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Abstract: For many paints, paper coatings, and other pigmented coatings, latex and soluble binders are 
used to impart mechanical properties. However, non-uniform latex binder distributions are often observed 
in the thickness direction during application and drying, leading to quality issues. While several 
publications have documented this issue, few solutions are offered in the literature. Here we report a 
simple process to use electrostatic interactions to attach latex binder to pigments. Coating suspensions are 
generated using cationic precipitated calcium carbonate (PCC) pigments that are mixed with anionic 
styrene-butadiene (SB) latex binders resulting in latex-covered pigments. The migration of latex binder in 
coatings generated on various substrates under various drying conditions was measured using Raman 
spectroscopy and compared with reference coatings. The new system shows reduced latex binder 
migration for most situations than those obtained with the reference coating. The coated papers were also 
measured for strength, opacity, gloss, water drainage rate, and porosity. Little difference is seen in the 
picking strength of the coating and gloss compared to coatings prepared with standard formulations. Water 
drainage rate, opacity, and porosity were higher for latex-covered pigment (LCP) coatings than the 
reference standard coating; this increased porosity is likely due to the strong electrostatic attraction that 
exists between the cationic pigment and anionic latex binder that reduces the densification of the coating 
during drying. 
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1. INTRODUCTION* 

A latex binder is needed in water-based pigment suspensions 
to obtain durable coatings in a wide range of applications, 
such as lithium-ion batteries [1,2], paints [3,4], and paper 
coatings [5,6]. For all systems, the pigments and binder are 
mixed in a suspension that is applied to a substrate and 
dried. This movement of the binder relative to the pigments 
may decrease the effectiveness of the binder, resulting in 
quality issues. In the ideal case, the binder ends up being 
uniform within the coating layer. However, during application 
and drying, the latex binder may, in some cases, either 
concentrate or deplete at the surface of the coating [7]. 

In paper coatings, the type and amount of the latex binder 
present in the coating formulations affect the structure and 
surface composition of coated paper: this influences key 
properties, such as print gloss, stiffness, roughness, ink 
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settling rate caused by absorption, and print mottle [8,9]. The 
migration of latex binder is of critical interest, either away 
from the surface due to absorption into the paper or towards 
the surface during drying. This migration can influence the 
final properties of the coating layer and the efficient use of the 
latex. Latex binder distribution and migration in paper 
coatings have been the subject of numerous studies [10-13]. 
Latex binder migration in the paper structure, depletion, or 
concentration at the surface, has been observed and 
depends on parameters such as base paper absorption rates, 
pigment size, and drying conditions [7,14].  

Various analytical techniques have been used to study latex 
binder migration and the analysis of the coating surface [14]. 
Latex binder migration has been identified in paper coatings 
by ultra-violet absorption (UV) [15] and attenuated total 
reflection infrared absorption (ATR-IR) spectroscopy [16-18]. 
Raman spectroscopic methods have been used to 
characterize latex and starch levels relative to the pigment for 
a number of parameters [16,19,20]. Scanning electron 
microscopy (SEM) has been used to visualize latex 
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concentrations after staining with OsO4 as well as electron 
spectroscopy for chemical analysis (ESCA): recent work is 
summarized by a few different groups [21-23]. Recently, high-
quality cross-section images of coated papers were obtained 
using field emission scanning electron microscopy in 
combination with an argon-ion-beam milling technique to 
study detailed positions of latex and pigment in the coating 
layer [24,25]. Latex is found to not only enrich the coating 
surface but can migrate internally in the coating layer from 
regions of large pores to fine pores. Atomic force microscopy 
(AFM) has also been used to measure the latex distribution in 
the presence of large-size pigments [26,27]. The latex was 
found to fill up the voids in the coating pigment. Laser-
induced plasma spectroscopy (LIPS) has been used to study 
latex binder migration of starch and latex under intense air-
drying conditions [28]. 

