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ABSTRACT

Weighting agents like calcium carbonate (CC) ameddo drilling mud to improve mud
properties and performance during oil and gasiaigilbperations. Oil-based mud (OBM), a more
preferred drilling mud, being hydrophobic is pautarly non-compatible with hydrophilic CC.
This work explored an economically viable admiaelolymerization technique to surface-
modify the high energy hydrophilic CC surface toloav energy hydrophobic surface by
polymerizing organic styrene monomer within an agéiie of nonionic surfactant Triton X-100
adsorbed on the CC surface. BET péarticle size analysis, Soxhlet extraction of toated
polymer, Fourier transform infrared-attenuated Itoédlectance (FTIR-ATR) spectra analysis,
and thermogravimetric analysis (TGA) of the trea@®@ and polymer extract confirmed the
production of a successful thin film polystyrenestaml CC. The coarse CC size grade had the
most polymer. Consequently, OBM formulated with theated CC is expected to; be more
homogeneous, achieve higher wellbore pressure,wemhadll cuttings better, have a more stable
thin film low-permeability filter cake, and exhibéin enhanced overall performance. Pilot mud

testing of a surface-modified CC formulated OBMigler way.
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CHAPTER ONE

11 INTRODUCTION

The three fundamental equatiof¥oung-Laplace, Gibbs, and Kelvin equations) of
surface chemistry as well as an understandingeoh#tture and structure of water give us insight
into what happens at interfaces. This knowledgeblesaus to fully utilize the amphipathic
nature of surfactants for various applications sTdmphipathic nature of surfactants results from
their characteristic molecular structure which destihem to form aggregates, to be surface
active causing reduction of interfacial free enexgyinterfacial tension, and to adsorb at
interfaces changing surface properties. Consequeh#y are vastly utilized in everyday living,
in various industrial processes and in environmeaetaediation, among other things. Invariably,
a basic understanding of the fundamentals of hafastants work is key to improving current
applications and for the formulation of new onestipularly in the area of surface modification.

The word, surfactant, has a somewhat unusual giitgivas first created and registered as
a trademark by the General Aniline and Film Corp. fheir surface-active products. The
company later, about 1950, released the term tpubéc domain for others to u$e surfactant
(a contraction of the ternsurface-active agent) is a substance that, when present at low
concentration in a system, has the property of rbadsp onto the surfaces or interfaces of the
system and of altering to a marked degree the suréa interfacial free energies of those
surfaces (or interface$)This particular property makes surfactants fibiat wide variety of

applications. Surfactants appear in such diversdymts as the motor oils used in automobiles,



the pharmaceuticals we take when we are ill, therdents we use in cleaning our laundry and
homes, the drilling muds used in obtaining petrolethe floatation agents used in purifying
ores, electronics printing, magnetic recording, tdsnology, micro-electronics and viral
research. Many surfactant applications utilizeghecess of micellization, which is the property
of surface active solutes has of forming colloigialed clustersngicelles) in solution. Another
important property of surfactants is their abiltty adsorb at interfaces. This phenomenon is
important in applications such as the stabilizatbdispersions and enhanced oil recovery.

Wu, et al. were the first to observe that adsoathctant aggregates called admicelles
or surface micelles have the ability to preferdhtiadsorb organic solutes from solution, a
process called adsolubilizatidrinterestingly, surfactants exhibit this solubitigi property at
interfaces, just as they do in solution. This &pibf adsorbed surfactant aggregates at the
solid/liquid interface to solubilize nonpolar s@athas been described as adsolubilization,
surface solubilizatichand coadsorption,a phenomenon involving the formation of ordered
aggregates capable of acting as two-dimensionalestd for sparingly soluble compounds.
Adsolubilization is the surface analog to solulaition, with adsorbed surfactant bilayers playing
the role of micelled.The concept of adsolubilization forms the basisstaface modification.

Over two decades ago, Wu et aeveloped a novel surface modification techniqu th
utilizes adsorbed surfactant aggregates (admi¢elkea template to synthesis polymer thin films
with thicknesses less than 10 nm and in some dasssthan 1 nm. This technique, called
admicellar polymerization, consists of four majteps (Figure 1.1), (I) surfactant adsorption /
admicelle formation, (Il) adsolubilization of monengs), (lll) polymerization (polymer

formation) and (1V) surfactant remova(.
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Figure 1.1: Schematic of the surface modification process.

The polymer matrixes formed by admicellar polyimation have varying morphologies,
depending on the substrate. On an amorphous siliestrate, O’Haver found bands of styrene-
butadiene copolymer formed within the “valleys”tb silica’ On flat surfaces, a non-uniform
coating of polystyrene was observed by Sakhalkaglass fibers® Lai, on the other hand, found
a uniform layer of poly(tetrafluoroethylene) on mina plate’* However, Genetti observed a
thin layer of polypyrrole covering nickel flakés.

Weighting materials are often added to drillingids as densifiers to support and
stabilize the wellbore during drilling operatiof@zalcium carbonate is often used in preference to
barite because it is acid soluble and can therdfereasily dissolved as part of the process of

cleaning up the production zone. Moreover, it ediy available in usable form and at low cost.



But, a major problem is the incompatibility of hggh-energy, hydrophilic surface with the low-
energy, hydrophobic phase of oil-based drillingdlu

This thesis examines the admicellar polymeriratd styrene in nonionic surfactant
admicelles at the water-calcium carbonate intertagenvestigating each step in the process:
adsorption, adsolubilization, polymerization, waghi and drying in order to obtain a thin
polymer film coated on the surface of the substrateshort introduction, summary of the
investigations and the structure of this thesispaesented in this first chapter. Chapters two and
three present a thorough literature review of wgiindings that are relevant to this research.
Chapter four is written as a paper to be submittedpublication, it reports the results and
conclusions of the work. Lastly, a proposal for thé&ure work that can be done to aid our
understanding of the interactions between noniauidactants and industrial grade calcium
carbonate is presented in chapter five. Detailedlte and instrumental stepwise procedures are

given in the Appendices.
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CHAPTER TWO
LITERATURE REVIEW

The origins of surfactants can be traced back eécdibcovery that early soap, formed by
mixing and heating animal fat with wood ash (whadts as the base), with both of them being
heated (heat + time), exhibited a cleansing prgpefthis process was later termed
saponification. The root worshpo first appeared in thEatural History encyclopedia published
by Pliny the Eldef. This was the background against which it was disged that surfactants
were the active agents in soaps, responsible &r ¢keansing property. Consequently, their dual

nature engendered them to be widely utilized fonyrapplications.

21 NATURE AND STRUCTURE OF SURFACTANTS

Surfactants, short for surface-active agents, amdecules that tend to adsorb at
interfaces. The reason for this is that most stafgts have both hydrophilic and hydrophobic
groups present in their molecules. The hydroplglioup, also called the head group, is (in
aqueous systems) water-loving and either polaronici Conversely, the hydrophobic group,
also called the tail group, is water-hating orloiling and usually nonpolar hydrocarbon chains.
The hydrophilic and hydrophobic groups of two wiydesed surfactants are shown in Figure 2.1.

Surfactants have aamphipathic characteristic molecular structureconsisting of a
structural group that has very little attractionr tbhe solvent, the hydrophobic or lyophobic
group, together with a group that has a strongaaton for the solvent, the hydrophilic or

lyophilic group. The chemical structures of grogsnsuitable as the lyophobic and lyophilic



portions of the surfactant molecule vary with ttaune of the solvent and the conditions of use.
In a highly polar solvent such as water, the lydpbogroup may be a hydrocarbon or
fluorocarbon or siloxane chain of proper length.evdas in a less polar solvent only some of
these may be suitable. As use conditions like teatpee, presence of electrolyte or organic
additives changes, it may become necessary to ynaké structure of the lyophobic and
lyophilic groups in order to maintain surface aityivat a suitable level. Surfactants are
generically classified according to the natureheiit hydrophilic group intd*

Anionic — When the surface-active portion of the moleculerieara negative charge, for
instance, RCOONa" (soap), RGH.SO;™ Na' (alkylbenzene sulfonate).

Cationic — When the surface-active portion bears a posttivaege, for instance, RNHCI™ (salt

of a long-chain amine), RN(N$" CI~ (quaternary ammonium chloride).

Zwitterionic — When both positive and negative charges mayrbsept in the surface-active
portion, for instance, RM,.CH,COO (long-chain amino acid), RN(CHs),CH,CH,SOs"
(sulfobetaine)

Nonionic — When the surface-active portion carries no aggaronic charge, for instance,
RCOOCHCHOHCH,OH (monoglyceride of long-chain fatty acid), RG(OC;H,)xOH

(polyoxyethylenated alkylphenol), R(Qid4)OH (polyoxyethylenated alcohol).

Dimeric (gemini) surfactants® — are made up of two amphiphilic moieties connected a
the level of, or very close to, the head groups Ispacer group of varying nature: hydrophilic or
hydrophobic, rigid or flexible. These surfactanepresent a new class of surfactants that is

finding its way into surfactant-based formulatioBsmeric surfactants represent a new class of



surfactants. They are made up of two amphiphilicetnes connected at the level of the h

groups or very close to the head groups by a spaoap

4-octylphenobpolyethoxylate (Triton -100, GH17-CgH4-(OCH4),OH, C14H200(C;H40),)

(n=9-10)

A\ 4

N
v

Hydrophobic group . Hydrophilic grouj

Figure 2.1: Hydrophilic and hydrophobic groups of ®me surfactant molecule:

10



2.2 MICELLE FORMATION BY SURFACTANTS

In a phenomenon termed the “hydrophobic effet8urfactants act the way they do in
agueous systems due to their nature/structurerendature/structure of water. Once a surfactant
monomer is added to water, water forms a “cagelimdothe hydrophobic carbon chain. This
enclosure is driven by the strength of the hydrogemds between the water molecules, leading
to loss of entropy of the water molecules. It is #ntropy loss rather than bond energy that leads
to an unfavorable free energy change for the psoc@sce added to a system, before equilibrium
is reached between the surfactant monomers antbdace and those in the bulk, surfactants
concentrate at the interfaces, where they gradutdtrease the overall free energy or surface
tension of the system. Their orientation at theriisice varies, depending on the components of
the system. At a water/ air interface, the headigie buried in the solution while the tail group
extends out of the solution. At oil/air interfatke tail group is buried in the oil while the head
group stays on the interface. A diagrammatic repregion is given in Figure 2.2. These
orientations are due to the amphipathic natureuofastant molecules, and the fact that like
dissolves like. The hydrophilic head group intesastrongly with water while the hydrophobic
tail interacts strongly with oil. These dual prapes of surfactants are the basis of their wide
applications.

The formation of micelles in agueous solution inaally viewed as a compromise
between the tendency for alkyl chains to avoid getcally (and enthalpically) unfavorable
contact with water, and the desire for the polatsp#éo maintain contact with the aqueous
environment. Micelles are formed as a result ofitheractions between the aqueous phase and

the lipophobic portions of the molecufeddany physical properties of surfactants including

11



conductivity and surface tension have sharp discoities in the region of the CMC. Surfactant

adsorption and micelle formation properties aréhailized in detergency.’

} Tail group

Air / Aqueous Interface
q _F Head group

Air / Oil Interface _+ Head group

} Tail group

Figure 2.2: Surfactant orientation at various interfaces.

2.3 SURFACTANT ADSORPTION

Surfactants adsorb onto the solid particles wheteddo a liquid-substrate system. They
first (not always) form local monolayers (hemimles) and then local bilayers (admicelles) or
something in betweehSome mechanisms that induce adsorption includeeiahange, ion
pairing, acid-base, polarization afelectrons, dispersion forces, and hydrophobicceff€he
hydrophobic effeétdescribes the entropic advantage achieved dudsgrption, as water forms
a “cage” around the surfactant tail in solutionheTconcentration at which hemimicelles and
admicelle begin to form are called critical hemielie concentration (CHC) and critical
admicelle concentration (CAC) respectively, bothe analogous to the critical micelle

concentration (CMC), the concentration at whicheties begin to form. The structure of these

12



aggregates differs depending on the medium and stiréactant. Generally, micelles are

represented as shown in Figure 2.3. But in a ndar@ystem, the structure is reversed forming

an inverse or reverse micelle, also shown in Fi@uge

Admicelle Hemimicelle Micelle (formed in solution)

ol e

Inverse Micelle

Figure 2.3: Admicelle, Hemimicelle, Micelle and Inerse Micelle.

2.3.1 Adsorption Mechanism

The adsorption mechanism of ionic surfactants diffeom that of nonionic surfactants.
The schematic of a typical surfactant adsorptiathisrm frequently seen for the adsorption of
ionic surfactants on oppositely charged surfaceismonly divided into four regioris:° the
shape of a typical adsorption isotherm of a nomicsurfactant follows Langmuir equation.
Unlike ionic surfactants, the adsorption isotherwfs nonionic surfactants do not have

clear transition points. At very low concentratiamgnionic surfactant monomers adsorb via

13



hydrogen bonding between the substrate and theopldic groups. The amount of adsorbed
surfactant increases slowly with increasing equiim concentration in the bulk phase. After the

CHC or CAC, the slope of the isotherm increase# tie CMC and then flattens ofit.

24 SURFACTANT SOLUBILIZATION AND ADSOLUBILIZATION  OF SOLUTES

One distinctive property of a micelle is its capyadbr solute solubilization within the
interior of the micelle. When micelles absorb oigasolutes from solution, we say that the
solute is solubilized. Likewise, when admicelles@b organic solutes from solution, we say
that the solute is adsolubilized. Solubilizationhe spontaneous dissolving of a substance (solid,
liquid or gas) by reversible interaction with thecelles of a surfactant in a solvent to form a
thermodynamically stable isotropic solution withdueed thermodynamic activity of the
solubilized materiat. The hydrophilic groups create a hydrophilic/patgion within the micelle
while the hydrophobic tail groups form a nonpolagion. Consequently, solutes preferentially
partition into regions of similar natufe.

