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Iensile Characteristics of Geosynthetics
under High Tension Rate

PURl IR R R
Masaki Nishimura Tomoyuki Akai

(Q0124F 6 20 H =)

Geosynthetics have been applied to various civil engineering structures. Their required tensile characteristics

are generally determined with consideration for earthquake occurrence. However, because geosynthetics are

fundamentally polymeric materials that have viscoelasticity, their mechanical characteristics depend on the

deformation rate. Therefore, it is important to evaluate tensile characteristics of geosynthetics experimentally

under a high tension rate (high-speed tensile deformation), as well as evaluating their tension rate dependence. For

this study, tensile tests were conducted under various tension rates for geogrids and geomembranes with a high-

speed impact testing machine. Then the tension rate dependence of tensile strength and elongation were examined.

Results showed that tensile strength and elongation exhibit distinct tension rate dependence for both geosynthetics.

Therefore, adopting appropriate characteristic and estimating an extra coefficient based on tension rate dependence

are inferred to facilitate derivation of more reasonable and economical aseismic designs.

Key Words: geosynthetics, tensile characteristics, high tension rate, viscoelasticity, aseismic design
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Fig. 3 Appearance and dimensions of geomembrane
specimen.

Fig. 4 High-speed impact testing machine.
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Fig. 5 Tensile load-displacement curves for geogrid at
various tension rates.
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Fig. 6 Tension rate dependence of yield tensile strength and
breaking tensile strength for geogrid.
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Fig. 7 Tension rate dependence of elongation at yield point
and elongation at break for geogrid.
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Fig. 8 Tensile load-displacement curves for geomembrane
at various tension rates.
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Fig. 9 Tension rate dependence of yield tensile strength
and breaking tensile strength for geomembrane.
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Local Surface Hardening of Low Carbon Steels
by Laser Alloying

T A *
Takuto Yamaguchi  Hideki Hagino Mamoru Takemura

ZR SO IV RS

(2012466 H27 H M)

Laser alloying using graphite powder was conducted to increase the surface hardness of low carbon steel.

The relation between a laser-irradiated condition and microstructure of the alloyed zone was studied. An alloyed

zone with 0.4 mm thickness and 800 HV hardness and no defect was obtained using an optimum laser irradiated

condition. Investigation of the cause of porosity in an alloyed zone revealed that the occurrence of porosity was

affected by the oxygen content of the base material. The laser alloyed zone, with 4.0 mm width, was obtained by

laser heat-treatment using a computer generated hologram (CGH) after multiple laser alloying treatments. This

laser alloyed zone exhibited superior wear resistance to that of the base metal.

Key Words: high power diode laser, laser alloying, low carbon steel, carburizing, microstructure
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Table 1 Chemical composition of substrate (mass%).

C Si Mn P S

SISCK | 0.13 | 027 | 044 | 0.007 | 0.006

Table 2 Laser alloying conditions.

Laser power 720W

Spot diameter Imm

Traverse speed Imm/s~10mm/s

Graphite paste thickness 0.lmm~0.5mm

Shield gas Ar (301/min)

shield gas nozzle

paste —"f'""
thickness substrate

Fig. 1 Schematic diagram of laser alloying.
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Fig. 2 Cross section of laser alloyed zone.
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Fig. 3 Relation between size of laser alloyed zone and
traverse speed.
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Fig. 4 Microstructures of laser alloyed zone.
(a) traverse speed 2 mm/s, paste thickness 0.1 mm
(b) traverse speed 2 mm/s, paste thickness 0.25 mm
(c) traverse speed 2 mm/s, paste thickness 0.5 mm
(d) traverse speed 10 mm/s, paste thickness 0.5 mm
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Fig. 5 Relation between microstructure of laser alloyed zone
and laser alloying conditions.
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THL, BHORKEOMZICILRT 2L x> TV
5. —77, (b)) (c) DFEMFTIE, KEREIEGL %>
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&, BEGZLEAYZA MO ZEIFHET DD, 58
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RACVIDTFEIC K2 M MER SN, AWSE THER
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Fig. 6 Hardness-depth profiles.
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laser traverse direction
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(no porosity)
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Fig. 7 Longitudinal section of laser alloyed zone.
a:Substrate SISCK b:Substrate SS400

