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* +*� �	,-� ./�01. 2 ��3 4�� 2 #�, �	�5 6, 78�9 :�� NaCl ; KCl

<<9 =>� ?@, AB C8B� " DEF #$	9 G	3 HIJK1. LM �	�5 6, 78�9

:�� +*� �	,-� NOPQ5 #�R ()SK1. T, �	�� �U� VWA NaCl ; KCl� '

X ,-�� NaCl� YZ95 [� " DE3 \]PQ* #$	3 ^_PQ5 `�3 �0ab, KCl�

YZ95 [� " DE3 7RPQ* #$	3 RDPQ5 `�3 �01. c�* +*� Y	9d5 �	

�R +*� #$	3 7RPeab, �1 
fM �.� +* #$	3 gBK1. AhM #�Bi jk,

6, 78�9 :�� �	�R l�M �U� cluster VW� �* m� no9, <<� C8 L5 +*F�

�	,-9 pA3 ��1* q<r1.

ABSTRACT. In order to know the physicochemical properties of magnetized water, the experimental

methods of column assay, crystalization of salts and gypsom have been explored to elucidate the effects of

magnetized water on the solubility speed of salts, crystal pattern from salt aqueous solutions, and gypsom crys-

tal pattern, respectively. In the column assay for salt solubility the magnetized water showed the decreased ini-

tial solubility speed of NaCl and slightly increased initial solubility speed of KCl, however, the maximum

solubilities of NaCl and KCl in the magnetized water were almost same in the double distilled water, respec-

tively. The column assay also indicated that the magnetized water showed the decreased initial solubility speed

of urea (CH4N2O), sodium citrate (HOC(CO2Na)-(CH2CO2Na)2-2H2O) and (NH4)2 compared to the double dis-

tilled water, while slightly increased solubility speed of glycine (NH2CH2COOH), boric acid (H3BO3), MgSO4.

Crystalization of 1% or 5% salt aqueous solutions by rapid evaporation disclosed that the magnetized water

produced more condensed and bigger crystal structure than the control water. The pattern of gypsom crystal

formation also indicated that the magnetized water enhanced the crystal formation in the hydration reaction of

gypsom plaster compared to the double distilled water. Taken together, it was presumed that the magnetized

water showed the different physicochemical properties in the interaction with various salts, especially showed

the contrast results between NaCl and KCl.
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�	�� �AM ��	�� �!9 ��� �h �

�B� ��R s��t u5v, �wx yz"�3 �

	P{d /"M YZ9 V( J|9 q�5 scale�

&A \]Sb,1 LM AF }/M ~'ax �	�3

�� ���ax /"M YZ95 
�9 q�5

calculus� �qA \]r15 �*R mab,2 qw�

! J9d� ,-9 ��� ��M �x5 glutamate

decarboxylase� ��E3 potentiometric enzyme elec-

trode ��ax �$M #�, 6,�� �9d�1 �

	�9d glutamate decarboxylase� ��ER 30%

$E 7RM15 �� �*�01.3 M� �	�3 29

�� �� &
�ax /"M #�, plaque %�^_

`�5 :�� �KaH calculus %�^_ `�5 �

Z �i �ax HI�1.4 ��95 ��9d �+7

(urolithiasis) ��� 
�9 �	�3 /" d �i

�'#�3 �*�05v, oxalate, uric acid c�*

phosphate urolith �� �	�9 �M " �i 6,

� �. �� 78�9 :�� 1] ��ab, �	�3

/"�� /�r �*�9d �� J calcium crystalA

H .� J calcium� �ER 6,�� �*�9d

�1 ~ �¡ ¢�1.5

�£ U�¤� ,-9 (�� �fM ��E s��

¥5v, ¦j §�(mica surface)� 1&M ¨8� �

 ! J9 m5 atomic force microscopy� probe tip

/A� short-range interaction force3 ()M #�,

�	�5 :�	�9 :�� ¦j §�9 %�S5

absorbed layer� k©3 7RPe5v, AhM ~'i

?x Cs+, Rb+, c�* K+ ªi &A« �!9d ~

 �0*, ¬ 16 ­® ¯DS5 �	�� �^~'

(memory phenomenon)E �01.6 6,�ax �U�

5 H2Ox ��S@ m5v �U�� �� '°9 ±

²d *w, �w, ; �w� %°x HI³1. �U�

� �}¦­ 9´µ(free movement energy)R �]

	R S* U�¤� �]#¶A R� ®$r �
x

�· �<%� �.3 A¸¡ S�d �U�5 *w

R S@ ¹º� '°x S*, �U�� �}¦­ 9

´µR 7RS@d ���5 �U�B�� �]#¶

9´µ�1 »¼ ½¡S� �U�BA U¾S@ �w

'°R r1.6 q���ax5, �U�R �w '°x

m� n �w� <¨ q� ~'9 A"S@µ5 ��

¿ � m1. �U�R �w '°x ÀÁÂ n95 Ã

Ä�(dipole, ÅÆÇ)� ��� �A5v, A5 �U�

5 kÈ� �]É�F M È� ¾] É�3 /A9

k* �· 105o� <Ex A¸@t maÊx, �Ë�

ax �] É�9 �M kÈ� &Ä� ¾]É�9 �

M M È� ºÄA :�Ì� Ä�� A¸� noA

1.

qw J9d �U�R /"S@µ5 ~'9 (��

5 Íi ��R A¸@µ* m5v, �|U� qw �

/ �$Bi, �U�� 
�,-9 ��� 9´µ3  

��* �Î�b, ÏÐ!AH Ñ¾� ¶��ÒH U 

�5 q	�,-A 6@³1. cÓv AhM �U��

q	�,-i �U�R �� 1Ô qw �!� ,-�

� A¸@µ5 �A �Õ² ,ÖP �×M buffer �

Ø� Ù5 "!A ÚÛ�1.8-10 qw J ?Û "��

�95, Na+, K+, Ca2+, Mg2+, Zn2+, Fe2−, SO4
2−, PO4

−,

Cl− �� "!A " S@d buffer� ÜÂ� �5v,

buffer� ÜÂi 6,�ax "�� pHH ÝÞß� 6

$M �àax }µM1. áâ �ÛM �i AhM "

!A �U�F ,-�� �U�� VW� ãä@ å

�R m5v �£ Na+F K+� =>i �Z ',�A

b �A�1. Na+F �U�5 dx ,- d �U�R

Na+ ?�x æhç5 j&ax VW , #��ax

Na+5 �U�3 U¾P{d Na+ ?�x jA¡ ��

�U� VWA �.	r &'ax |è�¡ r1. ±²

d �� ÝÞßA 7R�¡ S* Na+R �U�3 ��

¡ ×éaxê �U�� ÃÄ �A ¬�¡ S@ 1Ô

"!�� ,-�A \]r1.11 ,�9 K+5 �U�B ?

