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B0ILER FREDWATERS, THRIR TREATMENT.®
By W. 1), Jamkson.

w:\'l‘ER is a wonderful agent produced and given
us by nature, and has its advantages and draw-
backs ; 1t 1s the yreatest solvent of all natural or antificia
liquids known to chemistry ; it becomes impiegnated
with all different elements, in one form or other, in which
1t comes in contact, and absorbs free carbonic acid gas
from the air and ammoma from the air and earth.
Carbonic acid gas thus formed becomes the life of the
water and enables it to take up the otherwise insoluble
catbonates of lime, magnesia, etc, holding them in
solution as bicarbonate of lime, magnesia, eic.; the
colder the water and the heavier the pressure the more
gas it contains ; ¢insequently the larger the body of
water or the deeper the well, the more heavily impieg-
nated it is with the salts of lime, magnesia, etc.

All natural waters are imbued with the salts of the
following mineral bases : lime, magnesia, sodium, pot-
assum, iron, silica and aluminum, combined with car-
banate, hydrochloric and sulphuric acids, and semetimes
medicinal waters with phosphoric acid, or all of them to
a more or less extent, according to the nature of the soil
or the conditions in which the water percalates the soil.

The calcium, commonly tesmed lime, is taken up in
the forms of sulph.aw and bicarbonate ; the magnesia as
bicarbonate, sulphate, and chloride ; the sodium and
potassium as chloride, sulphate and carbonate ; the iron
as bicarbonate.  Iron as well as copper is found in solu-
tion as a sulphate.  The aluminum exists in the water
as a sulphate or in Suspension as an oxude ; the silica as
sthac acid.  When we find a water contaning sulphate
of iron or copper in sclution, we generaily find free
sulphuric acid also,

The salts of ime and magnesia, 1ron, silica, oxide,
ete., are scale fornung ingredients , the sulphate of lune
forms a very haid compact incrustation, adhering very
tenaciously to the hot metal, is very hard to break up,
decompose or dissolve, and, like all sulphates,itisa
very staple salt ; it is conveyed into the boiler by the
water as a sulphate, and as such enters the scale forma-
tion, and is not even soluble in its own acid, and it 1s
impmctical to dissolve it with hydrochloric acid except
in laboratory work.

The only substances which can be successfully used
in the boiler to break up and convert sulphate of lime
intoa form in which it can be readily washed out, are
sugars properly blended, which, when used under the
high heat, and the exisung conditions of the steam
boiler, canvert this sulphatc of lime into a complex
mixture of saccharutes and carbonate of hime, and this,
in the presence of the 1annin matters, 1s practically con-
verted into tannates of lime.

Carbonates of lime and magnesia enter into the scale
formation as such, forming a very compact incrustation,
due to the great chemical affinity they have for hot
metal, which 1s alsa the cause of the adhesive propertics
of sulphate of ime (gypsum). They can be readily and
successively converted intoa complex mixture of the
tannates of lime and magnesia without any contamina-
tion to the steam or injurious cffects to the steam recep-
tacle or its connections.

Silica enters the scale formauon s such, and also as
silicate of magnesia.  Sodium salts enter into the scale
formation only in small quantitics. Deing very soluble
they remain in solution until the water in the boiler be-
comes supersaturated, and unable to hold a greater
quanuty ; these salts then cake on tne hottest pasts of
the boiler, falling out of solution ; this is very dangetnus,
having been the cause of the buming of & great many
boilers in localities where the feed water is highly im-
pregnated with soda salts.  They cause internal corro-
sion, wasting away of the iron, eating through the joints
and connections, and are the cause indirectly of one
class of corrosion of which I will speak later under
another head.

