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Development of composite materials with controlled texture by dynamic grain
bonding process

MIKI, Hiroyuki
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The alloying and comﬁosite consolidation process of materials using dynamic
interparticle bonding process was studied. The relationship between the solidification conditions
and the crystal grain refinement was clarified by evaluating the effects of the types of metals,
their combinations, and consolidating conditions of alloy and compound.Pure powder and mixed powder
were consolidated in the temperature range that promotes crystal grain growth, and the degree of
crystallization or alloying/compositing of the solidified compact was evaluated. As a result, we
were able to show a correlation between consolidation parameters and process temperature suitable
for interparticle bonding. Based on the phenomenological parameters obtained in the research, we
proposed a dynamic solidification model of the powder and a design concept for the composite
material with controlled layer microstructure.



22-24 B)[

()

in-situ



Cu

SEM
1 @
ZI’Oz
)
(©) 4 @
4 1
2 SEM
N=100 N=200 1.0 um 40N 27N
4.0 um
Repeat N times (4) Back to
|n|t|al pomt
(3)
E\::-z)rmal ’ @ f Remove
load P ,@ Sliding ZrO, ball

(& P=4.0N,N=100 (b) P=4.0N,N=200 (c0 P=27N,N=100
2
pm
(@] 2 pm
(©) 4
Cu/Zn
5.2 pym Zn Zn
4.8 pm Cu
10 Zn 50% Zn44wt.%
3 1
Base plates
Moving plate P
L1
T
P
Lo
Cu-Zn B

T =250, 300°C



Shearing distance L, | | Compression load P %) Heater

L, ! OCooling pipe

© Thermocouple !

Moving plate
o @ _}— Powder

Shearing force *

Base plates
Thermal insulator

3

4 (a), (b) T=250°, 300°C
5 (a)T=250°C (b)

5.2umZn,43 um Cu
3 Cu-Zn
4.8 pmCu 60%
4.8 um Cu T=300°C T=250°C
15%

X
Cu-Znf '

(a (b)

4 Cu-Zn
(@) T=250°C(Cu: 4.8 um), (b) 7= 300°C(Cu: 4.8 pm).

5 Cu-Zn
(@) T=250°C(Cu: 4.8 pm) (b) T = 250°C(Cu: 43 pm).

6 T=250°C 0 -26
XRD 6 Cu-Zng ' Cu-Zny
Cu Zn Cu-Zn
Cu Y
B 5
Cu/Zn B

o Cuzn(B)
o CusZng(y)

I $ Wl 3
e Jlo%e % ook 18 3
20 30 40 50 60 70 80 90 100

2Theta [deg.]

Intensity [a. u.]

6 Cu-Zn XRD
: T=250°C(Cu: 4.8 um)

T=300°C
1.2

XRD y

Cu/Zn
Cu B



4 3 2 4

Takeda Sho, Miki Hiroyuki, Fontaine Julien, Guibert Matthieu, Takeishi Hiroyuku, Takagi 13

Toshiyuki

Interparticle Bonding of Cu Powder under Repetitive Unidirectional Friction 2018

Tribology Online 43 49
DOl

10.2474/trol .13.43

Takeda Sho Miki Hiroyuki Takeishi Hiroyuku Takagi Toshiyuki 12

Cu-Based MoS2-Dispersed Composite Material Formed by the Compression Shearing Method at Room 2017

Temperature

Tribology Online 29 36
DOl

10.2474/trol .12.29

Takeda Sho Miki Hiroyuki Fontaine Julien Takeishi Hiroyuku Takagi Toshiyuki 13

Role of MoS2 Addition in the Consolidation of Metal from Powder to Plate by the Compression 2018

Shearing Method at Room Temperature

Tribology Online 15 19
DOl

10.2474/trol .13.15

MIKI Hiroyuki 24

Dynamic Molding Process for Powder Material using Compression Shearing Method 2017

Hosokawa Powder Technology Foundation ANNUAL REPORT 1 2017/06/10 109 114
DOl

10.14356/hptf.14118




39 3 21

Yusuke Koshiba, Shun Nagai, Hiroyuki Miki, Sho Takeda, Takamichi Miyazaki, Hiroyuki Kosukegawa, Toshiyuki Takagi

Mechanical Properties of Al and Cu Thin Plates Fabricated by Warming Process with Compression Shearing Method

