78 AR

BRSO RN £ 5 TR Rl

HFRETESICHSS FARER
BB 5 4
(PR S 4 A21H %A, FRLS 5 A11HZH)

Precipitation Products formed by Neutralization of

The Tamagawa Hot Spring Acid Water

Yoshio UMETSU

Department of Applied Chemistry and Molecular Science,
Faculty of Engineering Iwate University, Ueda, Morioka, Japan

Abstract

The neutralization of the acid water from the Tamagawa Hot Spring, Akita Prefecture,
Japan with crushed limestone was investigated from the background of clarifying the behavior
of the artificial sediments formed by the water treatment in river. With the rise of pH of the
river water in the neutralization process, the rate of the reaction decreased gradually by the
formation of insoluble film such as aluminium hydroxide and calcium fluoride on the surface
of the limenstone. In case of the treatment of the acid water containing highly concentrated SO42~
ion of more than 1400 mg/1, gypsum was also precipitated on the surface of the limestone. In
addition, the impurities in the limestone such as a-quartz, illite and chlorite were separated
out during the neutralization process and then covered the surface of the limestone together with
the precipitates mentioned above. According to the {-potential measurement, the fine particles
of clay minerals were found to coprecipitate with A1%* ion in the river water and to accumulate
on the river-bottom as sediments. The preoxidation of Fe?t ion with Thiobacillus ferrooxidans
bacteria was also tried to separate it at lower pH before the neutralization. However, Fe?" ion
was hardly oxidized, because the bacteria were inactivated by a high Cl~ion concentration.
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RIS % 6 ZEG%E L, WPRFl & L O 5 ~25mm OBLRAIKE % AV, MK SUGHE O T
D HER L EEH DRI S 5 ERREMT R THMEELZT > T 5. KIHIRKDIS) 2 HUK
L, pH8.ABEEE ML LB A TULEN X LS TpHA B HERTE D T ENKERET
HRIN TR, EoBRHRESR>OHS. Lirl, FMEXIFARKCEIEY TS 5
B m AR L, WIS 50 bIETOMRNEI D S 5.

AT ENNRREHEAKDEKET X5 PRI X - TER LBy B&DIC O\ TRE &
M DTH 5.

2. RB A&

P PR SR A K SR K& L Te. KB —BI & L CTable 1 IR L7z

TR T RARR O E AR AL T () B O£ 5 ~25mm % fILs, #HEIECaCOs & L T98.86
% TH 5 (Table 1 7).
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3. MRLEE

FIR BRI = 7 < FR D LB EREICER T 5 RKC L - TRE S, BHARIC
BOTRIEEEARD Y BHAEHSERBPOEH LTV A LRI TV 5Y. RO FHL
FHREE FINRREABRKAEY LKT 5L Car B TEARTIEALR I K LTE YR
WK EEERS OBEHCEFE LTV A LD TES.

3.1 AXRABREANDELRY

SR EIKA THRT 5548, RRRERC K - TRREROPHA EA T 5. CaCO3 DFRIEES) X pH
4.0 b 2T AHH, KlExhd5EpH6 B TREETES. LhLl, REECE
B FFIRA DR TIThh 5 O Tk & AIKA & OEMREHIICHIRDE D 0, Hh 0 OfFERR A

Table 1 Chemical composition of Tamagawa hot spring and limestone

Ohbuke acid water at Tamagawa hot spring 1992.8.10
pH Na* K+ Lit Cazi Mg 2t He2h T-Fe  Al3* Cl-
131 33 26 0.01 99 35 68 69 72 2218
SO42~ F- Br- T Si02 B T-As

889 68 0.01 0.1 285 12 1.9

mg/1, Except pH.
The trace elements detected by X-ray fluorescence analysis: Ba, Pb, Cu, Zn, Cr, P,
Ni, Mn, Sr, Ra.

