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ABSTRACT

The aim of the present study is to investigate the possibility of scale
prevention in the wet processing of calcitic and dolomitic phosphate rock.
The mechanism of scaling is known in many field of engineering by the
name fouling. The term fouling, originally a descriptive expression used in
theoil industry, became established intheliterature to mean any undesirable
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deposit on heat exchange surfaces which increases resistance to heat
transmission. Such deposit is the set down of matter originally present in
the fluid on the wall of flow channels. The work described in this study is
confined to calcium carbonate scaling and the prevention of scaling froma

suspension of phosphate rock.

INTRODUCTION

Calcium carbonateisthe main scale speciesinthe
treatment of phosphaterock in theindustry. The prob-
lem of scaling hasa reedy caused many lossesintheplant
of thetreatment of phosphaterock inAlgeria Theprob-
lem startsat the beginning of thetreatment line. After
crushing and grinding, the phosphateismixed with water
toformapulp. Inthisstagemost of thecdlay iseliminated
fromthe product. Thisoperationiscarried out in atank
having two antagonist movements. After acertain period
of working, thetank becamefouled of calcitescaling,
whichishardly removed. The second placewhich has
the same problem isthewashing plant, wheredl pipe-
linesand tanksarefouled with ca cite depostion.

MECHANISM OF SCALING

Foulingisnot only aproblem in heat transfer sur-
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faces, butisaprobleminal theindustry involving heat
and masstransfer, likeoil refinery, distillation plants,
desdination plants, inthepower generationindustry and
inthe minera sindustry wherethe most and delicate
problem of scaledeposition, causesmany lossesin pro-
ductionandin equipment.

Depending on thefouling mechanism, the deposi-
tion rate can beformulated in anumber of ways. One
of themost common causesof foulingisthecrystdliza
tion of an inverse solubility salt as it described by
Taborek!¥, asit is shown in Figure 1. These curves
exhibit decreasing sol ubility withincreasing tempera-
ture, resulting in theformation of deposit especialy on
heated surfaces.

Classification of fouling

Fouling can assume severa quitedifferent basic
forms, aswell asbe ng effected by anumber of opera-
tional and equipment construction variables. Thevari-
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ousfoulingtypesand theassociated interacting param-
etersaregoverned by specific setsof physic-chemica
relationsand will react differently to operating condi-
tionsand require separate andys sfor predictive meth-
ods. Theclassfication system hasbeenrationaized and
ageneraly accepted scheme is that put forward by
Epstein?, inwhich thefouling categoriesare descrip-
tive of thedominant fouling processes.

' Inverse
Solubility
Region

Temperature

Figurel: Themechanisminvolved inthecrysallization of
inver sesolubility salts

Thefouling processes and factors affecting them
can begrouped asfollows:
e Fouling by sedimentation,
e Fouling by chemical reaction,
e Fouling by coking,
e Foulingbybiologica growth,

Variablesof fouling

Inthefouling processesmany other factorscan have
thelir effects, with respect to types, mechanismsand
characteristic behavior. Taborek!™ reported that where
the existing datashow that afouling resistanceinter-
venesintothe heat transfer design equations, itimplies
animportant economicfactor involving theinteraction
of initial equipment cost, operating cost and periodic
mai ntenance (cleaning) cost. Thefollowing parameters
seem to havethemost important effect.

o flowvdocity,
e surfacetemperature,
o fluidbulk temperature

Effect of surfacematerial and structure

According to Taborek™, thetypes of surface and
materidshaveagreet effect onfoulingrateresultingin:
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1) maerid: possiblecatalytic action and corrosion

2) Surface: roughness, szeand dengty of cavitieswill
affect crystaline nucleation sedimentation and ad-
herencetendency of deposits.

Surface, materia and structure havetheir greatest
effectinfoulinginitiationrather for thecontinued fouling
rocess.

Early modelsof remova considered that particles
at the surfacewere subject to fluid shear forces, which
are capableof removing depositsfrom regions bounded
by weakness planes. Kern and Seaton’®, described a
mode wherethe probability of finding such planesof
weaknessincreaseswith increasing deposit thickness.

Dawson™, described the phenomenon of scaling
of calcium carbonate from water dependent upon the
temperature and concentration of foreignions (Cl-,
Mg, SO, ). Thenucleationinthebulk solution starts
when super saturation reachesahigher level, thanona
heated surface.