Sixteenth International Conference on Flow Dynamics (ICFD2019)

2019

Takuma Takahashi, Hiroyuki Miki, Sho Takeda, Hiroyuki Kosukegawa, Toshiyuki Takagi

Consolidation and Metal Alloying of Cu/Zn Mixed Powders by Warming Compression Shearing Method

Sixteenth International Conference on Flow Dynamics (ICFD2019)

2019

2019

2019

70

2019




, , , Marcel Gultig, Manfred Kohl, ,

M&mM2019

2019

50

2020

Hiroyuki MIKI, Kazuki NAKAGOSHI, Sho TAKEDA, Shun NAGAI, Noboru NAKAYAMA, Hiroyuki KOSUKEGAWA, Toshiyuki TAKAGI, Hiroyuku
TAKEISHI

Consolidation Behavior of the Mixed Cu and Zn Powder Processed by Warm Plastic Working

2018 International Conference on Material Strength and Applied Mechanics (MSAM 2018)

2018

Hiroyuki Miki, Shun Nagai, Sho Takeda, Takamichi Miyazaki, Noboru Nakayama, Hiroyuki Kosukegawa, Toshiyuki Takagi, Hiroyuku
Takeishi

Consolidation behavior of metal powders by Compression Shearing Method at Room Temperature

International Conference on PROCESSING & MANUFACTURING OF ADVANCED MATERIALS Processing, Fabrication, Properties,
Applications (Thermec 2018)

2018




Sho Takeda, Hiroyuki Miki, Julien Fontaine, Matthieu Guibert, Noboru Nakayama, Hiroyuku Takeishi, Toshiyuki Takagi

Transition of Dynamic Elasto-plastic Contact Behavior of Pure Cu Powder

Fifteenth International Conference on Flow Dynamics (1CFD2018)

2018

Shun Nagai, Sho Takeda, Hiroyuki Miki, Takamichi Miyazaki, Hiroyuki Kosukegawa, Toshiyuki Takagi

Effect of Compression Shearing Method at Room Temperature Consolidation Process of Pure Cu Powder on Grain Refinement and
Mechanical Properties

Fifteenth International Conference on Flow Dynamics (1CFD2018)

2018

Sho TAKEDA, Hiroyuki MIKI, Julien FONTAINE, Matthieu GUIBERT, Noboru NAKAYAMA, Hiroyuku TAKEISHI, Toshiyuki TAKAGI

Solid-phase Interparticle Bonding of Pure Cu Powder Particles Under Repetitive Unidirectional Friction Experiment

The 5th Asian Symposium on Materials and Processing (ASMP2018)

2018

Sho TAKEDA, Hiroyuki MIKI, Julien FONTAINE, Matthieu GUIBERT, Toshiyuki TAKAGI

Transition of Solid-phase Dynamic Alloying Behavior of Powder Particles under Repetitive Tangential Force

ELYT Workshop 2019

2019




Hiroyuki MIKI, Manfred KOHL, Mickael LALLART, Linjuan YAN

Future prospects in the MISTRAL (Miniature-Scale Energy Generation by Magnetic Shape Memory Alloys) project

ELYT Workshop 2019

2019
30

2018

, , Julien FONTAINE, Matthieu GUIBERT, , , s
2018

2018
, , Julien FONTAINE, Matthieu GUIBERT, , , s

69

2019




69

2018
Cu/Zn
49
2019
54
2019

Hiroyuki Miki, Shun Nagai, Sho Takeda, Takamichi Miyazaki, Noboru Nakayama, Hiroyuki Kosukegawa, Toshiyuki Takagi, Hiroyuku
Takeishi

Consolidation behavior of metal powders by Compression Shearing Method at Room Temperature

International Conference on PROCESSING & MANUFACTURING OF ADVANCED MATERIALS Processing, Fabrication, Properties,
Applications (Thermec 2018)

2017




, , Julien FONTAINE, Matthieu GUIBERT, ,

M&M2017

2017

Hiroyuki Miki, Koki Tsuchiya, Eijiro Abe, Sho Takeda, Makoto Ohtsuka, Marcel Gueltig, Manfred Kohl, Toshiyuki Takagi

Improvement in Magnetic Properties of Metamagnetic Shape Memory Alloy Processed by Compression Shearing Method at Room
Temperature

