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Research on the Development of Lignin-based Biomass Products

K B A A AR KE
AMAIKFE Natsuki DEMURA Nanami MIZUNO Wataru
Abstract

In recent years, the use of biomass resources has been promoted to solve environmental problems such as global
warming. Plants contain about 20 - 35% lignin, but its chemical structure varies depending on the type of plant and
growing conditions, so its utilization is currently limited. In this research, the ultimate goal was to develop products

that use lignin, a component derived from plants, and in this study, technologies for extracting lignin from biomass

resources and investigated its basic physical properties were investigated. There was a tendency for the reaction to

proceed with wood flour at higher temperatures than with rice husk. In addition, due to differences in the structure of

lignin, the types of aromatic compounds that are lignin decomposition products in the extract are higher in

herbaceous rice husks, and the lignin has a more complex structure than in cedar wood flour, which is a coniferous
tree. When this extract was mixed with a paint and the weather resistance was evaluated, the performance of the
resin paint deteriorated due to the mixture of the extract. On the other hand, it was found that wood paints can have
roughly the same degree of weather resistance even if they are mixed with extracts.
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Table 3 Extraction condition
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Fig. 1 Autoclave and sample after pressure reaction
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Fig. 2 Effect of reaction time
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Fig. 3 Extraction rate and residue ratio
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Fig. 5 Aromatic compounds identified by GC-MS and retention time
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Fig. 6 GC-MS spectrum of extract obtained from rice husk
(pressure reaction time 8 h, retention time 10-35min)
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Fig. 7 GC-MS spectrum of extract obtained from rice husk
(pressure reaction time 8 h, retention time 10-35 min)
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Fig. 8 GC-MS spectrum of extract obtained from rice husk
(Pressure reaction temperature 165°C, retention time 10-15 min)
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Fig. 9 Comparison of GC-MS spectra of extracts from wood flour and rice husk
(Reaction temperature 165°C, reaction time 4 h, retention time 10-15 min)
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Fig. 10 GC-MS spectrum of extract obtained from wood flour

(Reaction temperature 165°C, reaction time 4 h, holding time 10-15 min)
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Fig. 11 GC-MS spectrum of extract obtained from wood flour
(Reaction temperature 200°C, retention time 10-15 min)
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Table 5 Paint and varnish
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Table 6 S-UV test conditions

M 150 mW/cm?

TS RIS 63°C
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K CREOBEINRNINELIZZ LT, BENKRE L
LEZDND, F-ABR 48 KT, it EEAE LisBEic S
W, IERBIE RN A LN (K 12), ZOfERE)
O, it e el LIRS S 5 2 L CBREIOMREME N oM R
Lleote, WD —IRETE TR Te T &0, Bkt e

DIRARHT, RS T 2R ST D08, ZORBEO &
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BAFIERY V= BARICHOWTIIRENLETH 5,
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Table 7 Results of color difference change (wood test pieces)

A DT BRI
L* a* b* | AE*ab| L* a* b* | AE*ab
W WA - — — — 82.6 47| 2160 —
R WA % — — - — 81.5 46/ 227 1.5
S-UV  OER 81.2 56, 222 00| 815 46| 227 0.0
S-UV 24 [H] 66.0 133 360 220/ 626 151 378 263
S-UV 48HH(H] 60.8| 154! 351, 261 5770 17.3] 367 304

B+ AR = L+ b A =
L* a* b* | AE*ab| L* a* b* | AE*ab

BB BATHT 85.7 35 184 - 85.8 31 1920 -

BB At 730/ 103] 334] 208| 734 9.3| 323 19.0
S-UV  OFf 730/ 103] 334 0.0 734 9.3 323 0.0
S-UV 24IFH] 65.4| 140, 385 99| 643 144/ 389 124
S-UV 4815 1] 59.3| 168, 37.1] 156) 584, 169 376 177

=8 BEXIL mRABSHiflE &R
Table 8 Results of color difference change (ABS resin test pieces)

