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A Principles

Scwnce ”m aNSHS

_~ Control of analytical conditions

=

Application — Technology <=——— Metrological engineering

Sogicl neals Iestrumatal opterization
digediey <Sen_sing (Sgnsor) t?chnolpgy

. : . Material, optics, mechanics etc.
Metrological engineering .

Signal processing technology
Electronics (analog, digital circuit,
microprocessor etc.)

Fig. 1 Triangle of analytical chemistry
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Mechanism study

Table 1-2 Time flow chart of the progress of an instrumental analytical method

*l. Concept, theoretical basis or principle .
2. Experimental verification of the concept applicability

3. Instrumental design and hardware (technological) optimization

4. Standardization and software (procedure) optimization in practical
applications *ﬁ / Fﬂeﬂ-ﬁd M{Mods

(Feedback concept)

&; Feed —(orwﬂv“‘ ) cBuamduom Lca.,o
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Atomic emission spectroscopy
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Fig. 2 Schematic diagrams of principle for three kinds of atomic spectroscopy (as for detailed
theory, refer to the main text in Chapter 2)




Table 2 Components of analytical atomic spectroscopy

Spectroscopy

Atomization/excitation source

Atomic emission spectroscopy
Flame photometry
Arc/spark emission
Inductively coupled plasma

Atomic absorption spectrometry

Zeeman AAS

Atomic fluorescence spectroscopy

‘Chemical flames (air-C, H,, air-H, etc.)

Electric discharges
Spark
Arc DC, AC, RF, microwave
Glow discharge
Inductively coupled plasma
Capacitively coupled plasma
Microwave induced plasma etc.

Electrothermal atomizer

Cold vapor

Dispersion systems
Detectors
Electronics

spectroscopy

| Atomic magneto-optical rotation

 Multi-line method

Light sources (hollow cathode lamp,
electrodeless discharge lamp etc.)



Table 3 Brief chronology of analytical atomic spectroscopy

AES
1666 Light dispersion (Newton)

1860 Flame photometry (Bunsen &
Kirchhoff)
1890s-

1930s Spark/arc-AES, various
types of monochromator

1961 Prototype of ICP (Reed)

1962-69
Basic development, detec-
tion limit (Fassel et al.)
1965-70
Optimization for low inter-
element effect
1970- Mechanism study

1975-80

Explosive growth, commer-
cially available ICP’s, stand-
ardization

ICP-AFS

Small sample size, minituari-
zation, detailed mechanism
study, other types of plasmas?

1981
1982-

AAS

1802
1815

Reversal line (Wollaston)
Fraunhofer line (Fraun-
hofer)

1896 Zeeman effect (Zeeman)

1955 AAS concept (Walsh & Alke-
made et al.)
1955-62

Basic development/many pa-

tents in Australia and New

Zealand
1961 ETA (L'vov)
1962-69

Explosive growth, commer-

cially available systems
1969-76

Standardization
1970- Commercially available
EAT’s, mechanism study
ZAAS (Prugger, Hadeishi)
Commercial available
ZAAS, microprocessor
New types of (separative)
ETA? , trace characteriza-
tion?

1971
1976~

1982-

AFS

1924 Atomic fluorescence (Nicho

1963 Prediction of AFS (Alke-
made)

1964-69

Theory and basic develop-

ment (Winefordner et al.)

A commercial available

non-dispersive instrument,

many instrumental

improvements

Dye-laser AFS

1970-

1975-

ICP-AFS

Removal of background
scattering, ZAFS?,
time-resolved AFS?

1981
1982-
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The CONTENTS, _

X ton, Mathematick Prefeffor in the Univerfi-

. L“;’c:!aﬁ;;“ioﬁ:x:; his New Theory about Light and Co-
zn : Where L\Eh! ir éoclared to be not Similar or Homsgeneal , but
;ufﬁiu of differmrays, fome of whicl-are more refrangible than o-
thers : g.{ud g:;u are affirm'dto be not @a{(ﬁmuaf’r of L:gbt,f.--
v'd .{nl RefraBions of natura! Bedies, (as "tis generally believe: ;).
;:u Original and Connate propertics, whichin divers rays are dwmb :
Where feveral Obfervations and Experiments arle allrgg}d f;rl.”o:'; : : :

; . An Accompt of fome Books: 1. A Deferiptionof th
’:jstIAN COA.{"I'S{‘R‘WA‘ZJABAII{', CKIEO::;IlfCNGDf'ﬁ;
: . in Dutcn, by Phil,Baldzus, 11, Antoniil d
fl%?fol?"bd;lg PHIL’OgoPHllﬁ,{ccuthm principia Rc'n:e..n
Des-Cartes 5 movd methodo adornata Gb e.\:.;l"llrmtn. ;l llm;lr: f{g'adj
be Advancement of MUSICK 5 Uy Thomas Salmon A1 4.
:;;v:m]c;:nt about Thacon Smyrnxeus, An lndex for the Traéls

of the Year 1671, .

3 ; he
bt Mr. 1faac Newton, Profeffor of the Mathematicks in ¢
A gni:/::}f:] of Cambridge’s com;x'm'ng his New Theory about Lagh; ar;d
Colors : fent by the Author to the Publifber from Cambridge, Feir.6.
1653 inorder to be communicated tothe R. Society,

SIR, } 3 it
fi latz promife to you, I fhall without further
Ocepr?m%r:;:::!;ua:ng you, thatin the beginoing of the Y_ea‘t
1666 (at which time [ applyed my felf to the grinding of Optick
1affes of other figares than Spherical,) .1 ;j‘rolfur;:ll "z"?; :n;l;::‘ngg—f
ar glafs-Prifme, to try thcrcwu}é u:';: ;-gc rat o

( 3086 ) : .

adout three foot radius (fuppofe a broad Objelt-glafs of a three ¢
foot Telefcope,) at the diftanceof about four or five foor fram

fc colours may a2 ouce be tranfinic- |
to convene 21 a furcher diftance

thence, through whichali cho
“ted, and made by its Refraction
of about ten or twelve fzer,  1f at that diftance youintercept this
lizhe with a fheet of white paper, you will fee the cotoure copvers.
e into whitenefs again by being minpled, Buz
the Prifme and Lens be placed fteddy,
which the colours are c:t, be moved to and fre s for, by fuch
motion, you will not only find, ar wha: diltance the whiteacss i
wolt perfe&t,butallo fee, how the colours gradusily convene, and ¢
vanifhinto whitenefs, and afterwards

inthat place where they compound W
ted, and févered, and in an inverced order retzin the Game cos _
leurs, which they had before they entered the compofition, You
mayalfo fee, tha, if ang of the Colours at the Lenr be intercept-
cd, the Whitenefs will be changed into the other colours. And
thercfore, thar the compofition of whitenefs be perfedt,care mut
be taken, thatnone of :K: colours fall befides the Leny.

