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ABSTRACT

Inthisexperimental study asuggested pretreatment processfor the effluent
wastewater from the desalination unit of Mobin Petrochemical complex in
south of Iran is considered. The goals of this pretreatment process is
softening the wastewater as much as possible to prepare the feed stream for
salt production units and also the first stage of processes related to zero
discharge desalination (ZDD). The main parameters such as the
effectiveness of three commercial mineral coagulants, Aluminum

Sulfate, Al,(S0,),, Ferric Sulfate, Fe, (SO,) and Ferric Chloride, FeCl 5,

individually in removing of the total hardness, the optimized amounts of
Sodium Carbonate and Sodium Hydroxide and the optimum mixing rate of
the first reactor are surveyed in the laboratory. Main properties of clarified
produced water such astotal hardness, alkalinity and total dissolved solid,
pH, temperature, electrical conductivity, Calcium hardnessand Magnesium
hardness are evaluated in each run. Comparing the results reveals the
optimum values of the main parameters.

© 2014 Trade Sciencelnc. - INDIA

KEYWORDS

Mineral coagulant;
Petrochemical complex;
Sea ecosystem,;
Strategic utility unit;
Total hardness removal;
Wastewater treatment;
ZDD.

INTRODUCTION

Direct drainage of the concentrated brine waste-
water of desalination unitsto sea, could cause salinity
and thermal shocksto aquaenvironment!*4513, But if
the concentrated brinewastewater ispretreated in ba-
sic softening process, it can be used in order to pro-
duction of salt and potable water. During pretreating
process, total hardnesswhichiscaused by Mg?* salts
and C&?* salts, are removed and production of Sodium
Chloride salt becomes possibl€3. Usage of Sodium
Carbonate and Sodium Hydroxideor Ca cium Hydrox-

ideinwastewater, vanishesthetemporary and perma
nent hardnessas Magnesium Hydroxideand Calcium
Carbonate compounds. Theseparticlesaresmall and
timeisneeded for the sedimentation. By using mineral
coagulantsin special conditionstherequiredtimefor
coagulation, flocculation and sedimentati on stepg®8.1Y,
are short enough and d sotheturbidity of theproductis
minimized”%, Determination of theoptimized amounts
of Sodium Carbonate, Sodium Hydroxide, suitable
conditions of the pretreatment process, type and dos-
age of coagulant, haveto be studied and eval uated to
reach thehigher yield and minimizetotal hardness.
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Published papersinthefield of pretreatment pro-
cess of wastewater from adesalination unit arescarce
intheliterature. However there are many papersabout
the performance of coagulantsand polymersintheini-
tid pretrestment of feed water for desalination unitg™.

Tili et al. in 2003 surveyed amateria used to avoid
fouling of membrane. Inthefeed stream of thereverse
osmosis (RO) unit, phosphateinhibitorsare used and
they found that Polyacrylateinhibitor, RP12000, isthe
proper matter to avoid fouling of membrane. Asmen-
tioned by Kweon et d. in 2009, coagul ation and pow-
dered activated carbon adsorption are two options of
the pretreatment microfiltration. Theoptimized dosage
of coagulant isinvestigated by considering thekey pa-
rameters of theraw water. They knew that properties
of raw water aretremendoudy varied with seasonsand
ranfdl. Resultsof their experimentsshowed that add-
ing Polya uminum Chloridewascritica tomaintainhigh
water flux inthemembrane system.

Moreover thereare researches about the best type
of coagulants and coagul ation mechanismsin pretreat-
ment of water(®1® for example Zengaet al. in 2007,
studied the Silicaremoval from theheavy oil wastewa:
ter by coagulants. They used Magnesiumand Zinc com-
pounds comparing with thea uminum andferric salts
and showed that the efficiency of Zincsulfateishigher
than other coagulantsin Silicaremoval thereforethat
produced water used for reboilers.

