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THE FATAL LML OF 1M TRRATIWG GANGETS

This maper is intended to examine the canses for the constent re-emerrence of
water treatinge ‘cure-alls” that c¢laim to eliminate most or all of the ills that
eccomnany the use of water for industrial nurnoses.

Thege devices generslly invoke the well-knovmn scientific vrinecinles of
magnetism. electrostatiecs, electrol tic nhenomens, radiation, catalvsis or other
nhysiochemical methods.

There are s number of Adevices using these same nrineciples that are quite
leritimate and are reco~nizad zs such.

¥or examnle, marnetic filters for removing tramm iron, for removal of solids
that have been mixed with ferromasnetic su*stances or even those devending on the
wveal nara and diamagnetic forces present in manv substences are vell-lpown and
recofnized as leritimate. Tlectrolvsis cells that renerste chlerine or other
reduced ionic species have a sound vlace in industre.

Though less 1videly practiced, electrodialvsis is used for the defonization of
hrackish waters. T1ltra violet or sarma radistion sources have been often used to
sterilize water as has the s2leectrolvsis of metalliec siilver into solution.

These and other well-knovn techniaues mroduce usable results hy lnown
scientific processes and there is & legitimate canitsl =nd onerating cost penalty
acsociated with their use.

On the other hand, the devices which we shall refer to as gadgets” offer
{put do not deliver) a wide range o*® relief from water mroblems usinf secret or
poorly explained pseudo-scientific nrocesses and ususliv Tor little or no cost
other than that vhich is maif to their »romoter and his salesrmen.

The water treatins "sadeet’ ie¢ not & recent develomment nor is it limited to
the Mnited States. Buch devices were Yno'm at least as earlv as the American Civil
Viar and they are activelv promoted in 21l industrisl nations.

Manv of the "madrets” have the germ of a woratle idea in them. Tis tends
to mave them more believahle but does not necessarilv male ther effective as =
wgher treatineg tool. Tor exarmle, geversl of the devices ere composed of macnets
or zinc or aluminum alloys with either accidental or deliberate irmuritiec {some
hilled as “Twenty Pracious Metsls") in them. These allovs corrode auite rapidlv.



Yhen these devices corrode ithey have the same ~ffect as addin~ smrll cuantities of
soluble iron, zinc or =alurirum eaits to the water., Tt is Fnown that low concen
trations of zine can serve as a verr ~ffective corrosinon inhibitor. The "radret”
achieved a degirahle result but in ar 2xnensive and uncontrollnrle wav., The
alimminun or iron szlts frorm corrodinrg electrofes or marnets 2o an accentsbhle ioh
of elerification, Yut arain there is a more controllahle, less exmensive war of

gechieving the same results.

Some of the "radpets' use accented technologsy in a nron-standard manner that
frecuentlv nergtes their effectivenesss. & Cerman device nsed an electrolsvtic
sof{enin~ cegll inside of a hoiler. ™his was a technically sound soplication of an
electroirtic cell vhose cathode licunr hecame quite alveline and caused nrocinita-
tion of celcium carhonate in the hoiler. ™This erpensive and cucgtionable rractice
from the viewmoint of wmter tecknolosv could have heen hetter acromplished hy the
addition of a fer cents vorth of sodium hvdroxide to the hoiler.

Ancther device, vhich connacted a radio tvme antenna to & rrounded elactrode
in the boiler, would seem to have no mossihility of havine anv effect at all.
Fowever, it is Fnown that in the vicirity of larse rafio aniennas a vire strunr in
the air will nielr up enoush nover to lisht a house. It vould not he recormended
as a mwropoer water treatment, hut under ideal conditions somethins could hano-n,

Some of the "madpets’ could he nothine but deliberate frauds. One device that
was very nopular thirty vears arn was 2 cvlipnAriecal hrass case vhich, vwhen it =as
cut oncn, was found to contain a nowdered materinl that anneared to have been
svent from the floor of a stahle. (Cuttine the device open voided the warrantv.)

These mseudo-scientific “radrets™ are not harmless. You can't sav ‘well, if
thev don't wor: no harm hes heen done.’ The lezst of the costs arising fror trials
of these devices is the time and ronev wasied in investirating and/or trying ther
out in a wor*ing system. The preatest exnense is the damare done to the eauinment
in the svstem under test from the withheldine of vroner treatment for a period lonr
encuch to shov that the 'radret’ has not mrevented corrosion or sesls as claimed.
Mach of this damage is irreversible ané is relatively larpe in dollar amounts.

