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Rapid immunosensing based on dielectrophoretic manipulation of particles
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Abstract

A rapid immunosensing method for measuring two tumor markers, aphafetoprotein (AFP) and
carcinoembryonic antigen (CEA), based on particle manipulation by negative dielectrophoresis (n-DEP)
was developed. When microparticles modified with different antibodies were subjected to n-DEP
manipulation by the application of an AC voltage, they accumulated in particular positions in
poly(dimethylsiloxane) (PDMS) fluidic channels modified with corresponding antibodies within 1 min.
The presence of a specific antigen, AFP or CEA, alowed the irreversible capture of microparticles via the
formation of immuno-complexes. Uncaptured microparticles redispersed after the AC voltage was
switched off. The fluorescent intensity from the irreversibly captured microparticles alowed us to
determine the concentration of AFP and CEA in the sample. The range for both AFP and CEA assays was
0.1-100 ng/mL, which was sufficient to cover the concentration required for medical diagnoses. Our
system measured the concentrations of AFP and CEA simultaneously in a single device with two channels
modified for different antibodies. Since n-DEP was used for the rapid manipulation of the microparticles

toward the PDM S surface, the time required for the assay was substantially short: 1 min for forcing and 5



min for redispersion of microparticles and sensing.
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Abstract
We estimate the amount of hydrogen isotope gas stored in getter materials without using a
desorption process and by measuring the magnetic susceptibility of ZrNi—H systems. The magnetic
susceptibility of ZrNiHx increased with an increase in the hydrogen content, X, reaching a maximum
value at x = 0.5. As x > 0.5, the magnetic susceptibility began to decrease and reached a minimum
value at x = 2.7. The behavior of magnetic susceptibility could be qualitatively modeled using the
molar fractions of the ZrNi, monohydride, and trihydride phases observed using X-ray diffraction

analysis.

1. Introduction
The hydrogen storage properties of a ZrNi getter, such as low equilibrium pressure,
resistance to disproportion via hydrogen uptake, and relatively low desorbing

temperatures are favorable for the safe storage and supply of hydrogen isotope gas [1].
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Therefore, a ZrNi getter is one of the candidates for tritium storage getter in future
nuclear fusion reactors [2-4].

Estimating the amount of tritium gas stored in a ZrNi getter is important for
managing the tritium gas inventory. In general, this amount is estimated using a
volumetric method: gas pressure and volume are measured after desorption of tritium
gas from a ZrNi getter. In ordinary managements, estimating the stored tritium amount
via desorption techniques is difficult because there is a possibility of tritium leakage
during the measurement process. A calorimetric method is a reliable candidate for
measuring the stored tritium amount without a desorption process. In this method, the
amount of tritium is estimated based on the decay heat [5-12]. This method is
advantageous over the volumetric method, but an accurate estimation with the
calorimetric method requires a measurement time of ~24 h.

The magnetic properties of a getter material can be utilized to estimate the amount of
hydrogen isotope gas stored in a getter without a desorption process; this is because the
magnetic properties often depend on the amount of absorbing hydrogen isotope gas. For
example, the magnetic susceptibility for the Pd—H systems is proportional to the amount
of hydrogen in Pd [13]. The estimation method using the magnetic susceptibility of a
getter has a few advantages over other methods: the measurement is performed with
keeping hydrogen isotope gas in the getter, and the measurement time is short.
Therefore, this method could be applicable to the regular monitoring of hydrogen
isotopes stored in a getter material. To apply this method to a ZrNi getter, the magnetic
properties of ZrNi—H systems should be investigated.

In this work, the dependence of the magnetic susceptibility on the stored hydrogen

amount in a ZrNi getter at room temperature was investigated. In addition, the behavior
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of the magnetic susceptibility relative to the stored hydrogen amount was discussed

based on the molar fractions of the crystallographic phases formed in ZrNi—H systems.

2. Experimental

Zr and Ni grains, the initial materials used for preparing a ZrNi getter, were
purchased from Furuuchi Chemical Co. Ltd. and Kojyundo Kagaku K.K., respectively.
The purities were 99.7% and 99.9% for Zr and Ni, respectively. The grains were
weighed to yield an atomic ratio of 1:1, and they were then compounded into a ZrNi
ingot by using an arc furnace under argon atmosphere. To remove residual oxygen in the
argon atmosphere, a titanium ingot was melted in advance. The ZrNi powder was
obtained using the following process. the ZrNi ingot was cut into cubes ~10 x 10 x 10
mm?, and the cubes were inserted into a quartz cell attached to a vacuum system. The
cell was set at 5x 10> Pa, and a heat treatment at a temperature of 873 K was then
performed as an activation process. Hydrogen gas at a pressure of 10° Pa was
introduced into the cell at room temperature. Because the hydrogen gas pressure
gradually decreased with hydrogen uptake, hydrogen gas was repetitively added to
maintain the gas pressure. After aweek, the ZrNi ingot was completely pulverized from
the hydrogen uptake. The ZrNi hydride powder was taken out to air, and ~0.25 g of the
powder was transferred to a quartz measurement cell. The measurement cell was
evacuated to 5x10 > Pa, followed by the annealing of the cell with the ZrNi powder at
873 K for 3 h to completely desorb hydrogen from the ZrNi hydride.

The magnetic susceptibility and amount of hydrogen stored in the ZrNi powder were
measured by a self-made, pressure-composition isotherm measurement system equipped

with an alternative magnetic susceptibility measurement system. The details of the

11
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system were already described in a previous paper [13]. The measurement process was
as follows. hydrogen gas at a certain pressure was exposed to the ZrNi powder, and the
pressure decreased with hydrogen uptake. Once the pressure became constant, the
hydrogen pressure in the gas phase and stored hydrogen amount had reached
equilibrium. The hydrogen content at equilibrium, which corresponds to the stored
hydrogen amount in the ZrNi powder, was calculated based on the pressure drop. Next,
the aternating magnetic susceptibility at equilibrium was measured. This process was
repeated until the equilibrium pressure reached ~100 kPa. All measurements were
performed at room temperature. X-ray diffraction (XRD) patterns were measured using
the X’ pert system (Panalytical) using Cu-Ka x-rays. The acceleration voltage was 40

kV, and the range of the diffraction angle was 25°-50°.

