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ABSTRACT

Scale deposition is one tife most critical and troublesome damage problems in oilfield
industry which may lead to loss in productivity and equipments malfunction. Formation

of scale may occur in various areas such as in the reservoir area near the wellbore, in the
production tubig or in surface equipments. Scale inhibition by scale inhibitor is one of
numerous methods to mitigate scale formation. However, nowadays, due to new
regulations constructed, utilization of conventional scale inhibitor is limited as its
discharged chemicalwill definitely give harm to marine ecosystems in the long run.
Thus, Afgreeno scale inhibitor need to be
demand in oil and gas industry. Therefore, this projectarsied outto identify new
potentiahoofcdlgeeinhibitor from natur al r
studies on characteristics of eQandidatesng g
of potential resources are Barley, Sweet Potato, Ginger, and Pennywort. Through
extensiveselection Barley and Pennywort are chosen to be further stuiietthis

project Ther inhibiting potential and efficienciewill be examined through several
methods Compatibility Test, Calcium Carbonate Threshold Test, dbptical
Microscopic ExaminationThe oljectives of those tests are to evaluate the compatibility

of candidates with synthetic brine, to examine inhibition potential as well as to
determine the threshold concentration of inhibitors, and to observe effect of presence of
inhibitors towards morphoby of lattice, respectivelyThe data obtained shows that

Barley extract exhibit compatibility with synthetic water at all tested concentrations
meanwhile Pennywort extracts only at lower concentratiddsth Barley and
Pennywort extracts show the ability inhibit scale formation as their percentages of
inhibition are increasing with escalating conceindreg tested Effect of inhibitors
concentrations is still insignificant in this project sige of precipitating particles

formed is nofurtherevaluaéd.
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CHAPTER 1: PROJECT BACKGROUND

1.1 Background Study

Oil and gas industry is a continuously developed industry which expose to any
challenges and problem®ne of the most commaand troublesomdamage problems
in oil field and can occur in bbtproduction and injection wells scale deposition. This
problemis probably one of the three biggest watdated production problems after
corrosion and gas hydrates formation. Thus, this matter needs to be anticipated in

advance in mler to uphold oil productivity for future assurance.

Figure 1: Scalaedepositan a conduit
FromProduction Chemicals for the Oil and Gas Indugpy54), by
Kelland, M. A, 2009 Norway: Taylor and Francis Group, LLCopyright2009by
theTaylor and Francis Group, LLC

Scale formation is a deposition of sparingly solublerganic salts from aqueous
solutions. This scaledepositcan occur everywhere in the tubing, gravel pack
perforations orin theformation Scale depositioncan occur when the solution
equilibrium of the water is disturbed pyessurend temperature changes, dissolved

gases or incompatibility between mixing waters.

Inorganic scales consists of many different groups but the most common ones are of
carbonate and fphate scales with presengtalkaline earth metals such as Mg, Ca, Sr,

Ba orRa Carbonate and sulphate are present as negative ions while the alkaline earth


http://www.glossary.oilfield.slb.com/Display.cfm?Term=deposit
http://www.glossary.oilfield.slb.com/Display.cfm?Term=gravel%20pack
http://www.glossary.oilfield.slb.com/Display.cfm?Term=formation
http://www.glossary.oilfield.slb.com/Display.cfm?Term=pressure

metals are present as positiees when dissolved in the watdrhus, below are the
most common scales encountered in afld @s industry inthe order of prevalence
(Kelland, 2009}

o Calcium Carbonate (Calcite and Aragonite) (CgCO

o Sulphate salts of Calcium (Gypsum) (CagCstrontium (Celestite) (SrS{) and
Barium (Barite) (BaSg)

0 Sulphde scales Iron (ll) (FeS), Zinc (ZnS) and Lead(ll) (CuS)

0 Sodium Chloride (Halite) (KCI)

Scale deposition in production conduit may lead to numerous atiaEsirable
problems if it is untreated. Scale depositsck pore throats atearwell bore region or
in the well itself causing formation damage dods of well productivity Besdes that,
wall insulation by scale also may cause unscheduled equipment shutdown or failure to
function well. It can also block production flow by clogging perforations or forming a
thick lining in the production tubing. The builgp of scale inside well bores causes
millions of dollars in damage every year. Thiliese circumstances indirectly contribute

to low production and increasing operational cost in order to overcome therprobl

1.2 Problem Statement

After employinginhibitors forscaletreatment, the chemicals will be dischatgao
the sea. This activity wiltlefinitely be harmful to marine environmeint a long run
consequently, disturbing the equilibrium of ecosystavtest countries had adized the
adverse impacts of dischamg the chemicals inappropriatehereforehey aremoving
forward by generating new regulations to encounter the problem. Thastodthat
implemented law, oilfieldndustry nowadays is facingevere restrictions concerning
discharge of oilfield chemicals into the environmektcording to the formulated rule,
discharged chemicals should contain no or less toxicity elements and should be
biodegradable in order to not destroy the environment farther (Chen, Chen,
Montgomerie, Hagen, & Ekpeni, 2011)



Since at present, oilfield industry is still lackf commercialized environmental
friendlyo r A girhibiters for field implementation, thuthis project issignificant to
be perfor med as it Il nvol ves innibitocsiardc overy

indirectly enlarginghe study of environmentaHfyiendly scale inhibitors.

1.3 Objectives of Project

In particular, he objectives of this project are:

1. To identify methods used for CaGQ@cale mitigation with more emphasize on
green technology

2. Toidentify characteristicef existingenvironmentallyfriendly scale inhibitoin

industry

3. To identify any potentiafigreem inhibitors based on characteristics stfidied

inhibitorsfrom natural resources
4. To analyze those identifiedhen d i d a t e sinhibitbrs fir CaC&scaled

5. To compare shortlistedandidates ofigreer inhibitors for CaCQ scale with

studiedd g r énlihitdrs through experimental ap@ches

1.4 Scope of Study

In general, this project is within production optimization scope for the industry but
specifically,scope of study of this project revolves aroastovering new potential of
Aigr eeno in matuialbrésouces 20 mitigateorganic scaling, particularly for
CaCQ scale There ardhreephasegpreparedor this studywherey the first phasés to
studyand understand the approaches used in order to mitigate;Ga&l® problems
the industy. Total emphasize will be put on green technology as strict environmental
legislation is in compliance nowadays. Concurrently, thorough study on the

characteri st i cscaledrhibitersin thetindustgy cafirigdroet aswell in

3



this phaseBesides,dentificationand canprehensive studiesn any naturafesources
whi ch coul d b ed inpilbtdre bated aoh chdragteristiesn ekisting
inhibitors are performed Next in second stage, effectiveness and efficiencies of
pot ent i anhibitérgcaneidatesare examinedthrough laboratory experiments
comparativelytoe x i s t i nighibifos.Besides,aheir compatibility with formation
water also been evaluated in this proj&adtential inhibitors can ba&ssessedn several
bases which include their performance, effect on pH and dissolved ion on inhibition and
thermal stability. Last but not least, for the final stage, results obtained from
experimentsare analyzed; hencega ny A gnhietasnwhich possess hugetential

will be promoted for further development research.

As this project consunsetwo semesters which is approximately nine moriths
complete thus those three phases this studyare conducted during this planned time
frame. First phases performed in the first semester which is roughly from September
till December 2011 The second and finabhases areesumed in second semester of
final year which is from middle of January 2012 till endvtdrch2012.Meanwhile, the
rest of second semestevhich is around two months (April and May 201&)fully
allocated for documentations and presentations of the overall project.

Based on this timeline plan, this project is feaséid relevant enougto be done
and objectives of this project are akejto be achieved by the end of the second

semester.