�3 æhç5 VW� ëaxê �U�B� cìíx f

îP{d �U�B� cluster3 %��¡ r1.6,12-14 �£

qw J� �ï9d5, Na+F K+ A«B� << �ï

� ãð� ®9d �íS@ /"�5v, �ï ãð9d

ñ|�¡ ÀÁ�5 Na+5 �ïò�!� ÝÞß� }µ

�5v �Û�¡ /"Sµg, "�F ë© �ï Jx

B@ « Na+ A«i, �ï� Na+ óô9 ��� �ï

ãðax õÎS@µb ­P9 K+ A«A �ï J9

�öS@O1.12,15-21 A÷¡ �ï J9d �öS@µ5

K+� ÜÂ9 ��� Íi ��R s��t u5v, �

�95 NMR ��3 4�� �ï J endoplasmic

reticulumAH mitochondria� Jø9 ÀÁ�5 �U�

� cluster3 ��M #�, �ïò�! �U9 :��

�U�� clusterBA �öS@t m5 �� ()�0
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1.22-27 A5 K+ A«A �U�� cluster3 �öP{

d �ï J endoplasmic reticulumAH mitochondria

�.9 �ör �U�R ù¡ ,-Â � m¡ �5

�ax ú�r1. chÊx �U�� clusterR �öS

@µ5 ~'9 ��� É�M �ï J �/R A¸@

O1* Â � m5v, 2 ��9d5 û­� ���9

��� %�r �	�J �U�BA cluster3 %��

* �öS@µ5 ~'A 6@ü� � � mK1. A5

1Ô ý�! �U C8� Eþ ÿA �U�� VW�

ãä@ ?5 ~'Ab, A÷¡ û­� ���9 ���

�U� VWA G%r �� qw J ,-9 ���

���5 �i �Z ��R m1* q<M1.

�	�(magnetized water)5 É� �U�R �	S

@d ���� ��� Ù515 ��R �Õ², ��

�9 ��� �U�� VWA ã�@td �AM ��

��� �A5 '°3 ��M1. ±²d j� �U�

BA, G	�5 ���9, �3 B� û­� ���,

��� ,-Â � m5v, A5 �]É�R *?��

� �M ���9 ��� }ES5 magnetic resonance

F �íS5 ~'ax *?��� �M ���9 ��

� �]É�R �¤�ax ��� �>9 ±² spin

VW� M �9 ãx É' ��S@µµg, ¯D�a

x �]É�� spin VWA µDS5 YZ95 �]É

�R �U�� ÃÄ� ��� H+9 =>� ?@d �

U� VW9 =>� ?¡ 	 �ax õ�r1. AhM

~'i �	�� NMR ()9d T2 relaxation time

A 7RS@µ5 �ax � � m5v, AhM �	�

� �U� ÁVW ~'i �	�3 
' '°x �


�0� YZ9E �^~'A m@d �· 12P¤ $

E Y�S@� T2 relaxation time� 7R~'A Ò�

É� '°x �ÉS5 �� ���01(2 ��
A

�sM 6�� #� �, 2 ��9d5 ��3 _P�

µ ��º). @��, �"� C8� �� " EH pH

� «E9 ±Ô G	 �i � ��t maH C8�

" DE3 �$�5 6$M ��AH, 6$M Ï�

P¤9 ��x " S@! � m5 &9 (M ��

5 Ò� �ýM '°A1. ±²d 2 ��9d5 �

$M C8R 6$M P¤ J9 "� Jx ��M "

 	 � m5 "!� " DE3 �� �M ���

��� *®�0ab, A9 �M #�3 4�� �	

�� ��	��� ��� ()�0�9 A3 �*�

5 ãA1.
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Column assay for salt solubility. 2 ��9d5 3

p 78� _.�
(Aqua 312N, Young-Lin Co.

Korea)3 /"�� A�ax ��M �� ¬ 600~800

Gauss(Gauss/Telsa meter; 4048 F.W. Bell, Orlando,

U.S.A), 3 Hertz� û­� ���� �qPQ5 �
3

/"�� �	�3 _.�0ab, /"M ��Á�x5

NaCl(Sigma, U.S.A), Urea(CH4N2O, Sigma, U.S.A),

Sodium Citrate(HOC(CO2Na)-(CH2CO2Na)2-2H2O, Aldrich

Cemical Company, U.S.A), (NH4)2SO4(Showa, Japan),

KCl(Sigma, U.S.A), KH2PO4(Showa, Japan), Glycine

(NH2CH2COOH, Sigma, U.S.A), Tris-base(NH2C(CH2OH)3,

Sigma, U.S.A), Boric acid(H3BO3, Sigma, U.S.A),

MgSO4(Sigma, U.S.A) �� �ER �i C8B� /

"�0ab, AhM Á�B� A"�� poly-chroma-

tography column(Bio-Rad, CA, U.S.A)9 �	� �

i �. 78�3 10 mL �* Sepadex G-50 gel

(Pharmacia, U.S.A)� 0.100 g(chemical balance /",

Mettler AB104, Switzerland) �i �, column J9

d �U£ k � p� �B* 5U¤ �
M � �/

�*� �5 C8 1.000 g� 6P9 column9 �K1.

�} �8M � �º 10 ��i ��*, ¯DS5 3

���� 1.5 mL micro centrifuge tube9 15� A'

 !�0ab, 7�� �µ�� ��� "È3 #�d

�(M �, Abbe refractometer(AO scientific instrument,

U.S.A.)� A"�� $%&� �$  C8� �E3

�'�01. An column assay� j� ��i Ï6M

column� ,� d /"�� column J� }DAH

|(� G	R ÿ5 ­6M .)� }µ�E' �0a

b, column assay� 6$M «E3 }µ�� ���

*«.3 �#M 25±1oC� chamber J9d ���

�s�0ab, $%& �$ LM *«.3 A"  ­6

M «E9d s�01.

