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FEDNBIR T ORFICHKTLHKATHY . WedTHE
HE - ZEETH D Z L ~OEREBHEA TND, ZDT=8,
&l 2 DEEFE S AN 7R R A AT 5 121E, FIcHs A
L TV D4 B FERORN AR AR THDH Z N
Wik SN TWD, ZOXHIBRERERNL, EL-ULTiEE
TE AT 7 KEFR “DRINHEE S LTI Y | 100 FEE
YL EORAR T Z AT 2 SR VRS EA SN TN D,
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TN T DONEIRIEN, BIE, FEMIL OBREU AR,
FIZREONTEY , B S A~OEERAHOMY IR
LR e & OFEN S 5,

8 51X 10 A1 & i OfE M (Circulating
Tumor Cell; CTC) OFEERE COEREMEZFLR L, BECZ
DHBEHAN AN UTe, AMFSE Tl 2 O BB 25 H
T5HZ LR FRRVEZ R L, 15 Do ie o8
= THRHT % FTHE & 92 T2 O OHART T 2t 5,

2. R I—CTC Fv FT+5ILIZ & B FEHREEIR

BEIZEEE 51 CTC iR THEZ: “R Y ~—CTC F v 7~

B LTEBY, 22 TORED 1 DIEF v 76 O
FalE Cdr 5, BT A B 2 L, Frcite
AR 2 a3 LT, E O il A kT 5 2 &
R BN DT AT 4 T = AR LT D,
ZHETORENG ., BRI 238 2 72 7L
MEtE R LTl . SEEITT v 7 ~DEEFTE - 7
JUAE « FREEI L SUW TR L7,

T IR Y ~—CTC F v F IRl 2 e L.
ZNTNETET D 2 LBl FMEN ORI
JENFIRLL T 720 T, HIRTEORKEWSI L TF v

Fig. 1 )L DfETEEHRR

BILRFE 240 B 55 AUOREEEILERNR Rz

ICFH LTz & 2 A, FiEA 1 mL/h FEE CIE AR 4y
Thol-, v 7 aF v FORKE S 0.1mm & IEFIC
RN T2 D FRENDNEE < NEBASIRU N & 72> T, IRALIC &
D5IEZIABNFE LT, £ TiteE% 0.5mL/h & L
fo& T A, M < SR FRE T, FfEMIIRIET v 7R
—URFR SN (K120,

T - EREDO XS ICFE SN T v T EIRIR TS
SH, FO%, Fo T I AN—EHN LT ERE A —7
NCT B EERBT, TGIRE - FfiE o hr—
N LT, BEIRREO VAR L, FATRTHNR
BN S TORRE T R—%S T Z ERFREL 2o T,
AROEUR . Z DX HIZLTF v 7 EF G 7 VNEA~D
T RBANEREL oD T, ¥ A/ a~v =2l —%
BIO~A7mb~y b (M2 ZH) (X0, #MkaEy
R L7,

TIOVISEIR LR REE CIEIN 2 AT & 2 A, BNy
MIHIATICE < OO, FIOVOREEIZ LY By k
NADRBRADR S 23 R 722 D> T2,

Z 2 CRICT AR B VR C& DIRKIE R LTIZE 2 A,
TIVOEIERR N Z O XD 72 E 232 2 Lol
Z O A7 FENGHE N LT, RREFEBRIC L CEIY
RKBRLT-E A, HIFANE~y MOk TXENASATRE
Tholz (X3IEMW),

ZDEDNCT T ORI AN AR & 72 5 72D T,
Stk IEWIOEIS TR CTE 202 BT 2,
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ET NI =T AEROEFEEE N DD, BUERBIEHS
NWTCWBEEETEDO—D1E, INERHE « =& F R O%ER
H e EOAPEI BN DA R v MNABETH D,
LU ZHUARIVABEEDT= 8, FexAl DEMEEAIZE
WA B EAHAMC) RO RN B £ O 23 A
HCH D, FexAl D IMC & L TIE—%IT AlsFe, <> AlsFe
TR RGN T D, ZIUHITTRY RIS LV dh
T51E S D UNIREOERE CRIBENET 572 812 kD,
ZOERN 1 pm ZEZ =572 0 DK E S BEATREEN
KR35 Z EmBITND,

AT CIE, _ERCREfRR DT, EE LN INET
(R LT L 9% 2Ry MEATEES LTEH L
Too $BEAL LI, OB G YYE & BN - &
DERFE L. BRSO CERECIEEEA T2 b DT
HD, HEATIEOIGERL) % Z O L L7
WAV 238y 7B CE 5, ZAVE TITHHEMF
PRGOS 7 7 v UM, RIEIEDFD, BEAHE
ELTOIEHZEE/RLTE 23, ARy MEAHIZOW
T, ZREiaR Yy & CRIT — 2SO 7 F o
— 22X BATOEF AR v MaEE L [FREORSAE,
VBT CHRIITE 5720, BUTORMNLT A & OB
PERENEEZ BND, ZOHEGHEBIRESICET, A
BB TREL A ARG OO B S Bl 2 M, Fe/Al
(ZPR S THEIAY WIEHE T3 IMC 7 U — & 72 H1iE5)
DEF 72 EmEEE AR~ MESGEITE B LT o1,
TSR 72 B G % & D TRV VEEME T L 7= (B2
AL 0.1 FPLAT), BEhHEE 30T D AEHHIBRCERE
FAlF oo IR 2 F1 Bl 2 FIREME A 3%, AR T
980 MPa /A T > ~DA T 2~ 10,

2. HBRERLE

HEABHITIE SPFCI80 & AAS083 ODAEMHA(4% 30x100x1
mm) &V, AC R L AEZAWT, Zhbndh
BB % ARy MBEEE N X0 S OVE P22 L&
W, ETORAKT R AW B~ A T~/ (Fig.
1), MEFHREEIE FEEOBIIMIAEN EF- L, AR 4 kN (2
U7o, HHIAR v MO 3RS (IS Z3140) Tl,
L 0L ABRIZBNTHRI2KN THY , Zha k&< |k

[mlo7z, F7-flERE b R (Al R0~ 7Tkl T
0. HEMEHEROWNBZZ Lz, & SIOREIFEIC
BWCHT'T Tl L e oTe, 2 OEERERES OfHLA R
THEA SR TEM WIHEHE % Fig. 2 (R ¥, XIHFREITR
T IMC OEARIHIAIT—TH Y | K IR0
7 )T 4 TV E 72 DHI 1 um (26 LR T < Rl
FIRTETND Z ED353703% (K910 nm) . ZOBIER SR
FHIFHRIE LB U7, AEDMRIRDFR 0~ 1
TATHLZ & TCERASNZEMEE R E TH D,

Fe * Al

Tensile shear load, £/ kN

Reduction ratio, 7
Fig. 1 Tensile shear load as a function of reduction

ratio R

SPFC980 x AA5083
D10, R2.6

AA508;>

Center

Fig. 2 Transmission electron microscopy bright-
field imaae of the Fe/Al bonded interface

E
AWFZED—ERIE ISPS FHFE 20K05110 DBIRL A 321 i
L7=2bOThD, FeL ClEEFRT,

SEGRR

DILFED R 5830727 5
2)H. Yamagishi et al.: Metall. Mater: Trans. A, 46 (2015) pp. 3601-11
3)H. Yamagishi et al.: Metall. Mater: Trans. A, 49 (2018) pp. 4659-68
4)H. Yamagishi et al.: Metall. Mater: Trans. A, 51 (2020) pp. 2154-62
ST FHE 2017-243612
6)ILijE R 2020-057748
TR FREEFERIEAEEE, 107 (2020) pp. 262-63
8)H. Yamagishi: Mater: Lett., 278 (2020) 128412
9)1LIF: PCT/JP2021/003018

10)H. Yamagishi: Metall. Mater: Trans. A, 52 (2021) pp. 741-52

1)L RBEFEEEEL 108 (2021) pp. 164-65

Reports of the Toyama Industrial Technology R&D Center No.35 (2021)



3D T L5 £ RRRBEIES 1 13—

2 H

B ATUORMBORFR

TYUANEOSVER IAE

1. #E

BT AT AW, @R, SEE, mVEMRE, K
WEZARR . MRS D IR, oA 8 Ik
HMENT- MR EEZ A L TV AR TH S, b0
FH#D O, W MBHIERESROT v 7 Ao ) A—4
BIRIEED T 4T A2 b, HiESRFAORR D S1F5,
Bk R CT MR &SN T D, Bl Ti,
BIROT T X< Rt OFMERM & LThaEn
T, Ziut, WHET 5 ERof ez, Kk
UF 0 LERFFEL A Sy 2V o TVl G HEO

7T R~ [P IR EREE T CEALICIER T 5720 Th 5,

—J5. HEIM A BRI S D W OREEFIEIX, BRI
BT ERIESL ZERBND, ZOD, @MO
7> SEHERAR ORE D L < . MBI LA L 7= &
LTh, BERTRRIEMR I BRE S h b, Lk
S E 2 T, FEIIM W APE OB 7N Tl & LT
3D FlifE & M (Additive Manufacturing, AM)®ji F &+t L
T2, AM TIHERAROBEESREE SN0,
L —IRF S ORI X 0 W SR ORI
98%LL AR LTz, LovL, WBIKICIIZ'ED 7 T v
7 DIENHER S, T OB RE & 72 o7, ZDT
D, KB TiW&l%%%ﬁ%?év%ﬁAm@@ﬁ
I X BEEREFH LT, 7T v 7 28 L= W
MEIOAIRAZ Hi & LTz,

2. EBRAE

WAL ICIX, EOS #8Y EOSINT M280 % Fv /-, &
FEAEHTIZ, B W B &l Re iR i S - iRA
MAREMH L7z, #i W &fli Re OIRIIE, ZNEh
19um & 14um TH D, BAMAKIE, W-1%Re, W-3%Re,
W-10%Re (mass%)? 3 fEFEE L. EIEMHALIZIS T T Re
WINEA T - 1A LTz, T DORAHAREZ VT,

R AT 5 T2 D DT L— IR 2 BRR LT,

FIE L7z L—W RS T A =2k, L— T, B
2, EEEHECH D, i, FEEIEIT 0.02 mm ORFEE
& LTe, BREEEROEAROIERIL,
&5 mm OMHFEIRTH D, BENEL, 7T/FAT A
IS DTl L7,
3. ERBERBSLUER

X 1 IZEBEROBE LA Lz L— =3 L X — 5

B 10 mm X 5

& OB AR LT, BRI L —3F =)L — i (Eo)
W b, BRI, EERREE BEE SR
SNDHEEYST- D O AF—FABEEZRLTND, 72
B, KHcizsERkl e LT W BRZ - L—3 R
WK EROMBR L O LTz, WTILOEEHAKL
ZRWTH, W-Re EEARDFE L EalZ5@ < KAFT
DD, AR EafAIE(~350 J/mm®) TlE, =x/LF
—HEOHIN & & b IR B IHIN 2 2R L,
Z D, W Eq FE(350~450 Jmm?) Cldim B E IR E
L. THXHEEE 98%LA LD BB R E 13D Z LN TET,
ZOREFIT, MW OFER MRS L, — T, &
Ea TEI(450~ J/mm?)TiX, RPN 35 b
— YIRS SN, Zhud, VBT R LF—
DN LY | FEIC W Ol EIZEEA S, W D
ZERIZ K0 A Ul T AR Mams w2 HE L 7= &
HegRasns, LlEX D, WRe IREHERE AW CEBE
IRIETAROREEITE Uiz Ea fEIS(L— VRS 2 R
T LT Lz, Atk ZOEBEKD Y T v 7 %@k
BIR T BT 2 D 5 T ETH D,