CHAPTER 2: LITERATURE REVIEW

2.1 Mechanisns of Calcium Carbonate (CaCQ;) ScaleFormation

Calcium Carbonate, CaGQs one of the most common scale depositions found in
oilfield production wellsand surface facilities. It can be deposited all along the
production conduit to the surface equipment, especially in high temperature and high
pressure (HTHP) wells, where temperature is up to 250°C and pressure is up to 20000
psi(Chen, et al., 2011)

In the reservoir, there is an existing compound in the formation water which
contributes to the formation of calcium carbonate scale which is calcium bicarbonate
(CaHCQ). During production, reduction of both pressure and temperature leads to the

occurrencef chemical reaction in CaHGO
HCO:* «—> CO:* + H,0 + CO () (2.1)

According to Le &thajpresduie drops,she &ove eqailibnume ,
will move to the right, thus, more G@as will form in order to inciese the pressure
(Kelland, 2009) This causes more carbonate ions formed, pH increases and an
associated increase sniper saturatiarSubsequently, in this super saturation condition,
calcium carbonate scale will form with the presence of calcium iorsorate ions and

high temperature as the driving force for CaGélfdeposition
C&* + COZ «— CaCQ (s) (2.2)

As the solubility of calcium carbonate decreases with the increasing of temperature,
hence, crystallization of CaGQOwill occur more frequent in high temperature. In

addition, the kinetics of calcium carbonate is a function of temperature (i.e. slow
kinetics at low temperature). Thus, the formation of calcium carbonate will speed up and

precipitation may take place at an earlier s{@jeen, et al., 2011).



2.2 Methods of Scale Control

In order to mitigate or preveribrmation of scale in oil and gas industthiere are

three basic approaches whiehe generally used The approaches are tabulated as

below-

Table 1: Methods of Scale Control and Details

Methods of
Scale Control

Details

Advantages Disadvantages

Advantages:

1 Considered as the best alternative for
sulphate and sulphide scales mitigatior]
large production fields

1 Redu@dreservoir souring thus

Desulfation |{ Preventonly the formation of | Minimizing degree of microbial corrosig
of Injected sulphate and sulphide scales _.
Disadvantage
Seawater — . .
1 Efficiency of scale removal is dependin
on the concentration of sulphate ions ir
the seawater
1 High cost of treatment
1 Not applicable for all types of scale
Advantags:
1 Most common remedy to . .
. 1 Many options on the most suitable scal
treat scale problems in L
. inhibitor for treatment as there are sevg
industry o
types or brands of scale inhibitor in
Scal 1 Scale inhibitors used to treq market
,C"_’l,e scales are depend on the _ . .
Inhibition 1 Easier to be performed and its operatio

type of scale formed in the
production system

9 Numbersof methods of
scale inhibitor deployment
such as through squeeze

cost is quite reasonable

1 Applicable for treatment at all areas su
as in the reservoisurface equipments,
and also for scale formation in producti
tubing




treatment andontinuous
injection

Disadvantage

9 Chemicals of inhibitors will be
dischargednto the sea after deploymeni
thus eventually will create harmful
condition for marinenvironment

1 Utilization of inhibitors are limited,
highly depending on its compatibility
with formation water and its
hydrothermal stability

Nonchemical
Scale
Removal

i. High-frequency electric

induction

9 Induced electric will lead

the scale particles to form i
the produced fluids instead
of insulating the walls of
surface or topside
equipments

Literally, it did not prevent
scale formation, yet only
altering the locatiowf scale
occurrence

Advantage
1 Applicable for any types of scale forme|

Lowering ion solubility

below that of saturation

1 Redissolving and cleanin

pipelines

Break down hard scale

Magnetic field treatment
Scale prevention through
this method maynivolve a
combination of
magnetbdydrodynamic,
agglomeration of
ferromagnet and super
paramagnetic micparticles
mechanisms.

Disadvantages:
1 Suitable for scale formed in productif
tubing and irequipments only

1 Rarely used in oilfield industry




2.3 Scale Inhibition by Several Classesof Calcium Carbonate Scale
Inhibitors

Scale inhibitors are wataoluble chemicals that prevent or retard the nucleation or
crystallization growth of inorganic scales. Based on studies made in early years of scale
inhibitors discoveries, it was generalized that polymers are good nucleation inhibitors
and dispersant&elland, 2009) As scale crystallization occurs, they will adsorb onto
scale crystal surfaces and asgpendd in the lattice thus retarding further growth of the
scale. Besideghreshold levels for each and every inhibitor should be known as their
effectivenes®f inhibition are also depending on that factor. Only certain inhibitors are
able to effectively preant crystal growth below their threshold levels meanwhile some
inhibitors are not. Besides, crystal growth of calcium carbonate inhibition can be
achieved by interacting either witts cations or anions. Normally several interactions
are necessary toghtly hold the inhibitoron the surface while other molecules with
similar functional groups will interact with the lattice ions on the crystal surface. In
order to bind well with the anions, opposite charged cations are needed. Thus, to put
several cations; a molecule easily is through quaternary ammonium, phosphonium, or
sulfonium groups. However, polyquatary ammonium salts are discovered as poor
scale inhibitors, probably due to the mismatch of size between the quaternary groups
and the cations in ate lattice, i.e. calciun{Kelland, 2009) Since interacting with
anions is quite difficult to achieve, thbg attaching other anionic groufis an organic
moleculeswhich can interactvell with cations on scale lattice is tlm¢her option to
prevent scale nucleatiofhose anionic groups are Phosphate ions, Phosphonate ions,
Phosphinate ions, Carboxylate ions, Sulfonate ions. Mixtures of these ions or existence
of two or more of these ions are able to build into structureootl gscale inhibitors
which by now exist in the industry. The molecules can be prepared in acid forms such as
carboxylic acid, phosphonic acid, etc. Thus, most common classes of scale inhibitors
containing these ions or acids are Polyphosphates, Phosgtats, Polycarboxylates,
Polyphosphonates, Polysulfonates, @elland, 2009) Details onseveralclasses of

scale inhibitors are summarized as below:



Table2: Several Common Classes if Scale Inhibitors with t@&iaracteristics

Types of Classes

Details

Polyphosphates
0
1), e (e

0 n

Qe PO}

9 Found in

Sodium  Tripolyphosphate or Sodil

Hexametaphosphate

1 Mainly used in Boiler Water Treatment

1 May found in mammalian soft tissue in the form of Cif

Acid Phosphate
Thermally Stable and moreompatible for oilfield scalg

inhibition at low calcium concentrations

Phosphate Esters

M Possesi mi t ed

Environmental friendly for calcium carbonate and calciu

sulfate scale

1 Made by reacting Phosphoric Acid with alcohols

9 Compatible with high calcium brines

t her mal stabi
scale control
Has limited range of biodegradability due to hydroly

instability; up to 80eC

Polycarboxylates

HO. )}

OH

Have been used as scale inhibitors almost as lon
Polyphosphates

Poorly biodegradablas scale inhibitor in general but c
be improved by reducing its molecular weight

Based on Polyacrylic acid, Polymethacrylic acid, i
Polymaleic acid

Addition of hydroxyl groups-QOH) to this component alf
claimed to be significant as it can improves irth
performance as scale inhibitors and increase their cal

tolerance




24 Conventional and AGreenodo Scale I nhib

Phosphonatbased scale inhibitors have been widely used as effective calcium
carbonate scale inhibitors for squeeze application. imhibitor islow in concentration,
easily to be detected, good adsorption and desorption along with long sdjieeze
However, utilization of this inhibitor has been limited, especially at high temperature

due to thermal stability and compatibility with formation water (Chen, et al., 2009).