Chlorides of lime and magnesia, found in some feed
waters, are very corrosive agents of iron. Being very
unstable salts, they readily decompose with the high
heat into oxides of lime and magnesia, entering the
scale formation as such. The frec chloride combines
with the hydrogen of the water as 2 hydrochloric acid,
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and has a direct corrosive action on the iron. Theaction
of sulphate magnesia is very similar to that of the
chloride under the influence of high heat. The sulphates
of iron and copper are direct corrosive apents to the
iran and boiler connections, and will not enter the scale
formation,

It is almost impossible to neutralize sulphates of iron,
copper or magnesia in a practical manner.  If you do it
with soda, and cenvert the sulphuric acid into sulphate
of soda, you get an excess of =oda salts, which sets up
galvanic action. If you use lime, converting the sul-
phuric acid into sulphate of lime, you get such large
quantitics of gypsum that in a short time your boilers
will be so fullof a hard ircrustation that it will be im-
possible to runthem. The only thing which has been
half wy successful in the handling of soluble sulphates
and free sulphuric acid, is a mixture of supars and
starchy matters of a complex organic nature, which have
offset the action of the acid by breaking up the acid
radical, taking the sulphur and incorporating it with the
aid of some of its oxygen intu its own orgenic compo-
sitions.

Speaking of sodium and potassium salts, 1 would ask
if it does not look unreasonable to endeavor to treat
water for the prevention of the scaling deposits by the
use of sodium and potassium salts, yet these salts are,
10 99 cases out of a 100, the principal ingredient of the
so.called boiler compaunds and water purifiers, and it
is these salts which cause most of the internal carrosion
of steam boilers by their galvanic action.

Internal corrosion is the eating and wasting away
of the threads, plates and joints, causing leakage and
also causing the boilers and their connections to assume
unsafe conditions. Where the corrosion is due to
chlonne, free hydrochlonc or hydrofluciic acuds in the
water, we find the pumps ~nd feed pipes eaten through,
the submerged parts of 1t ¢ hoiler being free from such
action on account of these acids teadily passing off with
the stcam, and we geta similar action again in the
steam-exposed surfaces of the boiler and the steam
pIpInR.

Free sulpauric acid has a very similac action, attack-
ing *he feed pipes a great deal more rapidly than the
boiler itself; its corrosive action in the boiler is more
unifonn and not so much of a pitting and grooving
nature ; its action in the steam piping having aimost
entirely a grooving appearance.  Where the delcterious
action is due to the presence of an acid, itis called a
direct comrosive action, and is generally found promincat
in the fced pipes (colder pipes) and in the steam exposed
surfaces.  \Where the corrasion takes place mostly inthe
submeryed parts of the boiler, it is generally an indirect
action, due 10 an excess of salts or too pure a water,
coming under the head of galvanic action, termed by
clectriciaas clectrolysis.

‘The bailer, asit is generating steam, is also genemting
a certain amount of galvanic current. The boiler isa
galvanic battery in itself, the valves and their brass con-
nections, composed of copper, babbitt, and other alloys,
are negative, the iron being positive, forming the nega-
tive and positive poles, and under the high heat and
other conditions existing in the steam boiler we have
a galvanic battery ; not only is copper niegative to iron’s
positive, but the very molecules of the iron in the plates
and tubes are negative and positive to each other ; but
clectrolysis does not take place in the plate because the
impurities, or we might say, foreign matter, such as
silicon, oxygen and carbon compounds, arc not and do
not act as conductors between these negative and  posi-
tive poles ; the water in the natural condition, that is, its
chemical Affinities and solvent prapertics, being satisfied
with lime and other natural salts, will not act as a con-
ductor between these poles, consequently, having no
conductor, the batteryis mnot connected by water, but
when using disulled water, min water, or water with
an excess of sodium salts, we then have a perfect con-
ductor, the water assuming the position of a battery and
of a battery solulion, connecting our negative and posi-
tive poles, and inciting and generating a galvanic cur-
rent. Wethen have a true galvanic battery existing,
duc to the general make-up and influence in the steam
boiler. The purer the water, or the greater the excess
of sodium salts, the stronger our galvanic current, the
more pronounced our clectrolysis.

