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ABSTRACT

This work represents the performance of aforced circulation crystallizer
(FCC) equipped with a condenser as main stage of in many industrial pro-
cesses. The purpose of this paper is gathering fresh water and also liquor
from brackish water. So ablender is constructed before crystallizer to con-
centrate the saline water to about 30 wt% as a suited feed for a FCC. The
effect of cooling water flow rate of FCC on quality of effluent liquor from
FCC is studied in this paper. The evaporation rate from FCC is obtained
0.085 kg/min at 85.8 C boiling temperature of liquor. At thistemperature the
highest amount of white crystal is produced. Experiments show the pro-

duced crystd isinsizerange of (675- 795 £4M). Minimum amount of energy

consumption by heat exchanger is 6.4 kW. h. which isobtained at 6.3 kg of
the product. Also, experimental results show the relation between the cool-
ing water flow rates, amount of feed, vaporization rate, distilled water and
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INTRODUCTION

Evaporation isaprocess used to concentrate aso-
lution of nonvolatile soluteand avolatile solvent which
in many cases iswatert. A portion of the solvent is
vaporized to produce aconcentrated solution, Surry or
thick, viscousliquidi3. Evaporators are used for this
purpose. Evaporators are used to separate materials
based on differencesin their boiling temperatures?.
Either the vapor or the concentrate stream, or both,
may bethedesired product. Its purposeisto concen-
trate nonvolatile sol utes such as organic compounds,
inorganic salts, acids or bases. Typica solutesinclude
phosphoricacid, caustic soda, sodium chloride, sodium
sulfate, gelatin, syrupsand ured®. Evaporationiscon-

ducted by vaporizing aportion of the solvent to pro-
duceaconcentrated solution or thick liquor. Evapora
tionisdifferent from distillation in that thereisno at-
tempt to separate the vaporsinto individual compo-
nents®. Evaporation differsfrom dryinginthe sense
that theresidueisaliquid - sometimesahighly viscous
one- rather than asolid®. Another differenceisthat, in
evaporation the vapor isusually asingle component,
and even when the vapor isamixture, no attempt is
made in the evaporation step to separate vaporsinto
individua components”. Evaporationdiffersfromcrys-
tallizationinthat emphasisisplaced on concentrating a
solution rather than forming and building crystal §8.
Evaporators are categorized inthree sections; @). Short
tube vertical evaporator (Calandriaevaporator), b).
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Risingfilm (Climbing film) evaporator or vertica tube
evaporator, ¢). Falling film evaporator and d). Forced
circulation tubular evaporator. Theliquidinaforced
circulation evgporator ispumped using amotor through
thetubesto minimizetubescaling or salting when pre-
cipitatesareformed during evaporation™®. Forced cir-
culation evaporatorsare used in mining industry, and
used to evaporate corrosiveor highly viscoussolutions.
Forced circulation evaporatorsare efficient in transfer-
ring heat from steam to liquid, maintai ning continuous
liquid flow, low amount of sdting, scalingand fouling®.
Thesetypesof evaporatorsare used for the separation
of sodium chloride, sodium sul phate, urea, anmonium
sul phate, magnesium chloride, citric acid and caustic
potash.
Published papersfrom 1986 to 1995 focused on
thetechnicd feasihility of forced crystallizerg™®. During
1995 to 2000 the researches have been focused on
development of forced crystallizers. Since 2000, the
published papers have been investigated the operating
conditionswhichimproved thethermodynamicefficiency
and economicsin order to makeit more cost effective
and competitivewith other concentrating techniquessuch
as heating desdlination ponds, concentrating channel§19.
Totdly, thecrysdlizationisoccurred whenthe satu-
rated solution ischanged to itssupersaturated and this
process can be achieved by sol ution evaporating.
Thistechniqueisan environmentd friendly and cost
saving process competitive with other concentrating
techniques®?. Therefore, themostindustrid crystalizers
are of the evaporative type and these types are used
for morethan 50% of the sodium chloride crystals pro-
ductionintheworld. Sincethemost common evapora
tivetypeistheforced circulation (FC) model is se-
lected for thisstudy. Today’s the studies regarding the
performance of FCC are essential to evaluatethe op-
erating parameters of the FCC',
Published papers about the crystalli zation process
on stream liquor from blender arerare, a 0.
Theseverd effective parametersin performance of
FCC areevauated in thisexperimental work. So, the
effect of thevariation of flow rate of cooling water in
condenser of FCC on quality propertiesof produced
sdt crystalssuch assize distribution and col or are sur-
veyed. Also, thelevel of energy consumptionineach
experiment iseva uated and theoptimumvaueisintro-
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duced. A typical schematic of forced circulation crys-
tallizerisshowninFigurel.

