Higher Raw Brine Purity From Rock Sait

ABSTRACT

Brine prepared from rock sali i known to con-
tain as tmpurities calcium, magnesium, and sulfate
ions. The relative concentrations of these ions af
feets not only the out-of-pocket chemical treating
costs, but also the capital cost for sizing of setthing
tanks end filters for chlor-ulkali vpplications.

A key to higher raw brine pumty is the differen-
tial in dissolving rates between the sodium chioride
and the non-salt impurities. An aqueous selvent
contact with rock salt will become saturuted with
sodium chloride in a few munutes whereas hours
may be required to reach saturation levels of the
impunities. A simple laboralory test has been de-
vised to determine the effects of various facters on
the purity of raw brine from rock sult., Included
among these factors are coniact time, selt-to-
solvent ratio, solvent pH, selvent temperature and
commaon ion reiardation.

The effeci of geographical source of the rock
salt was alse studied under varous environmental
dissolimmg conditions.

INTRODUCTION

Hrine prepared from rock salt is known to con-
tain as impurities calcium, magnesium, and sulfate
ions, Before it is suitable for use in chlor-alkali
cells, brine must be purified by chemical precipita-
tion, sertling, and fOltradon. The cost of treating
chemicals and, to a ceriain extent, the size of treat-
ing equipment depends on the raw brine purity,
i.e., for brines containing larger amounts of dis-
solved impurities, more treating chemicals are re-
quired, more floc must be taken from the seitling
tanks, and more entrained solids must be removed
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by the filters. If the purity of raw brine could be
substantially improved, equipment and chemical
treating costs could be reduced considerably, or
possibly, the need for brine “treatment could bc
eliminated altogether.

it is the purpose of this work [ detennme the
potential opimum raw brine pu “whie
achieved under virious operatmg Coni
with rock salt from various soufces: Whereas inhib-
itors such as the poly phmphatcs havc becii used o
improve brine puiity, Lh{’se W1'll ot be- {:'o'vered
here. Also, the work will not cover the many types
of dissolving cquipment which are available.

A key to higher raw brine purity lies in the Fact
that the sodium chloride fraction of rock salt dis-

solves many times faster than the non-salt impur-

ties. An aqueous. so}vﬁnt n contact with rock salt
will become saturated with sodium chloride in 4
matter of minaies, whercas hours are required to
reach saturation levels of the ipurities. The point
is illustrated in Figure 1.

The slope of the curves may be interpreted as
Lhe rate of dissolution. The difference in dissolving
rales is apparent.

By means of a simple laboratory dissolving test,
various factors have been studied which are known
to influence the digsolving rate of rock salt impuri-
{1€8.

DISSOLVING TESTS—
ANALYTICAL PROCEDURES

One liter of distilled water, adjusted to the de-
sired pH and temperature, was placed in a vigor-
ously agitated wvessel. Temperatures were
monitored throughout the test, and when
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necessary, heat was applied by means of a hot
plate. As the start of a stopwatch, rock salt was
added to the water, and, at intervals of 2, 10 and
80 minutes, 40 ml samples of brine were remoeved
from the system. These were liltered in 2 Buchner
funnel and were subsequently analvzed for hard-
ness by the Schwarzenbach method, and for sulfate
by a turbidimetiric method. The next three figures
will show the type ol data which was taken, The
source of the rock salt was a mine in New York
State.

In Figure 2 the dissolving water was at pH 7 and
70°F. S = 1” refers to the salt-solvent ratio, i.e.,
the ratio of salt weight per sovlvent weight. For
convenience, the value of unity is meant o imply
that only thar weight of salt required to produce a
saturated brine has been added to the solvent. At a
value of “S = 7 a 100% excess of salt is indicated.
Figure 3 shows the effect of pH variation. pHlevels
of 3, 7 and 10 were selected as being inclusive of
conditions found in most chemical plant brine
operations. Note that the rock salt impurities dis-
solve faster in acidic solvents. In Figure 4, the ef-
fect of temperature variation is shown. Again, the
range of 70°F to 160°F was selected to be inclu-
sive of most chemical plant hrine operations. As
might be expected, the dissolution rates of rock
salt impurities are found to increase at higher tem-
peratures.

The next four graphs show data taken on rock
salt from Ohio. Note now, the horizontal axis rep-
resents solvent pH and the individual curves show
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purity variation due to eoniact time (2, 10 and 66
minutes). In Figure 5 the temperature is at 70°F
with no excess rock salt exposed to the solvent
over that required for sodium chloride saturation.
Note the higher CaSQ, levels for the acidic brine
and for the extended contact times. Figare 6 shows
the effect of increased temperature (1H0°F).

In Figures 7 and 8 a 100% excess of rock saltis
added to the solvent. Because there is more impu-
rity present, the rate of dissolution is increased.
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In all, the study included rock salt samples from
five different deposits in the United States. The
chemical analyses are shown in Table 1.

{t & important to note that the matenal re-
ported as calcium sulfate is only that quantity of
CaSO; which would dissolve in 5 minutes under
standard laboratory conditions. Actually, the mute-
rial reported as water insolubles contains much
CaS0, which would dissolve if given longer con-
tact time. The salts are placed on the table with the
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salt having the highest level of CaS0O, on the left—
the lowest on the right.

Particle size of rock salt is known to be a factor
in the dissolving rate of the salt. Accordingly, the
salt samples used were of similar particle size dis-
tribution as indicated by the screen analvses in Ta-
ble 2.

