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Interpretation on Polymerization Speed of
Mono Silicic Acid in Geothermal Water of Maruo Region
in the Kirishima Volcanic Area
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Abstract

Silicic acid was precipitated as silica, as the fluid passed through lower temperature zone,
because of its high concentration in the fluid. In this work, the polymerization speed of mono sili-
cic acid, whereby in underwater involved with a sulfide ion, was studied. The study also examined
the molybdenum yellow method for silica analysis under the coexistence with a reducing sub-
stance. The method was found to be applicable for simultaneous determination of soluble silica
and sulfide ion under the coexistence of HaS.

Silica scales were identified by the use of XRD. Silica scale of Satsumaso was found to be
pure amorphous silica, while that of Kirishima rehabilitation center contains quartz, gypsum and
pyrite impurity.

It was found that mono silicic acid of Satsumaso was regulated by the solubility of amor-
phous silica while mono silicic acid in Kirishima rehabilitation center was not regulated by amor-
phous silica solubility.

The polymerization speed of mono silicic acid for 0-1 hour and 1-9 hour were; 196 ppm ht
and 10.3 ppm h'! in Satsumaso, and 7.9 ppm h! and 2.8 ppm h'! in Kirishima rehabilitation center,
respectively. Generally, polymerization speed of mono silicic acid was found faster in 0-1 hour.
However, polymerization speed of mono silicic acid at Satsumaso was found faster than in
Kirishima Rehabilitation center. It was assumed that this is in relation to the growth of silica
scale.
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1. #%

DA OBEBEIRERTHEFICH VLD, Bk BEOREOERRSKIEEE TIEIY ) h &R
BETHERLTWVWD., ZOL) 2BkSTEB > L#E T CREIT A BRETIE, BE - EOOETIE
PEVBEIFIIREED 2 ) I DS ICHTH - BT 5. L7edS> T, MERDOHERLHTEKBDHE
FNREPRETS. $72, BHEDOBKIIBVWTHERENEKTICL ) EFKRED DY » 25
B AT L, KABIZAT—VERERLZD, BUKREARERZ EEEIORLIHARNH L. Lo
T, EHEKOFHICE L TET ) Ok - ITHZEEICOWTOFEM RIS LETH Y, T
AT = VR IO ETH 5.

OB AT =ik, BEFIREBICHEE ) TAWS T AT, FEERL, ZOEAEREICH
BRI ABRORNETIDENT=OIERT 5 (MR, 1985) EE 2 b Twb, F72, T HOE -
BBy OWFELE, Chigira and Watanabe (1994), /KB (1995), Takeno et al. (1998, 2000),
(2000a) 2 EWZ X o THEESRTWE, 512, YU A — VOEEFIEEICEL T,
Rothbaum and Anderton (1976), 4111(1980), A& 5 (1983), JL7% (1988), #EdE S (1997), Sugita
etal.(1998), #2H 5 (1998, 2000, 2001), _H (2000b) 12 & ) #HE SN Tw5D,

REFFETIE, £ 77 v EiE(JISK0101) 2 & E (k) 2 &CEEHCEA T 5 7200k
AR L7z, $£72, USRS IVONHEB AT 572012, BEXIIBHX A LELNS
B (BEH 5, 2000 ; BEH, T, 2001) DE /) A BROBELSEE 2 B REHRET 5.

il

2. PEHORE

EY 77 EEJISKOL01) TIEETHEDFED T A ) 77 VEEOEGEERD A EITL L T
Hhshr AWM T 5. BRI ECHEREE R EORTHEEZ SO ONRH L. Lo T,
Y T UEERERBOUKICER T 5123, SWEHOBREPLETHS. £2T, Wit A+ %
HERM L 7-BURARKE VT 4 €) 77 VBOECEEIER O EIIS & R Wit = &
L7,

100 mlDRY =F L VY BOFEZFC, ZZEKI0 ml, 10%EY 7T VBT v E= 7 LETRSMI RO
(1+4HHCIEES mlx Nz, ZhaxeEEe 4. F72, 1000 ppm SiOxZE#EZE T, b + 1)
7 LIC & 0 % L 721000 ppm STAEHEAWE (REBR T, BRI At oRE* SR L)%
W IR IIRAE - TR L7z () BURK 2R L 72, 2 03Bk 10 ml & SUCEWISIN 2 721, &
BRCERALT, LRVEY, LESGIRETS. #0—#H% 1lemtIVIZGEL, KX IRER
& LTI 300 ~ 900 nm DI EEE % 10 nm M@ Tl L 72 (Fig. 1).

