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Preparation of Texture-controlled Piezoelectric Thick Films

Prepared by Screen Printing

Yuichi SAKAI, Tatsunori KAKUDA, and Tomoaki FUTAKUCHI (Toyama Industrial Technology Center)

The preparation of textured BaTiO; thick films by screen printing was investigated. The addition of MnO, was

effective for preparing thick films with a- and c-axis-preferred orientations. The evaluation result of pole figure

measurement for thick films showed that MnO, addition was particularly effective for advancing the orientation. The

evaluation result of EBSD for the thick films showed that a- and c-axes of grains were perpendicular to the substrate.

The remanent polarization P, of thick films with and without preferred orientation were 8 and 5 C/cm2, respectively.
p p n p y

These results show that the highly oriented BaTiO; thick-film patterns can be prepared by a simple process.
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Application of Additive Manufacturing Technology to the Development of the New Products

Chitoshi HAYASH, and Junji SUMIOKA

Selective Laser Sintering (SLS) process has the potential to become one of the most useful Additive Manufacturing (AM)

technique in recent few years, because it has potential to easily produce the complex shape models. And in these days, the

usefulness of the AM system, also known as the 3D Printer, comes to be recommended widely and this technique came to

attract an interest in various industrial fields.

In this study, the basic modeling properties of the SLS system, such as surface roughness of the parts and the influence of

the parts arrangement on their accuracy were examined.
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Fig. 2 Comparison of the cutting forces while machining
using textured tools.
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Treatment for enhances the value of cut flowers

Processing Technology Section; Satoshi IWATSUBO, Material Technology Section; Junzi Sumioka
Toyama Prefectural Agricultural, Forestry & Fisheries Research Center; Toshiaki TUJI, Osamu URASHIMA, Tetuhiko INOUE*

Toyama Prefectural University; Takashi KUS

In the business of producing cut flowers, the ability to provide top-quality flowers to exhibit a prolonged vase life can be an
economic advantage. We have been developed the solutions including Ag nano-particles for the treatment. The tests compared
with silver thiosulfate STS and so on were examined on various flowers produced in Toyama, such as chrysanthemum,
eustoma, aster, tulip, stock. The risk of environment of the solutions was investigated. It was found that the solutions were
effective at the concentration of an order of ppb magnitude. The risk of the solitions was very small
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Table 1 Cutting conditions

Tool Single crystal diamond
Work material Electroless NiP plating
Cutting speed (m/min) 1.3,2.2
Spindle speed (rpm) 30000, 50000
Depth of cut (um) 4

Feed rate (mm/min) 1.3~10
Number of times machined 1~10
Lubrication method Wet

Fig. 1 SEM image of a groove fabricated by
micromachining at the cutting speed of (a) 1.3 m/min
and (b) 2.2 m/min.

Fig. 2 Change in surface roughness of the machined
area, plotted as a function of the feed rate.
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Fig. 3 SEM image of plastic molding fabricated by
nanoimprinting method at the process temperature of (a)
130°C and (b) 170 °C.
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Fig. 4 SEM image of symbol of Toyama prefecture
fabricated by micromachining of NiP mold and
subsequent nanoimprinting method.
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Three-dimensional mold fabrication using ultra-precision machining and
application to imprinting

Noritaka KAWASEGI and Hiroshi SUGIMORI

The purpose of this study was to develop three-dimensional fabrication method using ultra-precision machining and
imprinting method. To fabricate precise mold, machining experiment of NiP was conducted. As a result, it was found that
machining characteristics differ due to the machining speed and no burr was observed around machined area at larger cutting
speed. Nanoimprinting lithographic technique was applied to fabricate structures using the fabricated mold. The precise
structure can be fabricated at high process temperature even at higher and smaller structure. Structures can be fabricated based

on these result indicating that the possible use of this method as a three-dimensional fabrication.
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Table 1 Cutting conditions

Tool Single crystal diamond
Work material Electroless NiP plating
Cutting speed (m/min) >130

Depth of cut (um) 3

Pick feed (um) 10

Rake angle 0

Clearance angle 10
Lubrication method Wet

Fig. 1 Comparison of the cutting forces while machining
NiP using (a) nonirraidated tool, (b) FIB irradiated tool
and (c) FIB irradiated tool with heat treatment.
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Fig. 2 SEM image of the diamond tool after machining aluminum alloy. (a) nonirraidated tool, (b) FIB irradiated tool and

(c) FIB irradiated tool with heat treatment.
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Fig.3 Surface topography of the aluminum surface after machining using (a) nonirraidated tool, (b) FIB irradiated tool

and (c) FIB irradiated tool with heat treatment, measured using white light interferometer.
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A study on development and application of diamond tools for
Ultra-precision machining

Noritaka KAWASEGI and Hiroshi SUGIMORI

In the ultra-precision machining, a tool shape is an important factor to determine the shape and accuracy of the machined

area. In order to apply FIB machining to a single crystal diamond tool without depression of performance, a combination

method of a heat treatment and aluminum deposition was employed to remove ion-irradiation-induced Ga ions. Machining

experiment was performed to evaluate this method. As the result, it was found that irradiation of Ga ion causes an adhesion of

work materials on a tool surface. The adhesion and rapid tool wear was reduced by the tool heat treatment was applied.
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New Product Design and Development for Support of Traditional Industries Utilizing Digital engineering
Junji SUMIOKA and Chitoshi HAYASHI*