Several models have been proposed to explain the 
movement of the latex binder during the drying step. In the 
capillary transport model proposed by Hagan [29], as the 
water evaporates, the pigment particles move closer to form 
capillaries. These capillaries provide passage for the latex 
binder to be transported to the top surface with the movement 
of water molecules during evaporation. The absorption flow 
model discusses the motion of latex away from the surface as 
the water phase of the coating absorbs into the paper base 
[20]. A Brownian motion model was recently proposed where 
latex binder migration occurs during the initial drying stage 
[30,31]. The smaller latex particles exhibit higher Brownian 
motion relative to the larger pigments and migrate to the air-
liquid interface, where they become trapped and lose their 
mobility. In this case, the surface is proposed to be latex rich 
even before the pigments come together to form capillaries 
and before any drying. In the boundary wall depletion model, 
the concentration of the smaller latex particles occurs at the 
top of the coating surface boundary because the small 
particles lubricate the coating blade boundary because of 
their size resulting in a high concentration of latex binder in 

the wet coating layer [32-34]. While these various models 
explain some of the results, they are based on quite different 
physical phenomena. It is not clear in the literature what 
model best describes the situation. Also, some computer-
based models describe the effect of substrate and latex 
binder diffusivity on the binder migration of the coated papers 
[35]. 

In paper production, cationic polymers or other retention aids 
are often used to help fine pigments and fibers adsorb on to 
large fibers to increase the retention of these fine fibers and 
pigments in the paper [36-40]. This suggests a similar 
technique could be used in the coating layer. This same 
concept could be used to reduce latex binder migration by 
attaching the fine latex particles to the pigment. Figure 1 
shows the concept of taking a cationic pigment combining it 
with an anionic latex binder to produce a latex-covered 
pigment (LCP). This situation contrasts with the typical 
system where both the latex and pigment are anionic, also 
depicted in Figure 1. The cationic pigment may be produced 
by adsorbing cationic polymer or starches on the pigment or 
may occur naturally, as with precipitated calcium carbonates. 
The reverse is also possible, where cationic latex is exposed 
to anionic pigments, but the result of that would likely be a 
system that is overall cationic; cationic systems are difficult in 
many industrial processes. The expected result is that once 
the latex is adsorbed onto the pigment, it should not be able 
to move relative to the pigment during coating and drying.  

Here, a method is attempted to form a cationic pigment 
particle coated with anionic latex binder particles in the wet 
state. By electrostatically attaching the latex binder to the 
pigment, an anionically stabilized suspension was generated 
that has the potential to decrease latex binder migration and 
improve paper properties. This study aims to investigate the 
potential of this approach to prevent or reduce latex binder 
migration and to report on the properties of these coatings. 
Anionic styrene-butadiene (SB) latex particles are added to 
cationic precipitated calcium carbonate (PCC) to form an 

 
Figure 1: (a) Latex attached to a cationic pigment (b) typical coating system. 
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LCP, with the cationic PCC at the core surrounded by the SB. 
Raman spectroscopy was used to measure the ratio of SB 
latex to PCC at the surface of a coating layer applied onto the 
various substrates such as glass, paper, and blotter paper. 
The coatings' strength, opacity, gloss, water drainage, 
rheology, and porosity were also measured and compared to 
the standard anionic coating. To our knowledge, this is the 
first time that cationic PCC in the core is surrounded by 
anionic SB latex to create an overall anionic coating 
suspension. Traditional paper coatings contain pigments and 
latex binders that are anionically charged, and therefore, 
there are no electrostatic interactions between the pigments 
and latex binders. While various mechanisms have been 
proposed to explain binder migration, this has not translated 
to methods to reduce or prevent binder migration using 
electrostatic interactions. This is the unique aspect of our 
research presented in this paper. Furthermore, the method 
used to generate LCP is a very simple and industrially 
scalable process.  

2. EXPERIMENTAL  

2.1. Materials  

PCC at 48% solids with a measured average particle size 
distribution of 1.5-3 µm and zeta potential of +32 mV was 
supplied by Minerals Technologies as a filter cake. The PCC 
did not contain any dispersant and is naturally cationic. The 
SB latex (GenFlo 5086) at 50% solids was supplied by 
OMNOVA and had a glass transition temperature of -5o C 
with a measured average particle size distribution of 120-140 
nm and zeta potential of -35 mV. The Sodium polyacrylate 
solution (Mw ̴15,000) at 20% wt./vol in water was supplied by 
Sigma Aldrich.  