Theoretical consider ation of scaling

To most peopl e the phenomenon of local change
phase when asuperheated, super cooled or supersatu-
rated liquidisbrought into contact with asolid surface
isafamiliar occurrence. Thisphenomenonislessun-
derstood in relation to theinfluence of thewater chem-
istry and themicrostructure of thesurface. Chandler®™,
described thissubject asoneof great industrial impor-
tance, particularly whenthe surfaceitself causesthelo-
cal superheating, super cooling or super saturation, as
happenswith dl heet transfer surfaces, which bail, con-
dense, freezeor crystallizeafluid. At thisstage, this
change of phaseisamgor troubleand it ismore suit-
ableif ittakesplacesinthebulk of thefluid than at the
surface. Our work islimited to the study of theforma-
tion of asolid crystaline phasein contact with asuper-
saturated solution (CaCQ,) at equilibriumwith asus-
pension of phosphate rock on aheated surface.

Calcium carbonateprecipitation

The precipitation of asalt can occur only if the so-
lution issupersaturated. Such astate can be obtained
by evaporation which resultsin aconcentration change.
Alternatively asthesolubility of sdtsistemperatureand
pressure dependent, the super saturation can occur due
toachangeinoneor both of thesevariables. The solu-
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bility of most of thealkali carbonates and sulfates of
metal s decreases with increasing temperature, such as
calcium carbonate (CaCQ,), magnesium carbonate
(MgCO,) and cacium sulfate (CaSO,). The present
work isdedling mainly with theprecipitation of calcium
carbonate.

Solubility of calcium carbonate

The solubility of calcium carbonate in water de-
pends upon the presence of CO,,, whose concentration
isafunction of temperature and pressure of CO, at
equilibriumwithwater. Troup et dl1® described thetem-
peraturesolubility relationship of calcium carbonatein
water asshownin Figure 217,
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solubility in water

Inthecaseof cacium carbonate, chemical reaction
hasastronginfluenceon scaingin additionto the effect
of inversesolubility.

Crystal nucleation and kinetic

Crystallization takes placein two distinct stages,
theformation of thecrystal nucleusfromthefluid me-
dium and thegrowth of the nucleusin that medium.

Thefirst essential conditionto theformation of a
crystal from any molecularly disperse system, whether
apure liquid or vapor or asaturated solution, isthe
super saturation of the system with respect to the com-
ponent subjectedto crystallization.

Crystallization cannot occur spontaneoudly until a
sufficient degreeof super saturation hasbeen attained
ableto overcomethe tendency of the smallest aggre-
gatesto disintegrateinto molecules. Such crystaliza-
tion may be shown asasuper solubility curve, asinthe
following FHgure3.
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Temperature
Figure3: Solubility and super solubility curves

Crysal growth

Assoon asastablenucle hasbeen formedin su-
persaturated solution, either homogeneoudly or hetero-
geneoudly, the crystal begins the stage of growth.
Gibbg®, described themechanism of crystal growth as
primarily dependent upon the super saturation degree
of the solution. The processesinvolved inthemecha
nism of crystal growth areclassified under three gen-
era headingsare:

(a) Theoriesof surfaceenergy

The surface energy theories are based on the pos-
tulation of Gibbg® gtatingthat theshapeagrowing crystd
Issupposed to have aminimum surface energy, also
suggested that the growth of crystal could be consid-
ered asaspecial caseof thisprinciple.

(b) Theoriesof diffusion

The diffusion theories originated by Noyes and
Whitney!®, and Nernst™, presume that matter is de-
posited continuously on a crystal face at arate pro-
portiona tothedifferencein concentration between the
point of deposit and thebulk of the solution.

Nernst'® suggested that thereisalaminar film of
liquid adjacent to thegrowing crystd face, throughwhich
moleculesof thesolutewould diffuse.

Berthoud™! suggested atheory of diffusion of crys-
ta growth, wherethereweretwo stepsinthemassdepo-
gtion: adiffusonprocess, by whichamoleculesaretrans-
ported from the bulk of thefluid phaseto the solid sur-
face, followed by afirst order reaction when the mol-
eculesarrangethemsalvesintothecrystd lattice.
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(c) Theoriesof adsor ption-layer

The concept of amechanism of crystal growthis
based on the existence of an adsorbed layer of solute
atomsor moleculesonacrysta face.

Development of theapparatus(rig)

Anexperimental rigto study scaling, wasinitialy
conceived by Prof. PA. Young, and Mr. A. Hanuschi*Z,
formerly head of the department of Mining and Miner-
alsEngineering, University of Leeds, to examinethe
possibility of precipitation of calcium carbonatefrom
an agueous suspension of phosphaterock. Therefore,
westarted withasmplerigto carry out the experiment
until at the end wedesigned atest riginwhichwecan
control most of the variableswhich arethought to ef-
fect scaling, such astemperature, flow vel ocity, surface
and particlesize, and to some degreethe pH.