Inthe annexed defign of this Experimént, A 2C exprefleth
the Prifi fet endwifeto fight, clofe by the hole ¥ of the window .

s "'_
A

and that the paper, on .

gl “

EG. Its vertical Angle A CB may conveniently be about 60
Cegrees: Af N defigneththe Zens,  Itsbreadsch 23 or 3 inches.
S¥ one of the freighclines, in whichdifform Rays may be con-
ceived to flow fucceffively from the Sun, FP,and FR W6 of ‘
thofe Rays unequally refradted, which the Zens makes to converge
towards 6,, and after decoffition to divergeagain, And HIwe
paper, atdivers diftancésy oh"which the colours are projedted :

whichin Q cenltitute Whitenefs, butare Red and 2ellow in R,r, and o : y

iIf 5t

# «ad Blwaud Purple in P, p,and =,

B
¥

itis requifite,that -

having croficd one another
ritenels, are again diffipa. -
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XIL. -4 Method of examining refractive and dispersive Powers,
by prismatic Reflection. By William Hyde Wollaston, M. D.
F.R.S. T LA Y T s

Read June ig. 1802,

Iu examining the power with which various substances refract
and disperse light, T have for some time past employed a me-
thod unnoticed by writers on optical subjects; and, as i;,l's not
only convenient in common cases of refraction, but alsd’capable
of affording results not attainable by other means, I have been
induced to draw up a short account of the method itself, and of
the most remarkable instances of its application.

This method was suggested by a consideration of Sir Isaac
Newron's prismatic eye-glass, the principle of which depends
on the reflection of light at the inner surface of a dense re-
fracting medium. | :
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L Chemische Analyse durch Spectrallicobachiuagen;
con G. Kir:hhoff und K. Bunsen. v

- .
l.‘;s ist behaumt, dafs manche Substanzen die Figenschalt 'K
haben, wenn sie in eine F lamme gebracht werden, in dem:

Spectrum derselben gewisse belle Linien hervortreten zu las-

ser. Man kaun auf diese Livien vine Methode der qualitativen 3
Aualyse griinden, welche das Gebiel der chewischen Reac-

tionen erheblich enweitert und zur Lissung bishen unzuging

licher Probleme falut.  Wir beschriinken uns hicr zunfichst

aur darsuf, diese Methode fur die Metalle der Alkalien und .
alkalischen Frden zu entwickelu uud ihren Werlh an einer s
Reilie von Beispiclen za erldutern,

Die erwilinten Linien zeigen sich wn so deutlicher, je hoher
die Temperatur und jo geringer die cigene Louchtkralt der :
Flawwe ist.  Die vou Einem voun uns angegebene Gaslampe ') # %
licfert vine Flamwe von sehr hoher Temperatur und sein *
Kleiver Lenchtkraft, dicselbe ist daher vorzugsweise geeig- y

: net zu Versuchen Giber die jenen Substanzen cigenthiiwli- 4
{ chen “wellen Linien. . ; :
3 Auf Tal. V sind die Spectren dargestellt, welche die ‘3
2 genannte Flamme gicbl, wenn die so rein als miglich dar- il
? gestellien Chlorverbindungen von Kaliwn, Natrivm, Lithium, P l
® Strontivm, Calcium, Baryum in ibr W'»’»Lr}fwiﬂl werden, Das i !‘
3 Sonnenspectrum ist, uw die Orientirung 2 erleichtern, bei- i
5 geftgl. ; e \

Die zu den Versuchen benutzte Kaliumverbindung wurde §;
dareh Glithen, von chlorsaurem Kali, welches z;:.\"?{ sechs e
bis achtmal umkrystallisirt war, dargestelit. o

1) Diesc Anmal. Bd, 100, S 5. !

g l'u“ul‘mﬂ“s Aanal, Bd. CX, I



Die Spectren der Alkalien und alkalischen Erden.
Vem
G. Kirchhoff und R. Bunsen,

In ol L Fig 1. baben wie die Mukaljspectron, welehe vou uns in
guel Ablnndbungen (Pogy, Auu. Bd, 110 und Bd. 118) verdfMentlicht
Ml i dov Onbinung xwuuwnumlh.;ﬁleb fach dem chomischen
Yorhulten dor Metalle dio angemessenste’ %t ol scheint, Die Zeich-
ingen: sind unvoedndovt goblichen bis wuf eine blaue Linie im Caleium-
speotrmn, de wir frdber nicht aufgenommen haben, da siv, den vorzugs.
weiso chamctoristisehen Linion dieses Spectrums an Lichtstivks weit
nachstohond, bei unvollkommancron Apparaten schwer sfohtbar ist. Bei
der Vollkommenheit des in unserer letzton Abbandlung von uns angege-
benen, bervits vieifach verbreiteten, Spectrul - Apparates schien og uns
indessen geboten, siv nicht zu fibergelkon, um so mehr, als man sich
wiederholt versucht gefithlt hat, dicselbe einem nenen Elemente zuzu.
schreiben,  Andere, schwlichere, Linien, welche der neas Apparat in den
in Rede stohenden Spectren aunssor doy dargestelten zeigt, haben wir
nachzutragen untorlassen, weil sie bei dem practischen Gebranch, zu dem
dle Tafol bestimmt fst, nar wenig Nutzen gewshren, die Auflussung des
Eigeatbiimlichen der einzelnen Spectren aber erschiveren warde,

Wir erwilinen bei  dieser Gelegonheit ein Verfuhron, welches
Vi spectral-analytischen Untersuchungen wosentlich fordernd jst. Bel
dem, i Pogg. Ann. Bd, 113 von uns beschriebenen, Spectralapparate
Zeige sich im Gesichtsfoldo des Beobachtungsfernvohrs zugleich mit dem
 betrachtenden Spectrum cine Skale. Dio elner gewisson hellon Linie
entsprochonde Skalenablesung ist bei demselbon Apparate immer dig.

' Vorausgesetzt, dass an der Stellung der Skale qnd dos Prismas
nichts gellndert wird, und abgeschea von den wur sehr kleinen Aende.
Fungen, e durch Aendermgen der Temperator des Prismas hervorge-
bracht wendgn, B verschiedenen Apparaten ist aber eing Ueheroin.

