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Abstract

Selective reduction is one of catalytic reac-
tions. In the selective reduction of nitrogen monox-
ide, nitrogen monoxide is preferentially reacted
with a reductant such as hydrocarbons even in the
presence of oxygen to be reduced to nitrogen or
nitrous oxide. It was firstly discovered in 1990 that
ZSM-5 showed such a catalysis using hydrocarbons
as a reductant. As for hollandite-type catalysts, it
was found one year before the starting of this
special research that they made similar catalysis in
preliminary experiments. The experiments were
done under the following conditions; SV =2500h"",
NO=1200ppm, C;H;=800ppm, and O,=49% using a
powder of a hollandite-type compound with only
less than 1 m?/g in specific surface area. Although
the catalyst had only a small contact area with the
reaction gas phase, it showed a considerably large
value of the maximum NO conversion rate, 40 - 60
9 at 823K. Hollandite -type compounds are better
than ZSM-5 in stability at high temperatures, and
they do not easily change in quality due to no need
of any additives such as metals. On the other hand,
we had known little fundamental properties of
hollandite-type compounds as catalysts as well as
the preparation processes of their powder with high

specific surface area and thin films suitable for

catalytic reactions. This research has been perfor-
med to overcome those problems and make further
improvement of their catalytic function, and this
report gives the outline of the contents.

In Chapter 2, the preparation process of fine
powders and thin films of a hollandite-type com-
pound is summarized including characterization of
basic properties of those materials. In Chapter 3, we
characterize the adsorption amount and adsorption
species of nitrogen oxides on a hollandite-type
catalyst in powder and thin film. In addition, we
summarize the feature of the selective reduction of
nitrogen monoxide on the catalyst and its improve-
ments made by a fine powder and a thin film of the
catalyst. The following section gives a description
of a newly developed pretreatment method by
which the adsorption amount of nitrogen monoxide
on the catalyst can be largely increased in the
temperature range concerning to the selective
reduction. In the last section of the Chapter, we
describe a speculated reaction mechanism of the
selective reaction. In Chapter 4 is given a few inter-
esting problems remained and a prospect of the
hollandite-type catalyst, and the outputs are listed
in Chapter 5.
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Znh, KR—F ¥4 FERIKGSO OFBETEZR LY
bEWEERESLETH o7z, Fiz, —BRICEIHRGE
EROZERFIE LTT NI =T I VEPS ) a—
WVENRRWSNDE I ENH B, x—F 54 ML
EYOBETIEZD LS BEZEFIEA R TY,
FHECHWETTREREREEZHE S I LN TE I,
HEEOELE W T FEIROBEENSK & <8R RITTH,
FEORTERARAIE ek — T v 54 N B AR
DYEENZ X, YSZEWREH W2 I EBWETH > 72,
F7: YSZ ER DWW TiE (001) ROt (110) B,
BN R UL R ER iz, fiF 2wz
NS OEAMICERE SR REREEESL I LTS
7o ETBEWEALTYH, BiE LEBICFELERS
BEIENTE, ZhiZXL, Si, AEH 7 A, TiO,,
ALO;OEMR TIL, SEIDEETIER—F 54 FEIE
EYEEERE L Z LI TE T, Sn0,H %\ id SnO, & K
—o U4 ORGEREDCEEK I o7z, BERELT
IHIBRAEWR T D A VU 7 ARSI ERICE S WEL
DHRICIR D SE Cle e, H 5 WIFEROFESEEE I
HEINT SnO,MELEMIcHERIL LI Z LB FEI SN
Ba

2.3. 2 EEoOREMER
RO X REHTEE X214 R T, ERICYSZ

.,.,4 : - - : e
@ : Hollandite-type KGSO
A substrate

Intensity / a.u.

