Department of Materials Science and Engineering, National Taiwan University,
Taipei, Taiwan

Martensitic steels are prone to hydrogen embrittlement, so the assessment of
resistance of hydrogen embrittlement is important. In this study, hydrogen would be
charged into steels by electrochemical method. By combining the results of SEM,
TEM, tensile test and TDS, the relationship between microstructure and hydrogen
embrittlement can be clarified. Results shows that the dominant trapping site of
quench state and 200°C tempered state is dislocation; dislocation and cementite in
400°C tempered state; dislocation, cementite and M-Cs in 600°C tempered state.
Compared with dislocation and cementite, the activation energy of M-Cs s higher.

Quench state shows the poorest resistance of hydrogen embrittlement with the
highest hydrogen content, 0.96 ppm. The hydrogen content drops to around 0.6 ppm
in 200°C tempered state and 400°C tempered state, with improvement on resistance of
hydrogen embrittlement. Although 600°C tempered state has high hydrogen content,
0.95 ppm. For the lower dislocation density and stronger trapping sites, M-;Cs 600°C
tempered state shows the best resistance of hydrogen embrittlement. 14 % elongation
can be got after charging.
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Precipitation Behavior in Custom 475 Maraging Stainless Steel
Cheng-Yao Huang( ), Y and Hung-Wei Yen ( )?
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Taiwan
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In this work, the precipitation behavior of the commercial custom 475 maraging stainless
steel was investigated. It was found that two kinds of precipitates present after aging, which
were Ni/Al-riched B phase and (Fe,Cr)aMo Laves phase, respectively.  phase started
precipitating at 480  and retained high coherency with martensite matrix even in long aging
time. 3 phase precipitates had sphere shape with 2-5 nm in diameter, which contributes huge
precipitation hardening effect. On the other hand, Laves phase formed at 520  and its size
depended on aging time. The analysis showed that the peak aging occurs when both 3 and
Laves precipitates meet appropriate size and distribution, and the orientation relationship
between Laves phase and matrix was also determined.

References

1. Y. He, K. Yang, W. Sha, D.J. Cleland, Metall. Mater. Trans. A-Phys. Metall. Mater. Sci. 35A(9)
(2004) 2747-2755.

2.J.L. Tian, W. Wang, M.B. Shahzad, W. Yan, Y.Y. Shan, Z.H. Jiang, K. Yang, Materials 10(11) (2017)
11.

3.L.Sun, T.H. Simm, T.L. Martin, S. McAdam, D.R. Galvin, K.M. Perkins, P.A.J. Bagot, M.P. Moody,
S.W. Ooi, P. Hill, M.J. Rawson, H. Bhadeshia, Acta Mater. 149 (2018) 285-301.

4. S.H. Jiang, H. Wang, Y. Wu, X.J. Liu, H.H. Chen, M.J. Yao, B. Gault, D. Ponge, D. Raabe, A. Hirata,
M.W. Chen, Y.D. Wang, Z.P. Lu, Nature 544(7651) (2017) 460-+.
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Figure 2. The overall hardness results in
different aging time and temperature.

Figure 1. The TEM BF image of
520 -4 hours aging.
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Study on the effects of Nb-Ta-Ti-V-Zr high entropy alloys
composition and roughness on bone-forming cells

WeiYu( ), Su-Jien Lin ( )2, and Yi-Chia Chou ( )

! Electrophysics, National Chiao Tung University, Hsinchu, Taiwan
Hsinchu, Taiwan

2 Department of Orthopaedic Surgery, Chang Gung Memorial Hospital, Linkou,
Taoyuan County 33305, Taiwan
*ycchou@nctu.edu.tw

Abstract

Many attractive mechanical and physical properties were reported from various
HEAs (HEAs). [1] In this poster, we investigated refractory HEA of NbTaTiVZr,
which consist of the simple body-centered cubic (BCC) solid-solution phase with
exceptional high yield strength and hardness that could potentially be a candidate for
biocompatible metal implants. A commercial pure titanium (CP-Ti) as a conventional
implant material was analyzed as a reference data. The samples were prepared using
SiC sandpaper gridding to reach three conditions of surfaces including 600 grit
surface, 1200 grit surface, and mirror-like surface using 0.05um Al20s3 slurry. We then
examined the behaviors of bone-forming MC3T3-E1 cells on the samples with
different surface roughness. The samples with the different surface roughness may
cause morphologies and cell responses differently. [2] The surface roughness of the
samples was measured using alpha step. The surface wettability was characterized by
the sessile drop contact angle method. The cell attachment was studied using scanning
electron microscope (SEM) which shows the adhesion of cells on a rough surface was
better than that on a smooth one.