¥resenlus, Zesiseheite, L Jahrgzay, 1
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Die Spectren der Alkalien und alkalischen Krden.
AN

G. Kirchhioff und R. Buusen.

In Tall L Fig. 1. haben wiv dic Metallspectren, welche von uns in
wei Abbandlungen (Pogg. A Bl 110 and Bl 113)  verdfientlicht
ind, inoder Ordnnng zusiomneugestellt, welehe nach dem  eliessischen
Nerhalten der Metalle die angemessenste zu sein scheint.  Die Zeich-
mugen sind wnveriindert geblichen bis anl cine Wlane Linie im Caleiom-
:.'N)('n‘lllllll, die wir frither nicht aufgenommen haben, da sic, den vorzugs-
j’\\n-iw characteristischen Linion  dicses Spoctemms an Lichistivke  weit
Funchstehend, bei nnvollkommeneren Apparaten schwer sichthar ist.  ei
Aler Vollkonmenheit des in unserer letzten Abbandlung vou uns angege-
benen, bereits vielfuch verbreiteten, Spectrul - Apparates schicn es uus
indessen geboten, sie nicht zu Gbergehien, um so mehr, als wan sich
wiederholt versucht gefhlt hat, dieselbe einem neuen Elemente zuzu-
schreiben,  Andere, schwilchere, Linien, welche der neae Apparat in den
in Rede stehenden Spectren ausser den dargestelen zeigt, haben wir
nachzutragen nnterlassen, weil sie bei dem practisehen Gebranch, zun dem
die Tafel bestimmt ist, nur wenig Nutzen gowithren, dic Anflassung s
Eigenthiimlichon der einzelnen Speetren aber ersehweren wirde.

Wir  erwiilmen  bei dieser Gelegenheit cin Verfalven, wolches
bei speetral-analytischen Untersuchungen wesentlich fordernd ist.  Bei
dew, in Pogg. Aun. Bd, 113 von uws hesehrichenen, Spectralapparatoe
zeigt sich im Gesichtsfelde des Beobachtuugsfernrolirs zugleich mit dem
zn betrachtenden Spectrom cine Skale.  Die ciner gowissen hollen Linie
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~ resolving powers up o 15 lines per mm were made.
The spot diagrams were computed from some results® of inter-
‘ometer and ic resolving power tests obtained for a
Linch focal length f75.5 Celer type leas, the interferograms
«ed being for ofi-axis pesitions from 5° to 16°. It was decided
At sufficient rays (about 750) would be given by a square array
" .pacing 0.5 mm on the original interferogram of 10 mm dizme-
.+ For convenience, the original interferograms weie enlarzed 4
:-es and printed through a graticule of spacing 2 mm.
For & wave front aberration W, the transverse ray aberration
siven by aW/a(N.A.), where N.A. is the numerical aperture.
he wave fronts were measured in the sagittal and tangential
‘rectinns every 2 mm across the enlarzement and plotted against
,rerical aperture. The transverse ray aberrations for each plot
/1 » wave front were then obtained by graphical ditfficrentiation
| plotted against numerical aperture. The spot diagrams were
“t1ed from this iatter set of graphs.
{.e photographic plates used at D were prefogged to give 2
L.+itv of 1.0 and the exposure time adjusted until the contrast
L ween & resolved synthesised unit and the background was the
1« the average contrast given for an casily resolved unit on
poaer tesl fili 0%t yined fr the tens The
<+ used was very nearly the sanic & the acsial it weed for
« resolving power tests. The exposurc time had to be redeter-
incd for each spot diagram since vignetting caused the number
¢ «pots to decrease as the off-axis angle increased.
I'hen the normal photographic resolving power test may be
<wlated by printing the spot diagram through each of the test-
. 1nasks in turn onto a separate prefogged plate.
Irom the results it is hoped to gain some knowledge of the in-
‘i of the emulsion upon photographic resolving power. Tt
' also he possible to determine”whether difiraction can be

-~

ueed for the large aberrations shown by this type of lens.

warnsa of

J. Q"’”‘"Bt«./g,q

Double-Beam Method of Spectral Selection
with Flames

C. T. J. Auxeaave axv J. M. W. Miratz
Physisck Laboratorizmw dev Rijksunizersiteit te Utreckt, Utrecki, Hollawd
{Received December 27, 1954)

A NONDISPERSIVE, optic-clectrical filter instrument hus
been developed that combines good luminosity with high
spectral resolving power (~0.1 A), at wavelengths which are of
practical interestin spectrochemistry. Use was made of the dovlle
beam method, which is well known in i.r. spectroscopy. In our
instrument this method was applied with a flume containing
vapor of some clement as & specific absorber. This fdame (4 in
Fig. 1) was placed in one of the two light beams (T and IT) which

[ poers e ——

]
e
;’a.-jJ-‘ --‘\I . ]
: ~
4 e !

o \z ;
Q. T P EIRE
S A ‘- k‘, 'v}\ JRTT, il r"
L33
c A

F1G. 1. S =light source to be analyzed; € =rotating disk chopning Vahe.
beams 1 and 11 in opposite phaze: A = specific absorbing mmediam s & =il
||:uy color filter; P =photomultiplicr tube; G =syncironnus 3¢ MoiEing
device.

arc periodically chopped in opposite phase by chopper C. The
balance of the double bear, which s detected by a photomultiy® s
(P) connected toa synchronous measuring device (G) is disturtod
for waveiengths that are specifically absorbed hy the vapor in tie
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S lewalidinica Acta, 1969, Val, 7, PR 1K 1o Y7 Perguaton 17 e bh.L. Loadan

The application of atomie absorption spectra to (.
chemical analysis Pedl A
Al Wu.su ;

Ehomieal I'hywina Saction, Dividon Of Buduntrial Clumintey, : "
Connonwvali Beientific and Indumtrial el Orgunization, Melbuiima, Auatralia .

(Heceived |4 Janrrry 1155) -

Provido & promising metlod of ehemica! analyyis wif|, vital ndvantages over emission mothods,
particularly fron thi viewpoint of alsolite nnalysic 1L g also suggestod thae the alworption
method offors the Possibility of providing a simply ans of isotopic nunlgsis,

1. Introduction

peoblom of devising un absolute method, i.e., a method which will provide an analysis
Without comparison witl, chemically analyzed standapds or synthetio snmples of
known composition. In routine analysis for production control this problem is of
listlo vonsoquence, since it is only necessary to have a limitod number of standards,
and in such work modery direct~rnmﬁng methods leave little to be desired, oxoept
on the score of comploxity of equipment and Associatod expense. When analyses of
miscellaneous junterials Are roquired, the task of providing the required range of
standards becomes insurmountable and the spectrochomical mothod theﬁ_lmu
its accuracy, since avewrnfe analyses genorally ncoessitato the use of standarils

which nre closely similar in composition to (e sample for umulyaiuiflﬁ,gwnq -f
analyses it is also essontial that the sample.and standurds be dimilas as:regards .

‘
1

physival condition. For example, the intensity of the &pootrum of n'metal oralloy
may vary with the metallurgical history ‘of the sample, This diflienlty ‘nay be
overeowo by taking the sample into solution, but accurate nnd sensitive mothods

of wualyzing solutions are only available for the limited range of;dpzhodﬁ;&@ﬁl‘}ﬁg .

o low excitation Potential, which can be estimated by {laine pliotoniotry, In
mothod, also, it is uercssary to wse standurd solutions having coibpositions-losoly
similar to thut of the test solution, . T N W, el

The pussibilivy of adapling any of the existing mothods 10 absolnte nnglysiy
Uoes not appear 1o Lo promising. In the first place, there soems to be ll#i!g,pi’bipiof-i

of developing a light source which is such that the emission speetrum of agiven

cloniont is npb affucted by the preéenco in the ntomjo vapour of &toms of ‘otlior

cloments.  Secondly, oven if these interelement cffects woro ,ollmilfu;bd,. Lh&g‘? :

rewaing the problom of absolute intensity measurcinont and the associated pmblam

-

103 o iy
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.

