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ABSTRACT

Theformation of calcium carbonate and cal cium sul phate scalesin cooling
water was mitigated by adding poly(mal ei canhydride-co-methacrylic acid)
polymer. Maleic anhydride- methacrylic acid copolymer (Man-MAA) was
synthesized by adopting bulk polymerization procedure. The synthesized
Man-MAA copolymer was characterized through Ultraviolet-visible (Uv-
visible) spectroscopy and Fourier transformation Infrared (FTIR) spectros-
copy methods. The viscosity of the polymer was only 1.1CPS, which is
more responsible for the antiscaling property of the polymers. Antiscaling
performance of thispolymer was eval uated by performing chemical screeing
test, constant potential electrolysis and electrochemical impedance tech-
nigues. The addition of Man-MAA polymer isnot altered the crystal struc-
ture of the either CaCO, or CaSO, crystals, it affectsonly the crystal growth
and thus much reduced size was the result, which is evident from the SEM
and XRD results. The Man-MAA polymer has offered very good antiscaling
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property in both of the brines. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Oftenindustrid plantsor domestic equipments suf-
fer fromtechnica or commercid problemsdueto ca-
careous scd edepositsfrom water sources*2. Itisfound
that cddum carbonate scaleto beapredominant foulant
of heat transfer surfaces. Normdly, thescalesarefound
to consist of primarily carbonates, sul phates, hydrox-
ides, phosphatesand silicates of alkaline earth metals
particularly cal cium and magnesium. The problem of
scdeformationisintendfied at higher temperaturesbe-
cause of thereversa of temperature-solubility charac-

teristics of thesemineralsin waterl®. The characteris-
ticsof the scaleformed depend on anumber of param-
eters, induding theconcentrationsof | atticeformingions,
theamount of dissolved and suspended solids, the pH
and flow propertiesof the solution, therate of evapo-
ration and the operating temperature, and pressure of
thesystem. Scalefacilitatesthe corrosion of metal sur-
faces, restrictsfluid flow, and reducesthe quantity of
heat transferred acrossthe metal fluid boundary. Asa
consequencethescalingisamajor operationa prob-
lem, and the heat exchanger units haveto be cleaned
fromtimetotimeby chemica and/ or mechanicd means
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to maintainthe optimum output. Thisinvariably addsto
operation cost¥. Many of the naturaly occurring poly-
mershavebeentried ascrysta modifiersand dispers-
antsof microcrystalites®®. However, many of themare
found to oxidize at high temperatures. Morerecently,
substoi chiometric compoundsof syntheticwater soluble
low molecular weight polymers and co-polymersthat
arethermally stableand provide antiscaling properties
have been widely employed in the protection of heat
exchanger surfaces!”%. Antiscalants such as
phosphonate family (Permatreat 191) and polymers
whicharesuperior crystal modifiers (Focon 100) have
been studied extensively for their field applicability!Y.
Commercidly availableantiscdantsefficiency wasas-
sessed for their real field applications in different
plantg*?13, The effect of poly(ethylene glycol) and
poly(propyleneglycol) based polymersonthecacium
carbonate scales have been reported. Acrylonitrile
copolymer of Acrylic acid and Methacrylic acid have
been tried asantiscalant for cooling water treatment!*,
Theantiscdant effectivenessinretardingtheminera sat
(Gypsum) havebeen tried through dud useof turbidity
and cal cium potential measurement(¢. In the present
work one such copolymer namely maleic anhydride-
methacrylic acid hasbeen tried asan antiscalant for the
scaeof cacium carbonate and cal cium sulphatebrines.

EXPERIMENTAL

Polymer synthesisand characterization

Polymerization of 1,2 disubstituted ethylenesisvery
difficult!*” dueto thelow reactivity of monomersto-
wards propagating polymer radical expecialy because
of the steric hinderance of substituentsat 1,2 position
of the double bond. However, it undergoes copoly-
merization easily with vinyl monomers. Maeic anhy-
dride-methacrylic acid copolymer was synthesized at
70°C with a reaction time of an hour. Hydrogen perox-
idewasused astheinitiator. After polymerization, the
pendant acid groupswere neutraized, and precipitated
fromethyl dcohol. Thesynthes zed Man-MAA copoly-
mer was characterized through Uv-visibleand FT-IR
spectrometric technigques using Schimadzu UV, PC-
2401, Uv-visible spectrophotometer and PERKIN
ELMER FT-IR spectrometer, Paragon model 500.