100 T T T

99 %

98 I

%
M
;

@M HOGH

4
NS ;
*

94

93r Pure W | ]
L W-1%Re | |

92 W-3%Re
91 W-10%Re| -
®

90 1 1 1 1 1 1
100 200 300 400 500 600 700 800

Energy density, E,/ J/mm?
B 1 W-Re ERAFDEMEE & TRIILF—BEDRER
C G|

1) T. Yamamoto, M. Hara, Y. Hatano, Effects of fabrication

Relative density , Ry / %

4pon

conditions on the microstructure, pore characteristics and
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Hard Materials 95 (2021) 105410
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0% 0% 100%
Leucocyte
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BIEE . AFRIIRMIE GLEAFZEB) : 18H02878) DB)
BEZFebOTHD,

Reports of the Toyama Industrial Technology R&D Center No.35 (2021)



YA ARKTF Y TORT LEAW - ERES RO B 8iE
e - [EUNRE D FFE

FEREFMINTRE ok 4

1. [ZLHIZ

AT, BEICPRE A Th Db S A0z
{FAET 2 EHIE  (Circulating tumor cell; CTC) % Hifff ¢ %
LAY aFET NA AR Y ~—CTC F > 7 %FIH L,
FBE S AVORRIR D BENT CTC % i - Yefa T& 2858
& LT “HE)CTC fifdEE” 2B Uiz, & HITHEN
FEhid % CTC #MHHaBR 4 i b9 2t 2170, Thva
HEIZET VIR TT A b L THERER SERE LT,

2. BE) CTC REE DS
HE) CTC ffifdEE DO NN— R 7 = 7% -

H#) CTC ffifedliE 2 BB, ~ U VR T | F
2—7 T v VENOWT D X O IZEREN L. AWFIE
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Paar #1854 MCR302 Z{#H L7z,
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ADTZ A F =B LY PNt 77 A
NALLTEAREE AR U, KEWVEE 2@l L7z
AR OREREIEL 2 HEIN9 51220 T, ARBIRIEIIK DORGEE
IR L, ABOIEIZE L 720 . REBO X R e —
7137 F LEGWIERD BT/ oT2, KEKDHT
FLET X HZARMBEIOISHEIR S D,

V7 vnrua—A, F 77 A3— kb, FIA K —

Study on High Performance Wood Films Prepared by Milling Process

Digital Manufacturing Section; Hiroyuki TAMBO™! and Hirofumi NABESAWA
Forestry & Fisheries Research Center; Yasushi FUIISAWA, Satoshi SUZUKI and Satoshi KIRIYAMA

Lignocellulose suspensions with nanofibers were prepared from wood powders of Japanese cedar by wet grinder milling. It

was found that when number of grinding processes was increased, the viscosity of wood powder suspension increased, the
width of wood powder decreased, the X-ray diffraction peak of wood film shifted and the texture of film smoothed. The

applications that take advantage of the wooden features are expected.

Reports of the Toyama Industrial Technology R&D Center No.35 (2021)



EREETSIRAF VI ORMBANDHE & HEMEDHIHE

bOS Y AR B KEF PN JNEREA, ERaE L iR RS e i

1. #8

7T AF  7IE, BITAWEFEEHI AR S AL, BREH D
HRTHY | NI T RIIRESEOREZ A L,
B H AR ORR 2 728 ICRI S C& 72, UL, ITED
TR EPER OB, R OIHT T 2 F v 7
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Fig. 1 The biodegradable state of test pieces made of PLA
composite material after 50 days from start of the test
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Fig.2 Change-with-time of weight and tensile strength
retention rate of test pieces made of PLA composite
material (solid line: weight retention rate, broken line:
tensile strength retention rate)
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4. #5
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(2 A ERIEICBI LT R F o ORI AR 5 2 L T
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SR
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BRI — BT 7 AT v 7 G A R % C, 1
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X—TU— R BT T AT 7 RUHE (PLA) . XA ARG, T T, FFU

Reforming of Additives and Control of Degradability for Biodegradable Plastics

Core Manufacturing Technology Section; Masaru OKANO, Wataru MIZUNO™', Yuki KAWANO, Shuichi TAKAMATSU,
Shigekazu YAMAZAKI and Nanami DEMURA

In this study, mechanical characteristics (tensile test and bending test) and biodegradability of poly (lactic acid) (PLA)

composite materials were investigated. PLA composite materials were confirmed their mechanical characteristics. Also, a simple

biodegradable test for test pieces made of PLA composite material was conducted. This result suggested that the biodegradability

can be controlled by adjusting addition amount of chitin.
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Table 1 Formation of polymer films by casting method
and bar coating method
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Fig. 1 Schematic diagram of casting method
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Fig. 2 XRD pattern of the Glass and the PEDOT.PSS
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Fig. 3 Transmission spectra of the PEDOT:PSS/CNF films
bar coated with maximum thickness of water dispersions;
(a) 1.5 um/wet, (b) 2 um/wet

4. $&E

Fy A MEZHAWTCNF > — &R L, 20 ki
—— NEZ T PEDOT:PSS A /ERL L 7=, /N—2
— & —iE KM 512> T PEDOT:PSS/CNF 7
JL DB RITHAT % 3, PEDOT:PSS D ST
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PEDOT:PSS (Z @i A B 2 i L, G M 92
SR T D MDD D,

SE
1) H. Tambo et al.: Proc. IDW'18, (2018) 1555
2) FHR i (LRPESEBANTZEBA S & o 2 — R
34(2020) 17
3) BUlF fth B 83 (2014) 834

%—U— K : CNF, PEDOT:PSS, &4 f. 7 L¥ 7, Lk

Development of Bioelectrode on Cellulose Nanofiber Sheet

Digital Manufacturing Section; Hiroyuki TAMBO™!
Product and Function Evaluating Section; Masaaki NASUNO and Yasutomo MASUGATA™

Preparation of PEDOT:PSS on cellulose nanofiber (CNF) sheet has been investigated to apply for flexible electrode. Glass
was placed in crystallizing dish. The CNF water suspension was cast in the dish and heated at 100°C using hot plate. The CNF
sheet was peeled off from the glass. Then, the PEDOT:PSS water dispersion was bar coated on the CNF sheet and heated at
100°C. It was found that when the height of bar coater groove was increased, the transmission of PEDOT:PSS/CNF film
decreased and the electric resistance of PEDOT:PSS film decreased.
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Fig. 2 Shape of welding horn for rivet joining
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Fig. 3 Measurement result of rivet joining strength
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Study on Ultrasonic Welding of Aluminum Rivets

Product and Function Evaluation Section ; Toshinao HASHIBA
Planning and Management Department ; Tomoaki ISHIKURO™

Theaim of thisstudy isto develop practical techniques of joining rivetsto aluminum material sby ultrasonic welding. Specialy

shaped welding horn was manufactured in order to join some shapes of rivets, and ultrasonic welding was carried out with using

the horn. As a result of the experiment, change in acceleration considered to be related to expansion of the joint area at the

interface of the joint while welding was confirmed.
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3) H. Yamagishi et al.: Metall. Mater. Trans. A., 46 (2015) pp. 3601-11.
4) H. Yamagishi et al.: Metall. Mater. Trans. A., 49 (2018) pp. 4659-68.
5) H. Yamagishi et al.: Metall. Mater. Trans. A., 51 (2020) pp. 2154-62.

F—U— R AUMg B HEG, $REE, RRILEY, 157, TRERE,

Dissimilar joining for producing advanced material using forge-welding method

Functional Material Processing Section; Hideki Y AMAGISHI and Masaru SATO

High-productivity dissimilar bonding between A2024 aluminum alloy and AZ80 magnesium alloy with a pure titanium interlayer

was achieved using forge welding with an alternating-current servo press. The processing conditions, especially the effect of

intermetallic compound on joint strength and the microstructure control of AZ80 by dynamic recrystallization through the process,

were investigated.
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Development of High-Strength Technology for Aluminum Extrusion
Functional Material Processing Section; Masaru SATO, Digital Manufacturing Section; Kosuke SAKAI
High-strength technology for aluminum extrusion was developed by use of extrusion severe plastic deformation. Pure-aluminum,
A1050, its microstructure was analyzed by electron back scattered diffraction pattern. The extrusion process was incomplete, because of

container-die gap. The microstructure of specimen at extruded condition had high-angle grain boundary, uniform grain sizes, weak texture.

But the grain size was larger than target level >1pm.
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Research on Manufacturing Fine Metal Parts using Wax 3D Printers

Digital Manufacturing Section; Kiyokazu HIMI and Hirofumi NABESAWA
Toyama Design Center; Hideaki KUBO

In this study, we investigated a method for producing highly accurate and ultra-thin metal products using a wax 3D printer.

The melting start temperature of the wax is about 40°C and the maximum peak temperature is about 65°C. The ashing

temperature is about 300-350°C. We succeeded in forming a conductive base layer by a CVD method for forming a nickel

electrolytic plating on the 3D printed wax parts. We confirmed that nickel plating can be formed at room temperature. Although

the film formation rate was very low due to the treatment at a low temperature, it was confirmed that nickel plating was performed

even in the treatment for 1 minute, and the film thickness increased as the time became longer. We will try to form a nickel film

on a wax model with a conductive film and investigate the condition of the plating surface.
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Development of Rectifying Antenna using Band of Wireless LAN/Wi-Fi

Product and Function Evaluating Section; Masaaki NASUNO and Yasutomo MASUGATA™!

