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Recently, drastic changes in engine/vehicle emission regulations lead to
complicated requirements for emission measurement technologies. One of
the emission regulation trends is introducing limit vales to new components/
categories, e.g. particle number (PN) in EU countries and nitrous oxide
(N,O) as a greenhouse gas in US. To make such new standards effective,
measurement techniques to be adopted must be carefully investigated and
validated. Test procedures and measurement conditions defined in regulations
have been revised in response to increasing interest in real-world emission
behavior and diffusion of new-generation vehicles such as hybrid electric
vehicles. This article gives an outline of some emission regulation trends, from
the view-point of relation with measurement technologies.
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Figure 1 Schematic of Full Flow Dilution System for Particulate Mass Emission Measurement
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» Venturi
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similar)
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cooling by
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sharp cut-point at
2.5 um

‘ ET: Heated
¢ PND1:
m heating

gnc_i .
dilution | = To mass flow
. controller and
pump
VPR

Figure 2 Schematic of Recommended Particle Sampling System by PMP®!
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Everyday activity of the application center includes: development of the new
characterization methods for particular instruments, demonstration for visiting
customers, sample analysis and user’s trainings. On the other hand, academic
activity includes: scientific articles submission, patent applications and presentations
at various conferences. Recently, it became very difficult to satisfy customer’s
needs, by following the same way. To cover the customer’s demand for versatile
characterization, it became necessary to introduce application approach. In this
review, application center’s present activity and the vision for the near future are
presented, specifically emphasizing the development of application approach and
professionalism of the application engineers.
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Figure 2 Special page of the catalogue for the budget application
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Figure 1 lllustration of the calcium ion meter(B-751)
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Figure 2 lllustration of milk product sample after pretreatment
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Figure 3 Dependence of voltages generated by the calcium ion meter
on the hydrogen ion activity.
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Figure 4 Relationship between measurement value using by
calciumion meter and ICP. Four samples were measured with
pretreatment(<>)and without pretreatment([J).
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in Food Samples by Use of lon Selective Electrode
example for Using <LAQUAtwin> Ca?* lon meter

Hisashi YAMANOUCHI

Introduction

The concentration of calcium in food samples is commonly measured by use
of Inductively Coupled Plasma (ICP), lon Chromatography (IC) and Atomic
Absorption Spectrophotometry (AAS). However, these methods are not
appropriate for on-site measurement at production lines and farms because
these instruments are too large to carry out. In this paper, we propose new
measurement method which dissociates the compound including calcium into
the calcium ion adjusting pH of samples before the potentiometric measurement
with the compact calcium ion meter (abbreviated as Ca*-meter). The results
obtained by use of Ca*-meter with pretreatment were good agreement with that
obtained by use of ICP. We can measure all amount of calcium in milk products
by use of Ca*-meter with pretreatment which generate free calcium ions from
the calcium compound in milk products.

Plasma (ICP), Ion Chromatography (IC) and Atomic

M

Absorption Spectrophotometry (AAS)."” However, these

Calcium is one of the most important elements for our
body. As a major mineralization of bone and teeth,
calcium constitute a few percent of the body’s weight. It
has an important role as a signal for many cellular
processes such as nerves work and muscle movement. We
can take it into our body by eating which milk products
and fish have much calcium..

The concentration of calcium in food samples is
commonly measured by use of Inductively Coupled

@

LAQUA1Win

Response membrane

Reference

"= thickness
] about 0.8 mm

[ [
Liquid junction Ag/AgCl Temperture sensor

Figure 1 lllustration of the calcium ion meter (B-751)

methods are not appropriate for on-site measurement at
production lines and farms because these instruments are
too large to carry out and they need for complicated
pretreatment. Recently, for on-site measurement of
calcium, the minimization and simplification of
instrument is demanded. An ion selective electrode is one
of the suitable sensors for the on-site measurement of
calcium.

A calcium ion selective electrode (abbreviated as Ca*'-
ISE) consists of a working electrode and
a reference clectrode. The cell voltage
between two electrodes varies
depending on the concentration of
calcium ion in the solution. The
potentiometric measurement by use of
Ca’"-ISE is cheaper and smaller than
that used for above mentioned methods.
However the Ca*"-ISE is not sensitive to
calcium binding protein and various
organic acids in food because an ion
selective electrode can respond only
dissociated ions in aqueous solution.
Accordingly, when we determine total
amount of calcium in food by use of
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Ca’'-ISE, the special pretreatment which makes the
calcium in the compound into a free calcium ion is
needed.

In this paper, we propose new measurement method
which dissociates the compound including calcium into
the calcium ion adjusting pH of samples before the
potentiometric measurement with Ca’*-ISE. By use of this
method, we can easily measure the concentration of
calcium and the measured values correlate well with that
obtained by use of ICP. In addition, we introduce the
compact calcium ion meter (abbreviated as Ca’"-meter,
Horiba, Ltd, LAQUAtwin B-751) which newly released in
September 2012.

Experimental

Sample.

Milk products contained much calcium were prepared.
Two milks and two lactic acid were kept at room
temperature (22~24 °C) during the measurements.

Instrument and standard solution.

Figure 1 illustrates the structure of Ca’’-meter which
consists of the calcium ion sensor, the potentiometer and
the display. The ion selective membrane and liquid
junction of reference electrode were located on the same
plane surface whose thickness was about 0.8 mm. This
instrument enables us to measure small volume sample
(about 300pL).

The ion meter was calibrated with two standard solutions
before measurements. The 150 ppm and 2000 ppm
calcium standard solutions (3.74 mmol dm~ and 49.9

Figure 2 lllustration of milk product sample after pretreatment
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mmol dm™ at CaCl,) were used for the two point
calibration. 0.1 mol dm™ KCl was added into the standard
solutions as supporting electrolyte. The intercept (zero
point) and slope for the calibration curve of the cell
voltage against the concentration of calcium ion were
determined from two point calibrations. Compared with
the Ca’"-meter, the concentration of calcium in same
samples was measured with ICP (Horiba, Ltd., ACTIV-M
ICP).

Pretreatment of sample

Milk products contain calcium bonding casein protein
and lactic acid compounds. The pH of these sample was
controlled to 2 with adding strong acid in order to break
these bonds, and then it was adjusted to among 4.3 to 4.6
by diluting with ion-exchange water and adding
appropriate amount of Tris powder. There are two reasons
why we control pH in sample. First, the interference of
hydrogen ions causes the measurement errors.” Second,
the free calcium ion dissociated from calcium compound
may recombine casein protein and lactic acid when the
pH value in sample is more than 4.6.

Supernatant liquid of samples after pretreatment was
measured. The details of pretreatment procedures are as
follows.

Pretreatment procedures

1. Preparation of 5 mL sample.

2. Adding of 100uL of 5 mol dm™ HCI to sample.

3. Dilution by adding ion exchange water to 50 mL.

4.Additoin of 0.05 g of Tris (hydroxymethyl)
aminomethane to diluting sample to control pH4.3~4.6.

5. Keeping on leaving diluting sample for a few minutes.
(Figure 2) The casein protein precipitated in pH 4.3~4.6
because the isoelectric point of casein is 4.6.

6.Removing 5 mL of supernatant liquid from diluting
sample.

7.Dissolving 0.0375 g of KCl in 5 mL of supernatant
liquid.

The concentration of calcium in samples was calculated

by multiplying experimental values obtained by use of

Ca”'-meter by ten because the tenfold dilution was made

of the sample through the pretreatment. In the case of the

measurement with ICP, the thousandfold dilution was

made of sample by ion exchange water.

Results and Discussion

Figure 3 shows the difference cell voltage (AE,u)
dependence on pH with ion meter at 1 mmol dm™ CaCl,
and 0.1 mol dm™ KCI. The difference between E values at
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other pH CaCl, solution except pH 7.5, Eyn(x) and at pH 7.5
CaCl, solution, Epu7.s, AEyn = Epnx
Figure 3. The measurement of £ at each pH was repeated
with three different ion meters. Experimental values were

— Eyngs, 1s given in

obtained from the average of £ values and the range of
error bar shows the difference between maximum and
minimum values for three measurements. The pH of each
solution was controlled to among 2 to 12 with adding HCI
or NaOH.

The AE,x value was independent on pH in the range of pH
5~12. The AE,y value changed due to the interference of
hydrogen ion on the Ca*"-ISE in a solution whose pH was
less than 4. The change of pH from 4 to 2 in sample
decrease the cell voltage by about 60 mV which
corresponds to the 1/100 dilution of the concentration of
calcium ion. Therefore, pH of samples must be controlled
above 4 to prevent the interference of pH on the Ca”*-ISE.
Figuer 4 shows comparison of experimental values
obtained by use of Ca*"-meter and ICP at four milk
products. Measurements by use of Ca’'-meter by with

20
0] aes © %5 eS|
&
z ©
~ 20
W
P
o
-40
_60 ﬁ l l l l
0 2 4 6 8 10 12 14

pH

Figure 3 Dependence of voltages generated by the calcium ion meter on
the hydrogen ion activity.
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Figure 4 Relationship between measurement value using by calciumion

meter and ICP. Four samples were measured with pretreatment
(<) and without pretreatment ([]).

pretreatment ([_]) and without pretreatment (O) were
carried out to confirm the effect of pretreatment on
measurement of calcium. The results obtained by use of
Ca*"-meter with pretreatment were good agreement with
that obtained by use of ICP. The correlation coefficient, 1’
was 0.952. Experimental values obtained by use of Ca*'-
meter without pretreatment were less than a half of that
obtained with the pretreatment.

Thus, we can measure all amount of calcium in milk
products by use of Ca’*-meter with pretreatment which
generate free calcium ions from the calcium compound in
milk products.

Conclusion

By use of Ca’’-meter with pretreatment, calcium
concentration in milk products were determined. This
method enables us to measure more easily total amount of
calcium in milk products on-site at production lines and
farms than the expensive instrument such as ICP, IC and
AAS. It is expected that this method will be widely used
on-site measurement.

On-site measurement of calcium will be more required in
the food industry because of the increase of interest in
healthy, safety and peace of mind. We expect this method
can be helpful in these demands.
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Figure 1 The picture of PUREIL electrode
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Figure 2 Structure of TBMOEPC,C,N
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Figure 3 The time course of pH at 10 mS m™ (20 pmol dm™®) sulfuric
acid solution. @: PUREIL electrode, ll: KCl-type electrode, red
line: the calculated pH value
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Potentiometric Determination of pH Values of Low
Conductivity Solutions with the Glass Combination
Electrode Equipped with lonic Liquid Salt Bridge

It is difficult to measure accurately and quickly pH of low conductivity solutions

Manabu SHIBATA

by use of pH glass combination electrodes based on a KCI salt bridge (KCISB).

The reasons are the variation of the liquid junction potential (LJP) between a
KCISB and a sample solution, and the change of pH in the sample solution due
to the leakage of the concentrated KCI from the liquid junction. In order to solve

the intrinsic problems, a new reference electrode, where an ionic liquid was

used as the material of liquid junction, has proposed. The pH glass combination

electrode equipped with an ionic liquid salt bridge (PUREIL electrode) enables

us to measure accurately and quickly pH of less than 10 mS m™ sample

solutions such as pure water and boiler water. In this paper, we show the pH

measurement of 10 mS m™ sulfuric acid solution by use of PUREIL electrode.

Introduction

Accurate determination of pH is of fundamental
importance in not only science and technology but also
many facets of our life and environments. Potentiometry
by use of an electrochemical cell that consists of a glass
electrode and a reference electrode equipped with a salt
bridge " based on a concentrated KCl solution (abbreviated
as KCISB) has been used as a reliable and convenient
method of pH measurements'"?). However, the
potentiometry with KCISB is not accurate enough for
solutions of low conductivity. The reasons are the liquid
junction potential (LJP) between a KCISB and a dilute
solution and the change of ionic strength in sample
solution due to the leakage of a concentrated KCl solution.
Although the problem was pointed out in many studies®®"®
conducted in 1970s-1990s, it remains unsolved. A new
salt bridge made of an ionic liquid® (abbreviated as ILSB)
was proposed as an alternative to the KCISB""?°. For the
working principle of salt bridge, you can refer to p. 59 in

Gelld ionic liquid

Figure 1 The picture of PUREIL electrode

this paper. In this paper, we report that the pH glass
combination electrode equipped with ILSB (HORIBA,
Ltd. PUREIL, 9600-10D) enable us to measure accurately
pH of dilute solutions.

*1: Salt bridge: The third solution inserted between different two
solutions in order to eliminate the liquid junction potential between

the two solutions.

*2: Tonic liquid: the molten salt at the room tempreture

Experimental

Reagents

The ionic liquid, tributyl (2-methoxyethyl) phosphonium
bis(pentafluoroethanesulfonyl)amide (TBMOEPC,C,N)
was obtained from Kanto Chemical Co., Inc. and used
without further purification. 20 pmol dm™ (10 mS m™)
H,SO, was prepared by diluting with MilliQ water a
standardized sulfuric acid solution,
which was certified to be (5.00 +
0.01)x10” mol dm” by coulometric
titration with NaOH solution (Nacalai
Tesque, Inc., Japan). A phosphate
standard solution (0.025 mol kg™
KH,PO,+ 0.025 mol kg Na,HPO,, pH

Readout No.40 March 2013
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= 6.865 + 0.005 at 25 °C) were obtained from Kanto
Chemical Co., Inc. A 0.05 mol kg™ citrate buffer solution
(pH = 3.776 at 25 °C) was prepared by dissolving 11.41 g
of KH,C¢Hs0; (Kanto Chemical Co., Inc. 99 %) in pure
water and diluting it to 1.0000 + 0.0004 dm’.

ILSB-Type Combination Electrode
(PUREIL Electrode)

Figure 1 illustrates the structure of a combination
electrode which consists of a glass electrode and a
reference electrode equipped with a ring of gelled ILSB.
TBMOEPC,C,N was used as the ILSB. The structures of
the cation and anion constituting TBMOEPC,C;,N are
given in Figure 2. TBMOEPC,C,N was gelled by
dissolving 8 g of P (VdF-HFP) and 0.008 dm’
TBMOEPC,C,N in 0.1 dm’ acetone. The mixture was
dried to remove acetone for one week at room temperature
to obtain a membrane of 2.5 mm thickness. The ring-
shaped membrane was cut out from the membrane. The
ring-shaped membrane of the gelled IL was mounted with
a silicone O-ring to the cylindrical body of the
combination electrode®. In the ILSB-type reference
electrode, the inner cell was composed of a Ag/AgCl
electrode in a 0.1 mol dm™ KCI saturated with a
TBMOEPC,C,N and AgCl. In the glass electrode, the
inner cell was composed of a Ag/AgCl electrode in a 0.1
mol dm™ KCI saturated with a AgCl and 0.04 mol dm”
KH,PO, + 0.16 mol dm™ Na,HPO,. The composition of
the glass was the same as that of the glass electrode
(HORIBA, Ltd. 9618).

pH measurement method

The electrochemical cell employed for the pH
determination with the glass electrode and the ILSB-type
reference electrode is represented as

C4Hg

CH
P+\/\ / ’
| O
Cy4Hg
Tributyl(2-methoxyethyl)phosphonium (TBMOEP™")

o o o o)
\VARV
e
C2F5/ N” \CZF5
Bis(pentafluoroethanesulfonyl)amide (C,C,oN")

Figure 2 Structure of TBMOEPC,C.N

CqHs
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ard AngI : i HS0, 0.16 mol dm*
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The single vertical bar indicates the phase boundary, and
the single dashed vertical bar indicates the liquid junction
between two electrolyte solutions of different
compositions.

The cell voltage, E, i.e., the potential of the right-hand-
side terminal referred to that of the left in cell (A), was
measured with a pH meter (Horiba, Ltd., F53, resolution:
0.1 mV) at a sampling rate of 0.3 Hz. The polypropylene
container containing 20 dm’ sample solution (V in cell A)
was set in a water bath kept at 25.0 £ 0.1 °C. Cell A was
calibrated with two pH standard buffers before the
measurement of H,SO,.

Calculation of pH Values
from Cell Voltage
When cell A is calibrated with a standard buffer, pHs, an

unknown pH value of H,SOy solutions, pHy, in V in cell A
is written

[Eex - ES_ (E](x> - EJ(S)) ]F
RTIn 10

pHx = pHs -

where E., and Es are the readings of the pH electrode for
the H,SO, solution and the standard buffer whose pH
values are pH, and pHs, respectively, Ejx and Ejs, are the
liquid junction potentials (LJPs) at ILSB | x pmol dm™
H,SO, and ILSB | the standard buffer solution interfaces,
F is the Faraday constant, R is the gas constant, and 7 is
the absolute temperature. Glass electrodes may exhibit the
pH response smaller than the theoretical value, RTInl0 / F
volts per pH unit. The common procedure is to use the
operative Nernst slope, £°, which is obtained from the
two-point calibration of the electrode,
, Es—Es
b @)
pHs, — pHs:
where Es, and Es, are the pH cell voltages for the buffers
pHs; and pHs,, respectively. When &’ is used, eq(1) is
represented by
EoE(Eiw—Eis)

2
If the ILSB works ideally, Ej is equal to Ejs) and eq(3)
reduces to

pHx:pHs_
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Eex_Es
A

PH,=pH— ———— oo @)
The pH values of the sample solution were obtained from
the measured E values with eq(4).

In order to make a comparison between the PUREIL
electrode and the KCI type electrode, the pH of H,SO,
was measured by use of the KCl-type combination
electrode (HORIBA, Ltd, 9681) according to the same
procedure.

Result

Figure 3 shows the time courses of pH for 15 min at 10
mS m” H,SO, solution. In Figure 3, @ and [l are the pH
values measured by use of PUREIL and KCl-type
electrodes, respectively, and red line is the calculated pH
value®” of 10 mS m™ H,SO, solution.

The response time of PUREIL electrode is shorter than
that of KCl-type. In the case of PUREIL electrode, the
difference between experimental and calculated pH
values is within 0.03 pH unit. On the other hand, the pH
value measured by use of KCl-type is higher by 0.1 pH
unit than the calculated pH value. Two reasons are
considered. First, in the case of KCl-type, the pH in
sample solution changes with time due to the leakage of a
concentrated KCl from liquid junction. Second, the LJP
between a KCISB and the low conductivity solution is
unstable. Thus, we can measure accurately and quickly
pH of the low conductivity solutions with a PUREIL
electrode since the contamination of a sample solution is
less and the LJP between the ILSB and sample is stable.
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Figure 3 The time course of pH at 10 mS m™ (20 umol dm™®) sulfuric acid
solution. @: PUREIL electrode, ll: KCl-type electrode, red line:
the calculated pH value

Conclusions

PUREIL electrodes enable us to accurately and quickly
determine the pH values of the low conductivity solution
whose pH values can not be accurately measured by use
of a KCl-type electrode used over 100 years. In this paper,

although we measured the dilute H,SO, solution, the
accurate and high stable pH measurements of sample
solutions such as rain water, river water, boiler water, and
pure water are possible by use of PUREIL electrode. It is
anticipated that the PUREIL electrode is certified as the
standard electrode for the pH measurement of low
conductivity solutions. Although we omitted details of the
results due to space limitation, you can refer to our paper
in preparation for these details®?.
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Portable X-ray Fluorescence Analyzer MESA-50 with New Developed Optics and
New Spectrum Processing
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Tomoki AOYAMA

We have developed a portable XRF which has almost same performance
as conventional desktop XRF. RoHS, soil and particulate matter are typical
application examples for rapid and accurate analysis with portable XRF.
Detection limits of several ppms have been achieved with Pb, As, Cd, Br, Se
and Hg in plastics and soil. New developed optics has achieved highly accurate
and rapid measurement. In addition, new spectrum processing method has
reduced the effect of overlaps between peaks. Detail of new developed optics
and spectrum processing method are presented.
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Table 3 MESA-5001t#%

MESA-50V 7 b7

BEOT 7V r—a v IiZBLCHlE

Model name MESA-50
X-ray tube 50 kV
Detector SDD

&M TORNL, FGRy > 2§72

Measurable elements | Al-U

Signal processor Digital Pulse Processor

JTEREMRITERRINDL LVl

X-ray filter changer 4 position (including open)

LR RE 2 B L 720 73 HTRT R A5 TR

X-ray bench (optional) | Atmosphere

F o TWVALROHS TR LT 20 &

Mass and Size 12 kg/202 (W) X 280 (L) X 178 (H)

IZBWTIE, V—F AR LT

Radiation area 7 mm, 3 mm, 1.2 mm (Automatic changer)

5 ETHRMRERETH L, 72, ZOBE

Sample image CCD camera

FAMESE RSP WAVS -7 T

Software Reporting, Judge OK/NG

ETAT7IVTY) XLZE -7, WD

Correction algorithm FPM Thickness, Material,

Pb/As peak separation, Residual component estimation

B fe & T, A vwd oLy

Power supply

Ni-MH battery or AC adapter(100-240 V 50/60 Hz)

SHTTERGA, ZOBRER S 2 2|2

Battery life 6 hours (Ni-MH battery)
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Figure 1 Block diagram of the N,O measurement system
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Figure 3 Real-time N,O emission of the FTP driving cycle
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Figure 4 Total and Modal Mass Emission of N,O

36 | Readout No.40 March 2013

THI— )V FAY — MR COITIEFE UBEIC o7,

COT A M2 5 ON,OMPEHHE &L, I— IV FARY —
MR TIE80.95 mg/mile, Fy FAY — FaERTIEH
0.14 mg/mile T b Z &3 H o720 2D T A MEH A
LOI—)V RAY— MBI AN =L, EPAOHHIE
DIV DIRREL > T b,

xEH

BT A — R L — =5 G E BT A5 AT E
#HHL, FTPT A A 2V CORM RGBT o720 &
DHTEHE V5 2 & C, #tllE COmBINE L, /Ny
7 E CORBGREEN,OBIED M. 3N 5 2 EAVREN
720 RBHRER LD LT O Z EDHL NI 5720

L )Ty Yy E TWCH 2 L 7z B A S HEH &
NANLOZIER I L VT, Ny TNOFIRY ~ 7
WHON,OREIZBRTER AL NV ETHSLZ E03H
%o FERELI ONLOHEH L ~OVIZHHIE D105 D1
L% ko HEo T, 2O L) AR O FEREER T
(&, BB ERAUED L ) B R TR DS B &
N5,

2. BV 1y ETWCk 24 L 7240 o Sk Bk L i
IZBWC, 3=V FRY = MREBROLGE T, 1ZEAL
DONLOB A D100~200F DRFIZHEH S 15 0 HEAT
B SIN TV b Ey hAY — FREBEOHA TiE, N,O
FEEAEPREE N2\,

3. ZOWZETHHSNIPRIVE I A — FL—H—
ICIHTEN, 2Ny 76 OB EEN,OM 2 25 L
THasBitae )2 H LT b £tz
BWTLERH G HE o T Do 7Yy 7 HIE DU EE
BN IE DS OFTH L 72 EE & OIS, JWHEEID
STy (79



HORIBA Technical Reports

[1] Ballantyne, V. Howes, P., and Stephanson, L., “Nitrous Oxide
Emissions from Light Duty Vehicles,” SAE Technical Paper
940304, 1994, doi: 10. 4271/940304.

