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Abstract

Hot spring waters containing various kinds of ions cause such problems as scaling of

pipelines. The scale formation is related with separation of inorganic salts from super-

saturated solutions. Therefore, it becomes necessary to perform such maintenance to

clean the inner walls of pipelines by the chemical treatment using an acid treating device

or other chemicals, or by scraping mechanically. In order to develop a simple method to

protect the scaling, we have conducted the test on the scaling prevention using ceramic

fluid water treatment from the viewpoint of chemical analyses of hot-spring water and

scaling materials. In the experiment on the formation of CaCO- crystal, it was found that

particle sizes of CaCO- crystals treated in the ceramic fluid water were smaller than those

treated in non-ceramic fluid water. The scaling prevention and the descaling tests were

conducted at two hot springs (Shiohitashi and Obama) using the ceramic fluid water

treatment. It was judged that at Shiohitashi hot spring, the scaling was reduced by the

inhibition of oxidation of Fe,2, and at Obama hot spring, the descaling was recognized as

a result of increase in calcium ion and suspended matters. In conclusion, the ceramic fluid

water treatment gives an e#ective influence to the descaling of hot spring waters.

Key words : hot spring, water treatment apparatus, fluidized ceramics, CaCO- crystals,

scale prevention, descaling
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Hi�HI
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Fig. + Schematic diagram of a water treat-

ment apparatus with fluidized ceramics.

The arrow indicates the water flow.

Sampling points : Water ; S-+ (non-treat-

ed), S-, (treated) Scales ; TP-+(non-treat-

ed), TP-, (treated)

z /+] 6,**,9 wxyUV2HI�z4�����2345�0M��.�rs 165



aq� *.+ mol � l Na, CO- aq���
�� , ml���	
� /����
����� ���� ��������
�� �BECKMANN DU 0/*� �� 
!� �"�#$%&�'(��)*�
�+�,��-.#/01�	 -/*

nm�� !2��3
4�� 5�$
%���6� *../ mm�789:8
;<=>?3@A&� ���6�BC
��DEF�6GH ��� S.+**

-M� 3IJ&� �"���6K�L?
M?�N����O�P� ���
SALD-,***� �� !O�&��

,�- ����
QRST?=#/01UV�W1�
X#� ��YZ[\,]^R3_1^
`QR �ab�cd�e�f�g�
-0*1hijk +330� .l ,/�m2l
,*�� �� nopST?=q$%��
�&r0 stuvwx^+�R3_
1y�QR �	zc�{ ey��!
"� 3-.hijk +331� +l +0�m
+l ,-�� 3� |}hi�~��� �
�� QR%�� Table +#�0� "P
��� �R��#�53�$���%
�#��&�� P����,p�+�
W1�X#� Fig. +��&� �S-+� ��&� �S-,� #�� 3�,�~��� ST?=�����I
J�~��X#� �St�?S�P�� �TP-+� �� �TP-,� #�.����

,�. ���	
P����,p����'� ��()���#�0� pH �*���� U-+*� ��:S��)3�
��+,- �EC� �,p�� ¡? �*���� U-+*� �� !O�&�� ¢£^+¢�¤#/0
1\+¥¦�¤ �ORP� .§�� PHL-+*� �� ¨:�s��#©�!O�&�� ª-�p �SS�
� JISK*+*+«¬�,hi)#©.~��� ��©® Fe,¯/��;�s8t°u82���)
�BECKMANN DU 0/*� 3O�&�� SiO,�±u9²8³2���) �BECKMANN DU 0/*� #
©�!� Ca,¯�;L?w´62�) ������ Z2**� #©�!�0&�� ��� -.�_1h1
#� !�� �� Fe,¯� Ca,¯� *../ mm�789:8;<=>?#©�!@A&!O�&��

,�/ 
�����
ST?=�23IJ�DEF�6GH ������ S.+**-M� 3~ � �µ��6¨°?9X

�¶s:·M? �EPMA�*���� EMAX-/11*� #©.� IJ3#�6�� +**4¸¹&� X�

Table + Components in hot spring waters.

