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Practical Performance of
Water-Conditioning Gadgets

B. Q. WELDER AND EVERETT P. PARTRIDGE

Hall Laboratories, Inc., Pittsburgh, Pa.

Observations made by the service engineers of Hall Laboratories concerning the

practical performance of various gadgets in actual plant operation are reported.

Gad-

gets are defined as special devices requiring substantially ne technical control which
are alleged to treat water by nonchemical means to prevent scale, corrosion, and other
troubles encountered in the industrial use of water. Gadgets are discussed in two
eategories—those with an external electrical circuit and thoee without such a circuit.
References are given describing some of the various water-conditioning gadgets which

have appeared on the market since 1865.

03T human beings want to get something for nothing.

Even the engineer with hiz bagic belief that he can get
out only what he puts in as far as energy and matier are con-
eerned will hopefully buy a ticket that may give him a new
aute if his number happens to be drawn. Add to this basic hu-
man frait the current belief that, tomorrow or possibly the day
after, science will provide an easier way of meeting each of our
needs and you have an explanation for the many millions of
dollars gambled annually on gadgsts.

Let's define what we mean by gadgets. For the purposes of
this paper they are special devices requiring substantislly ne
technical control which are alleged to treat water by nonchemical
means 30 that the familiar troubles caused by deposition of scale
or sludge, by corrosion and cracking, or by the sccumulation of
organic slimes will plague us no more. Usually they are claimed
to have additional powers for good; for example, one or another
will eliminate any objectionable taste and odor from water, or

1 Presented belore the Fourtesnth Annyal Water Gonference, Engineers”
Bociety of Western Pennsylvania, Pittaburgh, Oct, 1921, 1833,
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retnove siag deposits from the outside of the tubes in a boiler
fed with water passed through the gadget, or improve the taste of
a4 cigarette laid on it.

Cathodic protection, properly deeigned, installed, and main-
tained by experienced engineers, has proved most effective in
eontrolling external corrosion of pipelines buried in the ground.
It has also shown promise in the protection of tanks, where the
anodes can be distributed in such a manner as to provide an equal
density of electrical current to all of the surface to be protected
{105). However, so far as the authors are sware, no reputable
proponent of cathodic protection has yet engaged to protect the
internal surfaces of the complex piping or equipment in which
water is conveyed and used for generation of ateam, for cooling,
Or in & process.

The promotion of gadgets iz curvently at one of its periodie
peaks. Any thoughtful scientist or engineer naturally tends to
suspect the claims of universal ytility, the explanations in pseudo-
ncientific gobbledygook of how each gadget is supposed to func-
tion by electrical or eatalytic or supersonic means, the warm
testimonials from obviously well-meaning but uneritical users,

Vo, 46, No. 5


Dick
TextBox
This paper was uploaded and is hosted by: Richard Hourigan, Inc. and TheWaterTreatmentStore.com. For Special Deals on all of your Water Treatment needs, visit: www.TheWaterTreatmentStore.com by CLICKING HERE.


http://www.richardhouriganinc.com/sunshop/index.php

The scientist and engineer may even feel compelled to state
b cOUrage and conviction their conclusion that these promo-
“,'lt are the bunk, as did Eliassen and Uhlig (19).  Always, how-
ot the practical man in the plant wonders if the experts could
ever,‘qsing gome new truth not yet fully appreciated,
ef;l ;his paper we take an objective look at what the gadgets
themselves have accomplished when applied to specific water
roblemns in specific planis. The body of this paper, therefore,
aprises condensed case histories, each observed firsthand by
o of the Hall Laboratories’ field engineers.
. e authors have not considered testimonial letters as adequate
cidence that & gadget has solved a problem of scale or corrosion.
Eall Laboratories has not spent the substantial amount of money
hich would be required to study in defail the facts behind such

jegtimonial letters from plants not regularly served by the com-

pa;}l;-e case histories end rather monofenously with the gadget
{gsged on the junk pile. Here and there in the technical litera-
ture, however, thereis a claim of a beneficial effect or a possible ex-
planstion. The claims are included in the literature cited; the
explanations are reported in the text. The methods customarily
employed in promoting gadgets and what can be done by the
mag in the plant to protect his eguipment, his company, and
himself are considered,

Table 1 is presented to place the gadgets with which we have
bad practical pxperiehce against the background of alleged inven-
tiops in this rather remarkable art.  'While Table I is not all-inelu-
give, it does show the ingenious lengths to which successive in-
ventors have had to go to find something not revealed in the prior
art. Certainly, there is some suggestion here of invention of
patents instead of patenting of inventions. :

The various gadgets in the following case histories are classified
arcording to two types—those involving an external electrical
¢ireuit and those not having such a cireuit,

EXTERNAL ELECTRICAL CIRCUIT

Gadget I-A. Gadget I-A consists of & cylindricel body in
which i3 inserted a concentric slotied tube, both stated io be
machined from castings of composition M naval bronze, The
dotted tube is electrically insulated from the body, Water flows
into the bottom of the body, from the annular spaee through the
flote into the inner tube, and out of the top of the latter to use.
The tube is the anode and the body the cathode of a cell through
which 8 very small direct current is passed. ’