3. Results and discussion

Figure 1 shows the dependence of magnetic susceptibility on the hydrogen content

for the ZrNi—-H systems a room o5 | | : : :

g é.@-%@\.\@ —
temperature. The magnetic ¢ * 8.9

"?8 201 85 -
susceptibility of ZrNi powder without N ¢ Q@o -
hydrogen was 22.0 x 10°° m%kg, which £ 151 i

o] -
agreed with previously reported data %‘ 10} -

3 -
[14]. The magnetic susceptibility _% .

c B . 7]
gradually increases with increasing g ZrN'HX -

0 | | ] | ]

hydrogen content and has a maximum O 05 1 15 2 25 3

Hydrogen content, x / -

-9 3
vaue of 231x10 mikg a a Figure 1. Magnetic susceptibilities of the ZrNi—H

systems at room temperature. The open and

hydrogen content of ~0.5. For the (losed symbols indicate corresponding results
obtained in the first and second cycles of
measurements.
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hydrogen content above 0.5, the magnetic susceptibility decreased linearly with
increasing hydrogen content. In this study, the ZrNiH,7 system with the maximum
hydrogen content has a minimum magnetic susceptibility of 16.6 x 10 ° m*kg. To
confirm the reproducibility of the magnetic susceptibility dependence on the hydrogen
content, the magnetic susceptibility for the ZrNi—H systems was measured as a function
of hydrogen content the second time after the desorption of all the hydrogen absorbed in
the first cycle of the measurement (Fig. 1). Results obtained in the second cycle of
measurement were consistent with those from the first cycle, indicating the magnetic
susceptibility values to be quantitatively reproducible.

The peak structure in the magnetic susceptibility is possibly because of changesin the
crystallographic phases upon hydrogen uptake. ZrNi hydride is characterized by two
crystallographic phases, namely monohydride and trihydride phases [15]. The pressure
composition isotherm reported previously [16] indicated that the ZrNi and monohydride
phases coexist at the hydrogen contents lower than 1.0, and the monohydride and
trihydride phases coexist in the hydrogen content range between 1.0 and 2.7.

To confirm changes in the crystallographic phase of the ZrNi—-H systems based on
hydrogen content, four samples with different hydrogen contents were prepared, and the
XRD measurements of these samples were performed. Figure 2 shows the XRD patterns
of the ZrNiHpo, ZrNiHgs, ZrNiH1 0, and ZrNiH,7 systems (ZrNi hydride with hydrogen
content in the ratio [H]/[ZrNi] = x is denoted as ZrNiHy).

The XRD pattern of the ZrNiHoo system clearly shows peaks related to the ZrNi
phase. A minor peak related to the trihydride phase is also observed, and the appearance
of this peak can be explained by the capture of residual hydrogen during pulverization

of the ZrNi ingot.

13
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New peaks related to the monohydride phase
clearly appear in the XRD pattern of the
ZrNiHos system, indicating that this system is
composed of ZrNi and monohydride phases.
The ZrNiHyo system is also mainly composed
of the ZrNi and monohydride phases, and in
addition to this, the trihydride phase appears to
have grown. The XRD pattern of the ZrNiH,-;
system shows only the trihydride phase. These
results reveal that the crystallographic phases of
ZrNi—H systems change with hydrogen uptake.

XRD measurements also point out that the
molar fraction of each phase in the ZrNi—H
system aso changed with hydrogen uptake
because the relative peak intensity between
these three phases changed in the four samples.
We attempted to estimate the molar fraction for
the three phases by calculating the peak area of
each phase in the XRD patterns. The peak
areas of the selected peaks corresponding to

each phase (the selected peaks are indicated by
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Figure 2. XRD patterns of four ZrNi
hydrides with different hydrogen content.
The gray areas indicate the anayzed
peaks of the molar fractions shown in
Figure 3; the gray areas around 34°, 35°,
and 45° correspond to the (040) and (111)
peaks related to the trihydride phase, the
(111) peak related to the monohydride
phase, and the (131) peak related to the
ZrNi phase, respectively.

gray areasin Figure 2) can be calculated using peaks reproduced by a Gaussian function.

The molar fraction of the ZrNi, monohydride, and trihydride phases in each sample was

determined using the following method. The ZrNiH,; system only comprises the
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trihydride phase, and the sums of the (111) and (040) peak areas related to the trihydride
phase in each sample were normalized assuming that the molar fraction of the trihydride
phase, Cyi, in the ZrNiH,; system was 100%. Because the ZrNiHgo system comprises
the ZrNi and trihydride phases, the molar fraction of the ZrNi phase in this system was
determined by the subtraction of the trihydride phase fraction; the result was 99%. The
molar fractions of the ZrNi phase, Czni, in ZrNiHgs and ZrNiH;o systems were
determined by comparing the corresponding ZrNi (131) peak areas with the ZrNi peak
area for the ZrNiHgo system, and they were 41% and 24% for ZrNiHos and ZrNiH1 o,
respectively. Finally, the molar fractions of the monohydride phase, Cmono, in the
ZrNiHos and ZrNiH1 o systems were determined by subtracting the fractions of the ZrNi
and trihydride phases, and they were 57% and 66% for ZrNiHgs and ZrNiHq,

respectively. The molar fractions of the ZrNi, monohydride, and trihydride phases for

each sample are plotted in Figure 3. The lo— 1 |
O— ZrNi

. \ --A--monohydride
amount of hydrogen stored in each sample 08— —trihydride

can therefore be calculated based on the 0.6

phase fraction (Figure 3). These results are 0.4

Molar fraction/ -

summarized in Table |. The calculated 0.2

hydrogen contents in each sample are almost o =
0 05 1 15 2 25 3

consistent with the actual hydrogen contents, Hydrogen content, x/ -

. ) Figure 3. The estimated molar fraction of
proving that the phase fractions can be well  each  phase using the typicd X-ray

diffraction peaks for each phase as indicated

estimated from the XRD patterns. in Figure 2.
The magnetic susceptibility of these four samples can be estimated using the molar
fractions (Figure 3). First, the magnetic susceptibility of each single phase was

determined. Because the ZrNiH,7; system comprises a single trihydride phase, the

15
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Table I. The calculated hydrogen content and magnetic susceptibility for each ZrNi-H system.
The magnetic susceptibility of the ZrNi phase is estimated to be 22.1 x 10° m%kg and that of the
monohydride phase is assumed to be 23.1 x 10 ° m%/kag.

