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Abstract

The experiments were carried out to study the neutralization of Tamagawa Hot Spring
water, well-known as strong acid thermal water, with limestone, in situ. A plastic cylinder-
cone type reactor reinforced with glass-fiber (with the diameter of 2.5m, the cylinder height
0.9m, the cone height 2.2m, the angle of repose 60°, and the volume 8m3) was used. Hot
spring water was introduced into the reactor from its bottom and run as countercurrent
through the reactor.

The 8.4 Ax concentration decreased by the maximum of 75.89%, just in the case of the
limestone size, the 8.4 Ax concentration of the original acid water, and the flow, as follows :
limestone ranged 5—20mm, 8.4 Ax 4004mg /1 (as CaCO;, pH Value 1.45), and flow rate
1.2m3/ min, respectively.

With the reacted water (effluent) in the pH range of 1.82—3.06, no great difference was
ofserved between the concentration of chemical components in solution before the reaction
and that of the after, with respect to Cl-, Total Fe, Al3+, SiO, and Total As. However, SO42-
is affected by the 8.4 Ax concentration of original acid water : the higher the concentration,
the greater the SO42- ion concentration decrease. And gypsum was prodused to adhere on
the surface of limestone. The SO42- ion concentration was changed from 2364mg /1 in the
original acid water to 1994mg /1 in the reacted water, namely the decrease of 15.7%. This
percentage is, in other words, the percentage of gypsum production. With the 8.4 Ax con-
centration of the original acid water in the range of about 4000—5000mg /1, gypsum coating
did not observed on the surface of limestone.
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Table 1 Chemical composition and properties of limestone and original
acid water for experiments

Limestone (HAKURYU SEKKAI KAKO LTD)

Specific
gravity

2.70 55.36| 0.30 0.09 0.08 0.34 | 0.016
Wt. %, Except specific gravity

CaO | MgO | Al,03 | Fe,03 | Si0, | P,0g

Original water

Temp,| pH |8.4ax | a13* | T-Fe | si0, | T-As | CI” | S04
(Cc)

36.5 1.15 | 3069 78.5 67.0 | 158 1.42 |1414 | 1200
~60.5 | ~1.52|~6435 |~235 ~159. |Is2295 ~3.60 |~2854 | ~2767

mg/1,Except Temperature and pH
T-Fe: Fel* + Fe3*
T-As: As(III) + As(V)

—D01—]

Cylinder-Cone Type Rectangular Type
Fig. 1 Schematic diagram of types of reactor for neutralization

A : Original acid water for reaction

B : Effluent (reacted water)

C1,Cs C3 1 20¢m, 2.0m, 1.7m, respectively (Type A),
or 25¢m, 0.9m, 2.2m, respectively (Type B)