Admicelles have the ability to preferentially aldisavrganic solutes from solution, a
process called adsolubilization. Adsolubilizatianthe surface analog to solubilization, with
adsorbed surfactant bilayers playing the role otethés. The organic solutes, with limited
solubilities in water, preferentially partition athe interior of the admicelfePartitioning of
solutes has been studied not only at the soliddiquterface but also at the air/liquid interfdée.
The formation of surfactant aggregates at intedacsually by self-assembly, can be by ion
exchang® or chemical bondind® Substrates such as layered silicafesyrgical graft€ and
Maghmité® ?°have been examined. Surfactant bilayer structureehange after adsolubilization

of different soluteé? %

14



Ultimately, adsolubilization depends on adsorptigvhich varies from substrate to
substrate), surfactant chain length and chain numitiee adsolubilization of naphthol could be
as high as 5.5 times that of the adsorbed surfaitsamif. > When the surfactant concentration is
above the CMC, adsolubilization decreases for @mgi@mount of solute due to competition

between solubilization and adsolubilizatfdif>

2.5 POLYMER THIN FILM FORMATION VIA ADMICELLAR

POLYMERIZATION

Admicellar polymerization, the formation of ultna polymer films within the two-
dimensional solvents of surfactant bilayers in dagiant, monomer, and substrate system, was
first studied by Wu et & The nanoscopic polymer morphology observed fromnS8ing
Electron Microscope (SEM), Scanning Tunneling Msaope (STM) and AFM shows patchy
and irregular films on substrates with wrinkles @ddorbed latex particles on flat and particulate
surfaces’? The four major steps of the thin film synthesia @idmicellar polymerization are
shown in Figure 1.1.
Surfactant Adsorption— A prepared surfactant solution is added to thestsate, giving rise to
surfactant adsorption on the substrate and subsedaemation of admicelles. Adsorption
isotherm is generated at this step. The surfactantentration should be above the CAC but
below the CMC, in order to avoid emulsion polymatian. The admicelle acts as the template
for the polymer film.
Adsolubilization of Monomers -Once the organic solute is added to the systeis)ntmpolar
compound, partitions into the admicelle region. §hmonomer adsolubilization occurs. The

adsolubilization isotherm is obtained at this step.
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Initiator Addition — Azo-initiators are preferred in place of the comigonsed potassium
persulfate, which does not give a consistent résdause it decomposes to HS@ffecting the
system’s pH and surfactant adsorptidiThe adsolubilized monomers are polymerized onee th
initiator is added to the system. Consequently,ieélhar polymerization is achieved.

Surfactant Removal- This is achieved by washing with DI or distilledater at room
temperature and then drying at a temperature béfhmvglass transition temperature of the
polymer. See observed that the stability of theypeir film is affected by the washing process,
that after most the surfactant is removed, the paar polymer surface will be exposed to the
water and this may lead to the coalescence of darer film in order to reduce the surface
energy, leading to patches having greater thicktess the admicelle they formed frothThis
might lead to a non-uniform distribution of the yroler film on the substrate. Therefore, another
method for removing the outer head group of theieelhe will be preferable, especially for

surface modification.
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CHAPTER THREE
ADMICELLAR POLYMERIZATION AND SURFACE MODIFICATION

31 INTRODUCTION

In a process now known as admicellar polymerizatin et al*' >proposed that ultrathin

films were formed within adsorbed surfactant bilgyacting as two-dimensional solvents in a
surfactant, monomer, and substrate system; sho¥dnghe first time that the admicelles

(adsorbed micelles), just like micelles in solutibave the capacity to solubilize organics within
their core (a process known as adsolubilizatiomeyl found that polymerization took place
within the surfactant admicelles, and polystyrenaswormed within the admicelles of the
sodium dodecyl sulfate (SDS) surfactant adsorbethersurface of the alumina. The technique
was extended to alumina powder in 1§88g calculated film thickness was comparable & th

SDS admicelle thickness, and washing after adnaicg@iblymerization affected the substrate’s

final surface property, setting the stage for aeh@vocess for surface modification.
3.2 REVIEWS ON SURFACE MODIFICATION
3.21 Aluminaand Aluminum

In a corrosion control study on aluminum alloys, éeal.? deposited thin films of
poly(2,2,2-trifluoroethyl acrylate) (PTFEA) and p@hethyl methacrylate) (PMMA) via

admicellar polymerization, on aluminum alloy couponThe PTFEA film reduced the
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percent of corroded area to 20%, and because iahagher hydrophobicity than a PMMA-

modified surface, it exhibits a better corrosiontpction over PMMA film.

As an alternative to carbon black application ibber reinforcement, white mineral
particulates (alumina particles), was coated withulira thin film of polystyrene cross-linked
with divinylbenzene, poly(styrene-co-divinylbenzgnar P(S-co-DVB), by Wang (2008)sing
SDS surfactant. Direct observation of the polynilen fvas found to be insensitive in attenuated
total reflectance (ATR) and diffuse reflectanceranéd Fourier Transform (DRIFT), but
extraction with tetrahydrofuran (THF) showed pastiresults, even though extraction of the
polymer was difficult, since a more tightly boundSRco-DVB) cannot be extracted. After
polymerization, scanning electron microscopy (SEMydwed changes in topography but failed
to differentiate among different coatings. Howewbermogravimetric analysis (TGA) provided
strong evidence of the presence for residual SDE R{$-co-DVB). Hydrophobic properties

were achieved to resist water for up to 90 minutes.

Karlsson et af, examined the protection of aluminum pigments byamseof an
encapsulating polymer layer by admicellar polymegian. Good results were obtained in terms
of protection from an alkaline solution, an indioat that the polymer coating (PMMA and
polystyrene (PS)) was an efficient inhibitor. Hypheobic initiator was preferred because of the
hydrophobicity of the tail region in the admicefi@ polymerization. Inhibition tests on the
susceptibility of the aluminum pigments to alkalimater for PMMA-modified aluminum

pigment powder were stable up to 110 days withisible changes.

Adsorption and adsolubilization of polymerizablerfactants on aluminum oxide was

investigated by Attaphong et 4l.Styrene and ethylcyclohexane adsolubilization were
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independent of the number of ethylene oxide (E@ugs in the surfactant. The admicelle layer
as well as the adsolubilization capacity of thatefaremained stable after washing, thus, the
polymerization of polymerizable surfactants incezhthe stability of surfactants adsorbed onto

the alumina surface and reduced surfactant desarfrom the alumina surface.
3.2.2 Silica (rubber fillers)

Admicellar polymerization on amorphous precipitalica substrates was first studied
by O’Haver et af using different types of surfactants, water saubhtionic cetyltrimethyl
ammonium bromide (CTAB), water insoluble cationicfactant methyltri(C8-C10) ammonium
chloride (ADOGEN 464) and nonionic surfactant oehgnoxypoly(ethoxy)ethanol (MACOL
OP10SP). It was explained that the nonionic suaféchad the lowest adsorption on silica
because of its larger hydrophobic group. Conse@ueADOGEN gave the highest surfactant
adsorption on silica, followed by CTAB and MACOLThe ratio of adsorbed CTAB to
adsolubilized styrene was 2:1. Different initiatiaehemes for polymerization were used,
thermal initiation with a water-insoluble initiat8r2' —azobis(2-methylpropionitrile) (AIBN) and
redox initiation using ferrous sulfate. A slowereraof conversion was observed in redox
polymerization due to the small amount of ferrouage. According to the paper, high initiator
to monomer concentration was necessary when udiBly Aecause the ethanol used to dissolve
AIBN participated in adsolubilization and may comsufree radicals that were formed (but it is
likely that the free radicals were consumed bydkggen present in the system since the styrene
monomer was not purified). The formation of an gné polymer-silica composite was achieved.
Polymer extracts were obtained by refluxing tetchbjuran (THF). Only a small amount of
polymer, presumably those on or near the silicéasarwere recoverable. Those formed within

the silica pores were most likely difficult to exdt.
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Properties of rubber after reinforcement by twdate-modified silicas, silane-coupled
and admicellar polymerized, were compared by Thathatmnukul et al. Admicelles were
formed using cetyltrimethyl ammonium bromide (CTAByith styrene—isoprene or styrene-
butadiene being used as co-monomers for thin fdmétion. They observed that higher surface
areas of the polymerized silica resulted in bettdyber physical properties. Both techniques
improved overall rubber properties after reinfoream with the modified silicas, with the

admicellar polymerized silica providing better flesacking resistance.

Nontasorn et a produced surface-modified silicas by admicellalyperization in a
continuous stirred tank reactor. Rubber testingltesvere consistent with those obtained from

batch systems and reinforcement into rubber comg®unproved the physical properties.

Rangsunvigit et af produced a surface-modified silica using CTAB, and
polyoxyethylene octylphenol ether (OPEDwith co-monomers of styrene and isoprene to form
the polymer coating. Increase in the OREGCTAB ratio decreased surfactant maximum
adsorption because of weaker interactions andcseéiect of the bulky head group of nonionic
surfactant on silica. The total amount of CTAB rneed to form a monolayer was reduced using
OPEQy. After modification, the specific surface area wasgluced while mean agglomerate
particle size increased. Coated polymer was furttiearacterized using thermogravimetric
analysis (TGA) and scanning electron microscopyMEHt was found that of all those tested in
this study, the best mechanical properties of rubdmmpound with modified silica were

obtained when CTAB: OPE@ratio of 1:3 was used.

Yooprasert et af observed the effects of surfactant chain length study of radiation-

induced admicellar polymerization of isoprene dicai Modification of silica with
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CTAB via radiation-induced admicellar polymerizatilhad the best performance among the
systems tested. This correlates with a later wgrRtngprayoon et af.who compared different
methods of admicellar polymerization to modify ali surface for the rubber reinforcement
application, thermal or radiation-induced admiaef@lymerization. Cationic surfactantsC
Ci4, Cie- trimethyl ammonium bromide (DTAB, TTAB, CTAB) werased to obtain an
admicelle layer and isoprene was used as the mané&aports show that 40 phr (phr = parts per
hundred rubber) of silica was the optimum ratio fbe reinforcement of a model rubber
compound. Rubber compound with modified silica sadwnproved mechanical properties.
CTAB adsolubilized the highest amount of monomsirsse it has the longest hydrophobic chain
length with closer packing, hence had the bestfidrmation. SEM images further confirmed the

better dispersion in rubber compound with modigéita.

3.2.3 Compositefillers

Graphene was surface modified with nylon 6, 10 myldn 6, 6 coatings by Das et'al.
This modification prevented aggregation and shobetter dispersibility in a bulk nylon matrix.
The organic solvent carbon tetrachloride (§®@as used to swell the sodium dodecyl benzene
sulfate (SDBS) surfactant admicelle, providing &dyeenvironment for polymerization at the
interface. The SEM, atomic force microscope (AFNMaransmission electron microscope
(TEM) images showed that nylon film can be non-¢ently bonded onto a graphene surface

and remained stable in low pH (1.7-2.5) conditiand after freeze-drying.

Likewise, Zhao et &f formed poly(methyl methacrylate) (PMMA) nano filon the
surface of rice straw fiber (RSF). PMMA-modified RShowed good miscibility with

poly(lactic acid) (PLA), and stably dispersed inAPlith less agglomeration. Consequently,
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reinforcement of PLA composite with modified RSFosled improved tensile strength,

increased thermal stability and increased elongatio
3.24 Cotton fibers

In 2008, Ren et &f obtained antimicrobiaN-halamine polymeric coatings on cotton
fibers. FTIR and SEM confirmed the presenc@&ldfalamines polymer. The coated polymer was
stable and rechargeable even after 50 machine mgskicles. After chlorination, the polymeric-

coated cotton showed high efficiency in inactivgtBaphylococus aureus andEscherichia coli.

In a 2008 paper, Tragoonwichian et‘aproduced a UV-protective cotton by grafting
(covalently bonding) a UV-absorbing agent, 2,4-difloxybenzophenone, with the monomer,
acryloyl chloride, and polymerizing the producthydroxy-4-acryloyloxybenzophenone (HAB)
on the cotton surface by admicellar polymerizatising dodecylbenzenesulfonic acid, sodium
salt (DBSA) surfactant. Increase in temperatureeased surfactant adsorption rate but slightly
decreased amount of adsorbed surfactant. Closkimgaaf adsorbed surfactant was observed in
the presence of sodium chloride (NaCl) electrolyldse reported molar ratio of HAB to DSAB
was about 1:2. FTIR and SEM images demonstratedrédsence of poly(HAB). After treatment
with HAB at concentrations greater than 1.2 mM, theaviolet Protection Factor (UPF) of the
cotton fabric was greatly improved from a valuetdbr plain fabric to greater than 40 (excellent

protection) after treatment and is effective ewader continuous UV exposure up to 24 h.

As a complement to the earlier work, Tragoonwinhga al*® in 2009 performed double
coating via repeat admicellar polymerization udDBSA as surfactant to recoat an HAB-coated
cotton surface with methacryloxymethyltrimethylsga(MSi). The presence of poly(HAB) and

poly(MSi) films were confirmed using SEM and FTIRe coating of poly(MSi) on poly(HAB)
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coated fabric resulted in a fabric with slight d=se in its UV-protection property, but with

significant improvement in its water repellency.

Siriviriyanun et af® using the cationic surfactants, CTAB dodecyltrinyggmmonium
bromide (DTAB), coated a flame retardant cottonrifalwith phosphorus-containing thin film
poly(acryloyloxyethyldiethyl phosphate) (PADEP). 8B, having a larger hydrophobic core,
showed higher adsolubilization than DTAB and PAD&Rted cotton using HTAB had a self-
extinguishing characteristics. PADEP-coated copigpared with DTAB showed a slow flame
spread burning the entire fabric without char faiiorg whereas, untreated cotton had a fast

flame spread burning the entire fabric without dieamation.

Maity et al®® compared two surface modification methods, dirfgorination and
admicellar polymerization. Both methods resultedjieater hydrophobicity of the cotton fabric.
Merits and demerits of both methods were discusaad, based on their results, admicellar

polymerization was found to be better compatiblhexisting textile processing techniques.

In 2011, Tragoonwichian et dl.extended their work on water repellent cottonifaby
admicellar polymerization to include a nonionic fagtant
methacryloxypropylpentamethyldisiloxane (MDSi). Ayses from wetting, SEM, Fourier
transform infrared spectroscopy, energy disperspectroscopy (EDS) and contact angle,
confirmed the formation of polymer films. The catio surfactant, MSi, had a higher adsorption
leading to more hydrophobicity and better watereliepcy of the treated cotton than the

nonionic surfactant.
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3.25 Calcium Carbonate

Chibowsk?? examined the adsorption of SDS on a CC surfacéhén presence of
polyacrylamide (PAA) using radiotracer techniques §DS. The presence of PAA on the
surface of CaC@increased SDS adsorption especially when the pitaater than the point of
zero charge (pzc) (the pH at which the electriderge density on a surface is zero). It was
observed that PAA-SDS complexes formed in the liken premixing high concentration SDS
and PAA solutions which contributed to the decreaseDS adsorption.

In a rheological study of oil dispersion propertigssilanated CaC§) Kurkarni, et al?®
found that silanes reduced particle-particle inteom and decreased dissipation energy under
shear. They discovered that significant modificagion the dispersion properties, and hence
rheology, can be affected by the appropriate choii¢esating silane.

Wettability as a test for surface modification Heeen examined by various writers this
past decade. In 2003, Standnes and AuStamlestigated ion-pair interaction between a cagion
surfactant, DTAB, and the carboxylates presentrude oil and model oil systems. Dynamic
experiments, using model oil systems, containirffeidint types of fatty acids and;{TAB
dissolved in brine, showed that the surfactanttsmiuimbibed spontaneously into the oil-wet
material in a counter-current flow regime goverigdmainly capillary forces, indicating that a
wettability alteration process had taken place.