Calculated Magnetic susceptibility / 10 ° mkg*

hydrogen content ed Measured value
ZrNiHoo 0.03 220 220
ZrNiHos 0.63 224 23.1
ZrNiH1 o 0.93 22.1 22.1
ZrNiHz 7 2.71 16.6 16.6

magnetic susceptibility of the ZrNiH,7 system, measured as 16.6 x 10 ° m*kg, can be
assigned to the trihydride phase, yui. The ZrNiHgo system includes a small amount of
the trihydride phase; therefore, the magnetic susceptibility of the ZrNi phase, yzmi, is
slightly larger than that of the ZrNiHo System and is estimated to be 22.1 x 10~ m¥/kg.
Because the magnetic susceptibility of the ZrNi-H systems has a maximum at a
hydrogen content of ~0.5 (Figure 1), the magnetic susceptibility of the monohydride
phase is expected to be larger than that of the ZrNi phase. We assume the magnetic
susceptibility of the monohydride phase, ymono, t0 be 23.1x 10° m¥kg. The total
magnetic susceptibility, yca, of each system was calculated as;
Xed = Czmi xzni + Crono Xmono + Crri tri-

The yca values for the four ZrNi—H systems are summarized in Table |. The y.4 values
are amost the same as the experimentally measured values for the magnetic
susceptibility, indicating that the magnetic susceptibilities for the ZrNi—H systems can
be qualitatively understood based on the molar fraction of the ZrNi, monohydride, and
trihydride phases. Notably, the y.4 of the ZrNiHps system is smaller than the one
measured. This is mainly because of the uncertain molar fraction estimated from the
XRD patterns. More accurate determination of the fractions of these three phases in

each sample will be required to quantitatively determine the magnetic susceptibility.
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4. Conclusions

The magnetic susceptibilities for ZrNi—H systems with various hydrogen contents
were measured at room temperature. The magnetic susceptibility reached a maximum at
a hydrogen content of ~0.5, and monotonically decreased with an increase in the
hydrogen content above 0.5. The XRD measurements of four samples with different
hydrogen content indicated that several phases coexist in the samples. For example, the
ZrNiH1 system is composed of three phases. the ZrNi, monohydride, and trihydride
phase.

The behavior of magnetic susceptibility in ZrNi-H systems could be qualitatively
modeled using the molar fractions of the ZrNi, monohydride, and trihydride phases
observed by X-ray diffraction anaysis. The molar fraction of each phase can be
estimated using the area of the diffraction peak assigned to this phase. The magnetic
susceptibility of each phase can be qualitatively determined by knowing the
experimentally measured magnetic susceptibilities and phase fractions for each ZrNi—H
system.

For the ZrNi—H systems, the magnetic susceptibility measurements can be used to
estimate the amount of hydrogen stored in the ZrNi getter at higher hydrogen contents
(above 0.5). To estimate the amount of hydrogen stored in a ZrNi getter at lower
hydrogen contents, suppressing the growth of the monohydride phase by alloying, i.e.,

Zr(Ni1—xCoy) IS necessary.
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Abstract

This report describes the outline of the “polygonal barrel-plasma chemical vapor deposition (CVD)
method” and its units in detail. This method is embodied as a new particle surface modification system
consisting of 5 parts: 1) a gas-supply unit, 2) a vacuum chamber unit (including gas shower and barrel
electrodes), 3) a radio frequency (RF) power supply unit (including matching box), 4) a vacuum pumps,
and 5) a control unit. In this method, a hexagonal barrel containing particles is rotated or oscillated during
plasma CVD, leading to the efficient and uniform surface modification of individual particles with various
materials, especialy carbon and metal oxides. In addition, the film thicknesses of the deposited materials
can be controlled very easily by changing the RF power and treatment time. Thus, the polygonal
barrel-plasma CVD method allows controllable surface modification of particles and is useful for research

and development of functionalized particles.
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Abstract

Electrochemica degradation resistance of carbon-supported Pt and TiN (PY/TiN/C) cathode catalysts for
polymer electrolyte fuel cells prepared using the polygonal barrel-sputtering method was investigated. The
characterization of the prepared carbon-supported TiN (TiN/C) samples showed that TiN nanoparticles
were uniformly deposited on the surfaces of the carbon particles. Subsequently, Pt/TiN/C catalysts were
prepared by sputtering Pt on the TiN/C samples. The change in electrochemical surface areas (ESAS) of the
obtained samples was evaluated by successive potentia cycling. As compared with the carbon-supported Pt
catalyst, the Pt/TiN/C catalyst with the amount of TiN deposited of 10 wt.% showed smaller ESA reduction
after 100th potentia cycling. The effects of TiN on the ESA reduction became greater by increasing the
amount of deposited TiN from 10 to 24 wt.%, athough the ESA absolute values decreased. These results
demonstrate that TiN deposition is useful to prevent ESAs from reduction and improve the durability of
PEFCs.

1. #S
KRFEILSUE (Hy — 2H +2€) LR TG (120, + 2H' + 26 — H0) 75 EHEFEL T 1
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PLESERIE « BT - PTisE2

I3 — W R RS TR (PEFC) IJRERIDICAK LAOVER L2V B T2 U —
BBV AT LA THD, TORH, AUV AT AL THERERLHES) OERNE SN TS #EL
Vi (COp) DBFHEHIICHNTH Y | T4, TV AT MR LI RN R 1R S
NTW5, £/, PEFC Z#5i#k L 72 #oRpH B B 88 & G A B ATICiE - TE Y (2015 4T 7E) |
§ A3 AT~ — 92013 Clda &7 M —RNA ST\, LavL, PEFC O KIC
ERFEZNS OB E A CTBY . ZD—2L LTH Y — PO LT B 5[],

PEFC 1 v — RCI, LMk, BeRR TS EIEMEZR Pt SEMAEE L L CTER STV d, L,
PUZEMECd 5 2 &2 KEM AL PEFC 2t 2 MEICRN S, £, F /L PR T-%
ST — R LR T S 7 PUIREE . — R i (PUC) MMM & L CIE< A S
TWDA[23], ZOfEHIRIERIC LY kL, EXULFERER (ESA) BT 5 2 Lva
SR TWBI]L,

ESA DHAICHOWTIE, %< OBFEE O AIC L 0 BERNE 5 SR TE Y [4-12], HEMED
— R DFED ESA 2D SELERD D THHEHESNTVA[912], DO L&2EET
Dk, HEED—R L OMERMEZ A ESEE, ESA O LIflsan s PSS, 22
CAMITE T BB — R O Rtk % ) S5 72 DI LB EMEA O TINICHER L,
LNV ARy 2 ) 2 715[8,13-21] ) & FV 2 TiN $5512 L 5 ESA I8 O3 2 B A& kit L 7=,