-
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Atomic ”‘J"‘fW’P ol Ro‘hd:‘on
( AMoR.)

OPTIQUE. — Sur une nouvelle action subie par la lumiére traversant certaines
vapeurs métalliques dans un champ magnétigue. Note dé MM. D. Maca-
Luso et O.-M. Coreixo, présentée par M. Lippmann.

¢ 1. Un faisceau de lumiére solaire polarisée par un premier nicol tra-
verse le champ magnétique fourni par un électro-aimant Ruhmkorff, puis
un second nicol, une lentille cylindrique, et est regu sur un réseau concave
de Rowland. Avec un oculaire muni d’un micrométre, on observe le second

(w Emprt. ,L)?s' / gelfm’ﬁ . 229 rf;‘ / 1?75\
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meter and height 15 mm). Along the central axis, a cavity the intervals between meusurements by swik
in u circular truncated cone (the upper aperture 2.5 mm  solenoid valve (Chukyo Denki). A small cylim
diameter, the lower aperture 10 mm diameter and height  0°Cand | atm was used to carry the whole in
15 mm) is bored to conduct the radiation from the light  car. The contents in such a small cylinder we
souree 1o the monochromator via the utoms evoiving on the cit. LOD0 measurements,

glassy carbon strip stomizer. The directions of the magnetic The overall size of the constructed
field and the radiation are made to coincide with the Farnday 60 x 30 x 17 cm and its weight is 15 kg. Figur
conliguration. The mugaehc fickd strengih can be altered by first and sccond author holding the cylir

changing the distunce between the pole picces. A maximum  constructed AMORS, the car batteries and u se
magnetic field steength of ¢a, 3 kG wis attainable with a motor car (Mitsubishi Lancer) to cacry them,

gap of 5 mm between the pole ricces. building of our Department. Figure 4 shows
the car butteries and the cylinder accommodat
of the motor car. Wires connecting the batl
AMORS are to be seen. When used, the

connected in series to generate 24 V. Two fu
connected in a parallel are mounted in the er
the motor car and charged dunng car runn
pairs of the car batteries are allernately chargec
car and discharged by the AMORS

2.2 Electronic System

Figures 5 and 6 show the block diagram of
system constructed and the relevant tinw ¢
sequences produced by timing circuits, resy
photocurrents from the photomultiplier tube
4 inch compuct type) are amplified and ¢
corresponding voltsges by the preamplifier
amplifier IC Intersil LF356) und sent to the [

cireuits,
Fig. 3, The first and sccond suthors holding the cylinder and the During u short pertod when a hole on the ¢
constructed AMORS, respectively, the two car batteries and o intersecting the optical axis, a blank volta
weond author's motor car (Mitsabishi Lancer) to carry them sponling to the photocurrents induced by |

K.Kitagawa , Y.Yasui,

Fresenius' Zeitschrift
Fig. 4. AMORS accommodated in the trunk of the motor car. The twi fur Analytische Chemie

batteries, the connecting wires and the cylinder are also seen in the

photograph iund the components in the AMORS, involving the het \/0].321 , N0.6 , pp563—571 (1985)

atomizer, in the right photograph
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Table 3 Brief chronology of analytical atomic spectroscopy

AES
1666 Light dispersion (Newton)

1860 Flame photometry (Bunsen &
KirchhofT)

1890s-

1930s Spark/arc-AES, various
types of monochromator

1961 Prototype of ICP (Reed)

1962-69
Basic development, detec-
tion limit (Fassel et al.)
1965-70
Optimization for low inter-
element effect
1970- Mechanism study

1975-80
Explosive growth, commer-
cially available ICP’s, stand-

ardization
1981 ICP-AFS
1982- Small sample size, minituari-

zation, detailed mechanism
study, other types of plasmas

ICP-MS, LET , AMOR
C(CRS)

ADR

[ 7% K53 ok 0 4§ (Appearance of AAS)

1971

AAS

1802
1815

Reversal line (Wollaston)
Fraunhofer line (Fraun-
hofer)

1896 Zeeman effect (Zeeman)

1955 AAS concept (Walsh & Alke-
made et al.)
1955-62

Basic development/many pa-

tents in Australia and New

Zealand
1961 ETA (L'vov)
1962-69

Explosive growth, commer-
cially available systems
1969-76
Standardization
Commercially available
EAT’s, mechanism study
ZAAS (Prugger, Hadeishi)
Commercial available
ZAAS, microprocessor
1982- New types of (separative)
ETA , trace characteriza-
tion

1970-

1976-

AFS

1924 Atomic fluorescence (Nichols)

1963 Prediction of AFS (Alke-
made)

1964-69

Theory and basic develop-

ment (Winefordner et al.)

A commercial available

non-dispersive instrument,

many instrumental

1970-

improvements

1975- Dye-laser AFS

1981 ICP-AFS

1982- Removal of background
scattering, ZAFS ,
time-resolved AFS

PAS

105546, WalshC107 & AlkemadeC ! 187 5 1354 it, BFRKEBAT 5 & & HLWAHRENE O



1

ischarge
Oh, l‘ras&'a’

- (7T L -

- Hhy are you rlasma?
CTTAX Opt )

Ma. ‘50Ki



Flomg

Plasma-—-subtle thing like [ 2 1t
cf. a Japanese traditional saying
"HWoman’s mind & autumn sky"

Therefore, she charms me.
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Fig. 4. Typical emission spectrum of CrO displayed on the oscillograph.
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Laser-assisted HF-heated cup glow discharge lamp for direct solid sample analysis

}L 1064 nm 0.1=0.3 J per pulse

C-switch mode
Lens (8)
(10) L1=120mm e um
G’UEI”I ||dr':_ — pump 5.3 kPa
Brass lid N ’
(9) Waler € % - %—_ Sample holder
| Valve. = "\

Mono- | 18 '
‘chmmatur] e o e (1) 2 )
Graphite L e Tantalum_ |

et Water ,],
! - (3}
0.4 | min Graphite

1.01min™ He = =5

i-N —
Sl3 AF power
(5) H
A supply | {
13.56 MHz For powder For sinterad
[T Wager 300-500W samples samples )
Stainless (1) 04)min
sleel

Fig.1 Schematic diagram of the expenmental system: (1) sample holder, (2) tantalum hd; (3) graphite cup; (4) graphite disk; (3) rf power
source; (6) different type of sample holder for sintered ceramics; (7) Nd: YAG laser; (8) laser beam-focusing lens; (9) spectrometer; (10) quartz
window for laser irradiation; (11) central electrode; (12) d]Sﬂ]‘Iﬂrf:,E chamber; and [U]I quartz window for optical observation.

