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Remote FT-IR Measurements of Volcanic Gas Chemistry in the Plume of Asama Volcano

Toshiya Morr* and Kenji Notsu™

Remote FT-IR measurements for volcanic gas chemistry were carried out twice before and four times after
the 2004 Asama eruptions. In these measurements, solar infrared light scattered by higher clouds or plumes was
used as a light source for the FT-IR absorption measurements. We have successfully detected 3 volcanic gas
components, SO,, HCl and HF, in the observed spectra. The HCI/SO, ratios observed after the onset of the 2004
Asama eruptions were between 0.17 and 0.20, which are probably reflecting the ratios not influenced by any
hydrothermal interactions. In contrast, the HC1/SO, ratios before the eruptions were slightly lower than those
after the eruptions. The slight increase in the ratio from pre-eruptive to post-eruptive periods suggests that the
hydrothermal or groundwater impact to the volcanic gas emitting system was small even three years before the
eruptions. The observed HF/HCI ratios before the eruptions and in March 2005 were about 0.1, whereas the
ratios were higher, over 0.19, during the high activity period from mid-September to October 2004. During the
continuous ash emitting eruptions on September 16, 2004, exceptionally low HF/HCI ratio of 0.03 was observed.
The HF column amount on this day was probably under detection limit, possibly due to HF depletion caused by
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adsorption on dense ash in the plume.
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1. FL®IC

BED KA 2By 2w & O [ERFCHIES 5 2 & &
HiyE LT, 7— ) 2 ZHBIFRASEUE Wik
FT-IR &350 AfIw TRV SN0, EREKkLTSH
D, TOLEXFSO, DIKDILTORETH - 12
(Notsu et al., 1993). 1990 F-~1995 =D EA|IE B DI
KEFIT, 6 F— L0EmRne R E LT, F—
LSl E N B KA 2 OERERIE ATV, SO, &
HCl D 2 %5y DL Z <27k OVIIE IS 1 U TR L
72 (Mori et al., 1993) D% EEI0 1T, %< DKILITFT-
IR Z i U 7o Kl 2L 0 @R RIE A TTh 1 6
K9 -7, SO, & HCl 7213 T <, SiF, (Francis et
al., 1996), CO (NEF « fth, 1997), CO,, COS (Mori and
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Notsu, 1997), HF (Love et al., 1998; Francis et al., 1998),
H,O (Burton et al, 2000) D&% 8 FFED KL A 2 B4y
OHEM FTIR ZHWTITbN s L oK~/ TD
%O FT-IR ZH W 7okiliy 2 BllofEEIZE L L, B
ETIE, FT-IR ZH W cEbRilEic & > TkilA 2 ofb
EHHRR ORRGZALA MRS TE D L DI > T
7z (Horrocks et al., 1999; /NEF « fil1, 1999; Duffell et al.,
2003; Allard et al., 2005). FT-IR % R\ 7o K177 2 iz
BRI OMRIE /513122 V0 Tl Oppenheimer et al. (1998) I
FELL,

FT-IR %\ 72 KA 2 omBa#lE <, #lE RS
155 KA A (SRR B i & 2RI %
WEST 2. T 3BIHIEETDH S FT-IR 2> 5 H
T, HEKILA 2 OBRFIHFINESHEICIE 5. B
AT 3RAGRE LT, MRS o SEm#E
(Mori et al., 1995), HEHEK DS N — 4 KiH (Mori et
al., 1993), ATFRHEIE (Francis ef al, 1995) 2 KB
(Francis et al., 1998; Love et al., 1998) 7355 511 5. fifi
AT 536HE1, Fnghoklorks), B HE,
BEEORNWIS EICRELKET 20T, BHICH/c-T
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O EE % #N T 2 08 d 5. KEEE RV
HETI, REPOXBEIEVLO TRIOEENKE
<, RERUTHRYEAFAS 5 CO,, CO, H,O M D VT
3, KILT ZOFSOREREEL V. 15Dl
E, S E COMREARE A — b VEITICHIA 2 068
Wb 5.