The effects of the structure of fatty acids, watemposition and pH on wettability of
calcite surface were studied via contact angle oreasent by Rezaei, Gomari and Hamotiia.
They showed that fatty acids in the presence oatemfilm alter the calcite surface to oil-wet,
presence of magnesium and sulfate ions increaseddker-wetness of the calcite, and wetting

was dependent on the pH. Increasing pH from 5 1o #he presence of both ions, increased the
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water wettability of the calcite. While further mease in pH (above 7) in the presence of the
magnesium ions continue to increase water wettgbthere was decreased water wettability in
the presence of sulfate ions (at pH above 7), tieguh a slightly oil-wet calcite surface.

In 2006, Strand et &f. obtained information about the chemical mechanizhind
wettability alteration of carbonates by sulfatesoit was shown that at high temperatures, an
injection fluid containing sulfate ions changed Wetting state of chalk from preferential oil-wet
to preferential water-wet. Adsorption of sulfate@ohalk was studied at different concentration
of calcium ions. It was observed that the adsomptd sulfate onto chalk increased as the
temperature and concentration of calcium ions exxed.

Jarrahian, et &, altered the wettability of carbonate rocks usithgee types of
surfactants. Cationic surfactant CAB irreversibly desorbed stearic acid from the aioite
surface via ionic interaction. Triton-X 100 adsatben the surface by the polarization 7of
electrons and ion exchange, releasing more staartt from the solid surface, which is then
adsorbed as a new layer on the surface throughoplgdbic interaction between the tail of
adsorbed surfactants and the non-polar part ofstearic acid. The anionic surfactant SDS
adsorbed on the surface via hydrophobic interacbetween the tail of surfactant and the
adsorbed acid, thereby changing the wettabilitthefsurface to neutral wet condition.

Admicellar polymerization was recently employedhe surface modification of calcium

carbonate particles for use as filler by Rungruahgl?®

The point of zero charge (pzc) for
CaCQ used was reported to be 11.4. Sodium dodecylsu{faDS) was used as the surfactant.
Equilibration time for SDS adsorption on Cag®as achieved after 18 hours. The effect of

increasing sodium ions provided shielding to suglachead group repulsion and increased the

amount of adsorbed SDS. An SDS adsorption isotheras obtained and admicellar
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polymerization was run using gaseous propylene mmemno FTIR characterization analysis,
gravimetric weight loss analysis, increased diamaftgarticles showed the presence of thin film
of polypropylene on CaCQO3. The isopropylene (iRBated CaCO3 composite was tested for
non-isothermal crystallization studies. Crystaliiaga temperature and the melting endotherm of
iPP filled with modified CaCO3 was lower than thdee untreated CaC{composite samples,
which indicated reduced nucleation of filler pdes: Decreases in Wide Angle X-ray
Diffraction (WAXD) crystallinity were also observetflechanical properties testing on iPP filled
with modified CaCO3 showed reduced vyield stressreimsed yield strain, reduced flexural
strength and increased impact resistance becaeséhith film acted as a lubricant between
particles and the polymer matrix. Better dispersamu distribution of modified CaCO3 was
confirmed in Scanning Electron Microscopy (SEM)dstu

H. Ding * modified CaC@ by grinding CaC@with SDS in an ultrafine stirred mill and
used this as filler in polyethylene (PE). Analysigh Infrared (IR) and X-ray photoelectron
energy spectroscopy (XPS) was performed. Decraaspatrticle size or increases in specific
surface area of the particles improved modificateffect which means a more hydrophobic
surface. Optimum experimental conditions were smiduch as concentration of SDS, mass
ratio of grinding media to feeding, and grindingrces and duration. Modified CaGO
incorporated into PE as filler showed improved nagital and physico-chemical properties. IR
and XPS show SDS adsorption on the surface of GaCO

J. Zhang et al’ synthesized maleic anhydride grafted polyethyleas (MA-g- PEW)
by mixing melted polyethylene wax, maleic anhydrigied free radical initiator di-tertbutyl
peroxide (DTBP). Purified MA-g-PEW was dissolved tsluene and mixed with CaGy

mechanical stirring. Fourier transform infrared @pascopy (FTIR) characterization showed the
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presence of MA-g-PEW in modified Cag@Q ransmission emission microscopy (TEM) showed
less agglomeration and increases in Ca@rkness after the modification. 100% activeaati
(ratio of floated product over overall dispersednpke used to check for hydrophobicity) was
able to be achieved at 2.5% MA-g-PEW or above. & in shear forces and viscidity (less
agglomeration) with increase weight ratio of MA-BA\R to modified CaCegindicated reduction

in resistance forces. Overall, the optimum weigitior of MA-g-PEW to modified CaCO3 in

order to change the CaG®urface from hydrophilic to hydrophobic was repdras 2.5%.

3.2.6 Other mineral surfaces

Wei et al*! inspected the ability of different washing stepsremoval of materials from
admicellar polymerized titanium dioxide and alumiXaray photoelectron spectroscopy (XPS)
measurements indicated that after admicellar palyaton, organic material and surfactant are
present on the surface of the solids. The studywstdhat polymer formed on both the outside
surface and the inside surface of a rough, porolid. ©Only about half of the material could be
removed on the outside surface after solvent wagheser washing followed by Soxhlet
extraction with toluene). Ratio of surfactant tdymeer on the outside surface after admicellar
polymerization and solvent wash was approximately Whereas the ratio on the interior surface

is approximately 3:1.

Lastly, Marquez et &f compared three different methods of attachingmpelg to sand.
In-situ graft polymerization of vinyl monomers (glamide or acrylic acid with vinyl acetate)
onto an organosilane sub layer chemically bondethéosand surfacey-nethacryloxypropyl-
trimethoxysilane (MPS) was used as the silane-togphgent for the silanation reactions).
Chemical grafting of preformed water-soluble polymeonto an organosilane sub layer
chemically bonded to the sand surface, and adrarcelpolymerization using
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cetyltrimethylammonium bromide (CTAB) surfactantdararious monomers (acrylic acid, vinyl
acetate and acrylamide). Presence of polymer orsudhface was confirmed in all three cases.
The highest amounts of polymer coating were aclidwuegrafting of preformed water-soluble

polymers compared to all of the other techniques.

33 COMMENTARY

The same surfactant on different substrates givifereht ratio of adsolubilized
monomer to adsorbed surfactant (Table 3.1, comgabitavef and Kitiyanar’). Likewise,
different surfactants on the same substrate gifferdnt adsolubilized monomer to surfactant
ratios (Table 3.1, comparing O’Ha%eand Tar®). Though adsolubilization is generally agreed
to increase with increased adsorption, additionipafphilic linkers (for nonionic surfactarif)
and the effect of the structure of the monohigisee Table 3.1) showed that adsolubilization
depends on other factors, especially the surfagpepties (like surface area and surface energy)
of the substrate. This observation was evident hie present work, where the ratio of
adsolubilized monomer molecules to adsorbed sanfiaecholecules was 50:1 with extra-fine CC

(XFCC).

These varying results are indications that evergtesy is unique and apparently
unpredictable, thus, the success of admicellarrpehzation on any system should be predicated

on sound experimental testing of that particulatesy.
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Table 3.1: Approximate values of adsorbed surfactant molecules to adsolubilized monomer

molecules from some authors

Adsolubilized Adsorbed surfactant
monomer molecules molecules

Wu et al**

1 2
(Styrene and SDS on alumina)
O’Haver et af

1 2
(Styrene and CTAB on Hi-Sil 233)
Kitiyanart”
(Styrene and CTAB on Hi-Sil 255) 1.7 1
(Isoprene and CTAB on Hi-Sil 255) 3.69 1
Tan et af”

2.7 1

(Styrene and Triton X on Hi-Sil 233
Tragoonwichian et af’

1 2
(HAB and DBSA on cotton fabric)

!Indicates one mole of styrene was adsolubilized by two molecules of SDS, indirectly supporting the existence of a
bilayer.
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CHAPTER FOUR

ADMICELLAR POLYMERIZATION OF POLYSTYRENE TO COMPATI  BILIZE
CALCIUM CARBONATE WITH OIL-BASED DRILLING MUD (OBM) : FOR

IMPROVED MUD PERFORMANCE

To improve the performance of oil-based drillingan(©BM) by enhancing the mud
compatibility with its weighting agent, calcium banate (CC), the surface of industrial CC was
modified in situ by admicellar polymerization. An organic monom&grene, was polymerized
on the surface of three different grades of indals€C using (4-octylphenol polyethoxylate),
Triton™ X-100 (TX-100), as surfactant and 2,2'-agwobutyronitrile (AIBN) as initiator. An
adsorbed surfactant bilayer (admicelle) on the Gase was used as the reaction site for the
synthesis of the polymer film from adsolubilized moaner. The coated polymer was recovered
by refluxing tetrahydrofuran (THF) in a Soxhlet dtor and was characterized with FTIR-ATR
(Fourier transform infrared-attenuated total re¢fd@ce) and thermogravimetric analysis (TGA).
Surface characterization and thermal analysis ef ttkated CC and the extracted material
confirmed the existence of the polystyrene thimfin the CC surface. Extractable polymer of
up to 2.6 weight % of the treated CC was obtairnBHtke process presents an inexpensive
technique to modify calcium carbonate’s high enehggrophilic surface into a low energy
hydrophobic surface, increasing its compatibilitythwOBM used in oil and gas drilling
operations. Better compatibility will allow highéiller loadings, enhance drilling fluid

homogeneity leading to a more uniform viscosityréfsy improving removal of drill cuttings,

41



increasing wellbore pressure, increased mud reasd, overall improvement of the mud

performance.

4.1 INTRODUCTION

Surface modification processes have been extegsaxglored to produce materials with
improved performance for a wide range of applicaioIn admicellar polymerization,
surfactants adsorbed on the surface of a substratetilized as a reaction template forsitu
polymerization to modify the substrate surface arghte materials with new surface properties.
Admicellar polymerization is based on using adsdrbarfactant aggregates (admicelles) as a
reaction medium. Numerous studies have shown thaicelles adhere well to the substrae.
Admicellar polymerization has been used to prodiliees with better compatibility: °Since the
film represents the interface between the two phdbkat are heterogeneous in naftutiee
resulting structure and properties of the formadathin film will have a major impact on the
final interfacial properties of the modified suladé. Through admicellar polymerization,
different types of polymeric thin films have beearrhed on various substrates such as
polystyrene on silicd,cotton®*° aluminal! styrene-isoprene copolymer on glass fifeand

polypyrrole on micd?

Weighting materials are often added to drillingidki as densifiers to support and
stabilize the wellbore during drilling operatios.good weighting agent should increase mud
density to achieve wellbore pressure, seal permadahinations with thin low permeability filter
cake minimizing formation damage, and be affordaBk#cium carbonate (CC) is often used in

preference to barite because it is acid solublecamdtherefore be easily dissolved as part of the
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process of cleaning up the production zone. Moreatés readily available in usable form and
at low cost. A major problem, however, is the ingaibility of its high-energy hydrophilic
surface with the low-energy hydrophobic oil-basellidg fluid (oil-based mud) (OBM). The
high energy hydrophilic surface of CC is a majonitation in the many applications (such as
mineral filler for polymers, adhesives, paper, pgimnd oil and gas drilling fluids) where it is
used, creating a problem of weak compatibility. €squently, much research has been
performed on the surface modification of CC to emeaits compatibility with the host
material**#? Applications of surfactant in drilling mud formtiens abound? but scarcely is
there any attempt to surface modify the weightiggra used in these formulations, even though
there is poor compatibility of the weighting agamid the widely used OBM. Thus, admicellar

polymerization, for this particular application,asovel approach.

The four-step film-forming process includes (1) @gs$ion of surfactant, e.g. TX-100, (2)
adsolubilization of an organic monomer, styreng,i@iation of in situ polymerization of the
monomer in the surfactant adsorbed layer, by amditf 2,2-Azobisisobutylonitrile (AIBN)
initiator, and (4) partial surfactant removal, bysking the treated CC, in order to remove

accessible surfactant and expose the synthesizgah@ofilm coated on the surface.

In this work, admicellar polymerization was usedotoduce ultrathin polystyrene films
on the surface of four different size grades otustdal CC, Coarse CC, Medium CC, Fine CC,
and Extrafine CC (XFCC) particles. The films weyatbesized within the admicelles of TX-100
surfactant adsorbed on the CC surfaces. The adsodabpolymer was exposed by washing
with DI water. The polymer and remaining surfactasis successfully extracted, analyzed and

characterized. Results confirm the formation ofyptyrene.
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It is expected that the polymer coated particlesuldiocontribute to the increased
compatibility between the oil-based drilling flumhd the treated CC particles as opposed to

untreated ones.

4.2 EXPERIMENTAL

421 Materials

Four different grades of industrial calcium cara@s, Adi¥ CARB 5 (XF) (Extra-fine
CC), Ad™ CARB 25 (F) (Fine CC), Adf CARB 50 (M) (Medium CC), and A8f CARB 150
(C) (Coarse CC) were courteously supplied by BCéi@ical Corporation, Sdn, Bhd. (Selangor
Darul Ehsan, Malaysia). Triton™ X-100 (TX-100) (taktory grade), a polyethoxylated {0.5
EO groups) octyl phenol (purity of 99 %+), was pased from Sigma-Aldrich, Inc. (St. Louis,
MO). Styrene (stabilized and at purity of 99 %) swmirchased from Acros (New Jersey, USA).
2,2-Azobisisobutyro-nitrile (AIBN) (purity of 98 %), as purchased from Sigma-Aldrich, Inc.
(St. Louis, MO). Deionized water was obtained franMillipore Direct-Q 3UV Water

Purification System.

4.2.2 Qualitative analysis of the calcium carbonate

Since our substrate is naturally occurring calcicarbonate, in order to ensure that the
experiment will not be affected by any impurity thaght be present in the sample. Quantitative
analysis of the metallic composition of three diéfet grades, coarse, medium, and fine samples
of CCsupplied by BCI Chemical Corporation was performethg inductively coupled plasma

mass spectrometry (ICP-MS). The ICP-MS results destnated that the amount of the other
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metals present in the supplied CC are insignificémis their interference would be minimal.

The CC grades all had similar compositions (abdu@:6 % of Mg ion).
4.2.3 Specific Surface Area Analysis of the calciugarbonates

The specific surface areas of the CC samples waen@d using a NOVA 2000 Multi
Speed Gas Sorption Analyzer (NovaWin2) from Quamame Instruments (Boynton Beach,
FL). The results were calculated using both thetimpalint BET method and the Langmuir

Adsorption method, performed in the accompanyirfpsoe.
4.2.4 Surfactant adsorption

XFCC, having the highest specific surface area, ugzsl as a representative of the other
size grades for preliminary studies, the otherdl€€ size grades were later treated using similar
methods. A stock solution of TX-100 with a concatitm of 10 mM, around 50 times the CMC
(0.22-0.24 mM) was prepared by diluting a measured quantity ofID& (1.7 M) with an
appropriate quantity of distilled water. A caliboat curve for absorbance versus surfactant
concentration was performed using a UV-1201s spebttometer (Shimadzu Co., Colombia,
MA). Approximately 10 g of XFCC was weighed andlad to 40 mL of solutions of varying
surfactant concentrations. The samples were oataishaken once every hour and allowed to
equilibrate at room temperature (25+2 °C) for 24The vials were then centrifuged using a
Fischer Scientiic MARATHON 3200 centrifuge at 30@m for 4 min. The supernatant was
then removed by syringe, and filtered through arBi@on PTFE syringe filter before UV-vis
analysis. The amount of TX-100 in the bulk was deieed by comparing the adsorption at 275

nm of the unknown solution with that of a caliboaticurve and the surfactant adsorption was

" Sigma Product Information Sheet
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calculated from the change in concentration. Anoguteon isotherm was then generated by

plotting the surfactant adsorption versus the dejuilm concentration.

