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Abstract

A special experimental setup was designed and constructed to perform simultaneous
multipoint measurements of B-ray induced X-ray spectra for non-destructive depth
profiling of trittum in plasma-facing tiles retrieved from fusion devices. The setup
consists of compact silicon drift detector and an airtight acrylic chamber. The plasma-
facing graphite tiles used in the deuterium experiment of Large Helical Device (LHD) in
National Institute for Fusion Science (NIFS) were examined. The obtained X-ray spectra
were simulated using Monte Carlo simulation tool kit Geant4. It has been found that

tritium penetrated beyond the carbon deposition layer.
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1. Introduction

Accurate evaluation of tritium (T) retention in plasma-facing materials (PFMs) of
fusion reactors is required for evaluation of T inventory in a vacuum system, and safe and
economical disposal of PFMs after services in reactors. However, the escape depth of B -
rays emitted by T is small (several um or less) due to low kinetic energy (<18.6 keV), and
hence measurement of T retention in the bulk of materials is difficult. To solve this
problem, B-ray induced X-ray spectrometry (BIXS) was developed [1,2]; far larger escape
depths of X-rays than B-rays allow to get the information about T located in deeper region
by detecting bremsstrahlung and characteristic X-rays induced by B-rays. Analysis of X-
ray spectra by taking account of generation and attenuation of X-rays in materials
provides a depth profile of T non-destructively.

Trittum distributions in plasma-facing tiles in fusion devices are strongly
inhomogeneous, and the variation of the T concentration can be significant even in a
single tile [3,4]. Therefore, it is preferable to perform simultaneous measurements of
several different points even for a single tile because BIXS analysis takes relatively long
time (e.g., several days) in most cases. However, simultaneous multipoint analyses are
difficult with a germanium (Ge) detector commonly used for BIXS analysis. This is
because Ge detector must be cooled to liquid nitrogen temperature during measurements
to minimize noise and the size of liquid nitrogen tank is larger than that of the tiles.

In this study, a special setup for multipoint analyses was constructed using a compact
silicon drift detector (SDD) cooled by a Peltier element. The main component of the setup
is an airtight acrylic chamber capable of accommodating a whole plasma-facing tile and
installation of three SDDs. By using this set up, the plasma-facing graphite tiles used in
deuterium (D) experiment of Large Helical Device (LHD) [5,6] in National Institute for
Fusion Science (NIFS) were examined. The obtained spectra were compared with the
results of simulation using Monte Carlo simulation tool kit Geant4 [7-9] for evaluation of

depth profile of T.

2. Experimental procedures
Two graphite tiles, 9RD16-1 and 9RD16-2, retrieved from LHD divertor [10] after
the 1st deuterium experimental campaign were analyzed. These tiles were from the inner

side divertor at the center level. The position of sample tiles can be seen in Fig. 1. LHD
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is heliotron-type plasma machine and, because of its superconducting coils in heliotron
configuration, LHD has an advantage of steady-state plasma operation [5,6]. The divertor
tiles of LHD are composed of isotropic graphite (IG-430U, Toyo Tanso Co., Japan), while
the inner surface of vacuum chamber is covered by type 316 stainless steel. Because these
tiles were used in the D experiment, they were exposed to a small amount of T produced
by DD fusion reactions: 1D+ D — 3T + 'H + 1.01 MeV.

The detector used was the SDD with 8§ um (0.3 mil) thick Be window (X-123SDD,
AMPTEK Inc., USA [11]). This detector is
cooled by Peltier element installed in the
casing, and no coolant tank is necessary.

Fig. 2 shows schematic diagram of the
BIXS measurement setup (a) and its photo
(b). In most cases, BIXS measurements are

performed under Ar gas atmosphere to

evaluate the surface T concentration from the

Fig.1 Photo of inner divertor region of
Large Helical Device (LHD) in
above, an acrylic airtight chamber which is  National Institute of Fusion Science

fficientlv 1 d hol analyzed in this study; the tile in right
sufficiently large to accommodate a whole 4.5 9RD16-1, and one in left side is

intensity of Ar(Ka) X-rays. As mentioned

divertor tile; the inner diameter is 305 mm  9RD16-2.

() Computer
00 mounting
adaptor Be window [Spm) :
l% sm)/ SDD mounting|
[~ adaptor
Lid &4 ) 1
[ sample i
S| Arin e
Ar | Height FAN :
chamber : Chombet
L4

Fig. 2 (a) Schematic diagram of experimental set up and (b) photo of chamber with
sample tile and silicon drift detector (SDD).
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and height is 160 mm. The chamber is equipped with two valves to replace air inside the
chamber with Ar gas. The top of the chamber is covered with an acrylic lid having three
o-ring-sealed adaptors for mounting SDDs. A divertor tile is place on a height adjustable
stage, and the distance between tile surface and detector window is adjusted to be
typically 5 mm.

The measurements of the divertor tiles were performed in a radiation-controlled area
in NIFS. After installing the tile at the proper height, the measurements were performed
under Ar gas atmosphere for 5 days for the tile 9RD16-1 and 3 days for the tile 9RD16-
2, respectively.

Prior to the BIXS measurements, 2-dimensional distributions of T at the tile surfaces
were examined by f-ray measurements using an imaging plate (IP) technique. Fig. 3
shows 2-dimensional distributions of photo-stimulated luminescence (PSL) from IPs.
Blue-square contrasts in Fig. 3 (a) and
(b) are areas covered by tile
identification labels. The T distribution
at the surface of the tile 9RD16-1 was
almost uniform, and the X-ray spectrum
was acquired from the central part of

the tile. On the other hand, the

distribution of T at the surface of the tile Fig. 3 Two-dimensional images of photo-

9RD16-2 was not uniform. Therefore, stimulated luminescence (PSL) intensity of
sample tiles 9RD16-1 (a) and 9RD16-2 (b).
Blue-square contrasts observed in the tiles
the highest T surface concentration. are regions covered by tile identification
The black circles in Fig. 3 indicate the  labels. The silicon drift detector was placed
at the position indicated by a black circle on
each sample.

the SDD was placed at the position with

places where SDDs were located for
BIXS measurement.

Penetration depth of T was evaluated from BIXS spectra using Monte Carlo
simulation toolkit Geant4 [12, 13]. Rollig et al. [14] simulated BIXS spectra with four
different physics packages of Geant4 and reported PENELOPE physics [15] provided the
best agreement with observed X-ray spectra. Therefore, Geant4 with PENELOPE physics

model was used in this study.
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3. Results and discussion

The X-ray spectra of the LHD (a) 9RD16-1 |
tiles are shown in Fig. 4. The peak at v -
2.96 keV is Ar(Ka) characteristic X- .
rays. The transmittance of X-rays o _

Ar(Ka) {b) SRD16-2 |

below 0.6 keV is negligible for the
SDD Be window [11]. Therefore, the

characteristic X-rays of carbon (0.277 "
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Energy (keV)

