PAPER NUMBER 330 ORROSIO

The International Corrosion Forum Devoted Exclusively to
The Protection and Performance of Materials

CORRCSI ON AND DEPCSI T CONTROL | N ALKALI NE COCLI NG WATER
USI NG MAGNETI C WATER TREATMENT AT AMOCO S LARGEST REFI NERY

Janmes F. Grutsch, Director
Envi ronnent al Technol ogy
Standard O | Conpany

(I ndi ana)
200 East Randol ph Drive
Chi cago, Illinois 60601

J. Warren Mdintock,
Engi neer
Envi ronnent al Cont r ol
Anmoco O | Conpany
Post O fice Box 401
Texas City, Texas 77590

ABSTRACT

Positive corrosion and deposit control in recirculating, alkaline
cooling (tower) waters have been denonstrated at nore than 30
cycles of concentration when the recirculating waters receive
treatment in a magnetic field. Make-up and recirculating water
characteristics, facility descriptions, and guidelines for proper
desi gn and use of nmgnetic devices are discussed.

I NTRODUCTI ON

Reduci ng the volune of refinery effluents is a well-known concern to
refiners because the NPDES Permt paranmeters are nmass linited.
Cycling up cooling towers offers a route to significant volune
reductions, in addition to operating cost reductions, and limting
t he anmpbunt of chromates in the refinery waste sludges.

At one tinme at Anpco's largest refinery cooling tower blowdown
represented 60 per cent of refinery process water effluent because
fears of scaling kept cycles of concentration low. This also caused
i ncreased operating costs due to costs of nakeup water and those due
to replacing the chem cals (biocides, corrosion inhibitors,
di spersants, etc.) lost in the excess bl owdown.
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In Anpbco's next largest refinery, we currently recycle 30-38,000 nB3/d
(8-10, 000,000 gpd) of treated refinery effluent to cooling towers and
as fire water. Wile this has been an attractive nmethod to reduce the
volume of effluent discharged, the recycled effluent water has a
hi gher hardness than nornal mekeup, and again scaling concerns keep
the cycles of concentration in the system rather low which in turn
keeps chemical treating costs up.

In a third, but fortunately nuch smaller Anpco refinery, ground water
used for cooling tower makeup is hard, and only 1.75 cycles of
concentration can be achieved before scaling is encountered. The
refinery effluent is treated by the nunicipality. The costs of
makeup water, cooling tower chemcal treatnment, primary effluent
treatnment, and nunicipal charges for secondary treatnment anounts to
$0. 60/ nm3 ($2.23/1,000 gala.). Using nmagnetic treatnment of circulating
cooling water to achi eve increased cycles of concentration can result
in dramatic savings as illustrated in Figure 1.

Scaling, of course, also contributes to serious energy losses and to
operati ng probl emns. In Figure 2, for exanple, handbook' data for a
fairly low pressure boiler show the costly effect of only 0.61 mm
(0.024 inch) of CaSQ, scale on boiler tubes; there is a 183°C (362°F)
tenperature drop across the scale. This results in higher tube skin
t enperatures which not only contribute to energy inefficiency, but may
contribute to serious metallurgical problens with the tubes nornally
used for these boilers.

O her data shown in Figure 3 illustrate the significant decrease in
heat transfer efficiency by various types of scale as a function of
scal e thickness. bviously scaling presents severe econom c penalties
in process operations. Most refiners also can cite instances of
severe process penalties and excessive mai ntenance costs in operations
because of scali ng.

Qur interest in magnetic water treatnment relates to environnental and
operational needs; the successful application of this technol ogy woul d
address the environmental needs of reduction in water use and
decreased quantities of chronate-bearing sludges and the operational
need of large reductions in operational costs and potential process
unit savings.

Water use reduction relates to the manner in which refinery NPDES
Permit limts are stated; i.e., they are in mass units wth the
concentration levels used to calculate the mass units typical of
BPCTCA. Thus if our discharge volunme can be reduced by 25 per cent,
we will make approximately the sanme reduction in kg/d of contani nants
di scharged. This is especially inportant to nmany refiners who never
had any need to nininmze water usage. The magnetic treatnent of water
supposedly offers the opportunity to increase tremendously the cycles
of concentration in cooling towers without scaling concerns. This, of
course, greatly reduces bl owdown vol umes which can have a maj or i npact
on reducing the NPDES calculations. Further, it gives hydraulic
relief to the end-of-pipe treatnment facilities. Savings accrue from
less cooling tower nakeup and |ess chenical usage to replace the
chem cals and water |ost via the bl owdown.



In process operations, the scaling of heat exchangers or boilers
cause severe economc penalties in process and O8M costs. Sone of
these penalties can be astronom cal. Figure 3 illustrates the
decrease in heat. transfer coefficient as a function of the
t hi ckness and type of scale. O course, scale on the water side
of boiler tubes are a long recognhized cause of tube failures.
They are particularly serious in the furnace tubes of marine units
because of the high heat absorption rates. Thus marine units
appear to be an especial application target for nmagnetic descaling
devi ces.

The international literature in the nonchenical treatnment. of water
is, with a few exceptions, alnost conpletely bifurcated.. The U S.
literature is alnopst conpletely negative on the subject, and the
rest of the world is positive. Qur earlier work at Standard

optimzing the unit operations used for waste water purification
had denonstrated clearly that the electrical properties of
suspended solids were the means to control unit operations (1-4).
Since we know that charged particles nobving through a magnetic
field, such as in mass spectronetry, are definitely affected by the
magnetic field, we felt justified in further investigating the
phenonena. Further, articles in the US. relied on ridicule, not
data fromtechnically defensible experinmental protocols, to support
t hei r opi ni ons.

Ridicule is used as the basis for nmany argunments against the
possibility that nmagnetic fields can influence the course of
chenical precipitation. This ridicule is based on the claimthat
there is no energy input by the magnetic field, and since there is
no free lunch, the question is raised as to what work could be

possi bly be done. Eliassen et al. (5) argue “magnetic fields in
the order of magnitude of 1,000,000 gauss are needed to doninate
the notions of charged particles with atons." Since this statenent
was expressed by MT faculty, it intinidates the prospective
i nvestigator-unless, of course, he recognizes the statenent is
speci ous. Consi deration of magnetohydrodynam cs, electrical
surface charge on particles, advances in nmaghetism and
guestionable Anmerican interpretation of applicable technology |ed
us to continue to accept the international literature as

r easonabl e.