D1, D, Base 2 X 2m?, D;: Heights =1m, 2m or 3m

E : Limestone volume : 8m?3

F . Manhole

G : Diaphragm valve
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Table 2 Experimental conditions
Rectangular type reactor
No. | Reaction a) |Reactor Limestone Flow Tw b) [8.8ax c)
time(hr) height(m)| size(mm) | (I/min) | (°C) (mg/l)
1 8 2,(n D] ao-s0 175 51.2 4945
2 24 2,(1) 20-140 185 58.1 6165
3 16 2,(1) 5-20 174 55.8 5696
L) 45 246 40-80 797 52.8 5137
5 32 2, (1) 40-80 814 55.6 5576
6 32 2. (112 ® 140-80 814 55.6 5576
7 32 2,(111) 40-80 814 55.6 5576
8 116 2,(1) 20-40 794 60.8 6364
9 116 2,(1n) 20-40 794 60.8 6364
10 116 2, (111) 20-40 794 60.8 6364
11 76 2,(1) 5-20 301 59.5 6309
12 76 2,(11) 5-20 301 59.5 6309
13 76 2,09 s-20 301 | s59.5 6309
14 138 2,(1) 20-40 800 59..:5, 6215
15 133 2,(1) 20-40 800 49.8 4684
16 48 2,(1) 20-40 800 39.0 3273
17 88 2,(1) 20-40 800 36.5 3069
18 30 1,(1) 20-40 400 58.1 5822
19 92 1,(1) 20-40 400 59.6 6163
20 30 3,(1) 20-40 1200 58.1 5822
21 68 3,(1) 20-40 1200 59.6 6163
22 140 12(1) 20-40 400 37.6 3123
23 140 3, (1) 20-40 1200 37.6 3123
Cylinder-Cone type reactor
No. | Reaction 3) | Type | Limestone | Flow |Tw P) | 8.4ax ©)
time(hr) size(mm) | (I/min){ (°C) (mg/1)
1 i A9 so-80 200 | 50.7 5317
2 24 A 20-40 200 57.3 6040
3 24 A 5-20 200 54.7 5765
L 39 A 40-80 800 56.8 5973
5 18 A 40-80 800 58.1 6388
6 64 A 20-40 800 591 6388
7 66 A 5-20 800 59.5 6435
8 135 A 20-40 1200 57.4 5602
9 138 A 20-40 1600 58.1 5702
10 138 A 20-40 800 59.5 6215
11 133 A 20-40 800 49.8 4684
12 48 A 20-40 800 39.0 3273
13 88 A 20-40 800 36.5 3069
14 68 A 20-40 1200 47.9 4675
15 68 A 20-40 1600 48.0 4684
16 56 A 20-40 400 45.5 4607
17 72 A 20-40 340 42.9 4237
18 16 A 20-40 270 37.6 3668
19 124 A 5-20 1200 47.1 4721
20 64 A 5-20 1200 47.0 4201
21 64 sh) 5-20 1200 | 47.0 4201
22 uy A 5-20 1200 50.5 4529
23 L) B 5-20 1200 50.5 4529
24 80 A 5-20 1600 49.1 4224
25 80 B 5-20 1600 49.1 4224
26 80 A 5-20 1800 48.3 4225
27 80 B 5-20 800 48.3 4225
28 80 A 5-20 800 48.0 4204
29 80 B 5-20 1800 48.0 4204
30 80 A 5-20 1200 45.8 3884
31 80 B 5-20 1200 45.8 3884
32 80 B 5-20 2600 47.8 4212
33 80 B 5-20 2100 47.6 4202
34 80 B 5-20 1200 44.8 4004

a) Time during equilibrium state
b) Temperature of original water

c) 8.8Ax of original water(as CaCO3)

d) (1): single reactor

e) (I1): Two reactor series
f) (it1): Three reactor series
g) A:2.09 m(8m3)

h) B: 2.5 ® m(8m3)

i SR
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Table 3 Grain size distribution of limestone and its specific surface area

Limestone size: 5~20 mm, N: 490

Group 1 2 3 4 5 Mean
Size (mm) a | 30-25}25-20|15-12 |15-10 |10-5
b | 25-15|20-15| 15-10 | 10- 8 | 8-5
c| 10-5| 7-5| 3-2] 3-21]3-2
Per cent 6 4 7 23 63
Sp.SA(cm2/g)| 1.50 | 2.13 2.51| 3.32| 5.03 | 2.83

Limestone size: 20~40 mm, N: 600

Group 1 2 3 4 5 Mean
Size (mm) a | 70-35 |55-30 | 45-25 | 35-20 | 25-15
b | 40-35|35-25 |30-20 |25-15 |20-10

c | 30-15|25-15]20-10 |15-10 |10- 5
Per cent 12 23 25 26 14
Sp.SA(cm2/g)| 0.73 [ 1.05] 1.16] 1.38| 1.73 | 1.03

Limestone size: 40~80 mm, N: 623
Group 1 2 3 4 5 Mean
Size (mm) a [140-70| 80-45| 50-40 | 40-30 | 35-20
b | 75-55| 60-30| 45-25 | 35-20 | 25-12
c | 55-35 |40-15{20-15 |20- 7 |15- 2

Per cent 5 35 17 18 25
Sp.SA(cm2/g)| 0.28| 0.53 0.77f 1.07| 1.40] 0.54

N; Sample number drew at random from the finite population of limestone
Sp.SA: Specific surface area
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Fig. 2 Effect of the series of horizontally Fig. 3 Relation between height of rectan-
connected rectangular reactors on gular type reactor and 8.4 Ax percen-
8.4 Ax percentage decreased of tage decreased on original water
original water during reaction equilibrium states
1 . Single reactor (8m3) 8.4 Ax of original water (as CaCOs3)
II : Two reactors series (8 X2m?3) @®:6163-6215mg/1,  A:5822mg/],
Il . Three reactors series (8X3m?) W:4648mg/l,  (O:3069—3123mg/ ]
Limestone size 8.4 Ax of original water ~ Flow rate
O: 520mm  6309mg/1 CaCO;s 0.301m?/ min
@:20-40mm  6364mg/1 CaCOs 0.794m?/ min
A 40-80mm  5576mg/1 CaCOs 0.814m?/ min
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Fig. 4 Relation between reaction time and 8.4 Ax percentage decreased with respect
to original water

