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Fig. 9.�� Assist force vs. PWM. 

 

 
Fig. 10.�� ELpeak vs. PWM. 

 

       

 (a) Bent state (b) Extended state 

Fig. 11.�� Attitude of the evaluation experiment. 
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時に着目するとアシストロボット未装着時の 20Hz～50Hz
の間にあるパワースペクトルのピーク値が 6kgf 時に比べて

減少しており，腰部への負荷が減少していることが分かる。

6kgf 時と同様にアシストロボットを装着することによって

ピーク値が減少しており，負荷が小さくてもアシストロボ

ットの効果があることが分かる。また，Fig. 12 (a) の青線と

(b) の橙線はほぼ同程度であることが分かる。つまり，6kgf
時にアシストロボットを装着することで，腰部負荷を 1kgf
時程度まで軽減できることを暗に示している。 

つぎに，Fig. 13 に中央周波数の推移を示す。横軸は時間，

縦軸は中央周波数であり，ハミング窓の窓幅は FFT 処理を

行うため 2 のべき乗 2048，4096，8192，以降は 16384 に固

定し各窓のオーバーラップは 50％として，各々約 2.0 秒，

4.1 秒，8.2 秒，16.4 秒後から約 8.2 秒間隔で約 65.5 秒後ま

で中央周波数をプロットした。アシストロボット未装着の

場合を橙色■，既製アシストロボットを緑色▲，開発した

アシストロボットを青色●，および各近似直線を示してい

る。Fig. 13 より，50 秒以降の中央周波数の変動は概ね緩や

かになって飽和の様子が見てとれる。このことから，疲労

に関する効果検証として今回実施した屈伸運動タスクにお

いて約 65.5 秒は十分な評価時間であると考える。Fig. 13 (a)
の負荷 6kgf において，アシストロボット未装着の場合は中

央周波数が全ての時間帯で小さくなっていることが分かる。

本タスクは負荷 6kgf を持って静止した状態から開始し，1 回

の屈伸を終えた後以降に周波数分析を実施している。その

ため，1 回の屈伸運動タスクのみで筋疲労が蓄積し，2 秒時

点で既に中央周波数の低減が見られ，全体的に低い中央周

波数となっている。同様な視点で既製アシストロボットお

よび開発したアシストロボットを確認すると，既製機に比

べて開発機の方が筋疲労低減に優れていることが示唆され

ている。なお，開発したアシストロボットでは中央周波数

の変動が小さくなり運動の継続による筋疲労の増大が抑制

されていることもわかる。Fig. 13 (b) の負荷 1kgf 時におい

て，アシストロボット未装着の場合に比べ既製アシストロ

ボットでは，運動の継続による筋疲労の増大が抑制されて

いるものの，運動初期の時間帯で中央周波数が低く，筋疲

労が多いことが示唆されている。これに対し，開発したア

シストロボットでは中央周波数の低下は見られず，約 30 秒

以降はアシストロボット未装着の場合よりも中央周波数が

高く，筋疲労が少ないことが示唆されている。 
特に着目すべき点は，開発したアシストロボットが既製

アシストロボットに対し，両負荷の全域において中央周波

数が高く，徐波化も抑えられており筋疲労がより少なくな

っていることである。 
これらの結果より，腰部負荷に応じてアシスト力を制御

することは，負荷の大きさによらず筋疲労を抑制すること

に対して有用であることを確認した。 
つぎに，アシストロボットの応答性能に基づく違和感に

ついて述べる。被験者の感想によると，実験中にハンドセ

ンサシステムを用いることにより生じるアシスト力の時間

遅れに違和感は無いとのことであった。実際にハンドセン

サシステムの計測値から腰部負荷を推定し PWM 値を出力

 

(a) At 6kgf load (after 65.5 seconds) 

(b) At 1kgf load (after 65.5 seconds) 

Fig. 12. EMG power spectrum. 