2. EB
2.1 BB OFH[8,13-21]

AEHZ, EEME S — B —R R (Vulcan XC72R, Cabot, F-¥)— ki 188 30 nm) & fA1RZ
W L7z, I —AR BRI, KK DT OBE A < T- oI fEHRTIC 180°C THzlE L7
[14,16,18,19], ZA/NL LA Xy &2 U o ZIRIZE S TiIN OfFFT Ti K (50 x 100 mm) % % —7 v
MZHWTULTD X 127> 72[15], oMk L7= Vulcan XC7T2R #EA L7- 6 /3L LA BHZEF v
N—ZRREE L, B—& V=R 7 BN > 72 O THEZEHER Lz, BT ADIE D 9.9 x
10* LIFICEE L 72, Ar+ NoJRA T A (N 43 E: 35%) % F ¥ > /3—PNIZE A L, RF H/7: 495 W,
T AE: LAPaDGIETIMEL RN T ANy X U T aiTole, ZORE6ANNLILIX, I—R W
KOBEMRE — R~ 5 & L b, TROEHRET H72DICHRE: 75°, EH: 14.7 B/
TIRY TEMESH 7o, ANy 2 U J I, 38X Vulcan XC72R O AR, TiN & %25 %
D72 2R (e A 2g) & 5 KR (L Q) ICRRIE Lo, ANy Z U 7' 4% N T A (A : 99.99 %)
EIRZIZEZET ¥ N —HICEAL, RREICREL T OEZIR0 H L, 7236, TN Bkt
AT 5 72 D OFEHI N T A& FANZ AW T EFE & FRRO S TR Lz, Z ORE TIE A3
v B TNV IV EEE LTz,

e T, ERELZTFIAICHES T, AR L7 TiIN 1 —AR Y (TIN/IC) RiIC Pt &R L7z, %
— 7 MZIZPEA (50 x 100 mm) & vy, Ao X2 U271k, RF HA: 25 W, Ar HAE (il
J£:99.999%) :1Pa, MNEMR LOSEMT 35 KT - 7,
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SNV IV Ay B Y 2 iR I CRREL L 7 B R 43 T IR it A
Pt/TiN/C 1 >/ — RO ERALFHIZ AL

2.2 SRt Oy IR
TiN JEREIE, X #REHTEE (XRD: PW1825/00, Philips) Tkl L7z, B O TiN, L P
PHEF R T8 X SR SR (XRF: PW2300/00, PHILIPS) (2L v R 7=, MM, TiNHE
HIERHTI =7 a2 bEEA L7z Ti $)K% Vulcan XC72R TAR L72ikh, Pt HFFEHIE T Vulcan
XC72R TAIR L= il PUC 7kl (HISPEC™ 4000, Johnson Matthey, Pt40wt.%) % etk
MAWTHERL L7z, TIN OERREBIIZE EFBEEE (TEM: JEM-2100, JEOL) % JHWTHIZE L7
(B EBIRETE: 200kV)

3 BRI /1:[8]

ERALFREIZ, =ML A2 AW T 05 mol dm® H,S0, F1 CiT -7, BIEICIZT Pt YA ¥ —%
Xk, ﬁ’eﬁuﬁw nEMmE S REMmE LT Lz, AT X CTOEMEN 4 Ak #E
MREN. (RHE) T L TWoD, EABIILLTO L 9 I/ER L 72[14,16,22], 10 mg OFHHLEE %
fiAK (7ml) +2-7 w7 — (3ml) DIRGEIT T 20 7y FEE LB 5 2 & TH—72 501
R 2 TR U7, 5 ul D5y BIRHE 2 BRI HFEE L7= ¢ Smm OB — R T ¢ A 7 & (HR2-D1-GC5,
ESFET) RICWAT L, Nk FCaliett, =% / — VTR L7- 0.25wt% T 7 « A iR % 5
ul A9 5 2 & TREEEE Lz, ZOERmE AWT, AR S L ST D0 OEG BN
% N L7z HoSO, 1 C17 5 72[8,23), BAARS TR, #7753 E: 50 mV s D4 ¢ PEFC s
BroD A Y — REALICH YS9 % 597~1093 mV vs. RHE THT\ il ki3 E HIRY 1S 41~1041 mV vs.
RHE OEMFFHCHIE L= A 27 U v V7 RAZEZ T 5 (FREIHEE: 20 mV sY) OZ{k)s & 34
L7ze 2B, ERAMOEBMENIIRT > F A%y b (HR-101B, Jb3bET) Tl L7,

3 R
3.1 FREECE O YR

FBBEL O W2 T BRTIC. H T AMcamL 500
7Bk XRD JIED D TIN T Z Al L 72, X 11326, 400¢
= 30~60°DHIH THF L7z XRD N F — s, Z §300»
D/INF—NIZLERDE — 7 7320 = 42.4° 12780 H LT, ’g 200
O — 7 DS HREED TINROO)E— 27 ICRBT £
X[15,24], AT TIN DR T D Z &b iroTz, 100y
Wiz, TINIC 3RO TiN %2 XRE TR, % 20 50 60
ZOMR, TINIFFRIL, 1gOA—RBARTSIE Lo on piﬁér ?]eg%aglasspl o
ANy & U 7 LTeilBHT BN T 24 wt% (LUK, sputtered with Ti a Ar + N, gas

TIN/C-(24) & £30) . 2 g DBAR T 2H A/ Sy & pressure of 1.1 Pa

7 LTsBHZ BT 10 wt% (TIN/C-(10) & KFd) &RE -7, 2L TIN/C-(24) L HIKTH 5
Vulcan XC72R ORI 72 TEM B &7~ 9, i & i3 2% & | TiN/C-(24)I2 D A4 10 nm DRI %
BT DRADROBI, ANy Z U7 Il TIN BT 2R & U THIR B —IcHEFEN T
WHZ ERbhotz, B, LR L7200 TINICREHZ Pt 2 A%y Z U 7 LfE R, PtHES
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TiN/C-(24)

BIXFRI%ETH -7 (TIN/C-(10): 24 wt.%,

Vulcan XC72R

TiN/C-(24): 20wt.%) , LAREIE, TiN &
MBI D 2FIEO Pt Ay B U v 7k %
PU/TiN/C-(10), X T PUTIN/C-(24) & Fid
T 5,

=XV

20 nm

3.2 ESA BT }IE T TiN HHEF D 228
PUTIN/C &k & W C, i %2 XC2R.

Figure 2 Typical TEM images of TiN/C-(24) and Vulcan

MV R L7=BE> ESA OZALZFHE L7z, X 31X, 1, 100, 500 [EOBENIF5KFCHIE L7 (A)
PUTIN/C-(10) & (B) PUTINIC-(28)DY A 7 VU v 7V RN ET T LR d, ZORIZIE, gDz