(SS400) D &k dr Tz, FTOFER, —HBOZMT,
SISCK TR RSN h o> KA EREIICERE
nszehbhoiz.
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T 90° DT 5 H iz G<aE OBISHE R (KEWm ) T
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ALEBMHLTEST, L—PRFOHAN THNTZH
WThHs. ©— ML ERMTEIZAREE Thgx
NTWVDB T ENHERTE A, Fig. 71b) IcBWVTE T
OFICIFXILOFR LG R 5N, KEZ M U
HTORKILDBFEL TV E T b o .

R DO 228 7 ANTEE A A FP R — SRR
X OHIE UREE, SISCK Tl 26 ppm TH > T DIC
FFL, SS400 TIZ 126 ppm &£ DEEEIEREZEL TV
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—
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T ENbhholz. —J, vy hORKLHEEREREDD
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SEMICE) B 5ILOERIIHERTE Ao T,

CNEDRERNS, BESTHEDEWRHMICHL T
L—H¥aatic & o Bz itiad 5 L KL FEA L
L ABMEONH B Lhbh b, SLoFER, #
6 U7 BSR O RENAERIMN TRIMICE TN TV
FERIELTCOHADFE LT EMFERD—D &
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ZHZ % 12 DITIE T I e & N7 hs s 8 72 REF IS
AT 2 08EhH 5.
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Fig. 8 Schematic diagram of multiple laser alloying treatments and laser heat treatment with CGH.
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PEANERCI, BSEOY A AIcHbE TH—AEA
Nz 270, L—YNOMESHZHFK (1 mm x 4
mm) [ZBE LT L -V ZITo 7. L—Y)EDm
FE 53 A DEEILAC I BT R 2 & 7 (CGH)Y” 2 Fl b 7z,
Fig 8 ICEERDE AN 2R .

Fig. 9 1<l Bl O Wi 5 M % /1 9. Fig. 9(a) 1 L—
EEIDBEITSEEDTHO, 1HORAICETD
L—9toEE G, MEEEFT, /SA”OA
7w TMEZ 0.5 mm & UTHD S ENERIAZIED,
Bt sEO L —YRHE 217> /2. A@EOEE 4 mm
FRE, ERZ0SmmEETH-o . GHIZ, 3% T
A Z—)VIC X OEMZBINEE TS D, 1SZAHD
H3INAHEXETEAEAMEDBRIZyFVITENTH
5. UL, HEEIEEZ Uiz I K BB 80 X -
T, XIVT YA REMD S RIEDHH L hEE &
LT o8 A M m>T0Wa7HTHhsb. —7,
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NRELLETHD, BERANINTIVT YA B
M E o T0Wa D, bEOLIZvFUITENGENS
EDEEZONS.
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LI DOMiEEETH 5. Fig. 9a) TROENEZ Y F
VT DBNEEDREE N, H—GA8 LR TV
5.
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6B 6880

H_J

tempered region

Imm Imm

Fig. 9 Cross section of laser alloyed zone.
(a) as laser alloying (paste thickness 0.1 mm,
traverse speed 2 mm/s)
(b) after laser heat treatment(power 330 W,
traverse speed 3 mm/s)
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Fig. 10 Hardness profile at 0.1 mm depth from surface.
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IR TR OEFRAREZIIE T % C & Tl EFENEZ T
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Fig. 12 {C S15CK RIS & &4 D BEFEIR O VBl
Bz, Fig 13105 alk OB Z Lk U 7265 Rz
RY. BAHROKZ I NS, GO EFEE ISR
HEomELTWS T ENH 5.

SISCK I ehZztiae TIc L—Y RO A ZTT>
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laser alloyed zone
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Fig. 11 Schematic diagram of wear tester.

