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L Significance of Scale 

The deposit of a crystalline solute at unwanted locations has been 
an irritating factor in the two processes most commonly employed in 
desalination, but more particularly in evaporation processes than in 
membrane processes. A great deal of research effort has been expended 
in attempts to understand the mechanism and to reduce scale formation, 
if not to eliminate it. A long list of published articles on various aspects 
of the problem present conflicting claims, widely varying data, and even 
disagreement on terminology. This simply emphasizes the need for more 
information and also the frustration of research workers, design engi
neers, and plant operators at the lack of it. 

Deposits which are generally called "scale" are those, formed at any 
location, which interfere with efficient and trouble-free operation of the 
process, such as on heat-transfer surfaces, on membranes, or in piping 
and control instruments. The name is particularly applied to hard, 
adherent masses which can be removed only by interrupting the con
tinuous operation of the process. This removal usually involves drastic 
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action, such as dissolving the solids in product water or dilute solutions, 
chemical attack with acids, or mechanical removal by brushing, ham
mering, or drilling. Removal, especially mechanical removal, obviously 
adds to the cost of operation in itself, but most important, it removes the 
entire process from the production of water for a significant fraction of 
time, upsets normal production, and adds to loss of product water. 
Both direct operating costs and indirect capital costs continue during 
such unproductive periods, adding to the difficulty of manufacturing a 
product in tonnage quantities at prices at least one order of magnitude 
lower than for any comparable product. 

Many other solids may appear in the process during desalination, 
but they are usually called by some less evil name if they do not meet 
the "irritation" criterion of scale, even if the chemical constitution is 
similar. These are often found in the literature as "sludge," * 'sediment," 
or "suspended solids," most of which can be disposed of by discharge 
with the brine waste. Some authors will even point out the benefits of 
having such solids in the process, because of seeding action, scouring 
action, or some fancied advantage. The distinction is most easily under
stood by recognizing that hard, adherent scale is the result of crystalliza
tion from solution directly onto the site of the scale. Crystals formed 
elsewhere and carried to the site by the flowing solution rarely can be as 
adherent as those crystallizing there. Some authors have suggested that 
such entrapment or filtering action is a major source of scale, but the 
literature fails to support that view, although a few suspended crystals 
may be added to the mass in some cases. 

Initial crystallization from solution directly onto the site of scale 
formation requires three simultaneous factors: supersaturation of the 
solution locally, nucleation sites, and adequate contact time of the 
solution and the nucleus. All three factors must be present for scale 
to form initially, and prevention of scaling requires elimination of any 
one or more of the three factors. 

The amount of scale formed is a function of the number of initial 
crystal sites resulting from the nucleation step mentioned above and the 
growth of additional crystal material on these nuclei. Once nucleation 
has occurred (scale has begun to form), the deposition rate is greater 
for the same degree of supersaturation of solution and the same time of 
contact than it is during nucleation. 

The economic and operating handicaps of scale formation are such 
that the greatest interest is in the prevention of scale; therefore the 
treatment here follows a pattern of discussing each of the three essential 
factors. Methods of prevention of scale formation are discussed through
out, and only casual reference is made to scale deposition after nucleation. 
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Evaporation processes are stressed, rather than membrane processes, 
both because the variable of temperature is so important in evaporation 
and because the membrane processes are usually operating on brackish 
waters with widely varying compositions. 

II. Solubility and Supersaturation 

Scale does not form except from a solution which is supersaturated 
at the point of crystallization. A supersaturated solution is one not at 
equilibrium but at a concentration and temperature corresponding to a 
mixture of saturated solution and free solid solute if equilibrium existed. 
Such solutions are nominally unstable, but many systems have such long 
time requirements to reach equilibrium (the basis for the third essential 
factor, contact time) that they may be treated as stable solutions. Similar 
examples are precipitation hardening of some metal alloys and the 
vitreous condition of glass. It is necessary to begin with a knowledge of 
the equilibrium conditions, if only to determine the driving force for 
crystallization, which is the deviation from saturation. The driving force 
can be stated either in terms of a concentration difference at a particular 
temperature, or in terms of a temperature difference at a particular 
concentration. 