X-ray intensity (10 "{:pm]- X-ray intensity {cpm)
=]

keV) induced in the sample tiles is not
visible. There are broad spectra of  Fig. 4 X-ray spectra of (a) 9RD16-1 and (b)
bremsstrahlung in the energy range of 9RD16-2 obtained by BIXS measurements.
1-9 keV, and strong absorption of
bremsstrahlung by Ar is observed at 3.2 keV. These characteristics are similar to those
observed in X-ray spectra of carbon tiles retrieved from Joint European Torus (JET)
examined using a Ge detector (see Fig. 3 in [2]). Therefore, it was concluded that the
present setup provides accurate BIXS spectra.
The intensity of Ar(Ka) characteristic X-rays shows the information on the amount
of T at/near surface (< 0.5 um), whereas the intensity of bremsstrahlung gives the T
content in the bulk up to 1 mm [16]. The Ar(Ka) X-ray intensity of the tile 9RD16-1 was
orders-of-magnitude higher than that of the tile 9RD16-2, though these two tiles were
located in adjacent positions in LHD. These spectra indicate 9RD16-1 contained more T
on the surface than 9RD16-2 tile and it is consistent with the IP result shown in Fig. 3.
As previously explained, T is produced by the DD fusion reactions in LHD. There are
two mechanisms of an accumulation of T in the divertor tiles. A part of T produced by the
DD reactions is thermalized in the LHD plasma and deposited onto tile surfaces with
carbon accommodated in plasma by sputtering erosion of carbon tiles. The thickness of
the deposition layer at the measured region on the tile 9RD16-1 was around 1 pum. Other
part of T is implanted to bulk with high energy (~1.01 MeV). The range of 1.01 MeV T
in carbon was evaluated to be 8 um at normal incidence using SRIM program [17].
The detailed analysis of the spectrum for the tile 9RD16-2 was impossible due to
poor signal to noise ratio caused by low T retention. Nevertheless, the depth profile of T

in the tile 9RD16-1 was evaluated by simulating the X-ray spectrum using Geant4 on the
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assumption that T was distributed up to depth of 1, 4, 6 and 8§ pm from the surface.
Because the range of 1.01 MeV T in carbon was evaluated to be 8 um at normal incidence,

deeper penetration of T than 8 um

was not considered in the 0.30 P 150
. . . Measured (left axis
simulations. Fig. 5 shows the 025 ( _ ) _
7 —— 1 um Geant4 (right axis) =
. = =
comparison of the X-ray spectrum § o2l 1400 2
. > ©
observed for the tile 9RD16-1 and % o5 >
g g %
. c
that  obtained by  Geant4 < £
2 o10f 150 2,
simulations. The X-ray peaks at > z
0.05F
1.74 keV shown in simulated
. 0.00 AR 1Y
X-ray spectra are characteristic X- 01234567 8910111213141516
Energy (keV)
rays of silicon induced in the SDD
030 T T T T T T T T T T T T T T T 35
itself. The main characteristic —— Measured (left axis)
. . . 025¢ —— 4 um Geant4 (right axis) %0 =
points of observed spectrum, i.e. E 1555
£ 020F g
intense Ar(Ko) X-rays and z 1208
. & 015fF =
absorption of bremsstrahlung by £ 1158
> <
. [ - =
Ar, were well reproduced in the ¢ 010 {10 %
simulated spectra. The relative 0.05F 15 >
i i 0.00 e i
intensity of bremsstrahlung to S T R PR TRVETET:
. Energy (keV
Ar(Ko) X-rays was low in the 9y (keV)
0.30 [~ LN B LI B B B NN L B LA BN NELEN LN BN B
simulations in which penetration —— Measured (left axis) 1140
__ o025t — 6 um Geant4 (right axis) | 120 =
depth of T was assumed to be 1 E <
. . L 0201 4100 g
and 4 um, as shown in Fig. 5 (a) 2 3
£ o1s) 1% &
and (b). Nevertheless, good £ -
> IRall=
g o010} £
agreement between observed and 7 1o &
simulated spectra was obtained by 005} 1P e
assuming deeper penetration 0.00 Lo T bbbtk |
012345678 910111213141516
depth (6 um in Fig 5 (c)). In the Energy (keV)

case of penetration depth of 8§ um,  Fig. 5 Comparison of measured X-ray spectra for
the tile 9RD16-1 with spectra simulated using
Geant4 by assuming penetration depth of T is
a high energy region (> 6 keV) in 1 um (a), 4 um (b), 6 wm (¢) and 8 um (d).

the intensity of bremsstrahlung in
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simulated spectrum was higher

than that in observed spectra, as 0'305 o 'M(;as'ure'd ('Ief; a)'(is)' ' 1120
shown in Fig. 5 (d). These - 0.25;— —— 8 um Geant4 (rightaxis)gmo_,g
observations suggest that the f”: 0.20 lea £
penetration depth of T was around é 015 leo zf
6 um. This value of penetration é 010 14 gEi
depth was larger than the above- 8 o.osé— 140 E
mentioned thickness of deposition 0.00 ; L o
layer. It appears that a significant vt Igngrgs (|?e\1/()) nrenmEE

part of T retained in the tile Fig. 5 (cont’d) Comparison of measured X-ray

spectra for the tile 9RD16-1 with spectra

simulated using Geant4 by assuming penetration

at high energy (~MeV). depth of T is 1 um (a), 4 um (b), 6 um (c) and
8 um (d).

9RD16-1 was implanted in the tile

4. Conclusions

The measurements of B-ray induced X-ray spectra for divertor tiles retrieved from
LHD were successfully performed using a newly-designed compact setup capable of
multipoint analysis. The BIXS measurements showed that the T concentration in the tile
9RD16-1 was orders-of-magnitude higher than that in the tile 9RD16-2, though these tiles
were in adjacent positions in LHD. The X-ray spectrum provided by Geant4 simulation
based on the assumption that T penetrated up to the depth of 6 um showed good agreement
with measured BIXS spectrum. This value of penetration depth was larger than the
thickness of carbon deposition layers formed at this position during operation of LHD.
These observations suggested that a significant amount of T was distributed beyond the

deposition layer due to implantation with high energy.
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Abstract

We investigated applicability of solid phosphor nanoparticles to radioactivity measurements by using a liquid
scintillation counter. Stable water-suspendable ZnS:Cu,Cl phosphor nanoparticles was prepared to follow
the literature. The prepared ZnS:Cu,Cl was dispersed into tritiated water, and its radioluminescence was
counted by photomultiplier tube. The ZnS:Cu,Cl nanoparticles emitted photon by irradiation of tritium [3-
ray in tritiated water. The number of emitted photons increased proportionally with the tritium concentration
in the sample, indicating that the tritium concentration in solution could be measured by using ZnS:Cu,Cl
nanoparticles. The photon counting through the universal coincident circuit was also performed in order to
reduce background noise. The lower detection limit was not improved by using the universal coincident
circuit, while the emitted photons were counted for either photomultiplier. The result suggested that the

concentration of ZnS:Cu,Cl nanoparticles should be optimized.
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1. Introduction

ik FL—ar s 2 —i3 R F —B A RE LGHITELZ 05, N
FULRMKFE 14 DEBILSANSGNTND, ZOHEE X, RIKS v FL—2 Ll 725
AR DIR A VIR T DI M TS E TR T DA Th D, BUBHRIARITKIE IR
5L IRA DBRIIZa A RIRERVIEIES o F L — 2R BT D, DT80 U Hi
HOEMTEHNRITIEE 100% THY, T2 A RO EE LI LR, —J7 T, IR
VTFL—2ORTIEZVTHY, BRI RETHD, £, 7o F o7 LTS
BNROK T 2MIETINENDD, 7T F o 7 IR S IRE ~D T VX — BT
BTN = F o7l RBHER DO IS EVIRE N LTI F RIS LD
F—I T F T D ONRBLN, FHIHIE TRIES T L — 258 DOIE TH D,

ks v F L — 2 LRI O BB R R AR o F o 7 RS T 5 I kL L
T IRARTE T~ KEAS o FL—Z D BENEZLND, ZOHE . FEICEmRILE
Ky FL—F2NTHY, L7 = F o 7IHITEBE LR TEINWEE 26005, IRIRFEE
D H ORI L2273, BBHR IR T I S T — IRy v F L — 22T 52
ET, H ORI ZAR /IR DL ATREE 72D | BT F ARGV m<TELEERD
N5,

KHZ O HATREZ R RS FL—H LT ZnS 2T R 71235 B Lz, ZnS X o #RY—
RARA—=Z DV F L —ZELUTHRIHSIVTEY, ZnS:Ag OFNZNRITH R H a2 k<
FIHSN TS Nal(Th)> o F L —HERRRE ThHEWV DIV TND[1], i EIZIE, NITF T
LA AN END B FRCELFEHBRISTWD[2,3], o, TR F L3528 TR
EHRIR P ~D 53 #iE BRI R ESEONDD, ZnS TR ) IR 55208
T&ED, SHITIE, ZnS ITFEHLEL TERRE /R EZIRINT 223, TOWMITHEIZLF
MW EDE DD, BHEEAD ZnS ZHEW3FHZET WT— 7 F o 7 ~OxfIah AlHgd
7250 T CAMIE TR v T L—ar o Z—% TG BRGNS LT ZnS
F PR3 FH O FTREMEIZ DUV TIRREL 72, BRI IS BIL SO 2T 35T ki L
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HAISITWD ZnS:Cu,Cl F R AL £ DR F A2 N F U LK ST e x
DIRNETRIE T —Tar v A —a i U EE AV CEHIIL 7=,