2.2. Methods 

2.2.1. Particle Size and Zeta Potential Measurements 

The particle size and zeta potential of the cationic PCC and 
anionic SB latex binder were measured on a Malvern 
Zetasizer after a 100-fold dilution of the sample to obtain 
approximately a 0.5% solid content level. The cationic 
supernatant was collected and used to dilute 1 mg of cationic 
PCC cake to obtain a 100-fold dilution instead of DI water, to 
avoid a change in pH and calcium ion content after dilution. 
The cationic supernatant was obtained by centrifuging 100 g 
of cationic cake at 2200 RPM for 8 mins from the stock. A 1 
mg sample of the SB latex binder was diluted 100-fold using 
DI water for the SB latex binder. A similar procedure was 
used for anionic PCC, LCP formulations, and standard 
formulations to measure zeta potential and particle size. 

2.2.2. Formation of LCP and Standard Formulation 

The LCP formulations were made by adding different 
amounts of a latex binder to the cationic PCC pigments. In 
the paper industry, the latex addition level is often reported in 
terms of a mass of binder per hundred parts of pigment (pph). 

Values that span a wide range were used from 10 to 30 pph. 
A 30 g quantity of cationic PCC cake (wet basis) was 
dispersed in 3 ml of cationic supernatant while stirring. Then, 
the anionic SB latex binder was added all at once to the PCC 
suspension under constant stirring at 550 RPM using a 
propeller-type mixer for 20 mins. DI water was then added to 
obtain a solid content of 45%. 

Standard anionic formulations were produced using the same 
cationic PCC particles for comparative purposes. In this case, 
anionic PCC particles were first generated by adding 2 ml of 
sodium polyacrylate at 20 % wt./vol in one shot to a 
suspension containing 30 gm of cationic PCC (wet basis) 
while stirring at 550 RPM using an overhead propeller for 5 
minutes. Particle size and zeta potential of the anionic PCC 
particulates were measured by a 100-fold dilution of the 
suspension with DI water. Standard formulations containing 
varying amounts (10, 20, 30 pph) of anionic SB latex were 
prepared by mixing latex with the anionic pigment. A 30 g 
quantity of anionic PCC cake (wet basis) was dispersed in 3 
ml of DI water while stirring. The anionic SB latex binder was 
added to the anionic PCC under constant stirring at 550 RPM 
using a propeller-type mixer for 20 mins. The solid content of 
the final formulation was adjusted to 45% solids to be 
equivalent to LCP formulations. The viscosity of the LCP and 
standard suspension at 45% solid content was measured 
using a concentric cylinder device (Hercules Hi-shear).  

For LCP formulations, samples were centrifuged to determine 
the amount of latex binder electrostatically bound to the 
underlying cationic PCC. The formulations with varying 
amounts of 10, 20, 30 (pph) of the latex binder were 
centrifuged at 2200 RPM for 8 mins. to separate solids from 
the liquid in the suspensions. The water phase and 
centrifuged cake were analyzed separately to determine the 
excess (unbound) latex content. The water phase was 
examined visually for turbidity. A small amount of centrifuged 
cake was analyzed in Raman spectroscopy. PCC and SB 
bands appeared at 1086 and 1001 cm-1, respectively, and the 
SB/PCC band ratios were measured and converted to mass 
ratios using a calibration curve. A calibration curve was 
generated using standard formulations and LCP formulations 
at different amounts (5, 10, 30, 50 pph) of anionic SB latex. 
Raman spectra of each formulation were collected on stirred 
vials with the laser beam focused on the midpoint of the side 
of the vial. The calibration curve passed through zero for the 
LCP and standard formulations. 

2.2.3. Coating 

Coatings were made on three types of substrates: 1) blotter 
paper, a porous and highly absorbent substrate, 2) porous 
paper, with a basis weight of 50 g/m2 and medium absorbent 
type, and 3) glass, a non-absorbent substrate. A lab rod 
drawdown coater was used for the paper substrates. 
Handmade coatings were made on the glass slides by 
depositing 1.5 ml of the suspension onto one end of the glass 
slide and then using a spatula to drag down the deposited 
suspension to the other end of the glass slide. The estimated 
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coat weights on the glass slides were in the range of 13±2 
g/m2, and the measured coat weight on the paper and blotter 
paper were in the range of 12±2 g/m2.  

2.2.4. Raman Spectroscopy 

Raman spectroscopy was used to analyze the surface 
composition of the coatings, as well as the base paper 
sheets. For both standard and LCP formulations, four paper 
coatings were made for each formulation. Each paper coating 
was analyzed at three different positions. For each 
formulation, the average value of the total of 12 readings was 
reported. 