The common constituents of scale are calcium carbonate, C a C 0 3 ; 
magnesium hydroxide, Mg(OH) 2; and calcium sulfate, C a S 0 4 . Many 
reports indicate small amounts of sodium chloride and of iron, copper, 
and manganese salts in the scale, but these are usually considered acci
dental constituents. 

A. SOLUBILITY OF C a C 0 3 AND Mg(OH) 2 

The solubility of these compounds in pure water has been studied for 
several years, but the data are being improved by continuing work even 
now. The solubilities in sea water and other solutions of salts are not 
well known and are still being studied in several laboratories. The 
early work of Professor Langelier and associates (Langelier et al., 1950a 
et seq., and Langelier, 1954) presented data for solubility in sea water 
and its concentrates. These data have been recalculated by Standiford 
and Sinek (1961) and are shown in Fig. 10 .1 . The ordinate is the con
centration factor, defined as the ratio of chloride ion concentration in 
the concentrate to that in normal sea water. 

The abscissa of Fig. 10.1 is a chart of pH (as measured at 25°C) and 
temperature, upon which the desired values can be located and a line 
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F I G . 1 0 . 1 . Solubility of C a C 0 3 and M g ( O H ) 2 in sea-water concentrates. (Standiford 
and Sinek, 1 9 6 1 , replotted from Langelier et al., 1 9 5 0 . ) 

entered vertically upward from that point into the principal chart. The 
heavy line for Mg(OH) 2 marks a boundary between unsaturated solutions 
to the left and supersaturated solutions (or slurries) to the right. If the 
charted point corresponding to the values of pH, temperature, and 
concentration factor falls to the left of the line for Mg(OH) 2 , the 
solution is unsaturated with respect to Mg(OH) 2 and that compound 
should not appear in any precipitate, scale, or sludge. Note that a 
smaller concentration factor, or lower concentration, can be tolerated as 
the temperature is raised; that is, Mg(OH) 2 has a "negative" or "reverse" 
solubility curve with temperature. Also note that the dominant variable 
in solubility is pH, with less-alkaline solutions providing higher 
solubilities. 

Figure 10.1 also presents solubility data for C a C 0 3 , which is also 
less soluble with increasing temperature in sea water and its concentrates. 
This compound is not only influenced by the pH, exactly as is Mg(OH) 2 , 
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but by the total alkalinity (carbonate plus bicarbonate), expressed as 
milligram equivalent C a C 0 3 per liter of solution. The figure is read in 
the same way as for M g ( O H ) 2 , but employs the line corresponding to 
the total alkalinity as the saturation line. 

The dashed line, marked "No losses," corresponds to saturation with 
respect to C a C 0 3 for sea-water concentrates wherein there are no losses 
of alkalinity, as by evolution of C 0 2 . Normal sea water (concentration 
factor of 1) has a total alkalinity of about 120 mg/liter, and hence at a 
concentration factor of 2 the total alkalinity would be 240 mg/liter. Note 
that at a concentration factor of 2, with no loss of alkalinity, the pH of 
the solution should be less than 7.0 if temperatures above 140°F are to be 
employed. Since normal sea water ranges in pH from 7.5 to 8.1, it may 
be seen that cold sea water is essentially saturated with C a C 0 3 . 

