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¥TAu Mossbauer study of Au nano—clusters (3)
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Paramagentic defects in natural quartz as indicators of transportation
on the surface of the Earth
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Inspection of malfunction of semiconductor equipment by neutron irradiation
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1. Introdeuction

The cytotoxic effect of BNCT is due to a nuclear
reaction between 10B and thermal neutrons
(10B +1n —7Li + 4He + 2.31 MeV (93.7 %) /
2.79 MeV(6.3 %)). The resultant lithium ions
and a particles are high linear energy transfer
(LET) particles which give important biological

effect. Their short range in tissue (5 - 9 pm)

restricts radiation damage to those cells in
which boron atoms are located at the time of
neutron irradi- ation. Liposomes can contain
a large amount of 10B compound, which can be
delivered to tumor cells. We have reported
that 10B atoms

liposomes are cytotoxic to human pancreatic

delivered by immune-

carcinoma cells (AsPC-1) with thermal neutron

irradiation in vitro (Yanagie, 1991), and
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intratumoural injection of boronated
immunoliposomes can increase the retention of
10B atoms in tumour cells, and suppress
tumour growth In vivo under thermal neutron
irradiation(Yanagie, 1997).

The use of gadolinium as neutron capture
therapy (NCT) agent has
attention because of its highest neutron cross
section (255 000 barns) which is around 65

times larger compared to boron thermal

been getting

neutron cross section. Gd-NCR (gadolinium
neutron capture reaction) also produces y-rays,
internal conversion electrons, X-rays and
Auger electrons with total kinetic energy about
3 times of that produced by boron in BNCT (a
particles and Li ions). So, Gadrinium
compounds become new candi- date for NCT.

We would like to apply BNCT & GANCT, to
radioresistant conditions as recurring &
advanced breast cancer, hepatocellular
carcinoma, liver metastases, or lung cancer.

In our study, we prepared the cationic
liposome (COATSOME-EL) as the effective
Gdrinium(Gd) carrier to deliver the Gd atomes
into the cancer cells by intraveneous injection,
and we evaluated the anti-cancer effects of
GdANCT. We also evaluate neutron dosimetry
(two directions irradiations) on BNCT for a
breast cancer patient with MRI images using
JAERI
(JCDS) at Japan Atomic Energy Research

Institute.

Computational Dosimetry System

2. Materials & Methods

Chemicals : ProHance (Gadoteridol : (+)-10-
(2-hydroxypropyl)-1,4,7,10-tetraazacyclo-dodec
ane-1,4,7-triacetatogadolinium [III] , MW :
558.69 ( C17H20GdN407 )) is a nonionic contrast
medium for magnetic resonance imaging (MRI),

Each ml of ProHance contains 279.3 mg

gadoteridol.

Preparation of Liposomes containing Gd' A
cationic empty liposome(COATSOME EL-01-
N : Nichiyu liposome Co.Ltd.) is composed with
L-a-dipalmi- toyl phosphatidylcholine (26
cholesterol (20 umoles), and
stealylamine (4 pmoles). Two ml of Gd
solution (279.3 mg/ml) was added to the
COATSOME EL-01-N, and made the Gd
liposome solution(Yanagie, 1999). The Gd
concentration entrapped in COATSOME-EL
determinated by ICP-Mas-
spectroscopy of Jyuntendo University.

NCT procedure - The Colon26 (1 x 106) cells
were injected subcutaneously into the back of
the male BALB/C mice (Nihon SLC). Ten days

after injection, when an average diameter of 10

pmoles),

vesicles was

mm was reached , 200 pl of Gd-liposome
solution were injected by intra- veneously. The
mice injected with Gd- liposome solution were
irradiated with thermal neutrons (2 x 1012
n/cm? )at JRR4 reactor of Japan Atomic Energy
Research Institute.

Animal E'tics - The procedures for the tumor
implantation and the sacrifice of the animals
were in accordance with approved guidelines of
the Institution’s Animal EthicsCommittee.
Neutron dosimetry with JCDS for a breast
cancer patient: BNCT was simulated in a
breast cancer patient with 5 cm tumor in the
center of right mammary gland. LiF colli-
mation was used to selectively irradiate the
tumor while sparing the adjacent normal
organs (lung, heart). The Neutron Beam
Facility at JRR4 enables to carry out boron
neutron capture therapy with epithermal
neutron beam. JCDS , which can estimate
distributions of radiation doses in a patient’s
head by simulating in order to support the

treatment planning for epithermal neutron
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beam BNCT, was developed. We applied this
JCDS for evaluation the neutron dosimetry for

this case.

3. Results & Discussion
ICP-MS calculation showed that the highest
accumulation of gadolinium in tumor site is 2
hours after injection, so we performed thermal
neutron irradiation 2 hours after gadolinium
injection.

In order to evaluate that NCT can inhibit
primary tumor growth, BALB/c mice were
On day

10, the tumors reached an average diameter of

injected s.c. with Colon26 tumor cells.

10 mm, GANCT on intraveneous injection with
Gd entrapped liposome was done. Figure 1.
showed that the tumor growth in Gd-liposome
injected group was significantly suppressed
compared to the control group. No significant
weight loss observed has proved the low
systemic toxicity of this compound. Based on
these results, we conclude that liposome-
encapsulated gadoteridol is a potential agent

for Gd-NCT.

Tumor growth suppression

~B-Gd-Lip ur

—_
<=

——Control irr

o

Tumor growth rate
= [=2}

T T T T T T T T T T T T T
]

0 T T T T T T T T T T
1 4 7 10 13 16 19 22 5
Day after irradiation

Lo

Figure 1. Tumor growth suppression by

GdNCT

Kumada et al had reported that JCDS is a

software that creates a 3-dimensional head

Case of Breast Cancer Patient :
performed with JCDS

according to the mammary MRI

Figure 2.

Simulation was

Lateral

View

Frontal

View

Figure 3. Schema of calculation for neutron

dosimetry

model of a patient by using CT scan and MRI
images, and that generates a input data file
automatically calculation of neutron flux and
gamma-ray dose distributions in the brain
with the Monte Carlo code MCNP, and that
displays these dose distri- butions on the head
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model for dosimetry by using the MCNP
calculation results (Kumada, 2001).

We performed the dosimetry with JCDS in
the condition of BNCT wusing epithermal
neutron beams to breast cancer patient using
MRI image. To decrease the skin side effects,
the skin RBE dose limited to 10Gy-Eq.
Conditions were as below; Epithermal Neutron
¢7cm, intraveneous

24ppm, T/N=3.5,

mode, Beam colimation :

concentration of BPA

Restriction Skin RBE dose as 10Gy-Eq
(Figure 2,3).
" _\ «=Soft Tissue (RBE: 1.35)
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Figure 4. Total RBE Dose Histogram on

neutron dosimetry for breast cancer patient
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Figure 5. Neutron beam fluence from the beam

port

In this simulation, maximum tumor RBE
dose is 87.5 Gy-Eq, mean tumor RBE dose is
48.3 Gy-Eq, and minimum tumor RBE dose is
11.5 Gy-Eq. The tumor diameter of this case

is long in the beam direnction, so the RBE dose
is low (11.5 Gy-Eq)(Figure 4,5 ). The maximum
skin RBE dose is 11.1 Gy-Eq (RBE=1.35).
Irradiation time : 33 min.

To increase the tumor dose, we performed
the dosimetry with beam colimation : @8cm,
beam direction from oblique side and other
same conditions. In this situation, maximum
tumor RBE dose is 86.6 Gy-Eq, mean tumor
RBE dose is 46.1 Gy-Eq, and minimum tumor
RBE dose is 19.3 Gy-Eq. The minimum tumor
RBE dose was increased to 19.3 Gy-Eq from
11.5 Gy-Eq with the epithermal neutron in this
oblique direction( 70% up ).

We will perform the neutron dosimetry
according with the tumor size and site in the
mammary gland to achieve most effective
BNCT and to decrease side effects in adjacent

normal tissues.

4. Conclusion
We evaluated gadoteridol entrapped with
liposome as neutron capture therapy agent by
intraveneous injection into Colon 26 with
thermal neutron irradiation at JRR-4 reactor of
Japan Atomic Energy Research Institute in
Tokaimura. The experimental results showed
that the tumor growth suppression on treated
group with GANCT was revealed up to 7 times
higher compared to the control groups.

We applied the JCDS to evaluate dosimetry
of epithermal neutron, direction of neutron
beam, and patient’s positioning on BNCT.
JCDS will be very useful to evaluate the
epithermal neutron dosimetry, so we can select
the most suitable fluence of epithermal neutron
and the beam direction on BNCT to cancer
in the

patients concept of personalized

medicine.
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thermal neutrons in the tissue. These nuclear

1. Introduction interactions are mainly as follows:
The cytotoxic effect of Boron Neutron Capture 10B + 1n —»7Li + 4He (a) + 2.31 MeV (93.7 %)
Therapy (BNCT) to tumors is caused by high —7Li + 4He (a) + 2.79 MeV (6.3 %).

linear energy transfer (LET) particles produced | These high LET particles (a and 7Li) destroy

from a nuclear reaction between 0B and cells within about 10um path length from the
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site of capture reaction, therefore in ideally it is
possible to kill tumor cells without affecting
adjacent normal cells, if sufficient 1B atoms
can be selectively accumulated in tumor cells.
Therefore, one of the most important concerns
in BNCT is the accurate measurement of 1B
concentrations and distributions in biological
samples, in order to evaluate the usefulness of
various 19B-delivery compounds(Yanagie, 1991,
1997, 2004, 2006a). BNCT has been used
clinically in patients with malignant brain
tumours and melanoma.

Hepatocellular carcinoma (HCC) is difficult
to cure with operation, chemotherapy,or
radiation therapy. lIodized poppy-seed oil
(IPSO) has a property of depositing itself
selectively in the cells of HCC. Higashi et al
prepared a long term inseparable, water-I
n-oil-in-water emulsion (WOW) containing 8-60
mg of epirubicin for use in arterial injection
therapy for patients withHCC (Higashi, 1993,
1995). Higashi et al had reported that tumour
size of HCC was reduced in six of seven
patients, and a 50% or greater decrease of
initial alpha- fetoprotein (AFP) levels within 14
days was observed in all four patients who
showed abnomal levels of serum AFP before
treatment (Higashi, 1995).

According to the Higashi’s clinical results, we
would like to apply BNCT to treatment of HCC
for increasing the selection of therapies of
HCC’s patients (Yanagie, 2006b). We develop
BSH entrapped WOW emulsion and evaluate
the emulsion as selective boron delivery carrier
to cancer tissues.

We had employed a technique of neutron
capture autoradiography (NCAR) using CR-39
(polyallyldiglycol carbonate) plastic nuclear
thel0B-

concentrations and distributions in whole body

track detectors and determined

sections of mice. CR-39 plastic track detectors
have high potential ability for imaging analysis
NCAR because of its easy handling and enough
sensitivity to a- and Li-particles from 10B(n,
a)7Li reaction. These studies have been done by
a-track counting in NCAR images using the
semi-automated optical microscope equipped
with CCD camera.

Recently, Yasuda et al developed a high speed
imaging microscope and new software for
nuclear track detector analysis. This analyz-
ing system, named HSP-1000, is able to scan
and analyze particle tracks (etch pits) with
image acquisition speed of 50 ~ 100 times
faster than conventional microscope analyzing
systems.

In this study, the 1B accumulations and
distributions in VX-2 tumor and normal liver of
rabbit were estimated by means of alpha-track
density measurements using HSP-1000. An
example that the injected 1B atoms were
selectively accumulated to the VX-2 tumor is
shown wusing a digitized NCAR image
constructed by alpha-track mapping.

2. Materials & Methods
2.1 Preparation of Boron entrapped WOW
emulsion

Three hundred mg of Naz21°B12H1:SH (19'BSH)
was dissolved in 5 ml of 5% glucose solution,
filtered through a controlled pore glass
membrane emulsified into 5 ml of Iodinated
poppy seed oil (IPSO) containing surfactant
forming the water-in-oil emulsion (WO). The
WO emulsion was emulsified again with an
aqueous phase containing 5 ml of saline and
surfactant. The 1'BSH entrapped water-in-oil-
in-water (WOW) emulsion was prepared with
this double

concentration of 1B entrapped

technique. The
in WOW

emulsifying
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spectroscopy at Jyuntendo University.

vesicles was determined by

2.2 Preparation of the sample for NCAR
experiment

The nodules of VX-2 tumor were inoculated
into the left hepatic lobe of the liver in a rabbit
and the hepatic tumor models were constructed
for 2 weeks. In order to examine the
accumulations of the 19B atoms, the VX-2
tumor bearing rabbits were sacrificed 3 days
after the intra-arterial injection of 10B
entrapped WOW emulsion, and then the
-60 C .

Subsequently, the frozen hepatic samples were

hepatic samples were frozen at

cut sagittally into 40 pm thick sections
mounted on a thin 3M Scotch tape, and
freeze-dried at -20°C for two weeks and

air-dried for one more week.

2.8 Neutron irradiation and Etching procedure

The CR-39 plastic (also known as PADC for
polyallyl-diglycol carbonate) nuclear track
detectors are sensitive to charged particles of
LET greater than 5 keV/um. Eight samples of
sliced hepatic sections were put in close contact
with the CR-39 (HARZLAS TD-1; Fukuvi
Chemical Industry, Japan) plastic plate (93 x
93 x 0.95 mm thick) using thin adhesive tape
(Scotch Transparent Tapes acetate film, type
810-3-18; 3M, USA). The CR-39 nuclear track
detectors attached with the sliced hepatic
sections were exposed to thermal neutrons in
the thermal column of the JRR3 of Japan
Atomic Energy Agency (JAEA).

The CR-39 detector plates were irradiated
with thermal neutron fluencies of 2 x 1010
neutrons/cm? for the track measurement. After
the irradiation, thease plates were etched in a
7N NaOH solution at 70°C for 2 hours to reveal

tracks for NCAR imaging.

2.4 Scanning procedure

A high-speed image acquisition microscope
(HSP-1000) that uses a line sensor camera in
place of a traditional CCD camera has been
developed. The HSP-1000 is a new microscope
system for capturing large images (>1 cm?2) in
relatively short periods of time (<1 min).
Continuous, automatic focusing of the
microscope is achieved by means of an optical
pick-up system that provides fast feedback for
control of distance between the objective and
the image surface. Using transmitted light
llumination, the microscope is able to digitize
a lem? area at 0.35 pm/pixel resolution in ~20
8. Due to the continuous stage motion and
continuous focusing, the HSP-1000 has a
capability of image acquisition speeds that are
50 ~ 100 times faster than conventional
CCD-based microscope systems. The HSP-1000
is capable of accurate measurements of two
dimensional track positions and the image of
individual tracks recorded on a large area of
CR-39 plate.

scanning image data on a hard disk drive. The

The system is stored with
greyscale image is converted to a binary image
based on a user-set greyscale threshold. The
image is searched for features that possess the
signature pattern of nuclear track etch pits. An
ellipse is then fit to the opening of each etch pit
with application software for the HSP-1000.
The CR-39 plates irradiated by 2 x 1012
neutrons/cm? is useless for track analyses due
to the overlapping of tracks. The visible NCAR
images do not appear on the CR-39 plates
irradiated by 2 x 1010 neutrons/cm2 due to less
track densities. Therefore, referring to the
NCAR images on CR-39 plates irradiated by 2 x

1012 neutrons/cm2, the tracks on CR-39 plates
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irradiated by 2 x 1019 neutrons/cm? were
automatically measured by using HSP-1000.
The track area of the opening of each track as
well as its position was analyzed. In this paper,
we discuss and demonstrate the results only for
the sample extracted from the rabbit 3 days

after the injection of 1 B-WOW emulsion.