Magnet ohydr odynam cs ( VHD)

The MHD technology is being widely studied as a topping cycle in
power plants to increase the fraction of the energy recovered from
fuel s.

Faraday first observed nagnetohydrodynani ¢ (MHD) energy conversion
when he denonstrated (1832) that if an ionized fluid is passed
across the lines of force of a nmgnetic field, an electrical
current is produced. Thus, with reference to Figure 4. when a
conductive fluid flows through a pipe surrounded by an external
magnhet system and the nmagnetic field is perpendicular to the
direction of fluid flow, a force is created that acts on the noving
charged particles in the fluid to separate the negatively and
positively charged materi al s. This force is called the "Lorentz
force," and provides the electrical potential by which a current
can be drawn off when a load is attached.



The charge separation achieved by the Lorentz force creates a

potential. difference that can produce an electrical current
(Faraday) if there is an electrical load to absorb the power
generated; i.e., the Faraday current produced by a MHD systemis the

result of the Lorentz force acting on the charged particles in the
ionized fluid flow  The current generated is perpendicular both to
the direction of fluid flow and the external nmagnetic field (Figure
4) .

In 1879, E. 11. Hall discovered that when a current-carrying conductor
(ionized fluid) is placed in a magnetic field to produce the Faraday
current, the Faraday current creates an electrical field around it
that results in a "drift force" on the current which is called the

"Hall effect." The Hall effect is proportional to the current
density and the magnetic field strength and is at right angles to both
the current and the magnetic field. Wth MHD, the electrical field

is perpendicular to the current but parallel to the flow of the fluid.
The induced electrical field counterbal ances the current produced by
t he external magnetic field and deflects the Faraday current.

In addition to nmgnetic and electrical field effects in an MDD
system fluid and hydrodynanic effects nust be considered. A magnetic
Reynol ds nunber has been devel oped whi ch depends upon perneability,
el ectrical conductivity, fluid velocity, and the length or size of
the container. Magnetic Reynolds nunmber in an MHD system is
i nportant so as to keep the fluid in the nonturbulent flow regine.

Whil e the fundanental of MHD goes back 150 years to Faraday, there
are two nore recent developnents that may provide the basis for
reducing to useful applications these phenonena; they are in the
areas of magnetism and zeta potential of solids.

Magneti sm
MHD technol ogy requires the use of mmgnetic fields. As reported by

Chin (6), there have been giant strides in magnetic alloys achieved in

the past decade. They are: 1) the rare earth-cobalt alloys, 2)
chrom um cobal t-iron permanent magnets, and 3) the high induction
grain-oriented soft magnetic silicon steels. The rare earth-cobalt

all oys have intrinsic coercivities nore than 20 tines and maxi nmum
energy products nore than four tinmes Alnico, 5 the nost w dely used
permanent magnet alloy to date. Figure 5 shows the progress in
quality of the rare earth alloys and pernanent magnet naterials over
the years.

Zeta Potential of Solids

In our research we have determ ned that solids, in the presence of a
solvent, have an intrinsic electrical surface charge that, in the case
of colloids, is called zeta potential (ZP). A nost all nmatter
di spersed in spent process water, such as oil particles, silt,
bi ocol | oi ds, inorganic matter, etc., has a negative ZP. Al mnerals,
oil particles, bacteria, etc., that we have checked have an
i soelectric point, i.e., a pH at which on the alkaline side the
electric charge is negative and on the acidic side the charge is
positive.




These coul onbic repul sive forces are responsible for the solvent
di spersion of solids. In every case in which we have studied
unit. operations for solids renoval, we have found optim zation of
the unit operation depended on controlling the ZP of the dispersed
sol i ds. Exanples of this include: granular nmedia filtration;
di ssolved air 'flotation; induced air flotation; sedinentation
etc.

LI TERATURE

A conputer literature search quickly generates well over 100
references on the subject of magnetic treatnment of water. Mst of
the references are of international origin, and nost of those are
of Soviet origin_ although _Vermeiren (7) is identified as the
di scoverer of the fact that nmgnetic fields have an effect on
wat er (8).

The follow ng discussion of the literature is not neant to be,
and by no neans is, conprehensive. However, key articles are
gquoted directly to give the reader the tenor of the literature
from vari ous sources.

Soviet Literature

Basically, the Soviets claimthat when a supersaturated aqueous

solution of CaCO; is passed through a nmagnetic field (of proper
design), the magnetic field apparently has structure-transform ng
forces causing a large nunber of microscopic nucleating sites to
be created which cause the solid material to precipitate in the
bul k of the solution. That is, the precipitate shows little
tendency to adhere to surfaces of the pipe, etc., and is renovabl e
as sludge. Further, previously formed scal e has been observed to
separate under the influence of water treated in a magnetic field.

If these clainms are found to be true, these findings wuld be of
enornous inportance in cooling towers, boilers, water treating
(softening), conpressor jackets, etc. For exanple, Tebenikhin et
al. (9) coment:

"The essence of magnetic treatnment of water is that the
rate of scale formation is reduced under the action of a
maghetic field through the formation of crystal nuclei
within the water, and the scale formed has reduced
mechani cal strength.”

Gol ubtsov et al. (10) comment

"Recently, a sinple and economc nethod of magnetic
t r eat ment has beconme widespread in thernal power
engi neeri ng.