2. Experimental
2.1. Materials

W= 3T Zn(NOs).-6H0, CuCl-:2H20, Ag(NOs), Mn(NOs)2-6H20 ., Na.S-9H-0,
NaOH, CsHsO-S (3-Mercaptopropionic Acid, MPA) CT&h 5, FERDFRILIT Milli-Q /KIZHEfiE
L. FTEDFE (0.0996 M Zn(NOs).-6H20, 5.85x10° M CuCl-2H-0, 0.01 M Ag(NO:s),
0.587x10""M Mn(NO:s)::6H20, 0.1 M Na.S-9H>0, 2 M NaOH) D/KIFKk & L7-, MPA 1L
ALTebD%ZDEER N, 7235 NaoS /KEHKIL ZnS T 7L 7-3i 8o - & 2 -5 il
L. ZOMOKERITFRNICHALEIR TREL ThIbOE AV,

2.2. Synthesis
ZnS:Cu,Cl F R+ DA BIEITSCR[AN S 72, BT Zn(NOs)/KIAEH#R 5 ml & = [

TZAANIZ AL, D% CuClL/KIEK 0.85 ml, Milli-Q 7K 20 ml, 2 TX MPA 0.174 ml &
VIONIEFE TR AL, AF—F—TIR#L GO T (AF—F— DRI 125 rpm LA ETITo70),
A Milli-Q 7K 19.5 ml Zh1x2 CT2fAFfE% 45.5 ml {ZL, NaOH /Ki&ik % VT pH % 10—
1 IZFTREE LT, ZOREIRIZH LT N XTI VT % 30 43[4 T-7-# . NaoS /KA 4.5 ml %
Nz AANSAZ TR EIRE 110°CT 120 23 M OB EE T 72, ZDOEX 60 Ff%iH
IKF AT Zn(NOs)ZKIEEHK 3.8 ml ZBANLTZ, BIEHE T 40 320N T THRBG LR IR
Ha i, o4 ) —NVERA UL, ZORFO TS ) — Ve ORI 1:2 FBRE S22 59
PHE LTz, =2 ) — )V OIRA IR A<EY AT D R TEIo, ZON ik iz
D57 (3000 [E18R, 20 73 D ICKV I L7, B L7 e =2/ — vz inz., O
w LT BEEITHZE T AT R TR LT, SOV RIET 3 [EH0IR L7, KB IHT Y
wEZEFEL . A RERT,

11
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2.3. Instrumentations

O ZnS:Cu,Cl B ORE A E DO [FEIZIX, X #REHT(XRD)ZELZH\W -, EE
J£ 45 kV, E IR 40 mA I[ZEREL ., 20=20~80 °D&iFHAHIE LT,

FENART IV OREZIT DGR (BEREYERT) Z W, TTARALTAHIZ 6 ml D
Milli-Q K&z Adv, Z£DHUZ 0.032 g DBtz 3 I LT-, ZDSAT V%53 ttm ORIERED
AT E X | S AR O el TR B 72 T DD AKERT 7 (320 nm L F ORIV R) %R
W7z, ZORMETT 400~600 nm DHIPHDOFES AT MLERIE LT, 1567 ART R
JVIND N I T 577 RDANRT NV (T ASAT VT Milli-Q 7K 6 ml DAz AL THIEL
TR AT IV) R L . EROBREIOFE AT ML 215,

NF T LD B BRUZEDFEIEOWEIZIT, HEFHEAEE (PMT) 2 e, HlEREHZ, b
UFD LK 15 ml OFICHTEED ZnS ByRE 7B Tob D% Tz, HIE L E ORI X4
Fig. 1 {2779, PMT Z— 2> HW= I (Fig. 1(a)) Tl HIERENSLRELND N5 E
FHEE AN L, 220D SNDERE EHEE 2T o A—2 ThtA ot PIEEE
VT D720 MEFHEAEEOH O :'d;,'k,‘o;,;";a‘rﬁ'le“:

2 IO EEZ 15 SREL, £ ﬁ

5 MOV E Lol & EE (PM . ;
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Fig. 1 Schematic view of radioluminescence
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TR~ A S SRS, § s 4 b) double PMT
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PMT O E BRI AT ESNT2HE 12 1 count 2L, 100 sec TD count A Ar—7

— Tz T2, FEEEORIETIX, 100 sec DRIEZ—[FEL Tk L CTHIEZ#E T . count 23

ZE LT LW L7242 O 3 [BIOJIE DO ZREEE L TORLIZ, BAILEIZIB W T, Ot

BHEAEE O R MZZH (PMT 1 O &) O count Fb eskL7z,

3. Results

A RTHEBIL ZnS:Cu,Cl ikl X #
[al 47732 — > % Fig. 2 1279, [ /2529
FE. 58 L. 67 EfhiizEn e ey
— I DVBLEES AL, 70 R ON 78 FEA LTI
SREEPAON-, 2L T X TOE —
7 LIS T ZnS 5 o [ 7 R
(JCPDS no. 01-076-0043) |Z)7 J& T& 7=,
R — 7 0 @l CE TR Ao 3
OEHHRE AW THFER o 231575
&, 0.538 nm L7poTo, Fiol 111 KEOE
— 27 DB A1 (3.692°) 7>5 Scherrer DX
VTR 728 d # AEDDE, 22 nm
Lipote, OFY, 55472 ZnS:Cu,Cl (3L
T THY, ~3 nm BRE DR KLOES
THDHIENRBENTZ, ZORE BT &
DOWEM4]ED—F LT,

AR LTz ZnS:Cu,Cl 3K 0.3 g 27K 6 ml
IZANDE, ZnS:Cu,Cl B3 RIZES 51K
LR AR <7207z, S BiRIAE BIT AL

1 1 1 ]
reference pattern (c-ZnS, 01-079-0043)

111

—
—
T
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S
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Fig. 2 XRD pattern of prepared
ZnS:Cu,Cl.
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0
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Fig. 3 Photoluminescence spectrum of

ZnS:Cu,Cl dispersed water.
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LR (1 A ICRDIEER BlED RN o7, 20D ZnS:Cu,Cl 73 BUKEHE D
FEIANTIVERIE T DHE, 480 nm T IR REZFF DR E 72 LAz (Fig. 3), 20
AT BV DGR e KA DO W Rl Tl E DG [4] L < —F LTz, ZORKNEDOR KL,
ZnS \IZHINS 7z Cu,Cl DIREEITKAF T HEME SN TIY[4], FNART ML D KED
WEND Cu i INEL RAEH DI LN TED, FENHART ML 425 nm — 525 nm OFREE 4
REZHENXTHEIFT2ZETRINBEZ R TIER 478.5 nm A2 HiL, ZOEZSCHER[4]& M
L7 J . ZnS U2 1% Cu BTSN TWDZEN D -T2, LLEOEREZEDE, 4
[l DGR ZVRIEE 2-3 nm FRE D 1% Cu IRINNZ S & ZnS:Cu,Cl F /RGO A7 & fE
LT, 728, ClOTIMEITHIE TEX TR, SCHR[4IZ LT, ZnS:Cu,Cl F R D3
JEIE ZnS FEFED Zn Y ARBEIO S A MEEHLIZ Cu'e CIUAMEL =R LF — L~ UL [H]
DIERITERL TEY, Cu LFRIEED Cl BRIV THDEHERIL TV 5,
—EPREDORF T LK 15 ml IR T, ENENIRRLHED ZnS:Cu,Cl 25 L, D
AT AT, WEIL1DD PMT ZHWTYTo72 (Fig. 1()2 M), 5 F% Fig. 4 1ZR7,
ZnS:Cu,Cl Z43 L TOZRWEIR, D EV N F T LIKD 0 PM current 1 2.9 nA THY,
ZAUT PMT O/ AXITARYE T 5EE 2 HD, ZnS:Cu,Cl 2538 %& PM current 235N