T.Ogura, H.Inoue , S.Tsuge , K.Kitagawa , N.Arai , Journal of Analytical Atomic Spectrometry , Vol.12(8) , pp.823-826 (1997)



Table 1 Experimential conditions

Rf power SO0 W (2100°C)* or 350 W (I1BDD“CLY SWR=
153
Laser pulse 10 pulses s ', 124 mJ per palse.* 270 mJ/palse,t
Q-swilch mode
He pressure 53kPa
He fow rate 10 Imin ' (NTP)
Bandpass of 0045 nm
spectrometer
Observation 0-25 pm above the sample holder top
height
PMT voltage — 810V (max.)
Flow rate of 04 Imin'
coolant
waler

* For powdered samples
t For sintered samples.
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Fig. 2 Effect of laser irradiatiom on the emassion peak in direct
excitation of powder ceramics (o) with and (b)) without laser srradiation.
Sampie. silzcon nitride powder (SN-BL_ fapan Fine Ceramiscs Center).

Table2 Effect of laser irradiation on Al emmssion peak m direct
excitation of powder ceramics (n=4). The sample and the conditions

are the same as in Fig. L

Without laser With laser Ratio
Average peak area 930* 1600 16
(arbitrary units)
RSD (%) 5.1 28 0.55

* Sample powder residue was occasionally found in the cup. Thss
value is based on 100%, intreduction
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Fig.3 Efect of laser irradiation on emission peak in direct excilation
of sintered ceramics (a) with and {b) without laser nradiation. Sampie,
sintered silicon nitride (Japan Fine Ceramics Ceater) cut to about
Imm? (6 11mg) with a diamond cutter. Wavelength=Mg 1
279553 nm.

Table 3 Effect of laser frradiation on Mg emisson peak in direct
excitation of sintered ceramics (m=3)

Without laser Wilh laser Ratso

Average peak area 1360 6560 49
for 1 myg of the initial
sample {arbitrary units)

RSD (%) 228 36 0.16

Average vaporzed 177 436 25
mass* (%)

Normalized peak T6R0 15300 20

area by ablated
mass {arbitrary units)

* Calculated as 100(1 — residue mass/mass introduced ).

16
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Fipg. 4 Calibratson curve [or direct determimatison of Fe in sillicon
nitride using powder standards O and A with the powdered standard
of silscom mitride; [0 and B, with the powdered standard of boron
carbide.

Table 4 Direct determination of Fe mn sintered silicon nitride using
powder standards (n=3). Wavelength = Fe [l 259,640 nm*

Powder standard

Sibicon nitnde Boron carbide
Fouand (%) 0039 0.042
Relative error (9%6) 3 i4
from the relerence
of 0.048%;
RSD (%) 56 I8

* The sample of sintered sibbcon nitride and standards are those
available from the Japan Fine Ceramic Center.
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Fig. I .Sch:matic_ diagram of the separative column ato |6, ceramics adhesive (Toa Gosei Aron Ceramics-D); 17, grid
izer/ microwave-induced plasma system (SCA-MIP). mirror; 18, lens; 19, spectrometer | (Nippon Jarrell Ash); 20,

condenser; 2, recrystallized alumina tube (4 mm id., 6n : .
o.d.); 3, recrystallized alumina tube (6 mm i.d., 10 mm o.C.., spectrometer 2 {Jobin Yvon): 21, sample holder (Mo cup).

4, Kanthal wire heater 1; 5, Kanthal wire heater 2; 6, Kanthal

wire heater 3; 7, thermocouple ( Pt/ PtRh) 1; 8, thermocouple
2; 9, thermocouple 3; 10, activated charcoal (30 - 60 mesh);
[1, ceramics case; 12, stainless steel case: 13, silica-alumina
wool; 14, MIP discharge tube; 15, TM:e microwave cavity;
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Table 1| Eqguipment

Specirometer
Mippon Jarrell-Ash Model JE-50E, /~0.5 m
photomultiplier tube HTV R666
Jobin-¥Yvon Model H20UY, ~0.2 m, photomultiplier
tube BLTG3

Photomultiplier tube power supply
Laboratory-made

Microwave power supply
Electromedical Supply Model Microtron 200 MK -2

Microwave cavity
Laboratory-mnade silver-plated brass T Moamw type
(92 mm i.d., 122 mm o.d., |5 mm height and 8
mm hole)

M-Ray fluorescence analyzer
Kevex /Rigaku Model Untratrace System 0600

Strip chart recorder
Toa Denpa Model FBR-251A and 252A
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Fig. 2 Background emission spectrum from the SCA-MIP
system. Discharge tube, fused silica tobe (2 mm i.d., 4 mm
o0.d.) cooled with air; microwave power, 80 W incident and

& W reflected; He carrier, 100 ml min™ STP.



205
-

[smv

[0mV

.Ju.'l._—i

Spg Mpg  S00pg

fav] v
e .1\—-
5 ng

Fig. 3 Typical signal traces of Hg emission. Sample, 3 pl of
HgCly/0.5%EDTA-2NH,; wavelength, 253.65 nm; column
temperature, | 100° C (column middle); arrows, sample intro-

duction.
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[s5mv

i 253.65 nm J\\
4 __— 5380 nm -‘—v’*“
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Fig. 4 Typical signal traces of Hg emission with solid
samples, A, NBS Orchard Leaves SRM 1571 0.64 mg in Sl
suspension; B, Bovine Liver SEM 1377 0.68 mg in Jpl
suspension; SCA condition, same as in Fig. 3.
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Fig. 7 Typical signal traces of Br and background emissions.
Column temperature, 1280°C {column middle); He carrier,
100 ml min™ STP; sample 20 pgBr (5 ul) as NH.Br.