The hydrodynamic radius of TX-100 in various sauo8 with varying surfactant
concentration was determined through dynamic ligtdttering technique, using a Zetasizer

Nano-ZS by Malvern Instrument Inc. (Westborough, MA
4.2.5 Monomer adsolubilization

As it is important to admicellar polymerization thiaoperates below the critical micelle
concentration, the adsorption isotherm was usediei@rmine a feed concentration of the
surfactant that would equilibrate at approximat@ly % of the CMC. At the appropriate feed
concentration, samples were prepared by addingpppgpte amounts of a stock TX-100 solution
with distilled water and known quantities of styeesaturated water of a known concentration to
3 g samples of XFCC in 40 mL vials. Calibration siffrene concentrations versus UV-vis
absorbance was performed similarly to TX-100 UV-waibration, but at 281 nm. A saturated
styrene solution was prepared with distilled wattyrene solubility in water is 278|4M.Jr
Samples of 3 g of XFCC were added to PTFE linetsvaad constant TX-100 concentration,
with varying styrene concentrations were added raiegly. The volume of bulk surfactant

required to get the constant concentration, waaiodd using
1/1=C12*I/2*l qu
C1

where G is the saturation concentration of styrene in wated G is the desired concentration

(constant concentration) and,Ms the total volume of solution (40 mL). The styee

T Acros Product Information Sheet
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concentration was varied in each vial but totalgoh volume and surfactant concentration was
kept constant. The mixtures were shaken at interaatl left to equilibrate for 1 day. Samples
were centrifuged and supernatant solution analymeohg UV-vis at 281 nm. Styrene

adsolubilization was obtained using the changemtentration method, and the adsolubilization

isotherm generated.
4.2.6 Admicellar polymerization

Samples adding up to a total volume of 40 mL dairig 10 g XFCC, 31QuM TX-100,
2.45 mM styrene, and 122 mM AIBN were prepared. $amples were allowed to equilibrate
for 24 h before the addition of 0.08 mL of AIBN gbtibn, to produce a monomer to initiator ratio
of 10:1 was injected to each vial. And allowecktpilibrate for 24 h. Relatively, high initiator:
monomer mole ratio levels for admicellar polymetia have always been used, possibly due to
the fact that ethanol used to dissolve the AIBN naay to consume many of the radicals
formed, but it is likely because the solutions were notged of oxygen or inhibitor removed
from the styrene, with the oxygen consuming moshefradicals. The sealed vial was placed in
a thermostated water bath at @, for a 6 h polymerization. After polymerizatiahge mixture
was centrifuged in order to easily decant the swggant solution. The XFCC substrate was
washed to remove the accessible TX-100 by addirtgnta the substrate, shaking vigorously,
centrifuging, and then decanting the supernatame. Washing process was repeated five times,

and treated substrate finally placed in an over0&€C until dry.

4.2.7 Characterization of the treated calcium carboate

BET N, surface area analysis of the treated substratesdaas using a NOVA 2000

Multi Speed Gas Sorption Analyzer (NovaWin2) fromaQtachrome Instruments, FTIR-ATR
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analysis was done via a BRUKER TENSOR 27 IR Spewter, using resolution of 4 ¢hand
64 scans, and thermal decomposition of the treatmuples was examined using a TA
Instruments thermogravimetric analyzer (TGA) Q SBries,heating at 10 °C/min from room

temperature to 500 °C.
4.2.8 Characterization of the polystyrene coated ocalcium carbonate surface

Soxhlet extraction with refluxing tetrahydrofurahHF) was used to extract the polymer
from the treated CC. The resulting hot mixture \mddged to water to precipitate the polymer,
filtered and then dried. The residual polymer waalygzed with FTIR-ATR using resolution of 4

cm* and 64 scans, and was analyzed with TGA, from r@anperature to 500 °C at 10 °C/min.

4.3 RESULTS AND DISCUSSION
4.3.1 Surface area of the calcium carbonates

Surface area results showed that the supplier tepealues were apparently based on
the Langmuir model, as the values were very contgpp@r® those obtained from BET analysis
using the Langmuir model but were about twice afsthobtained from the multi-point BET

results, which is usually an average of the suréaea. See Table 4.1.
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Table 4.1: Particle size properties of the four indstrial CC size grades

Particle Specific surface area, Specific surface area, g
size m?/g (BET Ny)
Industrial | (diameter) (Laser Diffraction) Multi-Point BET/Langmuir
CaCOs3 pm
Coarse 105.00 0.22 0.30/0.50
Medium 92.58 0.48
Fine 26.20 1.00 0.61/0.99
Extrafine 8.30 1.74 1.09/1.78

4.3.2 Surfactant adsorption

Slight adsorption drop was seen after the surfactatical micelle concentration (CMC),
which may have been due to impurities in the sys#&though the tensiometer results of filtered
supernatant solutions after adsorption on CC inditilaat the CMC remains fairly stable after
adsorption, (Table 4.2, Figures 4.1, 4.2). The deta results indicate that the hydrodynamic
radius of changes with increasing surfactant camagon above the CMC. This implies that the
aggregation number of TX-100 micelles changes witheasing surfactant concentration, as has
been reported by Parad@sThe adsorption isotherms (Figure 4.3) were Langamias

expected, and the CMCs were comparable to tho$eiliterature.
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TX-100 has an area per molecule of 48

TX-100 that can be adsorbed on 1 gram

de. 48*10°° m?/molecule. The maximum amount of

of samplecalaslated as shown below.

2
10™
g * lrm'e _ Gﬂrmle
48* 10_20L2 6.022* 1023mO| ecules ' g
molecule

This theoretical value is 10 times more

than theeexnental value~ 0.34 umole/g) obtained

from the adsorption isotherm, or 5 times more thdrat is needed for bilayer formation.

Consequently, actual adsorption is lower than tacal.

Table 4.2: Comparison of TX-100 CMC (approximate) lefore and after adsorption

TX-100 CMC (mM) TX-100 CMC (mM)
Before Adsorption After Adsorption
0.23 0.25
0.24 0.23
0.22 0.26
0.25 0.26
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Changes in TX-100 Aggregation-Due to the slight drop in adsorption after the CMRQg
aggregation number of the surfactant was determumgdg a Zetasizer. An hydrodynamic
diameter of 7.5 nm will give an estimated weighZ@fkDa, since the average molecular weight
of its monomer unit is 631 D&’ and therefore an aggregation number of 114, sirtlaeported
values in literaturé> ?° It can be hypothesized from the Zetasizer reshhls there is a switch
between oblate and prolate micelle ellipsoid am@ wiersa. Radius obtained at 1 mM was about
1.5 times those at higher concentrations (Tablg. 4Bis irregularity has been reported in the

literature since the late 76522

Table 4.3: Hydrodynamic radius of TX-100 micelles tvarious surfactant concentrations

z-Average z-Average
TX-100 Radius (nm) Radius (nm)
Concentration (Before adsorption | (After adsorption
(mM) on XFCC) (£0.01) | on XFCC) (x0.01)
1 5.896 7.037
1 5.666 7.025
1 5.999 7.114
1 5.939 7.021
3 4.837 -
3 4.482 -
3 4.55 -
4 4.249 -
4 4.183 -
4 4.165 -
5 4.629 -
5 4.627 -
5 4.756 -

54



4.3.3 Monomer adsolubilization and polymerization

The adsolubilization isotherm (Figure 4.4) indisatehat there was effective
adsolubilization of the styrene into the surfactadinicelle. Maximum adsolubilization was 18
umol/g and mole ratio of styrene monomer to TX-1QOfactant was about 50:1, this was
confirmed from the material balance of the extrdgbelymer and adsolubilized styrene. This
ratio is in sharp contrast to ratios obtained dmeptsubstrates by previous work, the highest
being about 3:%° This indicates that the ratio of adsolubilized mmer to adsorbed surfactant
is higher on calcium carbonate (a relatively lowfate area substrate) than on silica (e.g. Hi-Sil
233, which is around 100 times more porous anclatively low solubility). It can also be due
to the type of initiator if compared to emulsionlywoerization situations where a study found
that high monomer to polymer conversion was acliaweder thermally pulsed conditions and
an optimum hydrophobic initiator like AIBRf. Furthermore, a previous work on admicellar
polymerization of calcium carbonate (C&showed sodium dodecyl sulfate (SDS) precipitated
in the presence of calcium ions forming Ca(P3he dissociated CC ions are not expected to
interfere with our surfactant because it is norgohlowever, the salting out effect of these ions

on our monomer solute was determined using theBatewempirical formula®

Csatiw s
Log(——) = K [salt]

sat

iw,salt Eq 2

The Setschenow or salting constant (M), Ki® of ethylbenzene (having a similar molecular
structure to styrene was used because tfieoKstyrene was not available) and the total

concentration of the CC, [salt] utilized in generating the adsolubilization isatim were used.
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sat

C .
A L mol/
ce )= 029 L ot 25MO) = 0725

iw,salt

Log(

t
Csaiw

t
C ¥ iw.salt

(

)=53

This implies that the styrene monomer was 5.3 tilegs soluble in water. Thus, it is likely that
more styrene monomers were driven to the admiadlle to the salting out effect of the

dissociated CC ions (€3 and (CQ?) on the styrene monomer.

Also, assuming a spherical particle, the size efdtoplet that would give a monomer to

surfactant mole ratio of 50 was determined by #iation below:

4* * 2% * *
PR }«A\Nsty Avo
4% rxy?

(48Angstrom2

=50

Pg, = density of styreneMW, = molecular mass of styrenes radius of the CC particle

Avo = Avogadro’s number

The relation gave = 59.5 nm, a value that is within the micro emasiange.

56



N
(92

o
o
5
MZO- .
~ L 2
o
£ "
=15 | u,
c [ ]
] L
E. L |
glO— N
Q [
= |
‘S ®
S 5 | 0
o) |
3 m
g |- "
O. ’I | | | |

0 200 400 600 800 1000 1200 1400
Equilibrium Concentration (uLM)

Figure 4.4: Adsolubilization isotherms of styrenen TX-100 admicelle on XFCC.
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The partition coefficienKas as defined by Wu et &f.is an equilibrium constant, analogous to

the partition coefficients used in solubilizatidndies:

Kas = (adsolubilized styrene molecule per adsorbethstant molecule) / (equilibrium

concentration of styrene in the supernatant)

The approximate value &xs in this study at 28C was 20,830 M, which is about 70
times the 300 M average of the SDS-styrene-alumina systend around 50 times the 400'M

value of the CTAB-styrene-silica systém.
4.3.4 Characterization of the treated calcium carboate

The FTIR-ATR spectra of the untreated CC and thatéd CC were similar, there was no
observed polystyrene peaks on the treated substratedication that the polymer coating on the

CC was below the detection limit of the IR instrurhésee Figure 4.5 and Figure 4.6).
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Consequently, the experimental challenge to sutidgssletect the thin film coatingn
situ is quite significant. Physical observation of thed treated CC substrates showed that the
Coarse CC sample was more closely packed and hgdlatructure compared to the Fine and
Extrafine CC. This is believed to be an indicatafnplasticization occurring as a result of the
polymer (and the entrapped TX-100, which acts gsaaticizing agent) exceeding its glass
transition temperature (Tg). Enhanced FTIR-ATR #j@e¢see Figure 4.7) were observed for
treated CC when compared to the untreated CC, dinaiion of increased hydrophobicity.
However, the highest % decrease in specific sudaea, up to 37 %, was from the XFCC. TGA
results further reinforced the existence of a pa@wymhin film on the treated substrat@hermal
decomposition analysis of untreated Coarse, FideEatrafine CC samples respectively resulted
in 1.3, 0.08 and 0.06 % weight loss. Whereas, rinetdd samples respectively had 3.2, 0.5 and
0.15 % weight loss, and a smoother and steeperivieEigs region, indicating the simultaneous
loss of the coated polymer with GCsee Table 4.5. Thermal decomposition graphs igesn gn
Figures 4.8, 4.9 and 4.10. It is likely that a lov#é weight loss difference indicates lower
amount of coated material and invariably lower lopdrobicity. Therefore, the treated Coarse
CC is more hydrophobic and expected to compatédivzth OBM better than the other CC size
grades. Rungruang et abbtained a % weight difference of about 0.2, whicltomparable to

that obtained for XFCC in this study.
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Table 4.4: Comparing BET N specific surface areas of the untreated and treate

industrial CC

Specific surface

Specific surface

Approximate

area (n/g) area (nmf/g) Multi- | % Decrease in
Multi-Point Point specific surface
Industrial BET/Langmuir BET/Langmuir area
CaCOs (UNTREATED) (TREATED)
Coarse 0.297/0.498 0.207/0.367 30
Fine 0.608/0.987 0.434/0.755 29
Extrafine 1.091/1.776 0.686/1.178 37
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4.3.5 Characterization of the extracted polymer

The polymerized material on Coarse, Fine and ExeafCC was successfully extracted
using a Soxhlet extractor. Soxhlet extraction afttsmon the treated Medium CC were

unsuccessful and resulted in no polymer upon prtatipn in water.

Physical Appearance Fhe polymer extract from the Fine CC and XFCC abeofis and

loosely packed, they easily break up when toucheaontrast, the polymer extract from the
Coarse CC was less fibrous, tightly packed, and @&aadbre plastic behavior (see Figure 4.8).
The reason for this difference is not yet undemdtdaut effort is ongoing to characterize the
extract with a gel permeation chromatography (GB@tem to determine if the molecular

weights are different and if the amount of entrappX-100 varies.

Figure 4.11: Picture of dried polystyrene extract fom treated Coarse CC.
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Results in Table 4.4 shows that % extractions atex material obtained from Soxhlet
extraction were comparable to % weight loss of\whBous CC size grades. We expected the
amount of recoverable polymer to be approximatejyaé to that of the added monomer and
initiator. XFCC had a % extraction very similarttee expected results (based on the amount of
adsolubilized monomer), Fine CC gave about 3 tithesexpected value and Coarse CC gave as

high as 14 times of the expected extraction.