2004 4E 9 H 1 H 20 K 02 53 1C &R LA 21 FE.33 0 1
HREIRE L OV OIEFEIIE K R L, COKITkD, &
RAK I A DTREL L 72225 T <, BRRK I3 ILBAs
MomEIRE CELL KGR, 2004). 9 H 1 HLK,
BEKIZ9HA 1B3HE TR -0 14 B 5 18 HiTld/N
HEBE K AIZFE L1z, BHT 16 HE» S 17 HYIZh T T
AT K LR & ikt 2 KRB s ke W 7. £ O
%, 3B OH23H, 9 H29H, 11 H 14 H) @
kA2 EW, 12 9 HE TEKDERIS Lichs, LI
KIFE T > T KRT, 2004). EfHLL 2004 41
KITEEW, KREDO KA Z 25 &, 3,000 ton/day %
iz % SO, DI HBER SN T WS CEAR « ftl, 2004).

2004 4E 9 A 1 H OERAL 2004 K 2520 T, RS
LW L A7 2 A L2 O s il E 2 BlG L 7. A
BT, EKBIGHRICIENE L 7 4 (o] o BHRTE $ & ek
DD 2000 £ 11 H & 2001 4F 3 H O B R % ff
2004 FEME K HTH O K114 2 ALK O & W IZ D W TR
L7z

2. BRIZBELBASE

AR OB T, Lmiadig Lic 7y — ) n 258
SEhEETE (FT-IR) (Fig. 1) 2 L7z, A0 heE
BOMEM #1:® MB-100 (Fig. 1 ®FuLE0EEE) <, B
30cm THEF Smrad © 4+ 7 L o EEES (Fig. 1 4
HlOMER) 2R THRANARENEA L, B
I3 InSb 128 T, 1,800 7> 5 4,500 cm ™" D RIS % AL
SYRRE Tem ' THIES 5 C EMATRETH 5. BINIEE
13, AR, s, cvEa—g, =M, FEEHOTN
TEEDRI150kg 1075 5 720, BIEILTES A HH T X
BRI E s & TEfE L, KEpRASLEE L.
KEEHAFANNIRE T 2ME ST, BT
5 7Jji: (Francis et al., 1998) &HGELL 72 KOG % (ER 4
%751 (Love et al, 1998) ® @0 OENSH 5. Hi&
13, KBBZEERIOLEE L TR 20T, Pkt
KBTI 5 2 &It b, TOHER, ToOBEE (2
R MIVEERE) 2155 ENTEE0 (FEBRITIIREN
X200, UEBICERA v v a BT TR
FET LI S 58 0), BRNEEE - A - KB A —
EHRICREIE T NIER S0, Tk 513 EDMER
&G 72 T, 1 HOMNT &R & A Z ORPiD,

Bk - BEEn

Fig. 1.
surements at Asama volcano.
the system at the parking area on Onioshi
Highway (B in Fig. 2) on October 1, 2004.
The slope on the right side of the photo
corresponds to the flank of Asama volcano.

FT-IR system used in volcanic gas mea-
The photo shows

Mt. Koasama is to the left of the slope.

KILDJE O OEFIRIICKE S ELSNE DT, #Lic
BUARGATICHET O L v, —F, BE RO RL
HELEAR T 5. ki, RASECEGELIE TR 254
FHDOEELUTHATIW S EBHI SN TV AW, KDL E
[ D WECEM O h AR 5B, BRI
WHRNCB W CHEDEEZHIET 2 2 LT 5. @il
NBAY PV, EFEREEEEE LML
BEED BIE 025500, ML IC InSb iR g5 % (f
4 %2 &T, SO,% HCl DINAH % 2,000cm ' VL
DRI T TS EEOEELEAR o N5, AT
&, BUHEGHT OSH ER) D is WEEDEE W 25
B L CBIZfT - 72,