As sea water is heated, some of the bicarbonate ions break down to 
evolve C 0 2 and increase the carbonate concentration, according to 
E q . ( l O . l ) : 

2 H C 0 3 - = C0 3= + C 0 2 | + H 2 0 . (10.1) 

When the solubility product of C a C 0 3 is exceeded, then Eq. (10.2) 
occurs: 

Ca++ + C0 3= = CaC0 3| . (10.2) 

Simultaneously, some of the carbonate ion also evolves C 0 2 by Eq. (10 .3) : 

H 2 0 + C 0 3= = 2 0 H - + C 0 2 | . (10.3) 

If the magnesium solubility limit is being approached, Eq. (10.4) may 
also occur: 

Mg++ + 2 0 H - = Mg(OH)2|. (10.4) 

The best way to reverse or prevent these reactions from going toward 
the right is to shift the pH of the system to lower values. 

Many observers have reported that operation of an evaporator on 
untreated sea water will cause an initial scale which is predominantly 
C a C 0 3 if the operating temperature is less than about 185°F, and 
predominantly Mg(OH) 2 if the temperatures of the brine are from 185 
to about 240°F (see Hillier, 1952, and Langelier et al, 1950). There is 
no clear reason for this, but the discussion above would indicate that the 
carbonate is more likely to be in excess of saturation at the lower 
temperatures, while the magnesium may not be saturated. At the higher 
temperatures, both may be in excess, but magnesium hydroxide may 
tolerate very little supersaturation, while calcium carbonate may tolerate 
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F I G . 10.2. Solubility of C a S 0 4 • 2 H 2 0 in sea-water concentrates. (Data of Tanaka 
et al� 1931.) 

considerable supersaturation. It seems more likely that at the higher 
temperatures Eqs. ( 1 0 . 1 ) and ( 1 0 . 3 ) proceed so rapidly (because of 
increasing reaction rate and decreasing solubility of C 0 2 ) that Eq. ( 1 0 . 2 ) 
is suppressed, while Eq. ( 1 0 . 4 ) can proceed unhindered. 

B . SOLUBILITY OF C a S 0 4 

Calcium sulfate enters into desalination in three different crystal 
forms: the dihydrate, C a S 0 4 · 2 H 2 0 , commonly known as gypsum; the 
hemihydrate, C a S 0 4 · J H 2 0 , commonly known as plaster of paris; and 
the anhydrite, C a S 0 4 . The most complete discussion of the solubility 
data in water is found in Partridge and White ( 1 9 2 9 ) and Partridge 
( 1 9 3 0 ) , and the most extensive data on solubility in sea water are from 
Tanaka et al. ( 1 9 3 1 ) for dihydrate and anhydrite and from Toriumi et al. 
( 1 9 3 3 ) for hemihydrate. Figure 1 0 . 2 presents the data for dihydrate, 
Fig. 1 0 . 3 for anhydrite, and Fig. 1 0 . 4 for hemihydrate. In each case the 
maximum solubility of the sulfate increases two- or threefold at a given 
temperature as the concentrate approaches 4 to 5 % chloride concentra
tion, and then decreases to values comparable to those in chloride-free 
water as the chloride concentration becomes 1 0 to 1 5 % . Note that all 
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F I G . 10.3. Solubil ity of C a S 0 4 anhydrite in sea-water concentrates. (Data of Tanaka 
et ah, 1931 . ) 

F I G . 10.4. Solubil ity of C a S 0 4 · £ H 2 0 in sea-water concentrates. (Data of Tor iumi 
et al.y 1933.) 
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forms have decreasing solubility with increasing temperature in the 
temperature ranges of interest. Another approach to the solubility limits 
for the sulfates was given by Standiford and Bjork (1960) and Standiford 
and Sinek (1961) . The maximum solubilities for each sulfate were 
estimated from operating experience on evaporators and expressed as 
concentration factors. Such a diagram is useful for design and operation, 
and is presented in Fig. 10.5, along with limits calculated from the data 
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F I G . 1 0 . 5 . Solubil ity limits of calcium sulfates in sea-water concentrates. ( Δ , • , 
data of Tanaka et al., 1 9 3 1 ; Ο , data of Tor iumi et al, 1 9 3 3 . ) 

of Figs. 10.2 to 10.4. The solubilities given in Figs. 10.2 to 10.4 were 
converted to solubility products, including the effect of excess sulfate 
ion, and the chloride ion concentrations were converted to concentration 
factors, based on sea water with 19 g Cl~/1000 g of sea water. The ion 
product of calcium and sulfate ions for any concentrate then gives the 
saturation temperature for Fig. 10.5. 