Scale inhibitors have been used for many years in both squeeze treatment
applications and also in the treatment of topside facilities. Guoaée inhibitor injection
job is complete, they were released into the seaetent years, ihas become a
heightened concern over potential damage to the environment from these discharged
chemicals and the impact they may have on marine ecosyft¢ilesn D., 2010) As
most countries establishing new government regulatiorcounter this mattehence,
the oilindustry facedsevere restrictions concerning discharge of oilfield chemictds in
the environment. Thughe best way to overcome the restrictions is to genenate
environmentally friendly AfAgreeno scale ir
inhibitors in the market at present. The challenge for any green inhibitor is lgdbon
meet or exceed these regulations but also to be able to inhibit mixed scale, both
downhole and at the surface separations facilities (Wilson D., 28@@ently, there
have been a number of reports of new products that are more environmentally
accepable and that have been studied in the laboratory and/or applied in the field. Those
new invented products are Carboxymethylulins (CMIs) and Polyaspartic cids
(Polyaspartad). These products are discoveredbe naturally biodegradable, possess
good adorption and desoriph properties (Amjad Z., 2009 owever, high dosages of
Agreeno scale inhibitor are required for

effectiveness with conventional inhibit@@avid Hasson, et al., 2@}
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25 Performance Testing Of Scale Inhibitors

Scale inhibitors need tondergolaboratorytestingin order to know theicapability
to function well before they arbeing commercialized. There are various types of
laboratory tests which can be perforntEpendson the type of the inhibitor itself. The
most common types of laboratory tests carried out for new scale inhibitor applications

are-

I. Compatibility Test
ii. Dynamic Tube Blocking Test
iii. Hydrothermal Stability Test

Basically, all tests stated above are specificadted forcalcium carbonate scale
inhibitors. Besides, thesdasic tests are conducted based on the method of scale
inhibitors deployment in fieldpplication, whether it is through continuous injection or

squeeze treatment (Kelland, 2009).

Differences in testsequencing based on method of deployments are as follows:

Table3: Experimental Tests for Different Method of Deployments
Continuoudnjection Method Squeeze Treatment

15  Compatilility Test

1% Dynamic Tube Blocking Test (DTB)

1 Primary stage of scale inhibitor T Needto check whether or not the

testing inhibitor precipitates when mixed

7 In the test, concentrations of the with the formation brines which will

inhibitors are reduced gradually cause formation damage.

until a given pressure drops occu 1 This test is assessed by visually an

across the tube guantitatively determination of the

remaining calcium ions in solution
(Bazin B., et al., 2004)

M Besides, Minimum Inhibitor

Concentration (MIC) which is

necessary for complete inhibition 2" Lydrothermal Stability Test

11



can be determined by this method  Needto be performed for the reaso

and also the performance of that any potential squeeze inhibitor

inhibitors can then be compared. must be able to withstand the thern
1 MIC is the guideline figure in orde and aquatic environment in the

for the inhibitors to be applied in reservoir for long period of time,

the field and its effect needs to be usually one to one and a half year,

monitored once in use. without breakdown.

9 If the inhibitor breaks dow;, it shows
2" Compatibility Test

high possibility that it will lose its
T Need to be conducted for inhibiting efficiency during the
treatment period (Wilson D., 2010).
OR 2"%: Thermal Ageing Test
1 Similar to Hydrothermal Stability

Test

continuously dosed inhibitors as
there is a possibility for the

inhibitors to mix with produced
fluid in downstream (Kelland,

2009). N
9 Needto ensure the inhibitor is stable

at reservoir temperature for estimat
squeeze lifetime.

1 The inhibitor solution is aged in a
static bottle and then performance
tested against a nonage sample.
Basically, for this test, it can be don
concurrently with Sitic Bottle Test
or Jar test and Dynamic Tube
Blocking Test (Kelland, 2009).

26 Mechanism of Inhibitions by Scale Inhibitor

Mechanism of inhibition is depending greatiy severhfactors such as pH of
formation water temperature, pressure, nucleatitone of crystal growth, adsoipn
and desorption of inhibitor, et¢/et, the nature, amount and type of interaction of

inhibitor with scale crystal surface are hard to be predicted from the aspect of either

12



thermodynamics or kinetiM.B. Tomson, 2002) Thus, until now, those factors that

affecting the mechanism of inhibition are still being studied.

Therefore, several attempts had been done by researchers to predict the effect of
inhibitor on mineral scale formatioBelow aresome mechanisms of inhibition defined

in number of studieghich had been examined

Table4: Mechanisms of Inhibition in different Literatures

Literatures Mechanisms of Inhibition

Burton-CaberrareéFrank (BCF) Spiral Growth Mechanisn
Theory

1 In this theory, kink sites grow continuously in a spitals

(1)

_ overcoming the expected activation energy for nucleation
Mechanisms of

_ new site on a flat particle suda. Consequently, inhibitg
Mineral Scale

Inhibitor by M.B
Tomson, SPE, G. Fu
M.A. Watson, and

inhibits the advance of the spiral.
1 Besidesonly the active growth sites that needs to be pois(

in order to prevent the spiral from growing any further.

A.T. Kan, Rice 1 Meanwhile, on the other hand, there are other diffe

University models of inhibition which come up with functions th
mechanisms of inhibiting are such as reducing rate of gr
by the fraction of surface covered by inhibitor or by

fraction of critical coverage.

(2) ' Mechanism of inhibition occurs by dispersion of calci
Mechanisms of Scal¢ carbonate particles or complexion of calcium ions
and Corrosion inhibitor.
Inhibition by 1 Inhibitor used for the study in exactRslyaspartate (PASP).
Polyaspartates by C| § By adding PASP in the solution, morphology of grow

Estievenart, N. calcite crystals is altered.

Kohler, F. Ropital, | §This situation can be modeled by combining th

13



and C. Fiaud

mechanisms stated beforehand, which are disper
complexion, and another mechanism which is, adsorption
1 After the intial calcite crystal form, the added PASP w
adsorb on the calcite surface and only allow growth in s
favored growing sites. Meanwhile, growth in the a
perpendicular to the quartz is prevented. This shows
calcite growth is being reduced aisttmoment. Subsequentl
PASP will form a complex with calcium, while the carbon
ions had been replaced by carboxylic groups of the poly
This reaction induces the dissolution of crystal, there
building a smoother lattice which is also calciumboeate in

different form which isVaterite.

3)

A Natural Extract as
Scale and Corrosion
Inhibitor for Steel
Surface in Brine
Solution by A.M.
AbdelGaber, B.A
Abd-El-Nabey, E.
Khamis, D.E AbdEl-
Khalek

7 Antiscalant a& by inhibiting nucleation step in calci
crystallization.

1 The inhibitor will bind permanently with calcium ions whi
existed in the solution and later performing complex nucl
which adsorb on the surface at early phase of nuclez
Thus, those exishg crystal nuclei around them will [

poisoned indirectly nucleation phase had been delayed.

4)

Chapter 8Latest
Developments in
Oilfield Scale
Control, The Science
and Technology of
Industrial Water

Treatment by Zahid

Bulk
precipitation

Increasing inhibitor concentration

No scale

MIC

Reducing amount of scaling

Surface scaling

Increasing inhibitor concentration

»

Scaling enhanced . No scale

X MIC

Figure 2: Schematic diagram of surface and bulk scaling
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Amjad scenarios.
Retrievedrfom Yuan, Latest Developments in QOilfield Scalg
Control, 143,2010.

1 Inhibitor acts by delaying the nucleation and growth of K
bulk precipitation and surface scaling of Ca@8pecially at
the initial stages.

9 Inhibitor forms a film on the metal surface which w
prevent the adhesion of scale particles onto the surface.

1 Thus, indirectly, the inhibitor is increasing the nucleal
time of CaCQin bulk precipitation

i Based on Figre 2 above, CaC{scale formation can b
fully prevented at as low as Minimum Inhibit
Concentration of scale inhibitor. Thus, MIC is the low

effective concentration for the inhibitor to work efficiently

27 Characteristi cslInmbitorsSt udi ed 6Greend

There areanu mb er o finhibitogsrwdiehnhave been studied for calcium
carbonate scale removal. However, this study will only look thoroughly on certain
inhibitors such as Carboxymethyl Inulin (CMI) and Polyaspartate (PASP). These
inhibitors are widely studied in oilfield research industry becatige high potential to
be welldeveloped for future usedhe mmponents of the plant materials amestly
possessed of nitrogen or oxygen atoms. Thus the mechanism of inhibition of these
extracts may take place either by adstion on nuclei surfacer forming complex

mechanism.