21 TABOEE

SiO2iEEELS0 ppm DRI, 74 Y 7T VBROBFBGFEERPBER E N2V, ) TTVET
VEZT ADHAL A v OB E T TR 420 ~ 600 nm OWIGEEANA L b, —F, SiOgi&
EEA$10, 20, 50 ppm DEKEICIE, 74 EY) 7T VBOBEGEEEITEE N, ZOT5 4 Y 7T VEED
HESEARITET, MLWA T 0EBRILEALZTR V. LD T, BTWE BibkE) %
BOHBOKO Y ) A DOERIZIZ, FAEY TT VBROBGEEIPREIITERENS L) 154
X, A 4 OFESERTE L, ) 77V EETIREFEE 410 ~ 450 nm QW INGEIE A
Awbin s, KAEBRTIERDHVBOLENE LN E4100m % 7.
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Fig. 1 Patterns of absorbance change from 300-900nm. The concentration
of SiOy; a) 0 ppm, b) 10 ppm, c) 20 ppm, d) 50 ppm

22 WtMI1FDEE

SiO & EAS0 ppm DEEIZIZEY 7T VEET VB =Y A LEAL A 4 ¥ & O RISEBH OB RBIX
AS740 nm5EWCH B, LA L, SiO2iEEAT10, 20, 50 ppm DERIZIE, 74 €Y 77 VR LRty
£+ v & ORIGERY OBARGEE 680 nm MLy 7 M55, LdisT, EVTTVRT ¥
FoAEBALMA A v EORIDERD E A £ TF VBT VEZ T A LBALWA & Y EDORIE
IR L D, L2 T, REE YY) DEEOERVGEEHIILE S 22025, SiO i A10 ppm 2L
FOHETLBEAICIERATE S, 72, HE680 nm OWEE LW A 4 VIRE I L TRWIE
OMIBRE (2 =0.99) 7B 57z, Lz T, HAbl A + v OEE IS0 iR AHT10 ppm DEFD
HEE 680 nm & 7z,

2.3 #AKOTABRRUHTEHI T OEE
BKD 7 A BRERER UL A & ViEEOEIEL, 2.1, 2210RLcFEzAVz. HlTHR—
)Y TS SEEE (T ABOAR—IVERY bR FT) I L 72840k 10 ml 2 FOSEHRIZ 313 <
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AR T o7, F2, B/ TABOEARELZEL T 572012, 250 mlOKRY) TF L U Féx
WCEUKEEREL, 1, 9, 28, 168, 960BFMIME L, FiRICOMTxiTo7z. 72, FFICH—IRY
IREET TGRS BHE L 72,

—#xIZ, KPOTr A BIIBE—O5FE LTHBLZIRE(E ) 74 B), 9TVPESELTELLE
ESFOREERY <=0 %), KbOBEWEICRE LB CTHET HIRE, Bt - 56%ED
rABERECWEIMETE LTRBLZIRE(Ia A VT ) H) THREL TS EEZLNS.
CORTEY) TFUVEEICINVRBEINL T ABIIE—D5F L LTORLZIRETHERF LTS
BbDEEZLENTWS (AKS,1963). Ld> T, AEBROUEENRE o> TOLEMFT A BREE
X, B—05F L LTHBLZIREDOE ) S ABRTH 5.

3. #& S

3.1 HAKOITBEREDHT

HLRMROEEERPEE )N Y 55— 3 vk vy — (BRBREEFRNERRE) 25560
LEIKDALEEAE % Table 1SR L7z, F72, TOMRICHAICZRER2EH L 25, mBEED,
51RO N5 EBKOFEHIFERBIREIZI0CEE, S8V NE)T—varkry—noions#k
RO R B IR EE 13 260 CHEEE L %2 7z (Table 2). —##i2, RiRIFERBOBIKD DY) HigE
WFEEIDDHINE Fo— EFEHERICH A Z LD SN TWA (B 21, Giggenbach, 1988) 729,
ZOX)IIBHVEERBIRE LR THKEEEOTE S ) HIRE I AV P —OBEMREICHRI S h
TWhEEZLNS. BVt F=—OEARE X Fournier (1977) IC X DIREEI N TS, ZOBRRRA
WRAT S L, FERBANOFESIONEE I, EEET740 ppm#EE, BRI NE)TFT—Tartr
% —T560 ppmAEE TH 5 LfEE I N5,