The business of traditional industries in Japan has hung low every year, this is the same in Toyama prefecture. Because it is in a

critical situation, there is a need to promote the development of products with high added value by one article manufactured

product and high-mix low-volume production. So, for the sake of tradition industry support, we examined how to take

advantage of digital engineering. Furthermore, when we performed interviews with the needs of enterprise digital engineering,

it has been found to be effective. Based on the investigation and the above study, we proposed prototypes of 4 items new

products for companies.
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Development of microflow sensor using thermopile structure
Evaluate Technology Section; Masaaki NASUNO, Tsutomu OBATA

We tried to develop Type T thin film thermopile for mesuament of microflow. And the velocity of a flowing fluid of the
chips were mesured in the range of 0.01 to 1.0ml/min. As a result,the characteristic was confirmed by the

developed sensors.
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Development of technology for monitoring of the dwelling environment

Material Technology Section; Yoshitoshi TSUKAMOTO Evaluation Engineering Section; Katsuhiro SASAKI

To contribute to energy saving, the system which analyzes the consumption current of home electric appliances is developed.

The parameters to characterize distored wave and the current value are calculated using the waveform detected with the current

transformer sensor. The root mean square value of the consumption current and the distortion factor are useful for discernment

of a household appliance. The discovery of appliances closely with life activity improves the quality of life-support services.
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FoU— K TAI=T L, R, A
Development of electrode for anodic oxidation using a gas diffusion electrode

Noriaki SEKIGUCHI, Masaaki NASUNO, Tomoaki ISHIKURO

The process of anodic oxidation of aluminum, use huge amounts of electricity. Anodic oxidation using a gas diffusion
electrode has the potential to become energy-saving. In this study, it was the prototype of a gas diffusion electrode used in the
anodic oxidation, failed due to lack of strength. Improvement is required in order to suppress diffusion electrode and the ion
exchange membrane.
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Research on weldabirity of dissimilar materials and formation of composite materials by friction stir welding

Shigeki KAKIUCHI, Takaaki SHIMIZU, Shogo TOMIDA

In this study, the weldabirity of aluminum with magnesium alloys by friction stir welding was investigated. Bonded joints were lap

joints, the upper plate was Al alloy and the lower plate was Mg alloy. The joining conditions were that the rotation speed was varied

from 1000 to 3000 rpm and the traveling speed was varied from 100 to 700 mm * min™. The defects were that a sort of cavity occurred

in the cross section of the joint in each of the joining conditions. And some cracks also occurred. More Mg but less Al was seen in the

cracking region with Al alloy. This suggested that the intermetallic compounds were formed in the cracking region.
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Ultrasonic Measurement System for Wireless Sensor Network

Katsuhiro SASAKI, Yoshitoshi TSUKAMOTO, Mineo ASADA and Naoki KANAMORI

Remote monitoring of spatial temperature with noncontact was achieved with the system which was constructed using
ultrasonic sensors, a microcontroller and radio modules for wireless sensor network. Furthermore, switching of spatial
temperature monitoring and human detection using our system was automatically controlled.
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Table 1. Optimization of reaction conditions for oxidation of TMP to TMBQ.

Catalyst H,0O,

Amine / mol% / equiv Temp/°C  Time/h  Conv./%[a] TMBQ/%[a]
N V2N
Reported [b] H 7.5 4 0 1.5 >99 79
NH,
Improved 15 1 98 82

[a] Determined by GC. [b] Data from ref [2].
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7, 2005, 63, 511.
[2] M. Beller et al., Chem. Eur. J., 2010, 16, 10300.
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Synthesis of 2,3,5-Trimethylbenzoquinone by Iron-Catalyzed Oxidation of 2,3,6-Trimethylphenol
Using Continuous Flow System

Shigekazu YAMAZAKI, Yoshiyuki YOKOYAMA and Yasuyuki YAMAZAKI

Iron-catalyzed oxidation of 2,3,6-trimethylphenol to 2,3,5-trimethylbenzoquinone with hydrogen peroxide using continuous
flow system was examined. The catalytic oxidation of the phenol using continuous flow system afforded comparable yield of
the corresponding quinone to the oxidation using standard glassware.
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Fig. 1 SEM image of tool surface after machining

Fig. 2 SEM image of machined surface
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Fig. 4 Whole view of the samples fabricated in this study
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Table1

Properties of Large-fruited adlay husk/PP

blend
fERANA A= R AN AR
(& R NRERTHIEE)
IRA F~ ZADYREE KA 10.6% (w/w)
it n=p)=3v (Inm A7 U —2)
L u—REE R IS Fw ZEIE 2 60.0% (w/w)
95375 A YA YIRS : 2700rpm
AIYR{LIRFH] : Bsec
HER T OFHHRT MI=2.5 (190°C. 2.16kg)
(/INVRIG RS TEAR) VU AR 190°C
SR - 60°C
Bk 7oL
KR 1.4%
Hi TR Hh P38« 18. 6Mpa
Hh PSR 2110Mpa
5| RARRE 53ERRE : 10. 6Mpa
5| IR« 935Mpa
Table2  Properties of Wood charcoal /PP blend
FERANA A= A AbF R
GIES)
IR e ZADIREE KA E12.5% (w/w)
DAl A

tm—RRE R

WA F<AENE 0 46. 7% (w/w)