3. Results & Discussion

An example of CR-39 image scanned with the
HSP-1000 is shown in Fig. 1. The larger ellipse
track images originated from a-particles, and
the smaller ones from proton tracks. It is
considered that the contribution of Li tracks is
not so large because of its shorter range. The
opening area sizes of each track (etch pit) were
obtained using the ellipse fitting application
software for the HSP-1000.

PR - .
. Pl ik B -. . e
i s il il " =
| .. - - 2- kGt x |
e a®e ey =~ SN '.
. - "o --." oe - ': ~ '-. "% |
s T -..J.o'.- .,
. " T .!_._ » .
R Tt A PR

Fig.1 An example of CR-39 image (350 1 m X175 m)
scanned with the HSP-1000 high speed image
acquisition microscope system. The lager and the
smaller ellipse images are a-tracks and proton tracks,

respectively.

For the analyses of 9B accumulations and
distributions in the tissues using a-tracks,
major background tracks are proton tracks
originated from (1) “N(n, p)1¢C ; (2) H (n,
n)1H reactions, (1) and (2) are of thermal and of
fast neutron reactions, respectively. 1H and 4N
are biologically abundant nuclides. It is
necessary to discriminate these background
proton tracks from a-tracks. The LET values
for the o- and Li particles expected from 1°B(n,

a)7Li reaction range between 100 and 400

keV/um and the LET values for protons
originated in the 14N(n, p)14C and 'H(n, n)'H
reactions are less than 100 keV/pm. The area
size of high-LET particle tracks, such as a- and
Li-tracks on CR-39 detector

relatively larger than protons’. Therefore, it is

surface is

possible to separate background proton tracks
and a-tracks.

Figure 2 shows the observed track area size
distribution for the sample. There are two
clearly separated peaks and lower one is due to
proton tracks and higher one is due to a- and
Li-particle tracks. But, it is considered that the
contribution of Li tracks is not so large because
of its shorter range. In this case, about 7.5 x 104
tracks were totally observed in the analyzed
area of 2.3 cm?2 on the CR-39 plate.

From Fig. 2, we set 23 um? of track area size
as the discrimination threshold level between
proton and a- tracks. Then, the tracks of area
size less than 23 pm?2 were considered as proton
tracks and subtracted from irradiated sample

slice.

Number of tracks ( x 10%)
g ¥ B

[ 10 20 30 40 50 60
Track area size ( i m?)

Fig.2 Track area size distribution of whole tracks
appeared in irradiated sample slice. It is considered
that the tracks larger than 23 pm? of track area size
are a- tracks and the tracks with area less than 23 pm?

are protons.

NCAR image” shown in Fig. 3 was only

constructed by a- tracks and some Li tracks. It
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Fig.3 Image constructed using two dimensional

scatter plot subtracted proton tracks (.e. track
mapping) of the coordinate of each track observed for
whole sliced liver sections of the sample, which was
extracted from the rabbit passed 3 days after the
injection of 1°B-WOW emulsion. Tumor and normal

tissue area in the liver are indicated in the figure.

1s readily apparent that the a- track reveals the
existence of 9B atom delivered by WOW
emulsion into the liver of rabbit. Several areas
of dense a- track densities are recognized in the
VX-2 tumor site in contrast to the normal liver
section as seen in Fig. 3. This means that 10B
atoms delivered to the liver and selectively
accumulated to the VX-2 tumor, even though
the slice of sacrificed and frozen liver tissues
was prepared 3 days after injection. Track
density has been obtained as 557 + 24 o/mm?
for the most concentrated region in the tumor
section and 118 + 11 o/mm?2 for the normal liver
part, respectively. Statistical errors indicated
were given as 1 standard deviation.

However high LET tracks, probably a- tracks,
were also observed at the outside region of the
sliced liver section as seen in Fig. 3. The track
density of that region is 63 + 8 tracks/mm?2. It is
considered that adhesive tape used for fixing of

the sample contained some o- emitter in its

compositions.

In this study, NCAR image produced by a-
tracks enables us to analyze the 1B
accumulations and distributions in the target
and to evaluate the effectiveness of 19B carrier
for BNCT. The newly developed high-speed
(HSP-1000)

enables us to reconstruct NCAR image by using

image acquisition microscope
a great number of neutron induced particle
tracks. The quality of NCAR image is excellent
for the precise analysis of BNCT studies and
also verifies that the CR-39 track detectors
have enough potential ability for NCAR

analysis.
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#£1 LEBAY-000097EALHTT00SD R, (B, Fhilsio

stk |dppmTEER)
ALH 77005 Y000097
This work® Literature” This work®
Min Max
Si_Dz 413 = 11 413 - 4308 456 x 20
T10, 0532 = 0014 03 - 046 038 = 002
AlO; 327 + 0.06 219 - 314 224 + 0.04
Cr(0; 1.02 = 001 083 - 105 101 = 001
FeD 214 = 01 1813 - 2071 1989 = 003
nO 0460 = 0016 0439 - 0.500 051 = 001
Ca0 396 + 0.15 283 - 3095 417 = 047
MgO 287 £ 26 252 - 29469 258 = 17
Na.O 0.592 + 0.007 037 - 0597 0408 = 0.001
KO 0.0322 + 0.0060 0.025 - 0.059 0.0282 £+ 0.0023
Cl 427 £ 99 14 96 = 142
Sc 225 £ 01 190 - 22 2466 x 002
WV 138 = 6 132 - 166 180 = 8
Co 775 £ 0.6 672 - T8 683 = 02
N1 336 £ 3 100 - 370 290 £ 9
n 534 = 20 494 - T1 580 = 09
Ga 104 = 16 607 - 93 711 = 047
Rb 123 = 012 0.626 - 0828 -
Sr 159 = 13 62 - 100 969 £ 073
Y 900 += 028 6.1 567 = 0.16
21 234 = 06 13.87 - 195 127 = 04
La 0459 + 0.027 01812 - 0.614 0299 + 0.011
Ce 126 £ 0.14 0742 - 16 0719 = 0.059
Sm 0738 = 0.009 0226 - 077 0417 = 0.002
Eu 0343 = 0014 0.1187 - 0373 0204 = 0.008
Tb 0344 + 0.093 016 - 0296 0.174 = 0.014
Yb 0864 = 0073 0.315 - 0919 0603 = 0034
Lu 0.101 += 0.007 00461 - 0.127 0.0767 £ 0.0036
Hf 0940 = 0.064 051 - 0951 0479 x 0029

*Errors are due to counting statistics (1 0 ) in 7 -ray counting.
®The range for ALH 77005 (Meyer, 2007).
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Environmental perturbation in ocean understood from trace element compositions of

sedimentary rocks (I1)
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i 2 HolE SRR S — Y U7, Z OmREEiR
%57 D43 B RS R R ST T« B 7 R
W L= n,
AAREHIM L, A T A2 100-200mg 2
FEEI AN U7z, BOARZ L 1T JRR-3 « KT HREHIZ T 48
Rr MRS U, 1 ARRERICEZET o~ ik L
& “GEMINI” (ZBW T aellE #1772, (4
HFHcBI L CId &+ B — L0 AFSEE e - k1
¥R R = b« PP A A= 7
SINTIESE 7 v — T @ ORI 1 — T 458 0
AT 72,) BBENT 2 BIfT o7z, BRESIFIELL
TORITFT,

BRETBALE BEHRT BiRELE 2EES SO0

2009/1/13  13:30
2009/2/17

2009/1/15  13:30 HR2-L K1150
2009/2/19 HR2 K1187

R3-20-06
R3-20-07

WO

G
]

FRAEREE & LT, MR (GST) I3V TFE
I NI A AR JP-1 Z -, BT L
1245 1 ROEERE 2 5 ekl & & BICIRH LT,
FZREHI JP-1 DAV U0 AYREA 2ppb & LTH
Ak L7z,

() FERB L UBE DM

(a) SK-3A~3I

AKRPBHTT o ~—27 FIFH Steven Klint I2H D
— T OB D Y 7 LIz DT
&%, SK3-F L K-Pg Bt L CTH 5, Z Dalkt
B4V VT MREAE LI NICRT,

HiE BREILCOMLE AHES (SO LRE
(cm) (mg) (ppt)

JP-1 98.7 2000 (FE#)
SK-3A -200 95 5+ i
SK-3B -150 116.6 21 * 4
SK-3C -100 1123 7% 2
SK-3D -50 105.7 135+ 15
SK-3E -1 106.1 40+ 25
SK-3F 0 99.7 943 £ 35
SK-3G 5 1291 80+ 05
SK-3H 20 126.8 44 = 04
SK-3I 50 104 55+ 06

WEMREKRTLHETOLIICD, K—TH
RAFETAV VT LREN EALTNDZ &N
Frole, THEINETORE LFETH D,
B IEaAiEl (2006-2007) 12 L7 SK-4 3UBHZ
BUIAHAV U ARELR L, TSRS &
BRI A U T AREIFIRS . BIHOEWTIE

LOENFETHILERLTND,

100 T T T T

o

-100

Position from K-T boundary (cm)

200} —QO— SK-3 (this study)H
----O--- SK-4
" 1 al " 1 " 1 "
10 100 1000 10000 100000

Ir (ppt)

(b) SK-2, SK-4

AEANE L 73kt & A CEREh B BRI L 723K
BHOSHRC 80 | BTN TORF7 RS
HDLDOME D IR,

K-Pg BESRRE A U 2 MBI I U BT
T om T REN T IREEISEVRH D 2 &N

o T,

H# 4L  Description HHES AT LiRE
(mg) (ppb)

SK-2D1a* Upper Boundary Clay 854 457 = 005
SK-2D1b Upper Boundary Clay 309 365 & 02
SK-2D2a* Upper Boundary Clay 113.6 304 = 003
SK-2D2b Upper Boundary Clay 494 232 = 0.08
SK-4D1a* Lower Boundary Clay 151.6 210 = 0.1
SK-4D1b Lower Boundary Clay 29.5 453 = 0.6
SK-4D3a* Upper Boundary Clay 144.2 79 £ 0.1
SK-4D3b Upper Boundary Clay 23.9 293 + 0.5

(Z 2 ZTHOW T2 b ODFTHA O 4T #E R, fF
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() AV TTLUNDILRIEE L DR
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FEHIRT L TA U 2w L LIS O 0
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P RFEIIE I L0 [E& s = 7 W5ERT AT A
ICPMS IZ KD TR CTH 5,

WEILFE DT CuB LU Ag & DB EW
ZENRy ol TIHITHESITE & FEEN DA
b Z TR Lo W e RIC Ky S5 A5, [/ UEL
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0 1 2 3 0 100 200 300 400
Ag (ppm) Zn (ppm)
50 T T T 50 T T T
*

40 40 -

= 30 413 30 . -
Q
e e

< 20} ° 4= 20} . .

10F .70 10 . . B

. .
q‘] 1 1 1 ‘ » 1 1
0 50 100 150 200 O 10 20 30 40
Cu (ppm) As (ppm)

Ir IREEDOEALIIHEFREBREE L 0 & | HERE 2 D JEUL
UL DHROEBLRALZENTE D, 9
WO TZIRFRIZIBW T, Z OO S S 1T Ag
CuBIr LEEMA L BICLTVWDHZ L ERT L&
H1Z, Ag R0 Cu 23 Tr [FARIZFEATEZE & RN e
FHEICbTEb SN EERBL TV 5, K-Pg 5EAt
Fh 8 OB TR DT R IR 2B T d
53 R4 FOFRRKIZ—ET 503, Ag/lr,
Cu/Ir lT—E L72\,

Ag/Ir = 60 (CI 2> RZA ME0.41)

Cu/Ir = 4000 (CI => KT A K& 273)
EAMTLLEDBRZ R H Y | Ag < Cu MREA Z kL
ELTWVD EIEEZIC W, BIOHSENEb- T
WHEBEZXDLHRETHD,

Ag R CulILSIEN 2 TER T 2 BT HE TH Y |
IRHITERIC KV PR Tod 5, K-Pg FETIS
WA ITHERS IS 22 L7z, £ 2121 Cas0, 23
HENTEY ., ZOHRTHE LT S0, 70 b [EAE
REZICBIERNE USRI TED
IHNHOILHEITE D LIEEMERIC L 0BT b
hEnhizEEzbN5,

(d) A VYT LOHEEKOLER
AVTTLRED LD RETITEENTND
DONEFRD Z L2 B, g - ik FE %
Mz BEBCALER AT > 72, Ag < Cu lTAALIEMIC
AT D ArRetED s < . BR{LALER TR LI % ¥
I, AV TLNETHT O, ETFELD

MR DTDTH D,

BHEED BEGAIET S BERLE=AUZS D LD
HEE VERE AUUOLRE BERE UUILRE SERITHTHRE
(mg) (ppb) (meg) (ppb) {ppb)

SK-2C1 2548 1305 125 = 049 6.40
SK-2D2 364.6 3.04,2.32 1364 145 £ 007 1.90
SK-4D1 2484 21.0.453 2266 1452 = 024 13.29
SK-4D1a 2418 21.0 1975 1475 £ 036 12.09
SK-4D2 2383 1774 1107 = 027 824

AV VT LDOREICREIZ LIZEbER B &
b EAFET H DT, ENIET O R LALER T
g LTe D2 EREICRIES DD LV, 2
YRR L TV Db Tidle < oS L
TWn5,

(4) SH%OGH

Ir & OFHEAMED B S22 5 K-Pg StJEIZHHE L T
W5 Ag R Cu bIEAERERZICbTLbINTZHD
Th DI LDBohole, HEREE Tk~ 7RI HE
BLTEWEORETHLHDT, L0 HIKFT
HFIFFHICHERE L72 b O E 9 IR TH 5,
L2rL, [ UHAESE T H Ag X0 Cu A3 EAME L TV
LE DI (T T TS Z & T, EDRLT
DIEAEERZRICH D SN0, LD Bl
HLLKIET o &tk (1Y VT APNBENLRRES
NWAHRRER) ICbTeb SN0 NEXATHZ L
NTE D, WALIE LR [FAL AR HCIRIE 23 AT RE C
B THIFEREIZBURICRIST D, Ag =P Cu D
IRE AR OFERE L LT, R D RN & T
ST IR, REABEZGAID Z LN TE D,

Z DX 57 B TEILE Spring-8 (2B W TJRAT
FEIR C OO X #R BT &2 FH T, Ag X° Cu DFT{E
AR DM E IR TN D,

ST AT & RIRF AL LB 1T 5, Ir, Ag,
Cu DEB LIRS, ZHHRE I WIS B THET
LDONEMXDMIEBIT> TS RERH 5,
(6) FRRDAFK
EHERAT, IR, EREY, M, B

KHETS, Sahoo YuVin, K-T BZFtkL+EilkHC

BT AWMETLRRE L ¥ 7 2T URINARLE,

AAHIER R H G R4, 2009/05/19, ik
AARRSE, IR FE, RE E, 8K BEZ,

F AL -5 =0 (K-T) B2 5085 g 23 0 i

B D~A 7 m B — @ X vy BT

HAHIER{L 2, 2010/09/07, SEIE K%
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[k O EE OB O BUR L 5347
Activation Analysis of Sediments from Crater Lakes

EFERFHRT AW EEMGE TSR NIH &2

1. 1ZLoic
FEBIRALTEER, EEFIR & O REICAIE T 5 Ht
FARKILE, BUE BISE &) 216 KILTH 5.
ZOWTAIZIZALE 2 LRI T, K2, [
%), NEL) 24T sniz 3 2Ok,
faliL s K & 72> TV A (K 1). 1976 121X Tk
&) BT, 19824005 1983 o Tk 18
LT W TKARRUBER N AE LT, T4 T 2008
FEIC, Bk LREkD EDOFERITBNTH
TR BNEEISHER S, 0%, BUREIOHIPHIT

BRRIZIENR > TWAH[L]. 2o Xk 5 Iz EEAR LI,

B REK 2 3 2 72 K DTN 38 U Tk LT Eh 23 Ak
BAICBI SN TR Y, ZoUTEAK AWML, H8)
Rk E L TR D NTZFETH S.