3.2 BJAGEHOICFAE L =X —ILOBE X EEHT

EEEROEE )N ) T—2a vty —OBEKEHROITE L TWE AT — VO X#A5 KR
WMaiTo72. Z2oDAr—VHIEEE T U H (Si02:nHoO) BNERTH o 72, BEEEFED X 7 — W iZid
AU OATIHER I N Do 7205, BEIVNE) T—2a vy ¥ —DA 7 — VITITRE
(Quartz) % VA E (Gypsum), #§k45 (Pyrite) % & OAKM A HERR & L7z (Fig. 2).

Table 1 Chemical data of thermal waters collected from Satsumaso and Kirishima rehabilitation center
in Maruo region of the Kirishima volcanic area

Li Na K Ca Mg Fe Gl -S07
ppm ppm ppm ppm ppm ppm ppm ppm
Satsumaso 2001/2/11 981 848 7.67 718 155 9.82 0.027 0.01 1310 54.8
Kirishima rehabilitation center 2001/2/11  98.6 863 275 371 51.5 581 0.006 0.04 652 147

Sample Date T‘igp * pH

Table 2  Geochemical temperature of thermal waters collected from Satsumaso and
Kirishima rehabilitation center in Maruo region of the Kirishima volcanic area

NaK*! NaK*2 KMg*?® Nali** Average
Sample T = 0 0 T
Satsumaso 302 293 275 305 294
Kirishima rehabilitation center 260 247 255 274 259

*1 Giggnbach (1988), *2 Fournier (1979), *3 Giggnbach (1988), ** Kharaka et al. (1982)



66

EETR RS

Satsumaso

l“%
b LT Mww d

iy
i
! MMM ’

Wmm,,wwwwmwww ikt ’M-Wwi

Relative intensity (cps)

Gy : Gypsum
Py : Pyrite
Q : Quartz

By

Gy Kirishima rehabilitation center

| Gy
Q
i 5 Gy Gy Py
“" ! \ Py Py Py
hmmwh "WWWM WW W
'“W M‘*W"'FH‘M y *MW gt 'f?& ok "‘Wﬁwmw\m&m
0 10 20 30 40 50
260 (CuKa)/degree

60

Fig. 2 XRD patterns of scale collected from Satsumaso and Kirishima rehabilitation center

33 BMAKEDRICICEDT AT TTUBOEE)

AR OEEER CEEERFEY NEY 57—
arker =B ko4 E) T
R DU % Fig. 3127R L7z, BEEE,SE LN
% B IR D 350 ~ 450 nm O W 3 i 13 28 KB
EHOLDL8EMHBEDODDETIIRECELD
WHERIRELFI LTS, ZoRPIEE 7
ABOBEAICLEbDLEZONS., T2, BB
INEY)F—=vart s —6EB5N0E8KTDH
BRSPS RONEDPEEREDOLDIFERE LR
v,

F 72, WE600~900 nm DL TIZ680 nm
FEICBRIEAR S A, Zhid, 22 THRE L
T A®) T T UVBERALA A VL DR R
WL 2BRRINE T B, LidFoT, 20
BRWIUE 7 A 'Y 77 V& BokhowRiti A
FUEDRICERWICE B EEZ NS, TRibk
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Fig.3  Patterns of absorbance change from 300
~900 nm of thermal waters from Satsumaso
and Kirishima rehabilitation center
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4. & %=

41 T/ TABOESERE

ML CTHLNABKTIE, 31TRD-EFEBAD 500 | o Semma
P SiO2 R EEICHART, BRIUER D SiO2 & 13 340 — amorphous silica
ppmFEEME ., T2, FBEIUNEYYF—T g vk 400
¥ =g b zEKIE, 360 ppm ARV, L72ASo
T, BADERBA SBOE T LATAMICD,
KOWEE - ETIOBETIE-T, ¥ M BRO—EITES
&%\ VIR ICHTH - LT D 2 EAVRIBEN D, 20
T/ TABROESREILELZOIRE, ), pHE
CIRBEICL o THEIShTwa L #2605, 1272

L, REBIZ, FABKRTHEDOTEHIDELIZONT £ ‘ ' !