It is not the purnose of this paner to document the nersistent and wvide svoread
existence of these devices or to mrove that thev are innccentlv or deliberately
fraudulent. This has been adeauatelv done a number of times.

-

The claims of several of the wmore activelv nromnied of the water treatins
v oI . . . . . s 1= oxp e
redpets' alone with en znalysis of the technical inaccuracies or immossibilities
in them are riven hv Tliaszen and Thlie, {1)

The actual case histories docimentine the failurass of a number of these
Aevices alonf vith an extensive hiblioeravhyr (107 reference) survevine their
history is miven b Velder ' Partridre. (2)

Tliassen and S-rinde sublected a nurher of these devices to exverimental
measurcment and documented their findings. (3, 5)



Henricks sounded s strong varning again in 1057, (b)

The Tederzl Government throurh the Federal Trade Cormission (6) and varicus
mititary installation memoranda (©) has smoken out arainst the use of "madpets” on
Yederal installations.

Professional technical societies have tried to warn their membership amainst
the blandishments of the "padret” wromoters but these warnines do not ssem to have
been heard by those vho need it the most. (7, 8)

The 'ational Association of Corrosion ™ngineers has a standing committiee
{Committee T-TF) on ‘lon-Chemica) 'ater ™reating Devices” (10) which maintains the
most un-to-date list of these devices and can often furnish unhiased references
to thelr performance.

' There are some fundamental reasons vhv these devices are nerennially
atiractive.

Thic paper exasmines some of the basic farcts vhich encourase the regular
reannearance of these padgets time after time even when it has been well demon-
strated that not one of them has ever worked well enoush to estahlish a place
alongside the leritimate vater treating technioues. This naper will also offer
some simmle, common sense procedures that can he used as s nrotection from the
fradulent "gadget” while not nrecluding the adontion of & leritimate device should
one ever emerge,

Wecessity i< said to he the mother of invention. If ever there was an ares
where the economic and technical necessity is near its meal, it's the industrial
vater svstem.

Vater is a nearlv ideal substance for industrial cooling and heat transfer.
It has uwnusually good thermal vroperties such as specific heat, heat conductivity
end latent heat of evamoration. It is fluid over mest of the ambient temperature
range. It is non-toxic, non-flarmmahle, and readily availsble and relatively
inexpensive.

Water hes several drawbaclis, most notahlr that it is an excellent but incon-
stant solvent. ‘tore often then not it is the solutes that it ecarries that malke
the use of water such a troublesome entermrise.

Vhen water comes to us from the skr it is relatively nure, containing only
some dissolved gases plus soms zirborne particulate matiter that it vichked un on
the way down. Coon after its arrivel on earth the wabter hemins to take its
surroundings into solution. When this vater is used for industrial purnoses the
‘soluble salts it carries plus the dissclved gases causs the water to be severely
corrosive to most cormon metals. Al of the metals excent the so-called nohie
metals are intrinsicalls unstahle hegause of their hish free enerey. The combi-
nation of heat, water, oxveen, and dissolved salts vprovide the activation enersyv,
the easy path and the epergy sin* that are regquired for the metals to discharaes
their high free enersy and revert to their more comfortable and stable stbtes as
icns.



Some of the materials in the water such as calecium and silica compounds become
insoluble vhen the water is heated and concentrated in ¢ooling towers end boilers.
Thia secale and corrosion causes great economic loss to users of ipdustrisl water.

In addition to the corresion which destrovs the funciion of the metalliic structure
and shortens their economic life, the demosits cause reduction in fiuid handiing
capacity and loss in heat transfer. Such losses lead to frequent cleaning with acids
or harsh abrasives which is exvpensive and further damages the eoquivment.

Though there are well-known technologies that can mitisate these had side
effects of industrial water, thev are exmensive and not always comwletely satis-
factorv. Hence we see the necessity that begets all these inventions. Nobody has
ever sald that the offspring of necessity were good, benevolent children, and these
"zadgets” seem to prove it.

Since the users of industrial water sre faced with large exnenses if they do
not treat the water and larse expenses if they 8o treat the water, thev are a fit
sudience for anvone who will {ell them that all this trouble and expense can be
made to go away for a small investment in the latest "gsdget.”