The hemihydrate is a metastable form of calcium sulfate, the stable 
forms in sea-water concentrates being anhydrite above 100°F and 
dihydrate below that temperature. The transition from hemihydrate to 
anhydrite is quite slow under any conditions encountered today— 
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requiring hours or days—and the supersaturation tolerated above the 
hemihydrate curve is relatively small; therefore the usual form of sulfate 
scale is the hemihydrate. Thus evaporator operation in the region of 
Fig. 10.5 between the anhydrite and hemihydrate curves is quite usual, 
with scaling occurring only when a process upset increases the concentra
tion or the temperature over the hemihydrate curve. 

C . MAXIMUM POTENTIAL SCALE 

The solubility limits given above permit estimation of the maximum 
scale which might be formed if no treatment is provided and if the 
solutions are in contact with the scale deposits long enough for equilibri
um to be reached. A calculation of this type was given by W . L. Badger 
and Associates (1959a) in their critical review of publications on scale, 
and Fig. 10.6 follows their presentation, but includes calculations based 
on Langelier et al. (1950) and on Toriumi et al. (1933). This figure is 
based on normal sea water, untreated, but left in contact with heated 
surfaces long enough to lose a maximum amount of C 0 2 . It also 

CONCENTRATION FACTOR 

F I G . 10.6 . Potential scale from normal-strength sea water. (After W . L . Badger & 
Associates, 1959a.) 
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assumes the calcium sulfate scale will be hemihydrate. The ordinate is 
based on the amount of distillate produced; therefore a smaller concentra
tion factor means a proportionately larger amount of sea water being 
processed, and a correspondingly larger potential deposit of C a C 0 3 or 
M g ( O H ) 2 . At higher concentration factors, C a S 0 4 is also deposited in 
increasing quantities with increasing concentrations. The sum of both 
forms of scale is not shown. A similar type of plot, although qualitative, 
is given by Elliott (1957). 

D . LOCAL SUPERSATURATION 

It is important in the concept of scale as distinct from ordinary 
precipitates to note the basic mechanisms acting to increase the adherence 
and deposition on the heating surface of evaporators. The decreasing 
solubility with increasing temperature of the principal scale constituents 
was first stressed by Hall (1925) and by Hall et al (1924, 1926), who 
pointed out that a temperature gradient must exist throughout the 
heating surface and a thin film or boundary layer of the solution. This 
means that the molecular layer or layers of solution adjacent to the 
heating surface, and any coating of scale and corrosion product on it, 
is necessarily at a higher temperature than the bulk of solution at a 
greater distance from the wall. Since all three scale components are less 
soluble at higher temperatures, the solution at this surface is more 
supersaturated than the bulk of the solution. The boundary layer can be 
supersaturated without the average solution being so concentrated. The 
higher temperature and the presence of the wall surfaces promote 
evolution of C 0 2 , thus accelerating Eqs. (10.1) and (10.3). By this 
means the scale deposits are more likely to form on the surface, and are 
thus bonded to it more tightly than deposits crystallized from the bulk 
of the solution. This mechanism of deposition does not require that 
boiling take place on the heating surface. 

Partridge (1930) presents photographic evidence to prove his theory 
that the formation of bubbles of vapor on the heating surface in ordinary 
nucleate boiling creates a locally high supersaturation and crystallization 
of solute at the vapor-liquid-solid interface. Th is deposit is adherent and 
fast-growing, and is likely to occur even if the bulk of the solution is 
below saturation. The adhering crystals form active nuclei for bubble 
formation; therefore the increase in scale formation is rapid. Obviously 
this mechanism is in parallel with the effect of the negative solubility 
curve, and it requires boiling for its action. 

