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METHOD FOR INHIBITING THE FORMATION AND DEPOSITION OF SILICA SCALE IN
AQUEOUS SYSTEMS

TECHNICAL FIELD

This invention generally relates to silica scale inhibitors. More specifically, this invention
relates to a method for inhibiting the formation and deposition of silica and silicate compounds in

water systems with water-soluble polymers comprising polyoxyalkylene groups.

BACKGROUND OF THE INVENTION

In many parts of the world, amorphous silica scales cause significant fouling problems
when mmdustnal waters contain high quantities of silica. For the most part, high quantities of
silica means that the mdustrial waters contain at least 5 ppm and up to about 500 ppm disso'lved
silica and may contain higher quantities of silica either in dissolved, dispersed or colloidal forms.

The solubility of silica adversely limits the efficient use of water in industrial
applications, such as cooling, boiler, geothermal, reverse osmosis and papermaking.

Specifically, water treatment operations are limited because the solubility of silica at about 150
ppm can be exceeded when minerals are concentrated during processing. This can result in the
precipitation and deposition of amorphous silica and silicates with consequential ioss of
equipment efficiency. Moreover, the accumulation of silica on internal surfaces of water
treatment equipment, such as boilers, cooling, and puriﬁcaﬁon systems, reduces heat transfer and
fluid flow through heat exchange tubes and membranes. '

Once the silica scale forms on water {reatment equipment, the removal of such scale is
very difficuit and costly. With high silica water, therefore, cooling and reverse osmosis systems
typically operate at low water-use efficiency to assure that the solubility of silica is not exceeded.
Under these conditions, however, reverse osmosis systems must limit their pure water recovery
rate and cooling systems must limit water recycling. In both cases, water discharge volumes are
large.

Various additives have been employed over the years to inhibit silica deposition. The
current technologies for silica scale control i industnal cooling systems ivolve the use of either
colloidal silica dispersants or silica polymerization inhibitors. Dispersant technologies have

shown litile activity, being able to stabilize only slight increases of total silica in a tower. For
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instance, by feeding a dispersant, silica levels may increase from 150-200 to 180-220 ppm, which
is often an undetectable increase 1n silica cycles.

On the other hand, silica polymenzation inhibitors have shown to be more effective
against silica scale deposition. For example, U.S. Patent No. 4,532,047 to Dubin relates to the
use of a water-soluble low molecular weight polypolar organic compound for inhibiting
amorphous silica scale formation on surfaces in contact with industrial waters. Likewise, U.S.
Patent No. 5,658,465 to Nicholas et al relates to the use of polyoxazoline as a silica scale
inhibition technology. These polymerizzition inhibitors have allowed for increases in soluble

silica to greater than 300 ppm without scale formation.
SUMMARY OF THE INVENTION

This invention provides an improved method for inhibiting the formation and deposition
of stiica and silicate compounds 1 water systems. The inventors have discovered that certain
water soluble polymers containing poly(alkylene oxide) groups are effective inhibitors of soluble
stlica polymerization and scale deposition in water systems.

Accordingly, 1n an embodiment, this invention is a method for inhibiting the formation
and depositioﬁ of silica and silicate compounds in water systems comprising adding to the water
in the water system an effective inhibiting amount of one or more water-soluble polymers of

formula

H R,
e o—]
F 15
H C———0
T
Ra
|
H

wherein M is a repeating unit obtained after polymerization of one or more monomers
comprising a polymerizable carbon-carbon double bond; r is 0 to about 5 mole percent, s is 100
to about 95 mole percent; R; 1s H or C;-C; alkyl; Ry 18 a group of formula «(CH;-CHR3-O),—; Ra

18 H or CH3, or a mixture thereof; and n 18 2 to about 25.
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DETAILED DESCRIPTION

Polymer suitable for use in this invention are prepared by polymerizing one or more

monomers of formula I:

R O

H,C——C——C—0—R,—H (I)

where R; and R, are defined herein and optionally up to 5 mole percent of one or more
monomers having a polymerizable carbon-carbon double bond. The polymerization may proceed
in accordance with solution, emulsion, micelle or dispersion polymerization techniques.
Conventional polymerization initiators such as persulfates, peroxides, and azo type mitiators may
be used. Polymerization may also be mitiated by radiation or ultraviolet mechamsms. Chain
transfer agents such as alcohols, preferably isopropanol or allyl alcohol, amines or mercapto
compounds may be used to regulate the molecular weight of the polymer. Branching agents such
as methylene bisacrylamide, or polyethylene glycol diacrylate and other multifunctional
crosslinking agents may be added. The resulting polymer may be isolated by precipitation or
other well-known techniques. If polymerization 1s in an aqueous solution, the polymer may
simply be used in the aqueous solution form.

Monomers of formula I can be prepared by alkoxylation of (meth)acrylate esters. These
compounds are also commercially available, for example from Aldrich, Milwaukee, WI.

Alternatively, the polymers can be prepareﬁ by treating poly (meth)acrylic acid and 1its
salts with alkylene oxides to produce polymeric esters with such catalysts as pyridine or NaOH
and the 2-hydroxyalkyl ester has sites for the further reaction of alkylene groups resulting in the
formation of grafted polyoxyethylene side chains on a backbone of poly (meth)acrylic acid. See
U.S. Patent No. 4,435,556 and references cited therein.

In an embodiment, the polymer has a weight average molecular weight of about 20,000 to
about 80,000. In other embodiments, the polymer has a weight average molecular weight of
about 5,000 to about 50,000 or from about 10,000 to about 30,000. '

In an embodiment, the monomers comprising a polymerizable carbon-carbon double
bond are selected from (meth)acrylic acid and its salts, (meth)acrylamide, N-methyl acrylamide,
N,N-dimethylacrylamide, N-isopropyl acrylamide, N-t-butyl acrylamice, N,N-

“dimethylaminoethyl (meth)acrylate and its salts, maleic acid, maleic anhydnde, fumaric acid,

3
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itaconic acid, styrene sulfonic acid, vinyl suifonic acid, isopropenyl phosphonic acid, vinyl
phosphonic acid, vinylidene diphosphonic acid and 2-acrylamido-2-methylpropane sulfonic acid
and 1ts salis.

In an embodiment, the polymer has formula

oo
—fc—cHT—c
. T 5

O

OM
O

Ro

H

wherein 1 18 0 {0 about 5 mole percent, s 1s 100 to about 95 mole percent; R; and R4 are
mdependently H or C1-C4 alkyl; Rz 1s a group of formula —(CH>-CHR3-O),— R3 1s H or CHj, or a
mixtu_re thereot: M 1s H or a water soluble cation: and n 1s 2 to about 25.

In an embodiment, Ry 1s H.

In an embodiment, r 15 0 and s 1s 100 mole percent.

In an embodiment, r 1s about 2 mole percent and s 15 about 98 mole percent.

In an embodiment, R, 1s CH; and R4 1s H.

This mvention provides methods for inhibiting the formation and deposition of silica and
silicate compounds 1n water systems. The methods include adding to the water in a water system
an effective amount inhibiting amount of a polymer according to this invention.

The precise effective dosages at which the polymers can be employed will vary
depending upon the makeup of the water being treated. For example, an effective dosage for
treating cooling water will usually be 1n the range of about 0.5 to about 500 ppm. In alternative
embodiments dosage ranges of about 1 to about 100 ppm or about 5 to about 60 ppm may be
used. Typical dosages for treating paper mill water can range from about 10,000 to about
100,000 ppm. These dosages are typical for water treatment additives.

The polymers may be added directly into the water system being treated as an aqueous
solution mtermittently or continuously.

