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In-situ Fabrication of Intermetallic Compound-Dispersed
Al Matrix Composites by Addition of Metal Powders

/A A - G

Mitsuaki Matsumuro Tadashi Kitsudo

(2006 -6 H 1 H =28

A new process is proposed to fabricate an intermetallic-compound-reinforced aluminum matrix composite
using the reaction between metal powders and molten aluminum. Nickel powders were stirred gradually onto
the surface of molten pure aluminum. The Al;Ni particles, which are smaller than the added nickel powder, were
formed in situ and dispersed homogeneously throughout the aluminum. The processing temperature was lower and
the stirring time was shorter than those of the conventional vortex method for fabricating non-metal (Al,O,, SiC,
etc.) reinforced aluminum matrix composites. The effects of processing variables, such as processing temperature,
nickel powder particle size, and stirring time on the formation and dispersion behavior of Al;Ni were investigated.
Results showed that the Al;Ni size decreased with decreasing processing temperature and stirring time. The process
was also applied to Ti, Zr, Cr, Mo, W, and Fe powders. The AL Ti, Al,Zr, Al,.Cr, and Al,,Mo were formed and
dispersed homogeneously, but the others failed. The size of intermetallic compounds depended considerably on the
metal powder type.
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TNSOHEEIFANC, FEMELORKIEZEFLE
sELADZDBAER T Ot 2T 505505 %.
ZE, AlTi RE4IC SIC 0 ALC, ZE ML TiC 27 HL
XH 551500, BRI T EAI L ALO, & ERE ¥
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JEH L7277V 2 = LA E MR 2 fifd 7% 7 -t Al
TIERS 3 C b ZilH Tz, BRI, 7IVI =T L
BANDIRMDAZTHY, 7IVIZT LEWEDOE
B2 RS BB RIEI R ZEML, A%
B 5. chickb, TogTeBRbaYZA K-
H—riEE s e ZHNIC, SR LEYhi4mM)
BN RIE T AL DRI DOV TG L.

2. REBRAE

B LIS RBEEOMIRX 2R, £, BXUFNIC
i L7z SUS304 BDALRN (NFE30 mm) T509 D
M7V =T LIAG (WIRE 99.99 %) %, FTE O
TRFEF L7z, i, #Ent— 2 X0k RMthEE 2
FWNT, IBGRIED S SHESEM A Z 10~25 mass% 75
mu, wgE#EETscLicky, TV oY LHEE
aMRZER L., BRI =y )b (hiff3~5
um, 53 um DUR, 150 um LUK @ 3 fsE), FX > (150
um L), Z 1L (63~90 um), P a = L (150
um LK), YT (44~88um), X AT > (150
um LUTR), #k (150 um LUR), #IEREWINE 98 % LY
FotorEHWE BIROFENEKRGRH TITo 20,
DAY LRRICOWTR 7 VIV HFRGATR T HE
i L7z, MIARDRIEE 3 E g/min & L7z, Hi#EFIE
SUS304 ALFE (EfE8 mm) DJiic 7 )V IF T L— b
(10 mm x 25 mm x 1 mm) ZWOfiI7&EDT, @B
JUCERE Uz, $EPRSEEIE 2000 rpm B RS E U
AN, Frig & LT 1000 rpm, 3000 rppm TEFEML T2, T
M5e 1%, FEORER (5~30 min) HiFRE#kT L7,
SR FNARD L, Imin B LTHhEKE L.
TGS 1 K BLERE O 2 T8 5 1CIRIE & B CllE L 7e.
COREMNIELORERIEHAE LTEMEMAL, %
DFRE W T ARG AAR OVS G E T, BT

1 SZEREE OB X

Schematic illustration of experimental apparatus

FT—EL U, BERAR I PIAIREUEL O HE T i 72 '
PUEMEIIC THIZ Uz, BHPIOREIIE T )V F—
ITETE X BRooATEEE (EDX), U X fRlaliEEE (XRD)
2Rz,

3. RBERRUEER

(1) AI-Ni &
(A) REHERE

21T AI-Ni RIRRER ¥ 7R, Al-20mass%Ni FHIK
DEEx 1123 K I BHF% L, 1003 K T/KIG L2581,
3@) IR d K oI, #ME LT bEYr AlLNi
PEHIR « FHRICETT 5. (b) 1& (2) D AR THE
(1000 rpm) Zfifi L 72355 O@EMK CH 5. (a) TH
WEINTZBHRD ALNI & (b) TIERFEHRIC K O DWiIENT
WAHEMNHKTH 2. TNEBIRICK 28 NICE - T,
ALNi Y (@) DX S ICEHIRICIERETE A 272728 T
HBLEZIOND. (€)1 %U3KDFT VI =T LK
IC=w 7 )VRAR (83 um LUFR) 72 20 mass% A - 44
(2000 rpm, 30 min) L7z@dRlTH%. 7V = Lp
IZ ALNI D - 12 L Twad. 20X S %5
MRIEATFIEICRHENZEDOTH O, BRIEE DM L

2 Al-Ni RIREEX
Phase diagram for Al-rich side of Al-Ni binary system

3 Al-20 mass%Ni &4 Dk
@ FHH7aL, () FHHEDO, (o) NI ARG -
Optical micrographs of Al-20 mass%Ni alloy
for various processes:
(a) no stirring, (b) stirring, (c) Ni powder addition and stirring
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7535, SUS304 Adn & 7V = LA & DRIGHER
ZRENDBH, LLEAKIR, D OBEIBEE MRV AT,
RSP IR LA B SN ah o Tz,

(B) AmmEDHERS

X 4 ICTRIGIRE OHER O —Kl 2R3, 973 K Dl 7
WD LRGBSy 7V AR (583 um LUR) Z N
THTLICKD, (1) XDRISE (973 KIZH1T 5 15EHE
BRI Y Z)VE—) I KD IEGIREE ER UG, 1
EHOY—7ZmRe. Z0%, —HIREEETT 5D,
BORER EAL, T c2HHOE— %
RUTt%, BRUFORERMETH2 973 K T THRAIC
FERd 5.

3 Al + Ni = AL,Ni - 190 kJ/mol** ()

COX D TREER 2RI FEICDOWNTIE, RDK
SICEZBTENTES. = v IVBKEDEIGIAI
&, ZEMIZBHEHATD 5720, 7V =D LA
EDRIEHABITET, WLiz=y TFIVERETH
LRSI RERERTIC ALNE N &2 L U, WAICTARR L TV
. 2Dk, BHO= Y7 )VIBEN LS L TNT 5
&, BT B Xy TIVIKRD A SIRZICK
JSMEL B E5ICRD, RISICHS T 5=y 7 )ILDfR
BT B DICAGRIENRETT 580 L Ebn
3. TOBOWEE LK, Wi 2= 7V ARDT
IMc &, MG %=y 7 U RKOEDEINL 72728
ThsrLEALNS.

(C) MR EBHEDRS

X 51T 943 K D7 )V 2 = LRGN Z v 7T IV AR
(53 um LUR) 7% 20 mass% 7 L 7z iE i ki U 7z i
EfHE 2 RS, EDX Z Wiz o OfE R, KiiarR
T XIS, HEBMEORWIT N AN TH D, KK
DOHRICIE NI DR SNz, TN b ORI HRIHE
ALNi, WFEELTz. X5 OBISHERN S, IRnLiz=»
VIR R BRIRIC ALNTICZ LS 2 D Tld AL,
Z T IVERRDEBD SIRAICTIVI T LEGED
BOGDEITL, IhnLiz=w 7V R & b & Ml 7
ALNI D= VR K O #IEEL, HFRIC X 0 RIS
HIED L TR TSI DR S.