Woateriolsy Science  mmm——

Evaluation of antiscalant
1. Chemical screeningtest

Theca cium carbonateand cal cium sulphatebrines
were prepared as per NA CE standard procedure!*819,
Inthe case of carbonate brinethe effective concentra-
tion of Ca?* taken was to be 300ppm and it was
2000ppm in the case of sulphate brine. 100ml of the
test solutionwastakenin different stopper airtight glass
cellsaongwith varying concentration of scaeinhibitor
(1-20ppm). A blank solution (without any inhibitor ad-
dition) wasalso prepared. Thetest cellswere capped
tightly and kept in aconstant temperature water bath
for 6 hoursdigestion and 12 hoursalowed for settling.
After thetest period, the cellswere cooled and thecal -
ciumion concentration retained in each solution (Tota
hardness) wasdetermined by EDTA titration. Thetest
was carried out at different temperatures 50-80°C and
at various pHs (7.0-8.5) with astep value of 5°C and

0.5 pH respectively.
2. Constant potential electrolysis

Electrochemicd test wascarriedout usng Versasat-
[1. A threeelectrode cell assembly wasused for carry-
ing out thetests. A platinum foil of arealx1 cm?was
used astheworking electrode. Counter el ectrodewas
adsoaplatinumfoil of nearly doublethe areaasthat of
theworking electrode. A saturated calomel electrode
(SCE) wasused asthereferenced ectrode through out
thestudy. Thetest solution wasthedilute brine solution
as prepared for chemical screening tests containing
300ppm of cal cium carbonate brine hardness. Various
polymer dosagelevels (1-20ppm) were added to the
test solution. The pH was maintained at 8.0 and the
experiment wasrun at room temperature. A constant
potential of -1.2V Vs SCE wasapplied tothetest elec-
trode?°2 and the changein current density vaueswere
followed with timefor 30 minutes. After each experi-
ment theworking el ectrode was cleaned with funning
nitric acid and rinsed with doubledistilled water.

3.A.Cimpedancetechnique

A threeelectrode cell assembly used for theim-
pedance measurementswas the same asthat used for
thecongtant potentid dectrolyss. Theimpedance mea:
surementswere carried out using EG & G PAR modd
398 Electrochemical impedance spectrometer inthe
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frequency range of 100kH-100mHz,. A condition po-
tential of -1.2V Vs SCE was applied for 30 minutes
before carrying out theexperimentsfor maintaining the
scaling conditionsin thecaseof carbonate brines. This
electrochemica deposition method providescontrolled
and reproducible deposition of calcium carbonate each
time?-23, After completion of the scaleformation the
impedance measurementswere carried out.

4. Surfaceexamination techniques

The morphological changes in the CaSO, and
CaCO, crystd structurewithMan-MAA copolymer were
examined through SEM and XRD surfaceexamination
techniques. SEM photographsweretaken by JOEL JSM
840A scanning microscope and JOEL 8030 X-ray
diffractometer wasused to takethe XRD spectra

RESULTSAND DISCUSSION

Characterization

Themolecular weight of the polymer was assessed
through viscosity measurement by Efflex viscometer.
Theviscosity for water is1.0 cpsand for Man-MAA
polymer was 1.1cpsonly. Viscosity being theindex of
the molecular weight indi cates the synthesized Man-
MAA polymer molecular weight was|ow.