"The principle of the magnetic treatnent of water is that
under the effect of nagnetic lines of force, salts of
har dness dissolved in water, can be precipitated in the
formof tiny solid particles in the mass of water, |ater
with heating formng |oose, conparatively easily renoved
sludge. The source of the nmagnetic field is provided by
el ectromagnets and permanent magnets



"The treatnent of water with a magnetic field is now being
used successfully for fresh water of the cal ci um carbonate
class with the observance of certain conditions.*
Encouraging results have also been obtained recently for
sea and highly nmineralized water in general. The effect of
the treatnent of water with magnetic fields is deternined
basically by two factors:

t hernodynami ¢ nonequilibrium of the water system
i.e., its supersaturation with salts of hardness
(CaC03, CaS04) at the tinme of the effect of the
magnetic field;

presence of iron oxides in the treated water.

"In a supersaturated solution, a nagnetic field causes the
precipitation of the excess amount of salts of hardness unti
supersaturation is elimnated and equilibriumis established
under given conditions. Wen heated, crystal nuclei forned
due to the magnetic field pass through all phases of a
di sperse state and are precipitated in the form of solid
particles, smaller and nore nunerous than without treatnent;
they are in the water in a suspended state and play the role
of centers of crystallization. Thus, instead of scale,
sludge is forned in the water tank.

Ef fective treatnent of water with nagnetic fields is possible
only when the water entering the magnetic device is
supersaturated in relation to cal cium carbonate and sul fate.
The state of supersaturation in relation to calcium carbonate
is determined by |ack of aggressive carbon dioxide in the
water, i.e., by observance of the condition CO; stabl > CO
free."

Pr of essor Skorobogatov (11) comrents:

"At present, to reduce deposits of scale in various steam
form ng, heat exchange and condensing devices, along wth
cheni cal net hods, physical nmethods of treating water are al so
used. Anobng the latter are magnetic, ultrasonic, and electric
nmet hods. The first two have been the npbst w despread.

"I't is well known* that nagnetic treatnment of water is
carried out in special magnetic sleeves (first nmethod). In
other devices, flowing water is treated by alternating
maghetic fields, changing in tinme (second nethod)."

The paper by Martynova and Gusev (12) provides a rich source for
guot ati ons:

"The theoretic possibility of the effect of a magnetic field
on reduction of the intensity of scale formation on the walls
of the heat exchanger is basically determ ned by two factors
connected with properties of the

*Enphasi s added.



treatnent solution. The first factor is thernodynam c inbal ance
of the solution, i.e., its supersaturation with salts of hardness
at the nmoment of the magnetic effect. In this case, rapid
crystallization of the excess amount of salt occurs in the tank;
the process continues until equilibriumis established under given
condi ti ons. Tiny crystals formed as a result of the magnetic
treatnent of the water before its entry into the heat exchanger
(for exanple, calcium carbonate and sulfate) play the role of
'seeds,' i.e., centers of crystallization. Wth a, sufficient
number of t hese centers of crystallization, further
crystallization of salts (for exanple, with evaporation of water
in a steam generator) occurs to a greater degree on them and not
on the heating surface, i.e., the intensity of scale formation is
reduced.

“The second factor is the presence in treated water of oxides of
iron (or their hydrate forms), always present in any circulating
water, including distilled. Adm xtures of iron are primarily
products of corrosion of the equipnent; a nunber of these
products, such as FesQy, d-FeOOH, ¢ Fe 03, have ferromagnetic
properties. These partially hydrated oxides are basically
colloids, as their solubility is very low and, as a result, is
bel ow concentrations of iron typical of the majority of water in
thermal power facilities (10"6-10'4 nmol / kg); and ion forms cannot
be stable, as they are subject to deep hydrolysis as the result of
extremely |low constants of dissociation of corresponding hydrate

forms, especially at high tenperatures. Wth increase in the
concentration of iron, crystal nuclei (centers of crystallization)
enl arge after magnetic treatnent of the water. The mechani sm of
effect of iron oxides in softening water (supersaturation of the
salt solution) is still not clear; it is either a shifting of
ferromagnetic particles in the nagnetic field or their

coagul ation. Sone other process is also possible.”

"Conversion of readily soluble biocarbonate to hard-to-dissolve
calcium carbonate (Ca(HCO), <-> CaCOzs + CO, + HO is
characterized by a certain ratio between bal anced concentrations

of dissolved carbon dioxide and all other conponents of the
system
bal_ . L 2 (2 42 )

where K; - constant of the dissociation of carbon dioxide;
WPcaco3 -product of solubility of calcium carbonate
Coal+, CHCD§ respectively, coefficients of concentration, nol/kg

fc 24 s cho_ respectively, coefficients of activity.
2 3

it free bal :
Under the condition CCGZ < CCUE , Sea water iIs
supersaturated with CaCl;, which can precipitate; the process of
crystallization in this case can be intensified by a magnetic

field. Wth the condition cééze < cggé , water is not

saturated, formation of solid phase of calcium carbonate is
i npossi ble, and therefore, a nmagnetic field can have no effect on
reducing the intensity of carbonate scale formation. Wth
concentration of carbon dioxide at 0.44 ng/kg (water in
equilibriumwi th the

- 7 -



at mosphere; Pcoop = 3.10*% kgf/cnf at 20°C) water of the Caspian
Sea can be unstable, i.e., supersaturated in relation to CaCGs.
However, at a tenperature of 100°C, both waters are unstable.
Thus, solutions of calcium bicarbonate (including sea water)
can easily be converted froman unsaturated to a supersaturated
state with relatively small changes in a nunber of paraneters,
for exanple, tenperature or partial pressure of carbon dioxide
above solution.”

"Magnetization is nost effective for water supersaturated both
with cal cium carbonates and with calciumsulfate."
Concl usi ons: ,

1. magnetic treatnment nust not be considered separately from
paraneters of the heat exchanger (evaporator), t he
intensity of heat flux, quality of water, etc.

2. The antiscaling effect of magnetized water, besides being
the effect of a nmagnetic field (parameters of magnetic
instrunment) is also a function of operational paraneters of
the heat exchanger (evaporator). Each reginme requires a
certain intensity of the magnetic field ensuring optinmum
antiscaling effect of magnetizati on.

