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Surface Modification of Indium-Tin Oxide Thin Films
Using Electron Cyclotron Resonance Plasma

"
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Indium-tin oxide (ITO) polycrystalline films with a smooth surface and high work function were fabricated

through surface modification using electron cyclotron resonance (ECR) plasma. The substrate bias voltage effects

on the surface morphology, and crystallographic, electrical, and optical properties of ITO polycrystalline films

were investigated. The crystallographic, electrical, and optical properties of ITO polycrystalline films showed no

substrate bias voltage dependence. Their surface roughness and work function were simultaneously improved at a

substrate bias voltage of -60 V, yielding films with a surface average roughness of 0.5 nm and a work function of

5.2 eV. The results were attributable to the etching effect and surface oxidation by excited species such as ions and

radicals generated in the ECR plasma.
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Schematic diagram of plasma treatment apparatus using ECR

plasma source.

15 T T T T T T T T T

10- ]

I (mA cm?)

ol ]

T N R R |
-100 -50 0 50 100
\ bias (V )

X2 FEBOSNA T ZBEHE (Vi) 220 E B 7 IR
RV —ITHN B ERHE (1,) & DBIR

Relationship between current density and bias voltage of

substrate holder.

Micro wave input power is 300 W. Total gas pressure is 1.3 x

10 Pa and oxygen partial pressure is 2.6 x 10° Pa.
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Intensity (arbitary units)
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W avelength (nm)
X3 ECR 7T A DINARYT bb
Emission spectrum from ECR plasma measured by optical
multichannnel analyzer.

Micro wave input power is 300W. Total gas pressure is 1.3 x
107 Pa and oxygen partial pressure is 2.6 x 10 Pa.
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XRD patterns of ITO as-deposited film and films treated at

various substrate bias voltages in ECR plasma.
(a) as-deposited, (b) Vi, = =60V, (C) Vyins = 40 V, and (d)
Vypias = 100 V.
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Transmission and reflection spectra of ITO as-deposited film

and films treated at various substrate bias voltages in ECR
plasma.
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Substrate bias voltage dependence on work function of ITO

thin films.
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Relationship between surface average roughness of ITO thin

films and substrate bias voltage.
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AFM images (1 x 1 pm®) of (a) 1TO as-deposited film and (b)
ITO thin film treated at a substrate bias voltage of —60 V in
ECR plasma.
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Improvement of Positioning Accuracy
of Ultra-Precision Machine Tools
-Reduction of Laser Measurement Error
Using Wavelength Tracking Compensator-

JERVARE 1{c e psd * NI
Kazutoshi Adachi  Katsumi Yamaguchi  Sakuro Honda
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Positioning accuracy of ultra-precision machine tools can be improved by control using a laser
interferometer feedback system. The form error generated by machine tools results primarily from measurement
error attributable to a change in the laser wavelength caused by the refractive index of the air, which is in turn
affected by ambient temperature, humidity, and pressure. A wavelength tracking compensator is developed
and adopted to machine tools to reduce the laser measurement error. The compensator can update the precise
refractive index continuously and can also correct the error of deadpath length in the optical path. To evaluate the
compensation performance, measurements were made of the displacement of the tool relative to a workpiece and of
the form error resulting from raster flycutting. Both measurement results show remarkable improvement compared
to the case without compensation, meaning that high positioning accuracy was achieved.
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A basic optical layout of a laser interferometer system.
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Schematic of precision machining system with a wavelength
tracking compensator.
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Investigation of Evaluation Methods for Adhesion of DLC
Films Using Scratch Test and 180 Degree Bend Test

P SPIE * SR 1 <o /N i I )
Morimasa Nakamura Ken’ichi Miura Takashi Matsuoka
BRI S S

Tomoko Hirayama

(2007 4£6 F 14 [ 20

To evaluate adhesion of DLC films prepared by UBM sputtering, two new formulae are proposed using a

scratch test and a 180°-bend test. One formula for the scratch test was improved on the basis of Bull’s model using

critical load L, considering compressive residual stress o, on a film. The other formula, using a 180°-bend test,

was newly derived to calculate adhesion parameter J indicating adhesion energy of the film using the fractured
area ratio R,. Furthermore, with DLC films practically deposited on SUS304 at various substrate bias voltages, L,
by the scratch test, ores through substrate curvature method, Young’s modulus E. by nano-indentation test, and R,
through 180°-bend test were obtained. Validity of these formulae and parameters of W and J for adhesion energy
were assessed by evaluating changes in L., o, Es R,, W, and J with deposition conditions of the DLC films. Both
W and J investigated in this paper showed a direct relationship under all deposition conditions. Results suggest that
both W and J are appropriate for evaluation of DLC film-substrate adhesion.
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Variations in critical load, residual stress and Young’s

modulus with substrate bias voltage.
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Cross sectional SEM image of film after 180°bend test.
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thickness with substrate bias voltage.
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DNT, A7 TV FlBRIC K2 EETIIVLF—W &,
180 R RABRIC K 538 T 3 )L F — LRl 244k I DY
R7ZeRd. ¥, WELTE, BUl 5SOETILVBLT
FERESREE IO )1 72 Z & LTI T T )V O h 6 B U 7l
ZRIFFIRLEZ. WINOWIZDWTE, I EDRIC
PHE R EARBARDRD 5N D, A7 Ty Fikli L 180
JEh PR T, < BEONINIC K > TEEZE L
HEETWE., COTLzEETD L, W, JEEIC
FIEERMNICKIBEOEEEZR L TWVWE EEZIDBN
5. £z, WIZDWTIFEMIERIC I 25 8T 5 &
ERMEDNH ELTWS. CTHERAY Ty FiRkBROE
TIRIC BT, EEERRIS )72 E 1 Lsiridis
BIRNWC ERRTHERENVZ .

5. &8

275y FikER, B0 180 EFERER 2 U T2

REAENET VA2 T LB, Th2e

CrICiE&E, a—C:H &M 575 % DLC D% & MR Al

FEELUTHY, ZoZYEERG L. LIFcE5Hh

Tkt R,

1) A7 5w FikBii X O 180 EhiF B OV o
AERICBWTE, EEREHEKRE ORI Tldx< Crf
CEAPMMENTIZLEL TV,

2 A7 Zy FiRBRTELNERNE L, & BE T
IWFE— WK, #E T A= —lcnd 228hse
CHEIE->TED, LLOATIIESEZFMTEkR
WC EWERTE .

(3) 180 I FRERIC BV T B, X BEmEAIR R, &%
BT IIVF—LEHIZERI & ORIC K E K2R
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o~
IE 0.04 T T T T
E ©® M SA T ABERY, BRAISABE LGS
A 2 5'/71%7553&1:%7‘1 RIS HER LT25HE
° O Rtk A 7 ABERS, BEISHEE LRVES
- A 2 5/717\?EAJ£¥7‘J BRREISHER LWGE
o003t 1
4 002 === 1
A A
X
; 1
001 f égﬂ —t— :
o,
'Eg‘:-[ ;QQ 1 I I ! R
2 2 6 8 10

EET RV —FIEE, J [x107]

M7 ARV F— EEETIOVF— I OB
#

Relationship between adhesion energy and adhesion

parameter.

HoNTz. 1F B R, ICERBEENEE LT
W3 EEZLN, 180 ElflFHABICEVTEIEL
BEHRTR R, 720 THEAENZIHME T E RV &hD
ho .

&) 27y FikBan 5157z W & 180 &l 55k
Moo NTzI EOMICIE, WERINICKDET
P R ERRB R RS BTz, liEld e < Bido
AN K> TREZESBEEEIASRTHD T L
MmH, W, JEBICEBOEEEZIZIZERMICE
LTW5 LS Nz,
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ATV I Y R AT LRI LT
1 U WAL R T 1A D BT
— YA 5578 U 7z P. aeruginosa
s 7 —EORRE 2 OME -

Development of New Sterilizing Method
using an Intelligent Drug Delivery System
-Purification and Characterization of a Protease
from P. aeruginosa Grown in Cutting Oil-

BH Mz R S
Akihiko Masui  Nobuaki Fujiwara

lvanka Karadzic**

(2007 4 6 F1 14 [ <ZH)

The Pseudomonas aeruginosa san-ai strain was isolated from water-soluble cutting oil used for cooling

and lubrication during industrial metalworking processes. This strain, which is grown in a highly alkaline (pH

10) mixture of surfactants and mineral oil, produces an extracellular proteolytic enzyme. We have purified and

characterized this 18 kDa protease. The P. aeruginosa san-ai protease functions optimally at pH 9.0 and 60 °C.