(bR A E AP EEEEL : 2700rpm
A[YA(VEER] : Ssec
JKEINE: © 200ml
PR OH RN MI=7.6 (190°C. 2.16kg)
VRS RS N U HPREE D 190°C
SHNREE - 60°C
7 R
KR 1 0.8%
iR Hh P38« 37. 4Mpa
Hh i FREMEER © 2980Mpa
5 EARFE: 5 BRFREE : 22. 3Mpa

5 HEMESR © 1470Mpa

Table3  Properties of Oystershell /PP blend
ERASA A~ A HXH
(REZPE. 900°CHERR)
INA T ADIRHE KR 0.1% (w/w)
ok 7p L
tru—REA T A T 2EIE 0 50.0% (w/w)
(bR AYA(KIEI#EREL © 2700rpm
AIIA{LIREE : 4sec
JKEINE: : 200ml
SR OF AT MI=7.6 (190°C. 2.16kg)
VR A FER) VU AR 190°C
SRR : 60°C
HORR 7R
KGR 1 0. 4%
HA PR il IR : 35. 9Mpa
i RE=R - 2400Mpa
5 | BEARRE 5 [3RFREE : 20. 8\pa
5| 9RIMESR © 1200Mpa

B L ATH LU CORENHIIERSE T, SERAI2. 5L
fER Lol

% BITREBED b O & A OB ED; <12
900°C CHERk LCHIR L7z, I8A FHRIEEEBCIL, Ab:
L RBICPPA B IRA R T L5 <, $ie, FUaE L
A LROSA S RO, % HOBRAFIEN50.0%
DHLOTE, KY 78 ¥ LA L ORI EERSE T,
PR EVEE R L Ao T2,
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Ta LU BNEBIET DIGENH TN, FTHETER R
ARG D 2 LNTE L, £ MER LM ENI A A
< AT Ko T LT=28, SR AN ) 9~ A e
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WFFEic 4720, 777 v 7 Hige. TAA—T 4 —R
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W2 E E Uiz, 2 2T OB RICHEEZR LET,
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Development of the daily necessities that uses biomass plastic II

Wataru MIZUNO, Kazumitsu SAEKI
Biomass-plastic of various biomass materials were produced by using the cellulose mixing-plastication molding machine.
Properties of biomass-plastic were influenced from the kind of the biomass. Mixing the biomass tended to improve

the elasticity modulus.
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Table1 Comparison of physical properties ]
New model Coventional model _ 03 :
Mass (g) 586 619 £ o ! = COR
Length (mm) 930 930 ‘5 ' : . = 2
Center of mass (mm) 574 538 E 03 1 - l: R
Moment of inertia (kg-m”2) 0.158 0.137 é 0.2 - ! =_ )
COP (mm) 787 723 E I ' m| 7 Nodeo
&) 01 = : = 1st mode
3-3 REEM ol
OB AT, o= O
JEMGZERIC LD R LTAT 1 v 7 [Tl sS85 2 L (a) usual model
WZED AT v 7 BEBO R AT L7z, A BElo 06
FEBRTIEAR — /L DOE 2L A £I50km/h & U, ROBFREL )
1T fEB R AE NS & 0 B L7, o = cor

FRZ 4R, 7T 7 ORI — /L OEZAL
. fEEISCRARETH O . FTE DD L IRBI O DAL
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Development of field hockey sticks with hybrid performance

Masato MIZOGUCHI, Ryoji KANAMARU
Ryuki YUEDA, Naohiko TOBITA and Takeshi YONEYAMA

The purpose of this study is to develop a newly field hockey sticks with performance of offensive and defensive properties. In
this report, a new stick shape was designed from the viewpoint of hitting performance and hitting action of player, and the
physical properties such as center of percussion, moment of inertia and hitting performance of coefficient of restitution were
examined. As a result, the center of percussion moved to the stick-head side by 64mm, and an effective possibility was shown
in the ball speed by the result of ball collision test. Moreover, the feeling evaluation by a professional hockey player was carried
out, and the result was obtained that the ball operation in the play of offense and defense was improved.
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Development of Highly Functional Textile Materials Using the Nanofiber

Ryoji KANAMARU, Toshihiro NOJIRI, Norimitsu SANAE and Hideo KUYO

We produced double layer nanofiber nonwoven fabric of PU and PVA, and examined how to paste together to this
nonwoven fabrics and clothes simply. As a result, we developed the method of pasting together simply by a spraying water and
heat press. However, for improvement in peel strength, we further need to devise the lamination method of nanofiber.