@110
@ 200
® 220
— @310
211
~ @ 330
@420
321
-~ @411
440

26 /deg. (CuKa)

2.14 A¥ra—7 4 v RO XEET

(Yttrium Stabilized Zirconia) @ H#ESLEANR (1005
5110 M) % 72 3 S REEER Z H v, FIEOGE
THEONHEBERERTTORBR, "—7 54 8
EEBE R E T 5 KiGaySng O —tHTH o 720

K(Ga,Sng_ O, E—HDOBEKITZEHTH - 7z, SEM
WX DEHTE S X CREOMMEE 2 HE LI ERE,
B2.1536 L U'B2. 161 RS EKIFEE100~120nm %
BL, BTV 4 X20~30nm O—KFLTHT v 5 AT
Bolm U 7e G5 E» 55K 5, T Y 1 Xk, EEX
FREHT/ S — > 5 Hall #3 & U Scherrer #£I12 & D
AT L 7o R & IZIE— L Tz,

JEHE D SEM ez L g, BiEEER CIIX2. 170
IO WBHEEEDRWEHRLZEENEON LD, Sk
EREAR CIER2. 18D & 51z 3 ~10ym FZE DM WS
DEHNFEE LIz, ZRGER LOERICBIT 283

2.15  HEETH OEENE FHRUSHER

IR O FE AR TR TSRS R

2.16



F UBEREY T S v 7 X OMEEEEE 1 B3 % ST

W&, BB DEGLIE I & B iEREDBRIC, YSZ %G
FORFIZLIVFEHREINLZIENEZONS, Lol
SREEERICELTH, a—7 1 I EEOEM (3
EFEEE) WL DBAMNERLK2.17T0L 5k %, F
HEZETE, 1Ba—7 4 7 LHBRLTKERE
Zv, 3ET—F 4 ¥ 7 OWKMESRE CIiRK2.190
£ WEEZHS00nm 2B LTEBY, a—7 4 » A
BUKIE LTz ZOREEM S, KFHEIZB W THIERE
BROBERLa—T 4 Y EEIC LY, EEZHIET
2L EVD oz,

HEEENIHMET, ERTHESFEROAELH L
Wiz 8, Hall #:38 & UF Scherrer #:42 & D BT U 72 i 6

15.0kY X1.@8i

glLer7E8
Y SZ gk ik EEAR b BT 0 RE BN E T M
Fifhk

X 2.17

X1.88K 38.0sm

B1B763 15.08kV

YSZ% i 0 L IR E O BN ETEK
S

¥ 2.18

FHA4XBLULEMEOHELED & LRERE E
FELUTCEHELLERLZER. LT B CBMBELGT
TERLL 2R OBED I & L TR LTz, BRIZBL
THRAE LHEECELCHEENR 51501, ®2.20
BELUM2.21IZR U & 5 0 REHSRE um DBFE
L7c ZRRTF0 ok s h, EROBEEREIHI L
feted b Bbhd, BITEREZLKRT 2L, BHEDO—
RRLFDT AT MDA 2 3REORRTH 72D
SFL, FHR IR S - D % i S ih — KR T 1
FAaud LS eBRERL, HLEREEDBDEROEH
BN 2~3FEAEAELTWAEREENRENT, &
DFERE»S, EECL VBRI D bELRERE LR
BB s, —BRICEREEE DR LR FRKIICIE
SRR Y ESCETTERE T O 2T E 5,

B2.19 YSZLHEMER bz 3 ERE L 2 HMEE O
A E T EMSHR
#2.1  HEBILUHBROBET VA X8 & UHEERK
AT R
Sample Crystallite Size /nm  Specific Surface Area/m 2g-!

KGSO (poly) / YSZ (poly) 19 X 19 X -

KGSO (poly) / YSZ (100) 17 X 17 X 19 58 (calc.)
KGSO (Poly) / YSZ (110) 22 X 22 X 20 48 (calc.)
KGSO powder 23 X 23 X 37 39 (calc.)

22 (obs. < BET value >)
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T T T T

Volume / %

h 1
0.1 1 10 100 1000
Grain Size/ um

K2.21 973 KEMLEH R DR E 54

2.20 973 KEMLENR O AR TSGR
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3.1 ERBtYOBE