Scaling caused agreat problem inmany different
factories, and one of theseisthefactory of phosphate
inAlgeria(Djebd-Onk). Thefactory isinavery diffi-
cult situation. Thelossinthequality of thefina product
isbecoming more and more serious, dueto poor treat-
ment where all the equipments, e.g. tanks, and pipe-
linesareworkingin haf efficiency, owingto scdede-
posit.

Prepar ation of thesuspension

After crushing and grinding of phosphaterock, the
product isready for calcinationsin alaboratory e ectric
furnace at about 960 to 965°C during one hour. After
cooling of theproduct it ismixed with natural water
(tap water) at aratio 1:3 (v:v), and then thesuspension
isplacedintherig.

EXPERIMENTAL RESULTS

Theprincipleof thisexperiment isto determinethe
effect of temperature on scaleformation.

First conclusion

After these experiments one can say that the sur-
face of the mild steel tubeis corroded and it isvery
hard to removethedeposit. For thestainlesssted tube
the opposite casetakes place: the surfaceisclean and
itiseasy totake off thedeposit. Thedifferenceinthe
propertiesisevident, intermsof thewe ght and color
of the scale. Theweight of thedeposit from the mild
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stedl tubeisstatistically greater than the deposit taken
fromthe stainlessstedl tube. The color of the deposit
fromthemild stedl tubeisred, but for thedeposit from
thestainlesssted tubeisgrey. Therefore, the surface of
theexchanger hasagresat effect on scaling deposition.
In economic point of view, thework carried out aims
mainly at finding asolution to the scaling problem on
thesurface of mild sted tubeasusedin practica instd-
lation.

Au Tudian Yournal



CTAIJ, 9(3) 2014

S.Chouai and P.A.Young 99

10,5
10
95 -

——stee -
8,5 _ steel tube

8 stainless tube

7,5
7 I I I 1 I I

35 37 39 41 43 45 47

Figure7: Effect of temperatureon pH (experiment with feed
2)

LEMIDE PAILPe
(Begree C)

0,5
0,4
0,3 —o—Feed 1
0,2 Feed 2
0,1 —de—Feed 3
0 ————— —

35 37 39 41 43 45 47 ”z‘m

Figure8: Effect of temperature on scale experiment with
mild steel tube

0,45
04 E -
0,35 §
03 :
0,25 == _ —4—Feedl
0,2 7& Feed 2
0,15 -
0,1 —d—Feed 3
0,05
0 1 T T T 1 1
35 37 39 41 43 45 47  lemperalure
(degree )

Figure9: Effect of temperature on scale experiment with
mild steel tube

Scaleprevention

Numerous methodsfor the prevention of scalees-
pecidlyindigtillation processesare known, but arequite
expensive. The choiceof the correct method depends
criticdly on:

1) Thenatureof theraw materialsor water,
2) Theoperating conditionsof the process,

—= Fuyl] Paper

Scd e prevention methods can be grouped into sev-
erd classes:

1) Designof theunit and process so that scale hasno
possibility toform,

2) Removd of scae-forming sdtsbeforedidtillation,

3) Addition of compoundsthat delay scale deposi-
tion,

4) Additionof chemicals,

5) Precipitation of thescalein specid easily cleanable
towers.

Themostimportant factor in scalepreventionisthe
choice of thelowest possible operating temperature,
since super saturationincreaseswith thetemperature.
Unfortunatdy thisoperationmethod usudly requireslarge
equipments. It isnecessary to strikethe correct eco-
nomic bal ance between sca e reduction and operating
cost, on one hand and low capital investment on the
other. These factorsalso depend on thedesign of the
unit and the process operating conditiong ™.

Toreducetheeffect of scaledepositioninthepro-
cess of treatment of phosphate rock wetried several
methods. We haveintroduced deviceintherig of ex-
periment, and also we have added chemical s reagent
or inhibitorsto the suspension.

Experiment with device
Thedeviceusedinthisexperimentiscaled Col-

loid-A-Tron or (CAT. Theresultsof theexperiment are
displayed below.
Concluson
After three consecutive experimentswith different
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Figure10: Effect of CAT on scalingwith variation of tem-
perature
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feed, we have obtained the result which was greater
than therate of scal e obtained inthe experiment with-
out adeviceor inhibitor.