Based on literature study, characteristics of oI and PASPinhibitors are as

below:

15



Table5: Characteristics of Commercialized Green Inhibitors

Scale o
. Characteristics References
Inhibitor
1 Chemical Structure
HUOC\/()
()/\COEJH 1
Retrieved on
! oo December 16, 2012,
EENGENSE from:
o coon hitp://www.aidic.it/is
HOOETTN ic18/webpapers/112
o_ O COU)_(‘)/\CO()H mf
H()U(/\O ™~ (,/\CU“H '
<() l)/\\ft\t\l—l
Figure 3: Chemical Structure of CMI
biopolymer
1 Active components for inhibitionCarboxylate
groups (RCOy)
1 Origin of polymer Synthesized from derivative (B. Bazin, 2004)
CMI (Luciaan Boels, €]

of inulin which extracted fromChicory roots
(polysaccharides), undergo carboxymethylai
process with Sodium Monochloroacetate

1 Compatibility with formation water (brine)
Calcium tolerance is higher than that
Phosphonate (Conventional Antiscalant)

1 Thermal Stability Stable up to 1 0 e C (|
presence of surfactant)

1 Toxicity. Negligible

1 Mechanism of Inhibition Adsorption on crysta
surfaces
- Inhibitor molecules will adsorb on the mg

energetic and favorable sites of the solute ig

- Once adsorbed, they will inhibit CaG@rystal

al., 2011)
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growth by suppressing, or even blocking |
movements of ions along the step

- Thus, through suppression, it prevents
displacement of crystal growth and indirec
poisons all crystals on surface, and inhibit tk
further growth for certain perd

- Therefore, induction time for CaGGscale
formationwill also be sufficiently longer tha
that of inhibition without additives

PASP

Chemical structure

ﬁ |Ci
CH—C—NH CH—CHy=—C=——NH
| In | Tn
H,C 0 c—D0

ONa
ONa

Figure 4: Chemical Structure of Polyaspartate

Active componentdor inhibition: Carboxylate

group

Origin: Synthesized from Aspartic acid throu

Thermal Polycondensations with or without a

catalyst

Thermal Stabilty 6 0e C ( depen(

experiments)

Mechanism of inhibitionAdsorption, Dispersiof

of calcium carbonate and Complexation

calcium ions

- Refer explanation in literature review.5:

Mechanism of Inhibitions by Sca
Inhibitor (Mechanisms of Scale and

Corrosion Inhibition by Polyaspartate

Retrieved on
December 21,
2012from:

http://academic.scr

anton.edu/faculty/c

annml/polymer/po

lymermodule.html

(David Hasson, €
al., 2011)
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Besides CMI and PASPaqueousplant extractsare also been investigated in
di scovering their potent iThey ardorganic in eature 6 gr e e
and contain Protein, Terpenes, Tanningndnide, Nemocin, Carotene, Thiamine
(Vitamin B1), Ascorbic acid, Riboflavin (Vitamin B2), Aminacids, Favonoids, etc
(Quaraishi, 2004) Therefore, with this finding, it is easier to investigate other new

resources which have the potential of inhibiting calcium carbonate scale.

2.8 Characteristics of PotentialResources of CaC@Scale Inhibitors

As one of the objectives of this projectas dent i fy any potenti al
based on characteristics stfidied inhibitors, thuseveral natural resources are studied
on their characteristics as to be stddcas candidats of fAgreeno scal e i
on information declared earlier on, there are numbers of natural resources which contain
high inulin content such as Barley, Sweet Potato, Ginger, Garlic, Cinnamon, etc
(FarmAfripedia) Thus, these plants can be considered to be further study as to select the
candidates of Agreend scale inhibitors.
Amino Acids (i.e. Tannins, etc) and Riboflavin (Vitamin B2) are also fiedlito be
examine further in this project. Examples of plants which contain those components as
stated are PennyworDnions, Cabbage, etc. Nevertheless, considering suitability,
potential and availability of preparation methods and other factors in kstomt
candidates, therefore, selected plants which are decided to be further investigated are
Pennywort and Barleyeurther details on the characteristicsafiewedresources are as
tabulated below:

Table6: Characteristics of Potential Resources fohibitors
Potential Resource Characteristics References

1 Barley is a type of cereal gra Retrieved on December 2

e & . . 2012, from:
A T/ with plenty of nutlike flavor and { ptp://mww.foodsubs.com
ey tempting  chewy,  pastike GrainBarley.htm|

consistency
Barley Grains |  Barley is naturally high in maltosi (Barley: In Depth

which possibly helpful in scal Nutrient Analysis)
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inhibition since maltose is a tyy

of disaccharides

CH,OH CH,OH
0 0
OH OH
OH 0 OH
OH OH

Figure 5: Chemical Structure of
Maltose contained in Barley

9 Barley contains several vitamif
and minerals including niaci
(Vitamin B3), thiamine ( Vitamin
B1), selenium, iron, magnesiu
zinc, phosphorus and coppens
well as high content of dietar
fiber

1 Besides, barley also possesses |
content of inulin which possibl

useful potential for scale inhibitor

(FarmAfripedia)

Retieved on
December 21, 201
from:
http://en.wikipedia.
org/wiki/Maltose

(Foundation, 2001
2011)

Pennywort

(Cerella Asiatica)

OH

0 OH
> /
0 »-ou
{ 0
0

OH

OH

HO OH

o
Figure 6: Chemical structure of
Pennywort

1 A type of herbaceous plant whig
originate from moist areas

1 This herb works by preventing

Retrieved on December 2
2012, from:
http://rls8994.hubpages.c
m/hub/PennyworT ea-
Andlts-Many-Benefits
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rowdy manner of the absorption
nutrition and alters this proce
through an enhanced sequence
nutrient digestion

1 Pennywort contains vitamins B
B2, B3, and B6 as well as tt
minerals, calcium, magnesiur
sodium, mangaese, and zinc

1 Besides, it has properties of bei
antibacterial, and antj

inflammatory
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CHAPTER 3: RESEARCH METHODOLOGY

3.1 Project Activities

The overall planning for this project is as shown in Figure 1 below.

A wTopic , obejctives and scope of study finalization

1st stage: wJournals and other relevant sources acquisition

Project PlanningwKnowledge gathering
J|wMaterials and method of experiments identificatio

2nd stage: | @WResearch findings investigation
uEXperiments procedure preparation
wMaterials preparation

uRelevant data acquisition

Laboratory
Experiments

3rd stage: uData analysis

Data Analysis, |wObjectives accomplishment

Conclusion & |, ;pecommendations for improvement
Recommendation

Figure 7: Stages and Planned Activities of Project

Figure 7 shows the stages amglanned activities for this project in general.
Specifically, three (3) experiments had been planned for this project within specified
time spans which taking approximately three months to be completed in second stage.
Planned experiments are conducted edamine and assess thoroughly inhibiting
potential of Barley and Pennywort extract towards calcium carbonate scale. Besides,
their performance will be compared with existing green scale inhibitor which is
Polyaspartate (PASPAfter data acquisitionthe esults will be analyzed to come up

with a conclusion and recommendations which is the outcome of this project.
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3.2 Experimentation Overview

[ Preparation ) Experimentation
wBarley and Pennywort wCompatibilityTest Results and
ageuousextracts wCalcium Carbonate Discussion
wPolyaspartesample Thresholdrest
wSynthetic  formation wDynamic Tube Blocking

\_ water Y, Test

Figure 8: Overall Experimentation Flow

Figure 8 summarized the experimentation flow of this project. Additional details will be

explained further.

3.2.1 Compatibility Test

Compatibility Test is a preliminary test conducted to examine compatibility of tested
scale inhibitor (Barley and Pennywort extract) with synthetic formation water in
different concentrations of inhibitors and at test conditions. Specifically in this
invedigation, compatibility of PASP with formation water also been conducted for
comparison purposes. Generally, steps of executing this experimentation are as shown in

Figure 9 below. Further details on the process of this experiment will be explained next.

