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ABSTRACT. In order to know the physicochemical propertics of magnetized water. the experimental
metheds of column assay. crvstalization of salts and gypsom have been explored to clucidate the cticets of
magnetized water on the solubihty specd of salts. ervstal pattern from salt aqueous solutions. and gypsom ervs-
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lal patiern. respectively. In the column assay for salt solubility the magnelized water showed the decreased ini-

tial solubilitv speed of NaCl and slightly inereased initial solubility speed of KCI. however. the maximum

solubilities of NaCl and KCI in the magnetized water were almost same in the double distilled waler. respec-

tively. The column assav also indicaled that the magnetized water showed the decreased initial solubility speed

of urea (CT1,N,0). sodium citrate (I IOC(CO,Na)-(CH,CO,Na),-21 1,00} and (NI ,}, compared (o the double dis-
lilled waler. while slightly increased solubility speed of glveine (NHLCILCOOIT). borie acid (11,130,). MgSQ,.
Crvstalization of 1%s or 3% salt aqueous solutions by rapid cvaporation disclosed that the magnetized water
produced more condensed and bigger ervstal structure than the control water. The pattern of gypsom crystal
tormation also indicated that the magnetized water enhanced the crystal formation in the hydration reaction of
gyvpsom plaster compared to the double distilled water. Taken together. 1t was presumed that the magnetized
water showed the different phyvsicochenucal propertics n the mteraction with vanous salts. especially showed
the contrast results between NaCl and KCI
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Fuble 1. Measurement of dissoulution speed of vanous salts at 253 °C,

NaCl (NH,):.80, Urea Sodium citrate RC1

Iraction
Control water  Magnet. water  Control water  Magnet. water  Control water  Magnel. water  Control water  Magnet water  Control water  Magnel. water

1 1.3404: 0.00000  1.3370:0.00000 1.337R10.00143 1.33&R10.00186 1.3393:0.00168 1.3389:0.00119 1.338410.00163 1.3373:0.00135 1.336310.00000 1.3369 :0.00000
2 1.3463: 0.00101  1.3423:0.00077  1.345910.00204 1.346710.00246  1.3489: 0.00268 1.3461:0.00257  1.345610.00216  1.3434:0.00265  1.340910.00099 1.3415:0.00071
3 1.3329: 0.00132 1.3482:0.00173 1.354310.00188 1.354510.00262 1.3589 0.00265 13568 0.00283  1.353010.00238 1.3503:0.0028G 1.3453310.00072 1.3465:0.000063
4
5

1.3384: 0.00130 1.3347:0.00171 136251000152 1.361910.00239 1.3665 0.00203 13638 0.00305 1359710.00250  1.3572:0.00321 1.349R:0.00096 1.3507:0.00081
369510.00168 1368410.00242 1.3737 0.00321 136890 0.00526 1.366410.00323  1361R:0.00401 1.353510.00128 1.3543:0.00048
37591000211 1374610.00221 1.3777 0.00188  1.374R 0.00275% 1.372910.00369  1.3706:0.00395  1.356610.000063 1.3570:0.00054
3R1410.00259 1.379910.00227 13813 0.00193 13792 0.00252 1.379410.00398  1.3778:0.00475 135861 0.000066 1.3589:0.00074
8 1.3727: 0.00263  1.3708:0.00071 138601 0.00249 1.384610.00210 13837 0.00164 13817 0.00214  1.385410.00427 1.3846:0.00529 136001000085 1.3604:0.00094
9 1.3743: 0.00299 1.3731:0.00093  1.389410.00244 1388410.00196 13833 0.00122 13837 0.00157 139101 0.00430  1.390610.00514 136141000089 1.3615:0.00107

]
1
1
1.3633: 0.00131  1.3602:0.00140 1
1
1
1
1

100 1.37537:0.00316  1.3746:0.00132 1.392110.00210 1.391610.00157 13866 0.00088 13832 0.0014H 1.395710.00365 13938 -0.00478  1.362310.00095 1.3623: 0.00118
1
1
1
1
1
1
1