Additionally, its monomeric structure contains at least one disulfide bond. The enzyme is stable in the presence of

organic solvents. For that reason, it is suitable for peptide synthesis. Furthermore, the P. aeruginosa san-ai protease

can be used in an intelligent drug delivery system (DDS) designed for applications in the metal industry for

prevention of cutting oil putrefaction.

F—"7— I : Pseudomonas aeruginosa, ZO7 77—+, tIHIH, FZv I 7UINJ— X7 L (DDS)

1. ECHIC

WA ORIENE, K - mEmZD TR, Bk
BCHETEHLLDEERICBNTHBORETH
5. DD, AL ORRICHE L IZREAIDEK -« Ik
FENTWVD. L LAEND, ThbEObEa ks
AlE, ANMRICEEEEZETZIHEANE L, 5K,
FHMAEE D 2 WIZERFERIVE Y OFRKYE & L
T, BHICbOEo TARICHEE RIFTHEE DL
TN NS, BREFDOMEHEZ TE 2R THIRT %

* (LAEBIEE B - TROLE— - N AR
HRETT— RRE(RIVET)

A, BILOWERE Y AT LOENEEN TV 5.

BEOYIHIINLTIE, YIMIOBICHAET % BEEEEAD
HHRME e Loz, YIHIITMAHV5H
TV, YIHn L, ek, mttEhHwsn T
W, BUETIZE & A EKBIEDHBAIDHNENT NS,
IKTAPEYIEIN Tihid, 90 % UL EAVKTH D, BRER
THHINS 2D, BRLT L, (LA E Az
I TIEHWOR R 217> TV 5.

IKEEPEYIEID Tl JERuE, Z DO#HAIC Pseudomonas
aeruginosa MECIICHIGEST 52 DR TH 5. Z T
THAE, LA BERERNC DD 2 Tz m R E 7LD
KA E LT, P oaeruginosa Z0 iR - TATH & B A IATHEE
RERFELI Y.
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—77, BEHOMEHEZHIRT 2 7dicid, BEH
ZEENT ST ENEZSNS. IEEHRICOVTSD,
ZOFERICY 2> TlE, ZORIHEEND, BEED
ZELUTAEL, RIRTERZRBITE 2 LARE
THhad. TOEOHICF, BHRERHERICOWTE, HIKIC
B S IR 285 2 AR E L. FHEL
DFEE LTI, REED 7, SlED T, Bk
RENDFE - G, HEZVEATVEEEND
%. LRNZERIHICE, HIKIETE3RETLMT, B
KT BZBENSIRBEERICHE L EMETHRINE D
BV, FOD®, ESREICENTERES T THS
YIF U7 NADE UIASIC X b [Eilb &8 % 5%
BELE.

COJER, BREA - BR2E T 2 7)VRICERE
fbxETHL &, JEWE (P. aeruginosa) DEFICIES
THWENZ Tar7—8h, €oF 7))V
U, BEEEENREH - BERZRHT 5. fitEn
TR EEA - BERE, BREICERT 2 &0 Y AT L
THb. TxbDL, BHHEADEENAAL v F LixoT,
HOMNKRE - nfeEnsg. fEfETHROERESRZFIH
LT A 7)) V2V b aRE Y AT LTH B
(X 1).

COAYTII Y PEREY AT L, BEH -
MR NEIZRFCIZIFHE 2 2 ENTE 57280,
REH - BROMHEZHIRCE 5. E56Ic, FEEt
HREESF U THD0, wRiEEnftEEGbYE
FiD. 2ok, REICHT Z2HMEILMTE 5.

AR ATLCBNT, ETFUTIVDRREZFNIC
S EEERA O, Yar7—EoERIck >
THIEENTVS. ZDkd, KV AT LZHIT 3
WX, BREDN WIS 7 a7 7 —EOE RS
ST BRENDH D, BERZRHEL, T ORHEZ#XT.

M1 A7) Yy MRS AT L
Model of an intelligent DDS.

ffiF ik P. aeruginosa san-ai l&, JERK L 7z/KiATEY)
HIH A S HigE L 7z,
() B&EAE

P. aeruginosa san-ai (&, LB 5% i (0.5 %NaCl, 0.5 %
AR FZ, 1.0 % MV Tk V) 2 VTR (30 °C,
120 h) L7=.
(3) EERDRFH

R OMEE, B B2 RANEEIC KD R,
Wzt R 7ax 2757 ¢+ — [Butyl- k38—
(#Y—), Sephadex G-75( 7 7 )L=> 7 )] Ic &k bir>
7z.
(4) BZREEDRAE

fi% 35 M1, Horikoshi @ 551t > T, pH 7.6,
30 °C TiliE L7z .
(5) ZVINVEDHIE

2Ny g, BHEX S EE LTRE T VT
V(D) ZHWT, Lowry O 5EIC K> THIEL
1o,
(6) 7 X /E&SHR

BEO7 I /BN, BE3i7%Z 6N HCIE R C
sk f# (110 °C, 22 h) L, 87 X / Bk 7% Hitachi
L-8500 77 X / F oy it ( HIZ 8RR ) 2 v CllE

2. EREHE Lz
(7) BB REEM
(1) A& BEZ DA RIABICH T 22813, BREERZ 25
%1 P aeruginosa san-ai (O 7117 77— D
Purification of the protease from P. aeruginosa san-ai.
s i AR PEOERE 1EVE Fe i Fh B e
(mg) () (U/ml) (fi%) (%)
LT K1 6,417 105, 760 17 1 100
PRSI i 825 75, 766 92 6 72
B 22 AT 38 26, 820 706 43 25
Butyl-pan’ -y 16 15, 333 958 58 15
Sephadex G-75 2 10, 960 5,480 332 10
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%(v/v) HHETAREA T 30 °C, 10 HIEHRE 5 &4, #&ifF
ik e Lz,

3. BREEE

(1) RO

U, HiEE, BRI, BfER, BUKKRCTIVAiE A
FL7UINTTT 4=l X Do . IERIEH 10
%, IR LSO 330 5 ThH o7z (K D).
(2) 7 = /EHERK

KRIFEZDT X /B ZNTz & T2, Bk
CHMET X JBORIGHZNWT Ehbholc (T —4
Hg). Tk, 7V AU EOKEETIERRER &V S
—FEOMRERE T, AREEENH S OMEZ REEd
218, HFRED, BUKERCEEY I/ BICE
WERSER L > TWVE D THS L TFREINS.
R 2NV ENFE

MR LA TR, TIVAROKRL S IE
18 KDa THo7z. —J5, \EXIKEIIHNS5IE, &t
MG TId 35+ 2 KDa, JEEITHISEMTid 23+ 2 KDa
THhole (K 2). BT L IBEITNEFE TN T
BOEWNE, ABEOT/ —FLH, YALT 4R
MALT2E&ELTWA B EEZONS. £z, 7
VAt & EBRUKEN T T ORGSR IR 2 DIE, REERD
BT X JBOLRNE N EHE LTS EED
n5.
(4) fERE@E pH & pH REM

ABEOVEHEMpH X 9.0 T, 7IVAV DT 1
TT7—ETHBT bbb oz (K3). iz, ABEZT,
pH 6-12 OHEIPH TLETH D, At P. aeruginosa Hi>k
DOTaT 7 —HILRT, AWV pHETLZETH S
TERRLTWVE (K4)°.
6) (EREERE L RALEM

AREEOIEH E iR 60 °C TH o7z (X5). %
7z, 60 °C, 90 7 {AFHZDOIFIEIEX, F165% TH D,
flid P. aeruginosa sk D 7077 —E X O HWEAL
EMEE R LT (X6)°.
(6) BAERIDTHR

IR RIZ T B HEAOF BRIz T A, K
fE£ D% L, 1, 10-phenanthroline & EDTA™ 12 Xk D
[HEENZ T EeNbh o, TOMREND, ABEER
EETOTT—EThBEZLNS. i, DTT?
KXo TEAFEESNZ T END, RBERITTV AT 1

*1) ethylendiaminetetraacetic acid disodium salt
*2) dithiothreitol

61

1 2 2 1
(@) (b)

2 ESUKENIHTIC K B0 FRUVE
Molecular mass determination by SDS-PAGE.

(a) BTHIZRME  (b) JEETTVZRITE
Lo rR~—7— 2 RS

100 Q

80

60

40

HXEME (%)

q

20

0

pH

3 BEREDOEE pH
Effects of pH on enzyme activity.

PIEE - pH 6.0( 7 /% ), pH6.6-7.6( U V),
pH 8.4-9.5( MV A—1f% ), pH 10.5-11( KT )

10— °°®0o 0o o o]
80
60

40 (@)

HRFEE (%)

20

0 00 |
2 4 6 8 10 12
pH

4 WSRO pH LENE
Effect of pH on enzyme stability.
30 °C, 4h {REFEDIRIFTEME
FR1ER  pH 2.8-5.8( 7 T VB ), pH5.6-7.8( VU Viig),
pH 7.6-9.4( +V A—1#g), pH9.5-11.4( KT )
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100

80

60

40

axtEE (%)

20

0 1 1 1 1
30 50 70 90

BE (°C)

X5 BERODE R
Effects of temperature on enzyme activity.