AN

Sample & o
Synthetic Compatibility Results &
Formation Water Test Analysis

Preparation

Figure 9: Stages of performing Compatibility Test
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Sample and Synthetic Formation Water Preparation:

A Preparation of Barley Extrac(Sati Al-dalain, 2008)
Barley grains are obtained artldey are cleaned, dried and grounded into a fine
powder using Mortar Grinder. Barleyowdersare weighted, added and soaked in
boiled water for six (6) hours then filtered through a sieve and stored in dark bottles

immediately

Figure 11: Barley powder

A Preparation of Pennywort Extra¢d.M Abdel-Gaber et al., 2011)
Fresh | eaves of pennywort are obtained a
leaves were then grounded to powdery form using Mortar Grinder. Some amount of
distilled water was boiledPennywort powderare weighted and added to some
volume of boiled ditilled water, depending on desired concentration for particular
experimentsThe solution is left for cooling in some times then filtered using sieve.
Filtered solution is stored in clean bottles and labeled.

.
Figure 12: Dried Pennywort leaves Figure 13: Grounded Pennywort
leaves
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Selected concentrations to be examined for inhibitorghis testare 100 ppm,
1000 ppm, 10000 ppm, and 50000 ppm.order toprepare those concentrations of
agueous extracts, Barley and Pennywort powdett teebe weighed 0.01 g, 0.1 g, 1 g,
and 5 grams respectively and added to 100 ml of boiled distilled water using heater
and beaker. Summary on details of agueous extracts preparation are JiableiAl
(Refer Appendix). Meanwhile, PASP is prepared with similar concentrations (100
ppm, 1000 ppm, 10000 ppm, and 50000 ppm) as well. Next, preparation for synthetic
formation water is made. Formulation of synthetic water for this test is prepared based
on composition of higtsalinity formation water as shown ifable A2 (Hasson &
Semiat, 2005fRefer Appendix). However, synthetic water formulated only contains
calcium ions for simplification purposes. Preparation of the water with 30, 000 ppm
calcium ions need 110.05 grams of Calcium Chloride dihydrate, L24G0 to be
dissolved and mixed into 1 L of distilled water. Detail calculations to clarify previous

statement are as shownAppendix I 1.

Compatibility Test ExperimefiN. Kohler, 2004)

13 mL of synthetic formation water (Ca@H,O solution) is measured afided in
four (4) test tubes. 3 mL of Barley aqueous extract (100pm) is then being measured
using measuring cylinder and bdded to one of the test tubes dnen labeled. Any
observations witnessed at the initial mixing of tested scale inhibitor and high calcium
formation water are recordedAll previous steps arerepeated with other
concentrations of Barley aqueous extrd€00 ppm, 10000 ppm, 50000 pprfhen,
mixtures withPennywort aqueous extract and PASP are prepared similarly as well.
Next, all twelve labeled test tubes are placed in an ewemnltaneouslywith the
temperaturadjusted 0  9dp@raRimdtedo normal feld temperature) for 24 hours.
Finally, observations and changes to the mixtaftex 24 hours agng are recorded
for further analysisOutcome of the investigation will be presented in next section of

this report.
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Note: It is not advisable to stordndse aqueous extracts for more than three (3) days,

thus perfornthe testas soon as possible.

3.2.2 Calcium Carbonate Threshold Test

Main objective of this test is to evaluate the capability and performance of potential
inhibitors under formulatedynthetic water conditions to inhibit calcium carbonate,
CaCQ scaleprecipitationby determining threshold concentration for battditives In
addition, tle parameters checked comparatively on both aqueous extracts of Barley and
Pennywort as well as PASP by analyzing remaining calcium contemiixiture of

scaling water and additive

Stages of conducting this experimentation are similar as Compatibility Test

executionto some extent.

Synthetic Execution

Waters
Preparation

Figure 14: Stages of Calcium Carbonate Threshold Test Execution

Sample and Synthetic Watétreparation:

Barley and Pennywort aqueous extracts are made up to several concentrations of
10 ppm 30 ppm, and 50 ppnbDetails on the concentration measurements are shown
in Table Al. Likewise, PASP is prepared with the same concentrations as well. Next,
two synthetic waters are made, one containing the scaling catiofi$ 46d the other

containing anions (C§). The solutions primarily formulated by using Calcium
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Chloride dihydrate, CagPH,O and Sodium Carbonate, )uD; respectively.
Composition of both cation and anion synthetic waters are as shoWwabla A2
referring to Normal Salinity of Formation Water. Serooth waters are mixed in 50:50
ratio later on, thus, in precise, concentrations of these waters are fixed to 3500 ppm
and 175 ppm correspondingly. Detail calculations on weight of £L4G0O and
NaCO; powders required to prepare 1 L of stock solutiom similar with the one
calculated for preparation of synthetic formation water in Compatibility Test with only
difference in desired concentration of igq#gppendix I11). As a result0.3091 grams

of N&CQsis required to be added to 1 L of distilled water to facilitate the preparation
of anionsynthetic water with 175 ppm of carbonaiss. Meanwhile12.839 grams of
CaCb.2H,0 is requiredfor 1 L of distilled water to make stock solution of cation
water with 3,500 ppm of calcium ions.

Calcium Carbonate Threshold Tdstperimeni{N. Kohler, 2004)

Six (6) 100 mL beakers are filled up with Barley aqueous extract of 6 mL in
volume. Each beaker is filled up with different concentrations of extra@ispm, 30
ppm, and 50 ppm respectiveNext, 25 mL of anion wateN@COs solution) is added
to the bekers after the inhibitor solution and then mixed. The cation water
(CaCb.2H,0 solution) is then added with mixture as much as 25 mL and mixed them
well. Simultaneously, all six beakers are placed in a water bath sialker was
adjustedto 60 revolutios perminute at90°C for approximately four (4) hourdhe
experiment is repeated twice moly adding in different additives of similar
concentrations(Pennywort extract and PASP) in each run. Heated and shaken
solutions are then filtered immediately using Whatman filter paper and calcium
remaining in solution is analyzed by titration with EDTA solution to identify the

percentage of inhibition exhibitsy tested scale inhibitors.

26



A Flow of TitrationusingEthylenediaminetetraacetic adi@DTA) Solution

Preparation of

EDTA, indicator I:> Titration with Pech(Z?\LtjggS;éa of
= EDTA inhibition

solutions

Figure 15: Steps performing EDTA Titration

Preparation 0f0.01MEDTA, Indicator and Buffer Solutions:
o 0.0IM EDTA Solution

EDTA dry-salt is obtained an® grams is dried in an oven overnight at

temperature of 80eC. 4 grams of dried
to 1 L of deionized water. Next, 0.2 grams of Magnesium Chloride,
MgCl,.6H,0 is weighed and added to the mixture. The mixture is stiredd w

until all solute is fully dissolved. 0.01 M EDTA stock solution is stored in

glass bottlgKinard, 2010)

o AmmoniaAmmonium Chloride, N&=NH,CI Buffer Solutior{pH 10)
67.5 grams of Ammonium Chloride, NEll is weighed andlissolved in 570
mL concentrated Ammonia, NHqueous in a beaker. The mixture is stirred
and diluted simultaneously with distilled water to 1 L. The buffer solution is

stored in covered glass bot{feutreach, 2010)

0 Eriochrome Black T Indicator Solution
0.2 grams of Eriochrome Black T is weighed and dissolved into 15 mL of
triethanolamine and 5 mL of absolute ethanol. The mixture is mixed and
stirred well. The indicator solution is stored in glass bda#dfery, J.Bassett,
J.Mendham, & Denney, 1989)

Note: All tasksmust be conducted in fume hoodchemicals used are harmful and
corrosive. Direct inhalation should be avoided.
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Titration with EDTASolution(Jeffery, J.Bassett, J.Mendham, & Denney, 1989)
10 mL of filtered solution which had been prepared previously is filled into a

conical flask. Then, 15 mL dfiH3-NH,4CI buffer solution is added to the sample and
mixed them well. Next, thret® four drgos of Eriochrome Black T indicator solution is
dripped in and swirled the solution to dissolve it. The solution turned into wine red in
colour. Distilled water is added up to 100 mL to dilute the solution. Subsequently,
wine red solution is titrated slowlyith EDTA solution. The endpoint of titration is a
colour change from wine red to sky blue. The titration is repeated twice or more with
further sample until concordant results (titres agreeing within 0.1mL) are obtained.
The titration is also repeated ti using other filtered solutions at different
concentrations. All titration results are recorded and presented in next section of this

report.