Inder the best of conditions, water technclory is an arcane srt. It is a
mixture of colloidal chemistry, equilibrium states, unstable kinetic svstems, and
the poorly understood fields of sequestrants and chemical complexes. Many of the
critical conditions occur at concentrations so low that they are at or near the
normal limits of messurement. Under these conditions it is no wonder that the
svecialists who are highly trained in the field are hard bpressed to describe the
chemistry of a water svstem in completely unamhiguous and reliable ways. There-
fore, it is not strange that the overator of an industrial water system who is not
especially trained in the field of water treatment is not sble to sevarszte fact
from fiction in the claims of the "gadset” salesman. One of the most important
supports for the testimony supporting ‘gadgets” is the sound physiochemical
principle that each licuid vhase comnosition has 2 snecifiec solid phase in egqui-
librium with it. 'Mhen the ligquid phase is changed, the solid vhase will change too.
It is in these periods between equilibriums that a solid phase or scale may be
coming off the metal surfaces in large quantities. The interpretation usually is
that the "gadget" is "ecleaning the system up” vhen in actual fact one solid phase
is maliing way for another that may be much worse than the first one.

Water systems, becans= of the larse volumes end low concentrations involved,
often come to eguilibrium very slowlv and observations made during the egquilibrium
process may not he reliable.

Since water systems are not “monev makines” or primary nroduction vrocesses,
they tend to be under-instrumented and under-controlled. The observations from
most water systems tend to rely on visual inspection and memory rather than
recordings of guantitative measurements.

Here are some of the marks that often identify a truly fraudulent gadget:
1) The vrocess is claimed to be a secret.

2) The vrocess claims to rely on standard technology but the comnection is not
¢clearly made. The salesman is almost alwevs technicallv unlearned in the
technology and can't explain how the "gadget" works.



3} The supnort of the elaims for the effectiveness of the "radret’ are non-
aquantitative testimonials by non-technical observers, staterments that are not
substantiated in anvy way or from "experts” who offer comnlex exrlanations
unsubstantisted bv experimental facts. The experts usually canpot be located

for further discussion.

L) Often valid tests hy sccented authorities are misguoted or taken out
of context so that the cuotation does not trulv represent the finding of

the test.

5) Extravagant-appearinﬁ guarantees are freaquently offered by comnanies vho
eould not pay off on eny one single loss due to damare of a mator industrial

system.

Several vears ago, one of the major water treatlng compenies gave their sales-
men the following summary of the marks of a "gafmet.” They are still good tests to
apply.

Certain devices come on the market from time to time which
ere claimed to be effective in preventing scale, corrosion and
microbiclogical fouling without the aid of corrective chemical
treatment. The following corments are intended to exmlain vhy
these devices cannot live up to the elaims mede for them,

1) To date, none of the currently available group of devices
claimed to operate on electromagnetic, electrostatic, magnetie,
sonic and other physiecal princinles, for vrevention of scale

and corrosion in water-using svstems have been proven effective
in unbiased tests condueted v qualified water-and-corrosion-
research scientists in laboratories of major universities or
indenende?t research institutes {Batelle, IIT Research Institute,
MIT, etc. ).

2) A1l of these devices (cstesorized as "gadeets” by consulting
engineers, water chemists, and corrosion researchers) are
supported onlv by "testimonial” letters from certain industrial
users, and by self-serving research or investigations conducted
by and for the promoters and manufacturers of the units.

3) Almost without excewntion, the “radrets” are claimed to
operate on new and mysterious scientific princinles, usuallw
in eonflict with basic secientifie laws, and not explained or
clarified br “technical” literature and woroduct bulletins
pubiished by manufacturers and distributors.

L} Without exception, the manufascturers claim that results of
use of the eaquinmment cannot be detected or measured hyv stancderd
vater analysis - since they do not alter hardness, alkelinity
and other chemical characteristics of water pagsing throurh

the units.

5) "Gadgets"” overating on electromagnetic and electrostatie
princinles all claim results in direct conflict with laws of



thermodynamics which reguire expenditure of ensrgy to accom-
plish chemical/phvsical chanees. (Claims of useful results
at power consumption less than that required by a T to 10
watt bulb are too ridiculous to warrant consideration.)

A) On ecareful investigation it often will be found that systems
where improved results were ¢laimed from use of such devices
either:

a. Did not need treatment in the first place (hecause
the makeun water was free from scaling and corresion
tendencies), or

h., Vere glresdy being treated chemically, the device
being super-imposed on top of chemical protection, or

¢. In the svstems being "treated,” hlowdown (bleedoff)
rates were altered drastically., so that they operated
essentially once~throurh, with no concentration factors
remgining to contribute to sealing. (Fxmensive in
water wastage, of course), or

d. Chemical additives (soda ash, etc.) are recommended
by the equivment sunplier, to "aid efficieney,”
“increase polarization” and similer claims.