����� �	 NaCl
 KCl� ��
 ��. �	

�R C8B� ,-�5 '°3 �+�� ���,  �

E� C8 �"�A �D�¡ 7�Â n HIH5 #

$ j&� ()�05v, 1%, 5% NaCl �"�� 1%,

5% KCl �"�, T,  �E� �"�� gB@ slide

glass9 E, §2� gB*, 60oC ).�9 m5

60oC� )W- �9d �D�¡ ).P{d, c #$

&'� .�~�Y� 4�� 200VF 400Vx ()�
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Table 1. Measurement of dissoulution speed of various salts at 25oC.

Fraction 
NaCl (NH4)2SO4 Urea Sodium citrate KCl

 Control water  Magnet. water Control water Magnet. water  Control water  Magnet. water  Control water  Magnet. water  Control water  Magnet. water

1 1.3404±0.000001.3370±0.000001.3378±0.001431.3388±0.001861.3393±0.00168 1.3389±0.00119 1.3384±0.00163 1.3373±0.00135 1.3363±0.00000 1.3369±0.00000

2 1.3465±0.001011.3423±0.000771.3459±0.002041.3467±0.002461.3489±0.00268 1.3461±0.00257 1.3456±0.00216 1.3434±0.00265 1.3409±0.00099 1.3415±0.00071

3 1.3529±0.00132 1.3482±0.00173 1.3543±0.001881.3545±0.00262 1.3589±0.00265 1.3568±0.00283 1.3531±0.00238 1.3503±0.00286 1.3455±0.00072 1.3465±0.00063

4 1.3584±0.001301.3547±0.001711.3625±0.001521.3619±0.00239 1.3669±0.00203 1.3638±0.00305 1.3597±0.00250 1.3572±0.00321 1.3498±0.00096 1.3507±0.00081

5 1.3633±0.001311.3602±0.001401.3695±0.001681.3684±0.002421.3737±0.00321 1.3689±0.00526 1.3664±0.00323 1.3618±0.00401 1.3535±0.00128 1.3543±0.00048

6 1.3672±0.001701.3645±0.001121.3759±0.002111.3746±0.002211.3777±0.00188 1.3748±0.00275 1.3729±0.00369 1.3706±0.00395 1.3566±0.00063 1.3570±0.00054

7 1.3702±0.002081.3682±0.000911.3814±0.002591.3799±0.002271.3815±0.00193 1.3792±0.00252 1.3794±0.00398 1.3778±0.00475 1.3586±0.00066 1.3589±0.00074

8 1.3727±0.002631.3708±0.00071 1.3860±0.002491.3846±0.002101.3837±0.00164 1.3817±0.00214 1.3854±0.00427 1.3846±0.00529 1.3600±0.00085 1.3604±0.00094

9 1.3743±0.002991.3731±0.000951.3894±0.002441.3884±0.00196 1.3853±0.00122 1.3837±0.00157 1.3910±0.00430 1.3906±0.00514 1.3614±0.00089 1.3615±0.00107

10 1.3757±0.003161.3746±0.001321.3921±0.002101.3916±0.001571.3866±0.00088 1.3852±0.00144 1.3957±0.00365 1.3958±0.00478 1.3623±0.00095 1.3623±0.00118

11 1.3766±0.003601.3758±0.001481.3940±0.001551.3937±0.001071.3871±0.00125 1.3862±0.00137 1.3995±0.00277 1.3998±0.00437 1.3629±0.00099 1.3628±0.00128

12 1.3769±0.003651.3765±0.001601.3953±0.001151.3951±0.001111.3867±0.00272 1.3868±0.001281.4024±0.00202 1.4025±0.00353 1.3633±0.00112 1.3631±0.00146

13 1.3772±0.003691.3770±0.001621.3962±0.000841.3961±0.000661.3879±0.00108 1.3873±0.001321.4047±0.00141 1.4042±0.00317 1.3633±0.00119 1.3630±0.00153

14 1.3771±0.00380 1.3771±0.00175 1.3968±0.000641.3968±0.000651.3882±0.00103 1.3878±0.001211.4058±0.00109 1.4059±0.00186 1.3632±0.00129 1.3629±0.00171

15 1.3774±0.003821.3771±0.001761.3972±0.000361.3972±0.000431.3879±0.00080 1.3879±0.001291.4065±0.00075 1.4067±0.00133 1.3629±0.00143 1.3624±0.00187

16  1.3973±0.000341.3973±0.00037 

17 1.3974±0.000351.3975±0.00022

18



Jo
u

rn
al o

f th
e K

orea
n

 C
h

e
m

ica
l S

o
ciety

120
�
�
�
�
�
 
!
�
"
#
$

Table 1. (continued).

Fraction 
KH2PO4 Glycine Boric acid Trizma-base MgSO4

 Control water  Magnet. water Control water Magnet. water  Control water  Magnet. water  Control water  Magnet. water  Control water  Magnet. water