References

1. L. Huang et al. (2011) " Responses of bone-forming cells on pre-immersed
Zr-based bulk metallic glasses: Effects of composition and roughness™ Acta
Biomaterialia 7, 395-405.

2. H. Zhang et al. (2015) "MC3T3-E1 cell response to stainless steel 316L with
different surface treatments” Materials Science and Engineering C 56, 22-29.
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TEM Analysis of structural defects in homoepitaxial (111) diamond film on
nickel-coated HPHP diamond

Kun-An Chiu ( )", Wei-Lin Wang ( ), Thi Hien Do ( ), andLi Chang
« )

Department of Materials Science and Engineering, National Chiao Tung University, Hsinchu,
Taiwan
“j73628.mse95g@nctu.edu.tw

Diamond (111) film may be required for manufacturing n-type diamond electronic
devices due to its lower compensation ratio and higher incorporation efficiency of donors on
this orientation [1]. However, it is more difficult to obtain high quality CVD (111) diamond
than (100) one because the defect density in (111) diamond is much higher than (100)
diamond under general microwave plasma CVD conditions unless growth is carried out under
specific conditions [1, 2]. The TEM observation of defects in a 5 pym thick (111)
homoepitaxial diamond film on Ni-coated high-pressure high-temperature (HPHT) substrate
has been performed with transmission electron microscopy (TEM). For the cross-sectional
TEM result as shown in Fig. 1, the continuous homoepitaxial diamond film forms after
epitaxial lateral overgrowth of diamond on the Ni islands and coalescence. It is shown that
the dislocation density in the diamond film is about < 5 x 108 cm, which is much less than
that grown without Ni. Most of the dislocations in the (111) diamond film on Ni-coated
substrate are 60° and screw dislocations having Burgers vectors of 1/2<110>. The rest
dislocations may be of mixed types with Burgers vectors of 1/3<111>.

References

1. A. Tallaire, J. Achard, A. Boussadi, O. Brinza, A. Gicquel, I.N. Kupriyanov, Y.N.
Palyanov, G. Sakr, J. Barjon, Diam. Relat. Mater. 41 34-40 (2014).

2. C. J. Widmann, M. Hetzl, S. Drieschner, C. E. Nebel, Diam. Relat. Mater. 72 41-46
(2017).
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Figure 1. Bright field cross-sectional TEM image of the (111) homoepitaxial CVD
diamond film on HPHT and Ni-coated substrate taken near the [110] pole.
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Study on the Effects of Different Mn Contents on Annealing and
Mechanical Twinning of CoCrFeMnxNi (X=0~1) High Entropy Alloy

Po-Han Chiu( ), and Jer-Ren Yang( )

Department of Materials Science and Engineering, National Taiwan University, Taipei,
Taiwan
“d07527003@ntu.edu.tw

This research focused on the difference Mn content on the annealing and mechanical
twinning of CoCrFeMnxNi high entropy alloy. After CoCrFeMnxNi with different Mn
contents were subjected to the 70% cold working and then annealed at different temperatures
(700  or 800 ) to observe the interaction between the Mn content and the annealed twin
and mechanical twins. The mechanical properties were obtained by Vickers hardness test and
tensile test. In addition, bullets (Semi-Armor Piercing) are used to severely deform the
CoCrFeMnxNi. The ambient temperature suppresses the effect of dynamic recovery and
increases the stress, while the increase of the strain rate shortens the deformation time, the
internal sliding of the material is difficult and entangled resulting in an increase in stress
accumulation. The microstructure of the deformed CoCrFeMnxNi annealed twin and
mechanical twins were analyzed by TEM to investigate the role of Mn in the CoCrFeMnxNi
high entropy alloy system.

References

1. G. Laplanche, et al., Reasons for the superior mechanical properties of medium-entropy
CrCoNi compared to high-entropy CrMnFeCoNi, Acta Materialia 128 (2017) 292-303
Intermetallics, 2014. 54: p. 39-48.

2.  Z.\Wu, et al., Recovery, recrystallization, grain growth and phase stability of a family of
FCC-structured multi-component equiatomic solid solution alloys, Intermetallics 46
(2014) 131-140.