KiH 2 ZBRIL 72/ 2~ vV aEE~xB &, kil
H ALY D SO,, HCl, HF IC X AWINAR SN A1, K
ShokEKPMOMERDNIC L 2PN Hon 5, #
HZR~<7 PVIZRONE, TSSOSO 5 o8 (H
HEEE DR H AT b 5B B ORME) (&, Bl R~
7 FVITRKEWEIEAERE L7z F VA7 bV EIERR
N "RETED 74 v T4 v I T B ETERL
fo. TR, B OWIN Y 5 A — 113 HITRAN
7 — 4% ~— 2 (Rothman et al., 1998; 2003) Z#{HH L, &
FIVR Y b IVOEHNITIZ LBLRTM (Line-by-Line Ra-
diation Transfer Model) (e.g., Clough et al., 1992; Clough
and Tacono, 1995) & W\ 5 EHEEE 7V & b & ISR X
Ry MWVEBHTE TS5 A& L. SREHT
B KIL# 25545y (SO, HCL & HF) Offtrid, LITICR
SIEIPATIT - 72, SO, 13, 2,420~2,590 cm ' D HiPH
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T, [T NO & HO O Tk 2 ZE LIS O ER
%1T-72. HCI [ 2,810~2,890 cm ™' D& T, H,0
L CHy & E L1528 S fiflr 217 - /<. HF I3 4,020~
4,060 cm ' DIFEEIH T, H,0 OF#A2EEL TV 5.
TNENOWEEFH ORI L » SO,, HCl & HF O %
FLmPRDOEND, TORE, KRadicb b EFET
% HCI, SO, HF (3T & 2 & E L 72,

3. XELUTOER

Lo FT-IR i1, 2004 FE K DRI 2000 4
1MH16HE 2000 3 16 HD 2 [ &, MEKZRICIE
200449 A 15 16 H&E10H 1 H, =L T200543H
10 Ho 4 [ L 7c. BIATTH ATV 2001 50
5 2004 FEORIE, HIEOBE, WSO, KIEL
D BV D KA TREL S & 2 fy MRS O IE K A3 FEAE
LTW3 (&7, 2003). <O, fa[[aH FT-IR Z2f W
to kA 2B A EILL TRl A 70 s, KGR oI
Lo, BEEXSENF— s EShThsn, Bl
Fig. 2 1R g 4 HuS (A5 D) TiF- 7. AN
OHBICBME 2 B 2013, IEXEHEERTE S
& &, ZAHRNCHBIREGEEAMES 120, KEGHIEE
WD WIREETHIEERITH FcdTH 5. ThTh o
RS OSE S, 8N E SEEO FAEE, KIBOMEIC
RECELSNEOT, BIEGATIEYHORIICE - T
PUE L 12,

2000 7 11 H oFliE, (LTED 5 A TIEIbE LI &

B KLY R OB (Fig. 2: AisD) 1t 0T
o7z HHIE, BEESVEHANCRN O AERTR
2 Fif 4 O HHIR IS B EE Dy O S, D B

DRIFITIT VB & HIE 5 — #/FtLT%MLt

2001 4E 3 H, 20044F10 1 H& TP 2005453 H 10 HD
B, EELoLEIEEE E2 BN Y = A Lo
Breits (Fig. 2: B HUI) ICHUAISEE 23%E L 7. B9
ERBOBEERE, < OB S HT, KRG
Rl odblEimEic ik o T, & RIS KEA N LTEL < %
Wi 5, B, SILARICEN 2 5 A1, <
OEHE» L RS &, KEGABEOHEALLATHL D
T, BOELKFE LA SGIE & U 7o ilE As L g 520 L o 4
W, 2004 4F9 H 15 HIClE, HEURSFEHIERIFZEAT 0 Hf
KU o BEdis) (Fig. 2: CHusS) <BIZ1T -
fo. o HIFEMALBEFT 5 B, IWTEErE HE
SRS A TET C STnA, BEESFEEEINEL T,