1 1.3356±0.00071  1.3358±0.00075  1.3351±0.00057  1.3366±0.00082  1.3333±0.00018  1.3334±0.00015  1.3364±0.00155  1.3380±0.00161  1.3367±0.00206  1.3381±0.00090
2 1.3389±0.00085  1.3391±0.00105  1.3384±0.00128  1.3409±0.00129  1.3337±0.00042  1.3337±0.00019  1.3324±0.00333  1.3451±0.00219  1.3398±0.00377  1.3437±0.00138
3 1.3418±0.00070  1.3420±0.00113  1.3430±0.00163  1.3456±0.00143  1.3340±0.00029  1.3341±0.00021  1.3496±0.00423  1.3522±0.00226  1.3435±0.00390  1.3476±0.00096
4 1.3439±0.00057  1.3440±0.00095  1.3473±0.00174  1.3496±0.00143  1.3344±0.00035  1.3345±0.00022  1.3561±0.00443  1.3581±0.00190  1.3470±0.00397  1.3503±0.00136
5 1.3453±0.00060  1.3454±0.00084  1.3512±0.00190  1.3531±0.00127  1.3347±0.00028  1.3347±0.00019  1.3597±0.00500  1.3634±0.00152  1.3496±0.00397  1.3530±0.00170
6 1.3464±0.00054  1.3465±0.00065  1.3545±0.00163  1.3558±0.00126  1.3350±0.00025  1.3351±0.00011  1.3666±0.00336  1.3678±0.00113  1.3520±0.00365  1.3552±0.00256
7 1.3471±0.00060  1.3473±0.00066  1.3571±0.00131  1.3579±0.00093  1.3353±0.00021  1.3354±0.00011  1.3708±0.00283  1.3716±0.00101  1.3546±0.00347  1.3572±0.00323
8 1.3477±0.00061  1.3478±0.00071  1.3591±0.00112  1.3595±0.00086  1.3353±0.00021  1.3355±0.00019  1.3741±0.00225  1.3749±0.00101  1.3572±0.00373  1.3596±0.00381
9 1.3482±0.00072  1.3483±0.00069  1.3606±0.00096  1.3607±0.00060  1.3355±0.00026  1.3356±0.00016  1.3769±0.00179  1.3776±0.00100  1.3601±0.00440  1.3621±0.00427
10 1.3486±0.00076  1.3487±0.00065  1.3618±0.00078  1.3617±0.00051  1.3356±0.00025  1.3357±0.00019  1.3787±0.00152  1.3794±0.00092  1.3628±0.00470  1.3648±0.00452
11 1.3490±0.00069  1.3491±0.00059  1.3625±0.00073  1.3624±0.00039  1.3357±0.00023  1.3357±0.00015  1.3805±0.00154  1.3810±0.00095  1.3655±0.00549  1.3677±0.00470
12 1.3494±0.00075  1.3494±0.00080  1.3631±0.00050  1.3629±0.00045  1.3357±0.00016  1.3358±0.00007  1.3816±0.00164  1.3820±0.00108  1.3683±0.00610  1.3705±0.00461
13 1.3496±0.00075  1.3497±0.00075  1.3634±0.00040  1.3631±0.00047  1.3357±0.00015  1.3358±0.00008  1.3825±0.00164  1.3826±0.00116  1.3711±0.00634  1.3732±0.00420
14 1.3499±0.00075  1.3500±0.00067  1.3637±0.00029  1.3634±0.00037  1.3357±0.00015  1.3358±0.00008  1.3829±0.00163  1.3830±0.00136  1.3735±0.00657  1.3759±0.00385
15 1.3501±0.00068  1.3502±0.00065  1.3637±0.00032  1.3635±0.00039  1.3358±0.00020  1.3358±0.00004  1.3833±0.00181  1.3832±0.00159  1.3756±0.00622  1.3782±0.00335
16  1.3774±0.00582  1.3801±0.00297
17  1.3791±0.00514  1.3816±0.00217
18  1.3806±0.00448  1.3828±0.00158
19  1.3816±0.00369  1.3835±0.00119
20  1.3827±0.00295  1.3841±0.00106
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01.

��� ��
 ��. �	�9 �M +* Y	P, #

$w� j&� ()�� ��� 1 micro spoon(+*

¬ 10mg)� +*9, 5µL� �	� L5 6, 3p

78�F ¬ 5[¤ �U£ /* cover glass3 A" 

U¾P{d E, §2� _0��, Y	 P HIH5

#$w j&� .� ~�Yax ()�01.


���

Column assay for salt solubility. �	�R C8

� " DE9 �
5 =>� ()M #�, C8� ¨

89 ±² pAR mº� ()�05v, AB� ½¡

� groupax H1 � mK1. 23 groupi 6,�

.�� 78��1 �	�9 ��� " DER \]

S5 C8BA*, æ3 groupi �	�9 ��� " 

DE9 4 =>� 5µ �5 C8A*, 63 groupi

�	�9 ��� " DER 7RS5 C8Bx U8

�0ab AB� () #�5 1º� ª1(Table 1).

23 group; NaCl, HOC(CO2Na)-(CH2CO2Na)2-

2H2O, CH4N2O, (NH4)2SO4 �� YZ, � 10mL9

AB C8 1 g� 6P9 7� #� �.�� 6, 7

8�9d�1 �	�9d " DER \]�5 Y>�

�05v, c �9dE NaCl� CH4N2O5 " DER

\]�5 Y>A 1Ô k C8B�1 »¼ ½¡ HI

�1. �£ NaCl� YZ95 [� fraction9d|8

" DER \]S@ HI�5v, 10�3 fraction|8

5 "  DER 7RS@ �. 78�� " 9� Ò

� 6
�5 �� ¿ � mK1. c�* CH4N2O�

YZ95 �	�9d� " DER :;�¡ \]S@

HI�5v, Ò� 12�3 fractoin9d �. 78��

" 9� 6
S@µ5 &'� �A5 �ax ��, �

	�9d� [� " DE5 NaCl�15 CH4N2OR

á \]S5 Y>� HI<15 �� � � mK1

(Fig. 1).

æ3 group; �	�9d " DE� G	R ÿ5 C

85 KH2PO4�v, A C85 " DER �.�� 7

8�F :�  �	�9d Ò� pAR ÿK1(Fig. 2).

Fig. 1. Salts exhibiting decreased solubility speed in the magnetized water at 25oC. (X axis; fraction, Y axis; refractive index).
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63 group; �	�9 ��� " DER 7R�5

C8x5 KCl, NH2CH2COOH, NH2C(CH2OH)3, MgSO4,

H3BO3 �A m5v, �.�� 78�F :�  �	�

9d AhM 1= Rµ� C8Bi á ù¡ 75 Y

>A HI�1. NH2CH2COOH� YZ95 �	�9d

� " DER ½¡ 7RSKab, Ò� 9�3 fraction

9 A>h �. 78�� " 9� 6
SK1.

MgSO4� YZ95 �	�9d " ER ~ �¡ 7

RSK5v AhM 7R~'A Ò� 20�3 fraction9

A>h �. 78�� " 9� 6
SK1(Fig. 3).

����� �	 NaCl
 KCl� ��
 ��. 1%
Fig. 2. Salts exhibiting increased solubility speed in the magne-
tized water at 25oC. (X axis; fraction, Y axis; refractiv index).

