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ABSTRACT

Scale farmtion is one of the most important problems in the
sali-mannfacturing process by dhe jun-exchange membrone
method in Japan. This paper refers 1o our investipation of the
mechanisms of scale furmation in the evaporating provess for
salt murnufucturing, and reports a new scale preventing
method, developed on the hasis of o number of experimental

resuits. This new method, whick is charucterized by the use of
hydrochloric acid and sodium hexameta phosphaie in combina-
vion, has been introduced in five fucrories and s contributing o
the continuowus stable operarion with a decreqse of scale forma-
tion.

INTRODUCTION

In the sait manefacturing process in Japan, scale for-
mation ix one of the most important problems. In Japan,
the method for manufacturing salt was completely
changed in 1972 from the traditional sak-field method 1o
the new ion-exchange membrane method, which has con-
verted the salt manunfacturing industry from an agricul-
tural to a chemical industry. Unlike the conventional
salt-field brine, the concentrated brine obtained by elec-
trodialysis with ion-exchange membranes varies in com-
position under various conditions.,

This paper discusses the mechanism of the formation
and its prevention of such scales as calcium carbonate,
calcinm sulfate and di-sodinm pearacaleium suifate dur-
ing the process of heating and concentrating in the sult
manufacturing process by the ion-exchange membranes.
it alse reports @ new scale preventing method developed
on the basis of experimental results.

EXPERIMENT

Preparation of the Sample

~ The scale formation during concentration of jon-ex-
change membrane brine by an evaporator is complicated
because it depends on the kind of the ion-cxchange mem-
brane used, the conditions of electrodialysis and the
methods used for preventing the scale formation in the
electrodialysis cell,

For the purpose of investigating scale prevention,
therefore, the author determined the composition of the
ion-ecxchange membrane hrine for the scale test, as shown
in Table 1, and carrvied out the experiments with this
brine and a smail scale evaporating apparatus. This brine
was prepared by adding reagents of Na,50,, CaCl;, NaCl
and KCF o the original brine obiained from an sxperi-
menial dialysis cell.

Anaiysis
Table 2 shows the methods of analysis used for the ex-
periments.

Methods of Experiments
) Effect of sodiumhexamara phosphate to prevent the
Sformation of alkafine scale
The apparatos used in the experitnents was a modified
rotary evaporator shown in Figure 1. The apparatus was
modified to a back-cooling type by cutting the rotary joint
of the apparatus aloug a-a’ in Figure I,

TABLE {
Coastiteents of Test Brine
CaCUgg
5.G. g/ kg, brine 25'C  ppm

e CaSQ, CaCl, MeCl, EKCF  NaQl  pH  Alkalinity
1194 243 233 180 8.00 23359 76 144
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TABLE 2
Analytical Methods for Samples
Camponent Methad
pH, alkalinity phi-stai
Ca?™, Mg~ EDTA-method
Kt Nat Fiame-photometric method
Lo I Mohr's method
503 Ahsorpiion spectrophotometric method or
. gravimetric method
POy Solvent chioroform 1 butanol extraction
and absorption speciromeiric method
Scale Chemical analysis, powder X-ray diffrac.
tometry and differential thermal analysis
r_
B

Fipure 1. Apparatus

In the experiments, an evaporating flask containing
{wo liters of brine was immersed in a glycerine bath, the
pressure was reduced in advance so that the brine could
boil at the experimental temperatures of 50, 75 and
160°C, and the ftask was rotated at a speed of 80 rpm,
The glycerine bath was kept at a temperature 20°C
higher than the experimental temperature.
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A similar experiment was then carricd out at 50 and
100°C, in which hydrochloric acid was added to the brine
to remove HCOY and CO3~ wholly or partially {the so-
called decarbonized brine),

In these experiments, the pH, alkalinity and POI~
congentration in the brine in flask were determined each
30 or 60} minutes and the degree of alkaline scale forma-
tion was determined from a decrease in brine alkalinity,

2) Formation of calcium sulfare and di-sodivm pentacal-
cium sulfate scale.

The apparatus used in the experiments is shown in Fig-
ure 2. It consists of 4 parts: steam generating chamber,
pressure reducing chamber, heating chamber (25 X 300
mm capper tube, heating area 200 cm?) and evaporating
chamber.