 

(a) At 6kgf load 

(b) At 1kgf load 

Fig. 13. Transition of median frequency. 
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するまでの時間は約 85ms であり，モータの機械的時定数等

を加えても触覚情報からアシスト力が出力されるまでの遅

れは 100ms 以下である。視覚情報や触覚情報の時間遅れに

よる人の遅延限界は様々な報告(11)があるが，概ね 100ms と
言われていることからも違和感は少ないと考えられる。 

一方，既製アシストロボットのアシスト力が強すぎる場

合は違和感があった。違和感と筋疲労の関係が明らかにな

ったわけではないが，余計な力が入ることで筋疲労が増す

ことは十分考えられる。 

5. ま と め 

ハンドセンサデバイスに基づいて得た手に掛かる負荷情

報および姿勢情報から腰部負荷を推定し，推定された腰部

負荷に応じてアシスト力をリアルタイムに調節するアシス

トロボットを開発した。また，開発したアシストロボット

の負荷追従制御が筋疲労へ与える影響を検証した。 
1 回の屈伸運動タスクのみで筋疲労が蓄積する（中央周

波数の急激な低減が見られる）負荷 6kgf において，既製ア

シストロボットと同等以上に筋疲労を抑制できることが確

認できた。また，比較的軽度な作業（長時間作業が可能で

あるが徐々に中央周波数の徐波化が見られる）負荷 1kgf に
おいては，既製アシストロボットが過大なアシスト力を発

生させることで未装着以上に疲労が生じることに対し，開

発したアシストロボットは腰部負荷に応じてアシスト力が

調整されることから，最終的な筋疲労をより少なくできる

ことが確認できた。以上より，負荷が複雑に変化する作業

時において提案する負荷追従制御は有効であり，開発した

アシストロボットの有用性を示すことができた。 
今後，被験者数を増して性別・年齢・体形等の個体差が

腰部負荷の推定情報に与える影響を検証し，推定値を補正

する関係式を求める。本研究成果の活用が進み腰部負荷に

応じてアシスト力を制御するアシストロボットが開発され

れば，作業負荷が複雑に変化する医療・介護分野や工業分

野・農業分野等の広い分野における腰痛問題の解決策の一

つとして期待できる。 
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Synthesis of TiC–Ti Composites via Mechanical Alloying/Spark Plasma Sintering
Using Ti and C Powders
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1Tottori Institute of Industrial Technology, Tottori 689-3522, Japan
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In this study, a TiC–Ti composite has been synthesized as a novel cermet without using rare elements like W, Co, and Ni. The
mechanical properties of the prepared TiC–Ti composite are improved by utilizing Ti and C powders as raw materials in the mechanical
alloying process. The effects of the non-equilibrium state during mechanical alloying on the characteristics of the composite have been
analyzed. The results indicate that for short milling times, the addition of 25mol% of C results in the Ti phase size in the sintered compact
typically being on the order of several tens of micrometers, and unreacted C remains in the sample. A milling time of ²21.6 ks affords a TiC–
Ti composite containing approximately 80% fine TiC phase with an average size of 1–2 µm. As the milling progresses, the crystalline size of
the Ti phase decreases, while the lattice strain increases. Prolonged milling improves the diffusion of C into Ti; a milling time of 36 ks at a low
temperature of ³700K results in the formation of TiC as well as uniform diffusion of C throughout the Ti phase. Sintering the composite
powder milled for 36 ks affords a Vickers hardness of approximately 700Hv, which is similar to that of a TiC-35% Ni cermet.
[doi:10.2320/matertrans.MT-L2024002]
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1. Introduction

Cermets and cemented carbides are extensively used in
cutting tools and wear-resistant materials and predominantly
rely on rare elements like W, Co, and Ni. These elements
have limited reserves [1], and thus, development of
alternative materials is necessary to minimize reliance on
these elements. Ti is considered a promising alternative Ni
owing to its abundance, which surpasses that of Ni, in the
Earth’s crust [2]. Therefore, numerous Ti matrix composites
have been developed in recent years [3–5]. Additionally, the
coefficient of thermal expansion of Ti closely aligns with that
of TiC, and thus, a combination of these two materials is less
prone to cracking during thermal contraction.