Cooling water

Condensor

l

Crystallizer ’ |
" A

Steam

Distilled water

&.

Liquor Feed [Liquor Product
N
Pump

Figurel: A schematic of proposed FCC

MATERIALSAND METHODS

Experimental set up

Thecrystallizer ismade of stainlesssteel andit’s
insulated to conserve the energy and thermometers
record temperatures of suction and dischargelines of
centrifugal pump, liquor of crystallizer and exit line of
heat exchanger. A glassgauge demonstratesthelevel of
liquor in crystallizer and apressure gauge monitored
the operating pressure and provides safety. Two elec-
trical coilsareused in heat exchanger as energy sup-
plier and temperature can be set in different values. A
condenser issituated on top of crystalizer to condense
effluent vapors. The process of crystallizationisused
basi cadly to separate minerd sfromtheir water solution,
asthesolution reaches saturation state. Crystalization
isoneof the pristineunit processes.

Methods

Whenthesalinity percentage of brackishwater in
blender reachesto 20%, the brineisdrained and blender
isrefilledwithsdt and water. Effluent liquor from blender
asfeed of crystallizer ispumped to heat exchanger and
crystdlizer, consequently. Thedreulaion of liquorisdone
from the bottom of the crystallizer through the tubes of
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thevertica heat exchanger and thenisheated and back
into thecrystallizer where evaporation occurs. Surry is
pumped through the tubesto decreasetube scaling or
salting inaFCC when precipitatesareformed during
evaporation. Ultimately, theprocessof crystalizationis
used basically to separate mineralsfrom their water
solution, asthe solution reaches saturation state. Crys-
tallization isone of the pristineunit processes.

RESULTSAND DISCUSSION

Forced circulating crystallizer isone of theenergy
consuming equipmentswhich aremore applicablein
industries. Theamount and size of produced crystals,
theamount of required energy and theamount of cool-
ing water flow rate areimportant in determination of
the processqualification. Theamount of feed flow rate,
operating pressure, operating temperatureand thevalue
of boiling point insidethe crystallizer areconsidered as
effective parametersontheprocessqualification. Study-
ing theperformance of thecrystallizer isadvantageous
infinding the optimum operating conditionsand pre-
dicting the processbehavior. In thissection the experi-
mental resultsof the study are presented. Theinitial
concentration of saltinfeedis0.3 kg/kg.

Coolingwater flow rateof condenser

Constant amount of feed, 50 kg/hr at 27.11 Cis
used toinvestigate theamount of cooling water for the
condenser. An optional double pipe concurrent con-
denser isset to cool theexit steam from thetop of the
crystalizer. Water flowsin the outer pipe of the con-
denser asacoolingfluidat 17 C. Thevapor condensa
tion phenomena, decreasesthe pressureinddethecrys-
tallizer and also decreasesthe boiling point of liquor.
So, theflow rate of coolingwater affectstheamount of
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Figure2: Theamount of produced salt ver sustheamount of
coolingwater
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crystal growth. Figure 2 showstherelation between
thesetwo parameters. Thefraction of the amount of
cooling water flow rateto theamount of crystalsisbe-
tween 2.310 3.1, approximately.