[2] IPCC/UNEP/OECD/IEA. Revised 1996 IPCC Guidelines for
National Greenhouse Gas Inventories. Paris: Intergovernmental
Panel on Climate Change, United Nations Environment
Programme, Organization for Economic Co- Operation and
Development, International Energy Agency(1997).

[3]1 Environmental Protection Agency, “Electronic Code of Federal
Regulation, Title 40, Parts 85, 86, 600, 1033, 1036, 1037, 1039,
1065, 1066, and 1068.

[4]1 Environmental Protection Agency, “Electronic Code of Federal
Regulation, Title 49, CFR Parts 523, 534, and 535.

[51 Montajir, R., “Development of an Ultra-Low Concentration
N,O Analyzer Using Quantum Cascade Laser (QCL),” SAE
Technical Paper 2010-01-1291, 2010, doi: 10. 4271/2010-01-1291.

[6] ‘“Electronic Code of Federal Regulation, Title 40: Protection of
Environment, Part 86: Control of Emission from New and In-
Use Highway Vehicles and Engines, Subpart B, Section 86-132-
00.

[71 ‘“Electronic Code of Federal Regulation, Title 40: Protection of
Environment, Part 86: Control of Emission from New and In-
Use Highway Vehicles and Engines, Subpart B, Section 86. 144-
94.

& R

RS i 5 3 BT

BEAE 77—y aritr sy —
TF V= AT LFHABAFEE

it (B)

Montajir RAHMAN

HORIBA Instruments Incorporated,
Ann Arbor Facility
Ph. D

Readout No.40 March 2013 | 37



Feature Article

Pittcon

Measurement of Automobile Exhaust N.O
by Mid-IR Laser Spectroscopy

Nitrous Oxide (N.O) emission reduction has gained large prominence recently
due to its contribution to the climate change as a greenhouse gas. The United
States Environment Protection Agency (EPA) together with the United States

Kenji HARA
Montajir RAH MAN Depart'ment of Tran'sport (DOT) has already regulated the N,O emissions
from Light-Duty Vehicles (LDV). For LDV, N,O measurement should be done
from sample storage bags over the light-duty FTP drive cycles. N,O emission
standard of 0.10 g/bhp-hr for Heavy-Duty Engines (HDE) is also finalized. The
final N.O standard becomes effective in 2017 model year for diesel engines.
Usually raw or diluted exhaust is measured for HDE emission testing. Therefore,
an analyzer capable of measuring N,O from bag and from diluted sample
continuously is required to support both LDV and HDE regulations. In this study,
comparative measurement of automobile exhaust N,O in continuous dilute and
in sample storage bag has been attempted. A modern vehicle meeting 2008
Japanese emission standards has been evaluated. In this letter, it is found that
the laser based exhaust gas analyzer has sufficient detection capability for bag
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measurement and fast response for continuous dilute measurement.

INTRODUCTION

Nitrous oxide (N,O) is a trace gas that exists naturally in
the atmosphere with a level of about 300 ppb. It is the
most common tropospheric nitrogen species aside from
molecular nitrogen. Because it is a stable molecule, it has
very long life time which has been recorded as being from
130 to 170 years.'" Since N,O has an even greater
propensity for absorbing infrared radiation than CO,,
there is concern that N,O contributes significantly to
global warming.”’

The US-EPA together with the DOT has already regulated
the N,O emissions from Light-Duty Vehicles (LDV)
under a harmonized and consistent National Program.
Under the national program, automobile manufacturers
will be able to build a single light-duty national fleet that
satisfies all requirements while ensuring that consumers
still have a full range of vehicle choices. N,O emission
from light duty LDV has been limited to 0.010 g/mile.”
For LDV, N,O measurement should be done from sample
storage bags. Similar to the CO, standard approach, the

Reacout No.40 March 2013

N,O emission level of a vehicle would be a composite of
the light-duty FTP cycles. The US-EPA is also finalizing
a N,O emission standard of 0.10 g/bhp-hr for heavy-duty
engines (HDE)." The final N,O standard becomes
effective in 2017 model year for diesel engines. Usually
raw or diluted exhaust is measured for HDE emission
testing. An analyzer capable of measuring N,O from bag
and from diluted sample continuously is required for
supporting both the LDV and HDE regulations.

An instrument based on mid-infrared quantum cascade
laser spectroscopy had been developed for measuring
ultra-low level N,O in automobile exhaust gas sampled in
a sample storage bag.”” This instrument is a pulsed-mode
high-resolution narrow band mid-infrared analyzer. It was
reported that it has very low detection limit (<5 ppb),
excellent linearity, and the response time (to-too) is shorter
than 4 second (sample flow rate of 4 L/min). Negligible
amount of interference from co-existing gases was also
confirmed by using real engine exhaust.”” In this study,
the instrument is applied for measuring N,O emission
from a modern gasoline vehicle that meets 2008 Japanese
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emission standards. Correlation between N,O
measurement from sample storage bag hereafter called as
“bag measurement” and continuous N,O measurement
from CVS hereafter called as “continuous dilute
measurement” has been attempted.
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Figure 1 Block diagram of the N,O measurement system

SYSTEM CONFIGURATION

Figure 1 shows th e block diagram of the analyzer. It
mainly consists of a gas cell, a laser unit, a detector, and a
vacuum pump. The gas cell is maintained at 50 °C and
under high vacuum. The cell volume is about 500 ml
where a total optical path length of about 30 m was
achieved by multiple reflections between two mirrors in
order to achieve low detection limit. The sample gas flow
rate is maintained at about 4 L/min at room temperature
for bag measurement in this letter.

VEHICLE TEST PROCEDURE

The test vehicle is equipped with a 1.5 L port injection
gasoline engine and with dual-TWC after treatment

Sample Bag

Dilution Air 1
To Analyzer

Exhaust

L Conti-Dilute
To Analyzer

Figure 2 System schematic for vehicle test on chassis dynamometer with
CVSs

system. The tests were performed on a chassis-
dynamometer under FTP test cycles under cold start and
hot start condition. In the cold start test, the vehicle was
preconditioned and soaked in similar way every time
before the test according to the EPA recommended
procedure.’” The hot start test is the test started
immediately after completion of a cold start test without
any preconditioning and soak. The schematic of the test
system is shown in Figure 2. The sample storage bag was
purged with nitrogen gas well in advance. In addition,
sampling-to-measurement time was also kept constant in
all test conditions in order to minimize the variation in
bag environment under which transformation of NOx
components in the sample storage bag occurs.

Measurement of N,O was attempted both from CVS for
continuous dilute measurement and from sample storage
bag. The dilution air was supplied from ambient through
a charcoal plus HEPA filter unit. Diluted sample and
dilution air was sampled in two separate bags for
background correction. The full FTP driving cycle is
separated into 3 phases; phase-1: Cold Transient, phase-2:
Stabilized, and phase-3: Hot Transient. In between
phase-2 and phase-3 there is a predetermined soak period.
Therefore a total of six bags were sampled, 2 bags for
each phase in the full driving cycle. Calculation of N,O
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E N
g 15 60 €
b
Hot start 20 c%
0
0 50 100 150 200 250 300 350 400 450 500
Phase-1 Time [seconds]
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— 50 &
IS N
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Figure 3 Real-time N.O emission of the FTP driving cycle
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mass emission of was done according to EPA procedure.”!

Only continuous dilution measurement was performed
without any bag sampling in this case.

RESULTS AND DISCUSSIONS

Figure 3 shows the real-time N,O emission in different
phases of the FTP driving cycle under cold and hot start
condition. The upper side graph shows the real-time N,O
emission in the cold transient phase (Phase-1) while the
bottom side graph shows the real-time N,O emission in
the hot transient phase (Phase-3). The graph in the middle
shows the real-time N,O emission in the stabilized phase
(Phase-2). There is a predetermined soak period between
the stabilize phase and the hot transient phase.

Figure 4 shows the total and individual phase based mass
emission of N,O calculated from the bag measurement
data. Calculation of mass emission was done according to
the “40CFR Part 86 Subpart B.® It shows that during cold
start condition most of the N,O is emitted in cold transient
phase of FTP driving cycle. Concentration of N,O in
diluted samples stored in Bag-1 during this phase is about
600 ppb which gives mass emission of about 4.50 mg/
mile. However when the test is done under hot started
condition, concentration of N,O in diluted samples stored
in Bag-1 during this phase is about 330 ppb which gives a
mass emission of about 0.17 mg/mile.

Phase-2 (stabilized phase) shows no N,O emission at all
even if the vehicle is started at either cold or hot condition.
Concentration of N,O in diluted samples stored in Bag-2
during this phase is within 290 to 300 ppb while the
ambient background is about 320 ppb. Therefore it gives
almost zero mass emission according to the calculation
procedure proposed in the “40CFR Part 86 Subpart B.”!
Concentration of N,O in the Bag-2 may become
significantly lower than dilution air background
depending on the engine type and driving pattern.
Phase-3 shows some positive N,O mass emissions and hot
start condition has almost the same N,O mass emissions

5.0
— 40 B Cold start [l Hot start
r .
g
3.0
£
Q 20
=z
One tenth of the regulation
10 ol @ 0000 @ emmmmm———- -—
NO Emission

Phase-1 Phase-2

Phase-3

Total

Figure 4 Total and Modal Mass Emission of N,O
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as that of cold start condition. It shows that the total mass
emission of N,O from this test vehicle is about 0.95 mg/
mile under cold start condition while it is about 0.14 mg/
mile under hot start condition. The cold start emission
from this test vehicle is one tenth of the EPA regulatory
value.

CONCLUSION

A modern clean vehicle has been tested under FTP test
cycles. A quantum cascade mid-infrared laser
spectroscopic motor exhaust gas analyzer is used to
measure the N,O emission. The analyzer showed

promising potential for ultra-low concentration N,O

measurement from bag as well as faster response for

continuous dilute measurement. Results revealed the
following:

1. Vehicle equipped with conventional port injection
gasoline engine and TWC emits very low level of N,O
and concentration of N,O in diluted samples stored in
bag sometimes goes below ambient level. N,O emission
level of the test vehicle is one tenth of the regulatory
value. Therefore, compliance test of such low emission
vehicle requires very sensitive analyzer with low
detection limit.

2.For vehicle equipped with conventional port injection
gasoline engine and TWC, most of the N,O is emitted
during first 100 to 200 seconds of any driving cycle if
started from cold condition. There is almost no N,O
emission when the vehicle is warmed up.

3. The mid-infrared quantum cascade laser spectroscopic
analyzer used in this study has sufficient detection
capability for measurement of very low concentration
of N,O from bag. The analyzer has fast response for
continuous dilute measurement from CVS. There is
excellent consistency between bag measurement and
continuous dilution measurement by the analyzer used
in this study.
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Non-Destructive Evaluation of SiC wafer for Power Device
Defect detection in pm~nm scale using optical analytical technique
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Power devices using Silicon Carbide (SiC) were already commercialized and
stepping into mass production. But commercial SiC wafers have a problem
which several types of defects still exist. Analysis techniques for a variety of
defects are important because these defects make yield ratio of SiC device
worse. In this work, we carried out complex analysis for sub-millimeter and
nanometer scale defect and stress in epitaxial/bulk SiC wafer. Laser scattering
method is able to detect defects of submicron size on a whole surface of
wafer about 3 min / 4 inch wafer. Our original CL imaging system is capable
of evaluating crystal defects of nanometer-size by sub-milimeter scale
panchromatic image acquired in short time and Photoluminescence (PL) lifetime
measurement helps us to understand career lifetime. Moreover, we reveal that
Raman spectroscopy can evaluate stress distribution around defects detected in
CL image non-destructively.
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Figure 1 Schematic diagram of defect type in SiC wafer.
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Figure 2 Appratus and Optical configuration of particle/defect detetion(PR-PD2).
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Figure 3 Imaging CL system(DF-100)and light emitting by electron beam irradiation.
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Figure 4 Apparatus of fluorescence life time measuring system
(FluoroCube 5000U).
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Table 1 Main specification of SiC wafer(Size : 4inch).
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Figure 9 Defect evaluation result of Sample A(Epitaxial wafer).
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Figure 10 Defect evaluation result of Sample B(Bulk wafer).
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Figure 11 Defect evaluation result of Sample C(Bulk wafer).
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Figure 12 Evaluation result in depth direction for stacking fault of Sample B(Bulk wafer).
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Analytical Evaluation for Research & Development and Manufacturing process
of Lithium ion battery
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To promote the performance or security of Lithium ion battery, it is very
important to evaluate the property of it’s parts using analysis methods. In this
paper, | introduce the useful analytical methods to solve the deterioration
mechanism for Research & Development - Manufacturing process of Lithium ion

battery and their applications.
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Figure 1 Charge-discharge mechanism of lithium ion battery

Readout No.40 March 2013

49



F

eature Article
TV =gy

DF LA A BEROMERE - HETOEICEH T 35

2.5um

2.5um

Figure 2 Cross-sectional SEM and element mapping images of LiFePO,
system positive active material.(F-K, Fe-L)
(a)SEM and normal element mapping images at 10 kV, (b)SEM
and normal element mapping images at 3 kV, (c)SEM and
element mapping images by TruMap at 3 kV,
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Figure 3 Depth profile and cross-sectional element mapping image of fluorine(F-K)on
LiFePO, system positive active material.
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Figure 9 Surfacial Raman image and spectrum of LiCoO, system lithium ion battery positive electrode after charge-discharge cycle
(a)Raman image, (b)-1 Raman spectrum in red (Lithium cobalt oxide including Cobalt oxide), (b)-2 Raman spectrum in green (Carbon), (b)-3
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7 &% I CE 0 MU A — R THiG SN 2
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Figure 9i%, TSI 1 27 Vi DLICo0,2) F 7 A A F
YEMDIEMEREZ T~ o L7ERT, v
YT DANRYT MT—8 % S ET L CoEL7:
=00, ThbL, HWETH LIV MRY F L
(LiCo0,), EEBHITHATENL T 7 AT =Ry BLIV
AtV M (Cos0) % &8IV MR T AD T <
AR=D U T ETTU AR MV EENENT, k& KT
RLTWA, HFOANRY MUIZIE, T200 MR F 7 A
RDOZADE—7 (#9480 cm ™, #9590 cm ™), XD AR
7 MV, =R RO oD — 7 (#1350 cm
#1590 cm ) ASHERR T & Do F72, A 2 VbR,
DNV N F I A (F) ETENT 7 A —E Y M
ZC, AN)VNRBR)F I LADREE L THERLZEEZD
NABEAL T/ NV MHED “AROE — 27 (#520 cm ™, #
690 cm ) % HE2 T & 5, Figure 1013, in-situ7~ >4
ROV TH B, 2O MEIKAIFRBEIELZ T T
o, FWHLIZIRECTHMEL LD ObBBO T~ V55
S HHURE T %o

FCH

REGTIE, VF 7 244+ BHMOTZERSS - #iE 70t
A B BHACEH ORI B it FEIC o n T,
AR/ S L — & OTCHRAA, *hs e, L&Y 5
i EDBENSLEDOT T ) r—2a 282 TRML
720 ENA VR LA B A B A B R A T
FET AV X —FEEAL R E~OHEAIILAL T
B4, )T A v BRI O MERERTAT, %51L#
FHCBWTHMEM~OIIFHI I 4 KE Lo TV b,
SkY, WADFEOMA LB EZREL T, VT
LA F EBOWZER SR M E B I OH Loy
W77V r—arOpisEEIg L2,
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HEESSTAIE S Z L [SmartColumn] DBEIF

Development of an Immunoaffinity Column “SmartColumn” for Mycotoxin Analysis

BRPDHEETIT XD, 77T XD /T BRICLELRTLIE
H#7Z L[SmartColumn] ) — X #BF L 7=, [SmartColumn]id, fk%F|
BUEAL/TIAZT4—DTLTHY, HT7 LOMEEIIIEICKTEFET S L
CADNKZEV IUEPSBHTHE, (FRTBZEICE, RDIL/T T«
ZTA—H T LEY) BEEBEMEDET VDT LERRTEIEN TEe %
DIER, BmPSHEREBE AV TRE L iRz, PEVWHEIRTHI LIS
BRTRIZENPTE, FRICLVBIPECTHHOEL » - 2HRHIDONT
AN TEBL I o1 77T bF Y AATLIAFLAKING], #7275 b ¥
> AP T LIOCHRAKING], 655671 b= MJILIEE20% % T{EHR]AE
TH3,

Ny & ERiRF

Mikiko UCHIGASHIMA

“SmartColumn” products consisting in “AFLAKING” and “OCHRAKING” were
developed for mycotoxin analysis. This product is an immunoaffinity column
whose performance depends on the antibody used. The newly developed IAC
was the best regarding organic solvent-torelance at the time the product was
lounched.Both “AFLAKING” and “OCHRAKING” can be used for acetonitrile
having a concentration of up to 20%.

B0, EahZ DL TR TE Rz, HiEE v
TEMP O L 7ERAHPLC TOM 5 2 81l %,
C ORI IIRR A R B S & E B 7280, R
LIRS, CORBBITHW DDA LT 74
=7 1 —% 7 2 (Immunoaffinity column : IAC)THY,

ELOIC

HEFEE, WO E L CTEA SN LY
BDHHT, L MRS, LI L CHERER %
IRTWE ORI TH Y, BAES00FEFELL L YD ]

HEINTWD, INOLDOHEFHIZAREGE THAH720, Al
ANOWHGeR Il ZEIINEETH Y, 72, By
W72, O - FAETIIA EHITHR SN
mPrbREET LI EIINETH S, €T, BHEHED
FRSNDAECHFIKH L CIEDHEEZ RET AL
I2&Y, A CEOENEZ R/ANRIZIIZ TW5, BITE, BN
T, 775 M2 U (Aflatoxin : AF), 7SV 2, 7%
FLoNL = VICHBIEARRE SN TBY, Zh2h
(RIS LT, ASMEHIE S 7R ER T D D o T
ERHOSATIE RIS H A7 0~ » 777 14 — (High-
performance liquid chromatography : HPLC) % H\»

AFAT ORI 77 7 [ AFLAKINGIE, AF7r#ro
WHNE RS NIACTH %,

IACIE, 7H 10— A7 VB AHuk % #E &
K727 T LT, R o B % FF A S
HIEIZE), AR BT AIENTE L, LoL, IAC
i, 72AEKETHAPUEEZFIH L T b7-0, —fI9IC
AT, Bl 212, ARSI TR, AR HAFR
T ARG A ST 5720, 717 AIZA%
T ABIIK TORG LA LIEETH 505, BRI &
DO B D57 AR 72 B0 2T,
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HESESITATTRIEH S L [SmartColumn] DEI%E

BRI OB WA ER S 5 2 & T, HERDIAC
INH L WFHIRCHHTEAIACE S TE T,

777X H
AL/ TIA=FT14—HF L

AFIZRIH CRIBOIFEDS AR E L SNTEY, H
ARCTHHHEAHRE SN T05H, 20114E10H12, ZhE
TAFBIOADOHEITH - 72DA5, h—% VAF (Total
Aflatoxin : TAF) & L TH#&MATH SHAFBIL, B2, Gl,
G2xHbE-REHE o7z 2D, IACIZfEH
T AHIUED ZNHDOTRTOAFERKIZFRZHI G L,
VA PR BEIT I S B\ PR D L EETH %o Figure 1
\ZZDREFD AFFEBRAR O EZ TR,

o o o o 0 o 0 o
o o oo oo
0 N 0/ N 0/ N 0/ N
o OCHs o OCH; [} OCHs o OCHs
AFB1 AFB2 AFG1 AFG2

Figure 1 Structures of TAF

AFTA{ER

AFESGFALEWTH Y, THERIZHRIEE A 2w
728, B E L CAFB2E 72 AIEETHAKLH E D
EamEWMLREY cnte <~y 2THIEL 720 AFICH
TAHHURMGO_EAS > 72~ AO MM Z ) H L, <
v AIxu—<lifa Mg a L, N7 F—~ %15
720 ZOHN5, Figure 10T XTOAFIZKIGL, HH¥
B EOE D DE AT ) == 7L, A7) ==

XA T F—~ 2 @R L 72, Milera—=>7
L, &/ 7a—FHkEEMEE Bz, 25612, :@EP

T-HURREAEMAE 7, ~ 7 ADREE AR LRI S 7z
JEARPEE Z7u—F VHUR R L, DFEOEERIZH
W72,

L 728/ 70— FIVHURD AFIZRT§ 2 382 RS
% BB AELISA*IC X o Tl 720 A LR IZIZ
AFEHMET VT I VAR T, Pk KAFE
DA G E AT > 72, Figure 21, ZOFEHRTH L%,
IC50fE*%%, B14°1.9 ng/mL, B2%%2.1 ng/mL, G12°
21 ng/mL, G2252.4 ng/mLE 7%, $XTOAFIZXL
TRISOMEZ A L7 VETH LD Z e dvbirolze IR
12, COPEDHE BRI EIEIC OV TRz AFSHT
OBINETIE, ST RV THDHI20, 22
T 7 M= M)V E R 72, Figure 313, AFBIIC
BT AHEBRAELISADRERTH LD, 7= )L
P, 10%—20%—30%—>40% & & AR AR T L
7275, 40% F THRISHEDTTED HAL, 50% TiElFE ALK
JeEZ R otze 2O ENS, T M= M) VA0% E T
FAFE ST APUEDFHENIZZ LD Db,

*1: Keyhole Limpet Hemocyanin : A% ¥ HANET T =

*2 : Enzyme-Linked ImmunoSorbent Assay : #iLJ5d 5\ 33T E %
FERCAG A L, WAHOTUR S 2\ ISP B R 2% L Chustht
RIS S, BUSRICHRE T2 2 LI ko CREUB 2R 2L,
HIZHE & L 7ZBER O M § A e

*3:50% of inhibition concentration value :

s

WO 250%HE 3 %

IACD{ESR

HOPAED SN2 L DS oD T, IRIZZ DL
KEHNTIACEERL L 720 VL, iGHEALE AT I

PHb o &b PUSTED

<, oA RRE T A=

16

1.2 |Csof|E (ng/ml)
B1 1.9
B2 2.1
0.8 G1 2.1
2 G2 2.4
<
0.4
0.0
0.1 1.0 10.0
AF (ng/ml)
-©-B1 -o-B2 -A-G1 - G2