6 1.3672: 0.00170 1.3643:0.00112
7 1.3702: 0.00208  1.3682: 0.00091

11 1.3766:0.00360  1.3738:0.00148 139401 0.00155 1.393710.00107 13871 0.00123 13862 0.00137 1.399510.00277 13998 -0.00437  1.362910.00099 1.3628: 0.00128
12 1.3769:0.00365 1.3763:0.00160 1.395310.00115 1.395110.00111 13867 0.00272 13868 0.00128 1.402410.00202  1.4023-0.00353 136331000112 1.3631:0.00146
13 1.3772:0.00369 1.3770:0.00162 1.396210.00084 1.396110.00066 1.3879 0.00108 13873 0.00132 1.404710.00141  1.404210.00317 1.3633:0.00119  1.3630:0.00153
14 1.3771:0.00380 1.3771-0.00173 1.396810.00064 139681 0.00065 1.3882-0.00103 1.3878-0.00121 1.403810.00109  1.4039-0.00186  1.3632100.00129 1.3629:0.00171
15 1.3774:0.00382 1.3771-0.00176  1.397210.00036  1.397210.00043  1.3879-0.00080 1.3879-0.00129 1.406310.00075  1.4067-0.00133 1.362910.00143  1.3624: 0.00187
16 397310.00034  1.397310.00037

17 397410.00035 1.397510.00022
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Tuble 1. (continued).

I'raction

KH.PO,

Glyeine

Bornc acid

Trzma-base

eSO,

Control water

Magmet. water

Control water

NMagmel. water

Control water

MMagnet. water

Control water

Magnet. water

Control water

Magnet. water

Ao W N

16
17
18
19
20

1.33536=0.00071
1.3389: 0.000RS
1.3418: 0.00070
1.3439: 0.00057
1.3433: 0.00060
1.3464: 0.00054
1.3471: 0.00060
1.3477=0.00061
1.3482=0.00072
1.3486=0.00076
1.3490=0.00062
1.3494=0.00073
1.3496=0.00073
1.3499=0.00073
1.3501: 0.00068

1.3338=0.00073
1.3391: 0.00103
134200 (L.00113
134400 (L0009
134541 (LO0084
1.3463: 0.00063
134731 (100066
1.3478+0.00071
1.34830.00069
134870000635
1.34910L00059
1399401 00080
1349701000735
1. 3500000067
1.3302- 0.00063

1.33531x0.00057 1.3366+0.00082 1.3333=0.00018

1.338410.00128
134301 0.00163
1.347310.00174
1.351210.00190
1.354510.00163
1.357110.00131
1.3591£0.00112
1.3606+0.00096
1.3618£0.00078
1.3623£0.00073
1.3631£0.00050
1.3634£0.00040
1.3637+0.00029
1.363710.00032

1.240910.00129
1.345610.00143
1.349610.00143
1.353110.00127
1.355810.00126
1.357910.00093
1.3595+£0.00086
1.3607+0.00060
1.3617+0.00051
1.3624£0.00039
1.3629+0.00045
1.3631£0.00047
1.3634£0.00037
1.363510.00039

1.333710.00042
1.3340 0.00029
133441 0.00035
1.334710.00028
133501 0.00025
1.335310.00021
1.3333+0.00021
355£0.00026
356£0.000235
357£0.00023
357£0.00016
357£0.00015
357£0.00015

1.3
1.3
1.3
1.3
1.3
1.3
1.335810.00020

1.3334£0.00015
1.333710.00019
1.334110.00021
1.334510.00022
1.334710.00019
1.335110.00011
1.335410.00011
1.3355£0.00019
3356+0.00016
3357+0.00019
3357x0.00015
3338x0.00007
3358+0.00008
3358+0.00008

1.
1.
1.
1.
1.
1.
1.335810.00004

1.3364£0,001353
1.332410.00333
1.3496 1 0.00423
135611000443
1.359710.00500
1.3666 : 0.00336
1.370810.00283
1.3741£0.00225
1.3769+0.00179
1.3787+0.00152
1.3805+0.00154
1.3816+0.00164
1.3825+0.00164
1.3829+0,00163
1.383310.00181

— o o o e b e e b b e b e .

3380£0.00161
345110.00219
332210.00226
338110.00190
36341 0.00152
367810.00113
37161 0.00101
3749£0.00101
3776£0.00100
379420.00092
3R10£0.000935
3820£0.00108
3826000116
3830£0.00136
38321000159
3774-0.00382
3791-0.00514
3806 0.00448
AR16-0.00369
AR27-0.00295

1.3367£0.00206
1.339810.00377
1.343510.00390
1.34701 0.00397
1.349610.00397
1.35201 000365
1.354610.00347
1.3572£0.00373
1.3601£0.00440
1.3628+0.00470
1.3655£0.00549
1.3683+0.00610
1.3711£0.00634
1.3735£0.00657
1.375610.00622
1.3801 10000297
1.3816100.00217
1.38281 (100158
1.3835 10000119
1.3841 10100106