The purpose of this research is to develop a rectifying Antenna for the band used in Wi-Fi (wireless LAN). In this report, a

rectifier circuit with a frequency in the 2.4 GHz band was designed using a high frequency circuit simulator, and prototype

evaluation was performed. In addition, a wireless power transmission experiment was conducted by connecting the MSL antenna

and the rectifier circuit, and the operation as a rectifying Antenna was confirmed.
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¥—U—FR:4&JE3D 7V T 7, Additive manufacturing, X > T AT L A A H A N
Basic Research of Repairing Aluminum Die Casting Mold using Tungsten

Product and Function Evaluating Section; Keisuke SEKIGUCHI"', Mechanics and Electronics Research Institute Mechanics
and Digital Engineering Section; Takaaki SHIMIZU, Digital Manufacturing Section; Takafumi YAMAMOTO

In study, the microstructure and mechanical properties of the model formed by metal 3D printing using pure tungsten were
investigated. Apply on various aluminum casting mold base materials (SKD61, SUS304). As metal cross-section observation
result, many cracks and cavities were confirmed at boundary of the molded body and the base material. It was considered that
tungsten and iron intermetallic compound were occurred during 3D printing process. Cracks occurred by strain acting in the

intermetallic compound with vulnerable properties.
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¥—U—R:E/NT74rT— CNF, TEM, FE-SEM
Dispersed state of Cellulose Nanofibre in Cellulose Nanofibre-Reinforced Plastics
Core Manufacturing Technology Section; Shuichi TAKAMATSU, Yuki KAWANO, Masaru OKANO, Wataru MIZUNO
In order to investigate the dispersed state of Cellulose Nanofibre(CNF) in CNF-Reinforced Plastics(CNFRP), FE-SEM
and TEM observation were made. As a result, uniform dispersion of CNF in CNF/PLA(Polylactic acid) was confirmed by

FE-SEM observations. On the other hand, it was confirmed that the existence of PP lamellae in CNF/PP by TEM observation,
however, the dispersion of CNF could not be confirmed in CNF/PP.
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Fig. 1 Configuration of the specimen
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Fig. 4 Experimental results of friction coefficient
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F—U— N eERG, il L BeVRiR, MEEE. 77 AT
A Study on the Improvement in Texture of Metal Products

Digital Manufacturing Section; Arisa NOTO Hirofumi NABESAWA Kiyokazu HIMI Takafumi YAMAMOTO
Human Engineering Section; Miyuki NAKAHASHI

In this study, 6 textures were formed on an aluminum alloy (Si10 wt.% -Al alloy with suppressed heat conduction) by Additive
Manufacturing for the purpose of examining metal surface which is comfortable to touch. We also investigated the relationship
between the sensory evaluation and the coefficient of friction of the textured sample. According to the sensory evaluation, it was
found that the unevenness of the surface and the friendliness were common factors. Coefficient of friction was measured by a
friction tester and a tactile meter, it is suggested that the contact area between the sensor or finger and the texture has a great

effect on the tactile sensation. For tactile evaluation, it is necessary to select an evaluation device that matches the texture.
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Table 1 Strength test results

Tensile test Flexural test
Sample | Strength | Modulus | Strength | Modulus
[MPa] [MPa] [MPa] [MPa]
PP 326 2140 48.3 1710

PP/CNF 32.1 1960 47.9 1620

after the tensile test
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Fig. 2 S-N curves of PP and PP/CNF
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Study on Performance Evaluation of Dry Cellulose Nanofiber / Polypropylene Composite Materials by
the High Kneading Twin Screw Extruder

Core Manufacturing Technology Section; Yuki KAWANO, Shuichi TAKAMATSU, Masaru OKANO
and Wataru MIZUNO™,

In this study, effect of cellulose nanofiber (CNF) dried by high shear and non-external heating on strength properties of
composite material were investigated. Drying treatment of CNF was used by the cellulose mixing- plasticization molding
machine. Kneading of dry CNF and PP were used by the high kneading twin screw extruder. It was found that the tensile strength,
flexural strength and fatigue strength of dry CNF/PP composite material were lower than those of PP. Both fatigue fractures of

dry CNF/PP composite material and PP presented the different aspect at a low cycle area and a high cycle area.
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Figure 1 Skeleton of herbaceous lignin
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Table 1 Decomposition of rice husk lignin (1.25M base)
Yield“

Entry b AR Base

[mg]  [wt%o]

BusNOH aq. 0.12 423

2 T¥EAY  NaOHag 010 336
3 avenl BuNOHag 1 44
+NaOH (s)’
4 BB BusNOH aq. 0.09 299
BE AXAKH AN fft 26.50
BwNOH aq. - 15.40
 Determined by GC-MS external standard method ~ ?3.75M

¢Corrected the amount of lignin in rice husks as 20%

IREOGE DROGRICTE, =0 VPANOFETRILE
e LT A=Y Ui, mF AR RUOXT T
KRR L TV, ZLUAND LRI IEEZE 5 720>

277,
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3.2 KBMTILE S UEEN DD y-T = / BRERD M
V-7 X BRI AT T AT 7 Th D 4T A v
YOREITHY, TN I U ERRET D Z L THED
L% (Scheme 1), KWNNIEEND ZVH I T RIE
FERAFIH L. y-7 2 BEEROA R & i 24T LT,

0 0
0o
HschH = HZNW
NH, : OH
JTIVESUBE CREREE) EV) i

Scheme 1 Decarboxylation of glutamic acid

KpF=aren ), BEEEHOTRIGERG L7z
(Table 2), = b U DKL) E FHVZHE, k¥l 100g
B2V 1932.1 mg Dvy-7 X EEFEOAREMER LT, —
AN, Kb ITEE TH D 7»5? 2 UEEAYKI 2%
BELMEEN T RN LD, ETDINH
UigEEBTTE R LB Z NS, %&;75 ICEEEZ AN
ToREE, IWEIIRE KT L7z, RO pH Z#iD
N D o T B AREIR A VT BRI L 0 MR D
BERHDHEEZTND,

F 7o, BUEKGLDE Wz y-T 2 BEROAERLIZOWT
LR AT o7, KD OBIEIE~F Y 2 VT

AT RSS2 AT 2 TETH D,

Table 2 Conversion of rice bran to y- aminobutyric acid

» GABA & ¢
Entry Kdaz)» /1008
1 a eV 1932.1
_____ > EmE 295
_____ 3 avedV (R 26044
_____ 4 mEE G 512

“ Determined by GC-MS external standard method.

4. #E
FERBIEDORIREIR NS 7T AF v 7 JFE AT 5
ZEERBMIC, V= DT AR ) IRBE O y-T S
RO G R AR LTc, b ) 7= Do fiRakdE e L
T, BwNOH & NaOH DiEGEMZ HWT, 7T URE
< T5HEN"=Y OWEPN DT M ET L LR
Iz, ERPIORE, ER&EGIEREATILER D D,
F72. BEMOKIRET TRONEIET S & -T2/
BAERINAERE LT, v b b U OB % A -
HIENREL el

W, EH BB T0%IER TR KR D3 HivTe, BifE

AR L, B DKL EHNTS y-7 X/ BRER O

R Lol T e n, ~F3 Uik

DINE I B L NYy-T X BEEBEOEH &I % K
IRV ENGIoT,

SE 3R
1) M. Maeda, T. Hosoya, K. Yoshioka, H. Miyafuji, H. Ohno,
T. Yamada, J. Wood Sci., 2018, 64, 810-815.

2) /NEFH BEZ L ARG BT LTSRS, 2001, 48,
51%2@75) WZEEND 7N E I IR & L CTHRIH 196-20.
THLNIDIRNZ LD, KTV E I UBE S

F—U— RN BAEMREARER. V=20 JVZ I, TR 5 DK

Synthesis of functional materials from non-edible biomass derived from rice cultivation

Core Manufacturing Technology Section; Nanami DEMURA, Shigekazu YAMAZAKI, Shuichi TAKAMATSU,
Yuki KAWANO, Masaru OKANO and Wataru MIZUNO™!

Chemical conversion of non-edible biomass into industrially valuable compounds is one of the hottest topics in the research
field of biorefinery. Rice husks and rice bran are non-edible biomass derived from rice cultivation. Decomposition of lignin to
synthesize key chemicals has attracted a lot of attention. In addition, attention is being paid to the use of y-aminobutyric acid,
which can be synthesized using glutamic acid decarboxylase contained in rice bran, as a plastic raw material. In this study, as
part of research aimed at effective utilization of natural resources derived from rice cultivation, reactions using
tetrabutylammonium hydroxide and sodium hydroxide as alkali decomposition reagents for rice husk lignin were investigated

and we examined the synthesis of y-aminobutyric acid using rice bran as a raw material.
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Fig. 1 A5052 formed into a square frustum
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Fig. 2 Relationship between half-apex angle and
rotational speed on A5052 (travel speed: 100 mm/min)
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Fig. 3 Relationship between half-apex angle and
travel speed on A5052 (rotational speed: 2000 rpm)
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Fig. 4 Relationship between half-apex angle and
rotational speed on AZ31 (travel speed: 100 mm/min)
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Fig. 5 Relationship between half-apex angle and
travel speed on AZ31 (rotational speed: 2000 rpm)
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Fig. 6 Cross section of the formed A5052
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Improvement of Formability in Friction Stir Incremental Forming

Digital Manufacturing Section; Kosuke SAKAI, Kiyokazu HIMI and Masaru SATO

In this study, A5052 sheet and AZ31 sheet were formed into a square frustum by friction stir incremental forming (FSIF) with

a hemispherical tool. Forming limit was evaluated by investigating the formable half-apex angle. The forming limits of A5052

and AZ31 were 10° and 50° respectively by optimizing the rotational speed and the travel speed. In addition, it was clarified that

the material was stirred during FSIF.
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Study of surface plasmon enhanced schottky photodetector with periodic structure pattern

Product and Function Evaluating Section; Yasutomo MASUGATA™!, Masaaki NASUNO

Toward experimentally demonstration of sensitivity enhancement of schottky photodetector by surface plasmon resonance

with periodic metal pattern, we fabricated Al films on a glass substrate with hole periodic pattern of 1.6um~2.4um by

photolithography. By measuring transmittance of these periodic metal patterns, light absorption due to surface plasmon

resonance were observed. And then, we prepared a Si substrate with periodic structure pattern by using dry etching method. In

the future, we are going to try to form a schottky barrier on these Si substrate, and measure the light sensitivity.
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%, TFLB Tld. 3 2DOB—ALZRy N&EBHN5, B—
LENFEITT 4 7 =D AEE TR 20 | S oTRE
TIRWEEEAR » MEDMFOHILD Z &b, [il—L—FH )
THIEREE — FREMNB LN D T W mnoiz, £7-H
SHEEORENRE D Z 0D RES LRSS L7 2 L
REBHIFTE D,

1 (a)iBEEEEBESVMER, (b)Trifocal Laser
BIRE, () AEMIDERT

A5052, 3mmt / A4043WY(1.2mm Dia.), 1.2 m/min.
Trifocal Laser welding
2700 + 400 +400 (W)

Single Beam Laser welding
3500 (W)

Cress

2 Trifocal laser & Single beam laser MDAt
BDOLE(RE KR UHTERZRE

E 2
ABIFFEIE () T LIRS HHACPE SEbeki oD RO AR RS e
FEHEMEERSE Gt -3 < 0 BRISHEER) (238 CEfE L7=,

BINR AR R R > 2 —Z7EE No.35 (2021)
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FBEFES5I v AMEIFTBNFHMRAS Y —DWHFZERIF

FUHABOSI O PHRET

REEA HLE, B

PBFET-IP9ERT SOt —

AR T /w2 THRIRE]. BRI, AR, A 1E

1. #8

0T <° Al 4 HW 27 — & BREVRF I8N T, TV
AT =2 DEENEEH->TND, Av— T+ %
WZiE, BTESROMEEE T I vy 7 2ar T UoREE<
B, N - BEERROONTNS, BT Iy
AFGEANHILTW D EHAAIL, COr 2T 5 2
b BEAMMDIRVKFZA~D T 7 FHREENA TN D,
AW CIIB T MBI S S v 7 2 &M LAY
—OPEIT 9, BNEOX A~ A «F ) T 7 A /73— %N
AHE—E L THPIMLIEAT U —2 T, "R v
PRGN LD S O RAR O ER A By & LTz,