Ontheother hand, the condensate can be consid-
ered asthedigtilled water. In Figure 3 the amounts of
produced distilled water versusthe cooling water flow
rateis shown. Theincreasein theamount of cooling
water inthe condenser about 13 kg/minincreasesthe
amount of condensatefrom 15 kgto 24.8 kg and pro-
ducesthehigher amount of distilled water. Therequired
amount of cooling water dueto theamount of feed can
be known according to the experimental resultsshown
inFigure4. Thisisapplicableindesigning and perfor-
manceevaluation of acrystallizer.
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Figure3: Theamount of ditilled water ver sustheamount of
cooling water
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Figure4: Relation between theamount of feed and theamount

of coolingwater

Feed temperature

Theamount of required energy to maketheliquor
to be saturated is dependant on the feed temperature.
Thelowest amount of consumed energy isobtained at
26.7 C according to the experimentsaccordingto Fig-
ure5. pH of the produced liquor doesn’t change roughly
comparing with the pH of thefeed liquor. However,
changing temperature changesthepH accordingto Fig-
ure6. At the proper 26.7 C of feed temperature the pH
vaueis10.5and 11 for thefeed and the product liquor,

respectively.
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Figure5: Theamount of energy consumption ver susfeed
temperature
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Figure6: pH valuesof feed and product ver susfeed temper a-
ture

Boilingtemperature

Theeffect of boiling temperatureontherate of va
porization is shown in Figure 7. With the constant
amount of feed the higher boiling temperature, produces
lower amount of vapor at each minute. Also, the cream
crysta isproduced at temperatureshigher than 89.2C
andthelower quality isgained. Thebest mode of pro-
ductionisat 85.5 Cwhichwithlower boilingtempera-
ture, higher vaporization rateand whitecrystal ispro-
duced.
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Figure7: Therateof vapor ver susboiling temperature
Operatingpressure

Decreasing the operating pressureinsdethecrys-
tallizer, reducesthewater vapor partia pressureabove
theliquor and hel psthefagter vaporization at lower tem-
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perature. So, thelower amount of energy isrequiredin
heat exchanger to boil up therecycled ligour. Vaccum
pump is used to decrease the inside pressure of the
vessel dueto the stability of vessel. Therelation be-
tween the operating pressure and theamount of energy
consumptionisshownin Fgure8. Theminimum amount
of energy consumed inthe heat exchanger is6.3 kW.h.
at 66 kPaoperating pressure.
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Figure8: Heat exchanger required ener gy ver susoper ating
pressure

Sizeand amount of produced crystal

Thesizeof produced crystal isimportant in deter-
mination of the production quality. At the proper 85.5
C which produceswhite crystal thesize of crystal isin
range of 675- 795 micrometer. Figure showstheeffect
of boiling temperature on the size range of produced
cryda. At thisproper range, the highest amount of crys-
tal isproduced. Thereation between thesizeand the
boiling temperatureisobtainedin Figure9.
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Figure9: Boiling temperatureversuscrystal size
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Figure10: Density of salt crystal versuscrystal size
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Although thevaue of density of produced crystal
doesn’t change with the range of crystal size. This is
indicatedin Figure 10.

Figure 11, showsthe dependency of the produced
salt crystalson the amount of energy consumption by
the heat exchanger.
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Figurell: Energy consumptionreated totheamount of prod-
uct

CONCLUSIONS

Inthisstudy, the operating parameter whichisim-
portant in oneforced circulating crystallizer whichis
equipped with acondenser isconsidered. Resultsare
gpplicableasrulesof key indesigning and optimization
purposes. Relations between the amount of feed,
amount of cooling water, amount of produced crystal,
vaporizationrate, distilledwater, crysta Size, operating
pressure, operating temperature and theamount of en-
ergy consumptionintheheat exchanger areinvestigated
experimentally and reported as graphs. According to
thesurveys, whitesalt crysta swith szegrowth of (675-
795) isproduced at operating temperature of 85.8 C
whenthevaporization rateis0.085 kg/min. Thelowest
va ue of consumed energy isobtained 6.4 kW.h. when
6.3 kg salt isproduced.
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