Figure 2 Reactivity of the antibody with AF in ic-ELISA
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Figure 3 Acetonitrile tolerance of MoAb2-3 reactivity with AFB1 in ic-
ELISA : 1, 10, 20, 30, 40, and 50% acetonitrile.Acetonitrile
percentages are the final acetonitrile concentrations in the
competitive reaction mixture.
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O—A7FNVEMHL, 717 7Ny 77—, PBS,
Tay Xy TNy T r—IIE® S I ) =VT I, B
Ny 77—I%, 01 MFEERS M) Ak Wz, 5, 7V
%1 mMOIERR TUEE, Pifkld CTIF- UL 1T
7.4 CTT—Hp7ay 2 7k, gL, Torvery
TT 4 =T NEED, IACE L7z fELL 7ZIACO T+
k= MUV IZFigure 40381 T b, 7T =NV
IEE20%F T, TRTOAFISH L TIEIZ100% DML
MPESNT Bl, B2AZoWTIE, 7 M= M) IVIEREE40%
% T100% DENLERAMFH 20

KIS, FH 2 TV TORMBEGAER 21T o720 AFIZEIZ
B CREA SN D720, {HHIIRAMIE L, L9
DAZL, E—=F oy, eH & AN ZELEDN D 5,
DT A28 AFHIE, HPLCOHFIZBWT, 3o
AN RE EMIZHN R, F2, FBRICTIACE
ToE, FHEZ AL 72BRICRRE LT L\ EIEEs)s
BB EVOBERD Y, THVELVWESIN TS,
Z T, SIRERELZIACE FIvC, A28 ZEHD55HT
FEIZOWTHE L7225, HPLCOZ T < b 75 Al
BWTHEAFE — 7 ~DOFHEY D537 {, Table 1
(R L7z &9 e B2 BIEEDS Sz,
CNSDFERNS, B LA T 2%, EiREOFEE
BCHMHHT 2N TE, IO A A%, A
- BEIC) =0Ty T T HIENTELILEMERT
2o T2, INFTF T =0 7o IHEE L nE ST
TeF—=AN)wr BILE)REDAINNA AFHTHRIER
CHHTELZ Db o7z,

FI978%22H
AL/ TPI74=FT14—ho L

ST, FAOLEWHOD T CTHLI—T v 7 A

-o-B1
-0-B2
-4-G1
—A—G2

0 20 40 60 80 100
TEMZBMJUIVEE (%)

Figure 4 Acetonitrile tolerance of the prepared IAC : AFB1, AFB2, AFGH,
and AFG2

TEHEIBEEZZELTBVY, TAF, +75hF2 v
((Ochratoxin) AFEOT), AFM17%: S IZBLHIMED R E &
NCTWb, HR -7 v 7 ARERNE- T, HilEz
FELTWLTETHY, SHRTAFUANDO A EEIZHH
HMEDFRE SN TV EBbN S, 22T, ZOHGIME
ETFEIZIR>T, SmartColumn®d ) — A{bEHIEL,
OTHIACZRAZE L 720

MOTHIFER

AFHIACLER, 9 IEHAEORIEEIT 72, OTHHT
THT R NI LRRAY ) — Vi E OB BB v
THEMPSOTEHE L 2T Zwn/zd, OTH
IACTYH, AF LIk, AREBINESLETH S, £72,
OTIZIZFEF ML EW THHOTA, OTBAH %, €T,
AR EsEo®E <, 72, OTAIZHOTBIZHAISEIIK
5T AIURORSE % BIg L 720 PURIER T FHIAF &£ [H
RIZ, OTALKLHE DR EREFEL, 2z~ AL
FEL 720 SO ADPNEIRAT Y HIL, v 7 A3
O—<HfEE MRS L, N 7T F=< %3720 N7
JR—<% A7) —=27, &bOTA, OTBEDOKIE
A<, BRI O IR EAT 2 70— il
I L 720 155 N PURD BSOS % M5 S ELISALS
Lo THAHER, IC50MHIX, OTA27 ng/mL, OTB
H17 ng/mLE 7Y, OTAIZHOTBIZS SUSS AHifkAHS
BoNhiz, T7o, VUROERIABEREL, 72 =MV
TEEEAS20% F T, A% —IVIEEEHS30% F TIHPEAH Y,
BRAHTHE OB WIUEAE NI Lhvbh o7z,

IACDIER

BoNHEE VT, AFEFERD T, IACEEHRL
L7260 IR STV AOTHIACKE, k25 ol %
71T MZAN T, PBSTHEL, 251210 mMEEEET ~
BT LB CHRIE T DD B o PG RERAK DS
HHCT&%L, 10 mMERE 7 > =7 LT #AHT 5
FHAEIT HH%, FEK TS 2 LIERA T A3o T

Table 1 Mean total TAF recoverie extracted with 90% acetonitrile from
spiked food samples by means of the prepared IAC cleanup

NTUD| B8R | BEEF |2FE> |4-2Yy 7 |AUT E-
B1 91 97 97 78 101 92
B2 89 98 98 82 92 91
G1 99 88 99 87 89 91
G2 98 86 99 89 90 92
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LEIH720, BEUKIIEHTE R, —7, SR L 72
IACIE, BEfRT &= AVEWL CHEE L CHAFRIKTHE
HLCTHEIERIZET RS, EHEOLEHTRTH LS
ESHM o7z DIBEOFEERIE T TREK TR 17 -
720

VER L 72 TACO A AT I DV TRz, OTDT
YATIEVHUSZ A L CBY, AFED DL o EO &
NG R I NS0, FIERD EmiZkoT, A5/ —
VR RALZ0 7 =N VEFRHLZZD Ly
7\, 22T, AY )=V ETH M M) IZONTE
NN EZ Rz TOFER, A8 —IViIFPEIZD W
T, OTATIZAY /= VilET70% F T, OTBTIZAY / —
IVIEREE60% F T, (2Z100% DRI RO, TR b=
R UIVIFELZDWT, OTATIZ 7 £ M= M OViEEE40%
FT, OTBTIE 7 M= MU IViEE20% % T, 1212100%
DOENCEEIE SNz, LLEDZ Es, S RES N8
RCIERLL7-TACHE, OTHIHIC WS N GHEEC
HHAY =), T M= M) VICIHER RV 5D
Mo7ze WIS, VERLL 72IACTOFES » 7 )V o nmL
REROMG R A Table 212773, /NEIZ60% 7 = F1) L
THIH %, PBST2M5 M, 23 71X70% A%/ — )V -CHl
Hi#, 0.01% Tween20& APBS T3 ML 720 T4 ~
1% R) ZF L7 ) a—) - 5% EEEKFEF )7L
BRI 57205 T, IACIEA L 725

Table 2 Recovery of OTs in spiked food samples by the prepared IAC.

IhNE a7 KA
OTA 100 102 95
OTB 91 103 99

BHVIC

fI%E L7-TIACIZ, AFHIACIAFLAKING/, OTHIAC
[OCHRAKING]& L CTHRGEH T %o A HEIAHENNPEHT
RAEE L, ZNZIACICHT 52 LT, RO

DO EIRE R GBI N T MIANTAZENTESL
I oTze ZORER, S FTHL WE SN TEHE
IZOWTCHGHTTAHIENTEL LR, T2, B
MO AL, MDD %h 572,

AFLAKINGIZ, 87 77 M3 Y o@ sz b IL
S, BIEIT 2L L0, finA— 7 —ToOmEEHE
M, ZEbO MRS C W72 0T v b,

B LR LA, 4RI EH N T
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Accurate Determination of pH by Use of lonic Liquid Salt Bridge

BESEFEHRICHWT, BB EEVEELT NI X TH B, ZDFEEALL
3k, 1HACICH 72> GREKCIP ZDREIZR1-LT&E /. LA L, IREKCHE
BOT MR, BISHEEDWHDTIEEL, KCEBFEP RFEHZL
TEERBERE, MICRVWEDP Eh o725 TH D, Fil-ICEN-hIEE
ICERKMED A 7 B IRICEDWIBHE L, KCUBEP 1A 2 KEN L ERE%E
BRRL, pHETRID A4 5 T ERAIMERICH -G ERES R THDEH
FIND, RETIE, 14 RIEIBEOERD SpHEHAINDICRAE BN T %,

ZH F

Manabu SHIBATA

A salt bridge is a device indispensable in electrochemical measurement. Since
the invention of that, a concentrated KCI solution has fulfilled the role over 100
years. The excellent performance of a concentrated KCI salt bridge (KCISB),
however, does not always work satisfactory. The reason why a KCISB has been
used for a long time is mainly the lock of better alternatives. It is anticipated
that a newly proposed salt bridge based on moderately hydrophobic ionic
liquids solves the intrinsic problems of a KCISB and bring a new dimension to
not only pH measurement but also electroanalytical chemistry. In this paper,
we introduce the fundamental property of an ionic liquid salt bridge and the
application of it to pH measurements.

DM B BN ZEDOLEE & W) ESH B, &
DORIEOfREID 72012, G &IN5 RO OM

ELOIC

Tower?®, BLOEWANCKCUKER % Hir 2 & Tl
BEMEEZ Y OICTELZEERLDD18964ETH -
-0, 2Lk, BAOHTLF D5 E T, 100400 ELZ
b7z TKCHEBA VO TE72 R TRAT 55
WL, COEBICET LD TH D, 22 TIE, AKEdio
JEH & LTI EETH LpHFHINZ R > THHT %o

BEEORECpHEHINE, BRELSARICELETOIR
BB CBWTEETH L, W AEME V&
frzEflE B, 2 DFEMLSk1ALI 72 5T, pHEHI
FEE LTRSS SN TV 5, BAAERE, pHIS
K HHNTAEME, B EOILLEL 7 5 I EmR (S
HREEAR & BIT-5) O2ROEMDM DOEA 72 WET %o
L2L, SOHFEIE, REEMOPIETE L B s

D EN A2 RS DIEREA VO D, ZONE
(B BEK CURIE I & IV 273 (DU, KCUHERR) 27,
HFRENIIR G ISR SN TEERFETH S, L L
%H35, KCUHREMGIZIE, MK RA 7 —Ka EOREER
B OIEMEZpHIEAEETH 5 2 L12 R, KCIDi
HIZ X 2B OHE LB L UHEEROF LR L, HiRkE
KCl& H\ 2% DL T 372 WA B R 2 D 8 5

AT, KB L DN BT 0N I AL 2% 56
T BERMEA F AR EEGE L CTHWAZ EI2LD
(LIF, A4 ARG, FHEMCH LW & T,
INSOMER ORI X S I LT EE, &
S EOBN MM E AT B A F R OR
R IRRBRIZIE D L 7o w3 s & e ZpHa il T % o
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AHGTIL, PERDOKCHEMG TR T E 2 h o 723EDS,
AF VRARERZEHT 22 LICXVRINL I L%
RIS %o

KCHEE DR E| LR

BNEERT Y a A M) =2 HWT, pHEHIET S
72O, 71T ARSI OIKRFEA F VIREEIC
INET DI L, WEEMOBENMIIKEZAF &2 &0
AERAR OB K> TEIL L 2 kDb b, 2
ROBMMEOBLNEEE M 572012, HELEMONER
W, ARHER T 2L ELR D Do ZOPIERE L
BHEW L OBA T A AT EIES, Lo L, MRz
B EMFE RIS 5L, —RIZZ O FREIILHEHEE
WAENFEST B, BT at ) —TillE SN A ER
FEANDOWHENZDOFG % TELZT/NELTH72012
TRINTZON, ZODOEHEEIZHDFEIDEW & 1 A
TEHEV)FETH D, ZOEIDE % 1 LR
721, pHEERIZHW SN TV ARG, EEROA
R L ARG 2 H— DBIZ L T\ b ), ZOHEMBE LT,
B K CIE - D3I, TR 7z o CTIL K
ENTE7z WEGICEREKCIOEH SN 2 B,

(DARBEHEPTORK ECI OBBIENE L Wiz, K &
Cl ORENC LA IBEMN VNS W &,

(2)KCIEREA =\ 20DICK ™ ECl OB BN B =%
FHL, MDA F O ENANDEF G2 /NS LT
572D TH Do

L L7%&h3 6, KCURGIZ L 2 MEMZDOREL, 2
FTLOLTTHRETIZ AR\, Table 1, iz & KCIHEG
O E N EOHEME R L2 bDTH 2, BFL
BROIREPMET$ 5L 012, MHEMEIRE R
B EDTH 5o iwEAN10 uMEUT T, B ZED
6 mVREEIZET 5728, ZHUIpHIZ L TO.UIAHNET %,
L, EBRIITEAEN A IR NLZ L, ZEL

2\ L7235 T, KCURME DB X132, 181 4 > Rl
OpH% +0.1 pHU EOREE THIET 5720121, 14T
E7%\v 72, KCBEMGEZ H\ W epHE A& EMOEHI 7
HIZBWTH, WMHHOEEE ) 2, WO L
Pip EORIED ® B o TARRLIIIK, KRR AT —7K
DIEHEZ pHllE 2 A E S 2 i KOEERAS, KCHEEDZ
DI BEWETH A L3, pHEHUREREEEHINCEEH %
WioesE, Fafrg oM TldL Jmshtns,

14 > RIFIERR
1 7 > RERORE

WA, KCIORDIZBARED T A+ &7 =F 215
7 B FEIZBURTED A A AR & V72358486 (1 o i)
PRG3R L7, BURYEA A > itk & AR s B i
THE, 2HIZHBET B, A F VAR ERER T 51+
W&, KA T o RO A F RIS
BRI TL %0 2D RCFH OIRREI B 5 & X1, KA
EAF A OB FE ST L, FHENZ IS5
BAEDE L TWD, KHIZEHEEN TN A 4 223K
PETHIURL, KL A F AEARAHOH O T EN A ¢
&, A F RS A 4 DGR FE L UTD LI,
ZOOIKMOMNA F ViR ERAT HE, A+
DOEMEFROFRETOA oI, fEATUIIE)E L TR
W TH LR EINT, fEHRE L TKRMHELE 20RO
MBI (3T) Ok,
KA | WG | AKHI2

INDS, A F VR EBICHWLZENTELEET
5o

17 L RIFEFOHFR

A F ARG TLlE, KFEIO A F VAT U
BIEE, KAEIOA F > DA F ik

Table 1 Liquid junction potentials between dilute solutions and a saturated KCI solution at

25 °C in millivolts.

HNORE DA 70 72 B 7280, KA

Equimolar Na | Potassium . D D ::g;i_;iig SH# o
Molarity |acetate + acetic | hydrogen Sg:t':t": HCI KOH KCI 4\7]_ iljj ?: 7?} H%J éff ‘L
acid phthalate 72D C, A F VHAKIERE L, FEKE
107? 3.20 3.49 &.2%) 2.85 1.92 2.78 HOREIZHE L TWbDH A F ViiikiE
-3 S T A S
10 : 4.15 4.06 4.21 3.97 3.22 3.93 Iz, 7J(’\®(§ﬁ¢ﬁ?x7b‘§i§uM7b‘%§ﬁ
10~ . 4.87 .27 4.77 4.4 .02 - o < e
0 >0 8 > 8 | =0 MMBEOLOIELTVD, A F Vil
107° 5.80 5.78 6.29 5.69 5.75 6.10 RO IRIE AR S LT B DT, S
3 N eSS
107 6.72 6.71 7.23 6.70 6.88 7.07 i ¥
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DIFEGHA T\ KCHEAE TIE, KA 4 VBB~
EIEEKCIOF AT, s OpHEAPZLLTLE ),
Mg e AR HE CIE, KCIOWHIZ X > T 237 B
GRENEALT B, REOMED D LD, A+ VAR
BIZIZZD X ZREIZAE LU Ve A 4 VEARIERE O
R B S DWW T OFEMNG, SN OIEREICRI S 2483
IZFEL G ENTWADTEFL LR SIIAE 72\,
DUFCIE, A4 RIEG oM, pHElE~NDILH %
T %0

Hsc\N/Q\N/CgHﬁ

1-Methyl-3-octylimidazolium (Cgmim*)

‘\/ \/7
S NN

CF3

Bis (trifluoromethanesulfonyl) amide (C,C,N~)

Figure 1 Structure of CgmimC,C;N

Figure 2 Schematic view of the ionic liquid-type reference electrode. 1,
lead wire; 2, cap; 3, plastic tube; 4, 3.3 mol dm™ KCI aqueous
solution; 5, Ag/AgCl electrode; 6, O-ring; 7, gelled ionic liquid; 8,
cylindrical cap
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b L7244 4K, 1-methyl-3-octylimidazolium bis
(trifluoromethanesulfonyl)amide (CqmimC,C;N)
Wb Em OB E JE L7z, Figure 1, 212
CymimC,CNDHFF > &7 =F v OREE & 4 F v ififk
R BCRM O & 2 Z SR T, BAZEIIER, 1) v
PRIGAEIENR, 7 & VERIGARIE, 77— IRIGARAET,
T ERIREEERONELS, ) Y RIE SR RIEE TR O
ONDY) =R, MR LHIE L7, Figure 312,
BIEHRGHTOY T NT ¥ > Y a KCIEL 5 i
w FEMEHIE LA /dﬂiﬂl;tiﬁ-'iffﬁw BAAZTRT
Figure 304 mild, MERGHP O3B HOMETH L, 7
5 IVIRIEIEER 2 R C, %%i‘ﬁﬁ%«ﬁzfm@u@ﬁ i
1 mVEINTH %, 72, [ UFE"@«&LODBIEIO)%ET;%@L{EU
ECOIERMEL, 04 mVTHo7z. 4 4 VAR IEED
BN ZEOEEN, 75 VEEAZER % i CKCHE
LIS TH LI e G0b. 75 IVEREIERER T,
BN DL mVIZEE L T 5, ZOREKIE, 74
WIRYERE R & N T FIVERKFEA T > DSBK
Th b1z, 7HIWVIRIKFEAF DA & A~ O
BEIL, A4 WO P TRELEME Y 7S
2720 Th, TOXINIA & VRN, FERETIC
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m-S /O-v/o- _0
wof
15+
20 L .
22 geegea3e
EEEEESEEESECE
aScseal=semEs ¢
7= B =7 B B I = 7 M B IS
s = £ = S =
g, gy o, Rk

Figure 3 E of IL-type and KCl-type electrodes after 3 min for
measurements of pH standard solutions. open circle, IL-type;
open aquare, KCl-type.
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UL, A F VAR OREN G TH D, ZOB MR, T2REAOHELDS D280, MR
IKVEA F N X DEENL, ERIBRFTTELRWDS, 1 F R OpHAIEICEHTH L s b,
VERERA & v OBUK MR R A2 & T, BUKMEA

FrORBELRATEDY, FRECUE, 4o > TG % VT, A B 7 VT

pHIllSED 720D A # >V 38fE, =016 mol kg™, DA
17 % AFERZERAVE i O HIE % 45 5o TBMOEPC,C,ND A
FHEARDPHRTE U ARHENE & A S B % ALV % I,

SRR OpHA HI%E L 7-4E R4 Table 3127738,
A F VHREBOEEFEL TR0 LDV E D, H

K, RA T =K, ALK 7 & ORA A > 58 R} H: IN H, IN
Thbo A4V HRERE EHE L7 T AR EEHE 1| 3 |
W, Ty R OpH % IEHE I 2D 5\ B RE ] Tl \ﬂ H/ﬂ/ N1 [l
TEBLI LI, ABDp. 2THHALTVWLDT, 25 4
SESILCHEE 2V, 22T, KAREMREAT Vi
fA¥548 tributyl (2-methoxyethyl)phosphonium bis 5 e U -
(pentafluoroethanesulfunyl)a mide(TBMOEPC2C2N)
g, » o sBEAILF )V (Figure 4)T, A F vifitk
WG DIEME S 2R L2 i & #8709 2, Table 214, 6
Figure 4D XLV % FV1"C20-200 umol dm ™ fif;
B OpHz MI7E L7245 K Tdh % Table 2HDpH, 2%
HISEEC, pH ASRHEME T 5o 20-200 pmol dm ™0 7
IR FEHIPHCHIEfE & FHEED#2A30.01 pHPIN TH - 72,
Metcalfid, KCUEAGH 75 A4 & AR % V7250 umol
dm BB DpHOMEE & #H i & D7£4%0.06 pH & 8
BELTeBTe ZOLINT, A4 AKERIL, KCURE  Fiwe 4 ustatonof o sectochorioa ol using 2 LS8 senditied
LD L IEMEIER A F iR 2 METX S, ZOREH hydrogen gas; 2: hydrogen electrode; 3: glass tube for

exhausting hydrogen gas; 4: silicon rubber stopper; 5: U-type
THBERIL AR BRI R 2721 Che CEEI D I 72 B % glass coll. fé 25Noo umol dm™® H,S0s; 7: x umol dm™> H,S0,; 8:
FACETFHEN D,

Table 2 The experimental and calculated pH value of 20-200 umol dm ™~ H,S0,.

