
PATENT SPECIFICATION    (11) 1 524 608, (21) Application No. 47612/76/
(22) Filed 16 Nov. 1976 /        19) (31) Convention Application No. 632
549 (32) Filed 17 Nov. 1975 in/ (33) United States of America (US) (44)
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[EER] (54) CONTROLLING SCALE FORMATION IN AQUEOUS MEDIA/ (71)   We, BETZ
INTERNATIONAL INC., a corporation organized under the laws of the
Commonwealth of Pennsylvania, United States of America, of 4636 Somerton
Road, Trevose, Pennsylvania, United States of America/do hereby declare the
invention, for which we pray that a patent may be granted to us, and the 5
method by which it is to be performed, to be particularly described in and
by the  5 following statement:- The present invention relates to the
treatment of aqueous media. Although the invention has general
applicability to any given system where the formation and deposition of
calciwn phosphate is a potential problem, it will be 10      described in
detail as it concerns cooling water and boiler water systems.    10 The
term "cooling water" is applied wherever water is circulated through
equipment to absorb and carry away heat. This definition includes air
conditioning. systems, engine jacket systems, refrigeration systems as well
as the multitude of i5     industrial heat exchange operations, such as
found in oil refineries, chemical plants 15     or steel mills.
15 The once-through system, as the name implies, is one inwhich the water
is passed through the heat exchange equipment and the cooling water is then
discharged to waste. Usually, a once-through system is employed only where
water at suitably low temperature is readily available in large volume and
at low cost. The 20     usual source of once-through cooling water is from
wells, rivers and lakes where  20 the cost involved is that of pumping
only. In a once-through system, no evaporation takes place and consequently
the water does not concentrate. Circulating water. characteristics are the
same as the makeup water. The use of a recirculating system, in which, for
example, a cooling tower, spray 



25     pond or evaporative condenser serve to dissipitate heat, permits
great economy in  25 makeup water requirements. With dwindling supplies of
fresh cold water available for cooling requirements of indujstry, increased
use must be made of recirculating systems in which the cooling water is
used over and over again. After passage of the circulating water through
the heat exchange equipment, 30     the water is cooled in passing over the
cooling tower. This cooling effect is  30 produced by evaporation of a
portion of the circulating water in passing over the tower. By virtue of
the evaporation which takes place in cooling, the dissolved. solids and
suspended solids in the water become concentrated. The circulating water
becomes more concentrated than the makeup water due' 35     to this
evaporation loss. "Cycles of concentration" is the term  employed to   35
indicate the degree of concentration of the circulating water as compared
with the makeup. For example, 2.0 cycles of concentration indicates the
circulating water is twice the concentration of the makeup water. Deposits
in lines or heat exchange equipment may originate from several causes. 40
For example, the precipitation of calcium carbonate and calcium phosphate
will  40 form scale, but products of corrosion also result in a deposit of
iron oxide. In speaking of deposits which form in cooling water systems, it
is important to bear in mind the mechanism causing the deposit, otherwise
confusion may result. In general, the term scale" applies to deposits which
result from crystallization or 45     precipitation of salts from
solution. Wasting away of metal is the result of  45 corrosion. While a
deposit results in both cases, the mechanism of formation is different and
different corrective methods are required to prevent the deposit.    2
1,524,608                                        2 Some of the factors
which affect scale formation are temperature, rate of heat transfer, the
calcium, sulfate  magnesium, silica, phosphate, alkalinity and dissolved
solids content and pH of the water. In the past in order to minimize the
formation of the scale forming salts, the 5      cooling water systems were
operated at pH's where the solubility of the "hardness" or "scale forming"
ions were the greatest. Because the pH's of the systems were acidic,
corrosion inhibitors together with dispersants were the normal 



