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Naval Engineers Evajuate Magnetic Boller Feedwater Treatment as an Alternative

to Chemicals.

By CDR Gregory J. MacGarva
Naval Engineering (G-ENE)

Scaling and internal comosion of bailers are
expensive, serious problems which traditionaily
are treated by adding chemicals to the
feadwater which mitigate their delelerious affect
on boiler parformance. Scale removal is usually
accomplished with some type of acid flush, while
excessive  comosion  wsually  results  in
replacemem  of fubes or other internal
compaonents. Treatment and flushing chemicals
musl be handled as hazardous waste, are
dangerous fo personnel, ofen require special
slowage aboard ship, and pose a threat to the
environment as well as to fhe internal surfaces
of the equipment being trestad or flushed. In
addition, compiance with chemical trealment
Planned  Maintenance  Schedule  (PMS)
requirements can cost one 10 three man-hours
per day, and a thorough acid flush may keep a
boilar off ling for several days.

The effectiveness of chemical treatment in
general is questionable as evidenced by the
necessity for perodic cleaning of systems that
are treated chemically, supposedly to prevent
scale formation. Often, comosion and scaling
ocour hecause the personnel monitering the
systems either invoke the adage °If X gallons of
chemicals are prescribed, then twice as much
will be twice as goad,” or are habliually in receipt
of encient chemicals through the federal stock
systern which are often beyond shelf life and
thus of qwestionable value, even i used
correcily.  Gthers simply fall to treat the water
altogether because there are “more important
things to to.”

These praclices can rfesult 0 exensive
comosion when strong ackls or bases are used
for either pH control or cleaning.  in addition,
strong bases can lead to caustic embrittiemeant
of the waterside. The bottom ling though is time,
It may take several hours & day to propedy
maonitor Boiler feedwater using chemical testing
and treatment procedures, especially if you have
to sample, test, treaf, resample. and retest. This
“descretized” type of treatment may leave you
with a decent dala point for thet particular time

of the day, but there is Hitle cerlainty thet the
water test could be repeated with good resulls
even as little as an hour later,

Magnetic Boiler Feadwater Treatment (MWT)
has been in prototyps eveluation aboard CGC
MELLON since August 1888, Al fesdwater
parametars continug te be within acceplable
limits, and pariodic waterside inspaclion of the
bollers continue 1o reveal no Intemal scale or
corrosion. From November 1888 through March
1980, a cormoborative evaluation of MWT was
done on CGC SHERMAN using the MELLON'S
devices. Upon completion of the avaluation,
SHERMAN retumed to chemical treatmert unti
1992 when the scopa of prowiype svaluation
was expanded 10 include SHERMAN, thrae
other high endurance cutters (WHECs), and a
Potar Class icebranker.

Graphs depicling MELLON's and SHERMAN's
alkalinity and chlonida levels during the eardier
svaluation period are presentsd in figures 1-4.
Figures 1 and 2 show the sieady decline of
alkalinly and chlorides following instanation of
MWT on MELLON's unireated boiter, Within 7-
10 days both parameters ware averaging within
acceptable limits (Alk approx, 1-.5 epm, and G1
> 1 epm). Figures 2 and 4 depict a three phase
evaluation on SHERMAN where the boiler
feadwater parameters were first stabilizad with
chemicals. At weak four the chemical treatment
was securad and the boiler was blown down to
remove the chemical laden water, The boilers
were run with no treatment until week 16 when
MWT was slarted, As on MELLON, alkalinity
and chiorides ceme back to within acceptabla
limits and have remained there with ahsolutely
no addition of treatment chemicals. During their
respective evaluation pericds both cutlers were
using feedwater souwrces ranging from
avaporaior output lo the exdremely hard, minaroi
laden water found in Southern California,

MWT is by no means a new concept. The
theory was proposed by Michael Faraday in the
mid 1800s, and in one fonm or anoiher, various



types of magnetic water treatment devices have
been used in industry throughout the world since
the late 30's, principafly in Russia and Australia,
Faraday postulated thet a conducting fluid
moving through magnetic lines of force would
generate an electric current perpandiculsr to
both the fluid flow and the magnetic field. A
recently demonstraled corollary to this  the
meagnatohydrodynamiz  (MHD)  propulsion
system usad on Japan's experimental vessel,
YAMATO 1l The YAMATO Il generates its own
magnetic field and electric curant  with
suparconducting  magnets  and  powerful
generators which force water lrough s
thrusters,