2. EEBAHE

BNF |3 BiNFi-s(fi A ¥ / <3 8 : /Lo —Z BMa(E
HE), FMa(FEMHEY ), R Y e =7 va—1
(PVA)Z W o, ByRIRDIRILT VX =7 5(ALOs) & D1
1T H ) O A(BaTiONZ 3 HH, 23 A v Z =000
IEZ MR TAT Y —Z 8 LTz, ALOs fik% A7z A
F ) —RRICITERRI AR — L I VA LT, R A
A U H =2V D BNF & PVA [TEFE 10 wt%e/KIAHR
LlLTc, TORTY —Z il - R L TR BAE 20
MPa THIFEL 7Y =2 AT 4 e Lic, ZDRT 41
il S A B — EAEAT D Z & CRERUAZ TR L 7=,
BaTiOs A& -V 2 A U — AR I H HRAHE < & —
EERALCAZ Y —=2 7%, A X —IZ3E
JE 2 wt% BNF & PVA % V=, I 800 pm DR 2T
BLI=T 7N —4—TRAZ ) —8fLIY—r— |

IR LTz, A& B A IREL JISM-7001FTTLS,

SR RRBR L L LR S U BT AG-50kNX % iV 7=,

3. ERHERB L UER
31 BRIETILE =) L(ALO3)

BNF & ALOs iy & FIVTYERL L 72 ilORAR D SR EZ I, 3
ST RER TRl 21T > 72X 1), 7V —2RT 4 2D
BERKIR & HICEMHED BMa 2RI L 73 Edn 23 @ v il
IR A 7R L, FMa & PVA OFREICR & 2228 B3R ©
7otz BIFIREEFRER U 7= BER IR ORI IZ DUV T
FE-SEM # MW Tkl L7z, BMa &0 L CThipk L7z
ALOs RIEL B, ~A 7 a¥ A XDFL, ZDHLHTIZ
NS RERR OB BRI Sz, ZORKDO—> &

*1 8L RS LERTSERT

LTEZBND AL VB —=ZONWTED 21T~ T2,

BNF D53 fi « BREEROS 23T 600°C F COFIRSM 2k
ETAHZLICEY . BNF OTAZEEZIHI L=l A X
D/INSVEEEE ALOs IEMNTE D EHEE LT, 22
T, ALOs OFEIE « BN &Lt LIz 2 A, 20 MPa
OHNET, BERELZIIV VB 3.95 g/em® DBERSIAN S B AL,
BNF Z# W2 AKR AT U —OfF A AR TE T,

E 14
S 12
1.0

%X : i i
4 06
é 0.4
0.2
0.0

BMa FMa PVA

1 JU—2RT 1 OIFIRE

32 F45 VBN L(BaTiOs)

BaTiOs ¥y K& BNF ZHWTHIELZAKRAT Y —%
HIEERI R DR/ 5 PET 7 4 VL FIZ8AfAL, 7Y —r
— MR TELEMEEZ R Lz, >— FEFIBEL, ik
W7z BRI T C& % 2 & 2R LT2(1X 2),

BMai#&in

X2 BNF FKRT)—2i— bDOSNER

FMazs 0

50 mm

4. 58

BNF Z/3A U X —L L THWTKRAT U —&GHEE L,
®ITIvIADT V= ART 4, TV —2—hk, FD
BERIAZERL U7z, RAEEEIE, BNF IRINEZ 2 7-7')
— v — FOREE - mIRE OB TV, BT Iy
ABEREIT O A BT,

E i
ARILRIFFEIE, ()& LR Hhd e S O A
— A ) R_— g VHEEFRECHT S O3 < D BRI HELE
FENZ R CFENE L7z,

Reports of the Toyama Industrial Technology R&D Center No.35 (2021)



MR DS RERE - ERMOBRBEI D « L2 —DFRFE

TR S

1. &

AA I 100 5T ALLERRACREE L, 30 T ALL
ERFET B L nbivTW A, il T, EREAOMESRZ
Lo, B (A7—=2D IZHAINEGAIE. BT 5
ZLINHRETH D (5 AT 80~90%) . I H B EREEEHH
fid (CTC) 1%, 2SABE O IMAIZHEI 2 IEEH KO T
HY., BHIREOT-OONA, F~—T—D—>L LTH
HEnTWab, LorL, CTC 1%, R LIZADIMAICE
R CEdEN0~107 mERHIRL) T LMELE L7,
Z ORfaZ @RISR T S 2 LIRS TIERY,

T =T VT A EORREREHIfE~D T 7T
ELUTHBE L, 50 b W o o8 Bhicip B 5 2 b
DIFN HAL TN D, AWFSERRE T, MR 1Z X > T CTC
B IR T A 7201, CTC OF 7= A < ElTxt
THYURZHEF LT=F ) 7 7 A N—OBRFIZI AT
7o, APENER KO TOMAERS (N TS &
WHBLENS, T 77 ANRN—DFEME L TR =—F
VAR (PES) Z&RL, =L 7 fa A=k
K0T 77 A= E 5 2 L3RG LT,

ALEEIL, PES A DOUWEIT LV | HURZEOMEHENES T
ZAHEF 5 72 O ORIFERI T OV TRRET L7z,

2. EBAE

PES (BASF #L#! E6020P) % N-AF/L-2-t'ml Ry
(NMP) % RSy & T DIRGVEBHIERMR L, #k s
rToxrvra—MECED 7 4V A ERUCHE L 72, PERL
L7 7 AN=BIO7 4L ATk LT, RENICERES
ERESHLHDIIME TS T AW EToT, T X
THERED T 7 A R—ZR LT RT Y REE#HRA L
T EVUERAESE, A TFUER SOt E S
kg 5 Z LT Ko TR FHERM DO R IOV TRET L7z,

3. ERHERBS L UER

A a— 7 4V MK U CIER 7T A~ AP % Ji
U M&REIC X 0 #i OB AR IE LT & 2 A, IRf7e
WFEGAT (K77 50 W, 1 min, EEFRIEE 30 mUmin.) Th
S THHEMMAITARIIRT CRIGEE 76°, WP#% 37°) L
722 e, REITM LAOERIENIAE L- LHfEE S
Tz, ALHEROEER & 72 % 1 VR & 3 BOFAE & i
THED, DT FIAILRIA I REEY D AET
ThUZVFuxy ) —VERESE, =y 7 AHNHE
FHIEIZLY 7 o RIRFOERETST2EZA, Ty

*1H AR

FOF IR 0.8 atomic % Th o712, ZOFEFEND,
fesh 7T A~ JEZ X - T PES RENZ /LR F 35
LT & L7z, E72, 7150 W OIRFZR & CThil
X, PES 7 7 A N—IIHEDTERE L MERF TE 5723, 80 W
& 110 W ICHII %A BT 5 LAk ki, AT 528 %
R LTe, Wt~ 7 A< (17750 W, 1min, FEFRUE
#30ml/min.) % PES 7 7 A /N—(THfi L, FifICHE L=
HIVARE U IAFER) & LC, EDC/NHS Z W Tk KT
FEERSNT-A LT N7 VU ERIESE T, Z0H%,
EFF ATk S A7 FITC (RREDHEOEEIR) ZfE6 SH.
OB HAT ST & 2 A MREOF R STz (K 1),

Fig. 1 Fluorescence micrograph of the FITC-labelled
electro-spun PES fibers

ZDOZ &N, PES 77 A N—REDINVRF AL
ERTYREBFEAS L, PES 77 A N—KHEHIZA FLT
NTEVUEEAFRTHH I L, EHITIE PES 771
NWN—=RMTEA LA N LT N7 EV U ~ELF A%
DIPREETHZ el Lz, LEDORER LY v 4T
RS OFE 2 OFSEENE Y 1%, PES 7 7 A "—%
HIZEETE 5 &m0 b,

4. $55

T T 7 AN E T SR OV ORI S TO
feh 7 A< AEZ XV | PES HEICEREAZ A SE,
ZOERERAALHEMOEN & L THIAT 2 2 LN T
7oo ZHUTE Y PES T/ 7 7 A N—ZHURFE DRk & 708%
RS T2 SE 5 Z LA FRETH 5,

# O

AHFF21%. JSPS BHFE JP19K12858 DBk 1T7- %
DTT, ZZITHEEZRLET,

LR R 7R v X — 75t No.35 (2021)
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ERIEBMN - £V SR 2 — 27 —HEERARD S50
O U TR
ATEEMBARERR M HBHL

B}

1. #&
Uy RAA G T TR~ DB D 72
& (ME7e Y) 2B T 280 ch s, Uy
RS A7 — DR BIEERIEG I (CTC), &L
TAL— BT )AL CENENERRD
ZEMTEIUR, K~ v R BT U & LI fRAT
Bl otz 2 - EEAICRIATE X912,
FEDRY—MEZ LIRS BT 52D TELHLNY
Xy A AT =2 BB T ENTEDLEEZEZIDBN
%o ZOERBIDTZDITE L 72D DI TN hBEE
Th D, AAFFETIL, CTC 721 Tlde Bv 7 T A K —,
YT ) E BT DTy TN Ty T
YINIRT AN RAERETH LR ET D,

il

2. K5

ZAVE TOWFSE T, Deterministic Lateral Displacement
EVEFIH Lic~ A 7 mifils T > 72 Bgs L 29, M)
DIEENAMIEE DBECEX S Z L 2R LT, 5F%
X, ZO~A 7 aifigkT y THEfiEFA LT, 'L s T
AL =L WS D I2OOBMEDO R EWTF v 7% 4 FEHR
L. U R ERI LT,

BARIZIE, 1EROMBEAIZAR A MEAE 70um TR A
REF v > 7 30um OF v 7 Tho7223, FHii-lo, FA
MEAE70pum TR A MEF v » 7 60um OF » 7 (Fig. 1) |
ARA MERE 70um THRA MEF Y >~ 7 90um OF v 7
(Fig.2), RA MEAL100pm THA MEF v » 7 60um
DOF v 7 RA NE 100um THRA MHEF v >~ 7 90um
DF 7O A FFEIZHOWTT Y a T L v U
P AERL U T2, REROF ¥ v 7 30um OF » F1E
FHE EOMMED S8um BETHIOIZH L, v v
60um OF » FIFFHE EOBMEN 16pum BE, v v
9Oum DOF v FIXFE EOBMEDS 24pum FEE L 70D, LA
A, ERDOX ¥ » 7 30um OF v FTENLT T AKX —%
BT D EMTEREDN, F ST v T ReEE->TLE
Slz, AEIFHFEL TS XY v 7 60um OF v 7 E izl
X v 7 0um OF v 7 TENZEI 16pum, 24um LL ED
RESOBNLT TR —%GHEL, D%, 1EROX ¥
v 7 30um DF v ATFIE, F v ATEEE D = L L
CTC b lEd 22 EMTE D EEZLND,

= ILRSTRTE 22 I

bEERE A9 R

Fig. 1 Schematic diagram for a microchannel with

70um diameter posts and 60um gap between posts

{\_ T T T T T T e
{j} PSR
i : 06000000000 ~ i

i 600000000 ‘ 00 S |
: O o] t’) 000Q0C0 o000QO0O o0 O 000 O s H
o ; ¢} (: 00000000 00000 [eleReNes] 53 Qo
Q 0O 00 0OCL o oo .