Flow rate : 0.8m?3/min, 8.4 Ax of original water : 4600mg /1 and
Limestone size : 20—40mm
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Fig.5 Relation between 8.4 Ax of original water and 8.4 Ax percentage decreased of
it during reaction equilibrium states

Flow rate : 0.8—2.0m3/ min

Cylinder—Cone type Limestone size
O A 20¢m 5—20mm
A A, 20¢m 20—40mm
0: A, 20¢m 40—80mm

®: B 25¢m 5—20mm



172 ME N A& I R

? 8.4 Ax A%y 3000mg /L LT T AU ABREHZITA S L7 IH, RIRE (36.5~39.0C)
MR:D%J# I NERRSPETTELDEEZ LS.
2K R L 8 AAX AR EDEREAL S &, BI6ICRT LIS, AKEDRES ~20mm,

J?JM) 8.4Ax H74200mg /L DEMTIZ AR B L BRI G & 3f/KE0.8~1.8m3/ min D
BT A REIEEDEIZANE <, A TOKDELRIC & 2R OHEIKRE W, BKED
1. 8m3/mir1 # FE b, KOFAKEICHEMT R %5720 fif&b%ﬁ*‘f&?ftéi

WCBRbNE, AREDREA 20~40mm &k E wi% T, BHEMRIC L BN E LD
7J<0>« BEERT 2 b B AIKE &K E oBmEERIC & 288 H b, 1%7k;73 REinia Lie
DY RBREELME T 3 M A S5,

3:2-2 RBKDPpH LBFERTRE

pH I KB N —FE & L CEETH 5. AUKGHEOEE DL ZOREERT — 2D RIE
SIS 31T 5 pH & 8.4Ax E B ER T IR T, KTIEEKD 8.4Ax D% 3000, 40003
L Ur5000mg/ ¢ & &L TEDb L, ZIUSHIB L CRIGFEHFC BT 5 pH & 8.4Ax DRIFR
L7z, BBEOKD pH E E 8. 4Ax & DBIRIZIEKD 8 4Ax (T L TR - 2R E2RT
ZrIEEEINE Y. R0k pH AT TL 8. 4AX ONERGDEH B B8 4AX
DEICEZREPETLLDOTH D,

81— RIREMNLAE T, RIGTFHIIC 1T 5 pH & B 0 KD I R 53 1 0 B4
EroffERL TAL,

Cl-, SiO,, T-Fe, T-As L tr A%+ |3 pH 1.82~3.06 D #iPH T3 KJLIHRIZ £ 5 %HNICdH

5

70§~

8.4Ax per cent decreased
L]

I [] l i
1.0 20

Flow (m3/min)

O__‘\‘ T

Fig. 6 Relation between flows and 8.4 Ax percentage decreased on original water
during reaction equilibrium states

Cylinder-Cone type Limestone size 8.4 Ax of original water
O A 20¢m 5—20mm 4201—4225mg /1
® B 25¢m 5—20mm 4201—4225mg /1
DA 20¢m 5—20mm 4721 mg/1

AN A 20¢m 20—40mm 4607—4684mg /1
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8.UAx of Original Water (as CaCO03)

o o L original water @®: 5137~6435 mg/I
10 O: 4201~14945 mg/I
x [ 7 A: 3069~3668 mg/I
- - »
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Fig. 7 Relation between pH and 8.4 Ax of original water during reaction
equilibrium states
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Fig. 8 Relation between pH and percentage increase-decrease of Cl-, SiO,,
T-Fe, T-As, A3+ and SO,%- in solution before reaction and after during
equilibrium states by use of Cylinder-Cone type A reactor
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Fig. 9 Relation between sulfate ion concentration of original water and
sulfate ion concentration percentage recreased of it during
reaction equilibrium states
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o O: Cylinder-Cone type A

° @®: Cylinder-Cone type B
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Fig. 10 Relation between flow rate and sulfate ion concentration percentage
decreased of original water during reaction equilibrium states

Sulfate ion concentration of original water : 1592~1634mg /1,
Limestone size : 5~20mm

