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ON THE MECHANISM OF THE PROCESS OF MAGNETICALLY

TREATING WATER

By

A. N. Kirgintsev, V. M. Sokolov and N. I. Burlakova

The magnetic method of treating feeder water for steam producing aggregates,

discovered in 1945 ril , acquired broad applicaticn over the entire world. The

effect of magnetic devices on feed water apoears in the fact, that the salts dis-

solved in the water senarate in steam generating aggregates preferably in the form

of sludge, and not in form of solid scales. The mechanism of the given ohenomenon

remains nnexplained to this day. In literature [2-63 the points of view on the

process of magnetically treating water differ from each other, and still they do

not take into consideration the changes in salt comiostiion of the water after

same has been treated in a magnetic aoparatus. Consequently it became logical

to seek the cause of the phenomenon in the nurely physical effect of the magnetic

field on solutions.

In this report we have not made it out business to evaluate the nhysical

view-points L2-63 because the data on C33 indicate substantial iron corrosion

characteristics (noles of magnetic devices) in the magnetic field, as result of

which a black nroduct - magnetite is formed. On the basis of iron corrosion

characteristics in the magneLic field, it was considered advisable to establish

what kind and in what amounts of corrosion nroducts are acquired by water and to

what extent these oroducts may affect sludge formation.

Experimental nart

The exnerimental water was processed in three electromagnetic devices (devices

1, 2, '3). Devices No. I and 2 differ from each other only by field capacities

and in the diameters of Doles. In aToaratus No. 1, the nole diameter equals 10 mm,

and in apparatus
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No. Z - 20 mm. Structurally they are identical and represent an assembly of 6

horseshoe shaoed electromagnetic (Fig. 1). In the interpolar spaces of these magnets

is inserted tube 1 (brass or glass depending uoon the experiment). Field intensity

in tube 1 is boosted by a steel core 2. The tested water, flowing over tube 1, is

subjected to the effect of the magnetic field.

Apparatus No. 3, (Fig. 2) represents a bipolar cylindrical electromagnet, the

yoke of which consists of two steel tubes 1 with flanges, interconnected by steel

bolts 5. These bolts transmit the magnetic flux, excited by coil 4 wound over

a bronze spacer ring 3. In the yoke is situated the core 2, centered by screws 6.

The examined water is passed through gap 7 of 1 mm in width and is thus subjected to

the effect of the magnetf - field. Magnetic field intensity in gap 7 was measured

by an induction method [72.

"A J\O

IVD

71V

Fig. 1. Electroragnet:c aDparatus No. 1 Fig. 2. Bipolar cylindrical electromagnetic
and 2. 1-tube; 2-core; a-treated water; apparatus No. 3; 1-yoke; 2-core; 3-coil;
b-untreated water. 4-spacer ring; 5-clamoing bolt; 6-adjust-

ment screw; 7-gap; a-treated water; b-un-
treated water.
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Effect of Magnetic Treating on Distilled Water

Many authors report about an increase in oH of the water as result of its

being treated in magnetic devices. In our experiments distilled water was treated

in devices No. 2 and 3. after the outcome from which samoles were taken under the

water, which enabled to avoid volatilization and absorption of gases as well. In

the samoles was determined the pH value, contents of free CO2 and 02. The

experimental results are given in tables 1-4. In the corroding apparatus No. 3 the

pH of the water rose (Table 1,3) whereby the oH depends upon magnetic field in-

tensity (Table 1). The C02 content in orocessed water remains unchanged (Table 3).

Processing of water only by exposure to the magnetic field (water was passed in

apparatus No. 2 through glass tube), also does not change the C02 content, but the

pH also remains unchanged (Table 2). The oxygen content in the water after being

processed in device No. 3 decreased. Iron corrosion products in the water should

according to the theory of electrochemical corrosion CB) give ions of di-and

trivalent iron. Qualitative reactions shoved in the presence in water, processed

in apoaratus No. 3, of divalent iron ions and absence of trivalent iron ions.

Table 1. Dependence of oH of distilled water uoon the processing at various
magnetic field intensities in the gap of the electromagnetic apparatus No. 3
(oH of initial water 4.2; rate of flow 1.2 cm/sec),

Intensity of constant
magnetic field in 420 520 650
Oersteds.

pH 5.18 5.47 5O00
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Tae > BoT

Table 2. Behavior of CO 2and pi* in water processed by the magnetic field of
apparatus No. 2 (glass tube)

No. of exoeriments 1 2 3 4 5 6

C02 content, mg/i 99 97 96,7 96,2 90 94

oH 4,65 4,65 A,65 4,65 4,65 4,65

Intensity of 0 600 1000 1200 1400 1600
content magnetic
field in Oersted

Qualitatively divalent iron ions were determined by titration in an acid medium 0,

01 N solution of K2Cr 207 with diphenylamine. Total alkalinity aas determined by

titration with a 0,01 N HCL solution with methyl orange. For distilled water

with DH, equalling 4,30 after treatin1g oH = 4,42 De- =12,4 mg/l, total alkalinity

- 0,000437 g. eq/i.