3. Optimal conditions of the magnetization of sea water in
each specific case should be a sinulation of industrial
conditions and test magnetization with change and sel ection
of its individual paraneters as occurs, for exanple, in
selecting the optimal reginme for coagulation of surface
fresh water

Ki shnevskii et al. (13) sunmmarize their pilot plant results with the
foll owi ng concl usi ons:

1. It has been shown that the role of a magnetic field is
anal ogous to the action of inoculator seeds, but with the
difference that the "tinmers' are introduced artificially,
and in nmagnetic treatnent, are fornmed from saturated
solutions of scale-formers as a result of their adsorption
on ferronmagnetic oxides of iron that have coagulated in the
magnetic field.

2. The feasibility, advisability, and optiml conditions for
the use of nmgnetic water treatnment can be determ ned on
the basis of a calculation of the degree of supersaturation
and through the use of the Purbet diagram with respect to
wat er  of the given salt conposi tion; anal ytically
measurable indices are the salt concentration and the
val ues of pH and eh.

Much work has been done by the Russians on boilers. For exanple, in
their article Lapotyshkina et al. (14) covered many areas of water
treatnment and boil er operation:



"Schenmes for the treatnment of mekeup water, including magnetic
treatnment,* depend on the source of the initial water. |[f tap
water is used, the schene includes only antiscaling nagnetic
treatnent.* if initial water cones from an open reservoir, the
schenme for treating makeup water nust include coagul ati on and
clarification with subsequent nagnetic treatnment and thernal
deaeration. Coagulation and clarification can be conbined in
KO- 2 pressure contact clarifiers proposed by the Acadeny of
Muni ci pal Econony, whi ch provi des si ngl e- pass wat er
purification with water noving at a rate of 5-10 mhr. This is
the schene of water purification (with productivity up to 500
nmhr) used in the direct discharge district heating plant at
the Saratov State Regional Power Plant (GRES).

"The use of magnetic treatnment to prevent scale is based on the
experinmental fact that the main mass of calcium carbonate
(80-85 per cent) is precipitated when nmagnetized water is
heated to 102-104°C, being contained in the water in the form
of finely dispersed particles nmeasuring |less than 1mm These
particles of colloid dispersity are suspended in water and are
a stable system"”

"From Table 1 (omitted) it can be seen that increase in the
intensity of the magnetic field in the effective area of the
unit hel ps raise the proportion of colloid dispersity. Thi s
shoul d have a favorable effect on the condition of the heating
surface, as the rate of precipitation of these particles is an
order |ower than that of particles neasuring nore than 1mm

"The main problenms which were solved in the exploitation of
wat er treatnent schenes, including magnetic treatnent, were
determining the working conditions for individual equipnent
units in water containing finely dispersed suspended matter."

"Fromthe data, it follows that the optinmal regi ne of magnetic
treatment corresponds to 1500 oersted in the effective area.
In this case, about 80 per cent of calcium cabonate is in
heat ed deaerated water in the form of particles neasuring |ess
than O.5nm the precipitation of which froma noving flow is
practically negligible. bservation of the condition of
di strict heating plant equipnent at the GRES with the use of
makeup water treated according to the above-described nethod
revealed features of the operation of individual heat
exchangers and equi pnent.”

"Reduction of the size of calcium carbonate crystals two tines
or nore as the result of the magnetization of water verifies
the efficiency of magnetic devices."

"I'n conclusion, it nust be noted that the water treatment
schene, including nagnetic anti-scaling treatnment of water, is
nor e econom cal

*Enphasi s added.



than other currently used schenes of chemical (ionite) water
treat ment. Real i zation at the Saratov State Regi onal Power
Plant (CGRES) of a sinplified water treatnent scheme, instead
of the one previously designed (clarification-Na cation
exchange), saved 344 thousand rubles in capital expenditures
and reduced the cost of treated water from 6.81 to 3.01

kopecks/ T. The use of magnetic treatnment in the Astrakhan
Muni ci pal Power Plant in a wunit wth productivity of 250
T/hr., instead of the design scheme with N-cation exchange

"starvation' filters, saved over 130 thousand rubles in
capital expenditures and reduced operational expenses to
practically zero. The use in treating nmakeup water of the
heating plant of schenes, including magnetic treatnent instead
of Na-cation exchange, can also be recommended by reason of
its conplete lack of waste water, polluting reservoirs, and
hel ping raise the total salinity of surface waters.

"Results of the operation of industrial units for treating
suppl enentary water for district heating plants with direct
wat er discharge verify the applicability of sinplified water
treatment schenes, including anti-scaling magnetic treatnent, *
both in a wvariant with prelimnary coagulation and
clarification in contact units, and without prepurification in
t he case of using tap water.

"I'ndustrial realization of sinplified water treatnment schenes
i ncl uding magnetic anti-scaling treatnment, will significantly
reduce capital expenditures and operational expenses for
treating supplenmentary water for district heating plants.”

The work of Drozdov and Kherson (15) enphasize that sludge from
maghetic water treatnent is not indiscrinminately charged to
boi l ers:

"To increase the effectiveness of deposit control, magnetic
treatnment nust be conbined with renoval of sludge from the
boil er water and renoval of the sludge fromthe steam boiler.

The determnation of the main features of sludge formation in
t he magnetic nethod of water treatment has made it possible to
outline and inplenment neasures that ensure the successful
application of the nmethod of mnmagnetic water treatnment for
hot -water water-tube boilers with a small ratio of boiler water
volume to heating surface. For this purpose, it was proposed
to use a preboiler sludge renmover which would be included in
the boiler feed system after the el ectromagnet apparatus and
which would be included in the boiler feed system after the
el ectromagnet apparatus and which would be positioned in the
regi on of feedwater supply. |nprovenent of the magnetic nethod
of water treatnent was carried out in production for three
years (1968-1971) . In this period, four designs of preboiler
sl udge renovers that work together with electromagnetic units
were tested. The industrial tests of these first designs nade

*Enphasi s added.



it possible to formulate the basic requirenents for sludge
renovers of this kind. They consist in the following ---"

Sperankiiy et al. (16), in their area of responsibility, found it
necessary to develop a boiler water treatnment schene. They
enphasi zed that they followed the State Mning Engineering
Administration rules for magnetic treatnent, and that under their
rul es, sludge handling was inportant.