KGSO M RERMND—BRILERBEERFIECBE LT
&, FRESCEIRSMOEEE (DRIFTS), & & UFIRIHEE
% (TPD) Z=Av CHEMlERET 21T 72,

3.1. 1 EZBILYOREE

R—5 54 PRSP T 2 —BILERORE
BIZOWTE, ¥ YRRV ARRE—F 54 M8
L&Y O EEBERERR (FREEN 1 m?/g AT) %=
BT TPD BB LD T TIWANLOENIRD ST
3, Fhiz L hiE, KiGaSne <067 E—ED K —F >
A4 NEEETNZDWTIE, NO T 853730y mol/m?
B LS, Lrl, 2hoDEEBEIIIEE /NS
7o, BEYTDOEREBERIZ/INE W, 2 I THRETIH,
RS R OB LEERL L BEROBREHRT,
TPD #lE T BEFREMEEA <2 F VEEE (BEL-
SORP28) %R L7z, #50mg OfARFEE % H v,
1.33X107*Pa L FOEZET, 923K T 3 B35 2
TR ORLEE & U7z, 323K  THRE R BHIE,
He T#8000ppm W HR L 7o —B{LEE % 50m] min™!
DOWEBTIRMRL T, HBC NO 2BE S, &
%, S5KminT'OFIE&THRL, He2F v V¥ —A
A& U CHIBBERRIC B 2 BEEY R % U ERE &7

T T T Y T T T T [P Y T T TP [T o Ty ve

3
[ ]
~
iy
=
‘@ miz = 32
g
()
wn
[2])
[72)
[
£
e
RS ERNRY INUNACRAT FRCRUTNARA AN RN RRET FRURANNETS ENNRAET) m/z = 30

400 500 600 700 800 900
Temperature / K

3.1 —BILERRE R O FRL R

HOR—7 Y74 BRI PRIGE U

FHc L OH Uz, HRERHRIE N (m/2z=14), O (m/
z=16), N, (m/z=28), NO (m/z=30), O, (m/z=
32), N,O(m/z=44), NO,(m/z=46), BT NO;(m/
z=64) & U7z, 3. Lii—B{bEFR O AELEE (TPD)
MR &R T, BiEES A ORI —BELER (m/2=30)
EL TR RN, 340~880K W h ) T 4 ERFE O it R
TV ERLI, DD H420~640K, 640~770K,
770~880K @ 3 D DRI F I L7z NO DOt
$BEBbh3, £72770~880K D&M TIZERICHH
%325 m/z=320 KRBT D STz,

V=T NS & B RO—R {2 SR R AT L
ToHER, 46pmol gtk D, [EIFHER L7280k & bhig
LT3~4fEKk&w, Lrl, LLEREMEZEEL CH
AERE OB R I E T 2 1/ 10BEIETL W
% (BEHEEEER | 21umol m™2, YV Iv-7 L EEEER
B2 pmolm™2), ZDERIZ DWW TIRUTD Z & 23%
ZBNB, VI-F VR & DITIK TEULEE L 7 50k
DOFE I ZRB TR (K2.20) & D —RKTI13FH
20~30nm TH L1 DR ERLEEEHEPHPFTE L, L
L, MESHER (K2.21) THsLZLDWE, Fh
Sl uymA—F—DTRETF & UTEHELTEBD, *

Absorbance / a.u.

2000 1800

1600

1400 1200 1000

-1
Wavenumber /cm

£3.2 —ALE RPCE R O FIREE T ORI SR

HHAADT 1



TR BT R e S

T T T T T T T T T T T T T T A T [T T T T T T T O

Absorbance / a.u.

sl e te byt b b sl ens

2000 1800 1600 1400 1200 1000
-1
Wavenumbers / cm

B3.3 FIMBIL R~ f Vi & B IRESET OFEBR MR

NPBEAHEEDI D OREBEDET 25 s I L%

ZHNDHE, Tz, SO ZEHEERR

BEDL-TBY, TRHFEESOBIERDO—D L

Fzohd,

GE> ZRRFORESBEAMERED 7 D OGS E %K
DEEDHEREHIE O I EBHEEI N D,
KT OBE WA LY —REEF O R 1%
»Y, HonlHRO—BILERBRERE D
WTHRET Lz, Z DR, HRHEEITIIBUEE
B, BifER 7 — IR & B R A STz,
Lo L, —BEREERII120mol g (0.4
umolm2)BETHY, SWEIOFRF LHHEL
TREEOHZXR oL o7,

LRILF CHTALES, BRICBVWT—RB{LERY
3% & ¥ 7280 KGa,Sng <013 D DRIFT A2
P EZNETIIK £ THEL 2D S HIE LSRR 2K
3.2 T, BIRTO—BALEROPER, FOEOPIN
HH31000~1700cm ™ O EIF I BIE E i, HELRER
¥Rk D TPD i, m/z=230, 3212H14 ¥ b3
R L-GE, BlRks X UOWMAMOB N D

