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DEVELOPMENT OF REAGENTS FOR
PROTECTION OF EQUIPMENT OF WATER
SUPPLY SYSTEMS FROM SCALE AND
CORROSION

O6’cxmom docriowcens € exonoziuno 6esneuni 000UUPKYIAUINT MeNnL00OMIHIT CUCTNEMU 8 NPOMUCIOBOCTII
ma KomynanvHux zocnodapcmeax. Ha ditouux nionpuemcmeax é npoyeci mooepnisauyii cucmem 6000KOPUCTYBAHHSL
UACTNO NEPEXO0AMb HA BUKOPUCTANHS 1H2IOTmOopie Koposii memanie ma naxunoymeopenns. Ilicis mpueanozo ne-
piody excnayamauii danux cucmem saminu obaadnanis ne npogodumuvcs. OOHuM 3 HAUOLILW NPOOIEMHUX MICb
DPEKOHCMPYKUIL € HAABHICTND NPOOYKMIE HAKUNOYMEOPEHIs Ma KOPO3L Ha 6HYMPIHill N08epXHi Menio00MiHIH020
obnaonanns. Ii ymeopenns sHuicyoms epexmusicms menionepenocy i Hieeaoms epexmusnicms inzidimopis
KOpO3ii ma cmabinizamopie HaKuUnoymeopens.

B pobomi nposedeno ouinky egexmuenocmi KOMNO3UYIN, 3aNPONOHOBAHUX 8 SKOCTNE MPABULLHUX POSUUNIE
05 OUUUEeHIS NOBEPXOHD MemAly 610 0cado8iOKIadenb, a MAKONC 6 AKOCMI Cmabiii3amopis HaKunoymeopeis.
B x00i docaidacenns 6uKopucmosysanucss KoMno3uyii, cmeopeni Ha 0CHOGI HeOP2aAHIUHUX KUCLOM 6 NPUCYMHOCT
YPOMPONiny, ypomponiny 3 miokapoamioom.

Pesynvmamu docaiocens 6Kkasyiomy, w0 HAMeHULO010 KOPO3IHOI0 azZpecuHicmio ceped poszisnymux 6apianmio
xapaxmepusyemvcsa komnosuuis P-29. Dnubunnuil nokasnux xoposii 0,118907 mm/pix. [oxasnux pyiinyeanns
Ximiunoocadincenozo zincy ckiadae ne menute 90 %.

3 Memoio ehexmusozo ma mpusanozo GUKOPUCMAHHS MENL00OMIHHO020 00IAOHAHHSA DOULILHO 3ACMOCOBYBAMIL
inzibimopu xoposii ma naxunoymeopenns. B pobomi npedcmasiena nosa xomnosuuis P-33, axa ¢ konyenmpauyii
20 mz/0M (copcmricmv 600u 230490 mz-exe/0m>, T=90 °C, 1=5 200) sabesneuye cmabirizauyiiinuii epexm
56,0-93,3 %, a npomunaxunnuii epexm — 95,5-99,3 %. 3 nideuwennam xonyenmpayii peazenmy do 50 %
cmabinizayiinuil ma npomunaxuniuil epexmu csizaromo 100 %.

Pospobaeni komnosuuyii ons ouuwenns nogepxons menioooMinH020 001aA0HAHNS HA OCHOBL OOCTRYNHUX He-
0opozux peazenmis, ki NePesaIcamMv anaiozy 3a eQexmusHicmio, Xapaxmepusylomoscs HU3LKOI0 KOpPO3itinoio
axmuenicmio ma 3abde3neuyiomv 6UOALCHI 3 NOBEPXHI METNALY MATOPOSUUHNUX XIMIUHO CIIUKUX peuosun (2incy).
Komnosuyis P-33 nepesancae ananozu mum, uo 3abesnewye cmabinisayio wodo ocadosioxiadens y posuunax
2incy 6 npucymuocmi kapbonamie Kaivuio ma Mazuilo npu UCOKUX MeMNEPaAmypax.

Kmouosi cnosa: cmabirizamop naxunoymeopens, inzioimop xoposii, 6000UIPKYAAUTUNL CUCTIEMUL, BIOHOGLEHISL
N0BEPXOHL MEMANLEB020 00NAOHAHHS, KOPOIIUHA AZPECUBHICTD 600HUX CePedOsULl,

Shuryherko M,,
Gomelya M.,
Shabliy T.,
Chuprova K.

they often switch to the use of corrosion inhibitors for
metals and scale formation. However, after a long period
of operation of these systems, full replacement of pipelines
and equipment is not performed. The internal surfaces

27—)

1. Introduction

At existing enterprises, in the processes of moderniza-
tion of water use systems, in particular, cooling systems,
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of heat exchange equipment and pipelines are covered
with scale and corrosion products [1], which significantly
reduce the efficiency of heat transfer and almost com-
pletely eliminate the effectiveness of corrosion inhibitors
and scale builders.

