A model description ofthe adsorption of
surfactant-rich stickies
onto hydrophobic and hydrophilic mineral
surfaces
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Abstract

A St i c ktackysspecies,rpeesent in recycled paper and coated brokedieom coating
formulations,adhesivegftc. They impact negatively on paper quality and cavete runnability
problemsby deposit buildup. To sustain regling, stickies are controlled by adsorbiigm
onto minerals added to the retsa stock. We ngortisothermdor a fatty acid ester defoamer
andan acrylic acid ester copolymadsorbing from colloidal suspension otatcs andmodified
calcium carbonateWe useccommercial preparatiaof thefatty acid ester defoamand
acrylic acid ester copgieras model systegfor the study omorecomplex systemdshe
modified calcium carbonateare hydrophilic with anionic and cationic sites presdsorption
isotherms for théow surface areanodified calcium carbonatnformto the Langmuir model,
while those for the high surface aneadified calcium carbonateflecteda twostageprocess

involving the formation of a monolayer over the mineral surfacesabdequerpartial



aggregationTalc plateletslisplayhydrophilic edges and hydrophobic suréacAdsorptiononto
themappears to involvehreestage, specifically, a hydrophilic interaction between hydrophilic
groups on the molecules and the talc edipiewed by hydrophobic interactions between the

molecules and the talc surfacaad finallyby formation of multilayers.
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1. Introduction

Therecontinues to beonsiderable environmental pressure to increase the use of recycled paper

but itsuse is not without complicationso®e of the most difficult blemsresultfrom the

presencef adhesivesarisingfrom hot melt glues, binders and other thermoplastic materials, for
example from boolbacks and adhesive tape or from silicbased defoamerghey tend to be

pliable orgarnt materials, such as styrehatadieneand styrene acryli@texbinders, rubber,

vinyl acrylaes, polyisoprene, polybutadiene drat meltg[1-4]. Under certain conditions, these
compounds can become tacky and Btiekeohsniet as Ost
multiple effects on paper quality such as sheet indentations,sthexttiraldefects, web breaks
anddiscolouration(e.g black spot¥[5-7]. The correctioror neglectof these faults increase

production costs.

Once stickies are released by the pulping prot¢bey can accumulate the white water system
of therecycled fibre section of a papecyclingmill. Similarly, fibre stock containing recycled
fibre can suffer from a buitdp of stickies on the paper making machig paper mills are

continuingto reduce theifreshwater usagéo minimise costswhite water recycling is



becoming more prevalent, ir@sing the concentration of stickies @imgsmaking them even

more problematic.

Studies of stickiethat have been reportedtime literatureare mainly conamedwith how the
effects of these compounds may be reduogoaper mils [5;8], orthedevelopment of
alternative paper additives that have lelsadetrimental effect during paper recyclif&)9].
Somestudiesfocusonthe removal of stikiesand pitchfrom the recycled fibre systehy, for
examplescreenind10-12], flotation[11;13;14]and adsorptiofil5-17], or from the white water

in the paper mil[18;19].

To remove stickiefrom the white water systent is possible t@dsorb thenonto a mineral
surface andthenincorporate the mineraind adsorbat@to the paper structuréhus transporting
the stickies out of the machine within the final prodiitie aim of this investigation was to
define the extent and natureaafsorptiorof stickies ontovariouscontrastingmineral surfaces.
Becausef the colloidal nature of thedsorbenaind inexact knowledge of the commercially
suppliedmodel stickies and surfactantise isotherms and other measurements all refer to

operationally defined conditions.

The adsorptiomeasurements presented involve colloidal species with hydrophilic and
hydrophobic regions, stabilised in aqueous solution by unknown quantities of surfactant,
adsorbing onto hydrophilic and hydrophobic mineral surfaces. The adsorption conditions of the
experiment allow more than one adsorption mechanism to exist. In order to understand the
processes that occurred, it was decided to fit the experimental data with simple Langmuir gas

adsorption isotherms relating to these operatiordgfyned colloidal condions. Langmuir



isotherms assunmngle layer, localised adsorption with identical interaction energies for each

adsorbed molecul0].