Figures 9 and 10, at 70°F, show brine purity
levels at 2 and 10 minutes contact time respec-
tively. In Figures 11 and 12, similar data is shown
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TABLE ! {
CHEMICAL ANALYSES 5
l(m ﬂ'{:hignn Ohio New York Louisiana
Moi sture 0.42 Q.26 0,13 0.03 g.01
H.0 Insol, 2,10 0.63 1.16 1.22 0.72
CaS0, 1.33 0.82 0,60 0.59 0.27
CaCl. 0.01 0.07 0.02 - -
MgCl, 0.13 0.10 6.06 - -
NaCl (Wet) 26.01 28.13 28.02 98.16 59.01
MaCl (Dry) 96.43 98.39 98.15 28.19 99.01
TABLE 2
SCREEN ANALYSES
u‘ s.
Sieve No. Kensas Michigan Qhis Mew York  Lovisiana
4 0.0 0.0 0.0 8.0 0.0
8 0.2 0.0 1.3 0.2 L6
12 1.8 0.8 22.7 135 10.1
20 30.0 41,2 36.5 9.7 47.7
40 28.3 25.5 19.% 222 22.4
70 20.8 16.5 - 13.1 8.9
80 35 3.2 ilé 21 1.2
Pon 15.4 12.8 g0 9.2 8.0
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it 160°F. A summary of all the data taken is given
1 Tables 3 and 4.

I is recognized that the dissolving rates of rock
salt impurities are strongly affected by commen
ton revardation, i.e., presence of calcium andfor
sulfate ions in the solvent will reduce the rate of
rock salt impurity dissolution. This is illustrated in
Figure 13.

In conclusion, a summary is made of observa-
tions derived from the data.
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1. Even when commercial sources of rock sali
contain similar levels of sodium chloride, they will
not necessarily produce brine of the same purity
under the same dissolving conditions. The differ-
ence in brine purity is notsimply a maiter of more
calcium sudfate in the salt, but rather is due 1o the
dissolving character of the particular calcium sul-
fate which is present.

2. Reduction of contact time between rock salt
and solvent is by far the greatest means avatlable
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for improving raw brine purity. Contacl time of no 3. Control of solvent pH can greatly improve
more than 2 minutes is required 1o produce satu- raw brine purity. Since brine treatment invariably
rated brine, Any contact time in excess of this involves addidon of alkali 1o precipitate magne-
serves only to increase brine impurity levels. This sium hydroxide, it is only natural to consider dis-

should be a prime consideration when designing solving the salt with an alkaline solvent.
brine systems,

TABLE 3

BRINE HARDNESS - GPL Cal0, (T0°F}

NEW YORK STATE

$=1 §=12
o 3 L LA B 2 7 10
{Min} 2 0.8 0.6 0.4 (Min) 2 1.2 0.9 0.4
19 1.6 1.2 0.6 10 2.2 1.7 0.8 : :
50 3.4 2.8 Lé &0 4.0 38 2.1
MICHIGAN
S=1 = §=72 f
pH 2 7. 1 pH 3 A 10
{Min) 2 2.0 1.6 1.3 (Min) 2 29 2.0 1.9
it 2.6 20 1.5 10 3.9 2.8 2.4
&0 3.2 2.8 22 &0 4.9 440 3.2
QHIO
$=1 $=12
eH 3 z 10 M3 L i
{Min) 2 1.8 1.2 0.9 {Min)y 2 Z4 1.6 1.2
10 2.7 1.6 1.2 10 3.4 2.3 L&
60 3.4 25 1.7 £Q 4.5 3.3 2.4
LOUISIANA
5= §=2
eH 3 z e pH ER x 10
(Min} 2 6.2 0.3 0.3 (Min) 2 0.3 0.4 0.2
10 0.5 0.5 0.2 10 0.6 0.5 0.4
&0 1.2 10 0.4 &0 1.3 1.6 0.4
KAN3SAS
=1 T
sH 3 7 10 Ne data taken at 5=2
{Min} 2 22 1.7 1.4
0 0 26 1.9
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4. Control of the salt-solvent ratio can improve
v brine quality. Situations shouid be avoided
ere large quantities of salt are maintained under
ne. ldeally, the sait should be stored and han-
:«d dry, and then introduced into a dissolving
item a1 the rate of dissolution. Only that amount
salt should he present in the dissolving zone
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which is required to provide saturation. To this
same end, undissolved impuarities should not be al-
lowed to accumulate in the dissolving zone. Means
should be provided for continuous, or, at the very
least, frequent removal of rock salt impurities from
the dissalver.

TABLE 4

BRINE HARDNESS ~ GPL CaSO, (160°F)

NEW YORK STATE

5=1 £=2
_eH 3 A 10 s 3. 7 0
(Min) 2 1.9 1.2 0.8 (Min} 2 2.3 1.6 1.0
10 31 2.0 1.8 14 3.0 2.6 2.0
&0 a7 33 3.0 60 4.0 3B 3.0
S= ﬂﬁm $z=%2
pH 3 ya 10 08 3 7 10
(Min) 2 2.7 2.1 2.1 (Min) 3.8 28 30
10 a3 2.7 2.7 1] 42 36 34
50 3.6 3.2 3.4 &0 4.9 4.4 4,3
OHID
§=13 T =2
o3 2 1 FH 3 7. 10
{Min} 2 2.7 2.1 1.5 (Min) 2 2.9 2.5 2.0
10 3.3 2.8 2.2 10 3.5 3.3 2.8
a0 3.4 3.2 2.9 60 4.0 4.0 3.7
LOUISIANA
5=t S=7
Rax 3 7. L 3 A Rl
(Min) 2 0.5 0.4 0.2 {Min} 2 0.7 G.5 0.5
1C 1.3 1.2 4.5 16 1.2 1.0 g.2
&0 2.0 2.1 1.0 40 3.3 2.7 1.4
KANSAS
$=1 S
pH 3 A 10 No dota taken ot $=2
{Min} 2 3.0 2.8 2.4
10 3.7 33 3.1

60 39 3.4 3.4
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