Br([I)47855 nm
Be(ll)

Br(l)

I Y
Wavelength/nm

Fig. 5 Emission spectrum of Br from the SCA-MIP. Sample,
bromobenzene saturated in the He carrier; SCA condition,
same as in Fig, 3. 05— 10 15 2

Bripg

Fig. 8 Calibration curve of Br. Sample, 5 ul as NHyBr; He
carrier, 400 ml min™ STP; column temperalure, same as in
Fig. 7.
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K.Kitagawa , T.Shigeyasu , T.Takeuchi, Analyst , Vol.103 (1231) , pp.1021-1030 (1978)
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Fig. 4. Schematic diagram of the optical system: A, microwave power supply for the electrodeless
discharge lamp: B, microwave eavity: C, elect:o,;de:s discharge lamp; D, lens; E. polarizer; ¥, insolator;

Ia
transformer; H, variable transformer; I, pole picce: ], graphite tube atomizer; K, gra
enoid coil; M, analyzer; N, inlet; O, power su tge or the solenoid <oil; P, chamber;
chromatar; R, stsbilizer for high-voltage supply for
thart recorder; and U, photomultiplier tube.

g0

photomultiplier tube; S, d.c. ampli

"

K.Kitagawa , T.Shigeyasu , T.Takeuchi, Analyst , Vol.103 (1231) , pp.1021-1030 (1978)

ite conn; L.,
, Pridm mono-
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Fig. 8. Schematle diagram of the experimental arrangement. (A) hollow cathode lamp, (B)

Glan-type prsm, (C) lens, (D) electromagnet, (E) graphite tube atomirer and atomization

chamber, (F) Rochon prism, (G) [ris diaphragm, (H) prism mooochromator, (T) plane mirros, (J)

photomeltipber tube (R953), (K) photomultiplicr tube (R306), (L) ac preamplifier, (M)

bandpass fillar amplifier, (N) phase-sensitive rectifier, (O) off-set amplifier, (P} operational

amplifier for dividing and square roat processing, (Q) stnp chart recorder, (R) pulse generator
and (S) current stabilizing power supply.

K.Kitagawa , T.Koyama , T.Takeuchi, Analyst, Vol.104 (1242) , pp.822-830 (1979)
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Fig. 9. Traces showing correction for energy loss
and variation in intensity of source radiation  Arrows
indicate the introduction of cigarette smoke.
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Fig. 11. Correction of enecgy

Iy,
whitrary
units

of cadmium; 2, b ug of starch
added; 3, 10 ug of starch added;
and 4, 10 ug of starch added.
See text for explanation of
{a), (&) and {e).

)
loss and variation in tntensity
of source radiation for clectro
thermal stomization. 1, 60 pg
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Fig. 10. Oscilloscope traces
of the comrected response lor
pymlysis of dilforomt amounts
of wstarch at the atomization
temperature of 1300°C, showing
the bachground scatwering. I,
No starch; 2, 2.5 g of starch;
3, Spp of starch, and 4, 10 ug

of starch,

K.Kitagawa , T.Koyama , T.Takeuchi, Analyst, Vol.104 (1242) , pp.822-830 (1979)
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Fig. 12. Typical peaks of I, and I for NBS Orchard Leaves SRM 1571 O.L. = Orchard Leaves.
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Fig. 14, Two typical cases of correction in the analysis of human blood.

K.Kitagawa , T.Koyama , T.Takeuchi, Analyst, Vol.104 (1242) , pp.822-830 (1979)



K.Kitagawa , T.Koyama, T.Takeuchi,
Analyst , Vol.104 (1242) ,

pp.822-830 (1979)

— —

Tanle |

Resulis of analysis

5

Q

Found* Cernficate
or
Sample S. AN .M reference

NBS

Circhasd

lLcaves

SRM I

(ppm) 452209 453
Humun | 106 =19 1202 22 o0t

Bl 2 I+ 16 P10+ 21 1101

(e gl ') 3 124 =19 1 3% =26 1404
Vesdcunmie | AS5+20D72

s<hex {ppem) 2 430078

3 13

Volcanic 0.0690.007 007

ashes (%)
Orchard (350°C) 2.4:0.5 2.620.3
Leaves (ppm) (7007 Cy 2.3:04 >
Volcanic | 28=10% 29

ashes {(ppm) 2 3425%

¥ Rosadrs based on ol least five replicate delerminations.

1 Taxon from normal persons in December, 1979 and anal-
yscd wn Public Health Rescasch Laboratory, Medical School,
Nagoyu Cihry Uaiversity, Mizabokawnsami, Mizubo-kus, Nagoya,

Iupam,

1 Takun noar the Bith station of Ontake Volocano in November,

1979,

3 Taken in Kaxls Village, Nagano, Japan, in November, 1979
| Taken in Shinbashi, Nagano, Japan, in Nosember, 1979 and
anulyscd in Nugano Rescarch Institute for Healith and Pollution,

Kome-mura, Osza-Amori, Nagamo, Japan.
S AM. = Suanduard Addition Mcthod
C.M_ -~ Calithwrution Method.

Precisions given in terms of S D

T
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LHC G DRHLICTICS And 1HC CYIHNGCT aLcoininodqaic

o/ of the motor car. Wires connecting the batu

s / 8 AMORS are to be seen. When used, the

connected in series to generate 24 V. Two fur

connected in a parallel are mounted in the er

the motor car and charged during car runn

pairs of the car batteries arc alternately chargec
car and discharged by the AMORS

2.2 Electronic System

Figures 5 and 6 show the block diagram of
system constructed and the relevant time ¢
sequences produced by timing circuits, resy
photocurrents from the photomultiplier tube
4 inch compact type) are amplified and ¢
corresponding voltages by the preamplifier
amplifier 1C Intersil LF356) and sent to the |
circuits.

Fig. 3. The first and second authors holding the cylinder und the During a short period when a hole on the ¢
constructed AMORS, respectively, the two car batteries and a intersecting the optical axis, a blank volta
second author’s motor cir (Mitsubishi Lancer) 1o carry them sponding to the photocurrents induced by o

2% ﬂﬂﬂ Rizal |||
75 1D T ]
‘ .

| | ' A B g Fig. 4. AMORS accommodated in the trunk of the motor car. The twi
- — | i AN balteries, the connecting wires and the cylinder are also scen in the
\ ‘ ‘ g % photograph and the components in the AMORS, involving the he
| : atomizer, in the right photograph

- ‘ \ ' K.Kitagawa , Y.Yasui , Fresenius' Zeitschrift fur Analytische Chemie ,
’:5 o —————r— Vol.321, No.6 , pp.563-571 (1985)
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Research Center for Advanced Energy Conversion, Nagoya University (RAN)

Division of Energy Science at EcoTopia Science Institute
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Advanced Energy Conversion Group
Division of Energy Science
EcoTopia Science Institute

Nagoya University

 Prof. Kiatagwa, Assist. Prof. Morita, Dr.Matsumoto & Dr. Nelfa

Spectroscopic analyses of combustion, Fuel cell, Hydrothermal reforming of
biomass and biowaste, LED illumination

« Assoc. Prof. Takashi Itoh
Syntheses and systems of thermoelectric materials

» Prof. Yutaka Hasegawa
Turbine compressor and wind turbine systems

Assoc. Prof. Kojima

Chemical gas turbine, combustion systems and supersonic fuel reforming

Prof. Kobayashi & Dr. Huan

Heat pump systems and CO, issues



Chemicalgas turbine system

Study of combination of fuel-rich and fuel-lean combustions using
a two-step gas turbine

o Fuel-richCombustion

e wiEgn GasTurbine
lr/’ E High temperature gas A ]-_~ e
._\‘H g
L =
Z B '-—_ . —
- o _—
=
L T ——
High temperature | - T
e ,_Combusting gas _——— A fl;rhl:in‘é-, Generat Il_‘\ .
( ] uel-Tean Combustion