HI4E
T ] T T l T
3
©
2
=
R7) 3rd
o
[0}
n
[}
9]
©
&
¢}
2nd
FIRETOE I8 VO T N AU SO0 T Y NI S A O T SRS S ST SO A
400 500 600 700 800 900
Temperature / K
3.4 SRR & 2 NOBAEEET) O FEBL I 42

W UHIE DFE R TR TT3K B BRI A~7 b
VOFERZES .32, £/ TPD OFR 23 412377,
HIE [E#A 88 2 512 o T, TPD #iftiz &4z Q-
mass DEEMNTH L 2D, FDOHFTHTI0~880K D
TRESEHE W R AEAS RS NIz, 7RI
7 MZBWT H#EEDRLUENE %179 1D T1340cm™
OWNGEEDPEM LTz, D Z E1F, 770~830K O
B TO—BLEREEEMEINT 2 Z L2 REBT 3
25, THEYELHEIEIC X 2 HIET KGaSns O
KR OFaEN A EL, BFEESASEML /-0 L
EZoNb, INHDT XiE, MEMEKE L T—Xh
FOHA X 2R L CiEEMEZRLEL, & o8
RAET2 I ENEETHDL I EERBT S,
> —H7KIC & 2R OB RERHE m/z=30
KHYT 2 —BEER LR s, BiEY
770K DA BTl x, 280 o 5 ClmE
BEINgpolz, SHULEZITVER 2 BT
BRE, B & D EE ORIk E
SEEEIN UTe BN U7eAk % pH A —F i L Vg
HEE R LUIER, /70 ViEER LTz,
IO E»S, KRGO 21T
5 Z T, KGaySng 016D b ¥ FIVERTEIER 57 D



¥ VEREREY 7 3y 7 AORMEEARC B3 2%

AV TAPEHLTLES ZEICLD, SR
O—BLEBEORE I LEREEENLDN
AEERNET W EEZ SN B,

3. 1. 2 EFEBYORBEILFEE

(1) SEEREEHR~NOBE

KGSO EHHENDO—BILERPELFEOFMITHER
RETRNSHE (DRIFTS) 2 & W7o 7, dRIME
B/ N1 4 7 v 8 FTS-45RD % v, Has
B3 5B L I R &S e v R HaA A, BIE B
1To 72, EEMERS (11mm? X 2 mm®) Rk %
FHE L, KBr &8 30mm?*X 5mmb) 2 & b LR
OG5 LTz, VR EE 2 ERER, H50m]
minT'TEFRVAPHEA L, 923K B W T 1 K240
BT, HBORMLE LT o/, ZilRE TEE 2R
%, He THI8000ppm &R U 7z —E (L5 % 2 #750ml
min~'C 1 FFEFE L, NO OBEE1T-o 70, BERIX
BUESRFAPHRBIELHELEEREL, FI00K Z &Ik
SRR~ 7 ™ VD % OFHIE 1T 5 720

R ER22m2e 1D Y V-7 Vi K GaySng_ O
FTR 2 EREAW T, 923K THILEE, ERIZBW
T—BERPRESELDB,923K £ THET 2R
FBTI00K I LYz DRIFT A2 U3 212
To BERIZBOLT—BLEREER, BEORELH
1000~1700cm ™ D HEFA I1ZJE - TEE S iz, £ D923
KETOHERBRBCBITBHER 7 — V% 3 B E

HEN. 58 1 BERETIE R.T.~673K D#IFHT1270cm ™!
DRI DR HH & i, B2ERRETIE673~T73K OFi
B C1235cm ™8 & UF1570cm™ ' DURILHE DA 53, % L
TH 3 B TIlx773~923K DHIFE T1340cm~ OBy
DRV R SNz, 2 s DB OZEbIZ TPD fhig
DO—BILER (m/x=30) BT LHERAT —YDE
B ESHBL TS,