1.1.Mineral and sticky structures
Talc, MgsSiyO10(OH),, is a phyllosilicateconsising of a magnesium hydroxide layer (M¢QO)
sandwiched by two silicate layers ($)@orming a three layer structure. Van der Wdalses
hold the adjcent layersogether weaklygiving talc a platyand readily delaminating
morphology The edges of the tabrepredominantlyhydrophilichydroxide group$21],
whereaghe talc faces are largetylicate The absence of surface charge on the silicate layers
renders the stace more attractive to air than to water, and it is the retention of a suspected air
layer[22] when suspended in water tlaibwsthe platelet surfac® undergohydrophobic
interactiors [23]. The chemical structure of talkshown inFigurel, illustratesthe hydrophobic
surfacesand hydrophilianagnesium hydroxide edges that conad$orption behavioun

agueous suspensifail;23].
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Figure 1. Schematiof the chemical structure of talc. The top and bottom kg silicates
and the middlés magnesium hydroxide.

We define daspect r atimemsion af the nireral partiatelativeto o f
thesmallesdimension. In the case of &felet, such afund intalc, the largesaxis is the
diametrical dimension, related to the platgllanar surface, and the smallistt of the platelet
edgethickness.The a&pect ratiovaries for different grades of talandthe larger the aspect ratio,

the greater the ratio of hydrophobic to hydrophilic surface area.

Modified calcium carbonatg24] (MCC) are formedrom calcium carbonate treated with
phosphoric acid, citric acid or a combinatiorsohilar acids to provide an4situ surface re
precipitation of a chosen structuMCC is a product technology of Omya DevelopAG. In
this investigationtwo grades omodified naturalcalcium carbonaterereused;,LSA MCC

(lower surface aregndHSA MCC (higher surface areal\ scanning electron microscope

t

he



(SEM) imageof freezedried LSA MCC is shown inFigure2 at 2500x and 10000x

magnifications.

2500x  30kV  10mm

Figure 2a. SEM image oL.SA MCC.

10000x  30kV  10mm

Figure 2b. SEM image of LSA MCC

An SEM image ofreezedried HSAMCC is shown inFigure3 at the same two magnificatians
TheMCCsemployedhave hydrophilic surfaces, and each material exhibits both calcium
phosphate and carbonate crystal structure as determinegidyypéwder diffractionMercury
porosimetry of the MCC samples rewshihat both have a peak pore sizeat 510nm, butthat

the LSA MCC is bimodal with a second peak ah@i



2500x 30KV 10mm

Figure 3a. SEM image oHSA MCC.
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10000x 30V 10mm

Figure 3b. SEM image of HSA MCC.

Stickies are classified by size and how they ntroduced into the systeras defined in

Tablel [25].



Table 1. Classification of stickies

Sticky formation method Microstickies Macrostickies
Introduced by pulping Primary microstickies smaller Primary macrostickies, larger
chemically or mechanically at than 100 or 15@m. Not than 100 or 15@m, removed
start ofrecycling process. removed by screening througl by screening during recycling.

100 or 15Qum screen.

Introduced by changing Secondary microstickies smalli Secondary macrostickies,
physical or chengial conditions than 100 or 15Qum, formed by formed byaggregatiorof
during recycling process aggregatiorof colloidal microstickies. Sometimes
particles, or breakup of larger removed byscreening,
particles. dependent on paper recycling
stagewhenformed.
2. Materials
2.1.Minerals

The minerals used in this investigation were galdmodified calcium carbonate forms that
have been used in paper manufacture either as a paper coatiley,@mfi that are
commercially available. Mondo MineraBy, Finland supplied undispersed talc (Fiaic PO5)
Ti.e.as a powder without surfactaihe feedstock for Finntalc PO5 wésenprocessed by
delaminating and grinding to gian additional talc gradevith different surface areas measured
by nitrogen adsorptioan a Micromeritics Gemini 236licromeritics Instrument Corp.
USA) [26] (Table2). The unprocessed talc is referred to as low surfacgla®8#g talc and the
processed talc is referred to as high surface(&®4) talc. The method of preparation gave
talcs of different aspect rag1 the HSA talc having asignificantlyhigher aspect ratio thdrtSA
talc. The particle size distribution was obtainecgqueoususpensiomisingstaticlight
scattering measudeby a Malvern Mastersizer 20QBlalvern Instruments Ltd, UK.)lhe talc
(refractiveindex (RI): 1.59 absorptiorvalue 0.01) was dispersed into suspensfonthe size