A similar local supersaturation can occur, without the temperature 
effect, in electrodialysis processes. The migration of ions under the 
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influence of the electric field can occur more rapidly in the bulk of the 
solution than through the membrane, thereby causing a locally higher 
concentration in a boundary layer along the membrane surface than the 
average in the solution. In some cases this can establish supersaturation 
locally and thus the formation of scale. This action is part of the problem 
of polarization and occurs along with it, particularly when C a S 0 4 is 
present in considerable concentration. As polarization proceeds, the 
migration of hydrogen ions from the solution on one side of the mem
brane may also be enough to raise the pH of the solution locally and 
cause C a C 0 3 scale to form on or in the membrane. 

III. Nucleation and Contact Time 

The crystallization of a solute from solution requires more than 
supersaturation, for the many factors of atomic and molecular ordering, 
diffusion, energy of activation, and compatibility of lattice structures are 
all significant in the complex process of crystallization. The basic 
mechanism is not yet clear, and the application of principles in an 
engineering sense is still crude, sometimes conflicting, and based on 
fragmentary empiricism. 

Considerable controversy has developed over the concept that a finite 
amount of supersaturation is needed for each system considered, not 
just an infinitesimal increase over the solubility limit. Agreement exists 
that an increasing degree of supersaturation will increase the likelihood 
of nucleation and therefore cause crystallization to occur in a shorter 
time after saturation is exceeded. The discussion has not completely 
ceased, but data from many sources indicate that the waiting time for 
nucleation (or nucleation time) varies from infinity at a negligible 
concentration increase over saturation to times measured in seconds or 
less for large supersaturation. This is not the place for a discourse on 
crystallization theory, but it is important that the different scale-forming 
compounds have different nucleation times under the same degree of 
supersaturation. In Section II, Β reference was made to, the relatively 
short time required for hemihydrate crystals to form, and the relatively 
long time needed for anhydrite crystals to form. This is so marked that 
it is likely that most evaporation processes will not produce anhydrite 
scale, and that scales so identified may have been analyzed after they had 
opportunity to transform from hemihydrate to anhydrite. 

Very little data are available on this interaction of supersaturation 
and nucleation time. Figures 10.7 and 10.8 present some information 
on C a S 0 4 · ^ H 2 0 in water, with no other salts in solution, depositing 



508 J . Louis YORK AND BERNARD J . SCHORLE 

0 1 I I I I I I I 1 1 1 
5 6 7 8 9 10 

T - T S , ° K 

F I G . 1 0 . 7 . Nucleation time for CaS04 · iH 20 as a function of degrees of superheat 
and concentration. (Smith, 1 9 6 5 . ) 

on Type 316 stainless steel. The lines are simply cross-plotted between 
the two figures, and were taken from experimental data measured on 
nonflowing solutions raised quickly to test temperatures, with nucleation 
times determined by change in electrical resistivity. Τ and Ts are the 
temperatures of supersaturated and saturated solutions, respectively, 
for a given concentration. Similar data are reported for room tem
peratures by Lurie et al. (1961). There is a need for additional such 
data on sea-water concentrates, as an aid in the design and operation of 
desalination equipment. 

The nucleation times shown, especially at larger supersaturations, by 
either concentration or temperature difference, are within the residence 
times of some types of evaporators, at least for a part of the solution. 
When this occurs, it is likely that scale will form—for the third factor, 
nucleation sites, can be found easily in ordinary machines. 
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F I G . 10 .8 . Plot of constant nucleation t imes for C a S 0 4 · i H 2 0 . (Smith, 1965.) 