In traditional cermet fabrication, metal and ceramic
powders are mixed and then sintered, often resulting in
uneven metal phase distributions and a microstructure
wherein hard particles are directly in contact with each
other. Consequently, weak adhesion is observed at the
metal/ceramic interface, and the mechanical properties of
the material deteriorate. Mechanical alloying overcomes
these limitations by ensuring uniform mixing of materials
at the nanoscale and by activating chemical reactions via
large strain application and surface area expansion [6, 7].
This method enables in situ synthesis of metal carbides and
borides from metal and carbon (or boron) powders [8, 9].
Therefore, TiC–Ti composites with finely dispersed hard
particles and strong metal/ceramic interfaces can be
effectively prepared by a) mechanically alloying Ti and C
powders in a controlled ratio and by b) solidifying the
mixture using spark plasma sintering [10], which facilitates
rapid sintering. In our previous study, we investigated the
applicability of TiC–Ti composite prepared using this
method to wear-resistant materials [11]. To control the
properties of the composites, investigating the effects of
different raw powder compositions and milling conditions
is necessary.

In this study, a novel cermet, the TiC–Ti composite, which
does not contain rare elements such as W, Co, and Ni, was
synthesized. The study further explores the impact of non-
equilibrium conditions during the mechanical alloying
process on the properties of the composite, synthesized
through a combination of mechanical alloying and spark
plasma sintering of Ti and C powders.

2. Experimental Section

2.1 Mechanical alloying
A commercial Ti powder (<45 µm, oxygen concentra-

tion = 0.299mass%, FUJIFILM Wako Pure Chemical
Corp.) and C powder (mean particle size = 5µm, Kojundo
Chemical Laboratory Co., Ltd.) (Fig. 1) were mixed, and
subsequently, 25mol% of C was added to this mixed powder,
which was then mechanically alloyed using a planetary ball
mill (Fritsch P-6). Previous studies have suggested that TiC
cermets can be fabricated by adding Ti as a binder at this
C addition ratio [12]. According to the phase diagram, this
rate of C addition is expected to yield a TiC:Ti ratio of
approximately 8:2 in equilibrium [13]. The powders and
tungsten carbide balls (25 balls, φ10mm) were placed in an
80-mL tungsten carbide bowl inside a glove-box filled with
Ar gas. The ball-to-powder mass ratio and milling speed
were set at 5.8:1 and 500 rpm, respectively, and the mixture
was milled up to 36 ks.

2.2 Spark plasma sintering process
The milled powder was then loaded into a cylindrical

graphite die (φ20mm), which was lined with a boron-nitride-
coated interfacial graphite sheet to prevent any reaction with
the die. The powder was subjected to spark plasma sintering
(DR. SINTER SPS-3.20MK-4, Sumitomo Coal Mining Co.)
under vacuum at 1273K with a heating rate and dwell time of
1.68K/s and 300 s, respectively. A uniaxial pressure of 35
MPa was applied to the powder during the sintering process.
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2.3 Material characterization
The morphologies and microstructures of the powders

were analyzed by field-emission scanning electron micros-
copy (SEM; SU5000, Hitachi High-Tech). The phase
composition was determined by X-ray diffraction (XRD)
analysis (Ultima IV, Rigaku) using Cu–Kα radiation at 40 kV
and 40mA. The internal lattice strain and crystalline size
were estimated from the broadened XRD peaks using the
Williamson–Hall method as follows [14]:

¢ cos ª ¼ 0:9­=Dþ ¾ sin ª ð1Þ
where ¢ represents the full width at half maximum of the
XRD peaks, ª denotes the diffraction angles, ­ is the
wavelength of X-rays (m), D indicates the crystalline size
(m), and ¾ is the internal lattice strain. The XRD analysis
data were used to estimate the lattice parameters for different
(hkl) reflections of the face-centered cubic TiC phase formed
during the milling. These XRD data were fitted using
Nelson–Riley extrapolation function, and more accurate
lattice parameters were calculated by extrapolating these
results to ª = π/2 [15]. The milled powders were charac-
terized using differential scanning calorimetry (DSC;
DSC6300, Hitachi High-Tech Science Co.) under a constant
Ar flow of 200mL/min at a heating rate of 20K/min. The
hardness of the samples was measured using a micro-Vickers
hardness testing machine (HM-220D, Mitsutoyo) with a load
of 4.9N for a constant contact time of 10 s.