BHEEARKINCIR &7, —MRISTEBEIRY K A
BWTIE, WAkics U COkIEBNC kTS &%
SERMEWNH D Z LD, WIKOSFRERIT
KUTEENZIS CTEB L, KITEB O =
ZY TR T D ENARETH D, TOKE
1%, WD OKILT ARIRIEAKD L 5 72 B0k H
SKORSTOFINE, K & JERE & o M O E iR T
ICXELESNTEY, WKOKEIA - L%
EUSEREL, KINEBOFE~ L BT 572012
X, KOOEREREICRTT iR 5 2 L
INARFRTHD.

Z 2 TANIETIE, FEBERAILO LTE K A5
OF T, BERTICIIEKIEENRD b T,
WKDOBRMEE LIRNZ LD ZOKENEYL &
WK & OEREHICRE HKFELTND LB X
bihvd NE%) Zxtgus, KEO = 730k HR
KO DRE 7 1 7 7 A VA KD, KA
KE DTN 5 EE D% 54 MFt L.

X1 FEEERALUOWIEXRAHOMER R

2. FEEPMR Lo LTE A A

EHEEAR AL O 3 SO IITEA OO T,
JIAEST D [5%) &K (EAK 300 m) 7
OE (RKEE 20~30 m) ThoH. TOHIE
MOITFEREKINAT ZAREH L TERY, § 0 kiRkD
I, WM OFEEN LTV 5[2l.
Zo7=%, pH 28 1 8k, WA A 5N
WA A L RENET mg/L (2T 5 X ) g
PEEOEWHIKEZR-EZ TS, —J, BEOWm
BRCArE T 5 [Kkse) & NEZE) 1%, BIFE, kN
MIZEBIT 2EKIEBNI R T, Z OWIKOmM:
JETGEWARIZ R TIR LS, pH 1KEWIAKT 2
~3FRE, AL T3~ ARE LR > TN D. FRITIH
LZOWKOGEITIELW A A U BRENE mg/L,
Wil A A IREPET mg/L & E T, iHkiLo
IWTE A O & LCTiEE b THERIIK E S 2
L. LIPL72en G, KETZLHLAADZ L, %
BV THAINEEOERICKHE LD D &5
DNDKELEBIBR SN TEY, ZOWIKDK

JRR-3 (PN-1, PN-2) ; JRR-4 (T-pipe), HiEk(b 1

e o) ekl aagily
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BIRARIZBIZ KA T TITHo TV D K ILTEE) S
TER LTS Z SiEfhEW 2. k&R X ONESE
X, ZOWEL~ANGEOWE L~V L0 bk
10 m (E@EWed, BBk OKOZE 2T
52 EFe<, KE, HEOKANICBWTRA
DG FEAE BN TN DT TH 5.

3. HEEE = 7 RE O

TR TR HCR O K D EICERK 100 m 2ED
MRV 2 £ D, WEITISIE T, RRERE
(3% 50 cm Tdh 5. k1 NICHAIR 22 M8 RS0 /K I
BOLNT, DINIHEEEZA LTS, K%L
TIEESIEE O 2 7 3k 2 iz, RO
EHRRHSIZBNT, A— M EDLSIEERA ANV R
a7y 7T —FHONTHERZS cm, £ 30 cm
DEE a7 ERR L. Gonza 7 khT
HEHFIMIT 5 em T EICHIV AT T, BREOHIC
gt 7=.

4. BEHarRAEOXYy 774V E—va v
a7 REtO—EA R L, Rkl - B—(b L Tk
K XHREHTXRDIC X 0 SEWkER I B3 2 1 i &
7z, F72, RU L BRZREE HWT, 24k
TR Z KD Tz, FEETLRIT OV IR &
7 WL, ROCOLE, ICP 3oL, A
Frrma<w N7 4 —ICX0pHL, eFEET
VT ATOW IR E S JRR-3 @ PN-1,
2B L OJRR4 D T 3o 7% W T2 e 1 kb
IR L TR 7.
XRD D& 212,
xl1lcENZENRT.

7V KRR RG A %

&1 BAEEEDOLFHER

Intensity (a.u.)

- 20 - 25 em

- 25 -30 om ]

10 20 30 40 50 60 70
26 (Cu K_) /deg.

2 BAFEBHFDXRD /N2 —2
QIXBEE, Cr.(ZH YR FINSA K, Alu. (X8
BORERMERE—Y £RT

2 O XRD /RF —r b, FEARRITIEEIZ
s CleZ—r 2 BT/ oind, vV EmoA
L 7 URARNRT AN, 72 b NIHEA OBRR
T — 7 DR S -, B IR T b

Na,0O K, O MO CaO A,L,O0; Fe,O; TiO, MnO SO As Sb
Depth /cm

(Wt.%) (ma/kg)

0~5 078 08 038 036 128 89 070 0.03 0.76 30 3.7
5~10 0.87 097 041 0.51 11.6 6.3 063 0.03 061 27 4.4
10~15 076 098 041 041 13.0 75 069 0.03 0.62 28 102
15~20 076 098 039 037 126 77 070 0.03 0.63 32 5.7
20~25 074 081 040 039 127 73 065 0.02 0.59 32 4.5
25~30 0.77 085 042 041 12.0 65 074 003 064 32 4.7

64



-—
—

L ITIMAFEHEK FCELD REHTHS.
OREAE, FLLTHEEZE > TV DHIEED K
WM R ICEEN T LD THDLEEZD
N5, THEOMERE T CHICTAERLZHD L
HENTWDAEE L H 5.

£ 1 OEEOFHMRE RS &, FERDICE
WTIE XRD /R Z — 2 ERERICEREEIZ L D R&E 7R
EEIIRD L. LrL, TrFEACBY
T, BE 10~15ecm 122 D - FIC AT 2 {5
SEWREZAET 2BOFENRBO bz, —F
T, FELETHY, LIFLIET »FE LHLE
I bERIZBWTIL, ENOOHRIED 30cm £ Tl
EH—DRETH Y, MiLHEOFEEITITI SR
EWREET 5.

5. EHE 27 RE O H KR

JEE LKA & ORI A RETT 5 BT, IEE
DOEBRAKDOKEIZE b CEERFERTH S, L
LR G, 27 BRI I3+ 53 72 B O R
KEGRD Z LN TERhoTolod, TOREE L
T, a7 B0 FEE(0~5 cm), FJE(15~20 cm),
T (25~30 cn)lZ O W CHIHH EBR 41T - 7. H

U LKEIRIC L DRI L2, 2 2T
HHIERP OB R I U LA F 2 O EZ FibK
FESIS UTRAL T R 7 AOERE L B L
ThifbkFEE KD T-.

O NI IR O TR R 2, EE AR ER
K UTZIARBI O ATRER & & BTk 2 1T
Fio, KEFOKBERECFREOGHELE 3
\RT.

X 2 275 &, BRI EEIE R
fe A A RENE L, Z0% pH IR /o> TW
2E0ThHD. E£7z, KEBIOTEICKIT 54
HRIZEkD 24l & 3 & MZIEFRIRE THH-T=D
WXL, EEofMBiRiEeETcn 3mThsr. i
ERENZEOTORE LY GBILMERREICH D Z
LERLTEY, REOHMIROMEEA 4 2 JRIE
2, B TREOMRLPIHKZED LD LY & —
HigWME & 72 5 D1, IREHICE 15 E Rk
MOBLIEIRIZE D2 b D TH D ETRENS. L
DU HER 3D HITREIT EMILKESH &N
EVMEANICH Y, BBIFERILTHL EDEX
ST ITHAEN R WRER & 2o T

#3 BRBOKEMESO,ZEH,SEE

FRIZPARAIZIEIE 5 g 2 A, BIREEHbET Depth  SO,% (mglkg) T-H,S (mglkg)
BRI 40 g Le D KO ITHIKE N 721k, BRI /cm (H O H) (BEERCARLIR)
T3MMELZL, LR 04AB MM DAL T T 7 ¢ 0~5 821 1.13
LB —"T A LTz ARG HR) 2 A ik L 7. 5~10 - 0.96
OB, BRCONWTIE, 2, 2 U AN 10~15 — —
Bl X D 2 MM, 3 fiA A DoyBIE %R A 15~20 137 -
7=, E£7z, KEBERICE ENDHLKFREZMD 20~25 - 0.80
=0l B, BIRAZFEES N YU U A —Figh R 25~30 75.1 -
2 EAEEEHE RO LS (ML)

Depth /cm PH  Na* K Mg® ca® A* M T-Fe Fe® Fe* cr SO,

0~5 39 001 054 016 033 007 03 017 001 016 16 117

5~10

10~15

15~20 48 025 026 015 061 000 02 010 010 000 18 196

20~25

25~30 49 040 083 006 027 000 00 010 010 000 25 107

A K 457 000 095 011 050 042 00 018 009 009 03 13.1
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6. JEE = 7 Bk~ OB AL O

JKE T OB LR TEREICHET A HE®RESD 2
& & EMC, BEL L2 7N 3 BB OB RIA
ik A L. 2 2 CORREMIEIL, STEPL
TR —FE T = ) & AV TKEEM:
H(FEBRA)E L O A o AZHRE 2 i L, STEP2
TSTEP1 O #EICKR L CGRIAIGE ke e ¥y
NT =T D)ERACTERIEEEZ ML, &5
IZ STEP3 T STEP2 OF&E Ik L CEeLAI Gl iR
bR FEIK) & W CIR e iE & A ie & i+
5HDTH5[3,4]. % STEP TOHIH & & 2
D ENENDILHRDFIEEZIBHET 57
ARETHDH. T I TS, BRER TR DL
BAaLy, BILETREORIELRVGEL R,
TUoFEY, BRICEBR L.

X 3o ®H, TUrFEY, o 3B
BRMHIZB T MM EDORE w7 7 A V&
AL, K 4~6 1ZuHE T L O EORE A B 7
7 7%

X 3 5 I3EE 5~10 cm DJE & 55i1C, =0k
TCTreHE, TUrFEy, SROMOMHEEH K
XL TWVDZ ERb2D. Zib 3 LHki
redox sensitive 72 TTE THDH Z &b, BRE 5~
10 em ITFFIZIX, WS D WIS IR LR TR
BaERESEMSELIERDPFELTND Z &
TR

STEP1(55/8)

STEP2(ETHI)

o
o
]

1 15
M E / microgram

2

2.5

W STEP1
O STEPZ
O STEP3

M4 BERBBICLHEROMEE

]

|
[
[
|
[
|
[

0 0.5 1
L= / microgram

1.5

B STEP1
O STEP2
O STEP3

K5 BRERIZKBDTUOFEVOHEEE

W STEP1
O STEP2
O STEP3

X6 BREMCKLIBOMHEE

STEP3(E&1LH)

As Sb Fe As

40+ 1 F 1 F { -of

Depth/ cm

8b Fe As Sb

-30

Fa

Rt 1 00 0.5 00 26 P9 2

Asiug Sbiug Fe/mg As/ug

0 1 9 & 0.0 05 0

Sb/ug Fe/mg Asfug Sb/ug

K3 EBEXIBREIZLEDER 7UoFEY, #OMETOT7AIL
REEERE 1 s 4-YDHEEL LTHE
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—J7, X 4~6 OIHE T L OB O EE) %
oL, eHRME D0%HE, SEHEET V7
ROB% THY, MHEREIIHL THEN
(STEP1) & B LW RE(STEP2) 23 4K Tld b 5 73,
FETHEN e FOTEPD AV 72L, #rfee #
(STEP3) &\ Z L bnnd. T77bb, LEIF
BT THD Z LRI ng. 7 FE (K
5D AL, A EIT L 7 KD 10~20% 4
BEEEL, BRLWHRE(STEP2) & & LHE(STEPS) &
MERRETH LD, SEESTEP)O T v FE
FERECTOAE N HERED L. #(X 6)
DOEAE, ERHEII AL 7RO %N TH Y,
M IZR L REN ERTH D.

7. TEEEE Y OmAE TR O RAE

TR INE T ER, ok Ra i E
%, MEEEOREZMBLRTCREBIZER L THR
ERAE

JEE OFHEERHIX, LEIE L KEMEORER
A, FALKFBREDEHORERDE LN, B
NS EEICBOGETEOEZENEL, 5
BHED e ZRD IR OFERDG DTz, E T RRIE
fROFER, MH S D80 B S T E TRl
WRENERTH -T2, X HIT, BRIERECTOHMH
T T 7 ANBIE, TREE 10 em AT IZER{LIE T
BREOZEBIZHIGT BN X v v 7 A5
Do, TOXIBREZREHETHL, ROX
972, HHQ0 ecm PLR) O HERLBREEIC T 5
WALk DOmb L ik e FOAEKEZ 25 Z &0
TEX50H Ltz

® 4FeS + 110, + 4H,0 — 4H,50, + 2Fe,0,

® FeS + 20" — Fe? + I,S

® HAsO, + HS — H,AsO, + S + Hy0

® HAsO, + 3/2H,S — 1/2As,S; + 3H,0
TRbHIEE Ok LEEICE £ D Rk
INFJE CELIEfR L, WileA 4 & bsk(D %
EUD. AUTERBRIZS HIThifbgkE IS L, fit
{bkFEEZELD E LB, e F&LEWMIOHLE
FHEALSEDLZ LT, RBMIICEEHTHY
NG, Witk EERICRE L R & 3 T D HiE

LB AT D L DEZTHS.

—J7, BRMMHIZ A S - RKE ToOmWEIST
DEENET TV OFEE, 7T FE DR~
DOIRFRFEN 3MiDT > FE L H 54T T
FBUDREDIRENT END, HWEEBREEICE
i+ % SbAIDH 5 Sb(V)~Dfgfk & Sb(V) A7
=FOERTHAT LI ENAMETHD. 2
DX B ZIE, VTR T AHEE 10
~15em IZBITHEWT U FEUBREL, KEOD
BRILHIBRBE T CIEFRE~EBIT LT v TFE Y
WNIEE P ZE) - LT DB, —EDREDIE
TCHBRE CHORBEE~NEBITLRELZDLO
CREIRT D2 L LARETH S

8. £&

TESSEE L, 30 cm LU Tl bR AIIZIRIE
EF—HETH o7, BIRBFEOFERD OITRE 5
~10em (LB ICERALRH Y, LV EEix
LS, TR CERERE chSH. LET
1, B OERGITHE S Bl & fifb/K SR D AR
EZ B, ZNNHKOERA A DOEIRE D
ZEMFRETH D, KETE RO TE TR I
EELRPoT2D, TRETHEADIZE T SHE
BOFRREICET 52T 2 ThTE
5, AMFEICL D TbOTEHEERERT — ¥ %155
ZENRTETLLEFRD.