treatment. Corrosion inhibition in most instances required chromate
treatment. With the advent of tight controls as regards toxic pollutant
discharge, o erating 10      parameters of cooling water systenis had to be
changed in. an attempt to utilize non-  l0 chromate treatment. The
development of high pH and/or non-chromate corrosion programs over the past
few years has concurrently enhanced the potential for heat exchange fouling
due to chemical precipitation. Since most of the treatments currently used
include phosphate and/or phosphonic acid compounds, such as the 15
alkali metal polyphosphates, organo-phosphates, e.g. phosphate esters
amino-       15 trimethylene phosphonic acid, hydroxy ethylidene
diphosphonic acid, and the acid and the water soluable salts there of and
since therer may be phosphate                 supply for example tertiary
sewage treatment effluent for makeup water, calcium in the makeup water
supply for example tertiary sewage treatment effluent for makup water
phosphate  scaling  become one of the major problems encountered. The 20
reversion of the polyphosphates and the organic phosphates plus the use of
alkaline  20 operating conditions leads to the formation and deposition of
the highly insoluble calcium phosphate.         . Although steam generating
systems are somewhat different from cooling water systems, they share a
common problem as relates for example to calcium 25  phosphate and iron
oxide formation and deposition.                                25 As
detailed in the Betz Handbook of Industrial Water Conditioning, 6th
Edition, 1968, Betz Laboratories, Inc., Trevose, Pennsylvania, pages
151-171, the formation of scale and sludge deposits on boiler heating
surfaces is the most serious Water problem encountered in steam generation.
Although current industrial steam producing systems make use of
sophisticated external treatments of the boiler feed  30 water, e.g.
coagulation, filtration, softening of water prior to its feed into the
boiler system, those operations are only moderately effective. In all
cases, external treatment does not in itself provide adequate treatment
since muds, sludge, silts and hardness-imparting ions escape the treatment
and eventually are introduced 35  . into the steam generating system.
35 The problems which result from their introduction into the steam
generating system are apparent. Since the deposit forming materials are
present, they have a tendency to accumulate upon concentration of the water
and to settle at points in the system where there is low flow and therefore
to restrict water circulation. The 40      baking of mud and/or sludge on
tubes and sheets will result in overheating and      40 failure, thereby
requiring down time for repair or replacement of the structural parts. In
addition, mud, sludge and silts may become incorporated in scale deposits 



adding to their volume and heat insulating effect. Accordingly, internal
treatments have been necessary to maintain the mud and 45           silts
in a suspended state. These internal treatments have been generally
referred to  4 in the industry as sludge conditioning agents. In addition
to the problems caused by mud,sludge or silts, the industry has also had to
contend with boiler scale, Although external treatment is utilized
specifically in an attempt to remove calcium and magnesium from the feed
water, so     scale formation due to residual hardness, i.e., calcium and
magnesium salts, is     50 always experienced Accordingly, internal
treatment, i.e., treatment of the water fed to the  system, is necessary to
prevent, reduce and/or retard formation of the cale-impating  compounds and
their deposition. The carbonates of magnesium and calcium are notthe only
problem compounds as regards scale, but also waters 55     having high
contents of phosphate, sulfate and silicate ions either occurring        55
naturally or added for other purposes are problematic since calcium   and
magnesium, and any iron or copper present, react with each and deposit as
boiler scale. As is obvious, the deposition of scale on the structural
parts of a steam 60 generating. system  causes poorer circulation and lower
heat transfer  capacity, 60  resulting accordingly in an overall loss in
efficiency.                          60 Although the foregoing description
is directed for the most part to cooling water systems and boiler water
systems, or more specifically steam generating systems the same problems
occur in scrubber systems and the like. Any aqueous ystem  having calcium
and magnesium  cations and the exemplified anions, in    2
,524,608                                      3 e of heat
particular phosphate, will experience the formation and deposition of the
scaling inity and                   salts. Because of the foregoing, the
water treattnent industry is constantly evaluating salts, the
new processes, new products, new techniques in an effort to permit the
various v of the       5       S      process water systems to operate more
effectively for longer periods and at lower  5 s of the
costs. ie nor                        Manv and different type materials have
been used for the treatment of water catment.                     systems.
Of the vast number may be mentioned alginates, lignins, lignosulfonates, 