UV-visible spectraweretaken for homo and co-
polymers. Thespectrahelp to identify theformation of
copolymer digtinct fromthehomopolymer. Theexpected
structure of syntheszed Man—MAA copolymer is

Man-MAA polymer structure
The Uv-vig ble spectrataken for maleic anhydride-
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Figure 1: Uv-visiblespectra of poly(methacrylicacid) (A)
and M an-M AA copolymer (B)
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Figure2: FT-1R spectrum of M an-M AA copolymer

methacrylic acid copolymer and polymethacrylic acid
giveninfigure 1. The copolymer givesabsorption pesk
at 318nm that correspondsto C=0 present inthe an-
hydride group, and apeak at 223.5nm correspondsto
C=0 of thecarbonyl group of the carboxylic acid?,
Figure2isthe FT-IR spectrum of Man-MAA copoly-
mer. The peak at 1585cm? is assigned for COO
dretching vibration presentinvinyl unit. Absorption pesk
at 1780cmtisfor C=0 dretching vibrationinfivemem-
bered cyclic anhydride. The CH, scissoring deforma-
tion vibration peak appearsat 1401cm 2429,

Chemical screeningtest

Theantiscaling efficiency of the polymer towards
calcium carbonate scal einhibition was determined by
chemical screening method and €l ectrochemical tech-
niques. Theefficiency of Man-MAA polymer oninhib-
iting cal cium sul phate sca eformation wasfound only
by chemical screeningtest asthe e ectrochemical con-
ditionsdo not stimulate any sul phate scaleformation.
Theantiscaling efficiency of the polymer at different
dosage level was determined using NA CE standard
procedure and the results are presented both for car-
bonate and sulphate scales at different pH and tem-
peraturesin TABLE 1 and 2 respectively. It isobserved
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TABLE 1: Antiscaling efficiency of M an-M AA copolymer on
calcium car bonate scale (300ppm har dness) at different tem-
peraturesand pH’ sthrough chemical screeningtest

TABLE 2: Antiscaling efficiency of M an-M AA copolymer on
calcium sulphatescale (2000ppm har dness) at different tem-
peraturesand pH’ sthrough chemical screening test

S no Temp. Dosage Per centage efficiency 9o Temp. Dosage Per centage efficiency
"7 (°C) level(ppm) pH 7.0 pH 7.5 pH 8.0 pH 8.5 " (°C) level(ppm) pH 7.0 pH 7.5 pH 8.0 pH 8.5
1 Blank - - - - 1 Blank - - - -
2 1 89 85 83 50 2 1 99 94 92 83
3 50 2 95 95 100 60 3 50 2 100 100 100 96
4 5 100 100 100 65 4 5 100 100 100 100
5 10 100 100 100 30 5 10 100 100 100 100
6 20 100 100 100 25 6 20 100 100 100 100
1 Blank - - - - 1 Blank - - - -
2 1 85 7 72 55 2 1 88 85 73 70
3 60 2 96 82 79 61 3 60 2 99 98 97 95
4 5 100 99 96 72 4 5 100 100 100 100
5 10 100 100 100 50 5 10 100 100 100 100
6 20 100 100 100 45 6 20 100 100 100 100
1 Blank - - - - 1 Blank - - - -
2 1 80 78 63 50 2 1 73 71 44 40
3 70 2 95 95 88 78 3 0 2 94 90 82 75
4 5 100 99 95 56 4 5 100 100 100 100
5 10 100 100 99 69 5 10 100 100 100 100
6 20 100 100 100 57 6 20 100 100 100 100
1 Blank - - - - 1 Blank - - - -
2 1 71 65 55 40 2 1 63 55 50 50
3 80 2 83 80 71 37 3 80 2 93 91 83 70
4 5 98 99 82 47 4 5 100 100 100 99
5 10 100 100 89 48 5 10 100 100 100 100
6 20 100 100 93 52 6 20 100 100 100 100

that in the case of carbonate scal easthe concentration
of thepolymer increasestheefficiency increasesinthe
pH range of 7-8. However, the efficiency decreased
withincreasingtemperaturein thelower dosagelevels
upto 5ppm. At higher dosage levels, beyond pH 8.0
theefficiency of thepolymer isfound to decreasegradu-
aly. The same observationsare noted for cal cium sul-
phate scale al so except that at higher pH of 8.5 and
higher dosagelevels, the polymer actseffectively asa
dispersant.