"It was necessary to develop a water treatnent schene, sinple
in design, cheap to manufacture, reliable in operation, and
not requiring special personnel for servicing. These demands
are nmet by a schene using devices wth ferrite-barium
per manent magnets, or devices designed by the |vanov Energy
Institute. The use of this plan for treating artesian water
does not violate the rules of Gosgortekhnadzor (State M ning
Engi neering Administration), as the follow ng conditions are
met: 1) content of free C& in initial water by analysis is
| ess than equilibrium 2) specific water volunme of the boiler
(45 1 /nf) is less than naxi mum pernissible (50 |/nf) with an
exi sting screen surface of 5 nf; 3) hardness of initial water
of artesian wells (up to 4.8 ng-equiv/l) does not exceed
mexi mum perm ssible level (5 ng-equiv/l).

"I'n developing a plan for the magnetic treatnment of water to
feed PKN-1s and PKN-2s boilers equipped with clarification and
sodi um cati on exchange filters, it was feasible to use these
filters to clarify feed water, passing through magnetic
treatnment, w thout regeneration of sodiumcation exchange
filters. The plan in which nagnetic devices are used together
with anthracite and sul fur-carbon filters w thout regeneration
of the latter gives a significantly better anti-scaling effect
than the plan without filters.

"Magnetic treatnent of feed water can be considered as a
variety of in-boiler water treatnent. A condition of the use
of the latter is pronpt and appropriate renoval of sl udge,

which is carried from the  boiler (periodically or
continuously). Periodic renoval of sludge is nost effective
if it is carried out froma part of the boiler where it can be
conti nuously stored. In the absence of this part of the
boiler, scavenging is carried out from a sludge filter-
separator included in the scavenging |ine. As the sludge
formng in magnetic treatnment of the water is finely dispersed
and does not settle in nmoving liquid, belting fabric is

recommended as a. filtering elenent, attached between fl anges
of the sludge separator.”

"Power engineering at the Priluki adm nistration of drilling
operations is still linmted to established in their facilities of
magneti c devices only, using neither sludge separators nor filters.
As exam nation of a nunber of facilities with open boilers and

i nspection of internal heating surfaces have shown, scale is
practically absent, but a |large amount of finely dispersed sludge
was found in | ower collectors and boiler drums. Therefore, we nust
not be limted to establishnment of only devices for the nmagnetic
treatment of water. The organi zati on of continuous
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wi t hdrawal of sludge from the boiler will create conditions
when magnetic treatnent can be a reliable nmethod of water
treatnment.”

Tel'nov et al. (17) were concerned with scaling in engines:

"The problem of preventing scale in the cooling systens of
autonotive and tractor engines has long interested operators
and scientists. For fixed thermal engineering units, there are
a nunber of nmethods, chiefly reagent nethods. However, the use
of many of themrequires the construction of costly devices and
teans of specialists, and turns out to be unprofitable.
Nonr eagent methods (magnetic, ultrasonic) of which the nethod
of water treatnment wusing a mgnetic field, is the nost
econom cal, therefore, have found application in recent years."

"The correct use of a magnetic field to treat water is of
definite technical and economc interest. Water treatnent
using a magnetic field is used in unscreened |ow pressure
boilers, in heat recovery systens, and lately has been used for
the cooling water of conpressors and internal conbustion
engi nes. "

"The essence of the nmaghetic treatnent of water is that when
water is intersected by a magnetic field of force, hardening
salts may be released in the form of nobile sludge instead of
hard scal e.

"The role of the magnetic field reduces to the fornmation of
crystal nucl ei from supersaturated solutions of salts.
Furthernore, previously formed scale separates under the
i nfl uence 'of water treated with a magnetic field.

The practical feasibility of using a magnetic field to reduce
the anobunt of scale in the cooling systems of interna

conmbustion engines and steam generators (heat-exchange units)
is determ ned above all by the thernodynam ¢ nonequilibrium
behavior of the solution, i.e., by its supersaturation wth
respect to the hardening salts CaCO; and CaSO, as water passes
t hrough the magnetic field. At this time, the excess quantity
of hardening salts separates fromthe water, with the formation
of crystal nuclei until equilibriumis established. Wen such
water is heated in a heat exchanger or an engine cooling
system the particles formed will grow and serve as centers of
crystallization for the solid phase that separates. If their
nunmber is sufficient, the total surface area of the particles
will be greater than the active heating or cooling surface. As
a result, the scale forners will precipitate throughout the
entire volune of water form ng sl udge.

"If after treatnment with a nagnetic field supersaturated water
is not heated, then the reaction of very small particles or
their dissolution is possible. If this occurs, the nunber of
crystal nuclei gradually decreases, and after a conparatively
short time the water undergoes a decrease in the antiscale
properties that it has acquired (' magnhetic nmenory')."
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"Thus, effective treatnment of water with a magnetic field is
possi ble only when the water entering the magnet apparatus is
saturated with cal ci um carbonate and sulfate."

The Soviets are firm believers in the use of magnets on ships.
Kozl ov (18) comments:

"On SRTM 800 ships a KVA 0.5/5-D fire-tube boiler with a heating
surface of 7.3 nf, steam capacity of 500 kg/hr and operating
pressure of 5 kgf/cn? is wused as an auxiliary. The
manuf acturing plant recomends for these boilers a conbination
regi me, reagent (phosphate-nitrate) wth the addition of
nonr eagent (magnetic).

"For this purpose in the feed pipe is installed a device
providing eight-fold intersection of the water with a pernanent
magnetic field.

"In the course of operation, boilers on SRTM "Sol nechnyy,"
" Kot oboy," and Radist" were fed with water with general hardness
from1.3 to 1.7 nmg equiv/l and chloride content up to 140 ng/l
(this is three time higher than the limts established by the
manuf acturing plant). A phosphate-al kali regi me was mai ntai ned
by introducing 200-300 g per nonth of antideposit A or trisodium
phosphate along with the additional treatnment of the water with
a magnetic field.