AR, WKk AORRLT, Zofokn
W HAFIERIRITE D D TE T2, 2008 0
BH PRI OTEETE L 23 0F, K R~DsL
LAY BB SN0, ARTPEL T
KOANO IR Z 50 5 %230 hro 7. Kl
TGO L TED R S22, BRI A %
FHEI L, ARBFIEAR A B E 2 T O/ 21TV
720,

51 I SCHER

(11547 (2009) “Fhk 20 42(2008 4F) D EHE IR
ok ILTES, KT TH#H (BF5HR) FR o
AARDFERKIEE)] ZE &R

(2] FHbiE =1Fh> (1983) Bt FAR K 1LHIE X,
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AWM DERUA+E#HICET SBEHERiTE F TERBIE
ELCIZHEHMERITIC K A RFRBEBRE FDHHIZDONT

Geochemical characteristics of sandstones of the Upper Shimanto Group,
Kyushu, southern Japan, from the composition and the spatial distribution
of elements obtained by instrumental neutron activation analysis
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Table 1. JbJIIJERE, A mJERE, HEER, BHIRETICOWTOSHRR

Constituents = I3 AL AR (RERR) ik th&B = 15 SR b
or Elements NEE BRESH BREH BREH HREEHE | EBEHE
2) (2) (20) (13) (8) (5)
Na20 % 2.16 1.91 2.25 2.86 2.14 2.07
Sc ppm 6.08 5.35 5.18 5.33 5.08 6.85
Fe203% % 1.8 2.59 2.82 2.25 2.54 3.19
Co ppm 2.32 6.12 6.26 3.54 5.12 5.50
Rb ppm 84.2 80.7 724 67.82 63.40 79.59
Cs ppm 5.28 3.24 2.5 1.97 1.89 2.77
Ba ppm 366 322 312.10
La ppm 234 29.1 27.7 21.22 26.52 20.60
Ce ppm 36.8 57 514 39.21 51.62 40.08
Sm ppm 3.23 462 45 3.07 3.94 3.07
Eu ppm 0.744 0.938 0.89 0.54 0.75 0.63
Tb ppm 0.472 0.626 0.55 0.53 0.69 0.49
Yb ppm 1.675 1.685 1.66 1.47 1.61 1.41
Lu ppm 0.247 0.239 0.24 0.20 0.22 0.21
Hf ppm 475 7.15 5.9 3.91 7.35 5.87
Ta ppm 0.665 0.82 0.9 0.71 0.84
Th ppm 8.73 7.64 7.96 6.67 6.97 6.88
U ppm 1.54 1.50 1.76
La/Sc 3.85 5.44 5.35 3.98 5.22 3.01
Th/Sc 1.44 1.43 1.54 1.25 1.37 1.00
La/Yb 13.97 17.27 16.69 14.39 16.47 14.59

* Total Fe as Fe203

Table 2. YeARHERE, WHITHEREIZ OV TOSHR R

UAIZE D =F HEIIHEER

Na20 (%) 404 = 0.65 337 £ 0.34
Sc (ppm) 808 0.43 8771 = 1.18
Fe203 (%) 358 £ 0.15 293 £ 0.84
Rb (ppm) 6451 = 14.3 93.02 = 147
Cs (ppm) 24 + 095 415 + 082
La (ppm) 2504 = 6.98 21.74 = 5.58
Ce (ppm) 4369 £ 0.95 3888 + 1.71
Sm (ppm) 369 = 1.24 37 0.61
Eu (ppm) 105 % 1.58 089 £ 0.18
Yb (ppm) 134 = 0.14 188 = 0.12
Hf (ppm) 377 % 0.3 398 £ 0.35
Th (ppm) 734 + 0.76 859 £ 0.59

La/Sc 3.1 248

Th/Sc 0.91 0.98

La/Yb 18.7 11.57

(5 AR1E7D>, 2009)
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Classification of ores used for the radiation source in NORM as consumer products by
PGAA and INAA
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BHEIC 100 f5FREE D ZEDMFIE LT, FFIZ Bu,
Yb DENEETHY, Zib & ThU,
Gd/Sm DLLZEH A Z & TT 774 Fh4e<
Bl mT 2 ENRBO LN,
[ E & 0]
1) HEANEDZ EiE, Shdiz,
2) RT DI, O 72O DFA D AFH

R > T, FERIE ¥ TR — i
IR 5 bOD, ThU & & TS

NTHY . @AVNNTﬁ@ﬁﬁFOKO
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M\Eﬁﬁfbéo

BN Rk 22 SRR 2121, JRR-4 1T UWNT
MG L, KRE~RE OB 2BV L, BT 217
ST2b DD, ZTDHOEHK, FIEFHIZLEY | Ge
OFERNTES, FERE LTV LAEN T
Rote, TOTs, R 22 FEOREFRIL
T — 2 X 2OV IRLT —4 Th b,
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RCP OSHHIRN, 7V A hTHDHZ L &2F
FHNCRER Uiz, GHESHr &5 —EIZS K
DORELOBIHER, AR CTh o7z, FHEH7e8iA
IZHRWT, BHEHENOTRICER LTI 5 F
HBix, BBEICARETH D bbb, —F, xR

ETHREIOAFICIEHEERH Y, AL LT
IR H b H o7, 4% B RCPIZIFAEH LTV
SFPETHL., EnEANER, HifTL TV o
D THDH,
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E.Furuta, H.Minowa, H.Nakahara, K.Iwaoka
and H.Yonehara, Proc.Radiochimca Acta 1,
219-225 (2011)

2. NORM as consumer products: issue of their
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HE LT < RO, BT, Jpn.
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“Classification of ores used for the radiation source
in NORM by PGAA”, E. Furuta, H. Minowa, H.
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TR E
1. HABEHMESFSEE 53 BEGHE SR, Ak
21 429 H 28-30 H, HiL
[NORM SRR & L CTHW L D806 Ok
BINE DR A N7, X 5 2>, PR ELE
R, K gwd (3A02) 109
2. {LFEYR A E TR T B RE . R
2249 H28 H, B
TIE N A 2 & F 4D B E O RRGE &
[EIBS B BRI R B2 OBV IR 3 5 B2
dHEP T (BEBERE L TORLT)

89



4.2 WHETFFIRABHTIC LD T4 7 A = A~Di A



[MERE L D T B EIE 2 W T B TR T I & 2 BRI Z &M DRk

Securing of International Safety by Trace Element Analysis using

Neutron Activation of Cosmetics and Toiletries

BIRDKEZARFPNFSACRIRA A FER HH o

HEEHAM 5 PRk 20 4F-22 AE(RREE 5 10155)

WEZEE I ;

BT, REMEORERO DI, (LHEh
HHETHD (X AT 4TV A N BEETDE Y,
i, R EDT-RINEEIEY A R THY |
S HITHHEEAL, ERIMRB I K OV — B FE D
BAHIRTHD [ROT 47V XM bIFET
Do ZAUIKRI L., TEFEESM AR 2006 12
I 82 FE O —fEERIE LRI R E SN TV D
Y, EE S EREINE GRS DRI VDN
TOHFENZRRBRICBWL X, Bk s v~
NPT T 44—, TRAIa~ NI T 7 40—, Wk
R Bl K DM EREST. KOVE &S,
BRI 70 SN K Db G ORERE D FIZ
TN TETN5D, BT, MW OIREIZK
L CIEESERBE, fRRRER & oMER
BRCHn B BB E N Tl CWVWd, Ll
ORBRIEIIE, AT 4T VA, KOT 47
U A MZZET b Tz JudE O B0 & oo FLvE
WERE T, MBERBRIEOLEITONTOH

2ppm A FRHIERIL & 55 Z L NFEHE S ATV D D3,

MOFFELEZOLNHEBICHEFEICE L TL,
FRIMEZ R S TRy, EF, BBRiEITE L
L. MERNRS OSBRI E o TV, [RE
EZ RS TICAMY bIMEELET 2 Z &%, E
ERRNEEZ HND,

—J)7. BEOERSEL LTEALTE
TV % ICP-MS 1Tl BUBF O RITALER S 247 00 22
THRH Y, ARERIEY PR L TV 2{bHE
mOSHIIRS EFEVWHNEEZEZ NS, 2
ALK L, B e iTiE 2 23546,
i 2 DT RE DL 2 D 5T L e R [R50 41 03 AT
RETHDEERDLND, ALHEMICHIET L
IHTEER TR E LTE, 74 v RUICH

T 5 Fe & Zn 12 LIE » T2 BT BI15523 6 5 ) 73,
eI e 2 VWD 2 & T3 R b
DL ILRFRFIHINARETH D EBE X HILD,
FRICARBIRICB W CHN E T 2585 E T Ik S
NTWDEETTHE As, Cd, Sr. Al Mg [ZXF L, H
PEF A AT 5T S R 2R B M E 3 FTRE ©
&b,

EDE, XATT4TVAN, ROT 4T VR
FORFIX, Hie EOBEIYS X > TR D,
B Z X HARDOHEITIX, FER 134 XD
EHERIT R R AP EBHT O TVD, L
L, AL &S -2y, FRCARTEN
ETERINTND EIFB IV, EBE, P
F% 19 4R 24T > 7oAl g OO o - i B 45 i &7
TliE. EU TIEASMAEEIE ST 2 I RN
JSERNRIME NIz TRV o 2 bHESL ) DIFAE
EHLC LT, 29 Lo bR EET HLL
b ABKES D E BRI B DO RELR O T2 121,
EWNEZZMmO Z & WAL THEO Y
A M ST ERE EN TV DR
TEHEMEND D, DD, ML ED M
B DG IITEPLETH D,

AAFFED BHIIE, EWSOLRERICE £ DR
T & & O T4 8 T T D EMEE ' ATIC &
DERNRABI TTRE OO E L Z O BEOWMRIZ
H5,

W51
O
SRR 20 AR B EHESR ThH o THE, &
REWM LTz LiRbit T s, (LK,
JLR. 7V — 2% 16 Rk
Rk 21 AREE T A v RO D 30 Rkl T A
Ty R, IRKEOE S cEMT 57
D, FEPEC SRR SNE O RINBLE] TR

JRR-3. JRR-4, INAA, 74 7H AR
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FEIZ Zr, As, Cd, St K OV REHEZFE Mg, Al
NEENTNDNENCER Lz,

PR 22 4R VX K7 7 o7 —va U ER
K TZ7vTF—var, LAV, BX
W7 75—y a rOEMENO 22 3 F,

© HREIFHEEFIEG » )

A - REPERUEE O RITALER ; Lk ds & OME %E
EFE U C oWk R SEBURH T A
(ADVANTEC 5A, 016 mm, HPEREME, Bk
580 IS, ARANRT 7 E FVTHE
I, gHERIFL o7 oV AEH
W2 EIZEA LT,

FrAEEE 5 (bpEdh s L OVE AR (JA-2,
JR22) I T@MERY =F L7 41
L HWT 2 HITEA L,

% 3B ER L7z,

@ IS, BIERTREG 5 R )

R AR  JRR-3, PN-1 (BhE7-ok
5.2x10"7 n/em®+sec) (2T 3 #EH% 10
SyTRIHPE IS UL 2 B AR ICBRE L7z,
ARESMELIRY | BhEHE LR = F L
CDOIRITHEA L, y SHEMREE L,
[ S AE Ge Mg & T F =
T ¥ —ASC-20 Z VT y MO AT h L%
BIE U7z (W b BB F2 5 e 5% (2 3% i
H AR o MR OWE RER] TR RETR |2
XY, 300~10,000 £ & L7, 15 H
%, 6 ARICHHEE LT,

R FEQ 2 H D 2) ; JRR-3, PN-3 (B
PEF3 ; 1.5x10" n/em®+sec) 1ZFBWTT A &
¥ R 3 #lkte 5 T rETRE L,
100-200 F#4 . B8 L4 - 6 BERIFRIC 2 B2
Tz o THIE Lz, BIEREHEIL 300 B & L7z,

@ fEHTRIGE LIt

SERK 20 AEFE 5 Pt, Ag, Au, Sr, Zr, Zn, As, Cr, -

i% 21 4FJE ; Ti, Al, Mg, Fe, Zn, Mn, Cs, V, Cr,
Sc, Ta, Co

Rk 22 4R Ti, B, Mg, K. Si, Al, Sm, Gd, Ca,
Zn, Sc, Cr, Co, Rb, Zr, Ba, Cs, La, Ce, Nd, Eu,

Tm, Yb, Lu, Hf, Ta, Pa(***Th), Np(***U)
® PRk 20 FEEREHEERE L RSO ICP-MS 12
£ 2 H AT R R ZEE 1 & 2 30EkaREE . 4
1)

SEEEbRES 6 B LA OMELEZZ B
% [4) afEgE TR 1 EIC O W To %
RIE L, fERICOWTIHTHET L, INAA & D
A T o 72,

TR EARAERL D 72 8 OFEHEEH T XSTC-7, 13
O 2 FFEDOIRARILE 0, 32 ppt, 160 ppt, 800
ppt, 4 ppb, 20 ppb IZFHEE L THEH L 7=,

HMEHIT 7 v UARICHEE L, Ml L0
e (B by 1L, BRI AA-100) %
WL T3 A CIEME 7z, A8emaeh
0.1~4 mg FEE 2 | fLHEMFUEHT 0.13-0.62 g T2
VL. 100~10,000 {5780 L. & HEUEE
L7,

ICP-MS /%, 7YV y hF o ) mo—itil
7500a Tdb 5, (LPEMFEHIA 3 FkE, <54
BAREHI 2 FEEAHE L, 4EORNEEZIT,
HESNEZEE—2 220 0F L, kbEnE
— 7 3RERATERME L,

® Rk 20 A EFURHGERE(EHE S O SEM-EDX (2
£, 1794 X)) O JAEA BHHEIZX
D, EHEEAG, EMESHT)

TR LB EUEL D INAA T & B0 bt SR 2 %
JC, 3RBHZEEND [F 204X Liab
TS AuAg BB DORE S 2R LT,

SEM-EDX | Model JSM 6700F T&H v, H—
RNy 7 b— b EOREE R NS EE 15kV
THUL 7,

@D VR 2 FEERE (77 TF—varE) o
PGAA |2 & % Hefhst

JRR-3,PGAA IZHBWT, 77T —a %k
IZEEND Fe lREFZHIE L, INAA OE &
R EIL oz,

Bk L OMEREREE (JA-2,JR-2) &, FEP
7 4V AT 2 HITEA LTz, JIER, 500-3,000
wELr,
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WFFERCR

ARAFFENL 3 H» FFHETT T 07, Fx DFEEIC
BIORBREZTLEL, RBICELD D,

(PR 20 4R DfE R ]

Pt,Ag,Au &5 de & T HEEMEHEL D 5 B, Pt
X RHEBARAU T ORI b H-T-b 0D, IR

MU7= LRIV TV D Au,Ag,Pt D4 D4AJEIT
Frem Lz, — 5. WL T 5 Ag D

FELLEIZ Ag 25T Au DAEIRIM LT E T 5
fEHERDNFAE LT, ZOHEBELT, BNSh
TV Au DRI E LT Ag DIFTENRE 2 5
Niz, Zo=H, INAA Tk, BEETES Au
ZOHTT 572912 ICP-MS % W o, A= HEL R D

ZIE A & LT Ag 2 Au OFEIZHE -
THI 0.1~5%., Ag IZIFAHi & LTD Au 23K
2% EEN TV, &6, *HT 47V A
R TV D Sr (Ph) BB LR S
Teo —77. INAAIZ L D iR ATEE e TASINZEIL Y
A BM] OEFET, WTRBBRERALU T TH -
oo T2, [F I YA X ZiREST-HICRDZ &
DTE DLW D72 MENES Tl SEM-EDX (T
L0 PtOIFEEE . FOV A XX 138535 200nm
ThHhHI ENERTE T,

[Pk 21 4B Dt 3]

TAYY FUICEEND 12 tREEERE L,
Fe, Mn, Co (2%, BAORMHBEN A B VT2, Cr
IZ Fe, Mn, Co &N A LN, T
SO&BITLHEIL, AROBEISEHT DI
bnTwaboEEzobhiz, 74 v KUud
FnThd (Zrr) =40, TBRbFZ
VIZEEND AL Ti, Mg 135 % ~% 1+ %&£
TWWe, F7z. mﬁﬁ% TR C 100 (5 FREE
DENH -7, PLE - LIMRHGELAI & LTl
ﬂ\_®%k%ﬁ0kﬁﬂ_i§<aiﬂfw
77
[SFhk 22 428 DA 5]