19994 AR 1 s & 7z B8 B La,O, kM L~ D—
BALERIE OWTEFD 1908 2810 L TR BRI O fF
BEIT-o 7R, 1235cm™, 1270cm™!, 1570cm™ 3
3.6/ B L 7z Unidenntate % 7z 1 Bridging KB D
NOs, 770K AT & FEFE & 71721340cm~"iZ Chelating
F 72 1% Nitrito SREED NO, 23 K Ga,Sns 0, FMH LI
EELI:bDEHES R,

(2) HWE~ORE

KGSO #EERE O —Bb 8 FWE 05 O 5
V&, HIEE FERROEE R IR 2V 2L T
7o BVEHIERSY (11mm* X 2 mm') I SRR % #
KBr &# (30mm® X 5mm?) & & © v VRE 2480
W Uiz, e AICERE ERRiER, R OBILED
72 #50m]l min-1OMETEZEL L VWEIEZR-BERS
HAREAL, 923~973K 12 B> T15~6053 E4LEE L
77 BIR % TRE 2B HI#E, He THI8000ppm IZFERL
7-—E b ZEE 2 H50m] min~ ' T15~603fEFHE L, NO
DWERITo Tz, BER, BUERDLLIVIER-BER
RBETARRBITLENSHEL, 100K I &kt

)

sample holder

E3.5

ok R S 2 v



R H BT FEATI

Nitrate NO," unidentate Nitro NO, bridge Nitrito NO,”
Nitrate NO, chelating ) /%w
‘ L i
DN T
La,O, I, THI . i i
1245c¢m 1204cm* 1364cm™ 1426cm”!
1520cm 1610cm™*
3.6 —BRILEROEE T TN
--------- (RS B L L N B I R L B L L I L M A
NO
[ KGSO thin film ./ YSZ Substrate |
3
«© RT.
™~ (NO flow)
o]
8] R.T.
% {Carrier gas flow)
2 \
S S| 373 K
2 473 K
573 K
v 673 K
‘‘‘‘‘‘‘‘ sttt oo a0 773 K
MWMMWWW 873 K
WM 968 K
0
o
NPT TIRR SRS SURTS R TSR ER NS SNUTS FARE AT
2000 1800 1600 1400 1200 1000
-1
Wavenumber / cm
X 3.7 NOE#E B DOFRIMBIR A2 b L OMBZEAL

RN A =7 b VD Z DOFREEITo 72,

RAVEE 2 HiE & AR BRAT A DA TIT - B EI
X, FIEZOERTCO—BIEEROREIZBERCI
otz —F, BRIBHE=600DEETAFRT
HILER, BRCBWIT—BILERPREI Y EX
D K GaxSng O, 38X O DRIFT A7 bV &,
Zh®968K £ TIEL, FNRERE DR O P DRETZ
DSRE L HEEPEDLE TS TTRT, ki, B
DEWIZ Tz YSZ X3 2 —BRILERDORFITAH &
HoNkrol,

3.7 8WT, BERT—BIEZREFENLS
18508 & U'1904cm ™ ORI 1Z, TEEURKET IR
FLTwISHEO—BILERTH 5,1121,1163, 1381,

%

s

1402cm ™' DU IE, KiGaxSns O R ICHKE L7z
BRI CERC L 2. EiED 5 968K ~DHiF:EE
T, EFEMICRIGEE O VB A S5 555, 1364cm™
WHYET 2EBIIMELSOREE THE Lo
720 La,0:3K M L TO—RBICEREE BT 2 056 %
ZH LT, 2N ORI &R LIS R, Chelating
% 7213 Nitrito SREED NO, 73 K Ga,Sne_ O, Fm 2k
HELTWS ZEWWRB I, ZOREREIZFED
V-7 VERRIEEARTE BRI OMRIENE B i<,
His& T& & L7z Unidenntate % 7213 Bridging IREED
NOBR e ol Z LB/ TH %,

3.2 ERBEYOERETRIC
EREBRRZRLE T COERBIY BT 2 :8IET
FEOREHNITOERICHEL S NI T v T = 7 Bk T
Hbo 7 VESTHEEETE, MEONEIC L VEE
HETTYH NHy & NO sNEIRECKIG L, NO 28 N,i2
BILEND, 7 ¥EZT Db D RILASEZETH
WHW 2 ERBITTEN D 2, BEHEEOHER T AHFD
—BLEREHLT 2HE TR, ZOAEIC I DR
B AFDRIRD RALKF R BITTHNCH WS Z e85 TE
21:08FHTH 5,