Limestone (Hakuryu Sekkai Kako LTD)
CaO MgO FeO3 AlgO3 P20s  MnO Si0g
55.36 0.30 0.08 0.09 0.016 0.03 0.34

Wt. (%),
The trace elements detected by X-ray fluorescence analysis: Sr, S, As, Zn, Cu, C,
Ti, F, Cr, V, Pb, P.
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5min CpHiZ 3 B F TLa A I hicw. % pH3 AR >, BEEEH DSO4% IR H1400
mg/l E TR EAEA~DABEONERNAMICEL 1050, i, S04 BERETHREE
WHARIRER CEAERCY LCRER, Lrd, bECHEETIOTHNRIGHEIZZ LI
EL B, PRIRIGOHEFpPHELC X - TH T 2 MBSO WY HIKADARMS TH 5
PRI & ONCERE K B DB B ie E M= bV v 7 A b is o TREIGD R KA % T Bis
TEiRE-ThBI L. FIRRRAMANCE T, AKATENESAKPREENCIE Z 0BLg 0
HAOLNKRIGEORK AP E Tl 5Tz

RGBT B 2 AR AR D L, Kt LcD bizlEd 5 & AIKARENCE [ R E
DREDHR S LT, EETEFBEHE(SEM)IC X 5 AKADOMEEEY> Fig. 1 ©xR”$. Fig. 1
DEDB WG HEIETH 5D, AKAWHE L EREFICH > THEXHESH LR % S SEMEHE
C#El. Ca, AIGHFBRERY—I70EILE LTRER, FBEETLVI=ZTALBEATHWAL
Ehbh 5.

R D\ TS LTcis 8, 0.83~1.12% D F A& T hT\wicZ &, KIEHDEBEAR
B’ X CaFe RRIE I -2 &5 5, Fig. 1 0 &EYFDCaltCaFe & LTHAL T
BEDEHZE L. LL, 7ot A A VIBKBET VI =T ARIBREINEDT, TXC
DFXCaFs D% & - Tz bz,

AR AFRE % D % < A ST S pHER K 2 3 I ClBK T2 &, B L D#EL S
Nich LCHEE L, SAEmIEsb I MRS ER LT 5. K, WEDIEA~SEIh
B BSEERTS 7R DA DFATEEG Sy, MBS TR R R R LC, Tt
DRE R b IFNICAHOME 2 v 7 ) — PRFREE R TH 5. FECIIEFFRICE L Th
KEREENTH D, EEOBREYLE & TWET 5P, KEZFIIANRAIR TN, O
BYEORIAKREY L 2FEINCRG 5 @RI bREBA AL LRI TV 5.
FRTh, FIGHEED D OBEHKTCIEFEES0 mg/l DRBHENE TR THT. BEKkOZRIZ
SEY 3 mg/l TH D5 BBREYRNIGC S s THEZRTWS. KHREOEHE% 9 m¥/min
L LTCHENCEE TS 20.4 ton/day DBREHERT)I~NAR INA T LB,

PRI GTCA U 5 BB E IR T (LS 5, AKAFROIRE K iRk LT3 Z
Ehbh ol AKALZERCHEME LIROBAEYOMK E LCEHULTT, BEOBAE

Fil | Base (caCc03)

Scanning line

Fig.1 SEM and X-ray fluorescence line analysis of
deposit film on limestone surface
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B F 2 VR EUA R MVEER O3 244 NARAELTHWS. KAV ) h50%
<, MRITEWIERE LTS 5. pH 3.5IC k) A ISR DALY O & & LR FIHT O g i
KDENRID 5 XEFBERWDY Lich, ThHXBEYWESPFe OKEBLY s & ~DRELRBIT L 5
LDTHAHD. Fedt L% L EDOBWANRL LT 5.

FRFNC & THEHHTH L 7841920 mg/1 DSO4% & % & DpMEK D O R RIS E Y E DB
KXBEGT K% Fig. 21Cm Lic. ERFROANETRTHS. (AR, {LESHORE, E
DEM2~3XEWMETHECLhrbOLT, AEOY—JDAMREEFCLHbLITV5. ZhIT
FIGKTRNIBEDEY T O FRRERE Licld, SO4 BEETHLHEAEOIVAFE L
TE—=IPRELNRBEDTHAS. (A)KEL, ABSZEMRLLOBERL, BT oOW
TXBREHHE LicE 2AB)D X5 nEHRBE L. EHE AEOEC—-JBRHEEL, o f
KEEGLA T4 2054 hOBEEHRRAE SR, TRV I¥ I Ly LThieD
T, MCABELLERED(A) 20105 ) ARIC AN KCERE IS, 5BRSESL, KEMD
4decmDEZ XY LEOFGET A1 7 4 VTCHNTFEZR GBS, BOSHCTEEYEE, ZRZ
BLcbDODXBEFTREFig. 1DC) R L. (ORIBEELRY—27ZADREWHRIRDA
W3 ODIUNRE BN, {LESHTOFEESIO2/Al203 & LTO.T6DE/NIER  » EHEREL T B
7 2 VEEO ORFTHLE D . KERAKEZKEEET M) T AWK TpH 5.0% TR Lo it
38k & BRI E TS102/ Al203 11.8~1.9DM B % & 2L T, O XFEHTRIZ20=20~
T S e S iup A LaEbhEd DD, Fig. 2D (C) iz EFHERE—7DILIEABR
AR