TCT, HEEOFRNZ#EZ%. Ni, AlNi,, ALNi D
BEF T FNFN 8.9 x 10°, 4.8 x 10°, 4.0 x 10°kg/m® T
HY, ZwrIURKRRETIVI =Y LR E DRISIC
XOERT 2 eEZONS. BHIRICX 28z,
ROARREIEZ RIS £ 5 ) & B 2R ALNI VA U % EA
IKEoTW0BEEZIBNS.

(2) RERERICRIF T RBIEREHFOTE
(A) HIEREDRE
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X4 IAGIREOHER

Temperature change of molten Al with Ni addition

5 Al{EG & Ni BiRO RS

Reaction between molten Al and Ni powder

6 AHARIC RIE I HFREE O
(a) 1000 rpm, (b) 2000 rpm, (c) 3000 rpm

Influence of revolution rate on microstructure:
(a) 1000 rpm, (b) 2000 rpm, (c) 3000 rpm

X 61T 943 K D7 )V 2 = LIRIZIC = 7T IV AR
(53 um LLR) 7% 20 mass% b L, fii& O EE TR
ZHE LGS OREMRMZ RS, HRE MRS
T1% 10 min ki U7z, SHRdEN#sd Rz L e i,
RS % ALNI DY A Z3#ET/NE 7R 5 ZRT
CORKE LT, HEREEOEINCLE S 55l O8N
ICEX->T, =T IVERDFEFICIBNT, AlNi DL
NS VRS TRIBEDVE e e EZ B N5,
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(B) IR YT 1 XDEE

K 71T 943 KDFIT7 IV = LTAEHCHEAZ DY A X
D= 7 VAR % 20 mass% TN U 7= 35 & 0 e[S HH 7%
2. BHEREHPRININSE T 5 min fikki L7z, (a) D
3~5 um O¥AKZ VT35 E51E, MARDERE L I2E D ©
BHIRFIC 7V 2 =0 WA G LIRS » SRR U 7SRRI &
MR END. T OMKIFFERTEICEE U 7 tih%E
ETHBRMTE S, PEITOFHRMLIZD, K
AT = 7OV AR D R L0 WIRIIC H -
T ENEREHEIIE NS, (€) DX S IR A E 7
B (150 um LUR ) &2 F W T2 85 8 SOBD +01S #ET
B9, RRIG= Y 7 IVEETIC K 0B REBIC TR
B9 %. (b) D53 um DL FOMEKZ HOIGEEIE, KK
JE=w TV RGBS S T, I ALNI B
ECT %,
(C) MERANNEE R UHIERE DS

X 8 ICfli 2 DIREDHIT IV I = LIRGIC= v T )b
K (53 um LLR) 7 20 mass% #Rin L, fii 4 O,
Bivbze ke U 7 & O REERHAZ 7797, 5 min §i#89 5
TETHEMUEETDZ Y VB RO RISH e 1 Lz,
ALNi DEIRIGTAGIRED 943 K, 973 K DI IERLIR
TH5H, 1023 K TIEX 3(a) TR N & 5 KEHR
DILEMNZ 755 . HHIREDN 1023 K DYHEIF, = v
TV AR DEINC X O EGIREN 1073 KICE T LH
U7z, OB OREHEN TH % Al-20mass%Ni
DOWFHRREE 1087 K LN Tldd 50, JRFTHIC FHRR
DIEOREICETERL, ZRNmEAIE N5 82 TH)
i & LT ALNI B ERIR - fERICRHI L7 EZA BN 5.
E7z, ALNI OY 1 XiE, FEIRFHAEL R2FERE
o7z h, AU ALNIRITOF X b 7L REES
FHHEIRIC KB E D EHEEREINS.

(D) MERAMEDORE

X 91T 943 K DHT IV = LIBZIC = T VAR
(53 um LUR) Zfidi 4 O &N U 72 556 O R E R Z2 7~
I BERIIHORTINSE 1 1% 10 min fkGE L7z, IREERID
HPHEINZED, HNINEOBINE & &1 AlLNi DOF|
BPEINT %, iz, WINOBRMEICHBNTE AN
WFELKRTH O, IINEOHINE & & ITHAE LTz AN
M Z BN 2R, U, RINESMENT 3 &
K> TIRIMCHEMZE T 52 &, KU AN D4R
FERAR IS DIEINC K D A OMRE FRNWKE LR35
& T ALNI O AIEIMERE S N/ DTH B EEAD
ns.

MLEDHREI D, MEWEREM 22t ¥ 2 LT,
Hi &3 28T U7z A X O EeE O ALNi O
SEDAIRETH B T W h %,

X7 HIHRIC NAZS Ni Ry 1 A2
(@) 3~5um, (b) <53um, (c) <150um

Influence of the size of the Ni power on microstructure:
(@) 3~5 um, (b) <53 pum, (c) <150 um

X8 HHMKIC KU I TR & FFRIRR R D o2
Influence of the temperature of molten Al alloy and the
stirring time on the microstructure

X9 FHERIC KIFT Ni o2
(@569, (b)88g, (c)125¢g, (d)16.7g

Influence of the amount of Ni addition on the microstructure:
(@) 5.69,(b)8.8¢g,(c)125¢,(d) 16.7 g

Q) BESER

W EFMT7IVI T LNRGICTF 2y, yal, I
a=D L, BYUTTUHA% 10 mass% i L7250
REMZ R . WBIREIE T 2 U MARDEE N 973
K, ZHLSD 943 K, MiRIRINGE T OBFPRIE 7
2 VWA DEEE 30 min, ZNLSA 5~10 min TH 5.
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X 10 HHESEHIEEMZ ST IVIZY
L5 ORERE
@ ALTi, (b)ALCr, (c)ALZr, (d)Al,Mo

Optical micrographs of intermetallic compounds
dispersed aluminum alloys:
(a) ALTi, (b) ALCr, (c) Al,Zr, (d)Al,Mo

WINOEEERROBREELEYNRIET 5. Th
SRWINEIREX T IV I = LA L i %1k
EWTHBT L XRDICK DR LK. ki, VL
= LHRICDOWTE 7V I U FERK AR TR L 7z
MiRZRT. ThE, KK THERMLU TGS MR
BREIR L <, ALZr 2 —IC S8 ki3 TER
MoleledThHsB. Tofl, 22 TAXT7, BMAKED
NG ERA TR, BARE LA K O RIS AR SS D R AR D
HHELETICHEEL, SERILEYZ NS BTk
ZiFBHT T TERM oI,

mIn<e)E ORI K O BERLAEY O EEIC ED
EUTEHEIIOWTE, Yazy L REINOESR
NHEEBEMADBIENRKESEELTVS EHEIN
%. BERELEMNERT 520 IEBEHA L 155
NENZRENH D, 12120, MARDRGTICASE
TICKR&IC X vEglbE g, RiGEOENEIET
T 578, BILTNMAEREEE LE & T RS
95. LhL, BlbtENTMmERO—EBIET VI b
IS K DEITLEN, TIVIZ T LEDRINICE D &)E
MIEGYIDNERE NS L EZONS. ZDHITE,
MR LG &L DT EMDNRETH %, R E
DREV, BIZEE YT AT UMK EICIE, Fif
WK OMAKEZBGHRICESIAATZELTE, Zhb5iE
B L DHEAZICKOAR TEICI®T 5. £D7kD
B & DT REMNEITE RN T &, 2
AT VARICBWTREREEDN AR L Ao 7
JFERO—DEEZENS. Thbb, @EMEEYD
STHUMEICIE, TAG EIRINEIR & DIEHEKISIC K 588
MHEEYIOAE BRI Z, RO, 7V
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NSO E, WKL TAG & DILEAR EDOBEREIE
BNCEELTWS EEZONS.
SIEELEMZ T ER S T ENTELEERDOH
TH, ZOYA RIFENH D, KT ALZr 3 pm &
MM TH o7/, DFO, AT ZBEHEIELEYOT A
RIFHEMEBEMEICKE KMFT 2. TOFRKITDNT
S EROMEADRETH 5.

