ABSTRAC T

Tke fnigmatzoml Recrystalizzer is a new process. deaetaped by the mternational SaZf
Company for production of a kigh purity evaporited sall from vock salil screen tailings ov other
forms of velatively impure salt. The process takes advaniage of the invevse solubilily of rock .
salt's chief impurity, calcium sulphate, so that brine purificalion by chemical treatment is elim-~
inated. Other advantages, when compared to move conventional salt evaporating processes, at

lower first cost and greatly improved opevating economy. A double-effect, 15 ton per hour wnit
is row in its fourth year of trouble free operation at the Avery Island, Lowisiana Mine and Re-~
finery of Inteynational Salf Company. The process is veadily adapta&le to purification of solar
salt, the use of vapor recompression in vegions wheve electrical power is ckeap, and it can be
used for the vesatumtwn and puﬂfmatzon of spent Mercury cell brine,

[NTRODUCTION

. A high purity end-product with lower capital investment and lower operating costs -- these
are the major advantages of the International Recrystallizer Process, now nearing the end of its
fourth year of operation at the Avery Island, Louisiana Mine and Refinery of the International Salt
Company.  The purposge of this paper ig: (1) 1o describe the principle and operation of this proc-
egs, (2) tocompare its advanmges with conventional salt evaporators and {3} to discuss other pos-
sible applications. : .

The International Recrystalluer PI‘OC&Sa was develeped to rransform relatively impure -
forms of sodium chloride, such as waste rock salr, solar salt or refuse salt, into an evaporated
galt of exceptionally high purity. Sak is being produced at Avery island, with a sodiwm chleride
content in excess of 99. 997, The process has been designed to eliminate many of the disadvan-
tages of more conventional salt uvaporating methods. The elimination of thege disadvantages has
regulted-in Tow operating costs.” Before going into the process in detail, it is desirable to review
very briefly, the development of salt evaporamrs in general tegerher with the advantages and dis-
advantages of the dlfferem types.

" BRIEF HISTORY OF SALT EVAPORATORS

"The first salr evaporaiors of record were open kettles heated by a direct fire. A number of
salt industries grew up in wood producing areas, where waste wood was burned to produce steam
which was fed to flat openi pans. (1} This wasg the origin of so-called graiger salt, a coarse type
of crystat for which there still exists some demnand today.  These open pang developed into today's
grainer pans, into which steam is fed to ceoils in the pans and the brine is heated to just helow
bolling 86 thit a slow surface evaporation takes place and the eharacteristic coarse, hopper -like
crystal of salt is formed. Fortunately, the demand for this type of salt is diminishing, for the
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grainer process is an expensive and inefficient method for producing salt. Also, the desirable
coarser fraction of the crystals is hard to preserve due 10 their fragile nature,

A major improvement in grainer salt production was the introduction of the Alberger Proc-
es8 around 1910. In this process, a portion of the brine in the grainer pans is recycled to tubular
heaters, where the brine is heated and the calcium sulfate in the brine reaches its minimum sol-
ubility. Most of the calcium sulfate in the brine is precipitated and then deposited onto a bed of
gravel. The brine is then flash cooled in flashers ard it becomes undersaturated with respect 1o
calcium sulfate and only pure sodium chloride is precipitated. The advantages of this process
are a very pure end-product and a fairly low steam consumption, (arcund 3, 000 pounds per ton of
salt). The disadvantages are a very rapid scale formation in the twbular heat exchangers and a
small, more fragile crystal compared with conventional grainer salt. (3)

A gingle effect vacuum evaporator was first used in the manufacture of sait in 1887, after
the principle had been in use for over a half a century in the sugar industry. {2) The first
mulriple-effect evaporator appeared in 1899, and since then, multiple-effect vacuum evaporators
have completely overshadowed open grainer pans in the production of evaporated salt, primarily
because of much lower steam consumption per ton of salt produced. In addition, present day
capacities would require vast numbers of grainers.