Table 4.5: Comparison of %extraction and % weight loss of treated CC samples

Predicted % % Extraction % Weight loss of treated sample -
extraction based on (Soxhlet % Weight loss of treated sample
Industrial added monomer Extraction) after extraction (Thermo
CaCOs and initiator Gravimetric Analyzer, TGA)
Coarse 0.187 2.6 2.32
Fine 0.187 0.54 0.44
Extrafine 0.187 0.15 0.12
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Infrared (IR) analysis — FTIR-ATR spectra of the extracts confirmed thateélk&acted polymer

material was polystyrene, with an almost overlagpspectra band in some cases, see Figure

4,12.
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Figure 4.12: Comparison of the IR spectra of (a) d@racted material and (b)
polystyrene standard.
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Thermal decomposition analysis We expect the decomposition of half the TX-10@ ah of

the added monomer and initiator, but each samflecdebon black residue (see Figure 4.13).
[Coarse CC (had the least residue): residue reptieg about 0.84 % of total burnt extract
(99.16 % weight loss) (the PS standard had a 9% 9&eight loss)], [Fine CC: left residue of
about 6.76 % of total burnt extract (93.24 % weilglss)], and [XFCC: left residue of about
17.24 % of total burnt extract (82.76 % weight )@s3hus, percent residue increased with
decreasing particle size and increasing specifiase area of substrate. Thus, there are probably
small amounts of CaCG{articulates in the samples. The very small resiglnd high % weight
loss obtained from Coarse CC indicates that thegnpet thin film on this substrate is almost pure
polystyrene, unlike the ones coated on the Fine AR€C. Figure 4.14 and Table 4.6
summarizes the % weight loss of the extracts. THem®mposition regions were observed (see
Figure 4.13), confirming the presence of water sundactant (TX-100 EO group (the TX-100 is
believed to be present in the extract as part ®efstirfactant-polymer matrix, despite rinsing of
the THF extract with water)), although, both aregent in very small quantity. Phase 1 is water
vaporization phase, 100 °C to about 240 °C (tempezat which TX-100 starts to decompose),
Phase 2 is the TX-100 decomposition phase, 24® “&bout 350 °C (temperature at which PS
starts to decompose), and Phase 3 is the PS destimpghase starting at about 350 °C. One
major concern of the applicability or viability ofie treated CC is the high temperature and
pressure usually encountered downhole while dgjlthat the synthesized polymer could easily
break off from the CC substrate. However, most dova temperature sensing devices operate
below 300 °C, an indication that downhole temperis usually less than 300 °C. Thus, the
problem of polymer decomposition will not occur c@nthe polymer did not decompose until

over 350 °C. Additionally, the coated polymer wafiallt to extract, only 0.001 % extraction
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by mass of substrate was achieved when hot THF usad, but when a boiling THF was

refluxed, we had 0.15 to 2.6 % extraction.
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Table 4.6: Mass balance of the polymer extract

Total % % Weight % Weight % Weight | Mass ratio
weight loss loss due to loss due to | loss dueto| of polymer
Industrial (M) water (A) TX-100 (B) | polystyrene to
CaCOs (T-A-B) surfactant
Coarse 99.16 5 10 84.16 8.4:1
Fine 92.53 5 10 77.53 7.8:11
Extrafine 82.44 5 10 67.44 6.7:1
4.4 CONCLUSIONS

Calcium carbonate that is possibly more compatiita oil-based drilling mud (OBM)
can be produced via admicellar polymerization usstgrene monomers. At suitable time
durations, near CMC surfactant concentration agesé concentrations greater than 2.4 mM,
Coarse , Fine, and Extrafine size grades of in@istalcium carbonate, with respective %
weight loss of 1.3, 0.08, and 0.06 before treatra@uitrespective % weight loss of 3.2, 0.5, and
0.15 after treatment, and respective average udsea % decrease of about 30, 29, and 37 after

treatment, have been produced by admicellar polyatgsn process and are stable even under

high temperature of up to 350 °C.
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

This study has successfully shown that admiceltddymerization can be used to produce
surface-modified industrial calcium carbonate (C&jelatively soluble and low porous mineral
substrate. Polystyrene has been coated on vanpeigsades of industrial CC, with the Coarse
CC size grade (Adi CARB 150 (C)) showing a greater promise for impperformance with
the oil-based drilling mud (OBM). The highest polmextraction was obtained from the Coarse
CC, approximately 2.6 weight %, indicating a venghh monomer to polymer conversion
showing that Coarse CC was the most hydrophobie.%hextractions of all 3 size grades were
comparable to the % weight loss when thermally dgzmsed after treatment. Extraction of the
coated polymer was only possible when boiling TH&Swefluxed onto the treated substrate and
not when treated substrate was dissolved in hot. TH#S indicates that the organic polymer
treatment is firmly attached even though it was etemically bonded. It is very likely that the
ability of the coated polymer to withstand high paratures up to 350 °C (from the TGA
analysis of the treated substrates) would offeridemrange of use for the modified substrate at
moderate temperature and high temperature sitisatutile maintaining its enhanced properties.
Overall, the admicellar-treated industrial CC shkloldle more compatible with the OBM,
consequently increasing; parts per hundred mudeaghting agent, wellbore pressure, thin film

low-permeability filter cake strength, overall hogemeity, cuttings removal, reuse, and overall
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mud quality and performance. A pilot test of therf@enance of OBM formulated with

admicellar-treated CC is under way at BCI Chemiktllaysia.
5.2 RECOMMENDATIONSAND FUTURE WORK

It is recommended that nonionic surfactant be uedfuture work on admicellar
polymerization of industrial calcium carbonate ndler to avoid precipitation, like those recently
reported by Poh Lee Cheaffhe high conversion of monomer to polymer obtaiimethis work
is believed to be due to the high preferentialipaning of styrene monomers (due to salting out
effect of C&" and CQ? (from dissociation of CC in solution) on the styeesolute) into the TX-
100 admicellar core and subsequent swelling. Sger&i5.1. A further work to examine the
ionization effect of salts on monomer adsolubilimatand to fully explain the high conversion

can be explored.

Admicelle Polymer

Substrate

Figure 5.1: Suggested explanation for the high polymer conversion.

81



Admicellar polymerization of co-polymers and othabnomers can be explored and
compared with the present work to see which onegibetter compatibility with OBM. A
double coating via repeat admicellar polymerizati@e the one done by Tragoonwichfaon
cotton can be explored to see if it results ineased hydrophobicity or film durability. Lastly,
the possible use of treated calcium carbonate stwwseat promise for other applications,
especially with materials where it is used as BlleéOnly a single work, admicellar-treated CC
for use as filler in isotactic polypropylefiés been published in this regard, hence, there éme
of application areas that can be explored in tbgard. Calcium carbonate is widely used as an
extender in paints, particularly in matte emulspaints where typically 30 % by weight of the
paint is chalk or marble, a hydrophobic chalk catplprevent chalking. As a popular filler in
plastics, around 15 to 20 % loading of chalk isduseunplasticized polyvinyl chloride (UPVC)
drain pipe, 5 to 15 % of stearate coated chalk arbie in uPVC window profile, PVC cables
can use CC at loadings of up to 70 phr (parts perdfed resin) to improve mechanical
properties (tensile strength and elongation) amdtetal properties (volume resistivity), it is

very likely that this loadings can be increasesgsidmicellar-treated CC.
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A.1  Inductively coupled plasma mass spectrometry QP-MS) Analysis

This analysis was to detect the presence of otltalhit elements in the industrial grade
CaCQ samples supplied by BCI Chemical Corporation.ge i§ the amount of these elements is
significant enough to affect our results. But, ésvfound that these elements were present in
trace amount and thus will not affect our resullbe analysis was done in one of the

instrumentation laboratories in the Chemistry Dapant of The University of Mississippi.
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Table A.1: ICP-MS analysis of coarse, medium, andrfe CaCO; samples

Conc
Unit(ppb) Blank CaCO03 50 (coarse)
Measured Measured| Conc in
Isotope conc conc sample
Bal37(LR) -0.003 -0.317 -0.141 -0.345 -0.172 -0.355 -0.157
Agl07(LR) | 0.093 -0.110 -0.049 -0.112 -0.05p -0.114 -0.050
Sr88(LR) 0.052 20.487 9.130 8.286 4.13p 15.294 .76
Cs133(LR) -0.024 -0.018 -0.008 -0.023 -0.011 -0.024 -0.011
OAMRI| 0313 | ESLOEG | 11198 | 383 | 1sncRs] 550 | 148980

Ca44(MR) | 17.110 | 28266.839 12596.631| 19515.764| 9738.405| 27565.028 12196.915
V51(MR) 0.020 -0.021 -0.009 -0.004 -0.002 -0.020 .060
Cr52(MR) 0.029 0.023 0.010 0.032 0.016 0.023 0.020
Mn55(MR) 0.075 4.529 2.018 2.343 1.169 3.571 1.580
Co59(MR) 0.061 0.052 0.023 0.051 0.025 0.052 0.023
Ni60(MR) 0.029 -0.075 -0.033 -0.073 -0.036 -0.078 0.032
Cu63(MR) 15.391 0.158 0.070 -0.008 -0.004 0.003 0D.0
Zn66(MR) 7.444 0.120 0.053 0.000 0.000 -0.018 ©.0(
Al27(MR) 0.414 0.988 0.440 1.761 0.879 -0.486 -6.21
Cu65(MR) 15.304 0.175 0.078 0.018 0.0008 0.02b 0.011
Na23(MR) -0.406 -1.463 -0.652 -1.279 -0.638 -1.332 -0.589
Fe56(HR) 0.702 8.542 3.807 9.719 4.850 9.240 4.088

K39(HR) 60.737 59.306 26.429 60.768 30.323 62.629 7.712
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A.2  Surface Area/Particle Size Analysis from BCI Ckemical Corporation

The result they got is comparable to what | gotfitbhe BET analysis (Langmuir report

summary), whose reported values are bit higher th@multi-Point BET report.

4

~
BCI1
o

Sample Name:
AdiCARB 150 (C)
C124 (HKK) - 230310 [SAM]

Sample bulk lot ref:

Tel : 603-8922 1822

BCI CHEMICAL CORPORATION SDN. BHD.(Co. No 441454-X)

No.27. Jalan P/21, Selaman Industrial Park, Sec 10, 43650 Bandar Baru Bangi . Selangor Darul Ehsan
Fax : 603-8922 3088

Email : sales@bcichemical.com.my

Result: Sieve ASTM E11:61 Report

SOP Name:

Measured by:
Administrator
Result Source:
Averaged

Measured:

Saturday, April 03, 2010 11:14:15 AM

Analysed:

Saturday, April 03, 2010 11:14:16 AM

Particle Name: Accessory Name: Analysis model: Sensitivity:

CaCO3 (calcite) Hydro 2000MU (A) General purpose Normal

Particle RI: Absorption: Size range: Obscuration:

1.572 0.1 0.020 to 2000.000 um 15.29 %o

Dispersant Name: Dispersant Rl: Weighted Residual: Result Emulation:;

Water 1.330 1.870 % Off

Concentration: Span : Uniformity: Result units:

0.0661 %Val 2.460 0.743 Volume

Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]: Density:

0.218 m3/g 27.580 um 133.726 um 1.000 glem®
d(0.1): 26.279 am d(0.5) : 105.002 um d(0.9): 284.635 um

T

10

Operator notes:

Malvern Instruments Ltd.
Malvem, UK

Add 5 drops of 15% Sodium Hexametaphosphate solution.

Mastersizer 2000 Ver. 5.40
Serial Number : MAL1008148

Particle Size (pm)

100 ] 1000

File name: 20100403 Calcium Carbonate.mea
Recoerd Number: B6
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BCI CHEMICAL CORPORATION SDN. BHD.(Co. No 441454-X )

Bm No.27, Jalan P/21, Selaman Industrial Park, Sec 10, 43650 Bandar Baru Bangi . Selangor Darul Ehsan

g

Sample Name:
AdiCARB 50 (M)
C103 (OM) - 230310 [SAM]

Sample bulk lot ref:

Tel : 603-8922 1822

Fax : 603-8922 3088

Email : sales@bcichemical.com.my

SOP Name:

Measured by:
Administrator

Result Source:

Result: Sieve ASTM E11:61 Report

Measured:
Saturday, April 03, 2010 10:40:08 AM

Analysed:
Saturday, April 03, 2010 10:40:09 AM

Averaged

Particle Name: Accessory Name: Analysis model: Sensitivity:
CaCO3 (calcite) Hydro 2000MU (A) General purpose Normal
Particle RI: Absorption: Size range: Obscuration:
1.572 0.1 0.020 to 2000.000 um 1712 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 2.941 % Off
Concentration: Span: Uniformity: Result units:
0.0342 %Vol 3.173 0.965 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]: Density:
0.483 m?g 12.413 um 125.759 um 1.000 glcm®

d(0.1): 6.968 um d/(0.5) : 92.578 um d(0.9): 300.725 um

Particle Si:
6 - T N T—
m - 100
55 — i W . . t -
5 5 N\ -4 90
i i
45 - -+ et 1 80
= 4 £ - 70
S 1l Al / .
E \ 1%
3 3 | e | 150
S 2.5 + L
> '2 | 4 40
1.5 | — A 1%
1 K ) 10 4 20
05 |- L] per L i E 4 10
0 L i 0
0.1 1 10 100 1000
Particle Size (um)

Operator notes:

Malvern Instruments Ltd.
Malvem, UK

Mastersizer 2000 Ver. 5.40
Serial Number : MAL1008148

Add 5 drops of 156% Sodium Hexametaphosphate solution.

Record Number: 48
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File name: 20700403 Calcium Carbonate.mea
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BCI
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Sample Name:
AdiCARB 25 (F)
€133 (KPM) - 230310 [SAM]

Sample bulk lot ref:

BCI CHEMICAL CORPORATION SDN. BHD.(Co. No 441454-X )
No.27, Jalan P/21, Selaman Industrial Park, Sec 10, 43650 Bandar Baru Bangi . Selangor Darul Ehsan

SOP Name:

Tel : 603-8922 1822

Measured by:
Administrator

Result Source:

Fax : 603-8922.3088

Email : sales@bcichemical.com.my

Result: Sieve ASTM E11:61 Report

Measured:

Saturday, April 03, 2010 10:28:48 AM

Analysed:

Saturday, April 03, 2010 10:28:49 AM

Averaged

Particle Name: Accessory Name: Analysis model: Sensitivity:
CaCoO3 (calcite) Hydro 2000MU (A) General purpose Normal
Particle RI: Absorption: Size range: Obscuration:
1.572 0.1 0.020 to 2000.000 um 17.30 %
Dispersant Name: Dispersant Rl: Weighted Residual: Result Emulation:
Water 1.330 1.988 % Off
Concentration: Span: Uniformity: Result units:
0.01868 %Vol 2.442 0.761 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]: Density:
0.997 m?/g 6.019 um 30.592 um 1.000 glem?

d(0:1):  2.305 um d (0.5) : 26.181 um d(0.9): 66.246 um

180

150
125

Operator notes:

Malvern Instruments Ltd.
Malvern, UK

Add & drops of 15% Sodium Hexametaphosphate solution.