(a) (b)

laser alloyed zone

Fig. 12 Wear scar of (a)S15CK base metal and (b)S15CK
laser alloyed zone.
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Fig. 13 Comparison of wear amounts.
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M CER (L0 iR 0D 72 & DIKTA T Bk R it oD B 78

Syntheses and Characterizations of Aqueous Catalysts
Including Iron Moieties for Wet Oxidative Decomposition

o wer e B
Hirokazu Hayashi Yoichi Nakashima

(0124E7H 17 H M)

The Fenton reaction, as an oxidative decomposition method, is effective for the treatment of industrial

wastewater in spite of problems of generated iron oxide waste. To resolve Fenton reaction problems, we developed

polyoxometalates (POM) including iron moieties as aqueous catalysts. Results show that hydroxyl radical was

generated under the condition with H,0,. Benzene solved water was degraded up to 95% by batch method using
POM including Fe(Il) and H,0,, although it was insufficiently degraded when using POM including Fe(III).

However, its catalysts including Fe(IIl) were able to degrade benzene using electron-reduction method, just as in

the case of using POM including Fe(II). It was necessary for this decomposition that iron moieties be present on

the POM surface. Advantages of these degradation catalysts are that reagents are cheap and their handling is easy.

We proposed this degradation as a new methodology for reducing levels of other hazardous organic compounds in

human surroundings.

Key Words: aqueous metal oxide, redox reaction, hydroxyl radical

1. 1XC&IC

AR, BREERORE O b NMRICHE R MIE S 0]
REMED & 2 FEFEMEA BIL &Y (VOC) 2 37x S Bk
TEEERILEMORELIIHINTA LY. TITE
VOC 13 REIGHRIC BV T EEE T H 2 ik IR
MEDERICKEL b TWET 5, 5D
RN RE L XN T3 Y. B{ERGH VOC O fiEdH
{LiEE UT, MR T ¢ )V 2 —h0R ek e &
X<menctwa. £k, Ok RTFHEMNC, F
VUGB TTE RIS A2 Lic kb, B
BRSO RO mRRb 2 K - 755 E
WAIITONTWVS Y. LA LAEDNS, TN5DJE
WIT LR « MRS - mER B R E O I N E
BELEIEEINTNS.

* ALPEREIR

TNETHRAWE, Hkinlfestta) ZHEL, 224
LR BRI RN ORIF 211725 128, #EHWVZIKIE
WA LS OB LRI B B W9t 217 5
TERT.

HZFHT 5 HRYBIL S EDODEDICT = v b
VRIEDH B V. TORIRTERT S FaFy Iy
1)U (+OH) D5V EEE 1L, &< D DAL R TCI
HAEhTHD, R fmEcHFATHR T &
DELHLBNTVS . DHiHAIE, TORIGHYE
Pokofitaik ™ L UCHMFIATE 3 L ZHS D
K Uliz. E5I, HNMETHZ bl rov Ly
IKDOWT, RRIGERWED R RATZ. Z Ok
R, OfEERIC SO THRERY & U TR F BN
AU, RENICIEOTNEINELT, WEZKBREY
ICECHIRTES (Bq. 1) " Y, WXL
L CIERICHAIEDO SN NEDTH BT 2 ROEL
7z.
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CH;COOH,,

CH,
HCOOH — (0,

S =
(Eq. 1)

ETAT, TDT7 Y UGBTI, KISEERT
% Fe DIFEAEN ATy DIRO (L FE Fe[O] &
U CKISRMICILIRT % T &0, KIGHMAEE Tizw
LS RMERD B, FDd, YL T H B0
WFESEZNTE DI X Fe" 5 Fe' N ETT
T BMERN T = > b RS (LK FAAATE O RS
MTEbNTV5.