Scale inhibitors function in substoichiometric
amountsisby interferingin the nucleationand/ or the
crystal growth processes. Theinhibitor isadsorbed at
theactivestesof thenucle or microcrystdlinesurfaces,
blocking or restricting further growth. Asaresult, the
onset of crystalization can bedelayed and crystalliza-
tionratesarereduced. Crystal habit and size canaso
be affected and this explainsthemechanism of inhibi-
tion of scaling by the polymer.

Constant potential electrolysis
Accel erated scal edeposition onameta surfacecan

be conveniently carried out by electrochemically de-
positing calcium carbonate from cal cium containing
water by applying suitable potential at which thedis-
solved oxygenisreduced?!. The samephenomenonis
also addressed in cathodically protected metallic sur-
facesin seawater(?226271, The deposition of calcium
carbonateis detected and reported by following the
decrease of oxygen reduction limiting current dueto
the progressive coverage of scaleonthemetal surface
withtime. A characrteristic current-time curve obtained
by polarizing the electrodein 300ppm Ca* ions con-
taining water at thereduction potentia of oxygen (-1.2V
Vs SCE) show two characteristic parts, sudden rapid
decay followed by aslowly decreasing current value
with increasing time, which can beexplained asfol-
| OW§19,22,27—29] .

Thed ectrochemical reduction reaction that usualy
takesplaceonameta surfaceimmersedin neutral me-
diumisthereduction of oxygen,
0,+H,0 +4e — 40H"
and inminor cases, evolution of hydrogen,
2H,0+2e —»20H +H,

Watarioly Science  mmm—
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Theproduction of OH-ionsin either casesresults
inanincreasein pH of the e ectrolyte adjacent to the
metallic electrode surface. Inwater systems, thepH is
controlled by the carbon dioxide equilibrium system,
which canbegivenas,

CO,+H,0-»H,CO,
H,CO,»H*+HCO,
HCO, »>H*+CO>?

In such asystem, production of OH" ionson the
el ectrode surface changestheinorganic equilibriaand
enhancesthebuffering reaction,

OH +HCO, »H,0+CO?
CO,? +Ca**—>CaCo,

The higher concentration of OH- ionsincreasesthe
concentration of CO,* ions, asaresult, theformation
of CaCQ, ispromoted. Thiscal careous deposit block
theactivesurfaceareaavailablefor thee ectrochemica
reaction to take place. Thusincreasing cal careous de-
posit formation decreasestherate of oxygen reduction
by functioning asan insulating layer for oxygen diffu-
sioni®, Inthecharacteristics curve obtained, the sud-
den decay inthe current density may be accounted as
dueto thedepletion of oxygenfor reductionontheeec-
trode surface. The second part, dowly decreasing cur-
rent with timemay be dueto theincreasing coverage of
cal cium carbonate deposit on the el ectrode surface.

For thistypeof current-timecurve, Gabridli et d.[>
have suggested acal cul ation procedureto determine
thetwo parameters, scaling time(t) and residual cur-
rent (1.). Thescalingtime can be defined asthetime
required for thefull coverage of the electrode surface
withinsulating scal €. After thefull coverageof the
el ectrode surface no further oxygen can diffuseacross
the deposit and therefore the cathodic reduction reac-
tionrateislimited, and andmost constant current value
existsthereafter (residual current)®. Thechangein
scalingtimeand residua current inthe presenceof the
Man-MAA polymer at pH 8.0 areshowninfigure3
andinTABLE 3. Thisindicates, withincreasing poly-
mer additionincreasesthel andt valuesthat isthe
polymer restrict the formation of ca careousdeposit on
the surface of the electrode. With the presence of the
polymer additivesthat are capable of inhibiting or re-
tarding or modifying the cal careous deposit formation,
no or lessdeposit formation or delayed deposit forma:
tion or lessadherent deposit results. Asaconsequence,
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Figure3: Current-timecurvefor calcium carbonatebrine
containing 300ppm of Ca? ionswith theaddition of Man-
M AA obtained through constant potential electrolysis(a)
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Figure4: Nyquist plot obtained after CaCO, scalingon
thePt electrodeimmer sed in calcium carbonatebrinecon-
taining 300ppm of Ca?* ions

TABLE 3: Scalingtimeand residual current for calcium car-
bonate scaling (300ppm of har dness) obtained fr om constant
potential electrolysisat pH 8.0 with differ ent dosagelevelsof
Man-MAA polymer

S no Dosage level Residual Scaling
- (ppm) current (pA)  time(Sec)
1 Blank 34.43 662
2 1 62.22 905
3 2 82.48 1206
4 5 108.81 1455
5 10 137.50 1579
6 20 173.90 1742

thescaingtimeand residud current valuesarefoundto
increase.