Raman spectra were collected using a Renishaw Raman 
1000 imaging microscope system. The excitation source is an 
SDL-XC 30 diode laser from SDL Inc, operating at a 
wavelength of 785 nm and 35 mW power. The spot size was 
approximately 2 mm in diameter with a 4 µm penetration 
depth using a 5X LEICA N PLAN objective [21]. Coated 
papers were cut into 2x2 cm2 pieces. PCC and SB bands 
appeared at 1086 and 1001 cm-1, respectively, and the 
SB/PCC band ratios were measured and converted to mass 
ratios using a calibration curve. Raman analysis of the base 
paper did not show any bands of PCC or SB. For each 
sample, integration time was 10 secs, and 4 scans were 
recorded for each spectrum. SB/PCC band ratios were 
determined for two sets of coated samples, one set dried at 
room temperature overnight (16 h.) and another set dried at 
105oC in an oven for 4 mins.  

2.2.5. IGT Pick Test 

The IGT pick test device evaluated the coating strength using 
the standard method TAPPI T514. The instrument was set to 
an accelerated mode with a final pick velocity of 4 m/s. A 
medium viscosity (52 Pa. s) ink was used to perform the IGT 
pick test. In this test, a viscous ink that simulates a printing 
ink is printed onto the coated paper in an accelerating 
manner: the velocity where the coating layer delaminates is 
the pick velocity.  

2.2.6. Gloss  

A gloss of the coated paper was measured using standard 
method TAPPI T480 using a Glossmetermanufactured by 
Technidyne Corporation. The Glossmeter was calibrated 
using gloss standard 96.1. For each sample, 10 readings 
were taken at different spots, and the average value is 
reported.  

2.2.7. Opacity  

The opacity of papers coated using LCP formulations was 
measured with TAPPI standard method T519 using a Color 
TouchX device manufactured by Technidyne Corporation. 
The references used for the opacity experiments were 
recorded using a stack of 3 sheets of coated papers. This 
type of opacity measurement is known as the “opacity by 
paper backing”. Three sheets of coated papers were used in 
the backing experiment to obtain a reading of R∞ = 100%. 

Hence it was sufficient to use a stack of three coated papers 
as a reference in the opacity measurements. 

2.2.8. Porosity 

The porosity of the coatings was measured using a silicone 
oil test. Coatings were made on the plastic (non-porous 
substrate) and dried overnight. Coated samples were cut into 
pieces of 2x2 cm2 and measured for thickness and weight. 
Then all samples were covered in silicone oil for 45 mins. The 
excess oil on the surface was removed with wipes, and the 
sample was weighed. The porosity of the coating was 
calculated as 

e = (Wo !Wd ) / "oAL             (1) 

Where Wo is the weight of oil-saturated coating on plastic, Wd 

is the weight of dry coating on plastic, ρo is the density of the 
silicon oil, A is the sample's surface area, and L is the 
thickness of the sample. 

2.2.5. Water Drainage  

The rate of water drainage from the coating was determined 
using the standard method TAPPI T701 using an Abo 
Akademi Gravimetric Water Retention (AA-GWR) instrument. 
The water drainage rate was calculated at 30 secs under a 
pressure of 1 atmosphere. The coating is separated from an 
absorbent blotter paper by a membrane. The weight gain of 
the paper measures the amount of water drained from the 
coating.  

3. RESULTS AND DISCUSSION 

3.1. Zeta Potential and Particle Size  

The zeta potential and average particle size distribution of the 
cationic PCC were +32 mV and 1.5-3 µm, respectively. The 
corresponding values for the anionic SB latex binder were -35 
mV and 120-140 nm, respectively. The zeta potential of the 
LCP was -30 mV, showing that the cationic PCC was 
converted to anionic with a layer of SB latex binder. 
Furthermore, the average particle size of the LCP increased 
to 2.5-4 µm: this increase also indicates that the addition of 
the SB latex to the cationic PCC did not lead to an 
aggregated structure but rather to a layer of SB lattices 
surrounding each PCC particulate. In the control 
experiments, the aim was to convert the cationic PCC to an 
anionic PCC without changing the size of the particle. The 
average size of the anionic PCC was 1.5 to 3 µm. This is the 
same size distribution as the cationic PCC cake. However, 
the zeta potential of anionic PCC was -20 mV. The LCP 
particles are 0.4-1 µm larger than the cationic and anionic 
pigments. Therefore, coatings of LCP did not show any 
difference in the coating caliper when compared to coatings 
of the standard formulation.  