3.2.3 Optical Microscopic Examination

This examination was performed in order to obsehee effect onrmorphology of
CaCQ crystals, the precipitate formed from previous experini€adcium Carbonate
Threshold Testwith influence of different concentrations of different additives. The
morphology of lattice is analyzed by Scanning Electron Microscope (Skith)
magnification of 1000x All micrographs obtained from this observation will be

presented in next section.

3.3 Materials and Tools

The materials for this project require potential inhibitetsich derived from local
natural resources. Besides thartain chemicals are alseeded for th@reparation of

solutions
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Materials needed:

o Barley grains o Triethanolamine

o Fresh Pennywort leaves 0 Absolute Ethanol

o Ethylenediaminetetraacetic acid 0 Eriochrome Black T powder
(EDTA) dry-salt 0 Ammonium Chloride, NHCI

o Calcium Chloridedihydrate, o Deionized water
CaCb.2H,0O o Distilled water

0 Sodium CarbonatdNaCOs; o Concentrated Ammonia, NH

o Magnesium Chlode, MgC}.6H,O agueous

The equipments and toodsebased on the tests requirédst of tools and equipments
needed are as listed:
For preparation of extracts and For experimentations:

solutions:

Glass bottles

. Test tubes rack
Magnetic bar

Burette stand

Whatman filter paper

. o Mortar Grinder
0 Heater stirrer
. 0 Laboratory oven
o Electronic scale
. . o Water bath shaker
0 Aluminium foil
0 Burette
o Spatula
o0 Conicalflasks
o Beakers
. o Pipette
0 Sieve P
o o Test tubes
o
0]
o)
o)
o)

Tube Blocking Rig

29



e

17: Mortar Grinder

Figure 16: Water Bath Shaker Figure

3.4 Project Milestone (Gantt Chart)

Refer next page.
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Timeline for 1* Semester (September 2011)

Detail/ Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Topic Selection Proposal

Preliminary ResearchVork ....

Submission dProposal DefensePeliminary) Report

Proposal Defense (Oral Presentation)

Input Data Acquisitior& Lab Experiments Familiarization and Plannir

Submission of Interim DraReport

MvV3H9 431S3INIS dIN

Submission of Interim Report
Timeline for 2" Semester (January 2012)
Lab Experiments and Data Acquisition ......
Submission of Progress Report
Lab Experiments, Data Acquisition and Analysis
Pre-EDX
Submission of Draft Report
Submission of Dissertation (Soft Bound)

Submission of Technical Paper

MVIH9 431S3INIS dIN

Oral Presentation

Submission of Dissertation (Hard Bound)
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4.1

CHAPTER 4: RESULTS AND DISCUSSIONS

Compatibility Test

4.1.1 Results

Based on laboratory experiments performed, these are the results of the test.

synt hetic

water

at

Observation after
hour s

24

Clear solution

Clear solution

Clear solution

Clear solution

Clear solution

Candidate Scal{ Concentration Initial observation at
Inhibitors (ppm) ambient temperatur
100 Clearsolution
1000 Clear solution
Barley Extract :
10000 Hazy solution
50000 Hazy solution
100 Clear solution
Pennywort 1000 Clear solution
Extract 10000 Hazy solution
50000 Hazy solution
100 Clear solution
1000 Clear solution
PASP :
10000 Hazy solution
50000

Clear solution

Clear solution

32

Clear solution

Table7: Compatibility of candidate scalahibitors with high calcium content of
formati on

ambi

ent



Figure 18: Mixture of Barley Figure 19: Mixture of Barley
Extract at ambient temperature extract after

> > ¥
Figure 20: Mixture of Pennywort Figure 21: Mixture of Pennywort
extract at ambient temperature extract after

** From left to right: 200 ppm, 1000 ppt000 ppm, 50000 ppm
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Figure 2: Mixture of PASP at Figure 23: Mixture of PASP after
ambient temperature 24 hours at

**Erom left to right: 200, 1000, 10000000 ppm

4.1.2 Discussios

In reality, brine chemistrgan adversely impact scale inhibitors in some ways.
Salinity that possessed in brine may shield the anionic charges on the polymer
functional groups in scale inhibitors. Consequently, it leads to osmotic compression
of the polymer and expelling the compats of the solution. Plus, the functional
groups in polymeric scale inhibitors have a strong binding potential with divalent
cations (positive ions with charge of two) such as calcium. Therefore, with this
strong ability, calcium can form and precipitatenfi the brine. This situation may
happen at calcium concentrations as low as 250 ppm, which is below the average
calcium content in produced wafgtolt, Sanders, Rodrigues, & Vanderhoof, 2009)
Due to that reasqrthere goeshe purpose of this test which aims to examine the
compatibility of possible inhibitors at different concentrations with synthetic waters.
With this test, identification of which additives are worth and qualified to be further
studied in future can be don®o, based on those statements reported by Holt et al.
(2009) previously, it is assumed that all mixtures are compatible with formulated
formation water at lower concentrations while incompatibility is displayed at higher

concentrations of additives whaveecipitation or deposit is presumed to form.
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Meanwhile, on the application perspective of scale inhibitors in the industry,
incompatibility between scale inhibitors and formation water under field temperature
potentially caused formation damage whichl ukther affecting the production of

the reservoir. Hence, compatibility with formation water should be the one of the
main concerns in deciding the best scale inhibitors to be deployed in field
application. For an inhibitor to be safely deployed fadfegpplications through any
deployment methodd.€. Squeeze Treatment, Continuous Injection, etc.), it should
be compatible with formation water at field condition and at appropriate
concentration which is up to ten (10) percent of vol{@en, Chen, Montgomerie,
Hagen, & Ekpeni, 2011Jor instance, addition of 5 mL additives into 25 mL of high
calcium content of synthetic formation water is applied in this experiment.
Formulated high calcium content of formation wateas used to compare the
compatibility of candidate scale inhibitors with formation water as average reservoir

temperature of 95eC.inTable7. results are sum

Table 7 shows the compatibility of all additives (Barley extract, Pennywort
Extract, and PASP) in different concentrations with high calcium content of
synthetic formation water at both ambi el
figure, it is shown that mixtes are compatible for all additives, at lower
concentrations of 100 ppm and 1000 ppfisibly clear solutions were observed at
both ambient and after been aged for 24 hours at applied field temperature. At initial
condition, haziness solutions were obsdrug mixtures of Barley and Pennywort
extracts at higher concentrations (10000 ppm and 50000 ppm). However, the
haziness in both concentrations of Barley extract solutions disappeared after 24
hours of heating to 95e¢eC anéd othel mardy sol
mixtures of Pennywort extract at higher concentrations displayed incompatibility as
deposit was observed at 95eC after 24 h
PASP mixture displayed similar observation with higher concentrations mixtures o
Pennywort extract where initially; haziness was observed as well then turned out
having deposit after 24 hours of heating. Meanwhile 50000 ppm of PASP mixture
exhibit incompatibility with formation water dtoth ambient conditom nd at 95e C

after 24 hous. Deposit was observed at both initial mix and aftemag

Briefly, Barley extract is compatible with formulated formation water at all

tested concentrations meanwhile Pennywort extract and PASP are only compatible
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with the formation water at lower noentrations of 100 ppm and 1000 ppm. Higher
concentrations of Pennywort extract and PASP displayed incompatibility with

synthetic formulated water.