I mpedance spectr oscopy

Gabrielli et a.[?® haverecorded el ectrochemical
impedance spectraduring scaling processon aplati-
numeectrodeimmersedin caddumionscontaningwater.
Inthe present study, impedance spectrawere recorded
after completeformation of scaleon thesurface of the
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Figureb5: Electr ochemical impedance spectrum for cal-
cium carbonate scale in carbonate brine with different
concentration of Man-M AA copolymer (&) 1ppm, (b) 2ppm,
(c) 5ppm, (d) 10ppm and (€) 20ppm

Figure6: SEM photographsfor calcium car bonatewith
theaddition of Man-M AA copolymer at different magnifi-
cations(a) x 250 (b) x 1,000

Figure7: SEM photographsfor calciumsulphatewith the
addition of Man-M AA copolymer at different magnifica-
tions(a) x 250 (b) x 1,000

Figure 8: (a) SEM photograph for calcium carbonate
crystal; (b) : SEM photograph for calcium sulphatecrysal
(a) x 250 (b) x 1,000

electrodeimmersed in 300ppm of hard water at arep-
resentative pH of 8.0 by impressing-1.2V vs SCE for

Woterioly Stience - mm—

TABLE4:20,dand I/1 jvaluesfor calcium carbonatecrystal
and with theaddition of M an-M AA copolymer

Calcium car bonate with

Calcium car bonate

Man-MAA
20 d 1/lg 20 d 1/lg
32.60 2.744 100 32.30 2.769 100
46.30 1.959 29 46.10 1.967 16
57.30 1.607 15 57.10 1.612 7
67.10 1.394 7 66.80 1.399 9
76.10 1.250 10 75.90 1.253 8

aduration of 30 minutes. Theresultsarepresentedin
figure4. Nyquist plotsfor CaCO, scalewith the addi-
tion of Man-MAA polymer are presented infigure5.
At higher frequency region, semicircle plotswere ob-
tained, whichweretakenfor calculation. TheR vaues
for blank is21000Q/cm?, however, with theaddition of
polymer R values decreased to only 21Q/cmy for
20ppmMan-MAA addition. Theimpedancediagrams
can beattributed to the electron transfer reaction lim-
ited by masstransport on ascaecovered surfaceinthe
caseof control and free surfacein the case of polymer
trested bring**4, Whileincreasing the addition of poly-
mer dosage, the R values are decreased and C , val-
uesareincreased. Thechangeindoublelayer capacity
values are related to dielectric nature of the scale
formed.

Scanning electr on microscope

Theeffect of the polymeric antiscalant on calcium
carbonateand cal cium sul phate scale morphol ogy was
examined through SEM study. The crystal habitsand
modificationsbrought about by Man-MAA copolymer
on CaCO, and CaSO, withdifferent magnificationsare
presented infigures 6-8.

The SEM photograph for the cal cium carbonate
scdeispresentedinfigure8a Cddtecrystdsareformed
inblock like particles of cubic shape?3¥ or asentangled
or elongated rhombohedral >34, Thechangesin crys-
tal morphology of the scale deposited in the presence
of the polymer ispresented in figures6aand 6b. The
distortioninthecrysta morphology of the CaCO, scde
by theMan-MAA isevident. The presenceof thepoly-
mer inthebrine decreased theamount of crystalsformed
onthesurface®!.