Ty T3 a D4 A PGAA B LUV INAA
WZRV T2z, YV NEAT DT 7 07— =
YHEDOEEORET, WEE LTRENT 2L

DHSKTZ, Fe OIRFEN D, PGAA & INAA % ik
Lo, EEEICET R -7, 72720, HIE
FEEE L INAA OJF R o7, Tild INAA Tl
BRI C o 572 BREE % O WIE RT3 2052
ThHoHN, EFmDGEEIL, EEKSTHY, £
DIFERITZ < .PGAA THARIEFRETH > 7=,
B, Si, La, Eu D& THEN %A —F —TEHENLTW
DREINZ AFE LTz, 1%EL LRI 132
WIEICFEHT 2 2 EMBEHEMIT O TWER, 2
VO DOFLHEIT R Do Tz, T BERT LD
Ty T —a ik, EERIMICIEFL, R
ALTWABRREMERFH W EEZEZBND, L,
BIILFEIZ L » TE, *HT 4 7 U A M
bILd, TN BILAMOMRPLETH D, £,
[f]—&i Cdh > CTH. Ca, Fe DI DRI IE -
TWe, ZHUFEKREZEZ 57202z b Tn
LHHDEEZOHND,

(A% & 0]

1) ABPESEEHT, FAERILERZAT S 2 L7 <,
HEHEIEIZ L0 T & T,

2) WML BT 28Rk oPicid, 20fF
EPHERTERN LD L H -T2,

3) INL7Z & IFRtdi & T Ag seENE
FNTALNER ORI, WA RIER ORHMY
HeBRRBR M T O TR & & iiFA T 5 4
Rlloiz,

4) ICP-MS [ZENT 4T FBTldd 5 23 AP dh
D XD 72 GH - B NIRRT 2 3BTl
PIEIZIRIRET D 2 EREE L o7, 2D
INAA & —E L 22V G SR AR L7z, Tl
JLER % BR AT D720 T T INAA OB
BHOMNE o T,

5) TAYy RUIZ, CriliEZ<EEnTH
5 HONTFE(E LTz, Crid@y, 3iib L<ix
6 i CIFIET D, RARMMEOTOIZIL,
PEDFRY 6 i TIZ/ARUVN T & ORERD VB TH
%o [AERIC
FTnb
DALFIE T

. 77— a s, BRE
o Z1LH BN THIUTEWD,
NI N L EMRT AN ERD D,
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6) ALHESIE 1%L E OB 1E 2 O IEIZ Fi

THZEREHHT O TNDA, s

W 1%L EDRS DR LT, fORER S

t, WERORBOIITOIL TV RN —Eofk

PERDFERH BN E o7,

%R IHTIE TH 5 INAA 5 L UVPGAA I,
{ERESE DS E R T > 7=, ALBESIE, EEIC
HUHIANE 2 23, EANSTHRTE STV D bR
SRR OMBEENFAET 2 Z L L7z,
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1) BEFEFRFEEANT =00 LR ORI FRD

FREIZOWT (21001)
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3) G.Misra et al, Neutron activation analysis of
lipsticks using y-ray spectrometry , J. Appl.
Spectrosc.,71, 270-274 (2005)

4) E.A.A El-Shazly at al., Simultaneous multi-element
determination in some cosmetic samples of
different origins using neutron activation analysis,
Radiochim. Acta, 92, 111-117 (2004)

5) G.D.Kanias, Anal.Chem. 327, 351- (2004)

6) E.Furuta et al.,Neutron activation analysis of trace
elements in Japanese hormesis cosmetics, J.
Radioanalytical and Nuclear Chemistry, 278(3),
553-557 (2008)

7) E.Furuta et al.,Neutron activation analysis of
Japanese cosmetics declaring hormesis effects, 12
MTAA abstracts, 5B02 (2007)
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Publications

1. Heavy metal elements in toiletries analyzed
by INAA, ICP-MS and SEM-EDX;
E.Furuta, Y.Okada, K.Tagami
and H.Nakahara, Proc.Radiochimca Acta 1,
393-398 (2011)

2. Analysis of some heavy metallic elements added

H.Minowa,

in toiletries; E.Furuta, Jpn. Japan Health Physics,
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DFONMEORBER; HHUT, (LPEDRES
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1. 4™ Asia-Pacific Symposium on
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“Heavy metal elements in toiletries analyzed by
INAA and ICP-MS” E. Furuta, H. Minowa, Y.
Okada, K. Tagami and H. Nakahara, PO-2-11-11
(Poster)
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1) BAKIHMEFEE 52 EHEHE R RS R
20429 H 25-27 H., JRE
MEHBESh DTS AT | & - 5 ELE,
] FHEET-. HhmiL D2, p4

2) BABSHMEFRE 54 BIBUH b FRe . ER
2219 A 2729 H, KW
M S E AT K D7 A A A 7 (ki
i D48 J TE 3R OO E B | FEm 132 2>, il -
] FH{EF- (1P24) p 89
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Metabolic Disposition of °H Labeled Eggshell Membrane after oral administration to

Mice

WHRKRFETAY b= a2 —

R

L. BFFED HIY
P, IRk L IR D HWIZIZd D REMED
HEFECTH D, IEBIIRETOMREZRET D720
HLETEM: %24 L (Ahlborn and Sheldon, 2005, Burley
and Vadehra, 1989), "A A IRxT VB — g
L DI DT DD R E L TOHRBEZRIZ LT
% (Rose and Hincke, 2009), #T4E, JNRIE%E & e
fEHERLY 7 ) A 2 PR THBITH TV D3, £
UL T 27 DOEA TRFFE E L TsIZE b
TEIEWIEENERITH D, IIEEEIL 400 LA
EHEISAUGIBIIC D TE TV D28, £
FZHOWTIEHEOHIG T TH 2 AW A I E»H
TWo, AARTH, HEMETIICE@DOZ L&
L CHBBEIEDME O F M I RIREFE L LT T&
oo THHOZ &I, IR RG22 T 5
EWVIHIIRILUT 22 > TWDR, ED X HITL TR
REDAN=ALOITITELS REN TR T,
BT, Ohto-Fujita OILMIRBOHEAE CHITE, 1k,
EH), B I B O/ AR A 2 i Re & TR
— hFF 5 H#EM L L THM . MPC-BMA-MEONP
(poly (2-methacryloyloxyethyl phosphorylcholine
(MPC) —co-nm~butyl  methacrylate (BMA) —co—p-

nitrophenyloxy—  carbonyl  poly(oxyethylene)
methacrylate (MEONP))) 7> BAEAL X425 N Al
FHFEM & L CTORERZ2 MPC A Y < — (PMBN) (Konno,
et al., 2004) ZFIMH L. &K EHIEAIINAK Y
fRIN%N5 (alkaline water miscible organic solvent
hydrolyzed soluble eggshell membrane) %y % i3
RANZEFE M ISR LT, I A B M4 55
EMME 2 AW TR T 5 EBR R AR L 72
(Ohto-Fujita, et al., 2011), JFFRE~TF N2
BENCHIICAEH S ELRMIC R0 . v N EE
IS HES D & Bg - WL, 11T M=
T = URBLEPHIN U T, AR F R O Rz
TR xET 2EME D Tide . B 7V A b

&L TERSHERIN S N25E8 I bk x 7 dcE
RN NG, Lied-> T, IEIEEbIR &
AR SN2 ZITB W T HAERNTH B 2O %
Ffo TWDATREMEDS & D03, & ORHHHEAEIZH & 2>
IZE TN,

YIERIEIZ =" N U BN COIIERGRF, A A2
X7 V=T ay (EENITEERK) 18> TER
TELNZ DZEIN S LD ANCEINE TELND
(Rose and Hincke, 2009), JRBefiIARHERSE 2 A L
TWDD, ZAUIHERLE Sy (Wong, et al., 1984, Ha,
et al., 2007, Osuoji, 1971) Td5H IF VAL X
Mag—bv Frualiy, FAEVY, BTV
U ENY AT X —EOMEIZL Y A
RS LT T& % (Harris, et al., 1980), =25 —
T DM TEHETF U EROEBRT S b
DENTHEEIRN SN T F Kb i
179 % (Iwai, et al., 2005), ZDILXFF RiIk
Ji AR A oD HEGIE A et 2 2R3 B H Z L A BT
2o TS, IO T2 T =7 8D
B R BRGTET TR IREbEEN, 27—
T DR HERRE & 13872 57 F R E L THEk%
[ZIRNTHERE L TV B ATBEME R & 5,

AHFZE T PERE R, L 72 9 A~ 7 2/ 0
Behb L, IR DAL S 714 DRk S A
R E BT D, THILIIIN S 72N & D &
2 72y TIHEIZ 72 > TV D I A CTA BERAL &
WMHEIERT D 2 LN TERWIZD, RIS Xy
B A EEESR T D kR & oT, PRI, =
T UEOL R IE (MERIFESE L ET)
DO INTEY, & 37 B A~OE#IT 1
XVIToHELHLN, WL EMNTHZ 218D
AL SN IR Sk DAL SN b LT L &
D7 EOMBEN S DI DIIEEE N ) F 7 AT
HZEMEE LB, XU EREDEE
FEMEIRIEY T U L ERA LR TR 5 &

JRR-3, &% (PN-1&2). A 7H A =L =
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Li% (n, a)®H RIS THER LT N U F 7 A2 X0 2%
SNDH, ZOLIITLTHELNL MY F U LERIY
IR DR Z TR T 2 2 LIk, ZNET
B DB BRE SAUBEHE S AL TV IR O H7 L i
HEZRfEIACE 5 LI CTE B,

2. BFFRJ7iE
2. 1 PR O

YU AR 0.32 g (BM AN & —, Fa—E—) &
REEY F 7 L 0.65g o3 ITIRG LA S8 (TS
A%, BRI TR R 1 R R 580T (JRR4
JEFJF) T 20 SyfEIH B U 7o, BB 2 5
B ML, KEBEA L TRRISOKREY F 7
LEVIR LT, IR RIZKICREE Th 5 D TR
L CRIN L, JHEBICRIEGD MY F 7 AEfRE
T 5720, IRIROBSRER /3235 £ TKT
YEE LT,

2.2 EREY

AV = HEEREL Y 6 FERCHEA L7z C57BL/6J
~ U A% 1 EMBEO PHEE (RE 23+2°C,
KPR EE 55 10%, 12 e fHIBARE ¥ 1 7 /L DBREE ) 14
T HERFCERZIT o7, YU REAX YYD
R#r— (AZARY M) (86.5cm?X14. 5 cm,
Z~— 257 2000 em®) T 1 PEFOfE L, B
Bt (MF, AV = 2 AEERE) &KEK A B REBIRE
¥,

2.3 ®&hHFHik

BehAT 16 R R S 7o~ 7 AR CTRE L7
Tk A . ST ATy VT 4 AR— T
> T & IO TTE I BRGSO G LTz, 851
STHEIZ. 49 4.5 MBa/kg (122 pCi/kg) fREH & L.
F 5813 250 mg/kg (AE & LTz,

2.4 HREDORIE

FSHBEDRE L, FHHL S A7 SRR E RS >
YFU—F =i BIK o TFL—arhu s
& — (Packard, 2200CA)IZ L ViTHT-, Z 2 F
7 DR IEIISNBEEMERRIR LB T K 0 1T o 72,

2. 5 MM s Re i B I E

TR IR 5-1%0. 25, 0.5, 1, 2, 4, 6, 9, 12,
245 72 HTNC2, 3, 4, 5, 6 HIZBERIR L D 1 ik5 ul
ZEREL U=, Z OFEHI AR T LA (Soluene—350
(Perkin Elmer) /A YV a7/ a—1 (1:1) )1
mlZ 0%, 50°C C3HEFEINENER L=, 30%iEEE{L
JKFEIKE00 pl iz iz, ZOREHZ T L—H —
(Hionic fluor, Perkin Elmer) 10 mlZ ANz, M
REZ HIE L7z,

2.6 R+ HE L OWER ik REHEE

Bt b%, ~ v A ER@#r—Y (AFR
UM, AFF¥~<57) ICAL, B&E#% 1B ZEIC
6 A, JR - A28 CERIL7Z, RELZ#ED
—E ARG L. ZAUCHRREARA 2 ml 2%, 3-4
BifE], 50°CTHNE L, D% A Y7 rsX /) —L 1l
ZMz, 50°CT 2 KEfIMRE L7z, Z OFEHZ 30%H
FE{b/k#EAKZ 0.5ml Nz, > F L —F— (Hionic
Fluor, Perkin Elmer) % 10 ml JNx. FEIREZHIE
L7 RiZ. HESO Inl i rFL—F— (UL
F~ =—)L R LLT) 5ml Z 00, ez @ Lz,

3 WRZERE R

3.1 IR U F v A

REE Y F 7 b L IR DIR G % It FRES L7z,
20 Sy OREIZ LV | FEHE ST LW O A
DR A JE OBETITOIMARES /3 13 B,
BORLES TIXEEDOBIROMRIZ /R o7z, G
B RITAKICRETH D03, REZ OB EEDIR
I AR B AKICRECThH o 72, B RIS
DYNEIEEL 2 O IR RFEE D N Y F 7 A
% 50 ml O/KT 9 [BIPEE Uiz, JEIET OMEREILE
R 2 i 0 RIS U, AR IR & AT vA LA
Soluen—350 TiEfiEte., v > F L —F —& Nz, Kkt
REZMIE L= 2 A, 18.6 MBa/g TH-oT-,

3. 2 M % B RETR A

LS, B UF ¥ LA L7 ISR e 54 o 1
R RE TR & BRI R e - TR Lz, 5% 1
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53T O FERERE N EH Uik, 6 Rk
W RIZI 5Tz, FD%, K 70 FRRE TR G-a1 O B
BEL~ULIZIK T L7,

200

—
w1
]

100 -

AT 8E (DPM/1ul [0 )
g

o

0 20 40 60 80 100 120 140
B 5 2B (FRR)

1. = 7 AOEBINEBESE G- o i T e L

3.3 # - JRIGGTRER
- RTORSREILHG% 3 HEE TTREES
ED6L.5%THo72 (F1),

K 1.wUA~O MY F U LMERRINEEER S 3 AR ETO
3 - RIBSTRE

HIRGHRE (IR 5 BICH T HEIE (%))

18%#% 28%#% 38%
Erh 14.78 33.02 11.93
fRep 0.47 0.50 0.35

4 WHFERERORHME

RIEY T U LE G EDRAEMETRFIFANT
TR &0 ZOAEIILLi(n, o) HRIE
THAMLIZXBE N Y F U LFFI2EY FYFULaE
S5 (Wolfgang, et al., 1955), Z D J5ik CHEG
SN ARAEE AR O RBTEE IV B i
TV 5 (Suhadolnik, et al., 1957), A&[A], JPkE
LIREE Y F U LDIREMZ PHETRE T2 2 212X
V. U FULERIEIE A ST, BORRRIIE O
R, ZoOREHI S M) FULERINATEY, <
T A D% N #5400 1 U REIR EE 138 (T RE 72
LAV ThoTe, 18- T, ABFFED BT K0 Rk
D R U F U AR FTREIC 72 0 . AREEHE A H
R HETHD Z ERHLNIR ST, AEID 20 430