#hHeL (ABS) RO 22

L* a* b* | AE*ab| L* a* b* | AE*ab

B BATHI - - - 79.9 -2.9 44, —
R B A% — — — 78.8 -2.9 48 1.2
S-UV O 799 -2.8 42 00| 788  -29 48 0.0
S-UV 240[H] 788/ -34 9.4 46| 796/ -19 9.8 5.2
S-UV 48[ 772  -29) 153, 106| 748, -23] 157, 11.6

B AR T = B+ bRk S =

L* a* b* AE*ab| L* a* b* /|Eab

GRE AT 79.9 -2.8 4.2 79.9 -2.8 40, —

R WA 61.4 48/ 240 281 658 35 254 264

S-UV  OF§fH] 61.4 4.8 24.0 0.0 65.8 3.5 25.4 0.0
S-UV 245t 74.1 -0.4 19.2 14.6 745 2.9 17.9 115
S-UV 481l 74.8 13 10.8 19.1 75.8 12 8.2 20.1

®9 BELL BRASAHE S8

Table 9 Results of color difference change (ASA resin test pieces)

B2 (ASA) RO I
L* a* b* AE*ab L* a* b* AE*ab
R BATHT — — — 92.0 -0.9 15 —
Wk WA — — - 910,  -1.2 3.0 1.9
S-UV O 920/ -0.9 15 0.0/ 910 -12 3.0 0.0
S-UV 24 919/ -0.8 1.4 02| 909  -15 5.0 2.0
S-UV 48[ 920/ -1.0 2.1 06| 909  -16 7.1 4.1

R AR = B DB =
L* a* b* | AE*ab| L* a* b* | JE*ab

R BATHT 92.0 -0.9 15 92.0 -0.9 1.4 —

R B AT 72.2 65 271 332| 787 36| 240 265

S-UV  OF§fH] 72.2 6.5 27.1 0.0 78.7 3.6 24.0 0.0
S-UV 24k 89.0 -1.6 132 233 89.0 -1.6 132 15.8
S-UV 481 (H] 84.3 2.3 14.6 17.9 84.6 2.1 15.7 10.2
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Fig. 12 Surface condition of extract-containing paint after 48 h
of weather resistance test
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Development of Compact Microwave Wireless Power Transmission System
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MIYATA Naoyuki MURO Keigo TERASAWA Takashi
Abstract

Microwave wireless power transmission (MWPT) is a technology that wirelessly transmits microwave energy in space.
MWPT can effectively solve the problem of energy supply for IoT devices. In this study, a receiving antenna and rectifier
circuits for the 2.45 GHz MWPT systems were prototyped. The antenna was classified as a microstrip antenna. The
rectifier circuits were classified as single-shunt rectifier circuits and fabricated by assembling double-side PCBs, Schottky
barrier diodes and Multi-Layer Ceramic Capacitor. An automatic measurement system for evaluating the rectifier circuits
were constructed with Python and VISA library. The antenna was measured in electromagnetic anechoic chamber. As a
result, the gain of the antenna was 5.5 dBi. The rectifier circuit reached a conversion efficiency of 18 % with a load of 1
kQ and an input of 19 dBm. The maximum voltage of the assembled rectenna was 1.3 V with a load resistance of 1 kQ

and an E-field strength of 19.4 V/m.
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Fig.1 Overview of MS antenna




Fig. 2 MS antenna design and appearance
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Table 1 Specifications of PCB

NPC-H220 CS-3376C
HEFEE & 217 3.3
FEIETE tand 0.0005 0.003
tHEEA ¢ [mm] 0.035 0.035
EIREH T [mm] 3.15 0.8

#&2 MST7UT DT
Table 2 Specifications of MS Antenna

iy HiE[mm]
w 38
| 40.5
h 15.5
gap 15
W 7

XET T FTORMEHIZY | BRI L—a YT b
(University of Duisburg-Essen 235 openEMS 0.0.35) %W\ C, 15
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Fig. 3 Overview of electromagnetic anechoic chamber
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Table 3 Radiation measurement equipment and specifications
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EEFAR KEYSIGHT N5171B
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ARGNS LT F54Y ROHDE&SCHWARZ FPL1007
ZHEL(R—IL Anritsu MA5612B4
B®iEm [m] 1.0
T T RO [m] 3.0