BLETERMt 2 —HEHRE No.27(2013)



EFH—TILI AT I K HHEEEERIRO ST AR

FEITH —~ b~ 3% o LR FEBRIT & 2 S ERREPERT AT OO B IZ DT

APES AT LER FOHME, EFLAGL

1. %8

IARFEHE D fkHERL AL FVE & LT, feRiTpiss
(B MICHEH S CRIBEFHAL, ARABFHASCHE O
M D ERERBR 21T 9 FIEN KB TH 7=, L L.,
THETIERTFY—< <32 X 2 AT, LVEED
REHl AT O 2 ENAREIC AR > TE TV 5,

72720, ZDORMETIEICIE, TR ENEFTERT
N D, PERERBR I, BAE, KFH, FEHE L%~
IZE DT YRNREVD, 5 0HE O BYER 725
MNHAEETH D,

R —~L~x X T, RNTYINDRFH
PEEEWA, B FOEA L I3 ABNEIL,. 71
— Ry 7 7en, Eio, EHOHIE OREPER) e R EAmIX
1TZ 72\,

AAFIETIX, #BrE L BITV—~ L~ 2 F UICF—
DU T ZER I, BITIRIE TOXRRNIELESED
FHANZ LT, WE OREEMEICOWTEE AT T2,

F7-, B —~L~xF URHICL D, HREMK
AR LS D R BAFEAT T SV T OB 21T - 72,

2. EER
2.1 BHEBOHIIT7IZDONT
A =TIz, (W)H100% D ms ¥, (B)
WAFRRZAE AR U = 277 1 100% Ol S % > (K1 9)
D 2FEEEE LTz, FMIEERUTRT,
£1 AVF—OIT7OZRMYME

@ B | BsE | kK% | FRER%

e g/m | cmdemS | Fu-n ik $-258
A | IR | 155 60.1 241 30.8
B | AfW_HE | 146 115.5 306 27.4

B1 SEFH—IAIrFUEIIT DBEERE

FITFRRZIE, A T — R OWKENEE L 72 503,
AT B LB KRN K& o Tz, WARIINY T2
<, AHIOWK R B — RIZHR 0 OFWRIR LT,
Il DK IZ S BRI ASA (X137, B 1340 & W
IMITHoT-, Tz, WXEIL, B 1A OF2(ETH
STz, RIBFRIZADBBL Y @hote, 70X —IZITfEK
MLENTZRY AT ILI0% DT A > KT v F V¥

RULPAFERR  PiESEE

gy MHIAE)EEE L, FEHIIRI AT L
100% D/N—T NV B EA ST, ZNHO 7T X
T —~ b~ 3% o (K1) B LOWERF & bk
WOHLDOEFERIHT-,

2.2 BEFH—TILIRAFTUTOERICDONT

FITH—~ /b~ 32X 0, RHERE T TR A
MU, 2 Z198AMAICHEIL, A EICIRESTRIT
BOHIENAETH D, TRARITROLBY TH 5,

« FF o 174cm, EE : 48ke

- M'E . FRPHE

c PRV A R AR B ORERES A X

< FEEBET) 1 O ~ Smet/HT

< F&ITE: : 20~1, 000g/ nih/EBAL

< RIFAREC 141 R

 NLR2: 2871y M-VERE (B)

BB 1L, (R PE 2RO EIE EIE T v > 73— 0S-9FS
MAEA L, B 25°C, WA 50%RHDOFHE, B IO
IREE: 30°C. 1BEE: 60%RHOFRE & L7,

BTV —~ L~ XX IIREEEE 33COEIRE
FlEE U, BT E T EEBETO 4 HALDH L
U7z ZBITEIT 100g/mfh O—E&EE L-, 7272 L. 3%
FHAIZEI R T1IE nin ICEESHTWS, B
e LTHKREMER L, BBEE T, fxT s
Ja Y —eEl o> HTP-B28T-30 % 6 A L. D
(AR L), OWE . OFMONLREE A T
— M4 2 REBUT T 7=,

BT CERITIRECONEEITo 72, -,
FFHRRE (15min) — FEIFE ILRAE (15min) D FF30min T,
AN ORI E AL ZE DG 21T - 72,

2. 3 WEREICKDIERAERIZIONT

fRBE 7R 34 s & L. A CREmIC Xk 5%
1) EERAZAT o 72, R DOF|n1343~625% () 55. 3
%), HEIE151.0~162. 5em (F¥) 157. 6em), AHEIX
48. 4~170. 0Okg (CE¥J 59.7kg) T 5,

EBR T v b a L ERATRT, DL 1 HEEO
JE72 EOARER, B X ORI 2 5HHl L=,
ERPIIIERAKRSEOe T U T b IT o7,
<FHHIpERs >
< VBV EOIMTE @ e R EREE (-7 oAtk
C AMWPERIREE - EYeE 3 A (0 AE7E)
< DAEL : Xyt abTy s B (FREBTY 7N v A )

JEIRIPES L. Panasonic £l
AF— AT v A EH2862P
(¥ 2) 2 Lz,
B EE X, O (AFEB
B). O . OEEHONME T, K
& & A —ORIZERY i) 7=,
K2 BEAz

BRI Rt 2 —HEHRE No.27(2013)



70

*®2 WEREXRERIOMIL

! . BERTF = > 7 ,

15 25°C BT 20min

:\ EY

TR 50%RH O % 20min ®

FEBREOKE | bmin

B - SRR

R 30°C

YR GOURH 30min

ENA =AY ) 5min

IREE 25°C - 10min v
1A 50%RH fEREF = v 7 10min
3. HEREER

31 BFH—TILIARTUVOKRNEEIZDONT
HF—~ N~ XX NCERA VT 25 I,
JELEE 25°C. WiEE 50%RH O — EEa5%. 33 L OYEEE 30°C,
T 60%RH OO — EERHE CARRNIRITEE 2 & L 7=,
FI R ORI 2K 3, X 4 1ZR7,