Z D7, KEGPEEOE R 2@ s 2 cllilld 5
EMTE, 20049 H 16 HIZ, HIUE (Fig. 2: Dt
M) ITBOLWTE AT 7. TOHDFEIIEEN T
YD b HEEtEhaciiEn T Wiz, KUK RS B/ R

36°27-

36°22-
138°30 36’

Fig. 2. Map of Asama volcano showing locations of
the FT-IR measurements (circled letters). A:
parking area of Asama Volcano Museum, B:
parking area on Onioshi Highway, C: Asama
Volcano Observatory, D: Manzanbo lookout.
Contour lines have 100m spacing.

T K ASEFERNICTEAE L T W o fod, MM I RE D k]

JREEGATOT, BT IEFRAEHIER L2 Ok
RETH -7, T, BERLE TR0 ARt

FEaBonmnics, KILKOBEAHERHE < FRAEH
BRATRETS R DI KBG032 L - 72 & &1
B D K111 2L FHR O RITE & 1T - 2.

4. BRAIHR

Fig. 31T R <27 b vd 1H & LT, 200543 H
10 HIZEIA L 7c 2 =27 kv 7Rd. 1,800em 'Ll EIC 2
N7 NVEERR SN B DI, @ LTV 3 InSb #iH
ARORLEN 1,800cm ' A S G E 5 LICEAT 5. SO,
(vi+vs), HCl (P & HF (REY) OWINAH % 2,420
~2,590cm™!, 2,800~2,890cm™' & 4,020~4,060cm ™" I
ENFENFDHICRRT FVBENRD L ENDNS
Fig. 4a~c 213 Fig. 3 1SR L7 2 <2 b v dD SO, HCI
& HF OGS A 2 hEruRd. SR, 6 UK
1#® SO, (Fig. 4al), HCI (Fig. 4b1) & HF (Fig. 4c1) ®
BERELBE DT /R LT, Fig. 422 OFIZ <27 by
(H#) i3, 2,500cm ' 2l & LT SO, DRI HLZ
TW5. 2,540~2,590 cm ' 1T /L 51 B3 IR IE K& o
N,O ISR 9 5. —7, Fig. 4b2 & 4c2 12132 < DIRIY
E—IDBRONEM, ThoDiFEAEIRKRGHD H0
KR LTV, Bl Z <2 kv 53 HCL HE O
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Fig. 3. Example of an observed spectrum collected

on Mach 10, 2005.
trum show the wavenumber ranges used for
spectral analyses for SO,, HCl and HF, re-
spectively.

Three bars above the spec-

INEAHMRTRHTORIELVA, ThoDzx~<7 hvE
fiitrd 2 &, WNICEAS L/ HCLE HF O 5 L&
HERTHIENTES, Fig 4 ORI T 4 v 7 1
VI LIET VAR RV (G 2R U 6 BIOHEH
THIE LA <7 bvDH B, SO, HCI & HF ORI
WHUISIC 5315 2 <0 bV D & 5 & DIk LT
2TV, TNZTNOKS DN 5 LEERD T