BEREEAEIZ RN T, FRHS Y 7 RS E RN 5729
BEEL A IR— VT T T DIRERLETH 5, K (3) 14
W, BIELIEMS 7 o7 ORI EEA EHT 5, ks, A Q)
H Vi [dBuVIIEMS 7 > 7 ORIEE, Vi [dBuV]IFHES A R—
NVOREE, GalTFEHES A R—ILDNHFRFEHETH Y . AEHE
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Fig. 4 Schematic diagram of single shunt rectifier circuit
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Fig. 5 Appearance of single shunt rectifier circuit
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Fig. 6 Conceptual diagram of measurement system
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Fig. 7 Measurement of rectifier circuit
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Table 4 List of measuring instruments used ( )
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Fig. 8 Flowchart of measurement program
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Tabel 5 Python libraries in this research

4T3 % N—ay
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PYyVISA 1.13.0
PySimpleGUI 4.60.5

VISA 74 7" U |Z National Instruments £ (2023 Q2) Z{#f L7,
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Table 6 Measuring equipment and specifications for rectenna
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Fig. 9 Test scene of rectenna characteristics
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Abstract

In recent years, composite materials such as fiber-reinforced plastics (FRP) have been used in various industries due

to their high mechanical properties. The use of computer-aided engineering is expected to reduce the cost required to

develop FRP products. However, there are difficulties in structural analysis of FRP such as acquisition of anisotropy

material properties and creation of analytical model. The homogenization analysis is considered effective for analyzing

macroscopic mechanical properties from the substructure of the FRP. However, the accuracy of the homogenization

analysis depends on the physical properties of the individual materials. Therefore, the purpose of this research is to

establish a design methodology using the homogenization analysis which is improved the accuracy by inverse analysis
from tensile test results in a specific direction, through the structural analysis of the glass FRP hat shaped member as
experimental objects. As a result, it was found that the bending stiffness of the hat shaped member with
discontinuous/discontinuous configuration was closer to the experimental values when homogenized material properties

with inverse analysis were used than when homogenized material properties based on literature data of individual

materials were used.
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Table 2 Literature data of resin and glass
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Table 3 Experimental properties and homogenized ones using literature

data (continuous fiber materials)
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Table 4 Experimental properties and homogenized ones using literature
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. SCHME T
A R e
E\E> | [GPa] 154 1591
Gn | [GPa] 51 295
V12 [-] 0.35 0.31

<3. 3. 2> WEHTIC K AHEHE - BAEMEEORE

WA CIE, 53R CHUSATRE R 4 SOPMEfEIZ DV,
BRCARTEICITS 725 K 912, Badfbal Rz v, B bR
WCATTT 2 B8 S E O 2 HEN 2, EgaiEs O b
HEIREENT LY XAEANT T, BT LT 24
I EMOBERICE v MRS EE(E T LT XA THY | Kk
Wk ~DOBRZRREIN E < . WllE#RE VD Z Lo TE 7N
HAETHEARMMEE WO BHA R T2, —BRZREEN 7 LY
ALE, ODRT A= OMBEDLEET X MEBEREL, ©
FAND/T A—2 DMEEE B &1, D TRT A —XEIRGE,
LV TRICIITEIND, [ 612737 A—X DWREFEORZE S
AT, BRTIE, 1 HRETOD/T A —F OMAEGHEN LA
DENEDZZDOFE EROMAUTERD, 22Tk 1 HRTOEE



2R 374 ERER
nftHff n+11HE ntH{{ n+ 11t nfth{{ n+ 1A
mEE|| EAE ,
A 50| C 98 A > A
B 75,/ B jea—me
/ HEZD
C 98 C

B 6 /NIA—FRESFEDHE

Fig. 6 Overview of determination of the parameters

DINT A =B ORFE O E AVEZ TH =i E b &2 RO
HAUTIERL, 2SRRI | #RATD /T 2 —& OBE D
—Ha M S TROMREERRT 5, ARFFETIL MathWorks #
%1 MATLAB 2021 @ Global Optimization Toolbox (2@ DI&ARAT T
NTY X5 ga T Wz, Bal(bEAT O BEOMIE - EE RO
EOMDA T ORTHEFE 5 17T, Mg - kDS54 o
OYWEEIZ DN T, F S IORESNDHIPE T 1720 50 HOFA
KGR E = DMERLE R, 300 AR TRk S41 5,

£ 5 mBbD/\SA—2EEH
Table 5 Parameters range for the optimization

Parameter Min. Max.