L. DO INEIX ZnS:Cu,Cl EIZHEHILTZ, ZD

T T T T
Tritium Concentration: 1.2 MBq mI"

PM current O¥ENNIE, RIF T 2K #LT-
ZnS:Cu,Cl AN F T LD B R LVFEHE ST
HLTeled THDHEBZ 2B 5, PM current 7%
ZnS:Cu,Cl OEZHBITLDIE, RIFTLD B

PM current / nA

RN ZnS:Cu,Cl KL 71224 7= D3R A ZnS:Cu,Cl

fo . iR . S 2
KT ORI LBIL T it B 2 bR 0 00 007 oos o5 ou

5o PM current [FfaFI DA 2 7 ATV E Zn§:Cu,Cl amount / g

Fig. 4 Radioluminescence intensity of
M6, JOZLD ZnS:Cu.,Cl T /RiA-Z s ZnS:Cu,Cl dispersed tritiated water

ALz kY RO FAREIR XS with different ZnS:Cu,Cl amount.
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NITFD LRSS 55O L% Fig. 5

8 1 1 1 1 1 1
(2T, KR O B 15 ml, ZnS:Cu,Cl ¥ , ZnS:Cu,Cl amount: 0.1 g .
01 g LI, IFUABRASTORVES ]
< 6| i
(Tritium concentration = 0 MBq ml™!) TiX, PM % 5 {
5 st ]
current (£ 3.0 nA THY., HijkL7= PMT D 37 ;’ 4l § i
= .
T REFIE LT, NIFULERINT 5 34 J
L. PM current 73 I RK&EL D, 2D PM 2 A S R R T
00 0.2 04 06 08 1.0 1.2
current OFENNEIIR)F U LB IZHHILT-, /K Tritium concentration / MBq ml’

H ORI F 7 LA ZnS:Cu,Cl DIIEIZZ 5 LTy Fig. 5 Radioluminescence intensity of
; e ZnS:Cu,Cl dispersed tritiated water
HEWR D, MR AELZ B E T DL, 4 RIOR R

735 0.2 MBq ml™ O H FERAVRIES T,

with different tritium concentrations.

IR T —a o 2 —2 i Uz fllE & LT, RN RHERE 2 V2 E 21T
STz, EOFERA Table 1 1R, HIEIZIL, 0.8 MBq ml DR F 7 A7K 15 ml 12 0.1 g D
ZnS:Cu,Cl &7y s 7-3ka O, F72 Background I E 121K 15 ml 12 ZnS:Cu,Cl %
0.1 g SR U752 e, [RIREEHREIE A8 L7 BE D count #4013, background (T,
ZnS:Cu,Cl 73BN F 7 LIKDIED 3/ NShoTz, —J7 . PMT AITZT D count Fx5L
background (2~ ZnS:Cu,Cl SR F 7 LK D count A K EL R o7, 2L, —[ED
B MRDOFEAENZLD ZnS:Cu,Cl DFHFRE I/ NSNWZENFRIK THDHEHE 2 TND, NIF T L
D BARDOKHFTORRITHEART 6 um THY, F7-3CE[512 5B 1ZL T ZnS HOREE H

EHHE 1.5 pm L7225, Kifk 2-3 nm @ ZnS:Cu,Cl 12 B AAEZELThH, ZnS:Cu,Cl N TiX

Table 1 Comparison between coincidence counting and single PMT counting of

photon pulse from ZnS:Cu,Cl dispersed tritiated water.

Pulse count / counts (100 s) ™!

coincidence PMTA
Background (ZnS:Cu,Cl dispersed water) 669 40399
ZnS:Cu,Cl dispersed tritiated water 464 45190
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FEAETRNF—HKDIRN, DED, 1 RO B FITIFEAEKIZED = RLF—F K0,
B ARIZ KV 4172 ZnS:Cu,Cl DFENFREEITIE T I/ M S, FER, BBkl D PMT IZ[F]
RT3 AL T, PMT R I7ZIT O count £ background (2~ 2505 [FRFFTHEK
B AT EIZEAEHEML72W LW STEBR N ALNLEHLETEDH, ZOBLRIT,
ZnS:Cu,Cl OFMEEIELT, HDHVNE ZnS:Cu,Cl ki T-ORifRE K& T DIz khkE
TELHEBEZLND, —FTlE ZnS:Cu,Cl DIRMEA LT ZET, S EIOEBR T RO
TR ZnS:Cu,Cl F /%1 B HIZ XD IO EEL - WU N R D ATREME D 55, i TR
DOYEZIXIINT DT 7R DO HGEL - WU D 3h Fez BARD 72 N ORI & D i b 2 X5
WEDRDHD,

4. Conclusions
ZnS:CuCl FJRLF-[ER o FL—2DWRIE o F L —ar iy 2 —~0ii f] Al el
ZIRDIZW | ZnS:Cu,Cl F~ /KL T2 M F D LAKITHT L . ZDFENTRE AT T, ZDRGR
ZnS:Cu,Cl F KL A 2> TOKPRIF T LD ERPATRE THDHI AR, — /T,
B T IRIEH 0.2 MBq ml ™! il H OIRIKY VT L—var B 2—L 3 amicE< .
FFIRFRHE B ORI AR Th o7, 4 EIOR R BIE, ZnS:Cu,Cl T /K1 DORiFE
KOO E a2kt T 528 THIE TROUEN KN DZEN RSN TEIY, [FR
FI7R B I KO K B HEE T D 60 Bq ml™! Z 4 HH FTREE 2R, FEEROFRITIT ST

HOTITRWINEE 2 TWD,
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Abstract

Fe3C supported on iron grains (FesC/Fe) was prepared by the solid-solid reaction of iron grains
(Fe-pw) and carbon that had been sputter deposited on the Fe-pw surface. FesC/Fe showed
slightly higher methane decomposition activity as compared to the bare Fe-pw at 750 °C.
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Research note

Over the last several decades, hydrogen has received increasing attention as a potential
energy carrier, using methane (natural gas) or water as hydrogen sources [1-3]. Although water
is a plentiful hydrogen source, its standard enthalpy of formation (AtH°: -285.8 kJ/mol) is lower
than that for methane (-74.4 kJ/mol) [4], indicating that the conversion of water to H> requires
a greater energy input. While methane is currently obtained as a fossil fuel, recent progress in
research regarding biomass methane will likely increase its importance as a hydrogen source.
Even though the AfH° value for methane is relatively small, the poor reactivity of methane
requires the application of high temperatures. As a result, the most cost effective means of
hydrogen production is currently the steam reforming of methane [5,6].

Another option that has become of interest is catalytic methane decomposition to generate
hydrogen and carbon nanomaterials. This process does not produce carbon monoxide and so
does not require the separation of hydrogen and carbon monoxide. Many studies of this process
have been performed, and have considered the use of nickel, iron and cobalt as active metals
for catalytic methane decomposition, as well as the use of activated carbon [1,7]. In work with
Fe20s supported on Al203 (with Fe2Os loadings above 38.5 wt%), the iron species in the
deactivated catalyst following methane decomposition at 800 °C was found to be Fe3C, and so
this has been proposed as the active component [8]. However, FesC alone does not exhibit
methane decomposition activity [9]. Thus, the conditions used to prepare Fe3C, such as the
precursor materials or the thermal treatment (including pre-activation), may affect its catalytic
activity. In the present study, the ex situ preparation of FesC on an iron grain surface was
attempted, based on the barrel-sputter deposition of carbon on the iron grain followed by
thermal annealing. The methane decomposition activity of the resulting iron-supported Fe3;C
was subsequently investigated.