00000 000000 00 00C Q0 0OC

000000000«
c

60000000000

NN N AN

Fig. 2 Schematic diagram for a microchannel with
70um diameter posts and 90um gap between posts

3. e

BT TAS =BT DD OBIEORENTF >
T AFRERRGT L. Y a B AER L 7o, AU R0
Btk FoTERERL, vV T TR —&08E 53R
EITHOZENTEDH L9 oTe,

SE R

1)Huang et al. Science 304 (2004) 987-990

Q)& IR T3 o 7 —AFFE A 30 (2016) 89
3)E IR TR o 2 —iF5Ei 31(2017) 112

Bt
AHFFEIL JSPS BHFE:  TP20K 12706 DB A5 1T 7= & D
T,

Reports of the Toyama Industrial Technology R&D Center No.35 (2021)



BT EBEOHEICE S R TEN S R T LD

ATEEHBARER = A

AEFEMHBNIEIRIE, RO, B 21X T L LT
IR L <R L TO D NMERIRIETH D | AFEMiBhIE
FRHAERBL RE ML TV, Z207d, 20558
THMRT A Z&BHET 5 2 LR SR D T
REV, BIZE, <A 7 2ifil{ 7T o 22 O TRTO
PN Z NS S5 Z &N TEIUL, BESERE721T T
S NILEFSICHE R BOR 2 EICEIRTE 5 L D1
720 AR ER A SO ANMEARIEI R E IR E AT
&5,

PEHMFCIL Z 4V E T, Deterministic Lateral Displacement
(DLD) £ D&FIH LTc~A 7 vk T v 7 2%B3E L
TETHY., ZoFEhzFIH LT, BFaRlid o720
DOIFEEAT> TN,

FEIZERESAS 3um 725 Spum T, B EE O EIIX
60um & W IHHIREWRIFTHY, Zhiaz Y — 5720
WZBIMEAH) dum DO~ A 7 a ik T~ 7 amit L, v U =2
PSRN &0 STHHBORICRI T 2 2 ) = g A4
LTz, ZHUCEVA®RT v 7BMERICE D &9 1T7-
72

R (LEERRS: AR

Fo. Ty T OREE FHEIZTHR D = OO E{T-
7o F o TERAEL LU -BNCITY A ADHE L ©— X%
W BIEOMER AT 5 A3, 1ERIFRL -1 DT oD% A4 X
EHEERLTHU L N LTRY, KfEE Lz, £Z 7T,
i L= B E ) DB Y 7 N & VT A XD
HE—RER LI T N T D HEERE LT, B4R
2, 2 h 7 A MORWEEERE L, Mk, B
JEDENS DEFRIRT 5 Z & Tlle o 72 b OKHEW) &
HIBR L, ki f—o>—20mfEE 7 1y b5 &) 4Ll
FIETHD, ZAUTEY 8um, 10pm, 12pm, 15pum OE
—RAEF T N DI ENTE T, Ak, L0/h
SEWH A XD E—=RIZONT b5,
SE R

1)Huang et al. Science 304 (2004) 987-990

2) & IR TR ' o 7 —iF9eis 31(2017) 112
EiE

ABFZEIL ISPS BHFE  JP18K12069 DBk 432171
DTT,

MepICFET SN2 VR EDE/MFA
MmO RIREFERFEICR T

ATEEMBASERR B

NN VE TR E D IREHAR R CTH Y | (REEME
DR FIREDOBINEEN TN\ D, -, BaElnbit
STRBNT, MESICE S RBITRIET 2 L PRI TR
0. HNRLTWVWRT v 7 ¥y U7 ORI CEET
Hb, BRI RKRFETIIRZ v 7Fx U7 L LTHELE
URERE HDL) 7 /R0 HAHTHLZ L AR LT
WBN, BEROIERYE T R LMERITE 220,

AR TIE, ~A 7 BT /3 A TR 2R A

Fig. 1 Newly developed system for rapid mixing

B SR > 2 — i

ELRSIRY: A bt

T 5D & THDL F / Ki -2 AERS 2 J7EICERD #AC
W5, 3 ODAANHASTZREN 1 Sliciiid sz &
TvA 7PN T v I AERAESE TR L, D
B RIS D AR & RS OBV E 53T 2 72
H#32& LicTF v 7 2 fEAB% L, STHBORICFRIH
ERAP NS il iyt (U By i gV N ) B N
FHHREIZ Lo T LIRS T > 7T A2 ERT 5 2 &
WTEDLEHTIoT, Flo, WERIFV Y v UR 75
EHWIIEEZ S AT 2 HWTER Y, BERNERECH -
7o ZFZTHTZIZa T Ly — L E IR 2
TEDENTERTDHZEDTEDH AT A (Fig 1)
ZHTE LT,
SE 3

1) Kim et al. ACS Nano 7 (2013) 9975-9983
ECiE

AMFFE1L ISPS BHFE:  JP18K 18460 DBk &3 1T 7= 1
DTT,

No.35 (2021)
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R ER N ATMEE & MEATMEDRRE

AEVEEMBARER HH O

EAZ 5 mm PA RO N T B AEMRNZ L5
FMIZE - TOZRWAS, TEEIR A S 20 F I A T
72 IR 2T EIEm < . ZOBRHEENL TN D,

AMFFEIL, BRI ATEEZ2NES 3 mm LA F o/ 8
MEDRFEEZBNET D, ¥ ¥ —TlL, ZhETTlL
J huAC= v ZEERA LT ) 77 A =2 — kD
BIFICHRV A TRBY V. 77 A "—— hEFIFL
T, W 1 ~3mm DA LIEZFYE L= (Fig. 1), = HIZ,
BIELEZATIEICH L Ca—T s 7 &ETZ LIk
D, AESCHMER N R IR UGET D 2 ST
L7z,

BE%E L7298 1 mm O A L% % BERRZEISIB U
T7 v MM LD 21T 572 & 2 A, Bifie
BAfFRZ R LT,

F 7o, BFEEO N TIANE R LT B NEINC K D
FRBR, ZERKZ TR R, B FH 2 28K
PEOFHM, SEM 2K 2 2—T ¢ » IRREDOfERSE, FEH
DT DI BT R A1 T > 7,

JEJNERIRSE: AL, NS, FRmZE

LBl N3 mm OALIEZ AT, 7Z2EDK
W CEAMERBREZITO TETH D,

Fig.1 HfELIZAIOE
SE 3R
Watse—, FEFEHHES ¥ —F/1,13,14-16 (2017).
B

A2 JSPS BHFE JP19K09258 DA Z 1T 7~ & D
<7,

M EREMRD S VT IILEILERIZE S

AREER R ERE LS

ATEEHBAERER = A

R AEF DIMIR & i HTES M (CTC) 1345
DFRD—2L SN TEY, o, BAIKDETD 9
FNIEIHR & Vbivd, £D72H, CTC Z ISy
B - fRAT T2 Z N TEIUL, BEEMAHZ EDOTE
D B IR EIRIRIZ D703 5 TREMED B 5, AAFSE T,
JF3ERE & CTC DBIRFRRE IS 5 Z LIZLY CTC
DOFERE & A FIIERZ G LT ENE T CTC
DB « FEATIZ L DRI EIRRIEZ R T 5 2 & &
HiIE 3%, PEHAMFCIZZIE T, Deterministic Lateral
Displacement (DLD) V£ DZEFIH Lic~ A 7 vifilgF > 7
ZBHFE L 2, MR DEFRD M EZ SR CE 22 L%
RLTETEY, IBIT~vA 7 aiiigTF v 7 LEkE A
T LDYREIT> TN D,

SEEEL, T4 07 WIDICTF y SR E T
VEZ6) O iliE s BB b S TR K S AT MW T,

EDFFE
JERERY K Wl

KX N CIERICEX 2 b OEFT IR Lz, L
[FICRA%E LcfeskndE@E Iz o 2 b aviE <, AFgEA TR
T 2123y cidzy, 2 2 CREMEOR O EEE
Mg L, MEEEZ RETZ LICEDERkD 3 D1 oA

FCUERIT D 2 LR TEDEEARE L,

F7o. HIMEROBAZ ST 72012, BEZ ZNET
£V 10% K& LieTF v Ao CTHFRIZ IR 9
LV AR LT, ZhCkVS%ZOF v
FERTE 5 X9 TheoT,

SE R

1)Huang et al.  Science 304 (2004) 987-990

2) & IR T2 o 7 —AfF7eis 30 (2016) 89
HiEE

ABFZE1L ISPS BHIFE? JP18H03006 DBIAk %321 7= 6 D
<7,

Reports of the Toyama Industrial Technology R&D Center No.35 (2021)



KFYT=ZoDT7 00—, EIEFEBRDEK

ATEEHMBARER = A

U7 = 3AMOEER Gy O—DTH Y Blu—
ANZRUNT, HIER B Ol b B EICAHET 2 KRm D+ T
Hb, Ll 3 oo BAESE CRNEMEDONEZAR Y <
—ThV., TOFNEROH L SHPHETH D, AET
3 U =0 a2 KTl iR L LT, ARSI
K2V 7= D5 - AER - EABUSEREL, A7
BT S AN K DBER L ORISR EEE T o 2 &
ZHME LTS, RS V=02 HE LT
KFTIT 5 AL SOSFR OREEIT, VU 7= ORIFHI72
ME ORI FEONS L EHIF S D,

FERAFCIL Z 4L E €. Deterministic Lateral Displacement
(DLD) & YZFRIH LIzt A X CHlET 5~ A 7 m ik
Fo 7 DEPFELTE T, ZO~A 7 aiftigkF v~
ZIGH LU TKR TSR 7=k 208 HHF
FEAT Do KFUTHE LT Y 7= R IR ISR &
> Th & 7ehifk & 72 5, LIRTOWFZE CRIMEAYK 8um D F
v T DY 7= KA OB s 12, A,
VN EOBHETD Y = R oS 5 7 IEH R

FHRT: PaAHRE

EOBMEAK 1.8um, £ 2um D 2 FEEHDOF » 712N T
U U TIC L > T a v g AERL L7, =
TUCE O EHBT v TR L CHBREITH Z LN TED
L9l noT,

Fo. A7 e T v T HEIR S DR AR
T D7eODT A A B FTC5G Uiz, A X ColEd
DA 7 BT v 7 ORISR 77> 5 IR 73
BRESNTHTL 228, 2 OEILE O Fi s 18 W
(50pl/min FEEE) , PSRV Z & 2R L OR300
S, RBAOREYEET D X0 s 52 L T,
TEER %7 3 DT, B LIEAMBT TR SIE
WCEDLLIC LT A A& LT,
SE 3R
1)Huang et al. Science 304 (2004) 987-990

2) & IR TR o 7 —AFFeiE 30 (2016) 89
EiiE

ABFZEIL ISPS BHFE:  TP20K21333 OBk A% 11721
DTT,

BINR AR R R > 2 —Z7EE No.35 (2021)
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R T0E L Ui D R BRI ORSE