To ensure the proper effectiveness of the reagents, it
is necessary either to increase their concentrations by
tens to hundreds of times, or to pre-clean the internal
surfaces of pipelines and heat exchangers from deposits.
The first option is inexpedient both from ecological and
economic points of view. In the case of a successful selec-
tion of a composition for cleaning the surfaces of deposits
from scales, the result of the further use of inhibitors is
economically viable and time consuming.

Therefore, research in the field of protection of metal
structures against corrosion and scale is relevant. In par-
ticular, the creation of complex and inexpensive inhibitors
of corrosion and scale of deposits, which are effective in
a wide temperature range and universal for various types
of metals and solutions of different chemical composition.

2. The ohject of research
and its technological audit

The object of research is environmentally friendly water-
exchange systems in the energy, industry and utilities.

In industry and energy, approximately 80 % of water is
used in water cooling systems. In the absence of pretreat-
ment of water for cooling systems in order to maintain
the salt balance in the system, 8 to 30 % of water is
discharged daily into the hydrosphere. At the same time,
physical (thermal) and chemical (copper and zinc ions,
washed out from copper and brass capacitors) pollution
of reservoirs is observed.

On the other hand, an important issue is the protec-
tion of metal structures against corrosion in water and
aqueous solutions. High corrosivity of environments leads
to significant costs of materials, water and energy.

Therefore, the priority is creation of effective ways
of water conditioning. This will allow moving to closed
cooling systems, which, in turn, will ensure a reduction in
fresh water intake for industrial facilities and a reduction
in industrial wastewater [2].

One of the ways to solve this problem is to use metal
corrosion inhibitors and scale formation stabilizers in water
treatment processes. The main requirements for modern
compositions are their high efficiency, complexity of action
and non-toxicity [3]. That is, inhibitors that are used in
circulating systems must protect metals from corrosion
and simultaneously reduce scale deposits on the surface
of heat exchange equipment.

3. The aim and ohjectives of research

The aim of research is determination of the effectiveness
of compositions based on inorganic acids as corrosion-
resistant pickling solutions for the restoration of metal
pipe surfaces, as well as compositions for permanent use
in water conditioning processes.

To achieve this aim it is necessary to perform the fol-
lowing tasks:

1. To evaluate the corrosivity of the compositions of
etching solutions for cleaning metal surfaces using the mass
metric method and the method of polarization resistance.

2. To establish the dependence of the solubility of cal-
cium sulfate in acidic environments, which differ in chemical
composition and concentration.

3. To evaluate the effectiveness of the use of the proposed
compositions as stabilizers of scale formation by determining
the stabilization and anti-scale effects of aqueous solutions
of different composition.

4. Research of existing solutions
of the prohlem

As a result of long-term use of heat exchange equip-
ment at industrial facilities, metal surfaces of pipelines,
boilers, etc. are covered with a layer of corrosion products
and carbonate-sulphate scale deposits [4, 5]. The simplest
and most affordable way to restore the surfaces of pipe-
lines, heat exchangers, boilers is washing them with acidic
solutions [6, 7].

However, the use of pure acids for flushing pipes has
several disadvantages. The authors of [8, 9] emphasize
the danger of using inorganic acids as etching solutions.
In particular, the use of sulfuric acid [8] leads to the
formation of insoluble calcium sulfate, and hydrochloric
acid [9] due to the presence of chlorides — to an increase
in the aggressiveness of the environment.

An alternative is the use of organic acids. It is known
that sulfamic acid (10 % solution) is an effective reagent
for cleaning pipes from corrosion and scale products. How-
ever, this solution is corrosive to steel 20. The average
polarization resistance (Rpg) is 70 Ohms [10].

At the present stage, phosphoric acids are the most
effective stabilizers of scale formation [2, 11]. And their
zinc salts are the most effective inhibitors of metal corro-
sion [3, 11]. However, the issue remains the use of these
acids as etching solutions.

Thus, the results of literary analysis allow to conclude
that, despite the long period of use of water circulation
systems in industry [1], the issue of recovering metal equip-
ment remains not fully resolved. In particular, there is
a lack of effective and at the same time corrosive pickling
solutions for cleaning metal surfaces from scales.