Iron powder with grain diameters in the range of 3—5 pum (referred to as Fe-pw herein) was
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purchased from the KOJUNDO Chemical

Laboratory Co., Ltd., and stored under N2. Carbon y 100 cps
was deposited on the Fe-pw using a barrel

sputtering apparatus [10,11], employing a Fe-pw

mass of approximately 3.0 g, a radio frequency

power of 200 W, an Ar pressure of 2.0 Pa and a

sputtering duration of 4.5 h. The resulting material

is referred to herein as C/Fe. The X-ray diffraction -

(XRD) pattern of Fe-pw was shown in Figure 1(a). Fig. 1 The XRD patterns of the () Fe-pw, (b)

The original Fe-pw showed the signals at 20 values ~ ¢/Fe and (¢) FesC/Fe samples. The triangle

marks the peaks that can be assigned to a-Fe.
of 44.6° and 65.0° that can be assigned to the 111
and 220 planes of a-Fe, respectively (Figure 1(a)). The carbon coating to form the C/Fe did not
lead to any significant differences in the diffraction pattern (Figure 1(b)). Also, neither sample
showed the presence of impurities such as iron oxides.

The solid-solid reaction of the carbon and iron on the Fe-pw surface to form iron carbide
was achieved by annealing the C/Fe under an Ar flow (50 cm®/min) at 500 °C for 30 min. The
XRD pattern of the resulting material is also provided in Figure 1(c). This pattern exhibits
signals assignable to Fe3C in the 20 region of 35°-60°, based on indexing to the JCPDS 34-
0001 standard. These results suggest the successful formation of Fe3sC on the Fe-pw, and this
sample is referred to as FesC/Fe hereafter. Quantitative analyses of the carbon concentrations
in the FesC/Fe and C/Fe samples by combustion were unsuccessful because the Fe-pw could
not be fully oxidized to iron oxides even at 1000 °C, but rather produced a mixture of metallic
Fe and Fe20s. It was also difficult to determine whether Fe3C was present on the iron grain

surface as a complete uniform layer or as inhomogeneous patches. Further experiments are

required to obtain a better understanding of this material.
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Catalytic methane decomposition was performed over both the Fe3C/Fe and Fe-pw using a

conventional fixed-bed flow reactor. The gas-phase product was analyzed via an on-line gas

chromatographs (Shimadzu; GC-8A) equipped with an activated carbon column and a thermal

conductivity detector (TCD) or a Porapak Q column and flame ionization detector (FID). In

this study, the catalyst (approximately 0.5 g) was pre-treated by heating to 750 °C at a rate of

10 °C/min under a H2(50 %)/N2-balance gas (50 cm?/min) followed by a hold at that temperature

for 0.5 h. Subsequently, the gas flow was switched to a CH4(90 %)/N2-balance gas (50 cm?/min)

at the same temperature. The effluent gases were analyzed using the gas chromatograph, so as

to evaluate the decomposition activity. The extent of methane conversion was calculated from

the equation:

([CH4lin - [CH4]out)
x 1
[CH4]in OO

CH4 conversion =

where [CH4]in and [CH4]out are the concentrations of
CHs4 in the inflow and the effluent gases,
respectively. The gas phase product was found to be
primarily H2 (as determined by TCD), with small
amounts of ethane and ethene (as determined by
FID).

The methane conversions obtained over the Fe-
pw and Fe3C/Fe catalysts as functions of time are
plotted in Figure 2(A). It is evident that the methane
conversion initially increased slightly over time in
both cases. However, during the final stage of the
reaction, the gas flow was found to decrease
significantly because the reactor was blocked by

carbon deposition. As a result, the methane
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Fig. 2 (A) Methane conversion and (B) H; and
hydrocarbon production rates as functions of
time, over the FesC/Fe (filled symbols) and
Fe-pw (empty symbols).
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conversion rose almost to 100 %, at which point the reaction was stopped. A greater degree of
carbon deposition was observed when using the FesC/Fe, suggesting higher methane
decomposition activity over this material. This superior activity is confirmed by the Ha
production rate data in Figure 2(B). The H2 production rate over the FesC/Fe is seen to be
greater than that over the Fe-pw, indicating that the presence of FesC on the Fe effectively
promoted this reaction. In addition, both catalysts were found to produce ethane and ethene,
although at rates three orders of magnitude smaller than the H> production rate (Figure 2(B)).
Propane and propene were also found in the effluent, but at very low generation rates (below
0.01 umol/min-g-cat).

In conclusion, Fe3C synthesized via a solid-solid reaction on an iron grain surface showed
improved methane decomposition activity, giving a higher H2 production rate than that obtained
from the bare Fe-pw. The results of this work suggest that decreasing the FesC/Fe grain size
might enhance the methane decomposition activity of this material. This study also
demonstrates that new catalysts can be fabricated by reforming catalytic surfaces through solid-

solid reactions.
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Abstract

CaTa;07:Bi nanosheet (BCT-NS) was prepared from aurivillius-structured BiCaTa,O9 (BCT) by
protonation and exfoliation treatment. By treating BCT with hydrochloric acid, Bi,O» layer in BCT was
dissolved, and the amount of Bi was further decreased during the exfoliation treatment. From an EDX
analysis, the doping concentration of Bi in BCT-NS was determined about 0.3 mol%. With excitation 310
nm, broad photoluminescence band peaking at 500 nm was observed in the range of 450-650 nm.
Fluorescence lifetime measurement monitored at 430, 470, and 530 nm revealed that a single type of Bi

luminescence center exists in BCT-NS.
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[ERERREN DA A 20T 22 L TELND, ITFE, AL F—a A bR
v NOBENDENITITR A TEAIN TS A LED Tid, Ce¥'° Ev¥' %0 #+
FAILREDIRIER & L THOWS D[], A LR IT, AERICRE I 4 EFH
SMUIDENE ZPAD DI L > GEfISILD Z & T, A ORLFEZ =T, — .,
A DEOCHR LS ORRIEA] & L CiE, RERETIE s OB FEESL &0, ikET
ISEF AP pLEICE STz nslnp! % & D ns? BUA F 2038 U [2], 24U E TIZ Sn?',
swiTﬂfwiBW@E%nﬁﬂ%%¢©kbf%%éhfmépmoKﬁ%f@
Bi2CaTa209 % HIEfMLEE 35 = & CTHEL L 72 [CaTa2071> IZHIMN S A7z B A5 H O
ELTHERTAZ L2 A LT, AfTHET 5,

2. B
2.1, SAHERAR
Bi2CaTa200 (BCT) DA RATIL, B ISTEZ W e, AR EEHZ X, Bi20s (99.9%,

FEMZE T2) . CaCOs (99.9%., FISEHIZET3) .| Tax0s (99.9%. mffgf“ == E50))
Rz, %@Hﬂ%ﬁﬁﬂ%gaﬁtb (Bi:Ca:Ta=2:1:2) &725 X9l ﬂab T3S
FLEAT 10 min X EIRG Lz, IBRG LIZEEHRZ 71 2 F 5 2IFIC AL, 900C T 4
IRFfH], Z25UBERK L 72, BiaCaTax0o O 7' 1 bk 28R (H-BCT) 1%, BCT % 3M @ HCI

WMz, IRED/EANTEHIE TS HRLET 522 L THM L, 71 b U RBED
FHIBEZIL 0.IM O F T I KR A V. e b o AZHIRE & RIERIZE=IE T 5 H H
e o Lz, 10 B E I TR L7z, FEHLHEEZORE (BCT-NS) & & el
133000 rpm T 3 SyfEi OB L. ARHEED H-BCT ZFrE L7z,

2.2. W4T

T L 73R O A& 13 K X FREIHT (XRD: X pert, Philips) % VTR L
72 (BF: CuKa, EEIE: 45V, EIL: 40 mA), JERBIESOMA T I, =L ¥ —
GO X5y et & o EAEME - BHMEE (SEM-EDX: JSM-6701F,JEOL) T1T > 72,
FIEANRT BT SIEE N ERE (F-7000, B AZSUWERT) CHIE L7z, B EEHIAF
BOA G Z W TRIE L, FIEEE ORI K 2 A 9B IZE T L, B ST
HEIE LTz, FFmiL, 2V ALED (A 295 nm) % YIEIZ V7= 8 6 5 il @
& (TemPro, JEIZHAERT) THIE L, LEITIS U TN RANR T 4 b F — (ElE: 40
nm, §H5E) ZHW,
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Nic, 77U U Y v AHIEL, Figure 2
IR T LY IC b A~ 2 & L g2
BT AHA NETHERIATEY, A
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ZERALEE L CEREL L 7= H-BCT Dl
NH— %R LT-, H-BCT OETE
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Figure 1 XRD patterns of (a) BiCaTa,Oo, (b)
protonated Bi;CaTaOs.