4. &S

TIVIZY LBGICRIEMARZRIML, 185z
TR licky, ZoOHTEEMLAEYZERSE
ZNHME— « WHNC B L e MR ORI 2 i A 7z
BOENTERIILULTOLSICx EDENS.

(1) TNEXTOWEME « FHdiE TIEEHR - FARICHHIT 2
BB EEY7Z AT EOMAIC X Ol - kRRET
5.

(2) BB LAY ML S ¥ 51 7 ot AREOK
Teedic, BRSO MENENTHS.

Q) AT 4 DERILRIGEMT 2 ENARETH
D, EKT ZEEREEEYOY A XEIRINEEREIC
KELKAFT B.

@ LUEoT Licky, BheE, PRS2 EER
T3 LT, HRIIEC RSB EYhi 70/
V= LEEEMRIORIEMNRETH 5.
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Preparation and Size Control of Nanopolyimide Particles

K R

Katsuya Asao

(2006 £ 6 H 1 H  2ZHD)

Polyimide particles show excellent heat resistance characteristics, mechanical properties, chemical
properties, etc. Therefore, polyimide particles are anticipated as a functional material that can develop new
industrial fields. Preparation of nanopolyimide particles and a particle-size control method were examined.
Nanopolyamic acid particles were prepared using diamines and anhydrous tetra-carboxylic acids for starting
materials through precipitation polymerization using supersonic waves. These starting particles were obtained
by heat-treating those polyamic acid particles. Moreover, results of this study show control of the particle size
of polyamic acids using several kinds of reaction solvents and changing the supersonic wave, the reaction
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temperature, and raw material concentrations.

F-—TO—F:RUAIF, KU7IFE, W7 BEFR BEO®

1. IFCHIC

RV A 2 RIIREMEMICENEZR) =D 1 DT,
A==V TV T TITAF v 7 OR45 &
o TWa. KU A I RIEMEALERZD TR, BN
PEE, ESUNPEEL, MSESE, R, SRR
LENTED, BERFEMPTTEMHTE, B TE
BoRWVWEDTTMEO 1 DEE>TWAS., [fHENT
WA ZIGIC D20, KENT 1V L EKIEA
THY, MATICOVWTIEINETHEOIEHEINT
Wiah ol RS, S/~ 7urd A XTHIEIE N
72 RV A X RN F O TEIC DV TR EMETE
NTELHT, HNTNITDHIZDE 1990 FFERICIE->T
neTHB

R A2 RIIEEMYK T TH-TE, HOEED
& D L FRRICENTZYIEZRT I TR T2 L
TORMZIEN U, # U IESE B 72 B < BEEEEM K
LLTHIFCcES Y.

LTAT, T/~ 7arIAXDT 7V IVEE
E=)Vix EORH &S FOWKFd Th AR E N
ZHHWESNT VD, TNDDED TR O

*OALEEREEE  (LEMRR

R, RIS RE Y, REOLAERMiNES,
FEEAVNE W, OME e O EILNE S 5 ENET
5Nn%. LAL, INSD&D MR #E, B
W E R X CIAKITEIC S D, £280ERICTRINL
e B X B8 22, BRI ZET S
T TOMMAPRETHS. NS ORERZ R T
UL, RIMROTHEMBLE UTER-ET, LR,
INAF - EHR, KL - RIS KR £ DRk g B
TOFMMMHIRTES. ar RO TR BN
MRTHZR) A I R2F/~I 70T A XTHA
FALT UL LRLDORE R AR IR E N2 LiRDbh
%.

ZIT, TR A PR ORRE KUK
HE O ATREPEIC DWW THET LTz,

2. REBRFAE

(1) FR

K33 44- NV T /) VT NI HIVRKR U
(BTDA) (8L (KF) #HBID SRR 2 Z D E %
i L7z 44-Y7 3 /Y7 2 =)bT—7 )L (DPE)
FRILASE T3 (BF) #1810 DPE/ODA (RéEfi%) #
ZFOXEMHEHLE 7R bY, XFIVIZFIVT Y
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(MEK), 7t b+T7x /Y, BRBAFIV, BHiEZFIVE
XUOF L3 F 2 A RO N2 Z DX £
fER L7z,

() RZREERR

MWkl FOREIEE = a 8o E &R E FIEME
(ESEM-2700) ZHWTHBIR L. iz, NFARBXUT
ZERENSTE TEAMBE OISR X D FHIIL TR 72,

() RUT7 = FEEMAIFORERA E

RV T 2 FEHRFIEERTH % DPE & BTDA Dt
R NS RSTALE 50 mI I TAR U 7-1%, HE e
SR (88 kHz) THZIRA L 10 /3 & ¥ TRl
Lz (KD.

ﬁ%hkﬁU“:F@ﬁﬁ?@ibﬁﬁﬁ%w;o

DEEL, RIGTAEZ VTR R LS LRI LTz,
¢£ﬁfd,&m@ﬁ,taﬁ®mﬁﬁ,ﬁmm§
HARREZ 2L EERY 7 I FEEWb 2308 L,
R TP O AT HEME & Rt U Tz 29,

Ric, RU7 I NIk 2+ Lo, 4
REEEIR L CRY A X PN 2157 (KD, &,
A4 2 MERIGIC E B IRVRIEK T BKIEFT L ED
HIBIC K O ISR OBIRIG AR L 7 2 A 3 L DR
KO FeT 4=V ARZ—=D0ETrIy L, Fv
LA —n"—7u—ic kD 75 AahicE L.

(4) RU A = PRI FOWEERER

SEFRHELUI22TORY A 2 FERHE 77—V 14
PRI AR T b VEE OS—F )b~ —HH#
Spectrum One) T KBr i&i@ikic X 0 fllE L7z,

o}

(0]

C]©/ \©:C %&HEET
‘< >* ‘< >*NH2 + 0
c o 7~H|:
0 )
DPE BTDA
Ho Q oH s s
* OQN%:O/C@:&—N * =
§ £
R TEREHLF
o H o
C c c .
9 ‘rT
o o 4"

RY AR F

B1 RU7 I PR B8RO RY A I Rk 7o
s

Reactive scheme of polyamic acid particle and polyimide
particle

3. BRELUER

TR T OERGEE, R —OESRHICK
JERIC BV TR 7L & B 2L 2SN ITHE: (0
&, AEES, HBRESEE) NN THB .
RV A 2 Rk F OB OV T B [ARRIC Eid D T
THRHEINTED, FMHIC K> BRI 72, R
DM EE -T2 ONEENS. B EUTERIRD kL
TR T I NG HRIENE > LB LTV
EEbNG. AHEICHBT BN T IBESEICK -
THHFHLEEDTHS.
(1) RISBEIRIFRICBRIFTRE

DPE & BTDA DJ)iiaik (0.001 mol /50 ml) 7 2
TIRAL, HSWEEH L TRY 7 2 REBHR 7 75
Uiz, 725, KIGABIE7 2 R, MEK, XYV 7z
Y, BTV, BB A F )V Wz, R, TOD
k2RO TA X FMEL .