A EHKIL (a-Fe(O)OH) & KidN % A F 2Kk
B (Wb ZHhETUTDO—F) K ESBILY Z2FIHT %
IR RE L D B DWW TG L T E Tz, T OREE,
FFIKBBACER D H D, KA TV b 249
% OHZ/ERTED /ML, Xz, BIboR
KEETIE, MILZUR, BOMEKIETIEHSEDD
BIDOOEDTHBNIVRT T VDN RNAIRETH >
P L LaEDND, CORBRAYE—RDMIGTH
278, ZTORMBMENHRELE LT Tz,

Z I T, TOMERMRT ZTDIC, Rl
LT, KEMREBIEYTHE R AFY A 2L — ]
(POM)*" i #% H L 7z. POM & iE Mo(VI) % W(VI)
75 & DOMERBMN T2 S BHA T, ORI
BV & DI Keggin BIHIE (Fig. ) A bH. DX
575 POM &, BERMERILALE & U THRIZEE Nz hl
NELHb, BEMOITRFAE R RKINC
Ao Tna T ichi, ZoOMERKIOHERRE
EFELITARENT VS Y. —J7, TNETKAENESR
JERE LY D «OH I BIT 2t IF E A EHIB N
TV,

COROETIZ, Mo(VI) ® W(VI) D—EB% 1o
SEBYICERE LN TEETEND, OH
ZHERE L BT ERRE 2 AT %8R eET
2 GLEPOM” ZEKT 5T ENARETH 5.

ARTIE, TNXTOMIRERZHTA, KO &%)
RIZREHRERICEM ORI EDORFEZ HiG L,
BBz /KGR Z 5L, Z0Ok
KoY 4)l («OH) ERAEDFE &, VOC TH

Fig. 1 Keggin-type POM

BN\ E Y DIRIERD 5155 NIRRT DV T
95%.

2. RERAE

2.1 $%&%E POM SWMEH "

Keggin AT ORY B TF UEE 23 RY X
5 AT ¥ W [XM,,0,,](X = P or Si, M = Mo or W)0.5
mmol 7% 7K 3 mL I & fi# L, 60 °C I il U 7z 1%,
[CH,COOK(15 g) / CH,COOH(1 mL)] / 25 mL H,0 /5
FHBLL 727898 1 mL B & T 1.5 248 FeCl, or FeCl;, or
Fe(NO,), ZNA 7zi%, =i T 24 BFHFE (FeCl, 1D
WTUE conc.HCL 0.5 mL &iK0) Uiz, 55 N7z 851k
DWW, IK=7 1 b A K 5 Efsmmic X O R
ZiTo 7z,

2.2 «OH AIE

«OH JEEHIE X ESR A Y kT v TEEHV, L
FOZEMTITIR > T2

DMPO (3,5-dimethyl-1-pyrrolin-N-oxide) 10~ mol/L

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

2.3 BEXELFAE

AMRTIET =2 P VRRSZDNRIETEES
TeDICERDETFHRGEZRO A EZEHNELT,
B L ISR DBESUL AR T 2T . £z, Hai
ICESIE N E 2R 5 7eoic, dEXULENE Z
f1o7z.

BRULAE (FA 7V 7RIV EZ A )&
SEIRVEEE 50 mg, H,SO, 0.02 M, Scan rate 100 mv/s

24 NVEVDHRREER

POM/ g L /K ZERIC BV TNy F o 1L 72 M
af L7z, S ROSHI DO HFERREE © X222 10 mmol/L,
POM 50 mg, H,0, 10 mmol/L, pH 2-3, )RS X ZEIE,
IR OLRFIT S0 mL & UTERZIT-> 2. £,
NVEVOERIHAI O N TT THERSHiZ W
fz.

2.5 ek

ESR 73 #1i& (#k ) H A & 7 % JES-FR30, # X1k
FRE R X CESLEERICE I E LT () ®
POTENTIOSTAT/GALVANOSTAT HA-151, ¥ X O
COULOMB/AMPEREHOUR METER HF-201, GCMS
OHTE () R—F D)=V v VA Yy X
R—=Z +F v FY 75— (TurboMatrixTM Trap 40)
BIOY—FET 4 vy =T ATV T T4V 7
(M) ®AX7ax b7 7HE&5HEF (Trace DSQII)
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column [VOCOL (SUPELCO #£#Z 0.32 mm x 60 m, 3.0
pum], XPS A7k (#k) 7 VN 7 - T 7 o # PHI
5600CI, ¥ 7z, ICP /p#Ticid (#k) EHBERTHL ICP
FEEIT I T E 1ICPS-2000 %, IR Z3Hricid (#k) H
AFE T8 JIR-7000 %, EDX HTICIE T X7 7 (#k)
#1 GENESIS4000 7z ZNZ NV 7z,