5. Methods of research

In preliminary studies [10], it was shown that the
composition of thiocarbamide and urotropin exhibits a sy-
nergistic effect in protecting the metal surface from cor-
rosion. Therefore, the compositions of etching solutions
based on hydrochloric, sulfuric, phosphoric acids in the
presence of urotropin or urotropin with thiocarbamide
were used in the work.

Evaluation of corrosion of the proposed compositions
was carried out in two ways: by the method of polariza-
tion resistance and by the mass metric method.

The polarization resistance was determined using the
polarization resistance indicator P5126 (Ukraine) and a two-
electrode sensor from a UK-2 corrosion-indicating de-
vice (Ukraine) with electrodes made of steel 20, pre-
viously processed and weighted. The sensor was installed
in a 150 cm® container, and at certain intervals for two
hours, the polarization resistance Rp (Ohm) was measured
using the indicator P5126. The magnitude of the polariza-
tion resistance is inversely proportional to the corrosion
rate of the metal.
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Mass metric determination of the corrosion rate was
determined by the difference in mass of the sample, cor-
roded, in grams before and after corrosion. The duration
of the experiments was 18-23 hours.

The experiments were carried out in stationary envi-
ronments at a temperature of 15-20 °C in free contact
of water with air.

Mass metric indicator of corrosion, g/(m? h):

) )

where my — the initial mass of the sample, g; my — the mass
of the sample after the test, g; S — the sample area, m?
Tt — the test duration, h.

Deep corrosion rate, mm/year:

R K, -8.76 9
- dmg ’ ( )

where K,, — the mass metric index of corrosion, g/(m?h);
d,. — metal density, g/cm3; 8.76 — the coefficient calculated
by the number of hours per year (8760) divided by 1000.

Evaluation of the effectiveness of the developed com-
positions as stabilizers of scale formation was determined
by changing the hardness of water when it is heated. De-
termination of the stabilization effect (SE) was carried out
in closed containers at a temperature of 90-100 °C for
5 hours. The anti-scale effect was determined at a tempera-
ture of 40—-60 °C in open glasses with water evaporation
37.5 % (evaporation coefficient 1.6).

Stabilization effect, %:

Hin - Hr

51::(1— i _Ho).mo, (3)
where H;, H, — initial and residual hardness of water,
mg-eq/dm?, respectively; Hy — residual hardness of water
without the use of a stabilizer, mg-eq/dm?.

Anti-scale effect, %:

H,
H in

AE =—-100. €]

The residual calcium concentration in the samples
was determined using trilonometry with eriochrome black
T indicator.

6. Research results

A fairly common alloy that has been used in the machine-
building industry for a long period is steel 20. In particular,
its mechanical properties determine the widespread use
of this brand in boiler-making, the manufacture of pipes
and heating elements for various purposes. Therefore, all
studies in the work carried out with steel 20.

As can be seen from the above results (Fig. 1), in
static conditions the polarization resistance of tap water
in the Kyiv (Ukraine) is insignificant and amounts to
305-316 ohms. Solutions of hydrochloric, sulfuric, phos-
phoric acids, in concentrations of 10 %, cause significant
corrosion of steel 20. The polarization resistance of these
solutions is respectively 5.3; 8.4 and 15.1 ohms. Adsorbing
on the surface of the metal, these anions form compounds

that have good solubility. This leads to an increase in the
corrosion rate of steel. The most aggressive are chloride
anions, which are able to easily penetrate protective sur-
face films of the metal.

1200 | R, Ohm
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Fig. 1. Dependence of the polarization resistance on the composition
of the initial solution under static conditions:
1 — tap water (Kyiv, Ukraine), 2 — HCl (100 g/dm®);
3 — HClurotropin (100:5); 4 — HClurotropin:thiocarbamide (100:5:1);
5 — H,504 (100 g/dm®); B — HpS0,:urotropin (100:5);
7 — Hp50,:urotropin:thiocarbamide (100:5:1); 8 — HzPO, (50 g/dm®);
9 — HzPO, (100 g/dm®); 10 — HzPO,:uratrapin (50:5);
11 — HsP04:urotropin: thiocarbamide (50:5:1);
12 — HzP04:urotropin:thiocarbamide (100:5:1)

The presence of urotropin in a concentration of 5 g/dm?
in the solution leads to an increase in the polarization
resistance, that is, to an increase in the protective effect.
The maximum protective effect after 2 hours is observed:

— for a mixture of hydrochloric acid and urotropin in

a ratio of 100:5, and the polarization resistance increases

to 164.5 ohms;

— for sulfuric acid with urotropin (100:5), this indica-

tor rises to 75.3 ohms;

— for a mixture of phosphoric acid and urotropin (50:5),

it reaches 94.5 ohms.