You well understand that water contains a very cor.
rosive ridical in the nature ofa hydrate ; the hydrae
radical is HO. Wateris composed of two atons of
hydrogen and onc of oxygen, which isa very steong
chemical combination, not veadily decomposed eeept
with a soluble metallic base or red hot metal, but in this
case, under the influence of the galvanic current, thy
positive metal, which is iron, exercises a chemical aftingy
over the water, chemically combining with its hyd, e,
forming ferric hydrate, taking up the oxygen and Partof
the hydrogen of the water, freeing part of the hydrgen
which gees off with the steam. This ferric hydmg.
gradually converts into corresponding oxides, due tu the
high heat and boiling of the solution, gradu~lly . on.
verting into the black magnetic oxide of iron, so numey
owing to the galvanic action in its manufacture , ys
physical properties are that of a black gritty powder
found at the bottom of the beiler when washed oy
when electrolysis is roing on. 1fyou will take a lunlu’
thatis pitting from this cause, you genenlly find 250
pits and grooves coated over with a baked film, and by
tapping these with a hammer vou find areddish biosg
soft powder underneath, which is the tore freshly
formed ferric hydrate ; that of a lighter shade 1> the
partly converted oxides, and the few handsful of biack
gritty powder from the bottom of the bailer, wiich y0
can examine after rinsing the other oxides from you
!mnd, you will find to be the black magnetic oxide of
iron,

Speaking of electrolysis, which we, from our stand.
point, term galvanic action, we believe 1t truly exists ay
such, and to prove it consider thelarye ocean-goiny ves-
sels and think of the trouble they have from this cause
and how and why they treat it.  They use tons and 100
of 2inc to offset this very action, due partially te usng
100 pure & water on account of the hot wel) systens, .10:

further by what salt water they are compelled 1o use

We all kaow zinc to be one of the most positive metals
known in galvanic batiery work ; it is more positive tha
iron. The zinc put into the boiler assuines the Ppositica
of the positive pole, consequently it is destroyed in place

of the iron by the battery solution in the steam boles,
1ts reaction and conversion inta its oxide are sunglarto -

that of the iron, it being destroyed under the same ia-
fluences. =

Of all the deleterious actions which take placein stean |

boilers this is the easiest to handle, for you sunply need
to satisfy that water with some vegetable starch ad
saccharine matter, and in that way break up your ron-
ductor between the negative and positive poles, whethe
they be brass connections (negauve) and the boiler plate
and flues (pasitive) or the molccules of the 1ron of the
boiler plate. It is impossible 10 set up a galvanicactica
without the water assuming the position of the bautery
and acting as the conductor. This same sacchance
inert matter in conjunction with tannin extracts wil
cause these pits and grooves in the iron plate (where the
casc hardening protective surface of the plate and tube
is broken and the mw sicel or iran exposed) to heal
over, assuming that same case hardening appearmnee as
befoie. Do not understand me to say that you can £1
up the little boles, as that cannot be done, the iron beisz
gone, but the surface of these little zigzag holes and pus
will heal over, serving as a protection against the water
or the atmospheric oxidation.

Scaling ingredients are converted from crystallizatie
scale-forming carbonates and  sulphates, baving a crca
affinity for hot metal, into non-crystallizable tannate and
saccharates of lime and magnesia, being a complex mu-
ture of these with some carbonate, the sodium sl
being readily handled in the same manner.  “This . om-
plex mixture of the saccharates, carbonates and parially
corverted taneates is of an inert nature, having the
physical properties of a soft 0ozy mud, of the ~ame
specific grwity as the water, and no affinity for bt
metals, neither has it the clay-like properties, but it wi
readily wash out with the water when cleaning the
bailer.

In conclusion 1 might say a few words relatisc 1
the deleterious action of oil in steam boilers.  Mary o
you to-day ate running luge condensing plants with
your hot-well systems, and you are getting ¥, with the
condensation, into the boilers, possibly S to 15 «drop
per gallon.  These oil scparators are a good thing, aed