3. BREER

3.1 POM DER

3.1.1 POM D& & MiEH KT «OH DAk
9, —RMEORBEZHNE LT, #$ikzad
POM D& EITo T2 T %, HINE T % PkiE ek
& 24~96% DK TGz, £z, ICP RNz
AWT, BREHEEAD L 25 X72. POM D H K
% - SEf Itz £ 29T Table 1 IR

ICP T DFEREL D, P &ML EFL) DERIE, —fi%
M 7% Keggin B D 1:12 Tld 7% <, FeCl, *® Fe(NOy), %
HW5E1E 1.9, FeCl, DAIE 111 THB T &M
bhote., BFEZEWT &I, [[A U Fedll) O FeCl, &
Fe(NO,), Tld 7 2 G DSHARMNAER L TV 5 L #ER

Table 1 X-M-Fe ratio and Amounts of hydroxyl radical

generated by using POM.
POM* Reagents  Yields X:M:L** - OH
oo (mol/L)

skokskok

(a) P:Mo:Fe FeCl, 86 1:8:1 10°
(b) P:Mo:Fe FeCl, 90 1:10:1 trace
(¢) P:Mo:Fe  Fe(NOs); 24 1:8:1 10°¢
(d) P:Mo:Ru RuCl, 87 19:1%%* n.d.
(e) P:Mo:Os OsCl, 96 81 ¥** n.d.
(f) Si:Mo:Fe FeCl, 70 1:8:1 10°¢
(g) Si:Mo:Fe FeCl; 73 1:10:1 trace
(h) Si:Mo:Fe  Fe(NOs); 46 1:8:1 10°
(i) P:W:Fe FeCl, 32 1:8:1 10
G) P:WiFe FeCly 26 1:10:1 trace
(k) P:W:Fe Fe(NOs); 33 1:8:1 10°
(1) Si:W:Fe FeCl, 24 1.5:10:1 10°
(m) Si:W:Fe FeCl; 47 1:10:1 trace
(n) Si:W:Fe Fe(NO3); 92 2:10:1 10°¢
(o) Si:Mo:Ru RuCl, 87 19:1%*** n.d.
(p) W:Fe?) - 90 12:1 n.d.
(9 Mo:P - 90 11:1 n.d.

* All POM structure was decided by IR spectroscopy.

**  X-M-Fe ratios were decided by ICP spectroscopy.

***  X-M ratio was decided by EDX spectroscopy.

*#%% Concentration of each POM was 107 mol/L with
107> mol/L H,0, and 2.0 x 107> mol/L H,SO,.
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TE5. 7, RuZHVIEEGE 191 o7 ®
BHMGEZ L TWVWEEEZADNAREE - T,

3.1.2  ESR 57

i, TNEHERLUIZPOMICDWVWT, HEAKE
Yzt nfRd dlzdlicExe RaFy 50

(*OH) DAERICDOVWTHE L. EEuE, i
#1 POM Z W MESeME T, M KR EIGEEE T L
KD, Z0OH LR EZRE L. WEICIE ESR
ZE Y RTw TEER W, ZORE, Fed) hbHH
i U7z POM (& 10° mol/L 2, Fe(lll) 5 Ak L 7z
POM (& trace D « OH Z /L EHE BT &b o Tz,

Fe(NO,); & AWV TERK LTz POM IZ DWW T, Fe(ll)
MHEE LT POM L HFEED «OH ‘LR TH - &
(Table 1). POM(a)(b) D#EHZHI & LT Fig. 2 1IC/RY.