However, the corrosion rate in these environments is
large compared to tap water.

The result of adding thiocarbamide is not straightfor-
ward. So, its use in a mixture with hydrochloric acid and
urotropin (100:5:1) has a negative effect — the polarization
resistance is reduced to 49.8 ohms. In the presence of
phosphoric acid under the same conditions, this indicator
reaches the values of tap water and is 365 ohms. An impres-
sive effect is observed when used in a mixture of sulfuric
acid: the polarization resistance increases to 1136 ohms.

The reliability of the obtained results is confirmed by
experiments carried out by the mass metric method (Table 1).

As can be seen from results in the Table 1, all composi-
tions have a greater corrosive aggressiveness than tap water,
the deep corrosion rate of which is 0.015618 mm/year. The
least corrosive aggressiveness among the options consid-
ered is characterized by the P-29 composition. The metric
corrosion rate of this composition is 0.106881 g/(m? h),
the deep corrosion rate, respectively, is 0.118907 mm /year.
A P-29 composition, created on the basis of orthophosphoric
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acid, is used as a reagent for removing scale formation
products — calcium carbonates and sulphates. Its rate of
destruction of chemically scaled gypsum is at least 90 %.
Therefore, let’s assume that the P-29 composition is an
effective corrosion-insensitive reagent for cleaning the
equipment of water supply systems from salt decomposi-
tion and corrosion.

So, in the range of concentrations of orthophosphoric
acid 10-100 g/dm?3, the solubility of calcium carbonate is
4.5 times greater than the solubility of calcium sulfate.

It should be noted that orthophosphoric acid has
a significantly lower ability to dissolve calcium sulfate
compared with other inorganic and organic acids and is
11.4-11.9 g/dm? for a 10 % solution (Table 3).

Table 1
Corrosion of steel in solutions of acids and acidic compositions
Corrosion rate
Concen- .
. . Deep corrosion rate,
No. Solution tration, . .
Jdm® Mass metric, | mm/year, (mass metric
g g/(m?h) method/method of po-
larization resistance)
1 Tap water - 0.014012 0.015618
2 HCl 50 2.903103 3.229766
3 HCl 100 5.192697 5.776891/10.63869
4 HC . a0 0.203566 0.226472
urotropin 5
5 HCL . 20 0.247372 0.275206
urotropin 10
B HC . 100 0.324675 0.361209/0.392655
urotropin 5
7 HCL ) 100 0.373634 0.415676
urotropin 10
8 HzP0, 50 2.591353 2.882938/2.734004
9 H-zP0, 100 3.865855 4.300849/2.898746
10| PO 100 | p302843 0336919
ammonia 5
HzPO, 100
11 ammonia 5 0.131168 0.145927
thiocarbamide 1
HzPO, 50
12 ammonia 5 0.183512 0.204161
thiocarbamide 1
13 p-29 (pH=186)| 0.106881 0.118907

In many enterprises, the problem of scale formation on
the heating surfaces of heat exchange equipment is acute.
Together with the previous stabilization treatment of water
for water systems, a painful issue remains the removal of
scale from the surfaces of pipelines and equipment. Scale
of calcium sulfate have particular concern, the solubility
of which in acids is much less compared with calcium
carbonate, as shown in the example of orthophosphoric
acid (Table 2).

Table 2

The solubility of carbonate and calcium sulfate in phosphoric acid
of various concentrations

Saluhbility, g/dm®
HzP04 concentration, g/dm3

CaCOs CaS0,
10 10.3-10.9 5.9-6.4
20 20.4-20.8 6.5-6.9
30 31.4-32 7.2-7.7
50 43.1-43.6 10.4-109
100 49.8-50.3 11.4-119

Tahle 3
Calcium sulphate solubility in various environments
Heagent Concentration, g/dm3 CaS04 solubility, g/dm3
Tap water - 1.76
30 7.2-1.7
HzPO4 50 10.4-10.8
100 11.4-118
30 24.5-24.9
HC1 50 30.3-30.8
100 36.2-36.7
Hydroxyethylene 30 12.1-128
diphosphonic acid a0 13.4-13.9
(HEDP) 100 18.0-185
Nitrile trimethyl- 30 9398
phosphonic acid 50 11.7-12.2
(NTMF) 100 17.7-18.2
30 7.5-8.0
sulfamic acid 50 10.2-10.7
100 17.6-18.1
HzPO4 50
NH,0H 5 7.0-7.5
NTMP 5

The highest solubility for calcium sulfate has hydro-
chloric acid. So, for hydrochloric acid with a concentration
of 30 g/dm?, this indicator is 24.5-24.9 g/dm?. In a more
concentrated solution (10 %), the solubility increases to
36.2-36.7 g/dm3.