The industrial waters that require treatment with the polymers of this invention are

generally waters that contain silica 1n a dissolved, Suspended or colloidal form. The silica is

4
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present as dissolved, siliclic species, silicates or their complex 10ons and may also be present as
colloidal silica or suspended silica. The total silica concentration in these industrial waters is
normally low. W hen it exceeds about 120-150 ppm 1n total concentration; amorphous silica
scale formation then becomes a problem. However, in the presence of common cations, such as
Ca, Mg, Zn< AL, Se, etc, present 1n the water, much lower level of silica can cause
scaling/deposition problems. Obviously, the higher the concentration of total stlica from all

sources in these waters, the more difficult 1s the problem created by amorphous silica scale

formation.

The industnal waters may be cooling waters, geothermal waters, sait water for
desalinization purposes, industrial waters being prepared for boiler treatment and steam
generation, downhole waters for petroleum crude recovery, pulp and paper mill waters, mining
and mineral processing waters and the like. The problem of amorphous silica scale formation on
the surfaces i contact with these industrial Waters: 1s particularly noted when the industrial
waters are alkaline, having a pH of at least 5.0 or above, and contain at least 5 ppm total silica as
S10,. The effective use of the polymers of this invention are preferably at pH's of at least 5.0 and
above and may be at temperatures ranging between ambient temperatl.lres to temperatures In
excess of 500 °F. However, as one skilled 1n the art of water treatment would appreciate, the
polymers of this invention should also be effective in waters having a pH Iower than 5.0.

Of particular importance is the treatment of alkaline industrial waters being used as
cooling waters, either on a once-through basis or particularly in a recirculating cooling water
system. When these alkaline coolihg waters contain sufficient total silica, the problem of
amorphous silica scale formation on surfaces in contact with these cooling waters 1s exaggerated.
As the alkalimty increases, the problem of amorphous silica scale formation also increases.
Therefore, the effectiveness of the polymers used 1n this invention must also be demonsirated at
pH's in excess of about 8.0.

Finally, the polymers of this invention may be combined with other water treating agents.
For example, the polymers may be used with water treatments, such as those used to inhibit
corrosion and those treatments used to disperse or prevent scale formation of other types.

Representative scale mhibitors include, but are not limited to, inorganic and organic
polyphosphate, phosphonates, and polycarboxylates. These inhibitors help inhibit or disperse
other scales such as calcium carbonate, calcium sulfate, calcium phosphate, calcium fluoride,
barium sulfate, calcium oxalate, and the like. Inhibition of these scales helps the polymer reach

its full potential for inhibiting silica/ silicate deposit.
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Inorganic polyphosphates mnclude compounds composed of phosphate units linked by
phosphoanhydride bonds as shown in the following formula

L - where n = 2-20

Organic polyphosphates (polymeric organic phosphate) include esters of polypho sphates

as shown 1n the following formula

o
—RTO0T

- OR
- -1 where R 15 substituted or unsubstituted alkyl or aryl and n = 2-20. Representative

morganic and organic polyphosphates include sodium tripolyphosphate, sodium
hexametaphosphates, anionic silicone phosphate ester, alkyl phosphate esters, and the like.

Phosphonates include compounds containing the structural moiety

O
I

C—P-(OR)2 \where R is H or substituted or unsubstituted alkyl, or aryl. Representative
phosphonates mclude commercially available products mcluding HEDP (1-hydroxy ethylidene
1,1-diphosphonic acid and 1ts salts), AMP (amino tri{methylene phosphonic acid) and its salts),
PAPEMP (polyamino polyether methylene phosphonic acid and its salts), and the like.

Polycarboxylates comprise polymers composed of monomers containing carboxylic acid
functional group or salts thereof including, for example, acrylic acid, methacrylic acid, o~
haloacrylic acid, maleic acid or anhydride, ﬁnylaéetic acid, allylacetic acid, fumaric acid, and (-
carboxylethylacrylate, and the like. Representative polycarboxylates include low molecular
weight commercially available water soluble polyacrylic acid, polymaleic acid, acrylic acid-AMP
copolymers, and the like.

