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The present invention relates generally to the
treatment of water and more particularly to the
treatment of water to prevent the deposition of
calcium carbonate in waters used for industrial
purposes.

The carbonate hardness of natural waters con-
sigts to the malin part of calcilumn carbonate in
solution, which upon heating or upon addiiion
of alksli, such as sodium hydroxide or sodium
carbonate, {3 precipitated, causing {n water dis-
tribution systems the undesired and disadvan-
tageous scale formation,

Various processes have been resorted to, In or-
der to overcome this evil, which, however, have
not proved entirely satisfactory. The treatment
by decarbonisation with llme, working according
to the chemical equation

Ca (HCO31) 2+Ca0=2CaC0O1+H20

requires a relatively high investment of chemli-
cals and, moreover, necessitates subsequent fil-
tratlon of the precipiiated calclum carbonate.
Thus, this process takes too much time and is
too expensive for application in cooling waters.
The objections to the use of the decarbonisation
process apply also to the treatment on basis of
base exchange.

Another usual method for the inhibition of
carbonate hardness provides the addition of hy-
drochlorie acid, resulting in the formation of
water-soluble, non-precipitable calclum chloride,
For reasons of precaution In general only as
much hydrochloric acid 1s added, &3 is necessary
to maintain a slight eXxcess of calclum carbonate
in the water, since a remaining hardness of 2 to
3° does not or but scarcely tend to scale forma-
tion. In spite of this precaution It may be, that
hydrochioric acld i1s—at least temporarlly—
present in excess, corroding metal tanks and pipe
lines, It is a further disadvantage of the above-
mentioned method that carbonic acid, liberated
by this chemical process, has a highly-corrosive
action,

Recently some methods have been developed
and have turned out well, according to which
deposition of calclum carbonate In waters for
Industrial purposes is prevented by adding to the
water such agents, which delay or completely
suppress the precipitation of calclum earbonate,
without initiating certain chemical reactions
based on certaln stolchiometric proportions.
Such materials are for example tannic acids, tan-
nin, sulphite lye etc. The use of salts of phos-
phoric acids having a lower proportion of water
molecules than orthophosphoric acld, such as so-
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dilum hexametaphosphate, has proved especially
favourable.

The last-mentioned processes, however, are
disadvantageous in as much as they cannot be
used iIn all occurring applications, since it has
been observed that in those cases where the rate
of calcium ifons In form of calcium hicarbonate
exceeds a certaln limit, deposition of calclum car-
bonate can, even by considerable increase of the
additions, no longer be prevented,

Now it has bheen found that the process just
described, if suitably combined with the hydro-
chlorle acld process, can also be employed in
those cases, in which—owing to the high content
of calcium-bicarbonate—it appeared up to now
impracticable, Instead of hydrochloric acld
other Inorganic or organic aclds are capable of
use, s0 far a8 they form with the metal ions of
the alkaline earths contained in the water no In-
soluble or siightly soluble sailts, for example the
other halogen hydracids, chromic acid, thiosul-
phurie acid, sulphuric acld and abhove all their
derivatives, such as amido sulphonic acids, sul-
phonic aclds of aliphatic and aromatle com-
pounds of the type of the fatty suiphonic acids,
naphthalene sulphonic acid, alkylized naphtha-
lene sulphonic acid, acid suiphuric acid esters of
fatty alcohols, and unsaturated or oxy-fatty
aclds etc. Further be mentioned acetic acid,
citric acld, tartarie acid ete,

The present process is generally carried out as
follows: At first the necessary amount of acid
so as to reduce the content of calcium carbonate
to about 8 to 10° is added to the water. In this
way It is far easler to avold an excess of acld
in the water than in the case the degree of hard-
ness must be reduced to 2 to 3 by & general treat-
ment with acid. Subsequent thereto, the sub-
stance which inhibits precipitation, for examplie
tannin or a phosphorle salt, Is added to the wa-
ter in amounts usual with these methods. It is
quite surprising that in the combined process
these substances, for exampie phosphoric salts,
develop thelr full efTectiveness, even at a high
rate of calelum lons, so far as the calclum lons
are bresent t0 a considerable part in form of
calelum chloride and not in form of calelum
carbonate.