Mastersizer 2000 Ver. 5.40
Serial Number : MAL1008148

_Particle Size Distributi
] T ?
7 ! : PaaN 4 = 100
% \(/ L] { 90
6 e - o i i
i / N 1 80
% i
g ° 1 | - _J 70
E 4 B
3 1 50
(=3
> 3 4 - 4 40
L
2 |- Ll 4 30
| S5 | i
1| L el ‘ ) 20
— i i
Patill e \ | N
0 (R 0
0.1 1 10 100 1000
Particle Size (um)

File name: 20100403 Calcium Carbonate.n
Record Number: 42




Sample Name:
AdiCARB 5 (XF)

€232 (OM) - 230310 [SAM]

Sample bulk lot ref:

Tel : 603-8922 1822

SOP Name:

Measured by:
Administrator
Result Source:
Averaged

BCI CHEMICAL CORPORATION SDN. BHD.(Co. No 441454-X )
No.27, Jalan P/21, Selaman Industrial Park, Sec 10, 43650 Bandar Baru Bangi . Selangor Darul Ehsan

Fax : 603-8922 3088
Email : sales@bcichemical.com.my

Result: Sieve ASTM E11:61 Report

Measured:

Saturday, April 03, 2010 10:17:11 AM

Analysed:

Saturday, April 03, 2010 10:17:13 AM

Particle Name: Accessory Name: Analysis model: Sensitivity:

CaCO3 (calcite) Hydro 2000MU (A) General purpose Normal

Particle RI: Absorption: Size range: Obscuration:

1.572 0.1 0.020 to 2000.000 um 17.96 %

Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:

Water 1.330 1.887 % Off

Concentration: Span: Uniformity: Result units:

0.0098 %Vol 1.976 0.605 Volume

Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]: Density:

1.74 m2/g 3.450 um 8.953 um 1.000 g/em?
d(0.1):  1.220 um d(0.5) : 8.274 um d(0.9): 17.569 um

Valume (%)
= N W Hh O DO N O O

100
90

4 60
50

\

1 40
1 30
o 20

o

=g i i

E

o
o

1 10

Particle Size (um)

Operator notes:

Malvern (nstruments Ltd.
Malvern, UK

Add & drops of 15% Sodium Hexametaphosphate solution.

Mastersizer 2000 Ver. 5.40
Serial Number : MAL1008148

100 1000

File name: 20100403 Calcium Carbonate:mea
Record Number: 30

92



A.3 BET N, Surface Area/Pore Volume Analysis

e Weigh BET cell, note the cell number, add sampleelband obtain sample mass.

e Adjust the nitrogen cylinder gas pressure to betwE& 15 psi/bar. Switch on the pump and
then the BET machine.

e Fix the cell+sample in®lbag, make sure other screws inside the instrumentvell fixed
and tight. Select Start (on the control panel),os@degas station, load degasser (system
starts pressurizing), press any key.

e Set heating mantle to 300°C (after evacuation)ictwbutton (inside) to start.

e Wait for temperature to reach 300°C (about 10-1bmes), record the time when
temperature gets to 300°C. Turn off switch buttmsifle) after 3 hours. Record time when
temperature gets to 25°C from 300°C (not necegbaygh, just to know how long it takes)
Start Analysis:

e When the temperature gets to 25°C, open the insimtiand remove the cell. Weigh to check
weight loss —record out-gassed mass, now fix thieicghe analysis chamber. Clean the
nitrogen flask and pour liquid nitrogen up to argoiery close to the top of the Dewar flask
(designed to provide very good thermal insulatidhgn fix the flask containing nitrogen in
the analysis chamber.

e Turn on the BET computer/workstation, double clitk open the NovaWin software
(Quantachrome) -check if it shows connected. Ghgleration, click Start Analysis.

e In the dialogue box, type in your name, select i@tatab -type in file name (e.g.
caco3XFdate), ID (date), out-gassed weight, cethloer. Click on Start, choose Yes.

e Check the instruction on the instrument, when pr@ahpo Unload degasser, press Yes. Press

any key to continue. Close the instrument as tladyais starts.
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Check when analysis is complete. Open the instrtimnemove Dewar flask and pour back
remaining nitrogen in storage cylinder —don’t deaarerything, retain the bottoms.

Turn off the instrument, the pump, and the nitroges cylinder.

Get the results, graphs and tables from the comhNta/aWin software). Right click on the
isotherm graph, click Edit Data.

For Surface Area Analysis: Select 0.05-0.35, select M,S, and L (check ‘o@ljck Apply,
click Ok. Select Tables, Graphs, etc -BET, Langiei.

For Pore Volume Analysis:Check all points, select Table, BJH then Adsorption

NOTES:

e BET analysis can be used for; surface area andvobuene determination. It has a range
0.05-0.95 for relative pressure, P(Bressure/atmospheric pressure).
e Pore region: 0-20 A (Micropore), 20-500 A (Mesopo&00A above (Macropore). BET

can only analyze micropore and mesopore regions.
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Quantachrome NovaWin2 - Data Acquisition and Reduction
for NOVA instruments

A
©1994-2007, Quantachrome Instruments Q
version 9.0 A‘P.’J‘.‘?Sf‘!”“e
- = Optiminingpartci performance.
Analysis Report
Operator:0JO Date:2011/07/28 Operator: Date:7/29/2011
Sample ID: 07_28 11 Filename: C:\QCdata\Physisorb7_28_1 1.qps
Sample Desc: Surface Area/Pore volumeComment: Degassed @ 300 deg C for
Sample weight: 38792 g Sample Volume: 1.55235 cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 77.3K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des) Equil timeout: 480/480 sec (ads/des)
Analysis Time: 166.2 min End of run: 2011/07/28 0:00:00 Instrument: Nova Station A
Cell ID: 5
Multi-Point BET
: Data Reduction Parameters Data — e
Adsorbate Hitrogen Temperature 77.350k
lMolec. Wt.: 28.013 g Cross Section:  16.200 A: Liquid Density: 0.808 gicc

Multi-Point BET Data _—

Relative|Pressure  Volume @ STP 1/ [ W((Po/P) - 1) ] Relative|Pressure Volume @ STP 1/ W((Po/P)-1)]
|

i [P/Po] [celgl [P/Po] [ec/g]

| 4.82512e-02 0.2501 1,6219e+02 | 2.39202e-01 0.3295 7.6351e+02
9.61000¢-02 0.2733 3.1130e+02 | 2.86691e-01 0.3507 9.1685e+02
1.44217e-01 0.2897 4.6535e+02 | 3.33968e-01 0.3731 1.0752e+03
1.92137e-01 |

0.3069 6.1996e+02

BET summary

Slope = 3186.213
Intercept = 6.149e+00
Correlation coefficient, r = 0.999950
C constant= 519.202
Surface Area = 1.091 m#g
[
Quatachroms NoWWIRZ - Ut 1 Actu 1l Hest i for NOVA version 9.0 Report id:{622198728:20110729 154350719} Page 1 of 1
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Quantachrome NovaWin2 - Data Acquisition and Reduction
for NOVA instruments -

P
©1994-2007, Quant'achrome Instruments uantachrome
version 9.0 TNETRONENTS

Analysis Report
Operator:0JO Date:2011/07/28 Operator: Date:7/29/2011
Sample ID: 07 28 11 Filename: C:\QCdata\Physisorb7_28_1 1.9ps
Sample Desc: Surface Area/Pore volumeComment: Degassed @ 300 deg C for 3 hrs
Sample weight: 3.8792¢g Sample Volume: 1.55235 cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 773K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des)  Equil timeout: 480/480 sec (ads/des)
Analysis Time: 166.2 min End of run: 2011/07/28 0:00:00 Instrument: Nova Station A
Cell ID: 5
Langmuir
———— ————Data Reduction Parameters Data
Adsorbate Nitrogen Temperature 77.350k

Molec. Wt.: 28.013 ¢ Cross Section:  16.200 A: Liquid Density: 0.808 g/cc

- Langmuir Data

P/Po P/Po/W P/Po P/Po/W
[(g/9)] [(g/9)]
4.82512e-02 1.5437e+02 2.39202e-01 5.8088e+02
9.61000e-02 2.8139e+02 2.86691e-01 6.5399e+02
1.44217e-01 3.9824e+02 3.33968e-01 7.1612e+02

1.92137e-01 5.0084e+02

Langmuir summary
Surface Area = 1.776 m¥g

Quantachrome NovaWin2 - Data Acquisition and Reduction for NOVA ©1994-2007,Q version 9.0 Report id:{1 281121173:20110729 155407907} Page 10f1
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Quantachrome NovaWin2 - Data Acquisition and Reduction
for NOVA instruments

©1994-2007, Quantachrome Instruments

. uantachrome
version 9.0 THSTRUNENTS

o e— - o - Optimising porkleperformance

Analysis Report

Operator:0JO Date:2011/07/27 Operator: Date:7/27/2011

Sample ID: 07_27 11 Filename:

Sample Desc: Surface Area/Pore volumeComment:

C:\QCdata\Pnysisorb7“27_1 1.qps

Degassed @ 300 deg C for 3 hrs

Sample weight: 4.927g Sample Volume: 1.95036 cc
Outgas Time: 3.0hrs OutgasTemp: 300.0C
Analysis gas: Nilrogen Bath Temp: 773K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des)  Equil timeout: 480/480 sec (ads/des)
Analysis Time:  176.9 min End of run: 2011/07/27 0:00:00 Instrument: Nova Station A
Cell ID: B
Multi-Point BET
— ————Data Reduction Parameters Data ————— e
Adsorbate Nitrogen Temperature 77.350k
Mclec. Wt.: 28.013 g Cross Section:  16.200 A Liquid Density: 0.808 gicc
— -~ Multi-Point BETData——————————
Relative|Pressurc  Volume @ STP 1/ W((Po/P) - 1) ] Relative|Pressure Volume @ STP  1/[W((Po/P)-1)]
[P/Po] [ccig] [P/Po] [cclg]
4.69666e-02 0.1425 2.7661e+02 2.40310e-01 0.1844 1.3729e+03
9.60930e-02 0.1534 5.5441e+02 \ 2.87735e-01 0.1959 1.6498e+03
1.44683e-01 0.1633 8.2870e+02 3.34984e-01 0.2092 1.9268e+03
1.92793e-01 0.1735 1.1012e+03
BET summary
Slope = 5722.537
Intercept = 3.120e+00
Correlation coefficient, r = 0.999969
C constant= 1835.270
Surface Area = 0.608 m#g |
| [
|- B B
Quantachrome NovaWinz - Diws Acquisition oo Faduction for NOVA insiruments ©1994-2007, uantachroma Instnumants version 5.0 Repoﬂ id:{549715741:201 10727 1741 55144} Page 1 of 1
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Quantachrome NovaWin2 - Data Acquisition and Reduction
for NOVA instruments

©1994-2007, Quant?chrome Instruments \gntachrorie
version 9.0 TRITRURINTS

_ —— E— _ ey  Optimiingporticieperformance
Analysis Report
Operator:0JO Date:2011/07/27 Operator: Date:7/27/2011
Sample ID: 07_27_11 Filename: C:\QCdata\F’hysisorb7_27_1 1.qps
Sample Desc: Surface Area/Pore volumeComment: Degassed @ 300 deg C for 3 hrs
Sample weight: 4.927g Sample Volume: 1.95036 cc
Outgas Time: 3.0 hrs OutgasTemp: 3000C
Analysis gas: Nitrogen Bath Temp: 77.3K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des)  Equil timeout: 480/480 sec (ads/des)
Analysis Time:  176.9 min End of run: 2011/07/27 0:00:00 Instrument: Nova Station A
Cell ID: 5

Langmuir

o = : Data Reduction ParametersData ——— ———
| Adsorbate Nitrogen Temperature 77.350k
‘ Molec. Wt.: 28.013 ¢ Cross Section:  16.200 A: Liquid Density: 0.808 gicc

Langmuir Data e
i

P/Po PIPo/W ; P/Po P/Po/W
[(g/g)] ; [(a/g)]
4.696:6e-02 2.6362e+02 2.40310e-01 1.0430e+03
9.60930e-02 5.0113e+02 2.87735e-01 1.1751e+03
1.44653e-01 7.0880e+02 3.34984e-01 1.2814e+03

1.92793e-01 8.8891e+02

Langmuir summary
Surface Area = 0.987 m3¥g

p— ; Report id:{1011874626:20110727 174438345} Page 1 of 1

Quantachrome NovaWinZ « Dala Acquisition 110 Reduction for NOVA
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Quantachrome NovaWin2 - Data Acquisition and Reduction

for NOVA instruments

Analysis
Operator:0JO

Sample ID: 07 21 11
Sample Desc:

/r—‘\
©1994-2007, Quantgchrome Instruments uantachrome
version 9.0 T ITERA Vi
___ Optimizing particie performance
Report

Date:2011/07/21
Filename:

Surface Area/Pore volumeComment:

Date:7/22/2011

Operator:
C:\QCdata\Physisorb\CaCO3_Coarse» 7_21_11.qps
S

Degassed @ 300 deg CT0

Sample weight:  7.9694 g Sample Volume: 3.16734 cc
Outgas Time: 3.0hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 773K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des) Equil timeout: 480/480 sec (ads/des)
Analysis Time: 178.3 min End of run: 2011/07/21 0:00:00 Instrument: Nova Station A
Cell ID: 5
Multi-Point BET
————— ——————Data Reduction Parameters Data
Adsorbate Nitrogen Temperature 77.350k
Molec. Wt.: 28.013 ¢ Cross Section:  16.200 - Liquid Density:  0.808 g/cc
Multi-Point BET Data
Relative|Pressure  Volume @ STP 1/[ W((Po/P) - 1) ] Relative|Pressure Volume @ STP 1/[ W((Po/P)-1)]
[P/Po] [cclg] [P/Po] [eclg]

4.77924e-02 0.0595 6.7515e+02 2.40684e-01 0.0870 2.9164e+03

9.66224e-02 0.0670 1.2780e+03 2.88032e-01 0.0935 3.4631e+03

1.44838e-01 0.0737 1.8398e+03 3.35634e-01 0.1002 4.0355e+03

1.92864e-01 0.0800 2.3898e+03

BET summary
Slope = 11569.519
Intercept = 1.457e+02
Correlation coefficient, r = 0.999900
C constant= 80.415
Surface Area = 0.297 m3g

Quantachrome NovaWin2 - Data Acquisition and Reduction for NOVA i

©1994-2007, Q version 9.0
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Quantachrome NovaWin2 - Data Acquisition and Reduction
for NOVA instruments

©1994-2007, Quantachrome Instruments

uantachrome

version 9.0
Analysis Report
Operator:0JO Date:2011/07/21 Operator:

Sample ID: 07_21_11
Sample Desc:

Filename:
Surface Area/Pore volumeComment:

Date:7/22/2011
C:\QCdata\Physisorb¥CaCO3_Coarsex7_21_11.qps

Degassed @ 300 deg CT10

Sample weight:  7.9694 g Sample Volume: 3.16734 cc
Outgas Time: 3.0 hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 773K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des)  Equil timeout: 480/480 sec (ads/des)
Analysis Time: 178.3 min End of run: 2011/07/21 0:00:00 Instrument: Nova Station A
Cell ID: 5
Langmuir
—— ——————Data Reduction Parameters Data —
Adsorbate Nitrogen Temperature 77.350k
Molec. Wt.: 28.013 ¢ Cross Section:  16.200 A Liquid Density: 0.808 g/cc
- B —WLangmuir Data —
P/Po P/Po/W P/Po P/Po/W
[(a/a)] [(g/a)]