Calcium sulfate in phosphonic acids is 2.0-2.5 times
less than in hydrochloric acid. For their solutions in con-
centrations of 10 %, this indicator is about 18 g/dm?3.
However, their use for laundering equipment is advisable,
since these compounds are effective stabilizers of scale
formation and metal corrosion inhibitors [11].

Creating compositions based on the considered acids,
for example, H3PO4+NH,OH+NTMP, does not always lead
to an increase in the effect of dissolution, as is observed
in the case of P-29 composition. Although, as can be
seen from Fig. 2, there is a definite correlation between
the intensity (time) of dissolution and the composition:
calcium sulfate ratio. So, with an increase in the volume
of the pickling solution under conditions of the same mass
of calcium sulfate, a reduction in the time of dissolution
of the latter is observed.

The key to effective and long-term use of new and
reconditioned heat exchange equipment is the constant
use of corrosion and scale inhibitors. The aim of modern
developments in the field of water temperature is the
creation of reagents with high efficiency and complexity
of action both as corrosion inhibitors of metals and scale
stabilizers.
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Fig. 2. The dependence of the intensity of dissolution of calcium sulfate
from the volume of the pickling solution

Among the known inhibitors, phosphon and nitrile
phosphonic acids are also effective. HEDP and NTMP are
effective scale stabilizers [11]. Their stabilization effects for
tap water at 90 °C are 69.9 % and 86.7 %, respectively.
But they are expensive and their use for large cooling
systems is uneconomical.

Based on these acids, a new composition P-33, a reagent
to prevent scale, was developed. This mixture showed ex-
cellent results under the same harsh conditions (T=90 °C,
t=5 h), but in more severe environments (Table 4).

Table 4

Dependence of stabilization and anti-scale effects on the concentration
of reagent B-33 and the composition of the initial solution

3
P-33 con- Hardness of water, mg-eq/dm Stahilization | Anti-scale
centratian, effect, % effect, %
mg/dm3 H, H; ' '
Distilled water, 73 g/dm® NaCl, 10 g/dm® MgS0,, 10 g/dm® CaCly" "~
0 212 - -
20 228 88.9 99.1
230
50 230 100 100
100 230 100 100
Tap water, 73 g/dm® NaCl, 10 g/dm® Mg50,4, 10 g/dm3 CaCl,
1] 254 - -
20 282 93.3 99.3
284
50 284 100 100
100 284 100 100

Tap water, 73 g/dm® NaCl, 20 g/dm® Mg50,, g/dm3 CaCl,

0 440 - -

20 468 56 95.5
490

50 490 100 100

100 490 100 100

Tap water, 100 g/dm® NaCl

0 5.1 - -

10 55 100 100
55

20 55 100 100

50 55 100 100

Note: * — mass metric indicator of corrosion, P-33 mg/dm® — g/(m? h):
0 - 0.148423; 2 — 0.097403; 5 — 0.104259; 10 — 0.097604; ** - deep
corrosion indicatar, P-33 mg/dm® — mm/year: 0 — 0.165439; 2 — 0, “108570;
5 - 0.116212; 10 - 0.108794

Even at such high output water hardness (230-
490 mEq/dm?), P-33 reagent at a concentration of 20 mg/dm?
provides a stabilization effect at the level of 56.0-93.3 %,
and an anti-scale effect — 95.5-99 3 %. With an increase
in the concentration of the reagent up to 50 %, the sta-
bilization and anti-scale effects reach 100 %.