Machines which do not recirculate the solution and which control the 
velocity so that the average residence time is a matter of seconds do not 
appear to offer the needed opportunity for the first crystals of scale to 
deposit, but they are not immune from scaling. Figure 10.9 presents 
some data from carefully controlled experiments taken on a special 
heating surface which could be observed for the entire 37 feet of its 
length (Gordon and Smith, 1962). The solutions were of C a S 0 4 in 
water, with no other salts present, and were not recirculated. They were 
preheated, but not to a temperature corresponding to supersaturation. 
During flow upward through the tube the temperature of the solutions 
approached that of the wall given on the graph, and certainly the 
boundary-layer liquid was within a degree or two of the wall temperature. 
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F I G . 1 0 . 9 . Operating time before C a S 0 4 scale appeared on heated tube. (Gordon 
and Smith, 1 9 6 2 . ) 

Note that no residence times, estimated from the average velocity, could 
be higher than 30 sec and many were as low as 4 sec, all considerably 
less than those given in Fig. 10.7. The values of the ordinate are the 
times from start of flow of the solution through the heated tube to the 
moment when scale could be observed at some point on the tube, 
usually near the outlet. These times are quite similar to those of Fig. 10.7. 
The explanation is simply that the surface of the tube is machined, and 
the design permits edges and small liquid pockets to be established, as 
well as the normal and unavoidable boundary layer of solution. Some 
of the entering solution is in the boundary layer, where it moves slowly, 
if at all, and is subjected to the full wall temperature, and the solution 
is in contact with the wall long enough to form the first crystals. After 
that, the growth rate is high, and the crystals quickly become visible 
and affect the performance. 

Such a boundary-layer effect is present even in high-velocity forced-
circulation evaporators; therefore scale formation is possible even there. 
Increasing the velocity can reduce the boundary-layer thickness but not 
eliminate it, and therefore the probability of scale formation is lessened 
but not reduced to zero. Gordon and Smith (1962) and Miyauchi and 



Scale Formation and Prevention 511 

Moriyama (1961) indicate no significant effect of velocity in the turbulent-
flow range. 

The boundary layer is influenced by the surface condition, for a rough 
surface may increase its thickness and especially may establish wakes 
and vortexes which retain portions of flowing liquid for relatively long 
periods of time. The stimulation of scale formation by rough projections 
was shown by Chandler (1959) and Junghahn (1961) , apparently partly 
by the boundary-layer mechanism and partly by furnishing nucleation 
sites. Both authors report that smoothing of the surfaces by mechanical 
abrasion or electropolishing reduced the initial scale formation, as well 
as reducing adhesion of any scale formed. 

Figure 10.9 also shows that the nucleation time was not affected by 
whether boiling did or did not occur. 

IV. Nucleation Sites 

The type of nucleation site needed to stimulate crystallization from a 
supersaturated solution, given adequate time of contact, is difficult to 
define and more difficult to explain. Nucleation within a homogeneous 
solution requires a complex ordering of many ions, atoms, radicals, and 
molecules before the precise positioning into a crystal can occur, even if 
the driving force is present to provide energy requirements. It is usually 
assumed that the energy redistribution needed to form a crystal is 
reduced by the presence of any foreign solid, even if the solid is not of 
the same crystalline or chemical constitution. The high growth rate of a 
crystal noted after nucleation indicates that the presence of crystals of the 
same structure does facilitate further deposition, and there is considerable 
evidence that crystals of different composition but similar lattice structure 
will also aid the process considerably. Metal structures are good nuclea
tion promotors, and practically all desalination systems present a great 
deal of metal surface to the solution; therefore nucleation sites abound in 
a practical system. Unheated surfaces in evaporators often acquire scale 
coatings for this reason, although the factors of supersaturation and 
adequate contact time must be met. 