measuremenising polyacrylateThe results were thanterpretedwvith Mie theory[27] to obtain



theweight-averagegarticle size distributioiTable2). The mineral samples were dispersed
using either water (RI: 1.33) or polyacrylate (RI: 1.49). @edso anddg represent values

where 10 %, 50 % or 90 % of theaterialweight isfound below this particle size.

TheMCC gradeqRI: 1.59, absorptionalue 0.1) LSA MCC andHSA MCC, were obtained

from Omya Development AG, SwitzerlandSA MCC is a natural calcium carbonate marble
treated with 2@6 phasphoric acid and % citric acid which creates a surface rugosity with no
significant internal pore volume. It is supplied as a dispersed prosloete the dispersant once
again is polyacrylateendering the surface anionihe LSA MCC is a natural calcium

carbonate chalk treated Wiphosphoric acid to give micrand macreporosity coupled with

some surface rugosity. When dry, the substance acts as a porous system, with fuaetiokea

and coarser intgparticle porosityHowever, when in suspension, as in this study, the edfect

the interparticle porosity disappears and the substance acts as a system of porous suspended

particles.The LSA MCC is suplied as an undispersed product.

Table 2. Details of minerals used thisinvestigation

Specificsurface Particle SizewWeight

Name area (Mg’ Distribution (um)
le d50 d90

Low surface area talc
(LSA tald) 7.13 2.24 450 10.1

High surface area talc
(HSA talo) 45.3 1.56 5.02 21.0

Low surface aremodified
calcium carbonatd SA MCC) 36.1 255 549 9.85
High surface aremodified 1130 1.82 4.96 9.37

calcium carbonattHSA MCC)




2.2.Stickies

Thetwo stickiesselectedor the present study wesgipplied by BASF and asommercially
available analogues of typical stickies found in a paper Tk firstwas an acrylic acid ester
copolymer (AAEC) product namécronal V 212, and the second was a fatty acid ester
defoamer (FAED) named Afranil RSher solid conterd of 68.3% and 30.3%, respectively,
were measurely evaporating a known weight of stickyspension at3D°C untilconstant
weight was achievedt was assumed that no volatile organic carbons were lost in the

measurement of solid content.

3. Experimental Methods

Data werelerivedusingtwo analytical techniques for initial concentrations of matiekies
covering the range 0.0050.5g dm’®; namelydissolved organic carbon analysis and elemental

anadysis.

3.1. Sticky Preparation

All experiments were undertakatroom temperatur0.5 + 1.5°C)Both stickies were

prepared to form colloidally stabkuspensiona Millipore Milli -Q waterwith an initialdry
weightconcentration of 0.§ dm®. Theinitial pH wasbetween 7 and 7.5 aimitial conductivity

wasin the range of D00to 1 500uS cm™. They were adjusted to these ranges where necessary
usng dilute analytical grade hydrochloric acid, analytical grade sodium hydroxide and laboratory

grade sodium chlorid@ll supplied byThermoFisher ScientifidJK).

These sticky suspensions were then dilinedilli -Q waterto 0.1, 0.05, 0.01 and 0.09%Im™.

Mineralswereaddeduo the sticky suspensiomas slurries (solid cont&n8i 10 %) to give a
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concentration 01.93i 2.22g dm?®. The pH and conductivity wemot controlled during the

experimers.

Resulting suspensiongereagitated 6r 30 min atl50min™ on an orbital shakdveforeminerak
with adsorbed stigkswereremoved by centrifuging at 2 0@Xor 15 min.The mineralwith
adsorbed stickgollected after centrifuging was freedged for two days, then transfedréo air

tight bags for sirage (under desiccatiopjior to analysis.