7} It is well ¥nown that almost anv physical or chemical change
in method of operstion or preparation of feedwater and hoiler
water will cause sloughing off of old scale denosits for a
short time, givins short-term indications of system cleanup.

In the absence of chemical treatment or drastically increased
blowdown, the normal result of treatment stovpage generallvy

is sharply increased demnosition of harder, more mermanent
scale, after existing treatment reserves in hoilers and cooling
towers have been denleted.

8) "Gadgets” manufacturers generally "plav down” corrosion control
¢laims, which cannot be supported dv scientific facts nor recognized
cerrosion-control princivles, and concentrate on scale-control claims,

a., 'Gadgets" operating on electrostatic vrincioles
claim that the electrostatic field "utilizes oxveen
to form a...thin oxide coatins on internal surfaces
vhich hars metal losses from corrosion.”’ It is well
knowm that oxygen in tater is a poverful corrosion
accelerator. Tt acts to denclarize protective
hvdrogen films on cathodic areas of metal surfaces,
to allov corrosion processes to continue. It zlso
reacts with water using electrons liberated when metals
corrode, to produce hvdroxvl ions {OF"). These cause
precipitation of ferrcous ions eventually building up
local deposits of corrosion products which further
stimnlate corrosion sttack.



A1l of the effects clairmed for the gjestrostatice
Aevices (elactrostatic field, orotective f£ilms,
ete.) if thev could he confirmed, would anply only
during the fewv seconds that water is massinr throush
the smace vhere the lov—enerry electrostatic f£ield
exists. There can be no residual effect on water
that has passed the unit and entered the water-
consuming svetem.

e. The claims of "electrons...victed un by positivelr
charsed ions of scale-forminr salts..." ars fallacious.
The “secale-forming salts don't exist as “salts” in
solution. Pather thev are nresent as ions. (Sodium
chloride in water exists as {Ma%t) and {M-) ions:
caleium bicarhonate hardness would he fully lonized
as {ra*t) and (A20,)” ions.) If electrons were micked
un Wy {Na*) ana (Ca**), the result would be neutral
motals Na and Ca, hoth instantly and violently reactive
rith water to release hy?rogen and eventuvally form
(a¥} and (Ca**) ions acain.

d. The electrostatiec field eczr have no =2ffect on ions
vhich comvine to form scale, in water-usins equipment
{roiler and coolinF towers) where water evavporates and
concentration occurs. In these svstems ions eventually
reach a concentration limit {roverned by solubilitv
product considerations) bevond vhich preeivitation
(scale-formation) of minerals occur. In other words,
transient foreces ammlied within the treater azre not
carried downstream to the noint of use.

%) The mechanisms of scale formetion are governed bv temperature
and ion concentrations, in the evanorative or heating unit.
These mechanisms can be sltered and controlled by chemical
additions, but are in no wav gltered or controlled hv exmosure
of ma¥e-un water to electrostatic or electromagnetic force
fields. Buch forces don't remove scale-~-forming ions nor alter
their abilitv to react with other ions to form insoluble
combinations (scale).

10} Most "madret” menufacturers tacitly admit inahility to
prevent scale in heated svstems (ahove 191° F), so don't recom-
mend the units for boiler Teedwater use. TIn hoilers, scale
formation and corrosion hoth are local vhenomensa, takine place
right on the heat transfer surfaces, vhere water is being
evanorated and dissolved solids are left hehind and concentrated.
“hen concentrations of icns such as {(a™) and (70),77) renmsk
their solubility limits, then they react irmedistelv to form
ervstals of insolublie salts Such &8s ﬂaﬁoh. HMany such crvstals
cambine to form scale layers. Anmarentlv the ‘'radget” nromoters
believe they cen mnass & s2li solution througsh their device and
into an evaporator - where the solution is bhoiled to dryness,
without leavins salt crvstals behind! This is obviously impossible!



Isn’t it enuallv illorical thet massing feedizter throush an
unstrear electrostatic Tield should mrevent formation of
insolurle scale crvstals, once water in an evaporative svetem
{roiler or coolins tover) reached soluhility linits of the icns
carried hv entering feedvater?

11) Claims for control of microorr~anisms in water-using systeme
are not explained in anv way. The menufacturer of one electro-
static treatment unit claims that his device acts as an ozonator,
rroducinT ozone vhich has nroven efficacv in microbiological
control and water sterilization. The fallacy here is that the
electrostatic field is imposed across a water-filled annulus -
the vater havines avpreciable conductivity and dissolved solids
content.. Ozone fgeneration reguires passare of very dry sir

(or oryren) throush a verv high voltame electrostatic field
{5,N00-50,000V), and power conswnption in the wmrocess is
apnreciable. Porer requirements for ozone generation are very
hish - vields averaring only about 50 prams/kilowett hour.
Typical pover Aemand is 7-10 Yw/hrs mer pound of ozone. (Comvare
this with total mower reaquirements of 7-100 watts For slectro-
static vater treaters.) BPv very drv air is meant dryinr to a
dewnoint of AN® F, The vprocess won't work in the vresence of
water.