R LTH L. T/, BkOBHEIZER YA TH 1 9 28 168 960
EEL 08D 525, FERE TV I OB TR Time [hour]
pK11399T, pHIOLL T OB CIIIERE S ) » OF 300 ) - Kirishima rehabilitation center
BREEICIITE A LD RV, £oT, FEREYY IO e i
EREIEpHIC X 52 I3EETE 5, F /-, Kitahara
(1960), Siever(1962), Marshall(1980) 2% b, JE&H
B OVEIREE IS A VAR O BB R E
FIFEAERNZ EPHEIA TS, LiL, EE
HERVUBEBUNEYTF—varveryy—nbBons
HOKDIERE BN E WO T, HEEICX B EEN 100
ZAbhb. ¥, BEERVUBREINEYT—T 3

YRV —OEKBHOMED? HELNE X — )i, 9 ST TR T T
ERE L) ADERTHD LA o7 (Fig. 2). L .

12 oT, INHDBKDE ) o A BRI ZIERE > Fig. 4  Changes of soluble SiO» concentra-
)7 EBIREEREICD A DEEZ OGNS, 72, tion of thermal waters from Satsumaso
B T ARREIRIERE ) D OBRE IR E T and Kirishima rehabilitation center
WarbnEEZOND, EREV) I OBEMRER,
Fournier and Marshall (1983) |2 & - Tk D X 5 ZERAIBEE LTV S,

300

SiO, [ppm]

100

<

400

300

SiO, [ppm]

Log [SiO2]=4.52 — (731/T) ([SiO2li#f¥ : Bifiiidppm ; TII#EATIRSE)

FREHIC BT 2 BKOEMRE Y ERIARAL, FFEREL ) D OBMEL Fig. 4R L7, HEE
EPO/ONLBKDE) FABIBEIIESRE L) VOBHBEIEL TS, F72, BEETIW
Lo THREL ) HOBREIBL L TWED, T/ A ABEELFARCBRILTVL, —F, &
BUNEYT—2artrd =000 NEH8KDE ) 7 EEiEE RIS O B3I E > )
AOEMEIEL T2, Lal, 1, 9, 28BEMIfICIE, £/ &7 A BRBEIIFERE V) b OER
LD b WEZRL. 512168, 960KifIH#IE, T/ XA BOBEIVTSICEL D DLEEZS
NIERE Y ) A OBEREICIZIZ B LTS, 2F ), &REHTRVEEEI N F—Tavt
Y=o /RONLEKDE ) I ABREIEERIERE D) A OBRECEASATHuARNE
EATRENT:.



i B

Table 3 Polymerization speed of mono silicic acid and changes of temperature of thermal waters collected
from Satsumaso and Kirishima rehabilitation center in Maruo region of the Kirishima volcanic area

Time Satsumaso Kirishima rehabilitation center
®) B ©) (D)

hour ppm b1 OC ppm bl T (A/0)

0~1 196 98.1~53.1 7.86 98.6~45.6 25

1~9 10.3 53.1~18.2 2.79 45.6~174 3.7

9~28 0.83 18.2~17.4 2.50 17.4~17.4 0.3
28~168 0.05 17.4~16.0 0.15 17.4~16.0 0.3

168~960 <0.01 16.0~20.8 <0.01 16.0~20.8 —

(A), (C) Polymerization speed of mono silicic acid (B), (D) Change of temperature

RIZ, B ABOBEAEELFHE L7z (Table 3). FEEEE
PHESNBEKTIE, 0~ 113196 ppm hi, 1~ 9k
13103 ppm h1THo72. —F, BEINCYT—Tartr
g —H 5B LN BEKTIZO~1HIZ7.9 ppm b, 1~ 9K
1228 ppm h1TH o7z, TOHRENLL, ZODBKITIREE
DRENVO~TEBICROE/ TABPES LTS Z AR
Eniz. T, EEEPSEONLBKDE) FABEOES
HEEIEEUNE)TF—Ya vkl —2oBoNbEKOK
WBETHHILIRENZ., DT &iF, HIFED LLIEA
= VICARME L LTIk - AT AAED L VITAERCE
S OEEREZ NS, $72, BT ABOEARE
) H AT —IVOEREBRIEVEEZ OGNS, Lizh o
T, T/ TABOESRENRVGEEFICEFLIVIAA
rF— VR L TWw5 (Fig. 5) %%, BB NEYT—Y a3 vt

