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Let's begin where we left off......




Absorption into porous structures

Coatings do not behave as “ expected”

» Despite the presence of big pores, as associated
with uncoated paper or matt surfaces, liquid is
absorbed observedly slower than when fine pores
are also present

* Not explained by the Lucas-Washburn equation

We must think of a network

And “acceleration”

* need to incorporate inertial wetting terms (Bosanquet, 1923)
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Inertial wetting versus viscous drag

we introduce pigments that satisfy the maximal
absorption rate criteria based on theoretical
understanding and model simulations

inertial wetting

inertial

retardation viscous retardation
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pore radius/ m

Now we can begin designing

® Fine pores control the force

® Large interconnecting pores define the
permeability

* key is to separate these to create
* Discrete networks of each




Standard ground calcium carbonate (gcc)

Continuum of
small and

large pores

Modified calcium carbonate

Discrete regions
of low aspect
ratio fine pores
acting at sizes
up to the
Bosanquet
defined optimum
(0.1 mm) nestled
within a
permeable
Roses packing Eggs

Nano edges Nano particle clusters




Testing the absorption properties

®* Form macroscopic samples

* make wet tablets of pigments and blends
(eggs, roses and respective mixes with gcc)
* dry the tablets

®* measure pore structure parameters

Mercury porosimetry
Hexadecane absorption/wicking

Tablets made from slurry

Tablets are dried at 80 °C for 24 hours




Fluid uptake apparatus

Liquid

Microbalance

Absorption properties

* How much liquid can be filled into the
structure?

* How fast does it fill?




Saturation volume uptake for modified pigment
tablets with increasing amount of standard gcc

pigment

Holds > 10x more fluid volume
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Imbibed volume rate gradient for modified pigment
tablets with increasing amount of standard gcc
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How can we use this?

* We need to study the pores to find out
the

* connection with porosity?
* connection with pore size distribution?
® connection with permeability?

®* Mercury porosimetry
* be careful - it is necessary to make corrections*

*Gane et al. (Ind. Eng. Chem. Res., 1996, 35, 1753-1764)

Porosity values for tablets

*Blends formed using standard gcc and each modified gcc type

Results correspond to saturation absorption values




Mercury intrusion curves for 100 % of each
pigment structure

Bimodality can be separated into discrete pore size
distributions - supported by the electron micrographs

High capillarity of fine pores
gives the driving force
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Discrete regions of pores in 100 % pigment
structures

 gcc has less small pores - low driving
force

» eggs and roses have high driving
force and high permeability
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Mercury intrusion curves for eggs with increasing
amount of standard gcc

Direct porosity-permeability ; Addition of gcc begins

relationshi i< :
P g 16 directly to reduce

—~ 2 - permeability
o FGE) 1.2 _
£ 57 =
B 4' g 0.8 o

" ©
ER S 04
> 7] g
E 2. — 0_— e " -
= 0001 001 01 1 10 100 1000
o ’ diameter / um
S 17 )
S 5 = V- —
3 0001 001 01 1 10 100 1000

diameter / um

= 100% eggs = 75% eggs 25% gcc — 50% eggs 50% gcc
25% eggs 75% gcc 100% gcc

Mercury intrusion curves for roses with
Increasing amount of standard gcc

;’3, 2
& 516
(YSD ~
[}
§ 6 E 1.2
2 s 208
2 3
g 3 g o
S 5 0001 001 01 1 10 100 1000
5 ) diameter / um
£ 1 :
) 0 _Jﬁ; | Y o Absorption rate stays constant
8 0001 001 01 1 10 100 1000 ONfirstadditionof gcc due to
diameter / um maintained permeability
= 100% roses = 75% roses 25% gcc — 50% roses 50% gcc

25% roses 75% gcc 100% gcc




* Model works qualitatively
* next step - homogenise a little

Impact of distorting the structure

® Energy input can be used to distort the
structure

* acts differently to blending
e impacts on absorption rate
e impacts on absorption capacity




Ground roses

ground

original

Porosity values for roses and ground roses

* Blends formed from speciality plus standard gcc

Roses

Ground
roses




Mercury intrusion curves for ground roses
with increasing amount of standard gcc

«g’o_g- Inverse porosity-permeability

So081 T relationship

o T

§0'6_ B = 100 % ground roses

2 0.57 — 75% ground roses

) i — 50 % ground roses

% 0.4 25 % ground roses

© 0.37

>

S 0.27

Q

50.17

E O T T T T T = 1
0.001 0.01 0.1 1 10 100 1000

diameter / um

Log differential intrusion curves for ground

roses with increasing amount of standard gcc

log (differential intrusion / cm3g?t)

2.57 -
= 100 % ground roses
2 — 75% ground roses
= 50 % ground roses
1,51 25 % ground roses
11 Increasing coarse
diameter with additional
0.5 standard gcc —
' permeability increases
O - T T — I_‘rh_'—_h_-:l‘—_‘-ﬂ__ [ I |
0.001 0.01 0.1 1 10 100 1000

diameter / um




Imbibed volume and imbibed volume gradient of ground
roses tablets with increasing amount of gcc pigment
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Summary so far ....

Maximum absorption rate is achieved by creating
structures that:

 Separate absorbing power from permeability
 each factor can be controlled separately

Model still holding

» confirm quantitatively by studying
permeability component alone

« experimental versus modelling

Liquid permeation apparatus




Permeability calculation - Darcy

where V is the volume permeated at time t

dV (t) kAD P A is the cross-sectional area of the sample

DP is the pressure difference applied

dt h I his the viscosity of the fluid
| is the length of the sample

k is the permeability

Splitting the mercury intrusion curve

Modelled using
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* Software: Environmental and Fluid Modelling Group, University of Piymouth, UK.




Extending the mercury intrusion curve
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Simulating the mercury intrusion curve
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where \O/‘}/l Is an averaging operator over the whole unit cell

operating on

the flow capacities of the arcs (X

arcs)

|.o1 IS the side length of the unit cell

A the cross-sectional area.




Experimental versus simulated permeabilities
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Conclusions ...

* Using speciality surface modified pigments having nano
surface features on an otherwise micro particle, we can create

* high driving absorption forces - intraparticle structure
» discrete permeability - interparticle structure

» Adjustment of these parameters separately gives complete
control over the absorption dynamic

® Blends with standard gcc can be used to control
* absorption capacity at low doses

* absorption rate at high doses




... Conclusions

® Distortion of the structures can be used to reduce
absorption rate

The absorption rate and absorption capacity of
‘ coating structures can be greatly enhanced with the
addition of these specially designed pigments

Applications so far tested include:

InkJet, digital toner adhesion, flexography, coldset
applications, matt offset printability enhancement, offset ink

adhesion, coating bulk, strikethrough control,
compressibility.....................