FHBZFDE THEEINS. TOIZ)VT 1 FiEH
FDOT &, BREROBLENICHEGE L TWEEEAD
ns.

(7) BRI RE S

AR DRI T B L e zdfiNzL T 5,
25 %(viv) BEETAI T 10 HREHR & 5 R OFREE M,
AR/ —)U, TR/ —)l, N,N-TAF)IVHKIVLT 2
FOFL T T, 60% DL EOTEEZHER L Tz (K
7). TOTEND, AR, INLOHEIBEEDT
WFHRZETHO, XTF FEREEICHHTES
ATREMEDN D 5.

4. L&

KIS O S 1 & A5 BT A 6 FH = D I D 72
O, FEH - BREYSF U ICHEEIEE S, @I (P
aeruginosa) W9 5 707 7 —Hic kb, HEH -
BEEDBHENDZ ATV 2y FERE Y AT L
REL. ZOVRATLZWHNT 2728, WEZ
L, ZORMZERANIZE T A, ABERIID T8 18
kDa, Zji i/ ld 60 °C, i pH £ 9.0 TH D, pH 6
P ETRETHoTz. Fiz, BUKMEROCEET 2/
WKEATED, DTNICYAIVT ¢ RiEGEFOCT L
WP ENT. HEAORENS, ®E7u77—8
Thdehbhol. THICARBERE A%/ —),
T2/ =)V, N,N- T AF)VRIVLT 2 Rz EDHKE

100

80

60

40

HREENE (%)

20

0 15 30 45 60 75 90
R (49)

X6 ERONLEN

Thermal stability of the enzyme.

60 °C & 70 °C THEi & ORRF %, FRIFHIEZ
0O:60°C @:70°C

HEEE (%)

X7 EEROABIAELEN
Organic solvent stability of the enzyme.
25 %A bsTARE, 10 HRHRE 5
(160 rpm, 30 °C) L DFRAFTE
1: AR/ =), 2: TR /=), 3: 7k,
4: 7% /=), 570KV, 61 ANFH Y,
7 NN-IAFIRIVLT IR, 8: 4V TR/ —)L

VBIRIAE R CLOET, N7 F FERE DT HENFIH
DAREMN D 5 T b o Te.

BE Xk

1) KBRF, =24 REBAT- 11-279014.

2) BEEASH, MEHIHE, (SAREET L TR R A R LS
FHJER, ¥—I > — (2001) p.341.

3) K. Horikoshi: Agric. Biol. Chem., 35 (1971) p.1407.

4) O. H. Lowry, N. J. Rosebrough, A. L. Farr and R. J. Randall: J.
Biol. Chem., 193 (1951) p.265.

5) K. Morihara: Biochim. Biophys. Acta, 73 (1963) p.113.
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A T Ti-Al TES R IR DB 7

Development of Highly Adhesive Sprayed Ti-Al Coating

JENT fR—ER
Shinichiro Adachi

(2007 4 6 F1 20 [ ZH)

To improve the adhesive strength of plasma-sprayed Ti-Al coatings, titanium-aluminum mixed powder was
used as a material for plasma spraying with various spraying parameters. The plasma-sprayed Ti-Al coating was
found to comprise Al and Ti compounds of TiN,;, TiNO, and Ti;Al, which were synthesized during the powder
particles’ flight in the plasma jet. The adhesive strength of the coating was affected by hardening the Ti compounds
and Al phase with the oxygen and nitrogen contained in the coating. The bonding mechanism between the coating
and a mild steel substrate should be a combination of the mechanical anchoring of the Ti compound phase in the
coating and metallurgical bonding of the Al phase to the mild steel substrate.

F—U—F:TSXRBH, FEY,

1. IFCHIC

7V 2 G VAN R R BERE MO S BRI B T
D, BSOSO — VR SIGEE N TV
F/z, EXUkaz BN E U CREAELE %E&&k%
HHINTVS. 7V FREEEM & OBEEZ N
I BHHMNT MEEDNET. N2 550H 5. BifE,
THIEZEOME & LT Ni-Cr 54 Ni-Al 54875 &M
—MICHVEN TV S

ﬁ%ﬁ%@ﬁﬁ%%%%@ﬁ OFEIC K OIS
OEFICHEPER 52 22 20, HMICHELaho
YRR AR Z E3BEEME LTI NE T b,
Ni, Crz EDHEBRBOMHZM/MEREE S LM
HENTW3D

ZTT, BERENEOEEINS Ti & Al ZIRGEHE
&F % NHITAS B2 BHF T B T2 ic, Ti-Al EZRED
g T Tt R, BRERE & DS B X OB EEEE
BE LD TS T 5.

2. RERAGE

*ORMEER SEAmLER

TIVEIZUL, BEH, B8 7UHh-R

LSRR a7 X8O TS5 X<
A% TA-7050 Td 5. Kbt & U THIM IS Bt
G3101 SS400) 7= FVy, miMLEE & U CHAM £ w2 R 7
A NTIVIFWES (TN T IRTIUT
JWABINIC X BT 5 A ML E T T2, Ti BRI Ri£%
60 ~ 80 um DERN(EAF 2 =7 L8, Al FRIEREF
40 ~ 60 pm DR & 77 1) M TR Z Wz, mikR
ZEEL L 1OHFIEA L A L. &,
RO PRIE 4 150 um & L7z,

22 3% 7 3 R L B 2R 25 mm O 81 A (1S B A% G3101
SS400) O AL i 1 IC VA S L T B, (A 1R O 8 4
(SS400) ¥l & TRF VREEFTESEI LT,
A VA a RIS X D 5 [EREE 1 mm/min T
1otz a¥s, YJIKB L TFedaN—H)LTaAg
VR ZEHWE.

EMOELRMS WG TV I T7—F =K7YV 8
T+ —LZ VY —7T S5 HWTHEMEIME (Ra) 2
HIE Uz,

3. RBRRELUER

(1) Ti-Al RERDOmET O+ R
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Ti-Al B2 BRI 1 X AREHT DS A 5 TiNgs, TiN &
TiO DEVEATH % TINO, Al BXT HED Ti,Al O
ERDERD SNz, TildTEERE TH O RGN TH
MICEET 2 X CICBRBXUCEREKISL T Ti g
LB X UCEERKT S .

Ti,Al I EPMA IC X D Ti{bk&EYE & Al Jg O S T
WL THEBYEONT TR BN &, #)
FHNC Ti OB L T2 32 & Al DRSS % A EE
PN en s 2, RGN P EMICEET 2 %
TIC Ti vagHhi & Al VESHR 7O Rl S T AR L7z
EEZBDONEZYTHS. TxbL, BB FIETZ
AT v M ERITL TV ABIC RO RISHHET L
TraDEEZENS.

Ti + 1/2N,+ 1/20, — TiNO @

10Ti + 3/2N, — 10TiN, @

Al + 3Ti — Ti,Al ®

B 1(a) I/R9 K DI Ti BTN 13 L RN
2B bBENS. —J5, (b) IS Ti-50mass%Al [k
a2 I AFDHZWERITH S TifbaYH &g
WL TH 2 ALHD MW T AT —EZIE L T
2.

Ti{bBWHE AL EEL TV DiE, Ti a4k

(@)

(b)

100 um
I

X1 Rz Wi D SEM 1% ; ()Ti 2/, (b)Ti-50mass%Al
i

SEM micrographs of cross-sections of sprayed coatings; (a)

Ti coating, (b) Ti-50mass%Al coating.

T & ATAGHRL T ORI F 72 Id LEEOE VI X O R
DN ERZ B TDICE T D EHENE NS, £,
Ti-50mass%Al f7 i Id s aEz L T30, Th
& TiAL B YIE O BRI 2 Z T REDY i\ Al FHA ARl g
BlcEEZILNS.

(2) Ti-Al ZERD R E5EE

Ti fZfisE, Al 23 & OF Ti-50mass%Al [ i #%45 1)
KBXETTTA b —F \DOHABIDOFEE X 2
RS WO E B IRNES T IS HIEEL Tz
s, MEMSEEAKROEEICHY T2 L5 X
. BUCRT K IICHAEOMICED ST Ti
N B, Al ZJE, Ti-50mass%Al J7 KO IEIC [z i
SRR A, £, AIRIRE Ti EIEIZRAE O
N HE > THREIEIEINS % 73, Ti-50mass%Al iz 1%
27 kW THRAEZ/RT .