perating                     tannins, carboxymethyl cellulose materials,
and synthetic polymers such as ilize non-    10      10      polyacrylates
and polymethacrylates.                                             10
Corrosion                         It has now been found that if a
particular type of water-soluble polymer I for heat
comprising moieties of general formula 1 and moieties of general formula 11
(as eatments                     hereinafter defined) was added or
introduced in an effective amount for the ch as the
purpose into the water of a process water system, the formation and
deposition of ;, amino-     15      15      scale, particularly calcium and
magnesium phosphates and silicate scales, and the  15 and the
deposition of suspended. matter such as iron oxide, clay and mixtures
thereof on the up water                     metallic structures of the
equipment could be controlled to a degree necessary to calcium
permit the continued and economical operation of the system. ed. The
According to the present invention there is provided a method for the
lalkaline     20      20      treatment of an aqueous medium to control the
formation and/or deposition of     20 insoluble                    scale or
scale imparting impurities and/or the deposition of suspended matter on the
structural parts of a system containing the aqueous medium or to disperse
and ng water                     maintain dispersed particulate matter in a
system containing the aqueous medium calcium                     which
comprises adding to the aqueous system an effective amount for the purpose
25     25      of a water-soluble polymer comprising moieties having the
general formula:        25 Edition, 171. the t serious ial steam ilerfeed
30                                              [EER] ne boiler external
C= ige, silts roduced
x         (I) 35 nerating                      and moieties having the
general formula: y have a joints in
R3 ion.. The ring and     40                           .
[EER] ructural deposits
[EER] 



C=O riud and erred to    45 fry has tilized water,
wherein R is hydrogen or an alkyl radical having I to 3 carbon atoms, alts,
is    50 water              30       R[EER] is -0H, -OM  or -NH2, M being a
water soluble cation,                        30 of the
R' is an alkyl radical having 2 to 6 carbon atoms, r esium
R' is hydrogen or methyl waters                     x:y is from 34:1 to
1:4. Urring     55                  The water-soluble cation M may be, for
example NH[EER] or alkali metal (such as and              35      K or Na).
35 boiler                        According to one embodiment the method of
the present invention is steam                      employed for
controlling the formation and/or deposition of scale and the acity,
deposition of suspended matter on the structural parts of a system
containing an 60              aqueous medium containing scale forming ions
and suspended matter. oling               40          According to another
embodiment the method of the present invention is       40 rating
employed for controlling the formation and deposition of scale imparting
eous                      impurities on the structural parts of a system
containing an aqueous medium having is, in                    scale
imparting ions contained therein.    4
1,524,608                                        4 The method of the
present invention may be employed for dispersing and maintaining dispersed
particulate matter in an aquous system. The particulate matter may be
selected from calcium phosphate, magnesium phosphate, calcium silicate,
magnesium silicatc, clay, iron oxide and mixtures thereof. The polymers
most advantageously have a mole ratio of moicties of gcneral      5 formula
I to moieties of general formula 11 of from 34:1 to 1:4, and preferably I
1:1 to 1:2, and possess a molecular weight of from 500 to 1,000,000 and
prefer ably 1,000 to 500,000. The only criteria that is of importance that
applies to the mole ratios of 



the described monomers is that is is necessary to have a copolymer which is
soluble 10      in water. As the proportion of hydroxylated alkyl moieties
increases, the solubility  10 of the copolymer decreases. The polymers
should be added to the aqueous system to be treated in an amount effective
for the purpose, taking into consideration the respective concentrations in
the water of the potential scale and deposit formers, the pH of 15      the
water and the chemical and physical properties of the polymer. The criteria
for  15 proper treatment of any aqueous system would be apparent to the
worker in the art of water treatment. For the most part the polymers will
be effective when used at levels of from 0.1 to 500 parts per million of
water, and preferably from 2.5 to 100 parts per million parts of water
contained in the aqueous system to be treated. 20           The polymers
utilized in accordance with the invention can be prepared by      20 vinyl
addition polymerization or by treatment of an acrylic acid or salt polymer.
More specifically, acrylic acid or derivatives thereof or their
water-soluble salts, e.g., sodium, potasium or ammonium, (leading to
moieties of general formula 1) can be copolymerized with the hydroxy alkyl
acrylate (leading to moieties of general 25      formula 11) under standard
copolymerization conditioning utilizing free radicals    25 such as benzoyl
peroxide, azo-bisisobutyronitrile or redox initiators such as ferrous
sulfate and ammonium  persulfate. The molecular weights of the resulting
copolymer can be controlled utilizing standard chain control agents such as
secondary alcohols (isopropanol), mercaptans or halocarbons. Copolymers
falling 30      within the scope of those which may be used in the present
invention are            30 commercially available from, for example,
National Starch Company. The hydroxyl alkyl acrylate can be prepared by the
addition reaction between the acrylic acid or its derivatives or water
soluble salts and the oxide of the alkvl desired. For example, the
preferred monomer of the present invention is the propvl 35  derivative.
Accordingly, to obtain the hydroxylated monomer, acrylic acid is     35
reacted with propylene oxide to provide the hydroxy propyl acrylate
monomer. The polymers of the invention may also be prepared by reacting a
polyacrylic acid or derivatives thereof with an appropriate amount of an
alkylene oxide having from  2  to 6 carbon atoms such as ethylene oxide or
propylene oxide. The reaction 40      takes place at the COOH  or COOM
group of the moieties to provide the             40 hydroxylated alkyl
acrylate moiety. The polymer prepared either by copolymerization or by
reaction of a 