INETEEEL 71 N (FricA 4 o &H# ZSM-5) 17,
EHESBEE 7L 7 O0F 5 =7 9L EBRE R T
& 72 ZSM-5DEHEEE A1 7 > ZWHAIZIR LU T NO IR
BBl TR EOEE®EZTRT. 7V FED
ALY A 4 PRIV EFRETH 228, S
FREOHXEFET CHEMRMERL, MEOSBHERT
WS D F_ R EIR T OB 97 » EHM B
Db TN T3, % ORI B 7 i
2957, EOMESSER N TwE, €4
74 MR TIEFEEAERIC L 2 R EREEER
n, TOFRRABTBRERA 4 > OBILREZEDOE/LDL
Y474 VEHBDMEE DR TWS, EEADOEL
REOZREENKEDFRERTH 3 L Thid, €BED
HEC & 0 EHEAL S BRI D » T b RO
FZBEID S 570, EHCBW CERABEOMES
WIS T 2 e B FRaNnD, 20D, Brid£L
iz e & BB TABEORE 21T > T &7z, L
TTRET K- 54 pEfilgEO—BR{IbERICT T
5 BIGETRIGORFE AT %, 75 v PAXEE
Ko & T 5k —F 54 N RMLEYSESE TR E
AZBEREC R LTz, DUF CRREFR D DR i
R fT o712 2 X% K Ga,Sng_ 016 (LLTF KGSO & HE3)
ZHICBEE R BT 5,



F 5 CEBIREEY T 2y 7 A OfERaE I BT 505

3. 2. 1 PRBEBCEMEICE D NO DER{LES)
NO /bR DHEE X, KGSO OEMEERERR (b
KHEFEK0.8m?/g) #3g #2500h D FEEED T IZ
B, RIEARC CGHZHWT, (@)NO D&, (b)NO
(1200ppm) +C;H, (800ppm), (c)NO(1200ppm) +C,
H, (800ppm) +0,(4 %) D 3BOFEHIATICBWITE
B & $71000K O TIT - 72, NO OEEEILE,
823K TA0R%IETH %, U TICHEREZENT 2, filfit -
12 NO DA EFBLZY TR, BLiZES vy, ¢
b bz £ 5 NO OEBMEI RV, LrL 7o
EV UHHET 3 L NO OErfbds650~700K F2E» &
HBED, BBE (4% OBFENHEFEL TH, KGSO ik
NO %240% LA EDEIETHRILL 72, T74bH KGSO O
FECEY, RACKFREZHEREEZEZLEVTNO »
SBREPE N, NO BRNICEITT 5, ZOEMNITE
BLELREE» DOSBZEOEEFFRECB LT HEE
FELTEBY, EREMBICZRE o WESTH 2,
NO & C:HDEEHEICEH L, AR L 2K
IG5 FELET 5,NO DEESEEZMATE 20T NO+
C:HZEHESKFT D NO & CHiE bR 3T 5137
ThHb, B, NO+C,Hi+0,FA TR 7oLV O
T X BBRBEDSUATL TR Z 2 - DEFRPREHT
H 5, MRERGEPERTE 3, FIHOERCIXIE
MERHETE S, —EOKR—TF V54 MNEBEEWIC &
LS F D NO & CH DI b E 2 T TR,
R— T V&4 MELEY OMSEENIIRELL ¢ (NO/
CsHs) THHEENB Z L8839 o7z, NO+C,HFH
[TREEEMER o= 3, BEEE DX TH 5,
D g DS RROBITRIEHREBENS,
3NO+C;Hs — 3/2N,+3CO+3H,
FERIOHEBIM IIBRLTFE T ORI T %, LaL, FE
HEOHEEEZY, BEEMED > 5 TiRE Snk
WENEN ¢=0.550.828 N3, Fab L O
BERIGDFBRICAND &, RIEI OV TIZROETK
JEREAFFE N5,

2NO+4C;H¢+170 - N,+12C0,+12H,0

BT T Tl CH B ITKIE L RBER GO /51 &
S THESI NS 120, BRIFHFEOGE TN ¢ T8
FWRAT B, RICHIHABEE TIHERETSESTH
203, RErEdic7lur vy OMRBERGH TR E R