The brine was concentrared in 2 manner similar to that
commercially empioyed for the salt manufacturing cvap-
orator. Two liters of brine was placed in: the evaporating
chamber, the pressure of the chamber was reduced o a
level at which the brine could boil at 75°C amd the brine
was heated with steam of 100°C. During evaporation, the
brine was continuously fed so as to maintain constant lig-
zid level and brine concentration while the concentrated
brine was exhausted along with deposited salt crysials,
Concentration tests were made at the concentration from
18 to 60 g/kg (CaCly + MgCly).
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Figure 2. Apparafus
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3 Effect uf various additives against palcium sulfate and

di-sodium penraculcinm sulfate scale formation

For scale prevention, various additives such as sodium
hexametaphosphate (SHP), sodium carboxy! methy] cel-
fizfose (CMIC), eitric acid {CA), sodium citrate {SC), poly-
acrylic acid (PA), sodium poly acrylate (SPA), poly-acryl-
amide {PAA) and Krillum (KM} were tesied. The
additives were introduced to the decarbonized brine, and
the brine was concentrated to 35 g/kg (CaCly - MpeCh).

In these cxperiments, the pH, alkalinity, Caf*, Mg*™,
1~ and PQY™ concentration in the exhausted brine were
determined. The scale deposited was dissolved a I N ni-
tric actd solutiots, and the camposition of scale was deter-
mined by chemical analysis. The change in heat fransfer
coefficient was measured,

RESULTS AND DISCUSSION

Effect of Sodium Hexametaphasphate to Prevent the
Farmation of Alkaline Scale

Itis well known that SHP is very effective in preventing
scale formation. The effect of SHP fo reduce the forma-
tion of alkaline seale from brine at temperatures of 50, 75
and 100°C was experimentally determined. The results
are shown in Figure 3. It is apparent that in the case of
SHP concentration of 20 ppm the deposition of the scale
was almost completely prevented at 530°C. However, this
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Figure 3. Decreasc of alkalinity in the heating brine
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effect was slightly lower at 73°C and was significantly re-
duced at 100°C,

To provide further evidence for this phenomenon, the
degree of SHP decomposition was determined by measur-
ing the concentration of PO~ in heating brine. The ten-
dency for decomposition of SHP {Figure 4) was very simi-
lar to that of the decrease in alkalinity (Figure 3). Very
tittle decomposition of SHP took place at S0°C, more de-
veloped at 75°C, and 93% of SHP was decomposed after
30 minutes at 160°C, This result indicates that at temper-
atures above 75°C, at which scale formation was ohvi-
ously observed in our previous paper {1972), SHP tends
te decompese and Lo give insoluble phosphates that pre-
cipitate together with alkaline scale. It was found from
the above experimeni thar formation of alkaline scale is
closely correlated with the decomposition of SHP.

Effect of Hydrnchloric Acid Treatment Against
Decompesition of Sodium Hexametaphosphate

‘The results on decarbonized brine are shown in Figure
5. 1t can be seen in this figure that decompaosition of SHP
in the decarbonized brine was reduced from 1/10 to
1/100, compared with untreated brine, and that most of
SHP remained in the sciution for a long time even at
1G0°C. This valuable information provided the author
with the starting point for the development of the new
scale prevention process described later.
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Figure 4. Decomposition of sodium hexametaphosphate
added in the heating brine
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Figure 3. Decomposition of sodium hexamelzphosphate
added in acid treated beine

Formation of Caleium Sulfate and Di-sodium
Pentacalciom Sulfate Scale

It was assumed that the lormatien zone of Cas0,- 1,2
H,O existed between A and B line in Figure 6. A large
number of bench-scale tests using triple effect evapora-
tors conducted by The Japan Fobaceo & Salt Public Cor-
poration {1971), have already revealed that in a concen-
trating process, the scaling problems are encountered
less froquently in the temperature and concentration
range that causes deposition of CaS80Q,, while these trou-
bles become marked in the hatched zone in which
CaS0y+ 1/2 HO deposits (Figure 6).

In the present study, scale formation in the latter zone
was investigated in more detail by using the apparatus
shown in Figure 2, at a Hquid temperature of 75°C and
brine concentration from I8 to 60 g/kg (CaCl; + MgChl
The conditions are similar to those actually employed for
the second of the triple effect evaporatars now in com-
mercial operation, The results indicate that the scale is
formed very rapidly at 2 brine concentration of about 35
g kg {Figure 7). Both differential thermal analysis (Fig-
ure 8) and chemical analysis {Figure 7} aiso revealed that
the scale formed is composed mainly of di-sodium penta-
calcium subfate {(Nay8$O,-5Ca8Q,-3H,0} and also con-
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Flgure 6, Adhesior behavior of calcium sulfate scales tn the
salt mannfacturing process by ion-exchange membrane method
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Figure 7. Relation among brine conceniration, aSQ; con-
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Figure 8. DTA of the crystal deposited from the brine con-
taining sodium hexametaphosphate

tains CaSQ;-1/2 Hy0. These findings suggest that the
key point for scale control is how to prevent the formation
of Na3504- SCG.SOq ' SHRO

Eiffect of Various Additives Against Calciam Solfate and
Di-sadiem Pentacalcium Suifate Scaie Formation

The results are summarized in Table 3. It can be seen
that SHP reduced the scale adhesion rate to betow 1710 ar
a level of 20 ppm. Analysis of the adhered scale and the
concentrated brine showed that SHP is also effective in re-
tarding the formation of Na,80, 5CaS0y. JH,0. Of the
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other additives tested, CMC and PAA showed some abil-
ity to decrease the scale adhesion rate, but none was found
io have any effect to arrest the formation of NasSQy-
3Ca80, 3H,0.