"Here the al kali nunber of boiler water was 28-50 ng/l, chloride
cont ent 500-700 nyg/l. The time of operation of the boilers
bet ween boil er cl eanings varied from 1800 to 2400 hours (i nstead
of 1200 hours, established by the manufacturing plant).
I nspections showed the, good conditions of heating surfaces,
al rost conpl et e absence of hard scale and corrosi on danmage.

"The results led to the conclusion that it was feasible to
convert the auxiliary boilers of SRT, SRTR, and SRTM ships to
the non-reagent (magnetic) treatnment of feed water wth
i ntroduction once a nonth of 0.1-2 kg of trisodi um phosphate to

mai ntain the alkali nunber of boiler water at 20-40 ng/l,
i ncreasing the period between boiler cleanings from 1200 to 2400
hour s.

"Periodicity of ship analyses of boiler water for alkalinity and
chl ori de content was reduced to once every 10 days.*

Kozl ov goes on to give case histories for the follow ng ships that
install ed magnetic devices: Ural, Ukraina, Anakriya, Lavkaz, and the
Sovet skiy Sakhal i n. Consi derable detail is given concerning the
equi pnent, performance water properties, and he makes reconmendati ons
for equipnent and operations, differentiating between fishing,
transport, and depot ships. He concl udes:
"Magnetic treatnment with observance of the rules of technical
operation of boilers prevents greasing of heating surfaces.
Wth prolonged proper operation of the nmgnetic device and the
boiler, oil zones al nost
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conpl etely disappear, as verified by the quite conplete
elinmnation of oil from the water. (bservations of the
operation of piston nmechanisns established that gland
packi ngs and cyl i ndro-pi ston groups of engines operate better
and with [ ess wear under conditions of the magnetic treatnent
of water.

"It is necessary to reduce to a mnimum and wth nornal
quality of feed water after installation of devices for the
maghetic treatnment of water and with conplete renoval of old
hard scale to exclude entirely, the introduction of anti-
scal i ng conpounds. In this case, it is advisable to renove
salt from feed water before the boiler by prelimnary
heating, significantly reducing sludge deposits and making it
possible to reduce the nunber and duration of scavengings.
Magnetic treatnment of water also contributes to increasing
the econony of ship power plants as a result of reducing the
consunption of chenical reagents for treatnment and anal ysis

of boiler water, increasing the period between boiler
cl eani ngs and shortening their duration and | abor
consunpti on. As the periods between boiler cleanings are

i ncreased from 1000- 1500 to 2000-3000 hours, the navigation
time of each ship, because of the |ower nunber of boiler
cleanings, will increase an average of 7-15 days.

"Change in the character of scale formation decreases | abor
consunpti on and reduces the length of boiler cleanings 1.5-2
times, and also lowers the probability of mechanical damage
in cleaning heating surfaces.”

“I'n our opinion, reagent-less, (magnetic) treatnent of water
can guarantee, under conditions of the boilers being fed with
70-90 per cent condensate and 10-30 per cent coastal (fresh)
water, a scaleless regine for any nodern designs of ship
steam boilers.”

Clearly the Soviets' use of nmgnetic water treatnent is very
extensive, and they are firmy convinced of the role and val ue of
magnetic water treatnent.

Q her |l nvestigators

Nor way

Hoff (19) had serious scaling problems in a "linme transporting
pi peline" at the Baerum Waterworks in Baerum Norway. It was a
plastic pipeline, 38 nm (1.5 inches) dianeter and about 45 neters
(50 yards) long. Sludge and hard scale often clogged the pipeline
every week or 10 days and was very difficult to clear. Hof f
installed a magnetic unit in the pipeline and clains the scaling
stopped. Hoff comments:

"The line-transporting pipeline was now cl eaned and put back
into service. After another three nonths' period with the
same |inme dosage as before, the dosage was stopped. This tine
we |et fresh water run through the pipes for about half an
hour before the inspection. Now there was hardly any scale in
t he pipeline and m xi ng chanber and very little of the powder-

like sedinment which we had noticed the previous tine. The
reason for this is probably that the pipeline was 'washed out'
before we
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opened it. This, we believe, is inportant if it is

necessary to stop dosage for sone reason or other. Thus,
it is possible to avoid all problems with linme in the
pi pel i nes.

"From certain quarters, it has been stated that magneti cal

treatment of water is sheer nonsense. It is pointed out
that there is no theory which can explain what is said to
happen, for instance, in ships' boilers. Regar dl ess of

t heoreti cal background, the permanent-magnet unit has
abol i shed a | aborious practical problemfor us.”

"The literature | eaves no doubt that nagnetic treatnent of
wat er has an effect on its nature. The effect varies with
concentration of dissolved salts in the water and with the
maghetic field strength. The structural changes which take
pl ace give rise to crystallization cores. This nmeans an
i nstable state. The water structure is stabilized again
when new i ons are hydrated.

"How this happens, if it for instance occurs directly as an
equilibrium shift from the solid phase, depends on which
reaction gives the | argest energy gain.

"This increasing ability to keep linme in suspension which we
observed when water was treated nmagnetically, can be due to
such crystallization cores. These will, on account of their
nol ecul ar di sperse size, be domnated by their surface
active qualities and sedinent slowy.

"This will lead to a reduced rate of sedinmentation for the
whol e suspension and change the consistence of the
precipitate.”