Fig. 3. Salt exhibiting no change of solubility speed in the magnetized water at 25oC. (X axis; fraction, Y axis; refractive index).
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F 5% NaCl �"�� YZ, �D�¡ �� 7�Pe

� n HIH5 #$�.3 ()�05v, #$	 DE

R �Z �D�¡ OsSKab #$wR ?@A�¡

%�S@d 4¯��ax #$w� B�3 �¾��5

@�CaH, ~�Y V9'9d� Í* �º� �®a

x DíÂ � mKab, �£ #$w� ½�5 ù¡

�íSK1. 1% NaCl �"�� YZ #$	 &'A

1&�¡ HIHd �2�� (²�Ö �.R dx �

#S@ ?E j&, F�% �., x" � L5 G j

& �A HI�1. 6, 78�9d �1 �	�3 "

�x /"M YZ95 ~�Y ()'9d #$w� B

�R \]S@ �0ab, #$w H@�R »¼ ½b

#$ �.E áâ �I�* 
f�05v, #$wR x

" � j&� #$�15 F�% �.� #$A Í�

ab, F�% �.� #$ j&E ?E j&� #$

�.x AsS@µ5 Y>A :;�01. 5% NaCl �

"�� YZ9d5 1% NaCl9d �0J ?E j&,

F�% �., x" � L5 G j& �� #$ &'

A Ò� ()S@µµ ��aH, K�%� 
fM �.

� (²�Ö j&A ��¡ ()SK1. �	�9d q

�5 #$	R 6, 78�9d�1 á 
fM �.�

(²�Ö #$� A¸Kab, %�r (²�Ö� ½�

E �.�� 78�9d �1 »¼ 4 �.3 �01.

M� *V9 ()9d5 0i (²�Ö #$� �.R

�.�� 78�9d �1, �	�9d á fîS@ m

* *� j&� �# �.3 �01(Fig. 4).

KCl� #$	 �.5 NaCl� #$	 �.F 1]

1>¡ HI�5v, 1% KCl� YZ95 L? M�

ªi ¾gM #$ �.9 G j&� NA ��� �

5 #$ �.3 �05v, 6, 78�9d �1 �	

�3 "�x /"M YZ9 L? MAH G j&�

#$ �.R á ½* .fM &'A kÖhµ¡ HI

�ab, #$	� OER ~�Y ()'9d 1] 7R

S@ �01. M�, 5% KCl� YZ9dE L? M�

G j&� #$ �.R ()SK5v, 1%� KCl �

"�9 :�� (²�Ö3 %��5 #$�.� j&

A ~ �¡ 7RSK1. 6, 78�9d �1 �	�

3 "�x /"M YZ9 �wx #$w �.R 
f

�* áâ P¥ab, *V9 ()9d5 �.�� 78

�9d �1 �	�9d (²�Ö j&� #$wR d

x *�3 A¸�d fîS@ mK1(Fig. 5).

��� ��
 ��. +* #$	 &'� ~�Y (

)9d5, +* #$BA 6, �.�� 78�3 /"

M group�1 �	�3 /"M group9d �¡ j&

� #$B� B�R 7RSKab, #$w� %°R á

�I�* 
fM j&ax HI�1. LM image

analyzer3 4�� x200 V99d Y	 #$w H@�

� B�3 �$M #�, 6, 78�3 /"M YZ9

5 25.3±4.57È 0aH �	�3 /"M YZ95

36.8±2.06Èx �	�9d Y	 #$w H@�� B�

R ½¡ 7R�01. *V9 ()9d5 6, �.�9

d +* #$� 0i crystalBA ¾g�¡ Q@O  

x �#S@t mK5v, �	�9d5 +* #$� 0

i crystalBA dx fîS* *� j&� �.x d

x �#S@O &'� �01(Fig. 6).

�� � ��

�	�R 6, 78�F5 1>¡ V(� scale� \

]PQb1 <¨ ­D�� ��� NOM15 ~'���

�*R � ��t m5 ,�9, �	�� ��	�� �

!� ���ax U+M ��5 :�� Ö�1.28-31 M�

é�)i32 ��Ro9d �	�� pH, surface tension

�� ()�05v, 6, 78�F pAR H5 }��

� SKaH Á��A |T�� $úx �$� 5µ

U�* m5 �$A*, �h ��]9d �	�� _.

�AH �	�� ��9 (M ��3 ¯D�* maH,

��E �	�R 6, 78�F5 1>¡ HIH5 q

���� ~'� ú�Â gV �UM ��#�R A¸

@µµ �* m1. 2 ��5 �� �	��� ���

J �9 �A �	S5 �i �U� �wR ���

W5 �A �Õ², ��X9 ��� �U�9 ïëS@

m5 �]É�� &��(proton)R ù¡ =>� 5�d

�U�� VW� ãä@ ?� noax õ��*, ��

	��ax �U£ G%r �	�3 _.�� � d

5 �� �M û­� ���9 �P¤ YÎ��� M

15 �: �� #�3 SK1(Ro 0��). ±²d

2 ��9d5 A÷¡ _.r �	�� ��	�� �

�A, q���ax f�M (��A m5 A« �!B

� @ZM ,-�� �A5R3 ���� �M ���

�s�01. qw J� w�95 ý�� �9d Na+R

R� ñ|�¡ ÀÁ�5v ?x �ï ò9d ÝÞß�

}µ�5v /"Sb, K+5 �ï J9 ñ|�¡ ÀÁ

��d, �O�/9 ÚÛM [�_� ÜÂ� �5 �a
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x ��t m1.7 1P , d Na+F K+5 �ï òF

�ï J9d dx 1Ô ��� Ù* m1* ú�Â

� m5v, ABi jk �� �O�/9 /"S@µ5

É]R �Õ* Ïµ w�� [��Uax 0"�5 �

Fig. 4. Crystalization pattern of 1% and 5% NaCl solution intermediated by magnetized water. a,c,e; 1% NaCl in the control
water, b,d,f; 1% NaCl in the magnetized water, g; 5% NaCl in the control water, h; 5% NaCl in the magnetized water. The mag-
netized water produced bigger crystal formation than the control water.
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!AÊx, Na+ ; K+F �U�F� ,-9 �M ��

5 \� �|8 (]� j� u1. chÊx 2 ��

9dE, 6, 78�9 :�� �	�R Na+F K+9

��� @ZM ,-� �A5R3 ()�� ���

Fig. 5. Crystalization pattern of 1% and 5% KCl solution intermediated by magnetized water. a,c; 1% KCl in the control water,
b,d; 1% KCl in the magnetized water, e,g; 5% KCl in the control water, f,h; 5% KCl in the magnetized water. The magnetized
water produced compact crystal structure than the control water.
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column assay ��� /"�01. �_x �:��9d