100 100

A Wy A #eY
80 80
= . ~BRYYY . BRIy
SS Eg =60
- £
'HLN ® 4 =% 40
s 2 =
20 20
. ‘ ‘ | L N
, 10 20min 10 20min

M3 KENEZE
25°C. 50%RH IRi%

—EDORBEREOH T, BiF—~l~<vxF i
VX7 EEHIE, BRITORTIARRETIZIA LB
DORRNIBEIZIE, KEREWTR OGN o T,

M4 KENEZE
30°C. 60%RH ERi%

100
90
80
70
60 [
50 ]
20 —~—A#IYy |
%0 [ SF|
20
10
0

%RH

mE

=B KUY

A
\ 4

‘ 5 10 15 20 25  30min

M5 HTFEROKRRAEE 30°C. 60%RH

LxL, BITFEEEHESIIH s DBV, A & BIC
B DBV Ui,

3.2 HEERBTOKRIRNEEIZDOWLT
PWREERTIL, RV T —F DT I FNRREL,
A & B OFENDNY - T-23, RIRIR TOBK
IZ X DRIFOBRITEDCRENZ, X 6 ITHBRE O
ORI E L% T,

o
o

80 7—0—A —=—B . ,- ‘\
= 60
=
_HLN4O
2 RE®

v
A
\ 4

—>

10 20 30 40 50 60 70min
M6 HEHRERRTOKBAEEZL

Fe A D20431# (25°C, 50%RH) T | Wi A= 1 TR D
RRLEDOER NS EEZ HID, LAl 30°C.60%RH
BRI CORIRRRECIX, BELBWIMIC X 280 H
57280, AEBOWEEIT/NE L 720 IZITRRE L 72
STz, L, BB EKZ. 25°C.50%RIEREEIZRE 5
ELALEBDY Y Y DEWHRELS RoTe, MY YO
BENTHRYENOIZ L, #EER) X710
¥ OMRENAIIC TR o2 L nbns,

FITH LD &, BITFRICENBEND DL, BTV —
VI AFUEBROFR LR TH T,

4. F&O

BTV —~ L~ 31 ¥ EERE & OEBRSFMFEEL
[ CICHIZ D 2 LTk o 7208 EIPIRRECFRIT
b, BITFPIEESTHOONR, BEICET S
KARPEREDE VR D = &R T=,

F7-. KIRWNIEEBEZCTOIMmICE L TIX, AT
FOLNPEREER LY, BTV —</L~32F L TD
FHETENLZE L TITR D Z Enbho T,

7272 L. BHOHEREOBRMEREFEICRE L X, £72
t MZXDFHHICHED &5 215700,

ST, Lol oTFr—42%Ly, Rifh—~i~
XF L TCORBIIEHMEE . v M X 2 BN & O
BT 2979 Z E N EERPETH DL EE XD,

X—TU— R RF. <X Xr, AT KIENEE

Evaluation research of the functional clothes by a perspiration thermal mannequin
Production Technology Section; Takeshi WADA, Toshihiro NOJIRI
Product development Section; Miyuki NAKAHASHI

We used the perspiration thermal mannequin and human being, and conducted the evaluation experiment of two kinds

of inner wear.
perspiration thermal mannequin.
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As a result, it turned out that it is possible to perform objective evaluation of clothes by using the
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Development of Superior Women’s Inner Garment in Thermal Comfort

Product Development Section; Miyuki NAKAHASHI, Ryoji KANAMARU
Production Technology Section; Takeshi WADA

This study aims to obtain fundamental data for designing women’s inner garment superior in thermal comfort. The influence
of the water absorption and hygroscopicity of inner garment on human body in terms of the physiology and comfort were
examined using four kinds of trial shorts-girdle, which differ in those properties, under condition simulated summer

environment.
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Prediction of plasticizer contents in poly(vinyl chloride) by near-infrared spectroscopy

Product Technology Section, Kazumitsu SAEKI, Wataru MIZUNO

In the recycling of poly(vinyl chloride), it is required to discriminate every plasticizer for quality control. For this purpose,
the near-infrared spectra were measured for 48 kinds of poly(vinyl chloride) samples with different plasticizers (Dioctyl
phthalate, Diisononyl Dioctyl adipate, phthalate, Trioctyl trimellitate,) and different plasticizer contents (11-50%). The
near-infrared spectra in the 1.2-2.4 pm wavelength region were measured for each sample. Partial least square analysis was
applied to near-infrared spectra pretreated by second —derivative processing. The partial least square analysis allowed us to
propose a calibration model which predict the contents of plasticizers in poly(vinyl chloride). It is possible to predict contents
of plasticizers in poly(vinyl chloride) from the near-infrared spectroscopy.
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A human body model for evaluation of a wheel chair cushion’s property in a point of dispersion of

concentration of pressures.

Product Science Section; Shinichi ISHIWARI

I have produced a human body model for experimentally reproducible evaluations of properties of cushion e.g. softness or

liquefaction occurred by vibration. My human body model has been composed of 15 pounds bowling-ball connecting to a

stand by a long screw and three weights.