Asetated in a descriptive brochure, the principle of Gadget
T4 i9 28 follows: *“The function of is to pass a small elec~
trical eurrent (in mieroamperes) through the water to influence
the process of crystallization without making any detectable
thange in the chemical composition of the water. causes
the dissolved hardness salts o crystallize in o differént manner
8ud the deposite ave soft, thin, friable, and easy to remove,”

Gadget I-A has been studied under controlled conditions in
our o%a laboratory. Operation of an evaporator was simulated
by using s coil of copper tubing, internally heated by steam at
10 pounds per square inch. The copper coil was immersed in
the water tg he evaporated, which was at atmospherie pressure,
i&?}d waler at room temperature was supplied automatically to
thz ace that lost‘by evaporation and a blowdown of 5%, All
thm:?:‘er Supplleq to the simulated eva‘pora,tm: wag passed
of theg 4 commercial unit of the gadget supplied directly by one

en g4 that time coneerned with its promotion.
deeffect of the gadget on scale formation was tested with two
m;rue;t types of water, Pittsburgh tep water, which deposits
posits ;"U_lf&tve scale, and a bicarhonate well water, which de-
of the {f:a ‘;Um carbonate scale. In neither case ‘did the passage
mmpar::; t“‘aier‘ through the gadget show any improvement as
0 blank runs. There was no reduction in the amount
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of scale or the adherence of the scale to the copper suiface
neither the appesrance of the seale nor the Identity of the constit
uents was changed.

This gadget, which was originally develaped in Great Britain,
was tested there both in the Jaboratory and on small commercial
boilers by investigators of the Department of Scientific and In-
dustrial Research. Their adverse report (47) that observed
difierences from test fo test in the guantity and nature of the
deposits did not appear fo be associated in any way with the elec-
trieal treatment of ihe feed water was challenged by the inventor
{27), who attributed the lack of favorable results to the fact that
s special schedule of blowdown had not been followed.

Our engineers have reported the following eases:

1. A Dutch engineer at one time gn our staff had some first-
hand experience with this contrivance at a central station in
Holland in 1941, When asked how i worked, he answered,
“Good —for about 6 weeks. Then we had to ¢lean the evapora-
tor. The makeup had been softened with lime and soda ash
and then evaporated. Usually it was necessary to clean the
evaporator mechanically at 6 fo 8montk intervals, When
chemical treatment was stopped, and this apparatus was used,
production of the evaporator dropped from 8.5 to 4.5 tons per
hour in 6 weeks and it was necessary o clean the evaperator.”

2. A rubber manufacturer in Delaware tried this device on
the make-up for s 250-pound-per-square-inch watertube boiler.
As 5 result, the internal surfaces of the boiler became scaled to
the point that it was necessgry to install another boiler and place
the oripinal in stand-by. The scale was high in sodium alumi-
num silicate {analcite}.

3. Our associates in the marine field report the following ex-

perience:

During our regular boiler water service call on this vessel on
April 19, 1951, the chief engineer and his first and second assistant
engineers stated that, in their opinion, after prolonged observa-
tion, the——unit had made no appreciable difference in the rate
of deposition or character of scale aceumulated in their evap-
orator. This was also the expressed opinion of the superintend-

ent of engineers.

During the trial all deposits examined by the writer in our
laboratory exhibited s hard crystalline carbonate scale under-
neafth the iron oxide and immediately adjacent to the tube
Buriaces. ’

Gadget I-B. Gadget I-B is a plastic eylinder to be inserted in
a water line. It contains clectrodés saild to be constructed of
“spacial’” materials, which are connected to & power line through a
trapsformer in a control box. The principle s explained as
followa: ‘““When water 1s passed through an electrical field of the
proper intensity, the colloidal particles and dissolved salts act as s
conducting medium, They pick up an electrical charge which is
regulated in proportion to the eonductivity of the water. These
elements, which would ordinarily deposit on the walls and tubes
of boilers and on the metal surfaces of other equipment, become
repellent 1o these surfaces”

Installed on a line supplving z hard, bicarbonate well water to
a hot water heafer in an Indiana plant, the gadget failed fo re-
duce the rate of deposition of caleium carbonate scale on the

heater coils.

NO EXTERNAL ELECTRICAL CIRCUIT

An smazing variety of the rmore recent gadgets involve no
external electrical circuit. It iz as if the promoters. had de-
cided that the obviously elecirical device had reached the end
of its string, but that the expanding frontiers of science offered
gven more attractive bases for their sales stories,

Gadget T-A. Gadget IT-A {s composed of two copper plates
shaped very much like pie pans or bowls, inverted and elamped in
place over four rectangular zine or aluminum prisms. Beveral of
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Tamix 1. PrincirLes or Virtous SysrEds ror PrevenTivg Scare anpo Corrosion &y MEaNs oF GADGETS
{Not a complete record of patanta and papery in thia field)

Year Author or Inveator Principla of Syatem
1865 Porter (85) *'Li h:niu{ rod” in  boiler to  oollest
TICN LY
1886 Hay (41, 48 Direct uurxt from poiot to point through
T &

1869 Farmer (£4) Du:cltl current from metal anode to boiler
nial

1873 Hay (43) Magnetia field

1888 Kotyra (51} M{,’Jﬁ“““‘ current between elactrode gnd

ar shetl

1807 Rickard (74) Du:clt eurtent from jron anode to boiler

. e,
1909-15 Cumberland {f0-1¢) Direct current from iron snode o boiler
i shell; 10 v., 10 amp.