Ellingsen and Kristiansen (20) report the results of studies
carried out to investigate the rate of precipitation of calcium
carbonate from supersaturated natural water after passing through
a magnetic field. Their work indicated the rate of precipitation
to increase with increasing magnetic field strength. Ellingsen
noted that there are sone installed units which do not work
properly. Consequently, a programw th grants fromthe Norwegi an
Governnent, * has been initiated to find out why it is so.

| ndi a

Joshi and Kamat (2l)** were intrigued by the Russian work and
investigated the effect of a nagnetic field on the physical
properties of water. They set up |aboratory apparatus in which
they conpared pH, surface tension, and dielectric constant
effects on water exposed to a magnetic field to water not exposed
to a field. The authors clainmed that pH and surface tension were
changed by passing through the magnetic field, the delta
increasing with increasing field strength over the range of 1900
to 5700 gauss. The dielectric constant change was identical with
changing field strength. The change observed in pH was also a
function of the initial pH of the water,

ap

*Enphasi s added.
**Dr. Joshi is the Director of the Institute of Science, Bonbay,
I ndi a.
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"The study found that there is no change in the physical
and/ or chenical properties of water treated with permanent
magneti c devi ces. The boiling point was not |owered; the
surface tensi on measur ement s i ndi cat ed no measur abl e
difference between raw water and magnetically treated water

there was no evidence of a reduction of scale-formng
tendencies in water using nagnetic devices; and the el ectrical

conductivity of the water was unchanged. The cal cium ion
concentration of the water was unchanged by nagnetic
treatnment, indicating that magnetic treatnent could not be

causing the precipitation of calciumcarbonate."
Clearly, there is a negative attitude concerning nmagnetic treatnent
of water expressed in the linted anount of Anerican literature.

Literature Eval uation

There is little doubt that 98+ per cent of the technical literature
on nagnetic water treatnent is of Soviet 'origin. The Soviets hold
synposia dedicated to the subject, and nmany workers in nany
di vergent institutes investigate the subject and report it in the
literature. Sonme institutes set up guidelines for the use of the
technol ogy; other institutes design the units. Clearly the Soviets
have a positive attitude concerning the fact that nagnetic fields
affect chem cal reactions. They report positive results, and many
"theoretical" papers appear hypothesizing the cause for the
observed phenonena.

The Anmerican scene on the subject mght first seem nonexistent, but
there have been at |east 30 manufacturers of nagnhetic-type devices.
A cursory review of the devices show that nost do not follow the
Sovi et design guidelines; therefore, nmany negative experiences
woul d be expected. Further, these devices were nmarketed as a
nontechnical item and the suppliers pronised “mgic" results and
nost of their applications did not follow Soviet guidelines.

When 25 year old work of Eliassen et al. and the current work of
Guber and Carda is reviewed in light of the Russian work, this
limted American work to evaluate the technology could he
criticized for not wusing proper test protocols. They were, of
course, using protocols recommended by vendors who were trying to
mar ket an item w t hout understandi ng the applicable technol ogy.

Thus, in light of the extensive positive results reported in
i nternational sources. a review of the U S Iliterature | eads one to
the rationalization that the negative attitude expressed reflects
experience wth (1) an inproper application or experinental
protocol, and/or (2) a poorly or inproperly designed nmagnetic unit.
Accepting this rationalization suggests that if these points are
addressed properly, positive results night be obtained.

EXPERI MENTAL

Qur goal was to select a magnetic unit with a strong, focused
magnetic field and pass the water containing the coulonbically
charged particles through the magnetic field at a velocity that
generates MHD energy.



Maghetic Unit Sel ection

G uber and Carda (25) conveniently catal ogued magnetic devices in
four classes as illustrated in Figures 6 to 9. There are units
avail abl e representative of all these classes.

Class | units seemtotally inappropriate. The nagnetic field is
not perpendicular to the flow of ionized fluid, and the magnetic
field woul d never inpact fluid in an iron pipe. It was believed
that units of this type are responsible for nmuch of the negative
results reported for magnetic devices.

Class Il is the device for which Ellingsen and Kristiansen (17)
report both positive and negative results. Mxed results derive
fromthe fact that the flowis perpendicular to the nmagnetic field
but in highly conductive fluids the design may not yield the ful
potential of the magnetic field.

Class |1l resenbles one Soviet design. This design may result in
life expectancy and field strength danmpening problens with the
maghetics, and it is not optimumfor assuring that the fluid flow
will be perpendicular to the nagnetic lines of force.

Class IV is a design inconpatible with assuring that the ionized
fluid passes through a magnetic field perpendicular to the lines
of force.

After analysis of designs fromall classes, a unit in Class Il was
sel ected for test.

The specific device selected for testing nounted magnets in arrays
as shown in Figure 10. The magnetic arrays are nounted in a spoo
pi ece with opposite poles across fromeach other to strongly focus
the magnetic field across a slot as shown in Figure 11. The
addition of flow diverters to the stacked arrays as shown in
Figure 12 aid in providing a venturi effect with mninmal pressure
drop due to entrance | osses. The venturi effect across the
maghetic field is illustrated in Figure 13. The stacked array of
magnets that fit into the spool piece are as in Figure 14, where
the flow diverters are not shown for sinplicity. This test device
met our goals of: strong maghets, highly focused magnetic field
perpendicular to the fluid flow, a venturi effect as used in
conventional MHD units (Figure 4), and a reasonable pressure drop
of about 4 psi at the 'velocity through the venturi required to
generate MHD energy.

Test Program

Experi nent al - Phase 1

The first test program (Phase 1), designed to obtain data on the
antiscaling effectiveness of magnetic water treatnent, involved a
cooling tower on a 200 T/D air conditioning systemat a refinery
mai nt enance shop. Figure 15 is a schematic typifying the system
and shows the location of the nagnetic device. The cooling tower
recirculation rate was 600 gpm and the basin volunme is 1,200
gall ons. The cooling tower is shown in Figure 16, and the
installed magnetic unit spool piece is shown in Figure 17. This
exchanger had a history of serious scaling problens.
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Totalizing water neters were added to the makeup and bl owdown
water |ines. Tenperatures were nonitored and routine analyses
made for calcium nagnesium bicarbonate, chloride, sulfate,
al kalinity, total hardness, pH, conductivity, total dissolved
solids, silica, turbidity, and total suspended solids. The
strategy was to operate the tower for a nmonth at normal cycles,
but with no pH control, then shut off the blowdown and let the
salts concentrate.