GasTurhine”

. ———
Exhaust -
~500°C
T
Steam ﬂrﬁh}ﬁep eneratol
e
Water

Fig. [Illustration of a chemical gas turbine system
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Fuel-rich Combustion Gas Turbine
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* Low NOx Emission from Regenerative
Industrial Furnace for kira-kira 30%
Energy Saving

» Spectroscopic Observation



Two-color method

N

Planck’s law

8zhc 1
A exp(hc/AKT)—1

p =&, -

Intensity p

Taking a ratio of intensities at 2 wavelengths,

o (A4 exp(hc/AKT)-1
A, ) exp(hc/AKT )-1

e)

[K]

H 1800
1700
1600
1500
1400
1300
1200

A 4

A2

Wavelength A

530 nm

p:Unit radiation energy [Jm]

h :Planck’s const 6.62608 x 10-34[Js]
A:Wavekength [m]

c :light velocity 2.99792458 x 108 [ms]
k:Boltzmann const 1.38066 X 10-23[JK1]
T:Temperature [K]

£,: Emissivity [-]




Object :Test Furnace of Keihin Iron Plant, NKK (Currently JFE)

Thermal couples:(3 X 8)

8.0m

'\0 e o '
o o ° y _
[ [ ] ( ] r
- g R - : 0 ;&ﬁ
N oo
S - 20m
cemmmmmmssssssssasnnennnnnnsssnnsss WINGQW, . VjDdOW, . . Windolindo

D C B \

Burner: A .
EA) Exhaust duct \ \ Burner B

, _ Oil nozzle for pre-
Nitrous Oxide Analyzer

mivarcl nnvv‘lhl wctinn

Fuel :Heavy Oil
Combustion:

Pre'mixed CombUStion:combustion of fully mixed air

and fuel takes place in the chamber

: Combustion and mix of fuel

and air takes place at the same time in the chamber




Measurement Set-up

150 cm
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A A

\, S5 cm 5

50 cm
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]

One-way Mirror  Mirror
High-speed
Video Camera

(Neutral Den'usity Fllter)

Flame Image
(~ 1/18)

©
©

Band Path Filter
(490 nm)

Mirror

1 l

Band Path Filter(530 nm)

Observation W

Beam Splitter

Band Path Filter:
530.88 nm( Half Width 8.77 nm)
490.0 Nm (Half Width 28.0 nm)
High-speed video camera (photron,FASTCAM

ultima 40K)
Top Speed: 125 frame/sec Exposure Time: 1/125 sec
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Temperature profiles (premixed combustion)

(Slow Motion(~1/10))
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Temperature profiles (diffusion combustion)
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Premixed flame  Exposure time 0.01][s]

Figure 5 Temperature distribution
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Figure 4 Temperature distribution
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Figure 8 NO Emission Intensity




SPECTRA-4 LI

Spectrome
ter

Filter
holder

Optical fiber

] 0.3cmo -

Induction coils

600
500

Coolant gas Ar
¥ . —]
" 15 I/min %
= Plasma gas Ar
1.2 I/min Fe (FeCl, Fe 5 mg/ml)

Cr (K,Cr0, Cr 10 mg/ml)

i | ﬁ % sample

Shimadzu ICPQ-1000 Carrier gas Ar1.0 I/min



Excitation temperature
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Fe ion

Ar atom
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(a) inactive (b) oxidative

Spatial distribution of Fe excitation temperature with a graphite disk in plasmas
under inactive and oxidative conditions.



(a) under oxidizing conditions (b) under oxidizing conditions
after 20 s of exposure after 200 s of exposure

(c) under inactive conditions  (d) under inactive conditions
after 20 s of exposure after 200 s of exposure

Spatial distribution of spectral intensities of C emission around the C/C composite
surface. EY CIATS =9 &4 |AX L29
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(a) Under oxidizing conditions (b) under oxidizing conditions
after 20 s of exposure after 200 s of exposure (au.)
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- 1000

— 500
0

(c) under inactive conditions (d) under inactive conditions
after 20 s of exposure after 200 s of exposure

Fig. 5. Spatial distribution of spectral intensities of Si emission around the C/C
composite surface with the double layer coating surface.
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Fig. 6. Spatial distribution of spectral intensities of Si emission around the SiC disk
surface.



Nuclear Fusion Plasmas

D+DorD+7T->He + Energy
No C 02 emissinn

Issues @

1.Ingintion

2.Damage on Reactor
Carbon Linings:
Chemical Sputtering

Reactor

http://www.naka.jaea.go.jp/ITER/iter/index7.html



HYBTOK-II

1.3 cm 40 cm

16X 16 om / B .
@) Tangential
Radial

HYBTOK-II physical properties

L. d. 40 cm | Plasma gas He

S.d 13 cm Discharge | ~20 ms
duration

S FH I E—

-'(656,667,706,728 nm)

S #ELY R

Video Camera Conditions

frame rate 2000,6000 fps
Intensifier gain 1.2 ~ 4.6

High speed 4-Ch oz A=
Video camera VoA et AXTYYITAT Eocus length 50 mm

73}70)%%3?‘ F 1.2




Spectrum for a plasma for helium atoms and ions

(wut'gel)

0L) —

°S;s¢ = 'dydz | ®H E

750

4dedz | ®H E S
Luug /99) =
—'d:dz 18H 3
(WuQ'9S9) IlleH 378
o i
—| = L o
X P2
'AePE|- "dedz | oH ﬁ
‘W_ Lo
S
u o
1
°deS?|—TSeST I D l19H _%
<
'QePy — °dedz 18H-3 2
= <
°dedg —'SeSZ | OH —
—
o o o o o o o ©
S 8 8 28 8 8

(‘nhe) Ajsuajul

wavelength (nm)



Hydrothermal Process

Biomass sample : 0.1 g
Distilled H,O / D,O : 3 ml

Additives :
— Sodium carbonate (Na,CO,)
— Nickel catalyst (Ni / SiO,)

Reaction Temp. : 400°C
Pressure : ca. 25 MPa

Microtube reactor
(10.5 ml)



Hydrothermal gasification of biowaste

* Cellulose # Real biomass
(Model biomass sample) Wasted wood

C: 46.1 wt% H: 6.1 wt% C:46.2 wt% H: 6.7 wt%

N: 1.5wt% S: 0.7 wt% N: 6.1 wt% S: 0.9 wt%
Fertilizer Peat

C: 34.8 wt% H: 5.3 wt% C: 46 wt% H: 5 wt%
N: 7.6 wt% S: 1.3 wt% N: 1 wt% O: 38 wt%



Molar yields [mmol]
o o o ©

=

Effect of Na,CO; and Ni Catalyst
on Hydrothermal Reaction of Cellulose

H conversion rate

~ 90%
H
= H2 2
i -
i CH, .
B H2
(0]
None Na,COs; Ni catalyst Na,CO; -?—OO wt%
300 wt% 30 wt%