1920 Sarrasin (76) Dlmcthdl u{l[\;rent from jron wnode to boiler
»l v,

1921-2 Siemens & Haluke Tmnufur'mar provides low voltage alter-

{80, nating ourrent between iron, carbon. or
‘Ph!lmm (85, 66) sine trodes sad boiler uhell; current
Walde (104) of 0.0%-0.04 wmp./sg. m., power cou-

sumption §.7-1.0 w./K, m.

1921 Rummel (7§} Conductivity improved by .ddmt pow-
dered sins, aluminum, er zmp ite
botler water in 1: 10,000 ratio

1922-¢ Schoetzer (82, 84, Boiler connected to negative terminal of

8¢) inmilated mource of direot current,
Pothmann (70} poaitive terminal remaining free
Reutlinger {75}

Schine (B8)

1922-5 Siemenn-Schuckert- Eleutrolyma and heat in vessel preceding

werke (08, 03) boiler to previpitate sludge; as improve-
Mans (54} toant, conoentric tubular elestrodes

1923-4 Heber]mn {44, £5) Direct current interrupted S00-1000 times
min. by vibrator attached to boiler

1924 Kirkaldy {48-50) Meohanical improvements in electrodes of
Cumbetland system

19259 Huuptvogel {28-40) Small direct current passed through boiler

Schule (£5) steel

1925-8 Bchoetzer (§3, 85, Dhirect current from thermoslement haated

&%) by boiler; as imprevement, direction ol

ecurrent flow reversed at intervals

1925 Thalhofer (85) D¥ireot current passed through boiler steel

Gardner {3£) from thermoelement by boiler:
in second patent, pulsating eurreni
produced by vibrator i

1998 Freeman (31} Flow of e¢urrent in same direction as
irherant flow within vessel

1926 Elmore and Creigh- Small direct onrrent passed throngh boiler

ton (#G} atee!
Creighton (%)

1528 Neeley {45, 80) Direet current paesed through boiler stee!

1927 Blass (4 Magretic field

16927 Bigmens-Behuckerte.  Watar held under vacvum during elee-

werke (84) trolytia treatment

1628 Metallbank und Flectromagnetic waves haviog wave length

Metallurgische greater than o wave length selectively

Gest(a]sl;;:hnft. A.- absorbed by water

1928 Heinrich (46} Ground and antenns attarhad to boiler fc
equaliee potential difference between
earth and etmoaphete

1930 Neeley (61) Plurslity of alternatang electrie currents of
different characteristics passad through
boiler stesl

14950 Neeley (84) Feed water subjacted to electrolytic or

eleotromagnetic treatment before entry
into botler

Year Author or Inventor Peincipls of System
1631 Gunderson (373 Direct ecurrent from Duriron anode to
boiler stael
1931 Beichart (72} Flow of qurrent interrupted by riee aod
fall of water lavel
1033-0 Abbott (1) Glass bulb containing mersury aod inert
Bealebuo: Ltd., gae under low pressure agitated in
and Willey (77} contact with watar; ws improvemaent,
Willey {104) colluidsl materinl added to water
1933-4 Behirmer (78, 79) Alterpate polarisation and depolarization
of internat electrode
1633-9 Getber (35-35) Alternating current limited to about 150
ma. by condensers and resistances
1933 Guldager (35) Uee of 10-25% of eleotricity at low voltage
necessary to eleetrolytically deposit
that pact of bicacrbonate herdoess whick
must be removed to prevent acale
1934 Erenyi (28} Speciat  elrewit invo]ving transformer
with d ted Eogether
through rectlﬁer and eoupled to boiler
through condensers
1935 Von Mautner-Kark- Combination of high and low frequency
hof (48} alternating current, former trenamitbed
from nerial stretched over boiler
19389 Pierpoint Alternating current of from 0.01-0.53 ma.
(“roueh (87, 88} from anode of metal or carbon to tank or
pipeline
1937 Thomeen (29} Direst ourrent at 6-10 v. lrom aluminun
Behneeweiaa (80, 81} anoda to hot water heater shell
1937 Bplittgerber (96) Sumnt';a?r of several systems and Germsan
patents
1338-53 Freeborn (28-30) Tubular cathode coataining concentric
tubular anode, 0-12 mv, d.c.
1038 Mazza (87) Alt»ematini current apnd direct current
pasaed through boiler metal i
1038 Beatty {5} Current  density varied automatically
with flow of water
1942 Crouch (9} Alternating current through water between
concentric tubular electrodes of copper
and steel, respectively
1043 Barbier (£) Catallysdw by emanation from closed
aylinder
1043 Butler {(5-7) Bimetallic couple of copper and zine
1044 Lattner {52} Biretallic couple of copper and zine,
mutomatio indication of nesd for re-
newal of zing
1048 Evana (23} Hommade bimetallie couple of copper
and zine
1040 Fetroteum Timer (85) Oscillatory current of redio frequency:
atuminum  elestrodea within but in-
ailated from bronze castings: power
eonsumption 36 w.
154G Vermeiren (10/-8) Water passed in  reversed directions
thraugh magnetie field produced by
solenmd anergized by alternating cur-
1951 Melntogh (48) Eleetrode for bimetallic couple containing
dispersed pellets of more positive metal
to create local galvanie cella
1955 Enpincer (£ Tltrasonic vibration at 28,600 eyclen/sece.
. induced by power input of 20 w .
1953 Pourbaix (77) Direct current intermittently from iron