Each weight is nearly 16.75kg respectively.

A ball with three weights would be

able to press cushion about 58kgf though the surface of ball. A long screw would be able to move only perpendicularly guided

by a tube equipped with a stand. The measurements using the human body model show quantitatively softness of my

cushions and degree of liquefaction by length of sedimentation of the ball, and could show effects of devising on cushions such

as the adherence to inside wall of bag of pieces of pyramid or cubic.
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Study on the Sign-Device Using Phosphorescent Pigments
Norimitsu SANAE™, Ryoji KANAMARU and Satoshi IWATUBO

Effects of the refractive index of polymer on afterglow brightness of composites composed of phosphorescent pigments and
matrix polymer were investigated. As results, in case the difference between the refractive index of phosphorescent pigments
and of matrix polymer was small, afterglow brightness increased with increasing of the amount of phosphorescent pigments.
However, in case the difference was large, afterglow brightness became a constant and did not increase when the amount of
phosphorescent pigments was more than 0.3g/cm”. These results showed that it was possible to improve the afterglow

brightness of phosphorescent composites by controlling the refractive index of matrix polymer.
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Fig.1 Relationship between blending method and
mechanical properties of pulp/PP blends.
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Fig.2 Relation to MFR of pulp/PP blends and CeNF/PP
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Fig.3 Effect of fibrillation-level on mechanical properties of
CeNF/PP blends.
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Development of Polymeric Microfluidic Devices for Stem Cell Separation
Koji TAKATA, Takashi OHNAGA, Tsutomu OBATA
Chika KOIKE, Toshio NIKAIDO (University of Toyama)
Tsuyoshi KOGA (Kyoto University)

Microfluidic devices which could be used for cell separation and recovery were developed using new UV curable resin and a

new molding method. We made several microchips in which the size and arrangement of micropillars was altered, and

observed and measured the chips using scanning electron microscope and scanning white light interferometer, showing that the

microchip had a fine structure with high aspect ratio. In comparison with conventional silicon chips, the use of this polymeric

chip can drastically reduce the cost of cell separation system.
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Fig.1 TEM micrograph of titanium oxide particles.
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Table 1 Photovoltaic performance of the DSSC.
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Table 2 Vickers hardness of titanium oxide films under

different pre-firing temperature.
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Fig.2 The cross sectional shape of titanium oxide film.
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Fig.3.a The SEM micrograph of the in-printed titanium
oxide film fired at 200°C.
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Fig.3.b The SEM micrograph of the in-printed titanium
oxide film fired at 500°C.
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The application for dye-sensitized solar cells of the nano-size particles and in-printing

Electronic engineering section; TatsunoriK AKUDA and HiroyukiTANBO

In this study, we prepared gel electrolyte for DSSC by adding the nano size oxide particles for standard electrolyte solution.
We measured the particle shape and evaluated the conversion efficiency of DSSC. In addition, we tried the moth eye pattern
formation of 300nm pitch by in-printing method on the titanium oxide film surface.
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Development of Polymer Nanostructure Formation Technology for use in the Medical and Bio Fields

Yoshiyuki YOKOYAMA, Koji TAKATA, Ryoji KANAMARU (Toyama Industrial Technology Center)

We are considering the application of a sheet created from a thermo-responsive gel that has been converted into a nano-fiber

sheet, which can repeatedly alternate between absorbing and discharging water depending on the temperature. In this research, we

have conducted a basic investigation of this sheets properties with the goal of using this sheet as a high-functionaitly drug release

sheet, or a cell culture sheet. In bulk form (a chunk of a few centimeters), this thermo-responsive gel takes more than one hour to

convert from absorption to discharge. However, when converted into a nano-fiber sheet it was able to rapidly convert from

absorption to discharge in less than one minute. After using this sheet to absorb water-soluble drugs at a low temperature, at a high

temperature it was possible to discharge more than 93% of the absorbed drugs. When performing cell cultivation on this sheet we

observed cell growth similar as when using market-available cellular cultivation plastic, and we did not observe any cell toxicity.
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Development and Biotechnological Application of Nano-fiber Sheet Using Thermo-responsive Hydrogel

Yoshiyuki YOKOYAMA, Koji TAKATA, Ryoji KANAMARU (Toyama Industrial Technology Center)

Through the use of temperature control, thermo-responsive hydrogel can repeatedly alternate between absorbing and discharging

water. In this research, we have developed a new technique to convert a thermo-responsive gel into a nano-fiber. Converting the

thermo-responsive gel into a nano-fiber gives it a large surface area which should speed up its thermo-responsiveness. Specifically,

we used electrospinnig method to convert the thermo-responsive polymer solution into a nano-fiber.