3. Results and Discussion

3.1 Mechanical alloying of the Ti–C mixed powders
Figure 2 illustrates the XRD patterns of the powders

milled for different durations. The XRD pattern of the

unmilled powder shows distinct diffraction peaks of the Ti
and C phases. After 3.6 ks of milling, the diffraction peak of
C disappears, while those of Ti broaden, and their intensity
decreases as the milling progresses. The powder milled for
21.6 ks displays broad and weak TiC diffraction peaks, whose
intensity increases. During the mechanical alloying of a Ti–C
system, TiC rapidly forms via a mechanically induced self-
propagating reaction (MSR) depending on the milling
conditions. MSR typically occurs when the C content is
approximately 50mol% [16]. In our study, because of the
addition of 25mol% of C, MSR does not occur, and TiC is
gradually synthesized via atomic diffusion.

Figure 3 presents the backscattered electron images of
the milled powders, revealing the morphological changes at
various milling stages. In Fig. 3(a), the SEM images of the
powders milled for 3.6 ks show distinct Ti and C particles.
The Ti powder appears slightly flattened and aggregated with
the C powder. No C peak is observed in the XRD pattern
owing to the fine grinding of C and its entrapment between
the Ti particles. However, the difference between the particles
is evident in the SEM images. The powder milled for 10.8 ks
shows repeated fracturing, and cold welding results in the
formation of a lamellar structure as depicted in Fig. 3(b).
After milling for 36 ks, the Ti phase becomes thin with a
narrow interlayer spacing as shown in Fig. 3(c).

Figure 4 shows the internal strains and crystalline sizes of
the Ti phase in the milled powders. The internal lattice strain
rapidly increases from 0.027% to 0.28% after 3.6 ks of
milling, and then gradually increases with increasing milling
time, reaching 0.4% at 36 ks. The crystalline size of the Ti
phase sharply decreases from 57 to 40 nm after the initial
3.6 ks of milling and then gradually decreases as the milling
time increases.

The DSC curves of the milled powders are illustrated in
Fig. 5. The curve for the unmilled powder does not any peak,
whereas those of the powders milled for 3.6 and 36 ks exhibit
distinct peaks. The powder milled for 3.6 ks exhibits an
exothermic peak at approximately 1100K; in contrast, the
powder milled for 36 ks shows a peak at approximately
700K. This result is attributed to the heat of formation of TiC
and aligns with the XRD results of the powder subjected to

Fig. 1 SEM images of the (a) Ti powder and (b) C powder.

Fig. 2 XRD patterns of the powders milled for (a) 0 ks, (b) 3.6 ks, and
(c) 36 ks.
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DSC. These findings indicate that prolonged milling reduces
the temperature required for TiC synthesis. Bhattacharya
and Arzt computed diffusivity by considering dislocation
accumulation [17] using:

D ¼ Dl expð�Ql=RT Þ þ ¢b2μDc expð�Qc=RT Þ ð2Þ
where Dl and Dc represent the lattice and core diffusion
constants (m2/s) of the material, respectively; Ql and Qc

denote the activation energies for lattice and core diffusion
(J/mol), respectively; b is the Burgers vector; μ represents
the dislocation density; and ¢ is the core diffusivity factor.
Equation (2) illustrates that diffusivity increases with
increasing dislocation density. The influence of crystalline
size on diffusivity is expressed by the following equation
[18]:

Deff ¼ ð1� FÞDl þ FDb ð3Þ
where Deff is the effective diffusivity (m2/s), F is the area
fraction of short-circuit paths (such as grain boundaries) in
a plane perpendicular to the diffusion direction, and Db is

the grain boundary diffusivity (m2/s). Because Db is
typically larger than Dl, Deff increases with decreasing
crystalline size.

Figure 4 shows that as milling time increases, the strain
within the material increases, while the crystalline size
decreases. Consequently, the milled powder exhibits a large
diffusivity and chemical reactivity. Therefore, prolonged
milling reduces the temperature required for synthesizing
TiC; this result is evident from the decrease in the TiC
formation temperature as is shown in the DSC curves
(Fig. 5). This relationship highlights the importance of
mechanical milling for optimizing the TiC synthesis
conditions.