anode with eontrol of electrode potea-
tials

these assemblies are placed in a row in one or more of the bailer
drums, the number being determined by the boiler horsepower.
‘They are replaced after s certain number of hours of operation.

‘The “physio-electro’ principle of the device has been described
by the chief technician of the manufacturer as follows: “The
~—— consists of an improved type of galvanic cell, the primary
purpose of which is to provide an electrically ‘anslogous overage’
current, the electromative force of which is greater than the sys-
tem set up in the electrolytic solution formed in boiler water
containing alkali and alkaline earth metal salts, and which by
reason of the allied and coincidental conditions of temperature,
pressure, and concentration of salts and ions by rapid evaporation,
gonatitute a powerful, active, and very conductive electrolyte.
and the immediate system set up between the electrolyte and
the boiler metal.

“The primary function of this third system current is to cause
accumulative and sustained secondary ionization effect which car-
ries the intermediate scale-forming and corrosive products ot
the primary natural ionization to a greater degree of molecular
decomposition (including the aetive radicala) and reintegration
arrangement into inert and insojuble end point products by reasen
o such electronic activation in interatomic physical affinations.
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“Under slow decomposition the cathodic pole material releases
a gelatinous salt which is chemically and electrically emphoteric,
affinitative to the various precipitates, which enlloidalizes these
acting as a ceagulant to bring them down in a dzpolarized chem-
ically inert and electrically neutral flocculent sludge mass for
easier removal.”

This ir the record of practical performance in the field:

1. A woolen manufacturing company in West Virginia in-
stalled the gadget on a three-drum, low-head, 250-hp. boiler
operated at 150 pounds per square inch gage. Make-up of about
909, waa zeolite softened on the sodium cyele. A heavy seale of
caleium earbonate and caleium silicate was lajd down in the
boiler in apite of the presence of the gadget.

2. A textile manufacturer in North Carolina discontinued
internal conditioning with phosphate and installed several of the
untle, Twu montls later the uperators repurted that they were
pleased with the results. However, after another month, the
plant discovered that the 250-hp. horizontal return tubular
boiler had become badly scaled, Internal chemical conditioning
wae reinstituted.

3. At an automotive plant in Indiana, a low make-up of lime-
soda softened water was supplied to a 500-hp. watertube boiler
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operating at 175 pounds per square inch gage. Substitution of
the gadget for internal chemical conditioning resulted in deposi~
tion of hard scale.

4. A leather tanning company in Pennsylvania gave the gad-
get a second chance, Water with a hardness of 3 equivalents
per million {e.p.m.) (150 p.p.m. as CaCOy) was supplied to 200-
hp. boilers operating at 150 pounds per sguare inch gage. After
3 months with the gadget installed, it was obvious that new
seale had been deposited. To meet this situation, the promoter
changed the electrodes in the gadget. In another 3 mounths, the
boilers developed even more scale,

5-7. In essence, these stories are repeated at another textile
plant in North Carolina, at a china company in West Virginia, and
at g povernment installation in Washington, D. C.

Gadget II-B. Gadget IT-B waa deacribed by its inventor aa
“— & glase bulb having within it a body of mercury and a filling of
nonreactive gas or gases at a low preasure—" (7). When the
bulb was agitated in water, it waa said to give off a static charge.

1. A New England utility will probably long remember the
experience with this mechanized counterpart of an electrie eel.
The glass bulbs containing the mercury were placed in their
deserating heaters where the agitation of the water waa sup-
posed to move them, causing the electric discharge and thereby
eliminating scale. After 3 months, however, it was found that
the boilers had accumulated abouf !/1s inch of rather pure calcium
sulfate scale. At the end of 7 mouths the build-up of scale had
reached !/ inch. At that time the superintendent of the sta-
tion returned to chemicsl treatment. Almost a year of com-
bined chemical and mechanical cleaning was required, however,
to remove the scale which had been permitted to form. These
were 750-hp. watertube boilers operating at 200 pounds per
square inch gage with high make-up of 3- to 4-grain water.

2. A horizontal return tubular boiler in the vicinity of Boston
was equipped with this device some years ago. The feed to
this boiler was 90% condeneste returna and 109 make-up of
Boston city water, which is relatively soft. Subsequent to the
installation, the boiler was inapected at 6~-month intervals. These
inspectiona indicated a progressive seale build-up to the point that
the internal surfaces of the boiler were coated with 1/, to /1
inch of secale, The salesman was & charming fellow who post-
pened the inevitable by firat stating that movement of the bulbs
was ineufficient ao that it was necessary to attach a motor-driven
agitator. Later it was concluded that the bulbs contained the
wrong gas, which, when changed, was good—or bad—for another
6 months hefore final discard of the gadget.