Shiohitashi
Hot Spring*

Obama
Hot Spring**

Cation (mg/kg)

Na¯

K¯

NH.
¯

Mg,¯

Ca,¯

Fe,¯

,+*4*

.-43

+40

3,4/

+,34*

+42

,5-./4*

,024-

,40

+/.4*

+,34,

*42

Anion (mg/kg)

Fx

Clx

Brx

SO.
,x

PO.
-x

HCO-
x

CO-
,x

NO-
x

*4-

+1,4*

+4*

3-42

*4-

+5*024*

*40

*4+

*4/

.5/224*

14,

--14*

*4.

+-*4.

+/4*

*4*

Metasilicate (mg/kg)

pH

Temperature (º)

,./40

041

/-4/

,-,4.

142

004*

Residue on
evaporation (g/kg) +4..2 2422+

* Kagoshima Environmental Research and Service (Oct.

+33.)

** Nagasaki Prefectual Institute of Public Health and

Environmental Sciences (Jul. +33.)
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�������� CaCO-���������
����45
63�789��: CaCO-�;5�<=>:���� CaCO-���5?�@A
BC:D EHigashitani et al. !+33,& �F�GHB9��:� IJ'KLMN' CaCO-�;5
BC� I���5?�O>:PQ����RS�� CaCO-��;5T�UVWX6YZ[�\]�
Fig. ,�^>� _E`"M� aEb`"M��c�^3��:�deT ,-*fg'�� b`"M6`
"M�YZ[��h6ijkEl89m�E� ,.*fUVT� b`"M�YZ[Eno3p�� ,1*

Fig. , Change of absorbance for suspensions of CaCO- particles (at -/* nm) with time. _ : treated

water, a : non-treated water

Fig. - Scanning electron micrographs of crystals of CaCO-.

Left : treated water, Right : non-treated water
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���������������� ,1*����� � !� ,.*,

abs�"#�$� -**�%�&' *.--3 abs�����()���*+,��� (-��
CaCO-�	./
0123/45678% Fig. -�9:� ���;�(-�� CaCO-�	 <78
=> �� ?��� <78@> �AB'./CDEFGHIJ� ��� .!KLM�N�OP�
��	
QR./C�� ���� /.3/3 mm� ?���� 0.-+0 mm�S��� TU
��N�� ��
�;�(-�� CaCO-
�	./�� ?���;�(-��V
�AB'� �	DE$WXY
S�� ��Z![F��HI���

-�, �������	
\]^_�`a�b\_�� c^�d ./e�S�� fgh��?ijk�SJ� lm:J�n
o�p�^_�;
qrstuva#E�� wi�"#:J� �
�+xwi
yz{|}~
����:J�hC +.* mm� �E 2** mm
��������y - kg%������K -2 l <�Z
../ cm�sec> �����^_�%� hC /* mm
\���N�'����
���}~�����
�� ��no���J����
��"#% Table ,�9:� ���m%�m��F��
}~

���� �
�m� *no
 treated�9:� fgh�
���AB'� pH� SS� � EC,

saCa,¡�¢q�£¤�� ¥���yz{|#�'FJ��%9�'FJ� ¢q���� <fgh
�>� -.+*¦+..1- mg�l <QR 0./0 mg�l� §¨©ª ..,,> �«!
"¬®I��� ��fg�'
I,¥�¯%°�'}~�±$���d 1²
¢qyz{|#�'FJ��HI�� \]^_

yz{|
³-Kq�SJ��%´*��� ���m%�m����� ���
}~
���
SiO,�£¤� pH�� � EC�µ¶£¤·¸� ORP�� "¬®I��QR��� ��� ¢
q«!�"¬�SJV

QR ,.*/ mg�l <§¨©ª +.12> �� ���
}~
«! +.12 mg�lN�

Table , Change of hot spring water qualities by a water treatment

Time after
installation

(h)

pH
EC* (Temp4 e)

(mS/cm)
ORP** (Temp4 e)

(mV)

non-
treated

treated non-treated treated non-treated treated

*

1

,.