Table 4 Effect of limestone size on sulfate ion concentration percentage decreased
of original water during reaction equilibrium states

Limestone size (mm) | S042~ per cent decreased
Reactor: - 5-20 9.29
Cylinder-Cone type A, \V4
5042~ of original water: 20 - 40 7.09
2646 - 2680 mg/1 ; v
Flow rate: 0.8 m3/min 40 - 80 5.63
Reactor: ' 5-20 157
Cylinder-Cone type A, \V4
S042~ of original water: 20 - 40 13.7
2243 - 2547 mg/1 » \V4
Flow rate: 0.2 m3/min 40 - 80 9.05

BB & WRIEHBOK & & DRIEHD AR 30 ARIBEROERIZOWT, Ca2t gk SO &
& OBRERNICRTY.

FAKDALE IS 8.4 AX 73*‘4504~6560mg/€ DEPFICHL L T2, ZhxibEREKDIER
hORBESI0 7 ) BEHKEIC > THB Y, 0EMKMESD 7 BEAICEFL TV LA
bﬁé.LbL,%ﬂ%&k?é%ﬁDu%m“HT%C&@BHO@@%W”#%ﬁmtﬁ
DTHD, WEHGHET S EBRIENIEZY, AN T LhEET L EBET TS L)
W) L H BT EH b, RIGKIZEBIT 6mkﬁa‘b—ﬁé7§* 5N R D BIC OV T L EET 5
DB B,

92— B EHEIC B\, BUKOBEEA + > o & BBWET O SOL- B LU Ca’t g
WAl & h bR EDERICE L THREL Ta 5, BKEDEKMEH 1.2~1.6m%/min DFa, JFKD
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Fig. 11 Relation between Calcium ion concentration and Sulfate ion concentration
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Correlation curves calculated from the solubility

Product of CaSO,-2H.0

WA A A > P EE A5 2300mg /L 3 L O 1600me /¢ o & X, Wil A 4 > Db Bz F N F 47~
56mg/L B L Ur15~30mg/L TH-72, ZD ) LEEWE & L TRICHEORIMELY B L7z b
BEA A 3 FNFN2.5~3.0mg/L B LE183.2~9.7mg/L TH-o72., ZDZ LH 5 FKDE A
I A 2300mg /L (8.4 AX 5600~5700mg /) TIIHEEA 4 B RIS, FDH5
BHFERICERE L7722 &ich ), Z3AKRERINDMAFIIID % 5k, FKOWEEA + >
MBE A 1600mg /L (8.4Ax 4200mg /L ) Tlxhilk {4 A > A w3 i/ & {, ZD#35%H
FERICEEL Twd, AIKENOHEDE BT AIKEREDORR 2/ E, bW aHIm D H
% (Hanging) "B Z » THIKEIC L 2HAIIG 2 K& CHIHIT 2, L D, BOGHFikiE
WL 2RI RDZ ED V2 B, 3— Y KR CIEAIREP RGO FK & il L, B3 m
b RIGHTEIICHEITL, 2 THEB LT 295, RBKDMANEZ FAT 510725 pH fEL
BEDAEPIHL, AKAOREICHEL CHET 2 EhMOSIZETL 2 25, —F, K
HCIREMRIICD 12 DD AL 572, ABETHEINLHIREDELIAAD DY, T2 TH
UEBBEDFR E T 2ICB LA T, OB ERIZER LG H#EITT 5, DF ) KIRERIER
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EEERD RSB D, ZTOHAE -1 E A THHREN BT LD EEZ LN D,
AIREDFEEIATH L - GBETEHEL, Z0En0.5548g 2=ZA 772 aickh), Zhic
@m<ﬂh2384mm%&@/eS@Z%wmg%)mmw§mz,77z:mD§:Aﬁf
FARL 7T 1 CTLIM= A F v 7259 —F7—THl#E L, EHICHEEEMNSC TIBL,
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weight (mg/cm?)

Fig. 12 Relation between height of Cylinder-Cone type A reactor and
weight of gypsum adhered

8.4 Ax of original water
O :ca, 4600mg/1
® :ca. 6000mg/!

Flow rate : 0.8m?/ min
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DY) F— a—2REMEL, AIKEIIREES ~20mm, FoKkoskig44.8C, pH1.45, 8.4Ax
4004mg /¢, EAKE1.2md/min ok %, KIGHOKEF pH4.01, 8.4Ax963mg/L THY,
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