3.1.2  XPS 5t

5, FYNIVERICBI Z2HOEHE5 2B
28I, POM(a), (b) BXUHFEME (FK) TH 3
H;[PMo,,0,,](1) ® XPS iz 75> 7. T OREHRE
Mo, SEARAKOE IREBIGEVWDH S Z LIEBDH 5

(a)
z | f\fﬂ N, ‘
=
E \/,,J \/J \/\\/
Field (mT)
(b)
z|
=L
Field (mT)

Fig. 2 ESR Spectra of Fe substituted POM.
Magnetic field: 336.5 £ 5 mT, Power: 4 mW,
Modulation frequency: 9.43 GHz, DMPO(5,5-
dimethyl-1-pyrrolin-N-oxide) and H,0, and POM
conc.: 107 mol/L
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Fig. 3 XPS Spectra of P-Mo-Fe POM.
X-ray radiation source: Mg Ka, Power: 400 W

Nh, Fe DFTIRBICIRKEREVIRSNED -
felz®, e FaFv 5 4)V («OH) ERRICBWT, 7 =
>V F VRIS D Fe ORLECRREDHEIC L 2 F 5
DEFEIC DOV TIEHFIT Z &b o 7z (Fig. 3).

Tz, EVTTFUVICDWVWTHS E, () L Fe " hb
B LUz (b) EIHIZIEFRCART MVTHB T b
EY T T VOBILEIRREE Mo(VD) TH % L HEZiE h
%. —7, Fed) B A LTz (a) TlE, SHARIED
B EICZEE LA RS — 7R Mo(V) DFS AT
IINVF—=DlE ENSEZ T, Mo(VD) D—F8MH Fe(l)
&> TRITEN, Mo(V), Mo(VD) BIEfRTEIE L T
WAIREE (R LTWAIREE) TH S LT NS.

3.2 EBEUEERIEFEMEDIE

RIZ, e RaF T I7)V (¢OH) L RICITIT % Fe
DFHICDWT, KOFFMZHNXS7zHIC VOC L L
TNV DI RER 2 M LTz,

Z ORER, Fe(l) 2 & H T 2 KO ICDNTIE
5% IREE TRV ERIRT BT N TE.

Fe(Ill) D#EFH AL G) IOV T, HRZIFEA
ERSNEM o Tz

TV RIS OBBKkEZHVSE FaFy
Z Y 71)V (+OH) LIS TIE, #ithh S DETHENIC
KBEITZFAHLTWS. ZOHICE, FHAICIEE

°
°
- 80 o * - « control
£ ° A0
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Fig. 4 Changes of concentrations during benzene
degradation by POM substituted Fe.
0.4 mM POM solution in 0.02 M H,SO,, 100
ppm(1 mM) benzene and 10 mM H,O0,, (j)’ was
done one electron reduction at =400 mV vs Ag/
AgCl.

TREGUENH BT MR L 5 5H, Fe&' ZEA LK
FRICDOVWTIE, TOEMZHIZLTED, WFd 5
SOSHHEITLTz & EZ BNS.

LTAT, RUBRHILE TN LERZFEILE
R<HIBENTWE P, dabh, fillte L ET
RAETRIRAEA, EocHIM T OBREZ R b A bE TV 5.

Z 2T, SRIEAEKRUIEARDOE LG Z X 51
B IdIc, BEXULZNFEZHWT, sk KkZ
B, ThzHWTHRERZITS T LZ2ild .

X9, AalLtkoERILAlEzB kol k
A, BEVITT UMK, 2T AT UKL EICET
WHR SN, BRILEMNETTTES T Ebh oz
ZZTT, BYT T UKDV TIX 100 mV vs Ag/
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Fig. 5 Changes of concentrations during benzene
degradation by POM including Fe or Ru.
0.4 mM POM solution in 0.02 M H,SO,, 100
ppm(1 mM) benzene and 10 mM H,0,. (d)’ was
done one electron reductions at 100 mV vs Ag/
AgCl, and (p)’ was done three electron reduction
at =500 mV vs Ag/AgCl.
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Advanced Sol-Gel Coatings for Practical Applications
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Electrical Discharge Truing for Sintered Polycrystalline Diamond Tool
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Single-Crystal Transistors with Air-Gap Structures
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Preparations of Composite Particles with Gold Nano Particles
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Influence for Soil Environment by Continuting Use of Biodegradable Plastic
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