Ti ZIE K 1) TR K S ICHEARNERICZ < DA
LRBANDH D, THDBIEEDR S & 755 2 DIREN
K. —75, Ti-50mass%Al 7R3 i E 7 Ti {b &
& AIHTHEK E N2 BB SHRO T2, &R
EEHELTVS EERINS. Ti{bAMHOMmE X -
OISR OIB X T@IC & 0 ERT 2 LAY DIFES
WEINDEEZLNS. Z T T, Ti-50mass®Al {7
PEORHEICE L T T I A b—FNDRABNEBLT
T AN ARBEZNE R EDOFEOVTH
Nz £ 1IORT.

Fz ST 17 D [ A i A A B 15 5 4 7z Ti-50mass%Al K¢
B D G FLHR I AR SR 53 1% DUR EARWNMET
ba. Fiz, EEPO Ti{LEYHEB X T ALHD S
IREEICBE U C & F2 BRI 2 BIEE U7 AS IR, HDEIZ R
SNahotz. Lz -> T, Ti-50mass%Al 7 [E O 7
fEsR I DL SR B XK O TiH{LEMH E AlfD

70 T T T T T T T T

60 ®Ti-Al_|
Al

i éTi

g

o o
LI
1 1

=]

5
4
3
2

®A7], 0,/ MPa
(=)

—
O]
|

10

0 I L | L | L | L | L

15 20 25 30 35 40

BAET), P/kW

2 Ti Rz, Al BRI XU Ti-50mass%Al [z 5o 5% 35
NCBRETTIA b —F O ANES D2

Effect of input electrical power to the plasma torch on

adhesive strength of Ti, Al and Ti-50mass%Al coatings.

T
[=]
|
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7 1 Ti-50mass%Al 7 D%k
Spray parameters for Ti-50mass%Al coatings.

RE | AES 75 R T A BT OMR L ERE | EEOES (HV05) |  RiL%

(kW) (10°° m*/sec) (mass%) (%)

T 295 &S EH Tifbaw Al

(@) 20 8.3 16.7 2.5 2.6 817 46 1.0

(b) 27 8.3 16.7 3.0 3.0 848 56 0.8

() 32 8.3 16.7 3.2 33 845 63 0.6

(d) 20 6.7 13.4 3.1 3.4 923 66 1.0

() 27 25 0 2.4 2.3 691 42 0.8
TRREIC K BB DRV EEZ BN, 70r e ]
5, TiALEAYIHORE DI & D (L - 60F e MEHA) ]
LT, MERLEEROMIMCEVEL 5D, £, 2 sof We©
ARO[ X O & W fit & 225 I ORI P F ~ a0k ]

RG-S ©

31 Ti-50massoAl IO 111c 35 & I£5 1t R 30 )
B0 B L BRORROBEETT. LTho  G20p P y
RS 4C B P C B U 7 © 2 B I A U B 10+ .
IS T 5. MR & ZHRDOMRA 6 masst TH o ]
4 5 6 7 8

2R (b) MR G @V IR E 60 MPa Z R L, Zh
DLk L SEZRENEINT 5 (c), (d) KRR D Rz B e
I 2 ZR L.

Leho> T, Ti-Al Bz [0 R i i D 2513 j i
O Ti{bEYIHB X T AL OFREZLICIENT 5 & &
ZbN5. Thbb, Ti-Al IO R G & A
DAL & ZBERIS DM TOREICHEIND T Lhb
5. Gk (c) &R (d) ISVAS SR B 2 D g
CEFEROBENMZIEALRUTHD, HEHREEIZ
FE CEZ RS, T EIILERENGHET % BHE
CEFEORRIGEBEINS L ZRLTWVS. X,
F (0) BX UK () Ti{LAMMHE 21X AlHD
I E DGR (D) KD EWEZRL TV AICEED 5T,
Bz B R 15K (0) K 0 & TRV, S hid KD i
EERTBEL EROBREN DD T LR RB LT
%.

()Ti-Al ZEE & HKMEMOREICH T HEEN

—INCTAR R L M O T 7 25 WL LT
&, EM RO MM BRI ICE ST 2T
H—MRTHZEEZLNTVS.

ZFZTT, Uy b ARXDOER BTV I FHHEIM Z
HWTT 5 A MU % T & TR E D57k % 34
_[1C Ti-50mass%Al 57z 134 U & mi o M & O B %
BNz T, RO L ST U 7 A
et ez ER LTz,

42 M ML X AY Ti-50mass%Al Rz I & JE bt 5L

M L 2EFEOME , W / mass%

3 Ti-50mass%Al IO #5111 F6 KIE T EHhIc &
2R B X UEROREDRE

Effect of total amount of the oxygen and nitrogen contents

on adhesive strength of the Ti-50mass%Al coatings.

0 2 4 6 8
SEYHLE, Ra/um

X 4 Ti-50mass%Al iz & Kb DI 31 2 % 1
BRIFTEM KR E D%

Effect of average roughness of substrate on adhesive strength

of Ti-50mass%Al coatings.

DA N B KEIT 2R B LTk
MoXmEE (Ra) 1& 0.005 um TH O, T DOHEM LD
Ti-50mass%Al 7 i D %35 7113 T3 25 MPa Tdh - 7z.
—75, 7T A MLEEIT 5 T EHA EO Ti-50mass%Al

R Ji2 0D % 75 711% 55 ~ 60 MPa & i W MEZ /RS,
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Uy A XDENC K BEIENENT &R
5ns. Ukl EhSEMADT I A ML Ti-
50mass%Al |z il & &k 81 E A S O %55 T D1 FIiczh
HNH BT bbb,

5 1C Ti-50mass%Al [ [l D 5575 ) 2k Bk 1% o sl Bk i
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WWHRMOBHNRDOENZ T D, HbE RO
HCHBEL TWD. —77, KIE(b) ZEMOZH D
BN END, KENESHTEICHEL TSI LMD
ma.

Ti-50mass%Al B2 i D %75 1k 5% O H i< B
THEMDEH L T 258G & SR HH S ORIf%EZ X
6 1C/RT. FHMORMMEHANE L EBICDONTHEM
OBIHEIGHEMT 5. —RICEM OREH S HK
TWVIFEET U A—RIC X BB R0,
BENIELBRDEENTVS. KERICBOLTEE
RS AVNE L R B DN THM R THIEES 255
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BIROICTIC K O EM A & OHEEMET LIz &%
ABbNB. TNHEDORRIE Ti-Al ZEED BRI

()
Al 48

N

Tilt &+
EH\ —

(b)

100 um
L

X 5 Ti-50mass%Al [ 15 0D % 45 ) 3k B 1% o ] it 1t
SEM BE ; (a) SEA KA E 0.005 um, (b) HEbt %
A X 7.5 um.

SEM images of fracture surfaces of sprayed Ti-50mass%Al

coatings on various treated substrates; (a) Ra of 0.005 pm,

(b) Ra of 7.5 um.

KORMEMEEL TR EERELTVS.
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A—RIFIFEAETRVEEZENS. L LEDND,
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FEM D HAELLE 18 % (T EFTH LTz, Ti B & =
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EMD, Ti IR E B ORE IR RICXK S T
EMEZENS.

—J, Al ZEO® G R B E 7.5 pm OFEM L
& BIMEEE U 7o 5 E B3 HIC 35 MPa T - 7.
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R RIS AR L% 2 % (3 EEM OB ZRD 5Nz,
KEBSEZEONI THIBEL 7z, Al BT > H—
WIRDIE & A ETRVERHNHE L 7cE M RN TE KL
JEasfE & FREICEM EBE L Twd T ehb, 7V
H =R K B BEMIAE S DN B R ERIETIE R 0n &
EAbNh5.

T NEMEZRT % 1= 81 Ti-50mass%Al 7 i & B 22
ICFBUT 873 K T 3 HFRIINEA L 72 eI D §Lifii 2 EPMA
TEIR USSR ZK 7I1CRT. Ti{bEYiE & MR

- N N W
o un O

& IR ORI /%
S &

]

\ I \ I \ I \
0 2 4 6 8
FEJFLE, Ra/pum

X 6 Ti-50mass%Al fZ D% JIaABRIC & 2 b #& M
FRDEIE & HM KM E OBIfR

Effect of average roughness on ratio of exposed substrate

after adhesive test of Ti-50mass%Al coating.