3. G. Laplanche, et al., Microstructure evolution and critical stress for twinning in the

Figure 1. The severely deformed area of CoCrFeMnxNi shot by bullet (from left to right,
X=0.6, 0)
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This study focuses on the twin structure of the Co-Cr-Fe-Mn-Ni high-entropy alloy. After
70% of the cold working was applied, annealing was performed at a low temperature of 700 °
C, and the behavior of recrystallization of the annealed twin crystal was observed at different
annealing times. The EBSD (Electrical Backscatter Diffraction) and TEM (Transmission
Electron Microscopy) analysis were used to investigate the effects of annealing on the growth
of twin crystals and grain size at different annealing times. In the cold-worked 70% Cantor
alloy 700 °C annealed test piece, the formation of annealed twin crystals occurs during the
recrystallization and grain growth stages. Regardless of the proportion of the twin crystal
boundaries, or the number of twins contained in each crystal increases with the annealing
time, the reason is that there is a new twin formation inside the crystal during the grain
growth stage. Moreover, since the newly grown twin crystals continue to divide the original
crystal, the grain size hardly grows in the later stage of recrystallization.

References

1. Otto, F., etal., Microstructural evolution after thermomechanical processing in an
equiatomic, single-phase CoCrFeMnNi high-entropy alloy with special focus on twin
boundaries. Intermetallics, 2014. 54: p. 39-48.

2. Laplanche, G., et al., Microstructure evolution and critical stress for twinning in the
CrMnFeCoNi high-entropy alloy. Acta Materialia, 2016. 118: p. 152-163.
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Figure 1. (a) and (b) TEM dark field images, imaged by the diffracted beams circled by
the matrix and twin in (c). (c) The diffraction pattern of this region, zone axis is [011],
which is a typical FCC twinning diffraction pattern.
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Observing the growth and distribution of annealing twins at low annealing

temperature in FeCoNiCr high entropy alloy
Yo-Shiuan Lin ( )", andJer-Ren Yang ( )

Department of Materials Science and Engineering, National Taiwan University, Taipei,
Taiwan
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A FeCoCrNi equiatomic high entropy alloy (HEA) with a single solid solution was cold
rolled with a thickness reduction of ~70% at room temperature, followed by annealing
treatment with relative low temperature at 650°C. In this study, the growth and distribution of
annealing twins were observed at different annealing time from 10 to 60 mintutes. The results
show that our annealing condition(low annealing temperature and short annealing time)
produces heterogeneous, partially recrystallized microstructures.The EBSD ( Electron
Backscatter Diffraction ) and TEM ( Transmission electron microscopy ) analysis were used
to investigate the growth and distribution of annealing twins at different annealing time.

References

1. Otto, F., Hanold, N. L., & George, E. P. (2014).

2. Laplanche, G., Kostka, A., Horst, O. M., Eggeler, G., & George, E. P. (2016).
3. Slone, C. E., Miao, J., George, E. P., & Mills, M. J. (2019).
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Figure 1. EBSD image from FeCoNiCr after rolling (70% thickness reduction) and
annealing at 650 °C /1hr

Figure 2. Central dark field image. TEM from FeCoNiCr after rolling (70% thickness
reduction) and annealing at 650 °C /1hr
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The Effect of Two-step Heat Treatment on the Carbide-free Bainite
Ting-Mu Chung ( ), Yu-Ting Tsai( )?,
Yu-Wei Lai( ), Jer-Ren Yang( )!

! Department of Materials Science and Engineering, National Taiwan University, Taipei,
Taiwan

2 China Steel Cooperation, Kaohsiung, Taiwan

*r07527058@ntu.edu.tw

By alloying 1.5-2.0 wt% silicon in the steel, followed by appropriate heat treatments,
carbide-free bainite can be produced. Carbide-free bainite has outstanding strength and
toughness, which is well utilized in ballistic-resistant steels of defense industry, but the
reaction rate is slow and it consumes much time for transformation. In this research, we are
focusing on different heat treatments to accelerate the reaction rate for the transformation of
carbide-free bainite. Results show that two-step heat treatment can effectively accelerate the
reaction rate of carbide-free bainite, which is faster than traditional one-step heat treatment.
By analyses of dilatometer data and pictures of electron microscopy, we can confirm that the
final structure by two-step heat treatment consists of different size of bainite and hence
results in the reduction of strength and hardness.