The effect obtained by the combination of the
two processes may be explained by the assump-
tion that carbonie acid, liberated upon addition
of acld, acts reverting on the calcium carbonate,
50 8¢ to displace the equilibrium in favour of solu-
ble calclum bicarbonate. Moreover, upon addi-
tlon of ¢hemicals such as tannic acid and phos-
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phates, a protective coating forms on the metal
surface, which, too, acts against scale forma-
tlon and reduces at the same time the danger
of corrosion caused by acld or COa-vapours.

The method according to the present inven-
tion applies particularly to that type of waters,
the carbonate hardness of which is beyond 15°,
or which concentrate by evaporation durlng the
working process Is such a high degree that their
hardness exceeds the eritieal limit. To such wa-
ters Is now added in usual manner as much acid,
for example hydrochlorle acid, as to reduce the
carbonate content to about 8 to 10°. Then the
chemical which prevents deposition s added to
the water having been treated with acid.

As especlally favourable for the present use
have proved phosphoric salts, for example the
alkall metal salts of hexameta-, poly-, or pyro-
phosphoric acid as well as the salts of highiy
polymeric phosphoric aclds (Tamman salts) be-
sideg tannic aclds, tannin, sulphite lyve etc. But
also the slightly soluble salts of phosphoric acids,
such as calecium metaphosphate, erystalline so-
dium metaphosphate, uranium metaphosphate,
zine metaphosphate, aluminium metaphosphate,
double salts, such as sodium-calcium metaphos-
phate, sodlum-magnesium metaphosphate, and
calcium-magnesium metaphosphate, can be ap-
plled with advantage. Finally the slightly solu-
ble salts of orthophosphoric acid, for example
calcium orthophosphate, as well as the naturally
occurring phosphate stones, for example apatite,
are capable of use.

A preferred embodiment of the present inven-
tion provides the application of such an acid
which forms with the metal ions of the alkaline
earths contained in the water those salts, react-
ing in the sense of the second phase of the proc-
ess. Among them be mentloned phosphorle acids,
for example orthophosphoric acid, but above all
those phosphoric aclds having a low proportlon
of water molecules, such as pyrophosphoric acld,
polyphosphoric acid, hexametaphosphoric aeid,
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and stil] higher polymeric metaphosphoric aclds,
since their calclum and magnesium salts, em-
ploved In amounts conslderahly below the
stolchiometric proportion, have the distinct prop-
erty of linking the coarse-disperse particles of
cglclum carbonate to each other, thus inhibit-
ing precipitation with subsequent scale deposi-
tion. Organic sulphonic¢ acids, tannic aclds ete.
belong also to this group. The particular ad-
vantage of this speclal embodiment conslsts in
the remarkable simplification of the present proc-
ess by substltuting one single process for a 2-
phase-treatment. To a water, having a car-
bonate hardness of 18 to 20° for instance, hexa-
metaphosphoric acld {s added In an amount so
as to reduce the hardness to 12 to 15°., In this
cage the second phase of treatment becomes su-
perfluous, since the forming calclum and mag-
nesium hexametaphosphate suppresses the pre-
cipltation of metal ions of the alkaline earths in
form of carbonates.

In the case of a relatively high carbonate con-
tent, mixtures of phosphorie or other expensive
aclds with any acld of inferlor quality, for exam-
ple hydrochlorie acid, can be used, in order not
to waste the acid of superior quality, but to keep
its consumption within narrow Hmits. Thereby
it 1s only essential to take care that the quote
of primary acld s as high as to form ealcium
salt In a fair amount, viz. about 3 mg. per litre.
If the water to be treated has a carbonate hard-
ness of about 30° it is necessary, for that pri-
mary acld becomes efficacious, to add that amount
of acld-mixture by which hardness 1s reduced to
at least 15°. The acid of superior quality, how-
ever, i1s not required to constitute the whole
amount, by which hardness sinks down from
30 to 15°, but a mixture of for example hydro-
chloric acld and metaphosphoric acld, in which
metaphosphorle acid 1s contalned only to a very
small percentage, wholly serves the purpose.
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