-,

.2

/0

1,

3/

+,*

,+/

,0.

-2.

/,2

Average

S.D.��

04,.

04,/

04,,

04-+

04+2

04,1

04-*

04-.

04.*

04,2

04+-

04/-

04.2

04-*

*4++

04-/�

04.3

04,2

04-.

04-1

04-3

04-/

04..

04.3

04-3

04+0

04-2

04/*

04-2

*4+*

,4-3 (..40)

,4-0 (.04+)

,4-/ (.04,)

,4-, (.04,)

,4., (./42)

,4-2 (.042)

,4-3 (./43)

,4.- (./4+)

,4-. (.04+)

-4-* (.14/)

,4-, (.24-)

,4-2 (.042)

,4-/ (./4-)

,4..

*4,0

,4,0�(..4-)

,4,1 (..43)

,4,1 (.-43)

,4.. (./4*)

,4-* (..42)

,4-- (.041)

,4/* (.-4+)

,4+2 (.+4*)

,4-- (.,4+)

,4,1 (./4.)

,4-* (..42)

,4,1 (..4,)

,4,2 (.,4,)

,4-+

*4*2

,,* (..40)

,*3 (.04+)

,-. (.04,)

,.2 (.04,)

,1/ (./42)

+3, (.042)

,., (./43)

,* (./4+)

,+. (.04+)

,,. (.14/)

,*+ (.24-)

,.+ (.042)

,0* (./4-)

,+*

0.

¹
,.3 (..43)

+.0 (.-43)

+,1 (./4*)

,/0 (..42)

,/* (.041)

,-, (.-4+)

+/+ (.+4*)

,.* (.,4+)

,,3 (./4.)

,.3 (..42)

,0* (..4,)

,-+ (.,4,)

,,+

.3

� This value is eliminated for the calculation of the average. �� S.D. denotes standard deviation.

EC*, ORP** and SS*** denote electric conductivity, oxidation reduction potential and suspended solid,
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������ ��	
���������������� Fig. .�� ������� !�"�
#$%&�'() Fe,*�T-Iron +,"- ./012�.��� �� �34 *.23.�512���
�! *.306751� 81� 9:;),"<& - mg�l67�=>?#" +�- @;AB.CD01;
)E��F51GH.2�� *.2.���! *.3,6751� I�I�=�� JKLMN�OP��
6=� Fe,*� Fe-*Q�#$RS�TU������.�7�V�WXY��� Z[\! -.1 mg�l
.�51 SS�� ]���^_ +`a! *bc� treated- .� ,*.* mg�l6de0� ��!�^_
.� +.*f-.- mg�l6gh01�I����!� ^_�ij&�ka`a 6lmno01I�VY
2pq������

Table -6���	
)rrs01tu
)vw� ��!� Fe, O-� CaO�'(���
de0� Na, O�MgO�x�yz{�Y|
SiO,�gh01� ��	
��}~���
��	
) Fig. /6vw� I��=��0
1��	
�� ]���#$".�51�
Fig. 06ka !�������	
���
l���)vw� �� ,/ mm +�� .3*.0

mm,- �����	��������� ka
`a +��!� �� ��� .. mm,VY�
�!��� 3+ mm,6��0���� �� 
6lm���!�� ����  +�,67��
����	����	
������!gh

apparatus with the fluidized ceramics in Shiohitashi hot spring4

SS***
(mg/l)

Ca,*

(mg/l)
SiO,

(mg/)
Total iron

(mg/l)
Fe,*

(mg/l)

non-
treated

treated
non-

treated
treated

non-
treated

treated
non-

treated
treated

non-
treated

treated

-41

14*

/4/

/4-

+*4,

04-

/4+

04*

+.4,

.40

+,4.