PA6 THEEREL [GPa] 0.4 5
PA6 N7 bt [] 0.2 0.4
W T ARBHEREERE [GPa] 35 140
W T AGHHER TV b [-] 0.2 0.4

BB T LT ) X AOFE LEREIZBN T, £/37 A—2 Ol
HEDHICBIT DWATEORFIL, X 4 OFRERYELEET
DT LN T D, AREOEREREELIEL, 1 BoOFHEIC
170 BB Z e s, 1R/ $% — 2485 50 T 300 iR oFt
BEAToT-36, FHEICITH 290 B 5 Z L2/ b, ot
TR, S OB LOMGEEAT ) 2 £ 2B 2 D L EEDR
DL 72D LHIWT L. AW CIIAIRESRS B LA HHTE 5
AR OB NMIRET VA HRNE T 2 2 & & Lie, REE
TME, POV T T T—=EE S T, SO A IERE
HERTETNVTHD, REETNEDVEOY T ) 7T —4
bR L, REETAEZFIH L CGREENT LI Y X AOH
FEATH 2 &0, R & KIS 5 2 LS FTREIC 2 D,
REEET T, 7 U X 70 2 HNTRER L, 7 ) X 0%
EREEED O E D THY | FFHHITFETAT & B ORMRE
T 5, 7 )X EITIERERGRE b OARIBR TH - T
BT LT N E W R O Z EBAEILER L., 7V
X 70T 0 7T MMERIE MATLAB %W T, 7Y
VTR 1X200 3K — b LTz,

HEIRE [GPa)

stk R A [GPal

— 5, RGeS OWARNTIX, Hexagon #1# Digimat-RP2021.1
ZM\ -, Digimat-RP TiE, RRROFERGHIE(LIEIC X A¥E L
fiht &G R T, FEREICE 5 K 5 7l MO W EED
FowfbZ Arie & 3 oiRe A%,

FROFEEZROT, WET AR Z AT « SHEE AR D
WM E R 7\ 2R, EERHER TSI OREMERS, R T Y v
b, T AREMEOBPMELREL, AR CII T T A DR TV
FEDSSCRAE & TSR CRE B VRO Bd, £, Gbt
Z BT, AR - BRERROEMERECS LOVRT Y vt EE
AR & R TR STl L 2o T D, ZOFIRE L
Ti, EEHER & NEEEHER ORLE T EOE T K 2D
IAERATET L & BIAROR—ER ENEZ D,

B ZHEITo TG - MEEOMEE % R T EeeikiERs &
G OBV AT 2 22k 6, £ 7 17, Gk
8% W2 EA VIR Tl 8@ el Tl G & v DI, N
FHBHE Tl G DI ERRE & K& <HEEhTW 223, Gz
Tr4% DB I IR TS\ e, £72, BB IHED
YYEACARATIE LB EHER C I SEBRE & bhfe L C £ 1% AN DA
FZETINE 5> TWDDITKF L, AHGEHER 1 XI5 E & i L C B
12-3.0%, Gui3+11.8%, vid8.6%&L/m-oTWD, bbb, &
O 2B OYVEACARMTIEIE. ASEHHRIHER 7 S EeikiEr L
D b IEBRIE & DFRGENKEV, ZORKEE LTE, reET L&
FILIROAR—EN L > T TR COFBRE L —Fd D & 5 7ehikie
BHREARD /T A= PHEELIRNZ EREZ LD, £lo, R

K7k [-]

S e e
S = 0w =

SCHRRE

(a) HHREPAG)DIEAEREL
(a) Elastic modulus of resins (PAG)