3.2 Characteristics of the sintered compacts
Figure 6 shows the XRD patterns of the milled powders

subjected to spark plasma sintering. The profile of the
unmilled mixed sample subjected to sintering shows peaks
corresponding to Ti, TiC, and C, revealing the presence of
unreacted C. In contrast, only Ti and TiC peaks appear in the
XRD patterns of the milled samples subjected to sintering.
Figure 7 shows the relationship between milling time and the

Fig. 3 Cross-sectional backscattered electron micrographs of the powders
milled for (a) 3.6 ks, (b) 10.8 ks, and (c) 36 ks.

Fig. 4 Analyzed lattice strain and crystallite sizes of the powders milled for
different times.

Fig. 5 DSC curves of the powders milled for (a) 0 ks, (b) 3.6 ks, and
(c) 36 ks.
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lattice parameter of sintered TiC. Evidently, the lattice
parameter is 0.430 nm irrespective of the milling time.
Further, the stoichiometric ratio x of TiCx is correlated to
the lattice parameter, and for a lattice parameter of 0.430 nm,
the estimated x of the synthesized TiC is 0.5.

The backscattered electron images of the microstructures
of the sintered compacts, shown in Fig. 8, indicate the
presence of three distinct phases. Based on energy-dispersive
X-ray spectroscopy and XRD analysis results, we identify
these phases as: (1) pores or carbon (black component), (2) Ti
phase (brighter contrast), and (3) TiC phase (darker contrast).
The volume ratios of the TiC phases, determined through
image analysis and shown in Fig. 9, indicate that the
unmilled sample contains ³50% of TiC by volume. In the
samples milled for 3.6 and >21.6 ks, the TiC volume ratios
increase to 67% and ³80%, respectively. In the unmilled
samples (Fig. 8(a)), the TiC phase is distributed over a region
of several tens of micrometers, with unreacted C interspersed
within the TiC phase. After milling for 3.6 ks, although the
size of the Ti phase remains unchanged, and the phase
appears flattened (Fig. 8(b)), a small amount of unreacted C
is still detected in the TiC phase. This unreacted C is finely

distributed and thus cannot be detected in the XRD patterns
(Fig. 6).

The samples milled for 21.6 (Fig. 8(c)) and 36 ks
(Fig. 8(d)) show more refined structures, with TiC phase
sizes of ³2 (Fig. 8(e)) and 1 µm (Fig. 8(f )), respectively.
This result indicates that prolonged milling produces fine
microstructures such that the phase size decreases with
increasing milling time. In addition, unreacted C is still
detected in the sample milled for 21.6 ks (Fig. 8(e)). This
observation confirms that extended milling facilitates the
reaction between Ti and C as well as refines the micro-
structure, thus enhancing the overall properties of the
material.

The process of microstructure formation during the
sintering of unmilled or short-duration-milled powder
(3.6 ks) involves several key stages. The microstructure
evolution during sintering is schematically shown in
Fig. 10(a). Initially, C present around the Ti phase diffuses
into Ti with increasing temperatures. However, the diffusion
coefficient of C in α-Ti is low (approximately 10¹16 cm2/s at
600K) [19], and because of this low diffusion rate, minimal
diffusion occurs at low temperatures. When Ti undergoes
phase transformation to β-Ti, the diffusion coefficient of C in
Ti significantly increases to approximately 10¹10 cm2/s [20].
Consequently, the diffusion of C into Ti and formation of
TiC predominantly occur after this β-transformation.

The absence of exothermic peak in the DSC curves
(Fig. 5) indicate that only a limited amount of TiC is formed
during the sintering of the unmilled powder. In contrast, the
DSC curve of the powder milled for 3.6 ks exhibits an
exothermic peak around the β-transformation temperature,
which is approximately 1100K. In regions outside the Ti
phase, where the C concentration is high, C reacts with Ti
to form TiC around the Ti phase. Subsequently, C diffuses
through the newly formed TiC layer and reacts with Ti at the
Ti/TiC interface, thereby increasing the amount of TiC
formed. The large size of the Ti particles prior to sintering
impedes the diffusion of C to the center of these particles.
Additionally, after sintering, Ti is unevenly distributed,
forming large lumps.