Beltran et al. investigated the proper coagul ant for
trestment of thetextilewastewater on 2009. Yan et al.
on 2009, studied the efficiency of the enhanced pre-
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treatment processof ground water with high content of

Mg?" by AICl;, FeCl; and Polyaluminum Chloride
(PAC)18., They dedicated that the efficiency of theen-
hanced softening affected severely by the content of
theraw water, for exampl ethe quantity of natural or-
ganic matter (NOM), total hardness of water, dosage
of coagulant and their type. They concluded that PAC
isthe most effective and the produced water hasthe
appropriate pH lower than 10. Wang et al . 2009 sur-
veyed the coagulation performance of theAluminum
salts and the effect of total hardness on this perfor-
mancel®®l, They revealed that the high hardness af -
fectsthe coagulation efficiency and kinetics. In 2010
they studied the effect of ionic strengthin additionto
thetotal hardness on the coagul ation performanceto
vanish humicacid (HA)™ 8. Bruggen et d. in 2009 stud-
Ied the softening process of the potable water before
distribution. They used pellet reactor and Sodium Hy-
droxideto pretreated and reached thewater with low
total hardnesd®. In thispaper the pretrestment process
of wastewater stream exited fromaMED desdination
unit carried out, experimentaly.

Inthisexperimenta study thewastewater of Mobin
petrochemica complex issoftened by Sodium Carbon-
ateand Sodium Hydroxide. Threetypesof usua min-
era coagulantsareinvestigated, named; Ferric Sulfate,
Aluminum Sulfateand Ferric Chloride. Softening pro-
cessisoccurred in three steps; Coagulation, floccula
tion and sedimentation steps. Main items such as effi-
ciency of threetypes of current coagulants, speed of
agitation and appropriate amount of Sodium Carbon-
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ate, theoptimum ratio of Sodium Hydroxideto coagu-
lant and Sodium Carbonate to coagulant areinvesti-
gated. Propertiesof mother wastewater and a so pro-
duced water are evaluated and anayzed in each run.

Practical desalination unit of mobin petrochemi-
cal complex

Mobin petrochemical complex have five MED

practical desalination units. About 1030 0/ _ flow rate
of seawater isfed to each of desalination unit dthough

each unit has designed for 1100 0/  of seawater.

About 28% of the feed is produced as sweet water
and highsdinewater isdrained to theseaasbrinewaste-
water. S0, the total flow rate of brine wastewater is
3700 o/, approximately. Sdlinity of thebrinewaste-

water is 54500 ppm and total hardness is about
50696.3 ppm as CaCO,. Someof specificationsof brine
wastewater arein TABLE 1.

TABLE 1: Someof specificationsof brinewastewater

Composition Unit Brineoutlet line
Cat+ ppm as CaCO3 14616.3
Mg++ ppm as CaCO3 36080
Total hardness ppm as CaCO3 50696.3
Fet+ ppm Trace
Bat+ ppm Trace
SO, -- gl 5.25
HCO; - gl 0.185
Salinity ppm 54500
Silica ppm 0.1
Specific Gravity at 15¢ 1.04
pH 8.2
Viscosity (Kinematic) mm2/s 0.7
TSS gl Trace
Total Dissolved Solids g/l 63.8
Conductivity ms/cm 77100

EXPERIMENTAL

Experimental work

The proposed softening processfor wastewater of
desalination unit of Mobin petrochemical complexis
investigated experimentaly inlaboratory scale. Infol-
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lowing, the experimentd gpparatus and the experimen-
tal procedure are described.

Experimental appar atus

Batch softening processisheld intwo pretreatment
reactors. Main bodies of thesereactorsare polyethyl-
ene contai nersand each onewith 8literscapacity. Both
of them are equipped by an agitator and connected in
seriesthrough 1.5inchesPV Ctube. Thefirst reactor is
about 40 cm higher than the second one, so the outl et
stream of thefirst reactor isdrained to the second one
by gravitationd force, eadly. Eachreactor canbedrained
through aPV C globevavesand onePVC valve, in-
stalled between them, isto control theflow rate. Length
of mixer isabout 40 cm and ismadefrom high corro-
sonresgancestanlesssted rod; thecrossshapeblades
haveright angleto horizontal sothat it mixesthe coagu-
lants, Sodium Carbonate and Sodium Hydroxidewith
wastewater. The speed of mixer inthefirst reactor is
more than the speed in the second one. The speedis
changed from 50, 70, 90,120, 140, 160, 180 and to
200 rpmfor 2 minutes and the slow speed of mixerin
the second reactor is50 rpm for 8 minutes. Tempera-
tures of thefirst and second reactor are measured by
thermometer. Thesetwo reactorsare fixed and set up
inonetable. Figure 2 showsaschematic of thisexperi-
mental set up.