3.2.Dissolved organic carbon analysif28;29]

A glass filter apparatus was acid washed and heated ttC4pflor to useSupernatants were
thenfiltered through 0.7um glass fibre filtes which had beepreviouslyheated ta50°C for
four hoursto removeorganic resiues Filtrateswere acidifed with 10ul of 50 % v/v

phosphort acid per 1@m?® of sample andpargd with high purity oxygen to remove inorganic
carbon Dissolved organic carbaidOC) analysis was then performed witBlaimadzu TOE
5000A total organic carbon analyser coupled thimn&dzu ASI5000autosample(Shimadzu

Corp. Japan)

Organic carbon standasdup to 600 pmol dif) were prepared froranalytical grade glycine

and potassium hydrogen phthalate sourced from Thermo Fisher Scientiffectitacy was

checked againstertified referene materialCRM)whi ch refl ect edma hi s i ns
use for marine applicationsamelysea watecollectedata depth of700m from theFlorida

Strait from Hansell Laboratory, University of MiamAnalysis of theCRM gave results within

the acceptable error range of the CRM (+ 2 standard deviations)
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3.3.Elemental Analysis
The elemental analysis was performed on a Carlo Erba AR CHNS elemental analyser
(ThermoFisherScientific,USA). Approximately 2 4 mg of sample was weighed irdadin cup
which wasthencombusted with 18m® of high purity oxygen. Thearbon dioxide concentration
was measured using a thermal conductivity detector at @gf&ysisof a referencenarine
sedimentPACS1 (NRC, Canada)ertified for carbonwasalso aalysed and revealed results

that were within th@cceptable error range

3.4. Turbidity

The turbidiy of the sticky suspensionamineralsuspensionand sticky and mineral suspensions
weremeasure@n a Hach DR/890 Colorimeter (Hach Company, USA). Turbidity measure

of light scatteing by particles in suspensiohhe particle size distribution of the scattering
particles is a key factor in altering the turbidity of the susperi8@ja The turbidity(Q) is

proportionally related to theumericalparticleconcentration(c') andvolume (v) of the

scattering particlesEquationl.
t Ve =(vc) v (1)

If species aggregate, the volumeof the individual aggregates will increase while thuenber

concentrationc') of the aggregates will decrease proportiondllyereforethe term(vc')

remains constant, and the turbidifig directly proportional to the volume of the aggregates.

3.5. Zeta Potential

The zeta potential of the 0.5 g drsticky suspensions was measured on a Zetasizer Nano

(Malvern Instruments Ltd, UK.) before the mineral was agdded after the mineratith
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adsorbatewvas removedThe zeta potential gawemeasure of th€oulombicstability of the
colloidal suspensionsnd how the stabilitgf the remaining suspensichangedecause of the
adsorption of sticky onto mineral surfacAschange irmagnitude of th zeta potentialas also

useful in determining cationic or anionic species weadsorbed preferentiall$1].

3.6. Data presentation and analysis

Dissolvedorganic carbn analysis gavihe carbon content remaining in solutioteafidsorption
of the sticky had occurred and the mineral hadn removed by centrifuging. The equilibrium
carbon concentration on the surface of the mineral was determined by elemental artadysis.
elemental analysis resultserenormalised to allow for the change in mass encountered because
of adsorption of the fatty acid ester defoamer and acrylic acid ester copolymer. The elemental

analysis results have albeen corrected for thmarbon corgnt found in the minerathemselves

The values are obtained using two technigueEeh are independent of each oth#ris also
possible to convert thearbonvalues into absolute valuessifcky concentration using a
calibration series of dissolvedganic carbon datand then using mass balance calculations for
the concentrations of the species adsorbed onto the surfdoegver, onceresented in this
way, the variables are no longer independent of each,atbeve have not used this method of

data analysis in this work

4. Results

Each of the individual samples was analysed in triplicate, and the resulting data used to generate
error bars showing two standard deviations. As can be seen in the Figudhkelerror bars are
typically small for theechniques, indicating consistent and reproducible reJiitsthreestage

fitting of adsorption isotherms is discussed below
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Figure 4. Adsorptionof the fatty acid ester defoamer omt8A and HSAtalc.

14