$   polyacrylic acid or acrylate with the propylene oxide would be composed
of units or moieties having the structural formulas 45
=[EER]                                                   40 Y M CH-OH [EER]
where M is as earlier defined and where the mole ratio of x:y is preferably
I  1:1 to 1:2. The polymer preferably has a molecular weight of from
1,000 to 500,000. in   order to determine whether a material has
applicability as a calcium    4
1,524,608                                      5 phosphate deposit control
agent, the material is prescreened utilizing the test rticulate
procedure hereinafter described. calcium                         As may be
apparent to the artisan, although steam generating systems and cooling
water systems have common problems as relates to calcium phosphate, the
general      5        5      specific problems are somewhat different. In
steam generation the precipitate of    5 calcium phosphate actually forms,
and therefore must be dealt with. Usually it is kept dispersed so as not to
deposit in the metal structures. In cooling water systems, the desire is to
first control and if possible prevent the formation of calcium soluble
phosphate, and then, if it indeed forms, to control particle growth and its
lubility    10       10      deposition. Accordingly, these aspects should
be kept in mind in reviewing the tests  10 and data which follow. Certain
commercial grade polymers were also concurrently d in an
screened to evaluate differences. Comparisons for the most part were not
pective technically proper because of the differences in molecular weight.
used at pH  of                        The basic screening apparatus, also
known as the APU (Atmospheric Pressure ph of  5                 Unit), is a
once-through system consisting of a 1000 ml stainless steel reaction kettle
15 the art   15with cover, a heater probe, a pump, two condensers and two
feedtanks. One the art used at             feedtank contains the cations
(hardness ions, Ca/Mg, 100 ppm/100 ppm as CaCO[EER]) to 1oo
while the other feedtank contains the anions needed for hardness
precipitation, 



eated.                      required. residuals, and programmed alkilinity
levels. This latter feedtank also red by     20       20      contains
treatment when specified. For example, this feedtank can contain: P04
20 ploymer 20               (phosphate); C03 (carbonate); OH (hydroxide);
SiO3 (silicate); treatment (polymer salts,             ~or copolymer).. I
can There is a programmed flow of 5 ml/min. and a test duration of 2 days.
Steam is g eneral                     generated by the use of a 1000 watt
probe with a heat transfer of 133,000 BTU/ft[EER]hr dical               25
and condensate is returned by the condensers.
25 On Day I and Day 2 the solution is sampled for alkilinity, pH, residual
silica ferrous    and residual phosphate. At test completion, the scale on
the probe is chemically salting                      dissolved and the
solution analyzed for calcium phosphate, magnesium, and silica. falling
From these results a deposit weight in gmsft [EER] of heat transfer surface
is calculated. n are            30      Treatments are judged by their
ability to reduce the amount of scale formed on the  30 n are     30
high heat transfer surfaces of the probes. The results are set forth in the
following en the                      Table 1. aikyl propyl cid is    35
orner. acrylic having action e the     40 of a f units 45 to    6 1,524,608
6   