Figure 1. TEM image of bainite structure by two-step heat treatments

References
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3. A. J. Rose, F. Mohammed, A. W. F. Smith, P. A. Davies and R. D. Clarke, Mater. Sci.
Technol., 2014, 30, 1094-1098.
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The influence of low temperature on the hydrogen
embrittlement of NiCrMo steel

Li-Jen Ho( ), Chih-Fu Tu( ), Hsin-Chih Lin( )

Department of Materials Science and Engineering, National Taiwan University, Taipel,
Taiwan

The experiment found steel in the water quenched state, is lath martensite
structure, has the highest dislocation density, and observed a little self-tempered plate.
After tempering at 200 °C, fine € carbides began to precipitate in martensite, and the
dislocation density was reduced. The hydrogen absorption after charging was the
lowest, therefore it has the better resistance to hydrogen embrittlement. After
tempering at 400 °C, fine € carbides are transformed into cementite precipitated in
temper martensite matrix. The interface between cementite and the temper martensite
matrix is a reversible hydrogen trapping site, which makes the hydrogen absorption
capacity is higher than 200 ° C, and the hydrogen embrittlement resistance is thus
lowered. When tempered at 600 ° C, cementite is spheroidized. At this time, due to
the elimination of internal stress during the tempering process, dislocation density is
the smallest, and the best hydrogen embrittlement resistance ability is obtained in this
experiment.

When doing tensile test at different temperatures, the elongation of steel
decreases with decreasing temperature, but the elongation loss rate does not change
significantly with temperature. It is known from experiments that both low
temperature and hydrogen charging tend to cause brittle failure, but there is no
obvious additive effect between them. Only in the water quenched state, the material
has been destroyed before the yield strength, after tempering, the ability to resist
hydrogen embrittlement has been improved.
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Mechanical Property and Microstructure of Cryogenic Temperature and
High-stain-rate Compressive Deformation in the FeCoNiCrMn High-
entropy Alloy
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Auto-tempered martensite and interpenetrating twin in lath martensite

Tzu-Ching tsao ( ),” andJer-Ren Yang ( )
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Taiwan
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Fully lath martensite was obtained after quench from austenite in experimental material,
not only general martensite lath but auto-tempered martensite and interpenetrating twin were
able to be observed in the microstructure. Auto-tempered martensite forms from the
sub-blocks which formed at high temperature. The lathes which belong to the same variant
possess similar orientation relationship between each other, so when thermal energy is
enough to adapt the small angle boundary, martensite will be coarsening. Because there was
no high carbon region after heat treatment, the twin structure in the microstructure is
interpenetrating twin instead of plate martensite. Interpenetrating twin forms from some
lathes which naturally possess twin orientation relationship between each other. If the
twin-relation lathes contact at the boundary of blocks, these lathes which formed at high
temperature may penetrate each other to form interpenetrating twin.

Figure 1. Dark field TEM image of interpenetrating twin.

-30 -



A19

Investigation of Strain-induced Precipitation Behavior of Niobium
Micro-alloyed Steels at High Temperature

Tzu-Ching tsao ( ),” andJer-Ren Yang ( )

Department of Materials Science and Engineering, National Taiwan University, Taipei,
Taiwan
“tetsao@ntu.edu.tw

The strain-induced precipitation behavior of niobium micro-alloyed steels at high
temperature has been studied in this research. Based on the difference of niobium content, the
precipitation time, precipitates size, recrystallization have been analyzed. After austenization
treatment, and redissolving precipitates, materials were subjected to 25% compression
deformation, and then held at the temperature we designed. According to the second
compression deformation after different holding time, the degree of recrystallization of
materials can be known and used to predict the time that precipitation started, and the
precipitation-start time-temperature(PSTT) curve was obtained. Results reveal that different
niobium content in this experiment show little effect on the start time of precipitation. The
nose tip of PSTT curve is approximately in the range of 875~900 and 2~4 second. 900
was chosen to be the temperature for analysis because materials showed good softening
resistance, slow recrystallization and early precipitation time at 900 . Follow-up analysis
shows that when niobium content is high, the size of precipitates become larger, and
indication of coarsening can be observed at early stage of precipitation. Metallography also
reveals that recrystallization happens more obviously when niobium content is high,
indicating that more niobium may cause faster coarsening of precipitates.
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Reactive multilayers are energetic materials composed of nanoscale interlaced
exothermic reactants. By a localized ignition treatment such as a pulse laser, a portion of the
multilayers intermix and release the latent heat during reaction, which further trigger the
adjacent region and generate self-propagating flame. The self-propagating progress features
extremely high heating (10° K/s) and quenching rate (10 K/s). [1] As a result, the
temperature generally goes higher than 700 °C [2]. The propagating speed is able to reach
tens of meter per second though the total amount of heat release remains small. These special
characteristics enables the reactive multilayers to be applied broadly such as jointing
materials and electrodes for solar cells. [3]