’f j- yﬂdﬁﬂ-{iﬁ*ﬁﬁﬁﬁ L ) f: Molarity of | Molarity of p_— MTSSE/H"
EIRLHYERDPHRTE ot | | /amol kg™ | Y| PHer | confidnce | PHrPH
ssunomnspwes s == | loml v [ | ue
Wil B\ CEREATRTH L. KCUR 100 100.30 198.87 0.9804 | 3.710 | 3.713%0.026 0.003
&R 5 2 AT E Wz IAE D X 150 150.45 29712 | 0.9762 | 3.538 | 3.543%0.020 | 0.005
)% A % Vi, 1=0.16 mol kg, @ 200 20059 | 394.67 | 09727 | 3416 | 3.421£0.029 | 0.005
SR AR KB OpHEIEIZB VT,
KCU £ 53 ORI 2000 Sxpornl o s o b s of L9 s valos by s o s
fr71%, 0.03-0.05 pHIZE#E T HiA A% Mean pH,,
M RIS R g, buffer solution | PHyanea | PHiciss coﬁfigifce PHicisaPHuames | PHocPHramea
R OpHBIZE L LT, A & 5 interval
SYEDDH S A T 2 HIE, T=0.16 mol kg 1:3.5 phosphate | 7.297 | 7.267 | 7.282%0.012 —0.030 —0.015
s rroh ot | [Tt sassoas|—ooe |
PRI, SRR - O 1:2 TES 7.535 | 7.503 | 7.484+0.017 —0.032 —0.051
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Table 3OS IRIEMER OMBIL, ROMWY TH Do 1:
35phosphate : KH,PO,(0.005217), Na,HPO,(0.018258),
NaCl(0.1): 1.: 3 Tris : Tris-HC1(0.05), Tris (0.01667),
NaCl(0.11): 1 : 2 HEPES : HEPES (0.02), NaHEPES
(0.04), NaCl1(012);1: 2 TES : TES(0.02), NaTES(0.04),
NaCl(0.12). ¥EMN 0%, EEEVIEE mol kg '
£, EBFFEO ML, FHOMLRLESRIES
7208 Table 3DpHy s, PHicss, pHeld, 1121
Harnedt )V, KCUERE, 1+ VA EEGZ W TESN
7-pHfl T %, Harnedt)ViZ, HEtGD 2 WEL LY
L THY, Harned V% FHWTHE SN2 pHIEAS K B 7E
MEEFTFHEWEE LT, S TIREMICKRDTWEE Z
2 %o Table 3% "4 &, 1:35 phosphatek1: 3 TrisT
&, A7 R SKCIEARG L ) D Harned 2 )LV TE S
N7l UL, 1:2 HEPES, 1:2 TESTIZ, A
F BAREAE O A, KCIHAE £ Y Harned 2 )L O fiEiA 5
R LT, 2ihud, HEPES R TES 434 4 » A
BB 7208 EZOND, TNODEEE T 5
\ZUE, A AR A A > OB IR VR %
WD B B o

BHVIC

pHEHINZBWT, KCHEMETIZ) FCMETE R o7
AR, A F VEAREE R VA & T, ERMICHTE
TELIBETHET L 22 o720 72, AR TR b
I T2hs, AT VAR Ve Ag| AgCIEMIZEE T —
422 L THEEBO/NIULLTRETH b0 A 4 1
homE L, BRO/NLEHEAEL, 14 A RIE
MOINY) L= 3 V2R 2 LT, AEHIOZH:24
== RZBBZ TEIUIFENTH 5,

HHEF

RHFFENL, FHAATIRELEERE (JST) S0 a1 AT AT - 1647
W7 7027 A D—ERE L THEAFEHEL TP E L
7o RIHFEICER L, #IGARG) T 5% THE 21 ) £ L 72, 5O
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Atomic Resolution Holography with SEM: Internal-Detector Electron Holography

WXERFEFHR0O% Z 7 1« — (Internal-Detector Electron Holography) & i,
EBWEFIAMEE (SEM) 2 BV EFRBEEEAROD YT T 7 1 — Tdh B, AT
EFRWBZET, ERELANITRBICEERFREIOBEEREMN /Rl HE
ICH %, AIB T, EXIEREFAOT Z 7 1« —DERIEEATERX B OBITERER
(INILTEF  SITiOs, SEREFF | PYIC DWW B,

kiR SER

Akio UESAKA
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Kouichi HAYASHI

BT g2

Tomohiro MATSUSHITA

WA ER

Shigetoshi ARAI

Internal-Detector Electron Holography, which is one of the Atomic Resolution
Holography, can be proved with Scanning Electron Microscope. With Internal-
Detector Electron Holography, we can analyze the local structure around the
specific atoms in the laboratory. In this paper, | explain the theory of Internal-
Detector Electron Holography and the measurement results of a bulk sample
(SrTiOg;) and a thin film sample (P1).

LIS

BEFEOFEII BT, BT HEMEE T V7250 3028
DFMi T %o Bl 2L, EARIE B (SEM) T,
AEHCE RIS L, SO ET L2 KET, b
LIS ETZET 52 8T, ZOREIFI O
NHIRETH b, 72, 2O, HET, ZIKET
DA, BEXES Y — RV R v bV ADSET S
(Figure 1), B 21E, FEXMANET 52 LT, #ED
B EWSMITZ b £72, HY—FVIA vty
AT H I LT, oK R A OBl %
PUFETH L. EHOLPFERLHXHE s 7
74 =3 R SIS AR AT A2

Electron

Characteristic
X-Ray

Secondary
Electron

Backscattered

Electron Cathode

Luminescence

| | Sample

Figure 1 Sample Surface irradiated by Electron
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THeE 2 %0 AR TIE, HXHLE R T 714 —DJH
MBI ATV, KFEORRMEZ R SRER ROV
7KL SrTiO,, #EEHUEL | PO EITI o

ﬁIE [3-5]

JETFRREAR T 7T 7 4 =21, /=< IVEE A 2 N—A
LoD DY), £ LOFED BIETELOF 1K
FIEREFE o 72k 0 77 L& fl5E TE %, Figure 2(a)l2
Y —IVETIE, BN E TR AL, B
HYJEF- 720 S ke S 7z FR (S i) % HIE 3 % o ke
%, B mo—EE, U OlEF- CHPERELL, ¥
RIS 5o BELL 2o 72003 L 20, )
T LIRREEL 22D, CoF FRB oM S
N5o ZOTHIRREIZBIE N OB MBS & LTER

(a)
hologram W

wave

incident
wave object
wave
(b) incident wave
reference
wave
excited
wave

object wave

@ : target atom
O : scattered atom

Figure 2 Principle of the Atomic Resolution Holography.
(a@)Normal Method(b)Inverse Method.

Bz, SNERETAILICE) ROy T AN ELN
Bo /—RNVFEDOHIE LT, KEFFOTTT4—%, il
KX AT 7T T 4 —hd %o —7, Figure 2(0)I1IZ7RT
AV N= 2T, NI BIEZ o 7o R (A
W) &AL, HRE T2 BN S 72X e & llE 3
Bo NoFU A s RHC RS 3 5 &, RN T AB 0 —36
VHETZ Ko THEIGEL S U RDE & 70 2 FEBLELIE (B
HE) & W s B R TP T3 %0 RGO A
B ABTAEEEZ BT, TOTHEEIIEH
WL %o ORGSR, BRYFE T THbE SN AN D
SREEETINA U B 720, RO 7T ADBESND, [ 23—
ZHEOBIE LTIE, A 2 N— AHEX AT 75 7 1 —%,
WXHNETHRAT T T4 —=D3B 5o

"BoN/ku s 7 ah0, SDEFEOHEEITHIZIE,
HekZ R L7261 7 — ) 28I X o TRTE T
ERTEBLM, LA Lads, BTREFMLASAE
ZEBELMA Y 7 P OREN DY), 7—1) TR TIE
T §EEsnzW, 22T SRR EEEEL
72 LWETE S LT, #i/z1ZScattering Pattern
Extraction Algorithm using the Maximum-Entropy
Method (SPEA-MEM) 408 L 72", Ziuig, FH6EL72
ROT T AEERTHERONIATTTRETTIA T AV
TERATH ZEITED, FEZEM RICEFEE RO D TFET
HDo TIUTKY, EREELOBHIE R 2 LS TS
NR/R i R o

AERHEDI2L—23>

WXENETRAT T T4 —Oh, A 23— A% F]
ML, S L72E RIS L0 3R & 5843 2 R X
HET S AGHETO—EBIL, BEPEELL, FEFELD
BTETHTLIET, AOTTLEERT L7200
X GT %o — T, AFTEFO—FILIEHPEFEL
T %o FEHIEFGELE T3k L 720 EX AR e 7 T A
DN TTY Y RIEEE kA, 22T, BTHOIRI
F— IR T DEEXROFEMER L R0 7T AOIRIED
5, kur I AOMERZRZ TS (E) ZEFzR L7,
EVFAMAYIAL—YarEHWCA(E)DFEERIT
AZEIZEY, MXMNET AT T T T 4 —DRIEIZBLY
BEGE R BT ROTINF—2EE L7,

Readout No.40 March 2013

65



S clected Article SEMZRHWERFOMEEEFROT S 74—  BXBAEFFAOT 7 14—

— e

02 1 SITIO/ NIV ST BV IaL—Ya>
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Energy (keV)

Figure 412, P4 ikt & L, Pt-MEAHIE L7355
Df(E) &~ o BRI ON &, 643 2 Rk XH i

Figure 3 f(E)of Ti-Ka for the electron energies.™
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Figure 4 f(E)of Pt-Ma for the electron energies.™
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Figure 5 The adequate thickness for various energies and IMFP.
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Figure 6 Measurement setup.
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Figure 7 (a)Measured Hologram(AccV=6.00 kV).(b)Simulated Hologram(6.00 keV, 25 A).%* %
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Figure 8 Reconstructed atomic image with measured holograms.[
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Figure 10 Reconstructed atomic image with measured holograms.

60° 30° 0° 30° 60°

TR T, HEOEFIZ0OFE %22
ZIURLTBY, ZET2HEM EICEEHICHESINT
Vo TIOJETFHESHO0LD SRKE20D, FELIHEEEAK
<R, TURFOF 0 L) b misE THA SN T
Who T2, B WE THA SN TWATIEF-%Sr
JRF-&aE, OFTFIIEIZIR DS > T\ b, 2L, OJET-
OED S EZFEDLCDDTH L, 2O L), BITED
WO S XBEETELZ DD, WXHIEE TS
T 74 =%, ButRICHIFFIHEE LM ETFETHL L
W2 5o

PHEROBIERR
WIS, PUBREZ Uk L L TR 7 9 AISE R 17 o 720 T

FCIMAZZE, BEOY &, BT ALF—IZBNT
b, f(E)DEFHILL DT, LKW

Electron Standing HIACTOLEIL AN F—FOT 7 LM

Ling ENREE 72 5, Figure 9(a)lZAccV
=4.00 kKVTHIEEN/2R 07T L%,
Figure 9(b)i1ZAccV=10.00 kVCHlE
SNTRU T T L% T, MFigurelld
W, BXHLE AT ST 714 —0
" % (Electron Standing Wave Line,

Forward Focusing Peak) hEREE &

TWh, F72, v3Ial—TarsHERT
HIRE SN2 L), MAEEEDEG 2o ThH, ku s 7
LDAY N T AINDBLILL T R\WZ EDYh D5, Figure
1012, AccV=4.00~10.00 kVTHIE L 72HRB 7T L7505
A S 725 % RS o PSSR 8 | i RH L T
HEENTWALZ EDbA D,

BHUIC
ARTIE, SEMA FIV 228 LV RFTHLE AT Al T

LM XHNEFRAT T T 4 =D EITV, SrTiOp N
V7 PO R ERE RO % LTz RFFEIL, HE

Readout No.40 March 2013

67



S elected Article
— R

SEMZ AWEEREFHMEREROT 7 4 —  EXBAEFAOT 71—

Z3DIEFRIC L B AT Plr 2 4R it T& 572
D, FLWSEMEBEA & L TORRIEIHETDH 5,
AR, SRR HIRSE OIS HEE OWE 2170,
2 B PR 2 HER L 72\

HHEF
AT, BTG NI I F— - SRR AR5

H#E(NEDO)D-F 204 &K 55 F € B F I8 B 76 3
HKDO—REL TP,

68 | Readout No.40 March 2013

[1]
[2]
[31]
[4]

[5]
[6]

[71]

[81]

[91]

[10]

1]

2]

[13]

[14]

[15]

S.Y. Tong, and H. Huang, Surf. Rev. Lett., 5, 971(1998).

J. C. H. Spence, and C. Koch, Phys. Rev. Lett., 86, 5510(2001).

K. Hayashi, T. Matsushita, and E. Matsubara, /. Phys. Soc.
Jpn., 75, 053601(2006).

A. Uesaka, K. Hayashi, T. Matsushita, and S Arai, Phys. Rev.
Lett., 107, 045502(2011).

IRRE, AR, AT, BT EAR, B, 46, 4, 270(2011).
K. Hayashi, Advances in Imaging and Electron Physics 140, 119
(2006).

A. Szoke, in Short Wavelength Coherent Radiation: Generation
and Applications, ed. D. T. Attwood and J. Bokor (AIP, New
York, 1986) AIP Conf. Proc. No. 147, p. 361.

J. J. Barton, Phys. Rev. Lett., 61, 1356(1988).

M. Tegze and G. Faigel, Nature, 380, 49(1996).

T. Gog, P. M. Len, G. Materlik, D. Bahr, C. S. Fadley and C.
Sanchez-Hanke, Phys. Rev. Lett., 76, 3132(1996).

J. J. Barton, Phys. Rev. Lett., 67, 3106(1991).

P. M. Len, J. D. Denlinger, E. Rotenberg" and S. D. Kevan, B. P.
Tonner, Y. Chen and M. A. Van Hove, and C. S. Fadley, Phys.
Rev. B, 59, 5857(1999).

T. Matsushita, F. Z. Guo, M. Suzuki, F. Matsui, H. Daimon, and K.
Hayashi, Phys. Rev. B, 78, 144111(2008)

A. Uesaka, K. Hayashi, T. Matsushita, and S Arai, e-J. Surf.
Sci. Nanotech.(to be pubished).

T. Matsushita, F. Matsui, H. Daimon, and K. Hayashi, /.
Electron Spectrosc. Relat. Phenom., 178-179, 195(2010).

3R B8

Akio UESAKA

RS Y8 55 3 B

BRI 77— a visstky v —
B - R B SE

" 97—

Kouichi HAYASHI

HALRE: SR SE T
it (1)

BT €%

Tomohiro MATSUSHITA

82 W R iR B R E ge 2 v o —
it (BEEE)

H BR

Shigetoshi ARAI

RS 8 55 AR

BRI TSy arstry—
[ SN R



S;lected Article

— i i

L —H | EliEIc L S
W EETAIOERRER LICEAY 2R

Study of the Improvement of Calculation Method for Particle Size Distribution
Using a Laser Diffraction Method.

AFEIE, PR L — YA BELEIC & AR FREHAID B E S AR L (RS
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Tatsuo IGUSHI

The paper is a summary of thesis titled “Study of the Improvement of Calculation
Method for Particle Size Distribution Using a Laser Diffraction Method”. A
motivation of the study is to investigate the influence of optical model and
inversion problem on results of the particle size distribution by the laser
diffraction method. The final goal of the study is to improve accuracy of particle
size distribution by laser diffraction method. the effect on the kinds of inversion
algorithm and these parameters, the number of detectors with same optical
models, and theoretical calculation of fundamental uncertainty region based on
the maximum and/or the minimum size in the preparation of standard reference
particles ware researched in the study, respectively. As the results, the research
is extremely useful for improving the accuracy of merriment with new design of
optics and inversion algorithm for the laser diffraction method.
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Figure 1

(a)Schematic block diagram of instrument for the laser diffraction method.

(b)Schematics of a Fourier optics used in laser diffraction method and array detector.
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Figure 2 Schematic of the computer simulation process.
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Figure 3 Comparison of simulated inversed particle size distributions.(a)Expected particle size dispersion,(b)results of the conventional method, and(c)

results of the iteration method.
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HORIBA ONE PLATFORM

Integrated Emission Measurement Instrument Platform
HORIBA ONE PLATFORM
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Katsumi URATANI

HORIBA ONE PLATFORM is the integrated measurement instrument platform
for exhaust gas measurement system, which includes exhaust gas analyzer,
constant volume sampler and other instruments. This has been released in May
2012 at the same time with MEXA-ONE. MEXA-ONE is the successor of MEXA-
7000 which has been recorded more than 5000 sales in the world. MEXA-ONE
is one of the instrument application created on the HORIBA ONE PLATFORM.
MEXA-ONE application was developed using the concept of HORIBA ONE
PLATFORM and takes advantage of its functionalities and features. This
integrated measurement instrument controller provides full support for daily
operation such as auto start-up sequence, etc. And furthermore, HORIBA
ONE PLATFORM can provide higher test cell efficiency and availability by
integrating preventive maintenance functions and self-diagnostic function such
as monitoring core parameter of analytical devices, etc.
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System Control
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Figure 6 Status View for System Device(s)

Maintenance - Quality Check
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oHa
B
L

i
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Figure 7 Self Notification-Periodic inspections/adjustments
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Maintenance - Hour Meter

MEXA-ONE-D1-FT-OV-EGR

Line Hour Meter

T

Line o | Name | Life Time | Working Time | Status ‘
Tailpipe 1 Sample Meas oh oh -
EGR 2 CALMeas oh oh Detal O
-
~ C Hour Meter
Component ch | Name | Life Time | Working Time | Status ‘
02 - 1 Elapsed Time 70 h 59h Remain 10 Hou Detail O ;
THC 2 Standby Time 20 h 1h  Remain 18 Hours
CcH4 3
o 4 8

Figure 8 Self Notification-Replacement of consumable parts

Flow Rate Menitor - MEXA-ONE-D1 L&
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Status

7| cotd FiowRate | Hot Flow Rate | pate
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Figure 9 Precaution-Flow rate Monitoring

Analyzer Sensitivity History - MEXA-ONE-

x
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L
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Zero 1000ppmC  —-ppmC  1670341E+03  5.388442E-01 3155 — 2012046112558 [

[ I [ | ciear | [Expot & [ Close

Figure 10 Self Precaution-Analyzer Sensitivity Monitoring
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Trouble Shooting
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Figure 11 Extension for Trouble Shooting
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Figure 12 HORIBA ONE PLATFORM Architecture Overview
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Development of Transient EGR Ratio Analyzer Utilizing Heated NDIR

TA—ENIL T USSR - SRAME WD 4FMEICINA TRE O E FHEEE
HIEWZ ELS, WIKRIERBEP I XX —HBEDOWNRE L TERTH S, L
»LU, AV I L EBL T, M RYME T HBPMPNOXDERH
RETH D, NOXDEFEFLME LT, MIEEHLSOREERF LA SEGR
(IR BRER) TPy H 2, MEDI LI L OEREHIEICHE > T, EGRED
HIEHEHEL TE TV B, ZNICHE, EGREREHAEEICIZI T UL BiE
EEIREDIFEICHMIS TE R MNP DEEINh TV, D%, BFILE,
F1KPEBHATHRBELGHUTETEIMRENDLEE LD, 22 TRIEESE
REERFICEGREDEHAI T E 2 RBEORE LTV EREB L OEERERZ1T-
7-4ER, EGRREICERL, " OSRETAET 2N TE LD THRET 2,

=M B

Tomoshi YOSHIMURA

Most of the recent clean diesel engines are generally equipped with exhaust
gas recirculation (EGR) technology in order to meet the strict criteria of NOx
emission regulations. In the field of emission control, accurate and fast transient
EGR ratio operation is becoming very critical. In this study, a transient EGR
analyzer has been developed and evaluated to confirm the advantage of the
transient EGR analyzer by comparing it to a conventional exhaust gas analyzer
system. A faster response has been observed from the transient EGR analyzer
without significant transient error during transient test cycles. Furthermore,
there was a high correlation between the EGR valve behavior and the EGR ratio
measured by the transient EGR analyzer. These results show the advantages of
the transient EGR analyzer when measuring the EGR ratio during the transient
cycle.
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Figure 1 Transient EGR Analyzer

EGREDEHERN

EGR=L, WA M & 2x 3 AEGRILHE D A Afit# D
HTEHREINS, EGREIL, =0 Y O M & HEE M
D AL, ZNZFNDCOMEERIEME» S LT O
KAV TEHTLZENTE S,

[co,,, -[co],,

int XL cevvevveeneenneencnns (1)
[COZJ exh - [COZ:| amb

ZZT,
EGR : EGRZ (%)

[CO.L,, = WEMDCOMERE (vol%)
[CO.),.,  BERMIDCOEEE (vol%)

[COg]amb . j(/)%‘hEP@COQ{}%E{ (VOI%)

CO& ML —T & L CHIM$ ZEGREFHMEIL, T

HBHOITMZ, FHUEATAHEL L T B 72 FFEEDS
e Mrmmop====o- 2]
1 1
! 1y 1
1 1
! 191 C 1 CO] i
1 ]
] THC r LQ; ] |
1 1 1
1 Exhaust and Pre-Catalyst NOx 1 1
1 Measurement Line 2% : : :
1
1 1 1
| Test | = 6m = 1y 15mog o 1
| eneine OVN7Z3A I 2 !
| - i |
h Intake Measurement 11 20 m |penomidifier] !
IS e | L _ _1%inch Rack _|
\ J AN J
Y ¥

Inside of EngineTest Cell Qutside of Engine Test Cell

Figure 2 Schematic diagram and general installation of conventional
system
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Figure 3 Schematic diagram of new EGR analyzer
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Figure 4 Analyzer response comparison

30
25
* 20
2
G 15 e
>
&
g 10 e -
54
0
2170 2200 2230 2260 2290 2320
Time (s)
(a) EGR valve operation
120000
Exhaust CO,
100000 —
- J -
§ 80000 ,_f Lq
= |-
é 60000 == Conventional System ||
P = New EGR Analyzer
©
O 4
S 0000 Time delay of the conventional EGR| Analyzer
(@) T N
2000{ & =t S
. N/ Intake CO,
2170 2200 2230 2260 2290 2320
Time (s)

(b) CO; concentration (intake and exhaust line)

30

25

7\

A

20

151

EGR Ratio (%)

o
.

\J g
[“"';\ / ‘

AV

Transient Errors \\

5 ‘ ‘ = Conventional System l

J

= New EGR Analyzer \L

0
2170

2200

2230 2260 2290 2320
Time (s)
(c) EGR ratio

Figure 5 Comparison under step change of EGR valve
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Table 1 Response time of each line

Analyzer New EGR Analyzer Conventional System
Line Intake Exhaust Intake Exhaust
To-Tro 3.4 3.4 11.1 12.5
T10-Tao 2.0 2.0 2.1 2.4
To-Too 54 5.4 13.2 14.9
To-Too 8.4 7.8 24.0 25.6

Unit : seconds
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Figure 6 Engine speed of ETC test
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Personal standards on road safety vary among individuals. Previously there
were no definite road safety standards; as a result, many evaluations have been
done on the basis of personal senses or common belief. As a solution to these

problems, Drive Recorder™' have been developed to obtain quantitative records

of driving, and systems for data evaluation have accordingly been pursued. In

this report we introduce the most recent models of these devices and systems.

*1: Drive Recorder: An Drive Recorder is a device to record driving data and picture

images on a memory card or other storage media when triggered by an impact shock

or sudden braking caused by an accident or a near-miss incident. The driving data

contains records on acceleration, braking ,speed, turn signals and GPS while the

picture images shows the moments before, during and after the shock.