6                 7                             1,524,608
7 During operation or thc boilers, pressure and heat probe amperage were
continually monitored and the blowdown volumes and steam generation rates
were measured. After test completion, the heat transfer probes were removed
and visual 5  observations wcre recorded as to deposit color, quantity, and
quality. Chemical  5 analyses were employed to determine total deposit
quantity. The deposit was dissolved in hydrochloric acid and hydrofluoric
acid and the solution was analyzed for calcium, magnesium, phosphate and
silica, since the test program was designed to evaluate this type deposit.
Deposit weight was calculated from the solution l0      composition in
volume and these results have been reported in the Tables which  10 o
[EER]                 follow. -                 In the following Tables the
term "Treatment Concentration" indicates the amount of the respective
copolymers added to the boiler water system. For example, under "A" of
Table 11, Copolymer A was added in an amount of 10 parts. 15       per
million parts of water in the boiler water system. Conventional boiler
water  15 treatment refers to dosages as "ppm". [EER]The term "Boiler
Balances" refers to the level of alkalinity and silica in the boiler water.
Different levels of alkalinity and residual silica (RSiO[EER]) will
directly co         effect deposit formation on heat transfer surfaces and
as such are carefully [EER]                   observed and controlled in
boiler water operations. Alkalinity (P-Alk: alkalinity  20 measured using
phenolphthalein as the indicator) is controlled to insureagainst corrosion
of the parts of the boiler water system. Such corrosion would occur if the
0                       was maintained in the acid range. The term
"RSiO[EER]" refers to residual silica in the boiler water. Efforts are made
25      to remove silica from the boiler feed water to assure against the
inherent formation  25 of magnesium silcate which would eventually deposit
as scale. RSiO   refers in [EER]                         parts per million
to that amount remaining in the boiler feed water. Again, these are common
control observations and limitations in boiler water or steam generating
systems. 0 [EER]  



1,524.608 Pz              [EER}
. [EER]    [EER]    10                                      1,524,608
Pressure                             1450 psig Heat Flux
300,000 BTU/ft[eer]/hr Steam Rate                           16lbs/hr Feed
water iron concentration        3.2 ppm Fe or Iron 5              Treatment
Program                    coordinated pH/PO4 Polymer Used
AA/HPA (3:l)-10,000 m.w. Polymer Concentration                20 ppm in
boiler Cycles                               15 .     Residual PO[eer]
20 ppm in boiler 10           Result: It was established that the polymer
used in the present invention   to provided 70-80% reduction in. iron
deposition, which, for practical purposes, is considered to be quite
effective. General Aqueous Systems In order to establish that the present
invention provided overall effectiveness, 15      various evaluations were
conducted which assimilated water conditions found in   15 water systems
such as cooling water systems where the concentration of calcium ions and
phosphate ions are such as to provide a calcium phosphate scale prone
system. The evaluations were conducted utilizing solutions respectively
containing 20   calcium ion and ortho-phosphate ion. After mixing the two
solutions and the    20 specified equilibration time, residual phosphate
ion measurements were made after 



the mixture had been filtered. High residual phosphate ion concentration
indicated good inhibition. The specifics of the test procedure are as
follows: 25 .   Conditions of Test: Static; T=70[EER]C; pH=8.5 unless
otherwise stipulated; equili-   25 bration time - 17 hours; concentration
of Ca[EER] as CaCO=250 ppm; concentration of PO[EER]-3=6.0 ppm; treatment
dosage=10 ppm. Solutions: (I) prepare solution of 0.4482g. of
Na[eer]HPO[EER] per liter DI water (2) prepare solution of 36.76g.
CaCl[eer]2H20 per liter DI water (3) to 1800 ml DI water, 30      add 20 ml
solution (2), followed by 2 drops conc. HCI. Then add 40 ml solution (1)
30 and bring volume to 2000 ml with DI water. Method: Place 100 ml aliquot
of solution (3) in clean 4 oz. glass bottle. Add I ml of 0.1% treatment
solution and adjust pH to 8.5 using NaOH. Place bottle in water bath set to
70[EER]C and allow to equilibrate 17 hours. 35      Analysis: Filtration -
remove sample from water bath, filter through 0.2u millipore  35 filter.
Allow filtrate to cool to room temperature and analyze for PO[EER]-3 using
Leitz Photometer. Treatment was added to phosphate solution before mixing.
The results of the test are set forth in following Table IV.    1,524,608
11 -tiveness,                            O found in       15 calcium ie
prone intaining and the       20 de after                   o  . dicated
equili-     25 ntration aer (2)                         - water,          Z



tion (1)       30 I ml of n water illipore      35 Leitz s of the
E    1,524,608                                                         12
[EER] [EER] [EER] [EER]    12        13
1,524,608                                   13 as sewage trcatment
effluents which contain high phosphate levels are used as the scrubbing or
washing medium. These systems would have the prerequisite for the formation
an.d deposition of calcium  phosphate which is to be avoided. The
additional areas of application such as the phosphate production and
processing 5      field or the fertilizer field will be apparent to those
operating in the areas where-  5 calcium phosphate formation and deposition
are problems. In order to establish the efficacy of the polymers used in
the present invention as dispersants for suspended particulate matter,
tests were conducted utilizing respectively iron oxide and clay suspensions
as exemplary test mediums. 10         In accordance with the procedure, a
0.1% iron oxide or clay suspension in    10 deionized water was prepared.
The hardness of the slurry was adjusted to 200 ppm CaCO[EER] and the
resultant medium was mixed for a time-required to obtain a uniform
suspension. The pH was then adjusted to the testing level. Aliquots of the
suspension were drawn off, placed in glass bottles and the 15
appropriate amount of treatment added. The samples were then shaken to
ensure  15 good mixing of treatment and suspension. Using a turbidimeter or
an instrument 