(A) PUTIN/C-(10)

a0l (1st) a0l (100th) 40_(500th)
o < o} < of
-40+ -40+ -40+
_80 | | ! ! ! _80 1 | | ! ! _80 ! 1 1 | !
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
E/mV vs. RHE E/mV vs. RHE E/mV vs. RHE
(B) PU/TiN/C-(24)
a0} (1st) 401-(100th) 40l (500th)
o < of < of
-40+ -40+ 40}
80 L L L L L _80 L L L L L _80 L L L L L
0O 200 400 600 800 1000 0O 200 400 600 800 1000 0O 200 400 600 800 1000
E/mV vs. RHE E/mV vs. RHE E/mV vs. RHE
(C) Pt/C
a0l (1sY) 40 | (100th) 40l (500th)
of < of < of
-40+ -40+ -40+
-80 ! ! ! . . 80 . . . : ! 80 ! . . . .
0 200 400 600 800 1000 0O 200 400 600 800 1000 0O 200 400 600 800 1000

E/mV vs. RHE E/mV vs. RHE

E/mV vs. RHE

Figure 3 Cyclic voltammograms of (A) Pt/TiN/C-(10), (B) Pt/TiN/C-(24), and (C) Pt/C obtained at 1st, 100th
and, 500th potential cycling (sweep rate 20 mV s%). The potential cycling was conducted at 50 mV s* between

597 and 1093 mV vs. RHE.
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LNV ARy B Y 7R TR L 7= B S 5 TR RS
Pt/TiN/C 71 ¥ — RNt o &AL RIS it

WIZ Pt DIE T —RURICASy Z Y o7 LTI L7 PUCEE (PLEFE: 24 wt.%) OffH
HL#EHE TS (K 3(C). WTHOREHZBWTEH, 1EIE QBRG] THONIZALVEE T T A
(21X Pt EOKFEOWBIE IR 2 b & oEi & PLE LM O & 2 OB ITICRIN T 2% Eif
75 41~300 mV vs. RHE & 650 mV vs. RHE L ¥ S 72 EALFIPHIC 70 Hiv7z[25], Lo L. AKFEW
EE—71E7 0 —RThHY, TNDDORNVEES T ATHNT PUEROKERIZHEEIL-[26], —
77, 100 [EOEAFRFIRHIHE Lo A2 E 7T MIKERNE B —27 BRI | E kS
iz PO RN ZE ST A[5NHERI LTz, [FERO ARV Z €27 T 513 500 B H OENLfw5 KT
LD LA, EREIX 100 EH XWX TF LTV,

ZZTHA TV v I RNEET T A CEBIBP SN T KERET /) — REFRNHLLTFOREFANWT
ESA # R ©72[8,27],

ESA (cm?) = Q/210 (1)

AP0 Q 13 PUEDAFRBATUSIC RIS S B (WC) | 210 1% PURLIERGD Y (AL
o B B (WClom®) 23, B A1, 31 BRIV 3t R b7 100 ]
H AW Pt LS 0 0 ESA & SRS E5 o BIR & 7. PUTINIC-(10) & PUC % H< 5 & 100
EIH 0 ESA 130T 649 80 m* gat L% TH

= DAL % 0T L R x

). ZOMBRILAGIL#RYET Ehe BT o PTG
L7z, L2>L., 200 [l HEARED ESA DAl - A - Pt/TiN/C-(24)
PUTIN/C-(10) D i A3 b K& < | TiN OFfFF 5 -4 P/C
75 ESA O OB ThH = ERbinote, & L
— . PUTINIC-4)lcBI L TiEL ESA # S ] i
PUTINIC-(10) & D B/ LT 0, TN @ | B
FRR OB ESA Bb OIEIIRE S5 L5 -l
2%, LoL, ESA OffsxHEIX TiN HHEFRE OB i
ML VAL MET LTV e, ZhlE, H— 0 - : : -

) . o 100 300 500 700 900 1100
n“\‘/b:tbmﬁﬁé‘ﬁ@{f&b\ TiN ﬁ)§< :‘Fﬁj:%éﬂé Potentia Cyc”ng number

SRR I L2 Z IR S Figure 4 ESAs of PYTIN/C-(10), PUTIN/C-(24),
LEZLND, HEoT. BUWMEEEEB S>>, ESA  and PY/C versus potential cycling number.

B OB E: % B HI2iE TiIN HEFE 0O i

LBV ETH D,

4. £ 8

AWFZETIE, ANV RA Ny &Y o 7IE TR L 72 PUTIN/C il 2 v C PEFC 7 Y — Rfil
D> ESA BT D TIN HHERN R 2 ME L=, ZOR%E., ESA AT TiN oFfEHC L v 3
SNDZENHLINEIR ST,
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Development of adouble-walled cell system for near-infrared spectroscopy
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Abstract

Near-infrared spectroscopy has potential as a new suitable tool to detect tritiated water (HTO, T.0). We
previously carried out the initial study with a single-walled cell system and got some spectra of tritiated
water vapor. Because of the radioactive nature of tritium, tritiated water was decomposed into tritium gas
and oxygen by radiochemical reactions, and there was a need for a reoxidizing system and other updates to
improve tritium recycling and safety issues. Therefore, we developed a new double-walled cell system
and tested its basic performance. The performance of the cell was found to be appropriate for the

prolonged measurement of the spectra of tritiated water vapor.
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1 &5

N U T AOFHIT S EYE OREEFOBAN D LIEFICEETH D, FHC, EHEEE
K& 3B P ITER(International Thermonuclear Experimental Reactor) % 13 U &b & 4~ 5 &%l A 3
ETIE, RED N FULEENTL2OEEEOFARIRTH L, BllEhD M F
U LDILFERITHEA TH D O 22, WET HREFMIIIALS ., 1 SDOFETETENN—T
52 LEINETH Y, HEIC Ko THEIARFHTFEA RO OND, AR S MY
T BT/ Y F U AK(FTEE LT HTOWCAEH SN D E ShbilTn5b, st
By TR, [FLRRE 2 L ICRIN T 2 D= (VT —RNR-A 5 2 L E2FIH LTS, 4
FTHARET DOIHEFITHE LEFETHD, ZNET, KT Y F T LIKHTO, T0)DHk
HFB & U TR N AN B0 AR MR D SR - & fRRE D 2 ATV, EERED U F
U LKEERK LT, NIRRT — 2 DIEEZIT> TE T, [1,2]

FEERAITH) ECOREIZMBEIL, Y F U LKRBHEIZ NY F U7 LOR—H RIS TR
PNDLTET TR ZORBEII ST, MU F U LT R EWESOBIMCFRI 23RBS T8 &
bEXTWLEEZx LN, THRU EIZERDbNDZ L Thote, ERIILZELEZEEL T, MY
F U LKIE L HOGHREBRMBRICANA Ly 7 ZADBDH HE/AVNIEAL, & TRIZITR
REZREZFALTAT VLV ADKEDIZETHEL Tho7eis, L ENRWT RTAF
YR THICHER L T, B TF U LT AT D LR ERITHE SN R R D720
MEURCHRT 22 theofe, CEETIXI NI FULT A LBRAEENET 22 L1X
ERMoTEN, MEERITHESNRND & A F VR T ~OPEHRE D T AN~ T
HWNZENS N FULATATHL LW L,) 2NHOBHAZELT, NUFTLENS
FSPER B R OB LA 2 R 2 RO Z L2/ o 72y ZOFIETIE R D b
UFTLDHZEREL TN Z L2 G- L M) FULKBEL < Kb BIZfRE,
BB RRDME LNTERNE W) BBMETH -T2, T b OREMEZ R 2 F