Throughout this experimentation, there are several possible errors that are
believed to slightly affect thieesults of this tesConsidering only calcium content in
scalingwaterformulatedcan be considered as ookthe errors that might affette
whole result of the investigation as it is the main component of this experimentation
besides those possibléibitors. Absence of other ions in the water might give some
effects on the result shown by the additives. Besidesthads of preparing aqueous
extracts might be one of the errors made as well. Some extraction methods are
adapted from other journals whichre not specifically designed to extract
compositions for scale inhibiting agent. Components extracted may possibly not
genuinely function to inhibit formation of scaleln addition, inaccurate
measurements either in preparation or mixing stage of thatisw due to
egqui pment s 6canlalsanbet sugpecech © contribue eror in this
investigation which indirectly affecting final result of experimdntonsistency in
mixing the additives to synthetic water is also believed to be one the emdes m
The solutionsmight not behomogenously mixed and react well throughout the
experiment. Thus, pretentious final outcomes of the test should be expected. Besides,
machinery error should also be concerned in this experimentation. This is because,
consta t temperature of 9 5 e Checausethed ovénfis c u |l t
frequently opened by others as they are utilizing the same oven as well at the time of
experimentation. It is merely an unpreventable event in conducting laboratory

experiments. Consegutly, results of the test may perhaps be affected.

Despite of those inaccuracies and elusiveness of results obtained, it can be
concluded that hypothesis or assumption made beforehand is tolerably acceptable for
Pennywort extract and PASP. However, igltly deviates for Barley extract since
mixtures of this additive are compatible with formulated formation water at all

concentrations.
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4.2 Calcium Carbonate Threshold Test

421 Results

Resultsobtainedat initial stagefor this experimentation were contradicted with
hypothesis made earlier odypothetically, remaining calcium ions in the solutions
should be increasing with addition of additives in the solutions to indicate presence
of inhibition effect of that particutaadditive towards scale nucleation. However,
based onTable 8 and Figure 24 below, it can be seen thaimostall values for
percentage of inhibition displayed by atlditives are in negatiwealues Apparently

inhibition effect does nagxistand cannobejustified with these findings.

Table8: Inhibition Percentage of Tested Scale Inhibitors

Sample | Concentation (pr Avg. volume of EDT| Weight of EDTA titrate] Weight of remaining ~ Percentage of
fitrated (ml) (9) Caz+insolution (g/|  inhibition (%)

No additive NIA 39.65 0.148 159 N/A
100 36.85 0.137 1.48 111

500 38.15 0.142 153 -3.84

Batey Exa 1000 31.15 0.138 1.49 -6.36
5000 30.95 0.149 1.60 0.70

10000 34.15 0.127 137 -13.92

50000 34.25 0.127 1.37 -13.67

100 3.3 0.132 142 -10.90

500 3155 0.140 1.50 5.3

Pennywort 1000 36.40 0.135 1.46 -8.25
Extract 5000 40.3 0.150 1.62 1

10000 34.95 0.130 140 -11.90

50000 38.85 0.145 1.56 -2.07

100 31.85 0.141 152 -459

500 36.45 0.136 1.46 -8.12

pASP 1000 3150 0.140 1.50 -5.48

5000 35.55 0.132 142 -10.39

10000 34.35 0.128 1.38 1342

50000 32.65 0.122 131 -17.70
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Figure 24: Percentage of Inhibition vs. Concentration (ppm)
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Findings are consideredrelevant as most of values acquired are negative
values,however there are still positivenhibition obtained from the experimentation
which is for addition of Barley and Pennywort extracts to mixtures at 5000 ppm.
With that reason, it idelievedthat such situ#ons occurredbecase of several
factors which will be investigated through extensive studigs a result several
faults that lead by some misconceptions are the cause of this irregular outcome and it

will be elaborate further soon.

Comprehensivatudies and analysis madmd it isdiscovered that theoretically,
PASP should actas threshold scale inhibitors in field application. It is able to
perform efficiently at concentrations far below the stoichiometric amount of calcium
ions in any formation watelEstievenart, Kohler, Ropital, & Fiaud, 2004)
Therefore, it is understood that PASP will show its inhibiting effect although at very
low concentrations of application. Technically, in the absence of PASP, three forms
of calciun carbonate crystals are present, calcite in majority, with also aragonite and
vaterite, whereas in their presence, the vaterite crystals predominate. Thus, with less
existence of calcite crystals, their growth could be limited indirectly retarding scale
formation (Estievenart, Kohler, Ropital, & Fiaud, 20049 can also be concluded
that, amount of calcium carbonate scale formed should be lesser with presence of
PASP in escalating concentrations. So, it is can be presumedttiwat tested
additives(Barley and Pennywort) should work similarly as PASP if they possess the

inhibiting capability.
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For that reason, contradiction in results obtained with hypothesis made earlier is
now discovered. Based on reported information stated previously and also evaluation
on obtained outcomes, a misconception of knowledge is one of the major factors
which lead to experimentation faultiness thus yieldatmuisition of abnormal
resuls. Apparenry, this experiment had been performed with invalid selection of
testing concentrations thus leading to unreliable outcomes gaiféé.
concentrations used are unsuitable as they are considerably high for this test
therefore not validating the objective this test; to identify threshold concentration
for additives to display their inhibiting effect. Selected concentrations should
presumeto be much lower than concentration of cafgiions in synthetic water
used. lPeferable concentrations for addition BASP are in the range of 10 ppm
depending on solutions to be treated as welicontrast,suggested concentrations
for tested inhibitors such as Barley and Pennywort are relatively higher which should
range from 5 to 100 ppm as those additives are lyjnetelimentary elements

compare to developed scale inhibitor, PASP.

Quality of tested mixtures is also assumed to be one of the main interests in
ensuring reliability and acceptability of @omes obtained. This is becausieme
restriction had caused pomged execution of the experiment. Sample of mixtures
prepared are no longer in their best state to be tested hence affecting final results of
experimentation. In fact, anomalous readings obtained for 5000 ppm of Barley and
Pennywort extract could be duoe this reason as well. These mixtures are titrated
immediately after preparation and observed to yield more favorable results; which is
positive inhibition. On the other hand, delayed titration made for other prepared
mixtures de to time constraint proded contrary outcom®& Thus, it proves that
guality of tested mixtures plays an essential role as well to ensure more reliable and

relevant results are achieved.

Conclusivemethod of experimentations must be acquard verifiedin order to
obtain more ecurate and precise resultslnresolved uncertainties regarding
experimentation procedures (e.g. duration of mixing, suitable mixing rate, etc.) at
planning stage had lead to the occurrence of those errors thus finally it fails the test
by some meansThee major mistakes such as invalid concentrations chosen,

defective tested mixtures, and unresolved uncertainties should not be happening if
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careful and lucid decision is made at first place. Thus, should be more precautions
are taken in order to prevergturrence osimilar circumstances

Due to irrelevant outcomef®und earlier, experimentation was repeatauce
more withmuch lowerrangead d di t i v e s 6 whiaharelé ppin,r3@gpin,0 n s
and 50 ppm. All other factors such as rotation speed, testngetature, and

titration method arenaintainedas beforeResults of the test are as shown below:

Initially, amount of calcium ions in mixture of both cation and anion waters are

given by;

Cation water contains 3500 ppm of €& 3.5 g/L of C&"

Next, volume of 0.01M EDTA solution titrated into mixtures of additives and

synthetic waters is tabulated:

Table9: Mixtures with No additive

Additive Concentratior] Initial Readind Final Reading ¢ Avg. volume of
(ppm) of burette (mL] burette (mL) | EDTA titrated (ml|
No 0 39.7
additive N/A 0 39.6 39.65
Table10: Mixtures with Barley extract
Additive Concentration] Initial Reading Final Reading { Avg. volume of
(ppm) of burette (mL)] burette (mL) | EDTA titrated (ml|
0 40.4
10 0 205 40.45
0 41.5
Barley 30 0 115 41.50
0 41.6
50 0 217 41.65
Table11l: Mixtures with Pennywort extract
Additive Concentratior] Initial Reading Final Reading { Avg. volume of
(ppm) of burette (mL] burette (mL) | EDTA titrated (ml
0 40.1
10 0 202 40.15
Pennywor 0 40.6
Extract 30 0 40.7 40.65
0 40.9
50 0 20.9 40.92
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Table 2: Mixtures with Polyaspartate (PASP)