5, 6, 78�F �	�9d NaCl� KCl� ��

" E3 �$M #� pAR Ò� ÿº� ���0a

H, ,�r �� �9 " �$9d �A5 " DE9

5 0i pAR mº� �^�*, C8� " DE3 �

$�� �M column assay3 *®�¡ SK1. ¤Ï£

ú���� 6$M .)ax C83 " PQ� � ,

Sephadex G-50� A"  (8S5 C8� DE3 å�

dd£ 7� � m5 �Y� gB@ _axê, (8S

@ H« fractionB� C8 �E3 �$  C8� " 

DE3 ()Â � m5 ����A1. 2 ��9d5,

�1 $�M " DE3 �$�� ���, ­6M

column� /" d 6$M «E ; .0�� 4��

20̀  A' ,��� Si ��3 4¯ ���0aÊx

, :' ��' �­ax .0�5 ax¦ �� ��A

µg, �� b�9 |¶S5 ]$� #�3 S� �

mK1. #��ax 6, 78�9 :��, �	�9d

NaCli [� " DER \]r ,�, KCli [� "

Fig. 6. Crystalization pattern of gypsom intermediated by magnetized water, a,b; control water, a; x100, b; x400, noted the
coarse crystal pattern, c,d; mangetized water, c; x100, d; x400, noted the compact crystal pattern, e; contol water, x600, needle
like crystals were not organized, f; magnetized water, x600, needle like crystals were well organized.
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 DER ¬¤ 7RSK1. chH NaCl� KCl jk

6, 78�F �	�9d �A5 �� " E5 H�

fraction9d jk ­6M �à� �01. A5 NaClA

�	�9 " 	 n [�95 6, 78�9 :��

" S� @�¦ '°�� ¤��ax HIJ*, KCl

i �	�9 " 	 n 6, 78�9 :�� \£�

" S�9 c¦ '°�� ¤��ax HI<1* Â

� m1. 6,�ax "!A "�9 " r15 �i

"!� "� U�BA dx f�M 'X,-� }µÂ

� m5 '°3 ��M1. &A« �!A �M NaCl

� YZ, �	�9 �M [� " DER 6, 78�

9 :�� \]S@ HI�15 /�i, 6, 78�9

:�� �	�R Ù5 U� VWA NaClA " S�

9 �¶�µ �� no9, [� " ER \]S@t

HI�aH, ¯DS5 fraction9d5 1P NaCl� "

 DER 7RS@ 6, 78�F ­6M �� " '

°3 A¸¡ S5v, A5 NaCl� �ER 7RÂ�'

�M &A«� Na+R �U�3 ��¡ I� ×d

NaClA " SE' �U� VW� ãä@ e� no�

�ax õ�r1. A9 ,�� KCli 6, 78�9

:�� �	�9d [�� " DER ¬¤ 7RSK

5v, NaCl� "fRµx H� fractionB9d5 6,

78�F �	�� �� " E5 Ò� 6
�01.

KClA �	�9d [� " DER 7RS@ HI³

�i NaCl�5 ,�x, KClA 6, 78�9 :��

�	�� �U�B� ù¡ ,-Â � m� no�v,

A5 �"E �	�� �U� VWA 6, 78��

�U� VW� 1>¡ K+A«� f��¡ 0"S5 '

°6 �ax õ�r1.

AF ªA �	�9d NaCl� KCl� " DE p

AR m5 �� ���*, �	�9 �M �h 1Ô

C8B� �!� �+�� ���, NaCl� KClò9

CH4N2O, HOC(CO2Na)-(CH2CO2Na)2-2H2O, (NH4)2SO4,

NH2(CH2OH)3, NH2CH2COOH, H3BO3, MgSO4, KH2PO4

�� ý�C8� " DE3 �$�01. #��ax

CH4N2O, HOC(CO2Na)-(CH2CO2Na)2-2H2O, (NH4)2SO4

�i NaCl� "fRµx [� " DER \]SK5

v, A�9dE CH4N2O� [� " DER R� ]�

¡ \]SKab 1P `�S5 P¤E ág¡ HI�

1. c�* NH2C(CH2OH)3, NH2CH2COOH, H3BO3,

MgSO4 �i KCl� }/�¡ �	�9d [� " D

ER 7RSK5v A �9d NH2CH2COOH5 �	

� J [� " DER R� ½¡ 7RSK1. M�

KH2PO45 6, 78�F �	�9d� " DER Ò

� pAR ÿK1. AF ªA �	� J9d C8�

" DE3 �$ëaxê �	�R 6, 78�F5 1

Ô U�VW� �* m15 �� h0Â � m5v,

qw J9d A"S5 < C8B� ��	�� ���

:� ��, �	�R Ù¡S5 �U� VWA 6, 7

8�9 :�� q���ax ��	 '°�R, L5 ,

�x �O�/3 ^_�5 :��	 '°�R3 � �

m5 ¤��� 7ÒR 	 � m1. �_x �w J9

d 6@H5 �|U� q	�� �O�/�$95 ×

!, ÏÐ! ; Ñ¾ �9 �U�R i@ B@ R�E

�* ×!, ÏÐ! ; Ñ¾ax|8 �U�3 j@ J

5 ~'A m5v, AhM �	 ; k�	 ,-� ù

¡ �� ��� �h ¨8� [�_R /"S* m1.

A�95 NH2CH2COOHF ªA ×!, ÏÐ! ; Ñ

¾� �.3 �X  ?5 [�_R mab, CH4N2O,

HOC(CO2Na)-(CH2CO2Na)2-2H2O, (NH4)2SO4F ªA

×!, ÏÐ! ; Ñ¾� �.3 G�PQ5 [�_R

maÊx,7 << qw�/3 ��	PQÒH ^_PQ

5 `�3 M1* Â � m1. 2 ��9d5, column

assay3 4�� �	�F 6, 78� <<9d, < C

8B9 �M [� " DE� G	3 ()�01. ()

#� �	�� �U� VWi 6, 78�� �U�

VW� 1>15 �� ¤��ax HIl � mKab,

LM C8 ¨8� ��9 ±² �	�5 KClAH

MgSO4 �� ù¡ ,-�� [� " DE3 7RPm

� mK5v, A5 �	�� �U� VWA q���a

x �ÛM ��R mº� nP�5 �ax q<r1.