EE LT, BARZHATH LD _HEBYLVEHWEV AT AEHET 52 L L LT,
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TIRNN T HDT= oD _BEE L AT AOBAFR

2. “HEVNV AT LADTY A v
PEROEARII—EHEORFLFEETH Y LR EHIRT D B2 — R — My LM
AT AL L, MU TFULIERINDESOHERIL ICF 77 P FE 721 VCR Z v,
PNNTNERNT =T T D, ICF ZEZEREFORK THY . S-OT X7 v MZ
TyVERVIAEEDLZLICEVREEELEET, K H

HZEAEE IR ST\ 5, VCR (% Swagelok fE23Mk#G 3

e —VERWDHREFTH Y, EENPLIEEETHATE

HHDOTHY . MUTF T LEOKEERN T Z AV D ELE : .
Figure 1. The design image
DOHFEF L L TRMIZHWSILTWA, of a double-walled cell.

W LAVE O _BHEE THLH BN ZEUET DIH 7V A IIM L O L S RT VA %
AR L7, FRIVHE T, BPNE TH D, EBRIZITAE LAVEORIGERID 2 Ao i m it
WCRTER ST, BUEELORER R CTholz, ZD7mdE /L ORIEILE E i r7els
AL BERBR A OT FE¥ vy v I NRNF a2 — LT 7 ) u V—tR™MTo T, BAIZIINE LA

(ER)
&
ER—IKIZI o7 L OO & SVED 2 DD OEE 3 DOHEh A ICF 7 7 VI k-
TORT DML TD D,

HEIZIFE 2 —R—FZ2FHA L AEOE 2 —KR— MIFICH L TREABICEE T X
HHEMZZDTDIZOTNIMBIT TH D, NWECFA)D Y = —KR— MIGHA R (AR
h=7Z2 HAEEH12mm), MENCFIO)DE DX, aNX—LVHTFZA(T 4P HR—F HIFXA
JEH3 mm)D b DEEH L TWD, RN IDHBBRET 2 ENENE L BT A Ly 7 A
DFEFDBIFE LD, WEIZ Y FULKEEANLTZRITITERNRE L 72D, FERZR~ A
I e T IV SHETOBIBER L, NEOHR NS OFERTOFEME b IR
TELHEMATE L, SMEDOE 2 —KR— MIBHIE O RIZK > TRHTBE X b oG T
5,

WE KON E TN TN O0DEEZ D), H#EATHL N FULKkEZH#RZ D LI

Lic, BMCEDHE TR FULKE () GRTELHATA VAT haifldriddy, b
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UFULHTANL MU FULKOMBETITRADEEL Lz, ZHAICED FPUFTLKDFR
NTOH LANK DT ZAROBENES 720 FELIZ ) F U LKEHORILESED
ZEBLARETH LD, A ZzGRHAERTOY A 7 2L U F U LADORFBVARTE,

FUFULDPRKLO MY F U LKOFAEE W o 72 2 E TORBEORBERZMIEL TV 5,

B3 V—IF =y 7 bERMEORKDaA—NVET
3. V—oF x>z
CTHEERAVROVEDTATA DY — 7T A S EIFEFXIRIC BV TRIEER DT TYT

ofc, R=Z V=R T LBE—RRT DT A a8k L, MEREEKRD He U —
7T A MES DICHZEREEEZ AW TT> 72, FR SN2 W ATROER ITITE BoHEH 264
MUl 7 X PR OME H 2 — @I DMERIEE L He U —2ZETHR~ £0
HEZEE L CRERE WS A CORNLVNOEN ERAEZ /505 A 7 Vv Lz,
NEDE 2 —R— FMEZIZHOWTIINE L Il B2E5 & L7ctk, SMEIZ He &l LEZE
JREIEIZ L0 WEIR A LT He a3 5 ik e SMEITRRERIE, WEIXEZG &L
TRBBIC K D HZE B TIT o 1o, HESHTEHNI L D2 RANORRN DG FN Ay 7 750
REEEE LR SN2V REET, BANE LK EZEF | X LTALT ZPAL, 2 O%EA KE
LTS E BICBEE L) ERA DR CERNWZ L CHEAKWEAT AT A DY —7
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Figure 2. Comparison of measurements of sample cell placed in air and dry nitrogen
environment. (Black dot: in air (humidity at 52 %) gray line : in dry nitrogen (humidity less

than 35 %))  (a) FM modulation signal (b) direct absorption signal.
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Figure 3 The block diagram of a double-walled cell system.
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Abstract

The porosity and water vapor sorption property of commercially available hydrophobic SiO, beads were
investigated. The hydrophobic SiO, beads, the surface of which has been modified by trimethylsilyl
functional groups, with a surface area of 70.7 m?/g, a mesopore diameter of about 36 nm and a mesopore
volume of about 0.91 cm?/g showed lower water vapor sorption property as compared to the unmodified SiO»
beads; the amount of monolayer water adsorbed were estimated to be 2.94x107 and 5.12x10" g20)/g(adsorbent)
for hydrophobic and unmodified SiO, beads, respectively. The evaluation of the heat of water vapor sorption
suggests that the suppression of water cluster formation by trimethylsilyl groups is attributed to the

hydrophobic property.

Research note

The combined electrolysis catalytic exchange (CECE) method is a practical process for the
enrichment of heavy water and the extraction of tritium from light and heavy water mixtures.[1-
3] From the development of the CECE process and afterwards, much effort has been devoted
to improve the catalytic activity, design of the catalyst bed, and operation parameters.[1,4,5]
One of the CECE catalysts commercially available at the present is the styrene-divinylbenzene
copolymer supported Pt catalyst which has been known as the Kogel catalyst.[1,3-5] Although
the superior activity and life time with satisfactory operating results of the Kogel catalyst have
been well known, one problem is the difficulty in its mass production and hence a high price.
Therefore, the development of a new preparation method with improved activity is still an
interesting task.