However, if left like this the fiber would completely dissolve in cold water. In order to make it into a fiber having a reversible

thermo-responsiveness, we developed an insolubilization reaction that could be used without destroying the nano-fiber structure and

applied it to the nano-fiber. The insoluble nanofiber does not dissolve when immersed in water, can be reversed multiple times, can

absorb water at low temperatures, and discharge water at high temperatures.
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Study on Polymeric Microfluidic Devices for Stem Cell Separation
Koji TAKATA, Takashi OHNAGA, Tsutomu OBATA
Chika KOIKE, Toshio NIKAIDO (University of Toyama)
Tsuyoshi KOGA (Kyoto University)

Microfluidic chip system which could be used for cell separation and recovery were developed using new UV curable resin

and a new molding method. We examined several microchips in which the size and arrangement of micropillars was altered,

and carried out cell separation tests. We showed that size-based cell separation could be performed by our polymeric

microfluidic device. This device could also be applied to separation of circulating tumor cell, nucleated red blood cell, etc.
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(a) CT image at initial state
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(b) CT image at after 1 cycle

(c) Absolute value of the
deformation vectors
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1) Uesugi, K. et al., Nucl Instr. Method., Sec. A, Vol.
467-468(2001), pp. 853-856.
2) BIRTEZIE D, S S (A) |, Vol75,
No.755(2009), pp. 799-806.
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Development of 3D Strain Measurement Method
by Synchrotron Radiation X-Ray Microtomography System

Hiroyuki TSURITANI, Toshihiko SAYAMA* (Toyama Industrial Technology Center),
Takeshi TAKAYANAGI, Yoshiyuki OKAMOTO (COSEL Co., Ltd.),
Kentaro UESUGI (JASRI) and Takao MORI (Toyama Prefectural University)

In this work, a strain measurement of flip chip bumps based on synchrotron radiation CT images by using digital image
correlation method was investigated. Two types of images were used as deformed images. The first image is a shot of an
undeformed bump under the same condition. The second image is a shot of a deformed bump via thermal cyclic tests.
The deformation vectors of these images measured by rough search show the possibility of strain measurement by digital

image correlation method based on synchrotron radiation CT images.
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Fig.1 TEM micrographs of
titanium oxide films.
( fired at a:450°C b:500°C

c: 600°C)
|——450°C N
2 ||=—475C
g [|—-s00°C / /
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2| —eoool AL\
2 ||—s00C /
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Fig. 2 Pore size distributions of the titanium oxide films
under different firing temperature.
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Table 1 Vickers hardness, surface area, and photovoltaic
performance of the DSSC with titanium oxide films under
different firing temperature.

BERGIRE(C) 450 500 550 600
t yh-AEEE(HV) 28 30 32 35
e HiFE(mY/g) 108 95 81 7
BTN (%) 7.1 73 7.7 8.1
SR (mA) 12.7 13.8 13.8 14.7
R CEEITE(V) 0.80 0.79 0.81 0.80
TAWT 79 H— 0.70 0.67 0.69 0.69

32 R—X FhDOEALTF 2 R FEDEE
WIZ, _—A NHORIFEAEZEE LZHIRIA~—2A &
Z, AU LD ICHEBINT U CHim#iga 77, Figl &
Z DT & EOWE TEM Hifg 2 7~

Fig.3 TEM micrographs of
titanium oxide films.

(a: 20nm titanium oxide
particle size b: 35nm
¢: 40nm)
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Fig. 4 Pore size distributions of the titanium
oxide films under different particle size.

Table 2 Vickers hardness,surface area,and photovoltaic
performance of the DSSC with titanium oxide films under
different particle size.

Fe{ T p/ b7 (hm) 20 35 40
t - A EE(HV) 47 39 29
e HiFE(mYg) 102 98 79
BTN (%) 7.1 72 8.1
JEAEEE(mA) 14.3 14.7 15.7

fREFEIE(V) 0.73 0.73 0.76
TANT 79 H— 0.68 0.67 0.68
4. ¥55

7T AFERAZHIR, BERRL U= b T & o B Wi i T

L OMEEZBIE U, IEOFERAEA M L 7=,

- BERIRFE, FR{bT & R FRRIC Ko CEMh RN
ENbZ L EMR L,

C BWEBGHENGOND ML LR OHEIREE,
HEREFES/NSINZ & MIFLEREPRENW L2 8D
T o,

- DSSCOBEMDIEALT # L, BIREEIZ L > TED
HEEDERICZE L L, BEOWAEIRIERLE DB Y 0§
ENEDD =0, ML LT~ LIME LT, £
BONRELE L TV ZEBREETH DL Z E¥bhoiz,

F—U— N AEBERGER, BERGRE. BT ¥ R ML, B

The microstructure of titanium oxide films for dye-sensitized solar cells

Electronic engineering section; Tatsunori KAKUDA and Tomoaki FUTAKUCHI

In this study, we evaluated the surface area, pore size distribution, and electrical characteristics of titanium oxide films formed

under different firing temperature and titanium oxide particle size.
titanium oxide films by forming cross-sectional surfaces.