Bismuth oxide layer p
[Bi, O, >

Perovskite layer
[CaTa,0,]*

Bismuth oxide layer
[Bi,O, J**

Figure 2 Crystal structure of Bi»CaTa,0O.

Figure 3 SEM image of BCT-NS on Si wafer.
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ZA.BCT CliEBi:Ca:Ta=1.69:1.03:2 Th-o7=DiZxf L, H-BCT TiXBi:Ca:Ta
=0.64:0.92:2, BCT-NS CiEBi:Ca:Ta=0.03:0.59:2 72 o7z, 7'u b U AHLMLER
D% T TalZxtd % Bi@E2ME T L TEY | fIROE L E A~ A EOEH A RE I
Teo ETo. HBELFRIZ I > TH Ta ITx7T % Bi KO Ca EIFMET L7z, ERmR
[CaTa207)* &£ A 5415 BCT-NS 706 % Bi 23 S vz, vk, sEHRARORRIC A
P A MZER L7 BT \ZHKT H[10] & HEHI S 41, BCT-NS OFIERHEICR 2L 5. 2
HEZEZBND,

Figure 4 |2 BCT. H-BCT, 300
BCT-NS O)%%ﬁ’ﬁ%/\oﬁ ]\}1/ (xex. Excitation Emission BCTNS
' L 315 s00 T H-BCT
310 nm) & BCT-NS D Jifd 2~ 5
. 200
2’V Oem: 500 nm) %755 L 7=, <
BCT-NS 76 12 500 nm |2 E'— 2 z
[
£ 100

AT DREORICHBIIS T
BY. TOMEETT R b : .
5 L ORI BB [ HN L7z, ol 75 . . e
L 300 400 500 600 700
T, BRAERIZ X - TREHO W
avelength /nm
e A~ ZAEDBBREI L. & o .
- Figure 4 Excitation and emission spectra of BCT
SIZHBEBEIZ X > T Ca YA powder, H-BCT powder, and BCT-NS attached on quartz
- . o3+ . substrate. Inset: BCT-NS on quartz substrate under UV
MIEH LT B A A OB light irradiation (A: 365 nm).
BEDRPEDS o722 & T IREEEL
@%g%ﬁ%&‘l\— Lflfl&)&%ig T T T T T T v T

N5, £72. BCT-NS DN A o [ 295 nm ] 3
A7 RVIZIE 365 nm TIN5 : 1o \ _
b ERSST R— FRREIELE (©
FhTWb, ZO3JiT BCT -
BIO H-BCT DA hLT (a)g
HLEH N TEY | [CaTa207)*
SR LTSGR - B o 100 200 300 400 580
A9 % HaSrTax07 b [FIER DAL Time /ns
[E A=l NN N B

Figure S Fluorescence decay curves of BCT-NS

[11,12]Z £ B, WTILOFE monitored at (a) 430 nm, (b) 470 nm, and (c) 530 nm
2 @3 5 [CaTa2 07> == » (Aex: 295 nm).

Intensity /a. u




Bi2CaTaz09 2> & HIBE L 72t )/ > — N OFREFE

Table 1 Fluorescence decay parameters for BCT-NS monitored at 430, 470, and 530 nm

e Relative e . Relative e Relative
Fluorescence Life time . Life time i Life time .
aveleneth T /s amplitude - /ns amplitude - /s amplitude
wav & ! (041 /% : (05)] /% : (04 /%
430 nm 0.6 19.8 7.0 61.5 90.1 18.7
470 nm 1.7 7.1 11.1 15.9 77.0 77.0
530 nm 2.5 2.1 16.9 6.3 75.2 91.6

NHFDOFRNTH D EE 2 D, BCT-NS Ol A7 ~ L 5iE, 315 nm % Hls
E L= BB STz, 2O XD 28V — 7 1EHTR O HaSrTax07 Dt A~
RV TIEBI S TWARWZ Enb BENCHET ZWINTH 5 & HEHI S D, Figure
4 OFFAKT, AR BIC8®BAT L7 BCTINS ICH L, 7T v 7 T4 b (FLEE: 360
nm) %S L7EBEOREORRT 27~ LTV %, Figure 5 1Z1&, (a) 430 nm, (b) 470 nm,
(c) 530 nm (Z331F 5 BCT-NS Oz W= Mt 2 "7 (Mex: 295 nm), F£ 7=, Table 1 IZ1%
B R AR DTG R AR UTc, dtZ =iy & LTt 5 2 & TRAFR 7 4
YT A U TRERPFESI, WTROHERE TS 1 ns fifg OV, £ 10 ns
DOIEERST. 80 ns 2D LAY R WEER A T 0B S iz, BIERGy OFNIE &
Figure 4 O AT RV 9 1ns & 10 ns OISy 1E[CaTa207]> == b
DI, K9 80 ns DIFFEL/TIE Bi HRDIN LIFE LIz, MEROWFFRICB VT, #E
EWNIZ[CaTa207) 2= v b & AT 5 HoCaTaxO7 1T B TH D Z ENME SN TV D
[13]c FEARDIEOEFRITIT AN FRIFEEAN B — RNl ECLRIFOCEDR & 2 05
9 1ns &4 10 ns DEEER D, TN EDREBRITIFE SN NITHED & Z
ARATH S, F2. Bi HROFEEH LT DWW T, Figure 5 O MRS EARATIC
BAOLTNDZENL, B ThdZ ENDD 5, Bi HROFEFLE LTIL,
ZAIVETIZ B, Bi*', Bi*", Bi 7 7 A X —ENHE I N TV DH[14-17], ARBFFETIE,
DO JFHIRAE & bl L TR b LN D — A7 B E LTHRBIZHS LTS L
HH L TWDD, ZORIZONTHESZOFEMBRRGDILETH D,

4. £&H

TUUE) U AEZAT D BixCaTax0o (ZXF LT 1 | A L ORIBEALEE
% Z & T, CaTa07:Bi 7/ ¥ — M &l L7z, CaTa207:Bi 7~/ ¥ — % 310 nm D
TS 52 & T, BETHREAHILD 500 nm IZE—2 26T 57 10— R7p%8
YR R (450 ~650 nm) BB SN, & BIT CaTa07Bi T/ ¥ — F QUK
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% 430,470,530 nm CTHIE L7 &L Z A, 80 ns DI Bi HROREKTHD
ENmoT, LEDORER NG | BiaCaTax0o BRI ZFIBEL CTFH /v — M2 T D
Z LT, CaTa207:Bi 7/ ¥ — FOEMMNFARETH VD . S HITEANIRH T T Bi Bk
DFFEDEIEFT HZENPH LN E ol

ARHFFEIL. ISPS BHFE JP16H06293 35 X TN JP18K05292 DBk = 1F 7=t D Th 5,
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Abstract

In liquid scintillation counting, a preparation of adequate scintillation cocktail is an
essential to obtain an accurate activity of sample and reproducible data. The adequate
scintillation cocktail needs to be a homogeneous and colorless liquid phase. In this study,
various cocktails with various volume ratios of sample to liquid scintillator were prepared to
examine their homogeneity and color. Both Ultima Gold LLT and Ecoscinti Ultra held water
sample above 45 % of cocktail volume with no phase separation and clear liquid. For 1 mol/L
sodium hydroxide solution, both scintillators showed the phase separation at sample fraction
of less than 15 %. For acid solutions such as hydrochloric acid and nitric acid, the phase
separations appeared at less than 26 % of cocktail volume in both scintillators. The quenching
index, ESCR, of cocktails were measured to estimate the lower limit of detection. For water
and sea water samples, the lower limit of detection was improved with adding sample up to

45 9% of cocktail volume.