3.2 BETABHOA HLUFe LDtk

Bt AR DOPHD LRI E b ig STHBH OB ZERTLHNT, ROV Y AkbORT
NI =Y ARIOSOEANE LORBEY B, BT 1 BOKMICRITTAIY B XU Fe®t
DEFERFNI. 7 A BRERIIAKRILT b ) T L2 BERTHEMR SR> ) H%Si02 & L T300mg/1

(A) G:Gypsum
Q:Quartz

Ch:Chlorite
I:1llite

Q
ch @ Q

10 20 30 40
260 (Cuka)

Fig.2 X-ray diffraction of precipitate by neutralization of
Tamagawa acid water with crushed limestone
(A) : Neutralization precipitate, (B): Precipitate washed
with water, (C): Elutriated precipitate.



82 o BRI e R R R

Table 2 Effect of Fe3* and Al3* on coprecipitation of dissolved silica

AlCl3/Si0g  |Al2 (SO4)3/SiO2| FeCls/SiO2  |Fez (SO4)3/Si02
Molar ratio 0.1 0.5 0.1 0.5 0.1 0.5 0.1 0.5
Decreased
silica (%)
Initial silica 300mg/1; pH5.6; Temperature 50T .

45.7 82.5 35.1 47.6 27.8 55.6 26.9 54.5

CHREL LD THS. WIEIZpH 8 LI Fi%E LTk J
L. BICEASL LAY B X O Fedt IS E 7 1 BRIE 300
W1I00mlizsd L, 1ml&xnz A L5 7. pHS.6,
50°C, 200 rpm T30 min ## L= Db T 1 BRI
DORARERDI. EEYTable2 /R L1z, Th
SRIGHEWKD0.1 pm D A Y T 5V T 4 v X —BH
CAITALT B L O Fe*t L LABF LTV RS, &
EREKRBIEE LT A8y R LT, 7 A
e DLW TR T 5 Al B L O Fe¥ O BICHE X 5
H EEHOGEIMCE W TKE L. Fio, fHmds LTFRe S BRI T
£ 0 LA DO PBEELED L2 Ehibhd 5 T 0 10 20 30
FARICETRIE LEDT 07 « Y LORIC L2 Kioe{or) _
WAL I LRI L, 5002015, 787 Eiectoflophneclyoncopre
Al20328.07%, Fea033.37T%DHDTHA. R (O) No addition; (@) Added clay 100
Fig. 3 L EBR&ME L & bIR L. Fig. 3/ 5, pH5.6 m_g/l_; pH 5.6; Temperature 40T ;

. ) Stirring 200 rpm.
TR EEBEIMOSE, BRI E A EWBDLHD
hitwoie, KEOWRNe X > TROKREIIC KIS AL LT 5 2 Ehbb o e, 240FHT
1388% DI T X BT\ 5.

e

200

100

Dissolved silica (mg/l)

3.3 MLt —yEA

—fEOWF)INCIE ED O N e FEOR HEMHIEE L T\ 5. T A BESWITACHEE T
BIEMADNH BT, FHE LT AFedr DA D aw A NYEKEE LY & BERELINEY O X
K29 WPCRG 2 O & AT TR+ OBRE D12, 1074 cm/sec DILFERE TR
WEKEEN AN LD, HEFEI LN EFRSM-FMNEZ A0S A, — B JIEKD10065 L, E
DHEXTHEBILEN, PEOERTLES VY. hXIBREIILORALIEDBILS R CHA
LIeBBREORBE LSS IO TNV =T ADOBRIEDI-DTHSH. BMRKRBRHNY Y AL LLH
B L s THEREZ2~3meg/l T TRUEUTHR L TWAH, pH4.0F TOHFIDIzH AL
EEITT0~80mg/l LEREEEC T FHAKIN TV, ZTOLDENFT NI =T AOMPUH
X u~OAFEIF 1ton/day & K&, Mt s DBRENBEHELZRELLLTHS. T,
LR BDRFFEED 4 fEOE S THEIT LT 5. WA X ADEE, tE —ICHRE L
Kbk e Mk XXX LK BW T, AREC L - TEXRRCE M, $ETL 7T VT
DB L TFeSO4, FeSx B L U'As (D MR LRI E 7o o Tl 5 100