Experimental procedure

Asmentioned before, total hardnessremoval isa
function of variousfactorssuch asspeed of mixer inthe
first reactor, the amount of Sodium Carbonate, The
amount of Sodium Hydroxide and theamount of co-
agulant. So experimentsare carried out dueto finding
theoptimum valuesof thesefactors.

4000 cc of wastewater of MED desalination unit
of Mobin petrochemical complex isexaminedineach
test. pH, temperature, TDS, TH, TSSand adkalinity of
thesamplearemeasured. The concentrationsof al so-
lutionswhichareused in experimentsare 10 gr /it .

Asfirst step, the amount of coagulant isinjected
into the sampleand then pH and temperature measured
again. pH, alkalinity and TDS arethreeimportant fac-
torsin coagulation process. Sinceother ionsexist rather
than M@? and C&?* and TDS of wastewater ishigh so
the coagulant isadded. Thissampleisfedinthefirst
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reactor and mixer starts, and then Sodium Carbonate
and Sodium Hydroxideareinserted. Inthiscoagulation
step no soluble compounds of M@ and Ca* are
formed and s multaneously complex by coagulant. Af-
ter 2 minutes, the valve 2 is opened and water with
particlesflowsto the second reactor. Inthe second re-
actor the speed of mixer is50 rpm for 8 minutesand
after that, themixer turnsoff and thereactor isdrained
in abeaker. After 45 minutes sedimentation time, ex-
perimentsarecarried out for measuringAlkdinity ca+,
hardness, TDS, EC, pH, temperatureand TH on clari-
fied water taken by Burette. Comparing the results of
TH in experiments, the appropriate speed, type and
amount of coagulant, amount of Sodium Carbonateand
appropriateratio of Sodium Hydroxide and Sodium
carbonate areinvestigated.

RESULTSAND DISCUSSION

Mixingrateof first reactor

Operating conditions of thetwo pretreatment re-
actors areeffective on the coagul ant performance. One
of theseimportancesistherateof mixer inthe coagula-
tion step andinthefirst reactor.

Inthisstep, coagulant iscombined with sediments
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which areremoved from water, so the appropriate mix-
ing rateisthe most important parametersfor proper
collison. Inthisstudy, themixingrateof first reactor is
investigated for each coagulant with thefix dosage of
Sodium Carbonate and Sodium Hydroxide.
Experimental datafor tota hardnessversusmixing
rate of thefirst reactor are shown in Figures 3. The
resultsindicatethat about 70 rpmisthebest mixingrate
for thefirst pretrestment reactor and thetotal hardness
reachesto thelowest amount. Also the Cal cium hard-
nessismeasuredinthisresearch and thetrendsof varia-
tion of Calcium hardnessfor each coagulant are shown
in Figure4. 450 cc of Sodium Carbonate, 600 cc So-
dium Hydroxide and 150 cc of each coagulant areused
inexperimentswhichtheeffect of thegoeed of agitation
and thetype of coagul ant are determined. Moreover,
residencetimefor first reactor is2 minutesandinthe
second reactor is8 minutesinall experiments.
InFigure3- b, when Al,(S0,), isused as coagu-
lant, It seemsthat inlow speeds, power of mixingisnot
enough to maketherequired fluctuation for suitable
collision betweenions, sotheamount of total hardness
ishigher than 550 ppm as CaCO, . By increasing the
speed of themixer to 70 rpm, theamount of total hard-
ness decreases to about 460 ppm asCaCO,. But in
higher rangesof speed of mixer, turbulencesavoid form-
ing of complexesso total hardnessincreasesagain.
Accordingto Figure 3-b it can be concluded that a
vaueof thetotal hardnessof dlarified waterisminimum
whenthemixing rateof theagitator is70 rpminthefirst
reactor. The effect of agitation in thefirst reactor on
vaueof Cacium hardnessisshowninFigure4. Con-
Sdering thetrend of va uesof Cacium hardnessversus

mixing rateinfirst reactor for Al,(S0,)5, 70rpmisthe

best speed for proper interactionsand collisonsforions
to sediment Calcium carbonate. Beforethisspeed, the

