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To mitigate the detrimental effect of industry on
the environment, industrial enterprises should utilize
natural waters with maximal efficiency. One of the main
ways to meet this requirement is reuse of water in the
production, which makes it necessary to provide water
recycling with cooling of technical water that has been
heated in the industrial process. As a rule, water is cooled
by evaporation in cooling towers. Evaporation leads to
concentration of soluble and insoluble impurities present
in water, and conditions arise for deposition of hardness
salts in heat exchangers, which decreases the efficiency
of heat transfer, causes increased power consumption,
and makes it necessary to interrupt the production process
to perform expensive and time-consuming operations
of equipment cleaning. Furthermore, deposit formation
stimulates subsurface corrosion leading to premature
wear of the equipment.

One of efficient solutions of the problem of deposit
formation in water-recycling systems is the use of special
chemical reagents inhibiting scale formation. Among
such reagents, the most widely used are phosphates,
phosphorus-containing complexones (phosphonates),
and polyelectrolytes [1, 2]. Inhibitors affect the
formation, growth, and structure of scale crystals [2,
3]. Polyelectrolytes, in particular, those based on
polyacrylic, polymethacrylic, and polymaleic acids and on
polyacrylamide find growing use today. The mechanism
of the inhibiting effect of reagents of this group differs
from that of phosphorus-containing compounds and is
yet poorly understood.

It should be noted that, to reliably eliminate scale
formation, the reagent should exhibit good dispersing
properties toward a series of substances: microcrystals of
hardness salts and their agglomerates, corrosion products,
clay particles, so as to stabilize the precipitate of insoluble
impurities in the suspended form for a long time [4].

In this study we examined the performance of
polyacrylic acid (PA) and its formulations with sodium
tripolyphosphate and Na,EDTA as scale formation
inhibitors and dispersants.

EXPERIMENTAL

As inhibitors of deposit formation we used polyacrylic
acid samples with MW 1000, 2100, 3000, 5000, and
78 000 (PA,, PA,, PA;, PA;, PA5) purchased from
Aldrich, sodium tripolyphosphate [STPP, GOST
(State Standard) 13493-86], and disodium dihydrogen
ethylenediaminetetraacetate, Na,EDTA (GOST 10652—
73). Solutions of calcium and magnesium chlorides and
of sodium hydrogen carbonate were prepared in distilled
water from chemically pure grade chemicals.

To evaluate the performance of the inhibitors, we
used a PMAC SCL-30P-2A laboratory installation (the
United Kingdom) simulating the deposit formation under
real conditions. The principle of its operation consists
in dynamic measurement of the differential pressure
in ametallic capillary, increasing as a result of scale
formation, at variable or fixed experimental parameters.
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Fig. 1. Time of the change in the differential pressure in the
system in the presence of inhibitors. (7;) Inhibition time.
Inhibitor: (/) Na,EDTA, (2) STPP, (3) PA,, (4) PA,, (5) PAs,
(6) PAs, (7) PA4, and (8) formulation of PA5 with Na,EDTA,
and (9) formulation of PA5 with STPP (dosage of reagents
and formulations 0.2 ppm; the parameter for the uninhibited
system 23 min).

Model solutions of preset concentration (solutions of
calcium chloride, magnesium chloride, sodium hydrogen
carbonate) are pumped into the capillary of the device
in a constant volume at a constant flow rate. The scale
formation inhibitor is fed separately. After mixing and
heating the solutions to 90°C, a deposit of calcium
carbonate is formed on internal walls of the capillary,
which leads to an increase in the differential pressure
along the capillary.

As a characteristic of the performance of deposit
formation inhibitors, we used a relative parameter, time
interval 7; in which a scale layer formed in the capillary
leads to an increase in the differential pressure from zero
to a certain level equal in all the experiments (in our case,
to 13.8 kPa). The solution feed rate, water hardness, pH,
and temperature were kept constant.

We used a photometric method for determining
the relative dispersion capacity (RDC) for kaolin. The
experimental RDC value characterizes the percentage of
kaolin in the suspended form in 5 h at pH 8. The higher the
dispersion capacity of the inhibitor, the better are kaolin
particles retained in the suspended state in an aqueous
dispersion and the higher is the optical density.

To obtain a control suspension sample, kaolin was
finely ground, a fraction with a particle size of 0.05 mm
was taken, and, after drying at 250 = 5°C and cooling,
this fraction was placed in a solution containing a mixture
of calcium chloride, magnesium chloride, and sodium
hydrogen carbonate and left to swell for 12 h. The test
sample of kaolin suspension containing an inhibitor was
prepared similarly. The control and test samples of kaolin
suspension were placed in cells, and the optical density
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at the chosen wavelength was measured in 5 h. The RDC
(%) was found by the formula

D,

RDC = x 100

C

where D, and D, are the optical densities of the test and
control samples of kaolin suspension, respectively.

The results of studying the inhibiting performance
of STPP, complexone (Na,EDTA), and polyacrylic
acid show that addition of any of these reagents leads
to an increase in the time interval preceding the deposit
formation in the system. The parameter characterizing
the inhibiting performance of the reagents toward deposit
formation, 7;, for PA is somewhat higher than for STPP
and Na,EDTA (Fig. 1). For PA samples of relatively low
MW (1000-5000), T; is in the range 46.9-52.1 min, and
in going to high-MW PA (PA ) it drastically decreases.
In the latter case, the lack of the inhibiting effect is due
to flocculation of the precipitate particles (Fig. 2c).