Junghahn (1961) argues that metal surfaces are quite important in 
scale formation. He points out that projections, edges, and similar points 
of small radius of curvature are more effective than flat surfaces. He 
argues that weld lines, cold working strains, and zones of high stress 
are all effective nucleation sites. He presents evidence that metals subject 
to corrosion tend to have more scale on them than noncorroding metals, 
and he particularly condemns aluminum and copper. Badger and 
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Associates (1959b) show that copper has the most scale, followed by 
aluminum, but that steel has less scale and corrodes more. Since 
Junghahn gives no data on carbon steel, a full comparison is not 
possible. Such corrosion can influence initiation of scale by increasing 
roughness and therefore contact time, and also by bringing metal ions 
into the nuclei. 

The high growth rate of crystals after nucleation suggests that 
artificial introduction of such crystals at some location away from 
heating surfaces or membranes might cause the excess solute to deposit 
there and spare the critical surfaces. Langelier et al. (1950b) built and 
operated separate beds of material through which the sea water was 
recirculated, and they indicate considerable success, although not 
completely eliminating nucleation on the heated surface. Badger and 
Associates (1959a and 1959b) operated a pilot-plant evaporator with 
recirculated crystals added to the sea water, with partial success. Simizu 
(1961) reported on a series of tests and considerable experience with all 
three forms of calcium sulfate employed as seeds by his organization, 
showing successful operation. Both the Freeport, Texas, demonstration 
plant (see Stearns-Roger, 1963) and the Roswell, New Mexico, dem
onstration plant (see Office of Saline Water, 1963) were built with 
the capability of seed control, but the technique has not been used in 
either plant. 

V. Scale-Prevention Techniques 

Many methods of avoiding or reducing the formation of scale have 
been mentioned as they arose in earlier sections of this chapter. The 
techniques all involve control of one of the three necessary factors: 
supersaturation, nucleation sites, and contact time. 

Supersaturation can be avoided by never operating in that concentra
tion range, or by removing the offending solute before the desalination 
process really begins. The C a C 0 3 and Mg(OH) 2 scales are normally 
controlled by acid injection, or by addition of ferric chloride, poly
phosphates, or some other complexing chemical. As mentioned in 
Section II, A, pH control is adequate to prevent most of the trouble 
from these two scale compounds, but an acid solution is more corrosive 
and is not desired by some operators. The addition of polyphosphates, 
chelating agents, or any of several complexing agents apparently can 
isolate or inhibit the scale formers, so that they do not crystallize out 
in the process. This seems to be successful for carbonate and hydroxide 
but has been generally unsuccessful for sulfate. Few of these agents will 
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perform at the higher temperatures where sulfate is most troublesome 
in evaporators, and they apparently cause membrane trouble in elec
trodialysis units (Mason-Rust, 1964). 

A special corrective measure for localized supersaturation in elec
trodialysis units is reverse pulsing of the electrical current at frequent 
intervals (see Forgacs and Matz, 1962, and Mason-Rust, 1964). This 
forces countermigration of the solute ions for a fraction of the 
operating time, and effectively reduces supersaturation. 

Removal of the scale formers by ion exchange was reported by 
Mcl lhenny (1962), and such a system is in service at the Roswell 
demonstration plant. 

One type of additive, polyacrylic acid of molecular weight of about 
20,000, may have a different mechanism of action in evaporators. 
Herbert and Sterns (1963) report that it effectively prevented scale 
formation and that it appeared to form a thin layer on the metal tube. 
Such action could inhibit the nucleation process or it could modify the 
boundary layer to prevent the long contact time needed for nucleation 
to occur. 

These condensed comments might well be summarized by pointing 
out the lack of any positive control of sulfate scale formation, other than 
keeping the concentration of the brine below the supersaturation limit. 
Many attempts are recorded, but few have been fully successful, and 
then only in special cases. Although research and invention should be 
continued on the problem, if only because the reward would be great, 
desalination processes have a special aspect—particularly low cost per 
unit amount of product. Every technique must eventually be measured 
in the added price of the product, and this must be kept lower than 
most proposed procedures can tolerate. Some methods of desalination 
also incorporate the problem of health, since many additives would not 
be desirable in a public water supply. 
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