Fig. 5a lC13, 20054FE3 1 10 HO R <27 b IV OFHTHS
Rz, xS0, 71 5 o8&, fitlliz HCl A 5 48E LT
7oy b L7, b L, IEERD HCI & SO, DRk LA —
EThniF, Ko7 oy ~3EENSERERL, [
JRER OB X AVKILH 2 @ HCL/SO, Hisdind 5. [6)
KR L7z & 91T, SO, & HCL H 5 2B DM 12 ERLEE
FAE LN, ENTNORSDOAEREEERE L 1cEH
FEYRHTIC & 0 EEEd o HC1/SO, b2 L, |
BRI 7S PR IL, fhoBIRIE OfEEIcB LT HIERS
7z, [AFEICHF E HClO A 5 2 8% 70y N L1257
% Fig. 5b 12779, HF O 27 b VRT3 4,039cm ™!
WEEIT & BWIR—AD A TEREZIT-> TV A (HCI
DT TIRIARDZFHL TWB), 1ZIFHE ki
H,0 DGR & & 5 DT, HF DBEENKEL L ->TH
%. Fig. 5612V TH HF & HClO A 5 A& DT
B EEAROGED 5N b, Lo X Hic7a y b OE
= oHEH L kLA 2@ HCI/SO, & HF/HC1 € VIt
% Table 1 1T/, 7272 L, 2001 4E3 A OEHITIE 15 :
00225 15 : 50 Ih 3 T I3 fEOEMI A <7 b v EHIE
L7chs, &E“D 3D Z <27 bovic>0 T HCI/SO, Lt
DOERFE S B &, HF/HCLLOREDAR Sz, 0%
(LB D E o LU SRR A E) 2R L T B
TIREVEDS B B, EHID 10 HD 2 <7 R VAT DHO
LWl EEZ, HCI/SO, & HF/HCI LA R % &
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Fig. 4. Example spectra in the wavenumber ranges
for (a) SO,, (b) HCIl and (c) HF spectral
analyses. Wavenumber ranges in a2, b2 and c2
correspond to those of the three bars shown in
Fig. 3, and dotted and solid thin lines are
observed spectrum and the model spectrum
obtained by non-linear least-squares regression
method, respectively. Spectra shown in al, bl
and cl are transmittance of SO,, HCI and HF,
respectively.

0.13+0.01 & 0.11+0.01 12751, 2000 4F 11 H o @il
RLIFTiE W EERT.
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Table 11C1E, ZEBHIHICH T 5 SO, # 5 £ EOHilF
LEDETRLTH S, SO, H 7 L EOFEHHIZ, B
HIZE > TRESEIB LT ENDD. T OHPHIZ A 2K
R L, £, MDEDEEOhE ED X S I

H 16 HOMIETIE, &ASO, & 7 485 1,400 ppmm
<, MBI H OFERIT AN NS WEZR L T
W5, Ihid, BlloZETHR L L S, EEORI
HOMEZETT - o 7o, WEIEAEE LT 25 HEE»E

L CE eI REC A E NS, PIAIE, 2004 49 {, SO, h 5 LBIWNESL Lot FEZONE, —4,
2004 4 10 H 1 H OBIAIT I3RS 10,700 ppmm T, 4§
=L :TE]L\ SO, 1 5 sEAEFS. Thd, BUAIL 725k

1000 HeAs, 2RISR - T IEIE 2 REY) 5 & 5 1c@i@ L

£ |(a) Gradient=0.17 'C%t o, BENOEORIEHBEL 50, ZOHET

8% * SO, 71 5 LEATKE T o b EHR HNB,

5600— B FT-IR TEIAIL 7o 47 2K 1L, W T okERDEE

S 400 + RORATR OB LR T\ kN5 5. IO

£ S KIELGHEHE L Ic & %, &5 H RESDERIIED

gzoo' C IR UL, RO 7 2 MRAED D 5 B 5 Th

T o , | . . = . — 7 R AR

% R T e, st site L s
i FT-IR O 4 03E W% 7R L 7o (Aiuppa et al., 2004).
g120 (b) Gradient = 0.10 72720, COEEDEEY YT ) YD ClYS i Cl &

§100- . LA Ao REDHTHY, HCY/(SO,+HS) Hizkhid

E 80~ 5. —7, FT-IR T3 HS @i cE 0L oT, Cl/

£ 60- S Jl HCI/SO, SIS 5. C OWIKOBA, WillE

§ 40- EE O Cl/S tho & v iE, HCl/ (S0, +H,S) t & HCl/

8 90- SO, bW iT#EN S 5 & ST 5TV 5 (Aluppa

T 0 ¥ : : : et al., 2004). F 7z, Burton et al. (2001) (&, HCI HSEEfE

0 200 oo amOL?r?to(ppmm)BOO 1000 L po kSIS BIRBIC IR L 72 2 & s & 2 h o
HCI/SO, DK F 285 L TW 5. #1513, HCI & SO,
Fig. 5. Gas column amounts plots for March 10,

2005 observation. (a) HCI vs. SO,, (b) HF vs.
HCI. The best-fit regression lines are shown,
and their gradients correspond to the gas con-
centration ratios in Table 1.