The first type of vacuiurn evaporator to receive wide popularity was the short-tube-vertical
type. Even though this type of salt evaporator was a standard in the industry for most of the first
half of this century, its disadvantages were apparent: (1) The low velocities through the tubes
resulted in poor heat transfer; (2} velocity distribution in the tubes was uneven; (3) venting of
non-condensibles was difficult; {(4) the internal propellor and bearing and internal tubes were dif-
ficult to maintain., {6)

Because of these disadvantages in the calandria type of evaporator, the next major improve-
ment in salt evaparator design was forthcoming. It had been realized for many years that im-
proved performance in sait evaporation could be achieved by increasing the brine velocity through
the tubes, (2) (6) By providing an external pump and external tubular heat exchanger rhrough
which the brine could be pumped at higher velocities, higher heat transfer rates were atrained
and the forced circulation evaporatore became the most preferred of all the conventional salt
evaporators.

Nevertheless, certain operating problems exist, even in the most modern of forced circula-
tion evaporator installations. Tubular heating surfaces tend to scale thus decreasing heat trans-
fer and capacity; undesirable salts concentrate in the evaporators sometimes affecting cryatal
formation; expensive chemical treatment of brine i8 necessary when a salt of high purity is de-
sired; and evaporator equipment is expensive to acquire. {(4) The International Recrystallizer
Process was developed to eliminate most of these undesirable features found in conventional evap-
orating processes.

PRINCIPLE OF OPERATION

Before going into a detailed description of the Recrystallizer Process as it is operated at
Avery Island, it would be well at this point to examine the general principles of the process. To
begin with, it should be made clear that the Recrystallizer Pracess requires that the raw salt fed
into the system be in a solid and preferably finely crushed state. That i8 t0 say that salt brine,
such as from a well or from the sea, cannot be fed directly into the system without going through
a prior stage of crystallization. This is because the water balance of the system is such that
there is no net evaporation capacity. The dissvlving of the salr and heating of the brine take
place simultaneously by the direct injection and condensation of steam into the aystem. The chief
impurity in salt is usually calcium sulfate. This is egpecially true of rock salt. Calcium sulfate
solutions in water and brine have an inverse solubility curve ar temperatures above 100° ¥, The
Recrystallizer Process takes advantage of thig inverse solubility by heating and dissolving the
raw galt in a direct contact heater into which steam is injecred and condensed. The salr is pre-
viously siurried with a brine from the evaporator 8o that it can be easily handled in & highly fluid
state. Since the heating and dissolving action cccurs almost simultaneously, any calcium sulfate
that ig fed in with the raw salt ig prevented from going into solution.
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‘There are three principal zenes in the process, (1) The first is the condensing, heating
and dissolving zone which we have just examined. {2) The second is the clarification zone where
the undissclved impurities, principally calcium suifate, are separated from the brine by sertling
and filtration. {3) The third zone is the evaporation, cooling and crystallization zone where the
hot clarified brine is flash-cooled to a lower temperature in a vacuum vessel, with a resultant
release of vapor 10a condenser and the formarion of salt crystals both due 10 the evaporation of
water and the cooling of the brine. (While socdium chloride is considered to have a fairly flat sol-
ubility curve, there is enough of a decrease in solubility with a drop in temperature to cause about
half the crystallization to result from cooling.) Another important fearure of thig evaporation
zone ia that the brine becomes undersaturated with respect to calcium sulfare due to the cooling
that takes place. ‘Therefore, the resultant salt crystals are virtually free of any impurity, ex-
cept for small traces occurrmg on the crystal surface due to small amounts of mother 1xquor dry-
ing on the crystal. . ' : _ :

An interesting feature of the condensing, heating and dissolving zone occurs in the direct
contact heater, This heater is-usually operated at atmospheric pressure and the steam being fed

- ta it is essentially at armospheric by the time it reaches the heater {tself. The condensing action |
of the steamn causes. the brine to be heated up to slightly less than the boiling point of a saturated i
solution of brine, which ig 226° F. This is close to 14° above the temperature of the condensing
steam. In this heater, it is the vapor pressure that is controlling, The brine is heated to such
a remperature that the vapor pressure of the brine is almost equal to the vapor pressure of the
condensing steam.