UH TS A A — TR AR LTV Fig. 5 A photograph of silica scale
: of Satsumaso

42 WL F > OHKRE e

ik?kq:' @Elﬁﬂ:% A @H#ﬁﬂg'ﬂ: % Fig. 61 T_\‘j— —2 Kirishima rehabilitation center
REEEE D 515 5 M5 KDALY A 4 >~ IREEIZERIX
E#% OO T4.2 ppm, 28KE[E Tl 1.4 ppm & 55
UTFEhoTnh, 7, FOHERELEEL. 10 1
#R % Table 4 (TR, PEESEDHRLNLBUKTI,
0~ 1FER1Z0.84 ppm hl, 1~ 9MERTIZ0.06 ppm h! T
Hot. —F, BEBINE)F—Yarkryy— 5
SO NEBKROGA A 4 ¥ IRE SEEL D 515
BNBEKICHNTEL, WNERD KM TI11
ppm, 28 TIZ5.6 ppm & PG REE L Lo TW5,

¥ [ppm]

ZOLHEEE, 0~ 113 1.76 ppm b1, 1~9KF 0 ‘ g i 28 ‘ o g
12017 ppm h1 TH o 72, ZDODEIK TIL 960 HEH Time [hour]

= Ja ey ~ , oHb SE 7 3 N3

?“;‘bb Tcﬁ’"i{t%%4 + VIREEN 'EJ (2oTVBA, i Fig. 6 Change of S2concentration of thermal
WOHBPHEREINTOT, YD) Hd LIHmER waters from Satsumaso and Kirishima reha-

YoauA FRWEOERIC L 2 T HIEEEL D B bilitation center
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Table 4 Changes of concentration and disappearance speed of sulfide ion of thermal waters collected
from Satsumaso and Kirishima rehabilitation center in Maruo region of the Kirishima volcanic area

Time Satsumaso Kirishima rehabilitation center
@A) B) ©) (D)

Hoar ppm ppm h'! ppm ppm h! B

0~1 0.84 0.84 1.76 1.76 0.48

1~9 0.50 0.06 1.34 0.17 0.37

9~28 1.43 0.08 2.27 0.12 0.63
28~168 1.01 0.01 4.79 0.03 0.21

168~960 <0.01 <0.01 <0.01 <0.02 —

(A), (C) Change of concentration of sulfide ion (B), (D) Disappearance speed of sulfide ion

LErdneEZLNS,

T & O

WAL A 4 > 2 &Y 77 U EEZ B LR, R (410 nm, 680 nm) TRILE %

HWEL, £/ 7 ABRETALIA &V OGHHTE ]

T/, BEERVCEBEINEY)TF—2a vty y =268 50727 — Vo XERERF, €7

TABRRORBAI A A+ > OGHFERDPSLTOZ LA S M TE .

1) EEERVBERBINE ) F—vart vy —hoBonzAr —VIZERES Y AV FEET
Holh, BEINE)T—2artbrd—noBoNAr —VIZIZAEOM, AERESE
7 EDOAHY DSHERR S 7z,

2) BEEEPOBONLBKOE ) 7 A BB, JERET ) IOFEREEZRL-ZEDE, JE
HEY)DOBERBEIRETI SN TWE D EEZ 5NN, BEUNYYF—Yarvkry—n
CRONTBAKRDE) 7 A BRIEEX, SFETRNMIZEICEIERE D) I OBEMEICHTISh
TWRWZ EAURENT.

3) E/TABROEARERBEEENOKRENO~ 1R THENE L0 o7z, T2, BEE,S
BONBKDE ) T A BOBESERERIBEEINE)F—arb sy —5oB 6N 8KICH
NRTHBEDRETH o7z, ZDZ LI, YUBDAT—IVOEBIZE ) A BEDOEAEEI R
LTWwWhEEZLNS,

-

KWZEAT O 12H 72, XHEHEKBIEBOFHE CITHEE V7 WERBERFHEFTOEH
RHERICERORHE L ETF TS, T/, BEHREOFICIBEYZHE L VW27, LU TCRERED
BEErRLTT.
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