The 14th International Conference on Flow Dynamics (1CFD2017)

2017

Sho Takeda, Hiroyuki Miki, Julien Fontaine, Matthieu Guibert, Takamichi Miyazaki, Toshiyuki Takagi

Interparticle Bonding of Metal Powder under Repetitive Unidirectional Friction Force

The 14th International Conference on Flow Dynamics (1CFD2017)

2017

Shun Nagai, Sho Takeda, Hiroyuki Miki, Takamichi Miyazaki, Hiroyuki Kosukegawa, Toshiyuki Takagi

Grain Refined Al Thin Plate Fabricated by Compression Shearing Method at Room Temperature

The 14th International Conference on Flow Dynamics (1CFD2017)

2017




Hayato Inoue, Noboru Nakayama, Yuya Kodaira, Hiroyuki Kosukegawa, Toshiyuki Takagi, Hiroyuki Miki, Hiroyuku Takeishi

Micro Square Pyramid Shape Molding on Titanium Thin Plate formed by Compression Shearing Method at Room Temperature

The Seventeenth International Symposium on Advanced Fluid Information

2017

Manfred KOHL, Hiroyuki MIKI, Mickael Lallart, Marcel GUELTIG, Makoto OHTSUKA

MIniature-Scale Energy GeneraTion by Magnetic Shape MemoRy ALloys

ELYT Workshop 2018, 9th annual workshop

2018

FONTAINE Julien, MIKI Hiroyuki, MIYAZAKI Takamichi, GUIBERT Matthieu, TAKEDA Sho

COmpression-Shearing Method - understanding Interfaces in metal Composites

ELYT Workshop 2018, 9th annual workshop

2018

Cu/Zn

48

2018




, , Julien FONTAINE, , ,

2016

Hiroyuki Miki, Eijiro Abe, Sho Takeda, Makoto Ohtsuka, Marcel Gueltig, Manfred Kohl, Toshiyuki Takagi

Application of Ni-Mn-In based Magnetic Shape Memory Alloy Plates for Energy Harvesting Device

The fifth International Conference on FSMAs (ICFSMA' 16)

2016

2016

2016

, , , Marcel GUETIG, Manfred KOHL,

Ni-Mn-In

2016

2016




S. Takeda, H.Miki, J. Fontaine, M. Guibert, L. Billaut, T. Miyazaki, T. Takagi

Interparticle Bonding of Metal Powder Particles by Compression Shearing Process

2016 TFC ELyT Workshop 8th Annual Workshop

2016

Hiroyuki Miki, Eijiro Abe, Sho Takeda, Makoto Ohtsuka, Marcel Gueltig, Manfred Kohl, Toshiyuki Takagi

Application of Ni-Mn-In based Magnetic Shape Memory Alloy Plates for Energy Harvesting Device

JSPS Core-to-Core Program 6th Workshop The 2nd NUAA Tohoku University Joint Symposium on Fluid Science, Aerospace
Engineering and Smart Structure Technology

2016

Noboru Nakayama, Masaomi Horita, Hayato Inoue, Hiroyuki Kosukegawa, Hiroyuki Miki, Toshiyuki Takagi, Hiroyuku Takeishi

Micro Square Pyramid Shape Forming used by Compression Shearing Method at Room Temperature

Sixteenth International Symposium on Advanced Fluid Information

2016

, , , , , Marcel GUELTIG, Hinnerk OSSMER, Manfred KOHL,

25 MRS

2016




2017

47

2017

Hiroyuki Miki, Koki Tsuchiya, Eijiro Abe, Makoto Ohtsuka, Marcel Gueltig, Hinnerk Ossmer, Manfred Kohl, Toshiyuki Takagi

METAMAGNETIC SHAPE MEMORY ALLOY PLATE SOLIDIFIED BY THE DYNAMIC MOLDING METHOD

The International Workshop on Advances in Shape Memory (IWASMM)

2017

http://www.fris.tohoku.ac.jp/feature/topics/detail---id-5.html
https://ww.fris.tohoku.ac.jp/researcher/advanced/miki.html




(TAKEDA Sho)

(10826225) (11301)
(MIYAZAKI Takamichi)

(20422090) (11301)
(KOSUKEGAWA Hiroyuki)

(00709157) (11301)
(NAKAYMA Noboru)

(80336445) (13601)