KB FEESERANRE A WIZEITGS  No.21, 2007

IC IS TE DIE R RS B NI, AlH & Bt i
W IGE DD RS S iz, BT Fe-Al 4
FRICHBWT 973 K T Fe-AlL{L B Z BT % &
T3 .

TINBXU TIO MW Fe L KISL T FeTi ZIEAT 5 T
X, RAHOBENITELERZDEDOSKME R TIETI
DEY I KT 1 HINCLE TH B T2 did
THEVY bbb, EHOTOv BT
Bt & Ti-Al 2[R o Al I OS2 TE S % AT RE
MDD BN, Ti{LEYH & S EM 3 RS 2 T i
L7aw.

Al RO EFE T MM O R S ICH B LRV
& LT, BRiEM & DR TRISEERIC K 2 EE
MOz ECTVWRAEEENDZ. T5bb, Ti-Al %
%$@nkA%m@ﬁH&ﬁyﬁ—%%m;%%m

WA, AL KICEERIC X 3 8RBEGHEZ S
ns.
4. L

TiRE ALRDIEGARZ 75 A TES LTz Ti-
Al 2B, TASHRL T DIEMICH)E T % F TS TiNgg,
TINO B XU Ti,Al DR U7z, Ti-Al ORI Ti
fLaYtHE AL XS —EzER L THb, Tifk
BYHOBADKILIC AN ARE I NS T & TR
AR DR S NIz, Ti-Al BB B R X Ti kB9
MHOM S ITHEEIN, THLAYMHOMEIZIEET 5%
FEBRUERBLHEBRLTVWE I LAED LN,
Ti-Al fZJE DA ) O s LEE 74 Ti ke o
e & ALFEIC X 2 RO LIC K 2R TH S &
EZibnlz.

PRHIEM & Ti-Al RIROEERE L LT Ti{kEY
D EERIESEIC X 0, ALASEREEIC X b M
EREAELTWA EEZ BN,
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H#
RIS 50 ym
L1

X 7 873 K T 3 HEIEVILEE L 7z Ti-50mass%Al iz 5o
I DORARLAG & R X 5% 5 (a) #HRE, (b) Ti, (c)
Al, (d) Fe.

Back-scattered electron image and X-ray images of Ti-

50mass%Al coating on mild steel heated at 873 K for 3 h; (a)

Compo; (b) Ti; (c) Al; (d) Fe.

T DX I Ti-Al [ Tib &Y Ok & Al OF;
BB EDEDZ T LT, EVERIRE & 535 ) 0E
Rz, S8, T 2w 7 AR Rz ik & &
L COEMAENIRIENS.
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Development of Five-Axis Friction Stir Welding System
(Report 2)

RN W O EE*
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Friction stir welding (FSW) is an important industrial joining method in the fields of automotive and

aircraft engineering. The method features a solid-state joint without melting workpieces: it engenders superior

quality of joining. A new FSW system, which has a tool head with five degrees of freedom, is developed to join to

workpieces with a curved surface. Joining on the curved surface using this system causes a tool rotation scratch

formed on a welding path in the case of angle leap of the C-axis. In this paper, it is suggested that FSW on a curved

surface with this system gives a good appearance without scratching, using a tool posture that enables deviation in

welding patterns.
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1. XCHIC

FEEOIT K 16 FEN S HEE Nz ET Y 775
FEEEEE R BT, TR MmN
OB ZHRIE LT 5O EERPES (LUF
FSW [Friction Stir Welding] £ 1§39, ) 2&&E & BH¥E « 3
TELTz. RAKEZERT 5 2OV Hi#ES R
T bY 7 OERZIT, FiE_EOHFRE S D ATRE T
HBTLEMIRL Y, WEEEOMIEAMREICIOTH
xLR2.

FSW (3l H OIRENARF LT ET7IVIZTLE
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*OMEHGE T R ECR
ORBRPESERY: T

FENTN5.

U UBIRF R THAE TN TV 2 DI EREED A
Ry MEAGTHO, HRPHmOZGFIZEALTTD
NTHiEV. ZOHHD—D L LTV —)LOLREAHIE
DL EIMNETENS. RIFsEEGZ1T5I1CEY—)b
MEAHICN U—EDZRAZROREND D, R
MmO TR, BAHOBIKREEAIXICHDET
V— )V DEAE LT R NEE SRV, ZFL
TY = )VDLEBRIRET % AEFORMZ G/ S A4S
TRICBWTEHNT 208N H 5, BUKTIE FSW
DY —)VERARHATZY T b 2 7 3FEEET, ff
HEDELEE LTS,

FEEDIIARECEWT SO AMBER D FSW
EEZHAOTTIVI =Y LROME#ES 21T 7. Z
D OB EIC BT % 5 iSO R DR S R
Do TehS, FRUTDOWTORER ML I-FER, Bif
BEAENTELDOTRET S ¥,
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X1 FIFELKEFSWHEEO2ER
Configuration of FSW equipment.

2. BA% - SELI- FSWEEBDOHE

S BAFE Uz FSW B X 2 OB &Y — IV
ANy REFED, —DEANy ROBHBED 2(X, Zils
MBI AT ) TERANNEfTE 29.4 kKN DEARHN Y R
T, £5—D2N 5 HHE (X,Y,ZACH# mic B )
T AKMTE 9.8 kN D 3 i\ y RTH 5.

X 112 3kyeNy Rl 5 Rz FSW R ED 2%
AT, BNy RECoREMIcH D, T—rERE
TBIEET—T7INVIILETH B, ShIDOEERIETXT
3Ty REFMLTITo> 7. K212 3t~y R
I BT 2 PR & SO BE 1 M U2 Ofip 7z & L
oA Z /R, TOIRILAN\Y FTIE3mmEX T
DTNV IMROEEDATRETH 5.

3. BEREICKEERIFTV—ILDEE

FSWICBWT oAz fb5DD, HWEMNICE
BUEFRIRREICT B 721, K3 ITRT XY —)ic
WA 52 THAT 20805 5. Himomaic
BOTY—IVOLEAE, BENNADO#EITAMEEST
LHDOIRIC K > TEXBHRICKIFT S, £ L TH
BISABRICIE S TEFDOY —)VOLERAERELRITN
a5,

ALEEIZ SO T2 TRUESEIOND A,
Ciliz HNTY —)IVOZEAZPEL, JED D XY, Z i
ZHE T, HATRERG/ISRACHART S LD #
EHTTT T LEERT 5.

X2 3T\ RICET 5 MEESR & S OEET
Coordinate system of FSW equipment.

S

L

7

.

NN
.

X3 $EERFDY —)LDLEBA
Posture of tool for FSW.

X4 N U7zHfEm EorHES S A
Elliptic path on the quarter cylindrical Al plate.
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4. FHEE COMEES

M OHwAEBRE LTKAICTIVI =Y LD U4AH
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AR U CHhfE ()

EAOEDA (FE)

X5 MG/ SZ (K4) O AfifEe CHifEOZb
Profile of A-axis and C-axis of elliptic path.

ERARY b
' EvFhHR
o ~NDXL

EROV—IL
BERY Bl

ETRS B

M6 MEEARICK) S Y —)oa—)Lhme Ey
FITEND XL DEH
Definition of roll and pitch angle of FSW tool.
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Comparison of standard C-axis and revised.
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Toughness Enhancement Mechanism of Hybrid Clay Barrier
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As a geomaterial for barrier systems of coastal landfill sites, a hybrid clay barrier (HCB) has been
developed: it consists of dredged marine clay with high water content, a hardening agent, and polymeric fibrous
materials. Actually, HCB has characteristics that improve the toughness of brittle cement-treated clay by inclusion
of polymeric fibrous materials while retaining sufficient impermeability. Effects of inclusion of polymeric
fibrous materials were examined using laboratory tests to study the toughness enhancement mechanism of HCB.
Unconfined compression tests and falling head permeability tests were made using several types of polymeric
fibrous material having different tensile properties. Pulling-out tests of a single polymeric fibrous material installed
in the cement treated clay were also carried out. Results show that the toughness enhancement mechanism of HCB

73

is mainly related to the pulling-out process of polymeric fibrous material from cement-treated clay.
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Schematic illustration of Hybrid Clay Barrier (HCB).
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3. BREER
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Tensile properties of polymeric fibrous materials.

B s JTIRF D & IR &
BRI RO | W ﬁ; ‘mﬁ;fﬁ ﬂﬁﬁ]
v PVA | 0.692 0.507 0.733
FAar PA | 0.664 0.216 0.325
R FrrLy PP 0.567 0.195 0.344
HAERY 7oLy R-PP | 0537 0.134 0.250
Ay TFLv PE | 0522 0.091 0.174

B [ R04015 | BRASHLE
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o= PVA 5.8 19.6
=N PA 485 1.62
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£ 2 ROV RIRE

Physical properties of clay.