Cal cium hardnessisabout 306 ppm as CaCO;, in 70
rpm the amount is decreased to about 225 ppm as
CaCO, andin higher agitator speed, the Calcium hard-
nessincreasesto about 270 ppm as CaCO, . Although

thedifference between minimum and maximum of val-
ues of Calcium hardness is about 81 ppm as

CaCO, however thepurpose of thisresearchisfinding
the optimum speed of theagitator inthefirst reactor, so
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70rpmisthebest. Accordingto Figure4, when FeCl;is
used asacoagul ant, the minimum amount of Calcium
hardness is reached in 70 rpm. Difference between
Cacium hardnessin 90 rpmand 70 rpmissensible but
increasing of Calcium hardnessin speedshigher than
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90 rpmismoderately. Also 70 rpmisthe best mixing
rateinthefirst reactor when Fe, (S0,),isused.

Figure 3-a, alsoindicatesthat using the FeCl, as
mineral coagulant, thetotal hardnessin 70 and 90 rpm
arethe same approximately but thetotal hardness of
theclarifiedwater in 70rpmisless.

Furthermorethevalue of Calcium hardnessin 70
rpmisless, so thiscan be concluded that the optimum
speed of agitator to vanishthe Caciumionsis 70 rpm.

Thetrend of changes of thetotal hardnessinthe
speedshigher than 70 rpm, isdemonstrated in Figure
3. Amount of sedimentation in speedslower than 70
rpm isless than oneswhich are measured in speeds
higher than 70 rpm.

In Figure 3-c, thevalue of total hardnessismini-

mum by usngthe Fe, (S0,), asaminera coagulant, in
70 rpm and about 453 ppm as CaCO, . The slope of
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curveinFigure 3 (a, b, ¢) ispositive at mixing rates
higher than 70 rpm, infirst reactor. The collision be-
tween particlesand attraction between them aretwo
magjor factorswhich affect the quality of coagulation
andflocculation, 70 rpm providesthebest collisonand
attraction between particles.

Differ ent amountsof sodium car bonate

Permanent hardnessof theraw water ishigher than
temporary hardness. Sodium Carbonateisused for re-
moving permanent Cal cium hardness, thereforethe ap-
propriate amount of Sodium Carbonate isone of the
ma or factorsin efficiency of softening process. There-
foreamount of Sodium Carbonateisinvestigated ex-
perimentally inthisresearch. Indl related experiments,
150 cc of each coagulants and 600 cc of Sodium Hy-
droxideareused by the optimum mixingrateinthefirst
reactor for 2 minutesand 50 rpm in the second reactor
with8 minutesresidencetime.

Figure5, showsthe performance of threetypes of
coagulantsregardto removing of tota hardnessinvari-
ousamountsof Sodium Carbonate. Although the per-

formanceefficiency of FeCl; islower than Fe,(S0,),
and Al,(S0,), intotd hardnessremovd. Thisisreveded
that total hardnessremoval by Fe, (S0,),, iIsmoreeffi-
cienttill theamount of Sodium Carbonate becomesnear
1500 cc. Using Al (S0,); asamineral coagulant, is
suitablefor vaues of Sodium Carbonate higher than
1500 cc. Maximum softeningfor Fe,(S0,), is0.9911

which can bereached by using 450 cc of Sodium Car-
bonate however at the same conditionsamount of total
hardness removal is0.991058 and 0.991 by using

Al,(S0,); and FeCl,, respectively. Also the peak of
curvefor Al,(S0,),; i50.9985 by using 2900 cc of

Sodium Carbonate. It showsthat by adding 2450 cc
more Sodium Carbonate thetotal hardnessremoval
increasesjust about 0.74%. Thereforeitisclear that
reaching thisvalue of softeningisnot cost beneficial.