7. SWOT analysis of research results

Strengths. The developed compositions for cleaning
pipelines, surfaces of heat exchange equipment based on
affordable low-cost reagents, which are dominated by ana-
logues in efficiency, are characterized by low corrosivity
and ensure the removal from the metal surface of even
poorly soluble chemically resistant substances, including
gypsum deposits. In neutral environments, the main com-
ponents of P-29 reagent are scale inhibitors and corrosion
inhibitors. The created P-33 composition surpasses the
analogs in that it provides scale stabilization in highly
concentrated gypsum solutions in the presence of calcium
and magnesium carbonates at high temperatures. The inte-
grated use of reagents for cleaning pipelines and the use of
scale formation stabilizers will increase the efficiency and
reliability of equipment operation in heat supply systems
and in water cooling systems for pipeline protection in
the gas and oil producing industry.

Weaknesses. The use of acid solutions for cleaning pipe-
lines involves the observance of a number of measures for
the safe conduct of technological operations, the use of
special acid-resistant containers, acid-resistant dosing pumps
and other equipment. Spent solutions must be neutralized
and disposed of according to existing regulations. When
using scale inhibitors, it is necessary to use high-precision
dosing devices.

Opportunities. In the case of effective cleaning of metal
surfaces of heat exchange equipment with the subsequent
use of corrosion inhibitors and scale deposits in water
systems, it is possible to increase the service life of heat
exchange units by 5-10 times. In addition, in cooling
systems it is possible to switch to drainless mode and
refuse to discharge circulating water to purge of the system.

Threats. In the case of acid cleaning from deposits of
surfaces, there is a threat of their insufficiently effective
washing of residues of acidic reagents, which can affect
equipment corrosion processes when the reaction of the
medium in operating systems is acidic. Under normal op-
erating conditions of systems, this threat is unrealistic.
With the use of scale stabilizers, the level of water hard-
ness in water systems may increase several times. This
helps to reduce the corrosivity of water, but in the case
of inadequate control of the dosing of the scale inhibi-
tor, the scale deposition on the heat exchange surfaces
is possible. It is also possible the threat of exceeding the
permissible concentrations of reagents in the discharge of
water during the purge of the system.

1. As a result of the experimental and computational
studies, the corrosivity of the compositions of etching
solutions for the cleaning of metal surfaces by the mass
metric method and the method of polarization resistance
is evaluated. It is shown that all compositions created on
the basis of hydrochloric, sulfuric, phosphoric acids in the
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presence of urotropin or urotropin with thiocarbamide,
have a greater corrosiveness than tap water. The least
corrosive aggressiveness among the options considered is
characterized by the P-29 composition. The mass metric
corrosion rate of this composition is 0.106881 g/(m? h),
the deep corrosion rate, respectively, is 0.118907 mm/year.
A mixture of P-29, created on the basis of orthophosphoric
acid, is used as a reagent for removing scale formation
products — calcium carbonates and sulphates. Its rate of
destruction of chemically shipped gypsum is at least 90 %.
Therefore, it is possible to assume that the P-29 com-
position is an effective corrosion-insensitive reagent for
cleaning the equipment of water supply systems from salt
decomposition and corrosion.

2. The dependences of the solubility of gypsum in acidic
environments, which are characterized by different chemi-
cal compositions and concentrations, are established. It
is proved that the solubility of calcium carbonate and
calcium sulfate differ significantly. At initial concentrations
of orthophosphoric acid 10-100 g/dm?, the solubility of
calcium carbonate is 4.5 times greater than the solubility
of calcium sulfate. If to compare the efficiency of dis-
solution of gypsum with various acids, then the highest
solubility for calcium sulfate among the considered acids
is hydrochloric acid. For hydrochloric acid with a con-
centration of 30 g/dm?, this indicator is 24.5-24.9 g/dm?,
In a more concentrated solution (10 %), the solubility
increases to 36.2-36.7 g/dm?. Despite the lower solubility
of calcium sulfate in phosphonic acids (2.0-2.5 times)
compared with hydrochloric acid, their use for laundering
equipment is advisable, since these compounds are effective
scale stabilizers and inhibitors of metal corrosion. There
is a definite correlation between the intensity (time) of
dissolution and the composition: calcium sulfate ratio: with
an increase in the volume of the pickling solution under
conditions of the same mass of calcium sulfate, a decrease
in the dissolution time of the latter is observed.

3. An evaluation is made of the effectiveness of using
the developed P-33 composition as scale-forming stabilizers.
This mixture shows excellent results in harsh conditions
(water hardness 230-490 mg-eq/dm3, T=90 °C, 1=5 h).
P-33 reagent at a concentration of 20 mg/dm? provides
a stabilization effect at the level of 56.0-93.3 %, and an
anti-scale effect — 95.5-99.3 %. With an increase in the
concentration of the reagent up to 50 %, the stabilization
and anti-scale effects reach 100 %.
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