MWT davices on the other hand, place a strong
magnetic flald in a moving waterstream. The
MWT device genorates a figld which ads a5 a
*stator” and the feed pump provides the enengy
0 move the Nguid “armature” through this
"statar." Alhough the absciute differgnce in
potantial is small (millivolts), it is suflcient to
hald the piping negative with respect o the
walarstream  for as long as continuity s
maintained downstream. MNothing is added to, or
removed from the water, but in theory, the
manner in which suspended carbonstes and
water molecules Interact with each other and the
pipefiube walls is altered by changing the
relative charge of the wall with réspect to the
water stream, The dipolar watér molecules
negatively charged oxygen end i repelled by
the negatively charged pipe walls, thus reducing
its corrosive effect  Scale forming carbonates,
alse negative, are repelled and remain in
sispansion  untl  the feedwater becomes
supersaturated. At this point they preciptiate
and fonm a soft sludge at the bottom of the boiler
which is removed via blows-down

Seals forming carbonates are predominantly a
combination of two crystalling forms, aragonite,
and caleite, Calcte (principal ingredieni of *hard
scale™ has & much mere dense crystalling
struciure than aragonie. In independant testing
documented by the American Society of
Comosion Engineers (ASCE), untréated watar
precipitated a ratlo of calcite to aragonite of
approximately 80 percent/20 percent while the
ralin measured 0 magnetically treated water
samples was almost the opposite, 30 percent/To
percent. The higher the percentage or aragonite
causes the formation of a “soft scale” or sludge.
in addition, this serves to demonstrale that

aitering thess particles' crystalline Structure can
cause their chemical behavior to change.

There are many devices on the market which
use elactrostatic, electromagnetic, ar penmanent
magnelic systems in an atempl lo achleve the
aforamantionsed results. Most were shor-lived
and unreliable bacause they ware as difficult or
more 50 fo maintain then the chemical Injection
systems they were designed (o replace.
Electrostatic unils, which wse high volage
applied to electrodes placed dirgctly in the water
steam, are expensive, raguire the system to pe
shut dewn for both installation and malntananpce,
and can be both & leak source and a shock
hazard. Electromagnetic units gensrally hawve
simflar disadvantages, however, some {ypes can
be mountad axtemal to the piping. Regardless,
both electromagnetic and slectrostatic devices
require an external source of power, close
maonitoring, and consideraplé  mainténance
(freguent cleaning of the plates or coils),
Fenmanent magnetlc systems can be Installed
glther in fine with the water flow or mounted
extemally.

Intemally meunted pemmanent magnetic devices
suffer from some of the same disadvaniages
that electromagnetic or electrosiatic ones do;
flow restriction and system shutdown to instal
and service.  The extermally mounted devices
can be installed while the boiler is on line and
requira  Ftle maintenanca. Until  recently,
externally mounted pemmanem  megnelic
systems didnt hava the abilty to project a
magnetic field into the water stream of sufficient
stranglh io produce consistent rcsults. The
MWT units being evaluated aboard our culters
are extemnally mounted pernanent magnetic
devices of sufficient strength to project ther
magnetic field into the walerstream.

The primary advaniage of MWT is its continuous
treatment of the water siream, resulting in water
chemistry which 1s vitually constant over tme.
As with chemical treatment, water testing
chemistry Is the “measura of mendt" of MWT. As
long as water chemisiry parameters are med,
you have done the best you can for your bailer,
MWT achieves this consistently high level of
water quafity, while significantly reducing bailer
FMS requirements.
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vifually malmenance free and retaln  their
strength indefinitely.  In addiion, the resulting
changes In boiler maintenance procedures will
result In significantly reduced PMS man-hours,
angd preciude the need to purchass Irealment
and cleaning chamicals. Gutters using water
softeners will save eyven more since sofiening
dock water is unnecessary If MWT s used.