DIKNDIAFRE DENT C O ZHHL TV 3, [AkE
DEZICHS L &, HF/HC BB X KT 5 &
FEZoNDD, THICHETIHIERSDETARKN, —
H, A% )7« x b+ KLTO FT-IR Gl TR, BHiE

Table 1. Results of the 6 FT-IR measurements carried out before and after the 2004 eruptions.
Number SO, Column
. HCI/SO, HF/HCI
Date Location* of Amount
Molar ratio  Molar ratio
Spectra Range (ppmm)
2000.11.16 A 13 400 - 2400 0.11+£0.01 0.11+£0.01
2001.03.16 B 13 1400 - 4600 0.15+0.01 0.08 £ 0.01
2004.09.15 Cc 5 2700 - 4200 0.19+0.01 0.19+0.02
2004.09.16 D 8 700 - 1400 0.20+0.02 0.03 £ 0.01
2004.10.01 B 8 3000 - 10700 0.17 £0.01 0.25 +0.02
2005.03.10 B 35 900 - 4200 0.17 £ 0.01 0.10 £ 0.01

* The letters in the location column correspond to the circled letters in Fig. 2.
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P2 DI S LT SR IS 12 R T U 7o e
DAL B 5 2 R 5N TV s (Burton et al.,
2004). T DG, BEEOHTH ZAFHEIEZEL L Thisw
X ThH D, WP TERE L 2O 7 AR IC %
BB, SREMPEEORIICKE AfGsh, EE
FIZHE S O RBUR T L V. AR OBIERIC b
BpsdhHEEZOGNSD, TITRIEHTZIEICT
5.

5. & =

5-1 HCI/SO,kDZE1t

Noguchi and Kamiya (1963) I3, 25% KOH i&iti % A
NEABERILAOD ) 2T 4 S5EE L, THhITETA
ATTRERA 4 v LA + v & o&H» S kLT 2D
S/ClHLAHETE Lz, 15 OEE T, 1957 4Eic S/CL L
(B 78 2~12 OHFPHTH - 720D, KD 14 HHi
D 1958 9 Hicid 28 F T LA L, EKDOED 1960 4F
I 1957 FED D L N IVICE > TV 3, KILIEKIES)
WPES 2D S & Cl & ORI ZE) 1%, HAHTIT S/
CLILD ERF 220 T, w4 % (Cl/S s b
H943) FlHEIS5N TS (Hirabayashi et al,, 1982;
1986). &IETIE, =/ 527 « <4 ¥KLT, FT-IR %
728U X 0 K ORPIRI S LB IEZ 5T b
(Duffell e al., 2003). <+ ¥ k(LI TiZ 2001 4E 4 23 H
W/ N 7S BFEEK A LT\ B A8, SO,/HCI Hiid
1998 4E, 1999 4, 2000 4FE D EM T 12 1.6 ~1.8 & —F
725 T fli23, 2001 FEOMEKECERRT» & C D Lhs 4.7 &
TERLTOWR I EDERINTWS., T, Dl &
LEKOBHEE®R E TEHVWILOESF VTV LD TH
% (Duffell e al, 2003). <% ¥ KILITHEKDHIIT SO,/
HCI e L 72 B8 & LT, Duffell et al. (2003) (2,
KNS KR & O BEAER G fbshic Z Lok
D, & DIKNERLPLTVHCI A BRES R S0,/
HCl WAL 7o 2TV b, BukREOHELERT
[F HCI XTI K SO, b—fifpEsnsLEALNS
73, SO & b RIRFICHEID L ChWic 2 &t s T
W3 (Duffell ef al., 2003).