AEEMPIER  EM

El1—R
1. B

AU 7L PPIIABHIEO R TR b LB NS L

MM, IR D 95 2, BT, WAKME, WS,
Mokt b BIFCH 5, PPIZZNOOENHHEND, HE)
L, MEE, FAE. R, R ke 2B RIS
TS, L L b, #FEREE LT, By %
AL FF IRV FAREICHR T DY DZ L S D, 7
7 v 3 UHENEER SNSRI ZIE D72 S S B
Fisdolz, ZOMEE IR X HEer 2 —TiE,
FA Yt L BERICEIR L C, Zhaic Lic
72 PPIBMEOYLE FIEABZRZ LT, LInLein, Z
DIFAEZ LY WL O0DHIRD 71 F A GehZ v iz PP
THED Yt 2RI T3, YeBtOFEREIC K> TIXRATR Y
FERNME DN T, T TAIE TR, S FEEDR
72 Bkk Az Te T A Y O TY IR A TV, E DY,
B THEE 2 T 5 Z LIk 0 | ARG R TA N2
YeBlOREE A LMNCTHZ E R BIR LI, SHIC, A%
BRI TEE VT, 2 ORI By
TERS AR LT,

2. EEAE
2.1 2B

ROHTIRRE/K 100 mL & PP = MEM0.5 g 2 AT,
40 °C \ZHEA L, Yekh 15 mg A Uiz, =Dtk bR Ui
i+, 60°C T—HAMBEAIEZIEL, EohlZ 2.0 gL, KEEbT
N DT AZ10gL E72D X HITMA FamlEmE LTS o)
BATEAVEZFEBA L, Wil L7212, 30 /ol 2 MeRr L
Too MEME IR, 25eah D PP AMIZ LY H L, Fe(bBh#Z
3/l &72% X HITHNZT= 60 °C DKIRIEIZ 30 Syl L,
Z D%, 1=E L7z PP A /KT L <PV, 80 °C ¢ HIPOM
MC-2300 ZKIAHE(3 g/L) T 20 73f Y — v 7 & T o7,
2.2 AR

a=7 X AR S EREE CM-3600d 22 VT,
L *a* b*iZ D65 JEJ T #5585 10 °, SCE &— R CHIE L7=,

3 HERRUER
FERST1 2.1 (CREEOFIEC L 0 | LUTF oOfEEREE oYkt

% A=Yt FR A1 T 72, T Y4k Basic Blue 1(PL FBB.).

BB.3, BB.7, BB.9, BB.12, BB.17, 73%%%4£} : Basic Red
I(LAFBR), BR.2, BR. 5, BR. 9, BR. 14, #{f;aY5%k}
Basic Yellow 1(LL F BY.). BY. 2, BY. 7. Acridine Yellow, Basic

Orange 14(BA T BO.), 7235, Yeth ST A D AR DZHI X
FEBRITIE 22 \SRRHOSMHC L 0T 70, Y IHBROFER,
FRFADOP Tl bR AICY A TE 7-DIE, BB. 3, BR. 2,
BY.7, BO.14 Tholz, TNOHLOREREND, AFLTELR
L7z 7R BV TIE, B/ Tl Phenoxazine, 7758 Tl
Phenazine., F{0% Tl Acridine FIKD B 2R DYLklA
BN T D Z L DyhoTe, IRIT, Fig. 1 I~ d fiix D BB. 3
HERE AL, GRL TRk VTS8R 21T 2
CIZEY . ZOYREHIEHRNRERILL 3 FERE S D
(ZERRI AR LT,

R=Me, Et, Pr, Bu
Y=0, S, Se
X=Cl, Br, I, HSO,, NO,

Fig.1 &R L7=BB.3 FEK
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An Estimation Technique for Walking Motion

Human Engineering Section; Katsuhiro SASAKI, Akira URAKAMI and Yoshitoshi TSUKAMOTO,
Human Life Technology Research Institute; Masato MIZOGUCHI
Product and Function Evaluation Section; Minoru UENO,
Mechanics and Digital Engineering Section; Naoki KANAMORI

A system for estimating walking speed and stride length was constructed using an inertial sensor attached to near the toe of a

shoe. In the system, the data processing algorithm to compensate calculated velocities and determine the swing phase was

implemented. The fundamental performance of the system was confirmed with a treadmill and a motion analysis system.
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Study on Transferability of Functional Agents Contained in Nanofiber Non-Woven Fabrics

Life Materials Development Section; Takumi YOSHIDA and Dohiko TERADA™

When nanofiber non-woven fabrics containing a insecticide was brought into contact with a PP or PET resin for several days,

the amount of the insecticide in the nanofiber non-woven fabric decreased, and the insecticide was detected in their resins. The

amount of decrease in the insecticide from the nanofiber and the amount detected from their resins increased with the passage of

time. This result indicates that the insecticide in the nanofiber non-woven fabric was transferred to resins. In addition, it was

ascertained that the amount of decrease and the amount detected in PP was larger than that in PET, and the transferability to PP

was higher than that in PET.
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Development of high photothermal conversion efficiency laser-ray absorber designed for resin welding

Life Materials Development Section; Hiroki FUIIMAKI,
Monozukuri Research and Development Center; Shigekazu YAMAZAKI, Shuichi TAKAMATSU

The laser welding method for resin has some problems that the conditions are greatly influenced by the resin used. In this

study, we aimed to develop a new laser-ray absorber. The azo compounds which is expected to have high photothermal

conversion efficiency were designed, and it was expected that the introduction of carbon chains would improve the photothermal

conversion efficiency.
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Detection of Hand Motions for Work Analysis Using Image Processing

Human Engineering Section; Katsuhiro SASAKI, Akira URAKAMI and Yoshitoshi TSUKAMOTO,
Mechanics and Digital Engineering Section; Naoki KANAMORI

A data processing system to detect the region around hands was constructed using a depth camera installed diagonally above

the hands. In the system, the data processing algorithm to select the ROI for six kinds of hand washing motions was implemented

in Python. The examples of the selected ROI were presented, and the fundamental performance of the system was confirmed.
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Development of flexible composite materials for high thermal conductivity electronic devices
Norimitsu SANAE and Yoshiyuki YOKOYMA

For the purpose of development of the flexible and highly thermally conductive materials, we molded composite materials
filled with magnesium oxide (MgO) in crosslinked silicone rubber, and examined the improvement of their performance. As a
result, although the flexibility of the composite materials could be obtained, the thermal conductivity was lower than expected,
for example, when the MgO filling rate was 50vol%, the measured value was about 80% of the predicted value. Therefore, we

tried to improve the performance by surface treatment of MgO, but we could not be improved it.
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Study on health care support using information terminal equipment

Human Engineering Section; Akira URAKAMI and Y oshitoshi Tsukamoto

In a rapidly aging society, the number of opportunities for home nursing service and medical care has increased, and

awareness of health management is increasing. We have developed the system to accumulate data of health care equipment

with communication function in a data base. But there was a problem that the equipment with a communication function was

expensive, and that operation was difficult for senior users. In this study, the system to acquire the measure of the equipment

with no communication function by image recognition is developed. The system is been developed to recognize the type of

target device from the captured picture and obtain measurement values.
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Development of Supporter with the Function Preventing Fall by Stumbling

Human Engineering Section; Miyuki NAKAHASHI, Akira URAKAMI
Life Materials Development Section; Takumi YOSHIDA

The purpose of this research is to design and develop comfort leg supporter with the function preventing fall by stumbling.

We investigated the effect of commercial socks, elastic belt and taping on the movement of the toe of the foot using 3D motion

analysis and electromyogram analysis. As the results, we avoided stumbling to the floor by wearing the toe-lifting supporter.

When we taped on the tibialis anterior, we clarified that the muscle road to lift the toe was reduced.
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IIRERFICHE > TR Y | ZOAMITRZ VN, FRERE
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FIRHIE > AT LOFRME « FHMI, 36 KOS Uilasa
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il
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THERSEE NG O D K5 2 ToRZ M L7-, BRI,
BEFHEOT XN AT EAO, a7
st L, BREISNDER Sy (HuifiZe & D550 ORAED e 0
FECHRR D X OIC LT, e RS LIZH T A NV AR R
M7 HuiR % vV 7= Tissue-blot immunoassay (TBIA)RE &
FEhi L, U A NVAEROF L W2 ) oy SET, B
LB, fEADF 22— v FEF AL 7 AL
Z (TulMV) DO HDIZOWTIE Table 1 (2, #/NT OB
WA NA (TuSV) BLOZVEEYA LA (LSV) D
HDIZOWTIL Table2 (TR, 785 2 duflDOMD 7 A /L
AIFED b DIZHONWT b [RIFRE OF S A TS L7z,

3. RHHIE S R T LOVER - 51T
AIEIZET =Ko Bl Z 212, RO T A VAR
R T DI EHET DIRRHIER 2B LTz, &
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BT AR AR

Table 1 Number of images of Tulipa Kurenai-bijin

. TulMV
Days after planting — -

Positive  Negative
136 1,324 2,518
147 1,751 3,350
155 2,476 4,680
164 1,508 2,832
170 1,294 2,578
173 1,236 2,418
202 1,072 1,995

Table 2 Number of images of Tulipa Kikomachi

Days after TuSV LSV
planting Positive Negative ~ Positive ~ Negative
139 765 4,278 876 4,176
148 1,023 5,022 1,067 4,978
156 1,020 4,395 949 4,466
164 611 3,087 632 3,066
171 581 2771 584 2,768
177 541 2,452 527 2,466
184 1,239 1,682 515 2,406
213 505 2,379 520 2,364

TR M K0 AEBERE S L IHERR AT D & HER
FENE L5 2 LMo TS, HIERCIL, B

EREDNRT A BIOMEHT 22 Ea—F OMaE
GIHARH) 2B E LT, FATEET OBMAB =2 —T
JLF >y N T —27 ResNet-50 % 5 A X 2MELT= % D (CNN)
ZfEH L7z, M L7= GPU IX NVIDIA GeForce RTX3090
X 1 &, [ RTX2080Tix2 f#, [F RTX2080X 1 {ET&H Y .
ALY 7 7 =TI MATLAB Th 5,

-l - 5 T A L RIFREO B i Z LA, BT — 2 X —
ZNB R SV G D IEEAIZ T0% 2RV, ZibD
Ik U CRTLEE « 7 — X YLRAME LT —Z v b
ZHOWTHIES A FH S, R0 D 30%DEG CHERR
OVEREZ TN L 72, Z 0778 - Sl fR 2 3 [l 0 & L,
SO E A L7-, Table 1 (2R L7-H3E A D
W TEE - G-l L7455 % Table 3 12~7, BilZI%,
HiR7Y 136 H ORRIZOWT, TBIA E CTHETH S &
TESNTRED 99.83% % E L HIE L., %5 0.17%% [tk
THDHEBHE LD L 2/RLTEY, TBIA MiE Ttk
TH D EHESHIRIZON TR, 99.60%% 1E L < HIE
L. 78% 040%&78HE L2 £ 2R LCWD, [AERIC,
Table 2 (Z7R U7 s/ NAT O g 2 I ToEE - 3l L 72
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Table 3 Classification accuracy of Kurenai-bijin (unit : %)