ELOIC

HARD20124F DO ZE M FHIEE 134411 T, BI4EH201A
IR, 4.4%I8E 720, 1245850 T L7z IT4E, 2244
Fearom_ e EaREOFTEE R LI L D, REFHL
BRI ENNCH 5, L L, TS o@Eads:
MY AT DL DL TADKE, EIFERFTCTIE, 2008
FEPOER L E~ AT AL MIESAIRENTEY,
ISO9000 ) — A% ZE L L, EiHEED, FE by
TOBIET—HE% T, VbW APDCAY A 7V
D% z Jiw ) AN CRaEFHAR 2 BEL, 20
MR BGHL A E AT > C & 720 T Tl EE IR S
F, MRS L CRmERIC L A GE RS TR
S, 2E SR EECHBES T MO RE AT A b
VAT LOFERFIHF E O 2 FEEEHEIS039001752012
FERIDISOfL S, HEREHIEL T2,

86 | Readout No.40 March 2013

B E RN LT, i OFRED L L7
LIFFVYIN L, HICHEEOHBIERLC RSN &
NEFERES TR L T B 72075 4 R— h TOIEiE
20 BRI B A LI T E RV, 22T
BHLEZONDLON, Bl EL b, LTHT,
HEIRE OERE LTI 2 BA B934 e idin Kl
LT3 [EE2TBY, EBEOTEIEOMIZAL 2 5
eI oT WD, L7zh o T, — iR 2 4B
BrEhiL Th, EEOHRITIILEALHIFTE LN, &
NETOL) BHEFTIT RS, IVERISEVWEADE
HEH) L) RBOBENLEL > TL b, BELKE
BH MG R 4 7L a— S EHTFIEE] 2 L
T, WHGEEFRI RS A4 T L a— ¥ —DE AN T —F D
PWE, #BIZEDLPDCADH A 7 )V & Al L T4
5 ERHERL T D,




HORIBA Technical Reports

ARaCld, IO ORE LIRS 2 FHEE L CTHIOE
FTIRAE GREE IR, (LB &) &I G EER %
TOLEIIE D TRUEREAT ) MERCREI N 4 7L a—
5 —OFHL2EIE, £ TN T—5 %2 T PR
CHLIH | B SRR T 4 — RNy 2 ()5
A7 L (HSSE)IZOWT DR %17 o

TYRAERSATLO—5—

WFETIE, 19834E12 N T v 7 OEATEHBEED TV 7V
{LEHEHE L, SEATEPLS 2T 2O Z BIIE L TLSE,
19994E1213 7Y & Vs GEATRLERRT GBI - 7V 5 3D
AR AL 720 20054E1218, MGELE D RI4 7L
-5 RS, Kl e, BT AEEICERL T
720 20124EKICIE, TNFETH > CEHMr 0B
EDBNVZLHRTAT L a—F—IEEENE DT Y ¥ IDRT-
7000& —#GH D K5 A4 7L a—4%—DR-2000% HH %
LT~ 2 i L T\ 5,

DRT-7000(Figure )iZ7Y ¥ 2 K54 7L a—¥—d
NAT)y RE AT THlEEEZNELTBY, E1728
TS HERE LT —7 % HBINIC
Tyt —~EEL, T A
TIVATLERSTWD, ZHIZED
REEI NI T — 8 R e SR
THI LR HEVLHE)SITREE 70 b0 T
72, BB 0T Yy an®igE
b2IF Ty, BEE 7L, @TDI-34
Lo TV D, BRHEFIIBWTIE
SEATEBO720DT Y & aHWUIEORE
WCHLY, BaBEiBEOE L2 D
RF4 7L 3= —EREE RO KRR
&, IEEICER Y -V B,

DR-2000(Figure 2)12, 2% H O —iiH
ERRICLEBGR O R T4 7L
T—5—=Tdh b, B ~DKFHDEA
ZRUE L 72 L o TR B D08
FELCTH D ETHORIT R, E
FE, fr, - g h— - TL—F
DIRFEZSD S — FIZRLERL, T DT —
Fh—N—=|ZT v T U= T 5, TV
TU— FEN/T7— 7 3R T
VAT AHSSETIREFESRICHAIL, &4

Figure 2 DR-2000

Figure 1 DRT-7000

IR E B2 AT ) AR D ER AL L 728 &
LT MLULWIREI DI EET 2RE, T THHI L L,
FIICEH SN LBETORMiZ HMHL 720 2628
(&, TR E R & MR 2 RS T 5 FD
HWEZDTIRE 7 HANE Ax 70 & 2 IEREIZRLER S 5 b
DTHbo

TV TVl ¥ars T GEITEHED O— M CHm O
TEATIS A0 B8 - W& F IS 2B — 71— RICEREk§ 53¢
BCH D, EHENHBEHOPCTAE) =N —FERFHTHZ L
(2 &0 g U R ARFRIE I 2 5 IR C &, Sl I o%e 4
BHIZHWAZ LN TED 1962125 37T 7HENFHTE
N REMIIIE AL, BETIIEYNA - BN A - bFy
7, MERSN L EBI R AEBEES N LDy - FL—
F—% ENISERTTONA Y — - & 7 ¥ — MFSENEBE AR
Lo Tnh,

B RIATL A== PR =T IARLILY AT L —FEDH
BEZTDE, TORHBOWRE LB, INHE, 7TL—F, v 1
H—EEDEATT =5 % AE) =/ — FEIRE T AEBEOZETH

Z

Readout No.40 March 2013

87



roduct Introduction
P A

$FIKS47La—4—> X5 L (DRT-7000 DR-2000 HssE)

JIb)I7

WHROT—F I 27 2, FHFOaryEa—F—
TS ERP AR, AY Y RTO S TT—F LA LT
V2o TAUSKR LITED T — 5 S S 2 5 2 (Figure 3)
&, 779 RV AT AERAL T — A7) b O~k
BEEHboTnbh, BRI BW IR AETEE Y X T
A[HSSE ISz 8§ 5,

AF =3y heR=AL L7z FavEa—T1~
T2 oT, TR REERL ) LT 22— =D HET
REH DL, RIEROFES RS (PCRET B R % &
DIITAT Y NTNAR, FDOLETEHL T T — L~
F—3y MEGBRERE)DIRE R T2 TIUZXY, 21—
Wl o TaHE RS> TV T =7 EHR DT
BREih, 77 r—=arory s

— FOLEL L, BT Lwar s
Y ORMEZITEIENREL o
TWb, F72, TR RIZA V7 — %
MEHTORMEE R D720, LT LOR
HOFEBT CHERR T BB ZT R A~ -
7 —% v MIEGR TR IKEETHIUL
WENOITTOMERRA T RRE 2,
YTR Y RRBRERRETE S, 207
O, VWOTHEZTHPDCAJDY A
WERRITZEDTREL 7o T b, FillL
vy NS, VAT O

OF -8R

- BT
- PLE R

- ERREITIEH

=
7

TR S R PE L, F - e Ny ORI E
A RRET 5o DO (FEHE) B RS Cld, Fil - vy /vy b
T =5, BEROGH 21T, #E - e Eiis %,
CHECK (Bt BeE <, FHig - e v U vy MO
A7 BRI 5 FEREOIEIBE 1T . ACTION (203%)
BRECuL, R - e, B0 - R ERSGEERTT) .

*4 1 HssE : A ETE IS $ > A5 A[HssEJ(HORIBA Saa$S for
Safety and Eco)l, S RIEFIOT Y ¥ aB LRI/ 7L a—
F—D1OIZFEENTz, A VT —F oy Mo A E T Y
AT HTY, BATT =534y bT—27 Lot —| M%f‘]éﬂfdﬁ.
ﬁ’ﬁ)’rén, T8y Y= DY =N ET—TE L, F— N T

JEA Y F =Ry MIERTEZ /Iy THIULE 5T
T 7R A REZ DT, L—H 1, (R S RS E R By

A 170 BT B R A LR D72 OISR, A 2 5 —
o b L CHEIITZ o

(RHH) OEERE BETOTIL)
, - REFEHEY

VA=t | . romsgE [ !

- EERHES

(BEE)

B

HD:]
%u D a
@F — 23k

- — F— 59 - 7SR
ﬁ?%%?ﬂitﬂb TELTFRWI A3 AF4TH—F .
LENEEHT 27T, LAl Figure 3 SEENDT—SAMES 25 L

{»E{ 2D HZENTED, B DRI
L C, eI s sl L i i
WEETH L, E72, WHBMD D20 u.bm
EZAHATHEBOMREMI Z TEIUL, 72 ( EETEORBOREL % ﬂnwzfmmm_ )
EAIAHLTHEAT 5 EATThEL ol T i
55 é &

!ﬁiﬂi‘ HSSE -
Al Action! o Check!

XTI f CEEEE—
HssE**(Figure 4)Tlx, ISO39001i2 (__wammowm e F=sonk Ak
HEPLL 22 EASTTRE T T RED &) 12 - R il
PDCAZIIF 2 12k, HAF ek S . i l —
WSS %2 L AR L o Tl e e o EH
PLAN (FIH)) BB Clx, #HoFig - A e
eX YNy SO R EERR L, &FE1
Figure 4 HSSE

8 | Reacloul No.40 March 2013



HORIBA Technical Reports

SHRDORE

Ay =%y "NERATAILICLY, R T7—4%
BT DI EDREE I o720 TNHD A ¥ 7 — 4y M
Roarrrrodh) e L TROLNLDIL, HILL &
NHEVIEEDREHEREDT =5 i+ 2% 5
T2IETHb, LL, BIRFmTIEELHEHLEN TV
BOODBIRTH B0 TNHOT =8 O T
L, HEOWTIIHSITH LTIV AL T — KNy s
BT END IINED T LLELNSH L,

BHIJIZ

BEAEDREZEIIBWTHEMIFEHINTEY, Thb
DR L L4 - BT ABRBCHNT 5 2 L TR3E
REANDT T2 T4 ¥ TN T2 & o n e
ZFT

[1] EZGEEABHEGERMYEEEE N7 4 7L a— S G HTIRE]
(2009)

hE EBF

Masatomo ISHIKURA
RS Y 55 3 ERT
BAZEAEE FEtt s v —
HE)#E T L~ T 1 7 AikahEh
YT v —

g =

Yasuyuki SADO
PRASAL 9 355 BT
PHEEAHE Rt s —
HBIE T L~ 7 1 7 AGEHB
YA v —

Bx RS

Akihiro HASHIMOTO
RS SR ET
gA ety s —
I L~ 7 1 2 AR

Readoul No.40 March 2013

89



Column

a3 A

YEI5 B ERT DERREAT 1
pHE!, 174 CEtOBREIBE LTDH S BB, &1 4 EiE

BiE &
Takashi AOMI

90 | Recclout No.40 March 2013

(LU ®HIC

pHEIBIX O ZOMHEEE L COH T AEM, O NENDISHIRELZAF
VEIBIOEHEDA & L BRUL, BIEOAILSREMRE L TRCEGTH Y,
Ll BIRKE S ERR DB DN 7 K=V bl o T b FDREL 2%
i, FEHEFOG, B0 - IERKOEZ B LS HRORGERICO
W, B C DG EOHEMED T ADSE LR LI ERFST, Aaxitl
72

R i £

COFIICFELWEMTE DO T 21X Ei#E o T A EBbN LA, TF
DB 3 7 B E ORIV TIHRRD,

204 #EE - Cremer ™, Haber 522 L) H'5 APEDOKFEA 4 v oI
IR IR FEA 0 STz MRHIIEIERERE - 1 0 ¥ — & v AL HbkRE 2
Lanw7 )y VHROFEEEOMEETTHY), ZOPIRIEmDTT ) 7r—
FCdh otk Bb b, 19304/, BEEKES ) 7 4 V=7 TE-KOB)
HIZFTH -7 BeckmanlZ L V), HZERIET XOARES, F M) 2 R4
Z(Si0,+Na,O+-+) & 727 5 2B S s a /4 72pHaH (4
FRIIREERT LI TV TH %0) DMESNT20 ZORMHRIIBIIEDOpHET
DEHEOTHEELNDLZE DD S,

KR (DUT, K, #2503 ) UM EEIM 8 12 % o720k
2 & 2 %47 B CORMBR & KB S ST 72 0ck o458, s
WOFADD Y, ZOHFIIEF M) T LRT T ALY BB T V1) 3™
DA T LAZH T A(SIO,+ L0+ )BT 2GRS T o7, TR
THREAE R 22, FHRFE TSRS LA RERE R=(Fh5 >
)R FHY P A(=Y MEY)EMICEL ) F I ART T ALK
T 5N WIFEDN R0 STz AAHIE 212 Ut O LR g - SR HE SIS
LY SNSRI BT, RO VWERETh SRR
YT UHICTIESN D ERE OpHFEEH & LT, HEHEIEXOARMEK L/
FEHUAR R EEDOWIZEI X BIRE N T A% 25 AR, HIKEROM A
(2 X ZpHEIDSIE S 7z, IBESE S RIROH L EHTBY, BNk




— R L CISEEES LS (B1) OpHET &Il ST B, #kEE, 247
VT AR O T, YA IRDENS A — T OFIN LD, FEIAH) (KU,
RS OB L WIEREIO LA - - EEpHENIEIR 2 S Cw o7z, Bz
M E I AIZEIUE, Bl A SO I3 5SROI M B2
CFT T —ADLIELIEH -7 DFETH D,

19504E A XTI (FE) HARGHA =& 12 pHIFZE R & ISk iE S, Ka7,
INSERFFERT, %6 A — 7170 DS Fe e A S 720, [FEE 4TI IS
T2bbBUTO pHIllE HEGIIIS  728802)" 3 L UM pHilllE I T A B
(BIJIS  78805)" mig%d 2z szl

TV A I BV CpHA T ABAT IV ) EJEA v (Na )18 L, pHiflsE
DiEAEE R DBIR

LIF, FIZHHTOFIHZ LIRS 2BEHIFLITIEDOALTHY, A
HAEDHNEROME S LURES PO OEMIC L2 HAZ EA TV,

19604EMC L, AR OF — IV T > T AZEB RS, BEEOET IV
(H-5 : @23 L V&SRO D-5) 1 ZBTE T O IRBYIREE TUH D5~ & —
IEREN TS, B/RENTWAET INTEERAED 2B Tw5
75, pHRHNIFBR B R L NCHA D A Y T F Y AR RITIUEZ D L) IR
BOFEGPRTELDTH L. bHAHAT T ABEMR(ZDETIVTIIN T AE
e A — L L A BRI TR &YW TH Y, o5
HEROUERILEH] & LT EDETF N ORMEAFE - RGeS EHIE LCT4EE
LTWAB A=\,

19604 IR AT UL DA T ABMEDOLAAY, Lo dE ST
AR S 720 MR H - ESC R, 2 2oHEII DY S LR E
mOIRHNTH Y, FREZ Y SRR O I7IEIRIE TIE o7
ERDNL o PEINOAHENZLTH, B (URHIEERD) FHTH o 72 L
WTW %, FEFIFAMERICZ OB NI 2 2= 0ER (HAF)IZH
ML, 7T AEMEI T HIEL L FF R T b,

1970 ARUIIBRIETH A DL RE D> 5, N E TH T ATEMOMNERR S L O
BE L CEICHWONTWHZ ) EM(Hg - He,Cly) 3R LilEm (Ag -
AgCDICEHR 2, KB LUK EW 2 pHAT D OHER T 5 Z L3 HED S
N7z FHIIE—1y NN TOBEMDIES D ENA 7 CEFEMEICEN I ER
Gt e 28U EOFEBR Y L7z,

LA TV153.33 mol/BREALA ) 7 4 (KCDEEH T O Z DOIEALERE
R OIEHE K F B (SHE : Standard Hydrogen ElectrodeZ721ZNHE :

HORIBA Technical Reports

1 PEpHEt(ETETIV)

X2 HEpHET

No.40 March 2013

91



VRIS BMERT DERRT 1

olumn
as A

X3 F-208pHETH(I—KRLZXEFIL)

7 | Reccloul No.40 March 2013

Normal Hydrogen Electrode) |Z#F 9 2 EALITKI TR SN,
E=206-0.7(t-25) mV vs. SHE t=0~60 T
A3%133.33 mol/l KCIHTOH 2 ) BAEDEM P L AL HEI L Y ES 72

i — VAR O1L0AR DB LR EROER O TFIEN A5 B S 7z,

19704722 E 2 51980 AU I I ATRT &M D TV I MBI~ 7 ua
V¥ 2= FHMORGARD A, pHETD ZDBIFCTld % 22> 720 pHEHZIR
BEHIERRE 2 N3 2 2 L IC X ), BRAEHEE OpHAEIC DOV C ORI
T 5L A E v, XpHE#ER OO HERHIBIRRE " 2 48T, 7
¥ 8y FHEBIRIEALDSED S,
pHs=(A/T)+(B)+(CT)+(DT? pHs; EpHIEH#EiOpHIt
T 5 AR
A~D ; ZpHEEAERE 2D\ T DR E DI

ZFDHBpHFHIZ A — I THRIBDA F BRI X 5 A 4 2 HIERREZ HLA A
PEEARDBZ SN, IS TRERICEL,»S>DE T2 BM EEETL >
Y50 A L TR REAE L, BRI 75T IR L 72 ARR TR EE 2 3%
RS A T— N L ARRERT O B8R (K13) b 2 L S 727 (BUEE 138 52 1%
Mo

—H T A EPT EEALDOL b OOREDKRIZEDLNLZ L b H
BN, ARINE A T ADOYRIZ LV ISEEREDOm EE B2, L4 DFETIE
ENWH T AEMBI 2L =D OPTRXBEHT I ABRORHE LT
o THEINZV (HL ZORIEEHERET 2 LD TII AV EA LS
VBT L LT b, 20OHD T T AEBRDKRT A (AT LE)IZ
BEEBRONEETHRVEEH 7)) —Oh 7 AEMOFER LS, Bk KR
BILOKGFULEWOPERE GO THERES R —UET LW L L5
720 LHFFEDORRANT Tl 578, HEKFERDV DWW DK A 7 ik
& 7B D B SO PR SR TE ST B SO BRI
P OKCIOFEHDS—UHENHIR XL E o T 5,

1F R B LVEED M #+ EiE

b A4 M (Ton Selective Electrode) IZDW Tk R%, Hi< 131937
4EKolthofflZ Lo THE MO EEBFBMR 20— TH L IELFEEM(Ag -
AgCl % W TR oAb 1 F >~ (C1) i EEHIE O R ET S
722173, pHUIAR D A # > g l5E O BAEASFE AL S M7 D131950~1960
ERICHFEENIZF M LA F > (Na )& T AR 27 5 1%21960
FERDBRIHFE SN EFEDOA + BB TH S0

s 727 b4 4 > (F) B, —2— IuFx) 708
YA RIGEWE LT HHES Y a4+ (K)EHEP, Ag,S+AgX (X
=Cl, Br, 1) O#EAMSURE O BB 2 72X A 4 > B P04 35 R i
EOENLDTH L, FBMIZHNSL 79T > ¥ Y LaF,(EulR —7) Hifk



HORIBA Technical Reports

e, ARAMRE B & 5 VITREHIHAO Y v FL—5 L LTOT V7
VNG A RGBSR D 5 Y TIEFOEMEIRESH TH Y, AR
VAR AP T & T L R AR 727, £72C1,
Br, I, S, SCN", CN", Cu*", Cd*", Pb*", Ag 5D KA F LV BMOIGE
i3y 7L AETIES 2 LSSk 28 29, S5 |2 8wt e LT RVS
NI )AL ITFI Y T—F ), AR T v B MRS ISEWE &
THEAF EME, Na*, Ca®’, Cl°, NO; ) IZHAETIZZ DT R THHL
TADLRT VT T ATy ZEALEE o T b IWEWE 2 &EH SHELT
FAFy 7L E =V (PVO) AL HEN TV A8, PVCE TR F L
DIRAEW % T AT A O _EIZ A5 2 E ARG ShTn a3

BHED A T BRITE L PSR, 7Ot AKICEFNDIFEA + > D
ErREGE =Y —F o/ 4 E=y—L L THWLN, FE=4— CN E£=
¥ — NH,E= ¥ =505 B AISN TS, SRHDEZSY —NEFICHEEN
BENNIIHEA F > WFEWEI T B (v A% 2 7#), pHFEH], A 4
VERETEAISE ORI B LU, BHIFY 7 Maxtd 205 (K B8k, B
B IESR) S H T B o T KDFETERT, T I138EITEE 0)%47 (VN
AND, BATHBIFE L 72 VR — V&R L OB HIK (HARTIZIZIETRT
DY) DI A Z BN A HENa e =y — B9 E%&z‘zﬁ@%o

BR3P HTIE, Nab, K', Ca®', Cl oA 4 V&, 1M, JREDE
B AT EAOISDRET S, BHTORL P L ZOMBICET SN
7289, 2%, BENEANORIAME L 7B OFT & A A+ v EAEE
W B T B E R LS B HEC 0SB To A 4 L ERO
EHE—FIC R TTFRE o TWBA, 4L b1 4 v EROEE LG
FHAN T 5 2 LD 2\,

wbv@zn%(aé%ﬁ JHETOA A+ VEMOIGHE LTI, BTidang

ICHEATING ISE 7 T A B A 7 i e et 380 B % V7
:/7u~bﬁ¢ﬂ@ﬂ>®ufnﬁw K % 72 A oK T o filsE
ENDHoTze SHIZHHTOFM (T — MNEIOH T AEMB LA + > ER
DRSS Pz ZNSDOHBEINT ALDTH o720 2D — MIBHEOHREAR
RERIIHE R DR & [F T B A%, FE k5 B il T4l 7 & O mfiiz
BAEHME -0 TH D R TOIERDEM & [FARIFHFHT RS
HSZ ORISR 4 |2 sz 19804E AR ICE AL &2y — PRI
pHEFB LA F Va4 7 — 7 1 Cardy) I3 F DR U R (44 7 1
YTwin) &40, FA8EL) =2 =T VB I OO TE [T 7 7
w4 Y LAQUAtwin : R4) 2555tk D TR HIA F > FHZ T2
OB OFEE B LI L 72 B KBS RE R A 9 2 %48 & L CHERK(20124F)
DR CTREFH &N TOLAQUAtwiny V) — ZX12iZ, pH, Cond (&
B/R), HrNa' e ) BLUONa', K, Ca®', NO; D&A + V5hH 0,
ZDOIBFAEMOFEES*N X o> CTHBROE 2 IR S5, 705%E
XRAF AFEIZONTD, HEBIOT ) r—ar 2L, #
DPKREX D Z EIHEHTH 5

LAQUAtwin pHEt, Cond(EER)&t, 1RHEt

(Na"EIEAR) HLUNa’, K, Ca®’, NO,~
DEA 5t

Readout No.40 March 2013 | 93



Va5 RAE R DB LT

olumn
as A

1

94 | Recclout No.40 March 2013

2RI - R - BT B804 & GO AR A EEEETHY, 20
oA > O ERITITE )12 S D BRAE S %o

ISFET

Z 2, ISFET(Ion Sensitive or Selective Field Effect Transistor)iZ™>
WTHTFEL TH LG ISFETIZEH THRBILSNIETE SN TV 525, TeAF
I 7 MEOPEAR T OFif & Tdh - 7-Bergveld)s19704E 12> 2 — b -
TR PELTRESE L ORI TH o720 UMD AL MIILHEE
WAABE LSS, ARICRI AL ML 2EHITRELA L2 EME
THHL L TOAFRIRL2FEREL T, s @iE snrzi
KEEHTHNT YT ATDY—A~F LA YOI (T bbb —ER
JEDSMZ BTz — A~ R LA Y EZ RN A EIROZAL) 225 3 EHE OpHE:
A IE T A 420, BURHE & PARIEE 2 T2 L 22 03 53 RRE O - (pHES) 12
FEINZVERA Y IDWIHTH Y, TOHCIIILEEM S LEEE S b,
BIFZZ DD HIBIEEINIZH, BergveldDFHUTTIES L LA DIEED
ifED B DN D HIL 2\ e B— R R T8 K X — B3 DISFET O/
mfbIZRY L7278, 2O HBEB LG T 7)) r—32 a Y O EFIC
INZFDIFEAEDFEEL 72,

BBHUIC

Dbasak LCidbarE b rorzhs, MRSt S EETT OAIZ60)E
4 (20134E) 122472 ) AR EF DR — Lk — V0 R L B L O ECN B 5L,
FARERE L FHXOBE L TRELEWLE L TWh,

IR A =TI B W TULETEOME LA, FEBERAN 2 S35 R # I Rk
L, KL, MALEE SNDEMNEHT ALV EELRGETH L, Z0D
FVAHERE, b, I, AANERERICE D 27 ML TR 2 e R
PR LT UL, ZOEM 5B OEE,LHEEN DWW SFace to FaceT
HENTITCFD &M TH D L Bb b, BEEOHBANCB VT, Ad
S NANOFAT DL - PR RN, ZoREIIHO THETH L LS
25

Fig k&

Takashi AOMI

RS 8358 ERT OB
EBRAE

Lot




HORIBA Technical Reports

[1]
[2]
[31]

[4]
[5]
[6]

[71
[8]
[91]
[10]

1]
2]
[13]

4]
[15]
[161
171
(18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[311
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]

[46]
[47]
[48]
[49]
[50]

M. Cremer, Z. Biol., 47, 652(1906).

H. Haber and Z. Klemensiewicz, Z. Physik. Chem., 67, 385(1909).

BIZIERy 7= a—)y—i &4 http//www.beckmancoulter.co.jp, https://www.
beckmancoulter.com/wsrportal/wsr/company/about-us/our-history/index.htm

W. S. Huges, J. Chem, Soc., 491(1928).

D. A. Maclness and M. Dole, J. Amer. Chem. Soc., 52, 29(1930).

G.A. Perley (Leeds and Northrup Co.)USA Patent 2444845, Application1946,
Patented1948.