THLTHELNTZRY Y I R+ RV A2 R
ORI T-0D SEM BELZ X 2 1R d . EHIADRY 7 I R
Mk CTHRINZ IS T 2R A 2 RIK 7 TH
5. INHORYT I FBMA TBXTRY A I P
P32 TH U EHEE (KD THH, 73 FMER
S FHO TR LIAME 2 TRl USRI TH 5. SEM
EfR K OFHII LR 7 2 RigB X URY 1 2 Rk
TOVIGRFER L ZBREZ L LITORY. TN&D,
ETORTRENIEFEICHI>TBY, 72 FIERIGICA
A UTBEOMmENKE L KZICLIEN-T, HBbh
ZWRTFOR FREPRKEL RZHEMZRLTNST &

£ 1 BERISEEHAICET 2R 7 X RN 15
KURY A X Rk 7O Tk FERR S KU
BIFREL

Mean diameter of particle and coefficient of variation of
polyamic acid particle and polyimide particle in reaction
solvents

s 5 THRNFER TR

M FDfELE (nm) i(§”E %)
T by (RUT7ZRER) 431 5.50
7 bhkr RUAZR) 410 6.41
MEK (R 77 = REg) 204 6.88
MEK (R4 I R) 227 6.40
TbT7x /Y (RUT7 IR 124 7.39
TbT7x /Y (RUAZR) 119 5.86
BEEE A F IV (RU7 2 FEB) 427 3.38
EREAFIL (RUAXF) 418 4.02
T FIL (RU7 X FE) 290 4.27
HBRITIV CRUAZF) 290 5.88
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TEbTT/ Y (RUTIR®) 7Eb71/Y (KUAIR)

BESTFIL (KU7S B BEIFL (KUASE)
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b0
IPED)

a0 i

(f&=R)
x10,000 : 77+t b, MEK, EfEEXF)U, BEEETF)L
x40,000: 7 T/

X2 JOSTERNC B 22T TR Y 7 2 MK B LUK 1 X FHKI T O SEM i

SEM images of polyamic acid particles and polyimide particles depending on reaction solvents
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Propagation and Mode Conversion of Two-Dimensional
Optical Waves in Metal-Gap Waveguides

(TS S U F S ) T

Fuminori Kusunoki ~ Tsutom Yotsuya Junichi Takahara

N

Tetsuro Kobayashi

(2006 F£ 6 H 2 H  =ZH)

Metal-gap waveguides are studied numerically to investigate propagation properties of guided two-
dimensional (2D) optical waves. The waveguide consists of a dielectric film sandwiched between two semi-infinite
metals. When the middle dielectric film is sufficiently thin, surface plasmon polaritons (SPPs) associated with each
metal-dielectric boundary become coupled, resulting in coupled modes of SPPs. These modes are classified as 2D
optical waves and are useful to produce nanoscale optical beams without cutoff. We employed finite-difference
time-domain method and demonstrated that 2D optical waves can be confined and guided by two different guiding
mechanisms. A novel guiding method by low-refractive-index cores as well as conventional index guiding by
high-refractive-index cores is shown to be effective for confining and guiding 2D optical waves. We also show
numerically that mode conversion of 2D optical waves using tapered metal-gap waveguides engenders efficient
focusing and increased amplitude of 2D optical waves.
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Fabrication of an Antireflection Structured Surface

R R
Hiroki Fukuda

(2006 46 H 2 @ %ZHD)

An antireflection structured (ARS) surface was fabricated on a fused silica substrate consisting of a micro-

cone array with a period shorter than the wavelength of visible light. The array of fused silica is produced by a

reactive ion-etching process using a micro-disk array of chromium thin film that is formed on the substrate by

electron-beam lithography and lift-off processes. The array can be characterized by the period and the ratio of the

height to the period (the aspect ratio). We describe a convenient process to fabricate the ARS surfaces for various
periods and aspect ratios. The fabricated ARS surface with the period of 0.35 um shows reflectance of less than 0.2%
between 400-800 nm at the incident angle of 90°. In addition, an ARS surface on the grating, which has a period of

20 um and a groove of 1 um, was fabricated.
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Schematic diagram of antireflection structured surface
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Fabrication procedure of the antireflection structured surface
with period of 0.35 um
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Scanning electron micrographs of the cross section of the
antireflection structured surfaces with period of 0.35 um at
various etching times
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Scanning electron micrographs of the cross section of the
antireflection structured surfaces with period of 0.35 um at
various etching times
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Scanning electron micrograph of the cross section of the
antireflection structured surface with period of 0.25 pm
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Fabrication procedure of the grating with the antireflection
structured surface with period of 0.35 pm
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Scanning electron micrograph of the cross section of the
grating
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Scanning electron micrograph of the cross section of the

grating with the antireflection structured surface
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Reflectivity of the antireflection structured surface
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Scanning electron micrographs of the cross section of the grating with the patterned resist

K11 Zal « )% =27k U Tz [k 05 1P 5L

Scanning electron micrographs of the grating with the patterned chromium thin film
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Scanning electron micrographs of the cross section of the grating with the antireflection structured surface
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Development of a Five-Axis Friction Stir Welding System
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Friction stir welding (FSW) is flexible and simple, offering many potential benefits from quality
improvement to cost savings. Because of those benefits, it has made inroads into the fabrication of trains, airplanes,
automobiles, and boats in recent years. To realize these and other applications, we developed a new FSW system

with two welding heads. One head has five degrees of freedom for welding three-dimensionally curved surfaces.
The other has two degrees of freedom for linear welding. For welding by FSW, the tool posture is important for
high-quality welding. Consequently, the FSW software system was developed; it automatically calculates the tool
posture. This paper describes the structure and features of the system, and presents exemplary welded products

using this FSW system.
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1. XCHIC

EEEEM S (LUF FSW [Friction Stir Welding] & i
97.) 13 1991 FFICHEE TWI - THEFE & N7l Hddh T,
RIS 2 DT e — IV RIE S B R S5 #HET
SBICHUANT, BETZEEATREZRILE S,
BHRL TG I 2800 T, M1ICZDFEMXNZ/RT.

FSW idB@ 2@ E 85 C Lx {BRIMc k> T
B THEE T 2 T2OMERED DI S MFIREEHD
HBETEE LTHEHZRUTED, fizgdgeary b
ONERS, FIHESHBHEORER LICEHINTY
5. TOFMNAIGE, Mg aekSicHEN5 0
BREH TOMSROMAEMIA SN, #RELT
B A ORI TR D IERE S EIC LEN, AL URWEE
BEELTWSdTHs. LMLFEHINTWS D
WIEERESTZTTHO, HNRENRE LT 2 IR
S EToOEASRIEEA TN TV T2,

OGRS ISR
ORMRPESRRE T2AGR

Z DR EFHEI AR — )L OAIE & LA H S
5V 7 U7, "—FRUzT7ORFENENTVSC
Llicdhs.

FEELITFR I FEX OB LT ey 27 b, 48
) 7 R E RS CRBCRERT Y 7) Rt
RO EEMORZE) BT, T —<D

Lalyd— Ja—7

1 BERfHERES (FSW) D)5
Principle of welding by FSW



88

1 ABEEONY RO
Specification of FSW tool heads
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Posture of tool for FSW
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UL Uik kic, ToFSWEEE I ENC S
RO ANMEH TE RV, HBE¥ELY—ILD
& RuiEM OFEMEMNZED 2 M 57z i < RO A
Tty MiZEZEBELZFNEERS KW STHS. L
Fehdo TR Y 5 B S OEMR TR 2 0B N H
2.

COXINTERPTHENED B NARRD/ S A 2 W
EMCEET A0, V=Vt Ty bDizdi
INZADHN S RUTH U 2 M5 S A 2 BN EAR B
LTIV — b ZHERT 5, EWo ko7 mr s
L7z 1—Y—nE SHMABREND 5.