F)INR R P FRAEE K OW)INC 2T TR R Z TS0, Fer B LITAIB DLW TE— X
HAL L ORAREFAN. WA A v ELRBESEH L, EBE KRBT ) U2 KBER CpHY
A L, pHO ERH & DA 4 v & KB E LT T 5. pHEBET 5 € — 2 EALE
R L OBR L Fig. 4 WRd. Fig. 4 kT, pHREL 8 h &€ — FEMRADT K
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FTA0nbh5b. £20~30 mVE I L OMEHE
DN VIDRE, KEWHERGEL, ¥l
DBEPHETTHEE0mVEE DL EENRTWA
W, = DOREOFEES I\ —FK & iz, Fedt L AL
DREW TIT > e KB DO+ — 2 BALIIEpH4.23T
+8. 7T mVICHKEN A BT, & hidFe3t Ok
BiC X B E— 2 BALO AT MBE) & AL OB
R L AEWIEDE — 2B OEL D TRAEL A
ClebDTH5H. —EDPHIEI B % Fe ks JUTALP
D¥—2BMEYFig. SR LT. &1 VEER
FBERNAKEL, KERNTFRECRLILDE X
BAITADTHA~BITLTC\5. Fig. 5 Tll¥—
RELL &P DR L ORI IEEE XA DM (r
=—0.99)RH 5N 5. Fedt kX OAIR OKEE LY
WBEDOEMEZ S >EAND DT, THICADEM
B HOMARY ) AREIMLTE— 2 BMDOELE T
N, #ERHFig. 617, Fig.6mb, £0mV
ThbbEBEEEZ5DDOY ) HHEMENGHE
ThA. 44 VIEE100 mg/l TFRed AipH 3.50D &
%, ¥FRAIHAPHA.00 L &, HEEBARLT HD
Ehmzbhby ) h&EFEHS LFE L2700 mg/l &
£-T, ZRBEM LIV ESEESHELRIVFER
LloTWwWb. BETHE, 2EOREN LEMY
X B0 LDFedt B X OAI ORMTE
W2 ERRBELTWA.

3.4 EEMEKThOFe® OEML

Fe* 4 A v i3z Fmilcgiiansg &,
K TRIL E N, WBYDIREIRET 5 &It
%. DRTodr EiE Fedt oy 4y < i) i Ak fadt
LEBEZHER - T,
KEROBA A VIZIZ LA EFe O THERFL
T\ % (Table1 ZI&). 19924 9 A18H D rhAI4LE
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Fig.4 Effect of pH on precipitation percent-
age and ¢ -potential of Fe?* and Al3+
(@) Fe3* precipitated; (A) Fe3* {-po-
tential; (O) Al3* precipitated; (A)
Al® -potential; Initial concentration
of each: 100 mg/1.

o

+20
+15 =
g Al3*
< C
E+0 e
E : F83+
= B
S +5 |~
L~ -
(o]
g n
tN) -
° \
-5 1 1

100 101 102 703
Concentration (mg/l)
Fig.5 Relationship between ¢-potential
and Fe3t and Al3+ concentrations
(@) pH3.5; (O) pH5.0.

BB LMK DFe?t 1349.8 mg/1 T, pH 3.85 L KD Fe2t [345.3 mg/1 TH - 7=. 9.04
9% DFe ML LI Z i Te 5 T A, 19874, 1010 RIGHE % H W 7o PRI BR T, USSR
Fots 1 RIS L A B K e B3 5 Fe2t ORE{LH1352C, pH2.45ThTh2.3% L EE »

T 5 12),

Fe2t HiFe (OH)2 & LTI A DiTpH 8.5, ETH 5. Fed |IpH 3.0~4.0TiL K5 Fe (OH) 3
e B SIEPHET S WA AR T 5. FIRBKCOWTE, Fe?r OMLHEAES T LT
BB R B LTc Db BIR T A S ENTE D L) OHE I DE 5.

B B &M T TN 2 7V 7 (Thiobacillus ferrooxidans) hi\Fe2t DE{LIC AR TH A D). X
JIRFEAAND A7 T ) 7T OEERBRET A, DEDRBRZT .
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Fig.6 Effect of powder silica on ¢ -potential of suspended
Fe3+ and Al3* precipitates
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Fig.7 Effect of pH and temperature on oxidation of iron (II)
ion in the Ohbuke acid water

KERKEEKL, BRRBAHLVY Y A CpHHRE LIOBEE L, BREEOBALZED S
TR ) TF LU VIETE, #HELME TR OLERERCHIE Lic. #R%Fig. TRRRT.
pH6.0 T SR I &l CRIL B E L DR LT, pH3.0~5.0TRiF & A LBER AL bR
fehrote. NITFUTRIEDS & TEFer OBERBZ DIt WZ & RLTWA.