+,4*

+141

243

.4-

,*4*�

,41

+4-

+4*

,4.

,4-

+4+

+4*

+42

+43

,4*

-4-

+41

-4-

/4+

+,*4-

+,+43

+,+4/

+,+43

+,,41

+,,41

+,/42

+,-43

¡
+,040

324+

3243

+,/4*

++34+

342

++24+�

++04/

++140

++34+

++342

++34-

++/40

+-,43

¡
+-+4/

+,.40

+-.40

+,+4/

+,-4*

043

2/41

2/4*

+*.42

¡
2-43

¡
2,4,

2/41

¡
2.40

204.

2.4+

2.40

2041

04/

¡
2-43

2-4/

¡
2-4+

¡
2+43

2,4.

¡
2/4.

2/4.

2.4*

¡
2-41

+4-

.420

-4+*

/4+*

.41*

+-4,*

-4/2

-4-3

-40/

+,4++

.4*.

04,2

+.41-

¡
04/0

.4,,

+412�

*402

,4.0

+4*+

+4+0

,4-/

*413

,410

041*

,4,*

*4.2

*4,2

¡
,4*/

+412

.420

-4*/

-4,0

-4/1

+-4,*

-4/2

-4-3

-4+.

¡
-422

04*/

241+

¡
/4+2

-4*1

+412�

*40+

,4.0

*42,

+4+0

,4-/

*413

,410

¡
,4,*

*4-3

*4,2

¡
+4.-

*43,

respectively.

Fig. . Time-dependence of Fe,* component in total

iron in Shiohitashi hot spring water. ¢ : treated

water, £ : non-treated water
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�%��( /0��1 .*-�%
��
)*����&2 +'3456�7(
345	8/09��:;<�=>6
?@AB2CB��� DEFG5H 0

kg2+I +00 mm( JK +,+** mm�
LM6NO( PQRS 3*T++* l UPV
2/ cm�secW �?@��� X�,( ��
&� /* mm��Y;�Z[\;�]
^�/0_6`N��� Table .6(
abcde6fg�?@.,�&hi
�2j����� ?@.,�( EC�
%9ki��l8Om( ORP�no
pqrs�l8O�� SiO,�tu�(
?@.,�%9kv�l8Ow	

�� pH�?@,( �x���ywk
noz{��� �O�$� U3*-W �
|�6i�}�c~�( ������
�^6i�2��8}���( )*�
�/06N�9�6��&>6�9O
���������>�������
������( Ca,� �pq}��7
��w�	���8O�� Table ,�
k( Ca,��'�?@,( e��6��
�pq������O8�( CaH��
��������������w�	
���8O�� ?@ABCB.�( $
�"#�( 345�/0��Z���
i��w	
� SS�( ABCB,(
?@&� ¡}�¢£�l8O�� �
O�( H���w��¤¥�����
��6�k( ¥	�*KO����%
��¦�O��

Table -6j��H����§S¨
	8?@,( H���� CaO� Fe,

O-�©ª�pq�( SiO,�MgO�©
ª�z{��� Fig. 1��«¬��

Table - Components in scale determined by elect-

ron probe microanalyzer4

Shiohitashi
(wt�)

Obama
(wt�)

Component Treated
Non-

treated
Treated

Non-
treated

Na, O

MgO

SiO,

CaO

Fe, O-

Cl

*410

-4.3

,*4--

.4/+

1+4+,

*

*41/

-4-.

+142

/4*+

1-4++

*

-40-

+,41*

,04,1

/.4/.

*43

*432

-430

,4/3

24.3

2/4,/

+43.

*4/-

Fig. / Result of X-ray di#raction pattern of scale in Shioh-

itashi hot spring.