(2 Y—IvF 77Xy b —HENADBE

C T TR DNRAZE ST 2HERICDOVTEZ
%. A FSW ZLE T A B MEH T E R0
FE I OHRZEY R EIOERTHET S VI E
RO EDRED D B, HFROEEIC DV THINT 2
728, —DODTar T L FICRT.

pAS /A NN

G01™ X0, YO, Z300,A5, C44
G0l  X0.5,Y0.5, Z300, A5, C46

TugS LOE X e YA &1 05 mm BH)d
HENC CHIN 2 EEDZ L VI EEZELT EDT, H
FEA TS RODISADIZDITY =)V DR EIRALITEZ
TV EWVSEDTHS. HIFROEFELUETIEC D
Xohrur I Lk,

COMATY—IVIEH 0.7 mm EBEIT 2 M2 DR
I CHINIEIIRL TW5. DFEH TOBEIOE, FLA
EDRMTHEAE Y —ILDREN—FL TR,
C DX S EHEE FSW HEERHCIE T EAUTEHT 72V E)
ETH%. NeWVoTIDA—HZ/NELFTBDIC
AR 2 Mt I RO ERRIC S 5 &, W HhFR T 1T
Bhz2noar o Lz TSAOMERMEMNC IS
%, EHICHW TR,

B Z 1 E 4% 20 mm D 14 PO L% FSW #49 %
BE, FOMMEIRN314mm TH5. oMMz S
077 LODKSICEIH 0.7 mm OEFRTILET % &
45K (=314 mm/ 0.7 mm) OEFRTHENTS &I
5%, JEH O NC TR S Ml a2 > T 1
TTCHEBTTT T LW, RFSWHE T 45171755

*1) ACCES %S NC a—F
GOl : [EfEMif A 2 REZER TS
GO0 : #onHfiEds T DAN O FEARHE I Koo FEASER 2 g
GOL : tHNHfEsET  DAT O FEATHE IS AR AR 2 g
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NCERTCERY
s AE—=EDY—=I

EEETERELAR

X6 V—IUiERALE DO
Example of instructed tool positions

EWVWSTETHAB. TORITIE 0.7 mm &S EIWOER
THE T M, TNTH T OELRES ORI C il
W20 (=90 % /45 3D LIMEZZEATVS.

Z T THIETIREAIRBISEENHZNES, Th
FTOEET—2 2RI, MOERBILUEDRD
EER S A DR B E Z RBRINICTE L TV 5.

M 61xY—)LA Tty FOFlE UTFHT S FIRS
Al BET HHBCDOVTRLEEDTHS. LEOD
SFRN AL S EICHERT 2DIcid FEDHTh
FRD A Z L LI NC Ty L 2—H—HMERK
LNz sz, TORTIREZ 5Nziiiiz 17
AKDOEFUCHIRL TS, RETTEIDOY—)LF Tty
k72 HEIICETE T 2 558 Y 7 M DWW THAT
2.

4. FEREE/INAGHE - XRY 7 ORR

Wi CMFH LIz X Sy —IbA 7xy K3 54
D EDIEMTHS. F CTHm RIcESG LW
Az, EEEICHHINTNENC Oy S LTE %
2L, VLA T vy ORI BT Z
HEINCTTY, FRAKINCIEIA FSW 2B THAETTS 12
O FSW EHFNC 17T Lz )19 % Bz R
G ZBY 7 N RF L. URCCDOY 7 M3
DREREIC DWW CHIBAT 5.

OY—ILSZADET:

NC SRECatildE N7 a s I L7 7 A )V EGHIA
F, ZOHICEDNNTREEH) - EHRwiR - PR
D NC SiakfimiL, Zophz<.

@MIIDEFHL UL

ALETE TEALAE b, Pl e B 72 1T TR0,
ZORSMIVRICHEAZ1T 5 56, Mzt
TERENDS.

ZTTZOVT b7 TRMIHHE G ZTED
BOBEMBHCAR L, Z U TTOEMRE2 B

TICEXM]MZB.
@) - EHRHE S THHT 37— X &85 57—
225

BE) - e D THERENTENC T r I LN
DEERE T — 2 72 )55 7 — & (X-Y L CSV IER) Ic %
19 %, LB - ERMARG S X DS ZOHETITH
ZHEMU, BOREZ S50 REEE & 1T 707 4 1S THE
R UTeT—2& (X-Y-C S - CSV JER ) Ic & d BT b
£ETES.

@ 587 — 2 Dl

RYT— 2 ZERTHEMLUERT S, DV
Y| 7 — R ZALE D ¥ v F T Spline il @ (F 721
Hermite #fif] ) L, Z0m51 Eicffii U7z dhfpz s
5. E=ZOMHMME CSV B THRIET 5.

GIA FOEHNT =R X Ty N EEE LT
T — R L

V)V A R LI pbT—527%, V=)Lt Tty
k2B RIS AN f8 T — RCEHT 5.

@57 — R 7% NC ZFEIc 2 i

CSV DT 7 )V 7z ERR il a7 (GO1) ICZ&SHA L,
RAFT 5. BB SIEHMEERI—F (G0, G91)
ICEEHTES.

AN A L FSWHRADEMEZINTA—2 L LTEH
2Bk, TOZHEY T M EEOBRERMV, ZLT
3(2) T CHIIA U 7243 BRIC K 2 WUHISE 72 Jlwk L C FSW 2
HlCElR NC 0 s LEH T 5.

5. FSW NI A)

73 FEAME IS HIE 3 mm D Al K (240 mm x 340 mm
x3mm) i 8 DFDISA (A—F—HFF 20 mm) %
el L EOBANAZERL, FHEGIEY T
MCFEREVTIRETH S. INTEME Y —)bolis
#5200 1800 rpm, Y —)UhNES] - 49 kN, InTHHREE © 250
mm/min)

FEKBIFZNEZEBICIMT. LY — 7 DEHTH
5. VIV BDFNAZNTWABRD, T—27IC
g2 ABENKED o TeTcsd, Ehk, U—71k%
PRARICETE LTz, LA LED S Y — )LD eimld &S
YRV T b 27 O ICBEI L.

*2)Spline #fif]
ETDHZ 5NTZHERFIIT LR E 2 ROl ERE
TN, JLEAEED % TE BVl
(AKERSC T LTV DiE 3 2k B-Spline #fifiH)
*3)Hermite i
BUE A DA & F DT ORI H S RERLE N2 iR
21T K B MR
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7 CPHEGSRY 7 MICX % 8 DTF/SADIR
Path of figure eight on FSW support software

6. ¥&&

T ) 77 EEE A e CRIRGRIEE T ) 7) TR
RO EMAFRG B O] D7zIc 5 il FSW 3EiE
ZhFE - BELTe. £ COREZEN T 272DHDF
RG> HRY 7 PR THFE LTz, Thz ik Al
ZRBIC 2 JotM LD DI z1T o7z L T 5,
ARLEEIC & B Tl Lo OB AN+ orETH B T
EMbhrole. FRIEAKEICEK S 3 QUcHEiES %
HFUNC R 21TV, T OROMERPMERZH > T
<.

91

8 Al FAHx LoD 8 DFISX
Path of figure eight on Al plate

BE XK

1) W. M. Thomas: Friction Stir Butt Welding, International Patent
Application No. PCT/GB92, GB Patent Application No.
9125978.8, 6 (1991)

2) C. J. Dawes: An Introduction of Friction Stir Welding and Its
Development, Welding & Metal Fabrication, 1 (1995) p.13

3) KK, AR, AOEE, WA MELYs
SSE G AR 2R AR, (2005) p.37

4) REARDE @ FSW (BRI FREZE) DERELISH , HTI T2
Hif#L, (2005) p.113

5) WEIEX ¢ BERHI RS & T OISOV T, BERE B
ek, FW-11-2-6, (1999)

ABESE KRB ALPE BRI DR ] 78 Al - T2 LR TE LA
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7 &R IRERNTIC X 5 Z A )V D
WP & PRt T OO R A

Evaluation of Water Absorbency and Comfort
of Towels Using Skin Temperature

A R

Takanoro Yamamoto Mako Katagiri

AR MR

Hirokazu Kimura

(={ GRT

Kastuhiko Miyazaki

Pt Eo

fA

Yo-ichi Mastumoto

(2006 4£ 8 H 23 H ~Z#p)

To design and develop a novel comfortable towel, we investigated the relationship between water

absorbency and the comfort feeling of towels by measuring skin temperature. The skin temperature of a human

body was measured after bathing and drying with two bath towels that had different levels of water absorbency.