FJHRRCFCIBIUOF REThTWw5b. 7TV T7TOFe2 LI FIFTClI- B LUF- D
HHEOWT, 2E0EBRLYIT- .

Fe2t 1000 mg/1 (FeSO4) 500ml iz 9 K k5H#: 13 THi3E L 7210%cells/ml D EkFE{L-Y 7 7V 7% 1 ml
iz, ZhieCl- (NaCl)® LO'F- (NaF) #¥%n LC, pH2.5, 25C, B4 TRAKFICFe2t
DAL EZRIE Lic. Fe B BOMWE X h HMLEE % RDFig. 8 1R L. ENRRDOHECL
732000 mg/1 %7 LT A m 5, Fe2r OFLEE 3H 5 mg/l/hr LA Ensb. Clo2EE R
SWREESELILEEK D Fe? O LEEE 212 mg/1/hr BT, TREEEERILS7 7V TREML
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Fig.8 Effect of chloride ion and fluoride ion on oxidation
rate of iron (II) ion by bacteria

TH&T 5 &500mg/1/hr DBLHE BB LR TS5, EJIHERKDOFe? B LEE IXE W &
Wz kH. REFEIRRKOEEZBCAIET 5 01F, BEKE 1 KRS S ¥ 5 12)H1IC800m?
DRIFREBLERLHETH 5. F12Ca? L HBIEER AT 5 b b Fe? BILICX 7 % BT/
SnbDEEbhs.

3.5 B L DHWMETROEH)

PR DRI X 5 B AE R OMBUIpHIKIF T 5 L T AR KE V. BIRRKEAKA
THTEDOPHE THF L, EHCEFEREMKN.SCTHME L, KT D\ TA 4 vVAHIEMRKZ 8 L
THIEX BT R RS T, BEIWERESVERE DN - DT, XEEMEH» b ARFRiED
BEAE, ATERLTADE, 2E¥DOL Y IR % . ABEAKPH4.3Ti2Zn (—), Cu(£),
Pb(—),Cr(+),Ba(=),P(+),Mn(£), As (—)T» - 71. pH5.60LF/KTITAs DFEMN
PETHTo. BRIVTAI =V AHLEARENLTNE T EWMAZ S, MOMETRENS
oW TikpH 4. 3K DA & F UR % m L.

4. % E ]

)RR MK & SR G KA TR 2554, BilE 1 A ¥ 511400 mg/1 B EDRE TIZAIKA
EHRCAESFHEAE L, PHRIGOETEZEETS. $h, 7olbhry v ainlD7 ot
PRAE LT 3 =7 aDKEB YD, RRAERECE L THEICMAE L, RIS EICHRE
WERE2 TS, AKAHEOIRE S HERMSTEEWE & 7t > CTRKARIICHEEZIF -
20, REKDSOWHEMRE L EHCT MY v 7 AR DPRKIGEHE LT 5. BEWE
o FRERELA T4 270 T4 FOKEEHTED SR T 5B KRET A~ Eh T
WA, AIRARAAEWLBAKRELHT I L L > THABEI S5 ENTES.

BEMEAK A KEEAL T b ) Y LYW TpH5.0% THAIT % & XN BER RBEOHI 2 &
SiO2/Al203 E /v JE1.8~1.9DWBMHE B tz. &, T3 =T L OKBILWILIED B 25
O, PETHLAOBMEY SO 1 BERHEY & SEITHFI LT, TBY O ULREEE 2180 &
AR D 5.

Fe2 4 4 ViIBHMATRHRIL IR WOT, (L7 T7 ) TR X AMILZRAALTD, N7
F ) 7 OEHALC Cl- EEE AR L, FINRR KOS EOFHIFe B LEE 3.5 mg/1/hr /)
é‘L\ﬂE“C“@oT:.
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fH A RIS A HEEHE S h 2 ABKF OB T D 5B, B LOT I =V 3Rz s A
EHNIABGEENTHADT, i BRI TEML, ks, Skl oAER L
B X LW & 7 - CHDEE Y ED LI ERC DD L HEINS.
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