HRES 2 I Z IR R O AR BB 1T IR W MB R R o 72
RN IR T 512 3 IZRIN S RO 505, K
OISR i D 7o D, U F U LKEES
ZHARTMHOBRFEEY — 27 RN LB DD,
PRI NS 2 7 — 7 L ORMEIED 2 X T E D
LTETRBY, XTVRINARF RS TFH—F
LEOMFETHLINT 2 VBT F ROREEIC /e
S TMETRINESNIZE B Z BID, Oesser HIT X
L, SURICMCHE#R LT T (27—
DIEY)) HRROEET 5 L B 6 REE I M E
HHUR BRI BE S B RIS 72 0 | E DR EEITHD LI
5. 24 BRI IR KITRE D 120FR 272 5
(Oesser, et al., 1999), IEFHINHIESH 2T —47
LR U< BE-0 6 REEZ I M AU RE AN IR KIZ 72 5
DT, IR O 2 Z — 57 70 EORRHENED & X
JENZDOE—7 OHELRONE LV, 6 FF
BUBOBHREOBD OLTTIE, BFF o LD
EREOMT 24 I IC B — 7 RF DAY 60% T o 7= D
T, a7 =7 URHEN L0 R STRRBIC R D F
TN D> TS, Eid=a 7 —7 v Usho
MOMENZDOE—7IZHLTnbH B LND,

5. 5% DA

AHFFE TR TAEGR T B, H— D LAY T
<V BURUE - BE - TRESOWEDOIRAY TH
B O DIRN 34 A i~ 2 D25 LT
HETH D, SH%ITAENED NI O St
7203 T < ABBES A EHIAEF S 4T 2K 53 i
YRR A L R g~ DR IUsh 5 & HREIC BT L C
HIFGE LTV, S5 75 B FLREF S0 58 i 0D 72 3D IZ B
HARREKROREZ L0 #EEEE IR O JRRY 747
DEIRZIFRFL TV D,

Flo. WLE ORI, HLE DI M Sk
WENEDL D RMETHLNAHTHLIZD, &
% MIRCHARN O U M E 2Rk 7 v~ s 7 5 7
A —F M THE L WEERETDTETH D,

6. WIRDANE

ARWPZEDRRIE, 49 BT A Y b —7 « Jhar
REXRRTEETETH LM GIERTETH D,
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(ARWFZERC IR, BRRIEF CGRRKRFET A Y b=
et 2 —) BRHEER G RFERFRE R L
FHFFERL) ( TEKERE CGR R PR P BE S L Lo h
ZER L BFINER ORRKRFET A Y b= a4
—). ILAEME CGURKRFRFRLFERIER) . &
& OIERFFEIC L 0 FEh < hTz,)
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Research on boron existence form of various steel by « -particle track etching method

HERF R TR IR~ 7 U 7 L T

AR, /NEERUE

Department of Materials Science, Faculty of Engineering, The Univ. of Tokyo
K. Asakura and T. Koseki

I. FEDBERLES

I—1. HFROEH

UTAE, HHERERBERIRAD & COMEHH &0 HIEL. b
BREO IR EEE T ICEm2R (GiksEb) 72
KIBEBSZ7 2 PP EBINTEY ., #x AT
(USC) kN1 E ST "ARATHE I/ e LRT =
TA MEIZEBT D ERENARINL TS, 22T
IZETNAEEEANTRe ORIME (FF-E) JBREZ
BH 5N Lz, & HI29Cr-WRH O R8BI
B RIFTC. NBIONIOEEIZSOW TR D
FIERE L X 7 v fifk & OBEMEIC OV THH S
iz L=,

I-2. MEOFERLER

AurOL )BT HEE HNICEE T2 ik
KHTIER, BITLREZ W T DIILE T REFIH
L7- % EFim%eE (EDS. EELS)., A4 —¥ =/
Nk, BT~ A a7+ 74 % — (EPMA) 7
HAnwbsinTtng, A FrE—ax WA 4
~A a7 F T4 P —1IMMA), kA A+ EESS
Br (SIMS) EZRERHWVLILTWA A, Sk E
1K< 0.3~0.1mass%fEETH S V, )i, ATE
EIXAR e U mBEOLN ppm A —F OESE TR
TEDHLWVIH ATy MRH DN, ERSHIERE
BONDIZ W EOT AU v by H D,

Au AL TX ATE E2 W T, Aa ot
HERE, oA L ORTEREIZOW TR, ATE
EX, AR L > TR e o FIZEEATH
LIRRIAR D 10B &t - Ok SIS X 0 BRI 56
35 affad, REHREIZAL D T 2 L e —
AT 4V BT TERZ . 2.5N-NaOH i C= v
F o7 LTk, P E O TR e AR iE
BEIERTAHZLNTE DS (0B+1n—"Li+4He (a)
Fts) o 20X 91 ATE iEI1ZR 1 > OFFENLE Ok
FORIN) OTEEGRE (WA, #rit) Z##lgi T,
EES lppm A—F OR b o 2+ 52 LT
%o TYETBRET B AR SIS0 B A O 51 AR
JRR-4 (3.5MW) & JRR-3 (20MW) #% v 7=,

. WFFERkR
WZ2 1 :ATE-SEM 12 & 5 B & F{% C-15Cr-Mo
-W-V-Nb Rz BT B2 R u o O w[Hfl & BTEsls

1. IZC®IZ

AR TP ZFA LT V7 78 b T
vy xyF 7 (ATE) ho@lss | SEM #l5E%
BEHT 5 Z LIk v R e oAk & RIEREE &
L7z, Floh—R L7 BEA{ER L, &
TR DT OFERE % [FE L, HeiiRet L7z,

2. EBRFEL

7 /LE4:1% 90ppmB & A 0.0007C-15Cr-0.6-
Mo-2W-0.2V-0.06Nb (mass%) #z /=, <~ k
U7 AE7 =74 NEMETH D, BULBEEMOHR
AEALERIE 1200°C T 5h #, 2 L, £ D% 650C
T 200~10,000h £ THREILIRZ 1T - 7=,

K FERFDILERS OFE 2, BB LZ 5mm(EE)x10
mm (ff) x1lmm (JEX) 1290 H L7, ATE &
BEOIDEOTET 7T v 7 AEBE Lz, &
=R L 7 A ER L, T EE
BT L. AT OREZFRE Lz, S 6ty s
TEM-EDS 73#7 L CIuRRE 2R 7-, Hi%IZ ATE
-SEM (T L » T O AR v U JFIEIC DWW THHE L
7oo ATE (X 1 ITRTFNENOER L, L7 Bamss
THIE LT,

ATE filn 2 5N NaOHa
\ S 4

s o Y =g
j Zire==ye
N e
. 45~ 60min
+
WEEAR—RT (L — 2
hY

19B+n —» "Li+*He(a)

1 ATE BlIZFIE

JRR-3 (REEME), JRR-4 (EFRMAMIRE) . ATE (ot b7 v 7=y F ) dh SR Ao ARESMBIEE
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3. EBRER
3. 1 ATE#£

2 1% 650°C-200~10,000 h F¥%hkt > ATE #4 T
b, ZORER, 200h R TIXH721Z 5 (b
D7e 7o 723, 500h REZhRF 12 72 5 L P5HIE 5 LA
¥ 2 M E2 R Lz, & 512 10,000h Bighic 7 b &
BHMZE S LI 5 Z E NI LR T, 1Z
I DOFERE L LTI R/NDERIRE 5 (b, ik (B
DUNTERIR N E e o T2 RE) 1E S (b3 BlE T & 72,
F AR RCIIAR v o DRI MR T E T, 7,
ZOBRVERSRO 2 T A MITARTARr
HkDbLDTH D,

(b)650°Cx500h FFzh4f > ATE 4

)650°>< 10,000hﬂ#s<M‘0> TE B

2 650°C-200~10,000 h B%h#4 > ATE 4

3. 2 AI—RUHHLVZY hBIZ L BEFEHT
B — o DFEMNT

650°Cx200h et DRE7221Z 5 b DA
Pro)y — &M 317, K 3@idEiks L < ixst
WIEHTH D, BEWT ST — 2 &5 &
Laves-Fea(W, Mo, B)(0-21) Th 7=, F7-E A
ProX&— OEABEAR v N EFENT L7265 BT Laves
-Fe2(W, Mo, B)(25-4) T~ 7=, £7- 3b) DIk
E O IR 72 FeeaB Th o7z,

012
100
112
000
Laves-Fez(W,Mo,B)(021)

* 20,000 EIHa4E: Laves-Fea(W. Mo, B)(254)
(a) 650°Cx200h BFZhEf OFRIRIZE 5 (b

012 201

- I 000

211

Fe2B(142)

x 10,000
(b) 650°Cx200h FFEhEf DILIRIZ 2 1L

X 3 650°Cx200h Kizhhf D1 5 1k#. E[ElHT

R b= ALY T T A

650°Cx10,000h FEZhES DAY 721F 5 (L DE
Flaffr g = &K 40T, K 4@IFIRE S 1k
Wy DA H — 2 B fRNT L= R 3, Laves-Fes(
W, Mo, B)(-231) Th - 7=, £72 4(b)iX Laves D%Ff
M To D streak WIS LTz, BTEIPT/SZ—2
5 Laves-Fea(W, Mo, B)(-112) Tdh - 7=,

1M
000 211
‘102
1|.lm
Laves-Fex(W ,Mo B)(231)

x 10,000
(a) 650°Cx10,000h BEzhaf OBLRIZ 5 (b
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110

O 201
000

111

Laves-Fe:(W Mo,B){112)

% 20,000
(b) 650°Cx10,000h B DHLIRIE 5 (k4
4 650°Cx10,000h FEEhkF OV 5k, & Tl
NP =2 X =AY T T A

3. 3 A—XRrHHVFY BIZkD EDS oW

650°C-200h FF&hET 20 6 1 —R i L7 U 14
ZVERLL, EDS oM L7z R A2 X 51279, X5
R LB RT Cr 3%\ Cra(BN) ¥ 1 7 T -
77o T OhIZ Laves-Fex(W,Mo,B) % A 7", Fe:B #
A TRHERTE T, bHAABIEISHTER T
23, 21277 L7z ATE %205 ORI 6 &/ LT
%,

650°C-10,000h KZh44 @ EDS AT 21X 6 12
R, fE BT Laves-Fea(W, Mo, B) % A 7 T o 7=,

mAl
osi
aTi
oy
L1
EMo
ENb
ECo
OFe
mCr

Ratio (%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Precipitation (Sample: No.1)

5 650°C-200h F¢zhtt > EDS 534 5

mAl
Si
uTi

y
EMo
ENb
mCo
OFe
BCr

Ratio (%)

12345867 8 9101112131415161718192021222324 252627282930

Precipitation (No.5)
6 650°C-10,000h FFZh#t @ EDS 247G 5

3. 4 ATE-SEM i2HiT % 650°Cx200h~
10,000h FEZhHF DR v - JHTE

INETATE B2 B k> TBIET HZ LI
roTRue v ORERW LITNMEZ N T&E =, —
FTHT #7200 LI D b DAL R & > S TFAE
RHT) T2 DOOFERERITDN Do T,
ZZTCSEM CATE#®Z#B%5T 5 LIZL>ThnR
Y OFEEIRE (REL) IZoWTHRE LT,

X 7 3 XX 8 1% ATE # & SEM-ATE {4 O H{LL
EREE I LT, ZORRENLLMND Z X, g
A —R2T7 4V ACHFHET R BT D L 10B (n,a)
TLi SGIZ &5 TL10B OB S o M4 L, 2.5N-
KEBALT RV D ADZ T TIZLH>TT 4V LD
mWaNSND=D, SEMICE - T 7 nfigicHE
BT H LN () B"HVWTRZS, ZhzaiRELl
7=ONRK 7(a),©B LK 8@)TH 5, BEEBIC L2 5
DRRTHY , SEM BT 2 LK 7(0),(DI LV
8D L ) I TE D,

IO —EHOBIEMREZEH L -ONK 9 ThH,
iz kb E C-15Cr-Mo-W-V-Nb $ficiB W Tl B
WE)—IZEA L TWDHIEH b, KmfgDHIZ B »N
BELTWDIE2tS, &I BEAthE &t

(2),(c):ATE % (b),(d): SEM-ATE {4
47 ATE f%& SEM-ATE 0 ki

(a): ATE &
Xl 8 ATE 14 & SEM-ATE 4o trifis

(b): SEM-ATE 4

102



PIFIET D Z E ML MM

ol

B#H—&%H
idask

=EBEIL
idaek )

BEHTH
EFELES
i

M9 ATE-SEM {i&
2R DR 1 v O RITESY

j‘é 650°C. 200~10,000h

4. ¥

) TR T 1x, ATE %205 11 v BRI AR
ﬁ?ék (2 BRIR - BRRAT i & BT i
23R bl

(2) =R AL 7V BIEOE PR S AT
H#i33 & LT Cr2(NB), Fe2B,Fe2(W,Mo,B) ¢
T,

(3) #EHFMMFSh (200n) THHMIX, Cr2(NB),
Fe2B, Laves-Fe2(W,Mo,B) D L FfEFE1 20D S
7=, FEEMIEEZ) (10,000h) Tix. Fe2(W,Mo.B)
DETZE GO,

(4) 650°C-200~10,000h B%h#112%F LT, ATE-
SEM £ AV Z Lz k- T, friihoR e
Vorkik BY—EANT . e B IR,
BEANT N EZ EOEANIT W T T 52 &0
T&T,

(5) ATE-SEM £ W5 Z L2 X0 . R Rt
BRI TEX D FIEEMNL LT,

W22 : ReEF 10Cr RMMEEEH O FRE 7
V) —7HEWrREIC RIET C. NBX O Ni 0o##
LR e uino B E M

1. ICHIZ

13k 600°CHL USC 77 v Ml & T b Mo
BIOWERMULEY =74 FREANCKH L, W
ERODHELBIT, 7= T4 MERBMEZED A
H572H Co #IRML., I OREEZIR
WE LB (Rry) ZRIMLTWDS 19, 9~12Cr
SO HMIT MasCe. MX (X=C,N) £ LT 5%

Z/t#). Laves 18 (Fez (Mo,W)) . Z #8 (Cr,Nb,V,N)
R EOEBELAIC L VR INTEY | ML
EVE L EIRMREICER LIS oREN SN TV D
2inTH Co NiZEELT Y (@REMtemEsE
Te) OAERITHEBEE 52 51E00 Tl BEAIEE
PE. 60 7 =7 A hOARKIHNC b RET L HE LT
FThd, £z, Bidtritihicie L. o
MR EME AP 2 LN HE S, @IRBE O k-
IZIE CBIONICHESEERILETH D,

—J. 774 FRMBGHO FERE TR E LT
Ni 2T B 5, 600CHk USC O EBRF ICH
T, NiiRINE & &R - SO RR A A Lo
AT N1 OEIMER EZR & 6 7 = T 1 MM O
BB 0.5%Ni LLEOIRIMAHENTHDH E LTS,
LML, NLIFERBREZ TT 2R H Y | ZEDIR
INETRE « FIPEICEN D BER L~ /LT A N HFH
kL T2 OBUBOBLEN LI E L R,
72 600 CHMD S 6725 mIREEEICIHS VT, Ni
1% 0.5%LL F OWEIRINT b B RE & (K 5 2
N5 ETERE S, Ni ST EE O AR 3
fshTnb

L L72h 5 9~12Cr SHOMMR I3 TH v |
B &AMORERM Y V—7REICRIET C. N, B
LY NI IR BERIZH &2 Tl & 2 TR
0 CIL. BEA 10Cr RIMMEHO KRR 7 U — 7 f
W I X9 C, N BE N1 OhREZH 608
THZLEAMLE L, R U — 7t o
FRRBLE ATV EIRTRE & AR I K IE T C,
NBLO NI ORNEAE R o o oM S~ 7,