4.77924e-02 6.4288e+02 2.40684e-01 2.2145e+03

9.66224e-02 1.1545e+03 2.88032e-01 2.4656e+03

1.44838e-01 1.5734e+03 3.35634e-01 2.6811e+03

1.92864e-01 1.9289e+03

Langmuir summary
Surface Area = 0.498 m3/g
Quantachrome NovaWin2 - Data Acquisiion a1 Reduction for NOVA i ©19942007.Q version 8.0 Report id:{634991863:20110722 114443250} Page 1 of 1
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N reate |

Quantachrome NovaWin2 - Data Acquisition and Reduction
for NOVA instruments

©1994-2007, Quant_achrome Instruments Qg_antgchrg;\z

version 9.0 INSTRUMENTS
Analysis Report
Operator:Gbenga Ojo Date:2012/11/09 Operator: Date:11/10/2012
Sample ID: 11812 Filename: C:\QCdata\Physisorb\[reatedXFCC ) 1082012.qps
Sample Desc: surface area and pore volumeComment: Degassed @ 300 deg Cfor 3 hrs
Sample weight: 3.4708 g Sample Volume: 1.26953 cc
Outgas Time: 55hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 773K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des) Equil timeout: 480/480 sec (ads/des)
Analysis Time: 136.3 min End of run: 2012/11/09 0:00:00 Instrument: Nova Station A
Cell ID: 4

Multi-Point BET

Data Reduction Parameters Data —

Adsorbate Nitrogen Temperature 77.350k
Molec. Wt.: 28.013 ¢ Cross Section:  16.200 A: Liquid Density: 0.808 g/cc
—_—— Multi-Point BET Data ———
Relative|Pressurc  Volume @ STP 1 /[ W((Po/P) - 1) ] Relative|Pressure Volume @ STP 1/[W((Po/P)-1)]
[P/Po] [cc/da] [P/PO] [ec/g]
9.81752e-02 0.1560 5.5823e+02 2.26370e-01 0.1973 1.1864e+03
1.49440e-01 0.1721 8.1699e+02 2.52225e-01 0.2038 1.3240e+03
2.00169e-01 0.1902 1.0529e+03 3.02325e-01 0.2183 1.5882e+03
BET summary
Slope = 5012.986
Intercept = 6.120e+01
Correlation coefficient, r = 0.999677
C constant= 82.914
Surface Area = 0.686 m3/g
Quantachrome NovaWin? - Data Accuisiton anc Reduction for NOVA 942007, G version 8.0 Report id:{1245926661:20121110 173422671} Page 1 of 1
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Quantachrome NovaWin2 - Data Acquisition and Reduction
for NOVA instruments

©1994-2007, Quantachrome Instruments

Qt@m@_chr@
INSTRUMENTS

Analysis
Operator:Gbenga Ojo
Sample ID: 11812
Sample Desc:

version 9.0
Report
Date:2012/11/09 Operator: Date:11/10/2012
Filename:

surface area and pore volumeComment:

C:\QCdata\Physisorb\[reatedXFCC211082012.qps
S

Degassed @ 300 deg C for 3 hr:

Sample weight: 3.4708 g Sample Volume: 1.26953 cc
Outgas Time: 5.5 hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 773K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des)  Equil timeout: 480/480 sec (ads/des)
Analysis Time: 126.3 min End of run: 2012/11/09 0:00:00 Instrument: Nova Station A
Cell ID: 4
Langmuir
e ————Data Reduction Parameters Data
Adsorbate Nitrogen Temperature 77.350k
Molec. Wt.: 28.013 ¢ Cross Section:  16.200 Az Liquid Density: 0.808 g/cc
Langmuir Data
P/Po P/Po/W P/Po P/Po/W
[(g/g)] [(g/a)]
9.81752e-02 5.0342e+02 2.26370e-01 9.1780e+02
1.49440e-01 6.9490e+02 2.52225e-01 9.9002e+02
2.00169e-01 8.4215e+02 3.02325e-01 1.1081e+03
Langmuir summary
Surface Area = 1.178 m3/g
Quantachrome NovaWin2 - Data Acquisition aind Reduction for NOVA ©1994-2007,Q version 9.0 Report idl{633894012120121 110 173553281} Page 10f1
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Quantachrome NovaWin2 - Data Acquisition and Reduction
for NOVA instruments e

TN
©1994-2007, Quant_achrome Instruments uantachrome
version 9.0 Q—“‘-q:m.w“..n )
Analysis Report

Operator:Gbenga Ojo
Sample ID: 11812

Date:2012/11/10 Operator: Date:11/10/2012
Filename: C:\QCdata\PhysisorbWreatedFineCG211082012.qps
rs

Sample Desc: surface area and pore volumeComment: Degassed @ 300 deg C tor

Sample weight:  4.6324 g

Sample Volume: 1.73534 cc

Outgas Time: 5.5 hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 77.3 K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des) Equil timeout: 480/480 sec (ads/des)
Analysis Time: 133.0 min End of run: 2012/11/10 0:00:00 Instrument: Nova Station A
Cell ID: 4
Multi-Point BET
R ———Data Reduction Parameters Data
Adsorbate Nitrogen Temperature 77.350k
Molec. Wt.: 28.013 g Cross Section:  16.200 A= Liquid Density: 0.808 g/cc
- Multi-Point BET Data
Relative|Pressurc  Volume @ STP 1 /[ W((Po/P) -1)] Relative|Pressure Volume @ STP 1/[ W((Po/P) -1)]
[P/Po] [cclg] [P/Po] [cclg]

9.72506e-02 0.0948 9.0912e+02 2.26426e-01 0.1220 1.9193e+03

1.48925e-01 0.1062 1.3187e+03 2.52281e-01 0.1267 2.1313e+03

2.00063e-01 0.1171 1.7081e+03 3.02346e-01 0.1373 2.5259e+03

BET summary
Slope = 7873.840
Intercept = 1.415e+02
Correlation coefficient, r = 0.999955
C constant= 56.649
Surface Area = 0.434 m3/g

Quantachrome NovaWind - Data Acuisi 1 and eduction for NOVA ©1994.2007. varsion 8.0 Report id:{467454825:20121110 172954890} Page 1 of 1
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Quantachrome NovaWin2 - Data Acquisition and Reduction

for NOVA instruments
©1994-2007, Quantachrome Instruments

version 9.0
Analysis Report
Operator:Gbenga Ojo Date:2012/11/10 Operator:
Sample ID: 11812 Filename:

Sample Desc:

rface area and pore volumeComment:

A
uantachrome

Date:11/10/2012

C:\QCdata\Physisorb\ 11082012.qps

Degassed @ 300 deg C for 3 hrs

Sample weight: 4.6324 g Sample Volume: 1.73534 cc
Outgas Time: 5.5 hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 773K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des) Equil timeout: 480/480 sec (ads/des)
Analysis Time: 133.0 min End of run: 2012/11/10 0:00:00 Instrument: Nova Station A
Cell ID: 4
Langmuir
s —————Data Reduction Parameters Data
Adsorbate Nitrogen Temperature 77.350k
Molec. Wt.: 28.013 ¢ Cross Section:  16.200 Az Liquid Density:  0.808 g/cc
Langmuir Data
P/Po P/Po/W P/Po P/Po/W
[(a/g)] [(a/g)]
8.2071e+02 2.26426e-01 1.4848e+03
1.1223e+03 2.52281e-01 1.5936e+03
1.3664e+03 3.02346e-01 1.7622e+03
Langmuir summary
Surface Area = 0.755 m3%g
Quantachrome NovaWin2 - Data Acquisifion and Reduction for NOVA i ©1994-2007, Q version 9.0 Report id:{166618562:20121110 173108218} Page 1 of 1
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Quantachrome NovaWin2 - Data Acquisition and Reduction

for NOVA instruments

©1994-2007, Quantgchrome Instruments uanta chrg;;
version 9.0 Q*~—q:.“r.u“.” )
5 T e
Analysis Report
Operator:Gbenga Ojo Date:2012/11/10 Operator: Date:11/10/2012
Sample ID: 110912 Filename:

Sample Desc:

surface area and pore volumeComment:

C:\QCdata\Physisorb\TreatedCoarseCC) 11092012.qps
s

Degassed @ 300 deg C for

Sample weight: 4.9858 g Sample Volume: 1.94734 cc
Outgas Time: 5.5 hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 773K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des) Equil timeout: 480/480 sec (ads/des)
Analysis Time: 144.7 min End of run: 2012/11/10 0:00:00 Instrument: Nova Station A
Cell ID: 4
Multi-Point BET
e ———Data Reduction Parameters Data — —
Adsorbate Nitrogen Temperature 77.350k
Molec. Wt.: 28.013 ¢ Cross Section:  16.200 A: Liquid Density:  0.808 g/cc

Relative|Pressure

Volume @ STP

—Multi-Point BET Data

1/[W((Po/P) - 1) ] Relative|Pressure

Volume @ STP  1/[ W((Po/P) -1)]

Quantachrome NovaWin2 - Data Acquisition and Reduction for NOVA i

[P/Po] [celg] [P/Po] [cclg]
5.00370e-02 0.0279 1.5113e+03 2.27979e-01 0.0507 4.6574e+03
1.01302e-01 0.0333 2.7048e+03 2.53382e-01 0.0544 4.9920e+03
1.52017e-01 0.0400 3.5829e+03 3.03426e-01 0.0623 5.5974e+03
2.02407e-01 0.0471 4.3080e+03
BET summary
Slope = 15867.572
Intercept = 9.823e+02
Correlation coefficient, r = 0.992700
C constant= 17.154
Surface Area = 0.207 m3/g

©1994-2007, Q

Report id:{479459408:20121110 172404984} Page 1 of 1

version 9.0
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Quantachrome NovaWin2 - Data Acquisition and Reduction

for NOVA instruments

©1994-2007, Quant?chrome Instruments iiakita chré,m -
version 9.0 TNITROUMENTS
. _ Optimizing particle performance
Analysis Report
Operator:Gbenga Ojo Date:2012/11/10 Operator: Date:11/10/2012
Sample ID: 110912 Filename:

Sample Desc:
Sample weight: 4.9858 g

surface area and pore volumeComment:

Degassed @ 300 deg
Sample Volume: 1.94734 cc

Equil timeout:

C:\QCdata\Physisorb\{reatedCoarseCC) 11092012.qps
O

480/480 sec (ads/des)
Nova Station A

Liquid Density: 0.808 gicc

P/Po/W

[(a/9)]

3.5956e+03
3.7271e+03
3.8990e+03

Outgas Time: 5.5 hrs OutgasTemp: 300.0C
Analysis gas: Nitrogen Bath Temp: 773K
Press. Tolerance: 0.100/0.100 (ads/des) Equil time: 240/240 sec (ads/des)
Analysis Time: 144.7 min End of run: 2012/11/10 0:00:00
Cell ID: 4
Langmuir
pia e -——————Data Reduction Parameters Data
Adsorbate Nitrogen Temperature 77.350k
Molec. Wt.: 28.013 ¢ Cross Section:  16.200 A
5 - Langmuir Data
P/Po P/Po/W P/Po
[(g/g)]
5.00370e-02 1.4356e+03 2.27979e-01
1.01302e-01 2.4308e+03 2.53382e-01
1.52017e-01 3.0383e+03 3.03426e-01
2.02407e-01 3.4360e+03
Langmuir summary
Surface Area = 0.367 m3/g
Quantachrome NovaWin2 - Data Acq uisition and Reduction for NOVA ©1994-2007, Qu version 9.0
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B.1

UV-Vis Calibration

. Prepare a bulk solution of Triton X-100 having aa@entration of 10 mM, around 50

times the CMC (0.22-0.24 mM) by diluting a measugegntity of neat Triton X-100

(2.7 M) with distilled water.

. Prepare 5 samples of varying surfactant conceatratby diluting measured amounts of

the bulk Triton X-100 with the appropriate quantifywater. (Table B.1, B.2).

. Measure the light absorbance using the UV-1201<t8ghotometer (Shimadzu Co.,

Colombia MA) at a wave length=275 nm (UV absorption wave length of Triton X-100
in water).
a. Turn on spectrophotometer and allow to boot
b. Press the “return” key
c. Press 1 for photometric measurement
d. Press “go ta”
e. Set wavelength
f. Press F3 for data display
g. Pour the base sample (usually distilled water, vzéno concentration of
surfactant, for baseline correction) in the UV-\Visvette (not less than half
way), place cuvette in the spectrophotometer aadspauto zero

h. Press start to take reading of your base sampteii@ive zero)

. Obtain the absorbance for all 5 concentrationsbi@B.1, B.2)
. Plot a graph of the absorbance versus concentrdfajure B.1, B.2)

. Find the equation of the line. Usually, the origimould be at (0, 0) so the plot can fully

obey the Beer-Lambert Law, A&l ¢ (where A=Absorbance=molar absorptivity, and
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I=path length, usually the width of the cuvettemolar concentration). But, the origin
was not forced to zero; this is to allow for cotrec of experimental, instrumental or

operator error. Thus, the constant of the equasiarsed in the calculation.