Polyphosphate, phosphonates and polycarboxylates and their use for inhibiting scale is
known in the art. See, for example, U.S. Patents 4,874,527, 4,933,090 and 5,078,879.

The foregoing can be better understood by reference to the following examples, which are

presented for purposes of 1llustration and are not intended to limit the scope of the invention.
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Example 1
Beaker Studies

Beaker studies are done by making a solution using sodiam meta silicate that will yield
starting concentration of 300 PPM as S10;. Each beaker in addition to sodium meta silicate
solution contains various amounts of the inhibitor of the invention ranging from 0 - 100 PPM.
The pH of each beaker 1s adjusted to 7.5. The samples are stirred using a magnetic stirrer and
allowed fo stand at room temperature. At different times aliquots are withdrawn and SiO; is

measured spectrophotometrically using ammonium molybdate. The results are shown in Table 1.

- Table 1
Stiica 810, PPM
Time (minutes) No Inhibitor 20PPM Inhibitor
O 300 300
10 230 300
20 180 | 300
30 160 290
45 150 280

In another set of beaker studies, calcium chloride (990 PPM as CaCQj3) and magnesium
sulfate (340 PPM as CaCQs) are added 1n addition to sodium meta silicate. The starting

' ‘concentration of silica is 250 PPM as CaCQ;. The pH of each beaker 1s adjusted to 7.4. The

results are shown in Table 2.

Table 2
 Silica Si0, PPM
Time (minutes) No inhibitor 20 PPM inhibitor
0 250 250
50 210 240
100 145 220
150 100 190
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In another set of beaker studies, calcium chloride (500 PPM as CaCO;3) and magnesium
sulfate (250 PPM as CaCQ3) are added in addition to sodium meta silicate. The starting
concentration of silica is 250 PPM as CaCO;. The pH of each beaker is adjusted to 7.4. The

results are shown 1n Table 3.

Table 3
Silica as 810, PPM
Time (minutes) No inhibitor 10.PPM Inhibitor 20 PPM Inhibitor
0 250 250 250
50 160 225 240
100 150 225 240
150 140 220 220
200 140 190 220

The data in Tables 1-3 shows that the amount of soluble silica as a function of fime,
Ca/Mg hardness and the dose of the inhibitor. In Table 1 since there 1s no Ca/Mg hardness 1n the
water, the inhibitor is able to retain higher level of soluble silica in the water. The data in Tables
2 and 3 compares the effect of hardness:the hi gher the hardness the lower the soluble silica (190
PPM — higher hardness vs 220 PPM — lower hardness). Similarly, the data in Table 3 shows the
effect of higher dose of the inhibitor vs the lower dose of the inlmbitor.

Example 2
Pilot Cooling Tower Study
A simulated cooling tower study is used to evaluate the efficiency of the silica inhibitor.

The make up water chemistry of the fower 1s as follows:

84.9 g/250 gal. make up water of CaCl; 2H;0;

147.3 /250 gal. make up water of MgS047H,0;
233.8 £/250 gal. make up water of Na,Si0O55H,0; and
56 ml conc. H,SO4/100 gal. make up water.

The water is cycled until silica precipitation becomes apparent. The pH of the recycled
up water is controlled at 7.8 and calcium carbonate precipitation is controlled using phosphonate

scale inhibitor. The silica inhibitor product dose 1s maintained at 30 PPM.
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The blank run that has no silica inhibitor shows relatively lower levels of silica and
hardness before the apparent silica precipitation. This run did not have silica mhibitor but had
calcium carbonate phosphonate inhibitor similar to the one for the silica inhibitor containing run.
The amount of silica that can be held in solution, b:voth soluble and colloidal also depends on the
total hardness 1n the water. The mhibitor also helped increase the amount of hardness in addition

to silica, compared to no treatment. The results are shown in Table 4.