(b) #HAR(PAB)DRT L

Poisson's ratio of resins (PAG)

(b)

048 o4

03 |
0.2

K7t [-]

CEkE

G o g

TCRRAE bt %

(c) HEHETZR)DREMEREL (d) HHASRIDRT UL
(c) Elastic modulus of fibers(glass) (d) Poisson's ratio of fibers(glass)
7 BsCHHEEADYIEE
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Table 6 Homogenized properties with inverse analysis (continuous fiber

materials)
o - BOEIHHED | SCERETO
SYEACARTIE | SRR
E [GPa] 2031 20.35 20.24
B [GPa] 2031 20.35 20.24
E3 [GPa] - 341 9.02
G2 [GPa] 1.45 1.44 2.95
Gz [GPa] - 0.95 2.06
Gsi [GPa] - 0.95 2.06
vi2 [-] 0.06 0.06 0.15
V23 [-] - 0.237 0.31
V31 [-] - 0.04 0.14

R7 AOEIHEDHELRBTIER (SR
Table 7 Homogenized properties with inverse analysis (discontinuous

fiber materials)
R - AW ZHED | SUIRETO
HEACfRTiE | S LARATE
E [GPa] 1542 14.96 1591
£ [GPa] 15.42 14.96 1591
Es [GPa] - 6.72 7.63
G2 [GPa] 5.05 5.65 6.05
Go3 [GPa] - 1.82 234
Gs) [GPa] - 1.82 234
V12 [-] 0.35 0.32 0.31
V23 [-] - 0.36 0.33
V3l [-] - 0.16 0.16
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Measurement of Shock Response Characteristics and
Improvement of Reliability of Electronic Components

H EA M PRIR
MATHUDA Shuto HAYASHI Ryota
L EOKER RS BT P FIE s IEC
YOSHIFE Shintaro NAKAMURA Takafumi HASHIBA Toshinao NABESAWA Hirofumi

Abstract
In recent years, with the expansion of the use of consumer products in the aerospace field, various electronic
components are being required to have high shock resistance. In addition, electronic components used in satellites,

etc. need to be evaluated using the shock response spectrum (SRS), so designing the shock resistance of

electronic components in consideration of the natural frequency has become an issue. However, as power supplies

composed of various electronic components are designed for use in environments where shock is not anticipated,

there is little knowledge about their shock resistance. In this research, we use a drop shock tester to measure and

observe the shock response characteristics of electronic components (Ferrite cores) mounted in power supplies,

and create a CAE analysis model to predict shock resistance performance. Furthermore, based on the analysis

results, we estimate the design conditions for improving the shock resistance performance, and verify whether or not

the improvement of the shock resistance performance has been achieved in the prototype electronic components.
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Table 4 Strength of ferrite core
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Fig. 18 The gel sheet insertion model
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Improving Operations by Utilizing Digital Twin in the Manufacturing Industry

A T aA i

NAKAMURA Hiromu MOROOKA Satoshi IWAMOTO Takeshi

Abstract
Against the background of social issues such as the population aging and worker shortage, the use of sensing
technology to visualize factories and communication tools for online business negotiations has been progressing
because the digital devices became low prices. In the manufacturing industry, Digital Twin and virtual reality (VR)
technologies can provide the entire easy-to-understand information by visually express. In addition, Digital Twin can
realize providing the high effective user experiment (UX) by reproducing the environment in which products are
installed in the virtual space. Sales representatives can suggest the product that clients request by communicate with
customers using presenting the actual environment in which they use the products in the virtual space. As described
above, digitalization has been introduced to the manufacturing industry, and DX has become an indispensable
approach to strengthen the competitiveness of companies. However, the information-gathering process, which has a
great impact on idea generation and decision-making, is still left to individual capabilities, and digitalization is not
progressing well. In the manufacturing industry, there is a need for continuous input of the latest information and
technologies to accelerate the development and manufacturing processes. Therefore, in this study, we construct a
method of business improvement utilizing by Digital Twin and VR technology for manufacturing operations and confirm

its effectiveness.
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