LHIFHEFE pg [kg/mP] 2.65x10°
- 5y [%] 11.3
T R IV Ny [%] 555
Fh 12y [%] 33.2

TRPERRA W [%] 94.0
ALY RT T — BB We [%] 0.3
TAPEFREL 1 93.7

@_ Load Cell
1
Displacement

100mm

Specimen

X2 il A AR DL i A X

Schematic of apparatus for unconfined compression test.

Load Cell
—>
7 Displacement
Fiber Fiber
| B ILE
I e
| ‘(‘Tementeds?i‘l [T | l e §¢
[T T ]

20 mm @ 8 = 160 mm

X3 IR TR (R & FRBR DL E I X
Schematic of apparatus for pull-out test of polymeric fibrous
materials.
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(1) BRE R FMREORETE

i 7 HB X U 28 HIZ B\ € — il EfiitER 2 17>
AR ZK AR, KAKD, Milm7H,28HEBIC,
MIRE D TR Z RN U R 0IGE, ERES R
ZRUTRBICABICIK T 5D/ L, WINOIR
BT MEZEROWIZEAETE, KROTHBEKICENT
ISHMMRFFENE T eEMbhot. TOT e, R
KD FHROEICED 5T, I5iIidV YA 7))L
METH2Z R-PPZHVGEATE, ELLM O
Mz RE L, WENM LTS &R LTz,
Kz, BRRED PR ORRIC K 2 WHE LA RIERED
SNE o fe, PVAZ WA, &y
S YNIR NV SN SN

Flz, TNHEOY YT IVITDWTE RN IB KR
ZiTolceTh, RBIRTHRMESN. K5 X
D, WINOFIRE D FHEZHWIEHBETE, M
THBEXU 28 HOMFICHBWT, BEKEEIZ 1.0x10°
cm/s LR EHEREL T, —fRIC, BEYRKRLY
W2 TERUEKAMENCIE, Z OBKRED 1.0x
10°ecmis IR THB T ENRBENS Y. LEH>T,
WENOFIRE D MR Z WA TE, Bk e
LU CTOERMEEZ W= T &b o,
DLEORERMN S, MET 18R D Kt D ¥ 745 5 fLk e
DT HWTE, HCB O MRICIE K& I3
LizwZ eWbhotz. —7, #EKED FARZ N
T35 Tl EICH ELTED, HCBIZBW
T, B> THELEZ 0T HI RIVF—Z AL
HAHORIRE D FMEN ST 2 2 & T, WM
HezLEAOLNS. ThHbDT &b, HCB O
Pem EX A= XL, BRRES FHREROS[5ED
Rtz ¢z <, #RE D FHMR O ERLEE 0 5 D
FHRERENRELSFE LTS LHEfIE Nz,
Q) BRERFMRIOS TR ERFE

PVA B KU PPICDWT Ik E el 217 > 7o fti 2R,
X 6Dk HHFENMILENZ. K6 KD, LWTNOR
Wan PRz W56 T8, sHIKERER, 51k
TEONSVHEBTRB R — 7 2R Uz, FlkE
RICHRLEFI L TR R L, HDAENIERIRE D T4
KW 2Ts kN3 10 mmiafETiRiEratixs
AR I NIz, TR, FIEIREICHT B ED
ECIEAY,  ERALER A+ & BRKE 3 PR O BRI A& )
NS MHEDOFNAEBRICBITISC L e LTWL
eEZHN%. £z, PVA L PP 2T S &,
ERRIESDERHZE0D, &), BEhed
ICPVADAMWRELZ>TED, —HEMHEER DR
REDHBEMN R I N, 5, slkERRICEBL

75
700 70
| S —O0—PpVA
600 ——PA
— ~— PP
§ 500 [ —A—R-PP
= —O0—PpE
o 400 HR- - R A ey
N § [ )
=
j% 300
_H
o (G
)
100
(a) At 7H
0
0 2 4 6 8 10 12 14
ERHOTH ¢, [%]
1400 o 7L
—O0—PpVA
1200 —PA
—_ ——pp
§ 1000 —A—R-PP
= g —O0—PE
o 800 Qe
E e (§
e
2 600 0 z ‘
= R ® @
i o i) <<-\«'<¥,‘<",',L‘}'('!‘gl’l]\£i(.f.:‘(i,(5-
200
(b) ##Hn28 H
0
0 2 4 6 8 10 12 14

EMOTH &, (%]

4 FRBRIRET THORE IV 72 HOB O —IEAfA

BROKEHR (@) M 7 H  (b) #iin 28 H
Stress-strain curves for unconfined compression tests of
HCB using various types of polymeric fibrous materials on (a)
curing 7 days and (b) curing 28 days.

O FFifs 78
| mHlH2sH

FARREE k [emis]

2L pPVA PA PP R-PP PE
BRAR 78 53 F B4R O FEIH

5 SFEOHUKE 77 T k2 Fv 7o HCB O /KIREL
Coefficients of permeability of HCB with various types of
polymeric fibrous materials.

TR & FHRNCIND 2 M, 519R D B B0
ZYIWHRFDMED 10 B RETH >/ (L 1ZH). L
72> T, HCBIC KE XU AMNIND > BRI HA
9B R ARBSEImIC BT, RO ZE XD &5]
THREDEINISEEC 5 EHERIE N, TN, THCB
BT MM XA = XL, Bk 7RO
ECLPE LD S DGR EREDRE S FET S L
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0.10
wgkwmml
0.08
0.07
0.06
0.05
0.04
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0.02 \
0.01 ‘ ‘

0.00

[N]

F k& e

0 2 4 6 8 0w
FlikE & [mm]

0.10
0.09 4(b)PRJ
0.08
0.07
0.06
0.05
0.04
wsl\
0.02
0.01
0.00

Gl EwidE [N

0 2 4 6 8 0 1
&R [mm]

X6 SHREHBRICE T Z5HRERETIIREMEDRH
% (@) PVA (b) PP

Relations between pulling-out length and load on pulling-out

tests for (a) PVA and (b) PP.

5 LRl OHENZ R g BHERTH -7z 72720, 51&
REEBRIC BV TRIRE 7 FAMR O —E 1S 1AV
HRLZGEAICE, BURE D FHEIO RN IR Z TR D%
GWREL B EEZ BN, BEHLAH A 55X Hhh
N5 TORIKE D TAHROEFRICDONT, EHIC
R RE DR ETH B.

X7z, PVAB XU PP DEIKAER SEM THIZEL
‘A, KTIRT XIS, mEDEMmIEHET
Ho, KEGERZIFDEN G-, KoT, PVA
L PP ORI EEMEDE N, FIRE D FHAR & L
ER L OB OEHEHEERY, &2 WIEERIRE S 74
KORFTNER R E, MOBERICXZEDEHRI N
%.

4. T

HCB IC U5 % IR & 77 AR OIS & 2 81
FAAZZXLICDOWTHGETT 728, SROMIKE
TR V2B ETT o Tz

WIS 80K E 7 MR OE WA HCB DML F5 &
UK R TR E RNz L T2, MERTIERD
ek D B3 2 KR @ 7 AR Z -0 T8, HCB D%

X7 #Rm o RO LE (@) PVA  (b) PP
SEM images for surfaces of (a) PVA and (b) PP.

PICIFKRELFEE LT Nz, DT
M5, HCB Ot XA = X LIciE, k&S 1
MEBEEOF R FiE7Z 0 T, FIRED PO
BB+ 5 D5 R ERFENRKELSFEL TS L
PN B,

K7z, HCBIC I MK E 70 TR o E L LB+
MHE D5 EERHEICDOWT, FlHkEiERE X TRIRE
DFMROEmMBIRBIZUC L O MEF L7z, #55, HCB
ISR BT A = XL, HilixhgiEos|
RORMEL D &, EEEE L & OO EER & E1C
KT 25 kERFENRKELHFG LTS EEZ LN
5.