The amount of TiC formed in the sample milled for 3.6 ks
is higher than that formed in the unmilled sample. This
increase in the TiC amount can be attributed to the enhanced
reactivity of the powder due to the accumulated lattice strain
and reduced crystalline size. Therefore, the milling process
plays a crucial role in modifying the microstructural
properties of the powder, and these modified microstructure
in turn affects the diffusion dynamics and efficiency of TiC
formation during sintering.

For the powders subjected to prolonged milling (milling
times: 21.6 and 36 ks), the microstructure formation during
sintering follows a distinct process. A schematic of the
microstructure evolution during sintering is shown in
Fig. 10(b). The milled powder develops a lamellar structure
with a notably small interlayer spacing as shown in Fig. 3(c).
C, which is initially present in the surrounding of the thin Ti
layers, diffuses into Ti as the temperatures increases during
the sintering. As the milling time is increased, the crystalline
size decreases, the amount of accumulated lattice strain
increases, and the thickness of the Ti layer decreases.

Fig. 6 XRD patterns of the sintered compacts derived from the powders
milled for (a) 0 ks, (b) 3.6 ks, and (c) 36 ks.

Fig. 7 Graph depicting the relationship between milling time and the lattice
parameter of the sintered compacts.
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Therefore, as the milling time increases, the number of grain
boundaries and lattice defects, which serve as diffusion paths
for C, increases [21]. Further, as the temperature increases, C
disperses uniformly throughout the Ti. With a further increase
in temperature, fine TiC is formed. The DSC results (Fig. 5)
indicate that TiC forms occurs at approximately 700K in the
sample milled for 36 ks.

Figure 11 displays the Vickers hardness values of the
sintered compacts. The Vickers hardness value of the TiC–Ti
composite prepared by sintering the unmilled powder is
approximately 400Hv. The composite obtained from the
powder milled for 3.6 ks shows the highest Vickers hardness
value of 930Hv. After milling for 21.6 ks, the Vickers
hardness value of the sample remains almost constant at
690Hv, which is lower than those of WC–Co and WC–Ni
alloys, but comparable with that of a TiC-35% Ni cermet
[22, 23]. SEM images of the indentations on the sintered
compacts prepared from powders milled for 3.6 and 36 ks are
displayed in Fig. 12. Although the composite obtained from

Fig. 9 Graph depicting the relationship between milling time and the
volume ratio of the TiC phase in the sintered compacts.

Fig. 8 Cross-sectional backscattered electron micrographs of the sintered compacts derived from the powders milled for (a) 0 ks,
(b) 3.6 ks, (c) 21.6 ks, (d) 36 ks. High-magnification views of the samples milled for (e) 21.6 ks and (f ) 36 ks.
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the powder milled for 3.6 ks shows the highest hardness
value, cracks appear in the indentations of this composite
(Fig. 12(a)). In this sample, TiC is not finely dispersed;
instead, it shows a continuous dispersion profile. Because
of this continuous TiC, the depth penetrated by the indenter
is small. Thus, despite its high hardness value, the sample
lacks toughness. Conversely, cracks are not visible in the
indentations of the composite obtained from the powder
milled for 36 ks (Fig. 12(b)). This result indicates that the
microstructure of this composite possesses excellent fracture
toughness.

This difference in the microstructural characteristics and
mechanical properties of the composites derived from the
unmilled and long-term-milled powders underscores the

significant impact of the milling process. Overall, longer
milling times promote efficient synthesis of TiC at low
temperatures as well as contribute to the development of
composites with finer microstructures and enhanced me-
chanical properties, such as increased hardness and improved
fracture toughness.

