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by Addition of Adsorbents
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Abstract

The Kakkonda geothermal well, located in the northwestern area of Iwate Prefecture,
Japan, is a hot water eminent-type well, from which a large quantity of hot water is
constantly discharged with steam. However, since the geothermal water usually con-
tains about 4 mg// of arsenic, all the water is returned deep below the surface through an
injection well to preserve the natural environment. In this study, the removal of arsenic
from the geothermal water has been attempted using an adsorbent in order to develop
the utilization of the waste water. The adsorbent used here was prepared by supporting
iron(III) chloride reagent into the commercial charcoal produced from Akamatsu. First
the oxidation of As(IIl) in the geothermal water was investigated using ozone gas, diluted
hydrogen peroxide solution, bleaching powder etc. as an oxidant in the batch wise
experiments. Then the As(V)-contained water was passed through the column packed
with the Fe(Ill)-loaded adsorbent to remove As(V). As the final procedure, the outflow
water was neutralized by addition of powdered limestone because it became gradually
acidic by hydrolysis of Fe(IIl) ion in the adsorbent.

In the oxidation experiments of As(III), the oxidation method using ozone was found
to be superior to any other oxidation methods. In the on-site experiments using the
continuous flow column, the residual arsenic concentration was decreased to 0.1 mg-As/
[ for about 10 min under the following optimum condition ; Oxidation rate of As(IIl) by
ozone, 2mg-Os/min at 50°C, Flow rate of the geothermal water, 300 m//min, Weight of the
Fe(Ill)-loaded charcoal with a grain size of 5~10mm, 100g. With the elapse of the
reaction time, the residual arsenic concentration was gradually increased beyond 0.1
mg-As/l, which was left as a residual problem. It was also found that the charcoal was
effective not only as the supporting material, but also a filter of fine particles of the
resulting arsenic-contained precipitate.

Key words : Geothermal water, Removal of arsenic, Adsorption, Iron(IIl) chloride, Char-
coal
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Table 1 Chemical composition of the Kakkonda geothermal water.

T-As | As(IIl) | T-SiO, | Na' K" Ca®" | Mg?" Cl SO
Years | pH T-Fe | AP’
(mg/l) | (mg/l) | (mg/1) | (mg/l) | (mg/l) | (mg/]) | (mg/I) (mg/I) | (mg/1)

1997 |8.24 ]3.08 1.88 382 644 42 5.8 0.02 ]0.03 |0.01 957 110
~1999 | ~8.39 | ~4.26 | ~2.65| ~525 | ~766 | ~78 | ~7.0 | ~0.24|~0.40|~0.15| ~1017 | ~169

T-As | As(IIl) | T-SiO,| Na* K Ca* Mg?* } Cl SO,2
Years | pH T-Fe | AI®
(mg/0) | (mg/l) | (mg/1) | (mg/l) | (mg/l) | (mg/]) | (mg/l) (mg/0) | (mg/1)
1972 8.00 3.4 B 418 342 34 5.5 0.01 0.03 0.01 428 51
~1996 | ~8.90 | ~4.6 ~T789 | ~550 | ~88 | ~10.9|~0.34|~1.35|~2.65| ~934 | ~137
T : Total

Data of 1997~1999 : This work
Data of 1972~1996 : Umetsu et al
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30sec, HyO;: 135 mmol, 5min, Ca (ClO);: 4.1
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1 Effect of temperature on oxidation of As
(Ill) in geothermal water (Batch method).
Ozonizer : 0.86 mg-O/min

As(lll) : 4mg/1,100 mZ
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2 Removal of arsenic in geothermal water
by Fe(lll)-loaded charcoal (Column method).
Fe(ll)-loaded charcoal : Grain size ; 5~10
mm, 4.2 mg-Fe / g charcoal, Limestone
(Neutralizer) : Grain size ; 5~10mm, Weight ;
1250g, Geothermal water : Temperature ;
50°C, Flow rate ; 300 mi{/min, Ozone flow
rate : 1200 m//min, Column pipe length ;
900 mm, Measurement of arsenic :
Immediately after over flow.
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3 Time variation of residual As(lll) con-

centration and pH value in geothermal water
after neutralization by limestone.

Initial As concentration : 3.84 mg/!

Water : After oxidation, 300 mi/min, 50°C
Fe(Ill)-loaded charcoal : 100 g

Cl vs Fe mol ratio : 1.98
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4 Elution of Fe(lll) from Fe(lll)-loaded charcoal.
Geothermal water : Temperature ; 50°C, Flow
rate ; 300 m//min
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(Before) (After)
Cross-sectional view(A)

(Before) \ | (After)
Lateral view(B)

l (A) Horizontal section

(G)

Vertical side

Fig. 5 SEM photographs of Fe(lll)-loaded charcoal before and after treatment of geothermal water.
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