Although the charge density of Al,(s0,), and
Fe,(S0,);areequa but sincethe molecular weight of
Fe,(S0,) ishigher, so thetendency of inremoving
total hardnessishigher than the other. The molecular
weight and chargedensity of FeCl;isthelowest oneso
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thiscannot be the suitable coagulant. Equations 1, 2
and 3 show thereactionsre ated to the coagul ation step.

Al,(S0O,),+3Ca(HCO,),

© 2AI(OH), +3CaS0, +6CO, (1)
Fe,(SO,),+3Ca(HCO,),
© 2Fe(OH), +3CaS0, +6CO, @

FeCl, +3,Ca(HCO,),
© Fe(OH), + 3/ CaCl, +3CO, ®)

pH isanimportant factor to control coagulation pro-
cess. InFigure6theamountsof pH of clarifiedwater in
each test areshown for threetypesof coagulants. Ex-
perimentsshow that by using Sodium Carbonate more
than 1000 cc, the trend of changes of pH valuesfor
three coagulantsaresmilar approximeately.

NaOH 0600cc

Na2CO3 300350450

500, 1000.1500,2000, 2900, 3630.4100
Muang rate of the first reactor= 70 mpm
Mpang rate of the second reactor= 50 1pm

—— Al2(504)3 150 cC
—a— —FeCl3 150 cc
—te =Fe2(504)3 150 cc

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Amount of Sodium Carbonate {cc)
Figure6: Variationsof pH of clarified water dueto amount of
sodium car bonatefor three coagulants

Electrical conductivity

Oneof theother important factorsmeasurediinthis
study iseectricd conductivity of theclarified water. This
factor can be anindicator for performance evaluation
of coagulantsintota hardnessremoval. InFigure7a, b
and ¢, the performance of threetypes of coagul ants by
different amounts of Sodium Carbonateisshownin
termsof electrical conductivity. Thisisconcluded that
thedectrica conductivity isat minimumwhentheratio
of Sodium Carbonate over coagulant is3. Moreover, it
can be concluded that inlow amounts of Sodium Car-
bonate bel ow 2900 cc, dectrical conductivity (EC) of
clarified water decreased comparing thevaueof EC
for mother wastewater. However in amounts 2900,
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3630 and 4000 cc of Sodium Carbonatethe vauesof
EC increase, even morethan EC of mother wastewa-
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Thereisarelation between total hardness of the
clarified water and electrical conductivity, sofor three
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coagulantsin different amountsof Sodium Carbonate,
Figures8, a, b and c aredrawn. Figure 8-ashowsthat
when Al,(S0,), isused asamineral coagulant, both
total hardnessand electrical conductivity areat mini-
mum when 450 cc Sodium Carbonate is used, and
then this indicates the best

fraction Na,CO, / Al (S04), = 3Als0, Figure8-c shows
thetrend of electrical conductivity versustotal hard-

nesswhenthe coagulantisFeCl,.

Electrical conductivity isfrom 65000 to 67000.
However EC and TH havesengibleincreaseinamounts
of Sodium Carbonate morethan 2000 cc. Comparing
resultsin Fgure8 shows, by using 450 cc Sodium Car-
bonate and 150 cc of each coagulant, theEC and TH
areintheminimum quantities.

Variousfractionsof sodium carbonateand sodium
hydroxide

One of theimportant parametersin coagulation
processisminimum amount of coagulant. Thisparam-
eter hasmoreeffectivenessparticularly whilethe effi-
ciency of softening process is dependent on the
amounts of Sodium Carbonate and Sodium Hydrox-
ide. Thereforethisis concluded that finding the ap-
propriate amounts of Sodium Carbonate and Sodium
Hydroxideis possible cons dering theamounts of co-
agulant, fractionally. According to this concept, four
fractionsisinvestigated for each mineral coagulant,

Al,(S0,),, FeCl; andFe,(S0,), .Resultsabout appro-
priatefractionsfor Al,(SO,); areshowninFigure 10
and indicate that Na,CO;/Al,(S04),=3 and

NaOH / Al,(S0,), = 4 achievethebest total hardness
removal.