MWT reprasents a significant shift of status quo
in water treatment technology, and for obvious
reasons the maulti-billion dollar chemical industry
is cartainly not & strong advocate of it, to say the
laast, As an enmvironmemally concerned
arpanization, the Coast Guard should leave no
stona untumed in evaluating and adopting
technology which will reduce our dependence on
treatment, cleaning, and testing chemicals as
they become increasingly difficult o dispose. As
posttive as i may sound, MWT should not be
approached &5 & panacea. Systems using this
technology remain subject to confinued careful
menitoring of waler chemistry and perodic
visual inspections to insure long lemmn
eMestiveness of the treatment. MWT Iz simply
an allemative 1o the chemicals presently used
for scale and corrosion reduction, G-ENE's
expansion of it5 Avalsation of this technology on
shipboard boilers will provide a basis from which
to make & decision to embrace this technalogy
fleetwide and pursue follow-on applications on
distilling plants, heat exchangers, and engine
lacket watar systams.
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In Summary, Magnetic Baller Feedwater
Treatment:

Eliminales;

« SCALE

= DISCHRRGE OF TREATMENT
CHEMICALS TO THE ENVIRONMENT

s NEED FOR ACID CLEANING

+« EXPOSURE OF PERSONNEL TOQ
TREATMENT AND CLEANING
CHEMICALS

» NEED TO PURCHASE, STORE, AND
DISPASE OF HAZARDOUS TREATMENT
AND GLEANING CHEMICALS

Reduces.

¢  WATERSIDE CORROSION RATE
»  PMS MAN-HOURS

s  MAINTENANCE §

Increases:

« BOILER LIFE

« BOILER EFFICIENCGY

«  WATERSIDE INSPECTION PERIODICITY

Based on results observed during prototype
testing 1hus far, MWT funclions guite eﬁen!ivet,r
in place of boiler water trastmeni chemicals.
During July 1992, seversl major  industrial
faciities were visited fo cormoboraie the Coast
Guard's ‘experience with Mapnelic  Water
Treatment (MWT) devices presently being
prototyped  sboard CGC's  MELLON and
SHERMARM:

Textile Manufacturer — Evaluated MWT on
one of their six 750 HP, 100 PSI bollers for
approximately ona yaar. Once installed,
they lInsured frequent {aboiut every two
montts) waterside inspections were made
becauke they were starting from a scaled
congition. Daily feedwater test readings fell
within' an acceptable range in about two
weeks and each inspection  showed
progressively less scale, leading them to
install the devices on the other five boilers
as well as a 750 ton cooling tower. The site
visi was coordinated to coincide with thé
annual state inspection of boiler used in the
prototype  evalvation.  Afler nearly three
years with only MWT, the waterside had
neither scale nor any evidence of corrosion.
The company astimatés an annual savings
in chamical costs of approximately $35K,

Chemical and Pharmaceutical
Manufacturar — Has been using MWT
exclusivaly In their three (1 ea; 250 fon, 500
ton, and 750 ton) cooling towers for the past
two years, In addition, approximalely one
ymar ago thay Installed MWT on two of their
75HP fire tube boilers. They cied savings
of approximately S40K per year in chemical
costs ot their plant.

Pharmaceutical Manwfacturer R & D
Complex - three years ago, ihey waere
faced with chemical restment cosis that
wore increasing at 8 rate of 40-60 percent
per year. The Facilitles Manager prototyped
MWT on one of his 20, 1.000 ton cooling
towers ond observed a steady reduction in
scale, algae, and mmakeup  water
gonsumption, In eddition, NALCO Chamical
Co. (their source of weslment chemicals)
performed a side-by-side corrosion coupon
test on & chemically treatsd coofing tower
and the MWT treated one.  While the
chemically treatad tower yielded corrosken
rates of 1.8 to 4.5 mils per year, the MWT
traatad tower showed rales of .1 to .3 mils
per year. Based on their expenence they
purchased enough MWT devices {about
B00) to treat every cooling tower on the
faclity. M was decided 1o do the cooling
iowers before the bollers bDecause the
freatment chemical Ccosis weae  mMore,
iherefore the payback was gquicker. MWT
wili be installed on their aight 850HF boilars
as soon as funds become available. The
company estimates savings in chamical
costs to be nearly $100K par year thus far.

In sumemary, findings indicate MWT to be
extremely succassful in the privata sactar boiler
and cooling tower water treatment appllcations
Scale |s eliminated and corosion rates are
significantly reduced.  Visual inspection and
discussions with the Indusiry representalives al
these sites fully coroborate our own three yaar
pretotype testing aboard CGC MELLON, Since
chemicals are not emploved, MWT precludes
the discharge of water treatment chemicals to
the anvironment through blow-down. The need
for penodic ecid andior manual cleaning is
climinatéd. Exposwe of personnel to the
treatment and cleaning chemicals is avoided,
and storage space for chemicals is no longer
necessary, Singe the units significantly reduas
corrosion rates, longer bhaoller life can be
gxpected.  Once installed, the devices are
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