[EER]                which measures light transmission, the effect of the
treatment compared to a control (suspension to which no treatment was
added) was measured. Treatments causing an increase in turbidity or a
decrease in light transmitted are considered [EER]  20      dispersants.
The results determined are set forth in the following Table VI.  20 [EER]
14                                             1,524,608
14 o [EER]    14      15                                    1,524,608
15 WHAT WE CLAIM  IS:- I. A method for the treatment of an aqueous medium
to control the formation and/or deposition of scale or scale imparting
impurities and/or the deposition of suspended matter on the structural
parts of a systcm containing the aqueous medium or to disperse and maintain
dispersed particulate matter in a system   5 containing the aqueous mcdium
which comprises adding to the aqueous system an effective amount for the
purpose of a water-soluble polymer comprising moieties having the general
formula: [EER] 10      and moieties having the general formula:
10 [EER] [EER] [EER]  (11) wherein R is hydrogen or an alkyl radical having
1 to 3 carbon atoms, R is -OH, -OM  or -NH2, M being a water-soluble
cation, R[EER] is an alkyl radical having 2 to 6 carbon atoms, R3 is
hydrogen or methyl                                                      15
x:y is from 34:1 to 1:4. 2. A method as claimed in claim I in which R is
methyl and R[EER] is ethyl or 



[EER]    propyl. 3. A method as claimed in claim 2 in which the polymer is
a copolymer of 20      acrylic acid or a water-soluble salt thereof and
2-hydroxypropyl acrylate or   20 E                       hydroxyethyl
acrylate. 4. A method as claimed in any of claims I to 3 in which the mole
ratio of the acrylic moieties to the acrylate moieties is from 11:1 to 1:2.
5. A method as claimed in any of claims I to 4 in which the polymer has a
25  molecular weight of 500 to 1,000,000.
25 6. A method as claimed in claim 5 in which the polymer has a molecular
weight of 1000 to 500,000. 7. A method as claimed in any of claims I to 6
in which the polymer is used in an amount of from 0 I to 500 parts per
million parts of water in the aqueous system. 30         8. A method as
claimed in claim 7 in which the polymer is used in an amount of  30 from
2.5 to 100 parts per million parts of water in the aqueous system. 9. A
method as claimed in any of claims I to 8 in which the aqueous system is a
steam generating system. 10. A method as claimed in any of claims I to 8 in
which the aqueous system is 35     a cooling water system.
35 11. A method as claimed in any of claims I to 8 in which the aqueous
system is a scrubber system. 12. A method as claimed in any of claims I to
II which is employed for controlling the formation and/or deposition of
scale and the deposition of 40     suspended matter on the structural parts
of a system  containing an aqueous    40 medium containing scale forming
ions and suspended matter. 13. A method as claimed in any of claims I to II
which is employed for controlling the formation and depostion of scale
imparting impurities on the    16
1,524,608                                        16 structural parts of a
system containing an aqueous medium having scale imparting ions contained
therein. 14. A method as claimed in claim 13 in which the scale imparting
precipitates selected from  calcium  phosphate, magnesium  phosphate,
calcium  silicate, 



5  magnesium silicate and mixtures thereof. 15. A method as claimed in any
of claims I to 11 which is employed for dispersing and maintaining
dispersed particulate matter in an aqueous system. 16. A method as claimed
in claim 15 in which the particulate matter is selected from  calcium
phosphate, magnesiurn. phosphate, calcium  silicate, magnesium 10
silicate, clay, iron oxide and mixtures thereof.
10 17. A method for the treatment of an aqueous medium according to claim I
substantially as hereinbefore particularly described. W. P. THOMPSON & CO.,
Coopers Building, 12 Church Street, Liverpool L1 3AB. Chartered Patent
Agents. Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington Spa, 1978. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained. *    