1.3381+0.00090)
1.343710.00138
1.34761 0.00096
1.350310.00136
135301 0.00170
1.355210.00256
1.357210.00323
1.3596+0.00381
1.3621+0.00427
1.3648+0.00452
1.3677+0.00470)
1.3705+0.00461
1.3732+0.00420
1.3759+0.00385
1.378210.00335
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Column assay for salt solubility. #Fghr7t o F
o] galdel AT e BL B3k 954 T
Feol weh Aok gleg Adakind ol BE 2
Al group 2 v G gk A group Uil H

FFe] FRTYe} Atahee flale] Bafd = 3
iz GRSl EF group> AhEHEel] ©] sl -"-bﬂ
Aol T o33 WA i Firel . AR group

ol }L;,}I._-_E uﬁ];].y_l, zl_fl_/':o]l o]b]. NaCl K¢l cv'l A4 —rol 737—];]. Ob\o}o“ L o 121

A 7 NaCl.  HOCCONa)-(ClLCO-Na),-
2H.O. CILNO. (NH).SO, 3¢ A% & 10mlel
o] & A 1gd Ul =l A Az adnt &

group.,

frol| M B} 2kabeel A el &= 44l SRe-
$edtdl 11 oM E NaClzb CHN,CY &=}

ks A%l VR ¥ AFENG 44 a0l e
‘il‘*‘]- B3] NaCle] ASell= 27 (ractionel A §-€]

L3l & 07) 7 age] vieRd e 1ICHA fuctionFE]
v g S0 ke dR SRl Sdew 7
o AFsh: Ag 2 5 ATk 22T CHNCH

A polss Ashrel el SaHE Bt FoEH Lol
Vel ALl 1287 facoirel| A o)L EF0]
Lol &2 Y FoiR)= FAhS Bols 7o el A

ol e 27| Seldiis NaClRYR= CILN.C7H
o] AFe¥s AHE vlEbek: AE b & oddle
(Fig. 1)

E5) group: AHEHel A BHEEe Wt 23 9
= KILPOQIY. o] Q9FE $aildiir} el 5

Agrel slslel a5t BhHE GFEL 25 FE
sholom o]fe] B Asbe ket Rkable 1), Feel wlmal Aol ALl 2ho| 7} Qlaivkrig 2)
NaCl sodium citrate
1.4200
1390
1.3600 1.4000
13100
1.3800
13600
13500 1.3600
1 UR 13400 | o2
130 = =k =CONICA walel: = 0.9980 - «4- =coNlsol wates. 1~ O 9382
—a—magnetized water, 1 D UE4 1.3200 ¢ —8—magnenzed water. 1= 0.9967
1.3200
1.3100 PR SN SOOI SRS S R 1.3000 PO T S N S S W T S ST S ST S |
12 3 4 5 B 7 B 9 10 1 12 13 14 15 12 3 4 5 6 7 8 9 0 N 12 13 14 15
Urea ( 1,80,
1.400 140
1.390 1.400 |
1.900 1.350 p
1.0
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Fig. 1. Salts exInbnting deercased solubality speed i the magnetized water at 25 °C. (X avis: fraction, ¥ axis: refractive index).
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Fig. 2. Salts exhibiting increased solubility speed in the magne-
tized water at 23 "C. (X axis; fraction. Y axis: refractiv index).
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Fig. 4. (.rystahzatmn pattern of 195 and 3% NaCl solution intenmediated by magnetized water. ac.e: 190 NaCl in the control

water. b.d.fZ 190 NaCl in the magnetized water. g: 3°» NaCl in the control water. h: 5%« NaCl in the magnetized water, The mag-
netized walter produced bigger crvstal formation than the control water.
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Fig. 5. Cryvstahzation pattern of 1%0 and 3%» KC1 solution intermediated by magnenzed water. ac: 120 KCIin the control water.
b.d: 1™ KCI in the magnetized waler. e.g: 3°o KCl in the control water. £h: 570 KCl in the magnetized water. The magnetized
water produced compact ervstal structure than the control water.
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Fig. 6. Crvstalization pattem ol gvpsom intermediated by magnetized water. a.b. control water. a: x100. b. x400. noted the

coarse crvstal pattern. ¢.d: mangetized water. ¢: x100. d: x400. noted the compact ervstal patiemn. e; contol water. x600. needle
like crvstals were not organized, £ magnehzed water, X600, needle like ervstals were well organized.
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