(Cu target, tube voltage : -* kV, tube current : +* mA)

Fig. 0 Micrograph of scales deposited from Shiohitashi

hot spring water after + month on the pipes of the

water treatment apparatus.

Left : treated, Right : non-treated
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CaCO- ����� �� Fig. 2���
�� -������ ��!��"�
�#$��%� &� �!��"��
�'()�*+����,-�.�/
01+%,� &��������),
')234).�50� �/���6
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��

CaCO-�@A�BC+>?D��
EF GSat. Ind.H �IJ>K�L
G+302H .��� MNO� Table +�
P>	+1Q��RST� UV, *.-

WX� Y
� +./ ������ S�
SR��� Y
Z[� CaCO-���
���\]D+^_��%SR,`
2���

.� � �

a
bcd��e^&�>Q��^
f��� CaCO-ghij,� �&��
^�klRmn%Ro9� pqrY
s98��� ghtB]ZB�uv,
wxyC� ^�z23�ghij��
�_��{B8|���}~_.��
1��sl%R��3l% G��3�
+310H� CaCO-.�D%�{B���
�g��� &�^��{B,�&�^
.mn1� ���\98%<=>?0
�,� �3�\,�\9� ��>�%
SR,A�82��� 020^&�.
��� ^,�32���}8�5>�x� CaCO-�^.�D%�{B.��>��1+%���8
+2R��1+%� ��� CaCO-�����ij.�� pq��\s�2��89gh��r�
\9�`�1+%R�`l1+%,� �����23�����+>�ADSR��\82���
������� a
bcd��e^&�>Q�SR�UV� Y
�Z[������/.�D%
����,�3l�� �Z[^� Ca,�tB� +,* mg�l �� R¡|¢,�3l8+,� M£t
B��UVZ[�� -.-3¤+..1- mg�lRtB,¥9�e,�\9�Y
Z[� + mg�lWXR¦+t
B�§¨01+�� �/D%������ UV��£� Y
��©�ª«¬,i���%� S�
��.wxtB� Ca,�,®�l1+1r� ����.�+,�%�¯R01�� +H pH GUVZ[
� 0.-1R°O~� Y
� 1.2/R°	�©±~H� �AZB� ²³i�8|Z[���}5´}µ¶
,��SR� ,H CaCO-�@ABC+>�·D%��EF,� UVZ[�� *.-WX��%�.�0

Fig. 1 Result of X-ray di#raction pattern of scale in Obama

hot spring.

(Cu target, tube voltage : -* kV, tube current : +* mA)

Fig. 2 Micrograph of scales deposited from Obama hot

spring water after - months on the pipes of the water

treatmet apparatus.

Left : treated , Right : non-treated

¸ /+¹ G,**,H a
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Table . Change of hot spring water qualities by a water treatment

Time after
installation

(h)

pH
EC* (Temp4 �)

(mS/cm)
ORP** (Temp4 �)

(mV)

non-treated treated non-treated treated non-treated treated

*

+�0
+

,

-

.

/

0

1

,.

,2

-,

.2

/0

1,

2*

30

+*.

+,*

+,2

+..

Average

S.D.��

143,

143/

24*+

24**

1433

1433

143/

24*0

143*

141,

141/

1402

141,

141-

142.

1422

141.

14//

1430

143*

140,

142/

*4+/

1422�

142*

142/

143/

142*

142-

1420

142.

142*

140.

1422

140*

1422

141/

143,

142,

1411

1401

143/

143+

143*

142,

*4+*

+/4. (-,4*)

+/40 (-+4*)

+/42 (-.4,)

+/41 (-/4-)

+/40 (-/4+)

+/43 (-.4+)

+04* (-.4/)

+04+ (-.40)

+/4. (-+4-)

+040 (-*4.)

+04+ (-.4*)

+/43 (,24-)

+04, (,341)

+/43 (-.43)

+040 (-.4,)

+04- (-04,)

+04, (-/4*)

+/4. (-,42)

+/4* (-/4,)

+.41 (-/4.)