Days after . Classifier output
. Virus assay — -
planting Positive Negative
Positive 99.83 0.17
136 .
Negative 0.40 99.60
Positive 99.81 0.19
147 .
Negative 0.36 99.64
155 Positive 99.82 0.18
Negative 0.07 99.93
Positive 99.56 0.44
164 .
Negative 0.47 99.53
Positive 99.48 0.52
170 .
Negative 0 100
- Positive 99.46 0.54
Negative 1.10 98.90
Positive 99.07 0.93
202 .
Negative 033 99.67

Table 4 Classification accuracy of Kikomachi (unit : %)

Days . Classifier output

after Virus TuSV LSV
planting Positive  Negative Positive  Negative
139 Positive 96.36 3.64 94.30 5.70
Negative 0.16 99.84 0.21 99.79
148 Positive 97.39 2.61 94.69 5.31
Negative 0.29 99.71 0.07 99.93
156 Positive 98.15 1.85 98.71 1.29
Negative 0.05 99.95 0.10 99.90
Positive 96.72 3.28 92.81 7.19
o4 Negative 0.40 99.60 0.18 99.82
71 Positive 98.08 1.92 96.95 3.05
Negative 0.56 99.44 0.36 99.64
Positive 97.33 2.67 94.73 5.27
177 Negative 0.59 99.41 0.18 99.82
Positive 95.02 4.98 90.69 9.31
184 Negative 0.60 99.40 0.14 99.86
3 Positive 94.70 5.30 91.67 833
Negative 0.33 99.67 0.24 99.76

R% Table 4 (TRT, FEFEORITIE A S & %
BEIRD DL H L0, FIEREEIIRE < n kLT, x5
& L7z 4 SO Al « 207 A LV ZIFREIZ DOV T, 90%LA
OGRS - RRMEIEEENG O,

4. EEBGTOENMERER
1% 2N T E D FE B TORIEFBRIZIT, 7 A M
D CNN % ) A TS & E A /U gR~FEE L ERGITE
W CENEMERR A FE0E L, IEH IR - HIEEET 2 2 &2
R C & 7=, BEEGEORET % Fig. 1 I,
Ll T R

#5

>4 §
= Wl

Fig. 1 Operation check using a mobile device in the

actual field

5. #a

Fa—U v T OBEDGNE « 7 A NVAFEERRE L
T A A TEBIZ L DFRHIE S AT 20, FEIcfks
DT — # N — ZOERES K ORIRHIE & A 7 L0
1B« FHlAAITV, L CTEWIERRNE DN, £, F
IS R ~FHEE U CERBS TOMRE - HIEEEOMER
MTE Tz, FRADOTZDITIT, BRx 2RO 2 U4 -
TERR L, FER COMGEL# 0 RTZ & 2B LT, HED
LEWE LV EDDHZ ENUETHD,

SE R
1) @RRED & ILRPEEBINF RS & o &2 — W5tk
.33 (2019), 75-76.
2) @RI B ILIRPEEBANIFER S & o 2 —WFSeR
5. 34 (2020), 76-77.

F—U— R Fa—U v @B, FE CHE, HEEE

Development of Disease Determination System Using Tulip Camera Images

Mechanics and Digital Engineering Section; Naoki KANAMORI, Chitoshi HAYASHI,

Electronics and Device Technology Section; Eiji Honbo,

Bulletin of the Horticultural Research Institute, Agricultural, Forestry and Fisheries Research Center;

Hajime YAEGASHI, Mami NISHIMURA and Hidetsugu NISHIHATA

We created image databases that contribute to learning of disease determination systems using tulip camera images, and

prototyped and evaluated disease determination systems.
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2. ERAE
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WFZe VTR L= B2 AW T T o712, 7 4 ArED
=y ME/MEIBCCHRIE L, =y MeELVOKESFE LY
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AT EROBRE L TCEAL, RabitREA1T> 28T
2=y MEAORER A E RO, BREEII= T
FAT AR L, HFKISHIEREE TTOIRD 50%123

(@) (b) ma @®w

- Tﬁi-B.SN,‘,
o ’/‘ > 7 ;@jﬁtﬁﬁ
»
% pp o SR - -

Y ~ 90mm Y4
K,  110mm \;2 @; b ’
Fig. 1 (a)Dimensions and (b)boundary conditions of the
drone frame

H D3 VRS 2 —

Fig. 2 Specimens fabricated by 3D-printing. (a)Graded
lattice. (b)Uniform lattice. (c)Solid

D ENCRERE LIz, 2B, T T4 T v ADkMEIT,

B R D AAr BT ML DR/ MEIZ L < BIEZ e KAk
T 5 Z LT b, Fi biZEEEHR Y 7 F (MATLAB,
The MathWorks) 35 JX QLA fEHT Y 7 b (COMSOL
Multiphysics, COMSOL) % Fi\ /=, feidi{b et oo SRk
23 150 [BNZHE L7 BB CRIEAE 2 H T L, Foifbig ok
FHEE O E CAD & FIVVTURIERE T 7 + AfiE
AR L. X 10 R S DR SRIE CRT 2475 Z &
(2 &0 FHRAE ORI A R L7z,

22 ERB L UERAE

KRR Z B L LC, FDM O FE)E A%
(Creator Pro2, Flash Forge) (2L 25 EE{To7z, 1ERL
T-RBRIRI, Fosfb L7277 « A% V= b o (fER
TT 4 A) | SR L L CTROES OEFEZ STLORD
50%& 72D KON 72 7T 4 AETEE MR T2 H D
=TT 4 A) | T2 L ONCROE S DIEIE N LT
HEOLD (VU v R) ZELL, BT PLA (K7
VU036, YUK 35GPa) & LT, FEEEEOR
O 1 BrofEERIE, T T o AEREEBE LT
0.12mm & L, Z OO ERARIT 0.18mm & L7,
FERAOFHmIL, JTRERERE (5567, Instron) % AVNTAT
ol VERET VOT—F — 285y % HHOEE
ZHONTHEEL, 7 L—2A0 EEIZ 0.lmm/min OHEE T
WMEZAMIEDZ LIk viToT,

3. ERERB L UER
2 \CHEREEECER LR T o A, —F7
4 ABIOV Y v FOSMEL AT, X Bt CT 24iE (inspeXio
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SMX-225CTFPD HR, SEEUERT) & VT, (R L 723K
%H@%%ﬂ%%iwk%mﬁ%%ﬁotoﬁﬁ??%
ABIOE—T T ¢ AL, @B LENRDP-TEE X
%ﬂéﬁﬁ@ﬁ%ﬁ??%X%LW$u%ﬁéﬂk%@
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DERIRRD Lotz X 31T, ARBRADRIEK
REPNCIRT D Z FnoiEER A2~ X3RS
% &9, TRTORBRKIZIHB W THNERICER 0.1-lmm
FREEDZERMNEEERD bz, Ziu, EEHIicBnWTr
4 TZ AV NOFHER X UEENARNE L Z LIRS
HHDEZZBID, £ 1T, FRBRIEORIMEIZ OV,

CAE TRD7-FIHEF L OFEER) 5RO - FRIE A=,

FEREOMMEIL, FEBRIZ X 0 153 D - E-ZNAR O
ENEARE RS LVHAE L, £ 1LITRENDH LD
2, EREICBW T, RN T 7 4 ADRIME, B—F7 «
ABICV Y v RIZHT, 2hThi] 13%FB KOH)
15%EVMEZ R LTz, L LR, KET IRV THE
BEITERED 3 FIRREOfZ R L TRBY, ZOHER &
LT, R U 72 BBRIRICIERTIE L7z & 9 Ze N 22 R
HDH L, T D ONIATEOFHEITICAE A L=
AR Z FHNTas 0 EEROMBHRRE & 13572 2 ATHEMEDS

Fig. 3CT images of specimens (a)Graded lattice
(b)Uniform lattice (c)Solid

% —U— K : CAE,

oL NBEZLND, BRI THES S D
DZEBUL, BRI OUEE, b L<IE L HEORWE
JEETE T ADILE TR 2 2 & K BT 2 R/ &
HEERDBIND,

4. 58

AWFFETIE, CAE 2L DT T 1 ARGIED HAIAE T D%
P DR 72 & NP A2 - e Rl e 2 —
RKE(LZ1T5> 2L T, Ra—r7 L— A0 b2l
Too FEIEIZIZ L DE b NS T Realigigic & 2 Ml
M AAT o oG R, BREERE T 7 ¢ AR A o ERER
RORMIPEITIE—IZEE L7277 « AB L OHEIRED Y U
v RET IR TENETUR 13%35 L UNY 15%0m 0 i
TR Lo, RBADE M EIZITEEEORMITH 5 H D
O, fHEEHERE T 7 + A& A W oSSR E Lo A
IEERERT D Z LM TE T,

SE
1) FRIBECl, & LR EESERANFFERRSE & v & — W 5E
Wik, 34, (2020)90-91.

# O
AMFFEHEEZ 8572 O TG PR B T2 AN O Va8 5 L
WEBIRICZ RI T 2 THE £ U, IREHBL £,

Table 1 Summary of stiffness of specimens

B WIEIN/mm]
PRI A SR

R 7 7 1 A 745 215

Bj—77 4 A 495 188
YUy R 565 190

b, BEEE., 77 « At

Study on graded lattice structure design using CAE for lightweight and high-performance application

Mechanics and Digital Engineering Section; Takafumi NAKAMURA,
Monozukuri Research and Development Center; Takafumi YAMAMOTO

Lattice structures are generally used inside a structural member in order to reduce a weight, and it is important to design lattice

structure for high-performance applications. In this study, taking a drone flame as an experimental example, homogenization

and structural topology optimization was performed to capture the effective mechanical properties of the unit cells and optimize

distribution of the unit cells for the part being optimized. In conclusion, stiffness of the drone flame composed by graded lattice

structure increases 15% compared to that of a solid structure.