3.2. Adsorption of SB Latex on Cationic PCC 

When the LCP suspensions were centrifuged, the 10 and 15 
pph latex binder supernatants were clear whereas, the 
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supernatants were cloudy for the standard formulations. For 
20 pph and higher latex binder levels, a turbid supernatant 
layer was collected for cationic pigments. Raman spectral 
analysis of the supernatant showed only the presence of 
latex binder. Thus, about 15 pph latex binder was found to be 
attached to the cationic pigment surface. This value was 
further confirmed by Raman analysis of the centrifuged cake 
of the LCP formulations. For 10 and 15 pph formulations, the 
Raman spectra showed that the relative amount of pigment to 
latex binder in the cake was equal to the amounts used to 
prepare the formulation whereas, for 20, 30, and 50 pph, 17, 
19, and 25 pph latex binder, respectively, were measured in 
the centrifuged filter cake. This result confirms that for 20 pph 
and higher, there is a free latex binder in the system. 
Centrifuging the anionic coatings at any concentrations from 
20 pph results in a cloudy supernatant.  

A maximum loading of 15 pph latex binder for the LCP is 
consistent with the values obtained using the following simple 
calculation. The total volume of an LCP sphere was 
calculated using a radius equal to the PCC radius plus the 
diameter of the latex binder, assuming full coverage of the 
PCC surface with a latex layer. The volume ratio of latex to 
pigment would be the volume of the total sphere minus the 
pigment volume divided by the pigment volume. This volume 
ratio is converted to mass ratio using the densities of latex 
and pigment. For any radius of latex and pigment, RL and RP, 
respectively, the mass ratio of latex to pigment based on 
these volumes is given by  

MV =
(RP + 2RL )

3

RP
3 !1

"

#
$

%

&
'
(L

(P
            (2) 

Where !L  and !P  are the densities of the latex and pigment, 
respectively. 

If this mass ratio is calculated based on the surface area, 
where the latex covers a projected area on the surface of the 
pigment, an expression can be developed that gives the 
mass ratio based on the surface area as 

MSA =
4RL!L

RP!P

             (3) 

The expression based on surface area coverage includes the 
influence of voids between latex particles. Figure 2 compares 
these expressions. For the smallest pigment size of the range 
measured (1.5 µm) and the latex size (120 nm), the latex to 
pigment size ratio is 0.08. This 0.08 ratio correlates to 13 to 
22 pph for MSA and MV, respectively. This agrees with the 
experimental results of 15 pph of latex binder attached to the 
surface of cationic PCC.  

3.3. Rheology 

The suspensions with LCP had higher viscosities than 
suspensions of the standard system. Figure 3 shows the 
viscosity-shear rate results for 10, 20, and 30 pph 

formulations for the LCP and the standard formulations. As 
the latex content increases, the viscosities decrease for all 
systems; free latex binder in the system must help break up 
structures and allow for easy motion of pigments under 
shear. The LCP, as depicted in Figure 1, would be bulkier or 
take up more volume because water is trapped between the 
latex at the pigment surface. Cationic and anionic interaction 
leads to an increase in the overall viscosity, which is 
consistent with the literature [41]. At solids higher than 45%, 
the LCP formulations had viscosities that were too high to 
measure with the equipment available, but the standard 
formulation has viscosities of 20-25 cP even at 60% solids. 
Therefore, a key drawback of using the LCP is the rheology 
of these systems above 45% solids. All suspensions were 
used at 45% solid content to be consistent, even though this 
level is lower than that typically used in the industry. At 45% 
solids, there could be more latex binder migration compared 
to the 60% or higher solids used in practice. However, the 
purpose of this work was to investigate the concept of using a 
central cationic PCC pigment with a layer of the 
electrostatically bound latex binder as a means for lowering 
latex binder migration, rather than to generate high solid 
formulations.  

 
Figure 3: Shear rate vs. viscosity of standard and LCP coating 
formulations at 45% solids. 

 
Figure 2: Dependence of particle size ratio on the amount of SB 
latex required to cover one pigment particle based on volume 
concept (MV) and surface area (MSA).  
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3.4. Raman Spectroscopy 

Figure 4 shows the Raman spectra obtained for the various 
SB/PCC coatings used in this study. Two peaks are observed 
at 1086 and 1001 cm-1. The band at 1086 cm-1 is the C-O 
stretching mode in the PCC peak, and the band at 1001 cm-1 
is the ring breathing mode of SB. Since the laser beam's 
penetration depth is about 4 µm into the coating, a change in 
the relative intensity of these two Raman bands is due to a 
change in the relative amount of the PCC to SB in the top 4 
µm region of the coating. Others have demonstrated that 
there was no difference in SB/PCC ratio for thinner (8-10 µm) 
vs. thicker (18-20 µm) coating in the same region. 