Sensory tests for feelings of warmth/coldness, wetness/dryness, and comfort/discomfort were administered

simultaneously. The results indicated that the skin temperature was greatly affected by the towel’s water

absorbency. To get a comfortable feeling, it was important to maintain the skin temperature at about 31°C when

using the highly absorbent towel. We concluded that different levels of water absorbency and the comfort of towels

can be measured and analyzed using skin temperature.

$—0U—F : RERERE, 24, WKk, Y—ES5T 1

1. IFCHIC

B SIS CTARKIRAENE, BFICH %= TP
ERIKT B ke GRIERZADR) 05 OESHBIUKR TS
IZ& 2 IR 2 RS 2 L TirbNa. 94
bh, BEOEMEBITIAIEFTICEERRHZS
THD, HFREEESRCIBERREGENALNS Y.
NADAIRFREIRREIC BT, FETF, NEAMR E
DK OBEBIGN EE LR Z RIS, Lieh->T
I 75 & NI IE Rl 2 MR O PUETEIC BT %
WHRIE NI DKoy iR E AR OIREGE B L U
AL B G DK IR & DA G DERRICEH L
TERENTERE?.

EHIT, MkHERM QWK LR & DBIRIC DL
TE, W OhOWENRSNS ™0 W, ki

©ONRETED (R - R
(LRI SR
NIRRT L TR

ICEENSEKRENENT 2 DICEV, BAUEDEN
THTE, WETRERIGMHE LTRIEL TWBKS
RICBNTERNEDSENT 2 L MG LTWw3 Y £z,
BB KX, EDRKUTZGEE, BAORERD
WU, AEEMOBIKIEDEND, BDIRERODE
BRELTHBEVDNTWS., £z, HLEDIIKL T
Tk, HERHETHANIZT &, FEVE
BMNEM o 12T LR ERIIERE @ Tz & HEN U 724G
REFELTNDS .

TOXIIE, KARFEMIC K 2 Wk MERIRHEOE N
D, ANAEHDRBAPUEKICEEERITT EEZ BN
. L LGNS, SOk & EHAREC T
ZHEIK e OBR, BB WIFERISR R FRE D%
bR IOV TN ENTWERWY. £z, i
B OWIKPEDIE W 72 AR RIS B FH L 72 76 &
HHENIR.

ZTT, WOKENEEGEEO—DE L TROLEN
%24V E LT, s liHRZE DXL
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JVOFRRGEH L BARETT S 12T, WoKMAE & AR G D
ZICOWTHE L. 3hbB, FIRICfIE Lk
2B & LI H UIFHE T AR D R 8 2 1HR D
FHITCX 29— 574 VAT LZHVT, K]
R R IREDOZLZ MR Uiz, X 5ICHED %O
MK, LUK, BROPUERICE S 5 B RERTAN & DR
B DWTERZINA T2

2. HH

ARFEERTIE, ZAIVOWIKME & K i 2w O Btk
IZDWTC, BN EE 215 % Te DI Bk EA K & <
B2 2 2FHONZAZ A IV ER O, £ LI, 7E
INARFVOFMZERT. HRBXUSAILRIEZEE
ICHE 100 % TH D, FEEERHHRR & ORISR
—& LTz, ZAIVDERRTIKGEE T S T fafTok 2
DOREE, IS L 1907 DEHWKEICHER LTz Y. Fz,
AR R (1] I X D EH L7 2.

Y = 2545V + 1411 W + 79 [1
2L, Y IZWoKIEEL, VIZERARIIGERE (ml/sec), W
W KK L R DR Ok (ml) TH 5. &5,
We/KFREUS 77 7 S LV B M RE A SR i i =i B L
TERINIIETH D, 800 LL EAERKMEDH%
EEINTVB. LEh->T, skl 24V TB id Eok
AAIWTHZOICHUT, F &AL TA KK %
FNTH%.

3. EEBRAE

(1) A& - $H Y RER

PR 1 36 %~ 55 I DA I8 4L Lz,
ABRERICIE, MENZRE UTIRE 25 °C, @ 40
%R.H. DMEIRENEE (AT, BREEOLT5) LL5D
it 2 R0E U T2 IRIE 5 °C, ¥ % 45 %R.H. OEIRE (1L
T, REEQLT %) ZFH L.

B LiE AR - RO FIEZ R, 37505, [ 1]
WISy DI B LTS FEREEOIC A= L,
LEREN AT 10 R OKIRFAES 2175, [ 1] 4
B 3BT OMNICHRIE S Nz 42 °C, ZRE 65 cm
DB EG D OB KI5 HEABRTS. [I] A
R TR, AR VRS T g ERILET S
K ORELD BifEZ 20 BDREIITS . Z&d, SHbaEIch
JAHEOBEIETEAMROM—d 5K ICHEREL,
SRR A S pERE, i () B8 — AOHBIE A
ZTREFN T 8D E Lz, [IV]IHEO BIfE& 7 LA
RIS, W IIBRIEEQICBEI LT, RN L2

X1 AREA
Details of sample towels

B A ERAKS AL [ TB: BRKS AL
REE (cm) 59X 130
" & @gm) 3338 | 3311
x M # 100%
fit% (Rlem) 28
g R &% (Rlcm) 18
fiE%, /31 L& (tex) 30
#EF B4 (tex) 37
I8 ILFEE 5.8
SE#84 LR (mm) 3.2
[E& (mm) 291 3.53
BAREKEE (ml/sec) 0.01 0.15
BAFNRKE (mlim?) 100 1300
K $E$k 119 851
B BBE
04 —[T]1BE=E D (25°C, 40%R.H. )AE
REE
10 & —|[O] Ai& (/8i& 42°C)
5% —{ [@] B LBREERY
154y 20 ¥ —{ [V] BRIBEZE @ (5°C, 45%R.H.) AE
BEfL
(AEER)
2 RE) RIEREERE,
(5 71%) BHERE
2045208 — [V BEZED AR

X1 HHD SRR T

Experimental procedure

Z5nHRD. [V]Z0D%, HURBEOICRED, K
R &R 2 3642 T 10 73R D LR NI 2288 7% & 5
oo FIELT1~[V 1% 1EOAR - HHO KL E
BT, BHHREE3EDOAR - HID REFRZHEDIREL
Tirote. Fie, HL1RAS - HHD FZER T &
FVEIEET, H2, 3EHEOAR - S0 ZERTIE
HEZAIVTA, HBVETB EZHT LEHT ST &
ICHIRR U 72.

(2) EEREREDRE

AR 2 A VIS K 2D % O R R R E & 2 0
Rr A bz i d 2 72ic, AR« JELO £ O TE
[V], §abEREEQADARERE 27704, 577
BICBOTHREH O G LIREZFHI Lz, JE,
LERRIENIZEATY —E€ Y5 7 + (THERMO TRACER
6T62 NEC =2 (#k ) ) ZFHWTIT> 7o, fRKTERALIE,
PRERERRTHNIC 35U 2 MER D 5 IEER £ TOREE (LR
MR &9 %), X THERBEREIC I 58 HEhHE
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MO EEE TOMEEK (LT, Hhied5) LT,
IREMD D RERIREZHE L, ThZThoV
iz kb 7z,

(3) EERMEICHIT BFEEKIDERE

AR 2 AV TA & TB 2 LT, > ZiE% DL
EEREm~Z T2V A XS (FUIFILM % FinePix F401) %
HWThsz L, X9, #5RE 14 Ok IC 0.5 ml
DK ZHRNIEBRNK I FT 5. DT, K
e 2 XS 2 ANV TAZIETB Z 108
e 5. D& &, EEOKED FEICBNTI,
EmbseEZAONE T EMND, TTTE—ED
faf 5 480 of Ak Bl 2 A )Vichn 2 7z, T D%, fidE &k
KEZ )V 72 HUD BROTC RS R NS 381 5 5RRK ) 72 i
LT, T, HEO RSB 28t oREE
IC K BB RIS B TIc, —EfiE 480 of Zhnx
F, AR X AN DB E BTG EIT DV T E K
Hifiz 85t - i L.