Table 4
Treatment Maximum Hardness PPM Maximum Total Silica PPM
No treatment 600 200
30 PPM treatment 700 270

It should be understood that various changes and modifications to the presently preferred
embodiments described herein will be apparent to those skilled in the art. Such changes and
modifications can be made without departing from th(é scope of this invention and
without diminishing its attendant advantages. It is the'refore intended that such chﬁnges and

modifications be covered by the appended claims.
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CLAIMS:

1. A method for inhibiting the formation and deposition of silica and silicatc compounds in water
systems comprising water substantially free of calcium and magnesium, the method comprising
adding to the water in the water system an cffective inhibiting amount of one or more water-soluble

polymers of tormula

H R
S MHCMCW
- r 3 S
H =0
O
Ro
H

wherein M is a repeating unit obtained after polymerization of onc or more monomers comprising a
polymerizable carbon-carbon double bond; r is 0 to 5 molc percent, s is 100 to 95 mole percent; R, is
H or Cy-C4 alkyl; R, 15 a group of formula —(CH,-CHR;3-O),—; Rs is H or CHs, or a mixture thereof;
and n 1s 2 to 25.

2. The mcthod of claim 1 wherein the polymer has a weight average molecular weight of 5,000

to about 80,000.

3. The method of claim 1 or 2 whercin the monomers comprising a polymerizable carbon-carbon
double bond are selected from (mcth)acrylic.acid and its salts, (meth)acrylamide, N-methyl
acrylamide, N,N-dirnethylacrylamide, N-isopropyl acrylamide, N-t-butyl acrylamide, N N-
dimethylaminoethyl (meth)acrylate and its salts, maleic acid, maleic anhydride, fumaric acid, itaconic
acid, styrene sulfonic acid, vinyl sulfonic acid, isopropenyl phosphonic acid, vinyl phosphonic acid,

vinylidene diphosphonic acid and 2-acrylamido-2-methylpropanc sulfonic acid and its salts.

4, The mcthod of any one of claims 1 to 3 wherein the polymer has a weight average molecular

welght of 5,000 to 50,000.

10
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3. The method of any onc of claims 1 to 4 wherein the polymer has tormula

LT
“—‘%CWC‘;‘*‘:‘CMT* ‘
s

wherein r is 0 to 5 mole percent, s is 100 to 95 mole percent; R, and Ry are independently H or Ci-C,y
alkyl; R, 1s a group of formula —(CH,-CHR;-O),—; R; is H or CHj5, or a mixturc thereot; M is Hor a

water soluble cation; and n 1s 2 to 25.

6. The method of claim 5 wherein the polymer has a weight average molecular weight of 10,000
to 30,000.

7. The method of claim 5 or 6 wherein R 1s H.

8. The method of any one of claims 5 to 7 wherein r is 0 and s 1s 100 mole percent.

9. The method of any onc of claims 5 to 8 wherein Ry 18 CHa.

10. The method of claim 7 wherein r is 2 mole percent and s 1s 98 mole percent.

11. The method of claim 10 wherein Ry 1s CHs and Ry 1s H.

12. The method of any one of claims 1 to 11 wherein the water system is sclected from cooling
water systems, geothermal water systems, salt water desalinization systems, boiler water systems,
downhole water systems for petroleum crude recovery, pulp and paper mill watcr systems and mining

and mineral processing water systems.

11
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13. The method of any one of claims 1 to 12 wherein the water system is a cooling water system.

14. The method of any one of claims 1 to 13 further comprising adding one or more corrosion

inhibitors, scale inhibitors or dispersants to the water system.

15. The method of any one of claims 1 to 14 wherein the scale inhibitors or dispersants are

selected from inorganic and organic polyphosphates, phosphonates and polycarboxylates.

12
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