From these backgrounds, we started our attempt at preparing a new CECE catalyst from
commercially available, relatively cheap materials such as SiO2, Al2O3 and activated carbon.
Among the several physical and chemical properties required for a CECE catalyst support, such
as porosity, water resistance, and hardness, one of the most important properties is
hydrophobicity.[1,4,5] Although the hydrophobic/hydrophilic property is difficult to define
quantitatively [6], it has been known that hydrophilic CECE catalysts easily cause pore blocking

due to the condensation of water vapor, resulting in the decrease in catalytic activity.[1,4,5] We
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have chosen hydrophobic SiO2 beads (Fuji
Silysia Chemical Ltd., Aichi), denoted as
Si0:2B, for use as the catalyst support in a new
CECE catalyst system. In this note, we report
some fundamental properties of SiO2B,
especially focusing on water vapor sorption

properties in addition to other pore structural

properties. As a reference material, SiO2

beads (CARIACT-Q50, Fuji Silysia, denoted Fig.1 SEM image of SiO,B. Inset: Appearance of

as SiO2Bm20) were used in this study. This Si02B and SiO:Bmo.

Si02Bn20 was the parent material for Si02B, 200
{
600F i

Il 9
1l

4

which had trimethylsilyl functional groups

4

500 F

1L

dVilog D)

grafted on the surface (grafting density of 1.2

[

— 1.8 groups/nm? in catalog). It should be

{=]

noted that SiO2Bmo  also shows

Volume adsorbed (¢cm3-STP/g)

0.1 | 10 100
o ) o 200F Pore diameter [nm] .
hydrophobicity, since it is composed of pure ool A )
silica [6], which excludes AI’" or related 0 ‘ e
0.0 02 04 06 08 1.0

. + 2+ .
counter-cations of Na" or Ca“" as is the case Relative pressure [P/P,]

with  hydrophilic silica gel or zeolite Fig. 2 N sorption isotherm of SiO,B and SiO2Bmuzo0.

Inset: Barrett-Joyner-Halenda (BJH) pore size
distribution of SiO,B and SiO2Bmyo evaluated from
Fig. 1 shows the SEM image of SiO2B the desorption branch. Symbols are circle for SiO,B

. . . and triangle for Si02Bm20, respectively.
and the optical photo of Si02B and Si02Bn20. g 1220, TESPECHIVELY

molecular sieves.

The color of these beads was white and the diameter was about 2.4 — 4.1 mm (Fig.1 inset). The
SEM measurements (JSM-6701F, JEOL) revealed that SiO2B possessed textural pores with the
diameter of several tens of nanometers. These pores existed as continuous wormhole-like
structures in a Si02 framework.

Nitrogen sorption isotherms were measured by using Autosorb-1MP (Quantachrome) at -
196 °C. The samples were evacuated previously at 200 °C for more than 12 h. Brunauer—
Emmett-Teller surface area (S.A.) were found to be 70.7 and 76.2 m?/g for SiO2B and SiO2Bm2o0,
respectively. Both Si02B and SiO2Bm20 showed a type V isotherm as shown in Fig. 2 [7]; the
sorption capacity was small in low and middle P/Po ranges, and then suddenly increased at
higher P/Po. This suggested that unrestricted monolayer-multilayer adsorption could occur.[7,8]

Indeed, the micropore volumes (Vpmicro) below a P/Po of 0.205, corresponding to the pore
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Table 1 Summary of sorption study of SiO,B and SiO2Bmu2o0.

H,0 vapor sorption

N, sorption Hg porosimetry 25°C (BET constant)

SA. Dp VPuice  VPueso Dp VPumeso  VPuacro Wi, c

[m*g] [nm] [cm%g] [em’/g]  [nm] [ecm/g] [cm’/g] [&an0y/8] (-]
Si0,B 70.7 49.0 0.030 0.176 36 0.909  0.059 2.94 x 1073 7.67
SiO,Bye 762 633 0.034  0.187 37 0.934  0.050 5.12x 1073 5.36

diameter of 2.1 nm, were 0.030 and 0.034

corresponding to the mesopore diameter of

1.0
0001 001 01 1 10 100 1000
Pore diameter [un]

[
=

2.1 to 47 nm (Vpmeso), were found to be 0.176

=}

6.0F 10
cm’/g for SiO2B and SiO2Bm2o, respectively & s "";fm 1Y
E50F g0 1
(Table 1). On the other hand, the pore volume ;3 rl. o
240} | 2o
in the region between 0.205 and 0.957, £ o 2
=30t £02

» ———

Lo T—

and 0.187 cm®/g, respectively, and larger than

00 S . ...
Vpmicro. The Barrett-Joyner-Halenda (BJH) 0.001 001 01 1 10 100 1000
Pore diameter (pum)

pore size distribution curve (desorption
Fig. 3 Pore size distribution of (circle) SiO,B and
branch) also revealed that most of the pores (triangle) SiO2Bm20 obtained by mercury porosimetry.

Inset: cumulative intrusion of Hg.

had sizes in the range of 30 — 60 nm (Fig. 2,
inset), which was consistent with SEM measurements. The pore diameter (Dp) was found to be
49.0 and 63.3 nm for SiO2B and SiO2Bm20, respectively. However, these high P/Po region is
excluded from the applicability of the N2 sorption study [8]. Therefore, we investigated the pore
size distribution using mercury porosimetry (AutoPore IV 9510, Micromeritics). Fig. 3 shows
the pore size distribution curves of SiO2B and SiO2Bu20 and the cumulative intrusion of Hg
(inset). It is clearly seen that both SiO2B and SiO2Bm20 possess mesopores with the pore
diameter of 36 and 37 nm, respectively, which are smaller than the ones from the BJH pore size
distribution [8]. The pore volumes of the mesopore (Vpmeso, 2.0 — 50 nm) and macropore
(Vpmacro, 50 — 414 nm) regions were listed in Table 1. It was revealed that both Si0.B and
Si02Bm20 were mesopore-rich materials. This finding is consistent with the SEM image (Fig.
1). From these data, we have determined the S.A., Dp and Vpmeso of SiO2B were 70.7 m?/g, 36
nm, and 0.909 cm?/g, respectively.

Water vapor sorption isotherms were measured with Hydrosorb1000 (Quantachrome). The
samples were previously heated in vacuum at 200 °C for more than 12 h. Water vapor sorption
isotherms (25 °C) are shown in Fig. 4 and corresponding BET plots are shown in Fig. 4 inset.