To learn more concerning the mechanism through
which the formation of Nuay50,-3CaSQ,-3H,0 is pre-
venited, crystal form of the deposited scale was investi-
gated by X-ray diffraction and differential thérmal analy-
sis. The refationship between the amount of SHP added
and the differencial thermogram of each scale can be seen
in Figure 8. If SHP is added at a concentration of 20 ppm
or higher, Ca%0,-1/2 H;O crystals deposit under
the condition where Na,50,-3CaS0,-3H,0 would be
formed.

Conclusion of the Experiments

The combination of SHP and hydrochloric acid pre-
vents most alkaline scale formation in the heating process
and also prevents calcium sulfate and di-sodium penta-
caletum sulfate seale formation in the concentraing pro-
cess.

COMMERCIAL APPLICATION OF THE
NEW SCALE PREVENTING METHOD

In 1975, this new method was intreduced in the salt
manafacturing factory with a yearly production capacity
of 150,000 tons operating on backward feed type triple
effect evaporators (Figure 9). In an industrial operation,
brine is adjusted to pH >-6 by the addition of hydrochio-
ric acid, followed by the addition of 10-13 ppm of SHP
and is then fed to the evaporators. Adeption of this
method decrcased adhesion of alkaline scale {CaC0;) in

TARLE 3
Effect of Various Additives on Scale Formation
Heat-transfer
Scale on heating tube coefficient
Rrine Cay Mg, inish
Additive pH  CaSO; P05  CaCly CaSO; NaSO, MgClh POy, (PO,; Nafl  Pusalt v (kends
fopm) 20°C  (g/%g)  (ppm) MgCh, (%) {7} 1% (%) %) (%} %) (g/mi b mPhoC)

Nowadd 7.70 3.58 (1205 §0.8 12.9 2.8 .5 74.9 84.6 120
Decarhy, 7.47 3.5% 0.203 5.8 13.2 4.0 7.0 76.4 72,0 1330
CMC-20 7,39 4.04 0.200 72.9 7.1 2.6 7. 41.2 4.8 2206
CA-20  3.3% 1.63 0.207 84.5 14.6 8.9 34.7 62,0 1640
SC-20 .45  3.65 0205 Eg.1 17.2 .o 1.1 91.0 345 1570
PA2D 7.24 358 0,206 74,4 14,9 6.2 8.1 980 87.0 910
SPA2Y 725 430 0,199 R7.8 9.7 2.3 0.2 6.0 40,1 [ #1.1]
PAA-2D 7.37 180 0.203 9.9 4.2 0.4 5.5 R2.2 5.8 1516
KM-20 742 362 £.203 831 125 .5 4.0 2.4 55.9 1520
SHP-10 728 405 0.6 .198 89.4 L7 3.0 0.8 3.0 16.1 15.1 1900
SHP-20 719  4.19 13.2 (195 92.5 5.4 2.1 55 2150
SHP-20 748 428 278 0.195 56,4 30.8 131 3.5 2400
SHP-40 7.39 4.2% 309 0.194 08.8 8.9 223 1.2 2200
SHP-100 4.80 4.4 69.3 0.195 4.2 5.3 9,2 11.3 0.2 2540

(Note) Prsalt® indicates Na SO, 5CaS0, - 3H:0.
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Figure 9. Flow sheet on the new preventing method
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Figure 10. Effects of the new preventing method
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the Na. 4 evaporator as wel as adhesion of CaS0,-1/2
H,0 and Ma,50,-3CaS0,-3H,0 in the No. 3 evapora-
tor, and also decreased “saliing-up” in the No. ! and No.
2 evaporators,

As a resull, heat transfer in the four evaporators has
improved significantly, leading to a 13-25% inerease in
salt production, SHP added to the feed brine is distrib-
uted in scale, mother liquid and product salt in propor-
tions of 74%, 22% and 4%, respectively,

Since itg introduction to five {actories the new method
has been contributing to the prevention of scale forma-
tien and the continuous stable operation of the plants.
The new method to prevent scale formation thus estab-
lished ‘“HCE and SHY combined ireatment’ was patented.
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