�	�� �U�BA +* �UAH KCl, NaCl �

� C8F ,-�5 '°3, AB C8R #$	Â n

HIH5 &'ax ()Â � m5v, A5 #$	 �

$9d R� ®$r �.3 A¸�oµ �U�F� '

X ,-A ¯DS� no9, 6, 78�9 :�� �

	�� �U� VWA �¨�� #$ %�9 @ZM

=>� �
5R3 ()ëaxê � �¿ � m1. c

hH �_x5, �3 B@, 1%� �"�9d �A d

d£ 7�S@ "!A #$	S5 �$i, pO�ax

"�� �ER 7RS5 �� ªaÊx(column assay

9d ()M ãF ªA "�� �ER 7R�¡ S�,

"! U�� 0"A Pt, " ER Pµ5 �� ªA),

�	�R 6, 78�F ªi U�VW '°x S�
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no9, �	�R "!� #$	9 �
5 =>A �Z

0a�²* õ�r1. ±²d C8� "! #$	3 (

)�5 2 ��9d5, �	� *}� �U� VW `

�3 ��x }µPQ�d ()�� � , "�� 7�

DE3 �D�¡ �5 �
3 /"�01. Zq "��

}� r²AÖ9 RØ�� s¡ E,Peab, A }�

r²AÖ3 60oC� ). \t9 B@ m5 60oC�

RW- �9d uD�¡ 7�Pvaxê, ù¡ #$	

3 A¸E' �01. AF ªA uD�¡ "�� 7�

Pvaxê HIH5 #$	9d, �U� VWA "!

� #$	9 @ZM =>� �
5R ���� ���,

"�� �E3 1%F 5%x pA3 k@ ()�01.

�wx qw J� C8� �E5 0.8%~0.9% $EA

Êx, C8"�� �ER 1%² ëi :�� qw J

C8 [��� �EF :wM �àA*, ,�9 C8

�ER 5%² ëi qw J C8 [��� �E9 :

�� �Ï£ �i �àAÊx, :� ()� ��R m

1* q<r1. M�ax, C8"�� �ER 10%9

A>� �|U� qw �!A :��	 S5 �i �

à� �E9 A>¡ Sb, A YZ95 �	�� �U

� VWA ½¡ xyS@d 6, 78�F ªi ��

	�� ��� �6 �ax �'S@, 10% �E� C

8"�i ��9d _ò�01. @z�, 2 ���

column assay9d " DE� pA3 �0J �§��

C8� NaCl� KCl� /"��, 1%F 5% �"�A

uD 7��� #$	3 A{ n HIH5 #$	 �

.3 ()�05v, 1%� �"�� 5% �"�A u

D 7�Â n HIH5 #$	R dx 1>¡ HIü

� � � mK1. A�ax|8, 1% �"� J9 À

Á�5 �U� VW '°F 5% �"� J9 ÀÁ�5

�U� VW '°R dx 1Ô �� ¤��ax �

� mK5v, A�i �� uD 7� � HIH5 #

$	 &'9 =>� ?K� noax q<r1. �wx

1% �"�A² Âµ²E dd£ 7��� 7��$9

d �öS@d 5% �"�A S� no9, "�A [

�£ 7�SK� n �A5 #$	 �.95 4 pA

3 �Aµ �¡ r1. cÓv 2 ��9 /"r uD

7� ��ax Si #$	 �.� YZ, 1% NaCl

�"�i, 7�S5 |�9 ±²d x" � j&, F�

R L5 G j&� #$ �.R HI�*, E,§2�

J|9d5 ?x ?E j&A HI�ab (²�Ö�

K�wR ¤� HI�1. 5%� NaCl �"�i, E,

§2� ?G� J|9d jk ½* 0i (²�Ö �

.� K�wR ?x HI�1. c�* KCl9d5 1]

pAR H5 #$ �.3 HI|5v, 1% �"�i

E,§2� ?G Y¯|�9d J|x }�' L?M

j&� G j&� #$ �.3 �0ab, 5% �"�

9dE L?M j&AH G j&� #$ �.R K�

w� (²�ÖF ë© ()SK1. A5 2 ��9d

/"r uD 7� ��� #$	 �� ��9d, 1%

H 5% "� J9 ÀÁ�5 �U� VW� '°9 ±

²d, uD7� P~ �� #$	9 dx 'AM #$

w �.3 ��15 �� ��M1. �£ 2 ���

b��, �	�� �U� VWA 6, 78�� �U�

VW� @� pAR mab, AhM pApA qw J

� [��! �9 @� =>� �
5R3 ����

���, 6, 78�9 :�� �	�R, 1%, 5%�

NaCl� KCl �"�� #$	 �.9 �
5 =>9

(]� j�1. #��ax, 6, 78�9 :�� �

	�9 " r NaCl� #$	 OER �Z \]SK

aH, #$ �.5 �Z P¥5v 1% NaCl� YZ9

5 6, 78�9 :�� �	�9d ?E j&AH

F�R j&, x" � L5 G j&� #$�.� ½

�R 7RSK1. c�* 5% NaCl� YZ95 6,

78�9 :�� �	�9d K�%� (²�Ö �.

� #$w ½�R ½¡ 7RSKab 6, 78�9d

5 (²�Ö ]#$w� VWA �¡ ¾ÁS@ mKa

H, �	�9d5 (²�Ö ]#$w� VWA fîS

@ mK1. M�, KCl9d5 6, 78�9 :�� �

	�3 /"M 1%F 5% KCl �"� jk9d #$

w� B�R ¬¤ 7RS@ �0* ½�R �Z ½*

#$w �.R �Z 
f�¡ fîr (²�Ö #$w

R ()SK1. chH, (²�Ö ]#$w� VWi

6, 78�9d5 �� ¾ÁS@ mKaH, �	�9

d5 dx �#S@ fîr %°x HI�1. AF ª

i #�3 ¨¶��, 6, 78�9 :�� �	�3

/"M 1%F 5%� NaCl� KCl �"�A uD 7�

P9 HIH5 #$w �.9 }�� m5 pApA

()SK5v, 6, 78�9 :�� �	�3 /"M

NaCl �"�i pO�ax P1y #$w3 %��0

ab �wx \]r #$	 OE3 �0*, KCli 6

, 78�9d �1 �	�3 "�x /"M YZ9d

#$w� ½�R ½* #$w� �.R áâ 
fM

&'� �01. A5 column assay9d �	�R
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NaCl� [� " DE3 \]PQ5 ~'� (�A m