Alalb b W OBAKER T, a5 EKER O
F— 71X VA, Table 1 5 5535 K 5 IZEKH[D HCL/
SO, Mt kt~, mkETcH T oo FRAMR OGNS, <
1113, Noguchi and Kamiya (1963) > Duffell et al. (2003)
TRONFMEM &ty 2 Th 5, FEREIAIL 2004 4F
KT, AR~y FAKOEICHERELLT &
(KRR « fll, 2004) HFRESNTWE DT, BAKZED K
H 2R = 7= SEFA A L, BUK-OH RO
FEEBILEAEZI TV WA R % FT-IR THIMIIL 72

EEZOND, = oEERA R LKA 20k
SRR 1E HCL/SO, Hh3 017 905 020 D b > TV B
EEAON, TofEid. Bk - fil (2004) O KKK
VRS D Cl/S Hod 0.1~0.2 @ FJ5 D& & —F L TW
3. %7, BEKOFRTHCY/SO, A~ 5 &, B
@ HCI/SO; H i3 KR bR W EE > Thic kS
ThH BN el X 5122001 FFORED3IH>DF — 4
RV BATHET A&, COMEENIE-E DT 5B),
ZOFEWVIFKREL TV, b L oA R Lok
TOLOEMREKFIEBTEDb LBV ET L, Disl
& & 2000 FEfk 5 2001 FEFICHIT TR, <7 <ol
HZ LK D S 28T, BUkeHiRkRO
HEBREEALEZTTOWEr-EEbNS, Ol &
o, BEKEZ, <7 <o gl ik E O EER %
HEDZIFHEVEEOEFICW), BokRPH KSR
DFBEEZIFI WA R A OREA T TIThETL L TW»
el EDRIEEN S,

52 HF/HCI LkDZE{t

Table 1 2.3 &4y 5 & 512, EKRiO HF/HCI i
~0.1 DEERLTVS, Frodelo X 512 2001 43 A
16 HO%K¥E3>D 7 — 7 2\ icE, HF/HCL IR
2000 4F 11 A ofti s —Fd 5. k%, HF/HCIHIZ9
H 15 Hi2 0.19, 10 A 1 HITI3 0.25 EEKRTOH 2 5%
TEFLTWLAA, 20054ED3 1 HITIE0.10 &1k
HIDMEICE > TW5a. 9 H 16 HDOEHI <13 HF/HCI
730.03 ERiEOBREEFIC R —HRE R LTV B
9 H 16 HIEJEalid & 5 1T o g3 % BRI L 72 72,
SO, DA 7 sEBEV. T THRONIHF Oh 5 A%
3HK 24ppmm T, FEA S Tppmm PINTH 5. T
DEEDRRT bVDT 4y T 4 V7 ITKDBEAEIF10
ppmm A TWAH I EA2FEAZ L L, BHIL/HF ©7
S LEOZ FMEIRALI R Th-1cEFEL NG, —
7, iz HF/HCI lehspitk o 8Ll & [Ek i 02 F2EE T
HotcddbE, HCl A 5 L2BPOHEESNS HF 4 5
L lE 20~75 ppmm OEIFHICE O, T OEEE I
HF 2l TE 3 Thb s, <7/ <ho0lin 2ol
T HF/HCI BB BITNS B> T EEBERTER
WS, BEJE» & HF 2SEIRIICPRES N TWic EE A
EomY —XFTuTHD. B fih (2004) 1T X,
2004 FEIE K D KK D KA Sy O F/ClLHIZ 0.3~
06T, 9A15H%10H 1 H® FT-IR OEHFER X 0
iSOl E >, Sl (1975) BERE T ALEBAR
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