Table 3. Behavior of C02 and oH under effect of processing in electromagnetic
apoaratus No. 3

No of exneriment 2 3

Nature of water orocessed unprocessed proc. unoroc. oroc. unproc.

CO2 content mg/l 28,9 28,6 29,7 29,5 398 380

pH 5,40 529 5 ,9 5,27 4,6 4,23

Table 4. Behavior of oxygen under effect of processing water in electro-
magnetic aooaratus No. 3.

Content of oxygen ma/l in exoeriment
Nature of water I 2 3 2T1

Unnrocessed 3,65 3,05 392 302
Processed 1,55 1,55 2,34 |2,52

4

Corrosion of iron in magnetic field

Corrosion of iron in magnetic field was observed in general outlines by the
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corrosion of steel poles (Fig. 1 and 2) of apparatus No. 3. These poles as

result of corrosion were coated with a black slimy oowder which, as shown by X-

ray structural analysis, appears to be magnetite which is in perfect conformity

with report C3)

Of greatest interest was the establishment of the effect of magnetic field in

tensity on the formation of Fe". For this purpose, distilled water with a pH =

4,30 was passed through apparatus No. 3 at a rate of 1.2 cm.sec. The oH was due

to orevious saturation of the water with carbon dioxide. Only the magneiic field

intensitchanged. Fig. 3 illustrates the detected dependence. In all these

experiments the nosition of the maximum on curve (Fe'" - H was reproduced stably,

but the value of the maximum changed from exoeriment to exoeriment. For this very

same distilled water at a field intensity of 650 Oerst. was established the effect

of rate on the formation of divalent iron, which is illustrated in Fig. 4.

-. 1 fF 1, "pI RM

i's J3 5,4

22-

JU" 609 PU Js.•.__._,_.____
ekopecmh., Cev/fWa

Fig. 3. Denendence of formation of Fig. 4. Denendence of formation of di-
divalent iron ion on magnetic field valent iron ion and pH upon the rate of
intensity rate of water flow 1.2 cm/sec flow of the water. Initial oH of water

4,2 and magnetic field intensity 650
Oerst.

Simultaneously for these samoles was determined the pH value, which, as is evident
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from Fig. 4, is in perfect conformity with the change in iron content. The

formation of a divalent iron ion consumes oxygen, which is confirmed by data of

table 4. A calculation will easily show that the decrease in oxygen is in con-

formity with its consumotion for the formation of iron.

Crystallization of dissolved salts

The results of our exoeriments with the use of apparatus No. 3 are in P.gree-

merit with literature data, but, besides that, it is established that treated water

acquires the ion of divelent irm. Aooaratus No. 3 differed from industrial de-

vices only by smaller sise of working ga•p (Fig. 2 and ?). In this conneetion

we assume that waters treated in industrial co~aitions also acquire Pe'". Hence

comes a princivally imrortnt conelusion about ths Wfeet of Fo"e" on the formation

of sludge. Por this nurnose were siwde experisents on the e-eystelli sation of

dissolved alt during evanoration. The criterion for the ,valiatioa of the

erystallization nroeess was the awount *f avaoorated water in nereentages at the

moment of einwearance of the first crystals, visible by the naked eye. Selection

of that value in the role of criterion is co.neeted with the flct, that crystaliiza-

tion in treated vaters take ,1l4ae with 1,erferable teelo~aent of the sludge

ferming nroces, which Indicates e fteilitotibn of seed forniti. Consequently

salts erystallisation in treated water during evaporation should begin at smaller

conieelwtatlus of lissolved salts. I majority of natural waters contains calcium

sulfate, vhich a'pears to be a typieca scale former, its solutions are therefore

selected as objects of investigation.

Evanorated were samnles vith CaSO4 content of 0.28 g/l. Some samnles of sach

concentration were nrepared by oouring together 1 : I of ordinary distilled water

and a calcium sulfate solution with a concentration of 0.56 g/l. Other camples werre

prepared by pouring together 1 : 1 distilled water, after preliminary processing

in apparatus No. 3 and having Fe... = 0,0001 g/l, with a calcium sulfate solution
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with a concentration of 0.56 g.l. In samples prepared by the first method, the

first crystals apneared upon evaporation of 65% of water, and in samoles, prenared

by the second method - during evapora^tin of 25% of water.

During the evanoration of a solution containing 0.56 g/l CaSO4 the first

crystals were formed during the evaporation of 24% of water, and from the calcium

sulfate solution of same concentration, but first treated in anparatus No. 3 at a

rate of flow of the solution of 20 cm/sec and magnetic field intensity of 650

Oerst., - during the evaporation of 2% of water. CLc-ientration of Fe.. in the

treated solution equalled 0,0008 gIl.

Further experiments were carried out with the use of aonaratus No. 1. Three

tynes of samples have been prepared but of identical calcium sulfate concentration.