Six years afier the original British patent (/) waa issued, an
improvement was patented (77). It had been observed, accord-
ing to the specifications, that the failure of the gadget to perform
in some cases correlated with the absence of eolloidal impurities
in the water. Therefore, it was now considered desirable to add
colloidal material to the water to be treated before it fowed past
the glass bulb.

Gadget II-C. Gadget II-C i» a cylindrical tank similar to
those for domestic hot water but equipped with a perforated tube
or tubes running lengthwise, with caps at the ends projecting cui-
side the tank. The unit is inatalled horizontally in the cold water
line ahead of equipment or water systems to be protected from
gcale and corrosion. Cylindrieal cartridges with a brass case
are slipped into the perforated tube from the outside before it is
placed in use.

A novel feature of this gadget is the ¢yecle of 2 days on and 5
days off gpecified ta maintain the effieacy of the traaiment.  Far
2 days, referred to na the catalytic period, the unit is on the line
with water flowing through it to use, Then for the following &
days, called the inhibiting period, the unit is by-passed with the
drain eock and air vent left open.

Promotion of this gadget in the United Btates apparently began
early in 1950. Descriptive literature characterizea the process
a8 catalytic, claims that it is & “revolutionary” French inven-
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tion and states: “The theory and basis of this invention was
the results of years of research and intensive studies of magneto-
chemistry and chemical kinetica by such renowned physicists an
Professor Pierre Curie, Bohr, and Wigner.” The legend, “Pat-
ent Pending,” probably refers to & patent application by Barbier
in 1940 which waa seized by the Alien Property Custodian and
published in 1943 (2).

It seems acarcely possible that the renowned physiciats would
agree with Barbier's explanation of his invention, According to
the patent application, inside the metal casing of the cartridges
is a “roasted and abeorbent wegetable product, such as wood
charcoal, this vegetable product being impregnated with an
organie liquid, for instance, ethyl alecohol extracted from garlic.”
{Perhaps thiz is an error in translation ard should read *. . . .an
organic liquid, for instance, that extracted by ethyl aleokol
from garlie.”)

Initinlly charged with negative electricity, this cartridge is
alleged to emit electrons through the water to a grounded metal
surface. ‘“The electric field thua constituted in the interior of
the mass of liquid augments the force of repulsion of the electrons
around each atom, s¢ that these electrons move farther away
from one another, thereby modifying the architecture of the
atom.” Apparently the Government was willing to allow publica-
tion of this disclosure while the Manhattan Projeet went on
modifying the architecture of the atom the hard way.

Promotional material distributed to prospective users contains
same additional charming bits of seience fiction: “When water
normally used for industrial or potable purposes comes in contact
with the eatalytic cell, a para-ortho hydrogen conversion
iz created instantly. The ortho hydrogen acts on oxygen ao that
it becomes a very active element. Oxygen is a very strong para-
magnetic gad. These two activated elements, the ortho hydro-
gen and the activated oxygen then net on all the paremagnetic
elements that exiat in water. Most of the impuritiea in water are
paramagnetic.

“All of the paramagnetic elements activated by the — in
water creste an increase in the molecular magnetic field which dis-
perses all of these activated elements and they remain dispersed
after precipitation. This dispersion prevents the formation of
the sticky hard scale in the water carriers. The precipitated
elements, in the dispersed formns, then move easily with the patu-
ral flow in the carriers and all are eliminated by draining.”

The following are considerations of practical performance.

1. A Texas utility had been feeding zeolite softened water
to beni-tube evaporators and blowing down about 6%. The’
gadget was ingtalled on the bapis that unsofiened bicarbonzte
water carrying about 1.5 e.p.m. of hardness (75 p.p.m. as CaCO;)}
could be used satisfactorily if the blowdown was increased ap-
preciably. Within 2 weeks so much scale had formed that it was
necessary to shut down the evaporator for mechanieal cleaning,

2. In a Kansas utility plant, the surfaces of & heat exchanger
wete coated with a hard, dense caleium carbonate sezle in only
19 days of operation after one of these devices was inatalied.
The temperature of the exchanger influent water was §9° F,,
while the efluent was 105° F. It was soon found that the efflu-
ent temperature dropped and the cause was ascertained to be
the build-up of !/; inch of scale,

3. A plant in the vicinity of Washington, D. C., conducted
a trial for a period of 15 weeks. 'The gadget was installed on the
feed line to a 20-hp. vertical firetube boiler operating at 70 to
85 pounda per aguare inch gage on soft, untreated Washington
city water. New tubes were installed just prior to the tost, and
inapection showed the shell at that time to be virtually free of
gcale, The boiler wag operated continuously 24 hours per day
except for three inspections during the 15-week period. At the
end of this time, a considerable amount of scale was found on the
tubes and tube sheet, and corrosion had taken place on the tubes
at and above the normal water level. The results were judged
by the operators to be equivalent to those obtained with no
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trestment. The plant was unable to contset the representatives
who supplied the gadgst.