%728, NO OIEALEENCER B ET 5, NO OBEHE
TCRIGHEL L, CHABEENCEE N 5E& 2
ETBE, HERGERD L > 1KEDT 3,
18NO+4C;H,;+90, — 9N,+12C0,+12H,0
CORIGD ¢ B134.5 (=a) TH5, C;HH IR
TREMCHHAI NS TS, BEEER ¢ 132D
BRI BT THb, ZITCERBKRBIF2 70
VOFIBEY qf/a TEZL, HEHEKT 2, BFE
HETFTTEEE2SRT KGSO & KGTO OF|AZh=IX
FRENRISR L11% 1222, I HKRER—F V4
A4 MRS DO WTHNLER, Thop7oEry
FIFAZhE & NO BiEE ORI IZM3 . SOBRAR AT 5
Z Mgz,

3. 2. 2 EILRERERICL D NO 0iR{t2E)
UTTR, s—7 54 Mo St EmEEEE
Wk B —BEEROBEER T OWTHET %, |l
HigFTWELEZLdWE, YAFLERICIVRBOH
FEFE I KECAELEL, 20~30m?/g 278 - 7z, il 8
NEREY D O—BIEERTRERT 3~ 4 fSTEmL
TEY, —BIEEROBRETHREC DLW T HHEN
T &z, ZORIREEMENME (FREER30
m?/g) %AW THIE (¢) D&M THERIETRKIGETT -
720 % DBEDO—BRACER DR KIIED SV IKEFEEEK
391N Uiz, BT, ELRERER 1 m?/g O EFSE
IR E Y WA IVERIC & B EERERRI20m? /g DR

BREy %

HESD.. Lo ASOSR SS RSS S

| (it : B )
10 20 30

NOLERiEE R,/ wmol - m?

E13.8 7a ¥ vy OFI %) £ NOB O aH
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Y N . R S
2,500 5,000 10,000 20,000

ZMEE (' h)

3.9 NOBKELRDOSVIKHE

WX BEEREPHBELUCRLUTH B, FEFEER A 1A
HiCITC Wb D ERASETH D, A, FEHEEER
B & BB HSRERESFER NS S RIET A LD
BRI W T2 8, SV 2SN 2 & sl fldiyE
PETFL, SV=5TF h 't ¥ Ccik—mtER0mikl
DIRENT & 72\ — 77, mAERIGED SV REFMHEIZFE
DOEtEREE L KIFCHEZE SN, 30m?/g 2B
BEEITIE SV= 21 h ' TH60%E Wb R 2T+
5 Z s ol (BEIEH RS ADOELHE L LTI,
589 SV=10/7 h " CH0%BEEEEHTE 5 2 L HEHE
2k 5), 3. 1. ITHELIE I, Y rrgEis &
LKL, 77 A% D—BILEREREREIHET D
DO, BEAEFEYL D TR —BEELROREELH 7
SO1IUTCBYT 22 80hoTEY, ZO%E
WD BIRETRERIBECA L TE2 D EEZ T
%, CTNIDOWTIESHBROBEDET, +owigT
&5 HOAREMNE & LT LTz v,

3. 3 HMRLEHR

SRR Y, —BLERBREORILE OB T
Fy )V — T AOERBRREGHEL LT/ ER
BT R ol BERT—BILERPREIELED
DRIFT A7 bV RE3. 10IRT. B - BE=100:
0Dt &, SHHDO—ERILEBRIC L 2RIHATIZE A
ERDSNLpolzds, BESADEEWHEZ 5108
nC, HERMAO—BLEBROTRE I X 2 BRI
BEEHEIML, BROLENI% TRIGEE N HEAI
BFEL, TOREIBEEVOBERERL, ZOBERD
5, BERANO—BILERS A OBRERE I IEE
DFENHEECERETHY, BEIERECHZ LT
EHEEEMCIEATE 5 2 LR E Lz,
BJ3.11i%, BRI B W CHLE I A E2R-BHRE
EGH AR —BIEERYT A YD B2 T (a)H10~15%

sy b deraa e a o eav s s gt ra el
IR R R RN N RN R

Absorbance / a.u.
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