HEREH 1[EE 2[EB8 3EHE

5 OB | TABRKEAIL | TA H{ERKAAIL | TB :ERKIAIL
(1) AEE#R
(22 9%
(3)5 9

X2 ATSSEBROREIEY & R iR D2 Lh

Typical thermograms after drying in each experiment

35
" O TA: Bk 24V
:Q 34 - —‘ O TB: @WKk %71V
a3l T ‘1’ *:p<0.05
|

FHYREREMEE
@ g
—

— |

: 30 | 1 [
|
29
AEER 2931 591

X4 D ORF R & T R &L iR D22k

The variation of mean skin temperature with time

95
(4) ERERRE

HREMAIZSDIE T L L, 3(1) Tb 7RG £
REORPER T L[AIRFIC, RHERE I L THAMEL 7.
FoEREGHMIEE I, K, UK, RS TRk
KD 3 D&Y EF, ZThZhcE Rt (9g
MO SEY, LN TWS AN Tns, T,/ RAik)
VT 5 ERFERE (2 ~ -2) TR L 7z,

4. BRELUEE

B 21CiE, 3MED AR - HLHD FERTHR 5 N5 1k
AR OY—E 75 LO—flZ/Rd. &k, ¥—€7
T LTCRIRED S WA ZRER (RER) T, WE
DRV Z R R (HtR) OOUHTENTNARE
NTV%. ABFBROFIEIC K 2 R iR 72 i

TA EIRKZA L TB :&WKE4IL

(1) AZE#R

2 25%

(3)5 97t

X 3 PRSI 0D R o 2 1 il P D 22 A5l
Typical thermograms after drying body (Front view)

TA ERKSAIL | TB :@KEAIL

HEBY
(=480 gf)

WELL

X5 HHLD %D K 21 DB
Typical photographs of skin surface

*1) SD i : Semantic Differential method. RE% & - XA
s 2 T, #ERE MK G2 lET % itk
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Lice T3, NEHEBZORMRmREEZ < ORERE
THLIRBIHDOAR « IO EROMRMREELES
M A SNz, ThuE, ARSI 2 BN H]EE
MABEEIC K > THRIE ST /edTHH L EZADBNS.
Jixbb, H2EH, %3 EEHOAR-HED ERTE,
[IV] £ TOEBTINEETT- IZRICHE, ABICX S
B RiEzE A T3 T Liciks.

—J7, HLEEHOAG - FERTIE, FERTFIE [1]
BT % 10 R OARIRFARI D I 7217 - T IRRET A 2
ToTWa. §74&bb, HF2lH, HI3EHEHDABRHE
BRICHANTE 1 EEHIE, AMEANOBRIEN K E < 72>
fetebic, AZERORERRED & < 7% 5 Hm 2
RLIEEDEHEENS., LML, 50B0OKSER
ImEE, 3EID AR - IO ERICBNTIFERLCT
Hole. LEN->T, BH1REHDAG - REO EE%s
AERERIC T 2 —EBBIEON G, FldarT v a
SV EEZRT, H2REBIUHEIEHEHD AR - K
D R TR L NI RIS OV TG R o Tz,

X 3%, B XA TA L TBEZNZFICHH LT
BEIAS 5 N ARSREBEGH O Y —E€ 7 T LS RO —H#]
R, KRR Z AV TA L@k 2 4 )L TB D% R 7%
igd 2 L, @WKkEAIVTB ZHWIY—ES T L
TIRARDOPHHNEL AoNTz. £iz, TOOHDE
BABERICBWTRLHEE TSz, THIC, &%
IKZ AV TB ZFHWIERE, 2 9 BD MBI BN T
t, DINEDEEOVEFRIREZH R L TWwa T
ENOMNB. TOXKD EEWIKZ A )V TB OIS
VSR AR S 2RI HE R, R ()
KKBEWTEREOOLNTZ. TNEDERNEETH S D
B ERETT 27D, M2 AIVTA L TB Z2{EH L
T BT b N AR R W S D 28 b 2 A %
MEOFERE L BICK 4ITRT. &, FHREIRE
LI EWERE OV —E T T LD SEITEICK > TRD
FETH B, £z, KHISIE YR 1R R O FEUE
FER U, RBKZ AV TA L8k X2 4 )L TB £ D
HEBIC BT, AREKE 2 0% O EIREIC T
HEHNC AR 2R BN Tz (%p<0.05) 2. Lizhio
T, REEICATE UTek o 2 i 7o I fli ] Uiz &
AV ORI R R AR EICHEZ RIEFTEO LN
AB.

X 51Cld, a2 AL TA & TB MWz #ifE
BORHAIKFIC DOV TR EEZ/RT. &Sk Z
AIVTB TlE, MELZMAGTWVE ZOEGEHICDT
MK S NI, —75, RBk 24 )L TA TE,
FIEZMA TN & & ORRANICTIIKENRE <Ko
TWa. £z, mEZMATZEETENET L BNLD D

TIREEDNBIR I NI, & TAT, 31V & Wk M
DBIRICIBWTIE, AN DEING 5 &, il
MR E LR 2T DITHIIHDORIGHEN K E {722 LH
HEINTW3 Y. bbb, KBKZA )V TA TR,
REO BRISIN & T faf B K o CTHEflRRMN R E < x>
fet=lc, EFEmICHAE LKihmdb Lizs o &
EZBND. —J, @WKk A ) TB ZHW=5EE,
Z L OKEHHIS NS T=dIc, & _EOFREK
NINVELEBEDEHEINS. LEEA->T, @k
IKZ A )V TB 72 - TR DKy 2 - 72 & Z i
R EREIRED BV DX, ZA VIS K > THRES
NN E L, £z, KR LIRS 57K
BERBNIEDND &N TH 5.

X6~ 8%, k24 TA L TBICDWT, (KR
DIz GIRE & SD LI X % & T & OB R %
AT EE, X6 ~8 DR FIHER, REEOIK
AZT B ORGEE L I b L, AFEEZTH 33
C, 2771 THI31L°C, 5771 THI30 CICIK T 5.
B 6 1R L7ciimi& Cld, AR R DY 33 T~
31 COMRMETEEN <, L EREDE N>
TRRENVDERRENEE LTV, T,
FZRFHRFENHY 30 CTIHIFIE TN T DOHERE D E &K
CaZehbhole. iR ZAIVTADHZ0iE TB A
REDHIRIC BN TRIFER UK S Mzl L
MU, VPR FIREICHEENZED 5N 33 ~ 32
COWMBEIC T A EAME DR RN 5 & A EAILR
SNEhho Tz,

X7 DBAEE, TFHEEMREDN SO ABERICE

34

O

337
327
317

301 —O—TA: {BRK 24
—o— TB: @WKk 241V

FHRERMEE

29
-2.0 -1.0 0.0 1.0 2.0

B« - BHw

N=ERYAN
/Mm /7T @

X6 i & T R B TR EE DR R
Relationship between mean score of thermal feeling and
mean skin temperature

*2) *:p<0.05 : 2 O REZE W E X T Hal ¥ LOFIHRL S
R, 2BHT DRV W0 D IR E IR 5% A
HCHERNEN, AEEND S LHFEINS
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34
—~ % :p<0.05
g 33 1
) 32
g
=
w31+
iy
B
?H\- 30 o TA: Bk EAIL *
—o— TB: @WK %AV
29 I I
-2.0 -1.0 0.0 1.0 2.0
BNTWVDB « - BELTW3

B n &

7 AV &R IR E DB R

Relationship between mean score of wet feeling and
mean skin temperature

MNEZHRATHEY, EFREOIKT, I74%b bR
ORI -> TR ERE2RA SR 2R L. Xk,
R Z AV TA H % 0E TB IR Lz e T 5, &
Werk 2 A )L TA T TR D 33 “CHfiL T
ZHRABOICHLT, SBKEZAINTB TEHED N
NEELCTOHRRY. 51, KEOBET DB RS
WEME T LA TE, Rk Z A )L TAICHANT
K Z AN TB DIFSWERICHEZ R ERZ ST L
Mo h o 7z (*:p<0.05).