SEM photographsfor cal ¢ um sul phatewithout and
with the presenc of the polymer arepresented infigures
8b, 7aand 7b. Under the circumstances, among the
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TABLES: 20,dand I/1  valuesfor calcium sulphatecrystal
and with theaddition of Man-M AA copolymer

Calcium sulphate Calcium carbonate with

Man-MAA
20 d 1/ 20 d /g
11.90 7.431 100 12.00 7.369 23
21.00 4.227 18 21.10 4.207 27
23.70 3.751 40 29.50 3.025 22
29.40 3.035 27 32.10 2.786 100
32.10 2.786 6 33.90 2.642 15
35.70 2513 4 43.80 2.065 11
36.90 2434 10 45.90 1.975 60
41.00 2.199 4 57.00 1614 23
45.70 1.984 6 66.70 1.401 9
48.20 1.886 8 75.70 1.255 18
50.60 1.802 10
57.10 1.612 3
69.00 1.360 2
r - {ﬁﬁ % *Eh'.wﬁ.l nftlem.u
AL\ ™y 43 ke
( C 5 &
o WY
o 1} < L Jrl’"/
j ﬁcmulnuelwuﬁummigwm?
[ —
l’r\ 5 N t (@‘
P L\
Folsmer chain ('{

%
Schemartic representation of Msm of scale inhibition

SCHEME 1: Schematicrepresentation of scaleinhibition
through polymer wrapping

threeformsof CaSO, crystal, the crystal habit corre-
spondstothat of dihydratecrysta. Thesecrystalsare
reported asthintubular cdlsexhibitingmonodinicsym-
metry!%-38, Thetotal CaSO, scale shape (tubular cell)
iscompletely absent in the presence of the polymer.

X-ray diffractometry

Thescales of CaSO, and CaCO, were examined
through XRD studies. The effect of the polymer onthe
scal e structurewas studied and theresulting dataare
giveninTABLES4 and 5. Inthecase of CaCO,scale
the‘d’ and “0” values conform to the structure of cal-
citecrystalsashas been reported earlier, With the
presence of theMan-MAA polymer, thecrystal struc-
ture of the calcite crystal have not been altered, con-
firmed from“d”, ““0” and intensity values, but only the
crysta habit or morphol ogy ischanged asevident from
SEM studies*¥. For calcium sulphate scale, the struc-

= Pyl Paper

ture is proved to be CaSO,. 2H,0? and here also
with the presenceof the polymer only the crystal mor-
phology ischanged and thereisno changeinthecrystal
parameters.

M echanism of scaleinhibition

The mechanism of the scaleinhibitionisthat the
impurities get adsorbed on the growth sites of the nu-
clel, keeping them in the embryo stage and thus pre-
venting their further growth and dispersed them(*Y.
According to Rolfe“2 the additive moleculeswhere
large, areeasily ableto wrap around the nucleus sur-
faceand effectivdy protect themfromany further growth.
Thefollowing schematic diagram representshow the
polymer prevents the scale growth by adsorption
(SCHEME 1).

The adsorbed polymer molecules not easily des-
orbed and act asimmobileimpuritiesonthecrystal sur-
faceandinhibit crysta growth by reducing therate of
step movement (surfacediffusion). The adsorbed poly-
mer increases the electrostatic field around the par-
ticles*d, sothat the doublelayer repulsion would also
contributeto the prevention of coagulation. Thescae
inhibitorsfunction in substoichiometricamountsby in-
terfering inthe neucleation and/or the crystal growth
processthrough adsorption at the active sitesblocking
or restricting further growth®. The process of precipi-
tation inhibition by the polymersmust involveastep of
polymer-nucleus associ ation asthevita step.

CONCLUSION

Thelow molecular wei ght ma el c anhydride-meth-
acrylic acid copolymer isfound to beabest antiscal ant
both for cal cium carbonate and sul phate brines at dos-
agelevd of 5ppm and above. In the case of carbonate
scale, the polymer isfound to act ascoagul ant at higher
dosagelevels(20ppm and above) at higher pH (<8.5).
Theéectrochemical techniques namely constant po-
tentia e ectrolysisand impedance spectroscopic tech-
niques aso reveal thetrend of the chemical screening
test. Thecrystdsformedinthisstudy werecdcitecrysd
in CaCO, brineand ca cium sulphatedihydrate crystal
inthe case of sulphatebrine. The SEM and XRD re-
sults show the polymer restricts/retards the scales
growth but no dterationsinthecrysta structure. Hence
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this polymer can beused safely in theindustries under
optimum operational conditions.
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