G.A. Perley, Anal. Chem., 21, 394(1949).

PRI, “WEYpHATOREA, S5 1 pHIFZE 2R (1954).

JEHEDS, IR AT R p HIME 212D\, 5 2llp HIFFEER 2 & #H(1955).

G, pHB R DR EFIEIIOWT () AT ABBOIRFERHE, #3mpHIFZE &k
(1955).

55~ £5 11 IMp HAF ZE 504 & FH(1955~1957).

RS, 18 BIK, Sf6(AT)5E, T3E/L52 4%, 61(8), 922(1958).

H. Matsushita, H. Maruyama, T. Aomi and N. Ishikawa, Memories of Chubu Institute
of Technology, 10-A, 117(1974).

R. G. Bates, J. Re. N. B. S., 66A, 179(1961).

IS BERT (S0 L 3 EZ), FRRFAS AR, FEANE63-13147 (198045 ).

Hili B (EFHEMEMOL, WRI564E9 7, 26(1981).

YIS ERT 7 & 1 27 (1993).

e A ERT (G AR, R ) RERF AR A S, FERITF10-8154 14577 553409978(1996
AE YRR

SRS, SR EMERT GBS dEN B, D 25 3% FRAEAEHWO 2008-032790(2007
).

ZH F sEBRSAEAERC(2012).

=2« & A —ALFRE, pl16aCH(1988), AL

M. M. Schults and L. G. Ais., Chem. Abst., 50, 6762¢(1956).

FEARE, T, AT Jull 1 ZS L, 30, 355(1962).

M. S. Frant and J. W. Ross Jr., Science, 154, 1553(1966).

W. Simon, USA Patent 3562129(Filed1967, Patented1971).

J. W. Ross Jr. and M. S. Frant., USA Patent 3563874(Filed1967, Patented1971).

Hifg [V AL, A7, 733(1979).

HiE B, AL 46, 259(1978).

Hilg W ELSE, 46, 343(1978).

ey B HilE W L, 53, 726(1985).

TN, B R, PR, HilE B 4L 55, 532(1987).

IR (B 5 MalEZ, FilE K, FAMRINEEAS, FEAF2-10456(19824F )
B ETT (S0 I, e ISR, FRARST7-32771(1976H1 ).

RSB ERT (S0 MR 344 RPN AER, HERIIR60-23351 (19841 ).

[B1ZFE L.

Bl B ISR ERTEER Readout No. 3, 19(1991).

HiE W El R AL, 49, 657(1981).

g FE EW 5% THRLERR, ESLS, 50, 111(1982).

(W) E L BRESHAT 2 > &, BRI 2 355586040275 HIGE & S ERT.

wky % Bl B LS, 52,521(1984).

IR (B /NS TS, BHIIBE) RTS8 T4-4545(1986 ).

Horiba Ltd.,(H. Kotani and K. Tomita)USA Patent 5024951 (Filed1988, Patented1991).
WO, R, 58 L FCRRA, 32, 925(1988).

ISR, AT, P ERT R Readout No. 41(2013) 38752,

P HAERT, "LAQUAtwinlZ X AFREKFFED Vo7 2 DHI%E"
http://www.horiba.com/jp/application/material-property-characterization/water-
analysis/water-quaruty-electrochemistry-insturumentation/

IR EERT, "LAQUAtWInIZ X 22B2LB L OFLEAE O A )V 2 7 ADHISE 45112 L),

I EMERT, "LAQUAtwindfi /S L% b~ b Y 2 — A4l 4512 [F L),

P. Bergverd, IEEE. Trans. on Biochem. Eng., 5, 70(1970).

HifE B JESSRERT AN SRR, 19764E3H29H.

IR ET, 2 S LVpH - ARE O 45]12F ).

Readoul No.40 March 2013

95



Topics

AT

96

% 1EHORIBA Group IP World Cup Nl
Gold AwardS EEA O \—

IP World Cup

TOP of Premium IP
will be selected!!

1 HORIBA Group IP World Cup

X2 Gold AwardR¥EIRDIEE

Readoul No.40 March 2013

BERR EZDRRE TH S HMEIEIFHORIBAT 7> KOAREW L ERT
$ %, HORIBAY IL— T THEN 7=~ DB L AT R AV E D B
DEEHEL >TE/=DTH 5, HORIBA Group is One CompanyDi&
MO &, BEEEL|T S5 - MWBEEZ T IV -T2EKTEEL, 43
R DERIRE] & & 2547 - MWBEDRIEZRE L W2 EEBEELT
HORIBA Group IP World Cup (1) I3&lIE% & h 7=,

251EIHORIBA Group IP World Cup T3, #B84%&THORIBAY IL—7D
RIS S18HDICED > 1=, 2012FE3H21HIZ51EIHORIBA Group
IP World Cup®ZRERDTTHh, FASHIEHIX Ty /D[¥X 70—
> hA—-ZOERISEFA 1 Gold AwardEZE L 7= (X12) . HORIBA Y JL—
TERTRT2HMEL TUATICBNT 3,

Gold AwardRERAH[vX70—-2> hO—FOERICERMNIE LT D2
HORMEEA TS,

DB & H LIS A S S 2 B

ftko<2A70—ar  a—F (LLFMFOIICBIT A EH LIZOWT, DI
DL HER D572, DF), MEATEMAVNESL 25 IEEmETEME
i E DRZEIVNE L, BERIEE 52/ NS 5o 207 DFFI R w5
THIE SOV T DS E TORNE AR R, IBEEDEL Lo TW»
720 SOIREMEIMEE DD B 7250, MECH OB FHIB M2 &8
Bl o TWie, CORERHI 2L LT A DMFCZ & IZPIDIREL
AT LI ELEZONDLD, IFFIHDLWE VI REND S, EHI122
OPIDRE A HET 2 i CHHIBMAREEII R )+ —N—T a— b Eies
FTREOHMEPE LA ENH -T2,

KT TR, MERER TP AT SN0 St 12 X B HIE AT
FTEDRIEIC 72 5 FTOM, I SGEE RIS ASPIDIE R L C B EEHIEE 5
AREL DL BMIEES ML, 20, IWEUEREIC, AiGtRIfEE
Hid 2720 OMEFREEE AT SN TBY, ZOBMEMEHRIRKI e E
BENANENZEIIILTH 2L (BBSH), €072, 2NV T DFHE T F
TOWEZERTLI LD TE L, T2, — 7, gt 2 X BHIEHED T




HORIBA Technical Reports

EDBIMEIZZRAZ EI2LY), #EOPIDHIEIZ R SN LD T, ey
TR LE L o7z —N—=a— eI T 847k
Vo FiEEE IS KB I E N S O ] B o0 B AT R £ ]

ouT PRI PIDEE%

BIZT7 14— KXo 7 LW 50T, SV 7 D35 E k0 A 1K (REME(ES) / - ya -
B L) IEFEICH L C U/ bR AT 2 ED5T (GRBREEES) M s veh £ el

- - SET-
XLDT, EMEEEZ BT LBl EIT) 2 EATE — WERES
o COBMEMEEE AR BE RS A A SNB LIl “3
THHDT, IVELERIFEIC L A E I EHE & 17 7 9 B | i
DES*MERERTIZLIREMORE SIZL > THHE o ?ﬁg&ﬁ@ﬂ% —
FTHLIENTREL LD, IEHED S LR 5UERXL & T Nd

NTE Do LLEDX I, flke L TR EIRICBIT 5
ISENE, BARE, B SIEN D RRE o7, 3

3 REHULEWEICEY 3&1iTERT 70y 7K

(D4%EF3637270=
o ER

@ ZPIDIZRI9 A5l

PEROMFECTHW SN Z#E OPIDHIE 3 TlE, Eitm s CEb) 2 e
BRI H72012, FEEH0-100%DEEFH %, 0-10%, 10-20%, 20-100%
L) XIS, FEIL TENE NGRS CPIDFEE 21T ) OA 1T
Hbo L LZONFER L BFEFIR COPIDIRES LI L 20 570, JEME
TILELBEML, B2 T2 L Vo 2D 5, $7ENAR 575 L
e L7HHDAT 28, WY Z2)I5% %2155 £ TR A28 &\ o) REDS
35)0720

AP T, PIDEEARIZINT 0RO &) it i e lmSIc 50 <%
Fe5id 2 (RAZH) o ZOBBIIRBEMARE VT ENSWEE 2 L% T
Hbo

£(S)=100+K) / (K+S)

(SIX% 7 VA — L CH SRR, KIXTHRL.)
SO AR S L LT 52 8T, BEOT R ,f
G o C O BT R OMEE 17 2 EATTE, [P !

=i

DOFEEIN DT> Tl 2 HliHZ 1T ) T EDSREL 72 %o -3
72 BREOMEIZAREL00% TLE 2 %0 ZOZEIZEY, PID P [ S
B KD 5720121335 E100% T, R EBKE KD 572 3 Iy
DIZIX100% DI D B 510D &l THIE T 57517 TPID ¥
A BEFZATHITENTEL VI X))y M B b, PIDEEE | |~—7b
(24¥5F38931155 s s >/£ Q

XH £ BH XE S8 BHA Bl B K‘/\

7a

Hll =IE EBS A

X4 RIZEPIDICBIY 33T OBIREX
1 &, 2--HIE/ VT, 3 RBEYER, 7 THEHIEED,
S mBHREME Q -REAEMHE C--PIDEEHER C - BEHMES,

F-- o

Readoul No.40 March 2013

97



Topics

P 7 X

98

[Wz82% 2@ TES ?

HORIBAIL, ZD60FEDRELOHT, SEIFRMRIZNI05 % BK L
IF, WAWALFEE WL OG- BRIl 2 L TE L7
FhUL, M (EALLDE)VT(EALRTET)MDDON, OicfEz BT
WREZ o7z v T,

KRG 5, WA S L L CE720HT - BRI RO OE k% A
= EEET, ZOEINIH /2o T, FADERLTE/[MEHL?
T ? |OBZEE, =T DUT O - GHllf ~ vy 7E LTEeoFL
720 BIFE, HORIBAB G OHIEX RIZ, TRIZRT LI, HEMA» S AT
WET, FZOKREEE, KT - 5T LV LHERL NV E T, Zlki2h
72N ET o~y T, NSO EWE O =TE(GKUE - R - B HEL,
FNSICHREEMTT? |2 —EIZFLOTHE T, Ky 7, SHEOEE
TEWIE ETOTBE L ZIUIFENT T,

ER DA (4075) B L T4171L, WARDOGHT - FHITFEC OV L £
o 72, LR, 425 - 43513548, 7 L T4 - A5 ZERD 54T - 5
HFEDW O TFEL T E T,

) ngian 7 cathitut )
R&Dfacility

Giobal
{ Environment

HORIBAZLGHDBITE ST &

Reaclout No.40 March 2013




P

B A
e
(ks ngrxr)
Ak 2 ML P LY L (0Q) (aTA-Tenq) NMMM.WV%
(k2 L) FPELAS L AR TE P2k VHHEN
A S A Gt T
EL=CAR)
WD
(II10D)
SHULL
Poh 2 (LA LHR (SIN) ,#I\_M_ lbwaumm
(ang) _ ALLA
RUGEY (EL=A) (1) (4AD) & 1
fasie ki (@A) AR A PN STICEAH AL AL S
Sl 4 (LA T RIER I
(JIAN)
ST AE
LTI
— (a10)
. YEMR o AK
Y T £ = (ard) . SFIEA)
LR L B Y A B i T4 VL HALLHG (%)
AR TSR S
A 2 (L
(JILLA)
i = PHLARG T T ((— L
SR A ERL =
B2 4V (FL=Ea) AL € (L P )
SR SHE MDY , el
SN AE
MALEA—=ALAA
(71)1sD
i
(ANAN) (a1o)
SV (au) (ard) ST
L4 a0 Gy 2K LK )4 VU (4A0)
FIOE

SFEMOE - £ 2 (LA

PURRE T

(YZ) £~ 2 EIE

[4 =%/ (M) N/ (EH) W]
TR k- E T

['H

/OPH/A(— £ A( L/OHOH/?0S/"HO/0/*HN
/O°N/ (FON'ON) X*ON/ (OH) OHL/“00/02]
FFLo

Hd v &

[3H
/00A/"HO/*HN/°0/0S/¥0ON/“00/00]
FRL

]

2

[VdI/*H/*HN/°0/S*H/“0S
/XON/*00/00/0H/ HO/*HF O/ "HD/ " HO)
FRL

[ 4]
T O S

T k- TS

[sdVH
/*HN/SZH/0/°0S/X0ON/OH/*00/00)
FLm

END

E[::

HADNN

NO Y XRX

* &0 valdoOH




F—LAU—LC Frangrvy cALA izl

= ¢ O 2 LR H s

G i ‘ (107,317, BN) FH3RH AT il - 3 “FF AN

ey Toihle A FENTB Y 4 L4 SR - g b8
BT el erEemy

AR E(

(JIAN)
ST o
PAWAH

PRB T K €tk
oy o YRR .Mﬁ&@.mwh$mxmm:«.aoﬂ "
: g 34 Pl LgnL—sk O TR EEBCHED) - MR LT Y] BEE
S WA BT (Tt ST AL . (do1) DL G TE o I
Rt L ey Lo B

PV R

FEHETR BT E

R HETS T

PRAHFTV R Hd

PHEG 6 (L BW

R )

AR E

[3308 « £ - ((O°H/°O°H/JIH) M
Em\mmmwoﬁ\mommwMwmﬁ%vm@m\% N
ay T A /A'HN) 2 AHG/ (O°H/°O°H/TOH) ##:2-0S/ |4
e AT Sl N (OH/OH/HN) B T-05) Wik - 1 [
: o ae WEBEN TRl A FAK Y (s
% — S AHE - (HN/ BN T2 £ 1] A

FRE - 2 Y B

feed =k TYRACE W

PR H TR

feed =k Hd

PRLIE [ - 2— S )2 - (FON/_10/,'HN

AT B (dor) / NSO/ 10/ B0/ M/ BN) F3h < & )]

Foy L LD FARH G - 2 b3

P ETVR TYRAE W

R HETS T

feed =k Hd

PR E(

(JIAN)

ST e Haele

MBS AL PRI [ 2

PL L 4oL —saE T CEHECLT/EA - (Q00) BN EEW

SEHLG VA 4 BT G (L LA AR (L Lo AT G - MRS S - (FON/_10/."HN

ST L (L2 L2 AEER AL /_NSO/..n0/, 2O/ M/ BN) B3~ & ]

PR ﬂvxmmﬁmmﬁ R GR - <k L3R

L e LT s

FEETR BT E

fexdb it H e R

Hd

W - £ 2 (LA Sl FURTRCE

(§3) £~ 2% - HEO vEIHOH



OCE

P - £ 2 (LA

LT
(dIN®H: 2 £.4)
N AL 2 x L
PR R (1L
e UGN T T ((— L
YAEA—ALAA
(2.1)15D
UL
(M)
AL FEH
AT
FALICE
ST - UElE] e — A
AL x L
(dIN®H: ~ ¥ £L)
o B A
SPUHXIOR t,%m% % (ILL)
L3 FULANEGET T (- L
LA ALETE
AN
FALICE
SRR - Y e — 1
AL x L
SPhafE LR/ L4 C )
JdIN®H: 2% &
A ﬂ%@thv el a o
(sao) (AL )
PO YR AL ﬂ#@ﬁ%%ﬁH:lh
JIAN
T YL AR
YAEA—ALAA
(21)18D
SRR - L e — 1
(dIN®H: ~ ¥ £.L)
7 ¢ UL 2 x L
SPULHRIOR t%%_w % (L)
L3 FULANEGET T (— L

pasian

HE - EHE OGRS S FEL

GHEWE

HENCE

&

HE - WS GE) - U

[ ]
T
e
gl
BHIR

HENE

HiRH R

3T

FHER - WMBEBUE) - A

ENe

GLAE

FFEICE

3T

Hikzz

FHER - WBEBGE) - AL

[ ]
T

3T

(HE) £~20%HE - HEO vAIHOH



Topics

P 7 X

BEXEFRIE&ICH U 25T RItE 28

Measuring Instruments based on Electrochemical Methods

102 | Reccloul No.40 March 2013

T O

BERALFLIIA &y REF Lo 7 BRL T 5B 5- 3 LB R — 2 HL
NIHFRTH Y, oI HFHITEHIREZR o2 iho & LT, Eit,
Ay X HERE TR EINEIC DT 50 FHAIB XV OBLT TR L EBR
ALEEIIE 1L, D 3AT T IR T E 22 2EERE R TRV W) fF
EDH ), 2OMOLFERBERL T FRELMETTHEHINLZ LS
Vo BIZIE, THERHE 7 O~ N 757 4, KEARBI T~ A 2 0NF 2 AL D
HMETITHEH/TH Do TOPWHERHEED SUIZERFEICR L5, FRRMR
FRBIEEHI 2 STRA WIS TR EIN TV A,

TnZZEL TR BS )0, B2 RS 57201213%
OB L Z NS OB BRO BRI /K T 5, MLHIZE 5T
NS EFRS B DIIE G TR\ AR TIEB RN 2 ST B2 IR ) HER
L, Beaatt s e AS R B IS L W 2 e FEE LI, &
L TR BbNBEBEIR ) I &S 5o BEALFMEEE B L
7eRHIBERR A R L TV A, 9P LEEL AN 72w, EFICHA LW,
EBSTWAEHAD—B B IUTFENTH D,

B LEHE

AEGTIEHIE L TV AEEIZ L - C, BAALFE 2 I H T 5. 7
b b, BT (EME), IOV TNEHE L TWED, LW R TH
o BIHIEEL T v _a A M) — BEAEGEIIRT > 24 A M) —, KTl
EFT Y F 7 AN —EEHEIN S WIEEEAE CThiu, Ml ik b
o TL b HEMIIGHT 5 L THFNRE LD TII W LEZ, T
TlZ EFEOZGHIHED o

BAALFINETEL IS LRSS0 T, b2 DL TV 008
FERIE RIS L 7B Iz 755 9 e (RFENI% b OIApH ORFEA 4 it
RSO AT 275, MU b 4 HE £ oF > iRERT MR L TE B (ORP) Al &
ATV 2 o BEFIISE 2 15 L 7 BB S LA AR SEE (DO) B 55 5
SRR A5 5 o HEPUIISE 2 I5 0 L 72 460e & L CIR B ABHRAT O
HE D Do




HORIBA Technical Reports

BEzll5
AEFiE

FEHIE CTlEZ L OB, MEREMRE WEEMOMICIHET LB T L

1\ O A= ZCHIE T 5o IEFEZRIIE D721 BRSO ORI & i

LCZL 7 baXA—=F ONEEILDS T RENWT L EETH 5, HH L

TABANEBIEPLE L OB SUIT L D B1000f5 - IE R 7D L) %ET S
N5

pHET

pHIZKEROME % R T RENLIBEDL1DT, BKE, Ak, B, L
S WK L OB THREIN TS, pHIZKERHOKFEA F+
VIR (EREICIIEE) 2R TIRIECH 5o KT T O—ERIKRFEA F > L KER
LA+ 2 2D A F VIZEHEEL T 528, T2 D 1 4 > O
JEITFEPLL T %0 STICERMEMEDYINZ LD LKA & IREDEIL,

=TTV H )V GEIEME) WA Z S5 EKERIE A 2 3 EEASHE N
T 50 ZDEIL2EDAF 2 DIREINT V ADRNEIREL L TORLZDD
T, pH 7fHE & i, pHAVINS W EERME, REVWET VAV LIS,

pHZMIES 2% DY, 717 ABBENER SN L, 777 ABMBEIE
77T ATERRE I 2V E I FEMR & IR O E 2 HpHIIRE § 57
ETH5(BN)o A TIAA T AEME MR —1h & 7% - 7oA B
FitLmoT b,

T ABEMIL, pHISEEEDHT T ARE, £ E T2 TS EMFOLFE, 7
T REMANEEL, NEBEM, 1) — F#B LT T ARG 17 &0 bR S
Nh. OEELRDIIN T ABETH 5o pHIVEVEN T AIEMTREA A~

EFERIIET 5 LM SN TR, @EIEEGELRISIN TS h
T o BT AHEONINIDHD B 7 BIETEA D 5 & &, B pHZES
B 7B IIH A U %o B 21225 CTABER THIUL, BRI IZpHA']
B2 HERZFI60 mVORE DAL 5,

N ABMHPHIZ LB L 72 FEM % S8R S8 5 2 LISk L ¢, i EMIdpH
CERIRIC—EDBEME R TIEDRO SN D LEEMRIL AT, NERTE,
TR, RS R, BN, PEEMREL L OVERY) — Nl
EOREREN D PIFEMIZIZIZE AL DRE, 1 EALERA, PE
WSIZIEAL A ) 7 DRSNS WL > TV ST B35
G LMD, 2 DILELEMR T, AR b im OWERE =¥ > 7V
PIANERIB S 2 ETERMEZ —EISHEREL T b GBI I A b
T OO HINS (R2), EEKI0YA 70 A= VORI D
TR E Y AR—VEL 1) S bEix b oL E - A — 71 BfEoWE
ERAESETIIv RSB LI T 7 AN—RILENERTH L. — R