The use of this direct contact method of heating results in a theoretrical steam consumpuon
of 3, 000 pounds of steamn per ton of salt in a single effect unit, A double effect unit can approach:
1, 900 pounds of steam per ton of salt and the steam consumption of a triple effect unit is calcu-
lated to be 1, 400 pounds of gteam per ton of salt. In multiple-effect designs, vapor coming from
all but the last effect evaporator is recycled back to low and intermediate stage direct contract
heaters. : .

PRACTICAL DEVELOPMENT OF THE PROCESS

In the late 1940's at the Watking Glen, New York Refinery of the Internarional Salt Company,
the first pilot plant model of the Rec;:ystallizer was constructed and operated. A great deal was
learned about the process from this initial pilot plant and even though & full scale installation was
not immedfately forthcoming, without the experience. gained on this early model, much of the sub-
sequent work would have been made a great deal more difficult.. The most important accomplish-
ment with this first pilot plant was that it proved the. theoretrical aspects of the process. Yet to
be proven, however, was whether or not the process couid be desxgned and constructed so as to
insure smooth and trouble-free operation. o . :

it was for this purpose that a second and much more elaborate pilotr plant was desxgned
constructed and placed into Gperation in 1957 at Watkine Glen. This double-effect, one ton per:
hour unit was operated successfully for several monthg, with only minor design changes neces-
sary. It wasas a result of the excellent operation :}f this seccmd pilot plant rhat 8 fun scale unit
was ccnstructed at Avery Island Louialana

'THE RECRYSTALLIZER OPERATION AT AVERY ISLAND

A problem common to many rock salt mining operartions ig that of excessive fines produc-
rion. . Because of superior handiing and diseolving characteristics, the coarser grades of rock
salt have become s0 much in demand, that the tailings from the screening operation are, 0 a
large degree, a waste produc:t even though these fines are usually purer than the coarser grades,
At some salt mining operations,. this waste has exceeded 20F, of the rotal production. . Congrot of
blasting and salt handling has for the most part reduced these amounts of fines :o a mimmum
Nevertheiess the problem: of fines. dispasal or utilization still exists :

Several means of copmg with this prob}em of fmes have been deveioped At one salt mine,
the fines are compressed into briquers and then reacted with gulphuric acid to produce hydro-
chloric acid and salt cake. Other mines have installed compaction devices to produce & coarser
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and more saleable product. Still other mines have installed evaporators, and afrer dissolving
and rreatment steps, the resulting brine is fed 1o the evaporators where evaporated salt is pro-
duced, :

Thig was the step taken at the Avery Island, Louieiana Mine of International Salt Company
in 1932, when rwo cast iron calandria type evaporators were installed.

The waste rock salt was digsoived in a large pond and the resulting brine, after purification
with lime and soda ash treatment, was fed to the evaporators. The steam consumption was about
4, 500 pounds per ton of salt. At Avery Island, 15% of the rock salt produced passes through a
10 mesh screen and rhis salt represented a waste product until this evaporating plant was in-
stalled. The major disadvantages of this process were (1) the high cost of chemical brine treat-
ment; (2) high steam consumption per ton of salt; {3) product contamination from the cast iron
evaporators; (4) low capacity {(averaging about 10 tons per hour); {3} the necessity of frequent
soak outs to dissalve salt buildup inside the evaporators; (6) Ca SO4 buildup in the rubes of the
evaporators requiring frequent acidizing.

Because of the disadvantages of the existing evaporating plant and because additional pro-
duction capacity was needed, a 15 T.P. H, double-effect International Recrystallizer was installed
at Avery Island and placed on stream in August of 1938. It is now completing its fourth year of
operation. The steam consumption has been approximately 2, 100 pounds per ton of salt. This is
equivalent to the steam consumption of a quadruple-effect forced circulation evaporator.