E, MUKED FIRAGUE L TR, RS
=t KB L3RS, A AHEREREE 2 KA R,
KBRFAL P SERATAR e O LR R TETH % .
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Novel Degradation Method of Organic Compounds
in Human Surroundings using Iron Oxide

7 =
Hirokazu Hayashi Yoichi Nakashima Kiyohisa Ohta

hE B KH BN

(200746 H 27 2F)

A novel degradation method of organic compounds in human surroundings was investigated by considering
the fenton-type reaction with iron oxides. Hydroxyl radical was generated under several conditions using
a-Fe(O)OH and y-Fe(O)OH. These Fe(O)OH generated the hydroxyl radical by photo-irradiation under conditions
without H,0,. This is an interesting property of Fe(O)OH: it differs from the fenton-type reaction. Toluene gas was
degraded up to 40 % using the scrubber method, including Fe(O)OH and H,0O,. Carbofuran, which is well known
as an herbicide, also degraded completely after 5 h under optimum conditions using Fe(O)OH. Advantages of this
degradation method are that the reagent is cheap and easy to handle. We propose this degradation as a new method
for reducing levels of other hazardous organic compounds in human surroundings.

F—T—F I FFKELE, TV b URR, ERAFYSTAIL

1. IFCHIC

BRINEMOEE 0N DYy 7Ny EGER R &N
ISR e X T HREME AL EY) (VOC) ¥ x L
REPEHARLEYORE(LMIHINTA LY. H
TH, VOC R RKIHRIC B W CHERE TH 5 rrilk
R IRMEDERICKE S EboTna T b, i
DKM EE TN TS, BIERKAH VOC I
DT LIEE UT, WEERT 2 )L 2 — 1508
filih L MEEN D FIER K CHISENTWS. £z, B
BRSO DRI A Y > & W B J51E0 il
WAFIHT % C i & b WO ENR(E 2 K - 72078
EAIITDONT VS, L LAENS, TNDEDNE
LN - MR - SHERTE R EOGE I\ E
LEEZEEINTVS. ThETHRLE, THEkiTaER
) ZHIRL, “4 - RO EREHEAN O 21T
578, $e 2RISR AL ST DR s il

RSB B - TXOVF— - XA AR
oOSHERERAGE TR

MYEICET 2%t 2 1o C&E L.

AT, BbATE TN URISICER L, BREE
HEBIE SO R AN GEEL D LD Z Hig L
ALk FEREY O BRI LR S HEE L LT, e
UEDOTHB N MPBEOKARTTOL RaFy s
D HIVERBEIC DWTHN, T VAV RS D i
fbxkEt LTz, F£7z, 8T VOC, EROpfiz21T\0,
BENIAERE X UHEE SN 5 RKIEDFEIIC DV T
595,

JV bR
ARETEH LT 2V P UKIGIKDWT, TT°T
Waid 5. Fe* LML KBRS FRIGEE 5
L, mMOBLRET AL FaExs S I AL (- OH)
WERT B Q). CORISET 2V B YRIEY £
9.

Fe* +H,0, » + OH +-OH + Fe* — Fe[O]| 1)

ok raFvsIomogit i, H<ns
BRI TS IOHENTWS, DAL, o
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RshaREREdok otk ? L LTRIITE 3 C
EZRHEMIT LTS,

T HICHREFEAEADBIEN D, RGO
ZMGET 2728, HMRETH O, MORGENHET
DIRYIE DR G IE FIVIZ YRR B 2, iR
LY ORBS (L2 A F > 7a< B 75712 & DN
FoASSR, OGP E L b FERE > F A E L, 60 77
BlZEWVWINEMALTVR T EEHLMILE .
X (2) ITHEE RISHHE 2R g

CHy

*OH  CH,COoO0H,
" HCOOH

[p— 002 (2)

LTAN, TORISIKBNT, KISEERT % Fe*
DIFEAEDNRT v DIROELEAE Fe[O] & L TRIL
RIS 2N H 5. COMEOfRE, KD
TR FEOMREEHNE LT, N H 5
WIFBAIEANTE "I & D Fe™ H 5 Fe” AN &Rt
T BT = > b 2V ROGE (3) Wi bk B AtHGTE
X (@) OBEDTHRDbNTETVS.

Fe* +e — Fe™ (3)
0,+2H" +2¢ — H,0, (4)

PRI A FAEY O RE, ERIcER bR Ty
B, B THBEMEEINS. Lrd, B
I HIER BIC LERN BB FAES 5. 2 D B
PREL, REERDL, WKL TH BN, ThHILYIAIKE
FB U 2 TEEMIMWNERT . D 2 REHOH T i
B EICAAET 5 ODEEEIL (a-Fe(0)OH) & KidNn 3
A X KBS THS (VDR EHSTDO—HETEDH
%). TOXF TR IR SRS O B B ik
i (y-Fe(O)OH) &£ 5. F7z, MbPklIEXEpEREY &
U THEREEOREEDNH D, TV Y KIRCH
JBHAT w DVEEAERNHEEN LD TH
. TNET, SHESLOFMHEIE LT Y S0 ik
& LTOEM TR T 2 R E— bt S h T
(AP

2. REAHE

(1) &

R IE (W) ML O SkIE (LY, BT AY
VI (ESR) i A ¥ > k5w Tl (DMPO) I (#k)
RTw 78RV, £z, ZOMOEER (Fk) f
JERRESRLZ Tz

(2) + OH B LU Fe* BEAIE

- OH BEEHIEIX ESR RA¥ VY kT TihEHV, L
TOEMNTITiE -7z,
DMPO (5,5-dimethyl-1-pyrrolin-N-oxide) 10 mol/L

magnetic field 336.5+5 mT
power 4 mw
modulation frequency 9.43 GHz

¥ 7z, Fe* j4JFiZ 1, 10-phenanthroline [t taihic &
DEELE.
() MIVI V5 fRRER

ARWE Tl % 7% VOC gz 775 5 Te i, A7
FSN—EROKWIEMEIC X DITE> . BRI ZK
LITRY.

1 A7 IN—HEIC K BB it
Scrubber type - oxidative degradation method.

HERFINR—I T —ZTCHBLIZMLIZ VA A0
ppm (Viv)] Z i 1 L/min T, 232 kg{b#%k 500 mg
(#k%> & L T 1000 mg/L), H,0, 1.6 mL (1000 mg /L),
pH 2 — 3 ICFREE U 72 UERICIN 1 OBFHTNT Y > T
SHe. KNREEERTIT R T, 0RO E
AiE500mL & L7z, EEMSHHENS MV VR
EOERRIARAZOX TS5 T AV,

(4) BEDRERR

KL /LK ERICB N TNy F RS iR
wEE L, AIVRT S 10 mg/ll, §F#kEE 100 mg,
H,0, 10" mol/L, pH 2 — 3, KISTREEI =i, WUk
DOEFFI0mML & LTEBREIT->. £/, ALK
7o VOERZKRAK IO N TS TRV
(5) EmHEE

ESR (& (#k) HAHE 18 JES-FR30, 24\ AT 7L
YRR (BE)JASCO 81 V-520, HAZ7u<x ~¥57
& (Fk) B i % fir %1 GC-14B [PorapakQ 50-80mesh
column (2.1 m x 3.2 mm 1.D.)], &A= F T <
7 & ( ¥k )IJASCO #I HPLC [UV detector, RP-18 GP
150 column (150 mm x 4.6 mm 1.D.)], 2 HE K FE L ()
B BIVERTEL TOC-5000A, b IVT > 7 A1 5
JS— I T— %% (¥k )GASTEC #i PD-1B Zffi [ L 7=.
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F 7z, JCRRGFEERICIE (FF) U oA EEE S KRS
> 7 UM-102 Z W -,

3. BREEE

(1) KEB(L & Z= L% - OH DR
HEEWYZ SRS Z12DI, e RaFrsIh
U (- OH) ZHWV Bt fRlE, EHAETIETHS.
LA LENRS, TOTIHVOHFMIFEL, AR
T BEDIIEHASENRENS. Z01E, 722 b
VIRINEIKIERH T, MERZEE SR T FrFy
FIUNNELEREEZ T ENTE, FREENE L
WORENH B, T, T v URIGIE FET DK
ITHO, MMOFFHICL2 e Rafxs Ui
ERIFHSNTWARWY., T T, o gk
WK BKBRTTOE RaFy S Y HIIVAERREIC DV
T,ESRAE Y+ T v TEZHWTHGE L., 51,
T Y YRR DMEREAND 128, WP O Fe”
OWEEEHE L. EREE LITRT.