In this study, a series of equi-atomic Ni/Si multilayers were studied. Due to the
nanoscale geometries, a scanning transmission electron microscope (STEM) was utilized to
observe the surface/interfacial morphologies before and after the ignition. A transmission
electron microscope (TEM) was also used to analyze the crystalline and the phase
distributions. Besides, the observation of the ultimate fast self-propagating progress was
achieved by a high-speed optical microscope. The results indicated that the interfacial
morphologies were only affected by the pre-mixing layer while the bilayer thickness was
smaller than 70 nm. Though the larger bilayer thickness indeed induced smoother interface, it
elongated the diffusion distance of interlaced reactants, which significantly reduced the
exothermic reaction and the consequential self-propagating speed. The self-propagating speed
reached the maximum, 0.15 m/s, with the bilayer thickness of 52 nm and the total thickness
of 2 ym. The products were found majorly composed of Ni2Si and NiSiz instead of the
expected product, NiSi. This indicated the steady state of the faster self-propagating reaction
is critical to produce the flat and uniform desired product, NiSi.
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Energy storage is an important issue for future technology development. For
lithium ion batteries (LIBs), graphite is the most popular anode material, but the
theoretical capacity is only 372 mAh/g, not high enough for future electronics. It has
been demonstrated that LI1Bs with MoS: as the anode material exhibit high efficiency
and high capacity. However, the cyclic stability of MoSz, which is one of the most
crucial challenges for practice applications, needs to be further investigated. In this
work, we prepared MoS: thin films by chemical vapor deposition for the anode
material in LIBs. After cyclic voltammetry measurements, TEM, SEM, and Auger
electron spectroscopy are carried out to observe the morphology changes and
composition of the MoS: anode at different charge states. The TEM and SEM results
show that the MoS2 anode has significant morphology changes, as evidenced from the
formation of small islands on the anode surface after the first cycle. Besides, the AES
results indicate that MoS: is transformed into Li2S and Mo after several cycles. Based
on these observations, we derive the mechanism of the charge/discharge processes of
MoS: in the LIB. The findings would help us to improve the cycle stability of MoS:
based secondary battery systems.
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Figure 1. (a-b) Cross-sectional TEM and (c) plan-view SEM images of MoS:
anode after the electrochemical voltammetry tests.
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Dynamic reversed austenite transformation was observed in a Mn-rich steel during warm
tensile test between Aei and Aes temperature. The in-depth investigation into atomic scale of
solute behavior during phase transformation-deformation coupled condition was revealed by
atom probe tomography (APT) in this study. Layer-like Mn depletion zone in austenite next to
the mobile phase boundary was found owing to the deviation of thermodynamic equilibrium.
The present work proposed that solute partitioning value of ferrite-to-austenite transformation
was lowered due to warm deformation and it was accounted for the acceleration of austenite
reversion. The overall outcomes will assist the technology of warm forming of medium-
manganese and lightweight steels.

Figure 1 The APT results of the steel deformed at 10 s for 8 min at 650 °C after 10
min pre-annealing: (a) The atom map of Mn, Al and C (b) The two-dimensional map
of Mn concentration density and the cross-sectional ion density images within
(c)(d)austenite and (e)ferrite. (f) and (g) showed the chemical composition profile
across the phase boundary-1 and phase boundary-2, respectively.
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Group IV semiconductor Si/SiGe alloy heterojunction structures are potentially useful in
electronics, optoelectronics, and bandgap engineering. This research focused on the growth
and the properties of SiGe nanodots produced by thermal oxidation of SiGe thin films. The
SiGe thin films of a low Ge content (1 at.%) is produced by ultra-high vacuum chemical
vapor deposition (UHV-CVD), followed by in-situ deposition of gold nanoparticles in UHV.
After the sample is oxidized at 700 °C for 6 h in air, nanodots with a higher Ge content are
produced. The structures of the nanodots are examined by TEM and STEM. The results show
that the nanodots are epitaxially precipitated from the eutectic AuGeSi liquid during the
cooling process. The concentration, dimensional, and morphology of the SiGe nanodots can
be controlled by adjusting the growth parameters.
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Figure 1. TEM image of SiGe nanodot. Figure 2. STEM image of
SiGe nanodot after removing
surface Au.
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Abstract