In conclusion, it is mentioned that paper coatings are very 
dispersive. The roughness of coated paper does not affect 
the results of the ratio of surface concertation of SB/PCC 
obtained using Raman spectroscopy [21]. In our experiment, 
a baseline correction was performed to determine the binder 
migration first. The peak heights of the SB and PCC bands 
were measured using a valley-to-valley baseline correction, 
and the ratio of SB/PCC was determined. As seen in Figure 
4, the LCP coatings have a lower SB/PCC band ratio than 
their corresponding coatings generated using the same 
weight of binder in the standard formulation. This shows that 
LCP formulations have less SB binder present on the surface 
than coatings produced using a standard formulation. Similar 
trends were observed for coatings dried in the oven at 105oC. 

Figure 5 shows the Raman SB/PCC band ratios obtained for 
standard and LCP formulations at different latex binder levels 
and on all three substrates. For all formulations, the SB/PCC 
band ratios exceed the values obtained for the bulk 
suspensions shown as the calibration curve: these results 
show that latex binder enrichment of the surface occurs in all 
cases and on all substrates because the Raman signal is 
from the top 4 µm of the coating layer [21]. This enrichment is 
a surprise on the absorbent substrates that quickly pull the 
water phase from the coating into the blotter paper; this 
movement of water should drag the latex binder layer away 

from the top surface. However, latex binder enrichment is 
reported in several papers [32,33], and it is explained by early 
models such as Hagen [10], where capillaries formed in the 
coating layer that creates a flow of liquid towards the surface 
during drying that allows latex binder particles to migrate to 
the surface. Pan et al. [35] and Scriven et al. [42] proposed 
models that showed the difference between the latex binder 
distribution of porous substrates such as paper and non-
porous substrates, like a glass slide. Porous substrates tend 
to deposit more latex binder on the surface than the non-
porous substrates because of air invasion of the paper allows 
for flow towards the surface. During drying of a porous 
substrate like paper, coatings have heavy latex binder 
deposits in the top layer as liquid moves towards the surface 
during the drying event. In the case of non-porous materials, 
liquid resides longer in the lower layer and deposits more 
latex binder in the lower pores and less on the coating 
surface [35, 42]. This explains that paper has more latex 
binder on the surface than glass slides.  

The LCP formulations had significantly less latex binder 
enrichment for the glass slide and the regular paper than the 
standard formulation. This result follows the hypothesis for 
the work in that attached latex will not be able to move during 
drying stages. For the paper sample, the latex content at the 
surface is near the formulation within the standard error. The 
glass results are quite similar to the paper. For the standard 
formulation, the paper results have a surface latex content 
that is 50% greater than the bulk composition; significant 
motion of latex to the surface during drying occurs. On the 
glass, the enrichment is around 35%.  

The results on the blotter paper are surprising in that the 
enrichment with the LCP formulations is more than what is 
seen with the standard formulation. For the standard 
formulation, all the latex particles are free to move, and it is 
expected that latex is pulled rapidly into the pore structure of 
the paper with the water and gets trapped in the blotter 
paper, thus is not able to enrich at the surface during drying 
which could deplete the coating layer of latex for the standard 

 
Figure 4: (a) Raman spectra of air-dried paper coatings (b) heat-dried paper coatings. 
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formulation. The blotter paper is quite absorptive, and during 
coating, the liquid phase is pulled away from the coating layer 
into the blotter paper.  

Also, in the standard formulation, large pigment particles are 
trapped at the surface of the paper and form a dense filter 
cake. This action leads to heavy pigment deposits and 
potential bridging at the surface of the blotter paper that 
blocks latex binder particles from moving back towards the 
coating surface, resulting in latex binder particles being stuck 
in the bottom part of the coating layer. This phenomenon is 
also called as size exclusion effect. These mechanisms can 
explain why the standard formulation coatings on blotter 
paper have less latex binder on the surface than the LCP 
formulations. 