LR R 7R v X — 75t No.35 (2021)

77



78

IKEFEIZ &K H/INKNWFEEBDKRI IV F—IL i

AT A AR B EE, AL

1. #%8
BREERROE E D 2 5, AR LT —0DiF
HAPNEBZEDTND, AREY i@}ﬁz7k7775> EH 2 i
VN D BRI & /K PR EBIZE VAR T Uy VA L
TWn5, BELEER TRV —2HNIEAT720

WZIEFRHG/N T AT 2 D =R VX — T OB 233k

HIVTEY | KEMIZ L DKRFEMIT KT IFEEDOES
TR = YA N TRB R —|ZEWT 5T
&kLTHWT%éO%W%% BT D)L KD

BRKEZTE) L T/IVK A FEE & — R o B ST KR
XT~V5/%%%#é_k#T%h X KFEZRLF
—DOHIFEHITENFIRE T H & B % B, SDGs ~DHLY i
I & U CORSERINE FH OHEMEICE O AR AR IR & - TIER,
WCHEERMAE D,

KREMRTFIEL UTRN72T 5 U KEFRIZBO T
B= T VINERIAER S D0, BRFRIEEL (OER)
i7k?%%§$)yir\“ct DRERMBEELZET D ENHBI
Tnb, EIISOGIZ T DIEHEL =R —I2FEY
Té%@fﬁé_£ﬁB\%@%ﬁKiOT(ERQ%E
PR S D Z EMTE IR, KEMRERO TR —
RN D, TIVA Y KEMEO OER (ZET D UG
PRI

20H — H:0 + 1202+ 2¢

L LORESND, £ 2 TAIFETIX, EBHEO—ED I F
F o APTCE#LLTC o BUKER L=~ 7 /L (Ni-Al LDH)
DRI A A ANREMEE G T HZ LITER L, /K
BRI MR L A A ST/ VK AR AR
KRBT AT DO & SBRIC, BAFR RIS & 5
i 2 HHIE S EMR AT 2,

Ni-Al LDH 13 2 fli> = 7 v A A A2 3 DT /v 2

T A T DIEES UTAEKER ) T, TEHITKS \%*?DBK
A A R I KL A A ARENM: % 79, Mizuhata et al,
X @R 7 v ASE RO R 28 S8 S % R LTk
FAMTHY (Liquid Phase Deposition : LPD) ¥£IZ &> T, &k -
HWIEDFKMIZRBNTHEA DE T 2 v 7 AMEIO BRI F]
RETH Y. Fb & D BAF7REEMECEIBIEEIC R L
BRUSE LN B OB ATEETH D = &
EHRELTWD W, RERTIE, &= 7 W% FR
& LT Ni-Al LDH Z# T S B diasmima ER L,
TR~V TRl ZAT 5 72,

2. EBAE

&8 7 o ACEEIR DK S RZE RS 2RI U 72 AR
Hritiza FHC, Ni-Al LDH 24 8= v 7 VIR~ H
STz, = Y T VKESIRIZT =T KERMLT
BT SIS % 538 L, HF KISREZTIM L T= v 7V
7 ACEEROKIRIR 2 VERR LTz, S FTE B ORSER T
VR = DKV EIRA L. pHS2 & 725 K D L7,
MR L 72D = o AR A TEESREE CIEHE L, 50°C, 48h |2
TS EAT 2120 BUSHERD = > & V%, 6mol L KOH 7K
TRIRIT T 24h A A 23#A%4T 9 2 & T, G M Ni/ Ni-
AILDH %157=,

BRI & LT, Rigaku %4 Smart Lab (222 X #I5]
P (XRD) HIEB L OH NN, T 7 ) 1 o— X0E Rk
HITE AR E IS (FE-SEM) SUS000 % FV 7= 3% i 22
w4172, £72. A L7Z Ni/Ni-AILDH Z{EfRE L,
W57 7 =81 Si1287 5 L O 3 filz L &2 IV CERUE
SETE & S U 7o, T PR, 2RI Ag/AgCl R
& L. 6mol L' KOH /KR 2 dafifik & L CHW Nz,

3. EBRHERELUBR

Fig.1 12, XRD #IiE L 0§ o icmlifi/ 2 — 2 &R7,
[X|H > Ni / Ni-Al LDH (as depo.) 1dA A AHEAT 5 IO
wEFCH S, LPDIEIZTEBL L7 Ni-Al LDH (X7 v {k#)
BERERD 7 v FA A wE Tz, KOH KEKIZTK
At A A2 & DA F L BSOS 24T 272, U ED Ni
/Ni-AlLDH (23 T Ni-AlLDH (Z)F 8 S b i e —2
DR S, A A VAR ORI TSI X2 E IS
RICITWD Z &R S 4Tz, LPD RUSH DY 7 v
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&8 7 o ACEEIR DI Gy fRZE SRS 2RI U 72 iiAH
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SE R

1)/KAHRE fth: Electrochemistry, 81 (9) (2013) pp. 702-709.

2)H. Maki fitl: Materials Chemistry and Physics, 141 (2013)
pp-445-453.

3) H. Maki ftfi: ACS Appl. Mater. Interfaces, 7 (2015)
pp.17188-17198.

4) M. Takigawa ftfi: Electrochemistry, 83 (10) (2015) pp.
803-806.

HiEE

/N 138 BRE DBMERETRIZ DWW TS b bk i
FRIZ TN T=120 e, oy LTl L
EiF5,

F—U— N KEME, Ni-AlLDH, /KF13E

Intensity / a.u.

d ® B-Ni(OH),
w Ni metal
g §, sV I 9
AR SeesdNi / Ni-Al LDH
N.\_JL_ - P | A NN
l Ni / Ni-Al LDH (as depo.)
! e T " n plain Ni plate
10 20 30 40 50 60 70
20/deg.

Fig. 1 X-ray diffraction patterns of Ni-Al LDH
thin films on the surface of Ni plate deposited
by the LPD reaction at 50 °C for 48 h

F|g 2 Surface morpholog|es by FE-SEM of the
Ni-Al LDH thin films on the surfaces of Ni plate

<20 —Ni/Ni-Al LDH
T plan Ni plate

Current (mA/cm
>

1905080708 oo
Potential / vs. SHE

Fig. 3 Cyclic voltammogram of Ni / Ni-
Al LDH and plain Ni plate at 25 °C

Research on Energy Conversion Technology from Electricity by Small Hydroelectric Generation to
Hydrogen by Water Electrolysis

Electronics and Device Technology Section; Nobuaki KUNIKATA, Yoshiyuki YOKOYAMA

Using a liquid phase deposition method, an Ni-Al layered double hydroxide (Ni-Al LDH) was directly precipitated on the
metal nickel substrate to obtain a composite electrode Ni / Ni-Al LDH. X-ray diffraction measurement revealed that Ni / Ni-Al

LDH was successfully synthesized while -Ni(OH): also precipitated as a by-product. Comparing with a plain nickel plate, , the
OER overvoltage of Ni/ Ni-Al LDH as the working electrode decreased by about 0.1 V.
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Fig. 1 X-ray diffraction patterns of LisBOs+Li-SO4 powders
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Table 1 lon Conductivity of LisBO3+Li2SO4 sheets

uﬁgﬁ;ﬁ” 2:1 4:1 4:1 4:1

BERERRE (°C) 600 630 645 660

TS () 1500 ERERET 1,000 AEEARE
(R (X107Scm) | 15 — 22 —

Wiz, 290 Mgl F 7 A(LCOYR & RBErk L7z Li
HREW A, BEEL 111 THEELASTRES L, RS
A% 71— RN S UK 500kg/em?® OO TN RE
F%(550°C30min) L 7=, [X] 2 1 ZAERL L 7-AUEAD 1mm O 1EAR

B N A
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Fig. 2 Pressure sintered
cathode substrate
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Table 3 Conductivity of LIPON thin layer
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Fig.5 Charge/discharge characteristics of thin film battery(1C)
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Development of the thick film secondary battery using oxide-based solid electrolyte
Electronics and Device Technology Section; Tatsunori KAKUDA, Yuichi SAKAI and Eiji HONBO

In this study, we improved the lithium ion secondary battery using a solid electrolyte experimentally. Specifically, we

improved solid electrolyte LisBO3+Li2SO4 by solid-phase method and formed a thick film pattern by the screen-printing

method and evaluated the electric characteristic of the secondary battery.
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Fabrication of Flexible Transparent Circuit Patterns with In-Plane Anisotropy

Electronics and Device Technology Section; Yoshiyuki YOKOYAMA,
Human Life Technology Research Institute; Dohiko TERADA

We have been developing a method to form highly functional transparent conductive wiring patterns to replace

conventional ITO wiring patterns. In this method, a photosensitive nanofiber consisting of a mesh-like nanonetwork structure

is first fabricated by electrospinning, and then photo-patterned into the desired wiring shape. Next, using the resulting wiring

pattern as an etching mask, the metal thin film on the flexible film is etched. Finally, the nanofibers are dissolved and removed

to form a conductive, transparent wiring pattern. In this study, the photosensitive nanofibers were modified and their

properties were investigated. In the future, we plan to use these photosensitive nanofibers to fabricate flexible transparent

wiring patterns with in-plane anisotropy.
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Research on Labor Saving of Learning Work of Detection / Classification System that Requires a
Large Amount of Training Data

Mechanics and Digital Engineering Section; Naoki KANAMORI and Hiroyuki TSURITANI

For the Al teacher image group with a significantly reduced number of images, data expansion was performed considering the

geometrical relationship between the camera and the shooting target, the camera lens position, and the pixel signal processing

process. As the results of passing through the classification system, it was possible to obtain the same classification accuracy as

in the case of the original number of teacher images.
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Vibration Analysis from Undersampled Moving Images Based on Digital Image Correlation

Mechanics and Digital Engineering Section; Hiroyuki TSURITANI, Naoki KANAMORI

In this work, we tried vibration analysis from undersampled moving images. Electronic substrate fixed on plastic case was

vibrated by vibration-testing machine. Moving images were recorded by digital camera that flame rate is 60 fps. Displacement

distribution were measured from moving images by digital image correlation. Velocity and frequency of vibration were

calculated from displacement distribution by Prony method. In the result, he primary resonance frequency was clearly detected.
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Water Splitting of Electrolyte Solution Promoted by Ionic Liquid

Electronics and Device Technology Section; Nobuaki KUNIKATA, Monozukuri Research and Development Center; Hideki
YAMAGISHI and Masaru SATO

Protic and aprotic ionic liquids were synthesized for the purpose of using it as a reaction field for water splitting. We confirmed

the water content by Karl Fischer titration. Although the amount of hydrogen generation was inferior to that of an alkaline

aqueous solution, electrochemical measurements have revealed that ionic liquids, especially protonic ionic liquids, are promising

candidates for water splitting.
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Drilling in Accumulated Metals by 3D Printer

Mechanics and Disital Engineering Section; Takaaki SHIMIZU, Takafumi NAKAMURA
Digital Manufacturing Section; Takafumi YAMAMOTO

There was sharply difference of tool life between rolled bulk metals and 3D-printed metals at 1.6 drill. 3D-printed metal was difficult-to-

drill material. It’s life was under 20 holls. We drilled 3D-printed metal using low-rate-feed-speed and intermittent-feed, tool-life was same

level at drilling rolled bulk metals.
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Fig. 5 Gas chromatography of electrolyte solution after
potentiostatic electrolysis
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Research on Artificial Photosynthesis |

~ Focusing on Electrolysis of Carbonated Water ~

Electronics and Device Technology Section; Takashi TERASAWA, Tatsunori KAKUDA
Monozukuri Research and Development Center; Shigekazu YAMAZAKI

As a result of developing a catalyst that synthesizes ethanol(C:HsOH) from water and CO. with the aim of artificial

photosynthesis, ethanol was not obtained, but precursor candidates(CH;CHO, CH3OH, C2H>Cl2) were confirmed. In addition,

when organic thin-film solar cells were modularized as an energy source for photosynthesis, an electromotive force of 0.84V

was obtained.
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Study about High Quality Surface Shape Measurements with Non-Contacting 3D-Scanner without
using spray treatment

Mechanics and Electronics Research Institute: Tsutomu YOSHIDA, Naoki KANAMORI,
Monozukuri Research and Development Center: Arisa NOTO, Naoyuki MIYATA

Surface measurements of glossy steel surfaces with Non-Contacting 3D-scanner have been considered to be ultimately

difficult to be operated. The new 3D-scanners that have the efficacy to measure glossy surface shape, named ‘non-spraying

measuring method’, however, have been burgeoning these years.

In this research, the adaptation of the method have been

delved into concerning about the precisely milled or ground surfaces of products of steel material.
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