4, An oil refinery in Texas installed the gadget on a pilot
plant heat exchanger and cooling tower unit. Observation of
the suriaces in the heat exchanger revealed no improvement, as
compared to blank rung without the gadget.

5. A processor of oils and fats in Mexico found that use of
this device resulted in serious sealing conditions and tube losses
in & 150-pound-per-square-inch boiler producing 12,000 pounds
of ateam per hour.

6. A utility plapt in Mexico applied the gadget to evaporator
feed whick constitutes the pretreatment to 675-pound-per-square-
ineh boilers. The process was diecontinued after 3 months, since
no noticeable improvement was experienced in the operation of
the evaporators. )

7. Reaults were unsatisfactory for a once-through cooling
eystem using & high bicarbonate {400 p.p.m.) shallow well water
at 70° F. in a chemical plant in the South.

Gadget II-D. Gadget II-D is a heavily galvanized cast-iron
fitting ahaped like an oversized pipe coupling with an interior
eross post. It is alleged that the upit “is made entirely of spe-
cially processed cast metal which imparta estalytic action to water
flowing through it.” The user is watned thaf, to get quick re-
sults, “magnesium and zine anode rods, bimetal devices, and
other forms of cathodic equipment must be removed.” Much
e made of continuous electrical conductivity of the entire piping
systom. '“(On installations where the corrective action of
Conditioning is not immedistely noticeable on both the cold and
hot water, check the piping system thoroughly! It will be found
that their exists one or more electrically nonconductive joints of
the types illustrated. When each such joint is properly shunted
with bare copper wire the —— eannot fail to perform.”

Although this gadget has only been called to the authors’ at-
tention during the past year, there are a number of case histories
resulting from its particularly aggressive promotion:

1. A mining operation in Colorade uses 1009 make-up of
raw water to its 125-pound-per-square-inch boilers. Without
trestment, this water deposits ¢aleium sulfate sesle in the boilers.
Internal chemical conditioning was discontinued while the gadget
was tried out for a G-week period. Ewven in this short time, a
considerable amount of new seale formed on the internal surfaces
of the boilers,  As s result, adequate chemical conditioning was
resumed.

2. A ceramics manufacturer in western Pennsylvania hests
water from the Allegheny River to 200° F. in a heat exchanger.
To see whether the gadget would reduce deposition, a comparison
test was run with one exchanger operating directly on raw water
and s companion exchanger supplied with water passed through
the gadget. After o period of 4 months, the units were inspected.
Both were found loaded with deposit fo the same extent,

3. A fextile plant in West Virginia, using water from the
Ohio River, had aceumulated scale in a compressor cooling system
over a period of years. Promoters of the gadget claimed that
it would clesn up these lines; in fact, it waa stated that scale
would corne loose in such large chunka that there would be danger
of plugging the lines. The chief engineer, a most practical per-
son, simply tied a pillowease over the discharge line to eateh
the loosened seale.  After 30 days of operation with the gadget
in the line, the piliowease was still conspicuously empty.

4. A dry-cleaning company in Philadelphia was told that
installation of the gadget would improve the condition of the
serviee line, improve the taste and odor of the water, and reduce
scale in the evaporetor making distilled water. No benefit in
any of these respects was praduced by the gadget.

5. A restaurant in Pennsylvania installed the gadget on the
line to 2 tankless-type hot water heater. After 30 days of op-
eration, the installation was widely publicized ss & success by
the promoters. After another 3 months in service, the heater
was found to be almost completely plugged with seale,
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6. A New England utility piant instailed the gadget upstream
from some new piping. After several months, this piping was
found to be badly corroded. The piping was replaced and a
second test was made, with the same results.

7. 'Inasteel mill in the Midwest, cooling water saturated with
oxygen enters gas coolers at about 80° F, and leaves at from 125°
to 180° F. New test sections of the effluent line were corroded
after expesure for 30 days to water passed through the gadget
inatalled shead of the gas cooler. The corroded appearance was
the same as that observed without any trestment.

Gadget I-E. Gadget II-E is deseribed as an “inert metal elee-
trode which wher properly installed will, by electrical stabiliza-
tion, convert nsual adverse current o a vehicle promoting easier
soceps of furnace heat to boiler water—thia without changing
your present method of boiler water treatment.” This gadget is
said fo cause the normal scale forming materials to precipitate as a
siudge and be removed with the boiler blowdown.

1. A unit installed in a 90-pound-per-squere-inch, three-drum,
low-head boiler in & Missouri plant supplied with water carrying
about 1.5 e.p.m. (75 p.p.m. as CaC{k) of hardness comprised
heavy mesh screen welded on a number of lengths of I-inch pipe
and installed in the drum of the boiler. At the end of 60 days,
the free trial was discontinued because formation of new acale
wa4 evident.

2. - In & plant in Ohio, the steam drum was filled with frames
of 1-inch stainless steel on which were mounted zine screens.
Two moenths later, the plant was shut down for & week by the
fuilure of two tubes and the necessity of replacing 120 other tubes.
Additional units of the gadget were instglled in the water-wall
headers. Inspection after 1 week of operation revealed that new
scale was already forming on the 120 replacement tubes, Analy-
sig showed this scsle to be essentially calcium sulfate. Further
replacements of tubes were necessary before the plant eventually
adopted chemiesal trestment.