12) A d-c electrostatic field woul? have some effect on susvendsd
partieles with definite charre characteristics {+ or ~}. causing
them to Arift toward the ovnositely charged pole. FSuch a é-c
Tield likewise vould encourare drift of ions torard the opvositely
charped noles. But in the absence of s membrane or similar
barrier, nothing would keen such marticles or ions at or near

the charsed moles. lMoreover, since water remains in the field
onlv a few seconds, the ilons would irmediately redistribute
themselves throughout the vater, voon leaving the device. Dffect
on s0lid susnended particles, if anv, would he equally transient.

13} An immortant consideration vhich should be questioned is that
of warrant¥ on defective marts renlacement, wversus product
iiability coverage which would renlace water-using equipment
destroved or damared during the use of the device, or indemnify
ourchasers for costs of reprirs or remlacement of such demaged
ecuinment (boilers or cooling towers). 211 majcr water treatment
Firms eczrry such product liability coverase. Do the firms that
merket "cadpets' carry such lishilitv coverage?

1k} Under exicsting state and local T.P.2. and similar regulations,
installation of Flectrostatic Water Treatment Svstems would
renresent an addition to an existing mublic water sunolv, reguiring
construction permits, onerating nmermits, essicnment of certified
{1icensed) vlant operators, and compliance wit™ other ammlicable
resulations. This should re investigated in every case a ' madeet”
is recommended.



15) "™ e stipulated Underwriters Laboratories annroval is
meanin~less in terrs of operating efficiency. This Jicsting
emnliez onlv to saety characteristics of electricel enuinment
inciuded in the device, includins proner slectricel insulation,

. freedom from internal or external current lealage hazards to
nersonnel, ete.

16) The major appeal of such "smadrets” is that +thev promise
"somethin~ for nothine,” by inferring that water treatment
chemical costs will be elininated, vollution potential from
discharres of treated water eliminated, ete. 1In fact, since

the devices actually de nothing to eliminate scale and corrosicn
nroblems in evaporative eocuipment, and are usualiy quite
exmensive, they reallv offer nothine for something.

Sunpose a salesman approaches you with a storv that seems different (and more
believable)} than the usual “"radret” vitch, or one of the vice oresidents of wour
company intimates that he wants you to five ones of these devices & trial. Vhat
should vou do to nrotect yourself and vour comnmanv? TVere are some simple, common
sense guides that may help:

1) Trv not to be the first in vour area or vour industry to try the
device. AsX the salesman to come back when he has a successful
installation nearby on equipment like yours.

2} Don't hurry. Wait until some enpineer vou know has had his second
successful annual inspection of a system treated by the "madret.” Try
to be on hand for the second insnection.

3) Irnore non-technical, non-gquentitive testimonials. ZFven if they're
right vou couldn't prove it.

L4} ChecY all legitimate references carefullv. I€ thev are s8ll verv
recent, non-technical and on anplications widely different from yours,
ignore or discount them.

5) On any technical references, talk to the exmerimenter doing the work.
See if:

a) Ve appears to be commetent and
®} If he really helieves the "padret” will live up to all its claims.
6) If vou must trv the device, {for political reasons)., install it on
a small , non-critical svstem such as the air conditioning unit serving
the office of the man vho wants the test run.
7) Re sure to establish a sound, cuantitive hasis for comparison (corrosion

rates, foullns factors, etc.) on the test svetem before the "gadmet” is
installed so that you will have something to measure arazinst.



i0

8} Re cautious about recommending the 'radcet” even after = success®ul test.
It may not work for evervone wunder all conditions. Your letter of recommen-
dation mav be esreidentally or deliberately misinterpreted and misused.

0) Giving negative recommendations can alsc be dangerous. They mey be the
subiect for lercsl action amainst vou even vhen vou have secientific proof on

vour side.

One thing seems certain. CSomevhare one or more growns of meonple are at this
time gettins the next wave of "madrets” readv for the unsusvecting market. Manv
peonle will lose time and money Tindine out the o0ld truth that vou can't solve
difficult and complex vroblems eazsilv ne matter how hard you try. It is still
true that "there's no such thing as a free lunch.”
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