X 8 1T/R LTz ik ¢k, R EREDNEWIEE
IR H 2 AN A DNz, i UlzitE oLt
BICBWT, FHEEEERED 31 CLLERDHE T
RPIK 2 AV TA TRRAREECTNBDITH LT,
K 2 A )L TB Tld A RIS E & & U 5 i a 2vER
5Nz (*:p<0.05).

LT AT, Gagge H1d, KRR AENREEREOM
TITON 57z LBl S 5721 Thh <, BB
THMRMEIE LR TIHRBICRS L LTWD. e,
R RIS A 30 ~ 34 ‘CD & X AR EIRF0 TG B RF D I K
HTHRERERZZE LTS Y. Ihbb, ARk
D E k72 Bk 2 A )V TB THUEL - 72 1% O -1 jZ iR
JEM 3L ~34 Cnd & &, WHRENENL, L&z
U, Pl EE 25 L0 FERIE, Gaggelc k- T
IRE NI ERIE L IEHE B K O RIRREIC B9 5
— ARG E KB LTWS. Lieh> T, RE
O B DR FIRED 3L CLL LIk 7=n 2545
12, WEREIEENE LINEREZHZ Z2EMICHS. X
5IC, —MRINCHTIE, RERED 29°C2EB A T,
R FIRENKI 34 Clcxb Lhg b EEN T3
¥ AEEBOE SR 33 CRHETHA LN RN
BT, BAREDOTDDFRITORELEZSNBEM,

97
34
. *:p<0.05
¥ 33t *
i L
E 32
e
L k
L
=
\ L
.I._l':?l_ 30 —0— TA: {BWRIK 241V
—e— TB: Bk 24l
29 ‘ L
2.0 -1.0 0.0 1.0 2.0
Z::I‘* «— - 'l*iﬁ

1R 3E =&
X 8 Pt & S R R OB (R

Relationship between mean score of comfort feeling and
mean skin temperature

WITNOHEREICB O TERBBOFRITIEASNE
Mmotz. I7%&bb, KKk % 4 )V TA OFEHIRFC
BB Mg &, KREERE EOKRAKD IR
28DLEZD. AT, BEHKDIZKOBIZERN
ZERITHRTRE W=D, REEED D DRARIEZ
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Chemically Modified Cellulase Treatmentof Ramie Fabric
under Neutral Conditions using an Air Jet Treatment Machine

= £ SR U LI S U 7

Jitsuo Sugai

Kyohei Joko Toshio Hayashi

Motoo Arai

(2006 /-8 H 29 0 %ZFH)

Technological development of textile processing requires achievement of physical and environmental
safety as well as value-added. As an application of enzymatic protein cellulase that is chemically modified with
maleic acid methyl vinyl ether copolymer, treatment of ramie by MAMEC - a mixture of 60% modified and 40%
non-modified— was attempted with boric buffer solution at neutral condition in an Air Jet Treatment Machine. The
following results were acquired. 1) The ramie surface fluff is removed by MAMEC treatment. 2) The treatment
softens rigid ramie fibers without strength loss because of the molecular size effect of MAMEC, which inhibits
penetration into the fiber. Simultaneously, details of mechanism and characteristic effects caused by the high avicel-
ase activity were studied through weight reduction behavior of ramie in MAMEC treatment and morphological

observation of treated textiles and fibers.

F—T—F IS —H, EBKILAVEAFIVEZIVI—FTIVHEAE, L2880, BEMT

1. IFCHIC

VAR D EHEIN TR BT IC BV TIE, TEEEEARD
LRMER D CICREANOR . Z R Lz L TomE
W T & @b mNaszi & S, BEEMAEZE
D—IRTEH 5. WMHEMTICBI 2EEEANE, 73
F—HIcXBDO0EEINT, LI —XIc Xk
0 — ZRAHEDIEMN TH B WNIE Y — > R BT BN
AFTF YT AT ANSNTE. Raf
T 7 s RYFF—BIc & 2 D N1 A K uE
BRELHMEINTWVS., TNETICEELIX, Wtil
0 — X DNK D3RR TH % IV T — B K BHkHER
O LIS DWW TR A DG 2TV, ZOH THEED
)b — ZEHEANO/E R 2 ke R i I BRE S % Tz oI

RIS i s
o AR RECHE
o BRI
o A

T =LKk LA VAT IV E )T —F )L
EAEKICK O(RZEBEL, 5T A X2 KREL LR
£ LUNEfiREL I2) 2L, COBMiFEERIC
K% — AR HENDIERIC DWW THRET 2175 T
X7,

MRETOFER, [F— O EFRTHIR L 2858, (Bl
F U U TR DB T T ORERETUH L 725%R D
ZREOHIELMAONB e Er /AL, KA
L AE Al 2 S RAE N R U < kEZR i I SR TEA b
578, ZOREEEHMEER NCEFS Lkt
KHCIREIND 2D TH B EER LY. ZORE,
C OEEFEREO—FRORIE, #in T O TEE (X
D BARINCIE, I TOMEIFICHE S 58K ) Z /il L
RTWVWHTHBT Ehbholz. ZD%, TOLFE
fiitz )V o —X OSMEHEZ a2 T, BHiREEZ
R BRI E CARE L7z MR TR LA d,
W7 S =B (Bba— 208D E W E
HICEH T E 5 D1RER) Z2RFEFTE 5 LZRVL



100

BERMRE (201D
PAS600) : /& 1£1:60,
85°C x 3043

BBELN B EE1:100,
70°C x 1543

BPELN i EE1:100,
90°C x 1043, 3@

iR Fs—E#
85°C x 255 T| stk

ER | EDBK

B1 RERICHEL 725 S — O RTLEE 51k
The pretreatment of a ramie cloth was performed according to the above procedure
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The weight loss of ramie yarns treated with MAMEC and
non-modified cellulase under condition of pH 7.0, 40 °C
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Fluff was raised after desizing with amylase treatment.
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Behavior of weight loss of the ramie fabric treated with air jet
treatment machine with MAMEC and non-modified cellulase
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X9 pH70, 50 COHESERMET, 1B T 40 77
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Side view of the ramie fabric after treatment with MAMEC,
atpH 7.0, 50 °C , 40 min
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Side view of the ramie fabric after treatment with MAMEC,
at pH 7.0, 50 °C , 200 min
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Surface view of the ramie fabric after treatment with a)
MAMEC at pH 7.0, 50 °C , 200 min, b) control
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MAMEC, b) non-modified cellulase at pH 7.0, 50 °C , 200
min and c) control
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The relative breaking strength of ramie yarns from fabric
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condition of pH 7.0, 50 °C
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