Additive Concentratior] Initial Reading Final Reading 4 Avg. volume of
(ppm) of burette (mL] burette (mL) | EDTA titrated (ml
10 8 22; 55.15
PASP 30 8 23; 59.15
o | e | wu

4.2.2 Results Analysis

Table B: Inhibition Percentage of Tested Scale Inhibitors

_ Avg volume of EDTA | Weight of EDTA titrated | Weight of remaining | Percentage of
Sample | Concentration (ppm)| ~ o —_
fitrated (ml) (g) Ca2+insolution (g/L)| ~ inhibition (%]
No additive N/A 30,65 0.1476 150 N/A
10 4045 0.1506 162 1.9
Barley 10 11.50 0.1543 L.66 4.61
30 41,65 0.1550 L67 498
10 .15 0.1495 161 120
Pennywort 10 40.65 0.1513 163 246
30 09 0.1523 1.64 14
10 %15 0.2053 2 9.0
PASP 10 %15 0.202 &) 49.10
bli 60.10 0.237 241 5145

For instance,Percentage of Inhibition, % of 10 ppm Barley Extract towards

formation of calcium carbonate, Cagstale is calculated as shown:

From average volume of 0.01 M EDTA solution titrated whietDid5mL, weight of
EDTA component in that particular volume is obtained;

Molecular weight of EDTA drgalt = 372.24 g/mol

Molecular weight of C4 = 40.078 g/mol
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Therefore, 0.01 M of EDTA solution * 372.24 = 3.7224 g/L
Subsequently, in0.45mL of 0.01 M EDTA solution

4045 .
Togo * 37224°0= . 1 vBrr=

Since 1 mole of EDTA is equivalent with 1 mole df Gthus
372.24 grams of EDTA = 40.078 grams ofCians

as0.1506grams of EDTA titrated, hence, there are0L62grams of C&" ions in
10 mL of sample solution.

Given that calcium content in sample solution with no additive is as much as 0.0159
grams, thus, it means that percentage of difference of calcium content in two
comparative sample solutions will determirie tpercentage of inhibition of the
additive towards CaCgformation in the solution

0.0162 0.0159
0.0159

x 100% = 1.96 %= [|:*

As a result, percentages of inhibition for Barley, Pennywort extract and PASP versus
concentrations (ppm) aikustrated as below:

Figure 25: Percentage of Inhibition for Barley, Pennywort and PASP
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4.2.3 Discussios

Evaluation on the capabilities and performances of tested additives under
formulated synthetic water conditions to inhibit calcium carbon@s;Q scale
precipitation is the main objective of this test which declared previously. Their
potentials can be determined by validating the hypothekieh made earlier.
Hypothetically, the higher the concentration of additives added, the greater the
amount of remaining calcium ions left in the mixtures which indipaiesence of
inhibition effect of that particular additive towards scale nucleataentification of
threshold concentrations for both Barley and Pennywort is the subsetgesrdo

verify their capabilities in inhibiting scale nucleation.

Figure 25 aboveshows the percentage of inhibition for Barley, Pennywort and
PASP comparatively. In generaddition of all additivesin scaling waterscan
inhibit the growth of CaCe®formation. hhibition efficiencies of all additives are
increased as the concentratioof additives are increased. Thieeans higher
concentrations yielded more remaining calcium ionsnirtures during laboratory
test.However, the inhibitor cannot stop the scalerfation of CaCQ@totally over the
concentration range studied. Hences ibelieved that Barley and Pennywort extracts
are promisingscale inhibitorsstudied This shows that hypothesis made earlier is
acceptablyvalid as both Barley and Pennywort haveetipotential to inhibit the
growth of scale crystals in scaling water formulatede to unavailability of specific
informationregarding mechanism of inhibition by both tested additives as they are
newly investigated as potential scale inhibitdigse findings should be further
investigated in order to distinguish the exact inhibition mechanteptoyedby
both potential inhibitors in retarding scale formation. Besides, precise and accurate
functional group which actually react in inhibiting nucleatin of scale alsmeedto
beidentified By that identificationenhancement of active inhibition component can
be studied further and conductider in future thus improves their capability to

mitigate growth of calcium carbonate scale.

As both Barley andPennywort have the ability to inhibit scale nucleation, thus
determining theirthreshold concentrationis the following measure of this test.
Threshold concentration is a minimum concentration level where the additives start

to inhibit scale nucleationSince both additives display increasing inhibition
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efficiencies inFigure 25, thus it can be concluded that threshold concentrations for
both might locatedapproximatelybelow 10ppm concentration of additives. Should

be at threshold concentration of adais, their inhibition efficiencies are
approximately less than 1% which is a very small value to indicate the initiation of
scale nucleation inhibition by active components in additives. Further investigation
on inhibition of lower concentrations (i.e. lo& 10 ppm) additives are not
performed in this test due to equipment limitation experiendeds almost
impossible to weigh the sample powder to a measurement of less than 0.001 g prior
to preparation of lower than 10 ppm concentration due to the mondif the
powder itself which is a very light material. Besidagccuracy of measurement
should be taken into account if lower concentrations are tested in this experiment.
Thus, arduous measurement to prepare very low concentrations of samples in the
laboratory leads to the inability to define the exact value of threshold concentrations
for both additivesHence, by concluding threshold concentrations for both Barley
and Pennywort to initiate the inhibition of scale crystals growth are below 10 ppm is

considerably acceptable for this experimentation.

FromFigure 25 as well, it can be seen tHRarley shows better inhibition effect
compare to that of Pennywort at all concentratitasted although the percentages
are very low.This situation happenenhight possibly due tsimple components
compositions contained in tested additivesis leads toinsufficient interactions
being formed to inhibit moreof scale crystals g r. @reférdbly molecules with
large numbers of inhibiting components will helgttier in inhibition of scale crystals
growth. Due to this, both Barley and Pennywort might need additional chemical
process in order to enhance its compositmfunction as improvedcale inhibitors
which similarly done to CMhs declared previouslymproved components might

influence their inhibiting potential to be higher than as obtaimeecent studies

On the other hand, PASP displayed very high inhibition efficiency compare to
both Barley and Pennywort because it is a commercialized scaletanhagiich
present in the industryits efficiency should be undeniably far bettian other
additives tested.At similar concentrations, PASRBupposedly shows higher
efficiency which ranges from 70 to 80 percent basedtberstudiesDueto limited
equipments to prepare very low concentratiafs PASE errors mightoccur

indirectly influenced the final result of PASP inhibition. Nonetheless, outcomes for
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PASP obtained in this experiment are still considered valid as it stillsshmi

effectiveness.

In every experiment done, errors and inaccuracies are inevigdbleral errors
that might possibly occur during this experimentatiom as explained. Inaccuracy of
measurements is the most predicted human error to be experienced irt Heddes
of measuring involved such in titration and weighing powder samples. These
inaccuracies are alleged to contribute to any imprecise results obtafesides,
machinery errorglue to limitation of equipments such as inconsistency of testing

tempeaturemight also contributing to inaccura@nd elusivenessf outcomes.

As a conclusion, Barley and Pennywort possess the inhibiting potential to
mitigate growth of scale nucleation as they generate more calcium ions in the
mixture with increasing comatrations of the extracts, which also means that less
calcium carbonate scale formed. Besides, threshold concentrations of both additives
also can be generalized as below 10 ppm as at higher concentrations, inhibition
efficiencies of both potential inhitors are gradually increasing. Advance and
comprehensive studies on active components of additives identification and
distinguishing mechanisms of inhibition for both Barley and Pennywort are crucial
in order to develop and improve their capabilitiegpasnising scale inhibitorsin
addition,comprehensive studies should be done prior to experimentation execution

in order to evade mistakes and irrelevant results obtained at the end of testing.
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4.3 Optical Microscopic Examination

4.3.1 Results

Figure 26: Morphology of CaC9
precipitation in the absence of
additive

Figure 27: In presence of Barley 1! Figure 28: In presence of
ppm Barley 30 ppm

Figure 29: In presence of
Barley 50 ppm
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