5v, �£ �	�3 /"M 1% NaCl �"�9d #

$	 OER \]r �i, 6, 78�9 :�� �	

�5 NaCl� ,-�� @�¦ �U� VW� Ù* m

aÊx, �	�R NaCl� #$	3 �  d #$	

OER \]�� no� �ax õ�r1. M� KCli

6, 78�9 :�� #$w ½�5 7RSK* #$

�.E áâ 
f�¡ HI�ab #$w� B�E ¬

¤ 7RS@ �05v, A5 column assay9d KClA

6, 78�9d �1 �	�9d " DER ¬¤ 7

R�5 ~'� (�A m1* q<r1. T, �	�5

KCl� f��¡ 0"Â � m5 U�VW� �* m

aÊx, 1%F 5%� KCl �"�� uD 7�P9 �

	�� �U�R KCl� f��¡ 0" d KCl #$

w� ½�R Pµ* #$�.R �1 
f ¥1* q

<Â � m1.

+*5, �	,-� 4��  %x Y	S5 �!x

d A�A +`#$w3 gB¡ S5v, AF ªi �

!A �� �	,-�5 YZ95 �� ��� HIJ

5 �U� VW '°R �ÛM =>� �
¡ r1.33,34

�_x NaCl� KCli, +*� �	,-ax Y	S@

µ5 DEF +*� YE3 .%�� ���, �R_x

/"S* m1.35 2 ��9d5 column assayF uD

7� #$	 ��9d, �	�R NaCl� KCl� C8

9 ±² dx 'AM #�3 �A5 �9 �®��,

�	�R +*� �	,-9 �
5 =>� ()�*

� �01. 6$�(¬ 10 mg)� +*3 5 µL� 6,

78�F �	� <<9 5[¤ �, #�x /i �,

}� r²AÖ9 E,§2� gB@ ~�Yax ()

�01. AhM �� ��i �Z ¤Ï�* Á��A

Z��b ,�P9E Ò� ­6M #�3 S� � m

K1.

2 ��9d sM +*� �	,-i, 6, 78�9

:�� �	�3 /"M YZ9, Y	R NOS5 ~'

A ()SK5v, 6, 78�9d5 +* ]#$wR

?@A�* ¾g�¡ Q@t mKab :�� 0i ã

� j&� #$w �.3 A¸ÒH 0i �}j&�

]#$wR ��O %°x HI�5v, �	�9d5

+*� ]#$wR dx f��¡ �#S@d �¡ j

&� #$w �.3 ÍA �0* #$wBA fîS@

P1y H@�3 A¸5 #$w &'A ��¡ ()S

K1. ±²d 6, 78�9 :�� �	�5 +*�

�	,-9 �íS5 =>� �
5 �ax HI�5

v, A5 �"E �	�� �U� VWA Ù5 �ËA

+*� �	,-9 =>� �� �ax q<Sb, �	

�R +*� �	,-� NOPQ5 #�5, :' +*

� �	,-A ý�� ,-9 ?��µg M�ax q

���� �9d �Z ��R ½1* q<r1.

#��ax �	�5, 6, 78�9 :�� NaCl�

KCl <<9 <� 1Ô =>� ��d, AB C8B�

" DEF #$	9 �AM G	3 HIH¡ M1. L

M 6, 78�9 :�� �	�5 +*� �	,-�

NOPQ5 #�R ()SK1. T, �	�� �U�

VWA NaCl ; KCl� 'X ,-�� NaCl� YZ

95 [� " DE3 \]PQ* #$	3 ^_PQ

5 `�3 �0ab, KCl� YZ95 [� " DE3

7RPQ* #$	3 RDPQ5 `�3 �01. c�

* +*� Y	9d5 6, 78�9 :�� �	�R

+*� #$	3 7RPeab, �1 
fM �.� +

* #$	3 gBK1. AhM #�Bi jk 6, 7

8�9 :�� �	�5 l�M �U� cluster VW�

�* m� no9,36 <<� C8 L5 +*F� �	

,-9 pA3 ��1* Â � m1.

� �

2 ��9d5, C8� " DER 6, �.� 78

�F �	�9d @�¡ 1ÔR3 ./�01. C8�

¨89 ±² " DE� pAR mº� ��ab, LM

+* ; NaCl, KCl 9 ��� 1%F 5%�  �E

C8� �"�� gB@ #$	 &'� ()�05v,

#�5 1º� ª1.

1. Column assay3 4M C8B� " E �$#�,

" DE� pA9 ±² �"� C8B� � ¨8x

H1 � mK5v, 23 ¨85 �	�9 �  " D

ER \]S5 C8B, NaCl, HOC(CO2Na)-(CH2CO2Na)2-

2H2O, CH4N2O, (NH4)2SO4, æ3 ¨85 �	�9

�  " DE� G	R ÿ5 C8, KH2PO4, 63 ¨

85 �	�9 �  " DER 7R�5 C8B,

KCl, NH2CH2COOH, NH2C(CH2OH)3, MgSO4, H3BO3

AK1.

2. 1%F 5%� NaCl� KCl �"�A �D�¡ 7

�	 n HIH5 #$ �.3 ()�05v, NaCl�

YZ 6, 78�9d �1 �	�3 "�x /"�0
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� n #$w B�5 \]SKµg #$w� ½�R

~ �¡ 7R�0ab, KCl� YZ 6, 78��1

�	�3 "�x /"�0� n #$wR »¼ ½*

#$w� �.E �Z 
f�0ab #$	 OEE 7

RS@ HI�1.

3. +*� Y	 �$9d HIH5 +* #$ �.

3 ()�05v, 6, 78�9d(25.3±4.57) �1 �

	�9d +*� #$	 OER 7RSK*(36.8±

2.06), #$w �.5 á 
f�0ab, �	�3 /"

M +* #$	 �$9d #$wBi dx *� j&

� �# �.3 A¸* mK1.

A'� ªA, �	�5 �.�� 78�F :�  C

8� " DEF +* ; C8� #$	9 'AM #

�3 �05v, A5 �U�F C8 L5 +* /A�

'X,- pA3 ¤��ax HIJ5 �ax, �	�

� �U� VWA 6, 78�� �U� VW� 1>

¡ S@ m@, �	�R 1Ô C8H +*9 �Ë�a

x 0"M noax õ�r1.
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