£1EXD T2V P URISICEBOLTIE, 202
IS VA ER L TNE T bbb, FF K
AL 8k 1 R EE KB RIC WO TS S O R E L B

1 SeEMckBe RaFo T VhVERK
Amounts of hydroxyl radical generated by using iron
compounds.

Iron Compound? Condition” + OH(mol/L) Fe*(mol/L)

o-Fe(O)OH - <10® <0.1x10°
(goethite) A 10°  <01x10°
B 10°  <01x10°
A+B 10° <01x10°
y-Fe(O)OH - <10® <0.1x10°
(Iepidocrocite) A 10°° 0.3x10°
B 10°  <0.1x10°
A+B 10°  <01x10°
FeSO, A >10° 107
(fenton reaction)
FeO AorB <10® <01x10°
Fe,0, AorB <10® <0.1x10°
a-Fe,0, AorB <10® <0.1x10°
v- Fe,0, AorB <10® <0.1x10°

a) Concentration of each iron oxide was 10~ mol/L.
b) Reaction conditions: (A), with 10 mol/L H,0,; (B),
irradiated by a high pressure mercury lamp (>280 nm).
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b5T, WMERENSE TV HIVOERDHERE Nz,
—75, Mo NHHDOMLEETIZWV I N l/kED
VRS OFEICH D S IERE FRMEU R T
TIUMMVOERIGHR T Z I otz £z, Nligk%E
Gk (FeO, Fe,0,) h 6 & TV AIVERN Eh -
7z.
FFIKBILSEAKEZNEORTHZE DD,
y-Fe(O)OH DA D K 51T, MED Fe* DVARHHER
ENnFe. WD A F 2 KBLEk» b MEICTAR L /2
Fe 13, K@) X (B) ICRTKIGT, M@EEKED
FITE D Fe* ISETTENEEDEEZBNS.

Fe* + H,0, —Fe* + H" + HO,* (5)

COMBDF” BT x> b RISRIETT VAV
IS H G RS EZ 5N H, MED Fe”
WA 20l EEME D B % 1 ik % & & e (b #% (FeO,
Fe;0,) 5k, TIAIVERDRDENIEh 2Tz &
Mo, AFIIKBILEKICK S FOFo T I hIVERK
7 2V b URISTIREL, 2L RESRIGHETL
TWVWAHREMEN D O, BILFOEN T RRAEEZ
E5TVBENZ 5.

E BT, BIREWC LT, AFTKkEE(LEkcBENT
WA KR SR 1 RGNS BV T T Y VDR
HRonfz. Loblr, TO@EBELKERNZLICE R
OF IV NNEERSERTENTEHMHEEZ, &
AEOBRM S, JIEFICHAGFTE S, —7, AFIK
Bk Itk HOERBR T, T I HIVERKIC
DWTHHRFE NTMTESRIE A S e o 2.

COL RaFTITIHIVOERBEMEIERDK S ICE
ZbNd. RFEMCHBIT B HOWGEEZ 280 nm L)
LTHB7D, KON EMNET BIiF T IVF—
FNCEEL <, FHICK B KIGHRNOMEEELKEA K
OIHEMEIZ M TR, Zhd 2, YRS FicBnT
i, 7Y b URIBOK D REHN—EFETICK S
HO, 5D, FVAIVERITHENEEZLENS. T
DT 5, HEHE FTIE, AFokmEbikid, Kic
O U@ E e Rady I YV EERE &
TWAT EWRBENS.

Doz ens, FFkigbskicks e Fafy
Z VIV IGE, AR Fe fEi LBt /kFE L DK
IS TR L, KBRS BOTE A F KB Lk L
ORI IR RIS T L TV B T ENEE S NS,
ZDOXIIT, AFIKEEKEE FaFo I Ih)VE
BICHBWNT, @EBIKREZAEE LRy, hOfiibin
THERER DR & D, H LW Fe BL R GHI & LT
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fAffcE B b o k.

Z T T, KT, FFKEILEZE T ARIEEY
B ORI 2 Bt LTz,

Q) EEBERILEMED DR
(A) ERMUEERICEME DR

K EEY & UTREH S T2 AR
a1 (VOC) OHI T E#E ) i TdH DIKICHEAMED B
VLY Doy fR7e il Tz
FERI 72 )7 TH B A7 TN~ TE RO K fli:
KX O fE-o Tz, #EREK 21TRT.

M2XD, FILIUMN20 ~40%FRENRENTH
5T ENNSE. AFEEIAE R EMLETH
D, FOTEN, RKIGDEMBRICHELTWDEER
5N 5. AFIKBILEDEGE, ZDIKN\DHEARE
MHERGD IR TH S e A NE, K0ic
AJREMEZ MDD ER EEZ BN S. K7z, y-Fe(O)OH
DIDEOKISTEREZRT T EEHE MRS T2, 7%
B, IG5 DBEET RV VBEMERLTWS
DIF, MV rhvkicH UCRIREE & TIARdT % C
LICEKNT R EEZENS.

KT, FRTEWIEN:Z R U Tz y-Fe(O)OH DI &1C
DT, RO, Yl 21775 > kiR 2K 3
IORY.

HRGHC KD, BTFRISHIBERENTNS T EMb
M5B, iz, BEBILKEDRVEMFICB N TE KB
HITL. chid, 1OV HIVERRICHET 245
R X—HLTWVS.

F 7z, a-Fe(O)OH IZ BN T B A DR R S N Tz,
LT &5, VOC I fRIc BT A F 2k b
W&, JEREE UTHREL TWa T &R E Nk,
(B) RED I iF

NP« HERERBEIC 8 7 [T 9 2 Sk e 22 4« i
MOLZAICIEEFL T 2 HAM O IZIFFEICEETH
5. ZTTT, BE(REH) DV EDTHE VAT
FYONRERR Lz, HIVRT 5 K 4IRS &
Y, -O-CO-N<BEWZHT 271 —/3—A— FREHR
FOMTRIRLENLTWVWREETH, EWAD
HWHAFIC KD NEANDEENRZINTWVS. T0%
TRFICENTORHZERL, &t EEKEHEIE
(a-Fe(O)OH) DFH Z Mt L 7z.

N FRTDHIVRT T VRIS B % ISR O
W RKSIORT . Kz, DREOTERT OREIK
F 5 (TOC) ZE LI R 2K 6 1R .

X5 X0, 5ERMZICIEAHIVRT T VX, 13IE5Ee
WKKfRENTHnB T Enbhd. Ez, 6 XD 20
B2 EmE2 L, TOCHMFZIE~EILHKDT b,

a)

N
a1
T

c)

= = N
o [6)] o
T T T

Toluene Conc./ppm (V/v)

a1
T

o

0 20 40 60 80 100 120

Time / min

X2 A7 IN—{ER AW MV Y T A5 RO
Z1k

Changes in toluene gas concentration emitted from the

scrubber type oxidative degradation equipment. Reaction

conditions: a), a-Fe(O)OH and H,0,; b), y-Fe(O)OH and

H,0,; ¢), without iron-oxide.

10 1

Toluene Conc. / ppm(v/v)

0 20 40 60 80 100 120

Time / min

3 HMHE NCBUIZ AT IN—hERH WML
> I AT R ODFERFZE L

Changes in toluene gas concentration emitted from the

scrubber type oxidative degradation equipment with or

without an UV light irradiation. Reaction conditions:

a), y-Fe(O)OH and H,0,; b), y-Fe(O)OH + hv; c¢),

v-Fe(O)OH and H,0O, + hv.

O

NN

N O
H

4IVIRT T
Carbofuran.
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100 T 717 717 " 1
80 [ .

60 7]

Degradation / %

40 7]

20 7

Time/h

X5 HIVRT T RIS RIGKRE O
Degradation of carbofuran by a-Fe(O)OH and H,O,.

RYDOHRREIT L T BILREL T > TS
TENEZENS.

Koo eh s, RPRENMAEL, T O
A RIS E N5 £ TITIE 20 By RTFERE I3 25
HTHBHI Wb ExoT.

L EDHERD S, RN TRHEH, FrEkiin =3
THH, WDV RT T Y DORRICEANTH
BT EMHLNICE Tz, Sk, JURHFICKBICH
FBRf LT BT, MfFOLTHRREE ST

o, AL, A7 IN—HEICK S 70 —ER
D VOC JLEE®, R RD K 513Ny FXDKFH
FYLIZITR S M T e s, MR EE
IZ & 28 LWL DFENORMHNHFTE 2T &
Mor-olz.

4. L&

BREPAEARCEY 2 EE» DL e « LA HE
b9 Bedic, HER LICEEICH 2 BILHEZ VS
WAL DL DB Z e LTz, TORER, A F oK
LSk AN, KEHH TROEIENZHd 5 Fad
VIOVIVERERTERS AL, LD DT,
MR T T, Tz b URICERZD, @ik
ZREE LBV RISTH DT ENPSMICE S T
Xz, TOFF KMk VT by iRz 17
okl s, HEMEAGRILEGYO LI, FEo
MRS TR HZEDDRIEDCEDTHZHIVART
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TOC/mg L™

0 P R |

0 10 20 30 40
Time/h
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Purification and Characterization of an Alkaline Lipase
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