B _
pHEEXN B2
(0

HIRX YT
R

B #5 AEEEHE

REID
AR
| I mmo)
TR
vy

A 5T
55 Jayalw
5/7ﬁ/ T’)Ab'ﬁ'
Erk—Ib  AU—T

B R—IVH
X2 HEEBAAIEEDIERE

Readoul No.40 March 2013

103



opics

TN, ‘ BRLFRIE & LA L 7-5HAlEES

(ZERB ORI \WTT8, ik & L CRE S 20D 505, D5
¥ TN ERWNERE CHAeS B 72O HIEIZEbEIEIRPLETH b,

VLAE, PSR 2 i i S 720 WG SR, A A A ARIEARE 2 30 L 72 EAR DS 5E
G SAUEH RO TV Do A 4 VARIERGIX, A4 RO ERFEIC L -
TEMERET 5720, HEREILTH VT IVDiEG%1/10,000LL FI2#Z
B ENTRETH AW, 7T 2% VA pHER L LT, F-8 ik Hiti 2 15
L72ISFET (Ion Sensitive Field Effect Transistor)&EfA3d 5, T,
7T AWEL 7T AR, W EMOBERE L FE8 A o IZE X 2
725D TH 5 pHIZIST 2WE % 7 — MBIZER ST, £ HORLEIC
Lo ThHALRBEMOILIRENEEL T B2 LD TE& D, iz R b /222 &R L
YA TOBRR, A FHEEEIC L7 Ty N A T OEmBAITE S
NTC\N D, T AEMRE L) INETOBIROEN D% w7
W ERZEERFILT, LAUIHLYTTHET 22 EATES,

pHHI%E TIEBE ORI X AR IED WA TH %o JISTIIpHIEA R %
GHEFHOIHEE S E D HILTED, M5E L 72\ W pHIEIZ A D RIS 4,
FIZBWCHREFHOEETH L. D IEMHERDOIIKIEL > TIVllED
25 CTERT 2L THLN, HLWHE DL, MEMEREEZ AT
pHEICTHIUZ, 77T ABMOEENZAUITHESINLDS, 2 7IVEKL IR
FEIZ Lo CpHAEALT 50 FRICHRIFN 22 b2 BI85 213, MER
DI BFEFCFEER L TBL 2L T, RIS X ApHE LA 77 TELETED
T2OHETH Do IEMEPHIIED72DIZIZMZ DN L ODDRA ¥ "3 B
FPEMILEYNIEGE T L2 ETH D FAIEE) HBIEDIZE A LIEHE RIS
EBLDTH D0 HIUIMHE L7z HBR T 5 2 EDSUETH Y,
DOVRENLF Lo TP Z T &9 5 IWEEMOY &, PEEIEZ 0
WCANTBLIEDBRED L2, NEIRAZDIZANLZ LT, itHELY %
FEAL S, AT B O E LR ST LR TE %,

&TE( 4> BEE

—BTA TV EFoTHZOMHEAIIE KT, #4205 TEHIDMTZ2RbiL T
Who BIZIEF M) AZITIZERLTY,
£1 EhAA4LBHE ERESMIID B A AT G, MK

EEOES EHEOEE I’fi"?gﬁg Wts, KA 7 —IKOEH % ERABNEES

Na®,
H™ (pH) A& P REERWE T S FHEITV O H

WS REONMRGL (LREARE TN NS e e ATV B, A4 BRI L 205
i AV Y= 5 D eqrt ’ ; e s :

EEEE Cu™, Cd™” ZHEERB R CTH L7207 THL,
F Bl 7 v{t>> 2 LaF R & RIS 0 | == F s S - Lo
e SERPHATIE 2 L AR O1DTH B b

IR A 7 >3 tlh i £ & BEMERSIEICRRL, ZIXF NI T LA F EMTIE2.3 ppm~

5 s pld NO3
RFEEE | ChZ2SAMBRETRELEZLOP, BOFHEIC| ¥  + Sl e -
b&ﬁiﬁfﬁbf:%@&@mﬂ%t?b%ﬁ Ca™, K 23,000 ppmE THMETE %, — i THEM

pHAS A BHE & EBRBE 4 A A bE - NBEE FEALAERE (FEFEICIXTEE) DX Bl

FRIREER | 2 XIFEICHEAL, ARfiKRE Ah, 7 XEEMEKET | NH - o .-
B BiE ’ T 5720, L LOBMZAL)RERE S5

HZAEBHW | 57 AEREDERET 5EHE

104 | Reaiclout No.40 March 2013



HORIBA Technical Reports

IV 7 M aA—=#%, il TA A EME IS L7 THERNRELEHT
XLELBEEDIOTH A, A F vy EMRITKEAFEEICHHES N, BIEIX20
FEFREESTHI STV 5 (FR),

A F IREFTOMIIpHET & 12 E A LRI LT, 7T AEMR % £55E A 4 B
IZEEHRR B2 TR 7272 LBIE A A 12 Ko TR B O N TR
FIEAEA ) T A DEEDRLETH L, WA+ R h )T LA 4 0 %
HWET D EITLEAATH D05, Bb T AU EREN RS SN LG VE
WL ENVETH D,

IHERE L TNES R EFVOMEEE T D14 AT 25412 H5%
BN RONDLBIR TH L, BORER, BIA + U ERWEA 4~
T Lo ThRA T, IhEOM S & B IURED L 3R IRFUE TR 3,
EIRRED N SV & QU R AEA R WIGE) R E A 4 L REEAS
INESVA IR CE LD, IEMRIER 1T ) BT, iEA o+
VIEDREEINTOENIOVTIRL TBLL I EDPUETH L, 14
MG CIEMECIIE T A A1, RIFIRE S IERESEETH S,
ELTZWIREDSKEDIG D> T BEEITIE, TORE X IRV ZE#E R &
EERE O CTRIEEZ DT B ENE T L, T/, ZNRSIZ10R5FEE
THLTBLDOD R B 2 AXHE 0 REFED0.05 mol/LAEEE L 537> T
BOTHIUL, FIEHEEEIZ0.01 mol/L&0.10 mol/L& HEIR§ 5 & Fus, HIC
P2 TNDAF UEREAEOE AL, BRI E ) R R R 2
MZBHZEDWETIH Do TIHIEIRE L WERE L F—I129 52 & TR
DR EZ X v VT BT ENTES,

R{bEITERL (ORP) 5T

PR LR TCEAL (ORPIZKIAT DM MED IR T, M AR b, Ksh&
XRTTED D 5 LT b b, BRLETTHE TOIRREMR T KRR &0
AP SOR T O ZGERE R E LT S5 . ORPOSEEIO B —W I L5
TPEINLLGETHIUL, BiA HREL (EREICIEEL) 2 ko5 2
EDSTED, Lo, EEORMWE D & EN LK ClE, ORPERSZ1
SOEER KDDL LIZHEETH S, ORPEMON L L pHEMR 1 4 &
T FFFSC, (EHEGRZ S B BB\ EEIZ 572 TRV, &EEM
IZIEAERED S HEN D, ORPTIE, BIEVEEIZIFICLIEE LRVas,
SEMEOREN S 2 MRS 572012, BEAIO MY 2 S5, MY &
LTiE, N FeX ) VERPEEEADSHCOND Z %0, HIEDER
HE LT, RIEVIREEEDBTON D IR OORPAREIZ L > TEAL
57280, PIEMEE FFHRE AR L TBL I EPFIETH 5o

Readoul No.40 March 2013

105



opIcs ‘ BRALFRE 5 SR U -5

106

Py 7R
0.5~0.8V
"B EE
SHREME
AEBH
1ERERE
O, (F7O> %)

X3 R A—o07 57X EERKE

Readoul No.40 March 2013

Bl %
AEFE

FEVCAIE IR CHMWE 2 XL T 2 ToRAET 22 HE
%o WIEDEE L CIISE MR TH 575, MR &0 REMR
LS 2EmA L T 5 2 L THRIELS e/ b Db L,

B (DO) &t

AR (DONZKHIZEITIAA TV AERRED Z LT, —#ZiIdmg/LY
L <1E% UK OEAFIEHRBAIE) TREN D, DO, )R HiEHE
MR EDKET H72OICR RSO TH Y, DOREIIKEFH D
BEEOLIOE LTSNS, 72, TRz & DAY SR 7 0 & A E#RE
FRRA FOIGEEFDZOICE=Y ) V7 END,

FARFDOWE T XA SN T %o IR TV AN Eith (T, 19
123 AR —F 077 7 EMHIN S BIEIEAR — 5075 7 X BRI
K2 RBITIR L 720 BRFIAT L T P i Rl Ot & i 2 > 7
N BRBEEL, EEAEIINS N7 EHEMRERIC T, R Z &ML TSR
FOFICEN Lo (FHERIIERHER EEEBONEIINDL ZENL 0T,
AT CIIRFFM 2 RH L 2B BT ST b,

DOFFORIEIZE I & KA TRIEES NS Z LA\, L Oiid @i fl D
WEE T N LK R & AL IR 2 B S KRB A T 50
MR EHEMIIEE L CWAZENEETH L, BAENTH kALY UE
T EARCISERE DK T AR SN D, AL CTELE M THIUL, E
M7 A2 1T ) S KD RFHTE S, AR T 3 2 FHRILEAF
LD H BN, REZEALRENZUC Lo TED T > ¥ a v LT 284
bH Do WK ERZEP AT LTV a v OB IR KR E L %
%o WIERHE % 23 a9 BB IPIERI IS R E R RIA AL W E ) IEET A
EDLEETH S,

ZDMOETRIZEE

RIEARIE EARSERR IS TR L BB T RO TN DS, FRE R FRIRE
(2 EAR R0 5 B FRBE AL 3 SN A BNAR 2 VIR T %o SRR TR DS
BRI XL EHFIAT LR, BT EDLLEROHEEL b o MIER IR %
By 2720 B FHRE D=5 ) IO T b T\ 5, B HEREMR
IDOEMR LAFITHUDOHERL TH 548, EEIL R\ F/EHEMICER
DN AT Z % 720 @t E DS LT CTH b

—SEDBNCEMAET 5720 TR, —EEBEEIEN SERICEHET S
FEEAP)YE S TRV EY AR EER, BRE T COREMEIE L BT



HORIBA Technical Reports

ETMEYEDOEEDRETH Do S, 7RI L, &, HEh, KR vELy
DEEDTRETH Y, LML o> TUL, FEHICEEEOERDHETRETH
Do MEHBERICIZAE, A ) T Ak EAMEHENL ZENLNDS, RE
MR R L 725D H 5. SFierrob | BEEMSY 1 VEY NE/EHEME
LCHRIY 2010 mol/LA—4—E TOEEIIHH L T35,

A WS
BRIGE%E  BRUER#Est

ERIAEREITELIRITROM L TH ), WEH TOBEBLXDHN LT S 2R
T CTH 50 MRRKIZTEA LEBR L BSRWD, AR AS S E
BRI Do MDA ER SN B P EAREE DTG KL &
nn, EFESEFLCTOMEIROEFIFIH SN %0 TOMIZSERBIKP LHBEK
DEAEL L THibIND ZEDE 0, 7B TR WHED T H o Thild
BERLERDPOWHOWREZ ROON LG ELH ), RERTE L THHHS
N,

FERUREFRDOWE RIS MR & WREHEED D 5o I EMmT L
&, W2 I ZSOEBOMIZHEN L EHRONNEIES 255 T, BlkHE
ETREH T3S o0a 4 VoM TAELLFHEERORNEHET
(R4).

RGN, MHZROR A CIE R /NS TEL LD TH
%o E72, #KD &) HARESUREROKEROMEIZHEL T Do —77,
KM 25 LT VB R AR 2 5 S 53U EH I EH T 2w
R EDIEN D Do BARIIIHAEE A Y F B E L 72 &R PL KD
MOEINIZTFF U RAT VL AL WS S BERDPET EN D, L DA
EB4IR L7 AR ERH S A o ZERAMEII 2B O Z A b
, IR ZEINL 72RO BEGAEA ST 2 3 2 o 204K 0 F R TH
&, B OES % HET 5L VIR X > TEBREIZEIVER S SN BEH
BEDRE Do VIVEBPRKEVITIEBWESR(ZERLNET 52 LNk
5o

TEMEITESIRERDEL R HIIEEBRSKREL D720, GBOFEET
HIEFRAEDVE LR e bo 2D &) M A R 2 O EMA TH
%o BIEMIEE L O EEEIBROFH4A OO E B SR SN TBY), =&
WU BT BB B % 2T WS T, BARREERA E WIS E Tl
SENURETH 5o BRGHETUIMIN IR OB L 77 AT 7 E Ol & %D
BENTAETED Z EDRETH ), EREOERR 7 V) i O W E 2 #
LTWaA, #KD &9 ZARE SRR EROKIEHEOWEIIIANMNE TH 5o
BAURERFHIBE A OEER 2 HE L <, BN VEREZHER T2 L
WLFETH Do WHEIIIALA ) T LIKIBES R SN S0 FALA ) T LK
W, I L > TERRGERIZT 27-0, EE—EIZT 50, i

FhFEZEERR HREEESR
f} L T T2

B4 SORRIER(L) CBRFHE(T)

Readout No.40 March 2013 | 107




g ‘%ﬁﬁiﬂi%mmbtﬁﬂﬁﬁ

My 7 X

108 | Reccloul No.40 March 2013

2 L CHIIEZ 20T o AGEIK, HUFIK, FTJIDK, FK, A1 7 —KaE
I 728, R EGROHNR, KO BILRFEDTZE 2T
LIV HFLH RS2, B THNT L2 TRERZRET 5o

BHYIZ

PDlbo X912, BRALS ZI0H L72EREEZ < IR H#EFS 220 2,
KOs LR OHE b, BEXALFOMERZHIE L7720, BFIEHL v
b b otk bl B, BE LB S EOWE OV CREL S %
EEREHL 70 TS ET DR — 2=V QL WS H HDT
I TEE N2 E T,

SE

[1] BAACZEHED BEISHIEA, Hoas Bk 211 (1984)

[2] BEALFES: EEEIE~ =2 7))V, EUETHIE0, @kt A =747 1 7 (1989)
[31 ~—vrERLT, KEFITIZD, 1L5F A (2000)

[4] MRASHIEGE TR — A — DT A F REEIE pHiE & FEMRPUREIL9600-10D
[5]1 S Fierro et al, J. Electrochem. Soc. 2011 158, 11, 173-178

[6] HRASHIEGEEITR—L4R=I[RE LV pH, KEDFE]

aH EX

Akio ISHII

MRt I 35 T

BISAT 77U r—va vRstk Y & —
AT B 2850

A %

Hisashi YAMANOUCHI

FRAEAE IR EAT

BASSARE 77— a vty —
AR ET B FE 50




Topics

P 7 X

Bto BNo.1DTFHA2%ZHIELT

HORIBAZ V=7 D@7 ¥ 1 d, BICHRD LI EEBKRTIDTIE %L,
TFHALZDHDHHEEETHIMBETH B EEZ T VD, KBRS, THIL
EHBERICEATW LI EROMEZENET 3 LRIFIC, EadffifEz
FIRTIEEELERDVEDLEDSIE, BFICT YA UL, BEFEOALS
TRF—7FRILE—FXTIZ, HORIBAT 5> ROflfE % 0FEICIZ R, HD
F~HORIBARIAN* Bl % »*, HORIBAT > RIZxt§ 5551) £ BIE 4 B8
TOMBELHE L TVDEEZ TV, KUT, 2012F0F 1 L EAEZEF D
BAEEL, 7Y UL DHEEEEMEEDRIE, LU ZDFIREFEHRE
T3,

*1: HORIBAZ I — 7 \ZFRB ¥ BB DA TOET
(7 FTH 41 2 E2012]

2 FRIpH - KE 25T
LAQUA F-70/DS-70>') —X

[EREORMEL-BZE|PSETNT
K e R Al R P i

Ty RFH A E FERBAYA L
http://www.g-mark.org/award/describe/39189?token=wUlY OImZRE

Rt RS EAERTE, 19504FICHARM O 7 AEMApH A —F —% 1L
O, W OREH 217 <, pH - KESHET 2RI L T&72, pHEWR
ITHORIBA™ &\ ) BE S FOMFHIE 2 A FFE L7 [LAQUA F-70/
DS-70> ) — X |(B1)1, IdRE 25 —%FEERE Cflibit 5 ERIpH - 7k
HAHEtCH 5,

COTHA L 7Tav AL, FO2ODELELRKRA » M b,

9, FFEORECTHEE A N— LT A F—ELBG L, MUK
L= —DEOFEEZH\ 2L TH b, Z L M L7-HIGORNEZ T
T AT TEE & LTz, RIS, fll L7z B2 IR & Bl C#L5I2 R b
HAUN—EIEFHE LB, 500K EOSMS &% F v 7T v — L7ERE
e 2o — M LL, KJEE 2R 7 L A v A b — 3 v 7 2Bl L CRER b A ft

Bt = ERpH - KEHHE
LAQUA F-70/DS-70>1) =X

Readoul No.40 March 2013

109



opics
My 7R

‘ Bto BNo.1DFH A %#BIELT

Z 7ILAVF a—TICBRG 51ie
TERS DRIER

CREAN STANDARD
ELECTRODE

- SRR

H2 MELUARSERECETATIR/ TF74(C
&3P

ERED [REUCER] hoEFne
EFEUWAIRICEREEL [#EDTH 12/

LoBENWL

CLEAN COMFORT

HHhbPFTN

CLEAR

X3 HEEMEES -3 DDTH MOt Tk

110 | Recicloul No.40 March 2013

BT CREFAIE

7y RTFHFA Y EOBRERR,POIE, [ERE L), fifdEan
58 RO B D W2 S TR SN BRFE D 2, MEdRE LTI T

WTWRWETEZ— X2 LI L7z (COTRITETH IR 757 1]
EMHEN D CR2) ZDOTHA 7O AN S, KEFHT OB TIE, bhh=e
FPETIEMERBEIE D720, BERE WO b ZWIZRblowvw e ) iE
it [Clean - Clear - Comfort & W) 7 A > - a7 baE X L3
m~E BBUEL 72 (R3).

“Clean” HIEBY CIEMERMIEMEZ 15572012, FHFAERLEm T VD
LA FIA—2ar[(HEN)DRVENWRIREIHEOZ LN TELEDS
AR D 70\ FE T 2 B o

“Clear” 4% L TWahxbr)Rd {fni, Mz TiUuivunonE
JEENZ DD BT2OD TN T—DF v F ISPV REREFETr—Yay
WREA HE ST T T4 INI—F— A 2 ¥ —7 2 — A (GUD &4 H
“‘Comfort” JFEFEFHFRLHBISHAL, LEADRNWAL—ATHIE
HAEREH T 572012, FHEAEZIT TR EMAY VY Y —7—
e EOWER AL, WEICBD D EROBEx SO EEE T A
V0 360° M TE, F/-MERSR Y HEIRETE, 7—20 LTz
PEEFEDPOBEITIECEDB/MASY » FEHRH,

PR ek 2

D, IHENRBZGENT T AN (T ANy T) OB &
0, 799 N THMYDRG, & TIVTERLWG, JIERRT A
UHENL ANV TEEDHITONT NS, L, AV FR—
ADFENL N —T LIzN—= AR AR MH IR D € —
H—RLEH AR Z, L0 LA T ML CHERORE
HxEOLN L TRE MEIb ARENE CFHii s 1
72 JEDFHIT A Y N ARz (Y RTHA Y ET 27 A &
L051H)

\ L8 pHE WV ZIZTHORIBA” £\ ) BE S FOMERIG 2
LIz OOMAINED AR S, WifeE B2 oHaEZ AN 57
WA DTN,

2 IEHZ MR TR R ERIR) BER SN, 7= &N
SRR LT, Z V=TI E &, F— R HHL T TE

MestAlZT 2y b 74— L4

HORIBA ONE PLATFORM

I2I  HSRH AEHRICHT S
#UVETRERIE ORE L BN AR A TR

Ty RTFHA B SERBNYA L
http://www.g-mark.org/award/describe/39261?token=wUlY OImZRE



HORIBA Technical Reports

A Stt IGEEFT O L2 2 U HRET AR L, BB A — 7 — O
FERSs e T SN AR Y = 780% % (56 5 EHLTH B, 20124EF
DTy RTHA v EEZE LIERHNT 7w s 74— A3, _0)31///5‘%5
LA AERE 21T U0, ERZE I SO TR BRaR il e

FL TR THLPOLHGER - FHTE %ﬁﬁ?ﬂ@%ﬁ&x—?A&
LCHFEL 720

MR R BREEROES L VIS A, RO NA 7)) v FH B HB) 2
EHL R % KR CHIE S T FER S ANE S AL § 5 7 0T, RPERIY TR
RHBHRBR TR T 20 AT L TH L T OHEN ABELEE MEXA-
ONE" %D T 5, 5741)) —AFEDIONEL ) =X [IZb BEA A, BEFD
HORIBA# i oAttt 4 S LsHllEEL AL, A7 T 71 v a—
YA 5 —7 2= A(GUDIZB ZMHEERVEEEOM— 21T ) 2 LT, +
N =Y QAR ZERT 5 (B4), ¥ AT LD & DRE
N R EHEN AGHI T 5 v v 7 4 — 24 PTAIZEED

n HOoRIBA
( ) ONE
V PLATFORM
BEEHARAEEE

wnmrmn VoA ONE hms oNEsU-X

X4 HORIBA ONE PLATFORM
AT LA A=V E

AR TIETHA VHIZDOW TR 5,

TERDPET APE R E D SR EE LR A > M, 3
PEIRICHEAE S AGUITH 5o 512, [V AT L&D D) R

I A & [T 2 3R E I J 28123 L 72 (R15) o
[V AT DEROIRRED D) 2§ W 2 EH 5 5

728002, W TIE 4 DFE (& T2 AT 24K 124 il
SRS A BRI IX B L 720 F72, M2 ICBIb HMIEEZ: & D3R
IRTY T EENET )T, BIOYV AT LD EET) T