Scalewith the presenceof inhibitor
The other method used to prevent scadedeposition
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isthe addition of inhibitor or chemical reagent to the
solution or suspension. The addition of inhibitor isap-
plied to many fields of water trestment and in the oil
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industry. Inthiswork wetry to apply this method to
prevent ascale nucleation or to prevent the growth of
nucle inthe suspension of phosphate rock.

Theseanti-scaing arecommonly polyacrylatetype
products. These chemicalsreagentswere supplied to
ushby theAllied Colloids Company, and under proper
conditions.

Theseanti-scaing supplied by Allied ColloidsCom-
pany areinto different groups, which are:
- Group 1-Acidforms,
- Group 2- Copolymerswith polyacrylate

Inagroup 1 we havetwo typesof inhibitors, which
ae
- AntiprexA
- Antiprex 461

Andin thesecond group a so we havetwo types of
inhibitors, whichare:
- DP9 2160
- DP92162

The chemical reagent received from the company
is 40 % active for the group of copolymers with
polyacrylate, and for the group of acid formais45 %
active, but for theuseof suchinhibitor it isrecommended
that it should beat 1 % active, secondly it must bea
fresh solution for each day or for each run.

Resultsof the experiment aredisplayedinthefol-
lowingfigures

After these experimentswith the presenceof in-
hibitors at the dosage of 20 ppm, we have found the
best result iswith the chemical reagent Antiprex 461,
thanwehavecarried out the experiment with theinhibi-
tors but at different dosage for each reagent form 5
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ppm until 50ppm. Also in these experiments the best
resultsiswiththeAntiprex 461.

Hereareshown theeffect of inhibitor Antiprex 461
with different dosages.

CONCLUSION

Thissiudy describesaninvestigationintothemecha:
nismsof scaling and scaling preventioninthewet pro-
ng of ca citic and dolomitic phosphaterock. Scale
has already caused so many losses in the factory of
treatment of phosphaterock at Djebel-Onk (Algeria).

Scaeisadepost of mineralswhichformson solid
surfacesof industrial equipment. Thepresenceof scae
leadsinvariably to operating difficultiesand/or loss of
efficdency.

The composition of scale dependson theraw ma:
teria or water composition and operating conditions.
Scale usually containsthe following chemical com-
pounds; magnesium oxide, cacium carbonate, and cal-
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cium sulfate. Theformation of scale can occur where
thesolubility limitsof these compounds are exceeded.

After severd experimentswehavefoundtheweight
of scale increases with increase in temperature, the
weight of scalewasbetween (0.14—0.4gm). The weight
of scaletakenfrom amild steel tubewas greater than
theweight of thescaetaken from astainlesssted! tube.
Thesurface of thetube (mild sted tube) wascompletely
covered with corrosion, and it was very clear on the
color of thedeposit. Thedeposit taken from mild stedl
tubewasred, and the onefrom stainlesssted tubewas
arey.

Finally, we havelooked at two different methods
to solvethe problem or to decrease his effect on the
industry.

Thefirg method wastheingtdlation of devicecdled
Colloid-A-Tron (CAT), beforethetest sectionin the
rig, and the other entirefactor are kept constant.

Theweight of scaleinrunwasover rangeof 0.23—
0.8 gm, and the surface of the tubewas absol utely cor-
roded.

The second method employed inthisinvestigation
wastheaddition of chemicasreagents. Inthiswork we
have used two typesof chemicas, whichareacidforms,
and copolymerswith polyacrylate.

In the first group we have two reagents;
ANTIPREX A, and ANTIPREX 461, in the second
group we have DP9 2160, and DP9 2162.

In the beginning we have determined which of these
inhibitorshasthemost effect on scal e deposition, then
wetakenthereagentsANTIPREX 461, and DP9 2160
becausetheir effect was considerably efficient than the
others. However, we started to determinethe optimum
dosagefor theprevention of scaling. Thedosage of the
two reagentswasover arange of 10— 50 ppm.

After theaddition of antiscaantsto thesuspension
therewas an effect on scale deposition, theweight of
scale deposition was decreased, and the surface of the
tube become clean. The operation to take off the de-
posit from thetube becomesalso easy.

The optimum dosage in thiswork for the reagent
ANTIPREX 461 was 20 ppm, and for the reagent DP9
2160 was 10 ppm.

Themechanism of preventing scaenucleationand/
or crystal growth hasbeenreachedinthisinvestigation
by theaddition of antiscaants.

Theinhibiting action hasbeeninterpretedinterms
of the adsorption of theadditivemoleculesonthegrow-
ing agglomerate (nuclel) preventing further growth and
thereby promotingitsnet dissolution.
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