2. EBRGE

2. 1 MBS X OB L

H >V =X Pl a2 11”7, 10%Cr
-2.6%W-0.2%Mo-2.7%Co-V-Nb-B #l & H=A L L, C
&% 0.09%F LN 0.06%, Ni &4 AN KL O%
0.25%. N &% 0.02%B L 0.056% & L7- 4 fi%
VIM TZ#E4 50 ke L7z, Cr Y4 &% 10 %8
ABHE 6T TA NeERT L AREMENE < T2 D3,
HA #i78 7.1, HB #75 5.4, HC #i75 8.1, HD #i23
T3 TENZENI0LTFTHY, 6 7=T7A4 MaERK
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T 5 AHEMEIR VN, 1150°CITANEA L S L, Wi A
90mm X 30mm DFAIZ L7=D 5, 1050°C X 5h {4
FigeBEATL, 570°C, 700°CCTENEI 20h fRFFT
% 2 BIOBER LB Z AT 572, 2D EAM 55|
BRABR . 7 U — 7RI T A R L 7z,

C Ni Cr W Co N
HA | 0.09 | <0.01 | 9.9 2.6 2.7 | 0.02
HB | 0.09 | 0.24 9.9 2.6 2.7 0.05
HC | 0.05 | 0.26 9.9 2.6 2.7 | 0.02
HD | 0.05 | <0.01 9.9 2.3 2.7 0.05

#1 H YU =Xy (mass%)
0.2V-0.07Nb-0.011B-0.001Al1

2. 2 BERAOMEE

EEIERBRI L O ) — TR IE, TATE
B 6mm, PR S 30mm O AUHERRER T &
2o 7 ) =7 HEABRIL, 650°C% LT 78~196
MPa D#iH < E i L7z,

2. 3 MW OFMm L ke

EEE., BLOY U — T OFATER % ik
MELT, I7uBlRaiTol, #HEEL LU —
R L7 B iEE AV CEIBE S (TEM)
BIRZATV, 7 U — TR (2 RAE S X 7 Ak,
Hritidn & OBRICOWTIRET 21T - 72, HTH O F
JE T R A 7R 7- [T & = R L — 2 HOR X M5 ok
SHr (EDS) Mo, S 612, HrioFRIE IR,
7 ) — T & 3%+ A X ) — VIR CE
Rt SR L R O X #RIEYT (XRD) #1T
STz, BIHE B OOrIE, ERNRGHT R TE 20
HOD, B ORI & LT 1ppm LT OHINE
THRMHATaE e+ % FH L 72 Alpha-particle
Track Etching (ATE) #:°-9% 7=,

3. BRBIUEE

3. 1 ~7 okl SRerE

TE £ EM OMREMN LB HA $1% X 1125
T, By BRI A— AT F A MERIER S 4~5
T, #fEHOKRE RETFROONT, T XTOHIC
BT T oA NEMHBECH -7, ZRE R

1 QT AP L7z HA OBaAH A

EORERD S Acl ZRERIL, BER LIREE 700C LY
TR EEER LT,

FEIRG RO R4 X 2 127777, 4K N RN (0.02
%) ® HA G, HC #73, & N7 (0.05%) © HB
i, HD $ L 0 PV ERSIER S 2R LT,
7 U — TR ORE R A 3 1RT, ARIETRER
9,000h A D FLRE RN 33U CTUHAK N 8 & i N 8
DZOD T N—TIT o i, IR N S mv s U —7
MEWrRE 2R Lz, mNSICTIZ N & B OFAEH
(Z& Y BN ALEWETERT 2720, N OEE#R b,
B ot i i, e o mE R B R e
T5HEEZ LD, MBI 10,000h FT65 Tik, 7
FEEDORB7AX T 25 HB 8, HC #ild L OV HD # T8
HHI, FRHE N - £ C O HC ST T2 k& <,
e 15,000h 345 ik HB 8, HC #ilk L O
HD $fo> 3 SHFIXIFIZASE OMrRE Ch o7, —
J7. HASCIZEMM A 7 ) — T HREE O T I37R

900

850 |

800 | H
750
HA HB HC HD

2 H YV —ZXEOERICET D5 RME

Tensile Strength (MPa)
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300 T T T T T T T

200

Stress (MPa)

100 1,000 10,000 40,000

Time to rupture (h)

X3 HIVU—R#lD650°C 7V — Sk

oY, 4 HFEOFTIIL s LB Y —T
JRE 7 L. 650°C, 78MPa D 4123 T 27,000h
Tz CRIEHRBRAkGE R Th 5, HD #ilix HA 8 &
ML Ni iRimchsn, 7V —7MERET HA
Bl & 0 (K< L 0.24%Ni IO HB SR & [FAIFLE CTH 5,
INHORERNG | KRR 31T DAk Z et
121 B. N OEWIIANT 2 2NAT C NEEL,

Ni OB/ NSV EHTEEIND,

(a)As QT
HA 3

O NI
HighC
Low N

HB

0.24 NI
High C
High N

(b)187MPa-5609.8h

3. 2 TEM #aikeis

EEE, BELOY U — T AT BiFsH~
N w7 ZOREIEIRES otmﬁ.'jj%’\%ﬁ 7R &
IZ2W\W T TEM #BIEIC K> TRIE LR E
Fig.4 \Z/” 7, FE E 40 HA #i(Fig.4a), HB £
(Fig.4e), HC #(Fig.4i). HD #f(Fig.4m)iZ\ 3 b
72 7 A< LT A MEER T, I R iR
MEEZAET L, HEETEOMBITIT A . Tr v 7,
Ry R BAEY | IH y RLEFUTIE S < OFT AR
HHNTZ, F SRR OB K E 7R =R IR 5
N otz, i) 187TMPa . WHrEER] 5,000h #3
7 HA #i(Fig.4b) . HC #(Fig.4j)) % b4 % &, HC
P CITEENLBE E DD . T AMROIEIRS X OVRATH
IRk O EE AR ST, 5, BEWTRER] 1,000h
Ait% © HB #il(Fig.4f) & HD #f(Fig.4n) TiX, FATHY
ARk oEE AR S, HD S oAb
NIAFETH - 7=, HA #i(Fig.4b) . HB #H(Fig.4D)%
J O HD #(Fig 4an)iXIFIEFEED~ F U v 7 ZHH#%
R LTW5HA, HA SHOfEEiRERH X HB 8 & HD
WIHANTRLS, M5B LH D,

(c) 113M Pd-17711 6h

(a)HA: as QT, (b)HA: 187MPa tr=5609.8h, (c) HA: 118MPa tr=17711.6h, (d) HA: 78MPa running, () HB: as QT, (f) HB: 187MPa tr=1015.4h, (g)
HB: 118MPa tr=10250.7h, (h)HB: 78MPa tr=14386.8h, (i)HC: as QT, (j) HC: 187MPa tr=5371.3h, (k)HC: 118MPa tr=104143h, (I) HC: 78MPa
tr=15003.1h, (m)HD: as QT, (n) HD: 187MPa tr=960.1h, (0) HD: 118MPa tr=7255.4h, (p) HD: 78MPa tr=12173.9h.

X4  FHEE EME650°C Y U — 7T O TEME A%
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(a)As QT

HA
O Ni Fine particles
High C
Low N

Segregation
4

(e)As QT .

HB

0.24 Ni
High C
High N

(i)As QT :
HC '

0.26 Ni
Low C
Low N

(m)As QT

HD
0 Ni
Low C
High N

(b)187MPa-5609.8h
(f) 187MPa-1015.4h

() 118MPa-10414

(c)118MPa-17711.6h

i (d)78MPa-running

86.8h

(g)118MPa-10250.7h (h)78MPa-143
(T R e

oo G
|) 78MPa-16003.1h

(a)HA: as QT, (o)HA: 187MPa tr=5609.8h, (c) HA: 118MPa tr=17711.6, (d) HA: 78MPa running, () HB: as QT, () HB: 187MPa tr=1015.4h,
(g) HB: 118MPa tr=10250.7h, (h)HB: 78MPa tr=14386.8h, (i)HC: as QT, {j] HC: 187MPa tr=5371.3h, (k}HC: 118MPa tr=10414.3h, {|) HC:
78MPa tr=16003.1h, (mJHD: as QT, (n) HD: 187MPa tr=960.1h, {o) HD: 118MPa tr=7255.4h, (p) HD: 78MPa tr=12173.9h.

K5 FHEEEHML650CY U — kWit OATER

Ji /7 118MPa Tl HB #fi(Fig. 492~ K 5 12)8
AT 7 TR DIEE A, T A DTREIXIFIETH
J LTz, HA #(Fig.4c)., HC #(Fig.4k)F L
HD #il(Fig.40)1£ 7 A DIERENFRAE L TH Y | #5AAE
b RRICEZE S, WTHOdIZB W T HTHY
DRKRAEDFRD HALTZ3 . ISR He~ TR
Ry HA SO EMED @ 72,

JixJ1 78MPa Tix, HB #(Fig.4h), HC #i(Fig.4])
LU HD #(Fig.4p)i. (ZXAEOMLMWIRH Cd
V. b L 72 [BHE AR TS K OWT 4 O ML kA )
DERRIZER D BAv, Hilfd i OFEREA) 72 2 R IT/ I Z 0
STz, BBER L7 L 92, HA $o)s)) 78MPa
MIZARTZEWTIZE - TV,

3. 3 ATE#E

M@ O ARACIZ RIE T B IR OZHFAZ DOV TR
L7, ATE B o#ssE R4 X 5 1277, ATE 4
TR E L — 2T 4 L DTS VT o BRI O
B S RBEMBIC Lo TR LD TH D, B

2y TR MR BOFERA FERLBAILBAE
A, ~ M)y 7 20 BT A MEEEIR
HED B kD b T A ME B HEIKIZX 2 BiET
EHEZONDN, AR TIIRL TV RWAR LY
pLrEREDETHETSE. Hy BA~D
M3s(C,B)s 72 & OF5H B ALAWMDREE L 5 2 5 DN
HUThDH, ATE B Z L ORNEHR IO vy F
TERMERIZTND T2, BADOKE IITOWTH
ST RIRETH 203, HERHEDOFN TIX RV DT
EENLETHD 9,

B iMINEIXIZIFEABRETHY . BERWTILHAF
ET D08, 5(@). (e). ). mITRLZXL oI,
TEF FHICEEREINT-RBVar F T A M, NIk
IIEIKAF L TRE L Bz o Tz, 0.06%N RN
® HB i, HD 3B A0%%n%< . BILAwHS &
DZTER SN TVD LHETE 5, HA #lik LT
HB SOEEEE F 470 DR L7252 v ¢
XRD fEHTIZ & 0 W1 ¥ % [ E L7 AE 5 W Lol
2N TS MasCe, Laves, MX, BN 23388 b7z,

106



Sakuraya & 7 i%, B & N ## &N L7- 9~12Cr
P CEVEIN Lo m IR LB K 72 BN 23 ARk
LT W EEALMNCL, BE2RD LIEEICBNT
BN & P49 % ¥ B #REE[%B] & EEE N R E[%N]
DBRERD L H RO TN D,

log[%B] = —2.45%1og[%N] —6.81 - - - (1)
(D=% VT 0.06%N & 0.02%N ¥ L7-8io B
BIREZFEHT 5 L. 0.06%N O54 . B I3 ppm
LDEETE R0 2S, 0.02%N Tt 1 #7% < [EET
Do NIRMEDOEINZ L0 A Lz B EERERDIZ L
A ED BN ORICIHE S D EIRET I, M5
® HB #i, HD $iiCigsn/=Bnar 7 Ao
%< 13FEL LT Mas(C,B)s TH DA, HA 85 L O
HC $ TR SN2 BN SIS LT b &%
ZHD,

2 ) — 7B O BN A - TRA OB,

WFROHIZB N TS PR T AR L
7o BEEEOWA L, HTHIC B 23R L7k 5
OBWAHIE L TERY . FrHimoRsE - Rk E £
LTW5b, HASOFE £ (K 5a) Tk, OT
R LT IER 722 BaR (BALEY) 2B S
1%, 187MPa-5,610h (X 5b) TIXRFEITRLTZ
fk=a s v 7 2 b (I8 y B A~OWMA BALA Y DkE
#£) bS5, 118MPa-17,711h (¥ 5¢) T
B b &M OEEEEE N BY L. BALAE Y ORIFAT HH
ARIC /e o7z, HC $OREEE (X 51) TIL,
HA SHOFHE F 4128152 S 7= BAb&%IEa8
D LIRS T2, T BALEMR LT N T A v
WichE Lclg sz, HC #lix s U — 7 BRiky
M OHIINZ -~ T HA S8 & IFIE RO %278 Lz,
HC #o 118MPa-5,371h (X 5)) TI3f%# B L&
W ORLFHT 2378 Hav, HC (B 5D TR AT
H2S 0 BB IZ 72 5 72,

HB 43 J O HD 8 T & #5672 B ALB4 ORI
HAFRD LB MR BILEWDHENR L DTz,
Abe B)IE, BN 9Cr > 7V — 7 gkt & 7=
A=Y= WL B RENAZ RO AR,
M2s(C,B)s T T 2 B IR SIS CHAE C
&Y, @ N (660ppm) TIXIRM L7 B ORES
23 BN & LCHrH LT M2s(C,B)s T AT 5 B I

ENEDT 5720, KN (15ppm) @ Mas(C,B)s
HOBEMNLVEHE TH-o7-Z L2 REL TN,
¥ 5 (2R L2 K N o HA 83 X OVHC $i o ATE
BORIR T b T A MIIA y LR~ BHTH (5E4E)
(2K L, Abe B OfER & R OMEA %7~ L7-, HA
fiF L OVHC #iX, BN OESKIc k> THE SR D
B &p3bipnicd~ MUy 7 A0 B &RED, Fr
12 Ma2s(C,B)e DM Ze EAVIZ H 54 2 [EHs B B34
725128, R L7-% b BT i 3 8is2
S, IO OMKIERIH S TnD &35
2 HiILD,

3. 4 C. N, NiRhngsr¥or etk

7V — TR O IS TEM-EDS 53417206
C. N OWINEIZ X o THEBSEERNEZY | & CIR
I &> T Mas(C,B)e BEMRE 22D | K CIRMTIX
Laves tHN EK L 725, 72 NIRIMESEINT 5 &
Z FHOARMENELS 0D Z LN BN T,
Ni (X HB 8 (7% C - % N ) ¢ Mes(C,B)s iz
INTEENDH, W ORE I FIE TR RIT
INEWY,

=
in

3 d=0.3um
Zoa |
N
Z
Fi HDionioosgy .
1_% 03 u-—“"'""’-“. ____.-"" HB(0.24ni,0.09¢)
H g d
%oz | / x‘ﬂr
£ N=0.05% .+ o HCo.26ni,0.05¢C)
s -
g -
01 | ¢ -
.E J; . - HAoni,0.05¢)
£ ; Y
/o 5 -
g
0.0 L
0 5,000 10,000 15,000 20,000

Time to rupture (h)

X1 6 650C7 U—7HeMiks OFr ik & 258

Wi ok E58%2 L 0 HiECT 5720, i
DRI E S L2, BE LSRRI D D d
=0.3um DM KKFEDILERD, 7 U — T REWHE
W& DBMREXK 6 128 L, AR T/R L7 0.05%N
o> HB i35 J OV HD $23, Ll 5L VTR 7> 5
MK DN & <, HD SHOHRAES & 0 B
Thole, &KL LT VU —7HEREFH O FE
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o> THRKLF D HFEITE E 523, 10,000~15,000h
< HB #f & HD $fliXIZIERSEOE LD, E
TR LT2 0.02%N @ HA #i3 L OVHC 4T, H
RBLA D HE 13 e/ & < | 5,000h 1T E TiXiZ
EREBEDOLHEZ R L=, HC #Ci%, 10,000h fFir
(272 % & BB LR O KM 2R L, X 3
? 10,000h 3T CHIER S -7 U — TR O 2
WRIETICIETH2bDEBExHND, HIZ, HA
#MCI% 17,000h &8 2 T HHRALIERIT NS, &
WA Z EEN RO HivTe,