-
Il

=

Wik vFr—vavhy vz (LSC) I X 2BEREHEICE VT, ZOWUEH 7 T 1D
FHELIMD CEECH 5. LSC oHlEMEOLR, MHEEN DA EE2{ToTd, HiFL T
AFHREamEEREZ RO LSC # AF LT, FBEYNCRHB I W H 7 755 EHERIK
WREA S 2 2 Ll T&hw, ik vFL—vavitillickbwOBERE L, FRIEOR W
T— R Ef35 -0, WY A 7 TADHREAEITS 2 BRBEARFRTH L. FRIC, FHK
EO/NE WEEERENC B LTI A 2 FAORBAE S BEAST TR TH 5 [1].

Wik v F L —v a VERIICIE, BUNREZ & U HlEN R OB 2 ke v 5L — %
CRAELHERADH 2 7 A% EIT 2. 2R TADPLDFRNE LSC THHT 2 ki
L0 RB T OREEERIE T 2. HIEICBWTHZ TN, H—CThrLERH 2. 2EIC
SEEL 725 2 Tt LSC TOMIEISHEA L 7w, ZhiE, DLz ETolcrz v sy
ORI R Y, FHEUIENES o TH D, T, WML TANAET 54,
FELEYvFL—ya VEBSEEFREGEE (PMT) X VBREEI NI RS, 207
», LSCTOA 7 7L, EWTro8—kbD LT 348N H 2. 3HIT, SRRRHER
BHOKEYE, Wk, T 244 v, 2 oRE, pH)IC7zWw L T, EHTHro8—hh s T
NESD L, B—Dfliiky v FL—2TRMICTE R\, 2oz, fEr I iG
TOMRA R vFL—2BBEFRINT VS, Z LT, Bk v FL—2BIIHETE S
RENAT LRy v F L — 2 DRAEIG 3% 5 (2, 3].

ZOWHETIE, MENARE EBICHERL Ch 2k v FL—2 L OIRG DT 2R
L, A RAEAZRETZZE2HNE L, 2070, %3 E AEsURNAR % 1)’



Wik o FL—2a W7 T AORBICE T DMKy o F L—2 LR O Rl

e vFL—2LRAEL, DEtoEEZIE D S L L HIC, THINZHEEIERZ KD 72,
<, ZOBEOMHIRA % 5 L 7-.

2. FEBR
2.1. Wk v L —x L ERESR

Wik v F L —% & LT Perkin Elmer #:3! Ultima Gold LLT & National diagnostics #:
# Ecoscinti Ultra ZHif L 72. T bRy v FL -2k, ZhBAH & FRREOKEREF
TEX L1 EDRKNZRD, KEHEDO MY F v 2LKOHEICHEHINTH S,

R & L€, OMIlQ /KELESEE IC X 5 ik, @R EEIK, @ANTHK (X4 =
NTi#K SP), @100 578K o A Tk, ®1mol/L g (RIEHEE  148-03515), ©1mol/L
g (FEAtisE 083-01095), D1mol/L /KEE(L T U v LKA (RIEHISE  192-02175)
AL 72, ATikoFE-cix, MilliQ i< X v &L L 72 500 ml offik~ 18 g ® A LifF
K SP Z B L7z, Db @DFEHL, EEROIREE D O I L 7250k 2 ifE i c ik s v 7
L—Z~ANA 7 T ERET2G6%MEL GEELE. O20QRMEDHEL RS
Lg% &0 HERB A ERL Ch 7 7 A2 83 2 58 2 UE L /-,

Wik vFL—v a vERHIED N A 7v & LT Perkin Elmer fE#lo N4 X7 3 —<= v R
HTANATMER L7z, 204 TA~EfEAR 2 AN IRk v FL— %% Ah,
HERA 770 E Lz, 2O, MEEOERRGOET15ml Ld X HIC, i aElE
THELT, M TADF vy 72D %, FTR2ZLICXVEABOEGEZITo72. B
AT E 24 BEREE Ok O 2 JE ol &k N HER IR B L 7=,

2.2. TRHBRR O

AL ZHERA 2 T2y F v 7O EZHEE L, ZNENDFEBENE L KD
HIRR O % 1T - 7=. % DEHfiic 1%, Lower Limit of Detection (LLD) DR #{H ] L 7= [4].
LLD X

4.65VBT
LLD = ——— (1)
60EVT

THRIN, 95 WOEHEE COMHRAZRL T3, Xfo Bld-Ny 7777 v FEHUA
(cpm), T IFEHEERE (min), EI3EHEOE, VIZERAER (L) 2R3, 6Eh 27t
DABI OB Z 2 12HEwv, A7 T ANk I N 2RO E DB 2 5.

D7, PAKEYN 720 DA 7 T Ah Tl 2 3 R IR 2, HEIEO A RiAEh 5.

ZoihEiE, K(DFo VoIAEE LThobbaInd, —J7, H7T7VH0RMOENEZ %
e, A7 TAD 7 TV F v ZIEEL R VRIS T 5. CoMRIF E L LTE
Iz, 2FEY, A7 TANORABOESIHZ B IHE VIZKE (KR35, FHGE EX
W3 5.

LLD OFM I 13 B 8 ErtSlomiky v FLr—v a v v v & (LSC-7200) Z{HF L
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72, ZOMEBIZNHAOWEL vFL—va vy v RTHh, HIEHDEEFHMEE 2 4K
iz s, ZoEBEDrvF v/ IEICIE Ultima Gold FHZ v F KR & v & — F%{HH
L7z, 2O, Z7xvF v 7 EEE L CHNBERERIR % v, 3 ESCR ZFf L 7=,

3. MERLEXE
3.1, EERHR

G D 7 7 T DRERIN%E Fig. 1 LU Fig. 2 1773, Fig. 1 1 Ultima Gold LLT,
Fig. 2 1Z Ecoscinti Ultra ZH\2 72 7 70 TH 5. EOHICEAGH, G OHICHED»H 24
REFEZOEETH S, ZNZNDEED | iﬁf“éﬁﬂ% I ml@shnL, Wk FuL
— X% MAmliBmMLTA 7 TATHh D, B bHEIAT I WEREIR OR &I 1 ml 370
Bz Tw3, —HFEHDOH 27 TATIE, 7ml O uiﬁﬂ%:é\/u-mxz,,

Fig. 1 @ 24 Bi#&E % @ Ultima Gold LLT ® 41 7 T ric oWt 4 5. &3, MilliQ
KERAELZHEEITCI, WIhoRAEIGETH 2@ I~ N7, L2 L, 4ml D
MilliQ /KZHRML 72idBtClE A 7 TADRMERRELS o TEY T AR L o7, —T,
MilliQ /KD EFHEH % £ 72 B ITHE WD I3  FICE B L2, Skt MilliQ /K
LAREDFERCTH o 72, ALK TIE, 7 ml OiFKE ANTZREClE, EICEWHRRIED

Ultima Gold LLT o i T
Before mixing 24 hours after mixing e Gola L Before mixing 24 hours after mixiing

Millic

I 1mol/L
water |

Nitric
acid

1maol/L
Chloric
acid

watar

1/100
Diluted
artificia
| sea
water - .

Fig. 1 Appearance of scintillation cocktails using Ultima Gold LLT.
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EcoscintiUltra o o EcoscintiUltra o
' Before mixing 24 hours after mixing " Before mixing 24 hours after mixing

o 1mol/L
Nitric
acid

MilliQ
water

1maol/L
Chloric
acid

1mol/L
Sodium
hydroxide
B

Fig. 2 Appearance of scintillation cocktails using Ecoscinti Ultra.

Drinking e

water 1.3 38 £ e 2 =

artificial Rl b Lol L1 _J

1/100
Diluted
artificial
sea
water |

DEDICEEY 2 JEHEAH Z o Tuv7z. 1/100 #EK T3 MilliQ /K & FIEEDFEERTH Y, 4 ml
Dkt ANBRICiZ I A b L7z, 1 mol/L fifg<l, 5 ml LA EoiKlodsn< 2 &0k
BRZY, EEFcHBESENZ. Tmol/LERRICE VT, WEEE AN L 72308 & [k
5ml ko, EEICABESEN. 1mol/L/KER{LF + Vv 2OKEHK T, HNE
AL CHEMER D EER R L7z, 1ml OGN CIEEIAHE L, 2ml D@3 —4H, 3 ml
TR 2EMEEIRZ o7z, Aml T 2ENEET 2L L bic, THEIZHELZ. 5ml 25 7 ml
T TREICER RSB, 2@z L.