In addition, we examined the microstructure of the

We measured the conversion efficiency of the DSSC and

considered the influence on photo-electricity conversion efficiency. The surface area and pore size distribution of the
titanium oxide films strongly influenced the conversion efficiency of the dye-sensitized solar cell.
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Development of servo system for bending sheet metal

Mechanical System Section; Naoki KANAMORI and Toshihiko SAYAMA™

Development of a method of reducing machining error of the servo system for bending sheet metal are required. Primary cause of

the bending error had been investigated using the non-linear analysis of two-dimensional and three-dimensional. As a result, we found

that the difference between the thickness and Young's modulus can affect the spring back, and that the swell appears.
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Research on fine pattern formation and device application

Hiroyuki TAMBO™*, Yoshiyuki YOKOYAMA and Yuichi SAKAI

A nanoimprint firing process was investigated to create precisely-patterned functional materials. Metal nanopattern was
formed from the firing of nanoparticle solutions during direct nanoimprinting. The post-nanoimprint pattern was fired in an
electric furnace to sinter the Ag nanoparticles. It was found that when the Ag nanoparticle solution pattern was fired at 250°C,
the precise electrode pattern was formed and grain growth of Ag nanoparticles occurred. With the increase of firing
temperature, the dimensions of line pattern were decreased. Then, the pattern was roughened when the nanoparticle solution
pattern was fired at 300°C. On the other hand, we also found that when nanoparticle solution was fired at 300°C during direct

nanoimprinting, the precise nanopattern was fabricated.
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(a) 500pm/sec (b) 80um/sec
Fig.1 SEM Image of silica thin films dipped at the speed of
500um/s and 80um/s from a solution in the concentration
of 10wt% colloidal-silica with a diameter of 0.44pum

(a)20um/sec (b)10pum/sec
Fig.2 SEM Image of silica thin films dipped at the speed of
20um/s and 10um/s from a solution in the concentration of
10wt% colloidal-silica with a diameter of 0.18um

(a)5wt% (b)8wt%
Fig.3 SEM Image of silica thin films dipped at the speed of
20um/s from a solution in the concentration of 5wt% and
8wt% colloidal-silica with a diameter of 0.18um

Fig.-4 SEM Image of silica thin films dipped at the speed of
20pm/s from a solution in the concentration of 8wt%
colloidal-silica with a diameter of 0.18um, added TEOS

(a)no TEOS (b)added TEOS
Fig.5 SEM Image of silica thin films dipped at the speed of
20um/s on Aluminum thin films from a solution in the
concentration of 5wt% colloidal- silica with a diameter of
0.18um, added no TEOS and added TEOS

(a)no TEOS (b)added TEOS
Fig.6 SEM Image of anodic Aluminum oxide films coated
silica thin films dipped from a solution in the concentration
of 5wt% colloidal- silica, added no TEOS and added
TEOS

XU N R, SR Av U, BlE B B, ekt

Formation of Periodic Pattern by Ordered Particles and Applications for Optical devices

Mechanical System Section; Eiji HONBO and Electronic Engineering Section; Tatsunori KAKUDA

Silica thin films were dip-coated on glass substrates at the speed of from 10 to 500um/sec for the arrangement. The coating

solution was prepared by colloidal-silica with a diameter of 0.18um and 0.44um, in the concentration of from 5 to 15wt%, and

moreover added tetraethyl orthosilicate (TEOS). The structure of the films was observed by Scanning Electron Microscope

(SEM). Further, aluminum thin films coated colloidal-silica film was anodized at 40V, in oxalic acid concentration of 0.3M. As

a result, the periodic pattern was formed by anodizing an aluminum thin film coated colloidal-silica film added TEOS.
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Fig. 1 Example of painting defect.

Fig. 2 Image processing result of painting defect



EaX k- &% CIGS KIFEMDHFF

Bk 2T LR AR

AR PHRE T

AL AR EER SRS

M7 2—7vrT77—3x2 FF¥HE 17, L @5, 8% wt

1. #5

AT, 4 0 R LAY 5K [Cu(InGa)Se)] (BA T,
CIGS LK) AR Z U 7 X —y OB EITV,
ZDF =y b HWT CIGS #iFEA —FEERI L7, =
Fud, —f7e CIGS MO Td D S RE LS
B LA TRESKEICHEDY . CIGS KEEH
DIk 2 MEARiAEN D, CIGS IO, fhdbtE
ZRHE L, 2 CIGS % AV CRB R A fER L,
TR SRSE DRFERHI 21T > 72,

2. EBRAE
2.1 CIGS SEIRD/ES & FHiliA %

CIGS #EDO/ERY L, RF A3y # U v 748 (ULVAC
H1 SH-250) (2 X VITo7m, ANy & U v 74k % Table 1
R, ANy Z Y U TIER LTz CIGS #—7 >y M
BZERy RV AICE W ER LT, SRR lum 0
CIGS # 1z 2>\ T, X #[E 47 (BrukerAXS
DSDISCOVER) Z & 0 fditE, 33 L OVEPMA (HAE 1
B IXA-8800RL) = & V)RR A FTAM L 7=,

Table 1 Sputtering conditions
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Ar Gas Pressure 27X 10" Pa
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Fig. 1 Shematic diagram for construction of a CIGS solar
cell
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Table 2 The nominal composition of CIGS thin films

(unit:at%)
Temp: Cu In Ga Se
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Fig. 2 Current density vs. voltage curves for CIGS solar
cells
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Fig. 1 Discharge curves of LiCoO, at various ratio of
the PVdF binder weight.
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Fig. 2 Discharge curves of LiCoO, at various ratio of
the CNF weight.
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Fig. 3 SEM micrographs of positive electrode films

(a:pressed at 400 kgflcm? b:pressed at 2500kgf/cm?).
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Fig. 2 Time response of input flow power and
output electric. power.

Fig. 3 A Prototype of hydropower system.

_____________________________

Fig. 1 Overall configuration of the dynamics simulator of hydropower system.
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