THE SHAPE OF THINGS TO COME

In addition fo the preceding gadgets, for which the authors
have specific case histories, we have received information con-
cerning the following devices but do not as yet have firsthand
reports concerning their use.

Gadget 1-C. Gadget 1-C, apparently developed in Bwitzer-
lend, invokes ultrasonie vibration to remove scale confinnally as
it is formed. A simple transformer and single tube amplifier
with a power consumption of 20 watts supplies up to four oscilla-
tors from which damped vibratione of 28,000 cyclea per gecond
are transmitted to the feed or boiler water.

Gadget II-F. Gadget II-F is g cylinder said to contain a per-
manent magnet. As water passes through the cylinder, “the
molecules of salts of calcium, magnesium, silica, and other scale
forming substances which have been submitted to the electric
bombardment receive a superficial {ension which prevents the
normal formation of carbonates, sulfates, and silicates, with waters
of crystallization. When the carbonates, sulfates, and silicates
precipitate they are in the amorphous form as the molecules of
water of crystallization are no longer attracted., Maintaining
these secale forming salts in the smorphous form, of course, pre-
vents erystel formation and prevention of crystal formation pre-
vents scale formation.”

Gadget II-G. Gadget I1-G, claimed to have been used in
France gince 1938, has not even arrived 28 vet in the United Btates
but quite possibly will be promoted here in a year or two. It
comprises an activator, which appears to be a glass tube filled
with smezll particles of minersl. This activator is alleged to
erit electromagnetic radistions, not detectable with a Geiger
counter. ‘‘Under the effect of these apprepriaie radiations, with-
out ever causing corrosion of the metal, all alkaline-earth salts
held in solution in water, no matter what their composition or
concentration may be, become amorphous as soon as they
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become indoluble and incapable of adhering either to one another
or to any given surface,”

The activators are suspended in s tank through which the water
to be treated fiows. However, the tank must be grounded a0
that the resistance in the ground cireuit is less than 8 ohms.
This is accomplished by means of a cage of copper strips installed
in contact with the wall of the tank and linked with a copper
ground wire.

DO GADGETS PREVENT SCALE AND CORROSIONT

From owr experience, gadgeta do not prevent seale and corro-
sion under the varied conditions met in practice. Tf there were
a way of achieving a eonsistent record of satisfactory results,
then some gadget should have suceeeded in eatablishing itaelf
more generally than any has. Aectually, in the more than three
quarters of a century since the first objective engineering investi-
getion of the “‘use of electricity and sinc plates for the prevention
of boiler scale’” was made by Fischer in 1876 (25), gadgeta have
come and gone in 8 motley procession. Nene of the four investi-
gated by DeBaufre (17) in 1932 appears to be on the market
today, although the inventor of one is currently listed as vice
president of & company promoting a different gadget.

If we peer behind the often preposterous explanations and
claima made by the promoters of gadgets, three interesting seien-
tific phenomena are visible, all concerned only with the precipi-
tation of calcium carbonate. Bince no promoter of a gadget
has yet mentioned these phenomena, we may sssume either ig-
norance or a0 intent to mislead. These three phenomena are:

Water which normally should deposit calcium carbonate as a
result of moderate heating or chemical treatment has a strong
tendency to remain supersaturated.

Precipitation of calcium carbonate from such a supersaturated
water may be prevented or greatly retarded under some condi-
tiona by very small amounts of 2 number of substances.

Precipitation of calcium earbonate as separate erystals may be
promoted by the addition of some substances which provide
nulclei for crystals to start to grow from the supersaturated
solution.

Twenty vesrs ago, toward the end of a decade in which he had
explored the frequently inconsiatent bebavior of solutions which
should deposit ealcium carbonate from solution, Stumper dis-
covered that zinc had the peculiar ability to delay precipitation,
even when present in extremely small amounts in the range from
.5 to 10 p.p.m. of Zn** ion in solution (97). Kven metallic
zine in contact with a caleium bicarbonate water interfered with
the precipitation of caleintm earbonate, presumably because some
emall amount of zinc was dissolved by the water. Stumper men-
tioned that salts of copper and of thorium aleo showed an inhibit-
ing effect.

Apparently without knowledge of these early observations,
Evans in 1946 (£3) made himself s ""gadget’” which minimized
scale in & laboratory still, This was a gimple bimetallic couple
of zinc and copper strips in contact with each other but ineulated
by glasa from any other metal surface, When it was placed in
the bottom of the still, it kept the small connection to the over-
flow from becoming blocked with caleium carbonate secale and
caused the deposit in the still chamber to come down largely as a
light, fuffy sludge. Bcale that formed on the heating element
itself was no longer difficult to remove.

Subsequently, the effect of zine as an inhibitor of caleium car-
bonate scale wag studied by Urion and Lejeune {100). These in-
vestigators pointed out that many of the gadgets promoted in
France for the treatment of water had in common the fact that
they were internally coated with zine. Their experiments veri-
fied the fact that zinc added to a hard biearbonate water would
inhibit the precipitation of caleium earbonate but that there waa
no simitar effect on caleium sulfate.