The Internacional Recrystallizer Process at Avery Island operates as follows: Mine fine
rock salt is fed at a controlled rate into a slurrying tank, which also receives recycled mother
liquor from and at the temperature of the second effect evaporator which operates at a boiling -
point of about 130° F. The resuiting slurry of fine rock salt and brine is then pumped to a direct
contact heater, referred to as the low temperature heater., Vapor coming off the first effect
evaporator, which is boiling ar 175° F,, is piped to this low temperature heater. The temperature
of the vapor is about 163° F. The cooler slurry, cascading down over the imernal baffles in the
heater causes the vapor to condense which heats the slurry up to a temperature within 3¢ F. of
that of the first effect boiling temperature. Also, a portion of the rock salt in the slurry is dis-
solved by the condensate that has mixed with the brine. The resulting rock salt slurry, at
170° F., is then pumped to a second direct contact heater, called the high temperature heater.
Into this vessel is injected exhaust steam from a turbo-generator. This steam leaves the turbine
at 3 pounds per square inch gage and is fed at a controlled rate into the heater in order to keep
the pressure in the heater at just a fraction over atmosgpheric presaure, This steam condenses
in the heater and raiges the temperature of the brine 1o approximately 222° F, which is 4° F, be-
low the theoretical boiling point of fully saturated brine, at atmospheric pressure. The combined
effect of heating and dilution causes the remainder of the rock salt to dissolve,

This hot brine ig then pumped into a saturator vessel. Any excess rock salt that might be
fed in momentarily is deposited in this saturator against the time when an under feed of rock salt
might occur, thus assuring saturated brine at all times. Alsc depesited in thig saturator is the
coarse portion of the anhydrite crystals from the rock salt, From the saturator, the brine i
fed to a large sertling versel where the major portion of the anhydrite is settled out. The over-
flow from this settler is then pumped to a set of six pressure type, anthrafilt filters. These
filters remove the lagt traces of suspended anhydrite from the brine and, in addition, remove any
suspended iron particles that may have been picked up from the carbon steel vessels between the
feed tank and the thickener.

Then, at & manually controlled flow rate, the brine, which is fully saturated, completely
clarified and at 220° F., is fed into the firgt effect evaporator. This evaporaror ig similar to a
forced circulation evaporator, with its external axial flow circulating pump, tangential Inlet and
swirl breaker to prevent a vortex from forming in the suction line of the circulating pump. The
major difference is the absence of a tubular heat exchanger in the circulating piping.

As previously mentioned, the bolling point in the first effect evaporator is 175 F. The hot
(220° F.) clarified brine from the filter ig injected at the suction side of the circulating pump.
The resulting mixture of circulating magma and hot brine is then pumped up and into the
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evaporating chamber where flash cooling occurs, The inlet to the evaporator itself is kept
aufficiently submerged to prevent boiling of the mixture until it has entered the main body of the
2vaporator,

The purpose of feeding the hot brine from the filters into a large volume of recirculating
magma is 10 reduce the temperature elevation of the brine entering rhe evaporator body. The
flash range is reduced to about 3° F,, thus permitting control of the resultant supersaturation
and of the particle size of the final p;oduct

Sait is produced in this evaporator both due to the evaporation and due to the cooling of the
brine, This produced salt settles by gravity down an elutriating leg against a rising current of
brine. A certain amount of class;fzcauon occurs in thig 1eg and the coarser portion of crysrals
are removed from the evaporator permdmaily

H
H

A portion of the circulating magma in the first effect evaporator system is continuously :
pumped into a clarifying vessel in which the magma is thickened 2 to 3 times and the resulting
clarified brine (or mother hquor) is piped off and pumped to the second effect evaporator. The

thickened magma flows by gravity out of the bottom of the settler and back into the first effect

circulating system. '

The miaifi purpose of thzs geéttler is to permit 1ncreaamg magma density in the first effect
evaporator beyond the normal 'make."” Without this settler, it would be impossible 1o obtain a
magma density of over 1-2% salt, With the seuler, it is possible to achieve all ranges of magma
density and control of crystal size is the result. The magma density is vsually carried between
20 and 3093, with the higher values vielding a coarsér product.

Just as clarified brine at 220° F. is fed into the suction side of the first effect circulating
pump, the clarified mother liquor coming from the first effect sertler at 175° F. is pumped to the
second effect where flash cooling occurs. :

The resulting crystals of salt gravitate down an elutriating leg against a classifying current
of brine and are withdrawn with the crystals from the first effect evaporator. The vapor from
the second effect evaporator goes to a baromeifric condenger where it is condensed and sewered,
A two stage jet-type steam ejector is used to remove non-condensible gases from the evapor-
ators. A second settler permits magma density control in the second effect. It also permits a
clarified brine to be returned to the feed tank where additional rock galt ig slurried.