4. Conclusion

A TiC–Ti composite was successfully synthesized by a
combination of mechanical alloying and spark plasma
sintering using Ti and C powders as raw materials. This
novel cermet composition effectively circumvents the use of
rare elements like W, Co, and Ni. The study was focused on

Fig. 10 Schematic of the microstructure evolution during the sintering of the powders milled for (a) short time (3.6 ks) and (b) long times
(21.6 and 36 ks).
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assessing the impact of non-equilibrium conditions during
the mechanical alloying stage on the properties of the
resultant composites. The key conclusions drawn from the
study findings are summarized below:
(1) As the milling time increased, the crystalline size of

the Ti phase decreased, while the lattice strain
increased, resulting in enhanced diffusion of C into
Ti. Consequently, TiC was successfully synthesized at
a low temperature; specifically, TiC formation was
achieved at approximately 700K in the powders milled
for 36 ks.

(2) Short milling durations resulted in the formation of
large Ti phase sizes of the order of several tens of
micrometers, within the sintered compact, and un-
reacted C remained in the composite. However, milling
for ²21.6 ks led to the formation of a TiC–Ti composite
containing ³80% of finely dispersed TiC phase, whose
average particle size was in the range of 1–2µm.

(3) The TiC–Ti composite, sintered from powder milled for
36 ks, exhibited a Vickers hardness value of approx-
imately 700Hv, which was comparable with that of a
TiC-35% Ni cermet.

These findings underscore the effectiveness of extended
milling in refining the microstructural features of the
composite and thus enhance its mechanical properties. These
results demonstrate that the composite prepared in this study
is a viable alternative to rare-earth-containing cermets.
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Their Elemental Powders for Sustaina-
ble Materials 

Ryo Tsukane, 
Kazuhiro Matsugi 
Yong-Bum Choi 
Hiroyasu Tamai 

Springer/Environmen-
tal Sustainability and 
Resilience 

September 
2024 205-220 

NaFeO2: Possible Materials for Anode 
and Cathode of Na-Ion Batteries 

Hiroyasu Watanabe 
Hiroyuki Usui 
Yasuhiro Domi 
Takahiro Nishida  
Kurumi Uetake 
Toshiyuki Tanaka 
Haruki Kurokawa 
Hiroki Sakaguchi
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塚根 亮 （公財）天田財団／
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学会発表 
表題 発表者 雑誌名/学会名 発表日 

塗装した直交集成板（ＣＬＴ）の耐候性
評価と継時非破壊観察 

谷岡晃和 日本木材学会中国・四国支部
第 35回研究発表会 

9月 14日 

光切断法を用いた非接触振動計測用の
自己振動検知技術 

吉田大一郎 
福留祐太 
山根知之 

第３３回計測自動制御学会中
国支部学術講演会 

11月 23日 

単軸押出機によるセルロースファイバ
ーとポリプロピレンの複合化及びその
引張、曲げ特性 

村田拓哉 プラスチック成形加工学会３
２回秋季大会 成形加工シン
ポジア’２４ 

11月 28日 

触覚センサ搭載ロボットハンドによる
ばら積みピッキングの研究 

新見 浩司 触覚センサ搭載ロボットハン
ドによるばら積みピッキング
の研究 

5月 30日 

鋳造材料の黒鉛球状化率評価アプリの
カスタマイズ支援 

高濱 元史 日本計算工学会 11月 28日 

浸炭処理した TiC-Ti 複合材料の摩耗特
性 

塚根 亮 
玉井博康 
松木一弘 
杉尾健次郎 
崔龍範 

第 16回 軽金属学会 中国
四国支部講演大会 

10月 19日 

自己ポンピング機能を有した超ロング
ドリルの切削メカニズム解明 

佐藤 崇弘 
松田有加 
西村雄城 
内藤毅 

2024年度精密工学会九州支
部・中国四国支部鹿児島地方
学術講演会 

12月 7日 

CAE と実験を組み合わせたドリル加工
挙動の解明と工具開発 

佐藤 崇弘 日本機械学会機素潤滑設計部
門 中国四国機素潤滑設計技
術研究会/ 日本機械学会中国
四国支部 MD&T 研究会 

1月 10日 

咀嚼モデル装置を用いた食品の物性評
価について 

加藤愛 日本食品科学工学会 第６回関西支

部大会 
11月 16日 

柚子残滓からの成分抽出加工における
香気成分の変動解析 

内川拓也 日本食品科学工学会 第６回関西支

部大会 
11月 16日 
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