The adsorption capacity close to saturation was about 0.50 mmol/g for SiO2B, while it was
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more than 1.94 mmol/g for SiO2Bm20. For Sl 130 .
Si02Bm20, the amount of water vapor _f‘ El__mu T ‘
increased gradually at P/Po < 0.7, and the E L5f 5 . - " . d]
amount adsorbed steeply increased at P/Po —g Lok -“” . - s
larger than 0.8. Such a steep increase can be T; remerese :.e‘ !
= ALET LA
attributed to the formation of water clusters as ;5 0.5r e “g“»‘:::.:ifa.ww,"
will discuss below. Also, substantial . ,,“g.:“.%‘“-“*“" . . )
0.0
00 02 04 06 08 1.0

hysteresis was observed in the desorption Relative Pressure (P/P,)

branch of SiO2Bmz20. The presence of Fig. 4 Water vapor sorption isotherm of SiO,B and
SiO2Bm2o. Inset; BET plots by water sorption.
ymbols are circle for SiO,B and triangle for
adsorbent (S102Bm20) and water molecules. SiO»Bmuo, respectively.

hysteresis suggests an interaction between the

The silica surface mainly consists of siloxane

bridges (Si-O-Si) and fewer silanol groups.[6,9] These surface siloxane bridges are hydrolyzed
by adsorbed water molecules to form silanols, which are considered to cause the decrease in
water molecules desorbed.

On the other hand, for Si02B, the amount of water vapor adsorption is limited; the water
adsorption ability was lower than that of SiO2Bmn20 over the whole range of P/Po, and the steep
increase at high P/Po was absent. The amount of water adsorbed at P/Po =0.99 was less than
one-fourth of that for SiO2Bm20. These findings demonstrated the hydrophobicity of SiO2B as
expected. The decrease in water adsorption property was also confirmed by the significant
reduction of the hysteresis loop in the desorption branch. These data clearly shows the
hydrophobic property of SiO2B.

The surface property on water vapor sorption was evaluated using the BET plots (Fig. 4
inset). The amount of monolayer water adsorbed (Wm) can be estimated to be 2.94x10 and
5.12x107 (gH20)/g(adsorbenty) for Si02B and SiO2Bm20, corresponding to 0.163 and 0.284 mmol/g,
respectively (Table 1). The BET constant (C) of Si02B was slightly larger than that of SiO2Bm20,
suggesting an interaction in this early stage. By using the surface area (S.A.) evaluated from N2
sorption study (Table 1) and Avogadro’s number (Na), the number of water molecule per unit
surface area (Nwater) can be calculated from the following equation:

Win X Na
18.015XS.A.
The Nwater for Si02B and SiO2Bm20 was 1.39 and 2.24 (molecules/nm?), respectively. Assuming

Nyater=

the geometrical closest packing of H20 molecules (0.125 nm?/molecule), corresponding to 8

molecules/nm?, it seems that the surface coverage by water molecules was low.
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The differential heat of water vapor “

adsorption was shown in Fig. 5. For SiO2B, a 5

4{!'* “‘A A
. “

ra———

high heat evolution (about 60 kJ/mol) was

seen in the initial stage of water adsorption,

Differential Heat of adsorption [kJ/mol]

300 s
and then it decreased to less than 44 kJ/mol, on-“ a
which is the heat of liquefaction of water [10], 0 _‘ \/
at the adsorption amount of 0.05 mmol/g. 0 , , , ,
0.0 05 1.0 15 2.0

This la’rge exothermic effect is prObably due Amount of water adsorbed [mmol/g]

to the strong interaction between water and Fig. 5 Differential heat of adsorption of water vapor

unreacted silanol groups (Si-OH), which were 0 (circle) 8i0:B and (triangle) SiO:Bro.

left during the grafting of bulky trimethylsilane.[9,11,12] The heat of adsorption reached a
minimum at around 0.2 - 0.3 mmol/g, which is close to the value of Wm (0.163). Then, the heat
of adsorption slightly increased with an increase in the adsorption amount. However, the
formation of water clusters was not detectable (below 44 kJ/mol), obviously preventing the
additional adsorption of water molecules to grow the water clusters. On the other hand, for
Si02Bmu20, the heat of adsorption was low at the initial stage, indicating less interaction between
siloxane and water molecules and hence suggesting the hydrophobic character of the
surface.[6,9] The minimum value of the heat of adsorption was observed at the adsorption
amount of around 0.20 — 0.30 mmol/g, which is close to the Wm (0.284 mmol/g). Then, the
released heat increased gradually as the adsorption proceeded, attaining about 44 kJ/mol at the
adsorption amount of about 1.65 mmol/g. These findings support the idea that after formation
of monolayers, additional water molecules coordinate to the water molecules to form water
clusters in the pores. The hydrolysis of siloxane bonds to generate silanol groups probably takes
place during water uptake, which may explain the large hysteresis in the desorption isotherm.
An FT-IR study may help us obtain more detailed understanding of the hydrolysis process, but
it would be out of the scope of this paper.

In conclusion, we have investigated the porosity and water vapor sorption properties of
trimethylsilane grafted hydrophobic silica beads (SiO2B), which we have chosen as a catalyst
support for CECE reaction. The low water vapor sorption capacity and restricted interaction for
water cluster formation of this SiO2B demonstrated a desired feature for a catalyst support:
prevention of pore blocking due to water condensation. Preparation and characterization of Pt-

loaded catalysts and the CECE reaction activity of resultant catalysts will be reported elsewhere.
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Abstract

To confirm the applicability of the modified integral counting method for the
radioactivity measurements of low energy beta emitters, the radioactivity
measurements of 35S and 14C were carried out using a liquid scintillation counter. The
disintegration rates of 35S and 14C were evaluated from the liquid scintillation spectra
by the modified integral counting method. The disintegration rates thus obtained
sufficiently supported the applicability of this method to the radioactivity measurement
by liquid scintillation counting without using quenched standards. Discussion was also
given concerning the measurement procedures involving the modified integral counting

method.
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Figure 1. Liquid scintillation spectra of #C. These samples contained equal

activity of 14C, whereas quenching agent varied.
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Figure 2. Integral scintillation spectra of 14C. These spectra were obtained from

the scintillation spectra in Fig. 1 with using equation (1).
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Table 1. Sample specifications

Scintillator Water 368
Sample ID
/ml (/g) /ml (/g) /ml (/g)
UGV-02 15 (14.6249) 0.6 (0.5973) 0.4 (0.3970)
UGV-03 15 (14.6330) 0.4 (0.3945) 0.6 (0.5996)
UGV-04 15 (14.6357) 0.2 (0.1967) 0.8 (0.7985)
UGV-05 15 (14.64083) 1.0 (1.0046)
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Figure 3. Liquid scintillation spectra Figure 4. Scintillation spectra of 35S
of 35S, in Fig. 3 normalized by amount of 35S

solution.
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Figure 5. Integral scintillation spectra Figure 6. Zone of regression functions

of S from normalized scintillation from integral scintillation spectra in

spectra in Fig 4. Fig. 5 around zero channel.
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