Samples of first tyne were prepared by dissolving calcium sulfate in oMinary

distilled water; samnies of the second type - by dissolving calcium sulfate in

distilled water, having undergone treatment in apparatus No. 1 (Fig. 1) vith tube

1 and corroding steel core 2: samples of type three - by dissolving calcium sulfate

in distilled water, having undergone treatment in apparatus No 1, but instead of the

corroding core was inserted a similar one but orotected against corrosion by

chrome olating. The first crystals during concentration/evaporation of first,

second and third kind of samples were formed unon evanoration of 75, 25% and 75% of

water respectively.

Evaluation of experimental results

Known data from literature sources, that in treated waters the oiH rises and

iron narts of magnetic devices are coated with magnetite, are confirmed by our

experiments. In addition, it was established, that in waters, treated in corroding

devices, appears a d'valent iron ion and the general content of C02 remains un-

changed, and the 02 - content decreases. When water was treated under the pure

effect of the magnetic field (treatment in noncorroding apparatus) the pH value

and C02 content have not changed. It was further established, that in samples
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containing water, processed in a corroding apparatus, the formation of crystal

was much sooner, that in samples, containing water, processed under the pure effect

of the magnetic field, and in subsequent crystallization of sslts took place just

as in samples containing only ordinary water.

A rise on pH in treated water is explained in reports [5 and 63 by the

rupture of hydrogen bonds under the effect of the magnetic field, but in these

very same reports is shown, that the viscosity of the water after treating rises,

and the separation of hydrogen bonds decreases the viscosity of the water C9]. In

distilled water oH is determined by the 002 content, since W2 as result of nro-

cessing remains in solution in unchanged amounts, then the rise in nH, on the basis

of our own experiments, would be best explained on account of the appearance of a

divalent iron ion. The conformity in the change of iron content and change in noH,

which is illustrated in Fig. 4, speaks in favor of such an exolanation. It is

stated in reportst5 and 6) that the nrocessing with the magnetic field decreases

the solubility of gases; but in general the 002 i our oxoeriments, has not changed,

and the reduction in oxygen content should be out on account of iron corrosion.

Formation on steel components of magnetic devices of a black slimy magnetite

powder speaks about the characteristic features of iron corrosion in magnetic

field. The fact that such characteristics do exist in indicated in Fig. 3, show-

ing the dependence of corrosion unon magnetic field intensity.

Disolacement of salt crystallization in direction of sludge formation is

attributed by authors U2-6) to the purely physical effect of the magnetic field on

the solution. But exneriments on concentration/evaporation of calcium sulfate

solutions indicate, that is the water was treated in a corroding device, that salt

separation much sooner, even before saturation does take olace, e.g. during

concentration/evaooration of 2 and 25% water, respectively.

In the first case the san.nles contain Fe.., in the second none. Fe.. is i•ot
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contained in samples, in which the water was treated in noncorroding devices.

Salt crystallization in these samples begins, as in ordinary water water samples,

i. e. unon the attainment of natural saturation. It can be assumed on the basis

of these facts, that Fe... forms upon heating FeCO3 and serves as oeed former

during the crystallization of salts in the volume of the solution, esoecially

since iron carbonate has the structure of calcite. The magnitude of ion radii
0

for Fe+-H, equals 0.8 A, and for Ca++, it equals 1 1 but it is no hindrance to

such a possibility. In boiler waters the basic role is rilayed b7 the CaCO 3-

CaSO4 --H2 0 system. Treated water offers a system Fe@0r-CCaOy-aSO 4 -H. The

values of solubility reproduction of coanonents of these system eq'aal:

Samole re •o'- 2,5. S-10, S 'le€.ca 4,8 - 9,9 1" SIanleeg-- 6,1 - 10".

A comparison of samoles for FeCO) and Wo e shove, that from the FeCO 3

Solution is formed first CaMO3. In favor of slu•ge foraing effect of FICO,

speaks the seraratieo of salts during its oresent far from the ioint of sat'iration,

which may indicate the formation of less soluble sixed erystals of the FeC0 3-

CaSO4 type.

It is known that treated water nreserves the acquired quality for about 24

hrs after which it disappears. This can be exolained by oxidation of Fe.. dissolved

by oxygen, as result of which is formed Fe (OH) It is evident from Fig. 5 that

oxidation of divalent iron in open samples is much sooner, than in closed ones, and

it is understood herefrom, that preliminary aeration, as is evident from report C3.)

should reduce the effect of magnetic treating of water.

Conclusion

1. It was shown, that water, treated in magnetic corrosion type anparatus,

acquires a new component - ion of divalent iron, i. e.. It changes its chemical
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Fig. 5. Kinetics of oxidation of divalent iron ion in open

and closed systems. a; time, diurnal periods.
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composition.

2. The oresence in the water of a divalent iron ion allows to explain

the characteristic features of the magnetic water treating method; increase

in oH, reduction in oxygen content, increase in sludge formation and preservation

of acquired qualities by the treated water.

3. The magnetic field has a substantial effect on the corrosion of iron.
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