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1 Claim.

This invention relates to boiler water treat-
ment.

In use of a steam genera.tmg boiler it is of im-~
portance that the water introduced to the boiler
be freed, or substantially freed, of dissolved oxy-
gen prior to .its introduction. This is for the
reason that oxygen in the boiler water is an active
adjunct to boiler corrosion. It is als¢ of im-~
portance that in the boiler there be maintained
favorable conditions of such nature as to inhibit
the formation of encrustations on the inner sur-
face of the boiler wall.

I have succeeded in mh1b1t1ng both oxygen pro-
duced boiler corrosion and boiler encrustation by

-introducing into the boiler feed water a water

soluble phosphite. ‘As dissolved in the boiler
feed water, phosphite performs the dual func-
tion of reducing agent and encrustation inhibit-
ing agent.

The phosphites of the alkali meta,ls, sodium, -

potassium, and ammonium are all suitable for my
purpose, ‘all being adequately water soluble.
Thus I have found advantageously usable di-
sodium phosphite (NazHPO3); acid sodium
phosphite (NaH:PO3); sodium hypophospnite
(NazHoP206) ; potassium phosphite (K2HPO3);
potassium hypophosphite (KH2POz2) ; ammonium
phosphite (NH:H:PO3); and ammonium hypo-
phosphite (NH«:H2POz2). ’

In each instance the phosphite may be added
in appropriate quantity to the boiler feed water,
and is carried to the boiler. In solution in the
feed water, and/or in the boiler concentrate, the
phosphite molecules each take up oxygen to pass
into the form of the appropriate phosphate. In
the presence in the boiler of an adequate excess
of the basic radical, 1t also passes into the {ri-
basic form. ‘

As all well conditioned boiler concentrates
carries more or less sodium hydroxide, or its
equivalent, there will normally be maintained in
the water an excess of sodium radical, or potas-
sium radical. If, therefore, a sodium or potas-
sium phosphite be used, there is normally present
in the boiler a sufficiency of the appropriate radi-
cal to produce the tribasic phosphate.

The reactions involved are thus, for example:

2NaHPO3+02—>2Na:HPO4
" NasHPO:-+-NaOH-~>NazPOs+H0

Under boiler conditions, therefore, the initial
sodium or potassium phosphite, in performing the

useful function of deoxidation, is converted into

a phosphate reactive with compounds of calcium

(CL 210—23)

and magnesium. These latter are the agencies
producing boiler encrustation, as they may exist
in the boiler in the form of calcium or magnesium
sulphate or carbonate. To give a typical reaction
for this effect, trisodium phosphate (Na;POs)
reacts both with calcium sulphate (Ca3zSOs) and
caleium carbonate (CazHCO3) as follows:

2Na3P04--3CaS04—>Ca3z(PO4) 2 —|—3N‘42SO4
2N2a;P0s-}3CaC0O3~>Cas(POs) 243Na2C03

The reactions with the compounds of mag-
nesium normally present in the boiler water are
identical.

Of the products of reaction, calcium phosphate
precipitates. This, however, is a sludge forming
precipitate and not a crust forming precipitate.
In proper proportions, sodium sulphate and
sodium carbonate are not objectionable in the
boiler water.

Ammonium phosphite being used for the boiler
conditioning, the first result of reaction is an
oxidation, with the formation of mono-am-
monium phosphate. In the presence of sodium:
hydroxide, this mono-ammonium phosphate, in
turn, reacts with it to produce tribasic sodium
phosphate. The formulz for these reactions may
be given as follows:

_2NH4H2P03+02—>2NH4H2P0’4
NH4H2PO4+3N&OH—>N&3PO4+3HZO+NH3

We thus have, from the addition of ammonium
phosphite also, an inclusion of the trisodium
phosphate in the boiler water. As above ex-
plained, and illustrated, this secondary product
of reaction reacts with the compounds of calcium
and magnesium normally present to produce the
sludge forming calcium’ phosphate and mag-
nesium phosphate.

The ammonia (NH3) goes over with the steam,
and performs a conditioning effect thereon. In
any condensate of the steam, as it occurs in lines,
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cylinders, turbines, or the like, the ammonia

reacts with any contained carbon dioxide tc
produce ammonium carbonate. In this manner
the ammonia carried over with the steam pre-
vents carbon dioxide corrosion, as may be illus-
trated by the following formula:

2NHs+co;z+Hzo—>(Nm)zc_()3
The advantages attending the use of a potas-
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sium phosphite are identical with those obtained -

by the use of a sodium phosphite. The specific
advantage attendant upon the production of am-
monia in the boiler is, therefore, that it is car-
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ried over with the steam, and is thus enabled to
nullify the corrosive tendency of carbon dioxide
in any connections and equipment to which the
steam passes. For this reason I prefer to utilize
a phosphite of ammonium.

To summarize: a soluble phosphite added to
the boiler feed water deoxidizes the water, thus
fully performing the reducing function previous-
1y performed by sodium sulphite, and incidental-
1y exhibiting an increased deoxidizing activity as
compared with that compound; it further per-
forms the additional function of: inhibiting boiler
encrustation, by reaction with calcium and mag-
nesium, in its progressive activity in the boiler.
If a phosphite of ammonium be used, the third
function, attributable to ammonia, of inhibiting
carbon ‘dioxide corrosion. by the steam passing
from the boiler is obtained.

While I have disclosed as peculiarly suitable
the ‘phosphites of sodium,; potassium, and am-

monium, I do not intend to limit the scope of :

my invention to the utilization of the phosphites
of these alkali metals. ‘Any adequate water-solu-

ble phosphite is capable of performing both the:

function of removing oxygen from the boiler

‘water, ‘and the function of forming a phosphate

reactive with ' the encrustation forming: sub-
stances, calcium and magnesium.

On the quantitative side, the secondary effect
obtained by adding a water-soluble phosphite to
the boiler feed water, and the tertiary effect of
adding ‘ammonium: phosphite to the boiler feed
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water, is dependent upon the presence of oxy-
gen content in the water adequate to effect sat-
uration of the phosphite. : If, then, the water has
initially a notably low oxygen content, it. may be
desirable to introduce into the boiler a water-
soluble phosphate in order. that the encrusta-
tion inhibiting reaction may be complete, or to
lessen the calcium and magnesium: content, by
appropriate treatment of the boiler feed water. It
cannot be considered, however, that occasional
initial preponderance of calcium and magnesium
content over oxygen content in. the boiler water
detracts from the sequential completeness of the
favorable result obtained by the use of phosphite.
It will be understood from the above that the

phosphite employed should be added to the feed.

water in combining proportion with the deter-
mined oxygen content of the water available for
use in the boiler.

I claim as my invention:

The .method herein described of conditioning
boiler water -and steam  generated therefrom
which comprises deoxidizing the water by the
reducing action of ammonium phosphite thereon,
by sequential reactions of the phosphate pro-
duced by oxidation in the boiler water removing
from the water the encrustation forming con-
tent thereof, and in the sequential reactions of
the phosphate produced. by oxidation of ammoni-
um phosphite liberating ammonia to pass from
the boiler with steam generated. in the boiler.

CYRUS WM. RICE.
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