Table B.1: UV-Vis absorbance of varying surfactantoncentrations (1)

TX-100 Conc.
(mM) KABS
0 0
0.1 0.1395
0.2 0.2821
0.4 0.5669
0.5 0.7003
0.6 0.8435

Table B.2: UV-Vis absorbance of varying surfactantoncentrations (2)

TX-100 Conc.
(mM) KABS
0 0
0.1 0.0922
0.2 0.1924
0.3 0.2733
0.4 0.3628
0.5 0.4583
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Plot of UV-Vis Absorbance vs Surfactant Concentration

0.9
08 1 y = 1.406x + 0.0002
0.7 1 R2 = 0.9999
8 06
g
g 0.5
204
o]
< 0.3
0.2
0.1
O 1 1 1 T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Triton X-100 Concentration
Figure B.1: UV-Vis absorbance against surfactant aocentration (from Table B.1).
Plot of UV-Vis Absorbance vs Surfactant Concentration
0.5
0.45
0.4
0.35 y = 0.9098x + 0.0024
Q- R2 = 0.9994
c 0.3
(1
2 0.25
@)
2 02
<
0.15
0.1
0.05
0 T 1 1 T
0.1 0.2 0.3 0.4 0.5 0.6
Triton X-100 Concentration
Figure B.2: UV-Vis absorbance against surfactant aocentration (from Table B.2).
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C.1  Some of the Experimental Data used to Generatiee Adsorption Isotherms

4th ADSORPTION ISOTHERM (XFINE)

c = o
S S ¥
= 2 S o o o c~ c o5
S g 2 =y &5 5 [68
28| z5|_.| B 5 | 3 0|8 3 | 8 | 82| g% |553
EE|52E (58| «:5| 255 2q| g| £|358,| 38| gg| 28 |82¢8
6z |EcS |E2 | BGE| Bo2 kS| < | ¥ |TExQ| 82| B38| 538 [R&=
5.01 0.1422| 0.1422| 0.004| 0.0008
1 0 30 0 0 23 0 0 -0.000142 48 48 267 514
29.8 5.00| 0.0| 0.03 22.617| 20.382| 0.611| 0.1222
2| o120 71 0.043 43 21| 32| 2| 00226174 354 65| 479| 445
29.7 5.00| 0.0| 0.08 60.526| 19.473| 0.584| 0.1167
3 0.24 6 0.08 80 43 85 53 0.0605263 316 68 211 417
29.6 5.00| 0.1| 0.13 94.736| 25.263| 0.757| 0.1514
4 036 4 0.12 120 55| 33| 34| 00947368 842 16| 895 124
29.5 5.00| 0.1| 0.18 129.72| 30.270| 0.908| 0.1814
5 048] 2 0.16 160 55| 83| 26| 01297297 973 27| 108 221
5.00| 0.2| 0.21 156.04 | 43.954| 1.318| 0.2634
6 06| 29.4 0.2 200 47| 2| 96| 0.1560455 552 48| 634 792
29.2 5.00| 0.2 | 0.27 194.73| 48.263| 1.447| 0.2893
7| o720| 71 0.243 243 32| 74 4| 01947368 684 16| 895 937
29.1 5.00| 03] 0.32 228.73 1.537 | 0.3073
8 084| 6 0.28 280 39| 22| 18| 0228734 4| 51.266 98 563
chosen for
29.0 5.00 0.3 | 0.36 261.94| 58.051| 1.741| 0.3482| adsolubili
9 0.96 4 0.32 320 15 69 85 | 0.2619488 879 21 536 028 | zation
28.9 5.00| 0.4 0.43 311.16| 48.833| 1.465| 0.2925
10 1.08 2 0.36 360 76 38 77 0.3111664 643 57 007 567
5.00| 0.4 341.25| 58.748| 1.762| 0.3518
11 12| 28.8 0.4 400 87 8| 0.48 0.3412518 178 22 447 771
28.6 5.00| 05| 0.54 389.04| 50.953| 1.528| 0.3055
12 1.32 8 0.44 440 26 47 72 0.3890469 694 06 592 595
28.5 5.00| 0.5/ 0.59 42503 | 54.964| 1.648| 0.3293
13 1.44 6 0.48 480 64 98 78 0.4250356 556 44 933 65
28.4 5.00| 0.6 | 0.65 464.72| 55.277| 1.658| 0.3311
14 1.56 4 0.52 520 8 54 36 0.4647226 262 38 321 345
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5th ADSORPTION ISOTHERM (XFINE)

= S -§ =3 o 8

@ w © a s c c
z | 3 _ 2 2 C =S = S c 52
2122 | -5| S |8 = 2 ST 8 = 81 283
E|SE | 38| =2 | 23| &2| g| 2| 35| 3 23 2| =3E
S| E2 | E= 3E| 33 £8 E L g2 g R 5 FRRCHE
0.000 | 0.000142 0.142 0.1422475 0.0042674 0.0008530
1 0 30 0 0 5.0024 0 4 2 2475 11 25 76
0.045 | 0.032503 32.50 7.4964438 0.2248933 0.0449516
2 0.12 29.88 0.04 40 5.003 0.046 9 6 3556 12 14 92
0.092 | 0.065647 65.64 14.352773 0.4305832 0.0860787
3 0.24 29.76 0.08 80 5.0022 0.093 5 2 7226 83 15 68
0.144 | 0.102489 102.4 17.510668 0.5253200 0.1050304
4 0.36 29.64 0.12 120 5.0016 0.144 3 3 8933 56 57 02
0.186 | 0.132432 132.4 27.567567 0.8270270 0.1652533
5 0.48 29.52 0.16 160 5.0046 0.186 4 4 3243 57 27 72
0.162019 162.0 37.980085 1.1394025 0.2277484
6 0.6 29.4 0.2 200 5.0029 0.228 0.228 9 1991 35 6 18
0.277 | 0.197368 197.3 42.631578 1.2789473 0.2556360
7 0.72 29.28 0.24 240 5.003 0.278 7 4 6842 95 68 92
0.325 | 0.231223 231.2 48.776671 1.4633001 0.2924962
8 0.84 29.16 0.28 280 5.0028 0.325 3 3 2333 41 42 31
0.909 29.88 0.2955 295.5 0.342 | 0.243456 243.4 52.093385 1.5628015 0.3123916
9985 0002 5 5 5.0027 0.343 5 6 5661 49 65 21
0.378 | 0.269203 269.2 50.796586 1.5238975 0.3045358
9 0.96 29.04 0.32 320 5.004 0.379 7 4 0341 06 82 88
302.8 57.155049 1.7146514 0.3428000
10 1.08 28.92 0.36 360 5.0019 0.426 0.426 | 0.302845 4495 79 94 35
0.478 | 0.340042 340.0 59.957325 1.7987197 0.3595354
11 1.2 28.8 0.4 400 5.0029 0.478 3 7 4267 75 72 24
0.536 | 0.381721 381.7 58.278805 1.7483641 0.3494701
12 1.32 28.68 0.44 440 5.0029 0.537 9 2 2119 12 54 38
0.421621 421.6 58.378378 1.7513513 0.3500952
13 1.44 28.56 0.48 480 5.0025 0.593 0.593 6 2162 38 51 23
0.658 | 0.467923 467.9 52.076813 1.5623044 0.3123109
14 1.56 28.44 0.52 520 5.0024 0.658 1 2 2319 66 1 73
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6th ADSORPTION ISOTHERM (XFINE)

©0 =
5 |8 8 S| o

] © © =S s
2| s R s a S 18 ®
2| S 218 g = o8 S c g | B F
z | 5 __ T | 2 2 &0 € 9 c £ © | ogd
2| o= =1 8_18 o 0 8o 8 a 8| g
€| 5§ o | xS |xs| 28 2 s 8 (5 3 1| LT
8| EZ E|3E[B2| K& L g = g ® 3| 88E
1 0 30 0 0| 5.0026 | 0.0002 0 0 0 0 0
0.028876 | 28.87624 | 11.12375 | 0.33371 | 0.06671
2| 0121|2988 | 004| 40| 5.0022 | 0.0408 245 467 5 27 3178
0.064224 | 64.22475 | 15.77524 | 0.47325 | 0.09464
3| 0242976 | 008| 80| 50003 | 0.0905 751 107 9 75 5815
0.101209 | 101.2091 | 18.79089 | 0.56372 | 0.11270
4| 0362964 | 012| 120 | 5.0019 | 0.1425 104 038 6 69 255
0.116571 | 116.5718 | 23.42816 | 0.70284 | 0.14052
4a 0.42 | 29.58 | 0.14 | 140 | 5.0017 | 0.1641 835 35 5 5 1213
0.132930 | 132.9302 | 27.06970 | 0.81209 | 0.16238
5| 0482952 | 016| 160 | 5.0009 | 0.1871 299 987 1 1 8978
0.152844 | 152.8449 0.81465 | 0.16292
5a 0.54 | 29.46 | 0.18 | 180 | 5.0002 | 0.2151 95 502 | 27.15505 15 3782
0.167283 | 167.2830 | 32.71692 | 0.98150 | 0.19621
6 0.6 | 29.4 0.2 | 200 | 5.0021 | 0.2354 073 725 7 78 9153
0.203485 | 203.4850 | 36.51493 | 1.09544 | 0.21901
7| 0721|2928 | 024| 240| 5.0018 | 0.2863 064 64 6 81 0772
0.240469 | 240.4694 | 39.53058 | 1.18591 | 0.23704
8| 084]2916| 028| 280 | 5003 | 0.3383 417 168 3 75 1275
0.274751 | 2747510 | 45.24893 | 1.35746 | 0.27135
9| 0962904 | 032]| 320| 5.0026 | 0.3865 067 669 3 8 2496
0.318990 | 318.9900 | 41.00995 | 1.23029 | 0.24596
10 | 1.08 | 2892 | 036 | 360 | 5.0019 | 0.4487 043 427 7 87 6277
0.357823 | 357.8236 | 42.17638 | 1.26529 | 0.25302
11 1.2 | 288 0.4 | 400 | 5.0006 | 0.5033 613 131 7 16 7958
0.403058 | 403.0583 | 36.94167 | 1.10825 | 0.22152
12| 1321|2868 | 044 | 440 | 5.0029 | 0.5669 321 215 9 04 1589
0.435277 | 4352773 | 44.72261 | 1.34167 | 0.26819
13 | 1.44 | 2856 | 048 | 480 | 5.0026 | 0.6122 383 826 7 85 6242
0.500924 | 500.9246 | 19.07539 | 0.57226 | 0.11438
14| 156 | 2844 | 052 | 520| 5.0028 | 0.7045 609 088 1 17 829
0.509815 | 509.8150 | 50.18492 | 1.50554 | 0.30094
15| 1.68|2832| 056 | 560 | 5.0028 | 0.717 078 782 2 77 1004
0.552418 | 552.4182 | 47.58179 | 1.42745 | 0.28535
16 1.8 | 282 0.6 | 600 | 5.0024 | 0.7769 208 077 2 38 3784
0.591038 | 591.0384 | 48.96159 | 1.46884 | 0.29365
17| 1.92| 2808 | 064 | 640 | 5.0019 | 0.8312 407 068 3 78 7969
0.628520 | 628.5206 | 51.47937 | 1.54438 | 0.30875
18 | 2.04|2796 | 068 | 680 | 5002 | 0.8839 626 259 4 12 2744
0.668990 | 668.9900 | 51.00995 | 1.53029 | 0.30599
19| 2161|2784 | 072| 720 | 5.0011 | 0.9408 043 427 7 87 2426
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8th ADSORPTION ISOTHERM (XFINE) | 1/9/2012
- > 3 3
= 9§ > > s

@ £ .% = § Q s Q e 2 c o
— 3 — —_ © oo

£ 2 < s |£ o EQ 3 © S © s 3
S| o 2 © | 8 o o 9 =) c K] a <
z |3 _ © 5|es Q e 9 c 9 s ) g e g
L o= = g | 8% o n 82 82 23 S 5 C 5
o | 4 = S o 2 o0 - v = u == o I o =
€| 05§ O |lxec|xS8 g » 2 5 8 5 8 g S 5| T2
S|ES| E|IBS|3BE £ = L gE&| 82 3E E| 8&E
o _ - -
r_cu 0.001449 | 1.44959 | 1.44959 | 0.0289918 0.009611
@ 0 20 0 0 3.0165 0 | 0.0004 59 049 0491 1 076
208.813 | 31.1864 | 0.6237297 0.204555

1 0.48 | 19.52 | 0.24 240 3.0492 | 0.286 | 0.2865 0.208814 51 8982 96 226
321.374 | 38.6257 | 0.7725157 0.256351

2 0.72 | 19.28 | 0.36 360 3.0135 | 0.442 | 0.4418 0.321374 212 8821 64 672
443.719 | 36.2803 | 0.7256070 0.241097

3 0.96 | 19.04 | 0.48 480 3.0096 | 0.611 | 0.6106 0.44372 649 508 16 493
584.040 | 15.9599 | 0.3191998 0.105558

4 1.2 18.8 0.6 600 3.0239 | 0.804 | 0.8042 0.58404 009 913 26 989
704.863 | 15.1366 | 0.3027324 0.098754

5 1.44 | 18.56 | 0.72 720 3.0655 | 0.971 | 0.9709 0.704863 376 239 78 682
666.304 | 173.695 | 3.4739146 1.141270

6 1.68 | 18.32 | 0.84 840 3.0439 | 0.918 | 0.9177 0.666304 269 731 19 942
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C.2  Styrene Concentration/UV-Vis Absorbance Calibréon

Table C.1: Styrene concentration/UV-Vis absorbancealibration result

Surfactant  water styrene UV-Vis

s/n vol ml vol ml volume c2 uM c2 mM K*ABS
1 1 39 0 0 0 0.0002
3 1 33 6 417.668 0.417668 0.0712
4 1 30 9 626.501 0.626501 0.0907
6 1 24 15 1044.169 1.044169 0.1587

0.18

0.16 -

0.14 - y =0.1495x + 0.0021
2 _
0.12 R*=0.9942

0.1
0.08

Absorbance

0.06
0.04
0.02

0 0.2 0.4 0.6 0.8 1 1.2
Styrene Concentration

Figure C.1: UV-Vis absorbance against styrene conao&ation (from Table C.1).
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C.3  Styrene Adsolubilization Data
(c2 - Equil
V1 Vol. Equil | conc)

XF caco3 Vsty | Vwater | TX-100 UV-Vis | conc | adsolubilized pmol adsol (2)
s/n | (g8) (mL) | (mL) (mL) c2 (uM) KABS (M) | styrene (uUM) adsol (umol/g)
1 3.0181 0 39 1 0 0 0 0.0000 0.0000 0
2 3.0216 3 36 1 208.8338 0.0118 | 65 143.9508 5.7580 2
3 3.044 6 33 1 417.6675 0.0349 | 219 198.2695 7.9308 3
4 3.0045 9 30 1 626.5013 0.0601 | 388 238.5414 9.5417 3
5 3.025 12 27 1 835.335 0.0801 | 522 313.5959 12.5438 | 4
6 3.0382 15 24 1 1044.169 0.0972 | 636 408.0483 16.3219 | 5
7 3.0316 18 21 1 1253.003 0.1111 | 729 523.9055 20.9562 | 7
8 3.0455 21 18 1 1461.836 0.127 835 626.3847 25.0554 | 8
9 3.0125 24 15 1 1670.67 0.1382 | 910 760.3021 30.4121 | 10
10 | 3.0298 27 12 1 1879.504 0.1489 | 982 897.5640 35.9026 | 12
11 | 3.0384 30 9 1 2088.338 0.1593 | 1052 1036.8325 414733 | 14
12 | 3.0105 33 6 1 2297.171 0.1702 | 1124 1172.7565 46.9103 | 16
13 | 3.0281 36 3 1 2506.005 0.1826 | 1207 1298.6471 51.9459 | 17
14 | 3.04 39 0 1 2714.839 0.1805 | 1193 1521.5277 60.8611 | 20
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D.1  Some Results from FTIR-ATR Analyses

FTIR-ATR spectra of polystyrene standard (MW 400,00), polymer extract from Coarse
CC, treated Coarse CC before extraction, and treatk Coarse CC after extraction
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FTIR-ATR spectra (with peaks) of polystyrene standed (MW 400,000) and polymer

extract from Coarse CC
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FTIR-ATR spectra of polystyrene standard (MW 400,00), polymer extract from Fine CC,
treated Fine CC before extraction, and treated Fin€CC after extraction
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FTIR-ATR spectra (with peaks) of polystyrene standed (MW 400,000) and polymer
extract from Fine CC
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FTIR-ATR spectra of polystyrene standard (MW 400,0@), polymer extract from Extrafine
CC, treated Extrafine CC before extraction, and treated Extrafine CC after extraction
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FTIR-ATR spectra (with peaks) of polymer extract from Extrafine CC and polystyrene
standard (MW 400,000)
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