Ni catalyst 30 wt%



Effect of Additives on Hydrothermal
Reaction of Wasted Wood

e e - =
o = N A O O®

Molar yeilds [mmol]
o O
S

HZ
HZ
- —— H., CH,
7 CH,
H; O,
| — []
. Na,CO-, 300 wt%
Na,CO, Ni 23
None 300 wit% 80 Wt% N 30 wt%

Ni 80 wt%  (cellulose)



Molar yields [mmol]
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Effect of Additives on hydrothermal
Reaction of Okara and Organic

200 wt%

er b Ll

Fertilizer
. 12 ¢
- Okara H, Fertilizer
1 | EZ
H2
[ 08 |
06 |
CH 04 |
H, i H,
H, H H CH, | 02
H | | | — | 0
. gneaChs Na,CO
None N2:CO Ni 300 wt% None N22C0s
300 wt% 200 wt%  +
Ni

H,

Na,CO,;
Ni 300 wt%

300 wt% 200 wt% +

Ni
200wt%
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Molar Yield (mmol)

-
[e]
[

smmol Ca(OH)5 400°C | |

smmol Ca(OH), 300°C
B smmol Ca(OH), 200°C

Hs CO

CH4 C2H4 C-2H6

MolarYield (mmol)

0.35

M No Catalist
B ommol Ca(OH)»
smmol Ca(OH)s

Ca2Hy4 C2H6
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~m—Cas5(PO4)3(OH)

== Ca(OH)2
=O==(CaCO3
AO
— 300°C, 2 mmol Ca(OH),

Intensity Counter

b 300°C, 3 mmol Ca(OH),

10 20 30 40 50 60 70 80 90
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In situ monitoring of water in a PEM
\_/

SRR

— cathode
Pt/C
(Pt/C) ( )
H 4H* + Oy + 4e-
5= .

2H* + 2e \2:20

H20

““—\PEM

In situ monitoring of water in a proton exchange membrane (PEM) is important
but difficult because the then membrane is sandwiched between two opaque
electrodes. We have developed near-infrared (NIR) laser spectroscopy for the

detection.
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[Why NIR?]

~ 3400 cm™
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[NIR LaserDetection of Water]

NIR laser InGaAs detector
(470 ni).  CoRm expander (256 ch.)
h PEFC
\ /
L L LA LA
0.6 | —ZaFu(;alt\eI:dfyvater i R -
® - — qarie arion Hz
§ 0.4 | > </
o 1470 nm s | c?;r{céde
S 02 L Pt/C) 4
o) ' H> —
< - ~ 2H" + 2¢ = 2haa
00 /A=
P BT AT A ":"‘-PEM H20
8000 7000 6000 5000 4000 S01m - (Nafion)

Wavenumber /cm™



[2D Water Di
L

d 1
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One-way linear gas flow c
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[2D imaging by NIR laser]

1 frame / min. -0.1000
0.1000
0.2000
0.3000
0.4000
0.5000
0 6000

i

H,, water

92



[CO poisoning onto a Pt catalyst]

H,: 6 ml-min™

’@‘ . | ‘\. l
\‘
A C 6 .

H,O — <— Air
CO

o
o
|
]

o
Voltage / V
o o
HEN »
|

O (
N
n I n
|

O
o

[CO]/ ppm

A hydrogen gas produced from hydrocarbons by steam reforming generally
contains residual carbon monoxide (10* ~ 10° ppm). PEFC requests less than
10! ppm level of the residual CO.



[Catalysis at the Pt surface]

(a) Production of H*

(b) Oxidation of H,

(c) CO poisoning

(d) Oxidation of the adsorbed CO



H,+CO ca.6mL/min

Result ,
N,+O, ca.3mL/min
0.06
= —=
= 0.05 —— pure hydrogen
G;J 004 —m— CO 7.24ppm
é 0.02 —8— CO 1020ppm
0
8001 1 —#-CO 1.02%
@)
o ' A
0 1 2 H,
Oxygen flow (ml/min) Ha @[ = Ajy
CO
O,
N,

The deactivation by high concn. CO can successfully be suppressed.
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. S5 NAGOYA UNIVERSITY

“Thin LED Panels for Soft and Uniform Illumination”



Conventional Fluorescent Lamps




FHFED B/

Advantages of LEDs

Long life 70000hrs:7-10 times FL

No Hg waste (ca.3 tons/year in Japan)

Safety: Low voltage




Advantages of LED panels developed

Long life time : continuous operation for up to 70,000 hrs
Light :ca.1kg in letter size

Thin:2-5 mm

Uniformity : uniform luminescence for diffusion panelw N\
Power Control: Smooth adjustment of luminosity

Safety:Low unit driving voltage up to 15 V




Evaluations

1. White LED panels: luminosity and power consumption
2. Human effect of pulse operation

3. Eye fatigue evaluation
4. Color temperature control




Thin LED panel

LED array Double sides




Test layout

20WtypeFL CW-LED
10Wx2

1

& »
< >

0.6m || 0.86m

1.66m

0.7m 0.14m 1.66m

2.5m

i
f




Power consumption

S

LEDXx2

FL

102.2Lx( 100V/25W)

99.1Lx(100V/25W)




b

Man+Woman(Young)

before

:

Y

after

Pooled

before

after

Man+Woman(Old)

48+
[ LeED [ LED
Fluorescent tube46- Fluorescent tube
z “
i
&) 424
404
38

0
before after

No difference: The LED panel can be

J LED used for an alternative as FLs.
Fluorescent tube



Watt

Young(Man+Woman)

14~
124
\
10- _ /\—1'
| \s
8 T T
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— Duty 1.0
— Duty 0.8
— Duty 0.6
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Old(Man+Woman)

100

1000
Frequency(Hz)

0.8
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10000
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Duty 0.6
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Commercial application 1

Nagoya City Subway Station

TN

X052 ()
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A possible physiological problem

M CH,
Melatonin :N-acetyl-5-methoxytryptamine # Y

A hormone with

physiological rhythm adjustment and hypnotic effect
Commercially available as medicine for anti-jet lag but
forbidden in Japan.

g

=

-3

o
L

The residue blue radiation of 440-490 nm used for the
excitation of white LEDs has possibility to suppress the
hormone secretion (at 464 nm) and to interrupt
sleeping.

!

Adjustment of color temperature to suppress the

&

Suppession of melatonin secretion
(=]
8

WwTR HRHRM 397

A =464 nm
R'=0.91

blue radiation using 3-color LEDs.

A @0 o 600 650

Wavelength(nm
\ ih ol T

Fig. Effect of wavelength on suppression of

melatonin secretion (cf. Brainard t. al., 2001)



E:/wiki/%E7%94%BB%E5%83%8F:Melatonin.svg

Spectra

3 color LED panel at

a color temperature of 2591K .
X White LED panel at 6504 K

Close to that of W lamps.
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