It seemsthat the effectiveness of Sodium Carbon-
ate, Sodium Hydroxideand each coagulant in remov-
ing hardness of Mobin water, dependson theratio of
Sodium Carbonateto coagul antsand also theratio of
Sodium Hydroxideto each coagulant. Sinceoneof the
main purposesinal pretrestment processesisthelimit
of appropriate amount of coagulant, so the mentioned
fractionsareassumed according to theoptimum amount
of coagulant. Inthisstudy thelimit optimum amount of
each coagulant isassumed 150 ccin each test. Experi-
ments are done to study about the appropriate frac-

Farshad Farahbod et al.
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Before sedimentation step (a)

After sedimentation step (c)
Figure 9 : Samples of wastewater with three mineral
coagulants(a, b, ¢) (mixingrateof 70rpmin thefirst reactor
and fraction of Sodium Car bonateand Sodium Hydr oxide per
coagulant is3and 4 respectively)
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Figure- 10. Effect of fractionsof Na,CO5/ Al,(S04)5 and

NaOH / Al,, (SO, )5 on thetotal har dnessof theclarified wa-
ter
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Figure 11 : Effect of fractionsof Na,CO,/FeCl; and

NaOH / FeCl, onthetotal hardnessof theclarified water.
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Figure12: Effect of fractionsof Na,CO;/Fe,(S0,); and

NaOH / Fe,(S0,), on thetotal hardness of the clarified
water
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Figure 13 : Comparison between the effectivenessof three
coagulants with the appropriate fractions of

Na,CO, / Coagulant and

Na,CO,

. NaOH i
tionsof Coagulant and %:oagul ant Which

theresultsaredemonstrated in Figures 10, 11, 12, and
13. Samplesof wastewater before and after sedimen-
tation step areshown in Figure9 (a, band c) for three
minerd coagulantsby mixingrateof 70 rpminthefirst
reactor and fraction of Sodium Carbonate and Sodium
Hydroxide per coagulant is 3 and 4 respectively.

CONCLUSIONS

A pretreatment processis suggested for softening of
brine waste water of Mobin petrochemical complex.
Currently direct drainage of the wastewater of desdli-
nation units to sea could cause salinity and thermal
shocksto seaecosystem. The purpose of thispretresat-
ment processis softening the wastewater asmuch as
possibleto preparethefeed stream for salt production
factories. Thissuggested pretreatment processcan be
thefirst stage of processesrelatedto ZDD processes.
Performance of threetypesof commercid coagulants,
Aluminum Sulfate, Al,(S0,),.14H,0 , Ferric Chloride,
and Ferric Sulfate, , areconsidered. There-
Fe,(S04)3

forevariationsof total hardnessof clarified water with
different mixing ratesof first tank reactor and with vari-
ousfractionsof Sodium Carbonate and Sodium Hy-
droxidefor each coagulant are presented separately.
Comparing theresultsthe optimum vauesof themgor
parametersare determined.

Experimentd resultsapprovethat Fe,(SO,), isthebest
minera coagulantinthesameconditionamongtheFeCl,
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and Al(SO,), and this coagulant removes hardness
moreefficiently. Thebest mixing rate speedinthefirst
reactor isobtained as 70 rpm. Moreover thisis sug-
gested that finding the optimum fractions of Sodium
Carbonateto coagul ant and Sodium Hydroxideto co-
agulant ismoreeffectivethan cong deringto theamount
of Sodium Carbonate and Sodium Hydroxideindividu-
aly. Inthisstudy, theappropriatefractionsarefoundto

Na,CO, _ NaOH _
be Coagulant =3 and %Zoagulant =4

Theexperimentsindicatethat by using Fe,(S0,);, the
percentage of total hardnessremoval reachesto 99.11
goproximately.
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