The mechanism of the inhibiting effect is based
on adsorption of inhibitor molecules on the surface of
growing crystals of calcium carbonate, which inhibits
the crystal growth, favors stabilization of metastable
phases of calcium carbonate, and leads to formation of
finer crystals of irregular shape [4, 5]. In the case of PA,
carboxy groups of the polymer are sorbed on cations of the
mineral salt or substitute anionic components of the crystal
on the surface. The layer of polymer molecules covering
the surface complicates formation of the next layer and
prevents growth of the regular three-dimensional crystal
lattice of calcite [4]. The forming amorphous crystals of
irregular shape are incapable of forming a stable deposit
(coating) and can be readily removed from the system.

The results of an X-ray phase analysis of precipitates
of calcium and magnesium carbonates obtained in the
absence (control) and in the presence of PA show that the
polyelectrolyte significantly affects the crystal formation
of calcium carbonate and the morphology and size of its
particles. The structure of crystals in the presence of the
inhibitor is deformed, becomes more amorphous and
loose.

Comparison of the photographs of the precipitate
(Fig. 2) confirms changes in the size and shape of calcium
carbonate crystals on adding the polymer: The precipitate
obtained in the presence of PA (Fig. 2b) consists of flake-
like particles differing from those of the control sample
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Fig. 2. Photograph of the precipitate (x2) obtained (a) without inhibitor, (b) in the presence of PAs, and (c) in the presence of PA4.

particles by the larger size and amorphous structure.

It is known that scale formation in water-supply
systems is caused by formation of insoluble calcium
carbonate in decomposition of calcium bicarbonate
[4]. In the examined model solutions without inhibitor
(control) and with additions of STPP, Na,EDTA, and
PA, after circulation in the PMAC laboratory installation
we determined the content of HCO3 and CO3~ ions. We
found that, in the presence of the same amount of reagents,
the content of bicarbonate ions with all the examined
reagents is approximately the same and is 2.6-2.8 times
higher than in the control sample, whereas the amount
of carbonate ions is 3.2-3.3 times lower. Apparently, the
presence of an inhibitor in the system prevents formation
of insoluble carbonate particles. As a result, the solution
remains stable (with a high content of bicarbonates), and
mineral deposits (carbonates) are not formed.

The quantity RDC characterizing the capability of the
reagent to stabilize the dispersion system and prevent
agglomeration of insoluble particles occurring in water
in the suspended state (kaolin in our case) for all the
examined reagents is lower than the control level and for
PA is higher than for STPP and Na,EDTA (Fig. 3).

A decrease in the optical density of the dispersion
system containing kaolin particles is due to removal of the
precipitate from the zone being analyzed. The smaller the
change in the optical density of the system, the higher is
the dispersing power of the additive. As seen from Fig. 4,
the optical density of the kaolin dispersion containing PA
decreases to a lesser extent, compared to the polymers
of the lower MW.

The use of PAs in combination with Na,EDTA or
STPP enhances the inhibiting and dispersing effect,
compared to the reagents taken separately: 7; (time of
deposit formation inhibition) for the system with PAy +
Na,EDTA increases by a factor of 1.4 and 1.7 (Fig. 1);

RDC of PAs+ STPPis 1.5 and 1.7 times higher than those
of the reagents taken separately (Fig. 3).

CONCLUSIONS

(1) Polyacrylic acid, sodium tripolyphosphate,
and Na,EDTA inhibit crystallization of calcium and
magnesium carbonates, affect the particle size and

100
80

60

RDC

40

20F

Fig. 3. Relative dispersion capacity RDC of (/) Na,EDTA,
(2) STPP, (3) PA,, (4) PA,, (5) PAs, (6) PAs, (7) PAs, (8)
formulation of PA5 with Na,EDTA, and (9) formulation of PAg
with STPP for kaolin. Reagent dosage 0.2 ppm. RDC for the
system without inhibitor is taken as 100%.

1
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Fig. 4. Variation of the optical density D of a mixture of salt

solutions (/) without inhibitor and in the presence of (2) PA,,
(3) PAs, and (4) PA ;. (t) Time.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 10 2009



POLYACRYLIC ACID AND FORMULATIONS BASED ON IT AS INHIBITORS 1897

structure of crystals, and exert a stabilizing effect on the (18), pp. 23-28.
kaolin dispersion. 2. Tobori, N. and Amari, T., Colloids Surf. A: Phys.-Chem. Eng.

(2) Binary formulations based on polyacrylic acid Aspects, 2003, vol. 215, pp. 163-171.
(MW 5000), Na,EDTA, and sodium tripolyphosphate 3. Chausov, F.F., Lzv. Vyssh. Uchebn. Zaved., Khim. Khim.
exhibit synergism in the inhibiting and dispersing Tekhnol., 2008, vol. 51, no. 5, pp. 63—67.
effect. 4. Kemmer, I. and Frank, N., The NALCO Water Handbook,

New York: McGraw-Hill, 1987.
REFERENCES 5. Jada, A., Ait Akbour, R., Jacquemet, C., et al., J. Cryst.

1. Fedorenko, V.I., Membrany, Ser.: Krit. Tekhnol., 2003, no. 2 Growth, 2007, vol. 306, pp. 373-382.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 10 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