A small amount of dzswlved caleigm suifs.:e reaches the first effect. -evaporator -from the
filters. Actually, the brine is saturated with respect to Ca SO4 at 220° F,

Due to the inverse solubility curve of calcium sulfate, the brine, in cooling as it enters the

first effect and then the second effect, becomes undersaturared with respect to calcium sulfate,
and the resulting sodium chloride crystals are almost entirely free of this impurity, except for
minute traces of brine that become trapped in the crystals during the crysrallization process.
The small traces of calcium sulfate that appear in the finished product are actually due to mother
liquor that has dried on the surface of the individual salt crystals. By washing the filter cake just
prior to the drying process, the purity of the final product can be increased to where only a trace
of calcium gulfate is measurable. A final product with less than 5 P.P. M. of calci'um sulfate can
be produced in this manner, ' '

The slurry of crystallxzed salt and brine bemg dischargeci from the elutriating legs of the
two evaporators is pumped onto a rotating filter, constructed of 316 stainless steel. A cake of
about 1 inch in thickness is deposited on the filter screen and the brine ig immediately dewatered
from the galt., The rotating screen carries the cake into a drying zone where gas heated hot air
at 380° F. is passed through the cake. This air i8 removed by means of 2 steam driven centri~
fugal exhauster. After passing through the dryving zone, the salt cake is scraped off the filter and
is fed into kiln-type cooler where the salt is cooled from 220° F, to 130° F. by a counter-current
fiow of atr. From the cooler the salt is con\reyed to a screening process where it is separated
irmto 3 commercial grades
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FROPER INSTRUMENTATION IS IMPORTANT
A very important phase of the Recrystallizer design was the application of automaric

controls, The high flows (1600 gpm) through the system and the need for close liquid level comrol _

dictated that an accurate and reliable set of controls be installed. Automatic level controls have
been instalied in the feed tank, both low and high temperature heaters, the thickener and both
evaporators. Purgeless sensing elements are used to eliminate water addition to the system. A
remotely controlled gravimetric feeder is used 10 feed the fine rock salt into the feed tank and a
series of six magnetic flow meters balances the amount of brine going through each filter. k is
at this poirnt that the total flow through the system is controlled. A radio-active gage measures
the specific gravity of the brine leaving the saturator because undersaturation impairs operaring
efficiency. A temperature recorder continucusly shows temperatures at key points in the system.

The problem of corrosion and the resulting contamination of the final product with particles
of iron oxide have been eliminated by the use of monel evaporators. Carbon steel vessels in the
section between the feed tanks and hrine filters are being used successfully and these are being
cathodically protected.  An exception is the high temperature heater which is a4 monel vesgel.

Because of the mild climatic conditions at Avery Island, all of the major equipment was in-
stalled outdoors. Suitable insulation covers the vessels and piplag to minimize heat logs, An
air condirioned control room houses the instrumentation,

Removal of insolubles separated from the brine in the clarificarion zone is accomplighed
as follows: (1) the coarse portion of the insolubles which remains in the saturator is removed by
blow down once per week; (2) the middle portion of the insoluble matter is settled out in the larger
settling vessel and this is blown down upon signal from a rotating rake mechanism; (3) the fine
ingoluble marter taken our at the filters is backwashed wirth clarified brine from the thickener
every two weeks, Thig backwash is pumped into the thickener, where the insolubles are removed
with the medium fracrion of insclubles at the thickener underflow.

The principal advantages of the Internarional Recrystallizer are as follows:

1. Low steam consumption per ton of salt: The theoretical steam consumption per ton of
salt for a double effect is 1900 pounds per ton. In actual practice at Avery Island, this
congumption has been running closer to 2100 pounds. This is less than half the steam
consumprion of the double effect calandria evaporators which the Recrystallizer re-
placed. In addition, this low steam consumption compares favorably with quadruple ef-
fect forced circulation evaperators, which consume about 2200 pounds of steamn per ton
of salt produced. The theroretical stearn consumption of a triple effect Recrystallizer
is 1400 pounds per ton against 2600 pounds per ton in a conventicnal criple effect.