Stumper (97) found that the addition of any one of several
kinds of finely divided solids produced ihe opposite effect and
markedly increased the rate of precipitation of calcium earbon-
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ate. Graphite and other types of carbon, calcium sulfate, metal-
lic copper, and ferric oxide were partienlarly effective, The most
recent application of this principle of aceslerating precipitation
of calcium carbonate by mesnes of a gadget has been described
by Pourbaix (71). Colloidal iron hydroxide was produced in the
feed water to an evaporator by the flow of & small current between
iron electrodea. As a result, the capacity of the evaporator
was maintained at an average of about 60%, without cleaning. An
interesting aspect was the fact that the electrodes were passivated
by the flowing feed water and had to be “rested” overnight.

An inquiry into the anatomy and composition of a number of
gadgets suggests that most of them probably represent attempts
to apply one or the other of the two mechanisma described, Un-
fortunately, the introduction of a little corrosion produet,
whether it be zinc to try to delay precipitation of ealeium car-
honate or iron or copper to try to accelerate it, does not solve ali
of the problems to the extent the promoters wishfully allege. Our
own experience indicates that it does not even have a good batting
average in keeping down the formation of caleium earbonate
scale, the only beneficial result the mosat hopeful could expect.

METHODS OF PROMOTION

In the main, gadgets are actually sold to piants by men of good
reputation working for an established local company handling
plumbing supplies or small items of plant equipment. In the
early stages of a promotion, these salesmen are honestly enthusi-
astic. Later, faced with more and mare instances in which a
gadget has failed to produce the anticipated reaults, they may
respond with anything from apology to argument. Admittedly,
they know only what has been told them by the promoter,

The promoter himself may be an inventor with a stubborn be-
lief that his invention must work; he may, however, be nothing
more ot leas than a sharp operator. The man with a gadget to
promote faces an intriguing series of probléms. If he iy aware
of past experience, he realizes that he must make some fzst
bucks and gel out. He can, of course, dissolve a dying venture
under one name and start up again with a similar gadget under a
new name. He can also shift his campaign from one part of the
country to another, keeping one jump ahead of a disappearing
reputation. He can even work on & global scale, bringing to
eager Americana the gadget which no longer is able to find &
market in England or in France.

The promoter has two powerful influences working for him,
gocial hysteresia and personal pride. He ean count on s period
of from 1 to 3 years before the lag in commuanication of practical
results from plant to plant has pretty well killed off further pros-
pects. This period of hysteresis may be prolonged by the very
human reluctance of the person who has been "taken” to admit
the fact. Customers who have given testimonials during an
eurty period of enthusiasm are not prone to confeas that the gadget
actuslly did not perform over the long haul.

The promoter, faced with the necessity of working (ast,
naturally avoids as much as possible the man with technicsal train-
ing. Instead, he aims his campaign helow the engineer and above
him. If he eannot sell the nontechnical operator, perhaps he
can intrigue the plant mansger or the vice president.

Not every gadget is promoted in the same way, However, the
pattern is likely to eomprise several of the following elements:

1. It ie claimed that the gadget solves any and all problems
ercilcountered in the use of water—seale, corrosion, slime, taste,
oaor.

2. The gadeel is alleged to produce many beneficial side
effects—it m;ﬂroves growth of vegetation, makes water feel
smoother, makes soap act more powerfully even though the
hardness of the water is not decreased.

3. The gadget is stated to achieve its remarkable results
because of the alleged action in peculiar ways of natural forees,
such as eleciricity, magnetiam, eatalysis, 1adiation, ultrasonic
vibration, ali deseribed in language which sounds acientifie but
canpot be understood. .
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4. The t raquires little or no attention and no chemicals
are uim&"dge 1

5. ¢ gadget is represented to be so sure-fire that the initial
cost will be refunded if it does not prove satiefactory during a
period of &0 or 90 daya,

6. Testimonial letters, stated to be unmolicited, are offered to
prove that performance has been excellent.

7. Tests under controlled conditions in the laboratory are
Fenemlly deprecated as not being capable of showing the per-
ormance in practice,

8. Advertising or promotion by mail is avoided or is much
more conservative in, tone than that eupplied by direct contact,

WHAT TO DO?

What course of action is practical for the man in the plant
besieged annually by a new promoter with & new gadget? Some
engineers of native intelligence and good training have been
known to follow a policy of trying out each device offered to
them. Such a selution is perhaps an eminently practieal one
when thr gadget hae been recommended to the vice president
by an influential friend over the luncheon table. It does lead
irmmediately to the citation of the company by the promoter as
a “astisfied customer.” Many a large corporation has been
startled to find itself in such a position as a result of having in-
stalled—and subsequently discarded—a gadget in some obscure
carner of the organization. Another course of action might be
to ask for evidence that the practical performance of the gadget
in question had been reported objectively by a reputable engineer
before some technical society (8%). 'This is a slow, hard way of
buoilding accepiance employed by companies which intend to re-
main in busginess indefinitely. If a gadget has achieved a useful
result, then let the engincering profession have the oppertunity
to take a thorough, critical look at all of the pertinent data.
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