0.06% N#lZB W TiX, N & BOMHAEHIZED
BN {b&# AR L. AT O EGICFF 53
% [V B B AN 3 5 72 MR 1 O B N ) 23 b
AR, —J7, 0.02%N #iCIXEE B &3 %07z
D KRB OIMEM 23 SN2 LB TE 5,
Ni RN EDOEWNIH D OO, N IRNE Z &2k
T35 &, CIRMEDL HB #l, HA SRk -
DR E o Tz, KRR FEOEI/NS N &
WX, T Oz 1k & Laves 872 & O ki
DERIIHEI ONT I, F XMW T O R REERSH B
ZEERLTEHEY, friioAnk, HARIZERZT
CIMDEENRENEZZDBND, K6ITRLTE
LI L C-m N @ HD $fi3HL KL - T 5 Laves
MBLOZMHOLENREL, & C-m N o HB #liX
Ma23Cs DELER E2D, HB SO K5 D b
SN HD Sl b R CTREFFEMNC 2 o712 e B 2 6
N5, K C - X N ® HC #iCiE Laves FHO M
i < 72 % 72 10,000h A1 3 TR AR D Hes
AL 7=,

5 C - & N @ HA 8l Tlt MosCe DELRNFH L. M
DA B BN < A D723, HLIORIF O H M 1%
FEAEROOLNT, MW ZEEERLTZEE
Z6N5, ZOXIICHAMMD Y U —FHEkrRE )
ENT-FERIE, £ 0.1%D C HINT MasCe 2314312
Brii LT Laves fHOERKE M %, 7> N IRINED
0.02% ~DIKIIZ & > TIRALY OB EIZ 5
T 5 EE B 2SN L7z Z S ICRINT 5,

4. # B
A EH 10Cr RGO RIFH 2 U — TR

FREIZZIET C. N BLO NI OREZH ST

LT LEARE L, R U — 73 B O kEL

LaATV, miRIRE & MR ORISR A~ LI

D & 372,

(1) 7 U —7 Wt I N L, (KN - & C
P CIT R RFRH R E O 2B K FIdBlsE S hk .,
650°C, # 10,000h % 8 z 2% EFREEAITIZEN -
i C BDFREAR T 2R & < m N#H & [F55 D 5REE
27277,

(2) TEM #BlZ2ofER, & NI kO RIE AR |
PR BRI 2 S AT O FRAE 238 T -
7o —J7. AR N SHIZRREHEERE b MO 72 4T i
NEESN, B N#ITE Y £< o BNEKICK
. B B BT D720, HrH oRcki b gh
BB LT b HEE SN B,

(3) ATE BlZR D5 F. K N #lD 7 U — FRiWib Tik
[0y R~ O BALA P 0 IR ICEED S 703,
i N H#ICI3 B Abamnidd bnehoTlz,
KNWCTIE~ M) 7 AOREE B 8% <,
HC B SEET 5720, SOk, Bk
T 5 EHEE S LD,

(4) % C i CiE MaaCe 23984 L. Laves FOHT &
DHIM L7z, XN - {% C #0TiZ. 10,000h %8 x
%7 ) — TR BT, BT o SERRR I
MR ERDI-0 0 U — TR OZMAK T %
BT D,

(5) Ni I Acl, Ac3 ZRES % FiF 573, Thermo-Calce
DFHEOFER 9 M HYDE N4y LR DORRIC
BAGIT IR o T, FTo, FFEICE £ 5 F 2T
FOEHRELEEIINE o7, TEM-EDS 73#r
W2 LD NLIEE Ce 5 Nl D MasCe 12 e K49 0.3at%
Dk Eh, Laves fHE L OV Z HICITH Sh7
holz, £z, K C - K NHFTIEZ, WIFHhodH
P2 b N S a3, Hrii oz C. N,
Ni MM EICBE G5 Z ENRB SN,
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Determining origin of agricultural products of geographic origin by the instrumental

neutron activation analysis

FORXRS A A PE TP ge e o 2 —

FET 5 B B

xS [10191]
WFFEI] H22 4F BE ~H22 4R

- RO B L ER

<>

A D Te RS & IR RE CE BT 5 ik
& LT, BB T IEIEZ ot R [FIRE 5341 © & S F
R D, AL TIL, JTHRIT L D RFEY DPFEH
HIREAT I B oA & VT,

W, O ITCRRE K — RN IR 72 &
2R L, MR A5 Z LI KD PEHLA R E
T2 HAMPHR R RAA DI, —HOREEMIZONT
I AIREIC 78 > TETWD, ZDOILHFE /T —
NZEDHB AT AT, @H ICP-AES ¢ L <
1% ICP-MS BFIHEN B3, xtHR LT 5RO
PHZJERC &R, PERIREE DRSO n) L2 HfF
Tx 5%, £ZT, AFETIE, KROFSEFFO#K
FHEHTIEZE B A L7z ;1) ICP-MS 2 O RIALE T H
DI IR N Enh, WS EITCHEDREA
D/ NRIZI 2 5D, 2) BRREICERETE 5t
ENEL DD, DLTRRREIITEITH 2 &R T
D, INHOMBERKBIENL, o7
DILHERHE I, EOT — 2 )5 EHRFEIED
B & AT,

O E ED X HITITo T

INET, FRRLEvRF, + M EIZDONT
PR A RATE T, AENX, HBEY R A EOHF
EATolz, WY b A TIX—EAHTTOLEHE
nzbo<Ths,

SMERED BAE S AAPEI SN D Z &N
MR & 72 2, (80 C kg L 7 pEHH 1 F 15 O i
SRS HINTWD, Z 2T, HET RGBT

cAaF s~ w7774 (10 #HNTHARR
KO EEDERY A TORI O EIT -T2
L2 A, Co & HPO, IREEDPEHDRFEIZA L TH
HIZENRINTE, S HICAREMLZ D ONTH B
BT 2 IZ DD T B RFT 21TV, EEHEIRINIC
DUV T DR FREE D RRESE R 2 7R3

(RUEE - 2ot %]

B R A ERE, EHIOAHAMTCH LY A EB X
O, B b A TIE, BISERMOKPEN B2 2l
oA=L, JREL TWel2Wie, s
ZATTY b AEIE, BEE LR 2 W AR A R
EV 2T ARXLTRETHST-, TNET7 U —X
N7 A CliAkL, BRILLT,

B S HT INAA 5 ByoRAY 0. 35g 4 SEAI i ©
FEAME L=, B2, mMERY = F L U RT
THIZEHAL, AU mMERY =F L OFy
TEMZE AN LTz, BBtORSHE, Oh) B AR
TIWFFEBR TS - HEIFZEBAR v & — - i)
BHEWFFRATNARSESE . JRR-3 TIT o 72, 20 43fE]H
M- % BRSE (total neutron flux :5.2X

107 (n/cm’ » sec)) #%. 1 WML EoOmAEIRH %
Wtk T =0 SRR AR T 30, 000 £
Ho~—MallE Lz, /bl r~—fA~
7 MG BRREICHES T DT~ — e R v
F—OE—7EEE R L, R EATT - 7,
[FEREIZ L CHIE L7 iRRHEEME O 7T — 2 B X

OHEMEZ T 5 2 & T, W M EFILRRE
ZRE LT,

A A vra~ o770 (10) ; HHFIEIZOW
TiE, A& 27—/, 0.1% tritonX e AT
DIRFTEAT o T2 /ER, b EEREL LTV

JRR3, HPETHIH LR o4

TA T AT ANDIEH
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0. 1% tween20 /KR TR 95 2 L ITIRE
L7z, Y7 L%) 50mg % 0. 1% tween20 (2 XV
100°CTHI L, =L, RIETORA A %0E
&=L,

4

Ko DR ORT. FOWLEDY ~A £,

BREFHLER ;B4 AT (Canonical Discriminant
Analysis)ZiXY 7 R =7 JMP version6. 3. 0
W,

[ 5 & B4

R B IRIRZ TR 2 i 5212 A S THERMEA BT
L7chER, 5% (Co, Cr, Fe, Rb, Zn) MNE&E
Tx7 (¥ lab), ZNENERICH WL & B
H L7y BROTZRLF—L, Co-60 (1173.2keV),
Cr-51 (320. 1keV), Fe—-59 (1099. 3keV), Rb—86
(1076. TkeV), 7Zn—65 (1115.5keV) T o7z,
Co, Rb, Fe |ZF8 L T, [EPE & P EEOH THE R
ZDRRO bVIZ, Co lZB L TR, EfFsh DY FA
ECHLAEMRBETHL Z L0, URioFk~ Off
TN LNERSTEY, IMLLEHEY M1
FICBWTHLZOAHENEDLL RN &b
o7,

(a) 0.4
4+ _ Chinese taro
P=0.0375 W Japanese taro
0.3 4
oo 0.2 4
¥
0.1 1
0 T
Co Cr
(b) P = 0.0034 P =0.0252
0 - F i
30 -
0
X 50
10 -
0 T
Rb Zn Fe
(c)
20 ~ Chinese taro
M Japanese taro
£
= 10 -~
[=]
£
o
0

H2 PO4'

1 ST B O A7 a~ N7 T 7 4
EBIZL DRI A DOER

(a) W (Co, Cr)

(b) & c3#  (Rb, Zn, Fe)

(c) U U iRA A

A F v~ NTT77 4ETIE, M EHED
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U BROBEZBE LZ (Mlc), TOME, &
WY M EHOY UEREL, EELPEELS S
IZ 10nmol/mg F&£E Th - 7=, FEME THEZEITAR
Mol

2T, AR EBEMIZOWN TR T 5729
2, HELHEETYZT IV EAFLY Vi
AFERE L (K2), TORER, i Tl
MEf ER 0 PEED Y CERIRENE < . EEITL
WBEFI 23 8 o 7223, IEah Tl & HITIREE K<
2ol (K3), 2D &b, HEY hAEIT
TR T VERNERNT 2 Z E2REE N, B
5L, THTRIZBWTENT 5 b 0 L #E2
ENb, ZNHDZ end, U UBRITHmEY M
BT L 720 2 7202 LRSI,

AFrra~< 777 ETIHER VO
T, ALY T B W TE, 15 B ATz H2P04-
O ITHBI OB ~ERAN e Th dH, —
77 b HTIE TR S v7e Co DRIEI,
ICP-MS {2 W T H MBI NE S | fFAER b E
METHDIZORETLT L, Co i OPLHME
e D12, Co ZUMET 2% IEHIMBHIE N
VETHDHEEZD,
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Development of Measurements for Multiphase Flow Dynamics
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3-Dimensional Strain Measurements of Nb,Sn Composite Wires

by Neutron Diffraction
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In-situ Neutron Diffraction Study of a High-Mn TWIP Steel during Tensile deformation
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Fig. 1 Nominal stress-strain curves of the TWIP and

SUS310S steels obtained by static tensile tests.
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Table 1 Mechanical properties of the TWIP and
SUS310S steels.
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strength elongation
stress (MPa) (MPa) %)
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3108 225 571 54.5
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Fig. 3 lattice plane strain vs. true strain in the TWIP
steel (a) and SUS310S one (b).
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Fig. 2. Experiment of strain scanning with thermal neu-

trons.
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Fig. 3. Diffraction profile of strain-free specimen.
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Table 1. Conditions for stress measurement of LP and

WIP specimens.
Nuclear reactor JRR-3 (Tokai, Japan)
Apparatus RESA-II
Neutron wavelength 1.835235 A
Linear detector 256 ch, 0.053614°/ch
Slit sizes 1 x 10 mm?
Material SUS316L (LP and WIP)
Specimen sizes 20 x 20 x 8 mm3
Diffraction v-Fe, 311
Diffraction angle 2 0 115.7614°
Lattice constant ag 3.593387 A
Diffraction  elastic E311 = 182.47 GPa
constants v311 = 0.3067
Measured depth (mm) | 0.5,1,1.5,2,3,4,5,6 and 7
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T =P HRBEOIRDZE D U [T A 23240 3 2 £ifi
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AAF v = ETHIEZEH L 72 [4]. AL 72
P1id y-Fe @ 331 [AIPi T, SUS316 DHFEFD 2 5 4
7 2 A% BT Kroner ETA6HEL TY v 7%
Ez3; = 2174 GPa B X UK 7Y v v3g = 0.269 %

57z,

Table 2. Conditions for strain scanning method with hard

synchrotron X-rays.

Beam line BL22XU
Wavelength 66.40 keV (18.660 pm)
Divergent slit 1.0x0.2(mm)
Receiving slit 1, 2 1.0x0.2(mm)
Rotation speed 0.2 Hz
Method Strain scanning method
Diffraction 331
do 0.8218515 A
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Fig. 4. Residual stress distributions for laser-peened
SUS316L measured by neutrons.

3. ERBERBLUER
31 L—Y—E—ZVIJ0%RBHN7%E

L—H—E—=> 7 L% SUS316L DIEZ JDFk
B 15040 8 & O (FWHM) O 5347 % ¢
HIE LA R 2 K4 1Rn T, BRI E, RiEEsicR
—150 MPa DEAfiZ/”m L, RS 1.5 mm %7 ) 225 5]
RO L, HHIZHEPOWEOGIER ) MNCZ 5.
do DIEDFED B 203, BEIGI DI E LT
BRMETETWS, 7= FED 1 x 10 mm? TH
5205, BREICHOZDOE L WEBETRIZE
TREBDRENRD 2\, LeL, REIFTOE—=v
7 DR RN T WHNEDIEREIG IS D» T,
AR THoTHHAHETET S, Fh, FlET
HE DR S 1F, V=Y == J )L RES
M CHERBISTDERDH F ) ALK,

M 4 56 E—=v 72 & ) BPEETE % Z 15 ik

136



200 ————— 77— 0.05
e HVB y-Fe (331), A=18.660pm
o 5 LP-SUS316L
X
s 100 O O & o
y
S & 5 J° o 1004
D o
<) éﬁ 0”958 .,%00
@ = ol 0D g o
g O 5 o g
® ﬁ‘iﬁ%j o 1003 o
[ [ >
3 -100 o T
A
g o 1002
-200 |- . . o o
° ° L4
[ ) [ ] LIPS
# w
-300 ! ! ! ! 0.01
0 2 4 6 8
Depth z, mm
Fig. 5. Residual stress distributions for laser-peened

SUS316L measured by synchrotron X-rays.
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Fig. 6. Residual stress distributions for water-jet-peened

SUS316L measured by neutrons.
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Fig. 7. Residual stress distributions for water-jet-peened

SUS316L measured by synchrotron X-rays.
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analysis using neutron image plate.

Experimental set-up for neutron stress
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Table 1. Experimental conditions.
Diffraction aFe2l1, 20=126°
Wave length  of | (20888 nm

neutron beam

Distance from NIP to | 56 mm (20 mm)

specimen

Insident  angle  of | 27° (0

neutron beam

Irradiated time 4.5 hr

Irradiated area ¢ 3mm

Thickness of specimen | 15 mm

Thickness of s.m. 1.0 mm

NIP used Fuji Film, BAS-ND2025
NIP reader Fuji Film, BAS-1800

(note: figures in parenthesis indicate for

standard material (s.m.))
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(a) IP-cs=40

(b) non-slit
Fig.2 Debye rings obtained from the used rail. Each
gauge volume lies under the center of the rail.
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(b) Depth profiles of shearing stresses.

Fig.3 Shearing stresses under the center of the rail.
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(a) with slit (GC10mm) (b) without slit (GC10mm)

Fig.4 Debye rings obtained from the used rail with

(left) and without (right) slit. Measurement locations

are 10 mm away to gauge corner from the center of

the rail. The top of gauge volume for left experiment
lies under 3 mm from the surface.
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Quantitative Evaluation Method of Large Plastic Deformations and Damage

Distributions in Structural Steel Using Neutron Diffraction
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Bearing fatigue analysis by residual stress measurement with neutron diffractometer
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