+/4- (-,4+)

+/42

*4*0

+/42�(-+42)

+/40 (-.42)

+.43 (-.4/)

+/4/ (-+40)

+.42 (-.4,)

+.43 (-.41)

+/4* (-.4/)

+/40 (-/4*)

+/4* (-+4,)

+/40 (,*4,)

+04, (,34*)

+/40 (--4+)

+04* (,/4,)

+/40 (-/4*)

+/40 (,34+)

+/40 (--4/)

+/4, (,/42)

+/42 (-.4*)

+.40 (-+4-)

+.40 (-.43)

+.42 (,24+)

+/4.

*4./

,*. (-,4*)

+3* (-+4*)

+21 (-.4,)

+2- (-/4-)

+03 (-/4+)

+10 (-.4+)

+-2 (-.4/)

+1/ (-.40)

+2, (-+4-)

+1* (-*4.)

+00 (-.4*)

+3- (,24-)

,,/ (,341)

+0. (-.43)

+33 (-.4,)

+1/ (-04,)

+32 (-/4*)

+-. (-,42)

,*3 (-/4,)

+3. (-/4.)

,*- (-,4+)

+2,

,,

,-+�(-+42)

,-- (-.42)

+3, (-.4/)

,*2 (-+40)

+32 (-.4,)

+2, (-.41)

+3+ (-.4/)

+3- (-/4*)

+31 (-+4,)

+2* (,*,)

+.3 (,34*)

,*, (--4+)

+/+ (,/4,)

+2. (-/4*)

+3- (,34+)

+33 (--4/)

,*1 (,/42)

+02 (-.4*)

+3, (-+4-)

+2, (-.43)

+3, (,24+)

+3*

+3

� This value is eliminated for the calculation of the average. �� S.D. denotes standard deviation4

EC*, ORP** and SS*** denote electric conductivity, oxidation reduction potential and suspended solid,
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apparatus with the fluidized ceramics in Obama hot spring4

SS***
(mg/l)

Ca,�

(mg/l)
SiO,

(mg/)
Total iron

(mg/l)

non-treated treated non-treated treated non-treated treated non-treated treated

04,

.43

04*

04*

/4,

/4-

34.

04,

-41

/42

04,

/4-

04/

/4-

/4+

042

/4/

.41

04*

/41

/42

/42

+4+

04.�

,-4/

/4*

042

.40

.4/

.4,

.41

24*

/41

/4,

114*

-*41

14/

+,42

/41

//41

24*

.+43

04,

04/

+04,

,*4+

+.2

+-,

-/

�
�

,--

0/*

,+,

,.3

+/-

,*.

+20

++2

+00

3.

+,-

+--

+-.

+.,

-10

+13

+30

+-/

+.0�

+1,

-01

�
�

.+,

+.+

,1,

23/

-30

+1+

+21

+.+

3+

00/

//1

+-,

+2,

.,-

0*/

+,1

--*

,,2

.34+

.242

�
�

.14+

�
�

.14/

-14/

�
�

.14/

.143

.242

-+4+

-342

-14/

-24*

.14/

.14-

.34,

..4*

/43

/*4+�

/+4/

�
�

/*4,

�
�

.241

-.4.

�
�

-14.

.34-

.043

-.41

-342

-04,

.241

.34*

.240

.142

..4/

04.

*4,0

*4+/

*4-/

*4/+

*4-.

*4/+

+4+2

*4,2

*4,/

*4-+

*4.1

*4,,

*4-+

*4/0

*4,.

*401

*4+.

*4,3

*4.,

*4-.

*4/-

*4.+

*4,-

*4/3�

*4.2

*4-.

*4.2

*4.,

*4-0

*4+3

*4,2

*4,/

*4-3

*4.,

+4..

*4.3

*4+*

*4+*

*4-1

*41+

*4*0

*43-

*4--

*4,+

*4.,

*4-,

respectively.
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