D32 E MBI, BRI L B et & 1) L S8/, [y

(2, A DB IR LA Y AT L&k OREEET 1 i

TTLTHERR T E 2 L) 12, HEOME 4 DFEEZ M A E D

B CHMHELBRIERFEI L 720 T72, [ERIZBIEN 125 X5 HORIBA ONE PLATFORM{ERY —> 4 x—TK

W 572012, BIERY Vb RT T A Iy & T %

MASBE T2 LI, ¥y F /SR VIREL = ABENTITHIRIEL R

TOLAT I ROF 2—=22 7 %7572 (R6), T2, 7TI—LEO T

LaA—TF AT Y, A= — DO R EE LR — MO FEES

&, BAEOBIICERMO L — =0 VR BEL S, HETHIHIHEA Y
A REE L7z,

FEAEZEDOIL, [HENHRASE AT R 2547 AR 52 H2r-<° B B B s BR T
BEHE, ATy FEOBINT, WERRRLEE, Fihe S0 St - #
MALL, OB ROOLNTETWD, $72, EBRFENICH HHEH
DOFRER - FHIBEER 2 AR ARNCHIE L, AR ER - Sl C& 5 2N
INTNVD, DT Ty M7+ =21, ZOELIIEZ H72DIZHEN AMER
& BB I BRI E A AT EEEH T 25D Th b, 21— -0
H5E > — ¥ R RURIINIHGE L 22255, TERD O OB Z T3 IRl L 72 k-
T, #rLWEHIBRBE 2 L L 720000, SERMEICEN S &5 CE 5 h
DTH 5 L OFHZ 15720 (7Y FTHA BT 27 A M EYEIH)

H6 > RT LN hhr)RT CEBA RN
EEBLGUI

Readouf No.40 March 2013

111



opics
My 7R

‘ Bto BNo.1DFH 1 %#BIiELT

7 K—2TINHZAHEN PG-3002 1) —X

47t 3P E ' 6 <A

YA pa-g
< S—ra

FLy v zae,
MESEReottn

M8 FRREEHEFETZLODITZb

X9 MEHDN—IN—Fy I Ty

112 | Reccloul No.40 March 2013

LWV T NILT AV I T arwRGE LB TT Y K7L B
ZETELIEEBIC, 5HOHORIBABRSOTFH A LZBWT, N—FY
ITIELHAADIE, 5FTULICOR )R T WEEZEZH L, BtoBE,
THDoNaHlEEsEE LT, FrC AL ikies BRI R AIRICHEETE
B12ODTHA & —f@ER LTI &7\,

[F42EERTET V(8 BEERESIFHE]
K—2TIWHZX3hEF PG-300U—X

EiRE S RENE 2 R ERRREREE ML
ERAMSETIVELTORKREZFTFHEShZE

BRIXTY1 8 REBAYIL
http://www.nikkan.co.jp/cop/prize/priz08415.html

K=& TNH Z55HEHPG-3003 1) — X J(K7) TlZ, #GEEIRE Ay — b5
(284720, [—HRZZZ20 T, 505 L COBRRED R S b b 71 v %
BID720 1 JE WD) BROEWATT OV 27 M AU N—=2H 572, FF, 2—H—
(BT ZBAFE A =T A F—HBFRIL, BTk 5
NTVLPE V) FEREHEE P OB — A2 o7, T8, Th
FTOR=F TNWHAGHENE, [FHHERZLIZTELDS, T RBED
WL TWAEIIFE ARV IZE2 b Do
7oo F72, [REOMHFITMET L2 LTI
RHHITHIE L) BVIREEZED
720 JE V) = — DWW EH 572,

FEERT'Rh 2 7S e %0
(e £4ER L TE 30

22T, =YL BB %L 2 "GN
@9 Wiz /S— hF =", WnHar T 4237 T,
TR Bedsy, 2% B4 X9 27l

TEBLY COREDN LWL —F =75, 3=
FF—="ICEEEE LA L) RPHD L S (BRF) & Gt s (i
L) &R TS (RS LWIEIEE) 2 KU L TTH A~
L7z MBS ERE I LR T TH LI L%
Vo BB D BTN 2 ERICHTEVETORE), FvaliEs
TOREEY~OEZE L BB LT 572 (K8), 22 TR
Na—AEEMERL, 70V 27 MAYN=THET L0
DEFESFROR=8—F v 77 v 7 (R9) Z1EY, kL 5
VEVEDORMREA M) R L 720 Z LT, 2RI L DM HEE
P L7280, BIREOY A N7 — &b/ 7V IR
ETTELREKE—REDDH L THA V TEL, 612, F
HEWNZHE T A7)y TSR T VX7 M2 5B
FHRISE L 720 BTV A VA FEBREE L Bbh 7555
W&, BEETERE RN L & > TRET L 3ER < Dk
L, LWL HEZI) ANTER L7z, S50, BIET



HORIBA Technical Reports

3HT— 9T ISFINT A AT LA 2R B S bR Rm oY)
B, WEEE 79 7 OFRYEE, A RR=VTOFRMEHHE V) NEE Y
7 b 2 TR E LS LT, BRI ) R KBS 52 LT, A —
A RL = a v EERLT X512, Fo X RERTINT Y ADRNTS
R—2 a Y ORERL Y 7 7% FDOFFWMAF ¥ 7F ¥ CRIFTE S LT,
=DM AHEED I F ) T4 T v FIIBR 720

SEOETIIAEW S, #EaME, BEae, R, BE Lotk SR RET
(ZEHM S A, WAL TR O AR AEME . A2 BiE 3, SO EMICHIfE S
7o B oz 0B, TOR—=F TIVAHEITPG-3003 1) — X JIZ20114E
DTy FTHAELZELTWAILEHLIRZ 5o

Ty RTHA U8 SERNYA
http://www.g-mark.org/award/describe/37900?token=wUlY OImZRE

[y RFHAEIZDWT]

19574EICAIRR SN72 7y WA U RbmEE R 2 580 &+ 5, HATHE—
DRAEW7R T A ¥ 3l - HBEOMBY, 2 FTEEELL LD T, 79
A V%8 U CHARDESERETG LA 0] R3¢ 588 L CRBSNTEY,
DRZEAEIE38 0004 L EIZDIRY, 4 HTIXEINAADOZ { D3R HIER
DB 7y RFFA D EZEDOY YRV THLICY—7 [IF, T <N2TH
AVERTI VRV =2 LTURSELENTWA(RIM0),

[k T2 1 EIZDWT]

AT S AL SRS S O3, AR L&, & LEREORE
25T, bAELERZO T A ORM - 8% HAIZ19704E 12 AR &
N, 201246 CA2[HZ MR %0 TNFTFTZELLELOBL, ZhEFho
BT A v O F M RE T 5 EmA0EG & L CECEHMis i Tw b
(R11),

REA &Rk

Tomoya KUMAUCHI

RIS Y8 B ERT

BEHAL a—FRL—ba3Ia=Fr—TarE
Tayy YA T — A

ERF

Mitsuko SHIMA

PR S IR R ERT

EEAR I-Rl—ba32=r—varE
TaY s N THA Y F— A

GOOD
DESIGN

B0 v RFHFAE SR —s

BMIRTYIV8E

B11 #EIETVAE S oRw—7

Readoul No.40 March 2013

113



HORIBA World-Wide Network

HORIBA, Ltd.

2, Miyanohigashi-cho, Kisshoin, Minami-ku,
Kyoto 601-8510

Phone : (81)75-313-8121 Fax : (81)75-321-8312

HORIBA Advanced Techno Co., Ltd.

31, Miyanonishi-cho Kisshoin, Minami-ku,

Kyoto 601-8306

Phone : (81)75-321-7184 Fax : (81)75-321-7291

HORIBA STEC, Co., Ltd.

11-5, Kamitoba Hokodate-cho, Minami-ku,

Kyoto 601-8116

Phone : (81)75-693-2300 Fax : (81)75-693-2350
STEC Aso Factory
Torikokogyodanchi, 358-11, Koumaibata, Toriko,
Nishiharamura, Aso-gun, Kumamoto, 861-2401
Phone : (81)96-279-2921  Fax : (81)96-279-3364

HORIBA TECHNO SERVICE Co., Ltd.

2, Miyanohigashi-cho, Kisshoin, Minami-ku,

Kyoto 601-8305

Phone : (81)75-325-5291 Fax : (81)75-315-9972

BRAZIL

HORIBA Instruments Brazil, Ltda

Avenida das Nacoes Unidas, 21.735 PT QD 17 -
Jurubatuba - Sao Paulo -SP - CEP 04795-100

Phone : (55)11-55-45-1500 Fax : (55)11-55-45-1570
TCA/HORIBA Sistema de Testes Automotivos Ltda.
Rua Goi-s 191 Vila Oriental, Diadema, S-o Paulo,
Brasil CEP 09941-690

Phone : 55-11-4224-0200 Fax : 55-11-4227-3133

CANADA

HORIBA Canada, Inc.

Unit102, 5555 North Service Road Burlington,
Ontario, L7L 5H7

Phone : (1)905-335-0234  Fax : (1)905-331-2362

HORIBA Instruments Corporated
17671 Armstrong Avenue, Irvine, CA 92614
Phone : (1)949-250-4811 Fax : (1)949-250-0924

HORIBA International Incorporation

17671 Armstrong Avenue, Irvine, CA 92614

Phone : (1)949-250-4811 Fax : (1)949-250-0924
Austin Office
9701 Dessau Road, Suite 605, Austin, TX 78754
Phone : (1)512-836-9560  Fax: (1)512-836-8054
Albany Office
58 Clifton Country Rd, Clifton Park, New York 12065
Phone : (1)-518-331-1371
Chicago, IL Field Office
1725 Roosevelt Rd #115, West Chicago, IL 90185
Phone : (1)630-562-2298  Fax : (1)630-562-2324
Edison Office
3880 Park Avenue, Edison, NJ 08820
Phone : (1)732-494-8660  Fax: (1)732-549-5125
Houston, TX Field Office
240 Springhill Drive, Suite 410, Spring, TX 77386
Phone : (1)281-367-7422  Fax: (1)281-367-7423
Irvine South Office
34 Bunsen Drive, Irvine, CA 92618
Phone : (1)949-453-0500  Fax : (1)949-453-0600
New Hampshire Office
315 Derry Road, SUITE 13 Hudson, NH 03051
Phone : (1)603-886-4167  Fax : (1)603-886-4267
Portland Office
10110 SW. Nimbus Avenue, Suite B-11, Portland, OR 97223
Phone : (1)503-624-9767  Fax : (1)503-968-3236
Reno Office
605 Spice Island Drive, #5, Sparks, NV 89431
Phone : (1)775-358-2332  Fax: (1)775-358-0434
Santa Clara Office
3265 Scott Blvd.Santa Clara, CA 95054
Phone : (1)408-730-4772  Fax: (1)408-730-8975
AnnArbor Facility
5900 Hines Drive, Ann Arbor, MI 48108
Phone : (1)734-213-6555  Fax: (1)734-213-6525
Troy Facility
2890 John R Road, Troy, MI 48083
Phone : (1)248-689-9000  Fax : (1)248-689-8578
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AUSTRIA

HORIBA (Austria) GmbH

Kaplanstrasse 5, A-3430 Tulln

Phone : (43)2272-65225 Fax : (43)2272-65230

BELGIUM
HORIBA ABX SAS
Belgium Office
Luchthavenlei 7A, 2100 DEURNE
Phone : (32)3-281-49-08 Fax : (32)3-281-65-04

HORIBA Czech
Prague Office
Petrohradska 13, CZ-10100 Praha 10
Phone : (420)2-7174-6480 Fax : (420)2-7174-7064
Olomouc Factory
Zeleznicni 512/7, 772 00 Olomouc
Phone : (420)588-118-365 Fax : (420)585-310-725

[FRANCE |
HORIBA ABX SAS
Parc Euromédecine, rue du Caduce, BP7290, 34184
Montpellier Cedex 4
Phone : 33(0)4-67-14-15-16 Fax : 33(0)4-67-14-15-17
HORIBA France Sarl
12. Av des Tropiques Hightec Sud, F-91955 Les Ulis
Phone : (33)1-69-29-96-23 Fax : (33)1-69-29-95-77
Grenoble Office
BUROCLUB 2 Av de Vignate, Gieres 38610
Phone : (33)4-76-63-49-15 Fax : (33)4-76-54-03-99
HORIBA Jobin Yvon SAS
16-18, rue du Canal, 91165 Longjumeau Cedex
Phone : (33)1-64-54-13-00 Fax : (33)1-69-09-07-21
HORIBA Europe Research Center
Avenue de la Vauve - Passage Jobin Yvon CS 45002
- 91120 Palaiseau
Phone : (33)1-69-74-72-00 Fax : (33)1-69-31-32-20
Villeneuve d’Ascq Office
231 rue de Lille, 59650 Villeneuve d’Ascq
Phone : (33)3-20-59-18-00 Fax : (33)3-20-59-18-08

GERMANY

HORIBA Europe Automation Division GmbH
Zabergaeustr. 3, 73765 Neuhausen

Phone : (49)7158-933-300  Fax : (49)7158-933-399

HORIBA Europe GmbH
Oberursel Office
Hans-Mess-Str.6, 61440 Oberursel
Phone : (49)6172-1396-0 Fax : (49)6172-1373-85
Berlin Office
Fichtestr. 32, 10967 Berlin
Phone : (49)30-61625581
Darmstadt Office
Landwehrstrasse 55, 64293, Darmstadt
Phone : (49)6151-5000-0 Fax : (49)6151-5000-3865
Dresden Office
Zur Wetterwarte 10, Haus 109, 01109 Dresden
Phone : (49)351-8896807 Fax : (49)351-8896808
Hanover Office
Bayernstr. 29, 30855 Langenhagen
Phone : (49)511-7410-95  Fax: (49)511-7410-53
Korschenbroich Office
Friedrich-Ebert-Str. 9-11, 41352 Korschenbroich
Phone : (49)2161-47537-0
Leichlingen Office
Julius-Kronenberg-Str. 9, 42799 Leichlingen
Phone : (49)2175-8978-0  Fax : (49)2175-897850
Munich Office
Putzbrunner Str. 89, 81739 Munich
Phone : (49)89-634970-10 Fax : (49)89-67070-29
Potsdam Office
Dennis-Gabor-Str. 2, 14469 Potsdam
Phone : (49)3316-4900-70 Fax : (49)3316-4900-74
Stuttgart Office (Boeblingen)
Hans-Klemm-Str. 56, 71034 Boeblingen
Phone : (49)7031-677-9440 Fax : (49)7031-677-9450
Stuttgart Office (Neuhausen)
Zabergaeustr. 2, 73765 Neuhausen
Phone : (49)7158-933-800 Fax : (49)7158-933-899
Wolfsburg Office
John - F. - Kennedy - Allee 64 38444 Wolfsburg
Phone : (49)5361-27648-11 Fax : (49)5361-27648-24

Fax : (49)30-61625584

HORIBA Jobin Yvon GmbH
Hauptstr. 1* 82008 Unterhaching
Phone : (49)89-46-23-17-0 Fax : (49)89-46-23-17-99
Bensheim Office
Neuhofstrasse 9, 64625, Bensheim
Phone : (49)89-62-51-84-750  Fax : (49)89-62-51-84-7520
TALY

HORIBA Jobin Yvon Srl
Via Cesare Pavese, 19/21 20090 Opera Millano
Phone : (39)2-57-60-30-50 Fax : (39)2-57-60-08-76
Torino Office
Europalace, Corso, Torino 43/45, 10043 Orbassano, Torino
Phone : (39)11-904-0601 Fax : (39)11-900-0448
HORIBA ABX SAS
Italy Office
Via Le Luca Gaurico 209/211, 000143 Roma
Phone : (39)6-51-59-22-1 Fax : (39)6-51-96-43-34
NETHERLANDS
HORIBA Europe GmbH
Netherlands Office
Science Park Eindhoven 5080 (Industrial park
“Ekkersrijt") 5692 EA, Son
Phone : (31)40-2900240
POLAND
HORIBA ABX Sp. zo. o.
Wal MIEDZESZYNSKI 598 - 03 994 Warzsawa
Phone : (48)22-673-2022 Fax : (48)22-673-2026
PORTUGAL
HORIBA ABX SAS
Portugal Office
Alfrapark - Estrada de Alfragide no 67, Edificio F -
Piso 0 Sul, 2610-008 Amadora
Phone : (35)12-14-72-17-70  Fax : (35)12-14-72-17-89
ROMANIA
HORIBA (Austria) GmbH
Romania Office
Pitesti, B-dul Republicii Nr.38, Bloc 2 IRTA, Scara A,
Etaj 3, Ap.11 Judetul Arges 110011 Pitesti
Phone : (40)348-807117 Fax : (40)348-807118

Fax : (31)40-2900624

HORIBA 000
Altufievskoe shosse, 13, building 5, 127106, Moscow
Phone : (7)495-221-87-71 Fax : (7)495-221-87-68

HORIBA ABX SAS
Spain Office
Avenida Caidos de la Division Azul 16, 28016 Madrid
Phone : (34)91-353-30-10 Fax : (34)91-353-30-11
HORIBA Jobin Yvon
Spain Office
PAE Neisa Norte Ed. Il, Avenida Valdelaparra, 27,
28018 Alcobendas/Madrid Spain
Phone : (34)91-661-79-87 Fax : (34)91-661-66-58

HORIBA Europe GmbH
Sweden Office (Gotehnburg)
Kaerrlyckegatan 21, 418 78 Gothenburg
Phone : (46)31-644268 Fax : (46)31-644269
Sweden Office (Sodertalje)
Sydhamnsvagen 55-57, 151 38 Sodertalje
Phone : (46)8-550-80701  Fax : (46)8-550-80567

HORIBA UK Ltd.
2 Dalston Gardens, Stanmore, Middx HA7 1BQ
Phone : (44)208-204-8142  Fax : (44)208-204-6142
Northampton Office
Kyoto Close, Moulton Park, Northampton, NN3 6FL
Phone : (44)1604-542-500 Fax : (44)1604-542-699
Medical Division Office
Kyoto Close, Moulton Park, Northampton, NN3 6FL
Phone : (44)146-281-4400 Fax : (44)146-285-1004
HORIBA Jobin Yvon IBH Ltd.
Skypark 5, level 1, The Clydeway Centre, 45
Finnieston Street, Glasgow G3 8JU
Phone : (44)141-229-67-89 Fax : (44)141-229-67-90
HORIBA Test Automation Ltd.
Evesham House, Whittington Hall, Whittington Road
Worcester, WR5 2ZX

Phone : (44)1905-359359 Fax : (44)1905-359332
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Beijing HORIBA METRON Instruments Co., Ltd.
Chaoyang District, Bei Yuan Road 40, Beijing
Phone : (86)10-8492-9402  Fax : (86)10-8492-7216

HORIBA INSTRUMENTS (SHANGHAI) CO., LTD
No0.200, Taitao Rd, Anting Town, Jiading District,
Shanghai 201814

Phone : (86)21-6952-2835 Fax : (86)21-6952-2823

HORIBA (China) Trading Co., Ltd.
Unit D, 1F, Building A, Synnex International Park,
1068 West Tianshan Road, 200335, Shanghai
Phone : (86)21-6289-6060 Fax : (86)21-6289-5553
Beijing Office
Room 1801, SK Tower, Tower 1, No. 6 Jia, Jianguomenwai
Ave., Chaoyang District, Beijing 100022
Phone : (86)10-8567-9966 Fax : (86)10-8567-9066
Guangzhou Office
Room 1611/1612, Goldlion Digtal Network Center,
138Tiyu Road East, Guangzhou 510620
Phone : (86)20-3878-1883 Fax : (86)20-3878-1810
Shanghai Service Center
Rm.303, No.84, Lane887, Zu-Chong-Zhi Rd.,
Zhangjiang Hi-tech Park, Shanghai, 201203
Phone : (86)21-5131-7150 Fax : (86)21-5131-7660
Shanghai Technical Center
No.200, Taitao Rd, Anting Town, Jiading District,
Shanghai, China 201814
Phone : (86)-21-6289-6060 Fax : (86)-21-6289-5553

(NDIA______________________|
HORIBA India Private Limited
246, OKHLA INDUSTRIAL ESTATE, PHASE 3 NEW
DELHI - 110020
Phone : (91)11-4669-5001/(91)11-4646-5000
Fax : (91)11-4669-5010/(91)11-4646-5020
Bangalore Office
Kamadhenu, No.17/1 - 32, Bannerghatta Road,
Audugodi, Bangalore - 560030
Phone : (91)80- 22210071
Pune Office
502, 5th Floor, Purushottam Plaza, Baner Road,
Baner, Pune - 411045
Phone : (91)20-40766000 Fax : (91)20-40766010

INDONESIA |
HORIBA Instruments (Singapore) Pte Ltd.
Jakarta Office
Menara Bidakara 2 Unit 11-04, JI. Jend. Gatot
Subroto Kav. 71-73, Jakarta Selatan, 12870
Phone : (62)21-2906-9419/(62)21-2906-9420
Fax : (62)21-2906-9421

[KOREA |
HORIBA Automotive Test Systems Ltd.
Room #906, World Meridian Venture Centre |, 60-24
Gasan-Dong, Geumcheon-Gu, Seoul, 153-781
Phone : (82)2-562-7706 Fax : (82)2-562-7630

HORIBA KOREA Ltd.
202-501, Bucheon Techno Park, 192,Yakdae-Dong,
Wonmi-ku, Bucheon Kyunggido Korea
Phone : (82)32-621-0100 Fax : (82)32-621-0105
Seoul Office
10, Dogok-ro 6-gil, Gangnam-gu, Seoul, 135-270
Phone : (82)2-753-7911 Fax : (82)2-756-4972
Suwon Office
D2f Hae Sung Bldg 307-9 Yuljun-Dong Changan-
Ku Suwon, Kyunggi-Do
Phone : (82)31-296-7911
Ulsan Office
601, Kaya Bldg, 193-5, Sinjeong 3Dong, Nam-Ku, Ulsan
Phone : (82)52-275-0122  Fax: (82)52-276-0136
HORIBA STEC KOREA, Ltd.
110, Suntech-City, 513-15, Sangdaewon, Jungwon-
Ku, Sungnam-City, Kyungki-Do
Phone : (82)31-777-2277

Fax : (82)31-296-7913

Fax : (82)31-777-2288

SINGAPORE

HORIBA Instruments (Singapore) Pte Ltd.
10, UBI CRESCENT #05-12 LOBBY B UBI TECHPARK
(408564)

Phone : (65)6-745-8300 Fax : (65)6-745-8155

TAIWAN
HORIBA Taiwan, Inc.
3F., No.18, Ln. 676, Zhonghua Rd, Zhubei City, Hsinchu County 302

Phone : (886)3-656-1160 Fax : (886)3-656-8231
Tainan Office
1F., No.117, Chenggong Rd., Shanhua Township,
Tainan Country 741
Phone : (886)6-583-4592  Fax : (886)6-583-2409
THAILAND
HORIBA ABX Diagnostics (Thailand) Ltd.
393, 395, 397, 399, 401, 403 Ladyah Road,
Somdejchaopraya Sub-district, Klongsan District,
Bangkok 10600
Phone : (66)2-861-59-95 Fax : (66)2-861-52-00
VIETNAM
HORIBA Instruments (Singapore) Pte Ltd.
Hanoi Office
Unit 10, 4 Floor, CMC tower, Day Tan Street, Dich
Vong Hau Ward, Cau Giay district, Hanoi
Phone : (84)4-3795-8552  Fax : (84)4-3795-8553
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