The micro/nanostructure and mechanical behaviors of microalloyed medium-
Manganese steels processed by quenching and austenite reversion (Q&AR) were
investigated. It was found that the formation of microalloyed carbide can contribute to
materials’ strength in two ways. During austenitization, coarser carbides enable
significant grain refinement by the Zener pinning effect, leading to finer martensite
laths and uniform distribution of reversed austenite in latter processes. During
austenite reversion, precipitation of extremely fine carbides enables effective
precipitation strengthening. Moreover, with well-controlled temperature of austenite
reversion, optimized ductility can be obtained when volume fraction of retained
austenite is maximized. Based on established principles, a Nb-Mo-V-adding steel was
designed for optimized mechanical properties: yield strength > 700 MPa, ultimate
tensile strength > 1000 MPa, uniform elongation > 14 %, total elongation > 20 %.
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Fig.1. (2) HRTEM micrograph of microalloyed carbides and (b) the corresponding FFT diffractogram.

(c) The engineering stress-strain curve of Nb-Mo-V-adding Q&AR specimen.
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Graphene is applied in a liquid cell device for scanning electron microscopy in
this study. Thin SisN4 membranes (<50 nm) have been adopted to seal the liquid
phase for electron microscopy analysis; however, the SisN4 membrane inevitably
degrades image resolution. In contrast, the graphene atomic sheet has the minimum
effect of electron scattering. Besides, graphene has sufficient mechanical strength for
sealing the liquid in vacuum, and it is chemically inert and electrically conductive.
These advantages make graphene most suitable for the window material for electron
microscopy analysis of liquid phases. In this presentation, we demonstrate the
fabrication of a liquid cell device in which observation can be conducted through the
graphene window supported by a holey SisN4 membrane. Single crystalline graphene
sheets (>1 mm) were prepared using chemical vapor deposition (CVD) for the
membrane material, and the fabrication procedures include photolithography, reaction
ion etching (RIE), wet etching, and transferring of graphene. We show that the image
resolution in the graphene viewing area is better than that of SisN4 membrane (Figure
1). Such a SEM graphene/SisN4 device also shows great potential for applications
because of the large liquid reservoir and the availability of flowing liquid.
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Figure 1. Back scattered electron (BSE) image of CeO2 nanoparticles in SEM
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Graphene is a 2D material with a honeycomb structure of carbon atoms. Because of its
unique and great mechanical and chemical properties, graphene has been applied to a lot of
areas, such as biological and integrated circuits. However, with different number of layers
and stacking forms, the electrical properties of graphene will be different. Therefore,
determination of number and stacking form of graphene layers is very important, and Raman
spectroscopy is the common and efficient instrument to determine the number of layers of
graphene. We found that TEM cross-sectional images have an inconsistency result with
Raman spectroscopy and SEM images of determination of number of graphene layers. In
TEM cross-sectional images, we observed that there were more layers than we determined by
SEM images and Raman spectroscopy. We think that the reason is because of the stacking
form of graphene layers. By using the selected area diffraction method of plan-view CVD
graphene, we observed that the stacking form of graphene layers is AA stacking form, which
is different from the common stacking form AB stacking. This may be the reason why the
inconsistency happened.
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Figure 1. (a) SEM image of CVD graphene layer; (b) TEM cross-sectional image of single
layer region of graphene; (c) diffraction pattern of plan-view CVD graphene; (d) Raman
spectroscopy of single layer graphene.
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EDS line profiles extracted from spectrum images are currently widely used in many
TEM laboratories to analyze the composition variation through specified directions as well as
to evaluate the composition of multi-thin-film materials. However, the reliability of these
EDS data counted by the built-in software, especially in at%, is rarely verified in Taiwan
TEM laboratories. We found the results from different STEM/EDS system were significantly
difference for a multi-thin-film materials system, Si/SiO2/SiNx/TION/TiN/Ta, as shown in
Figure 1. This discrepancy can be minimized by modifying K-factors used in each
STEM/EDS system.
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Figurel. EDS line profiles extracted from spectrum images. (a) ~ () intensity line profiles from
3 STEM/EDS systems, (d) ~ () at% line profiles correspondingly.
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