Fig. 2 @ 24 WE[EHE % D Ecoscinti Ultra ® 71 7 7 42T b R ICKRET 5. MilliQ
KTIE 3 mliFML 2RI TEICO S 0 CmiE R R x, 2 ol Tz, BokbKD [H
BTH o7, ALK TIE 7ml OFINT 2 a7 Bt 8L & 472, 1/100 7k <1k MilliQ 7K,
FIORK & [ERRIC 3 ml T 2 @ BESE 2 572, 1 mol/L filifE<lx, 4 ml L EoFin< EEic
ERRTAEARN S 2 BaESECY, 20 EERTFMELSS AR5 ICiEVHEL /-,
1 mol/L $EEETIiZ, 5 ml DFHIT 2 @B MHT Y, EEICIIABERERNZ. 1 mol/L
KEEALF F U 7 LK ClE Ultima Gold LLT & %72 b @I A b Nixd o> 7245, 3ml
LA E o URHAINC 2 JE 5 BEASE & o Tz,

LSCIc X 2HIFETIX, 2/@0BEL CTH o3, @EICHBE L T widkl 2 llEilk e L <
w208 0355, 22T, HHEICXY, Wiks v F L — a vERINCHE A ATRE 72 3k A #i
RHER L 72, Z O % Table 1 iIcE &0 3, RFOFE TR LS5 LSC HIE I
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Table 1. Mixing ratio between sample and scintillator

Sample volume/ml

Sample Scintillator
1 2 3 4 5 6 7
Ultima gold
MilliQ water

Ecoscinti

Ultima gold

Drinking water

Ecoscinti

Artificial Ultima gold
sea water Ecoscinti
Ultima gold

1/100 diluted artificial sea water
Ecoscinti
Ultima gold
1mol/I HNO;
Ecoscinti
Ultima gold
1mol/I HCI
Ecoscinti
Ultima gold
1mol/I NaOH

Ecoscinti

Red blocks indicate unsuitable mixing ratio

AJRE7ZR A 7 T A O GBI % /R d . Tablel XV, » 27 7oL MR REOBI &2 5
iZ Ultima Gold LLT & Ecoscinti Ultra ICIZBAE R Z I A b N R o7z, £z, WTNDH
kv FL—2icEnTd T A VEOREAR CIZE & & 2 HBIERS, TAaY
TEDBEHC B W TIZH 7 7T VIHBIETIC R T 2 B H 5 T L BRI Tz,

3.2. BRUZIE OGS
32.1. LSCo7xvF v /fE

R L 72 LSC-7200 ® 7 = v F v Zf#lil- % Ultima Gold 17 = v F VR & v X —F % H
W T2 2. 4 bz 7 = v 5 v 7fiE#R % Fig. 3 1<~ 3. MMl X 5HE000 =, #ilihix ESCR
THb, 7 TvF VI ORI DIEETH B ESCR & FHE5R(EFF) oBfR % 3 RBAK L LT
MREHREIC X ko7, ZofERIT

EFF = —0.08324 + 0.09137 X ESCR — 0.00422 x ESCR? + 6.64009 x 10~° X ESCR?
(2)

Thotz. TOREZHCT, ZNENDH T TADOFBENIELZ KD 7.
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E_\IE\L

3.22. BHRBAROFE

LID oBEEICIZR() Z A °° u|tima; Gold c;uench:ed stanldard selrise | ° |
L, MilliQ 7k, kK, AT 05} T
K, 100 fFICHIRL 72Kk D 7
— X & CE £ 7o 7. © . '
DS LSC DSy 2 75y R § oo 1
EHOEA 27 cpm & L, MIER “ ol ]
% 60 Sy L. w25 e To1aTAESCR
VALY St COPE " O ioose xEscr]
L — % 0 nCEBEIC % T ool TR L L L
5 L. BRI IT K ESCR

Q)EHTHB I L FEH O
ESCR % FH\ww Tk ® 7.
Ultima Gold LLT o #% # %
Fig. 4, Ecoscinti Ultra D#E5H % Fig. 5 1<~ 3. Melf R (LLD), HEfidasim L 7258
BEZRS. wihorvyFLr—2icsnTdh, HFNGEEHEEZ 3 1ciEv LLD KT L
7. B, EURRAINCRE 5 FHEGHIR KT %2, SRIESHINT 2 2 &ic X 2 35 D
SR Bl o Twa 2 L Zzpnd, MilliQ /KekofER Rz ks 2 &, FklEofmict
5 LLD DZEACICE IR W2 o7z, i, BEORAKRAE OGS, hoTrn2)E
Sl L 72 WARILTC & AV IERRIREY 72 R ALBE O MBS D 7 s T LR LT\ B, £ 72, ikl
W% 4Amlf2EE 5252 LT, 30 Bg/LEEOMIEIRRZRT. cnl Eoilkodamz
oL Td, MHRAOBEDMERII/NEI S 2E. LrL, dEoRMELS S WIZERHET
FRIGIFMEL 725, THUDLDFRLY, KRE N ) F v 2KDHEICHE T, #H 7 TP 2
JEDBEL i CRRlE e 2, BMIBTIRMEZ NI 22 e L o7z, 2
JEEE X F 7 Wi KO EEIE 2 Ultima Gold LLT, Ecoscinti Ultra [fijs v 51 — X IZ BWT
RERIEAEG RS, oot LT, ABoRNES*%4 < 352 L TRk v F
L—2DHER YL 7%Y, HE2 X+ ORISR T 5.
KICHIERF 2 Z L 2 228561, LoREOMBRAOSEEL IR & 2 2() % H
WTRRET L 7. #RETIC I Ultima Gold LLT % L, MilliQ /K& & L 725 kHTE H L T
To7. BHTIR & HE R D BEfR % Fig. 6 1S3, kit MR, Bl 348 E 3 2 WE
Rl d 5. HIEREIA R 7= 2 12 FRRIZME T 954, 7 ml @ MilliQ /K% AL 100
SO FHEZ AT o 72BHICHEE S N A TRRIE 17 Bq/L 23fF X 5. 1000 Kl E <1
55Bq/L TH2. K)o TFRINLEY, FHIKEM%EZ 10 f5R< 3725 & TIRfE R
1/N10& 72 5.

Fig.3 Calibration curve of counting efficiency as a
function of ESCR.
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120 T T T T T T T T T T T T T T
Ultima Gold LLT
- —Hl— MilliQ water
2 100 - —®— Mineral water 7]
m A Sea water
~ —v— Sea water diluted 1/100
& 80 i
3 Background : 27 cpm
9 Measureing time: 60 min
()
e
O 60 F i
(o)
p
£
5 40 .
B
o
a
20 - .
1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8

Sample volume / ml

Fig. 4 Correlation between the lower limit of detection and sample volume using Ultima Gold
LLT.

120 — T T T T T T T 1
Ecoscinti Ultra
—u— MilliQ water
T, 100 —®— Mineral water _
m?‘ A Sea water
- —v— Sea wawter diluted 1/100
S 80} -
2 Background : 27 cpm
3 Measureing time: 60 min
ko
O 60 | i
o
=
E
s 40+ -
e
3)
a
20 -
1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8

Sample volume / ml

Fig. 5 Correlation between the lower limit of detection and sample volume using Ecoscinti
Ultra.
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1000 frrrp———————————

I

Ultima Gold LLT
MilliQ water added

—— 1 ml

10 | — 2 ml

Lower limit of detection / BqL™

——3ml g
—o— 4 ml| 1]
—— 5 ml
—— 6 ml
—— 7 ml

1 | N ool N ool N Lol
1 10 100 1000

Measuring time / min

Fig. 6 Improvement of lower limit of detection with increasing measuring time.
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