However, in the case of LCP coating on blotter paper, latex 
has shown lower mobility as 15 pph latex is attached to the 
pigment surface. Also, on blotter paper, drying is relatively 
slow as water tends to reside in the pores for a longer time. In 
such cases, when the latex binder mobility and drying rate 
are slow, more latex binders tend to deposit on the surface of 
the coating because this type of system has a high Peclet 
number around 103, explained by the pore level model [36]. 

Also, for the LCP formulation, particle size is slightly larger 
than the standard formulation due to an additional layer of SB 
latex on the cationic PCC surface; thus, the latex is retained 
in the coating layer, and during drying, can migrate the small 
distance to the surface. This is similar to what LePoutre [43] 
found that coarser PCC particles form bigger voids in the 
coating structure on highly absorbent paper. This mechanism 
explains that LCP showed more latex binder on the coating 
surface than the standard formulation when coated on the 
blotter paper.  

Figure 6 shows the results for rapidly drying samples in an 
oven compared to air drying. Heat dried standard formulation 
on paper showed the highest latex binder enrichment among 
all coatings using LCP and standard formulations. This is 
consistent with the literature that reports increased drying 
temperature links with latex binder enrichment on the 70 g/m2 
base paper [44,45]. For all LCP formulations, drying at 105 oC 
showed slightly higher latex binder migration than air-drying 
glass and paper substrate samples. This could be attributed 
to the fact that 15 pph of the SB latex binder is attached to 
the cationic PCC surface and not moving during the coating 
process and consolidation. However, the remaining latex 

 
Figure 6: SB/PCC band ratios were obtained for coatings using (a) standard formulations (b) LCP formulations at 10, 20, and 30 pph of latex 
binder dried at 105 oC. 

 
Figure 5: SB/PCC band ratio of (a) standard formulations (b) LCP formulations at 10, 20, and 30 pph latex binder dried at room temperature. 
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binder is free to move, and increasing with temperature may 
have accelerated the latex binder particle movement to the 
surface of the coating layer, which resulted in more latex 
binder on the surface. 

However, on blotter paper, air drying conditions showed 
higher migration than that of the heat dry conditions for 
formulations. This result could be caused by the time scale 
for the free latex binder to migrate towards the surface. 
Absorption on the blotter paper pulls the free latex binder 
from the surface, but if the surface layer pores empty due to 
rapid drying at a higher temperature, the latex binder is not 
able to reach the pores due to faster immobilization at higher 
temperature and pores empty deeper into the structure [35]. 
Therefore, a possible explanation is that the high-temperature 
drying can empty the surface pores more rapidly than 
capillary flow to the pores, and this causes faster 
immobilization of the binder particles, resulting in little 
enrichment at the surface.  

Overall, formulations with the LCP showed less latex binder 
migration than that of standard formulations on the air and 
heat-dried paper and air-dried glass slides. The almost same 
amount of latex binder migration was observed in standard 
and LCP formulation at oven-dried conditions on a glass 
substrate. However, in the blotter paper case, SB latex binder 
particles got trapped in the blotter paper for the standard 

formulation. They can enrich the surface in LCP formulation 
because bigger voids are formed in the LCP formulations in 
air-drying conditions. 

When the drying of a coating layer occurs, capillaries form 
near the surface of the coating. If the capillary is stable, the 
latex binder will migrate to the surface as water flows to fill 
these pores and evaporates from the surface [4,5]. Suppose 
a latex binder is attached to the pigment through electrostatic 
interactions. In that case, it has less chance to move towards 
the surface to enrich the surface or deplete the paper's 
bottom layers. Figure 7 depicts this situation. Suppose a latex 
binder is first pulled away from the surface due to water 
absorption into a porous structure like paper. In that case, the 
latex binder can still move back towards the surface because 
the fine pores generate stable capillaries. 

3.5 Coating Strength, Porosity, Opacity, and Water 
Drainage 

The physical properties of the coating layers are reported in 
Table 1 for the coatings applied on the paper. There was no 
significant difference observed in the pick strength values of 
the papers coated with the LCP, even though latex binder 
enrichment at the surface was reduced. A possible reason 
could be that the latex binder in the LCP formulations cannot 
move locally to pigment-pigment contacts during drying. Due 
to the lack of the freedom of SB latex particles to move, 

 
Figure 7: Schematic of latex binder migration towards the surface during the evaporation near the surface with (a) latex binder particles free to 
move (b) latex binder attached to the pigment surface.  