Experi nental Test Conditions

The effect of this test protocol on the cycles of concentration
cal cul ated from cal cium magnesium chloride, and conductivity is
shown in Figure 18. The chloride is an unsatisfactory indicator
of cycles because HTH was used as a biocide. Calcium of course,
was precipitating somewhere in the system The magnesium and
conductivity data indicate the cycles of concentration achieved
were in excess of 35. The pH of the recirculating water was in
the range of 8.1 to 8.7 during normal operations and typically
8.6 during the period the cooling tower blowdown was shut off.
The test protocol achieved our desired operating conditions of
very high cycles of concentrations and a quite al kaline pH

The solubility curve for CaCOsz; in Figure 19 shows that we al ways
had scaling conditions for CaCQ;; the CaSOy data in Figure 20 show
that once the blowdown was shut off the recirculating water
rapidly becanme scaling with respect to CaSQs. (The samples were
sequentially nunbered and plotted.) Both the Langelier Index and
Ryznar | ndex cal cul ati ons al so predict scaling.

The actual concentrations of five paraneters are shown in Figure
21. dearly, high cycles of concentrations were achieved. The
maekeup water quality is conpared to the recirculating water in
Figure 22. These data indicated that makeup water was of
reasonably uniformaquality over this rather short tine frame.

Resul ts
At the end of the test period, the exchanger was opened and
i nspected for scaling. No scaling was found.

One surprise was the observation that the recircul ati ng water was
al ways clean; that is, the turbidity and suspended solids were
very low. Wth only two minutes theoretical retention tine in the
basin, we expected the precipitated solids to be recirculated with
the water. Instead, they collected in the basin. The solids are
"sticky" but nonscaling. The "sticky" character is illustrated in
Figure 22 which shows the precipitated solids collecting on
corrosi on coupons suspended in the cooling tower basin. Wen wet
these solids easily w pe off. Therefore, it is inportant to
mai ntain sufficient water velocity to prevent collection of these
solids at wundesirable |ocations. Also, once dry they are
difficult to renove. It is, therefore, desirable to keep the
solids wet until renoved fromthe system




The phase 1 installation has been on-streamfor a little over two
years at this witing. On two occasions, the water velocity through
the nmagnetic field decreased significantly because of strainer

bl ockage. On both occasions of significantly reduced flow, scaling
was initiated. Once the flow problens were renedi es, no scaling
was_observed.

The corrosion control program for phase 1 consisted of using
chromate Nalco balls. Chromate levels in the recirculating cooling
water varied from 40 to 100 ng/L. Wth the brackish water
conditions at very high cycles of concentration and the equilibrium
pH of 8.6, corrosion levels of 0.41 to 0.57 mls./yr. were neasured
by average penetration of mild steel.

Experi nent al - - Phase 2
After the initial data were available from phase 1 show ng that

magnetic treatnment was effective for scale control, a second
magnhetic unit of slightly nodified design was installed on another,
larger air conditioning system at the refinery warehouse. The

cooling tower recirculation rate was 1,150 gpm

Experi nental Test Conditions

Once the magnetic wunit was installed, the control of pH was
di sconti nued, the blowdown shut off, and the mnerals allowed to
concentrate. Because the drift and fugitive |osses were very | ow,
very high cycles of concentration approximately 40 to 50, were
observed. The systemwas allowed to run essentially unattended.

Resul ts

After operating for four nonths in the scaling node, the exchanger
was opened and inspected for scaling. The tubes were all clean and
bright with no evidence of scaling anywhere. This system operated
for a total of ten nonths with no naintenance nor heat | oss
observed.

The corrosion control. programfor phase 2 was simlar to phase 1.

Experi nent al - - Phase 3

The positive results achieved with phases 1 and 2 encouraged further
exploratory work with magnetic water treatnment. The single problem
with the data from phases 1 and 2 was the fact that the tenperature
drop across the exchanger was only 4 to 6°C (7-11°%). The next step
in the program was to test a situation where the tenperature drop

was nuch greater, that is, greater than about 10°C (>20°F). 2
Unfortunately, a snmall installation conprising a nodest risk was not
avai |l abl e. Fortunately, an operating superintendent of a |arge

refornmer had such a severe, |ongstanding problem with scaling that
he deternmined it was worth the conparatively large risk to determ ne
if magnetic water treatnment would solve his heat transfer problens.
Accordingly, two very large (36 inch) magnetic units identical to
the unit used in phase 1 were added to the cooling tower circuit.
One of the wunits is shown in its shipping crate in Figure 23.
Craftsnmen installing the units are shown in Figure 24, and the
installed system is shown in Figure 25. The cooling water
recircul ates at about 95nB/m n. (25,000 9gpn). The system started up
July 1, 1983.



Resul t s

As of this witing, the phase 3 system has been operating 11 weeks.
Most of the operation has been in the scaling node according to the
Langelier and Ryznar Indices. The cycles of concentration achi eved
ranged up to 15 and have been |linited because of fugitive | osses.

No loss in heat transfer has occurred in the critical exchangers
bei ng nonitored. Typically the unit experiences severe heat transfer
problems only a few weeks after startup when operating the cooling
tower at three to five cycles and with pH control. After 11 weeks,
enough operating tinme has accunul ated to convi nce operating personnel
that, w thout a doubt, scale control is being achieved.

The corrosion control program uses chronmate. Initial data are
limted but at levels of 7 to 12 ng/l chromate, i nstantaneous
(corrator) rates of 2.7 mls./yr. for nmld steel and 0.75 nmils./yr.
for adnmiralty were neasured.

Concl usi ons and Qui del i nes

1. Carefully sel ected magnetic water treating devices, designed and
installed to operate to yield MHD energy, were highly successfu
controlling scaling when operating in an industrial environment
under conditions O CaCO; and CaSQO; scaling.

2. Al three installations reported used Brazos River water.

3. No pH control is necessary and the pH of recirculating cooling
wat er equilibrated at 8.6 to 8.8 in the reported installations.

4, A magnetic device having two focused nagnetic fields of about
1,700 gauss with the water flow ng through the magnetic field at
a rate of at least 6 ms (20 fps) resulted in adequate treatnent
for scale control

5. MHD energy may play a role in determning the effectiveness of
the magnetic water treatnment unit as evidenced by the experience
that low flow rates through the magnetic fields resulted in
scaling whereas at 6 ms no scaling was observed.

6. Corrosion problenms have not been encountered.
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