The main reason for the low steam consumption posgible with the Recrystallizer is that
thetre is & maximum use made of the ternperature drop available. [n conventional evap-
orators, there is a loss of effective temperature levela due to the boiling point rise in
each effect.

2. High purity end product with no chemical treatment necessary: Because of the inverse
solubility of CaSO,, the hot brine pasging through the filters to the first effect is ex~
tremely low in dissolved CaS0O,. After the brine is cooled in the evaporators, it be-
comes undersaturated in respect to CaSO4. Therefore, the only CaSO4 removed with the
final product is the small amount carried out in the mother liquor and dried on the crys-
talg. Salt produced in the Avery Recrystallizer has constantly exceeded 99. 999,
washing at the filter, Ca SO4 content can be reduced to 3 P.P. M.

3. Low initial cost: Because tubular heat exchangers are not necesgary, a major cost item
found in conventional evaporators has been eliminated. In addition, for a given steam
consumption, fewer effects are required.

Crher applications have been envisioned for the ternarional Recrysrallizer. For example,
in regions where there is a relatively cheap source of mechanical power, the process is readily

adaptable to thermo-recompression of the vapor leaving the last effect. This recompressed vapor |

ig then returned to the high temperature heater.
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In order to keep the size and cost of the compressor to a minimum, the high temperature
hearar could be operated at higher pressures and temperatures permitting a lowey vacuum. The
resulting decrease in specific volume of the vapor to be compressed would result in major savings
- because of smaller compressor requirements. Of course, all equipment from the high tempera-

- ture heater ro the first effect evaporator would have to be pressurized,

The Recrystallizer is ideally suited to the refining of solar salt, A major impurity in solar
salt is Mg Cl, and recent pilot plant tests on solar salt have yielded a final product comaining
13 p.p. m. of calcium (as calcium chloride), no'magnesiuvm and no sulfate, These tests were
conducted without any chemical treatment,

A third application which fits in nicely with the International Recrystallizer is in connection
with the electro-chemical decomposition of galt in solution such ag in a mercury cell. The spent
liquor from a mercury cell is 83F, saturared, and fully saturated brine relatively free of calcium
sulfate is required for cell feed. The Recrystallizer can be used for providing a saturated, high
purity brine by recycling of the dilute brine from the cells through a feed tank in which impure
make-up salt is fed. The brine is immediately strengthened and then processed as in a conven-
tional Recrystaﬂizer A partion of the spent liquor is by-passed around the Recrystallizer and is
mixed with the sturry of refined salt and pure brine withdrawn from the evaporators. This is
then fed back to the cell.

International Salt Company has concluded an exclugive arrangemem with W. L. Badger As-
gociates, Inc,, of Ann Arbor, Michigan, ro handle all engineering and licensing martters on the
International Recrvstalhzer Process for purification of sodium chloride and other chemicals,

W. L. Badger Associates, Inc., has in wrn conclided arrangetnents with Escher Wyss of Zurich,
Switzerland, 1o market and huﬁd International Recrystallizers in all countries of the world ourside
of the United States and Canada. Similar arrangements have been made with the Swenson Evap-
orator Division of the Whiting Corporauon for the United Stares and Canada.

SUMMARY

. The International Recrysralhzev Process has taken its place along gide more conventional
 evaporation processges for the manufacture of refined sodium chloride, Many of the difficulties
encountered in the conventional -processes have been eliminated. '

The successful operation of a doubte effecr umt at Avery Island, Loutsiana, for almost four
years has proven the reliability and economy of the process. A refined salt of extremely high
purity with only a trace of Calcium Sulfate has been produced at an average steam consumption of
a little over 2000 pounds of steam per ton of salt. The pmcess is especially adaptable to instal-
lations where a solid waste sa]t such a8 fines from a mining operation, is available.

New apphcatmns of the process are envisioned, espema?lv those relating to the use of solar
salt, thermo-compression, and the resa_mratmg_ and purification of spent mercury cell brine.
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