Table 1: Properties of coatings made using standard and LCP formulations. 

10pph 20pph 30pph 
Properties 

Standard LCP Standard LCP Standard LCP 

IGT test-Pick Velocity (m/s) 1.2 ± 0.1 1 ± 0.1 1.6 ± 0.3 1.2 ± 0.3 3.4 ± 0.1 3 ± 0.1 

Porosity 10% 15% 1-2% 5% <1% 1-3.5% 

Opacity 90 ± 0.4 93 ± 0.5 89.6 ± 0.3 92 ± 0.1 89 ± 0.4 90 ± 0.1 

Gloss 8  ± 0.2 6.6± 0.2 8.3± 0.1 8.2± 0.1 8.5± 0.1 8.3± 0.1 

AAGWR (g/m2) 47 ± 11 348 ± 10 29 ± 7 719 ± 48 14 ± 7 746 ± 17 

(
b
) 

(
a
) 
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consolidation of the coatings was hindered as well as the film 
formation of the latex, which may result in no improvement in 
the picking strength. Calendaring was performed at 120 OC in 
the initial trials of coatings of LCP. However, there was no 
difference observed in the picking strength. Also, no cracks 
were observed in the coating layer. 

The 10, 20, and 30 pph LCP formulations showed higher 
water draining rates when compared to the corresponding 
standard coating formulations (see Table 1). This is 
consistent with the porosity measurements that show that 
LCP has a more open and porous structure as the pigments 
pack into a filter cake. This open structure allows for a higher 
water flow, thereby increasing the AAGWR values. A lower 
amount of free latex in the system leads to an increase in the 
pore space, as shown by the porosity values given in Table 1. 

The 10 pph LCP formulations showed the highest porosity 
among all the samples reported in Table 1. Overall, LCP 
formulations at 10 and 20 pph showed a 5% increase in 
porosity than values obtained for standard formulations at 10 
and 20 pph. This is attributed to the larger voids in the 
coating structures because the latex binder is adsorbed on 
the pigment and can no longer move to fill the void structure 
during coating consolidation. In contrast, no significant 
difference was observed in the porosity of coatings for LCP 
and standard formulations at the 30 pph latex binder content. 
As calculated and shown by centrifugation results, the 30 pph 
LCP has 11pph free latex present in the formulation. Thus, 
the free latex in 30 pph LCP and standard formulations fill the 
pores, resulting in a similar porosity. 

The higher porosity of LCP coatings is also responsible for 
the improved opacity of these coatings. Opacity data for 10, 
20, and 30 pph LCP’s and standard formulations are also 
shown in Table 1. In all cases, coatings made using LCP 
formulations showed higher opacity than standard 
formulations. These results further reinforce that the coatings 
with the LCP are more porous than that of the coatings made 
using a standard formulation, and the open structure causes 
reflected light to scatter in all directions to increase opacity. 

Coatings produced using the standard formulation at 10 pph 
latex binder showed a higher gloss than those obtained with 
10 pph LCP formulations. At 10 pph, the standard formulation 
has a free latex binder enriched at the surface and fills the 
voids leading to a glossy surface. In the 10 pph LCP, there is 
no free latex binder to fill the voids at the surface, leading to a 
lower gloss value. This further confirms that LCP formulation 
at 10 pph can reduce binder migration when compared to a 
standard formulation at the same latex binder concentration. 
Both 20 and 30 pph LCP formulations have 3 and 11 pph free 
latex binders to fill the voids at the surface, respectively, 
resulting in the same gloss as those obtained using standard 
formulations at 20 and 30 pph latex binders.  

4. CONCLUSIONS 

SB latex was attached to cationic PCC particles simply using 
electrostatic interactions to generate an LCP. A maximum of 

about 15 pph of the latex was determined to be attached to 
the pigments used in this study. The viscosity of these LCP 
formulations was higher than the standard formulations at all 
latex contents and increased to levels too high to coat when 
the solids are over 45%. Latex binder migration was reduced 
concerning standard formulations for all conditions, except for 
coatings on the blotter paper dried at air temperature. This 
result on blotter paper may be caused by how the latex 
binder moves into the sheet during the application. The latex 
binder gets trapped away from the top coating surface for the 
standard formulation. The LCP formulations had an increased 
opacity, porosity, and dewatering rate compared to the 
standard formulations; these results indicate a more porous 
coating layer for the LCP formulations than the standard.  
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